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GEOLOGY AND OIL AND COAL R.ESOURO~~S OF THE OREGON BASIN, MEETEETSE, 
AND GRASS OHBEK BASIN QUADR.ANGLES, 'VYONII~G 

By D. F. HEWETT 

INTRODUCTION 

OBJECT OF WORK 

Tho work upon which the following report is based 
was begun in 1911, before any explorations for petro-
10lUll hn,d beon nlade on the west side of the Big Horn 
Dusin. 'fhe principal purpose of the work was to 
study the nature and structure of the rocks and any 
other features of the region that might 'yield a con
clusion concerning the possible presence of petroleum. 
It was also the purpose to collect such data concern
ing the nunlber, thickness, and distribution of the 
coal beds as could be obtained by simple prospecting 
with a pick and to gather any other geologic data 
that the region might yield. 

That part of the work which was concerned 'With 
petroleunl was completed in 1914, when large areas 
covering the anticlines that had been discovered were 
wi thdra wn fronl en try. A preliminary report on the 
occurrence of petroleum was published in 1917.1 The 
present report contains an the data that were col
lected during the progress of the field work. 

FIELD WORK 

The field work was done chiefly in 1911, 1912, and 
1913. In October, 1916, three weeks was spent in 
examining the recent developments in the oil and gas 
fields of the region, and in 1919 two months was 
devoted to making the surveys of the oil and gas 
fields described in this report. The total period cov
ered by the field work was about 13:72 months. 

Most of the geologic field work was carried out in 
closo' cooperation with the Survey's topographic work 
in these quadrangles and at the same time. For more 
thttn hn1f of the period of field work in 1911 to 1913 
the w.riter accohlpanied the topographic ptwty in 
chn,rge of C. C. Gnrdner. Although n complete topo
graphic 11ll1p was thus not available while the geologic 
work was in progress, all the triangulation stations 
were known and were used to locate geolo~ic observa
tions. 

In the survey of the Oregon Basin quadrangle and 
purt of the Meeteetse quadrangle locations were made 

I Hewett., D. F., and Lupton, C. T., Anticlines in the southern part of the Big 
Ho\'ll Bnsin, Wyo.: U. S. Oeo!. Survey Bull. 656,1917. 

by compass sights on triangulation stations, and forma
tion boundaries and coal beds were drawn on notebook 
sheets carried in the field. The horizontal position of 
points located by this method were shown to be correct 
within an allowable limit of error. The only verti
cal control was the barometer, whose. readings were 
checked several times' a day. 

As work progressed southward into a region where 
surface relief is greater and coal beds crop out on steep 
escarpments, it seemed desirable to use a more accurate 

. method. Therefore, in the southeastern part of the 
Meeteetse quadrangle and in the Grass Creek Basin 
quadrangle all points were located by telescopic alidade 
on a plane table, the triangulation stations established 
by the topographer being used for control. This 
method assured precise determinations of altitude' as 
well as of horizontal position. 

All stratigraphic sections less than 200 feet thick 
were measured by the clinometer method with a Brun
ton compass.2 Thicker sections were measured by 
plane-table methods with telescopic alidade, but the 
details were filled in by the clinonleter method. 
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2 Hewett, D. F., Measurements of folded beds: Eeon. Geology, vo!. 15, pp. 382-
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GEOGRAPHY 
SURFACE FEATURES 

The area covered by this investigation lies along 
the west side of the Big Horn Basin, in northwestern 
Wyoming. In general the basin is a rather flat region 
bordered' on the east, south, and west by high moun .. 
tains. The Big Horn Mountains, on the ea;st, rise 
nearly 9,000 feet above the lowlands of the basin. 
The Bridger and Owl Creek mountains, on the south, 
rise about 4,000 feet above the adjacent parts of the 
basin, and the Absaroka Mountains, on the west, rise 
about 6,000 feet above the stream valleys~ Toward 
the north the basin merges in to the plains region of 
southern Montana. 

Althotlgh the basin as a whole appears flat by com
parison with the surrounding mountains, it contains 
several mountains and ridges that rise 1,000 to 1,500 
feet above the near-by valleys and basins. The most 
conspicuous mountains, Squaw Buttes (6,200 feet), 
McCulloch Peak (6,200 feet),. Tatman Mountain 1913. Rogers, A. P., The Byron oil field of WyomiJ?g: Eng. and 

Min. Jour., vol. 96, p. 869. 
1914. Hewett, D. F., The Shoshone River section: U. S. Geol. 

Survey Bull. 54, pt>. 89-113. 
1915. Hintze, F. F., jr., The Basin and Greybull oil and gas 

fields, Wyo.: Wyoming Geologist's Office Bull. 10, 62 pp. 
1916. Lupton, C. T., Oil and gas near Basin, Park County, 

, Wyo.: U. S. Geol. Survey Bull. 621, pp. 157-190. 

- (5,800 feet), and Heart Mountain (8, 080 feet), lie 
near the central part of the ,basin, east of the quad
rangles described in this report. The valley of Big 
Horn River, which ranges from 3,800 feet above sea 
level in the northern part to 4,200 feet in th'e southern 
part, is the lowest part of the basin. The principal 
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tributaries of the Big I-Iorn-Clark Fork and Shoshone 
and Greybull riyers-flow in rather n·arrow valleys 
cut fr0111 200 to 600 feet below the neighboring uplands. 

The surface features as well as the stratigraphy 
and structure of the Big florn Basin can be better 
understood if the basin is considered as being nlade up 
of two parts, although there is no natural sharp divi
sion between theIn. The central part of the basin 
coincides roughly with the area underlain by Wasatch 
and younger beds and is about 75 Iniles long nleasured 
in a northwest direction by 45 miles wide nleasured 
in a northeast direction. (See fig. 1.) For a consider
n,ble distance along the southwest side of the basin 
the liluit of the central part is' an escarpment which 
co.incides with a bed of conglonlerate at the base of 

and Squaw Buttes, are rugged, as they are made up 
of numerous terraces that coincide with the harder 
outcropping sandstones. Th~y 'lie midway between 
the stream courses of the region and present many 
local badland areas. McCulloch Peak 3 is bordered 
by badlands on the east, -north, and west and gently 
sloping terraces on the south but owes its preservation 
to several local blocks of limestone that are the rem
nan ts of an extensive overthrust block. 

The southwestern limit of the central part of the 
basin crosses these three quadrangles and roughly 
coincides with the escarpment produced by the 
conglomerate at or near the base of the Wasatch 
formation. The escarpment is well developed in the 
Oregon Basin quadrangle, "There it faces west and 

FIOt'RE I.-Map of Wyoming showing location of Oregon Basin, Meeteetse, and Grass Creek Basin quadrangles (shaded areas), 

the Wasatch fOl'lnation. The central part lllay be 
regarded as surrounded by a border belt from 10 to 20 
luiles wide, th.e outer linlit of which is the n.rea of 
Wnsatch and younger volcanic rocks on the southwest 
side of the bas.in a,nd the higher part of the Big Horn 
Mountains on the northeast side. As shown in Figure 
1, the three quadrangles considered in this report 
include portions of the central part of the basin and 
mountains on the southwest, but by far the largest 
part of the quadrangles lies in the border belt. 

THE O1~NTRAL :PART 

The central part of the basin is underlain by nearly 
flat rocks, 1l10st of which do not readily resist erosion. 
The higher hills and ridges, such as Tatman Mountain· 

ranges from 100 to 300 feet in height. E.ast of the 
escarpment there are traces of a nearly level upland 
from which rather smooth, gently sloping ridges 
extend generally east or northeast.· Here and there 
the courses of interniittent streams terminate head
ward in local rugged badlands. 

This portion of the central part of the basin presents 
a forbidding aspect. The lack of water prevents the 
growth of vegetation except a few grasses and dwarfed 
sage brush, so that the naturally brilliant colors of 
the rocks are unsoftened. The region is uninhabited 
except during the late fall and the winter, when roving 
sheep herders guide their flocks over it. 

. 8 Hewett, D. F., The Heart Mountain overthrust: Jour. Geology, vol. 28, pp. 
536-557, 1920. 
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Southeast of GreybuU River the escarpment tprns 
eastward near Meeteetse and passes out of the 
Meeteetse quadrangle north of the Hole in the Ground. 
The nearly level upland surface east of it is intricately 
trenched to a depth of 200 or 300 feet by narrow 
valleys, through which intermittent streams flow 
northward to Greybull River and eastward to Fifteen
mile Creek. 

In the· northeast corner of the Grass Creek Basin· 
quadrangle the Wasatch escarpment marks the· 
southwestern border of the central part of the Big 
I-Iorn Basin. Blue Ridge and its eastward extension, 
Blue Mesa, are remnants of a level upland which 
merges on the north into a group of rugged ridges 
that slope gently northeast toward Gooseberry Creek. 

THE BORDER BELT 

A large part of the area of the three quadrangles 
lies within the border belt of the Big Horn Basin. 
There are five principal features of the border belt in 
this region-(1) a group of rudely elliptical basins 
cut 300 to 500 feet below an extensive upland surface; 
(2) the major valleys occupied by the main strea:tns, 
which rise in the mountains and flow generally north
eastward to Big Horn RIver, on the east side of the 
basin; (3) the minor valleys of the tributary inter
mittent streams, which flow in widely different 
directions; (4) the remnants of two nearly level 
gravel-covered upland terraces; and (5) the remnants 
of two nearly level gravel-covered valley terraces, 
best developed along the valleys of the main streams. 

BASINS 

The basins are a char.acteristic feature of the 
border belt throughout the Big Horn Basin but are 
best developed on the west side. Some are nearly 
simple ellipses in shape, such as Little ~uffalo Basin 
east of Meeteetse; others are curved, such as Grass 
Creek Basin; in others, erosion has proceeded so far 
that two basins. have been merged to form a depression 
of rather irregular shape, such as the area near 
Wagonhound Bench. Most of the basins are nearly 

. surrounded by rough escarpments 300 to 500 feet high, 
which are almost impassable. In general those parts 
which fac.e south or .southwest are steeper and more 
rugged than those which face north or northeast. 

The basins range in size from the largest, Oregon 
Basin, 5 by 13 miles, to the smallest, that along 
Gooseberry Creek at Renner's ranch, which is scarcely 
a mile in diameter. They coincide with anticlines or 
similar upfolds and have been developed where erosion 
has first removed an overlying group of hard massive 
sandstones and then cut deeply into an underlying 
group of soft sandstones and shales. The local 
features are largely determined by the presence or 
absence of through-flowing streams, the attitude of 
the rocks, and the presence or absence of faults. 

Thus the floors of those basins that are traversed by 
through-flowing streams, such a.s Grass Creek and 
Cottonwood basins, are rather smooth and featureless, 
and there are remnants of flat gravel-covered terraces 
near the streams. Oregon and Little Buffalo basins 
have more uneven floors and no broad, flat terraces. 
The escarpment around Little Buffalo Basin is un
broken except for the gaps through which an inter
mittent stream flows, wherea~ the eastern escarpnlent 
of Oregon Basin is interrupted by numerous gaps, 
most of which coincide with faults. 

In tlie northern part of Oregon Basin there is an 
unusual depression, about 8 square miles in area, 
which demands specific consideration. It practically 
coincides with the Loch Katrine Bird Reservation. 
This part of the basin is unconlmonly flat, and near 
the center of it there is an intermittent lake which 
contains water only in· winter and spring. During 
the rest of the year the lake is nlarked by a thin fLlkali 
efflorescence. The soil for half a Iuile or nlore around 
the border of the lake is only loosely coherent, so that 
the feet of passing horses quickly sink to a depth 
of several inches. Except near the borders of the 
intermittent lake the basin is exceptionally barren 
of vegetation. This part of Oregon Basin is bounded 
on the west and north by a rugged escarpment of 
hard sandstone. Similar sandstone crops out locally 
on the east, but a large part of the eastern boundary 
is a flat terrace locally covered with a thin layer of 
gravel. On the south there is a series of low ridges 
along which thin-bedded sandstone crops out. 

As the lowest part of the basin is 92 feet lower than 
the lowest part of the limiting ridges, which appear to 
be cut in hard rocks an uncommon explanation of its 
origin· is evidently demal!ded; If it is assumed that 
the material removed from the basin was transported 
by running water, "it would be necessary to assume 
also that an extraordinary deformation of the rocks 
had taken place since that time. A clue to the 
probable mode of origin is afforded by the sand dunes 
that are found in the region southeast and east of the 
depression. Sand dunes are common in nlany parts of 
the west side of the Big Horn Basin but are more 
numerous in the region east and southeast of Oregon 
Basin than elsewhere. It is known through the experi
ence of travelers in the region that during windstonns, 
especially, in the summer and autumn, enormous 
quantities of silt and fine sand are caught up and 
carried farther east .or southeast. The shale near the 
base of the Cody shale is readily weathered and under 
the action of rain and frost forms a light, porous soil 
in many parts of the Big Horn Basin. It is apparent 
that the wind is constantly removing thin loose soil 
and that this process· long continued has produced the 
depression.- In order to explain the absence of similar 
depressions near by, it is necessary to assume that the 



GEOGRAPHY 5 

location 'and f01'111 of Oregon Basin are favored by the 
prevailing winds. 

Other evidence of the nlovement of considerable 
qUfl,ntities of soil by the wind is found near Oregon 
Basin. In sec. 16, T. 52 N., R. 101 W., a small 
,vatercourse has been dammed by sand dunes so that 
water collects during the wet season (PI. IV, G). In 
·sec. 26, 'r. 52 N., R. 100 W., wind-blown soil covers 
nearly every outcrop for several square nliles, and 
fln intennittent lake about 80 acres in extent has been 
fonned. 

MAJOR V ALLEYS 

ThQ valley of Greybull River is the largest and 
agriculturally the nlost important in the region, but 
that of its tributary Wood River is nearly as large 
and important. These rivers flow in narrow channels 
cut 10 to 30 feet below a terrace that commonly 
ranges fr01l1 4,000 to 5,000 feet in width. As the 
t enace is covered by a layer of gravel and soil, and 
Witter nlay be drawn from the river by ditches} it 
is extensively cultivated; probably one-half of its 
area is constantly under cultivation. 

MINOR VALLEYS 

Sage, Gooseberry, Grass, and Cottonwood creeks 
rise in the lnountains, but their flow is small and their 
channels are cut only 5 to 15 feet below the adjacent 
terraces. These terraces are much narrower than 
those along Greybull River, but they are cultivated 
here and there. Bedrock crops out locally along 
the banks and in the channels. 

It is noteworthy that although the prevailing 
strike of the rocks on the west side of the ,basin is 
nurthwest, only one of the four major streams, Grass 
Creek, deviates appreciably fronl a general north
easterly course in traversing the belt of folds. 

Only a glance at the topographic maps is needed 
to show that the valleys of the many minor intermit
tent streams of the region have widely diverse forms, 
and they also differ greatly in their relations to the 
underlying rocks. A few are simple, smooth, straight 
valleys, several miles long, such as Long Hollow, 
which nOl'lnally carries no water on the surface, where
as lnany others, such as Iron Creek, Spring Creek, and 
Little Prospect Creek, have highly sinuous courses 
with steep, rugged bordering slopes. Such sinuous 
valleys rarely show any definite relation to the struc
ture of the underlying rocks. On the other hand, in 
several parts of the region broad, rather smooth val
leys occupied by short intermittent streams closely 
follow belts of soft rock. Such valleys almost encircle 
the basins and are particularly well developed south 
of Oregon Basin and around Little Buffalo, Grass 
Creek, and Cottonwood hasins. These valleys are 
fornled by the erosion of the Meeteetse formation 
and locally of the Lance formation. 

514.l6-26t-2 

HIGH TERRACES 

One of the most striking features of the Oregon 
Basin and Meeteetse quadrangles consists of the rem
nants of high gravel-covered terraces. The largest 
of these remnants form a chain 20 miles long and are 
known as the Meeteetse Rim. They are nearly flat 
treeless surfaces, which are limited abruptly by the 
steep slopes of the neighboring valleys. They are 
uniformly underlain by a layer of coarse gravel and 
boulders, 10 to 50 feet thick. In some places there is 
sufficient soil to conceal the gravel. By comparing the 
altitudes and slopes of these terrace remnants, it has 
been possible to identify two high terraces as well as 
two lower terraces that are confined to the valleys of 
the present streams. The distribution and features 
of the four terraces are sUmmarized in the table on 
page 7. 

There are only three remnants of the highest or 
Cottonwood terrace, whose aggregate area is less than 
a square mile. The remnants are too small to yield 
more than a general impression concerning the form 
and extent of the surface of which they were once a 
part. The altitude of the highest remnants underlain 
by gravel is about 6,500 feet, and all lie withIn 2 
miles north of the Greybull VaHey. It is noteworthy, 
however, that in the region between Wood River and 
Cottonwood Creek there are many smooth, nearly 
flat-topped hills and ridges that range in altitude from 
6,600 to 7,200 feet and lack a cover of gravel. It 
appears probable that at the time when the region 
north and west of Meeteetse was being reduced to a 
plain and covered by gravel brought from the moun
tains farther west, the region south of Meeteetse was 
being reduced to smooth flat or' rounded hills and 
ridges that did not rise far above the level of the sur
rounding country. 

The gravel that underlies this terrace consists 
largely of dark lava and reddish and gray quartzite. 
The quartzite cobbles are clearly those derived from 
the conglOlnerate at the base of the Fort Union forma
tion. The largest are 10 inches in diameter, whereas 
the lava cobbles are as much as 3 feet. Glacial striae 
have not been detected on any cobbles or boulders 
from this terrace. 

There are a sufficient number of renlnants of the 
next lower or Rim terrace to permit a fair interpre
tation of its original distribution and features. On 
Figure 2 contour lines with 100-foot intervals have 
been drawn on the inferred surface. Although, the 
lines are smooth rather than broadly sinuous, they 
convey a rather accurate impression of the surface. 
The terrace was largely developed west of Wood River 
(PI. IV, B) and northwest of Greybull River (PI. IV, 
A), and in that region, with the exception of the single 
remnant of the higher Cottonwood terrace, no hill 
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or ridge appears to have risen above it. The terrace 
was made up of two broadly curved but nearly flat 
surfaces which met in a low depression near the 
present position of Meeteetse' Creek. The slope of 
these surfaces ranges from 50 to 100 feet to the mile. 

R.IOOW. R.99W.I08·~~' 
,..---,----.-------.------,44" 

30' 

EXPLANATION 

_ Cottonwood terrace 
__ Rim terrace 
_______ Su nshine terrace 

T. 
45 
N. 

L--L--'---'---'-..l--___ ---" 19 MILES 

T. 
44 
N 

T. 
52 
N. 

T. 
,<9 
N. 

T. 
48 
N. 

R.S7W. 

FIGURE 2,-Sketch showing partly restored cont"ours on surfaces of the Cotton
wood, Rim, and Sunshine terraces. Contour interval 100 feet, 

If the contours are projected southeastward across 
Greybull River, they intersect 'higher surfaces cut in 
the rocks that underlie the region. On the other hand, 
there is a single small remnant of the terrace east of 
Wood River and separated from it by a ridge which 
rises 200 to 300 feet above the terrace. 

In se~. 18, T. 44 N., R, 97 vV" in the Grass Creek 
Basin quadrangle, there is a sll1all remnant of a terrace 
that is correlated with the Rinl terrace farther north. 
A larger remnant lies in sec. 35, T. 44 N., R. 99 W., 
south of this quadrangle. The surface slopes gently 
northeastward, and even though no other remnants 
exist near by, it is apparent that this terrace was not 
as extensive as that north of Greybull River. 

The thickness of the gravel that lies upon this 
t,errace ranges from 30 to 50 feet; the maximum thick
'less is found nearest the mountains. Dark lavas pre
'iominate throughout the area, and the largest lava 
l)oulder, 4 by 4 by 5 feet, was found in sec. 11, T. 49 
'I., R. 101 W. The exposed parts of the lava boulders 
are commonly weathered, so that ~ thin outer shell 
\:las been set free. Reddish and gray quartzite are per
sistently present, but the largest cobbles of these 
rocks rarely exceed 10 inches in diameter. Cream-
colored limestone is generally present in the areas 
north of the Meeteet$e Rim but is absent south of it. 
As a rule the size of the pebbl~s of each variety of 
'~ock is smaller the greater the distance from the 
mountains. Glacial striae have not been observed on 
any of the boulders. . 

LOW TERRACES 

The valieys of most of the streams, intermittent 
as well as perennial, show tr'aces of two terraces. The 
terraces are wider, more nearly level, and more ex
tensive in the valleys of the perennial streams, which 
rise in the mountains. Also the cover of gravel is 
thicker and more persistent along the perennial 
~treanlS. 

The higher or Su:q.shine terrace is well developed 
,along Wood River near Sunshine (PI. IV, B), Meeteetse 
Creek, Greybull River (PI. IV, A), Grass Creek, and 
Cottonwood Creek. The larger remnants of the 
terrace are commonly found on the north and west 
sides of these streams. The cover of gravel ranges 
from 8 to 15 feet in thi~kness, and the lithologic 
varieties are the same as those on higher terraces 
nearby. Few of the cobbles exceed 10 inches I'll 

diameter. 
In most of the smaller valleys, such as those in 

Oregon Basin near Elk Butte,' in Spring Creek Basin, 
and in· Little Buffalo Basin, there are smooth, locally 
gravel-covered surfaces adjacent to the narrower and 
steeper valleys in which the streams flow. Such 
terraces are well shown in sec. 6, T. 50 N., R. 100 W., 
in Oregon Basin; in sec. 4, T. 48 N., R. 101 W., in 
Spring Creek Basin; and in sec. 2, T. 47 N., R. 100 
W., in Li'ttle Buffalo Basin. Althougn the difference 
in altitude between these terraces and the streams 
near by is much less than in the valleys of perennial 
streams, they can doubtless be correlated with the 
Sunshine terrace. 
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A. VIEW SOUTHWEST UP THE GREYBULL RIVER VALLEY 1 MILE ABOVE 
.MEETEETSE, IN SEC. 8, T. 48 N., R . 100 W. 

B. VIEW SOUTH UP THE WOOD RIVER VALLEY FROM GREYBULL RIVER , IN 
SEC. 27, T. ~8 N., n. 101 W . 

Terracps of t.he Sunshine stage arc wen shown on the left side of the yalley 

C. SEASONAL PLAYA CAUSED BY DAMMING OF SMALL WATER
COURSE BY SAND DUNES, SEC. 16, T. 52 N., R. 101 W. 

Terraces of the Sunshine st~gf' and Ihe Rim stage arc shown on both sides of the river 

D. BASAL SANDSTONE OF THE MESAVERDE FORMATION IN SEC. 1, T. 51 N., R. 101 W. 

Showing character of uppermost beds of Cody shale and massive bedding of the lower sandstones of th~ 
Mesaverde. Photograph by E. G. Woodruff 
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Tho lowest tArrace constitutes the floor of the 
valleys of through-Howing streanlS and is best devel
oped along Greybull River,' for which it is named. 
The Greybull terrace is also fairly well developed along 
Cottonwood and Meeteetse creeks. In Grass Creek 
Basin it is represented by the' smooth, gently sloping 
surface adjacent to the creek on the south side of the 
basin. 1'.he streams of the region flow in narrow 
channels cut from 10 to 40 feet below this valley-floor 
terrace. It is largely covered by a layer of gravel 
that attains a lna..xi~unl thickness of about 10 feet, 
and this in turn is covered by a layer of soil that 
rarely exceecls5 feet in thickness. Most of th~ land 
that is cultivn,ted in the region and all that is irrigated 
lies on this valley-floor terrace. 

In other words, the difference in altitude between 
each pair of terraces increases from the lower part 
of the Big florn Basin southwestward toward the 
mountains. A reconnaissance up Greybull River to 
Fourbear and up Wood River to Kirwin shows that 
this tendency continues to the points where the 
streams leave the mountains. 

The purposes to be served by the investigation of 
these quadrangles did not permit the detailed studies 
and regional 0 b'servations that would be needed to 
interpret satisfactorily the extent to which several 
possible factors enter into an explanation of the origin 
of the four groups of land fonns observed in the region. 
The following paragraphs set forth briefly SOlne of 
the tentative conclusions that. have been reached. 

Features of terraces of the west side of Big Horn Basin, Wyo., anl, correlation with terraces of Wind River valley 

Nnme 

Groybull 01' Vlllley Inool'. 

Big Horn Basin 

Aren] distribution Height above near· Height above next 
by stream (Ceet) lower terrace (Ceet) 

.1 I 

Height 
above 

Thickness oC gravel Character oC gravel N a:ne near.by 
(Ceet) stream 

I 
(Ceet) 

----·1---------:----------1--------------------1------1----
5-10 .•• · •.••••••••••• 1 Largely andesite with Lenore ..•... 10-60 

. minor assortment 
Crom higher terraces, 
covered with soil; 
range in size, 1-6 
Inches. 

Sul1shlno ................. Valleys of maJor streams, LowerGreybull 180 LowerGreybull 150 8-15 •..•••••••••••••. 
especially Wood and Upper Greybull 225 Upper Greybull 225 

Largely andesite with I Circle ...•..• 100-200 
minor assortmen t 
Crom higher. terraces; 
soil practically abo 
sent; range In size, 1-8 
Inches. 

Greybull rivers and Upper Wood ••• 225 Upper Wood •.• 250 
Meeteetse, Grass, and Grass Creek •••• 150 Grass Creek •••• 125 
Cottonwood creeks. Cottonwood .••• 140 Cottonwood •••• 125 

Rim .••••••..••••••••••••. Meeteetse Him and 
region north of Grey· 
bull Hlver and west 
of Wood RiveIj upper 
Iron Creok; votton· 
wood·Owl Croek 
dlvldo; Elk Butte. 

Lower Greybull 450 
Upper Greybull 550 
Upper Wood ... 550 
Lower Cotton· 

Lower Greybull 250 Elk Butte •••• 40-50 
Upper Greybull 300 Me e tee t s e 
Upper Wood ..• 300 I Rim .•.•.•• 30-50 
Lower Cotton· Wood River .• 30-40 

Largely andesite with 
Fort Union quartz· 
ite; some limestone 
north oC Meeteetse 
Rim; maximum 

Black Rock. 500-800 

wood •.•.•.••. 450 
Upper Cotton· 

wood ..•••.••• 450 

wood ......•.• 200 Cottonwood •• 10-15 
Upper Cotton· . boulder 4 by 4 by 5 

Ceet. W09d •...•.••• 250 

Cottonwood ••••••••••••. Dlvldo between Dry Dry Creek .•••. 650 Dry Creek ••••• 150 Dry Creek •••••• 30 Largely andesite, 2 by 
and Cottonwood Meeteetse .•...• 850 Meeteetse •••••. 250 Meeteetse .•••••. 25 2 by 3 Ceet maximum 
creeks 3 miles north· size; some quartzite, 
east oC Meeteetse. 3 by 5 by 10 inches 

maximum size. 

o Blackwelder, Eliot, Post·Cretaceous history oC western Wyoming: Jour. Geology, vol. 23, pp. 306-321,1915. 

INTERPRETATION OF EROSIONAL HISTORY 

An clement that has considerable bearing on the 
interpretation of the origin of the higher terraces is 
their actual and relative gradient. The gradient of 
Greybull River, a graded stream, deviates but little 
f1'Onl 50 feet to the mile in the 19 miles of its course 
in these quadrangles. The average downstream 
gradient of the Sunshine terrace is about 55 feet to 
the 'mile, and the steepest gradient of the Rim terrace, 
eastward along Meeteetse Rim, is 88 feet to the mile. 
The difference in altitude between Greybull River and 
the Sunshine terrace is 250 feet on the western border 
of the quadrangles and 200 feet on the eastern border. 
Similarly, the difference in altitude between the Sun
shine terrace and the Rim terrace is 450 feet on the 
western horder and 250 feet on the eastern border. 

It has been shown elsewhere" that the Tertiary 
period brought a complex succession of processes in 
this region-deposition of sediments, deformation, and 
erosion. The age of the highest or Cottonwood 
terrace, which is the oldest of the surface forms found 
in these quadrangles, is not definitely known, but it 
is tentatively regarded by Alden as possibly Miocene. 
Before this terrace was' dissected it was probably a 
nearly level surface that extended over the entire 
area from points several miles southeast of Greybull 
River northward, to Shoshone River and . possibly 
farther. A river, probably the predecessor of the 
Greybull, flowed in a broad flat valley several miles 
northwest of the present course of that stream. The 
region between Greybull River and Owl Creek was 

4 Hewett, D. F., The Heart Mountain overthrust: Jour. Geology, vol. 28, pp. 
536-557, 1920. 
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not reduced to a plain but was an area of low, irregu
larly disposed hills. At this time the principal 
western tributaries of the Big H()rn RiYer appear to 
have flowed N. 30°-60° E. 

Later the Absaroka Mountains were uplifted; the 
streams cut deeper channels and almost cOlllpletely 
destroyed the Cottonwood terrace. Finally, a new 
plain, now represented by the Rim terrace, was estab
lished over the area northwest of Greybull River and 
in local tracts near Cottonwood Creek and possibly 
farther southeast. This plain appears to have beep. 
nearly level over the entire region except for one or 
more small remnants of the higher plain and the broad 
valleys of the ancient Greybull River and a stream 
that flowed eastward near the present cour5e of lvIee
teetse Creek. The absence of striated boulders in 
the gravel on this terrace suggests that the material 
consists of outwash from vigorous glacial streams that 
rose in the mountains and spread over the plain to 
the east. The absence of limestone in the gravel on 
the Meeteetse Rim and farther south shows that the 
streams whieh deposited the gravel flowed east rather 
than northeast or north. The lack of the customary 
evidence of advance 'and retreat of glaciers seems to 
preclude the assumption' that. the largest boulders on. 
this terrace were moved by glaciers. 

With renewed uplift the streams cut iIl:to the Rim 
terrace, became graded, and meandered sufficiently 
to cut the broad, flat 'valleys indicated by the renl
nants of the Sunshine terrace. During this period of 
down-cutting there were apparently numerous local 
changes in drainage. Several of these changes will be 
indicated, although to obtain clear proof of them the 
areas should be more closely studied. Long Hollow, 
which is a distinct valley but has no inner stream 
channel, was apparently cut by a stream that flowed 
eastward from the nlountains but has been beheaded 
by Meeteetse Creek, cutting headward along a ·belt 
of soft rock (Cody shale). Similarly Grass Creek 
appears to have originally flowed. northeastward 
across Grass Creek Basin, nearly·following the general 
course of Canyon Coulee to Gooseberry Creek. The 
waters of upper Grass Creek were captured by. a 
stream cutting northwest along the outcrop of Cody' 
shale from the vicinity of Gwynn's ranch. There is 
reason for suspecting that the broad eastward sweep 
of Shoshone and Greybull rivers and Goosebe.rry and 
Cottonwood creeks near the center of Big Horn Basin 
is to be attributed to the successive periods of uplift 
that follqwed the cutting of the Cot~onwood and Rinl 
terraces. 

The formation of the 'Greybull or valley-floor 
terrace in the several valleys indicates a third uplift 
of the mountain region, and the cutting of the present 
stream channels indicates a fourth. The present 
inquiry has not' determined the extent to which 

changes of clilllate have played a part in the rapid 
cutting of valleys or the distribution of layers of gravel 
over plains or terraces. Although this factor may 
deserve consideration, there can be little doubt that 
successive uplifts following periods of quiescence have 
been the principal cause of these changes. The evi
dence of the rellloval of considerable soil by the wind 
indicates that the present dry climate has persisted 
for some time, possibly sin~e the latest uplift. 

STREAMS AND WATER SUPPLY 

STREAMS 

Greybull River is the largest streanl in the region 
under consideration and with its principal tributary, 
Wood River, determines the distribution of most of 
the settlements. From the point where it leaves the 
mountains at Fourbear, 22 miles above Meeteetse. to 
its junction with Big Horn ltlver, a' distance of abou t 
80 miles, its waters are drawn for the irrigation of 
ranches in or near its valley. The discharge of the 
river has been lueasured from time to time by engi
neers of the United States Geological Survey,5 and 
gages have been read bv local observers. In 1903 a 
gage was installed on the bridge at Mee.teetse, but 
in 1910, 1911, 1912, 1915, and 1916 readings were 
made at the bridge to Wilson's coal mine, in sec. 13, 
T. 48 N., R. 101 W. The available records extend 
from March to November in these years; none have 
been collected during the winter. . 

The records indicate an extreme range from 80 cubic 
feet a second in April to 4,400 cubic feet in July. 
Commonly the range is from 120 cubic feet in April 
to 2,200 cubic feet in July and 150 cubic feet in Novem
ber. Although the water carries much clay in times 
of flood, it is generally clear. It is widely used for 
domestic supplies, either drawn directly or from 
ditches. 

Wood River leaves' the mountains 17 miles above 
its junction with Greybull River and i$ repeatedly 
drawn upon for irrigation in its valley as well as that 
of Sunshine Creek, whiqh parallels it on the west. 
Measurelllents of the discharge have been made by 
engineers of the United States Geological Survey and 
by local observers in 1910, 1911, 1912, 1915, 1916, 
and 1917.6 The gage is placed on the left bank of the 
river 400 feet above the bridge, near its junction with 
Greybull RivCl;. The records generally extend fronl 
March to N ovenlber. They show an extreme range 
from 30 cubic feet a second in April to 867 cubic feet 
in June. Comnl0nly the range is from 40 cubic feet 
in April to 600 cubic feet in June and 50 cubic feet in 
October .. The water is clear and cool and is widely 
used for domestic purposes. 

~ See U. S. Oeol. Survey Water-Supply Papers 99, p. 88, 1904; 286, p. 186, 1911; 
306, p. 201, 1914; 326, p. 198, 1914; 406, p. 145, 1917; 436, p. 135, 1919. 

6 U. S. Oeo!. Survey Water-Supply Paper 456, p. 126, 1921. 
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The portion of Sage Creek lying within the Oregon 
Basin ql.ladrangle carries a surface flow most of the 
year, though in dry seasons the part in sec. 9, 1'.01 N., 
R. 101 W., contains only a few pools of water. The 
water is used for irrigation in the lower Sage Creek 
valley but is unfit for domestic use. Estimates in 
August and September indieate a surface discharge of 
5 to 10 . cubic feet a minute. 

During the SUillluer Oregon Coulee, Dry Creek and 
its South Fork, and Cottonwood Creek contain many 
pools of alkaline water that is unfit for drinking. 
Springs at Dry Creek and Red Cabin j),uglllent the flow 
of Dry Creek. 

Meeteetse Creek luaintains a vigorous surface dis
charge until nlidsumnler, when drafts for irrigation 
reduce its lower course to pools here and there. Its 
water is fit for drinking throughout the year. 

Spring Creek, in the Meeteetse quadrangle, yields 
a snuul flow untilluidsumnler, when only a few pools 
of alkaline water reluain for the greater part of its 
course. 

Rawhide Creek carries water on the surface, which 
is used for irrigating at Whitney's ranch, in sec. 23, 
T. 48 N., R. 101 W. 

Iron Creek rises in some ferruginous seeps in sec. 31, 
T. 48 N., n. 100 vy., but in sunlluer contains only, a 
few pools of alkaline water. 

Sunshine Creek yields a How on the surface until 
midsummer, when only a few pools of alkaline water 
renla.in. 

Little Buffalo Creek rises in a seep in sec. 5, T. 47 N., 
R. 100 W., and yields a surface flow of alkaline water 
for most of its course during the entire year. The 
f10w in August, 1919, at the point where the stream 
leaves Little Buffalo Basin, was estimated at 3 to 5 
cubic feet a Ininute. The water is unfit for drinking. 

Gooseberry Creek yields a flow on the surface for 
its entire course in the Meeteetse quadrangle through
out the year. N ear Dickie's ranch, below the intn.ke 
of several ditches, the flow in August, 1912, was esti
l1lated to range fronl 5 to 10 cubic feet a minute. 
Although the water has a noticen,bly alkaline taste it 
is used for domestic purposes. 

Cttnyon Coulee is dotted with pools of highly alka
line water during the summer but the water is fit only 
for use by stock. 

Grass Creek rises in the mountains and, although 
drawn upon for irrigation in Grass Creek Basin, 
yields a sutface flow throughout the year in the Grass 
Creek Basin quadrangle. In September, 1913, the 
surface flow was estimated to range from 3 to 8 cubic 
feet a minute. Before oil wells were drilled in this 
area and their waste contaminated the stream the 
water was used for domestic purposes. 

Spring Gulch is so called on account of several 
springs of clear alkaline water that rise from the gravel 
in its bed in sec. 5, T. 45 N., R. 98 W. In August, 

1913, the flow was estimated at 1 to 2 cubic feet a 
minuts. After 'flowing on the surface for 500 feet the 
water'sinks into the ground. 

Pro~pect Creek contains numerous pools of water 
throughout its course, in some of which an appreci
able current may be noted. The water in the pools 

'above its junction with Little Prospect Creek may be 
used for drinking even late into the summer. The 
water in its lower course an~ in Little Prospect Creek 
is unfit for drinking. 

Wagonhound Creek is dotted with pools of alkaline 
water during the summer and in used only by stock. 

Cottonwood Creek yields a surface flow throughout 
the year above Richman's ranch. The discharge in 
August, 1913, was estimated at 3 cubic feet a minute. 
During the summer the entire flow is diverted for 
irrigation, and the lower course contains only a few 
pools of water that is scarcely fit for drinking. 

SPRINGS AND WELLS 

Except those who live in the valleys of Greybull 
and Wood rivers, most of the inhabitants of the 
region depend upon water drawn from springs or 
wells. At a few sheep camps, used only in the spring 
when sheep are sheared, water is collected from roofs 
and stored in cisterns. 

Mud Springs, in sec. 24, T. 52 N., R. 100 W., yield 
a small flow that is used for drinking by sheep herders. 
The spring in sec. 15, T. 50 N., R. 101 W., yields 
several gallons a minute of clear nonalkaline water 
whose source is obscure. ' 

Wagonhound Spring, in sec. 25, T. 45 N." R. 99 W., 
rises in a ravine which is cut in thin sandstones near 
the top of the Cody shale. It yields several gallons 
a minute of rather alkaline water which from time to 
time is used for drinking. 

In many parts of the region springs are found 
where deep ravines cut through the beds· of sand
stone near the top of the Mesaverde formation. The 
discharge of such springs rarely exceeds a few gallons 
a minute, and the water is commonly too highly 
charged with iron and alkali to be usable for drinking. 
The spring at Dry Creek, in sec. 12, T. 50 N., R. ~01 
W., is an exception. 

Water of fair quality is obtained at many ranches 
in the valleys of the smaller streams by digging wells 
within several hundred feet of the stream channels. 
Such wells range in depth from 5 feet in Long Hollow 
to 50 feet in Grass Creek Basin. They derive their 
water from layers of gravel adjacent to or consider
ably deeper than those upon which the present streams 
flow. There are several in Long Hollow and a num
ber in the valleys of Gooseberry, Grass, and Cotton
wood cre,eks. The domestic supply of the Ohio Oil J 

CO.'s camp at Grass Creek is drawn from four wells 
drilled with a portable rig to depths of 20 to 64 feet. 
Each well yields 20 to 25 barrels of water daily. 

, ' 

/ 
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In order to avoid the uncertaInties of surface sup
plies some residents of Meeteetse and vicinity have 
drilled deep wells to obtain water .. The water from 
these wells is cool and clear but is perceptibly alka
line' to the taste. A well 437 feet deep, in J. Faust's 
stable, drilled in beds' of the Meeteetse formation, 
flows 10 gallons an hour. In another well in the 
same beds at R. 'J. McNally's house, east of Meeteetse, 
drilled to a depth of 150 feet, water stands 70 feet 
.below the surface. The 'water is raised by a wind
mill and used for irrigating. Another well 80 feet 
deep, at A. A. Linton's house, yields a small flow. 

In 1899 a well was drilled to a' depth of 275 feet 
near the stable on O. B. Mann's ranch, in the SW. 34 
sec. 8", T.48 N., R. 100 W. The water was at first. 
used for" drinking, but recently the taste of iron and 
alkali has become strong. The flow, derived from 
upper sandstones' of the Mesaverde formation, ranges 
from 30 to 40 gallons an hour. 

In a well drilled to a dep~h of 375 feet near the barn 
on F. A. Whitney's ranch, in the NW. ~ sec. 23, T. 
4'8 N., R. 101 W., water stands at a depth of 40 feet 
below the surface but has never flowed. 

A well whose depth is unrecorded but is probably 
more than 200 feet and which therefore is in beds of the 
Meeteetse formation near David Dickie's house in 
sec'. 23, T. 47 N., R. 99 W., yields a flow of sever~l 
gallons a minute. 

A well drilled to a depth of 247 feet near the house 
of Q. Littlejohn, in the NW. ~ sec. 28, T. 46 N., 
R. 98 W., failed to find water. It penetrated shale 
and thin sandstone belonging to the Cody shale. 

By way of summary, it may be stated that wells 
drilled into the sandstones in the Frontier formation, 
near the top of the Cody shale, near the top of the 
Mesaverde formation, or near the base of the Meeteetse 
formation at places where the beds are inclined, are 
likely to encounter water susceptible of domestic use. 
The beds of the lower half of the Cody shale are not 
likely to yield water. 

Several wells ,drIlled for oil have encountered water 
in deeply buried sands which are elsewhere oil-' 
bearing. In several localities the water is used for 
domestic purposes. Well No.6, in the NW. >4' sec. 
32, T. 52 N., R. 100 W., ~n Oregon Basin, yields a 
flow of several cubic feet a minute which is the sole 
source of water for the camp of the Enalpac Oil & 
Gas Co., a nlile to the south. The quality of the water 
from oil wells in this region is discussed on page 89. 

CLIMATE AND VEGETATION 

Although the' United States Weather Bureau 
commonly maintaIns 10 or 12 observation stations in 
the Big Horn Basin, none of them are within these 
quadrangles. Records are available for Cody, 3 
miles northwest of the northwest corner of the Oregon 
Basin quadrangle, since 1906. ' 

The records at Cody show that for the period 1914 
to 1917 the tenlperature ranged from the minimum 
of -33° F. in January, 1917, to the ma.."'CiIilum of 
97° F. in July, 1917. The coldest month is January, 
when the temperature is frequently as low as -20° F. 
and the maximum ranges from 45° to 60° F. The 
warmest month is August~· when the minimum is 
frequently 35° to 40° F. and the ina.."'Cimum 91 ° to 
97° F. The daily range in winter is commonly 25° 
to 30° and in summer 30° to 35 q. The proportion of 
clear days is commonly about 60 per cent; of partly 
cloudy days, 30 per cent; and of cloudy days, 10 
'per cent. 

The precipitation ranges from 17.18 to 11.34 inches 
a year, of which 60 or 70 per cent falls as rain in April, 
May, and June. Thunderstorms, sometimes ac
companied by a heavy fall of hailstones, are common 
during July and August. 

On account of the low rainfall, vegetation is re
stricted to a sparse growth of the few species adapted 
to the climate. Trees are confined to sandstone 
ridges and banks of streams; low shrubs and grasses 
constitute most of the varieties found on the valley 
slopes and upland terraces. The badlands, eroded on 
the Meeteetse and Wasatch formations, are almost 
without any vegetation whatever .• 

Clusters of cottonwood trees are found here and 
there along most of the perennial streams and some 
of the intermittent streams. Gravel bars and sloughs 
are locally heavily covered with willows. The com
monest trees on the sandstone ridges are the limber 
pine (Pinus fiexilis) and spruce (Pseudotsuga mucro
nata), which rarely' exceed 15 feet in height. The 
sandstone ridges also contain a sparse growth of the 
juniper (Juniperus scopulorum). 

The principal shrub,. the cqmmon sagebrush (Arte
misia tridentata) is found everywhere, from the rather 
fertile valley bottoms, where it frequently attains a 
height of 10 feet and is useful as a fuel, to the bleakest 
uplands, where it commonly ranges from 10 to 15 
inches in height. Three other varieties of sagebrush 
(Artemisia cana, A. frigida, and A. gnaphaloides) are 
cOlnmon but have a more restricted range. 

Grasses of several varieties are widespread, espe
cially the so-called buffalo grass, but the quantity 
shows a sensitive adjust.ment to the rainfall. 

SETTLEMENTS 

. The region covered by these quadrangles is sparsely 
. settled; in 1920 there were probably less than 900 

persons in the '660 square miles which they cover. 
Altho~gh there are many ranches along perennial 
streams, there are only three post offices, Meeteetse, 
Sunshine, and Grass Creek. About 600 persons live in 
the two towns, Meeteetse and Grass Creek. 

The settlements date from three distinct waves of 
immigration, which are not sharply separable. The 
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Fisher, 1906: U. S. Geol. Sur· ! Washhurne, 1909: U. S. Geol. I i Hewett and Lupton, 1917: U. S. Geol. Survey Bull. 6.56; also the present report Eldridge, 1894: U. S. Oeol. Sur· Woodruff, 1909: U. S. 0;01. ",ur' i Hewett, J914: 1:. S. Geol. Survey Hintze, 1915: Wyoming Gool. Lupton, 1916: U. S. Geol. Sun'oy Hares, ~l~ 11~I~r~I~~\~hed report). I System vey Bull. 119. Big Horn Basin vey Prof. Paper 53. Entire Survey Bull. 341, p. 167. East i ~'Z o~g~in 341, p. 202. ,\ est Bull. 541, p. 91. Shoshone River Survey Bulls. J 0 and 11. West Bull. 621. East side of basin -- -- ---- ~ ~ -
Big Horn Basin side or basin 

I side of basin 
Formation Thickness in feet Character or rocks 

\ 

Alluvium. 
I 

Alluvium. Alluvium. Alluvium _______________ 0-50 Valley and flood-plain deposits along streams. Quaternary. Valley alluvium. Hot-spring deposits. Hot-spring deposits ______ ------------ Local deposits of calcareous tufa. 
Later terrace gravels. I 

Terrace gravels. Terrace gravel. Sunshine terrace 5-15 Gravel and boulders washed from adjacent streams. I 
Terrace ------------
gravels 

Rim terrace ____ 
Gravel and boulders washed from adjacent mountains. Early terrace gravels. Cottonwood 0-50 

terrace. ______ 

Volcanic breccias. 
i Volcanic rock. (?) Andesitic tuffs and flows on west side of basin. 

Tertiary. Wasatch. Wasatch. Wasatch. Wasatch. Wasatch. Wasatch. Wasatch. 1,300- Red and drab clay; buff and white sandstone .with gravel lens~. 

- Unconformity Unconformity Unconformity Unconformity Unconformity 
Many areas of badlands around border of basill. 

Fort Union. Fort Union. Fort Union. Fort Union. U ndifferen tia ted Fort 
Fort Union. Fort Union. 2,000-5,600 Buff and white gritty sandstone, with drab, red, and green clay; 

Union and Lance. lenses of gravel and lenticular beds of coal. 
------------ -Unconformity(?) Unconformity(?) Unconformity(?) Unconformity 

Tertiary? Laramie(?) . Laramie(?). Ilo. Ilo. Lance. Lance. 840-1,800 Buff and drab sandstone with drab and green shale. No red shale Upper. or coal beds. 
------------ Laramie. Laramie and associated 

formations. 

r""W Bearpaw. 250-1,400 Soft gray and brown shale; gray and buff sandstone and lenticular 
J u d i t h [Undiff"- Meeteetse. Meeteetse. beds of coal. Montana River. Montana entia ted Meeteetse. Mesaverde. group. Claggett. group. Montana. Judith River. 

Lower. Eagle. Eagle. Gebo. 
Montana. Montana. Buff and white sandstone, gray and brown shale, and lenticular 

Eagle. 
I_Parkman ss. 

Mesaverde. 1,120-1,410 beds of coal near base. 
Claggett. Montana. 

Pierre. Eagle. Gray, green, and black shale, with calcareolls concretions near base Pierre. Pierre. Upp e r Cody. Cody. 1,900-3,400 merging with buff sandstone at top. No persistent sharply 
member. Basin. Niobrara. marked beds. 

Cretaceous. (Niobrara). Carlile. 

Niobrara. Middle West side: Seven or more beds of gray and buff sandstone with 
Culoradu. Colorado shale. Colorado. member. Colorado. Colorado. Frontier. Frontier. Colorado. 

Frontier. 494-648 gray and brown shale and bentonite. 
: East side: Two to six or more beds of sandstone. 

Colorado. Benton. Mowry. Mowry. Mowry. 160-375 Hard gray shale containing fish scales, with lenses of gravel-bearing 
Benton. sandstone. 

Lower 
Thermop- Grav to black shale with one persistent sandstone, the Muddy member. Thermop- Thermopolis. 400-800 

I olis. olis. sand of the drillers. 

__________ J Unconformity 

I 
Two beds of massive buff sandstone separated by gray or varie-Dakota. Cloverly. Cloverly .. Cloverly. 

i 
"Cloverly. " Cloverly. Cloverly. Cloverly. Cloverly. 110-300 gated shale. Upper sand is the Greybull. 

I Cretaceous? I Morrison. I Morrison. Morrison. I Morrison. 150-580 Purplish and paJe greenish-gray shale ~;th sandstone interbedded. , Jura. I : ! ------------1 
I 

I 
! I Greenish-gray sandstone and shale with a little limestone inter-Jurassic. Sundance. Sundance. Sundance. I 

Suudance. 250-530 

I 
I bedded. 

I 
"Red Beds": Red sandstone and shale with a thick bed of gypsum Triassic. . : Trias. Chugwater. Chugwater. 

I 
Chugwater. Chugwater. 700-1,100 near top. 

! Embar. I Embar. Embar. 250-480 Gray limestone, with gray and red sandy shale and gypsum inter-
I I I bedded. Limestone very thin on east side of ba,sin. 
I Coal Measures. i 

I Carbonifer- Tensleep. ! TensJeep. 30-230 Massive gray sandstone, containing thin layers of limestone. 
ous. 

I I 

I ! Amsden. 
I Amsden. 150-200 Red sandy shale and sandstone, with layers of limestone and chert. 

Sub-Carboniferous. 
, 

:\1adison. I 
Madison. 600-1,000 ; Gray massive limestone. I I I 

Ordovician. Silurian. Bighorn I I I Bighorn 150-300 I Siliceous gray limestone, very hard and massive. 
: \ ! Cambrian. Cambrian. Deadwood. Deadwood. 700-900 Sandstone, shale, conglomerate, and limestone. 

51416-26. (Face p. 10.) 
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first, beginning 'in the seventies and continuing until 
about 1900, was based upon the cattle industry. 
During this period ranches started along Greybull 
and Wood rivers served as centers for cattle raising. 
From these centers the cattle were grazed over the 
grl1ss-covered valleys, near-by good range, and tim
bered foothills. The second period .. beginning about 
1900 and continuing until about 1916, was character
ized by the settlement <;>f ranches along the intermit
tent strearns, so that herds of sheep could be grazed 
over the hills that were too barren and inaccessible 
for cattle. Fronl 1905 to 1910 some ranch.ers forsook 
cattle for sheep. During this period practically all 
the water in every stream, spring, and water hole was 
preempted. The third per.iod began with the drilling 
of the fi.rst well for oil in 1912 and is not yet ended. 
Severnl pernlanent settlenlents have resulted from 
the search for oil or gas, and others will probably be 
nlade. Other waves of immigration will come when 
irrigation projects 1uake 1uore land available for 
cultivation, as in Oregon Basin, and when the coal 
l,'esources of the region are exploited. 

GEOLOGY 

STRATIGRAPHY 

CARBONIFEROUS SYSTEM: 

EMBAR FORMATION (CARBONIFEROUS AND TRIASSIC) 

'rhe only information available concerning the 
Enlbar forlnation in these quadrangles is derived 
frOlll well No. 3 of the Petroleum Producers Co., in 
the NE. U NW. U sec. 24, T. 44 N., R. 98 W. The 
collar of this well is on beds of the Thermopolis shale, 
but at a depth of 2,245 feet, after passing through the 
Clo,"7'erly, Morrison, Sundance, and Chugwater forma
tions, the drill entered beds interpreted to be the 
upper part of the E1nbar formation. The upper 
stratUlll of the fornlation is considered to be that 
which underlies the lowest red sand of the Chugwater 
forlnation. The hole yielded the following record: 
Beels of Embar format'ion in 'Well No.3 of Petrolemn Producers Co. 

I. 

Thickness Depth 

Feet Feet Sand and lime _________________________ _ 47 2, 292 
5 2, 297 
5 2, 302 

15 2,317 
5 2, 322 

Sand, soft, gray, oil bearing ________ ~ ____ _ 
Sand, hard, browl1 _______________ :.. ______ _ 
Sand, soft, brown and gray ______________ _ 
Sand, hard, brown and gray _____________ _ 

77 1--------
- - - -,----------'---------

As the ~mbar fornlation is frOlll 200 to 250 feet 
thick on the west side of the Big florn Basin, it appears 
that the oil-bearing bed lies' near the top of the fornla
tion. Beds at this horizon are oil bearing in the 
Lander field 7 and ne~r Maverick Springs,S both in 

7 Woodruff, E. G" Tho Landor oil field, Fremont County: U. S. Geol. Survey 
Bull. 452, p, 27, 1911. 

S Colllor, A. l" Anticlines near Mavorick Springs, Fremont County, Wyo.: U. S. 
Gool. Survoy Bull. 711, p. 165, 1920. 

Fremont County, Wyo. The character of the oil is 
shown in the table on page 88. 

TRIASSIC SYSTEM 

CHUGWATER FORMATION 

The Chugwater formation does not crop out in 
the3e quadrangles, but each of the wells on the Cotton
w03i anticline explores a part of it, and one well, 
Petroleum Producers Co. No.3, passed ,through the 
entir~ formation. The following beds were recor~ed: 

Beds of Chug'Water formation 1:11, 'Well No. 3 of Petroleum P'ro
ducers Co. 

Shale, pink ____________________________ _ 
Red beds ______________________________ _ 
Shale, pink ____ . ________________________ _ 
Red beds _______ ~ ______________________ _ 
Shale, gray; show of oil and gas __________ _ 
Sand, gray, oil bearing __________________ _ 
Red beds _________ ~ ____________________ _ 
Shell, hard ____________________________ _ 

_ Sand, oil bearing _______________________ _ 
Red beds _______________ 2 ______________ _ 
Shale, red, sandy _______________________ _ 
Sand, gray, oil bearing __________________ _ 
Red beds, hard ________________________ _ 
Red beds, soft _________________________ _ 
Red beds ______________________________ _ 
Sand; show of oiL __ ~ __________________ _ 
Red beds ______________________________ _ 
Sand, hard, red ____ .:. ___________________ _ 
Sand and shale, gray __________ 0 _________ _ 

Red beds ______________________________ _ 
Sand; show of oil and gas _______________ _ Red beds ______________________________ _ 
Sand, gray ____________________________ _ 
Red beds ______________________________ _ 
Shale, gray, sandy ______________________ _ 
Red beds ______________________________ _ 
Sand, red and gray _____________________ _ 
Shale, red, sandy _______________________ _ 

,Lime, red, sandy _______________________ _ 
Sand, red, and lime _____________________ _ 

1 Thickness Depth 

Feet 
40 

120 
111 
132 
38 
50 

. 102 
·2 

10 
105 

5 
25 
45 
15 
35 

5 
70 

5 
5 

30 
42 
10 
33 
90 
15 
85 
10 
10 
10 
10 

1, 265 

Feet 
1, 020 
1, 140 
1, 251 
1,383 
1,421 
1,471 
1, 573 
1, 575 
1, 585 
1, 690 
1,695 
1, 720 
1, 765 
1, 780 
1,815 
1,820 
1,890 
1,895 
1,900 
1,930 
1,972 
1, 982 
2, 015 
2, 105 
2, 120 
2,-205 
2, 215 
2, 225 
2, 235 

.2,245 

The thickness of the formation commonly ranges 
from 700 to 1,100 feet in the Big Horn Basin. The 
surface outcrop.:; that have been examined in the 
basin 9 are composed largely of red sandy shale but 
include also red sandstone, gypsum, and limestone. 
Beds of gypsum undoubtedly exist under the Cotton
wood anticline, but their presence is' probably ob
scured by the red shale. 

In the well mentioned above oil was reported in 
five sands and one shale zone, but in commercial 
quantitie~ only in the two sands at depths of 1,421 and 
1,695 feet. An oil seepage in beds of the Chugwater 
formatioI,l occurs on the Red Spring anticlines,lO east 
of Big Horn River. 

In these quadrangles the Chugwater formation is 
probably all of Triassic age, for to the south, in the 
Wind River and adjacent regions, it rests on the 

9 Lupton, C. 'r., and Condit, D. D., Gypsum in the southern part olthe Bighorn 
Mountains, Wyo.: U. S. Geol. Survey Bull. 640, p. 147, 1917. 

10 Hewett, D. F., and Lupton, C. T., Anticlines in the southern part of the Big 
Horn Basin, Wyo.: U. S. Gool. Survey Bull. 656, p. 135, 1917. 
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Trias~ic Dinwoody formation. On the east side of 
the Big Horn Basin and in central and southern 
Wyoming, however, the Chugwater or red-bed sedi
ments occupy the stratigraphic interval of the Din
woody and older formations, and there the Chugwater 
is of Triassic and Carboqiferous (Permian and Pennsyl
vanian) age. 

JURASSIC SYSTEM 

SUNDANCE FORMATION 

The Sundance formation does not crop out in these 
quadrangles, but the logs of the deep wells of the 
Cottonwood anticline, several of which are drilled to 
the Embar formation, record beds that may be corre
lated with the Sundance. The known 'surface ex
posures of the beds warrant the conclusion that they 
extend under the entire basin. The following record 
was obtained in drilling the Petroleum Producers Co. 
well No.3: 

Beds of Sundance formation in well No.3 of Petroleum Producers 
Co. 

I~;~:~~~~~:::::::~:::::::::::::::::: 
Shale, sandy ___________________________ _ 
Sand, gray - - - - - - - - - - - - - - - - - v - - - - - - - - - --Lime, sandy, hard ______________________ _ 

Fl~: t~~:::::::::::::::::::::::::::·: Sand, lighL ___________________________ _ 
" Talc" _______________________________ _ 

Thickness I Depth 

Feet , 5 
10 
50 
75 

5 
10 
85 

5 
20 

5 
60 

Feet 
655 
666 
715 
790 
795 
805 
890 
895 
915 
920 
980 

330 I~ ______ _ 

The chosen limits are based on the assumption that 
the .formation does not contain any red shale. As 
the Sundance is a marine formation the proper limits 
would depend on the distribution of characteristic 
marine fossils. The general character of the sediments 
appears 'to persist unchanged throughout the west 
side of the Big Horn Basin. The measurement given 
above is thicker than most of the 'others that have 
been made in the Big Horn Basin, which range from 
194 to 530 feet. 

CRET ACEOUS (1) SYS';£'El\f 

MORRISON FORMATION 

Tile Morrison formation does not crop out in .the 
Oregon Basin quadrangle, but three wells, the Pauline, 
New No.5, and Hallene, penetrated some of the beds. 
The following, beds were recorded in the lower part 
of the Pauline well, on the north Oregon Basin dome: 

Beds of Morrison formation in Paul1:ne well 

Lime, red _____________________________ _ 
1V1 u d, red __________________________ ' ___ _ 
Lime, red, hard ________________________ _ 
Red rock, sofL ________________________ _ 
Sand, light; yielded gas and water ________ _ 
Sand, broken, and shale _________________ _ 
Shale, green ___________________________ _ 
Red rock _____________________________ _ 
Sand, broken __________________________ _ 
Red rock _________________ ~ ___________ _ 
Shale _________________________________ _ 
Sand ______________ ~ __________________ _ 
Shale _________________________________ _ 
Sand _________________________________ ~ 
Shale, gray ____________________________ _ 

Thickness Depth 

Feet 
24 

2 
3 

11 
76 

3 
1 

40 
17 
53 
15 

7 
70 

6 
162 

490 

Feet 
1, 694 
1, 696 
1, 699 
1,710 
1, 786 
1,789' 
1,790' 
1,830' 
1,847 
1,900' 
1,915 
1,922" 
1,992' 
1,998 
2,160' 

'The New' No. 5 well, 2,300 feet northwest of the 
Pauline well, also encountered gas and some black oil 
in a 4-foot layer of hard black sand 17 feet below the 
top of the Morrison formation. 

Two wells in Grass Creek Basin and three on the 
Cottonwood anticline penetrate the Morrison forma
tion. The following beds were reported in the log of 
Petroleum Producers Co. well No.3: 

Beds of Morrison formation in well No.3 of Petroleum Producers: 
, Co. 

Thickness Depth 

Shale, pink ______ -----------------------Shale, gray, sandy _____________________ _ 
Shale,' pink ____________ ., ___ • ___________ _ 
Sand, coarse gray ______________________ _ 
Sand, fine gray ________________________ _ 

Feet 
95 
25 
40 
50 
45 

255 

Feet 
490~ 
515 
555, 
605 
650-

The interpretation of the limits of the formation\. 
in this region is based upon the features of the Sho-, 
shone River section. The base is considered to be
the lowest bed, generally sandstone, that overlies the
highest marine beds of the Sundance formation. The·, 
top is considered to be the bed, generally red or gray 
shale, that underlies the lowest sandstone of the·, 
Cloverly formation. .Within these limits the forma-.. 
tion is about one-third sandstone, one-fourth red shale, . 
and the remainder gray shale. , 

'Considerable gas' was encountered in a sandstone .. 
near the top 'of the formation' in the Pauline well, in 
Oregon Basin, and sufficient heavy black oil to war-
rant pumping at a similar horizon in the L. U. Sheep. 
Co. weU No. 13, in Grass Creek Basin. 
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CltETACEOUS SYSTEM 

CLOVERLY FORMATION 

The only data available concerning the Cloverly 
fornlation in this region are derived from nine wells in 
the Oregon Basin and Grass Creek Basin quadrangles. 
As the formntion underlies the black Thermopolis 
shnle, the uppernlost bed, which is persistently a 
sandstone, may be readily identified. The basal bed 
mn.y not be so readily detel'nlinable, b~cause the sedi
Inents closely resenlble those of the underlying 
Morrison formation. In the type locality, near 
Cloverly,l1 on the northeastern border of the Big 
:Horn Basin, the formation is made up of a thiek basal 
sandstone, variegated shale, and a nonpersistent upper 
sandstone, the whole showing a range in thickness 
frOl11 80 to 200 feet. ' 

Beds in the position of the Cloverly formr..tion in 
these quadrangles are reported as "sandstone," "red 
shale," and" sandy shale." Within the limits that have 
been chosen, the range in thickness is' 30 to 145 feet 
(Pl.V). The following beds were reported in the log 
of well No.9 of the L. l!. Sheep Co., in the NW. ~ 
sec. 19, '1'.46 N., R. 98 W. 

Beds oj Cloverly jor?n,ation in well No.9 oj L. U. Sheep Co. 

Thickness' Depth 

Feet Feet 
Sand, considerable gas___________________ 10 1,700 
Shale, blue_____________________________ 36 1,736 
Sand, water _________ ~__________________ 19 1,755 
Shale __________________________ ,________ 5 1,760 
Sand, hard _________ '____________________ 25 1,785 

1----:----
95 1_:. _____ _ 

Although showings of oil are reported from the 
fornlation in 'the l?auline well, in Oregon Basin, oil is 
not persistently present. On the other hand, five of 
the nino wells drilled into the beds before 1920 en-

, countered considerable gas, anq. the flow has been 
,-rariously ostinlated fronl several to 25 million cubic 
feet daily. 

The upper sandstone bed of the Cloverly formation 
s known as the Greybull sand in the eastern part of 
the Big Horn Basin. It is the source of the oil and 
gas in the Greybull field. 12 

THERMOPOLIS AND MOWRY SHALES 

The oldest rocks that are exposed at the surface 
n these quadrangle s nre those near the middle of the 
Thernlopolis shale, which crop out at the crest of the 
Cottonwood anticline. Beds near the same position 
undoubtedly crop out at the crest of Sunshine anti
cline, 'but they are wholly concealed by the alluvium 

II Dorton, N. H., Geology of tho Bighorn MOlmtains: U. S. Geol. Survey Prof .. 
Popor 51, pp. 50-53, 1{)06. 

Ii LUi tOil, O. '1'., Oil and gas neor 13osin, Big Horn County, Wyo.: U. S. Oeol. 
Survey Dull. 621, p. lO8, WIll. 

of the valley~ of Wood River and the gravel on the 
terraces near by. Inasmuch as the bop.ndary between 
the, two fornlations, the lower linlit of the gray shale 
carrying fish scales which is characteristic of the 
Mowry formation, can 'not be recognized in wells and 
has J>een observed only on the CottoJ1,wood anticline" 
the two fornlations will be considered together. 

The Thermopolis shale consists largely of dark 
carbonaceous shale but includes one very persistent 
bed and several nonpersistent beds of sandstone. 
Numerous thin beds of bentonite are present in the 
upper part of the section on Shoshone River (see 
pp. 55-58), but none have been reported, in wells. 
In a broad way the number of beds of sandstone is 
greatest in the northern part of the field and de
creases steadily southward, so that on Big Horn 
Ri vel' none are reported (PI. V). 

The name Muddy 'sand has been applied by well 
drillers in the oil fields near Basin and Greybull to a 
rather persistent bed of sandstone about 275 feet 
above the base of the Thermopolis shale. As a 
similar bed that range3 from 7 to 60 feet in thickness 
is present on Shoshone River and is reported in each 
deep well as far south as the Cottonwood anticline, 
it also will be designated the Muddy sand. It is 
not reported in the Cottonwood anticline nor along 
Big Horn River, however. The interval between the 
top of the Cloverly formation and the base of this 
sandstone in this area ranges from 151 to 242 feet. 

The sand carries a little gas and water on the east 
sid~ of the basin. In the Gra33 Creek field it yields 
considerable. gas, but none is rep'orted in the other 
anticlines farther north. 

The Thermopolis shale is readily weathered and 
eroded. It ,therefore underlies depressions, such as 
that which occupies the crest of the Cottonwood 
anticline (PI. XXIV, B). 

The following section of the Mowry' shale was 
measured northward from the crest of the Cotton
wood anticline, in sec. 14, '1'.44 N., R. 98 W.: 

Section oj Mowry shale in NE. Usee. 14-, T. 4-4- N., R. 98 W. 

Feet 
Shale, light to dark bluish gray _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 130 

Shale, light gray, with several beds of sandstone 2 to 4 
inches thick which weather to square slabs_'___________ 48 

Shale, gray, platy; numerous fish scales_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 45 
Shale, dark gray_____________________________________ 6 
Shale, sandy, buff to gray; forms crest of low ridge; fossil 

collection 8535 _______________ :_____________________ 15 

Shale, light to dark gray ______________________________ .100 

344 

The follo~ing report on collection 8535 obtained 
in this locality was submitted by T. W. Stanton: 

Inoceramus labiatus Schlotheim. 
Metoicoceras? sp. 
Fish scales and bones. 

Benton fauna, the abundance of fish scales, and lithologic 
character suggest the Mowry shale. 
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The general lithologic . character of the Mowry 
shale is shown on Plate V. In addition to several 
beds of sandstone] one or more beds of bentonite from 
4 to 20 feet thick are reported from most of the wells 
in Oregon Basin. Although the Mowry shale weathers 
almost as readily as the Thermopolis and the~efore 
forms part of the basin that occupies the crest of the 
Cottonwood anticline] the sandstone layers form rather 
persistent low ridges. 

Traces of oil and gas are present in the sandstone 
beds of the Mowry shale in Oregon Basin] but com
mercial quantities are not yet reported on the west 
side of the Big Horn Basin. 

The total thickness of the two formations ranges 
from 839 feet in the L. U. Sheep Co. well No.9, in the 
Grass Creek field] to 1]016 feet along Shoshone River. 

FRONTIER FORMATION 

General features."'-The Frontier formation includes 
a group of sandstones, sandy shales, and shales which 
conformably overlie the Mowry shale (PI. V). The 
entire formation is' exposed on the Sunshme anticline 
along Wood River and On the crest of the Cottonwood 
anticline, but considerable information concerning it 
has been derived from wells drilled on each of the 
other anticlines. The sandstones of the lower part 
are the source of most of the oil and gas produced on 
the west side of the Big Horn Basin. The thickness 
of the formation commonly ranges from 370 to 520 
feet, but several sections in wells drilled through 
inclined beds on the limbs of anticlines are as much as 
640 feet thick. In a broad way the thickness decreases. 
southward from Shoshone River and eastward from 
the mountain front. 

A number of graphic sections of the formation are 
presented in Plate VI. Sandstone beds that com
monly range from 5 to 40 feet in thickness but locally 
attain 130 feet make lip from one-third tb one-half of 
the formation. The remainder is sandy shale, shale, 
bentonite, and thin lenses of coal. The sandstone 
beds are commonly laminated but are only locally 
ri pple-marked. A few are cross-bedded. 

The color of the sandstones is generally light gray; 
several beds weather to a light buff, and here and there 
a bed is nearly white. Concretions are uncommon. 
Thin but persistent layers of dark chert pebbles are 
generally present at several horizons. The pebbles are 
well rounded, are rather uniform in size, and rarely 
~xceed an inch in diameter. Close inspection shows 
that the fine sandstones contain numerous dark· 
grains which are also chert. A study of the graphic 
sections indicates that the individual sandstone beds' 
are not persistent layers of uniform thickness but are 
relatively nonpersistent lenses. In general there are 
more sandstone beds and they are probably more per
sistent in the lower half of the formation than in the 

upper half. The sandstones in the lower half contain 
most of the oil, although the higher beds locally con
tain traces. The uppermost bed of the section on the 
Cottonwood anticline, 45 feet thick, appears to extend 
a.t least 5 miles along the north side of the fold. Any 
adequate explanation of the process of accumulation 
of the oil in these beds in any field should probably be 
based upon the assumption that most of the beds 
more than 10 feet thick persist for several miles, pos
sibly here and there as much as 8 to 12 miles. 

The shale is largely sandy and light gray, but some 
of it is dark bluish gray; dense, and free from lamina
tion. On the Cottonwood anticline beds of lami
nated light-gray shale which weathers white and 
resembles the characteristic Mowry shale persist as 
high as the middle of the Frontier section. Ben
tonite is present in all the outcrops, conlmonly in 
two zones, one near the top and one near tl:.e middle. 
The beds generally range from 3 to 8 feet in thickness, 
but thicker beds are reported in some, well records. 
At good exposures the base of the bed of bentonite is 
sharply .separated from the underlying material, 
whereas the upper part merges upward into the over
lying sediment. Surface expo~mres of the formation 
are too obscure and meager and well records are not 
sufficiently accurate to indicate the probable per
sistence. of the individual beds of bentonite in the 
Frontier formation. One 3-foot bed near the middle 
of the section undoubtedly extends from a point on 
the west end of the Cottonwood anticline eastward 
about 2 miles without change in thickness. 

On the other hand, an 8-foot bed :r;J.ear the top of 
the Shoshone River section does not appear to be 
present in two sections in Oregon Basin, 11 and 15 
miles to the southeast. The records of oil wells do 
not aid in determining the persistence of the beds, 

. because it is not uncommon to find that the log of 
one well has no record of the presence of a 10-foot 
bed that is recorded in the log of another well only 

! 1,000 feet distant. From the available data it would 
appear that the individual beds that are 2 feet or more 
thick probably persist for 3 to 10 miles and locally 
for greater distances. One or more beds of ben
tonite appear to be present in the Frontier section 
throughout the west side of the Big Horn Basin. 

The Frontier formation has yielded very few fossils 
in this region. The following collection of fossil 
plants (No. 6660) was derived from a' layer of shale 
90 feet below the top of the fornlation in the W. Y2 
sec. 10, T. 44 N., R. 98 W. The identifications were 
made by F. H. Knowlton. 

Pteris cf. P. dakotensis Lesquereux. 
Quercus sp., probably new. 
Salix proteaefolia Lesquereux (Salix flexuosa Newberry). 
Sequoia gracillima (Lesquereux) Newberry. ' 

Dakota flora. . 
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A. FAULT BETWEEN SHALE AND SANDY SHALE OF MIDDLE PART OF MEETEETSE FOR
MATION (LEFT) AND MASSIVE SANDSTONE OF MIDDLE PART OF MESAVERDE 
FOHMATION (RIGHT), SEC. 2, T. 50 N., H. 100 W. 

B . LOWEH PORTION OF MESAVERDE FORMATION AT NORTH 
END OF OREGON BASIN, SEC. 13, T. 52 N., n. 101 W. 
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C. ESCARPMENT OF T HE BASAL SANDSTONE OF THE MESAVERDE FOR
MATION DISSECTED NEAR CHEST OF GOOSEBERRY DOME, SECS. 15. 16, 
21, AND 22, T. 47 N., 11. 100 W. 

Look i ng nor 1.h 
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SOlne of the beds 'of the for.mation may have been 
leposited in the sea, but the absence of nlarine 
fossils and the pres'ence of land plants and thin beds 
of coal indicate that most of the forma.tion was de
posited under nonmarine conditions. 

Local cZetails.-The upper pn,rt of the Frontier for
mation is exposed aroun,d tbe crests of both of the 
Oregon Basin domes, and tte complete section is 
recorded in five wells. TLe thickness ranges from 
405 to 4.55 feet. Estimates of the lithologic composi
tion indicate that it is from one-third to nearly one
hulf sandstone, in beds that !'tl,nge from 5 to 42 feet in 
thickness (PIs. V and VI). Tl: e remaindei' is made 
up of shale, sandy shale. and bentonite; commonly 
there are two or three beds of bentonite fronl 5 to 20 
feet thic]c Beds of limestone are reported in the 
logs of several wells, but the material is probably 
slul,le, as no limestone has yet been observed in the 
outcrop. The thin coal beds in the section on 

o Shoshone River are not present here, but there are 
thin layers of brown to 'black shale. , 

l~he sandstones near the top of the formation form 
sinuous outcrops around the crests of several domes, 
but unlike t~lOse of the bigler formations they gener
ally do not bear a sporudic growth of small pine 
trees. 

The entire section o~ the formation is well exposed 
on both sides of the Sunshine an ticline where it is 
cut by Wood River, and the wells on the Spring Creek 
and Little Buffalo anticlines record either 'a large part 
or all of the formation. (See sections 5 to 9, PI. VI.) 
The thickness appears to range from 399 to 640 feet, 
although the latter measurement, recorded in the log 
of the Peerless well, in sec. 4, T. 48 N., R. 101 W., 
Inay be excessive because the beds are inclined. 
About one-third of the fonnation is composed of 
layers, of sandstone, and, as on Shoshone River, the 
upper bed contains several 6-inch. layers of chert 
pebbles. Beds of bentonite are present but are not 
conspicuous. 

The entire s'ection is also well exposed around the 
crest of the Cottonwood anticline (section 14, PI. VI) 
and is recorded in the logs of one well on the Wagon
hound anticline and numerous wells on the Grass 
Creek anticline. The thickness here appears to range 
from 372 to 470 feet. Beds of sandstone, commonly 
from 5, to 45 feet thick, make up 40 to 50 per cent of 
the formation. Bentonite is present but does not 
appear to be so conspicuous or to cause so much 
trouble in drillin'g as it does farther n'orth. In a few 
logs beds of limestone are reported, but as no lime
stone can be ~'ecognized in oute-rops, the record is 
probably not correct. 

The upper sandstones weather so as to form parallel 
chains of low ridges that almost completely surround 
the basin that lies on the crest of Cottonwood anti-

cline. There are only a few stunted pines along the 
outcrops of the,se beds. (See PI. XXIV, B.) 

The following section of the upper part of the 
formation is presented to show the relations of a bed 
of bentonite and of the only fossils collected from 
the formation. in the region: 

Section of Frontier formation in the W. ~ sec. 10, T. 44 N., R. 98 W. 

Cody shale. 
Frontier formation: Feet 

Sandstone, buff, thin bedded _____________________ 14 
Sand, clayey, buff, with several persistent thin sand-

stones _______________________________________ 32 

Sand, clayey, gray, not indurated _________________ 43 
Shale, dense, blue-gray, fossil leaves (collections 6660 

and 6661) __________________ : _____ ~___________ 2 

Sal)dston~, buff, persistent, transitional to underlying 
bed- _____ .. __________________________________ 12 

Sand, clay, gray, unindurated _____________ ' _______ 22 
Shale, sandy, dense, gray _________ - _ - _____ - _____ - ~ 

Sand, clayey, buff, unindurated, transitional to ben-
tonite below _________________________ '_ _ _ _ _ _ _ _ 10 

Bentonite, drab, transitional to overlying sand_ _ _ _ _ _ 2 Y2 
Shale, sandy, gray _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5' 
Sandstone, white, ripple marked on top ____________ 25 

168 

The sandstones of the Frontier formation are the 
source of most of the petroleum produced in the 
Grass Creek field. Until 1920, however, the same 
beds in the Wagonhound field had yielded only 
traces of oil and gas. 

CODY SHALE 

General features.--The name Cody shale is applied 
to a thick group of shale and shaly sandstone beds 
that conformably overlie the Frontier formation 
and conformably underlie the Mesaverde formation 
and that are especially well exposed in the canyon 
of Shoshone River at Cody, Wyo. The relations of 
the beds to those which overlie and underlie them 
are shown in Plate V. 

In cOlltrastwith the ov:erlying Mesaverde and 
higher formations, the Cody shale is r~adily weathered 
and eroded, so that it is worn away to rather monot
onous lowlands which are bounded by ridges of rugged 
escarpments made up of the underlying and overlying 
beds. In the three quadrangles under consideration 
the beds are folded into a group of anticlines and 
synclines, and erosion has progressed to the stage 
where the Cody shale is exposed in a group of isolated 
rudely elliptical basins. Local uplift and erosion have 
produced extensive flat terraces on the beds, and 
these terraces have later been covered with layers of 
gravel. The beds that make up the formation are 'so 
readily weathered that in flat areas not covered by 
gravel the fresh rocks are commonly covered with a 
layer of loam. This material is locally picked up by 
windstorms and redeposited as sand dunes. This 
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process has been so effective in Oregon Basin that a 
local depression has been thus carved. out below the 
general level of the adjacent region. (See p. 4.) 
For the most part good outcrops are restricted to the 
upper 300 to 500 feet of the formation, under the 
escarpments of the overlying hard rocks, and to 
sections 50 to 100 feet thick locally exposed in deep 
ravines. There is no part of the region where a com
plete continuous section of fresh rocks may be studied. 

Measurements of thickne3s range fr~m 1,900 to 
3,400 feet in the three quadrangles. A part of this 
variation is undoubtedly due to original differences' 
in thickne3s of sediment laid down, but a larger part 
is probably due to local thickening and thinning of the 
soft shale during the defornlation of the rocks by 
folding. In a broad way the thickne3s appears to 
increase. southward from 2,150 feet on Shoshone 
River to 3,600 feet in Little Buffalo Basin and then 
to decrease to about 2,000 feet along upper Owl Creek. 
According to Woodruff 13 the thickne3s on Big Horn 
River below Thermopolis is 1,900 feet. Although 
outcrops are unsatisfactory, the succession of beds 
appears to be e3sentially the same throughout the 
region. The lower half is largely laminated dull to 
dark gray or olive-gray shale. Green shale in which 
the color is due to glauconite is present in the lower 
part of the formation on Shoshone River but has not 
been recognized farther south. The upper half of 
the formation is characteristically sandy, the sand 
being added at· first in the form of thin laminae 
between layers of shale. In the higher zones, most 
conspicuously 300 to 800 feet below the top, there is 
more sand than clay, and except for a few sporadic 
lenses, which increase toward the southeastern part 
of the area, the sand and clay are intimately ).uixed 
rather than sharply separated. The transition from 
the Cody shale to the overlying sandy Mesaverde 
formation is discussed in connection with that for
mation (pp. 19-22). 

Marine fossils are common in the lower part of the 
Cody shale thro~ghout the region, and although 
several collections have been made from the upper' 
300 feet in the. northern part of Oregon Basin, none 
have been found after careful search in any exp03ures 
south of it. The following list shows the numbers 
and locations of the collections, and the table O'ive3 
a list of the fossils, which were identified by i· w. 
Stanton. 

4960. SW. ~ sec. 29, T. 53 N., R. lin w., Shoshone River; 
200 to 300 feet above base. Collected by E. G. Woodruff. 

4991. Same locality as 4960. Collected by T. E. Willard. 
5032. SE. 3-4 sec. 21, T. 53 N."R. 101 W., Shoshone River; 

450 to 725 feet above base. Collected by T. E. Willard. 
7369. Same locality as 5032. Collected by D. F. He,~ett. 

18 Woodruff, E. G., personal communication. 

7371. SW. 3-4 sec. 31, T. 51 N., R. 100 W., Elk Butte; 300 
feet above base. 

7372. SE. 3-4 sec. 21, T. 51 N., R. 101 W.; 700 feet above 
base. 

7373. Same locality as 7371; 500 feet above base. 
7374. NE. 3-4 sec. 31, T. 51 N., R. 100 W., Elk Butte; 100 

feet above base. . 
8533. NE. 3-4 sec. 18, T. 44 N., R. 97 W.; 200 feet above 

base. 
8534. NE. 3-4 sec. 18, T. 44 N., R. 97 W.; 300 feet above 

base. 
10255. SW. ~ sec. 22, T. 53 N., R. 101 W., Shoshone River; 

265 feet below base of Mesaverde formation. 
10256. SW. 3-4 sec. 22, T. 53 N., R. 101 W., Shoshone River; 

277 feet below base of Mesaverde formation. 
10257. SW. 7.i see. 22, T. 53 N., R. 101 W., Shoshone River; 

282 feet below base of Mesaverde formation. 
10258. SW. 3-4 sec. 22, T. 53 N., R. 101 W., Shoshone River; 

302 feet below base of Mesaverde formation. . 
10259. SW. 7.i sec. 22, T. 53 N., R. 101 'V., Shoshone River; 

349 feet below base of Mesaverde formation. 
10260. SE. 7.i sec. 1, T. 51 N., R. 101 W., 295 feet below 

base of Mesaverde formation. 
10261. SE. 7.i sec. 6, T. 47 N., R. 99 W., 650 feet below base Q 

of Mesaverde formation. . 
10262. SE. 3-4 sec. 6, T. 47 N., R. 99 W., 600 feet below base 

of Mesaverde formation. 

Shark teeth identified by J. W. Gidley as belonging 
to Oorax falcatus Agassiz,. Lamna mudgei Cope, and 
Otodus appendiculatus Agassiz were obtained frOlU a 
bed of sandstone in the SE. 7.i sec. 3, T .. 50N., R. 
100 W., about 1,400 feet above the base of the for
mation. 

Oregon Basin quadrangle.-Although the Cody shale 
underlies a large part of Oregoq Basin, extensive good 
exposures are uncommon and are limited to the. beds 
that make up the upper 300 feet. In the southern 
part of the basin there are several good exposures, 
each 100 feet or more thick, of the beds in the lower 
part of the formation. On account of the poor ex
posures and numerous faults around the border. of the 
basin, measurements of thickn!3ss are unsatisfactory; . 
the only reliable measurement, which extends from 
Elk Butte southwestward to Frost Ridge, indicates a 
thickness of 2,300·feet. 

In the vicinity of Elk Bp.tte the lower 300 feet of 
the formation is fairly well exposed. This part is· 
made up of dark-gray to dark olive-gray thin-bedded 
shale. The surface layer of such material is com
monly disintegrated and weathered. to a depth of a 
foot .or more. Sand and sandy· shale are uncommon 
in this locality. The shale yields eilipsoidal concre
tions from 5 to 30 inches long which are composed of 
the carbonate of calcium and iron and comnlonly 
contain numerous fossils. These concretions break 
up when they ~re exposed to weathering and set the 
fossils free; consequently the near-by slopes yield 
many' fossil fragments, particularly Baculites, Sca
phites, and Inoceramus. 
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TABLE 2.-Invertebrate fossils froni the Cody shale 

[Identified by T. W. Stanton] 

-._ ....... -._--------------;---,---;---;----;---;---;----;---;----:----;---,--;-----;--;--,.--;----;--

14960 4991 5032 7369 73il 7372 7373 7374 85331 853~ 10255 10256 10257 10258 10259 10260110261110262 

!-. ~-~~-~-~~-~-:-fa--S--(-?-)--~-p---=-=-=-=-==-=-=-=-=-==-=-=-=-=-==-:' -x~ _~~ :::: _~_ :::: ~::: :::: :::: ::::1:::: :::: :::: :::: :::: :::: :::: _~_ :::: 
Avicula linguiformis E':ans and Shu- ; 

A ~~~~~~ -SI)--= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = -_?_ - - X - -~ - = = = = = = = = = = = = = = = = = = = = I = = = = = = = = = = = = = = = = = = = = = = = = = = = =! = = = = = = = = 13aculites asper Morton _______________ X ? X ---- X ---- X ---- ----I X ---- ---- ---- ----1---- ---- ----1----

i!if~i~\};~s~[[[)[ll)~m~n:--- -~~ _~~ :~: ;~;I:::: :~) :::: -~~ :~::!::::,:::: :)::I;~; :~:!:::: -~~ ::::i:~: 
Inoceramus acuteplicatus Stallton ______ X X X ---- ---- ---- ---- X ---- ----'---- ---- ---- ----'---- ____ 1 ____ ----

Inoceramus exogyroides Meek and 'I 
IIa):ctell _______________________________ X , ________ ---- - ___ ---- ---- --'-- --- ___ ? __ ---- ---- ---- __ ? ______ , _______ _ 

Inocmamus lobatus Goldfuss _______________________________________ --__ ____ ____ . ____ ____ ____ . _____ .. _____ _ 
Inoceramus umbonatus :Meek and 

l1aycten - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - X. - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - - - - - - - - - -
Inoceramus undabundus Meek and 

In~~~~~I~;~lS-SP~~========.============= -~- ~ ==== ==== ==== -X- ==== ==== -X- -X- ==== ==== -X- -X- ==== ==== ==== ==== 

t~~~:~f;~~~:::::::::::::::::::::::: :::: :~: :::: :::: :::: :~: :::: :::: :::: :::: ::::1====1==== =~= ==== ==== ==== ==== Morton!ceras shoshonense Meek ________ 1 X ---- ____ X - ___ - ___ ---_ -- __ , ____ --- _____ , ________ - __________________ _ 

i~tff;~~)~;~~m~m))))mmm -m ~~~ ~~-) -~- m: -~- :~::m ~~- -~- :ml~-~~ -m :-:~i __ f~j~ ~m ~T 
PlfI~1d~~~~~--:~:~r~-c:~---~e-e~--~1~~- X ________ X ________ ~ ___ I---- ---- ---- ---- ---- ---- ---- ____ ---- -___ ----
Scaphites hippocrepis De Kay _____________________________________________________ -? ? ? ____ ? _______ _ 
Scaphites ventricosus Meek and Hayden_ X X X X X - ___ ----,-- __ ---- ---_ - ___ ---- ____ - __________________ _ 
Scaphites vermiformis Meek and Hayden ---- ---- ---- ---- ---- ---- :- ___ 1 ____ X ---- ---- .---- ---- ---- ---- ---- ---- ----
1'urritella sp_________________________ ____ X . X ____ - ___ - ___ X -- __ ---- ---_ ---- ---- ---- ---- ____ - ___ - ______ _ 

~~~~~~~de~~a~p====================== ==== ====1==== ~ ==== ==== ====,====:==== ==== ==== ==== ==== ==== ==== ==== ==== ==== "Yoldla sp ____________________________ ---- ---- ----1---- ---- ---- ----1----1---- ---- ---- X X X X, X ---- ----

In a broad way the successively higher beds in the 
fornlation contain more sand than the lower beds, s'o 
that the upper 1,500 feet is largely thin-bedded sand
stone with little shale. A 200-foot section about 800. 

. feet above the base is well exposed on the north side 
of the hill in sec. 27, T. 51 N., R. 101 W. It shows 
tho progressive upward change from finely lanlinated 
dark-gray shale that yields a few fragile marine 
fossils through finely laminated Inicaceous sandstone 
·with carbonized plant remains to coarsely laminated 
ripple-nlarked sandstones. In the S. Y2 sec. 3, T. 50 
N., R. 100 W., such sandstones, which are about 
1,300 feet above the b~se, yielded nun1erous shark 
teeth, but other Inarine fossils are scarce. A speci-
111en of sandstone fronl this locality has been disinte
grated, sized, and closely exanlined under the Inicro
scope, with the results shown in No.6 in the table 
on page 50. It consists of fine and very fine quartz 
sand with a little orthoclase. In contrast to most of 
the sandstones in the higher fOrlnations that have 
been oxa.n1ined, it appears to contain no chert grains. 

The upper 300 feet of the fornlation a.s exposed 
along the north slope of Frost Ridge and north of the 

Wiley ranch is Inade~ u p[ of al terna tingl bedsr. ofl buff 
sandstone and buff sandy shale, each ranging from 1 
to 20 feet in thickness and composed of ripple-marked 
laminae frOln a quarter of an inch to 3 inches thick. 
The beds have well-developed parallel joints, so that 
when they weather on a slope they yield numerous 
long, narrow flat slabs of sandstone. This part of the 
Cody shale in Oregon Basin does not show outcrops 
of massive sandstone 20 to 30 feet thick such as occur 
in other basins farther south. 

Marine fossils are very scarce in the upper part of 
the formation in Oregon Basin but nunlerous speci
mens of a few species were found 295 feet below the 
base of the Mesaverde fOrlnation in sec. 1, T. 51 N., 
R. 101 W. 

Meeteetse quadrangle.-The entire section of the 
Cody shale is exposed along the limbs of the Sunshine 
anticline, but only the upper part is exposed on t4e 
crests of the Spring Creek, Little Buffalo, and Goose
berry anticlines and the Gooseberry dome. On the 
Sunshine anticline the outcrop is largely obscured by 
the gravel that covers the extensive terraces on both 
sides of Wood River. As terrace$ are also '~lell 
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dev~loped in the basins that mark the crests of the 
other folds, exposures are poor. The upper 600 feet 
of the formation is well exposed in the eastern part of 
Little Buffal<;> Basin, and the upper 300 feet in the 
east end of Spring Creek Basin and near Renner's 
ranch. The best section of the entire formation in the 
region is found along Gooseberry Creek aIid its tribu
taries in the southern part of T. 47 N., R. 101 W. 
Well logs also record the character of the lower part of 
the formation in the Spring Creek, Sunshine, Little 
Buffalo, and Gooseberry anticlines. 

Estimates of the thickness of the formation in the 
Meeteetse quadrangle range from 2,200 feet on the 
northeast side of the Spring Creek anticline to 3,400 
feet on the west ,side of the Sunshine anticline. The 
thickness on the east side of the Sunshine anticline 
and the northeast side of Little Buffalo Basin is esti
mated at 2,500 feet. 

80 far as information is available concerning it, the, 
lower half of the formation ir;t this quadrangle has the 
general characteristics shown by that part of the sec
tion farther north. The records of wells drilled in 
Little Buffalo Basin, however, indicate the presence of 
a persistent layer of sand 30 feet thick, about 950 feet 
above the base. This sand yielded a little gas in one 
hole. The greensand zone that is pres en t in the lower 
half of the section on Shoshone River has not, been 
observed in this quadrangle but may be present. 

In the eastern parts of Spring, Creek and Little 
Buffalo basins, where the upper 600 feet of the forma
tion is well exposed, it is made up largely of alternating 
layers of soft sandy gray shale from 4 to 12 feet thick 
and hard buff sandstone 4 inches to 3 feet thick. In 
general the proportion of sandstone is greater in .the 
higher part of the section than below. Where several 
layers of sandstone occur close together they preserve 
a low ridge. There are therefore several parallel 
,chains, of such ridges, one of which is conspicuous 
around the east end of Little Buffalo Basin, 30Q feet 
below the top of the formation. The sandstones are 
devoid of fossils, but here, and there the shaly layers 
contain a few marine fossils. The shale also contains 
considerable carbonized plant material, but nb well
preserved plant remains have been found. 

Grass Greek Basin quadrangZe.-The complete sec
tion of the Cody shale, is exposed ,on the flanks of the 
Cottonwood anticline,' and all but the lower 400 feet 
on the crest of the Grass Creek anticline. The de
tails of a large part of the formation, however, are 
obscured by terrace gravel and wash. The upper 500 
feet is well exposed along the escarpments north 'of 
Grass Creek, Wagonhound Creek, and Owl Creek. 
Most of the good exposures of the lower beds are found 
in ravines cut below the terraces, and only rarely is 
more than 100 feet continuously shown. 

The measurements of thicknesS' of the Cody shale 
in the Grass Creek Basin quadrangle range from 1,900 

feet on the southwestern flank of the Cottonwood 
anticline to 2,950 feet on the northeastern flank. 
These measurements are exceptional-first, because in 
the region farther north the measurement on the steep 
flank is generally greater than on the flat flank; second; 
because the measurements near by rather uniformly 
range from 2,300 feet (Wagonhound anticline) to 2,450 
feet (north limb of Grass Creek anticline). After a 
review of all the information available, it has been 
assumed that the thickness on the north flank of the 
Cottonwood anticline is only 2,400 feet and that the 
beds are locally flatter at some place along the flank; 
this is the same as saying that a structural terrace 
exists in this locality. 

About 150 feet of beds near the base are exposed on 
the south slope of a conical hill on the border of secs. 
17 and 18, T. 44 N., R. 97 W. The material is largely 
dull and dark gray laminated shale with thin sandy 
layers. It is locally fossiliferous (collections 8533 and 
8534) but does not yield the highly fossiliferous con
cretions found in the same zone farther north. 

The beds from 400 to 600 feet above the base ex
posed near the wells in sec. 6, T. 44 N., R. 98 W., are 
thin-bedded dark greenish-gray shale and sandy shale. 
From this horizon upward the proportion of sand in 
the Cody shale steadily increases. Oh the other hand, 
in Grass Creek Basin there appear well-defined lenses 
of massive sandstone such as are characteristic of the 
overlying Mesaverde formation several hundred feet 
below its base. These lenses are found on the north
east side of Grass Creek Basin and are conspicuous 
along the escarpment west and south of the Wagon
hound anticline. This escarpment is .formed by a bed 
30 to 50 feet thick and may be traced several miles. 

The upper 300 feet of the Cody shale, which is 
"Tell exposed for 12 miles alo'ng the escarpment north 
of Wagonhound Creek and eastward, is made up 

'largely of alternating persistent beds of hard buff 
sailds~one 4to 18 ,inches thick and soft gray shale 4 ' 
to 10 feet thick. There are several beds of sandstone 
that attain a thickness of 10 feet and several beds of 
shale as thick as 32 feet, but the section 'gives the 
impression of rather persistent beds of unifoTIn thick
ness. ' These beds have yielded no fossils. 

Marine fossils are not uncommon in the lo'wet 800 
feet of the Cody shale in this quadrangle, and as the 
common fossils' Of this zone (BJ;cuZites asper and 
Scaphites ventricosus) appeared to be the saIne as 
those in the same zone farther north, no particular 
effort was made to collect theIn. On the other hand, 
close search of several sections of the upper 500 feet, 
especiallyjn sec. 27, T. 44 N., R. 98 W.; sec. 28, T. 45 
N., R. '98 W.; and sec. 16, T. 46 N., R. 98 W., failed 
to bring forth any, marme fossils, such as were found 
in Oregon Basin and on Shoshone River. Likewise, 
no marine fossils were found'in the shale near the base 
of the overlying Mesaverde. There is reason, there-
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fore, for concluding that mn,rine conditions ceased 
earlier in this pm't of the region than farther north. 

MESAVERDE ,FORMATION 

OeneraZ jeatures.-The outstanding featuI~es of the 
Mesaverde fonnation in this region are its coal beds, 
its dominantly sandy character, and its greater in
duration compared with the beds that overlie and 
underlie it, which permits the outcrops to resist 
erosion and survive as persistent rugged ridges. It 
Dlakes up the ridges that surround the basins that are 
such characteristic features of the border of the Big 
IIorLl Basin. Thus the outcrop almost surrounds 
Oregon Basin, Spring Creek Basin, Little Buffalo 
Btl,sin, and Grass Creek Basin and presents striking 
escarpnlents along Wood River, Gooseberry Creek, 
Cottonwood Creek, and Owl Creek. Where faults 
break the beds erosion readily cuts deep ravines, and 
if the faults are not far apart the outcrop may be 
worn dow'n nearly to the level of the near-by streams. 

For the most part, in the two northern quadrangles 
the outcrop forms a single ridge, of which one slope'is 
the slightly dissected uppermost sandstone; an,d the 
other is made up of successive steplike outcrops of 
the massive sandstone neal' the base and middle of 
the formation. (See PI. VII, A, B.) Farther south, 
where thick, massive sandstones are largely absent 
near the middle of the formation, the outcrop. is lo
cally made up of two narrower and lower ridges under
lain by the nlassive sandstone beds near the base and 
top of the formation. 

In contrast with the underlying and overlying rocks, • 
the beds support a sparse growth of cedar and pine. 
Beds of massive sandstone 40 to 80 feet thick occur 
near the base of the formation throughout the area 
and near the middle in the northern part. Massive 
beds 10 to 20 feet thicli: occur in all parts of the section 
here and there throughout the region: The upper 
limit of the formation is the top of a group of such 
beds, co:rrunonly 100 to 200 feet thick. < Thin-bedded 
sandstones are found in every part of the section. 
The color of the sandstones is generally buff, but they 
are nearly white in places near the base and uniformly 
so neal' the top. 

'rhe shale units range from 1 to 30 feet in thickness, 
but Inost of them are less than 10 feet t4ick. They 
commonly merge at the bottom and top into thin
bedded sandstone. The shale is generally gray ex
cept near the coal, whei'e it is locally black. In SOme 
localities, as along Gooseberry Creek and along the 
Owl Creek, escarpnlClit, the second bed of coal above 
the base is underlain by a bed of light-brown soapy 
clay, which lacks lamination but contains leal ~mpres
sions. Although it does not appear to have contained 
root impressions it may be an underclay. ' 

Beds of coal are found at a number of horizons as 
high as 880 feet above the base of the formation. The 

m 1st valuable beds, however, comlnonly occur in a 
zone from 120 to 340 feet thick that overlies the basal 
l11assive sandstone. In this zone from two to seven 
separate beds may be found, of which two commonly 
contain more than 14 inches of coal. The greatest 
recorded thickness of coal in a single bed in the forma
tion in this region is 118 inches, measured at station 
239 (PI. XXVIII), near Cottonwood Creek. The 
beds observed above the basal zone do not exceed 12 
inches in thickness: 

Although casual examination creates the impres
sion that numerous' individual beds of sandstone and 
coal persist from one basin to another, close study 
loads to the conclusion that most of them are ,highly 
lenticular. On pages 92-94 the conclusion is 
reached that the longest axes of the coal lenses trend 
generally north, and here and there the parts more 
than 14 inches thick may be from 6 to 12 miles or 
more long. On the other hand the shortest axes ap
pear to trend east, and the parts more than 16 inches 
thick to range from 1,500 feet to 3 or possibly 4 miles 
in length. As the vegetation that later changed to 
coal flourished where sediments were not being de
posited, it follows that the limits of the coal beds were 
determined by the deposition of sediments. It there
fore seems a reasonable assumption that in so far as 
the lenses of sandstone are of simple form, their longer, 
and shorter axes tend to lie parallel to those of the coal. 
Many beds of sandstone, however, particularly the 
thin ones, may have very irregular shapes. 

, The only evidence of distinct change in the char
acter of the sediments in the region is the progressive 
disappearance from Shoshone River southeastward to 
Owl Creek of the thick lenses of massive sandstone 
near the middle of the formation. 

The thickness of the formation ranges fr0111 995 to 
1,450 feet, but there is no evidence of progressive in
crease from one' part of the region to another. It is 
possible that in several places, where measurements 
less than about 1,100 feet were made, a bed was chosen 
as representing the top which was lower than that 
chosen in the rest of the region. 

Fossils.-Comparatively few fossils have been 
found in the Mesaverde formation in this region. A 
few marine fossils were found in a thin bed of shale 
in1mediately overlying the lowest coal bed at the 
Thompson n1ine (collections 7375, 7958, 7959), in the 
northern part of the region, but careful search else
where has failed to yield any evidence of then1 at this 
or any higher horizon. Therei' can be little doubt 
that none of the higher beds on the west side of the 
Big Horn Basin were laid down under marine condi
tions. Fragments of vertebrate bones have been found 
at several horizons, but although they are rather" 
common on the dip slopes that coincide with the top 
of the uppernlos·t sandstone, none have served for the 
determination of genera or specle3. Several good 
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collections of fossil plants have been obtained from 
several horizons, and fraglllentary material is rather 
common. The best lllaterial has been obtained from 
the shales in the upper part of the coal-bearing zone. 
The fossils are listed below. 

Fossil plants from the Mesaverde formation 

[Determined by F. H. Knowlton] 

Oregon Basin quadrangle 

6169. SW. U sec. 7,T. 50 N., R. 100 W.; 400 feet above 
base of formation. ,A single fragmentary specimen of a fern, 
an Anemia, but not sufficient to fix age. ' 

6170. Sec. 34, T. 51 N., R. 101 W.; 100 feet above base. 
Sequoia brevifolia? Heer, dicotyledonous fragment. If this 
species is correctly determined the age should be Montana, 
pretty near to the Judith River. 

6179. NW. U sec. 1, T. 51 N., R. 101 W.; 130 feet above 
base. Diospyros judithae? Knowlton. Age uncertain, but 
probably not far from the'Judith River. 

6350. SE. U sec. 34, T. 51 N., R. 101 W.; 150 feet above base. 
Anemia cf. A. supercretacea Hollick, f.ragments of a narrow 
Ficus-like dicotyledon. Age evidently Montana. 

Meeteetse quadrangle 

6182. NvV. ,U sec. 34, T. 49 N., R. 101 W.; ,100 feet above 
base. Anemia sp., Juglans? missouriensis Knowlton, Platanus? 
wardii Knowlton. These species if correctly identified should 
indicate the Eagle sandstone. 

Grass' Creek Basin quadrangle 

6348. SvV. U sec. 1, T. 46 N., R. 99 W.; 100 feet above base. 
,Two dicotyledons not known to me. . ' 

6662. SW. U sec. 21, T. 44 N., R. 98 W.; about 1,000 feet 
above base. . Ficus sp., Gleichenia? sp. perhaps new, N elumbo 
intermedia. Knowlton, Populus cretacea? Knowlton, Proto
phyllocladus sp.?, Sequoia reichenbachi (Geinitz) Heer, Trapa 
microphylla Lesquereux. Age Judith, River. 

6663. Center of sec. 25, T. 44 N., R. 99 W.; parting in lowest 
coal bed. Dicotyledonous fragments, fern, apparently new, 
Myrica torreyi Lesquereux, Podozamites sp.? I am not able to 
place this lot with certainty. The Myrica has been found in 
lower Montana, but the cycad has the appearance of being 
older. The matrix and mode of occurrence suggest the Mon
tana of the Rock Springs area, Wyo., but the species are 
different. More material will be necessary before this can be 
settled. ' 

6664. SE. U sec. 29, T. 44 N., R. 98 W.; roof of prospect on 
lowest coal bed. Ficus lanceolata? Heer, Salix stantoni? 
Knowlton, Seq1loia reichenbachi (Geinitz) Heer, Sequoia brevi
folia Heer.. Age apparently Montana, near the horizon of the 
Belly River. 

I nvertebrate fossils from the Mesaverde formation 

[Determined by T. W. Stanton] 

Oregon Basin quadrangle 

7375. SE. U sec. 34, T. 51 N., R. 101 W.; roof of Thompson 
mine, on lowest coal bed. Astarte sp., Nucula sp. 

7958, 7959. SE. U sec. 34, T. 51 N., R. 101 W.; roof of 
Thompson mine, on lowest coal. Crassatellites sp., Nucula sp. 
The chief interest in these fossils is in the fact that they' are 
the highest marine fossils found in this general section. They 
can not be identified with speoies occurring elsewher~. 

V ertebrate fossils from the Mesaverde formation 

[Determined by C. W. Gilmore] 

Oregon Basin quadrangle 

87. NW. U NW. U sec. 21, T. 52 N., R. 101 W.: 350 feet 
above base of formation. Indeterminable fragments. reptilian. 

Grass Creek Basin quadrangle 

149. NW. U sec. 2, T. 46 N., R. 99 W.; 1,100 feet above base. 
Fragments of fossil bones; not determinable. 

179. NW. U sec. 10, T. 46 N., R. 98 W.; 1,200 feet above 
base. Fragments of dinosaur bone; not otherwise deter
minable. 

248. NE. U sec. 21, T. 45 N., R. 97 W. Fragments of 
turtle and dinosaur bones. N one are otherwise determinable. 

Oregon Basin quadrangle.-The detailed features of 
the formation are well shown in several parts of the 
Oregon Basin quadrangle, especially in the r~gged 
ridge between Sage Creek and Oregon Basin, in the 
ridge east of the Wiley mine, and in the ravines that 
cut through the ridge that limits Oregon Basin on the 
sou tho In general the northern exposures do not show 
as much detail as the others. In the southeastern part 
of T. 51 N., R. 100 W., the massive sandstones that 
are characteristic of the formation are concealed by 
wash. As there are numerous faults both north and 
south of this area, others may be present here. Far
ther north, in the south half of T. 52 N., R. 100 W., 
the exposures are poor and not continuous, but they 
permit a: fairly reliable 'interpretation of the position 
and structure of the beds. 

The beds of the Mesaverde formation are sufficiently 
resistant to preserve luuch of the evidence of faulting. 
The two groups of faults in the southern and south
eastern parts of Oregon Basin ,are clearly s.hown, and 
one of them in sec. 2, T. 50 N., R. 100 W., is remark
ably well exposed (PI. VII, A )'. The coincidence of 
faults and deep ravines is common enough in these 
localities to suggest that faults are the determining 

o cause of the positions of SCHue of the other ravines, 
but after close examination it has been concluded that 
this is not the case. 

The base of the formation is considered to be the 
first massive sandstone that underlies the lowest coal 
bed. Although locally exposures are adequate to 
show that both the lowest sandstone and the lowest 
coal persist for 4 or perhaps 5 or 6 miles, as in the 
northeast quarter of T. 51 N., R. 100 W., and the 
center of T. 50 N., R. 100 W., the correlation of 
numerous stratigraphic sectio'ns in parts of the region 
that do not permit satisfactory traverses indicates 
that neither the coal beds nor the basal sandstones 
are persistent throughout the quadrangle. This con
clusion'is fortified by the features of the coal beds 
and san<;lstones of the basal part of the Mesaverde 
formation farther south. The correlations of the coal
bearing part of the formation indicated on Plate VIII 
are undoubtedly much nearer the ·truth than those 
based on the assumption that the lowest coal bed of 
each section is the same bed. 

The .upper sandstone is fairly well exposed through
out the quadrangle, because it is overlain by the 
unconsolidated materials of the Meeteetse forluation,' 
and these are readily removed py erosion. The upper 
sandstone forms the smooth south slope of the ridge 
which I, imits Oregon Basin on the south. Near Red 
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Cfl,bin the ridge is covered with nlllllerous flat rec-
t n,ngull1r bloeks of the sandstone, which range from 3 
to 8 feet in din,nlCter. These blocks were probably 
bounded by joints that originated when the beels were 
sharply flexed around the end of the fold. 

Measurements of the thickness of the formation in 
this quadrangle range from 1,150 feet in T. 52 N., R. 
101 vV., to 1,375 feet in the northeast quarter of T. 51 
N., H. 100 W. Three measurements plade on the 
southern escarpment of the basin range from 1,240 to 
1,350 feet. Within these limits the formation com
nlonly contains several massive ledges of sandstone,30 
to 85 feet thiek, numerous beds of thinly laminated 
sandstone, and thin layers of light and dark gray 
shale. The coarsest material in the entire formation 
is in a zone, not more than 4 inches thick, of chert 
pebbles which occurs above the uppermost' sandstone 
in the NE. U sec. 11, T. 50 N., R. 101 W. Thin 
zones oJ clay balls, however, are found in sandstones 
near the middle of the formation in the NW. U sec. 
14, T. 50 N., R. 100 W., and elsewhere. The massive 
sandstones are largely confined to the lower 700 feet, 
and most of them are of light-buff color. The thick 
beds near the base clearly persist for 10 miles or more 
without great variation in thickness. On the other 
hand, the massive beds near the middle persist only 
4 to 7 or 8 nliles. Locally one or two sandstones near 
the base are nearly white; these appear to overlie or 
underlie zones of coal-bearing shale. The uppermost 
sandstone is generally also nearly white. In a num
ber of localities, but particularly in sec. 'I, T. 51 N., 
R. 101 W., there are numerous log-shaped concre
tions in the top of the lowest sandstone. In the local
ity mentioned the concretions are 1 to 2 feet in diam
eter and 10 to. 20 feet long, and here and there the 
longer axes are parallel. The superficial layer of each 
concretion is dark brown, but the interior is light brown 
to buff. The ceIllenting material in these concretions 
is apparently a carbonate of calcium and iron, which 
by weathering and oxidation is converted to ;hydrated 
oxide of iron. Some of the higher sandstones also con· 
tain reddish-brown concretions, but most of these 
are only 1 to 3 inches in diameter and are com· 
posed of nearly pure linlonite. The centers of some 
contain granular pyrite, and it is apparent that the 
unweathered concretions were largely this mineral. 

The coal beds of the Mesaverde formation are the 
most valuable coals in this quadrangle. On account 
of the proximity of Cody and the ranches near by, 
thore is a ready market for the coal, a:p.d three mines 
have been opened in the Oregon Basin escarpment. 
Plate IX shows the character of the beds that make 
up the lower 300 to 400 feet, or coal-bearing portion, 
of the Mesa verde formation. The nature and distri
bution of the coal beds are discussed under" Coal" 
(pp. 92-97). 

The formation has yielded only a few fossils in this 
quadrangle. Marine fossils, crushed Baculites, and 
SOUle small indeterminable mollusks were collected 
from the shale that forms 'the roof of Thompson's coal 
mine, in sec. 34, T. 51 N., R. 101 W. These represent 
the latest marine fossils found on the southwest side 
of the, Big Horn Basin. Fragments of saurian bones 

, were found 300 feet above the base in sec. 21, T. 52 N., 
R. 101 W. Fragmentary leaves have been found in 
the shales and thin sandstones throughout the forma
tion, but the best collections were obtained from the 
shales near the coal beds in the lower 250 feet. 

Meeteetse quadrangle.-Although the beds of the 
formation underlie a large area in the Meeteetse 
quadrangle, only those of the lower portion are well 
exposed. The lower 300 to 600 feet crops out con
spicuously in the eastern part of Spring Creek Basin, 
along the valleys of Wood River and Gooseberry 
Creek, and in the southeastern part of Little Buffalo 
Basin. The beds of the upper portion are well exposed 
only in the region north of Spring Creek-and along the 
high ridge northeast of Little Buffalo Basin. In the 
high smooth hills between the Wood River valley and 
Little Buffalo Basin there are few outcrops. The 
uppernlost beds of the formation have been removed 
from large areas in Tps. 47 and 48 N., R. 100 W. 

Throughout a large part of the region the lower 
portion of the Mesaverde, made up of alternating 
massive sandstones and thin layers of coal-bearing 
shale, presents an impressive rugged escarpment 
toward the valleys carved in the softer underlying 
Cody shale. In the region north of Spring Creek, 
however, although the lower massive sandstones 
present a rugged escarpment toward Spring Creek 
Basin, the middle portion of the formation occupies a 
valley that is roughly parallel to the s'trike of the beds, 
and the uppermost sandstones form a pronlinent 
parallel ridge. 

Although in this quadrangle, as farther north, the 
lowest massive sandstone (commonly 50 to 70 feet 
thick), underlying the lowest coal bed, is considered to 
be the base of the formation, the correlation of the coal 
beds indicates that this sandstone is not continuous in 
an eastward direction across the southern part of the 
quadrangle. According to this correlation the lowest 

, sandstone ahmg Wood River valley and upper Goose
berry Creek either thins out and disappears or merges 
into a similar overlying sandstone between Gooseberry 
Creek and Little Buffalo Basin. (See PI. VIII.) 

The choice of the upper limit of the formation is not 
as simple in this quadrangle as it is farther north. in 
the region southeast of Meeteetse a group 6f nearly 
white massive sandstones that appear to be typical 
Mesaverde beds form the northeast slopes of the 
'ridges, but overlying these beds and separated from 
them by layers of soft shale and sandy shale 10 to 40 

o 
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feet thick, characteristic of the Meeteetse formation, 
there arl3 one and" locally two layers of massive white 
sandstones 15 to 30 feet thiek. These white sand
stones are conspicuous along the road southeast of 
Meeteetse and resemble the material of the Mesaverde 
formation. In field mapping, these layers of sand
stone have been included in the Meeteetse formation. 
Measurements of the thickness of the formation do 
not differ greatly from 1,050 feet throughout the 
quadrangle. As the range in thickness in the Oregon 
Basin quadrangle is 1,150 .to 1,375 feet, it may be 
questioned whether it would not have been better to 
include the overlying white sandstone in the Mesa
'verde formation. This question is discussed further 
on page 25. 

Although in this quadrangle the formation is made 
up of buff massive and thin~bedded sandstone, gray 
and black shale, and coal, the beds appear to be 
thinner and less persistent than they are farther north. 
The lenses of massive sandstone 40 to 60 feet thick 
near t.he middle of the formation in Oregon Basin are 
distinctly missing in the Little Buffalo Basin escarp
ment. The occurrence of coal in the formation is 
discussed on page 95. 

Grass Oreek Basin q71.adrangle.-The long escarp
ments north of Grass Creek Basin and north or the 
valleys of Cottonwood and Owl creeks present the 
features of the Mesaverde formation in great detail. 
Many partial sections are shown on Plates XXVI
XXX. 

In general the outcrops along the flat northeast 
flanks of the anticlines are deeply dissected by inter
mittent streams that drain northward. At places, 
as in the east half of T. 46 N., R. 98 W., and the 
west half of T. 45 N., R. 97 W., the upper and 
lower massive sandstones resist erosion and form two 
parallel groups of ridges. Where the beds dip steeply 
on the southwest flanks they generally form continu
ous high ridges. Where the beds are nearly flat, as 
in the east half of T. 44 N. and T. 45 N., R. 99 W., 
the streams have cut deep winding channels, and as 
the luassive sandstone beds weather to nearly verti
cal cliffs, travel in these areas, either on horseback 
or afoot, is extremely difficult. 

Except near themain streams the basal massive sand
stones crop out high on southward-facing escarp
ments and therefore form' impressive serrated walls 
toward the basins that hinder or even prevent travel 
across them for distances of several miles. By con
trast the basal sandstones crop out low on northward
facing escarpments and; though locally rough, may 
be crossed at will. 

On the southwest flanks of the Grass Creek and 
Wagonhound anticlines the liri1it of the uppermost 
white sandstones is clearly defined, but on the north-' 
east flanks, as in the Meeteetse quadrangle, there are 
beds of massive 'white sandstone separated from char-

acteristic Mesaverde sandstones by light clays and 
sandy clays of Meeteetse type. Thick beds of mas
sive sandstone are not present near the middle of 
the formation. . 

The thickness of the formation has been nleasured 
at many localities in the Grass Creek Basin quadran
gle and appears to range from 995 to 1,450 feet. The 
minimum measurement, made in sec. 6, T. 46 N., R. 
98 W., appears to be in error because accurate meas
urements made 1 mile west and 2 miles east of it were 
1,250 and 1,200 feet, respectively. With this excep
tion 1,200 feet wad the minimum observed in the 
quadrangle. There appears to be no constant rela
tion between the thickness of the formation and the 
inclination of the beds, because measurements on each 
side of the anticlines range from about 1,250 to 1,450 
feet. 

The occurrence of beds of coal in this formation is 
discussed on pages 95-97. 

MEETEET3E FORMATION 

GeneraZ features.-In several respects the Meeteetse 
formation presents a striking contrast with the under
lying Mesaverde formation and the overlying Lance 
formatiOJ.).. Most of the sediments that make it up 
are only slightly indurated; consequently it is readily 
eroded, and the outcropping belts underlie vfLlleys. 
Although other causes have determined the distribu
tion and location of the major stream courses, the 
ease with which the Meeteetse formation is eroded 
has led to the development of numerous valleys 
parallel to the strike of the beds, and these valleys are 
largely occupied by intermittent streams. There are 
stretches of these strike valleys, locally 3, 4, or even 
5 miles long, which do not contain a single outcrop 

, except a thin bed of sandstone here and there. Other 
parts of such valleys show sections of the rocks from 
50 to 100 feet thick in fair detail. The best exposures 
are found where intermittent strea.ms cutting back 
headward in such valleys develop badlands against 
hillside slopes.' In several localities these conditions 
have laid hare 300 to 500 feet of beds in extraordinary 
detail over areas that range from 1 to nearly 3 square 
miles. The exposures appear to be best where the 
streanls drain northward or eastward. (See PI. X, 
A, 0.) The badlands are practically devoid of vege-, 
tation. Elsewhere the oply plants that thrive along 
the helts of this formation are dwarfed forms of sage
brush and grasses. 

The base of the Meeteetse formation is considered 
to be the lowest gray clay and sandy clay that is char
acteristic of the formation. It is readily recognized 
over a large part of the region, for it overlies several 
hundred feet of thick-bedded resistant white sand
stone, which makes up the upper member of the Mesa
verde formation. Here and there, however, especially 
in the region southeast of Meeteetse, beds of similar 
sandstone 15 to 30 feet thick, which are uncommon in 
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the Meeteetse formation, are separated frolll the 
underlying Mesaverde sandstones by 50 to 150 feet. of 
gray clay and sandy clay. 

The upper li:mit of the Meeteetse is the base of a 
persistent buff to white sandstone which is regarded 
as tho base of the Lance formation. Even \vhere the 
upper beds 9f the Meeteetse formation are obscured by 
wash, this sa,ndstone forms a persistent ridge. The 
thickness of the formation ranges frOln 660 to 1,360 
feet; but most of the nleasurements range from 8.1)0 to 
900 feet. A review of all the measurements indicates 
that there is a tendency for the formation to thicken 
slightly in a northwesterly direction and to be thinner 
on steep linlbs of anticlines than on fjat limbs. 

The formation is nlade up of nlany alternnting beds 
. of gray and brown clay and sandy clay, gray to white 
sand and cla.yey sand, brown shale, coal, and bentonite: 
Its con1positiol} has been estimated as sand and sand
stone 75 per cent, shale 20 per cent, bentonite 3 per 
cent, and coal 2 per cent. Locally there are lenses of 
gray to buff sandstone from which round concretions 
weather out. Throughout ~he region beds of coal are 
absent in the lower half of the forInation, but, with 
the associated brown shale, they are conspicuous in 
the upper part. In general, the beds of the lower part 
runge from 15 to 100 feet or n10re in thickness, and as 
the range in color is not great they are not conspicuous 
features in the region. In the upper half, on the other 
hand, although one or two beds in each section nlay 
exceed 65 feet in thickness, most of them range from 
1 to 25 feet, and the numerous alternating beds of 
white, gray, brown, and black sediments produce a 
striking banded appearance, especially where sections 
200 to 400 feet thick are exposed along bluffs in' bad
lands (PI. X, A, B). Beds of sandstone, brown shale, 
and coal resist erosion and therefore form successive 
terraces, which add to the unusual appearance. 

This examination has not yielded accurate informa
tion concerning the shape or extent of the beds of sand, 
cliLY, or coal in the Meeteetse formation. In com
parison with tho~e in the lower part of the Mesaverde 
forInation, the lenses appear to be sInaUer. No coal 
bed hus been traced with assurance more than 3 miles, 
and the beds of sand and clay Inay not be more per
sistent. A distinct local unconformity is well shown 
in sec. 3, 1": 50 N., R. 101 W. 

Fossils.-'rhe only fossils that have been found in 
the Meeteetse fonnation thus far are plants. Although 
it was not difficult to discover traces of Trapa micro
phylla in nearly every exposure of a certain variety 
of fine gray shale, other species are uncommon. The 
best material was derived from fine clayey sandstone 
in the lower half of the formation. The beds near 
the coal rarely yield good specimens of fossil plants, 
although the brown shale appears to contain consider
able carbonized plant material. 

The it vailable material has ,not been closely studied, 
but the fact that silicified plant material is rather 
common in the lower half of the formation and coal 
beds are numerous in the upper half indicates that 
plants thrived throughout Meeteetse tin1e but that 
conditions of sedin1entation changed. Probably the 
material which became coal was quickly buried under 
new sediments, whereas that which was silicified lay 
for a longer time partly decayed in the swamps of 
that period. ' 

Fossil plants from the Meeteetse formation 

[Determined by F. H. Knowlton] 

Oregon Basin quadrailgle 
\ 

6163. NE. ~ sec. 3, T. 50 N., R. 101 W.; 100 feet above 
base of formation. A single minute fragment of Sequoia rei
chenbachi (Geinitz) Heer. Age presumably Montana, some
where near the position of the Judith River. 

6164. NE. ~ sec. 11, T. 50 N., R. 101 W.; 100 feet above 
base. Stems and fragment of a small fern, apparently new. 
It is nearest to a species from the Montana at Point of Rocks, 
Wyo. 

6168. SW. ~ sec. 14, T. 50 N., R. 100 W.; 100 feet above 
base. Sequoia reichenbachi (Geinitz) Heer, fragment of dicoty
ledon, stems, etc. Presumably in or near the Judith 'River. 

6351. SW. ~ sec. 3, T. 50 N., R. 101 W.; 900 feet above 
base. A single specimen of a conifer with a ,fragment of a 
dicotyledon. The conifer appears to be Geinitzia cretacea Heer, 
and the other'may well be PopUlus cretacea Knowlton, though 
no margin is preserved. The age should be Montana, in. the 
approximate position of the Judith River. 

6352., SW. ~ sec. 3, T. 50 N., R. 101 W.; 950 feet above base. 
This is new, being apparently a kind of Cyperus-like plant with 
a large attached tuber. 

6353. SW. ~ sec. 3, T. 50 N., R.101 W.; 1,000feetabove base. 
Trapa1 microphylla Lesquereux; Trapa1 new, gigantic; Alga, 
peculiar, with trifid sharp-pointed lobes. Age apparently 
Judith River (?). 

6354. NE. ~ sec. 14, T. 50 N., R. 100 W.; 250 feet above 
base. Trapa? microphylla Lesquereux, fragments of dicotyle
don, Cyperacites sp., fern, fragmentary but probably new. Age 
apparently Judith River. ' 

6355. NE. ~ sec. 14, T. 50 N., R. 100 W.; 900 feet above 
base. Trapa1 microphylla L~squereux. Age apparently Judith 
River. 

6357. NW. %: sec. 23, T. 51 N., R. 100 W.; 130 feet above 
base. Dammara acicularis ,Knowlton, fern of unknown genus, 
Ficus praetrinervis Knowlton, Ficus speciosissima1 yv ard, 
Geinitzia formosa1 Reer, Sequoia reichenbachi (Geinitz) Heer, 
Viburn1.tm1 sp. This material appears to be in the approximate 
position of the Mesaverde. 

6358. NE. ~ sec. 14, T. 50 N., R. 100 W. Species not 
stated. Age apparently Judith River. 

Grass Creek Basin quadran~le 

6362. E. ~ sec. 4, T. 46 N., R. 98 W.; 580 feet above base. 
Trapa? microphylla Lesquereux. Age apparently Judith River. 

6363. SE. ~ sec. 10, T. 46 N., R. 98 W., 550 feet above base. 
Anemia sp., Dicksonia sp., new, fruiting, Ficus asarifolia 
Ettingshausen, Nelumbo sp., roots and rootlets, Trapa1 
microphylla Lesquereux, Trapat n. sp. This is of the same age 
as Point of Rocks, Wyo., which has been called Mesaverde, and 
is apparently the same as Judith River. 
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6364. SE. U sec. 32, T. 47, N., R. 98 tv.; 800 feet above base. 
Trapa? microphylla Lesquereux or a new species of gigantic size, 
fragment of another dicotyledon. Age apparently Judith 
River. 

6366. NE. U sec. 13, T. 45 N., R. 99 W.; 650 feet above base. 
Sequoia reichenbachi (Geinitz) Heer, Typha? sp., fern in frag
ments only. This should probably be Judith River. 

6367a. NW. U sec. 13, T. 45 N., R. 9,9 W., 650 feet above 
base. Trapa? microphylla Lesquereux. Age apparently Judith 
River. 

6368.' NW. U sec. 13, T. 45 N., R. 99 W.; 700 feet above 
base. Trapa? microphylla Lesquereux. This is very peculiar 
as regards nervation and may prove to be a new species. Age 
apparently Judith ij,iver. 

6665. SE. U sec. 10, T. 45 N., R. 99 W.; 900 feet above b:1&e. 
Fic1tS speciosissima? Ward, Persea? sp. Age appears to be 
Montana, but there is not enough material to be certain. 

'6670. NE. U sec. 2, T. 45 N.; R. 98 W.; 600 feet above base. 
Abietites cretace a Newberry, Dammara acicularis Knowlton, 
N elumbo? sp. fragment, Populites amplus? Knowlton, Trapa? 
microphylla Lesquereux, Viburnu1J~ sp. Age Montana, near 
horizon of the Belly River. The species of Abietites is supposed 
to be of D3.kota age-that is, it came originally fro in Whetstone 
Creek, N. Mex., in beds called Dakota. So far as known, this 
is the second time it has been obtained. 

Oregon Basin quadrangle.-The ,outcrop of the 
Meete~tse formation forms a belt which extends from 
Sage Creek valley on the north around the north, 
east, and south sides of Oregon' Basin. The width of 
the outcrop varies with the dip of the beds, and ranges 
from nearly 3 miles along the trough of the Sage 
Creek syncline to 1,500 feet in the area east 'of Oregon 
Bt'tsin, where the Meeteetse is partly overlapped by 
the Wasatch formation. Several parts of this belt, 
such as those north and e~st of Oregon Basin and 
between Dry Creek and South Fork, coincide with 
nearly flat surfaces that slope gently away from the 
near-by ridge of Mesaverde sandstone. ' Within these 
areas the surface is underlain by a layer of wash and 
there are practically no outcrops of the beds. Here 
and there the outcrops coincide with the valleys 'of 
the principal streams, such as Sage Creek and South 
Fork, and here also there are only a few outcrops. 
Another part of the belt t coincides with ravines 
tributary to main drainage lines, and although there 
are a few outcrops in these ravines, several of them 
terminate headward in badlands where 300 to 50'0 
feet of beds are exposed in great detail. Such bad
lands are found in secs. 2, 3, 11, and 13, T. 50 N., R. 
101 W.; and sec. 14, T. 50 N., R. 100 W. 

Wherever the uppermost white sandstone of the 
Mesaverde formation crops out there is no difficulty 
in recognizing the base of the Meeteetse. formation. 
The resistant beds of white sandstone that are con
spicuous :Q,ear the base of the formation. southeast of 
Meeteetse are not present in the Oregon Basin quad
rangle. The upper limit of the formation is a persist
ent bed of buff concretionary sandstone that marks the 
base of the overlying Lance formation. This sand
stone is conspicuous and nlay be traced readily 

through T. 50 N., Rs. 101 and 100 W. Farther 
north it is overlapped by the basal beds of either the 
Fort Union formation or the Wasatch formation. 
In T. 52 N., R. 100 W., the upper limit can not be de
tennined with assurance. 

Between these limits the total thickness of the 
formation ranges fronl 850 to 1,360 feet. In a broad 
way the formation attains a maximum thickness of 
1,360 feet in the western part of the quadrangle, in 
sec. 3, T. 50 N., R. 101 W., and thins eastward to 
850 feet in sec. 23, T. 50 N., R. 100 W. In the region 
of maximum overlap .of the Wasatch formation, in 
sec. 23, T. 51 N., R. 100 W., the thickness of beds 
exposed 'is only 510 feet. The formation is readily 
separable' into two parts. The lower part is fro III 

520 to 770 feet thick and is made up of gray to white 
clayey sand and sandstone, locally concretionary, 
gray to pale olive-green sandy clay, brown shale, and 
bentonite. Beds of coal are characteristically absent 
in this part. The upper part is from 320 to 600 feet 
thick and contains the same kinds of sediments as the 
lower part and in addition numerous thin beds of coal. 
Sections several hundred feet· thick exposed in bad
lands present a striking banded appearance. The 
hands are composed of alternating light and dark 
gray, white, ,olive-green, and dark-brown layers, and 
although no regularity in the alternation has been 
detected only rarely do the layers of a single color 
exceed 60 feet in thickness. 

A good illustration of a loc,al unconformity is shown 
in the exceptionally good exposures of the upper part 
of the formation in sec. 3, T. 50 N., R. 101 W. Here 
about 50 feet of beds have been removed, and the re
sulting channel is' filled with sediments that are 
parallel in bedding with those below as well as those 
above the unconformity. 

Although fragments of silicified wood are common' 
in the formation in this 'region, more has been found 
in the Oregon Basin quadrangle than elsewhere. Four 
trunks, the largest 18 inches in diameter and 9 feet 
long, were found in place in a small a.rea in the N. Y2 
sec. 23, T. 51 N., R. 100 W. Several hundred feet 
farther north the silicified root of a tree, 6 inches in 
diameter and at least 18 inches long, is preserved as 
it grew in the beds, with many attached rootlets. 

A description of the coal beds of the formation (see 
fig. 3) is presented on pages 97-100. By comparison 
with the beds of the Mesaverde formation those of 
the 'Meeteetse are much lllore lenticular and are 
more commonly separated into three, four, or five 
benche3 by layer.s of brown shale. Although there 
are 'a nunlber of natural e~posures on the quadrangle, 
only two attempts to mine coal from the beds of the 
formation have been made-at the Eagle mine, in 
sec. 2, T. 51 N., R. 100 W., and at the Rader mine, 
in sec. 10, T. 52 N., R. 101 W. 
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A. SANDSTONE AND SHALE NEAH THE MIDDLE OF TilE ,\lEETEETSE FORMATION IN 
SEC. 33, T. 49 N ., R. 100 W. , 2 MILES NOH.TIIWEST OF MEETEETSE, WYO. 

B. SANDSTONE, CLAY, AND BROWN SHALE IN THE MIDDLE 
OF THE MEETEETSE FORMATION IN SEC. 4, 1'.48 N., R. 100 W., 
1 MILE SOUTHEAST OF MEETEETSE, WYO. 

Photogra ph by E. G. Woodruff 

C. UPPER PART OF THE MEETEETSE FORMATION 
AND LOWER PART OF THE LANCE FORMATION 
ALONG ESCARPMENT OF NOHTH SIDE OF 
PROSPECT C REEK, T. 4-5 N., R. 99 W. 

Slratigraphic section 104 given on Plate XI measured in this locality 

D. MASSIVE SANDSTONE OF THE LANCE FOHMATION UNCONFOHM
ABLY OVERLAIN BY GRAVEL OF THE WASATCH FORMATION AT THE 
HEAD OF IRON CHEEK. SEC. 8. T. 47 N .• R. 100 W. 
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A. LOCAL ANTICLINE LYING IN T1IE TROUGH OF A MAJOR 
SYNCLINE, SEC. 26, T. 50 N ., R. 101 W. 

'rhe fork s exposed belong to the upper pnrL of the I,a ncc formation 

C. MASSIVE CONGLOMERATE AT THE BASE OF 
THE FORT U ION FORMATION IN SEC. 9, T. 45 N., 
R. 99 W. 

PROFESSIO:-<AL PAPER ] 45 PLATE XII 

B. SOFT SAND AND CLAY OF THE UPPEH PART OF THE 
LANCE FORMATION OVERLAIN BY THE BASAL SAND
STONE OF TBE FORT UNION FORMATION Jl ALF A M TLE 
NORTIIW EST OF GWYNN'S RANCH, T . 46 N., n. 97 W. 

D. DETAIL VIEW OF MASSIVE CONGLOMERATE AT 
THE BASE OF THE FORT UNION FORMATION IN SEC. 
22, T. 4.6 N., R. 99 W. 

The pebbles are largely quartzite, probably derived from beds 
of Algonkiall age 



~Heetf,etse quailrangle.-The beds of the 
Meeteetse formation crop out jn three iso
lated areas in the Meeteetse quadrangle, of 
which the largest is a belt frolll half a mile 
to 2 Iniles wide thn,t extends frOl11 the north
vr'est corner of the quadrangle southeastward 
for 18 miles to the eastern border. The beds 
ulso crop out in an ai'ea 4 lniles long by 2I11iles 
wido at the head .of Iron Creek, largely in' T. 
47 N., R. 10.0. W. A s111nller area lies along 
Gooseberry Creek, in the southeast corner, 
frOln which it extends into the Grass Creek 
Basin quadrangle. 

A1110ng the major strearllS only Gooseberry 
Creek follows the outcrop of the Meeteetse 
formation for a part of its c~)Urse. That part 
of the belt whieh lies northwest of Meeteetse 
is crossed by Meeteetse. Creek and Greybull 
River, but except for a few short ravines 
no well-defined valley follows the outcrop. 
Southeast of Meeteetse the outcrop is 111at'ked 
by a continuous, narrow valley, through which 
intel'lnittent strearns drain northwestward to 
Greybull River and southeastwtl,rd to Buffalo 
Creek. Well-defined valleys also follow the 
outcrop at the head of Iron Creek. 

In several localities parts of the forlnation 
that range from 50. to 20.0. feet in thickness are 
well exposed, but there are only a few out
crops that range fronl 20.0. to 50.0. feet in 
thickness, and these are confined to the region 
southeast of. Meeteetse (PI. X, B) and along
Gooseberry· Creek. Plate· XI presents de
tailed sections of the beds that make up the. 
upper part of the formation in these localities. 
The base of the forlnation is readily determin
~ble at the head of Iron Creek, but elsewhere 
in the quadrangle there are beds of light-gray 
and white sandstone 15 to 30. feet thick 
which resemble those that mark the top of the 
Me::HLverde formation but which are sepa,rated 
fron1 thOlll by 50. to 150. feet of clay and sandy 
clay of the varieties characteristic of the 
~1eeteetse formation. The clays have been 
considered to be the base of this. formation, 
so that the sandstone is also included in it. 
The upper lilnit of the forlnation is the buff 
to white sandstone that Inarks the base of the 
overlying Lance fOl'lnation. As this sand
stone is well indurated in this quadrangle, it 
forms a persistent ridge throughout much of 
the area (PI. X, D). 

The thickness of the Meeteetse formation 
in this quadrangle ranges from 660. f~et in 
sec. 9, T. 47 N., R. 10.0. W., at the head vf 
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FIGURE 3.-Correlation of stratigraphic sections of the coal-bearing part of the Meeteetse forma· 
tlon in the Oregon Basin quadrangle 
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Little Buffalo Creek, to' 950 feet in sec. 14,. T. 48 
N., R. 100 W., southeast of Meeteetse. Other 
measurements along the belt northwest of Meeteetse 
range from 800 to 900 feet. 

Here, as in the Oregon Basin quadrangle, the forma
tion is separable into two parts-a lower part 320 to 
415 feet thick, which contains no coal and an upper 
part, 340 to 550 feet thick, which commonly contains 
several coal 'beds. Here, however, the coal beds ap
p'ear to be localized in two zones-one nearly 200 
feet thick near the base of the upper part and the 
other about 100 feet thick near the top of the upper 
part (PI. X, G). Although there are in this quadrangle 
many natural exposures of beds in this formation more 
than 14 inches thick, there is only, one prospect on 
one of these beds, in the NW. ~ sec. 14, T. 48 N., 
R. 100 W. A bed of bentonite crops out in the same 
locality, about 100 feet below the top of the forma
tion. 

Grass Greek Basin quadrangle.-Althoughthe areas 
of the Meeteetse formation are extensive in the Grass 
Creek Basin quadrangle, in only a small part of the 
quadrangle do they offer the opportunity for detailed 
study. One belt that ranges from half a mile to 1 
mile in :width extends almost entirely around the 
Grass Creek anticline. It coincides with a conspicu
ous valley, only a small part of mhich is occupied by 
perennial streams. The only good exposures are 
found where small badlands have been developed 
near the heads of intermittent streams, and ,there a~e 
several parts of the valley from 3 to 5 miles long where 

, only a few resistant beds of sandstone crop out. The 
best exposures in the quadrangle as well as in the 
entire region are found along the valley of Prospect 
Creek, the position of which appears to be determined 
by the formation. Sections from 300 to 450 feet thick 
are shown in great detail for several miles along upper 
Prospect Creek in T. 45 N., R. 99 w,. (PI. X, G), and 
thinner sections occur here and there farther east. 
The Prospect Creek belt is nearly continuous with 
another area that extends northwestward t6 the head
waters of Grass Creek, but only a few outcrops can be 
found in this area. Farther south the formation is 
fairly well exposed in small badlands at the head of 
Wagonhound Creek. It passes westward under the 
sheet of Wasatch sediments. 

The same problem that was encountered southeast 
of Meeteetse in 'determining' the bed that should 
properly be considered the base of the formation was 
met along Gooseberry Creek, lower Prospect Creek, 
and upper Wagonhound Creek. Here the base of the 
formation was taken as the 'base of the lowest clay and 
clayey sand that are characteristic of the for-mation. 
There is little difficulty in recognizing throughout the 
area the persistent buff sandstone that is considered 
to be the base of the overlying Lance formation. 
With these limits the thickness of the formation in 

this quadrangle ranges from 750 feet along Prospect 
Creek in sec. 13, T. 45 N., R. 99 W., to 900 .feet in 
sec. 14, T. 46 N., R. 98 W., and several other localities. 
No definite tendency toward thickening or thinning in 
a given direction has been noticed. I t seems probab~e , 
that there is little variation in the thickness throughout 
the quadrangle and that the differences observed are 
due to variations in the choice of the lower limit. 

In this quadrangle, ag in the region farther north, 
the' formation is separable into a lower noncoal
bearing portion 400 to 500 feet thick and an upper coal
bearing portion 350 to 450 feet thick. The outcrops 
examined indicate that the coal beds are localized in 
two zone3-one near the base of the upper part, com
monly containing three beds more than .14 inches 
thick, and the other near the top, commonly containing 
one or two beds more than 14 inches thick. There is 
no prospect on a bed of coal in this formation in this 
quadrangle. 

No beds of bentonite have been observed in the 
formation in this quadrangle, bitt some are undoubt
edly present. Q 

TERTIARY (?) SYSTEM: 

LANCE FORMATION 

General features.-Like the underlying Meeteetse 
formation, the Lance is characterized, by dominance 
of sand and sandstone over clay and shale and general 
lack' of induration of the beds; it contrasts with the 
Meeteetse in containing practically no coal beds. 
Furthermore, the colors and the degree of induration 
of the Meeteetse formation 'persistthroughout the 
region, whereag the3e qualities of the Lance fonnation 
show considerable variation. In large parts of the 
region, particularly that northwe3t of Greybull River 
and that southeast of Gooseberry Creek, the beds have 
been readily eroded and with those of the underlying 
Meeteetse formation occur in valleys. Only the 
harder sandstone beds -re3ist weathering and form low 
but locally per~istent ridges. At first glance it appears 
that the beds of highest dip are the most indurated, 
but this is not true for the entire region. Generally 
th,e Lance beds are not so well exposed as those of the 
Meeteetse formation, and only rarely can sections 
more than 200 feet thick be studied in detail. Bad
lands have been developed in a few areas underlain by 
these beds', but the areas are small and widely sepa
rated (PI. XII, B). 

The' base of the formation hag been considered to 
be a rather persistent bed of massive buff to light
gray' sandstone, which overlies the uppermost coal 
bed 'of the Meeteetse formation. This' bed was 
chosen becaus~ it is the first persistent bed that under
lies the lowest zone of characteristic vertebrate fossils 
and that commonly crops out. In the region north
west of' Greybull River it yield~ by weathering numer-
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ous spherical concretions 5 to 10 feet in diameter and 
therefore may be detected where exposures are poor. 

Fossil plants of the Lance formation 

[Determined by F. H Knowlton] 
Oregon Basin quadrangle It would have been difficult to choose a bed ·to mark 

the top of the formation if an unconformity had not 
been discovered early in the work in the northern 
part of the area. (See pp. 35-36.) Fortunately, even 
though rather few fossils of each species have been 
found, all that were obtained from the beds 

6166. NW. U sec. 3, T. 49 N., R. 101 W., 300 feet above 
base. A single long, narrow dicotyledonous leaf suggestive 
of a species in the Lance of Montana and eastern Wyoming. 
Should presume this to be Lance in age, but this is hardly more 
than a guess. 

above the unconformity have been considered 
by those who have studied thenl as belonging 
to the Fort Union formation, and with one Sec.16 8 T. 47 N.,R.9 w. 
exception all t.hose obtained below the un con-
forInity hnve been considered Lance species. 
This statement is true not only in the area of 
unconfornlity but in the more remote areas 
into which the top of the fornlation has been 
traced by lithologic features. 

Rough estimates of the best sections (see 
fig. 4) indicate that 70 to 80 per cent of the 
total thickness of the formation is sand or 
sandstone, 10 to 20 per cent is sandy clay or 
sandy shale, and 5 to 15 per cent is clay or 
shale. Most of the beds of sandstone are 
more than 40 feet thick, and some are ·as thick 
as 210 feet. Generally the entire layer of 
sand presents a massive appearance and is not 
laminated. flere and there the .sands show 
the torrential type of cross-bedding. In addi
tion, to the basal bed, numerous others yield 
by weathering nearly spherical light-brown 
concretions. Gravel zones are practically 
absent; a single quartzite pebble 2 inches long 
was found in a bed of sand3tone in sec. 29, 
T. 46 N., R. 97 W., associated with water-
worn bones. The sand grains rarely exceed 
1 lnillimeter in dianleter. 

Fossils are not comlnon in the formation 
and were found onlY'in local badlands. Al- . 
though more careful search would probably 
yield additional invertebrate fossils' and fos-
sil plants, the fact that this investigation has 
yielded so few is considered good evidence 
that the formation in this region contains· 
relatively fewer fossils of these varieties than 
in the regions farther east, particularly east of 
the Big 1-1orn Mountains. Vertebrate fossil 
remains are not so rare, and although the 
material so far discovered is fragmentary, it 
appears to be sufficient to determine satis
factorily the age and correlation of the beds. 
Most of the badland' areas developed in the 
ll1iddle third of the formation yield fragments 
of ,limb bones, plates, and teeth. At. one 
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locality, in the NW. " sec. 3, T. 49 N., R. 101 
W., sufficient material was found to indicate 
that systematic exploration for fossil material 
might be. justifLed in the neighborhood. 

FIGURE 4.-Stratigraphic sections of the Lance formation 
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4>6174. W. ~ sec. 24, T. 50 N., R. 100 W., 350 feet above 
base. Trapa? microphylla Lesquereux, Cabomba gracilis New
berry. Age Fort Union. 

6360. E. 31 sec. 23, T. 50 N., R. 100 W., 350 feet above 
base; same locality as 6174. Trapa? microphylla Lesquerenx, 
Trapa?, a new, very fine thing that may not be congeneric, 
one or possibly two dicotyledons, apparently new, or at least 
not known to me. Age apparently Judith River. 

Meeteetse quadrangle 

6183. SE. 34 sec. 3, T. 48 N., R. 100 W., 500 feet above base. 
A single species, a long, narrow leaf suggestive of Dryophyllum 
subfalcatum Lesquereux or a species of Rhamnus, but uncertain. 
No accurate age determination can be made from this material.' 

Grass Creek Basin quadrangle 

6667. E. 31 sec.'29, T. 46 N., R. 9i W., 30 feet below base cf 
Fort Union. Cocculus haydenianus Ward, Nelumbo?, frag
mentary, Trapa'l, fragmeQ.ts only, Viburnum telioides Ward. 
This material is typical 'Fort Union, and if it occurs in the Lance 
it is new to me. 

6669. W. ~ sec. 33, T. 46 N., R. 97 W., 60 feet below base 
of Fort Union. A single leaf of Cocculus ,haydenianus Ward. 
(See 6667.) 

Invertebrate fossils from the Lance formation 

[Determined by T. W. Stanton] 

Oregon Basin quadrangle 

7960. NW. 34 sec. 19, T. 50 N., R. 100 W., 200 feet above 
base. Columna? sp., Goniobasis tenuicarinata Meek and 
Hayden, Physa sp., Sphaerium sp., Unio n. sp., a very broad, 
stout form identical with an undescribed species from the Lance 
formation in Converse County, Wyo., These fossils indicate 
the horizon of the La1,lce formation. 

Vertebrate fossils from the Lance formation 

[Determined by C. W. Gilmore] 

Oregon Basin quadrangle 

17. NW. 34 sec. 3, T. 49 N., R. 101 W., 300 feet 'above 
base. Brachychampsa montana, teeth; carnivorous dinosaur, 
tooth; Compsemys, fragments; crocodilian teeth and scutes, 
not determinable; Lepisosteus, scales; Trachodon, teeth, species 
not determinable; Triceratops, teeth, species not determinable. 
Age probably Lance. , 

162. NW. 34 sec. 26, T. 50 N., R. 101 W., 80d feet above 
base. Champsosaurus, vertebrae; fragments 'of the skull of a 
ceratopsian; Lepisosteus: scales; fragments of dinosaur bones, 
not determinable; fragments of turtle shells, not determinable. 

163. NW. 34 sec. 3, T. 49 N., R. 101 W., 300 feet 'above 
base. Tr,iceratops, section of horn core and other fragments 
of skull; Tracho.don, 'teeth; carnivorous dinosaur, teeth, claw; 
dinosaur, rib; crocodile, scutes, teeth; Champsosaurus, verte
brae; Compsemys, fragments. Age probably Lance. 

173. E. ~ sec. 23, T. 50 N., R. 100 W. Fragments of bone 
associated with a number of dermal scutes or plates of an 
armored dinosaur.' These are doubtfully regarded as pertain
ing to Ankylosauru's,'a genus described by Barnum Brown from 

, the Hell Creek beds of Montana. ' 

Meete,etse quadrangle 

98. NW. 34 sec. 33, T. 49 N., R. 100 W., 200 feet above 
base. Bone fragments; nothing determinable. 

Grass Creek Basin quadrangle 

182. NW. 34 sec. 32, T. 47 N., R. 98, W., 680 feet above base. 
Carnivorous dinosa1)r, fragments of tooth; Triceratops, teeth; 
turtle fragments, not determinable. Age probably Lance. 

247. SE. 34 sec. 4, T. 45 N., R. 98 W., 400 feet above base. 
CeratJpsian, frill fragments; trionychid t'urtles, fragments; 
carnivorous dinosaur; tooth and fragments; Lepisosteus scales. 

Oregon Basin q1.ladrangle.-The Lance fornlation 
underlies a large area in' the southwest Corner ~f the 
Oregon Basin quadrangle, and from this area a belt 
extends eastward along the northern limb of t~~e Cot
tonwood syncline until in sec. 24, T. 50 N., R. 100 
W., it is concealed by the Fort Union fornlation, which 
unconformably overlies it. A similar though wider 
belt also extends southeastward into the Meeteetse 
quadrangle along the southwestern limb of the Cot
tonwood syncline. 

The base of the Lance formation is a persistent 
concr~tionary buff sandstone that overlies the highest 
coal bed of the Meeteetse formation. This 'sandstone 
is well exposed in the regions west of Dry Creek and 
southeast of Red Cabin, where it generally forms 
either a local terrace or a persistent ridge. It has not 
been obseryed north of Red Cabin. The upper limit 
of the formation is a' conglomeratic buff sandstone 
that marks the base of the Fort Union formation and 
is exposed along Meete'etse Rim and the South Fork 
of Dry Creek. In sees. 13 and 24, T. 50 N., R. 100 
W., this sandstone rest.s, successively on the Lance 
and Meeteetse formations and therefore marks· an 
angular unconformity. (See pp. 35-36.) With these 
limits the thickness of the formation in this quad
rangle ranges from 1,300 to 1,400 feet. 

The Lance formation, is poorly exposed in this 
quadrarigle, the good outcrops being confined to a 
few badland areas along the upper parts of the two 
,branches of Dry Creek. The following section near 
the top of the formation appears to be characteristic 
of the whole in this quadrangle. 

Section of upper part of Lance formation, sec. fJ3, T. 50 N., 
R. 101 W. 

Feet 
Sand, thin ,bedded, buff to yellowish ___ :" ______________ ' __ '130 
Shale, brown _____ ... _____________ ' __________ '_ _ _ _ _ _ _ _ _ _ _ 6 
Sandstone, concretionary, persistent ____________ ' _______ ' _ 3 
Sand, buff, homogeneous______________________________ 12 
Sand, clay, bluish gray ____________________ ~__________ 15 
Sandstone, concretionary, persistent _____ .,. __________ :.. _ _ _ 6 
Sand, buff ____________________________ '_ _ _ _ _ _ _ _ _ _ _ _ _ _ 15 

Sand, buff to yellowish, cross-bedded; several nonpersistent 
concretion' zones ____________________________ '_ _ _ _ _ _ _ 100 

Clay, bluish gray __________________ .,. _______ ~ _ _ _ _ _ _ _ _ _ 3 

290 

In a broad way the formation resembles the lower 
noncoal-bearing part of the Meeteetse formation. 
Most of the Lance for,lllation'ls made up of beds of 
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slightly consoEdated buff sand .50 to 150 feet thick. 
A characteristie feature of the thick as well as the 
thin heds is the presence of persistent beds froln wl1ich 
nUlllerous concretions wea.ther out. l\10st of these 
concretions a.re slightly flattened sp,heres ~hat C0111-
Illonly range fronl 2 to 10 feet in diameter. The 
interior is gray to light buff, but they weather da.rk 
huff to brown. The cmnent a.ppears to be a Illixture 
of cnlciulll and iron carbonates, a.nd the brown color 
is clue to the alteration of iroll carbonate to iron 
hydrous oxide. The beds of clay and sha.le range 
frOlll gray to light brown but commonly lack the 
lamination and dark color of those of the Meeteetse 
formation. No gravel has yet been found in the 
I .. ance, and the coarsest ll1l1teria.1 appears to be 
less thfl,n 0.1 inch in dianwter. I-ICl'e tLnd there in 
tho beds of slLud, howeyer, there are thin zones of 
clny bnIls that range frOlll 1 to 3 inches in dia111eter. 
These are Inade up of slightly hardened clay that 
was eroded, rolled, and Inid down locally at the time 
of deposition. 

Fossils are not common in this quadrangle and are 
confined largely, to two zones-one about 100 feet 
thick 200 to 300 feet above the base and the other 
probably not so thick 800 feet above the base. 
Numerous bone fragnlents and teeth have been found, 
but in,Tcrtebrntes and fossil plants appear to be very 
'unc:omm,on. 

fitJeeteetse quaclrangZe.-A belt of the Lance forma
tion extends frOl11 the northwest corner of the Mee
teetse quadrangle diagonally southeastward across the 
qtmdrtwgle. Another area, of triangular shape and 
sCiLrcely a Illile in diameter, lies at the head of Iron 
Creek, in sec. 8, '"1"'. 47 N., R. 100 W. In this quad-
rangle, as in the region farther north, the base is con
sidered to be the l11assive, locally concretionary buff 
sandstone that overlies the uppermost coal bed of the 
Meeteetse fornlation. There is no difficulty in recog
nizing this bed southeast of Meeteetse Rim. The 
upper limit of the formation is a bed of locally con~ 
glomera tic sandstone that nlarks the base of the Fort 
Union forlnation. As gravel is not persistently pres
.eut, the bed nUlst be traced from those areas where 
.it is well exposed. Measuren1ents of the thickness of 
,the formation range from 910 to 1,010 feet in the 
northwestern part of the belt to 840 feet in the south
.eastern part. 

In the region 'northwest of Greybull River, where 
the dip of the beds ranges from 4° to 9°, the feature~ 
·of the formation, although not well exposed, resemble 
those in the Oregon Basin quadrangle in that the 
~most abundant 11laterial consists of thick beds of un
indurated buff to drnb sand that locally yield large 
nearly spherical concretions on weathering. The clay 
.and shale range from gray and drab to brown, and 
the uuits are commonly less than 30 feet thick. 
Sou thenst of Greybull River, where the dip i-anges 
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fr01n 12° to 35°, the beds are nluch 1110re indurated, 
and consequently the sandstones forln a group of per
sistent rugged ridges. In this area., a.s farther to the 
northwest, sandstone makes up 80 per cent or lllore 
of the thickness' of the fornlation, but curiously it is 
nearly white instead of buff to drab. The cenlent of 
the sandstone is locally calcite, but the extent to 
which silica is present has not been deterlnined. The 
beds of sandstone are c01nnlonly from 20 to 60 feet 
thick, but the interbedded shales are much thinner. 

No coal has been observed in the formation in this 
quadrangle. No sediments more than a quarter of 
an inch in diameter have been observed. Some 
curioHs siliceous concretions fronl 1 to 4 inches in 
diameter were collected from a bed near the top of 
the formation in the SW. ~ sec. 20, T. 48 N., R. 99 
W. The shape of 1110St of them is that of flattened 
cauliflower heads, but S0111e are l110re irregular. They 

, resemble the aggregates of geyserite that are C01nmon 
near the hot springs in Yellowstone National Park, 
hut it is difficult, to imagine how such aggregates 
could have been formed in this region. 

The only fossils that have been recovered frolIl the 
beds in this quadrangle are a few fragments of bones 
£r0111 a zone 200 feet above the base in the NW. ~ 
sec. 28, T. 49 N., R. 100 W., and a few leaves from a 
zone 500 feet above the base in the SE. ~ sec. 3, 
T. 48 N., R. 100 W. , 

Grass Greek Basin quadrangZe.-The Lance forma .. 
tion crops out extensively in the northern half of the 
Grass Creek Basin quadrtLngle but is not present in 
the southern half. One belt almost completely en
circles the Gra.ss Creek anticline and merges on the 
south into another belt that extends along Prospect 
Creek around the northern limbs of the Cottonwood 
and Wagonhound anticlines. T~e belt northeast of 
Grass Creek Basin is not well exposed except locally 
in bad lands near the southeast end (PI. XII, B). 
That part of the belt southwest of Grass Creek which 
lies west of Spring Gulch ~s also not well exposed. 
On the other hand, that part of the same belt which 
lies east of Spring Gulch, as well as most of the belt 
north of' Prospect Creek, presents numerous nearly 
complete sections in great detail (PI. X, G). 

If the unconformity at the base of the Fort Union 
is present in this quadrangle it is not apparent either 
from the evidence of local difference of strike and dip 
of the beds or from the thickness of the Lance for
mation. The base of the formation here, as farther 
north, is the massive huff sandstone that overlies the 
uppermost Meeteetse coal bed, and this sandstone is 
readily recognized either where it is cut by streams or 
in a persistent ridge along the valley that is cut in 
the Lance and the underlying formation. It does not 
yield the numerous spherical concretions common at 
this horizon farther north, however. The upper limit 
is also a massive buff sandstone, locally conglomeratic 
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and very conspicuous, which is considered to be the 
base of the Fort Union formation. 

The Lance formation includes a number of beds of 
massive sandstone which range from a few feet to as 
much as 210 feet in thickness. The color ranges from 
buff to slightly yellowish and white. The beds of 
intercalated shale are generally thinner than the sand
stones, and their color ranges from gray through pale 
drab to olive-brown and brown. The coarsest mate
rial seen in the Lance formation in this region consists 
of several rounded quartzite pebbles about 1 by 1 V2 
by 2 inches, found associated with waterworn bones 
in sec. 29, T. 46 N., R. 97 W. The grains of sand 
rarely exceed 1 millimeter in diameter. In the same 
section several beds of coal, each less than 6 inches 
thick, occur in the uppermost 15 feet of shale under 
the basal sandstone of the Fort Union.' These are the 
only coal beds observed in the Lance formation in 
the entire region. 

The thickness of the Lance in this quadrangle 
ranges from 640 to 910 feet. For the most part the 
smaller measurements were made in the southern
most belt, along Prospect Creek, and the larger in 
the northwest corner of the quadrangle. 

The only fossils that have been found here include 
several collections of teeth and fragmental bones from 
zones 400 to 680 feet above the base of the formation. 

TERTIARY SYSTEM 

FORT UNION FORMATION 

General jeatures.-Although the Fort Union forma
tion crops out over a large area, the maximum thick. 
nesses are exposed only here and there along the belt 
th~tt lies between the group of folds and the central 
part of Big Horn Basin. In general the exposures are 
good-much better, in fact, than those of any of the 
lower formations except the Mesaverde .. Estimates 
indicate that QO to 70 per cent of the formation is 
made up of sandstone or conglomerate. These rocks 
show a wide range in induration, but in a broad way 
they are intermediate betwee~ the harder Mesaverde 
sandstones and the. softer rocks of the Lance and 
Meeteetse formations. The sandstones resist erosion 
more than the intervening shales; consequently they 
weather as low ridges or flat ledges. The badlands 
that are rather common in the two underlyi1+g forma
tions are uncommon in the Fort Union .. 

The base of the formation was placed at an angular 
unconformity that separates a lower group of beds 
which persistently yield a fauna assigned to the Lance 
formation from overlying beds whose flora is considered 
to belong. to the Fort Union formation. The extent 
of the unconformity is indicated by the fact that in a 
distance of 3 mile,S. along the strike as much as 1,800 
feet of heds has been eroded. However, ,the basal beds 

have been traced southeastward in a region of folds 
for a distance of 60 miles without the detection of 
additional evidence of unconformity, unless slight vari
ations in thickness of ·the underlying beds are so 
considered. 

The character of the basal sandstone of the Fort 
Union formation in the region of unconformity differs 
greatly from its character where no unconformity has 
been recognized. In the region of unconformity 
neither this sandstone nor those higher in the forma
tion'contain any sediment more than an inch in diam
eter, a.nd most of the material is less than 0.1 inch. 
On the other hand, the basal as well as higher beds 
contain thick lenses of conglomerate that are made up 
largely of material more than an inch in diameter. 

The thickness of the exposed part of the Fort Union 
formation in this region depends on the position of the 
Wasatch beds which overlap it. The maximum 
thickness of 3,140 feet is found in T. 46 N., R. 97 W., 
and although there is apparent conformity between it 
and the Wasatch beds, other evidence indicates un
conformity, and a part of the formation may be 
covered. The formation is nearly 5,600 feet thick on 
Shoshone River.a In the Hole in the Ground, at the 
head of Fifteenmile Creek, in T. 48 N., R. 99 W., 
where it is apparently conformable with the Wasatch 
beds, 2,000 feet was measured. A few miles west of 
this area, in T. 51 N., R. 1'00 W., the formation is 
completely concealed by Wasatch beds. These rela
tions show clearly that a profound unconformity sepa
rates the two formations in this region-an uncon
formity that indicates much more widespread uplift 
and erosion than that which locally separates the 
Fort Union from the underlying Lance formation. 

Like the two formations that underlie it, the Fort 
Union formation is dominantly sandy, but in several 
respects it differs greatly from them. It contains at 
least three persistent beds of conglomerate and two 
others that are probably lenticular. In the hope of 
obtaining light on the source of the materials and 
their relative resistance to abrasion, close attention 
was paid to the pebbles that make up the conglom
erate. The results of the examination of the fossils 
found in the pebbles are presented on pages 36-37. 
The .following tables present estimates of composition 
by rock types. .In the region of unconformity the for
mation contains only traces of coal, whereas farther 
southeast, in the region of apparent conformity with 
the Lance formation, one to four important beds are 
present. The areal distribution of some of the coal 
beds coincides roughly with that of underlying beds 
of conglomerate, but some of the beds of conglomerate 
underlie larger areas than the near-by beds of coal. 

14 Hewett, D. F., The Shoshone River section, Wyo.: U. S. Geol. Survey Bull. 
541, p. 106, 1914. 



Composition of basal conglomerate of Fort Union formation 

Oregon Basin quadrangle Meeteetse quadrangle Grass Creek Basin quadrangle 

in size . lo-foot zone at base of formation 
2. NW. U sec. 8, T. 49 N., R. 100 W.; 

15-inch zone at base of formation 

Per 
cent Material 

. Per 
cent 

3. SW. ~ sec. 21, T. 49 N., R. 100 W.; 
6-incb zone at base of formation 

Material Material 

Range 11. SW. U sec. 10, T. 52 N., R. 100 W.; 

(in""") I :;::-, I 
---------------------1--

4-8-------, ______ 1 ___ --- --- - - --- --- ___________________ j 

2-4 ______ -' 10 I Chert, subangular, fossilifer-ous __________________________ 95 
Silicified wood, subangular____ 5 I> 

1-2 ______ -' 30 I Chert, brown and gray, many 
fossils, round ________________ 85 

Chalcedony ___________________ 10 
Silicified igneous rock_________ 5 

7rL ___ _ 40 I Quartzite, round ______________ Tr. 
Chert, brown, subangular _____ 95 
Silicified wood, subangular____ 5 
Silicified igneous rock _________ Tr. 
Hornstone ____________________ Tr. 

U-%-----I------! (Included with *1 inch) ________ _ 

5 I Chert, brown, subangular _____ 60 ITracel Largest pebble, red quartzite, 
Chert, white, subangular ______ 30 2 by 1 by ~ inches. 
Silicified wood, subangular____ 5 
Hard shale, subangular________ 5 

10 I Chert, brown, subangular _____ 70 
Chert, white, subangular ______ 20 
Silicified wood, subangular____ 3 
Hard shale, subangular________ 7 

15 I Chert, brown, subangular _____ 80 
Chert, white, subangular ______ 15 
Quartz, subangular____________ 5 

Quartzite, red, round _________ 100 

15 I Chert, black, gray, and white, 
round ______________________ 100 

4. SW. U sec. 16, T. 46 N., R. 99 W.; 
lo-foot zone at base of formation 

Per 
cent Material 

Quartzite, gray, round ________ 75 
Quartzite, red, round __________ 25 

25 I Quartzi.te, gray, round ________ 60 
Quartzite, red, round __________ 20 
Chert, black, round ___________ 10 
Sandstone, fine, round _ _ _ _ _ _ _ _ 10 
Granite, pink, round __________ Tr. 

30 I Quartzi te, gray, round _ _ _ _ _ _ _ _ 60 
Chert, black, round ___________ 10 
Chalcedony, red, round _______ 5 
Sandstone, red, round _________ 20 
Quartz, rose, round ________ . __ 3 
Granite, red, round ___________ 2 

81 Quartzite, gray, round ________ 20 
Quartzite, red, round __________ 45 
Chert, black, round ___________ 15 
Chert, white, round___________ 5 
Sandstone, round __________ . __ 10 
Quartz, rose, round ___________ 5 

2! Quartzite, gray, round ________ 20 
Quartzite, rcd, round _________ 45 
Chert, black, subangular ______ 15 
Chert, white, subangular______ 5 
Sandstone, subangular ________ 10 
Quartz, rose___________________ 5 

<~------I 20 I Chert, brown and gray ____________ 1 70 I Chert, black __________________ 20 
Chalcedony. Quartz ___________ . ____________ 80 

80 I chert _____________________________ 1 30 I Not determined __________________ . 
Quartz. 

Hornstone. 

5. NW. ~ sec. 22, T. 46 N., R. 99 W.; 
lo-foot zone at base of formation 

Per I cent Material 

20 r~uartzite, gray, round ________ 40 
Quartzite, red, round __________ 40 
Chert, gray and brown, round_ 20 

10 I Quartzite, gray, round ________ 30 
Quartzite, red, round __________ 50 
Chert, gray, round ____________ 20 
Andesite, dark, round ________ Tr. 

15 I Quartzite, gray, round ________ 25 
Quartzite, red, round __________ 40 
Chert, black, round ___________ 5 Chert, gray, round ____________ 30 
Silicified wood, round ________ Tr. 

10 I Quartzite, gray, round ________ 40 
Quartzite, red, round _________ 30 
Chert, black, subangular______ 5 
Chert, gray, subangular _______ 25 
Silicified wood, subangular ___ Tr. 

Quartzite, gray, round ________ 35 
Quartzite, red, round __________ 25 
Chert, black, subangular ______ 5 
Chert, gray, subangular _______ 35 

40 I Quartz ________________________ 10 
CherL ________________________ 90 
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Composition of basal conglomerate of Fort Union formation-Continued 

Grass Creek Basin quadrangle 

Range \6. NW. U sec. 1, T. 45 N., R. 99 W.; \7. SE. U sec. 25, T. 46 N., R. 99 W.; 18. NE. U sec. 5, T. 45 N., R. 98 W.; 19. SE. U sec. 9, T. 45 N., R. 98 W.; /10. SE. U sec. 11, T. 45 N., R. 98 W.; 
in size 20-foot zone at base of formation 12-foot zone at base of formation 35-foot zone at base of formation 15-foot zone at base of formation 3-foot zone at base of formation 

(inches) 

Per I cent Material 

4-8 ______ -1 10' Quartzite, gray, round ________ 60 

2-4 ______ _ 

1-2 ______ _ 

yz-L----

Quartzite, red, round _________ 35 
Sandstone, gray, round_ _ _____ 5 
Chert, round ________________ Tr. 
Andesite, dark, round _ _ _ _ _ _ _ Tr. 
Largest pebble, 11 by 7 by 5 inches. 

15 , Quartzite, gray, round ________ 60 
Quartzite, red, round _________ 35 
Sandstone, gray, round _______ 2 
Chert, round ________________ Tr. 
Choct breccia, round ________ Tr. 

25 I Quartzite, gray, round ________ 50 
Quartzite, red, round _________ 40 
Sandstone, gray, round_ _ _____ 5 
Chert, gray, round____________ 5 

20 I Quartzite, gray, round ________ 65 
Quartzite, red, round _________ 25 
Chert, gray, subangvlac ______ 10 

U-72---- -I Tracel Quartzite_ - -- - -- --- -- -- --- - --- - - -
Chert. 

<u------, 30' Not determined_~ ________________ _ 

Per 
cent 

15 

20 

15 

40 I 

Material 

Quartzite, gray, round ________ 75 
Quartzite, red, round _ _ _ _ _ _ _ _ _ 25 
Sandstone, gray, round ______ Tr. 
Andesite, dark, round _______ 'fr. 
Largest pebble, 8 by 6 by 4 inches. 

Quartzite, gray, round ________ 65 
Quartzite, red, round _________ 25 
Chert, black, round ___________ 5 
Chert, gray, round ____________ 5 

Quartzite, gray, round __ ------ 70 
Quartzite, red, round _________ 20 
Chert, black, round ___________ 5 
Chert, gray, round____________ 5 
Andesite, round ______________ Tr. 

Quartzite, gray, round ________ 70 
Quartzite, red, round _________ 20 
Chert, round __________________ 10 

Quartzite _____________________ 90 
Chert- ________________________ 10 

Per 
cent 

20 

30 

10 

Material 

Quartzite, gray, round ________ 60 
Quartzite, red, round _________ 30 
CherL ________________________ 10 

Quartzite, gray, round ________ 50 
Quartzite, red, round _________ 30 
Cbert, black, round ___________ 10 
Cbert, light brown, round _____ 10 i' 

Cbert breccia, round _________ Tr. 

Quartzite, gray, round ________ 30 
Quartzite, red, round _________ 60 
Cbert __ _ __ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ 5 
Cbert breccia_ _ ______ ______ ___ 5 

Quartzite, gray, round ________ 40 
Quartzite, red, round _________ 50 
CberL________________________ 5 
Cbert breccia ________________ . 5 

Per 
cent 

10 

30 

20 

Material 

Quartzite, gray, round ________ 70 
Quartzite, red, round _________ 20 
Chert, gray, round____________ 5 
Sandstone, gray, round ______ r.rr. 
Andesite, decomposed, round Tr. 
Largest pebble, 8 by 6 by 5 inches. 

Quartzite, gray, round_~ ______ 70 
Quartzite, red, round _ _ _ _ _ _ _ _ _ 20 
Chert, gray, round ____________ 10 
Cbert breccia _____ " __________ Tr. 

Quartzite, gray, round ________ 60 
Quartzite, red, round _________ 25 
Cbert, black, round___________ 5 
Cbert, gray, round ____________ 10 

Quartzite, gray, round ________ 60 
Quartzite, red, round _________ 25 
Chert, black ________________ ~_ 10 
Chert, gray ___________________ 5 

Quartzite, gray _______________ 40 ITracel Quartzite _____________________ 40 
Quartzite, red _________________ 55 CherL ________________________ 60 
CherL________________________ 5 

Not determined ___________________ , 30' Not determined __________ • ________ , 35 I Not determined _________________ _ 

Composition of second conglomerate of Fort Union formation 

,Grass Creek Basin quadranglel 

Per 
cent 

12 

15 

25 

15 

ao 

Material 

Quartzite, gray, round ________ 9.'5 
Quartzite, red,.round __ • ______ '1'1'. 
Sandstone, white, rOul1d ______ 5 

Quartzite, gray, round ________ 70 
Quartzite, red, round _________ 20 

. Chert, decomposed, round ____ 10 

Quartzite, gray, round ________ 60 
Quartzite, red, round _________ 25 
Chert, round __________________ 15 

Quartzite, gray, rouncL _______ 45 
Quartzite, red, rouneL ________ 45 
Chert, round ________________ 10 

Quartzite, gray, round _________ 45 
Quartzite, red, rouDeL ________ 45 
Chert, round ____________ . _____ 10 

Cbert. 
Quartz. 

Range in size (incbes) 

11. SW. U sec. 25, T. 46 N., R. 99 W.; 5-foot 
zone 360 feet above base of formation 

12. NE. %' sec. 8, T. 45 N., R. 98 W.; 12-foot 
zone 360 feet above base of formation 

13. NW. U sec. 18, T. 45 N., R. 97 W.; 12-foot 114. SE. Y.t sec. 34, T. 47 N., R. 98 W.; IS·foot 
zone ~60 feet above base of formation zone 6RO feet above base of formation 

Per cent' Material 

4-8 ________________________________ -1 Trace 'Quartzite, gray, round _______ ·_ 95 
Cbert, gray, round ____________ 5 
Largest pebble, 4 by 3 by 2 inches. 

2-4 ________________________________ _ 10' QlL'utzite, gray, rouneL _______ 70 
Quartzite, red, round __________ 10 
Cbert, gray, round ____________ 20 

1-2 ________________________________ _ 15' Quartzite, gray, round ________ 50 
Quartzite, red, round __________ 20 
Chert, gray, subangular _______ 30 

72-1-____________ ---- ----- ---- ---- -- 30 , Quartzite, gray, round ________ 35 
Quartzite, red, round __________ 15 
Cbert, gray, subangular _______ 50 

Per cent Material 

Quartzite, gray, round ________ 70 
Quartzite, reel, round __________ 10 
Sandstone, red and gray, round 10 
Chert, gray, round ____________ 10 
Clay balls _____________________ Tr. 

8' Quartzite, gray, round ________ 50 
Quartzite, red, round __________ 10 
Sandstone, red, round _________ 10 
Cbert, black and gray, round __ 25 
Sandstone, gray, rOlmd________ 5 

15 I Quartzite, gray, rounel ________ 50 
Quartzite, red, round _________ 50 
Sandstone, red, round _________ Tr. 
Cbert, black and gray, round __ 35 
Sandstone, gray, round ________ Tr. 

25 I Quartzite, gray, round ________ 20 
Quartzite, red, round __________ Tr.,. 
Cbert, round _________________ 70 
Sandstone _____________________ Tr. 

Per cent' Material I Per cent' Material 

Trace 'Quartz~te, gray, round ________ 95 I Trace I Largest pebble, 5 by 3 by 2 inches. 
Quartzite, red, round _________ 5 

25 , Quartzite, gray, ronnd ________ 8.') 
Quartzite, red, round _________ 10 
Cbert, white, round __________ 5 

Quartzite, red, round __________ 25 
Quartzite, gray, round _________ 3.') 
Chert, gray, l'ounel _____________ 20 
Chert, black, rounel ____________ 15 
Silicified wood, subangulaL __ _ 

35 i'Quartzite, gray, round ________ 80 
Quartzite, red, round _________ 10 
Chert, red, round _____________ 10 

8' QlL'Irtzite, reel, round __________ 15 
Quartzite, red, round __________ 15 
Chert, white, rouncL __________ 35 
Chert, black, round ____________ 30 
Silicified wood, subanglllar ___ • 5 

20 , Quartzite, gray, round ________ 70 
Quartzite, red, round _________ 10 
Chert, sllbammlar _____________ 20 i 
Sandstone, round _____________ Tr'j 

20' Quartzite, reel, round __________ 10 
Quart7.ite, gray, round _________ 10 
Chert, gray, white, suhangular_ 55 
Chert, bhwk, subangular ______ 20 
Silicified wood, subangulaL____ 5 
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U -Y2- ----- ---- -- --- --- -- ----- -- ----' 20 ' Quartzit~ ________________________ _ 
. Chert. 

25: Quartzite __ ------------------- 20 I Chert _________________________ SO 

! 

151 Quartzite, gray, round ___ .--- 30 . 
Quartzite, red, round _________ 5 
Chert, subangular _____________ 65 

151 Quartzit(', red anc} gray, round ________ --_________ _____ 8 
Chert, red and gray, subangular 5lJ 
Chert, black, subangu)ar _______ 40 
Silicified wood, subangu)ar____ 2 

<u -------------------------------- 25 . Xot determined __________________ _ lO I Chert, subangular _____________ SO 
Quartz, subangu)ar ____________ 20 

.55 I Chert, suhangu)ar ______________ 75 
Quartz, subangular _____________ 25 

2.5 I Notdetermined __________________ _ 

Composition of fifth conglomerate of Fort Union formation 

Meeteetse quadrangle Grass Creek Basin quadrangle 

Range in sizc (inches) 
15. 1'!E. 34 sec. 11, T. 49 N.; R. 100 W.; 1 16. NE. ~ sec. 8, T. 48 N.; R. 99 W.; &-foot 1 17. SE. ~ sec: 9, T. 48 N., H. 99 W. (east ?f 1 18. SE. U sec. 8,1'.46 N., R. 97 W.; 30-foot 

18-lDch zone, 1,800 feet above base of zone 1860 feet above base of formation quadrangle), 3~foot zone, 1,8.10 feet abo\e zone, 2,060 fee.t above base of formation 
formation ' , base of (ormation 

Per cent Material Per cent I Material Per cent I Material Per cent Material 

------------'-·1---1 !---; i 1---1------------
2: QUartzite, gray, round ________ 70 21' Quartzite, gray, round ________ 50 

Quartzite, red, round __________ 10 Quartzite, red, round __________ .5 
Chert. round __________________ 10 Chert, round __________________ 20 
Sandstone, round _____________ 10 Sandstone, round _____________ 20 
Largest pebble, 8 by 7 by 5 inches. Silicified wood, round_________ 5 

. Largest pebble, 9 by 6 by 5 inches. 

4-8 __ -- ____ -- __ -- -- __ -- -- _ -- __ -- --- -1_ - - ---- - - -1- - - - - - ~ -- - - - - -- - - - - - - -- - - ---- -- -- - --

Quartzite, gray, round ________ GO 
Quartzite, red, round __________ 10 
Chert,·subangular _____________ 30 

?-4 Sandstone, round _____________ 25 
Chert, black, round _________ ._ 75 

51 Quartzite, gray, round ________ 60 1 lO 
Quartzite, red, round __________ [, 
Chert, subangular ___________ ._ 25 
Sandstone, round _____________ 10 

1-'J 15 1 Quartzite, gray, round ________ 30 : 25 
Chert, subangular _____________ 60 
Sandstone, round _____________ 10 
Shale, flaL ____________________ Tr. 

Quartzite, gray, round ________ 50 
Quartzite, red, rouneL_________ !) 
Chert, subangular _____________ 35 
Sandstone, round _____________ 10 

Quartzite, gray, round ________ 10 
Chert, subangulaL ____________ 50 
Sandstone, subangular ________ 30 
Limestone, round _____________ 5 
Quartz, round _________________ 5 Granite, pink. round __________ '1'1'. 

~-1 40 1 QUartzite, gray. round ________ 25 1 25 
Chert, subangular _____________ 75 
-- - - - - - - --- -----

Quartzite, gray, round ________ 30 
Quartzite, red, round__________ 5 
Chert, black, subanguIaL _____ 65 

151 Chert, subanguIar _________ . ____ 60 
Quartzite _____________________ 35 

(Agate _________________________ 5 

!.~-Y2- -- ------ -- --- -----:--- -- -- ---- 25 1 Quartzite _____________________ 10 1 15 CherL ________________________ 90 
Quartzite, round ______________ 10 
Chert, subangulaL ____________ 80 
Quartz, vein, round ___________ 10 251 8~~~~z======================== ~~ 

53 1 Not determined __________________ _ 13 1 Not determined __________________ -I 23 Chert ____________________________ _ 
Quartz. . 

Trace Largest pebble, 5 by 3 by 2 inches. 

10 I Quartzite, red and gray, round_ 75 
Chert, gray and black, round __ 25 
Silicified wood, round _________ Tr. 

30 1 Quartzite, red and gray, round_ 55 
Chert, gray and black, round __ 45 
Quartz, vein, round ___________ Tr. 
Silicified wood, round _________ Tr. 

30 1 Quartzite, red and gray, round_ 30 
Cbert, gray and black, sub-augular _ _ _____ ____ __________ 70 

10 I Quartzite, rouud ______ 
c 

_______ 10 
Chert, subanguIaL ________ .... __ 90 
Quartz, vein, subangular ______ Tr. 

20 I Chert. 
Quartz. 
Clay. 

Q 
t'1j 
o 
~ 
o 
Q 
~ 

~ 
~ 
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The general character of the Fort Union formation 
persists throughout the region under consw.eration, 
but in some respects there are striking local diff~rences. 
In contrast with the sandstone beds of the Lance 
formation those of the Fort Union are generally thin 
bedded. A striking exception to this tendency is 
observed in the northeastern part of the Grass Basin 
quadrangle, where the basal sandstone is a single 
massive bed that commonly ranges from 80 to 120 feet 
in thickness and attains a nlaximum of 230 feet. The 
sandstone beds are uniformly light colored but range 
from light gray and white in the northern part of the 
area to light buff and white in the southeastern part. 
A large part of the shale is light gray, but locally there 
are beds of drab, olive-brown, and red. The lowest 
red clay in the section measured at the head of Fifteen
mile Creek is 1,250 feet above the base, but on the 
south slope of 110 Ridge there is a bed 306 feet above 
the base. The lowest bed of red clay in the Shoshone 
River section is 3,920 feet above the base. These as 
well as other relations of the beds of red clay indicate 
that the color was not an original property of the sedi
ment but was caused by certain conditions under which 
the beds were laid down, and these conditions were not 
widespread during the early stages of deposition of the 
formation. 

The beds of conglomerate in the Fort Union show a 
great range in areal extent and in size of material. 
The zones from 1,800 to 2,060 feet above the base may 
be parts of a single layer, and if they are, this layer 
would be 30 miles long in a southeast direction. None 
of the other zones appears to persist for more than 10 
miles. There are four or possibly five separate zones 
of conglomerate in the 3,140 feet exposed 'in the 
Grass Creek Basin quadrangle, where the formation 
appears to overlie the Lance beds conformably, 
but about 15 miles to the northwest there is only one 
such zone, and on Shoshone River, 50 miles farther 
northwest, where no unconformity has been recog
nized at t.he base, there is one thick zone at the base 
and two others at 3,875 and 4,425 feet above the base. 

o Conglomerates are apparently lacking in the lower 
600 feet of beds in the region of unconformity. These 
relations indicate that the region around the Oregon 
Basin domes was gently upfolded near the end of the 
Lance epoch and that while streams both northwest 
and southeast of the upfolded area were receiving 
great quantities of coarse and fine sediments, this area 
was undergoing erosion. When finally uplift ceased 
and erosion removed the part above the surface, fine 
sediments only were deposited unconformably on the 
Meeteetse and Lance beds. 

In the only part of the region where there is any 
evidence as to the attitude of the basal zone of con
glomerate southwest and northeast of Grass Creek 
Basin, the longer axis of this zone appears to lie in a 
northwesterly direction. On the other hand, in this 

locality the longer axes of the individual lenses that 
make up the zone appear to lie in a northeasterly direc
tion. These relations would be found where a group 
of streams flowing northeastward over an alluvial 
plain had deposited their debris in lenticular zones 
broadly parallel to a more remote shore line trending 
northwest. 

The material that makes up the conglomerates indi
cates their source, as well as that of the other sediments 
in the formation. The fossils that have been found in 
the chert pebbles show clearly that they were derived 
in part, at least, from beds that range from Mississip
pian to Permian in age. On the other hand, the 
quartzite resembles more than anything else on record 
the material that is found here and there in Algonkian 
sediments. The' nearest generally western source of 
this quartzite as well as the few granite and vein 
quartz pebbles lies in the Wind River and Gros· Ventre 
mountains/5 about 60 miles to the southwest. 

Similar material may have been exposed at the 
surface during Fort Union time in the region west and 
northwest of the Wind River Mountains that is now 
covered with Tertiary lava flows and related igneous 
rocks. The silicified wood pebbles are undoubtedly 
derived from areas of the Meeteetse formation exposed 
farther west. The few pebbles of fine-grained igneous 
rocks are interesting, but it has not been possible to 
identify a possible source of them. They appear to 
be extrusive rocks, and if they are, they would indicate 
a period of volcanism earlier than that during which 
the lavas of Yellowstone Park and Idaho were poured 
out. The pebbles of coal resemble and may be frag
ments eroded from beds in the Meeteetse formation in 
a region southwest of that in which they are now 
found. 

The formation has yielded numerous fossil plants 
but thus far no invertebrate or vertebrate animal 
remains. There appear to be no well-defined fossil
iferous zones, although fossils are more abundant near 
the base, in the vicinity of coal beds. Several of the 
best collections have been derived from the shale that 
overlies the Black Diamond and Gwynn coal beds. 

Fossil plants from the Fort Union formation 
\ 

[Determined by F. H. Knowlton] 

Oregon Basin quadrangle 

6167. NE. ~ sec. 24, T. 50 N., R. 100 W.; about 600 feet 
above base of formation. A single dicotyledonous leaf without 
margin. Age unidentifiable from this species, though appa
rently Tertiary. 

6171. North center sec. 24, T. 50 N., R. 100 W.; about 500 
feet above base of formation. Cornus newberryi? Hollick, 
Fagus? sp., Populus amblyrhyncha? Ward, Quercus sp. 0 Age 
Fort Union. 

16 St. John, Orestes, Report of the geological field work of the Teton division: 
U. S. Geol. and Geog. Survey Terr., Eleventh Ann. Rept., pp. 320-508,1879. End
lich, F. M., Report on the geology of the Sweetwater district: Idem, pp. 3-158. 
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6172. NW. )4 sec. 13, T. 50 N., R. 100 W.; about 150 feet 
above base of formation. Fragments of several dicotyledons 
but nothing determinable. 

6173. K ~ sec. 31, T. 50 N., R. 99 'V.; 1,200 feet above base. 
CelastT'lts jerT'ltoine'l.ts'l Ward, Eq'ltisetum sp., Pop'l.tlus grewiopsis? 
Ward, Seq'l.wia norde'nskioldi Heel', 'l'axodium, sp. Age Fort 
Union. 

6175. SE.)4 sec. 27, T. 50 N., R. 100 W.; 150 feet above 
base. A large Platan'l.ts, probably P. mynoldsii Newberry, but 
the identification is uncertain, as there is no margin. No 
determination of age possible, though apparently it is Fort 
Union. 

6361. SW.)4 sec. 24, T. 50 N., R. 100 W.; 100 feet above base. 
Populus C'l.tneata Newberry, fragments without margin of one 
or two other dicotyledons. The P01J'l.ll'l.ts is a Fort Union 
species. 

Meeteetse quadrangle 

6181 (also 'Voodruff 30). Roof of Black Diamond mine, 
SE. )4 sec. 21, T. 49 N., R. 100 W.; 120 feet above base. Dry
Qpteris n. sp., fine and new; Ficus sp., lauraceous leaf, new; 
Sa1>ind'us grandijol'i'l.ts Ward; Seq'l.wia langsdorfii, or near it. 
Age probably Fort Union, but material not sufficient to be cer
tain. 

Grass Creek Basin quadrangle 

6365. NW. )4 sec. 27, T. 46 N., R. 99 W.; roof of coal bed 
50 feet above basal conglomerate. Monim,iopsis jraterna 
Saporta, Plata'n'l.ts sp., P01J'lll1.tS amblyrhyncha Ward, Pop'l.tlus 
daphnogenoides 'Vard, 'J'axodi'l.tm occidentalis Newberry. Age 
Fort Union. 

6369. E. )4 sec. 5, T. 45 N., R. 98 'V.; 20 feet above basal 
conglomerate. Platan'l.ts mynoldsii Newberry, Viburnum sp. 
Age Fort Union. 

6370. SE. )4 sec. 9, T. 45 N., R. 98 'V.; shale oval' basal 
conglomerate. Car1>ites sp., Celastrus jerrugineus? 'Vard, 
lIedem sp., Plata'n'l.ts haydenii Newberry, Platanus sp. Age 
Fort Union. 

6668. NW. Usee. 28, T. 46 N., R. 97 W.; 200 feet above 
base. Plata'n'l.ts sp., Populus amblyrhyncha Ward, Salvinia sp. 
(probably new), Viburnum tilioides Ward, Viburnum sp.? 
Age Fort Union. 

26 (Woodruff). 2 miles north of Ilo. Berchemia multiner
vis? Al. Braun, Celastrus sp. (probably new), Ficus (type of 
F. planicostata Lesquereux), Ginkgo adiantoides Heel', Magnolia 
tenuinervis? Lesquereux, Platanus nobilis? Newberry, Popu
lus amblyrhyncha Ward, Quercus sp., Viburnum newberryanum 
Ward, Vib'l.t7.:n'l.t?n antiguum'l (Newberry) Hollick. Age Fort 
Union. 

6666 (Woodruff). Gwynn's prospect, SW. U sec. 5, T. 45 
N., R. 97 W.; 175 feet above base. Celasl1'us jer1"ltgineus Ward, 

'Celastnts ta'l.trinensis Ward, Celast1"lts pterospermoides Newberry, 
CelastT'lts sp., Coryl'l.ts americana Walter, Diospyros sp.?, Juglans 
sp. (probably new), Onoclea sensibilis jossilis Newberry, Paliu
r'l.ts pulcherrim'l.ts Ward. Pali'ltr'Us sp. (new?), Platanus hay
denii Newberry, Platanus raynoldsii Newberry, POP'l.tl1.tS 
arctic a Heel' of Lesquereux, Popul'us amblyrhyncha Ward, 
P01ntlus daphnogenoides Ward, Populus C'l.tneata Newberry, 
P01ntlu8 n. sp., Protophyllocladus n. sp. (fine), Sapindus ajJinis 
Newberry, Sapind'us (Jrandijoli'l.ts Ward, Sequoia nordenskioldi 
:Heer, Seq'l.toia sp. 

Oregon Basin !'l'lladrangZe.-Exposures of the Fort 
Union formation in the Oregon Basin quadrangle 
are confined to three irregular areas. The smallest, 
which covers scarcely a quarter of a square mile, lies 
in sec. 27, T. 50 N., R. 101 W., near the southwest 
corner of the quadrangle. Another lies near the 
northern border, and the largest lies adjacent .. to ,the 

Cottonwood syncline, on the southern border. 
Between these last two areas the fornlation is concealed 
by the overlapping Wasatch fornlation. In the 
northern area the beds are poorly exposed, for only 
a few ledges of sandstone and congloillerate crop out 
above the wash. Exposures are better in the southern 
areas, though south of Meeteetse Riln the beds dip 
in the same direction as the slope of the surface and 
the exposed sections are therefore thin, but several 
good sections are shown in fair detail along the north 
side of the Rinl. · 

Early in the progress of this investigation an 
angular unconfornlity was discovered in secs. 13, 14, 
and 24, T. 50 N., R. 100 W., which, as further study 
seems to prove, lies at the base of the Fort Union 
formation. Unconformable relations were observed 
in three areas and will be described in detail. In an 
area of badlands at the head of a ravine in the SW. %' 
NW. 74:' sec. 24 a group of gray and drab sands and 
sandy clays charn,cteristic of the Lance fOl'll1ation 
trend N. 45° E. and dip 20° SE. The only fossils 
collected frOlll these beds were a few aquatic plants, 
of which Trapa mic'l'OlJhyZla was the 11l0st abundant 
(collections 6174, 6360). 

According to F. H. Knowlton, one collection i).ppears 
to be characteristic of the Judith River fornlation 
(middle formation of the Montana group) and the 
other of the Fort Union formation (lower Eocene). 
About 500 feet northeast of these exposures a low 
ridge that extends northward is nlade up wholly of 
beds of white sandstone that trend N. 5° W. and 
dip 19° E. Although these particurar beds have not 
yielded any fossil plants, they are distinctly unlike 
the underlying sediments and resenlble characteristic 
Fort Union material in this general region. The 
relations of the two groups of beds leave no doubt 
that a pronounced unconformity separates them. 

Half a mile farther north, near the southwest 
corner of sec. 13, T. 50 N., R. 100 W., there are fair 
exposures of the beds on the north side of a ravine 
that drains west. The lowest beds co'nsist largely of 
massive buff' sandstone from which concretions 
weather out in persistent zones. Although the strike 
of these beds can be determined only approximately, 
the dip is clearly 22° E. About 500 feet to the east 
the dip of several conspicuous ledges of white to 
yellowish thin-bedded sandstone is 9° E. Closer 
examination shows that the change from the steeper 
to the flatter dip is abrupt and not gradual. If these 
exposures were isolated, they would be suggestive 
but not conclusive evidence of an unconformity. 

Farther north, in the NE. %' sec. 14, T. 50 N., 
R. 100 W., a ravine that drains northward has carved 
out a badland area in which the bedrock exposures 
are very good (PI. XIII). The west slope of a low 
ridge shows the alternating gray and buff sand, 
brown shale, and' coal characteristic of, the upper 
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part of the. Meeteetse formation. (See PIs. XI and 
XIII.) 

These beds strike N. 15° E. and dip 23° SE. If the 
hillside is viewed from the southwest, it is apparent 
that thick beds of brown shale and coal are cut off in 
their northward extension by the bed of pale-yellowish 
sandstone that forms the crest of the ridge. In a 
distance of 2,000 feet north from the head of the 
ravine about 160 feet of beds are cut off by the over
ly~ng sandstone. East of the ridge 'the strike of the 

10 

R.IOO W. 10S050' 

locality. There are about 1,500 feet of beds lacking 
at the northern locality which are present· at the 
southern, about 2 Iniles distant. The unconformity 
undoubtedly continues northward, because in the cen
ter of sec. 2, T. 50 N., R. 100 W., the base of the 
Fort Union formation rests on beds in the midd1e of 
the Meeteetse fornlation, and about 1,800 feet of beds 
are mIssIng. Farther north beds of the vVasatch for
mation overlap the unconfornlity, and nothing can be 
determined about it. 

Figure 5 has been prepared to show the de
tailed structural relations on which the interpre
tation of tp.e unconformity is based and the 
source of fossil collections. Unfortunately, the 
collections are not large and sonle of the nlaterial 
is fragnlentary, so that the age relations of the 
,beds are not closely detennined. Consideration 
. of this material in connection with that collected 
farther south leaves little doubt that the uncon
formity separates an underlying group of beds 
that yield considerable reptilian renlains and are 
properly correlated with the Lance fornlation of 
eastern Wyoming and an overlying group of 
beds that are free frorn reptilian remains but 
carry abundant fossil plants that warrant their 
correlation with the Fort Union fonnation. (See 
discussion 'of correlation, p. 61.) 

Curiously, the basal beds of the Fort Union 
formation do not contain any conglomerate or 
coarse sediments in the region of the uncon
formity, but as they are traced westward and 
then southward beyond Greybull River, zones 
of fine gravel appear sporadically, and in the 
region south of Gooseberry Creek such zones 
are a conspicuous feature of the beds. Chert 
pebbles that rarely exceed an inch in diallleter 
are distributed in lenses 3 to 12 inches thick near 

. the base of the formation along t~e new Cody
Meeteetse road in sec. 28, T. 50 N., R. 100 W.; 
in the small remnant of Fort Union beds in sec. 
27, T. 50 N., 'R. 101 W.; in the SE. ~ sec. 36, 
T. 50 N., R. 101 W.; and in the NvV. ~ sec. 6, 
T. 49 N., R. 100 W. In the last two localities 
subangular pebbles of silicified wood as much as 

FIGURE 5.-Map showing relations of the beds in the vicinity of the unconformity at the base 2 inches long are conlnlon. 
of the Fort Union formation 

A particularly interesting zone of conglomerate 
overlying beds is readily determined to be N. 10° W., 
and the dip 9° E. Farther north the beds converge, 
and the unconfonnity can 1:>e recognized only by the 
absence of the beds that nonnally make up the upper 
500 feet of the Meeteetse formation and the entire 
r Jance formation. 

The significance of the exposures in these three 
localities is apparent when it is observed that the beds 
considered to mark the base of the Fort Union forma
tion at the southern locality can be traced with fair 
assurance to the uppermost beds at the northern 

crops out for a distance of 1,500 feet along a low ridge 
in the SW. ~ sec. 10, T. 52 N., R. 100 W. On ac
count of its resClnblance to the gravel zones that lie at 
the base of the Fort Union on Shoshone River,16 it is 
there considered to nlark the base of the formation also. 
The southwest slope of the ridge shows two lenses of 
conglonlerate, 3 and 10 feet thick, separated by thin
bedded sandstone that trends N. 10° W. and dips 32° 
NE. The northeast slope is strewn with the gravel 

16 Hewett, D. F., The Shoshone River section, ·Wyo.: U. S. Geol. Survey BUll. 
541, pp. 59-61, 1914. 
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set free by weathering. The conlposition of the upper 
conglonlerate zone is shown in the table on page 31, 
No. 1. By close exanlination numerous silicified fos
sils were found in the gravel in a sufficiently good 
state of preservation to permit identification. They 
have been examined by G. H. Girty, of the United 
States Geological Survey, who has submitted the fol
lowing statement concerning them: 

I find that the chert pebbles contain a large and striking 
species of Spirijerina which can be no other than S. pulchra. 
The range of this species is so limited that it is possible to state 
almost positively that the Phosphoria formation furnished part 
of these pebbles. There are also two smaller species of Spiri- ' 
1m'ina, Ihtstedia meekana, which in this regJon is known only 
in the Phosphoria formation, and a number of Bryozoa that 
have been more or less provisionally referred to the genera 
Stenopora, Batostomella, Lioclema, and Polypora. Bryozoa of 
similar type, possibly representing the same species, are abund
ant in the Phosphoria formation (Spirije1'ina pulchra zone). 
There is also a fragment of a pelecypod (Pseudomonotis'l) 
which would not be alien to the same fauna. It seems probable, 
therefore, that the bulk of these pebbles were derived from the 
Phosphoria formation, which is of Permian age. 

r find a few forms, however, which at present are not known, 
in the Phosphoria fauna. These are a zaphrentoid coral, a 
F1tS~tlina, and a H1tstedia, which can probably be identified with 
H. monnoni. Somewhat provisionally, therefore, it seems 
best to infer that these pebbles represent a different horizon, 
ono of Pennsylvanian age. They are, furthermore, composed 
of a somewhat different and darker chert than is common in 
tho pebbles from the Phosphoria formation, but some of the 
latter show no material difference in this respect. 

These deterl11inations leave no doubt that the chert 
congioinerate at this locality was derived largelY fronl 
beds of Pennsylvanian and Perlnian age. 

In the vicinity of South Fork of Dry Creek the basal 
beds of the fornlation are a group of indurated light
gray to white sandstones that range froI11 3 to 20 feet 
in thickness and weather as a series of benches along 
the north slope of Meeteetse Rill1. They contrast 
with the underlying Lance beds, which are largely 
buff to yellowish, I11assive, and feebly indurated. 

The determination of the top of the Fort Union 
fOl'll1u,tion is relatively siluple in parts of the quad
rangle but is attended with some uncertainty else
where. Locally there is good evidence of a pro
nounced ul1confol'luity at the base of the Wasatch 
fOl'lnation; olsewhere an unconfornlity probably exists 
but the expOSlu'es are poor. In general the evidence 
is best in the southern part of the quadrangle; east 
of Oregon Basin the position of the boundary is 
obscure. It is clear that the character of the basal 
beds of the Wasatch fornlation is different in the 
different parts of the quadrangle. In a belt 6 or 8 
lniles long east of Oregon Basin the Fort Union for
mation is cOll1pletely overlapped by the Wasatch 
fornlation. 

The Il1a.~imum thickness of the Fort Union forma
tion in this quadrangle is about 1,300 feet, but the 
character of only the lower 400 feet 'is well shown. 

51416-26t-4 

Only 200 feet of beds are present in sec. 27, T. 50 N., 
R. 101 W. 

No detailed sections of the forluation in this quad
rangle have been prepared. It shows characteristic
ally numerous beds of light-gray to yellowish-white 
indurated sandstone, largely fronl 5 to 20 feet thick, 
alternating with laminated gray and brown shale. 
About 100 feet above the base, north of Meeteetse 
Rim, there is a persistent zone of brown shale which 
locally contains one or n10re layers of coal about 1 
inch thick No other coal beds were found in the 
formation in this quadrangle, so that this zone Iuay 
represent the horizon of the Black Diamond bed near 
Meeteetse. A characteristic feature of the formn.tion 
that is also found farther south is the presence of 
many irregular slabs several inches thick of heavily 
iron-stained sandstone. Many of these slabs contain 
excellent imprints of fossil leaves. The surface in 
small badlands is here and there thickly strewn with 
such slabs; where they are encountered in place, they 
unifornily lie on the top of beds of sn.ndstone under 
beds of shale. ROlinded concretions, large or sIn all , 
such as are oharacteristic of the Lance and parts of 
the Meeteetse fOrluation are p~'actically absent. The 
only conglomerate zones are those which occur in the 
basal 100 feet of the fOrlnation. 

]1.eeteetse quacll'angZp-.-The Fort Union formation 
underlies a large area on both sides of Greybull River 
northeast of Meeteetse. Its contact with the Lance 
formation is locally concealed by the Wasatch forma
tion east of Meeteetse, but farther east the formation 
is well exposed in the 1-Iole in the Ground. 

The larger surface features of the northern part of 
the Meeteetse quadrangle are dominated by the rem
nan ts of the high terrace known as Meeteetse Rim. 
Where the terrace has been worn away there appears 
to be no great difference between the surface forms 
carved in beds of the Lance fonnation and those in 
the Fort Union formation. The beds of both forma
tions dip at low angles, 3° to 6°, and over large areas 
both are worn to smooth slopes, which are largely 
covered with grass and sagebrush. The areas under
lain by the Fort Union fon11ation appear to show 
more badlands, in or nea.r which there are bare low 
conical hills made up of numerous steplike ledges of 
outcropping sandstone. The lower valleys of Cotton
wood Creek and Long Holloware carved in Fort 
Union beds. By contrast with the valleys that follow 
the Meeteetse formation, these are wider and contain 
many minor ridges and isolated hills or buttes. 

Southeast of Meeteetse, where the Lance beds dip 
steeply and are highly indurated, the Fort Union beds 
are deeply eroded. and although the drainage lines in 
general follow the strike of the beds the pattern is 
irregular. 

The base of the Fort Union formation is traced from 
the region to the north, where it is unconformable on 



38 OREGON BASIN, MEETEETSE, AND GRASS CREEK BASIN QUADRANGLES, WYO. 

the Lance fo.rm·a tio.n, fo.r there is no. evidence o.f un
co.nfo.rmi ty in the Meeteetse quadrangle and farther 
so.uth. The zo.nes o.f chert co.nglo.merate that o.ccur in 
the basal sandsto.ne no.rth o.f Meeteetse Rim are alSo. 
fo.und here and there in this quadrangle-in the NW. ;!4 
sec. 8, .T. 49 N., R. 100 W. (No.. 2, p. 31), and the 
SW. ;!4 sec. 21, T. 49 N., R. 100 W. (No.. 3, p. 31). 
The expo.sures leave little do.ubt, ho.wever, that co.n
glo.merate is absent fro.m the basal beds o.ver co.n
siderable distances. The basal sandsto.ne is co.mmo.nly 
a massive bed 20 to. 50 feet thick and is unifo.rmly 
light co.lo.red, generally light buff to. nearly white. 

The upper limit o.f the Fo.rt Unio.n is the basal 
sandsto.ne, ,generally co.nglo.meratic. o.f the Wasatch 
fo.rmatio.n. This sandsto.ne is unco.nfo.rmable with the 
Fo.rt Unio.n, fo.r it may be traced fro.m the no.rtheast 
co.rner o.f T. 48 N., R. 100 W., where it o.verlaps the 
base o.f the Fo.rt Unio.n fo.rmatio.n, bo.th no.rthward 
and eastwa.rd to. po.ints where the Fo.rt Unio.n is abo.ut 
2,000 feet thick. Here and there the surface o.f unco.n
fo.rmity is readily reco.gnizable (see PI. X, B, o.f Fisher's' 
repo.rt 17), but elsewhere, as in the tro.ugh o.f the Co.t
to.nwo.o.d syncline in the so.utheast co.rner o.f T. 49 N., 
R. 100 W., where th.e beds abo.ve and belo.w are 
,nearly ho.rizo.ntal, it can be traced o.nly by traversing 
certain beds near the base. In the regio.n no.rth o.f the 
Ho.le in the Gro.und the bo.undary was determined 
o.nly appro.ximately, being inferred by estimating the 
slo.pe to. the no.rtheast o.f the surface o.f 'unco.nfo.rmity. 

The characteristic features o.f the fo.rmatio.n in this 
quadrangle are the successio.n o.f beds o.f light-co.lo.red 
to. white sandsto.ne, largely 5 to. 20 feet thick, inter
layered with thin beds o.f gray shale. At the head o.f 
Fifteenmile Creek, east o.f the Ho.le in the Gro.und, in 
the east half o.f T. 48 N., R. 99 E., where a sectio.n o.f 
1,970 feet was measured and examined in detail 
(PI. XIV) the lo.wel· 850 feet co.nsist largely o.f white 
gritty sandsto.ne in beds 5 to. 25 feet thick. Here and 
there lenses 4 to. 20 inches thick co.ntain a large pro.
po.rtio.n o.f grains abo.ut a quarter o.f an inch in diameter. 
These as well as mo.st o.f the finer materials are chert 
grains that range in co.lo.r fro.m white thro.ugh gray to. 
black. The interbedded material is gray to. bro.wn 
shale, locally co.ntaining thin layers of co.al. The 
upper part, 1,125 feet thick, 'co.ntains much less sand 
and mo.re clay and sandy clay, the co.lo.r o.f which 
co.mmo.nly ranges fro.m drab to. o.live-green. The 
lo.west red clay is fo.und abo.ut 1,250 feet abo.ve the 
base, and the lo.west co.nglo.merate 1,860 feet abo.ve 
the base (No.. 15, p: 33). This co.nglo.merate zo.ne 
o.ccurs near the to.p o.f a co.nical hill in the NE. ;!4 sec. 
11, T. 49 N., R. 100 W. In the sectio.n measured at 
the head o.f Fifteenmile Creek the sa.Iidsto.ne beds o.f 
the lo.wer 850 feet are rather persistent, and many o.f 
them are capped by a layer o.f flat co.ncretio.ns o.f iro.n 

17 Fisher, C. A., Geology and water resources or the Bighorn Basin, Wyo.: U. S. 
Geol. Survey Prof. Paper 53, 1906. . 

hydrate. These co.ncretio.ns weather o.ut as dark 
slabs, 1 to. 4 inches thick, which are strewn o.ver the 
adjacent slo.pes. The sandsto.nes o.f the upper ,part 
o.f the fo.rmatio.n are much less persistent and do. no.t 
co.ntain co.ncretio.ns. Thin zo.nes o.f carbo.naceo.us 
shale are fo.und near the to.p as well as near the base. 

In 1907 Lo.o.mis 18 described the beds that yield 
vertebrate fo.ssils o.f Wasatch age near Tatman Mo.un
tain. He presents stratigraphic details and a cro.ss 
sectio.n alo.ng "the Owl Creek Mo.untains hear Mee
teetse, Wyo.., acro.ss Buffalo. Basin, 17 miles to. the to.p 
o.f Tatman Mo.untain." A co.mpariso.n o.f the majo.r 
stratigraphic features as well as the dips sho.wn in this 
sectio.n, with ·tho.se o.f the sectio.n measu'red by the 
writer in secs. 21, 22, and 28, T. 48 N., R. 99 W. (PI. 
XIV), sho.ws that the lo.wer 1,296 feet o.f Lo.o.mis's 
sectio.n co.mprises beds o.f the Fo.rt Unio.n fo.rmatio.n, 
and the lo.west stratum is appro.ximately 600 feet abo.ve 
the base reco.gnized in this repo.rt. 

Only o.ne co.al bed mo.re than several inches thick is 
kno.wn to. o.ccur in the fo.rmatio.n in this quadrangle. 
This is the bed explo.red at the Black Diamo.nd mine. 
(See p. 106:) 

Grass Creek Basin quadrangZe.-The Fo.rt Unio.n 
fo.rmatio.n in the Grass Creek Basin quadrangle is bo.th 
o.f scientific interest and o.f eco.no.mic impo.rtance. It 
co.ntains several thick beds o.f co.al, also. at three 
ho.rizo.ns beds o.f co.nglo.merate that determine so.me 
o.f the co.nspicuo.us surface features. The fo.rmatio.n 
cro.ps o.ut in three separate areas-o.ne in the no.rtheast 
co.rner, ano.ther· in Ilo. Ridge, and a third, irregular 
area so.uthwest o.f Grass Creek. The beds are un
co.mmo.nly well expo.sed in the last two. areas, and 
several thick sectio.ns have been measured in detail. 
A large part o.f the no.rtheastern area co.incides with 
broad smo.o.th valleys where o.nly hard beds cro.p o.ut. 

,Here, as) in the Meeteetse, quadrangle, no. unco.n
fo.qnity appears to. separate the Lance and Fo.rt 
Unio.n fo.rmatio.ns. The base has no.t been traced 
co.ntinuo.usly fro.m the Meeteetse quadrangle, but the 
bed cho.sen' has litho.lo.gic features that co.rrespo.nd to. 
tho.se at similar ho.rizo.ns farther no.rtheast.' This bed 
is a co.nglo.meratic sandsto.ne 36 to. 230 feet thick, 
which generally cro.ps o.ut co.nspicuo.usly and may be 
readily traced thro.ugho.ut the area. In the area So.u th
west o.f Grass Creek the basal bed is a rather persistent 
co.nglo.merate that ranges fro.m 40 to. 60 feet in thick
ness and is nlade up o.f unco.mmo.nly large co.bbles, 
mo.stly quartzite. (See PIs. XII, 0, D/ XV, A, B.) 
Estimates o.f the co.mpo.sitio.n are sho.wn in the tables 
o.n pages 31-32. 

In several parts o.f the area the o.utcro.p o.f the basal 
bed do.es no.t co.ntain a single pebble fo.r a distance o.f 
abo.ut 5QO feet; elsewhere it co.ntains several separate 
lenses 4 to. 6 feet thick, but over a much larger area 

18 J"oomis, F. B., Origin of the Wasatch deposits: Am. Jour. Sr.i., 4th ser., vol. 23, 
pp. 356-364, 1907. 
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UNCON FORMITY BETWEEN MEETEETSE FORMATION AND FORT UNION FORMATION IN THE NE. !4 SEC. 14, T. 50 N ., R . 100 W . 

The crest of the rid ge is formed by the basal sandsto ne of the Fort Union, and the underlying heds are t he upper part of the Meeteetse. At this point 1,300 feet of the Lance formation and several hundred 
feet of the Meeteetse form ation have been eroded. The heavy line is drawn o n a bed of brown shale in the Meeteetse form ation 
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A. SPECIMEN OF BASAL CONGLOMEn.ATE OF FORT UNION FORMATION, SE. ~ NW. ~ SEC. 22, T. 46 N ., R. 99 W. 

Shows crushed pebbles in matrix of sand. a, Quartzit.e; b, sand stone; c, chert.. Each of t.he Jlebbles shows percussion markings 

II 8 4 IS 

B. C RUS HED PEBBLES FROM BASAL CONG LOM ERATE OF FORT UNIO FORMATION, SW. 74 SEC. 16, T . 46 R. 99 W. 

The pebbles show percussion m arks and cracks from having been crushed during the folding of the beds. a, C, e, R eddish quartzite; b, d, black 
chert ; [, gray chert 
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A. BEDS OF THE UPPER PART OF TH E FORT U ION FORMATION A D LOWER PART OF THE WASATCH FORMATIO 
EXPOSED IN THE RAVI E THAT CUTS THROUGH BLUE RIDGE IN SEC. 5, T . 46 N ., R . 97 W. 

The conspicuous bed near the midd le of the section is the massive conglomerate tha t forms the base of the W asatch in this region 

sw. u N.E. 

o -~o. - ------

-- -
B . SKETCH OF BEDS ILLUSTRATED IN A, TO SHOW HELATION OF BASAL CONGLOMEHATE ZONES TO SURFACE OF 

UNCONFORMITY ( U) AT BASE OF WASATCH FORMATION 
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the bed is made up largely of pebbles that range from 
1 to 8 inches in dian1eter. On the other hand, on no 
Ridge the basal bed contains pebbles at only one 
locality (No. ] 0, p. 32) and near by is a massive buff 
sandstone that attains a n1aximum thickness of 128 
feet. In the region north of Gwynn's ranch only one 
pebble 2 inches in ma..-xim.Ull1 dim.ension was found in 
a distance of 8 nliles, and the basal bed is massive 
buff sandstone that ranges in thickness from 80 feet 
at the southeast end of the belt to 230 feet near the 
northwest end. In this area the upper third of the 
sandstone contains thin lenses 'ot iron concretions as 
well as lenses of chert pebbles none of which are m.ore 
than half an inch in dialneter. This ill.aterial shows 
torrential cross-bedding. Throughout the distance in 
which it crops out the basal sandstone resists erosion 
and therefore forn1s either a conspicuous bench near 
the top of a steep slope or a persistent ridge. 

The upper limit of the Fort Union is the basal bed 
of the Wasat,ch forn1ation-in the region northeast of 
Grass Creek, a bed of coarse conglomerate composed 

,of reworked Fort Union pebbles, not distinctly uncon
formable; in the region southwest of Grass Creek a bed 
of pebble-bearing sandstone, in some exposures con-

. spicuously unconforlnable on the Fort Union as well 
as older rocks. Within the linlits stated the ma..ximum 
thickness of Fort Union beds exposed in this quad
rangle is 3,140 feet northeast of Grass Creek; only 
1,030 feet is exposed at no Ridge, and only 750 feet 
farther west. 

In addition to the basal bed there are conglomerates 
at higher horizons in each of the areas. A bed of 
sandstone 30 to 50 feet thick, the base of which is 
about 360 feet above the base of the formation, 
crops out here and there along the southwest slope 
of Ilo Ridge and up Spring Gulch (Nos. 11, 12, 13, 
p. 32). A third zone about 270 feet thick and 760 
feet above the base crops out in a rough area north
east of no Ridge, where about one-fifth of the thick
ness is nlade up of lenses of pebbles from 1 to 8 feet 
thick. The pebbles attain a ma..ximum size of 2 by 
4 by 5 inches and include chert, quartzite, and coal. 
There are also numerous mud balls as much as 15 
inches in diameter. This zone may correspond with 
that which is nearly 100 feet thick in the SE. U sec. 
34, T. 47 N., R. 98 W., but its base is about 680 feet 
above the base of the formation (No. 14, p. 32). 
A fourth zone about 60 feet thick lies 340 feet higher, 
or 1,120 feet above the base of the formation. It 
crops out conspicuously in the SE. U sec. 2, T. 46 N., 
R. 98 W., but disappears farther south. A fifth zone 
that crops out continuously for 5 miles in the north
east corner of the quadrangle is 30 feet thick in the 
SE. M sec. 8, T. 46 N., R. 97 W., where it is estimated 
to be 2,060 feet above the base of the formation. 
The position of this zone corresponds approximately 

with that at the head of Fifteenmile Creek, which is 
about 15 miles farther northwest. 

The pebbles of the conglomerates present a wide 
range in shape, which appears to depend upon the 
kind of material of which they are composed, as 
well as other features, such as size. The largest 
pebbles are gray and red quartzite, and the ratio 
of the three diameters of those whose largest dimen
sion exceeds 2 inches is commonly 3 to 2 to 1. On 
the other hand, the smaller quartzite pebbles are 
nearly spherical. Some coarse chert pebbles are 
slightly flattened, but those less than an inch in 
diameter are commonly subangular. The pieces of 
silicified wood are long or flat and subangular. 

Some of the chert pebbles that are found in the 
beds of conglomerate contain fossils, and several 
collections have been submitted to G. H.' Girty, 
who has made the' following report: 

178. From third conglomerate, in the SE. 7i sec. 34, T. 47 
N., R. 98 W. Rhombopora, crinoid fragments, and numerous 
small undetermined gastropods. 

185. From basal conglomerate, in the NE. 7i sec. 5, T. 45 
N., R. 98 W. Crinoid segments, Fenestella sp., Productus sp. 

191. From basal conglomerate, in the SE. 7i sec. 9, T. 45 
N., R. 98 W. Fenestella sp., crinoid segments, Stenopora? sp . 

195. From second conglomerate, in the SE. 7i sec. 25, T. 
46 N., R. 99 W. Fenestella sp., indications of molluscan shells: 

It is often difficult to give specific identification to fossils 
preserved as imperfectly and as fragmentarily as these, and 
I have been unsuccessful in the present instance. Also when 
it comes to determining the geologic age we are met by the 
difficulty that no two pebbles may have had their source at 
the same horizon. Thus, the pebble in lot 178, which contains 
only small gastropods, differs rather conspicuously from any
thing else in the collection, as does also the pebble from lot 
191, which contains cylindrical Bryozoa, probably belonging 
to the genus Stenopora. 

It is safe to say, however, that all the pebbles, with the 
possible exception of the one with the small gastropods, came 
from Paleozoic horizons. It is notewo~thy also that these 
pebbles contained a very. different fauna from those found 
under similar circumstances in the SW. 7i sec. 10, T. 52 N., 
R. 100 W. (See pp. 36-37.) Those contai.ned the diagnostic 
species Spirijerina pulchra and other forms that are entirely 
lacking in the present collection, which appears therefore to 
represent a different and, I suspect, an older fauna .. The 
material constituting lot 185 is apparently Carboniferous, and 
I do not doubt that the other pebbles are of that age also, 
though the evidence is lacking to prove this. These pebbles, 
furthermore, do not show the characteristic fauna of the 
Madison limestone and one of them contains a type apparently 
not belonging in the Madison fauna (the dendroid Stenopora). 
By exclusion, therefore, and on the assumption that they have 
come from about the same horizon, so that the evidence fur
nished by one ans1vers for all, these pebbles probably came 
from rocks younger than the Madison and older than the 
Phosphoria formation-I suspect from some horizon in the 
Pennsylvanian. 

One feature of the pebbles of the Fort Union was 
useful in determining the base of the Wasatch forma
tion in this part of the region. Many of the Fort 
Union pebbles, especially those 'yhich range from 1 to 
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2 inches in ,maximum dimension, show percussion 
marks from willcn numerous cracks radiate (PI. 
XV, B). The crack,ed pebbles are more abundant 
where the beds have been steeply folded, but percus
sion marks are common even where the beds l~ave a 
flat dip. Where, as on Blue Ridge, there is no un
conformity between the Fort Union and Wasatch 
beds and they closely resemble one another, the base 
of the Wasatch is drawn at the lowest conglomerate 
bed that contains reworked pebbles. 

The remaining beds of the formation (see PI. XIV) 
are massive and thin-bedded buff to white sandstone, 
gray, drab, and red shale, and coal. The thick, 
massive sandstone beds form more persistent out
crops than the thin beds. The lowest red shale in 
the formation is 306 feet above the base in sec. 11, 
T. 45 N., R. 98 W. Flat concretions of iron hydrate 
are not as common as those which are spherical, and 
these are conspicuous only in the basal sandstone 
north of Gwynn's ranch. 

Coal beds are present at two horizons near the base 
of the formation and two 450 to 550 feet above the 
base. All ,four horizons are not represented in anyone 
section, however. They are discussed on pp. 100-101. 

WASATCH FORMATION 

General features.-The work of Fisher and other 
earlier investigators has shown that beds of the 
Wasatch and younger fornlations cover a large area 
in the center of the Big Horn Basin and that a belt 
of similar beds locally underlies the volcanic rocks 
that make up the Illountains west of the basin. In 
an earlier paper 19 the present writer has referred to 
the latter as the "border Wasatch." The beds that 
once connected the two areas are largely eroded, so 
that it is possible only to speculate concerning their 
relation. The three quadrangles under consideration 
cover the region between the two areas, so that any 
data which they yield should serve to interpret this 
relation as far' as possible. The Oregon Basin 
quadrangle covers a part of the basin area; the 
other two quadrangles c'over areas that are success
ively nearer to as well as a part of the "border W a
satch." 

A review of the nature bf the beds that make up 
the formations as well as of the surface upon which 
they were laid down shows that conditions have not 
been the same throughout' the three quadrangles. 
The data from these quadrangles and similar data 
from the upper valleys of Wood and Greybull rivers 
indicate that the Wasatch beds were deposited on a 
nearly plane surface, which probably sloped gently 
to the northeast in and adjacent to the belt that 
borders the present Illountain front. Where the 
surface was cut across the upper Mesaverde and 

19 Hewett. D. F, The Heart Mountain overthrust: Jour. Geology, vol. 28, pp. 
536-557. 1920 ' 

younger, rocks it was nearly a plane, but the, 10weY. 
massive sandstones of the Mesaverde formation 
resisted erosion and formed low hills possibly 100 OJ 

even 200 feet higher than the near-by stream chan~ 
nels. In the areas farther northeast, near the center 

'of the Big H'orn Basin, the relief of, the surface was 
probably less, although in some places there were 
undoubtedly hills 50 or 100 feet higher than the 
streams, as in the region northwest of Sleeper's ranch. 

Within this surface of low relief there were un
doubtedly several large streams that rose in a moun
tainous area farther~ southw~st and flowed generally 
northeastward toward the center of the Big Horn 
Basin. There were also probably smaller tributaries 
of irregular pattern. 

This surface has been warped locally since the 
Wasatch beds were laid down, but the nature and 
amount of the warping can not be accurately deter
mined. It is clear from the distribution of coarse 
and fine sediment that an area in secs. 3, 4, and 10, 
T. 44 N., R. 99 W.,~which once stood relatively high, 
has been warped downward, apparently along the, 
axis of the Wagonhound syncline. On the other 
hand, the residual deposits which Illark a channel 
that trends northeastward across Buffalo Basin' 
indicate that its gradient has not been changed since 
the beds' were laid down. It should be noted at this 
place, although the significance is discussed under 
" Structure" (p. 68), that the steepest dips measured 
on beds of the Wasatch fornlation are found in a belt 

, which is arc-shaped, is concave to the northeast, and 
is generally parallel to the border of the basin area of 
the formation. 

Several generalizations may be Illade concerning the 
size of the sediments that make' up the Wasatch for
mation. Beds of conglomerate and coarse sandstone 

, are uncOlllmonly abundant in the fonlla,tion but are 
present in more exposures near. the Illountains than 
elsewhere. On the other hand, there are more beds of 
conglomerate and the beds are thickest in the region 
east of Greybull River from Meeteetse to Sleeper's 
ranch. When all the sediIllentary and stratigraphic 
features of the formation in this region are considered, 

,it is very apparent 'that the coarse Illaterial represents 
an alluvial fan spread out on the the border of an ex
tensive alluvial plain at the point of emergence of one 
of the major rivers that supplied the sediments. The 
fan is roughly triang~lar and is 5 or 6 miles wide at the 
base and 8 or 10 miles long, with the apex at the mouth 
of the ancient river. In the adjacent region on the 
northwest, in Tps. 50 and 51 N., R. 99 W., there 
appear to have been no major rivers during Wasatch 
time, for the beds of conglomerate are thin and dis
continuous and finer sediments predominate even near 
the base of the formation. 

No other river channels that compare with this have 
been recognized in the entire region. Smaller channels 
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undoubtedly existed in the western part of the Grass 
Creek Basin quadrangle, but their courses can not be 
clearly identified. The conglonlerate that is con
tinuous from Blue Ridge 12 111iles northwest to Fifteen
mile Creek may ha,Te merged into this alluvial fan but 
probably was made up largely of local Fort Union 
pebbles spread out by many sinall streams. 

The varieties of rock in the Wasatch conglOlnerates 
correspond so closely with those of the underlying 
Fort Union beds that, considered with the percussion 
J11n,rks which they bear, there can be no doubt that the 
one is largely derived from the other. The additional 
varieties in the Wasatch, granite and limestone, indi
cate that the streahlS were also bringing down new 
111atcrial. The fossils that have been recognized in 
Wasatch limestone pebbles indicate that part of the 
aediments were derived fr01n older and more deeply 
buried beds than those which supplied the Fort Union 
chert pebbles, but too 111uch importance should not be 
l.ttached to the few species that have been found. 

The cross section of basal Wasatch beds shown in 
the ru,vine in sec. 5, T. 46 N., ·R. 97 W., presents 
features that reselnble those shown east of Greybull 
River in secs. 28 and 33, T. 50 N., R. 99 W. (PI. 
XVI), and that are important in an interpretation of 
the relative age of the parts of the Wasatch formation. 
In this .locali ty, vertical cross sections roughly at 
right angles to the strike of the beds, show (1) that 
although locally the beds of conglomerate rest on the 
surface of unconfol'lnity, broadly they have a slightly 
lower inclination; (2) that the individual beds of 
conglO1neratie disappear within short distances down 
the dip and are' replaced by thicker lenses of sand; 
(3) that hence, in the cross section, the beds diverge 
rather thn,n continue parallel; and (4) that the suc
cessively higher beds of conglomerate extend farther 
soutlnvest (upstrmnn) than older underlying beds. 
(See PI. XVI, B.) 

The stratigraphic e~Tidence confirms the interpreta
tion by Sinclair and Granger 20 of the major relations 
of the faunal zones of the Wasatch formation, based 
on paleontologic studies. They state: 

" , 

Although the Eocene beds have been uptilted about the 
southwest mttrgin of the basin, dipping in general, with the 
exception of minor flexures, toward Tatman Mountain, we 
have not been able to find any exposures of the Knight for
mation (the lowest faunal zone) in this area, the Wind River 
horizon (Lysite and Lost Cabin) (higher faunal zones) appar
ently overlapping unconformably on the Fort Union and 
entirely concealing the Knight. 

If this interpretation is correct the Ii bOI~der Wa
satch" WitS not deposited at the same time as the 
basal beds of the Wasatch (Knight) in the center of 
the Big 1-Iorn Basin but much later, possibly as late 
as the "Tatman formation" of Sinclair and Granger, 

10 Sinclair, W. J., and Gmnger, Waiter, Notes on the Tertiary deposits of the 
Bighorn Basin: Am. Mus. Nat. )Jist. Bull., vol. 31, p. 61, fig. 2, 1912. ' 

which they regard as possibly equivalent to the 
Bridger formation. The" border Wasatch" closely 
resenlbles the "Tatman formation" in lithologic 
features and in yielding no fossils. 

In the areas of the Wasatch formatio'n nearest the 
center of the Big Horn Basin many varieties of 
vertebrate fossils have been found. In. addition to 
the collections listed below, beds near the base of the 
formation in, sec. 14, T. 51 N., R. ~OO W., have 
yielded a ls.rge number of fossil plants; which F: 1-I. 
Knowlton considers characteristic ,Fort :pnion: species. 
The significance of these collectidns is! disc~ssed on 
pages 61-62. Another collection of fbssi~ plants .(6371) 
was obtained fronl beds of. the- "border ~ asatch." 

Vertebrate fossils from the Wasatch formation 

, [Determined by J. W. Gidleyl 

Oregon Basin quadrangle 

40. BE. i sec. 13, T. 50N., R. 100 W.; 150 Jeet' above ,base 
of formation. Coryphodon sp., a premolar, canine, artd se~eral 
fragments; EohipPltS?, distal end ,of radius; Sinopa multic~lspis 
Cope, portion of left lower jaw with broken teeth. ,Age 
Wasatch. ' 

, 41. NW. U sec. 19, T. 50 N., R. 99 ":.; 200 Jeet above ~a~e. 
Coryphodon sp., fragments of tooth and vertebrae; crocodilian, 
two portions of vertebrae. Age, Wasatch. ' I 

12. NW. U sec. 9, T. 50 N., R. 99'W.; 1,000 feet above 
base. Coryphodon lobatlls? Cope, fragments of lower mQlars. 
Age Wasatch. '. 

52. West center sec. 27, T. 50 N., R. 99 W.; 400 feet abo~e 
base. Anaptom'orphid, n. gen. and sp.?, near He,miac~don, 
portion of lower jaw containing molars :1 and 2; Microsu~ (or 
n. gen.) n. sp.; portion of left lower jaw containing t'Yo'mQlatl:!; 
Pelycodus frugivorus Cope; fragment containing, t1Vo upp~r 
molars; fragment of left lower jaw containing last: tw.o m61~rs. 
Age Wasatch. i' , ' 

55. NE. U SE. U sec. 24, T. 52 N., R. 100 W., atid SW. U 
~ec. 19, T. 52 N., R. 99 W.; 600 feet above base.' Coryphodqn, 
sp. undet., portion of incisor; Crocodylus, fragment of dentary; 
Eohipp~ls angltsticiens? Cope, portion of left lower jaw contain
ing last molar; Eohippus index Cope (or n. sp.), port~on of left 
lower jaw containing three teeth and fangs of prem'olars 2 and 
3; Oxyaena lupina? Cope, left upper canine' and portion of 
canine; PhenacodltS n. sp., 'portion of left lower ,jaw containing 
last two molars. Age Wasatch. 

170. SE. U sec. 36, T. 51 N., R. 100' W.; 100 feet above base. 
Coryphodon sp., fragments of teeth. Age Wasatch. 

171. NW. U sec. 23,' T. 51 N., R. 100 W.; basal conglomerate. 
Creodont, phalanx (toe bone), genus and species indeterminable. 
Age probably Wasatch. 

Fossil plants from the Wasatch fOr1nation 

[Determined by F. H. Knowltonl 

, Oregon Basin quadrangle 

6177. South center sec. 11, T. 51 N., R. 100 W.; 200 feet 
above base. Pqpulus cuneata? Newberry, Taxodium occidentalis 
Newberry. ,Fort Union flora. 

6359. Center sec. 14, T. 51 N., R. 100 W.; 150 feet above 
base. Glyptostrobus wropae1tS (Brongniart) Heer, Legumino
sites sp., PopUlus newberryi Cockerell, POPUl1lS craspedodroma 
Ward, Taxodi~tm occidentalis Newberry, small dicotyledon, ap
parently new. Fort Union flora. 

6371. SE. U sec. 33, T. 47 N., R. 101 W.; Aralia notata 
Lesquereux, Monimiopsis? sp., Platanus basilobata Ward. Fort 
Union flora. 
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.. Composition of gravel zones in the Wasatch formation 

Oregon Basin quadrangle Meeteetse quadrangle 

1. SE. U sec. 35, T. 51 N., R. 100 W.; 8-foot zone at 2. SE. U sec. 18, T. 50 N., R. 99 W.; 3. SE. U sec. 5, T. 49 N., R. 99 W.; part of 52-foot zone 4. SE. ~ sec. 18, T. 49 N., R. 99 W.; 7-foot zone 
or near base zone of gravel 250 feet above base 160 feet above base near base 

Per Material Per Material Per Material Per Material cent cent cent cent 

------ -------------------------~---- ------ -------------------- 20 Quartzite, gray, round _ _ _ _ _ _ _ _ _ 60 20 Quartzite, round ________ 100 
Sandstone, yellow, subangular __ 20 
Hard shale ___________________ 10 
Silicified igneous rock _ _ _ _ _ _ _ _ _ _ 10 

------ ------------------------------ ------ -------------------- 25 Quartzite, round ______________ 40 30 Quartzite, round __ : - ____ 80 

I 
Sandston~ round _____________ 25 Chert, round _____ - - - - - __ 20 
Chert, subangular _____________ 20 

10 I Sandstone ______ 40 

Limestone, round _________ · _____ 15 

10 Sandstone ________________ 50 
------ (Included with 2-4 inches) _________ 15 Quartzite, round ________ 60 

Limestone, cream, round _ _ _ 30 Quartzite _______ 30 Chert, subangular _______ 30 
Chalcedony _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 Chert __________ 25 Chalcedony, su bangular __ 1(j 
Silicified wood, angular _____ Tr. Chalcedony _____ 5 

15 Quartzite_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 30 10 Sandstone ______ 40 10 Quartzite _____________________ 40 ------ (Included with 1-2 inches.) 
Chert, round to angular _ _ _ _ 40 Quartzite_ _ _ _ _ _ _ 20 Sandstone ____________________ 25' 
Chalcedony _______ ~ _______ 10 Chert __________ 35 Chert ___________________ ~ ____ 20 
Silicified wood, angulaL _ _ _ _ 10 Chalcedony _____ 5 Limestone ____________________ 15 
Limestone, round_ _ _ _ _ _ _ _ _ _ 10 

15 Quartzi te_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 15 Quartzite_ _ _ _ _ _ _ 10 ------ (Included with Y2-1 inch) __________ 10 Quartzite ____ . ___________ 20 
Chert, subangular _ _ _ _ _ _ _ _ _ 70 Chert __________ 70 Chert __________________ 80 
Chalcedo?y _______ ", ______ 10 Chalcedony _____ 20 

60 Chert ________________________ 65 Not determined _____ 45 Chert ________________________ 90 25 Not determined. 
Quartzite. Quartz _______________________ 10 
Quartz. 
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Range in 
size 

(inches) 

4-8 ______ 

2-4 ______ 

1-2 ______ 
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Meeteetse quadrangle Grass Creek Basin quadrangle 

5. SE. U sec. 12, T. 48 N., R. 100 W.; 6-Coot zone I 6. Southeast comer sec. 23, T. 47 N., R. 101 W.; zone! 7. NW. U sec. 22, T. 44 N., R.99 W.; a-Coot zone 8. T. 46 N., R. 97 W.; 2(Hoot zone near base ~~ I ~~ i ~~ 
I t 

Percent I \ Per cent \ 
I 

Material Material Percent! "Material Percent Material 

I I I 
50 1 Q~artzite, gray, round ____ 95 I ~5 Quartzite, round _ _ _ _ _ _ _ _ _ _ 95 ------ ---------------------------- 10 Quartzite, white, round ____ 70 

l LImestone, round________ 3· Chert, round ______________ 5 Quartzite, red, round ______ 25 I Granite, round"", ",'" 2 Granite, gray, round _______ Tr. Chert, round____ _ _ _ _ _ _ _ _ Tr. 
Sandstone, round __ - _ _ _ _ _ Tr. 
Larg~t pebble 10 by 8 by 6 

inches. 

20 I Quar~zite, ~ay, round ____ 80 25 Quartzite, round __________ 50 1 Granite, white, round ____ 40 15 Quartzite, gray, round ____ 60 
Gramte, white, round_ _ _ _ 10 Chert, round _ _ _ _ _ _ _ _ _ _ _ _ _ 5 Silicified shale, flat _______ 40 Quartzite, red, round ____ 35 
Chert, round ____________ 10 Granite, round ____________ 10 Schist, white, round _____ 10 Chert, round ____________ 5 

Limestone, cream-colored, Chert. round ____________ 10 
flat ____________________ 30 

Sandstone, flat ____________ 5 

10 Quartzite, gray, round ___ 60 35 Quartzi te_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 2 Pegmatite, round_ _ _ _ _ _ _ _ 20 25 Quartzi te, round ________ 70 
Granite, round ______ . ___ 10 Chert ____________________ 25 Silicified shale, round _ _ _ _ 20 Chert, round ____________ 25 
Limestone, round ________ 10 Granite __________________ 10 Quartz, vein, round ______ 30 Granite, round __________ Tr. 
Chert, round___ _ _ _ _ _ _ _ _ _ 10 Limestone, cream-colored, Chert, brown, black, an- Silicified wood, subangu-
Sandstone, round ________ 10 flat ____________________ 25 I gular ________________ 30 lar _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Tr. 

Sandstone ________________ 20 

------ (Included with 1-2 inches) ____ ------ (Included with 1-2 inches) ______ 5 Feldspar, subangular _____ 10 25 Quartzite, round ________ 40 
Shale, subangulnr ________ 20 Chert, subangular _ _ _ _ _ _ _ 60 
Quartz, vein, round ______ 40 Silicified wood, subangu-
Chert, subangular _ _ _ _ _ _ _ 30 lar _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Tr. 

5 Quartzite _______________ 20 25 Chert ____________________ 60 2 Feldspar, round _ _ _ _ _ _ _ _ _ 10 10 Quartzite ______________ 15 Chert __________________ 80 Limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 Quartz, vein, round ______ 40 Quartz _________________ 5 Quartz ___________________ 10 Chert, subangular _ _ _ _ _ _ _ 50 Chert __________________ 80 
Sandstone ________________ 10 

15 Chert ______________________ 
------ (Included with U -% inch) - - - - - - 90 Feldspar _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 15 Quartz. 

Quartz. Quartz, vein ____________ 60 Chert. 
Clay. Chert __________________ 20 

Clay ___________________ 10 
...-
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Oregon Basin quadrangZe.-The Wasatch formation 
underlies a larger area in the Oregon Basin quadrangle 
than any other formation, and both the area and the 
thickness of the beds are greater than in the Meeteetse 
and Grass Creek Basin quadrangles. 

Beds of the fonllation underlie nearly the entire 
eastern third of the quadrangle. There are numerous 
slllall badland areas in the northeast corner, north of 
the abandoned Wiley canal, where many sections 20 
to 100 feet thick are well exposed. In the region be
tween the Wiley canal and Dry Creek the only ex
posures are found in the low hills along the western 
boundary of the formation. In the region between 
Dry Creek and Greybull River there are many good 
exposures of sections 50 to 250 feet thick, especially 
along the upper parts of ravines that rise near 
Meeteetse Rim. 

The base of the formation is traced northward from 
two localities in the southeast corner of the quadrangle, 
where the basal beds rest unconformably upon the 
Fort Union formation. The best evidence of uncon
formable relations is found along the' east side of the 
deep ravine ,in secs. 5· and 8, T. 49 N., R. 99 W. 
(PI. XV~I). Here 'the lower beds are alternating thin 
white and buff sandstones and gray shale, locally car
bonaceous, that represent the upper part of the Fort 
Union formation. They trend northeast and dip 
about 2° SE. The base of the Wasatch formation is 
the base of a dark zone that is the lowest bed of con
glomerate. A detailed section of the lower 212 feet 
of the Wasatch formation measured at the head of the 
ravine on the right is presented in Plate XVIII. 
These beds trend north and $trike 2° E. In the dis
tance in the view shown in Plate XVII, about 250 feet 
of Fort Union beds are cut out by the surface of un
conformity, which here is nearly a plane, gently in
clinedeastward. The unconformity is readily trace
able northeastward into sec. 33, T. 50 N., R. 99 W., 
where it passes under the alluvial valley of Greybull 
River. 

The second locality at which the base of the Wasatch' 
is clearly identified is in the SE. ~ sec. 13, T. 50 N., 
R. 100 W., where conditions are somewhat different. 
Beds of the Fort Union formation, 400 to 600 feet 
above the base, are well exposed on the northwest side 
of Meeteetse Rilll in sec. 24, T. 50 N., R. 100 W. 
(fig. 5). They include white and buff sandstones and 
gray shale, which yield Fort Union plants. They 
trend N. 10° W. and dip 3°_4° E. The low conical 
hill on the line between secs. 24 and 13 is nlade up of 
these beds, but the low ridge that extends northward I 

from the hill is made up of beds of red and drab sandy 
clay which also trend north and dip east but which 
yield mammalian remains characteristic of the Wasatch 
formation. The exposures are very good and leave no 
doubt that the Wasatch beds, largely clay free from 
sand ,and conglomerate, abut against a steep slope 

carved out of Fort Union 11lateritl,I. The surface of 
unconformity is therefore not a plane but an irregular 
surface of fair relief. Between this locality and the· 

, first the contact of the two groups of beds can not be· 
traced accurately but is drawn at the western limit. 
of red clay. 

FrOlll the second locality northward the base of the- 0 

Wasatch is drawn at a zone of pebbles among which 
limestone is conspicuous (No.1, p. 42), but the ex.., 
posures are poor and unsatisfactory. In the NW. U 
sec. 23, T. 51 N., R. 100 W., a similar zone of pebbles 
yielded a single bone, which has been determined to be
of Wasatch age (collection 171). Fronl this point 
northward to the edge of the quadrangle the position 
of the base of the formation can be indicated only ap
proximately. It is estimated that the maximum:. 
thickness of beds of this formation in this quadrangle is:. 
about 1,200 feet. None of the higher groups of beds .. 
recognized farther south are present here. 

, The beds that make up the formation differ greatly 
from the lowest to the highest zones and in the several 
areas throughout th,e quadrangle. East of the Sleeper 
ranch the basal beds are alternating zones of coarse
sand and conglomerate. The lowest conglomerate is· 
thin, and as far as a horizon 300 feet above the base
the successively higher beds are thicker and the· 
cobbles are coarser. On the other hand, farther' 
north, in the area covered by Figure 5, there is only a 
thin zone of small pebbles at the base, and most of the' 
material in the overlying 300 feet is fine sand and clay. 
In this area there are zones of conglomerate 300 to 500· 
feet above the base, but few of them exceed 6 inches. 
in thickness, and the coarsest pebbles are 3 inches in: 
diameter. It appeai>s that in the area where the' 
surface of unconformity has the highest relief the sedi-, 
ments are finer. 

In contrast with the sediments of the Lance and' 
Fort Union fornlations, those of the Wasatch have a 
greater range in size and mineralogy, and the beds. 
are thinner, are less persistent, and show a wider range 
in induration. A conspicuous feature is the presence· 
of many beds of red or variegated red and greenish 
clay which alternate with greenish clay and yellowish 
sandstone. 

A review of the exposures within a 3-nlile radius of 
the Sleeper ranch indicates that the zones of con-' 
glomerate that are so conspicuous in the lower 200 feet· 
of the formation southeast of that place do not persist 
more than 1 mile northeastward, but that their place· 
in the section is taken first by coarse sand, then fine' 
sand, and finally, farther northeast, by clay. Con
clusions concerning the significance of these relations 
are presented on pages 61-62. 

The composition of two conglomerate zones in this· 
quadrangle is presented in the table on page 42 (Nos .. 
1-2). With the exception of limestone, which appears. 
to be characteristic, the remaining material represents. 
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• 

UNCONFORMITY BETWEEN BEDS OF THE UPPER PART OF THE FORT UNION FORMATION AND THE WASATCH FORMATION IN SEC. 5, T. 49 N., R. 99 W. 

Looking northeast. The position of the unconformity is shown by the heavy lines al. the sides 
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U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 145 PLATE XIX 

A. QUARTZITE PEBBLES FROM THE BASAL ZONE OF THE WASATCH 
FORMATION 

B. SCOmA-LIKE OUTCROP OF A BED OF BENTONITE IN SEC. 30, 
T. 22 N., R. 75 W. 

a, b, c from SE. 7.l sec. 11, T. 48 N., R. 100 W.; d from SE. ~ sec. 36, T. 47 N., R. 98 W. Scale indicated by foot rule. Photograph by C. E. Sicbenthal 

C. PHOTOMICROGRAPH OF A "YERY FINE SAND" PORTION FROM 
A BED OF BENTONITE NEAR THE TOP OF THE TIIERMOPOLIS 
SHALE. SHOSHONE RIVEH 

b, Black plates, biotite; c, dark granular masses, clay aggregates; g, irregular 
vesicular grains. glass; 0, angu lar grains with high relief, orthoclase; P, angu lar 
grains with low relief, plagioclase; g, angular grains wilh moderate relief , 
quartz. The grains arc immersed in an oil which has an index of refraction of 
1.55. They range in size from 0.05 to 0.1 millimeter 
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A. SANDSTO ES IN THE UPPER PART OF THE MESAVERDE 
FORMATION (mv) UNCO FORMABLY OVERLAIN BY REDS OF 
THE WASATCH FORMATION (w) A TO VOLCANIC TUFF (v) 

NEAR THE HEAD OF PROSPECT CREEK, SEC. 33, T. 45 N., 
R. 99 W. 

Looking north 

C. VERTICAL SA DSTONE DIKE IN BEDS OF TilE 
WASATCH FORMATION, SEC. 8, T. 52 N. , R. 99 W. 

PROFESSIONAL PAPER 145 PLATE XX 

B . SANDSTO ES OF THE MESAVERDE FORMATIO (m o) UN
CO TFORMABLY OVERLAIN BY REDS OF THE WASATCH 
FORMATION (w) AND VOLCAN IC TUFF (v) ALONG VALLEY 
OF COTTONWOOD CREEK 1 MILE ORTHWEST OF THE 
PUNTENEY RA CII, IN SEC. 16, T. 44 N., R. 99 W. 

Looking northwest 

D. PROSPECT ON THE MAYFlELD BED OF COAL OF 
THE FOHT UNION FO I\~1ATION, COAL lINE DRAW, 
SEC , 26, T. 46 "R. 99 W. 

The bed is 30 fee t thiek at this local ity , but only the lower 
6 feeL is mined 
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an average assortment of the varieties found in the 
conglomerate zones near the base of the Fort Union 
forination. On the other hand, granite pebbles, 
which are COll1mOll in the southern quadrangles, were 
not noted in this area .. 

The badlands of this quadrangle offer the best oppor
tunity in the entire region for the exall1ination of the 
distribution and relations of the beds of red and varie- . 
gated clay. These beels are rarely III ore than 8 feet 
thick and commonly are only 3 or 4 feet; they are 
interbedded with beds of fine to coarse sa;nd and light 
colored clay of"about the same thickness. No definite 
succession of beds is inyariably present; the most 
COllll11on is (1) gray or buff sand or sandstone, (2) red 
clay or sandy clay, (3) gi'ay or greenish clay or sandy 
cln,y. Fronl this it would appear that the red ~lay 
was genernlly laid down first after a l~yer of coarser 
material. There is good evidence that beds of red 
clay were being deposited in sec. 1, T. 50 N., R. 100 
W., at the saIne time that beds of coarse sand and 
conglO1nerate were being laid down in sec. 5, T. 50 N., 
R. 99 W. It is thus apparent that the color is related 
to local conditions of deposition anq. is not inherent in 
the 111aterial that was being supplied. 

In the parts of the region where the beds of red 
day are most abundant and displayed to the best 
~dvantage, in Tps. 51 and 52 N., R. 99 W., they can 
be traced with assurance for several Iniles at least, 
but no satisffwtory idea of the shape of the lenses 
has been obtained. Their extent appears to C01:
respond with that of the gray and greenish clay that 
oyerlies them. The beds of finer sedinlent have a 
wider extent than the coatser. 

In the NE. ~. SE. ~ sec. 8, T. 52 N., R. 99 W., a 
sandstone dike crops out in a badland' area (PI. XX, 0). 
1'he dike is fr0111 1 to 3 feet wide and stands fr0111 2 to 
4 feet aboye the adjacent surface, and the outcrop 
is continuous for 100 feet. The dike appears to be 
vertical and trends N. 45° W. Examination of the 
hand specinlens and of a thin section under the 
microscope shows that it is Inade up of grains of 
quartz, orthoclase (microperthitic), and a little 
chloritized biotite. The grains are sub angular to 
angular and are exceptionally unifornl in size, ranging 
fr01l1 0.1 to 0.2 millimeter in diameter. The cenlenting 
material is calcite. 

The unifornlity in the size of grain and the general 
resmnblance to sediment that ll1akes up some of the 
Wasatch beds indicate that the dike consists of 
material frolll a deeper bed that has been forced 
upward into a fissure, possibly at the time of sOlne 
e~rth disturbance that took place shortly after the 
beds were laid down. If the material that forms 
the dike had fallen fr01n the surface into an open 
fissure, it would probably contain a mix.ture of coarse 
and fine seclilnents. . 

Meeteetse q1.wdrangZe.-Wasatch beds are found in 
two parts of the Meeteetse quadrangle: The largest 
area lies in the northeast corner and is continuous 
with the large area in the Oregon Basin quadrangle. 
In addition, there is a group of three separate s111all 
areas on the crests of seyeral hills at the head of 
Iron Creek, near the. southwest corner. Still farther 
southwest, in T. 46 N., R. 101 W., the beds underlie 
a large area adjacmit to the 11lountains. The ex
posures of the beds are generally fair, and there are 
numerous localities along the steep bluffs east of 
Greybull River where they Illay be Ineasured in 
detail. (See PI. XVIII.) 

There is no difficulty in tracing the unconformity 
at the base of the Wasatch ·beds fr01n the region east 
of Sleeper's ranch southward along Greybull River 
and east to the Hole. in the Ground, although here 
and there its. exact position is obscure. A detailed 
section in sec. 18, T. 49 N., R. 99 W., has been prepared 
to show the change in the character o~ the beds in 
the transition from the underlying Fort Union to the
Wasatch formation (PI. XVIII). The unconformity 
is particularly well shown in sec. 12, T. 48 N., R. 1QO. 
W.,21 but it can be traced only with difficulty north-· 
ward fr0111 the Hole in the Ground down the west, 
side of the valley of Fiiteenmile Creek, as the dip 
and lithologic features of the upper part of the under-
lying Fort Union beds closely resmnble those of the 
Wasatch formation. In this area the position of. the 
surface of unconformity is inferred from its apparent 
slope farther south. 

The slllall areas of Wasatch beds at the head of 
Iron Creek throw light on the surface features of the 
region at the time the beds were deposited as well as. 
on the subsequent earth movelnents. Although these 
small areas occupy the crests of hills, there are other
hills near by that rise as high or higher but are niade
up of older beds, g~nerally resistant Mesaverde sand-
stone. The relations indicate that the Wasatch beds .. 
in these localities are renlnants of 11lateriallaid down 
in a river channel that followed a sinuous course
through low rounded hills. By constructing a profile
along this channel it has been found that the average· 
gradient along the part of the channel trending N. 
47° E. to sec. 8, T. 47 N., R. 100 W., a distance of 
6 Y2 Iniles, is 60 feet to the nlile. For the next stretch, 
trending N. 25° E. to sec. 11, T. 48 N., R. 100 W., 8.. 

distance of 6 ~ 11liles, the ayerage gradient is 25 feet 
to the lI1ile. Finally, for the third stretch, trending
N. 40° E. to sec. 29, T. 49 N., R. 99 Vol., a distance of 
4 miles, the average grH,dient i~ 175 feet to the mile. 
The possibility of regional uplift or depression being
disregarded, it appears that the gradient of the· chan
nel within the second stretch has not been changed 

21 Fisher, C. A., Geology and water resources of the Bighorn Basin, Wyo.: U. S " 
GeQI. Surve~ Prof_ Paper 53, pI. 10, E, 1906. 
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since the beds were laid down, and further that the 
channel within the third stretch has possibly been 
locally inclined gently toward the northeast. The 
material in each of these remnants is essentially of the 
same character, consisting of sand and cQnglomerate, 
the pebbles of which attain a maximum diameter of 8 
inches (No.4, p. 42; Nos. ,5 and 6, p. 43). Some red 
and greenish clays are locally present above the basal 
conglomerate. 

Columnar sections 6 and 7, Plate XVIII, show the 
character, of the beds that make up the formation 
east o'f Greybull River. The exposed sections consist 
largely of zones of coarse sand and conglomerate, the 
thicknesses of which show a considerable range. 
Here, as in areas farther north, most of the pebbles 
are clearly the common assortment of the varieties 
found in the Fort Union formation. Not only do 
many pebbles still show the percussion marks produced 
when the Fort Union and' older beds were folded, but 
here and there pebbles may be found which by their 
form sho~ that they have been brpken, ,retransported, 
and laid down in their present locations.: Two assort
men ts of such pebbles are shown in Plate XIX. 

In addition to the common Fort Union varieties, 
pebbles of red granite and' cream-colored iimestone 
are rather common .. A collection, of limestone peb
bles from a zone about 100 feet above the base of the 
formation in the SEe 34' SW. 34 sec. 5, T. 49 N., 
R. 99 W., have been submitted to G. H. Girty, of the 
United States Geological Survey, for identification. 
He reports as follows: 

The limestone pebbles are fossiliferous, but the fossils are 
fewer and less satisfactory than those collected from the Fort 
Union beds. I find a Zaphrentis (Menophyllum'l); a Spirijer, 
apparently of the centronatus or rockymontanus type; and an 
abundance of small crinoid stems. From the character of the 
fossils and also of the rock which contains them, I think it 
probable that the mother rock was the Madison limestone 
(lower Mississippian) I but 'r would har~ny venture a definite 
statement from the evidence at hand. 

Grass Creek Basin quadrangZe.-Beds of the Wasatch 
formation are found in two parts of the Grass Creek 
Basin quadrangle. A small ,area lies in the northeast 
corner, and numerous small isolated areas lie along the 
western border. The northeastern area is not large 
and the exposures are very good (PI. XVI). The 
exposures along the western' border are generally poor, 
but those near the head of Wagonhound Creek are 
uncommonly good (PI. XX, A, B). 

The bed of conglomerate that is mapped as\lthe base 
of the formation in the northeastern area is a conspic
uous feature of the region all the way from the valley 
of Fifteenmile Creek to Blue Ridge, which is 12 miles 
farther southeast.' Although the observations of strike 
and dip on this bed of conglomerate correspond closely 
with those made on the underlying Fort Union beds, 
the significance of the conglomerate is showI1 by the 

two facts that it contains reworked Fort Union pebble:3 
(PI. XIX) and that it may be traced into an area where 
it is unconformable on the Fort Union beds. The 
maximum thickness of Wasatch beds in this locality is 
about 500 feet. 

The several detached remnants of Wasatch beds on 
the western border of the quadrangle have generally 
similar lithologic featur.es and . .rest unconform~bly 
on the underlying formations, w4ich rang€ fF0m -'the 
Mesaverde to the Fort Union. The surface on which 
the beds were laid down is almost a plane and nearly 
horizontal, although it is broken by two faults near 
the head of Little Prospect Creek. These faults limit 
a long, narrow block that has been dropped about 360 
feet with respect to the adjacent beds, at the west 
edge of the quadrangle. Along a cross section drawn 
due north near the west edge of the quadrangle the 
altitude of the surface of unconformity decreases from 
6,000 feet near Cottonwood Creek to 5,900 feet, then 
rises uniformly to nearly 6,800 feet in a distance of 7 
miles, and then decreases in 3 miles more to 6,600 
feet. In the small areas where con touts may be drawn 
upon this surface they trend generally northwest. 
Along a cross section drawn N. 53° E. across Grass 
Creek Bas41 the surface is fust inclined gently north
east and then dips more steeply near the trough of the 
Grass Creek syncline. If the surface is projected 
across Gr~ss Creek Basin, there are several parts of 
the high ridge northeast of the basin that rise above it 
before, near Gooseberry Creek, it again dips steeply 
at about 8°. 

In the western border region where the surface of 
unconformity is cut across rocks of the Meeteetse, 
Lance, and Fort Vnion formations it is nearly a plane, 
and the beds that project above the extension of this 
plane are generally the lower sandstones of the Mesa
verde formation. So far as there is any evidence, the 
depressions in this surface coincide c10sely with more 
pronounced troughs in the older beds, such as the 
Cottonwood and West no synclines. 

The upper limit of the Wasatch beds in this quad
rangle is the lowest bed of the great mass of volcanic 
tuff that covers a large area on the west side of the 
Big Horn Basin. Where the exposures are good the 
surface between the Wasatch sediments and the tuffs 
is readily recognizable. 

The beds that make up the Wasatch formation in 
this area are conglomerate, sandstone, and clay that 
show a wide range in color. Although the individual 
beds appear to be highly lenticular the thickness of 
the aggregate is rather uniform over the entire area. 
The minimum thickness of 107 feet is found in sec. 3, 
T. 44 N., R. 99 W., and from this point the thickness 
increases southwestward to 164 feet in sec. 16, T. 44 N., 
R. 99 W., and northward to 300 feet in sec. 16, T. 45 N., 
R. 99 W. lri other words, the formation is thinnest 
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where the altitude of the base is lowest and thickest 
where it is highest. 

The general lithologic features of the fornlation 
along the western border of the quadrangle are shown 
in sections 7, 8, and 9, Plate XVIII. The basal bed 
is cOllllllonly a conglonlerate several feet thick, in 
which the largest pebbles rarely exceed 3 inches in 
diameter. Here and there conglomerate is present 
higher in the section. In some places, as in sec. 10, 
T. 44 N., R. 99 W., the basal bed is carbonaceous 
shale with thin lenses of coal. Farther north, in secs. 
16 and 21, T. 45 N., R. 99 W., the basal bed is a pale
reddish sandstone that is more highly indurated than 
those commonly met in the Wasatch formation. In 
that area conglomerate is sparingly present. On the 
other hand, one or more beds of red sandy clay that 
rarely exceed 10 feet in thickness are present at 
almost every locality. 

No fossils have been found in any of the exposures 
along the western border of the quadrangle. 

qUATERNARY SYSTEM 

TERRACE DEPOSITS 

Terraces of four ages occur in these quadrangles. 
They are described on pages 5-7. The deposits on 
tho youngest or Greybull terrace are considered to be 
of late Pleistocene age, those on the Sunshine terrace 
early Pleistocene, those on Meeteetse Rim Miocene or 
Pliocene, and those on the oldest or Cottonwood ter
race possibly Miocene. The deposits on Meeteetse 
Rilll are correlated by Alden with the Flaxville gravel 
of Montana, which is either late Miocene or early 
Pliocene. 

ALLUVIUM 

Valley and flood-plain deposits of sand and gravel 
of Pleistocene and Recent age occu·r along the streams 
of these quadrangles. 

VOLCANIC ROCKS 

Oregon Basin quadrangle.-There are no volcanic 
rocks !n place in the Oregon Basin quadrangle. In 
the SW. ~ NE. ~ sec. 9, T. 50 N., R. 101 W., scarcely 
500 feet west of the west border of the quadrangle, 
a flat-topped hill that rises to an altitude of 6,890 feet 
is capped by a sheet of augite andesite. The exposures 
are not good enough to determine its thickness ac
curately, for except here and there the surface is 
covered with soil and grass; the thickness is estimated 
at 20 feet. There are a sufficient number of bare 
surfaces, 6 by 6 feet, to warrant the assumption that 
this rock is in place. 

In hand specimens the rock is nearly black, and 
except for a few blades of striated feldspar and grains 
of augite it is very fine grained .. A thin section of 
the rock shows a few large crystals of labradorite 
feldspar, augite, and magnetite, which are embedded 
in a very fine grained groundmass composed of the 
SRUle minerals. No glass is present. 

The rock is undoubtedly the easternmost remnant 
of one of the surface flows which, with a great thick
ness of breccias, make up the Absaroka Mountains. 
Carter Mountain, 7 miles to the west, consists of such 
flows and breccias. In this locality no layer of 
Wasatch sediments underlies the volcanic material, 
which rests on beds of the Lance formation. 

Meeteetse quadrangle.-No volcanic rocks crop out 
in the Meeteetse qu~drangle, but in the SE. ~ sec. 
33 and the SW. ~ sec. 34, T. 47 N., R. 100 W., 
about half a mile south of the south border, fine
grained light-colored tuffs overlie the Wasatch beds 
that fill an ancient river channel. These tuffs were 
the source of a collection of fossil plants (No. 6371) 
described on page 41. • 

Grass Creek Basin quadrangle.-Along the western 
border of the Grass Creek Basin quadrangle there are 
four small areas and one large area within which vol
canic tuff conformably overlies the" border Wasatch" 
beds. 

The largest area lies in secs. 4, 9, 10, and 16, T. 44 
N., R. 99 W., where a total thickness of 600 feet of 
tuff is locally present. A typical example of the 
relations of the' volcanic material to the "border 
Wasatch" beds is shown in section 9, Plate XVIII. 
PracticaJly throughout this area the" border Wasatch" 
beds contain paper-thin brown shale that weathers 
white. The first layer of tuff is commonly pale green
ish gray and also very thin bedded. Within 20 to 50 
feet above the base the tuff is coarser and of brown 
color. Although in a broad sense the bedding tren.ds 
west and dips gently north, in detail the material is 
highly cross-bedded. The highest hill in the area, in 
the SE. ~ sec. 9, T. 44 N., R. 99 W., is made up 
of highly cross-bedded brown tuff, the individual frag
ments of which rarely exceed a quarter of an inch in 
diameter and are commonly rounded. So far as the 
bedding can be interpreted it appears that suc
cessively higher beds dip more steeply until the maxi
mum of 35 0 is reached. The strike of the layers of 
tuff in this hill and the hills half a mile to the west is 
roughly parallel to an arc of which the center appears 
to be near Crater Sink, in sec. 16, T. 44 N., R. 99 W. 

Crater Sink is a flat circular area about 250 feet 
in diameter which lies about 10 feet lower than the 
adjacent surface. In wet weather it is covered with 
water, but in dry weather the ground is soft and 
porous and supports much more grass than the sur
rounding hills. Unlike many small intermittent lakes 
in the region, which are caused by local damnling 
along drainage lines, it does not contain any alkali 
effiorescence. The surface features of the sink, con
sidered with the tuff, suggest that it was once the 
throat of a cinder cone, the source of a part of the 
near-by tuff, and that the top of the cone has been 
blown away by an explosion. 

The mass of tuff in sec. 9, T. 45~iN., R. 99 W., 
presents somewhat different features. The basal tuff 
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rests conformably on the underlying "border ,Wa
satch", :sandstone and green and red clay, Fine 
greenish tuff predominates near the base, but the 
successively higher nlaterial is coarser, so that 300 
to 400 feet above the base zones of well-rounded 
pebbles of dark-reddish and greenish andesite are 
present. The bedding is very irregular. Some layers 
of homogeneous tuff abou t 30 feet thick strike north
west and dip 20° SW., but in detail they are highly 
cross-bedded. Such layers are locally interrupted by 
vertical masses of homogeneous fine tuff which appear 
to be filled crevices. In general, the tuff in this 
locality is more highly indurated than that 'farther 

, south, and here and there irregular bodies of fine tuff 
are highly silicified. Although the mineralogy of the 
tuff has not been closely studied, there is reason for 
believing that it closely resembles that of 'the coarse 
pebbles and, therefore that the tuff is of andesitic 
character. 

EXAMINATION OF THE SEDIMENTS 

A number of specimens of the sedimentary rocks 
have been collected, disintegrated, sized, and exam-' 
ined under the microscope in the hope that the data 
thus obtained, taken in connection with those col
lected in the field, would throw additional iight on 
the character, source, and manner of deposition of 
the sediments. Early in the progress of the field 
work it became apparent that close laboratory study 
of several varieties of the sediments, such as benton
ite, might yield critical information concerning their 
origin, and it was planned to collect representative 
material. However, as the principal purpose of the 
work was to study the mineral resources of the region, 
and as the stratigraphic section is thick and contains 
many diverse rocks, only a relatively small number 
of specimens could be examined. 

Only 24 specimens' have been examined in detail, 
although many more were collected and have been 
useful for reference. Of the specimens examined, 7 
were bentonite, 10 sandstone, 1 sand, 1 clayey sand, 
2 sandy clay, and 3 Clay. The source of the speci
mens was as follows: Thermopolis shale, 4 bentonite; 
Frontier formation, 1 bentonite; Cody shale, 1 sand
stone; Mesaverde formation, 1 sandstone; Meeteetse 
formation, 1 sandstone, 1 sand, 1 clayey sand, 1 sandy 
clay, and 2 bentonite; Lance formation, 1 sandstone; 
Fort Union formation, 4 sandstone, 1 sandy clay, and 
i clay; Wasatch formation, 2 sandstone and 2 clay. 

Samples that ranged from half a pound to 2 pounds 
in weight were selected in the field. The samples for 
sizing and mineral determination commonly ranged 
from 10 to 20 grams; those of bentonite weighed only 

5 grams. After preliminary experiments to determine 
the best method, the samples were disintegrated, and 
the material in suspension was submitted to the labora
tory of the United States Bureau of Soils, for separa
tion into sizes. The method 22 provides for the 
separation of the grains coarser than 0.05 millimeter 
by settling for the appropriate period, and of the finer 
sizes by decanting. The silt is separated from the 
clay by centrifuging for a certain period and, after 
decanting the suspended silt, evaporating the excess 
water. The clay is also recovered by evaporating the 
excess water on a steam bath. The coarser sizes, free 
from silt and clay, are dried and sized. 

Most of the samples, especially the bentonites and 
clays, were disintegrated in a satisfactory manner, 
but several of the sandstones from the Meeteetse an(' 
Fort Union formations we~e disintegrated rathel 
imperfectly. The liquid used for disintegrating each 
sample is shown in the tables. 

The minerals present'in the several sizes of grains 
separated from each sample were determined by the 
immersion method. 23 A small portion of each siz e 
was placed in a drop of oil of known index of refraction, 
covered with a thin ,cover glass, and examined under 
the petrographic microscope. The purpose of the 
examination ,was to determine the kind, shape, and 
proportion of the minerals that made up a l~rge part 
of the total, and not to mH,ke the special effort com
monly necessary to determine accurately the uncom
mon or minor minerals that might be present. The 
list of minerals for each size is therefore snlaller than is 
frequently reported in such 'examinations. The esti
mates of the proportion of each nlineral present were 
made by counting the number of grains first in one 
and, then in another field of vision. By repeated trials 
it was found that the proportions of the most abundant 
minerals rarely deviated more than 25 per cent from 
those indicated by the first count. The attempt to 
estimate the composition of the silt was not satisfac
tory, as although the minerals present could be deter
mined, it was a laborious operation to estimate their 
proportions. The clay portions were not examined' 
under the microscope. ' 

The results of this work throw considerable light 
on the nature of the bentonite and indicate the source 
of a part of the sediments that make up several 
formations. These results are presented elsewhere 
in this report in statements concerning bentonite and 
the mineralogic features of the several formations and 
are summarized in the following tables: 

22 Briggs, L. J., Martin, F. 0., and Pearce, J. R., The centrifugal method of 
mechanical soil analysis: U. S. Dept. Agr. Bur. Soils Bull. 24, 1904. 

23 McCaughey, W. J., and Fry, W. H., Microscopic determination of soil· forming 
minerals: U. S. Dept. Agr. Bur. Soils Bull. 91, pp. 43-45,1913. 



Mineralogic analyses of bentonite /romShoshone River section 

[Disintegrated in water] 

Thermopolis shale Frontier fortification 

Range in size 1. 4-inch bed 5'1:1 feet above base 2. 4-inch bed 5'1:1 feet above base 13. Base of 4-foot bed 575 feet above base 4. Top of 4-foot bed 575 feet above base I 5. 8-foot bed 401 feet above base 

Per I . Per . I Per t . I Per I cent MaterIal cent MaterIa cent 1\1a erIa cent I Material Per 
cent Material 

Fine gravel (1 to 2 
mm.). 

Coarse sand (0.5 
to 1 mm.). 

1- 1-_- I-I 
::::: :!:::::::: -:::::::::: -: --::::::: -:: :: -::: : -::::::::::::::::-:::::::::::: -:: :::::: :::::: --: -:::::::::::::: :::::::::: :::::: I:::::::::::::: ::::::::::: :::::::: ,:::::,::::::::::::: -:::: ::::::: --:::::: 

, I . 
Medium sand 

(0.25toO.5mm.). 

Fine sand (0.1 to 
0.25mm.). 

O. 2j Bi9tite, fresb ____ ~ ___________ 5 
Orthoclase, angular _ _ _ _ _ _ _ _ _ 40 

I Albite, angular ______________ 10 
Quartz, angular _____________ 45 

9.1 1 Biotite, plates_______________ 5 
Orthoclase, angular _________ 40 
Albite, angular~ _____________ 40 
Quartz, angular. ____________ 15 

0.2 I Not determined _________________ I ______ I ________________________________ _ 

&1 I Notdet .. m;n'd ________________ _ 1.5 Biotite, plates _____ -________ 20 
Ortboclase, angular. _ __ _ _ _ _ _ 25 
Andesine, angular. __________ 3S 
Quartz, angular _____________ 5 
Glass, angular_______________ 2 
Clayaggregates _____________ 10 

Very fine sand 1 11. 2 
(0.05toO.lmm.). 

Biotite, plates_______________ 2 I 11. 9 I Not determined ________________ _ 7_ 5 1 Biotite, plates ______________ 10 
Orthoclase, angular. ________ 35 
Albite, angular ______________ 60 
Quartz, angular _____________ 3 
Apatite, crystals ____________ Tr. 

Orthoclase, angular _________ 35 
Andesine, angular. __________ 20 
Quartz, angulaL____________ 2 
Glass, angular _______________ S 
Clay aggregates ____________ 25 

------1- ---------------------------------,- -----

0_ 6 1 Biotite, plates _______________ 20 I 3.6 
Ortboclase, angular _________ 15 
Andesine, angular _ _ _ _ __ __ _ _ _ 5 
Quartz, angular _____________ 30 

Biotite, plates _______________ Tr. 
Ortboclase, angular. _ _ _ __ _ _ _ 60 
Andesine, angular ___________ 37 
Quartz, angular. _ _ _ __ _ __ _ _ _ _ ? 

Glass, angular _______ . _______ Tr. Opal, angular _______________ 3 
Clay aggregates _____________ 30 Glass _ _ _ ____ __ _ _ _ __ __ __ ___ __ ? 

4.7 Biotite, plates _______________ 5 4.0 I Biotite, plates _______________ Tr. 
Orthoclase, anguJar. ________ 10 
Andesine, angular ___________ 5 
Quartz, -angular _____________ 20 
Glass, angular _______________ 10 
Clay aggregates _____________ 50 

Ortboclase, angular. _ _ __ _ _ _ _ 50 
Andesine, angular _ __ _ _ __ _ _ _ _ 45 
Quartz, angular _____________ ? 
Opal, angular _______________ 5 

Silt (0.005 to 0.05 I 6.7 
mm.). 

Not determined ________________ _ 6.0 I Not determined ________________ .! 29.2 I.Biotite _________________________ .! 41. 7 Biotite, plates ________________ 10 12.2 Biotite
l 

plates_______________ 5 
Ortboc ase, angular _ _ _ _ _ _ _ _ _ 5 
Andesine, angular.__________ 5 
Opal, angular.______________ 5 I 

Clay (less than 172. S 
0.005 mm.). ! 

Ortboclase _____________________ _ 
Andesine ______________________ ~_ 
Quartz _________________________ _ 
Glass __________________________ _ 

Not determined _______________ J 73. sl Not detarmilled _______________ J 61. sl Not determined ________________ .! 53. 

Ortboclase, angular _ _ _ _ _ _ _ _ _ 10 
Andesine, angular.__________ 5 
Quartz, angular _____________ 15 
Glass, angular _______________ 60 Clayaggregates _____ • _______ SO 

1 __ - --- -- --- -- -- -- -- - -- --- -- - --- -- -I SO. 2 1- ---- -- -- - ---- --- - -- ----- --- ------
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Mineralogic analyses of sed~:ments from Oregon Basin and Meeteetse quadrangles and vicinity 

Cody shale, Oregon Basin quadrangle Mesaverde formation, Oregon Basin 
quadrangle Meeteetse formation, Oregon Basin quadrangle 

Range in size 
6. Sandstone, 1,500 feet. above base, 1 7. Sandstone, 80 feet above base, 18. Sand, 250 feet above base, SE. % 19. Sandstone, 450 feet above base, 

SE. U sec. 3, T .. ,)0 N., R. 100 W. SW. U sec. 34, T. 51 N., R.IOl W. . . NW. U sec. 23, T. 51 N., R. 100 W. 
Disintegrated in cold dilute acid; Disintegrated in cold dilute acid; sec. 11, ~. 50 N., R. 100 W. DISlD' Disintegrated by boiling in caustic 
cement, calcite cement, largely calcite tegrated lD water potash solution; imperfect separation 

Per 
cent Material Per 

cent Material Per 
cent Material Per 

cent Material 

10. Bentonite, 450 feet above base, 
NW. U sec. 23, T. 51 N., R. 100 W. 
Disintegrated in water 

Per 
cent Material 

Fine gravel 1-21------1--------------------------
mm.). 

0.17 Aggregate of smaller grains ___ -- _1 ___ -- _1 ___ -- __ -_ -- ___ -- _____ -- -_ -- __ -- ---1.0.43 Aggregate of smaller grains_ -- ___ 1 ______ 1 __ - --- --- - ----_ - ____ - -- - - - - - ---- --

Coarse sand (0.5 i O. 97 
to 1 mm.). I 

Medium sand 1. 07 
(0.25 to 0.5 
mm.). I 

Fine sand (0.1 to 173. 13 
0.25mm.). 

Very fine sand 120. 88 
(0.05 to 0.1 
mm.). 

Silt (0.005 to 0.05 1 3.95 
mm.). 

Aggregate of smaller grains ______ , 1. 97 

Aggregate of smaller grains _____ -' 1. 83 

I Quartz, angulaL ____________ 85 ,72.14 
Orthoclase, subangular._ _ _ _ _ 4 
Plagioclase __________________ 1 
Clay aggregate ______________ 10 

Quartz, angular. ____________ 90 115.66 
Orthoclase, angular. _ _ _____ _ 2 
Plagioclase, angular. ________ Tr. 
Clayaggregates _____________ 8 

Not determined __ . _____________ .1 8.23 

Aggregate of smaller grains_. ___ .! 0.1 Quartz, subangular ___ · _______ 60 I 7.09 
Chert, aggregate ____________ 40 

Aggregate of smaller grains ____ .. 0.21 Biotite _______________________ 70 
Clay aggregates ______________ 30 

Bioti.te _____________________ Tr. 

Quartz, subangular. ________ 40 I .6 
Chert, subangular. __________ 60 

Quartz, subangular _________ 60 , 6.86 
Chert, subangulac __________ 39 
Orthoclase, angular __________ 1 

Quartz subangulac _________ 60 
Chert, subangular ___________ 35 
Undetermined_ _ ______ ___ __ _ 5 

.2 I Biotite _______________________ 90 
Clayaggregates ______________ 10 
Andesine, angular ___________ Tr. 

Quartz, subangular. _________ 70 I 77. 5 
Chert., subangulac __________ 28 
Orthoclase, subangulaL_____ 1 
Undetermined _ _ ___________ _ 1 

Quartz, subangulaL ________ 60 162. 07 
Chert, subangular ___________ 35 
Orthoclase, angular _ _ _ _____ _ 3 
Plagioclase, angular ________ Tr. 

Quartz, subangular __________ 65 
Chert, round ________________ 15 
Orthoclase, subangular ______ 10 
Plagioclase, angular. ________ 5 

4.2 I Biotite __________________ - ____ 85 
Clayaggregates ______________ 5 
Andesine angular ____________ 10 

Biotite _____________________ Tr. Biotite _____________________ Tr. 
Undetermined _ _ ___________ _ 2 Undetermined ______________ 5 

Quartz, angular _____________ 65 
Chert, subangular ___________ 30 
Orthoclase, angular _ _ _ _ _ _ _ _ _ 4 
Undetermined ______________ 1 

9.9 I Quartz, subangular __________ 50 I 9.73 
Chert, subangulaL __________ 37 
Orthoclase, subangulac _____ 8 
Plagioclase, angular _________ 1 

Quartz, angular _____________ 70 
Chert, round ________________ 10 
Orthoclase, subangular ______ 10 
Plagioclase, subangular______ 5 

1.7 Biotite _______________________ 50 
Andesine, angular ____________ 50 
Orthoclase, angular _________ Tr. 
Zircon, crystals ______________ Tr. 

Biotite_ _ _ _ _ ________ _ _ _ __ _ _ _ _ 3 Biotite___ _______ _____ _ ___ _ __ 1 
Undetermined_ _ ___________ _ 1· Undetermined ______________ 4 

Quartz_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 60 
Clay, etc ____________________ 40 

Quartz __________________________ 113.82 
Biotite _________________________ _ 4.1 Quartz, feldspar, biotite .. ____ 30 

Clay, etc ____________________ 70 
6.4 I Biotite _______________________ 50 

Andesine, angular ____________ 50 
Glass ________________________ Tr. 

Clay (less than 1 _____ .1 Included with silL _____________ , _____ .! Included with silL ____________ _ 7.8 I Not determined ________________ .! ______ , Included with silL ____________ .! 87.3 1 Not determined. 
0.005 mm.). 
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I 
Meeteetse formation, Meeteetse quadrangle ! Lance formation, Meeteetse quadmngle 

13. ,.and), clay. ". roo., above "'W'\ s w. l{ , ... 20, T. '" " .• R. 99 ". Range in size N~: ~~ sec. lO!T. 48 N., R. 100 '1 Disintegrated in dilute acid' cement 
DlSmtegrated m water calcite " 

11. Clayey sand, 760 feet above base, \ 12 Bentonite 800 feet above base, 
NE. U Sec. 10, T. 48 ~., R. l00~. NE. U soo.'lO, T. 48 N., R.lOOW. 
Disintegrated slowly m ammoma Disintegrated in water 
and water 

Fine gravel (1-2 
mm.). 

Coarse sand (0.5-
1mm.). 

Medium sand 
(0.25-0.5 mm.). 

Per 
cent 

Fine sand (0.1- i 4.7 
_ O.25mm.). 

Very fine sand \ 42.6 
(0.05-0.1 mm.). 

Silt (0.005-0.05 I 38. 1 
mm.). 

Material Per 
cent 

Quartz, subangular __________ 50 \ 4.1 
Orthoclase, subangular ______ 27 
Plagioclase __________________ Tr. 
Biotite, plates _______________ 3 
CherL ___________________ ; __ 20 I 
Quartz, subangular __________ 45 I 7.2 
Orthoclase, angular_. ________ 15 
Andesine, angular ___________ 10 
Biotite, plates _______________ Tr. 
Zircon, crystals ______________ Tr. 
CherL ________ ~ _____________ 30 

Quartz _________________________ -' 10.4 
Orthoclase _____________________ _ 
Andesine _________________ -______ _ 
Biotite, plates ______________ . ___ _ 

Material !e~~ I Material I c~~~ I Material 

\----------------------------------\ 0.95 I 8~~~~~~~~~~~~============= ~ 
Orthoclase, angular _ _ _ _ _ _ _ _ _ 5 
Andesine, angular ___________ 3 
Muscovite, plaCtls___________ 2 

0.1 I Aggregates of smaller grains_ 100 15.70 I Quartz, subangular __________ 45 

Quartz, round _______________ 5 I .3 
Orthoclase, angular. _________ Tr. 
Andesine, angular ___________ 50 
Biotite, plates _______________ 40 
Zircon, crystals ______________ Tr. 

Quartz, round_______________ 5 I 19.9 
Orthoclase, angular __________ 3 
Andesine, angular ___________ 60 
Biotite, plates _______________ 30 
Apatite, crystals ____________ 2 
Zircon, crystals ___ . __________ Tr. 

Andesine, angular ___________ 75 I 58.9 
Biotite, plates _______________ 20 
Apatite, crystals ____________ 3 
Zircon, crystals______________ 2 

Quartz, round______________ 2 i79.65 
Orthoclase, subangular.____ 3 
Biotite, plates______________ 1 
Iron concretions__ _ _ _ _ _ _ _ _ _ _ 94 

Quartz, sllbanglllar _________ 50 I 6.32 
Orthoclase, angular.________ 5 
Andesine, angular __________ 20 
Biotite, plates______________ 5 
Chert____ __ _ _ __ _ _ _ __ ___ _ __ _ 20 
Apatite, crystals ___________ Tr_ 

Quartz, angular ____________ 50 I 7.38 
Andesine, angular. _________ 25 
Biotite, plates______________ 5 
Chert._ c __________________ ._ 20 

CherL ______________________ 50 
Microcline, angular __________ 5 
Chlorite, angular ____________ Tr. 

Quartz, subanglllar __________ 45 
Chert _______________________ 50 
Microcline, anglllar. ________ 5 
Chlorite, angular ____________ Tr. 

Quartz, subanguJar __________ 45 
Chert _______________________ 50 
Microcline, angular _ _ _ _ _ _ _ _ _ 5 
Andesine, angular ________ . __ Tr_ 
Chlorite, angular_. __________ Tr. 

Quartz, etc __________________ 30 
Clay _________________________ 70 

Fort Union formation, Oregon Basin 
quadrangle 

15. Sandstone, 600 feet above base, 
NE. U Sec. 24, T. 50 N., R. 100 W. 
Disintegrated in dilute acid; cement, 
calcite 

Per 
cent Material 

0.58 I Aggregates of smaller grains. 

.871 Quartz,subangular _________ 70 
Quartz, aggregates __________ 30 
Orthoclase, subangular _____ Tr. 

70.73 Quartz, subangular _________ 8,') 
Chert. _____________________ 10 
Orthoclase, subangular_____ 5 

22.66 Quartz, subangular _________ 85 
Chert ______________________ 10 
Orthoclase, subangular _____ 5 

5.13 Quartz, etc _________________ -5 
Clay ____________________ . __ 95 

Clay (less than I 14.6 I Not determined ________________ -' 78.3 I Not determined _________________ 1 20.8 I Not determined _________________ L __ ~ _ _' Included with silL ____________ -'. ______ -' Included with silt. 
0.005). 
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Mineralogic analyses of sediments from, Oregon Basin and Meeteetse quadrangles and vicinity-Continue~ 

Range in size 

16. Olive brown sandy clay, 940 feet 
above base. Disintegrated in 
water and ammonia; very im
perfect separation 

Per Material cent 

::::::: (:1: I--:~- -A::::~~:~~~:~:~~:::--::-
1 mm.). Muscovite_________________ 2 

Biotite_____________________ 3 

Medium sand 1 
(0.25-0.5 mm.). . 51 ~~~~!fi:_O!~_~~!~~~~~~~~~~ 

Biotite ________________ - ____ 
9g I 
3 

Fine sand (0.1-110.31 Quartz, subangular _________ 25 
0.25 mm.). CherL _____________________ 20 

Orthoclase, subangular_____ 3 
Plagioclase, subangulaL____ 5 
Biotite_____________________ 2 
Green aggregates'~ _________ 45 

Very fine sand 133.51 Quartz, subangular _________ 70 
(0.05-0.1 mm.). ,Chert ______________________ 10 

Orthoclase, subangular _____ Tr. 
Plagioclase, subangular_____ 5 
Biotite _____________________ Tr. 
Hornblende, subangular. ___ Tr. 
Green aggregates_ _ _ _ _ _ _ _ _ _ _ 15 

Silt (0.005-0.05138.01 Quartz, etc _________________ 95 
mm.). Biotite _____________________ Tr. 

Hornblende ________________ Tr. 
Aggregates_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 

Clay (less than I 17.3 I Not determined __ ·.------ _______ 1 
0.OO5mm.). 

Fort Union formation, east of Mceteetse quadrangle (sec. 22, T. 48 N., R. 99 W.) 

17. Variegated red clay, 1,230 feet 
above base. Disintegrated in 
water and ammonia, then acid; 
some carbonate present 

18. Sandstone, 1,325 feet above base. 

Per Material I Per cent cent 

0.9 Aggregates of smaller grains_ 100 I o. 11 

7.4 Aggregates of smaller grains_ 100 I 4. 53 
Muscovite _________________ Tr. 

5. 0 IIU~~~!fi:_O!~~~!~~~~~~~~~= ~~~ 110.55 

Disintegrated in water, then 
strclTIg acid; some carbonate 
present 

Material 

Aggregates of smaller grains_ 50 
Muscovite_ _ ___________ ____ 50 

Quartz, subungular_________ 50 
Chert ______________________ 45 
Microcline, subangular_____ 5 
Plagioclase, subangular __ . __ Tr. 
Opal, rouneL _______________ Tr. 

Quartz, sllbangulaL ________ 50 
CherL _____________________ 30 
Microcline, subangular_____ 15 
PlagioClase, subangulaL ____ Tr. 
Opal, round________________ 5 
Muscovite _________________ Tr. 

19. Olive brown sand~t9ne, 1,705 fe~t \20. White sandstone, 1,860 ~eet a~ove 
above base. Dlsmtegrated ill base. Disintegrated III dllute 
dilute potassium hydrate sohf- acid; some carbonate present 
tion; no carbonate present 

Per 
cent Material 

0.31 Chertaggregates ___________ 100 I 

8.21 Quartz, round ______________ 70 Chert. _____________________ 20 
Microcline, angular. _______ 10 

]7.8 J Quartz, round ______________ 70 I Chert. _____________________ 15 
Microcline, subungular _____ 10 
Igneous rock 1. _____________ 5 

Per 
cent Material 

8.9 I Chertaggregatcs ___________ ~ 
Quartz, rOlillo _______________ 

10.9 Quartz, subangular __ ~ _______ 
Chert _______________________ 
Aggregates of smaller grains __ 

8.1 Quartz, subangular __________ 
Chert _______________________ 

75 
25 

40 
50 
10 

70 
30 

Quartz, round ______________ 80 I 40.8 
Chert. ______ ___ _ ___ _____ ___ 10 17.0 I ~!~!~~!fi:_O_f_S~~!~~~~~~~~~= ~~~ \66.60 1 8~~~r~~~~_~~~~~I_~r __ ~~~===== gg I 57.5 

Quartz, subangular __________ 85 
Chert. __ ____ ______ ____ __ _ _ __ lO 

6.9 I Aggregates of smaller grains_ 98 IlO.42 
Quartz______________ ____ ___ 2 
Orthoclase _________________ Tr. 

Microcline, subanguIaL ____ 15 
Plagioclase, subangulaL ____ Tr. 
Opal, round _____ ·___________ 5 
Muscovite _________________ Tr. 

Quartz, subangulaL________ 50 
Chert. __________ _ ___ ____ _ __ 25 
Microcline, subangular __ _ _ _ 15 
Plagioclase, subangulaL____ 5 OpaL ______________________ Tr. 
Garnet _______________ ~_____ 5 

35.1 I Quartz, angular. ___________ 4017.791 Quartz, etc _________________ 20 
Aggregates of smaller grains_ 60 Clay _______________________ 80 

Microcline, subangular_____ 5 
Igneous rock, subangular___ 5 
Zircon, crystals _____________ Tr. 

6.51 Quartz, subangular _________ 85 
Chert ______________________ Tr. 
Microcline, angular. _______ ]0 
Igneous.rock, angular._____ 5 
Zircon ______________________ Tr. 

17.9 

Microcline, angular.________ 4 
Plagioclase, angUlar. _ _ _ _ _ _ _ _ 1 

Quartz, subangular__________ 85 
Chert. __ ________ _ _ ______ ___ _ fO 
Microcline, angular.________ 5 
Plagioclase, angular _________ Tr. 
Zircon, crystaL _____________ Tr. 

9.71 Quartz, etc _________________ 10 113.41 Quartz, etc __________________ 20 
Clay _______________________ 90 Clay ________________________ 80 

27.71 Not determined ________________ .! _____ .! Included with silL _____________ .! _____ .! Included with silt ______________ .! ______ 1 Included with silt. 
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Range in size 

Wasatcb formation, Oregon Basin quadrangle 

21. Sandstone, 810 feet above base, 122. Sandstone, 480 feet above base, 
SE. ~ sec. 14, T. 51 N., R. 100 W. NW. ~ sec. 1, T. 50 N., R. 100 W. 
Disintegrat~d in dilute acid; cement, Disintegrated in dilute acid; cement, 
calcite calcite 

Per I 
cent I 

Material Per 
cent Material 

23. Red clay, 250 feet above base, , 24. Greenisb clay, 260 feet above base, 
NW. ~ sec. 19, T. 50 N., R. 99 W.' NW. ~ sec. 19, T. 50 N., R. 99. W. 
Disintegrated in dilute ammonia Disintegrated in dilute ammonia 
water " water 

I 
Per I 
cent I 

Material Per 
cent Material 

i 1--1 --1-------------
Fine gravel (1 to 2 mm.} _________________________________ --' 0.85 I Cbert, round ______________ _ 

1 

Quartz, angular ___________ _ 

-1-
9J ---- 0.1 Clay concretioDS ____________ 70 

Manganese oxide____________ 30 
Microcline, angular _______ _ 

5 
5 

Coarse sand (0.5 to 1 mm.) _________________________________ 138.87 Chert, subangulaL ________ _ 40 I 0.3 
• I Quartz, subangulaL _______ _ 50 

M\crocline, subangular ____ _ 

Medium sand (0.25 to 0.5 mm.) __________________________ --'21. 691 Chert, subangular _________ _ 
Quartz, subangular ________ _ 
Microcline, subangular ____ _ 

10 

51 .5 
75 
20 

Fine sand (0.1 to 0.25 mm.) ________________________________ J25. 221 Chert, subangular__________ 10 120.5 
I Quartz, subangulac________ 75 

Microcline, subangular_____ 15 
Garnet _____________________ Tr. 

Very fine sand (0.05 to 0.1 mm.} ___________ " 3.481 Chert,subangular __________ 10 131.8 
Quartz, subangular _________ 65 
Microcline, subangulac____ 25 

Quartz, subangular _________ 100 
ChaTcedony,subangular ____ Tr. 
Biotite. ____________________ Tr. 

Aggregates of smaller graiDS_ 70 
Quartz, subangular_________ 25 
Chert_ _ ___ _ __ _ _ _ __ _ ___ _ _ __ _ 3 
Microcline_ ___________ _____ 2 

Quartz, subangulaL________ 84 
Chert, subangular__________ 5 
Microcline, angular _ _ _ _ _ _ _ _ 10 
Plagioclase, angu~ar________ 1 

0.11 Clayconcretions ___________ 1001 .2 

I 
I 

.1 I Quartz, angular ____________ 10 
: Clay conoretioDS ___________ 90 

.2 

I 
I .81 Quartz,subangulaL ________ 48 

Chert, round _______________ 10 
Orthoclase, angulaL _ _ _ _ _ _ _ 2 
Plagioclase, angular ________ Tr. 

.9 

Clay ooncretions ___________ 40 

Quartz, angular ____________ 80 113.8 
Chert, subangular __________ ,15 

Quartz, angular ____________ 93 
Chert, round_______________ 5 
Orthol)lase, angulaL _ _ _ _ _ _ _ 1 

18.1 

Microcline, angular-_______ 5 I 
Plagioclase, angular ________ Tr. Plagioclase,angular-_______ 1 
Zircon, crjstals _________ " ___ Tr. 

Clay concretions __________ ~_ 60 
Manganese oxide___ _________ 40 

Clay concretioDS ____________ 55 
Biotite, platcs_______________ 5 
Manganese oxide____________ 40 

Quartz, angular _____________ 24 
Orthoclase, angular _________ 71 
Clay concretions____________ 0 
Manganese oxide____________ 5 

Quartz, subangular __________ 80 
Orthoclase, subangular______ 5 
Plagioclase, subangulaL _ _ _ _ 5 
Biotite______________________ 5 
Manganese oxide____________ 5 

Clay _______________________ 90 Microcli.qe, angular- _______ Tr. Orthoclase, angular- _______ 1 Orthoclase, angular __ _______ 2 
Silt (0.005 to 0.05 mm·} _____________________________________ 1 9.89 I Quartz, etc ___________ · ______ \0 45.9 Quartz, etc _________________ 40 33.0 Quartz, angular ------------ 99 48.0 I Quartz, angulaL____________ 95 

Clay, etc___________________ 60 Plagioclase__________________ 3 

Clay (less than 0.005 mm.}---------------"----------~-------l------I Included with silt _____________________ Included with silL _____________ 52.2 Not determined _________________ 32.51 Not determined. 
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The Thermopolis shale is made up of light and dark 
gray shale, fine sandstone, and bentonite. An exami
nation of the Shoshone River section, which is exposed 
in great detail, indicates that one-seventh of the entire 
thickness, 650 feet, is bentonite. The appearance of 
the Muddy sand whel1e it crops out on Shoshone River 
indicates that the sizes of grains resemble closely those 
of the sandstone in the Cody shale (No.6, p. 50), 
although the underlying sand contains a few chert 
pebbles as much as half an inch in diameter. 

No samples of sediments fron1 the Mowry shale have 
been examined in detail, but a typical specimen of 
gray laminated Mowry shale was crushed to a po,vder 
and examined under the nlicroscope. In addition to 
quartz the powder contains many grains of a vesicular 
amorphous material that is probably volcanic glass. 
From this test it would appear that the Mowry shale 
probably 'contains considerable volcanic glass., Two 
thick beds of bentonite in this formation crop out 
along Shoshone Riv.er, and each of the logs of wells 
farther south reports beds of the material. The sand
s~one of the Mowry resenlbles that collected in the 
Cody shale (No.6, p. 50). 
. Only one sample of 'bentonite from the Frontier 
formation has been exalnined in detail. The section 
exposed on the northeast flank of the Cottonwood 
anticline contains several beds of platy gray shale. 
which closely resembles the Mowry shale and un
doubtedly contains volcanic glass. Several of the 
sandstone beds of the Frontier contain coarser material 
than the sandstone of the Cody shale (No.6, p. 50) 
and appear to range from that to the coarsest Fort 
Union sand (No. 20, p. 52). Zones of chert gravel in 
which the pebbles attain a maximum diameter of 2 
inches are persistently present in the beds near the 
base. Quartz pebbles are conspicuously absent. 

Except for the identification of glauconite along 
Shoshone River the fine material of the Cody shale has 
not been closely examined. The sample of sandstone 
(N o. 6, p. 50) is typical of considerable material in 
the upper third of the formation throughout the region. 
In view of the abundance of chert gravel in the under
lying formations and the persistent presence of chert 
in the higher formations, it is surprising that none was 
found in this sample. By contrast with that in the 
bentonite of the lower formations, the orthoclase in 
the sample is much decomposed and iron stained. It 
was undoubtedly altered by weathering before depo
sition. 

The single sample of sandstone (No.7, p. 50) from 
the Mesaverde formation is probably typical in miner
alogy and size relations of a large part of the sandstones 
of the entire formation. Although the Mesaverde con
tains numerous thin zones of clay balls, the only coarser 
material is the thin zone of chert gravel locally present 
in the Oregon Basin quadrangle. Chert, which is 
absent in the sandstone of the Cody shale, IS an 

abundant constituent of the Mesaverde and is present 
in every salnple of the higher sandstones. The ortho
clase) like that in the Cody sandstone, shows decompo
sition. 

Of the six samples from the Meeteetse formation, 
two are bentonite and the other four appeal' to cover 
the range in sizes of the sediments that make up the 
formation. Chert is persistently present and is rather 
more abundant in the coarse than in the fine material. 
The sand portions contain much more orthoclase 
than those from lower and older sandstones, and it 
is generally more abundant in the finer sizes. A part 
of the orthoclase is fresh, and a part is slightly decom
posed. Plagioclase, which is lacking in the older 
formations except in the bentonite, is present in the 
sands. The persistent association of fresh orthoclase, 
plagioclase, biotite, and zircon in the sand portion of 
sandstones and clayey sands suggests that the sedi
ments are derived from two sources, one being the 
same as that which yielded the sandstone from the 
Cody shale and the other having the elements of 
bentonite and probably being volcanic in origin. 
The general lack of induration of the beds that make 
up the Meeteetse formation is probably due to the 
heterogeneous character of the sedilnents, for clean 
sandstone and shale Inake up a snlall part of the total 
thickness. . 

Although sandstone makes up a large part of the 
total thickness of the Lance formation, and the single 
sample examined appears to represent the average in 
sizes of grains, the mineralogy may not be representa
tive. It is of interest, however, in that microcline, 
which was not found in the older sediments, forms an 
appreciable part of the sand portions. Also, chert 
exceeds quartz in the sands, and chlorite, not accom
panied by biotite, is present. 

The six samples from the Fort Union formation 
more nearly cover the variety of the sediments than 
any other group. In contrast with the samples from 
the underlying sediments,. they were most difficult 
to disintegrate. Chert is persistently present but 
does not exceed quartz in any sample. Orthoclase is 
present in the sands, but in the samples taken from 
the upper half of the formation it is the microcline 
variety which is associated solely with granitic rocks. 
The evidence from the fine sediments agrees with that 
from the conglomerates, for granitic pebbles are 
almost unknown near the base of the Fort Union, 
are present in small quantity in the higher conglom
erates, and are common in the Wasatch formation. 
The green aggregates in one sample (No. 16, p. 52) 
appear t.o be small grains of quartz or chert cemented 
by a chloritic material. 

The sands of the Wasatch sediments contain con
siderable chert, which locally exceeds quartz, and 
show a rather high percentage of fresh angular micro
cline. The examination of the red and green clays 
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shows a curious difrerence that nlay aid in under
standing the sign ificH,nce of the color of the fine 
sediments of the formation. Neither specinlen was 
ensily disintegrated, n,nd in each sand portion there 
were Inany little hard composite grains or concre
tions. l'hose frOln the red clny were reddish iron 
oxide .with clay, wherens those from the green clay 
were black Inanganese oxide ahnost free frolll iron. 
No cOlnplete analyses that Inight show the amount 
and degt'ee of oxidation of the iron present are avail
able. COJnnlonly the difference in color of such clays 
is supposed to be due to the difference in the degree of 
oxidation of the iron present. Sinclair and Granger 24 
showed that although SOll1e red clays contain about 
1.5 pel' cent 1110re ferric oxide than some blue clays, 
both val'ieties contain froin 2.77 to 7.91 pel' cent of 
ferric oxide and less than 0.58 per cent of ferrous 
oxide. It seenlS probable that the nlanganese content 
should receive consideration, 'for it is known that in 
nlaking brick a clay that nornlally burns to a bright 
red call be burned to yellowish gray by adding a 
snlall proportion of 111anganese oxide. 

Before summarizing the results of the study of the 
sedill1ents, the purpose of the inquiry should be 
stated. The exanlination of a hU'ge region in south
central Montana, 100 to 200 miles northwest of the 
area under consideration, has shown the presence of 
a 111rgc body of volcanic 111aterial known as the 
Liyingston formation. Stone and Calvert 25 have 
shown that this for111ation is the local equivalent of 
the Claggett, Judith River, Bearpaw, Lennep, and 
Lance formations and the lower part of the Fort 
Union formation of central Montana. It is therefore 
roughly equivalent to beds that range fronl the lower 
part of the Mesavel'de to the lower part of the Fort 
Union in the Big Horn Basin. It was the purpose of 
this exanlination, therefore, to determine whether 
volcanic 111aterial is present in ~he section, and to 
gather any other information that might be disclosed 
concerning the source of the sediments and the 
conditions under which 111aterial was delivered to the 
strel1ll1s. 

1. The inquiry shows that bentonite, a volcanic 
product, is abundant in the Thermopolis, Mowry, 
}"'rontier, and !vfeeteetse forlnations, although it for111s. 
a sl1la11er part of the total thickness than the volcanic 
'l1laterials in south-central Montana. The first three 
fornlations are nluch older than the Livingston forma
tion. There can be no doubt that volcanoes were 
.active in a land area west of' the Big Horn Basin at 
-the tinle these beds were laid down. 

2. The results, considered with the record of com
position of the conglonlerates, indicate that in addition 
to volcanic nlaterial the coarser sediments that make 

21 Sinclair, W. J., and Grangor, Walter, Eocene and Oligocene oC tho Wind River 
lUnd :I3ig Horn bnslns: Am. Mus. Nat. Hist. Bull., vol. 30, pp. 114-117, 1911. 

U Stouo, n. W., and Cnlvort, W. n., Stratigraphic relntions oC the Livingston 
.iOl'l1l!ltiOll, Montnna: Ecoll. Geology, vol. 5, PI>. 551-557, 652-669, 741-764, 19LO. 

up the 'l'hermopolis, Mowry, Frontier, Cody, Mesa
verde, Meeteetse, Lance, and Fort Union (lower part) 
fornlations were derived from two sources-(a) areas 
of cherty lilnestones and probably quartzose sedi
ments; (b) areas of granitic rocks. During the entire' 
period of deposition of these formations climatic con
ditions appear to have favored the thorough weather
ing and decay of these rocks, for very little feldspar 
and no limestone reached the areas of deposition. 
The quantity of material and the sizes of grains 
varied from tinle to time, depending upon several 
factors other than climate. 

3. The deposition of the upper part of the Fort 
Union formation corresponded with distinct changes 
in the mineralogic character of the sediments. Much 
more feldspar from areas of granitic rocks and some 
fresh limestone reached the zones of deposition. If 
any volcanic material was added to the sediments of 

" this region during Fort Union and early Wasatch 
tinle, it has not been detected. 

BENTONITE 

Bentonite is a clay with some uncommon properties 
that has been recognized in several parts of Wyoming 
as well as adj acent States. A summary of its proper
ties' and mode of occurrence is given by Fisher,26 
and it has also been described by Siebenthal,27 
Wherry/8 the writer/9 and others. From existing rec
ords as well as the unpublished work of several mem
bers of the United States Geological Survey it appears 
highly probable that the material is rather wide
spread, especially in the Rocky Mountain region. 

Physical properties.-When freshly exposed pure 
bentonite is a white to pule-yellow clay practically 
free from grit. In color and texture it resembles the 
common grades of castile soap. It shows no stratifica.
tion but breaks with a conchoidal fracture. Every 
stage from the pure materi~tl to that which contains a 
large proportion of gritty constituents may be found 
near the pure beds. With exposure the pure material 
loses water and becomes lighter in color and harder, atld 
many cracks develop. Natural exposures by alternate 
wetting ·and drying present a curious scoria-like ap
pearance (PI. XIX, B), but when such surfaces are 
wet, the material becomes very plastic. 

Stratigraphicrelations.-Until recently it was thought 
that beds of bentonite were confined to the Benton 
shale, of the Cretaceous system, and its equivalents, 
but now it is known to occur at several horizons in the 

26 Fisher, C. A., Bentonite deposits in Wyoming: U. S. Geol. Survey Bull. 260,' 
pp. 559-563, 1905. 

27 Siebenthal, C. E., Bentonite oC the Laramie Basin: U. S. Geol. Survey Bull. 
285, pp. 445-447, 1906. Darton, N. H., and Siebenthal, C. Eo, Geology and mineral 
resources oC Laramie Basin, Wyo.; U. S. Geol. Survey Bull. 364, pp. 58-60, 1909. 

28 Wherry, Eo T., Clay derived Crom volcanic dust in the Pierre in South Dakota: 
Washington Acad. Sci. Jour., vol. 7, pp. 576-583, 1917. 

29 Hewett, D. F., Theorigin oC bentonite and the geologic range oCrelated materials 
in Big Horn Basin, Wyo.: Washington Aead. Sci. Jour., vol. 7, p. 196, 1917. Wherry, 
E. T., Clay derived Crom volcanic dust in the Pierre of South Dakota: Idem, PI> 

I 576-583 . 
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Cretaceous and Tertiary rocks of the Rock~y Mountain 
region and more widely as well. 

During the progress of this work on the west side 
of the Big Horn Basin beds of bentonite were recog-

, nized in. the Thernlopolis, Mowry, Frontier, and Mee
teetse formations and in the tuffs that overlie the 
"border Wasatch" near Cottonwood Creek (fig. 6). 
Although the largest number of beds have been found 
in the Thermopolis shale, 32 beds from thalt fonnation 
ranging from 1 inch to 5 feet in thickness being 
recorded on Shoshone River, the thickest beds occur 
in the Frontier formation. These formations, with the 
intervening Mowry shale, are roughly the equivalent 
of the Benton shale of the plains of Montana, Wyo
ming, and Colorado. Beds of bentonite a.s much as 
3 feet thick are also present in the Meeteetse forma
tion (fig. 6). Thus bentonite is found in beds of marine 
as well as continental origin. The persistence of the 
bentonite beds in this area is discussed on page 14. 

In detail, most of the beds of bentonite are sharply 
separable fronl the sediments that underlie them, 
whether they are sandstone or shale. The upper pa.rt 
of each bed of bentonite, on the other hand, shows a 
gradual transition to the overlying sediment (fig. 6). 
In order to determine the extent to which the beds 
are homogeneous, samples were taken from several 
parts of the outcrop of a thin bed (Nos. 1 and 2, p. 49) 
and from the bottom and top of a 4-foot bed (Nos. 3 
and 4, p. 49). The proportions of the several sizes 
of sand in the first pair of samples indicate that the 
thin bed is practically homogeneous, but even though 
the proportions in the second pair are slightly different, 
the difference is proba.bly too slight' to be significant. 

Minerals present.-:-The analyses in the table on 
page 49 show that a few Ininerals make up a large 
part of the, sand in be~tonite, but the ,proportions 
differ considerably between one sample and another 
and between the different sizes. Orthoclase, the 
potash feldspar, is commonly the most abundant 
mineral and is present as fresh angula,r fragnlents, 
here and there bounded by cleavage planes. Andesine, 
a soda-lime feldspar, is also abundant and is present 
as fresh angular gra.ins., Albite has been recognized 
in one sample. N either of the feldspar~ a'ppears to 
show the slightest trace of deconlposition. Biotite is 
als() characteristic, and the grains are canllllonly dark 
olive-green to brownish nl0dified hexagonal plates. 
A few grains show a border of discoloration that may 
indicate decomposition. Quartz is conlmonly present 
but generally in snlaller proportion than either of the 
feldspars. The grains are characteristically angular 
and free fronl gas inclusions. An amorphous clear 
glass is present in s~veral specimens of impure bento
nite but has not been definitely recognized in the purest 
material. The glass is colorless and vesicular, has an 
index of refraction of about 1.48, and is therefore 
rhyolitic or dacitic. Some grains partly inclose frag-

ments of feldspar; in others ,round vesicles are filled 
with an undetermined birefringent mineral. Zircon 
in nlinute perfectly terminated crystals is a constant 
accessory, and crystals of apatite are present in sonle 
specimens. Many of the sand portions of disinte
grated specinlens of bentonite contain rounded aggre
gates of clay particles. 

Conlparison of the coarse particles in bentonite 
with those of similar sizes in clays and sands fronl 
near-by beds, as shmvn in the tables on pages 49-53, 
as well as in many sediments from other regions, 
reveals striking differences. In marine sedimen ts 
plagioclase feldspars are' uncommon, and only rarely 
do the proportions of feldspar exceed those of quartz. 
Furthenllore, the feldspar grains from most such 
sediments show a decomposed border, whereas those 
from bentonite are quite clear and unaltered. These 
differenc'es must be accounted for in any satisfactory 
explanation of the origin of bentonite. 

AnaZyses.-Both Fisher and Siebenthal, as well as 
others, record analyses of bentonite from Wyoming. 
Several new analyses of bentonite, made in the chemi
cal laboratory of the United States Geological Survey, 
are presented in the accompanying table, as well as 
the range in the ingredients shown by previously 
published analyses of 11 samples of bentonite and 5 
samples of pumice. By contrast with many clays 
that possess similar physical properties the ratio of 
silica to alumina in bentonite is very high, but there 
is nothing uncommon among the other ingredients. 

A nalyses of bentonite and pumice 

I 
Bentonite Pumice 

-------1_3 1 2 4 5 6 

----
Si O

2
- _______ 65_ 63 54. 31 I 58. 25 66_ 5 56 .. 57 79.49 

Ah03-- - - - -- 13. 40 20. 22, 12. 63 24.7 11. 60 17.99 
Fe203 _____ - _ } 2_ 55 { 1: ~~ } 2_ 40 3.7 { .32 5.84 
FeO ________ .0 1. 99 
MgO _______ 2.17 .98 1.0 4.14 ' .0 .77 
CaO ________ .85 .94 .5 4.12 1. 63 5.11 
Na20 _____ -- .69 2.35 ------- ------- 3.09 4.74 
K 20 ___ ___ -- .27 .21 1 _______ 

------- 1. 52 4. 80 
H20+ --- _ -- }14. 33 {13. 18 ~} 5. 0 16.36 t-·-~~- 5.98 
H2O- ______ 5.46 I 

I 

1. Uppermost bed of Frontier formation, Shoshone River, Wyo. Sample No.5, 
p. 49, collected by D. F. Hewett. Analysis by United States Geological Survey. 

2. Bed in Graneros shale, sec. 30, T. 47 N., R. 63 W., Wyo. Collected by F. W. 
Mondell. Analysis by United States Geological Survey. 

3, 4. Minimum and maximum percentages of elements in 11 samples of bentonite, 
assembled by C. E. Siebentbal, U. S. Geol. Survey Bull. 285, p.446, 1906. 

5, 6. Minimum and maximum percentages of elements in 5 samples of pumice, 
assembled by H. S. Washington, U. S. Geol. Survey Prof. Paper 14,1903. 

Origin.-Any satisfactory explanation of the origin 
of bentonite should 'consistently account for the 
peculiarities in chemical and nlineralogic composition; 
stratigraphic relations, and regional distribution. The 
high ratio of silica to alumina suggests that it is derived 
from one 'or more substances with a similar composi
tion, such as the feldspars, zeolites, or highly siliceous 
glasses. Each of these except the zeolites is actually 
present. It seems strange, ho\vever, if the alteration 
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took place after the sediment was buried, that neither 
the feldspars nor the glass shows stages of alteration. 
Evidence from other regions indicates that glass 
fragments have survived, practically unaltered, from 
early Cretaceous and Tertiary time to the present. 
The persistent presence of fresh feldspar and absence 
of altered feldspar indicate that these minerals were 
not the source of bentonite. 

The sharp separation of the base of nearly all the 
beds of bentonite from the underlying material shows 
that they mark a distinct interruption in the deposi
tion of the normal clay and sand. The widespread 
occurrence of the beds in a thin zone of sediments near 
the base of the Cretaceous deposits indicates that the 
material was almost simultaneously delivered to the 
channels that supplied sediment to a large region. 

Without entering further at . this place into a discus
sion of the problem or of the earlier explanations that 
have been offered to account for the origin of the. 
bentonite the writer suggests the following as being 
most consistent with its composition and relations. 
Bentonite is doubtless in large measure the alteration 
product of a volcanic glass but in part may be derived 
from some mineral that was crystallized in the glass. 
The alteration probably took place soon after the 
explosions, when the vapors condensed and gathered 
mineral particles into drops and produced mud 
showers. Some mineral particles were blown beyond 
the region of condensing gases and r'emained fresh and 
unaltered. . The alteration of most of the material 
was probably completed when the beds were laid down 
and covered with overlying sediments.3o 

The identification of bentonite as an altered volcanic 
glass and its recognition in beds of the Colorado and 
Montana groups over a large area confirm the following 
statement by Pirsson: 31 

As petrographic studies are progre~sively made of the later 
bedded rocks of the region of the American Cordillera, it is 
certain that vast amounts of tuffaceous sediments will be found 
in them. 

The volcanoes that were the source of the glass 
which was altered to bentonite were probably situated 
in the region west of Wyoming, very likely in central 
Idaho. The presence of numerous beds of bentonite 
near the base of the Cretaceous section shows that 
volcanoes were active in the western United States 
much earlier than is commonly suspected. 

CORRELATION OF FORMATIONS 

It is one of the aims in the study of the stratified 
rocks of a region to determ~ne as far as possible the 
relations of the beds to those in near-by regions) 

30 Since the completion of the work upon which this interpretation was based· the 
writer's attention has been called to a similar suggestion by Prof. J. E. Todd (Con
dra, G. A., Geology and water resources of a portion of the Missouri River valley, in 
northeastern Nebraska: U. S. Geol. Survey Water-Supply Paper 215, p. 13, 1908). 

31 Pirsson, L. ·V., The microscopical characters of volcanic tuff: Am. Jour. ScL, 
4th ser., vol. 40, p. 204,1915. 

, , 

particularly to determine which beds In each region 
were deposited at the same time. Such determi
nations depend largely on the identification a!ld in
terpretation of the relations of the fossil plants or 
vertebrate and invertebrate animals that may be 
found in the beds. The studies are also aided by 
evidence of erosion or absence of persistent beds 
between other groups of beds, as well as other evidence 
of a regi~nal character. However, it is only rarely, 
if ever, possible to determine that a single thin bed 
of sandst.one or shale in one locality was deposited 
at practically the same time as a similar bed in another 
locality near by. Sediments of one variety or another 
are being laid down almost continuously in every 

. persistent body of water, but during any particular 
brief period the sediments at one place undoubtedly 
differ appreciably from those at other places in 
mineralogic character, relations of size of grain, and 
thickness of the layers. In groups of beds '5,000 to 
10,000 feet thick, made up largely of sandstone and 
shale, such as those comprised in the Upper Cretaceous 
series of western Wyoming, it is generally necessary 
to rest content with the recognition in different 
localities of groups of marine beds 200 to 500 feet 
thick or continental deposits 500 to 2,000 feet thick 
that were practically contemporaneous. 

The beds that make up the Cretaceous sect.ion have 
been studied closely in many parts of Montana, 
Wyoming, and Utah and in southeastern Idaho, as 
well as in the adjacent group of States farther east. 
Although these studies have continued since 1860, 
it may be stated broadly that only during the last 
30 years 'have the sections been examined in suf
ficient detail and enough fossils collected to permit 
the reliable correlation of groups of nlarine beds 
500 feet thick in one region with those in other regions 
several hundred miles away. The problem of cor
relating the nonmarine or continental beds of the 
Upper Cretaceous section is even more diffie-ult._ 
and the relations of several groups of beds 2,000.to 
5,000 feet thick in a number of localities are still 
obscure. 

In the attempt to interpret the relations of the 
Cretaceous beds in these quadrangles to those in 
near-b} regions, it has seemed best to place most 

. confidence on the detailed studies made during the 
last ten years in the region within 250 miles of Cody, 
Wyo. Plate XXI has been prepared to make the 
relations of the beds clear. The same vertical scale 
is used throughout, and the spacing is proportional 
to the distance between the areas where the sections 
have been studied. The two groups of sections 
shown lie along straight lines, one of which makes 
nearly a right angle with the other. One group 
·extends from Shoshone' Ri~er 32 near Cody, on the 

32 Hewett; D. F., The Shoshone River section, Wyo.: U. S. Geol. Survey Bull. 
541, pp. 89-113, 1914. 
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west, S. 60° E. 156 1niles to Salt Creek 33 and 84 
miles farther to Lanc~ Creek.34 The other group 
extends fronl Judith, Mont.,35 S. 5° E. 434 miles to 
Ba.-xter Basin, WYO.,30 and passes through Lake Basin, 
Mont.,:17 :Elk Basin, WyO.,38 Cody, Wyo., and 
Maverick Spl'ings, WyO.:1Il 

The beds included range fr01n the Thermopolis 
shale, near the base of the Upper Cretaceous section, 
the lowest exposed on the surface in these quadrangles, 
to those of the Lance formation, of late Cretaceous 
or early Tertiary age but at present classified as 
Tertiary (n by the United States Geological Survey. 
These beds fall readily into five groups whose limits 
are chosen on the basis of the conditions under which 
they were laid down. 

The three lowest formations of the Shoshone River 
section, the Thermopolis, Mowry, and Frontier, are 
included in the first group. They contain only a slnall 
nunlber of fossils, which include a few plants, a turtle, 
a few crocodile teeth, and a single marine shell. The 
leaves (fronl the Frontier formation) are reported to 
belong to the flora of the Dakota sandstone. The 
character of the sediments, however, warrants their 
approximate correlation with beds in sections farther 
no~·th, east, and soutb. Although the thin coal beds 
in the Frontier formation on Shoshone River indicate 
the continental origin of at least part of the formation, 
coal beds appear to be absent east of the Big Horn 
Mountains, and farther east only marine beds were 
laid down. North and west. of Cody most of the in
formation concerning the beds in the position of this 
gi'oup has been obta,ined fronl wells, and it is insuffi
cient to determine whether they ate largely or wholly 
manne. 

The second group of beds includes only the Cody 
shale on the west side of the Big Horn Basin. The 
lower 600 feet contains nunlerous marine fossils, some 
of which are known to occur in a similar group of 
beds over a wide area in eastern and southern Wyo
nling. These fossils appear to futnish the best criterion 
for comparing the stratigraphic sections of all the 
arQt)'s in WY01ning and Monta,na. With them as a 
basis, a line has been drawn through both groups of 
,ections which probably indicates a zone of beds that 
was laid down alnlost contenlporaneously in the entire 
region. I'rhe identification of this zone of contempo
raneous beds in the Cody, Colorado, and Steele shales 
conii.rnls the correlation of the underlying group-the 

88 Wegemunn, O. H., The Salt Creek oil field, Wyo.: U. S. Geol. Survey Bnll.670, 
pp. 12-24, H1l7. 

34 Haneoek, E. '1'., 'l'he Lance Creek oil and gas field, Wyo.: U. S. Geol. Survey I 
Bull. 716, pp. 100-107, 1921. 

86 Bowen, C. F., ~rhe stratigraphy of the Montana group: U. S. Geol. Survey 
Prof. Paper 90, pp. 96-103, 1915. 

86 Schultz, A. R., Oil possiblllties in and around Baxter Basin, Wyo.: U. S. Geol 
Survey Bull. 702, pp. 24-36, 1920. . 

37 Haneock, l~. '1'., Geology, oil and gas prospects of the Lake Basin field, Wyo. 
U. S. Geol. Survey Bull. 691,pp. 111-121, 1919. ' . 

88 Hares, O. J., The Elk Basin oil field, Mont.-Wyo. (manuscript report). 
89 Col\!er, 'A. J., Anticlines near Maverick Springs, Fremont County, Wyo.: 

U. S. Geol. Survey Bull. 711; pp. 152-160, 1920. 

;Frontier· formation, Mowry shale, and Thermopolis 
shale. The sections show that although the lithologic 
character and thickness of this first group change 
greatly in passing from west to east, they show little 
change in passing from north to south. The overlying 
group of marine shales and thin sandstones repre
sented in the Shoshone River section by the Cody 
shale te~ds to show the same relations. In that part 
of the section the thickness of shale increases greatly 
fr01n Cody eastward but only slightly from Cody 
southward. The size of the area occupied by the 
marine shale indicates that the Cretaceous sea had its 
nlaxinulID extent in this part of the United States 
during the deposition of this shale. 

The marine shale is succeeded throughout western 
Wyoming and Montana by the third group, which 
near Cody includes the Mesaverde formation, made 
up largely of sandstone but containing shale and thick 
coal beds. In the earlier studies in this region, begun 
in west-central Montana, correlations of the beds were 
based on the assumption that the lowest coal beds 
were laid down contemporaneously. Thus the basal 
beds now 'called ~1esaverde were formerly correlated 
with the Eagle sandstone of central Montana. Later, 
however, fossils collected, first by Hintze 40 and later 
by Hares/1 indicated that species characteristic of the 
Eagle sandstone were present in the marine Cody 
shale from 300 to 500 feet below the base of the Mesa
verde formation. This discovery is confirmed by the 
relations of the coal beds of this formation in the quad
rangles here considered, for it is now known that they 
do not form a persistent zone at one horizon but are 
overlapping lenses which are higher in the section in 
successive areas toward the east. Although, there
fore, the coal-bearing fOl'lnation that overlies the 
marine Cody shale is now known widely in Wyoming 
as the Mesaverde, it is apparent that the basal beds 
of this formation were not deposited simultaneously 
over the area in which they are now found. It is 
probable that the lowest bed of the Parkman sand-, 
·stone, which forms the base of the Mesaverde forma
tion in the Salt Creek region, Wyo., is somewhat 
younger than the base of the Mesaverde near Cody. 
Fisher's work,42 as well as that done more recently by 
Bowen and Hancock, tends to show that the Mesaverde 
formation near Cody may include beds whose age is 
similar to that of the largely 1narine Claggett forma
tion of central Montana. The collections of leaves 
from these quadrangles are not large and with one 
exception are reported as characteristic of the Judith 
River formation, a part of which is correlated with 
a part of the Mesaverde. One collection consisted of 
two species identified as belonging to ~he Eagle flora; 

40 HiHtze, F. F., jr., BasiJ;l and 9reybull oil and gas fields, Wyo.,: W,Yoming !3tate 
Geologist's Office Bull. 10, pp. 27-30, 1915. 

41 Hares, C. J., The Elk Basin oil field, Mont.-Wyo. (manuscript report). 
42 Fisher, C . .A., Southern extension of the Kootenai and Montana coal-bearing 

formations in northern Montana: Econ. Geology, vol. 3·, p. 87, 1908. ' ~ 
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9nly'when the next higher group of beds is studied
those which include the Bearpaw shale of central Mon
tana, the Meeteetse formation of the Big Horn Basin, 
and the Lewis shale of central Wyoming-is the full 
significance of the Mesaverde formation in north
western Wyoming understood. The Bearpaw shale 
contains an abundant marine fauna, and it has been 
mapped over a large area in central and western Mon
tana as far south as Elk Basin, Wyo. Throughout 
this region it overlies beds of the Judith River forma
tion, which contains meager plant remains and a few 
bones of terrestrial animals. Bowen has shown that 
the Judith River formation thins eastward and that 
in eastern Montana its place in the stratigraphic sec
tion is taken by marine shales that form a part of the 
Pierre ,shale. Similarly, in southern and eastern 
Wyoming the Mesaverde formation is overlain by the 
Lewis shale. According to Bowen 43 the Lewis thins 
westward and disappears in western Wyoming. It 
would appear that even in the lack of exhaustive COlll
parisons of the lllarine fauna of the Bearpaw shale and 
Lewis shale the conclusion is warranted that there 
was a period in late Montana time when a sea encir
cled the entire northwest quarter of Wyoming, where 
marine shales are replaced 'by continental deposits. 
Such a conclusion indicates that the Meeteetse forilla
tion contains beds which were being deposited simul
taneously with the Bearpaw shale. Although the col
lections of plant remains from the Meeteetse formation 
are not large, they have almost uniformly been iden
tified as Judith River or Belly River species, thus 
indicating that the Mesaverde flora persisted under 
similar conditions while the Meeteetse formation was 
being deposited. The Meeteetse formation has not 
yielded vertebrate or invertebrate fossils, however. 

The foregoing discussion, considered with the sec
tions of Plate XXI, is sufficient to show that although 
a sea covered all of Wyoming and central and eastern 
Montana during late Colorado time, it was with
drawn from all except eastern Wyoming and eastern 
Montana during part of 'Montana time. This with
drawal may have been due either to a regional uplift 
in the area where the nonmarine beds are found or to 
a cessation of sinking coincident with a great increase 
in the supply of the coarse material of which the beds 
are made up, or to both causes. As no widespread 
unconformity has been found in the Montana section, 
it appears to the writer that the second cause must 
have been more effective than the first. · However 
that may be, it is apparent that subsequently renewed 
sinking permitted the sea again to cover most of 
Montana and most of WyOlning except the north,vest 
quarter. ' 

The shape and extent of the great sheet of conti
nental deposits of which the Mesaverde and Mee-

43 Bowen, C. F., Stratigraphy of the Hanna Basin, Wyo.: U. S. Geol. Survey 
Prof. Paper 108, p. 234, 1918. 

teetse fonnations were a part suggest that one of the 
principal sources of the sedilnent which was con~ 
tributed to the Upper Cretaceous sea was a group of 
rivers that rose in Idaho or farther west and flowed 
eastward, collecting sediment throughout eastern 
Idaho and spreading it out in a great delta or flood 
plain in northwestern Wyoming. Several of the 
principal coal beds of the Mesaverde formation are 
long, ilarrow lenses whose largest dinlensions trend 
north, probably parallel to the average trend of the 
shore line of the ancient sea. 

The basis for identifying the Lance forlnation, 
which makes up the next group of beds in the strati
graphic section, is afforded by the vertebrate fossils 
which it contains. All the material from the Big 
Horn Basin is fraglnentary, but it appears to be 
sufficient to correlate the beds with those of the Lance 
fonnation near Lance Creek, in eastern WyOlning. 
Until recently the available information concerning 
the fossils present in the Lance forlnation and the 
nature and extent of the sediments, including the coal 
beds, justified the assumption that it was a sheet of 
river or flood-plain sediments spread out rather 
uniformly over most of Wyoming and Montana, as 
well as North and South Dakota, and that the under
lying Bearpaw shale Inarked the last nlarine advance 
into the Great Plains region. In 1911, however, the 
discovery of the Cannonball lllarine member near the 
top of the Lance fonnation 44 showed that the sea 
again advanced over part of western North and South 
Dakota and possibly eastern Montana. In the Big 
Horn Basin the Lance formation has not yielded many 
of the invertebrate fossils and plants that are charac
teristic of it in the large area farther east and north. 

The unconformity between the Lance and Fort 
Union formations is not widespread, but the thickness 
of beds removed locally is so large that it must be 
recognized as an important stratigraphic and' struc
tural feature. Unconformities bet"Teen beds identi, 
fied as parts of the Lance and Fort Union formations 
are reported in several parts of Wyoming and Mon tana. 
Some mark only a slight amount of erosion, but a few 
mark the erosion of great thicknesses of beds. None 
of these surfaces of erosion appear to be traceable 
over a great extent ,of territory. The condition in 
these quadrangles, where the unconformity is trace
able for only 5 miles out of about 75 for which the 
beds are in contact, appears to be characteristic. 
The regional significance of the unconformity is forti
fied by the presence in Fort Union beds of fossil 
wood and coal derived from the lower forillations. 
The structural relations of the unconforlnity in the 
Big Horn Basin show clearly that the folding of the 
beds, whieh became highly pronounced after the Fort 

" Lloyd, E. R" and Hares, C. J" The Cannonball marine member of the Lance 
formation and its bearing on the Lance-Laramie problem: Jour. Geology, vol. 23, 
pp. 523-547, 1915. Winchester, D. E., and others, The lignite field of northwestern 
South Dakota: U. S. Geol. Survey Bull. 627, pp. 22-26, 1916. 
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Union beds were laid down, was begun in this region 
before the lowest beds of that format.ion were depos
ited. Unfortunately the unconformity can not be 
used as a trustworthy basis for correlation. 
· The correlation of the Fort Union formation in these 
quadrangles with beds of similar age in Montana, 
eastern Wyonling, and the Dakotas is based on strati
graphic position and lithologic character, together 
with the fossil plants which the beds contain. None of 
the invertebrate fossils that· are characteristic of the 
beds farther north and east appear to be present in 
this region. This raises the question, also brought up 
in connection with the Wasatch formation, Do not 
local conditions of deposition determine whether re
mains of plants only or of invertebrate or vertebrate 
animals will be bUl'ied with the beds ~ Fortunately, 
only two collections of leaves fronl beds below those 
here mapped as' the Fort Union formation have been 
considered as belonging to it, whereas all those from 
the formation as mapped have been considered char
acteristic of it elsewhere. On the other hand, a prob
lem is raised by the identification of several collections 
of leaves froin the overlying' Wasatch formation as 
belonging to the Fort Union flora. In other parts of 
Wyoming Fort Union plants are found associated with 
Wasatch vertebrates and the Wasatch formation is 
not known to have a distinctive flora. 

The unconformity between beds of the Fort Union 
and Wasatch formations resembles that between the 
Lance and Fort Union in that although pronounced 
in part of the area studied it can not be detected struc
turally in other parts, especially in several areas nearest 
the <fenter of the Big Horn Basin. In general the 
recognition of Wasatch beds is based upon the iden
tification of characteristic vertebrate fossils. On this 
basis the beds have been identified over a large area 
of western Wyoming, eastern Utah, and eastern Idaho. 
It is interesting th,at until 1915,45 when vertebrate 
fossils characteristic of the Wasatch formation were 
found in the Powder River basin, east of the Big Horn 
Mountains, the presence of an equivalent of the 
Wasatch fornlation in the Great Plains province was 
suspected only by a few. The Eocene deposits of 
eastern Wyoming, eastern Montana, ana. the Dakotas 
have long been included in the Fort Union formation 
on the basis of the fossil plants which they contain. 

'rhe relations of the Fort Union and Wasatch· 
deposits in Wyoming and Montana have been made 
.more clear by the careful studies of the vertebrate 
fossils by Sinclair and Granger, 46 who divide the 
Wasatch form'ation into five faunal zones including 

4.5 WogOD1ann, C. 11., Wusatch fossils in so-caned Fort Union beds of the Powder 
River busln, Wyo.: U. S. Geo1. Survey Prof. Paper 108, p. 59, 1918. 

40 Sinclair, W. J'., nnd Granger, Walter, Eocene and Oligocene of the Wind River 
nnd Big Horn buslns: Am. Mus. Nat. ·l1ist. Bull. 30, pp. 83-117,1911; Notes on the 
'l'ertlary deposits of the Dig 110rn Dusin: Am. IV[llS. Nat. Rist. Bull. 31, pp 
li7-{}7, H112. Granger, Walter, On the names of the lower Eocene faunal horizons of 
Wyoming anel New Mexico: Am. Mus. Nat. 11ist. Dull. 33, pp. 201-207, 1914. 
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their" Clark Fork beds," which yield a fauna transi
tional from Fort Union to Wasatch fauna. They find 
that the second of their five Wasatch zones, their 
"Sand Coulee beds," occupies an area in the north
west corner of the Big Horn Basin adjacent to the' 
area within which the" Clark Fork beds" occur, and 
that the successively younger faunal zones (their 
"Greybull beds," "Lysite formation," and "Lost 
Cabin formation") are best developed in localities 
successively southeas\ of that occupied by the older 
beds. In other words, the base of the Wasatch 
formation, beginning in the northwestern part of 
Big Horn Basin, is first the'" Clark Fork beds," then 
the "Sand Coulee beds," then the "Greybull beds," 
then the "Lysite beds," and, in the southwestern 
part of the Big Horn Basin, the "Lost Cabin beds." 
This interpretation is based on the distribution of 
certain vertebrate fossils, and if any fossil plants a·re 
present in the beds they have not been considered. 

These conclusions by Sinclair and Granger permit 
an interpretation of the relations of the beds mapped 
as the Wasatch formation in these quadrangles that 
is probably substantially correct, even though accord
ing to Sinclair 47 the vertebrate fossil collections from 
this area do not contain diagnostic species. It would 
appear that the beds that are mapped in these quad
rangles as the Fort Union' formation are part of an 
extensive sheet of continental deposits spread out over 
northern Wyoming, eastern Montana, . and the 
Dakotas. After 3,000 to 5,0004eet of beds had been 
laid down along the western border of the· Big Horn 
Basin there was uplift along the present mountain 
front, and the beds were greatly folded. Vigorous 
erosion took place in these quadrangles, and the 
site of deposition of the coarser sediments shifted 
northeastward to southern Montana and fa~ther 

east, and the ". Clark Fork beds" were laid ·down. 
Apparently the site of deposition of the sediments 
then gradually shifted southwestward again or moved 
headward along the'streams, so that the "Sand 
Coulee," "Greybull," "Lysite," and "Lost Cabin 
beds" were laid down successively. The manner in 
which the successively higher beds in the Wasatch 
formation east of Meeteetse and along Blue Ridge 
overlap the underlying beds tends to confirm the 
broader interpretation suggested by the vertebrate 
fossils. I~ will now be apparent that even if the 
site of deposition of coarser sediments shifted south
westward during Wasatch time, some of the fine 
sediment would have been likely to move downstream 
and be deposited in the Great Plains region in beds 
that are the equivalent of the Wasatch beds of the 
Big Horn Basin. 

According to this interpretation the "border 
Wasatch" in these three quadrangles is not the 

47 Personal communications. 
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FIGURE 7.-Map showing the names and location of the anticlines in the Oregon Basin, Meeteetse, and 
Grass Creek Basin quadrangles 

equivalent of the beds at the base of' 
the Wasatch formation in the north
ern part of the ,Big Horn Basin but 
the equivalent of beds high in the 
section in the central part of the 
basin, possibly those near the top of 
McCulloch Peak correlated wi.th the 
Bridger formation. 48 

Even though the bedded tuffs in 
the southwest corner of 'the Grass 
Creek Basin quadrangle rest con
formably upon the underlying" bor
der Wasatch" beds, their age would 
be obscure if studies in the region 
west of Cody had not shown critical 
evidence of their relations. The 
w'ork of Dake,49 supplemented by 
that of the writer,50 indicates that 
these tuffs are the equivalent, of the 
early acid breccia of the Yellowstone 
Park region,51 of Eocene age, and 
yet neither the oldest nor the 
youngest Eocene in the area. 

Except for those brief periods 
when the thin layers of gravel have 
been deposited on terraces, erosion 
has been steadily at work in this 
region since the tuffs were laid down. 

STRUCTURE 

Studies of the structure of bedded 
rocks ate concerned with the attitude 
of the beds and the breaks or faults 
that have taken place since they 
were laid down. They determine 
measurements of thickness of the 
beds, as well as the probable posi
tions of buried beds, and in connec
tion with the observations on sur
faces of unconformity they permit 
interpretations of the local nlove
ments of the earth's crust through
out geologic time. 

On thebasis of structure as well as 
that of surface forms the Big florn 
Basin may be roughly separated into 
two parts-the central part, in which 
the beds on the surface are nearly 
horizontal, and the border belt, in 
which there are numerous folds. 
Most of the area of these three quad
rangles lies in the border belt, but 

{8 Hewett, D. F .• The Heart Mountain overthrust: 
Jour. Geology, vol. 28, pp. 549-550, 1920. 

{O Dake, C. L., The Hart Mountain overthru~t and 
associated structures in Park County, Wyo.: Jour. 
Geology, vol. 26, pp. 45-55, 1918. 

60 Hewett, D. F., op. cit. 
61 Hague, Arnold, U. S. Geol. Survey Geol. Atlas, 

Absaroka folio (No. 52), 1899. 
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a portion covers the flat beds of the central part. 
The dividing line bet,yeen the two parts nlay be placed 
at t4e southwestern edge of the large area of Wasatch 
and younger beds that lie in the center of the Big 
I-Iorn Basin. An examination of Figure 7 shows that 
there are two well-de'fined nnd nearly parallel groups 
of folds in the Big I-Iorn Basin, one on either side of a 
central trough. The structural significance of these 
two belts is considered on page 68. 

DEFINITIONS 

In general, the term "anticline'" is applied' to an 
upfold in bedded rocks and the related term" syncline" 
to a downfold. I-Iorizontal folds that are beveled by a 
surface which is approxiInately horizontal show nearly 
parallel outcrops of the beds of rock: In an anticline 

, I. A,,.ollollDld. A-obi!lb!J'0t:Cu,.~ only in st'rong mossive bods, such os 
,sDndatono and lirnt1:Jtone. F; If, 1, J. H, Cl""'estG. Dnd D. B. B. aXeI$ 

of ~I!""OU$ bt:d$, 

3: Slm,lor ibId, Th;n beda of' wo,,* rocks. svch DS shllla Dnd thin 
98ndoto"o, t.ond to o~sumo this Torm. 

Parallel folds 52 are' those in which, the'thickn'ess 
of the large rock units is, practically the same through
out the fold. 'They' are probably found only among 
the strongest 'and most 'massive groups of beds such a!:? 
thick sandstones and limestones. (See sections 1 and' 
2, fig. 8.) 

Similar folds are thbse in which the' beds'are appre.l 
ciably thicker on the crests and troughs "tliai,i ,(in "'the 
limbs. They"appear to be found only among' the 
weak and thin beels such as shrile and thin sandstone. ' 
(See sections 3 and 4, fig .. 8.) 

The axial plane of a fold is the plane or surface that 
bisects the angle between'the'limbs.53 

The axis is the lin~ m'arking' the intersection of 'the 
axial plane or surface of a fold with any particular' 
bed. 

2, Parallel raId ;n'messive sandstone beds, A drill hole st X .viII 
c~t the pOin,ts on each bed 'Of $snd,but n~t of shsle 

4. Similer fOld in shale Elnd t.hin ssndstone, A drill hole at X 
, will '(hll to the lert of' the CI"Y15t line of the beil sf Y. 

In ord(Jr to strike this point, the well should be d,://Ied st Z 

FIGURE S.-Cross sections of inclined folds of two types, showing the relations of wl'llls drilled at the crests of folds 

the oldest beds-those that were originally the most 
deeply buried-lie in the middle and are bordered on 
both sides by belts of younger rocks-the oldest nearest 
the Iniddle-which dip outward from the central older 
rocks. In a syncline the youngest rocks form the 
nliddle belt and are bordered by belts of older rocks, 
which dip inward toward the central younger rocks. 
SOIlle anticlines and synclines show on the surface as 
exceptionally regular parallel belts of rock beds 50 to 
100 Illiles long. Most folds, however~ are shorter, and 
the outcrops of the beds that form them appear at the 
surface as roughly parallel elliptical belts. Where 
these belts are nearly ciI'cular or slightly elliptical and 
the rocks dip away from the .center the fold is called a 
dome. 

The crest trace is that line on the surface of a folded 
bed which passes through the highest points of all 
vertical sections that cut it at right angles to its trend. 

The crest line is that line on the surface of the ground 
which separates opposed dips. 

STRUCTURE CONTOU~S 

Although descriptions of .structure are necessarYr 
structure contours on specially chosen, beds set forth 
many details in the most precise manner. In the 
preliminary report on this region54 a general statement 

62 Van Hise, C. R., Principles of North American pre-Cambrian geology: U. 's. 
Geol. Survey Sixteenth Ann. Rept" pt. 1, pp. 599-600, 1896 

M Willis, Bailey, The mechanics of Appalachian structure: U. S. Geol. Survey 
Thirteenth Ann. Rept., pt. 2, p. 220, IS92. 

U Hewett, D. F., and Lupton, C. T., Anticlines in the southern part of the Big 
Horn Basin, Wyo.: U, S. Geol. Survey Bull. 656, 1917. 
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of the significance and method of interpreting structure 
contours was supplemented by structure contour maps 
of each of the anticlines and domes. Some contours 
were drawn on the top of the Greybull sand of the 
Cloverly formation, others on the top of the Torch .. 
light (~) sand of the Frontier formation, and still 
others on the most continuous coal zone near the base 
of the Mesaverde formation. In consideration of the 
use to which the structure contours might be put, it 
has seemed best in this report to draw them at two 
horizons. One set of contours are drawn on the most 
persistent coal zone near the base of the Mesaverd~ 
formation, where it is buried beneath the. surface~ 
and the other set on the top of th~ Torchlight (~) sand: 
where the overlying coal is removed by erosion. The 
contours on the coal zone are based entirely on surface 
data, the altitude and dip of the outcrop and the thick
nesses of the overlying formations as estimated from 
surface dips. The contours on the Torchlight 0) 
sand are largely based on the records of drill holes but 
here and there on the altitude of higher outcropping 
beds.· . 

FOLDS AND FAULTS· 

Inasmuch as rather detailed descriptions of the 
features of each anticline and dome are presented -in 
connection with the discussion of the occurrence of oil 

. and gas, only brief statements that bear largely on 
regional relations will be given at this place. 

The largest upfold in the three quadrangles coincides 
with Oregon Basin and includes two distinct domes, 
the north and south Oregon Basin domes. Sand
stones of the Frontier formation are brought to the 
surface on both and, if restored, would attain altitudes 
of 5,450 feet on the north dome and 5,775 feet on the 
south dome. Although the· escarpment of Mesaverde 
sandstone indicates a single fold that trends due north, 
the local· outcrops of lower beds around the crests of 
the domes show clearly that they trend northwest and 
are therefore nearly parallel with others farther south. 
They are separated by a flexure which is related to the 
large fault in sec. 2, T. 50 N., R. 100 W. The north 
dome does not affect tp-e surface rocks a -few miles 
north of .the quadrangles .. On the other hand, the 
crest line of the south dome appears to be continuous 
westward with that of a sharp anticline that culminates 
on the north in Rattlesnake Mountain. 

The Oregon Basin domes show more faults than any 
other folds in the region. All but several scattered 
faults may be considered in three groups, of which 
two are on the east limbs of the folds and the third on 
the southwest limb of the south dome. The first 
two groups limit a block of Mesav'erde sandstone 
about 7 miles long, which has moved westward or 
downward relatively, about a mile beyond the adja
cent outcrops north and south of the faults. The 
faults of the northern group trend generally south- : 

west, and all except one minor break dip southeast. 
The principal movement has t~ken place along one 
crushed zone about 600 feet wide, which on Plate I 
has been generalized as four separate breaks. It is 
well marked on the surface by shear zones in 'the coal
bearing beds near the base of the Mesaverde. It is 
probably continuous with the fault that breaks the 
crest of the north dome. 

Of the group of four faults southeast of the south 
dome three have small displacements, but the fourth 
and northernmost drops the top of the Mesaverde 
formation about 1,250 feet stratigraphically. It is 
marked by a prominent cliff cut across massive sand
stones near the middle of the Mesaverde formation. 
The fault zone is not more than a foot thick, and the 
northward-facing wall contains striae and furrows 
that pitch 750 NW. The wall is heavily iron stained. 
(See PI. VII, A.) 

The largest fault of the group of five that lies south 
of the south dome is the easternmost and has a 
stratigraphic displacement of about 400 feet. The 
effect of the other four faults 'of this group is to drop 
inward toward the crest of the dome a small wedge
shaped block of Mesaverde formation. 

The Oregon Basin domes are' separated from the 
Spring Creek anticline on the south by a well-defined. 
trough, the Cottonwood syncline. It rises out of the 
main trough of the Big Horn Basin on the east and 
disappears several miles west of the Oregon Basin 
quadrangle. It is not a simple fold but is made up of 
two troughs which are offset nearly half a mile in 
sec. 25, T. 50 N., R. 101 W. Several careful measure
ments show that the maximum thickness of the Mee
teetse formation in this region, 1,240 feet, is found in 
the north half of T. 50 N., R. 101 W., and that of the 
Lance formation, 1,300 feet, is found several miles to 
the east, in the west half of T. 50 N., R. 100 W. 
Both maximum measurements lie on the northeast 
side of the Cottonwood syncline, whereas the thick
ness as measured in the southwest quarter of T. 49 
N., R. 100 W., is 810 feet for the Meeteetse formation 
and 910 feet for the Lance formation. As there is no 
evidence of faulting to account for the extreme thick
nesses, they are considered correct and demand the 
assumption that the trace of the trough on the buried 
Mesaverde coal zone is about a mile east of the 
trough li'ne shown on the surface. This relation is 
shown by structure contours on Plate 1. 

Another unusual feature of this trough is shown in 
sec. 26, T. 50 N., R. 101, W. Here there is a well
defined local anticline in, the general position of the 
trough line (PI. XII, A). The anticline is about 400 
feet wide, and its crest is about 50 feet above the local 
troughs near by. The formation of such anticlines 
indicates that in the fol~ing less work was required to 
lift the beds over the arch than to push them outward 
up the sides of the trough by slipping on the bedding. 
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As the beds are not massive and resistant, the con
clusion is drawn that the thickness of beds over the 
arch at the time of folding was not great, possibly less 
than 2,500 feet. 

The Spring Creek anticline, which lies southwest of 
the Cottonwood syncline, begins on Iron Creek and 
rises gradually toward the northwest. Reconnais
sance examinations by C. T. Lupton and the writer 
indicate that it is not a closed anticline but continues 
to rise as far as the mountain front, where it passes 
under horizontal volcanic rocks. The maximum dip 
along the northeast limb is 8°, although there is a 
persistent flexure 6 miles northeast of the crest along 
which the basal Fort Union beds attain a dip of 18°. 
The ma..ximum dip along the southwest limb is 32° 
and is found in beds of the Mesaverde formation. 
No faults were found on either limb of this anticline. 

The outcrop of the Mesaverde formation around 
Little Buffalo Basin indicates a single anticline, but a 
few outcrops of the Cody shale and the records of 
drill holes prove the presence of two small anticlines. 
The uppermost sand~tone of the Frontier formation 
rises to an altitude of 4,750 feet on the east anticline 
and to 4,700 feet on the west anticline. The maxi
mum dip on the northeast limb is 34° and is found in 
basal beds of the Fort Union formation; that on the 
southwest limb is 36° and is found in beds of the 
Mesaverde formation. The exposures along the Mesa
verde escarpment are sufficiently good to show clearly 
that faults are absent. 

The Rawhide syncline lies southwest of the Spring 
Creek anticline and the Little Buffalo anticlines. The 
trough descends to a low point where it crosses Grey
bull 'River, rises southeastward to the divide west of 
Iron Creek, and descends sharply at the head of Iron 
Creek, where it is occupied by a triangular block of 
Lance sandstones (PI. X, D). From this point it 
rises to a low saddle that separates it from the Goose
berry syncline farther southeast. The Renner ~yn-

. cline enters the Meeteetse quadrangle from the south 
and desconds sharply to meet the lowest point on the 
Rawhido syncline. A similar syncline descending 
from the south meets the Gooseberry syncline in 
sec. 32, T. 47 N., R. 99 W. 

The beds rise westward from the Rawhide and 
Renner synclines to the Sunshine anticline, which is 
marked by uniformly steep outcrops and is the nar
rowest fold in the region. If the uppermost Frontier 
sandstone were restored over the crest, it would attain 
an altitude of 7,550 feet, the highest in these quad
rangles. The crest of the South Sunshine anticline, 
which is exposed several miles sou~h of the Meeteetse 
quadrangle, lies west of that of the Sunshine anticline. 
No faults are exposed on the Sunshine anticline, but 
much of the area near the crest is concealed by terrace 
gravel and river alluvium. West of the Sunshine anti: .. 

cline the beds dip toward the Sunshine syncline. 55 On 
account of the difference in the dip on the limbs of the 
anticline-22° on the east and 46° on the west-the 
axial plane is inclined eastward and the crest line on 
the restored uppermost Frontier sandstone is about 
400 feet west of the crest trace on the buried Greybull 
sand. . 

Between the Renner syncline on the west and the 
Gooseberry syncline on the east there are two small 
folds-the Gooseberry anticline, which coincides with 
the basin near Renner's ranch, and the Gooseberry 
dome, farther east, which has no conspicuous surface 
features. The uppermost Frontier sandstone rises to 
an altitude of 4,100 feet on the dome and 4,300 feet 
on the anticline. Almost the entire area of the dome 
is in the Meeteetse quadrangle, but the anticline 
extends several miles south of the border. No faults 
have been observed in the rocks that mark either fold. 

The Grass Creek anticline is unusual in that it has 
two and possibly three fairly well defined crests along 
a continuous arc-shaped' crest line of small radius. 
The maximum dip on the basinward limb (32°) is 
found near the north end in beds of the Meeteetse 
formation. On the southwest limb the maximum dip 
(60°) is found in beds of the Fort Union formation. 
There is one small fault near the north end, but at 
the east end there is a group of faults in outcropping 
beds that range from the Cody shale to the Fort Union 
formation. These faults dip 60°-80° N., and the 
stratigraphic displacements range from 10 to 170 feet. 
They appear to be parts of a related system. 

The Little Grass Creek dome is nearly circular in 
outline and is separated from the Grass Creek anti
cline by a sharp but nonpersistent syncJ.ine. The 
dome merges westward into a distinct local anticline. 

The area between the Grass Creek anticline on the 
north and the Cottonwood and Wagonhound anti
clines on the south includes the persistent Grass Creek 
syncline and the related minor Spring Creek and 
Prospect synclines, as well as the Ilo syncline and the 
related Waugh syncline. Well-defined anticlines ap
pear to rise west of the first group, but only the Enos 
Creek anticline has been studied, and its exact relation 
to the synclines is not known. Farther south the Fort 
Union and older rocks 'are obscured by the cover of 
Wasatch beds and overlying tuffs. Interesting fea
tures of this part of the region are the two eastward
trending faults that limit a dropped block of Wasatch 

.beds and volcanic tuffs. The faults converge down
ward and disappear on the east near the mouth of 
Spring Gulch. The maximum displacement of the 
base of the Wasatch beds along the western border of 
the Grass Creek Basin quadrangle is 360 feet. In age 
these faults are assuredly post-Bridger or middle and 

&~ Woodruff, E. G., Coal fields of the southwest side of the Big Horn Basin, Wyo.: 
U. S. Geol. Survey Bull. 341, p. 213, 1909. 
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upper(~) Eocene and therefore much younger than 
all the 'other :faults of the border belt. 
, The trough line of the Ilo syncline is distinctly offset 

from that of the Grass Creek sYncline farther west 
and extends eastward about 3 miles beyond the edge 
of the Grass Creek Basin quadrangle. It is joined 
from the south by the Waugh syncline, which begins 
about 2 miles southeast of the border of the quad
rangle. The Waugh anticline lies east of the Waugh 
syncline. 

The Cottonwood anticline brings' to the surface the 
oldest beds that crop out in these quadrangles, those 
of the Thermopolis shale. If the uppermost Frontier 
sandstone were restored over the crest it would attain 
an altitude of 6,450 feet. The maximum' dip on the 
basinward limb is 15° and is found in beds of the 
Mes~verde formation; the maximum on the mountain
ward linib is 75° and is found in beds of the Frontier 

. formation. The difference in the dip of the limbs is 
the largest encountered in these quadrangles. From 
cross sections it would appear that the crest line as 
shown on the surface in beds of Thermopolis shale is 
700 feet southwest of the crest trace on the Cloverly 
formation and about 1,500 feet southwest of that on 
'the top of the Embar formation. 

Two groups of faults are mapped on the Cottonwood 
anticline. Two-faults in sec. 20, T. 44 N., R. 97 W., 
lie at right angles to the trend of the crest and have a 
stratigraphic displacement of about, 150 feet. The 
faults of the other group are disposed radially around 
the west end of the anticline, and their displacement 
ranges from 16 to 160 feet. For more than a mile in 
secs. 23 and 24, T. 44 N., R. 98 W., the steeper south
west limb of the anticline is broken. by many small 
faults that trend north to N. 10° Eo' and have a dis
placement of 10 to 25 feet. The beds trend nearly 
west, b.ut as each successively western block is thrown 
north 10 to 25 feet, the average strike of the beds 
ranges from N. 80° W. to N. 60° W. None of the 
faults are shown on Plate III. 

The Wagonhound anticline appears to be simple in 
form, and its central portion is unfaulted. As it is 
indicated by only a few outcrops of the Cody shale, 
and, as most of the area eastward to the crest of 'the 
Cottonwood anticline is cover'ed by terrace gravel, its 
relation to that fold is only conjectured. The drill 
holes on the crest indicate that the uppermost Frontier 
sandstone attains an altitude of 5,100 feet. The out
crop of basal Mesaverde sandstones shows three 
faults, of which the largest has a stratigraphic dis
placement of 210 feet. 

The Wagonhound syncline, which lies southwest of 
the Wagonhound and Cottonwood anticlines, pitches 
west under the cover of Wasatch beds and volcanic 
tuffs. From it. the beds rise gradually to the Embar 
anticline, south of the border of the Grass Creek Basin 
quadrangle. The Padlock syncline is offset north 

from the eastward continuation of the crest line of 
the Wagonhound syncline and continues only a few 
miles east of the southeast corner of the quadrangle. 

MINOR FLEXURES 

Throughout most of the area 'of these quadrangles 
the beds are so folded that the outcrops and structure 
contours on the beds follow broad, gentle curves, un
broken by abrupt changes in direction. I-Iere and 
there, however, in at least three localities, the most 
massive and resistant beds are.so flexed on the limbs 
of major anticlines that the strike of the beds changes 
abruptly. In sec. 25, T. 52 N., R. 101 W., and sec. 8, 
T. 47 N., R. 101 W., the massive basal s·andstones of 
the Mesaverde formation are so sharply flexed that 
the radius of curvature of the outer limiting surface is 
from 500 to 800 feet. A similar flexure is found in the 
same beds in sec. 35, T. 48 N., R. 101 W. Such flex
ures show that the most massive beds locally aCCOlllmo
date themselves to the stresses of folding by slipping 
between the beds, rather than by internal deformation. 
It may be a coincidence, but it is worthy of note that 
there are no thick coal beds near these flexures. It is 
possible that the coal beds were made thinner by the 
:;;lipping of overlying beds of massive sandstone upon 
those which underlay the coal. ' 

TIDCKENING AND TIDNNING OF FORMATIONS 

In the descriptions of the formations the range in 
thickness in each quadrangle has been stated. At this 
place will be set forth the extent to which some of the 
variations in thickness may be attributed to flow of 
material during folding, rather than to original differ
ences in the thickness of sediments laid down. 

The measurements of thickness of every formation 
exposed in these quadrangles show an appreciable 
range. The Tange is least for the Mesaverde forma
tion 'and the combined Frontier, Mowry,' and Ther
mopolis formations, and greatest for the Cody shale 
and Lance formation. The maximum measurement 
of aggregate thickness of the Frontier, Mowry, and 
Thermopolis, 1,520 feet on Shoshone River, is 20 per 
cent more than the minimum, 1,262 feet in State Land 
well No.1.in Grass Creek Basin., A still smaller meas
urement of 1,174 feet was made by Woodruff along 
Big Horn River at Thermopolis. The data are not as 
abundant as might be wished, but indicate that the 
original thickness of the three formations decreased 
steadily toward the south and southeast. The maxi
mum thickness of the Mesaverde formation, 1,450 feet 
in sec. 35, T. 46 N., R. 98 W., Grass Creek Basin, is 
30 per cent more than the most reliable minimum 
measurement, 1,050 feet in sec. 24,. T. 45 N., R. 99 W., 
south o(Prospect Creek. The range in thickness for 
the Meeteetse formation is from 750 feet in sec. 13 .. 
T. 45 N.: R. 99 W., on Prospect Creek, to 1,240 feet 
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in sec~ 11, T. 50 N., R: 101 W-., along 'upper Dry 
Creek. 

On the other hand, the max:imum measurement of 
the Lance formation, 1,3'60 feet along the northeast 
limb of the Cottonwood syncline, is 97 per cent larger 
than the lllinimum, 695' feet in sec. 11; T. 45 N., R. 
98 W., north of Prospect Creek. Conclusions'drawn 
from yariations in the thickness of the Lance forma-, 
tion should take into consideration'the existence of a 
local unconformity east of Oregon Basin and the 'pos
sibility that others are present under the conglomerate 
at the base of the Fort Union formation. 

'1."'he maximum and minimum thicknesses of each 
of the formations discussed abo~e are not found,' 
close together. For the Mesayerde formation the. 
extremes were measured on the steep limb and flat 
limb of the same fold at points that were 8 miles 
apart. The extreme measurements of the other for
Dlations were much more remote. An examination of 
the conditions under whi,ch the measurements of these 
formations were made indicates that a large part of 
the difference between maximum and minimum meas
urements is due to tendencies toward thickening or' 
thinning in certain regional directions, to errors in the 
choice of a limiting bed, and in less degree' to errors 
in measurement, rather than to local migrations of 
material during folding. Thus it appears that the 
thickness of the combined Frontier, Mowry, and Ther
mopolis formations ,and of the Meeteetse formation 
de~~'e~ses steadily southward and southeastward from : 
Shoshone RiYer toward Big Horn' River. The varia
tions in the measurements of the Mesaverde formation 
appear to be largely due to local errors ip the, choice 
of linliting beds, rather than to any regional cause, 
for most of the measurements throughout the three 
'quadrangles do not deviate more than 100 feet from 
1,250 feet~ 

The meaSUrelllents of the Cody shale show a wide 
range that appears to demand other explanations.' 
As it is the thickest formation below the Fort Union 
and as the exposures between linliting outcrops of 
Frontier and Mesaverde sandstones are generally poor, 
there are probably SOll1e appreciable errors in most of 
the measurmuents. After allowance has been made 
for probable errors, however, there renIain some 
differences between lueasurements at points near 
together that can be e~plained only by assuming that 
the forJnation has been luade much thicker on one 
limb of a fold than on the other during the process of 
folding. On the limbs of all the anticlines except 
three the measurenIen ts do not depart more than 200 
feet froln 2,300 feet. This is true of the Shoshone 
anticline, the Oregon Basin donles, the Spring Creek 
anticline, the Little Buffalo anticlines, the Gooseberry 
do:me and anticline, and the Wagonhound anticline. 
This group of folds characteristically shows generally 
lower dips on the lilubs and less difference between 

o 

the maximum dips on opposed 'limbs than the re-
maining folds. On the other hand, the' measure
ments on the Sunshine anticline range from 2,500 feet 
on the flat eastern limb to 3,400 feet on' the steep 
western limb, 2 miles distant; on the Grass Creek 
anticline they range from 2,450 'feet on the flat north
eastern limb to 1,800 feet on the steep southwestern 
limb, 2 miles distant; and on the Cottonwood anti
cline they range from 2,400 (~) feet on the flat north
ern limb to 1,900 feet on the steep southern limb; 4 
miles distant. The great differences in thickness 
shown by these pairs of measurements, made only a 
few miles apart, must have arisen during folding and 
indicate thickening on one limb or thinning on the 
other, or possibly both. Curiously, the differences on the 
three folds are not consistent. In the Grass Creek and 
Cottonwood anticlines the flat basinward component 
of the fold is thicker than the steep mountainward 
component, but in the Sunshine anticline these con
ditions are reversed. If ~he Sunshine fold were like 
the other two, the conclusion would be justified that 
under: the local conditions of folding, soft rocks such 
as shale are forced from the steep limbs of anticlines 
downward to adjacent synclines or upward to adjacent 
anticlines. Unfortunately the evidence indicates that 
the causes of localization of flowage are complex. 
The'data leave no doubt, however, that flowage has 
taken pl~ce. 

AGE RELATIONS OF FAULTS AND FOLDS 

The faults may be classified into three groups on 
the basis of' their areal relation or lack of relation to 
anticlinal crests, or into two groups 'on the basis of 
their 'age. The first three groups are as follows: 

1. One group of faults trend roughly at right angles 
to the anticlinal crest lines and generally crop out in 
beds of the Mesaverde formation. They are best 
shown by the two sets of faults on the east side of 
Oregon Basin. These faults limit a large segment 
along the limb of an anticline which appears to have 
been pushed inward with respect to near-by segments. 
One fault appears to extend across the crest of the 
north Oregon Basin dome. The age of this group of 
faults is fi-x:ed by the areal relations of the beds in the 
northeast quarter of T. 50 N., R. 100 W., where the 
largest fault of the group, as well as of the entire 
region, offsets the Fort Union formation but does not. 
offset the overlying Wasatch beds. These faults were 
clearly formed during or soon after the folding. Two 
similar faults he along the east end of the Cottonwood 
anticline. 

2. A second group of faults radiate outward from 
the crests of anticlines. They are found near Elk 
Butte and along the southwest border of Oregon 
Basin, around Grass Creek Basin, and around the 
Wagonhound and Cottonwood anticlines. Th~ dis-
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• . placement along these faults rarely exceeds 150 feet. 
They appear to represent the minor adjustments in 
the more resistant rocks produced by local flowage of 
the weaker rocks, such as shale, during or shortly 
after the folding. There is no field evidence by which 
the age of this group of faults may be definitely fixed, 
although their relations and distribution indicate that 
they are of the same age as the first group. 

3. The third group of faults appear to have no 
areal or genetic relation to the folding of the region 
and are much later in age than the first two groups. 
This group includes the two faults near the head of 
Spring Gulch, in the north half of T. 45 N., R. 99 vy-., 
which limit a long, narrow wedge of Wasatch beds 
and overlying volcanic tuffs. The relations show 
clearly that they are much younger than the first 
group and probably than the second group. 

In view of the number of faults around Oregon 
Basin, Grass Creek Basin, the Wagonhound anticline, 
and the Cottonwood anticline, it is surprising to find 
no faults around Spring Creek Basin and Little Buffalo 
Basin. 

The interpretation of the age of the folding should 
consider evidence of several kinds-character of the 
sediments, age and extent of unconformities, regional 
relations and degree of folding, and areal relations of 
faults. Unless it is stated otherwise, the following dis
cussion applies only to the formations of the Big 
Horn Basin. Some of the formations, such as the 
Fort Union, are represented in large areas north and 
east of the Big Horn Basin, but the precise correlation 
of the beds that make them up involves elements of 
speculation that are not raised at this place. 

The only conspicuous changes in the character of 
the sediments. that bear upon folding are those which 
are noticed in pas&ing from the Lance to the Fort· 
Union formation and from the Fort Union to the 
Wasatch. Even though the unconformity at the base 
of the Fort Union is not widespread, the base is widely 
marked by one or more zones of gravel or conglomer
ate that undoubtedly indicate elevation of the region 
farther southwest. These gravel zones contain numer
ous partly rounded .pebbles of the fossil wood that is 
common in the Meeteetse formation and a few peb
bles of coal from the same formation. There can be no 
doubt that beds of the Meeteetse formation were up
lifted and probably folded a short distance southwest 
of these quadrangles, while the basal beds of the Fort 
Union were being laid down within them. This state
ment also holds for the southeastern part of the Grass 
Creek Basin quadrangle, where no unconformity is 
noticeable at the base of the Fort Union. It looks as 
if there were widespread uplift and probably folding 
along the present site of the Absaroka Range when 
there was only local folding in the border belt of the 
Big Horn Basin. Where the unconformity at the base 
of the Fort Union is best shown these beds dip 9° E. 

and the underlying Lance beds dip 22° E. The rela
tions indicate that the Lance beds dipped about 13° 
before the Fort Union beds were laid down. 

A great thickness of the Fort Union formation is 
involved in the folds of the border belt, and most of 
the folding was accomplished before the basal Wasatch 
beds were laid down farther northeast. The coarse 
.material near the base of the Wasatch, as well as 
above it, is largely that which was . laid down in the 
basal Fort Union beds, although some new material is 
present. Zones of such coarse material dip as .much as 
16° toward the Big Horn Basin east of Oregon Basin 
and 10° northeast of Grass Creek, showing that along 
the basinward limbs of basinward anticlines folding 
continued while Fort Union beds were being eroded a 
short distance to the south~est. The base of the 
Wasatch formation is most highly unconformable on 
underlying beds in the same region that the base of 
the Fort Union is unconformable on older beds, show
ing that the local uplift in the region of Oregon Basin 
before the basal Fort Union beds were laid down con
tinued into Wasatch time or was renewed after the 

. basal Wasatch beds were laid down. 
From the regional studies of the fauna by Sinclair 

and Granger, as well as from local exposures, especially 
northeast of Meeteetse, it seems clear that the beds at 
the base of the Wasatch in the border belt are younger 
than the basal beds of the central and northern parts 
of the Big Horn Basin. The local areal relations of 
the" border Wasatch," 125 to 250 feet thick, indicate 
that it is the equivalent of beds high in the Eocene' 
section in the center of the Big Horn Basin, probably 
the" Tatms.n Mountain beds," which are regarded by 
Sinclair and Granger as of later Eocene (possibly 
Bridger) age. It is necessary to conclude, therefore, 
that folding along the axes of the folds of the border 
belt ceased between the deposition of the b8:sal 
Wasatch and that of the uppermost Wasatch beds. 

These observations lead to the conclusion that some 
of the basinward anticlines of· the border belt were 
formed appreciably later than those nearer the moun
tains and probably also later than those large anticlines 
which coincide with the mountains, such as the 
Bridger and OwL Creek mountains. The unconformity 
at the base of the Fort Union east of Oregon Basin, 
however, leaves no doubt that the folding of the two 
domes that underlie it was begun early in Eocene 
time and continued until late Eocene time. It then 
appears that although there may have been a tendency 
toward progressive development of folds from the 
principal anticlines that outline the Big Horn Basin 
inward toward the center of the depression, there also· 
were local exceptions to this rule. 

The present form of the surface of low relief upon 
which the " border Wasatch" was laid down, con
sidered with the character of the sediments spread 
upon it, indicates that an area between Wood River 
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'and Owl Creek was warped upward with reference to 
the surrounding region to amuximum of about 1,200 feet 
after the andesitic tuffs of that region were deposited, 
probably in middle Eocene time. The faults at the 
head of Little Prospect Creek accompanied or were 
later than this warping but were clearly much later 
than the early faults near the crests of anticlines. 

These quadrangles contain no evidence of the Heart 
Mountain overthrust 50 recognized by Dake after the 
writer's areal work in the quadrangles was completed. 
The relations of this ex:traordinary structural feature 
to the folding, faulting, and sedimentation of the Big 
I-Iorn Basin were clarified by the recognition on 
----'._--------------------

GB Dako. O. L., 'l'he Hart Mountain overthrust: Jour. Geology, vol. 25, pp. 44-55, 
1918. 

51416-26t--6 

McCulloch Peak of remnants of the thrust block 
resting on beds forming the top of the Wasatch forma
tion in the Big Horn Basin. The thrust fault appears 
to have been the culmination of the long series of 
Tertiary deformation of the west side of the basin. 
There is no evidence to show -whether it preceded or 
followed the warping and normal faulting' along Little 
Prospect Creek; it is assumed to have preceded these 
events. 

CORRELATION 

The following table sets forth the succession of struc
tural events and deposition of sediments in the two 
belts partly covered by these quadrangles, as well as 
.the mountainous belt lying farther west. 



Preliminary correlation of Tertiary deformation and sedimentation in Big Horn Basin 
-

Big Horn Basin 

Absaroka-Owl Creek mountain front 
Geologic age Border belt Central part 

Deposition or erosion Deformat'ion Deposition or erosion Deformation Deposition or erosion Deformation 

a.i Early basic breccias Basic tuff (?) (local). (?) ~ Upper. 
Q;) (widespread) . 
~ 
0 

~ 
Lower. Erosion. Erosion (?). Erosion (?). 

a.i 
~ 
Q;) 
~ Erosion. Erosion. Erosion (?). 0 
bO -:.::l 

0 

Uplift (?). Uplift. (?) 
Upper. Erosion. Normal faults Erosion. Normal faults Erosion (?). 

(local) . (local) . 

Unconformity ('I) - -Heart Mountain- -Unconformity (?) - -Heart Mountain- -(?) Heart Mountain-
J overthrust. overthrust. overthrust. 

a.i Middle. Early acid breccia Andesitic tuffs Andesitic tuffs (?) (local). 
~ (local). (local) . 
Q;) 
~ 
0 
~ 

Conformity Conformity (?) 
"Border Wasatch" "Border Wasatch" "Tatma~ Mountain beds." a (local). (local) . "Lost Cabin beds." Local depres-

Lower. Erosion. Erosion. "Lysite beds." sion. "Gray Bull beds." 
"Sand Coulee beds." 

------------------------- -Unconformity Unconformity Unconformity (?) 
"Clark Fork beds." b 

-------------------------
Extensi ve nor- Local normal Depression. mal faults, faults, large folds, small folds, 

Basal Eocene ('~ Paleo- widespread local uplift. 
cene") . uIJlift. 

I Fort Union (?). Sinking (?). Fort Union forma- Widespread Fort Union formation. Widespread 
tion. sinking. sinking. 

------------------------------ -Local unconformity Local unconformity-- (?) 
Local warping. Local warping. (?) 

Tertiary (?) Co 

Sinking (?). Lance formation (?). Lance formation. Sinking. Lance formation. Sinking. 
------ ---

o Possibly younger than l!lwer Eocene. 
b Younger than Fort UniQ.n and included with overlying zones in the wasatch . 
• The Lance formation is here classified as Tertiary (1) to conform with the usage of the U. S. Geological Survey, although the local evidence indicates c6nformability with the underlying Cretaceous beds; 
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NORTH AND SOUTH OREGON BASIN DOMES 

Surface features .~Oregon Basin is the largest de
pression on the west side of the Big Horn Basin, being 
about 6 miles wide and 11 miles long. It is unlike 
most of the other basins in that it is less regular in out
line and presents many diverse surface forms. It is 
limited by impressive escarpments of Mesaverde sand
stones on the north, and south, but these are locally 
absent on the east and west sides. The floor of the 
basin, especially the southern part, contains numerous 
ridges, some of which are flat topped and covered with 
gravel. The crest of the South dome almost coincides 
with the position of Elk Butte, a high flat-topped hill 
which is a remnant of the Rim terrace. On the other 
hand, the North dome coincides closely with a nearly 
flat featureless area, of which a part is depressed about 
100 feet below the surrounding ridges, so that it has 
no outlet. 

All the streams of the basin are intermittent, and 
their pattern is very irregular. None of the water is 
fit for domestic use. Water supplies at the few perma
nent settlements are derived from wells, cisterns, and 
the unused parts of coal mines. Recently water from 
one of the wells on the north dome has been used 
largely in one camp. 

The basin may be entered by roads from the east, 
south, and west, and they are more numerous than 
the topographic map shows. Although a small area 
near the Wiley ranch is cultivated by the use of water 
drawn from the North Fork of Shoshone River, the 
basin presents in general a desolate picture. Herds' 
of sheep graze over the surface during the fall, but the 
number of permanent residents rarely exceeds 5. 

Stratigraphy.-The lowest beds exposed at the sur
face on the north and south domes include those from 
100 to 120 feet below the top of the Frontier forma'tion. 
The Cody shale underlies a large, area in the basin, 
but good exposures are widely scattered. The most 
reliable estimate of its thickness is that of 2,300 feet; 
made southwest of Elk Butte. The Mesaverde forma:.. 
tion forms the escarpment that encircles the basin. 

Of the eight wells that have been drilled in the 
basin, five yield sections as deep as the Cloverly 
formation, and one, the Pauline, penetrated 490 feet 
of the Morrison formation. 

Structure.-The structure of these domes is repre
sented on Plate I, by structure contours based on the 

data from outcrops and wells. The contours on the 
uppermost sandstone of the Frontier formation are 
probably nearly correct for areas several square miles 
in extent near the crests of the domes but are more 
speculative for the outer zone. 

The position and displacement of most of the faults 
in the Frontier and Mesaverde sandstones were de
termined from direct observations.' Of the two faults 
near the crest of the South dome, the western one has 
a displacement of about 25 feet, with the north side 
relatively raised, and the eastern one has a displace
!flent of 12 feet, with the west side raised. On the 
other hand, the position assigned to the fault that 
crosses the north dome is approximate only, and the 
displacement was inferred from the structure contours. 

Many faults exist in the massive Mesaverde sand
stones that form' the escarpment. From such study 
as it has been possible to give to these faults, it seems 
highly improbable that even the one with the greatest 
displacement, 1,250 feet, persists downward far enough 
to break the Frontier sandstones along the direct 
extension of its plane. It would appear rather that 
the Frontier sandstones are broken and slightly 
offset at several.places and that the structure contours 
should indicate a sharp flexure. 

Although the region east of the Oregon Basin 
quadrangle has not been studied in detail, there is 
basis for believing that the Cretaceous beds rise 
continuously, without reve~al of dip, from the middle 
trough of the Big Horn Basin. The maximum dip of 
500 along the'east flank occurs in beds of the Meeteetse 
formation. On the west side of the south dome the 
maximum dip of 340 occurS in the Mesaverde sand
stones as they descend toward the Cottonwood and 
Dry Creek synclines. The available observations of 
dip indicate that the south dome merges westward 
into a distinct anticline. West of the north dome 
the beds dip abruptly to th~ Sage Creek syncline. 

, . 

Exploration.-The south dome was the first to be 
explored. A shallow well (No.1, PI. I) was drilled in 
SW. ~~ sec. 4, T. 50 N., ~. 100 W. early in 1912 but the 
first deep exploration was the McMahan well (No.2, 
PI. I) sunk during July' and August, 1912. The 
first deep well to be, drilled on the north dome was the 
Pauline well (No.3, Pl. I). To date three deep 
wells have been sunk on each of the domes, in addition 
to several shallow wells. Summaries of the logs of 
nine of the wells are presented herewith. 
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Summary of wells on south Oregon Basin dome 

No.2. McMahan well, NW. ~ SW. ~ sec. 32, T. 51 N., R. 100 W. 

[Drilled by Enalpac' Oil & Gas Co., July 15 to August 24, 1912] 

Soil and wash __________________________ _ 
Frontier formation: Shale _____________________________ _ 

Sand _____________________________ _ 
Shale _____________________________ _ 
Sand _____________________________ _ 

Mowry and Thermopolis shales: 
Shale and sandy shale ______________ _ 
Bentonite _________________________ _ 
Shale _____________________________ _ 

~h~~!/_ ~~t_e~==== = = = = = == = = == == == == === Sand; water _______________________ _ 
Lnne, gray ________________________ _ 
Sand, dark; water _________________ _ 
Shale, dark_' ______________ - ________ _ 
Lime, broken _______ - - __ - ~ - ____ - ___ _ 
Sand and lime _____________________ _ 
Sand; gas (Muddy sand?) ___________ _ Shale _____________________________ _ 
Sand _____________________________ _ 
Sand and shale, broken _____________ _ 

Cloverly formation: Sand; gas ___________ _ 

Thickness Depth 

Feet 
60 

221 
39 
50 
10 

105 
20 
41 
39 
20 
40 
10 
4 

336 
10 
4 
6 

215 
2 

43 
46 

Feet 
60 

281 
320 
370 
380 

485 
505 
546 
585 
605 
645 
655 
659 
995 

1,005 
1,009 
1,015 
1,230 
1,232 
1,275 
1,321 

No.8. Hallene well, a SW. ~ SW. ~ sec. 29, T. 51 N., R. 100 W. 

[Drilled by Enalpac Oil & Gas Co., October 6, 1913, to April 25, 1914] 

,Frontier formation: Clay ______________________________ _ 
Sand ______________________________ _ 
Shale, dark ________________________ _ 
Sand ______________________________ _ 
Shale, dark ________________________ _ 
Sand ______________________________ _ 
Shale, light and dark _______________ _ 
Sand, broken ______________________ ~ 

, Shale, light- _______________________ _ 
Sand, coarse _______________________ _ 
Shale, light- _______________________ _ 
Sand, fine and coarse; oil colors ______ _ 
Shale, light ________________________ _ 
Sand, Qoarse ____________ ~ __________ ~ 
,Shale, light and black _______________ _ 
Limestone; water __________________ _ 
Sand, dark, coarse __________________ _ 
Sand and shale _______________ ' ______ _ 
Sand _____________________________ _ 

Mowry and Thermopo1is shales: ' 
Shale, light, dark, and black __ ~ ______ _ 
Sand, coarse ________ .~ .:. _____________ _ 
Shale, black _____________ . __________ _ 
Sand, black ________________________ _ 
Bentonite _________________________ _ 
Shale, dark ________________________ _ 
Bentonite _________________________ _ 
Shale, dark ________________________ _ 
Sand _____________________________ _ 

Shale, light and black _______________ _ 
Sand, shale (Muddy sand?) __________ _ 
Shale, black _______________________ _ 

Cloverly formation: . 
Mixed shale and sand; gas ___________ _ Sand ______________________________ _ 

Morrison formation: 

~~~d ~~~il===== ==== = = == == == == = = = == = = Shale, red ____________ ~ ____ ~ _______ _ 
Lime shell and shale; water __________ _ 

Thickness Depth 

Feet 
12 
8 

65 
55 
55 

5 
90 
15 
15 
15 
5 

15 
25 
20 
20 
10 
20 
15 
5 

170 
10 
20 
10 
5 

40 
10 
15 
10 

370 
7 

223 

65 
30 

78 
2 

25 
60 

Feet 
12 
20 
85 
90 

145 
150 
240 
255 
270 
285 
290 
305 
330 
350 
370 
380 
400 
415 
420 

590 
600 
670 
680 
685 
725 
735 
750 
760 

1, 130 
1,137 
1,360 

1,425 
1,'455 

1,533 
1,535 
1,560 
1,620 

a Ziegler, Victor, The Oregon Basin oil and gas field, Park County, Wyo.: 
Wyoming Geologist's Office Bull. 15, p. 237, 1917. 

Summary of wells on s01~th Oregon Basin dome-Contd. 

No.4. SE. ~ SW. ~ sec. 32, T. 51 N., R. 100 W. 

[Drilled by Enalpac Oil & Gas Co. to depth of 688 feet; passed'through Frontier 
formation and entered Mowry shale] 

No.7. Jack well, SE. ~ NW. ~ sec. 30, T. 51 N., R. 100 W. 

[Drilled by Enalpac Oil & Gas Co., July 20 to October 7, 1914, to depth of 1,826 
feet. A bed of sand 66 feet deep at the bottom is probably the Cloverly forma
tion, Water was struck at several horizons ,but no oil or gas] 

No.6. NE. ~ SE. ~ sec. 20, T. 57 N., R. 100 W. 

[Drilled by Enalpac Oil & Gas Co. to a depth of 669 feet. A bed of sand 20 feet 
thick at this depth is probably that at the top of the Frontier formation] . 

Summary of wells on north Oregon Basin dome 

No.3. Pauline well, NE. ~ SE. ~ sec. 5, T. 51 N., R. 100 W. 

[Drilled by Enalpac Oil & Gas Co" October, 1912, to January, 1913J 

Soil ___________________________________ _ 
Shale, black and sandy ___________________ ' 
Frontier formation: Sand _____________________________ _ 

Shale, light ________________________ _ 
Sand; some oil and gas _____________ _ 
Shale, brown and sandy _____________ _ 
Sand _____________________________ _ 
Shale, sandy _______________________ _ 
Sand;·gas ______________________ ~ __ _ 
Shale, with lime and sand ___________ _ 
Sand; gas at 510 feet, show of oil at 530 feet _________________________ _ 
Slate _____________________________ _ 
Sand ________ : __________ ~ _________ _ 
Shale with sand ____________________ _ 
Sand _____________________________ _ 

Mowry shale: Bentonite _________________________ _ 
Shale, black and brown _____________ _ 
Sand, black; water _________________ _ 
Shale, black and light _______________ _ 
Sand _____________________________ _ 
Shale _____________________________ _ 
Sand, dark ___ -_____________________ _ 
Shale _____________________________ _ 
Sand, black ________________________ _ 
Shale, hard, brown _________________ _ 
Sand _____________________________ _ 

Thermopolis shale:· Shale _____________________________ _ 
Sand (Muddy sand?) _______________ _ 
·Shale _____________________________ _ 

Cloverly formation: 
Sand; water, show of oiL ____________ _ 

Morrison formation: 
Lime, red _______________________ ' __ _ 
Sand; water, show of oil and gas _____ _ 
Shale, green, with sand _____________ _ 
Rock, red _________________________ _ 
Sand, broken ______________________ _ 
Rock, red _________________________ _ 
Shale _____________________________ _ 
Sand _____________________________ _ 
Shale _____________________________ _ 
Sand _____________________________ _ 
Shale, gray; water __________________ _ 

Thickness Depth 

Feet 
49 

121 

5 
65 
20 

120 
20 
20 
27 
51 

42 
13 
27 
18 
13 

4 
80 
10 
10 
27 
16 
10 
36 

5 
77 

5 

439 
44 

151 

145 

40 
76 

4 
40 
17 
53 
15 

7 
70 

6 
162 

ll'eet 
49 

170 

175 
240 
260 
380 
400 
420 
447 
498 

540 
553 
580 
598 
611 

615 
695 
705 
715 
742 
758 
768 
804 
809 
886 
891 

1,330 
1,374 
1, 525 

1,670 

1,710 
1,786 
1,790 
1,830 
1,847 
1, 900 
1, 915 
1,922 
1, 992 
1, 998 
2, 160 

No.5. NW. ~ SW. ~ sec. 5, T. 51 N., R. 100 W. 

[Drilled by Enalpac Oil & Gas Co. in 1913 to depth of 415 feet. The bottom of 
the well is on beds of the Frontier formation. The well is now capped, but 
when opened it yields a large fiow of wet gas] 
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Summary of wells on north Oregon Basin dome-Continued 

No.9 (new No.5), SEe U NW. U sec. 5, T. 51 N., R. 100 W. 

[Drilled by Enalpac Oil & Gas Co., June 14 to December 3, 1916] 

Thickness Depth 

Frontier formation: 
Sandstone and dark shale ___________ _ 
Sand, greenish _____________________ _ 
Shale, sandy ______________________ _ 
San d , water _______________________ _ 
Shale, sandy _______________________ _ 
Sand, white; show of oil and gas _____ _ 
Sand, muddy ______________________ _ 
Shale, dark ________________________ _ 
Sand, gray; water __________________ _ 
Shale, dark ________________________ _ 
Sand, water _______________________ _ 
Bentonite _________________________ _ 
Gravelly formation, green ____________ " 
Sand, show of gas __________________ _ 
Shale, dark, sandy; water ___________ _ 
Sand, dark; oil and gas _____________ _ 

Mowry and Thermopolis shales: 
Shale, light and dark _______________ _ 
Sand and hard lime _________________ _ 
Shale and bentonite ________________ _ 
Sand and hard lime ________________ _ 
Shale, sandy, and dark lime _________ _ 
Benton~e _________________________ _ 

. Shale, sandy _______________________ _ 
Sand, hard, black __________________ _ 
Shale and lime; show of oiL _________ _ 
Sand, black ________________________ _ 
Shale, dark ________________________ _ 
Sand, muddy _____________ "_:- _______ _ 
Shale, dark ____ " ____________________ _ 
Sand, shale, and shale sand __________ _ 
Shale, blue (Muddy sand); show of gas_ 

Cloverly formation: ' 
Sand, broken, white ________________ _ 
Sand; much gas at 1,300-1,335 feet ___ _ 

Morrison formation: 
Shale, red, sandy ___________________ _ 
Sand, hard, black; show of oil and gas_ 
Shale, red, gray, and white __________ _ 
Sand, hard, red ____________________ _ 
Shale and lime, hard, red, sandy _____ _ 
Sand, white and purple _____________ _ 

Feet 
50 
20 
45 
10 
38 
22 
23 
29 
24 
16 ' 
8 
3 
2 
5 

75 
4 

41 
4 

14 
3 

146 
3 

36 
9 

147 
20 

110 
10 

122 
47 

164' 

40 
50 

17 
4 

117 
2 

39 
21 

No. 10. NW. U sec. 32, T. 52 N., R. 100 W. 

Feet 
50 
70 

115 
125 
163 
185 
258 
237 
261 
277 
285 
288 
290 
295 
370 
374 

415 
419 
433 
436 
582 
585 
621 
630 
777 
797 
907 
917 

1,039 
1,086 
1,250 

1,290 
1,340 

1,357 
1,361 
1,478 
1,480 
1,519 
1,540 

[Drillcd by Enalpac Oil & Gas Co. Record not available. Reported to have 
becD drlllcd to a depth ot 1,600 Ceet, or to the Cloverly formation. Water 
with considerable sodium carbonate but fit for domestic use now flows from 
tho top of tho casing at the rate oC 15 gallons a minute. Gas and drops of 
yellow 011 rise to the surface of the water.J ' 

Occurrence of oil and gas.-Although traces of oil 
and gas have been found in several sands of the 
Frontier formation and Mowry shale near the crests 
of both dOllles, the most' productive formation is the 
Cloverly.. One well on the north dome and two on 
the south dome have yielded gas under pressure 
estimated at 500 to 800 pounds to the square inch. 
Considerable gas was encountered in the Muddy sand 
in the No. 9 (new No.5) and McMahan wells, and 
small quantities in the Morrison formation. The 
areas on these domes that may yield oil' or gas have 
not been definitely established, but it appears that 
the areas within which the Cloverly formation nlay 
yield gas have been indicated approximately. .Al
though the absence of commercial quantities of oil 
in the Cretaceous beds is not yet proved, the areas 

that may yield oil from that source are insignificant. 
There seems to be on the south dome a nearly cir
cular area a mile in diameter within which gas will be 
found under fair pressure, even though the McMahan 
well is reported to have discharged for more than a 
year uncontrolled. This area appears to be outlined 
by the 5,600-foot contour on Frontier sandstone. 

The north dome is broken by a northeast fault 
having a displacement of about 300 feet, which 
seems to separate an area north of it that contains 
gas from an area south of it that appears -to be barren. 
A small' amount of oil may be present on the dome, 
but at present it would appear to be negligible. The 
area within which gas may be found on this dome is 
probably rudely semicircular and about a mile in 
diameter. 

The deeper formations that may contain oil or gas 
on these domes include the Morrison, Chugwater" 
and Embar. The sands in the Chugwater and 
Embar that are" productive on the Cottonwood 
anticline lie approximately 1,200 and 2,000 feet· below 
the top of the Cloverly formation. Until further. 
exploration to these deep sands on the Oregon Basin 
domes indicates that factors controlling the dis
tribution of oil and gas are unfavorable to the' oc:
currence of these· substances in the sands on these 
domes they must be regarded as possible sources of 
production. 

EAST BUFFALO AND WEST BUFFALO ANTICLINES 

Surface features.-The crests of the East Buffalo 
and West Buffalo anticlines coincide with one of the 
most impres~ive surface basins on the west side of the 
Big Horn Basin. Little Buffalo Basin is an elliptical 
flat area, 4 miles wide and 7 miles long, almost en
circled by a rugged escarpment 400 to 700 feet high. 
Only a few trails cross the escarpment, and the only 
means of access by wagons or automobiles are roads 
that enter by the deep notches cut by Little Buffalo 
Creek at the west and east sides of the basin. The 
basin is mostly flat and smooth, but a few fiat:-topped 
ridges, probably" corresponding to the Sunshine 
terrace, rise about 100 feet above the general level. 
Little Buffalo Creek and its tributary ravines are 
sunk 25 to 50 feet below this level. 

Although parts of Little Buffalo Creek carry a small 
flow of alkaline water most of the year, water for 
domestic uses must be brought from Gooseberry 
Creek or Greybull River. The basin is devoid of all 
vegetation except sagebrush and a sparse growth of 
gr~ss, which serves as pasturage for a few herds of 
sheep during the fall. 

Stratigraphy.-The beds exposed at the surface in 
Little Buffalo Basin include the massive sandstones 
near the base of the Mesaverde formation and the 
upper 1,200 feet of the Cody shale. The exposures in 
the central part of the basin, however, are uncom-
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monly poor, and thus it is difficult to construct a 
~tructure contour map of this area. The upper 600 
feet of the Cody shale appears in a number of outcrops 
in the eastern half of the basin. Estimates of the thick
ness of the Cody shale indicate that it is approximately 
2,550 feet. 

Structure.-The meager exposures of thin beds of 
sandstone in ,the shale near the center of the basin, 
supplemented by the data from wells, constitute the 
basis for the structure contours drawn on the top 
of the Frontier formation. Although these contours 
probably represent the general form of the anticlines, 
fur~her exploration may show local departures from 
-this form. The dip of the Mesaverde beds ranges 
from 12° to 18° along the northeast flank of the folds, 
where they rise out of the trough of the Big H'orn 
Basin. The surface outcrops indicate two anticlines, 
of which the eastern is the longer, separated by a low 
syncline. ' The beds un the southwest flank of the 
East Buffalo anticline dip toward the Gooseberry 
syncline, whereas those on the southwest flank of the 
West Buffalo anticline dip toward the eastern exten
SiOIi of the' Rawhide syncline. 

rhe anticlines are particularly interesting on. ac
count of their relation to the middle trough of the Big 
Horn Basin and the apparent absence of faulting 
around the Mesaverde escarpment and near the crest. 

Exploration.-Prior to October, 1919, eight wells 
had been drilled on these anticlines but the records 
of only five are available. A summary of the record of 
drilling/as well as the available logs is given below: 

Summary of wells on East Buffalo and West Buffalo anticlines 

No.1. SW. ~ SW. ~ sec. 35, T. 48 N., R. 100 W. 

[Drilled by Midwest Refining Co., August and September, 1914. In lowest sand, 
at 1,655 to 1,702 feet, encountered considerable gas, which has since been capped 
and used locally for drilling other wells. Log reported by Hintze] 

Thickness Depth 

Feet 
Surface wash: Clay, red__________________ 30 
Cody shale: 

Shale, blue __________________ '__ _____ 473 
, Sand, green_________________________ 6 
Shale, blue~ _______________ ... -------- 5 
Sand, dry _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6 
Shale, sandy _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 350 
Shale, blue_ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 306 
Shales _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 24 
Shale, blue_ _ __ _ _ __ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ 152 

Frontier formation: 
Sand; water at 1,412 feet_____________ 62 
Shale, brown_.: ____ - _______ - _ - ______ - 15 
Sand ____________________ ~---~----- 20 
Shale, white________________________ 67 
Sand _____________________________ ~_ 10 
Shale, brown_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 44 
Sand_______________________________ 36 
Shale, brown ____ :- _________________ ,-_I 19 
Sand; gas at 1,702 feet _______________ , 47 

Feet 
30 

503 
509 
514 
520 
870 

1,176 
1,200 
1,382 

1,444 
1,459 
1,479 
1,546 
1, 556 
1,600 
1,636 
1, 655 
1, 702 

Summary of wells on East Buffalo and West Buffalo anticlines-
, Continued 

No.2. SW. ~ SW. ~sec. 36, T. 48 N., R. 100 W. 

[Drilled by W. L. Valentine, July to September, 1914. It is reported that the Ohio 
Oil Co. now controls the tract on which the well is located. The owners withhold 
pUblication of the well log, but it is reported that considerable gas was encountered 
in sands near the base of the Frontier formation at depths ranging from 1,576 to 
1,681 feet] 

No. 3. SE~ ~ NW. ~ see. 2, T. 47 N., R. 100 W. 

[Drilled by Ohio Oil Co., July to November, 1914] 

Thickness Depth 

Sand and soiL _____________ ,..-___________ _ 
Soil and graveL _________________________ _ 
Cody shale: 

Shale, black and brown _______ .: ______ , 
Sand, greenish _____________________ _ 
Shale, brown, sandy, with shells _______ _ 
Sand, black ________________________ _ 
Shale, black and brown _____________ _ 

Frontier formation: 
Sand; hole filled with water __________ _ 
Sand; no water ____________________ .:. 
Sand ; water ___________________ ' __ ~ __ 
Sand; no water ____________________ _ 
Shale, dark ________________________ _ 
Sand _________________ .: ___________ _ 
Shale _____________________________ _ 
Sand; gas __________________________ _ 
Shale and sand _____________________ _ 
Sand; much gas ____________________ ,_ 

Feet 
20 
20 

440 
25 

715 
15 

230 

10 
20 
15 
30 

148' 
14 
28 
32 
5 

25 

No. 4~ NE. tk SW. % sec. 36, T. 48 N., R. 100 W. 

Feet 
20 
40 

480 
505 

1,220 
1, 235 
1,465 

1,475 
1,495 
1, '510 
1,540 
1,688 
1,702 
1,730 
1,762 
1,767 
1, 792 

[PraIed by Ohio Oil Co., August, 1916, to June, 1918. It is reported that consider
able gas was produced from the sand at 1,810 feet, but this is at present sealed] 

Thickness Depth 

Cody shale: 
Shale and shells ____________________ _ 
Shale, brown __________________ - ___ _ 
Shale, sandy _______________________ _ 
Shale and shells_..: __________________ _ 
Shale, muddy ______ - - - ______ - --- - __ _ Shale __________________________ ~ __ _ 

Frontier formation: 
Sand, soft ___________ - _______ - - - ___ _ 
Shale _______________ ~--------------
Sand; ga& __________________________ _ 
Shale, black, with sand _____________ _ 

Feet 
825 

30 
100 
465 

20 
35 

35 
210 
90 
42 

No.5. NW. % NE. % sec. 7, T. 47 N., R. 99 W. 

[Drilled by Producers Oil Co.; reported to be a shallow well] 

No.6. NE. % SE. % sec. 7, T. 47 N., R. 99 W. 

Feet 
825 
855 
955 

1,420 
1,440 
1,475 

1,520 
1,720 
1,810 
1,852 

[Drilled by Producers Oil Co., 1916. Log notavailable; Reported to have attained 
depth of about 2,300 feet without striking oil or gas] 
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Summary of wells on East Buffalo and West Buffalo anticlines
Continued 

No.7. NW. % NE. % sec. 10, T. 47 N., R. 100 W. 

[Drlllod by Midwest Rofining,Co., June to December, 1917. The casing has been 
sonlod, but gns nnd n little wnter leak through outside the casing] 

Thickness Depth 

Cody shale: 
Shale, brown, gray, and white _______ _ 
Sand, gray ______ - ___ --- - ___ --- - - - _' __ 
Shale, brown, black, and gray ________ _ 
Slate and lime _____________________ _ 

Frontier formation: 
Sand; gas ________ - _________ - __ - -_ - __ 
Lime _________________________ - - ___ _ 

Sand; gas ___ - - - - - - - - - - - - - - - - - - - - - - --1 Lime ______________ ~ _______________ _ 
Slate _____________________________ _ 

i~~~~~~~~~======================== Sand _____________________________ _ 
Slate _____________________________ _ 
Sand, dry ___________________ - _ - __ - -
Slate and lime _____________________ _ 
Sand; some gas _____________________ _ 
Shale and shells ____________________ _ 
Sand; water ________________________ -.. 
Shells _____________________________ _ 
Sand _____________________________ _ 
Shale and shells ____________________ _ 

Feet 
790 
30 

894 
144 

24 
4 
8 

10 
18 
33 
10 
16 
8 

28 
21 
15 

162 
25 

8 
9 

128 

No.8. NE. ~ NW. ~ sec. 10, T. 47 N., R. 100 oW. 

Feet 
790 
820 

1,714 
1,858 

1,882 
1,886 
1,894 

.1,904 
1, 922 
1,955 
1,965 
1,981 
1,989 
2,017 
2,038 
2,053 
2,215 
2, 240 
2, 248 
2, 257 
2,385 

(No reoord. Well yields several gnllons of soft water a minute, and gas bubbles 
freely nt the surfnce. Well is not capped] 

Occurrence of oil and gas.-Graphic comparison of 
the logs of five of these wells shows that the sections 
of the Frontier formation are highly similar although 
only one well, No.7, appears to have passed com
pletely through the formation. The upper sandstone 
appears to carry only water in the central' area 
(wells Nos. J, 2, 3, and 4), but the sands 250 to 300 
feet lower uniformly carry gas under considerable 
pressure. CW'iously these conditions are reversed in 
well No.7, for gas is reported there in the uppermost 
sandstone and water in the lower. No appreciable 
quantity of oil has yet been encountered in these 
fields. From existing data it would appear that the 
lower sandstones are likely to yield gas on both anti
clines from the area within the ~,300-foot contour 
drawn on the top of the uppermost sandstone. 

Outloolc.-Explorations to date appear to have rather 
adequately demonstrated that there is little prospect 
of obtaining oil in commercial q uan ti ties from the 
Frontier sandstones in these fields, although those in 
the lower part of the formation contain considerable 
gas. According to reports a little gasoline can be 
condensed from the gas, but it appears to be much 
drier than that from the same horizon in Grass Creek 
Basin or Oregon Basin. The evidence of well No. 7 
indicates there is not a complete gravitative adjust
ment of gas and water in the, sands. Under such 
circumstances there is a remote chance that small 
pools of oil may yet be found. 

There still remains, however, the possibility that oil 
may be found in beds below the frontier formation. 
In the highest part of the East Buffalo anticline, the 
Greybull horizon would be found 'at a depth of 2;475 
feet, the Chugwater oil-bearing zone at 3,565 feet, 
and the oil sand in the Embar formation at 4,465 
feet. Efforts to, discover oil in these lower formations 
should be made only after its presence in them has 
been determined in several other anticlines that bear 
the same relation to the major trough of the Big fIorn 
Basin as these anticlines. 

SPRING CREEK ANTICLINE 

Surface features.-The Spring Creek anticline ex
tends from Greybull River in T. 48 N., R. 101 W., 
northwestward for a number of miles. A part of 
it was examined by Lupton,s7 but the northwestern 
limit has not been determined. It coincides with 
Spring Creek Basin, which is marked by a steep escarp
ment of Mesaverde sandstone. The basin may' be 
entered by fair roads from upper Meeteetse Creek on 
the north or along Spring Creek from the east, but the 
best approach lies along a Qew road from F. A. Whit
ney's ranch on Greybull River. 

The surface of Spring Creek Basin is uncommonly 
smooth and unbroken, although the southern part is 
locally deeply trenched by narrow ravines that drain 
northward to Spring Creek. The smooth floor' of the 
basin appears to have been established when the Grey
bull or valley-floor terrace was being cut., Several 
round hills and smooth ridges rise as much as 100 feet 
above the floor and are covered with 'a layer of gravel 
3' feet thick. These hills are probably residuals of a 
terrace that was once more extensive, corresponding 
to the Sunshine terrace. 

Stratigraphy.-The floor of Spring Creek B~sin is 
cut in the upper part of the Cody shale, a few exposures 
of which are to be found in the ravines.' The upper 
250 feet of the Cody shale is uncommonly well exposed 
under the massive basal Mesaverde sandstones in sev
eral steep escarpments along the southeast end of the 
basin. The thickness of the Cody shale on the south
west side of Spring Creek BaEiin is estimated to 1;>e 
2,250 feet. According to Lupton, beds of the Mowry 
shale and Frontier formation crop out around the crest 
of the anticline west of the border of the Meeteetse 
quadrangle. , 

Structure.-Spring Creek anticline is one of the 
simplest folds on the west side of the Big Horn Basin. 
The northeast flank is made up of the beds that rise 
gently from the Cottonwood syncline. The dip of 
the beds is less than 50 for 3 miles southwest of the 
syncline, increases abruptly to 180 near the Black 
Diamond mine, and ranges from 60 to 11 0 for 6 miles 

67 Hewett, D. F., and LuptQn, C. T., Anticlines iuthe southern part of the Big 
Horn Basin, Wyo,: U. S. Geol. Survey Bull. 656, p. 174, 1917. 
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farther, to the crest of the anticline. There is a 
possibility that the abrupt increase and decrease in 
dip mark the approximate position of the crest of a 
buried anticline, roughly parallel with that of the 
Spring Creek anticline. Southwest of the crest the 
dip attains the maximum of .320 in the basal sand
stones of the Mesaverde formation and then decreases 
abruptly to the trough of. the Rawhide syncline. 

It has not yet peen determined whether the con
tours on the upper sandstone of the Frontier forma
tion close around the crest of the anticline or whether 
they are open to the northwest. No faults have been 
noted in any part of the anticline, but there are 
numerous joints in the rocks around the southeast 
end, especially in secs. 2 and 3, T. 48 N., R. 101 W , 
where the lower Mesaverde sandstones are broken 
into many diamond-shaped blocks of great range in 
size .. 

ExpZoration.-The principal exploration on the 
Spring Creek anticline consists of the well drilled by 
the Peerless Oil Co. in sec. 4, T. 48 N., R. 101 W.~ in 
1915. A copy of the log is reproduced herewith. 

Log of well drilled by Peerless Oil Co. in sec. 4, T. 48 N., R. 101 W. 

Thickness Depth 

Soil ___________________________________ _ 
Shale, dark ___ ~.,. __________________ . _____ _ 
Greenish sand; trace of gas ______________ _ 
Shale, blue ____________________________ _ 
Frontier formation: . 

Sandstone; water ___________________ _ 
Shale, brown ______________________ _ 
Sandstone; water ___________________ _ 
Shale, brown, sandy ________________ _ 
Sandstone; water ___________________ _ 
Shale _____________________________ _ 

Sandstone; water, 11 gallons a minute_ 
Shale ___________ ~ _______ ?----------
Sandstone, dry _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 
Shale, sandy ____________________ -'- __ _ 
Sandstone, dry _____________________ _ 
Shale ____________________________ ~~ 

Sandstone; water, 25 gallons a minute __ 
Shale; top shows a little oiL _____________ _ 

Feet 
10 

790 
10· 

850 

12 
86 
18 

114 
15 
15 
35 
'35 
20 
20 

.45 
70 

125 
40 

Feet 
10 

800 
810 

1,660 

1, 672 
1,758 
1,776 
1,890 
1,905 
1,920 
1,955 
1,990 
2,010 
2,030 
2,075 
2, 145 
2,270 
2,310 

The 610 feet of beds penetrated from 1,660 to 2,270 
feet appear to represent the Frontier formation, so 
that the well was stopped in Mowry shale. In October, 
1916, the water that flowed from the top of the casing 
at the rate of several gallons a minute was distinctly 
soft and free from sulphurous and .other gases. 

During 1918 and 1919 the Midnight Oil Co. drilled 
five holes in an area 100 feet square in the NE. U sec. 
5, T. 48 N., R. 101 W. The first well drilled attained 
a depth of 1,200 feet without striking the uppermost 
sandstone of the Frontier formation. The succeeding 
holes were 600, 500, 80, and 260 feet deep. It was 
the aim in each hole to drill to the Frontier sandstones, 
but the holes became crooked and had to be aban
doned. Water flowed into the first hole at 710 feet 

but had to be continuaUy added to each of the other 
holes during drilling. 

OutZook.-The chance of discovering oil or gas on 
the Spring Creek anticline will .be largely determined 
by the form of the highest part of the crest. If the 
structure contours near the crest close in the region 
west of the Meeteetse quandrangle, there is a pos
sibility that the beds of the Chugwater or Embar 
formation may contain oil or gas. The relation of the 
fold to the trough of the Big Horn Basin indicates 
that beds of the Frontier, Mowry, and Thermopolis 
formations probably do not contain oil or gas. The 
Peerless well gives adequate evidence that the part 
of the antlcline in the Meeteetse quadrangle is not 
likely to contain oil or gas. Any further drilling on 
the fold should be preceded by exhaustive study of 
the structure of the beds in the vicinity of upper 
Spring Creek. 

SUNSHINE ANTICLINE 58 

Surface features.-The surface features in the 
vicinity of the Sunshine anticline differ greatly from 
those near similar folds in this region. Although a 
high, rugged escarpment of the Mesaverde sandstones 

·lies parallel with the fold east of Wood River for a 
distance of 7 miles, it is completely eroded for 2 
miles near the junction of Wood and Greybull rivers 
and then continues for 4 miles farther north qf the 
Greybull. The Mesaverde rocks are largely eroded 
west of Wood River, and only a triangular block 
several miles wide remains northwest of Sunshine post 
office. The Sunshine anticline is one of the few folds 
in the Big Horn Basin that is crossed by large perennial 
streams, and the outstanding local featl)res are the 
wide, fiat valleys that follow the rivers and the high 
terraces that lie adjacent to the valleys. One rem
nant of the Sunshine terrace lies north of the valley 
and is more than 3 miles long and three-quarters of 
a· mile wide; smaller remD:ants lie southeast of the 
river. There is .also a large remnant of the Rim 
terrace west of Wood River and north of Sunshine . 

. The remnants of terraces are much smaller along the 
Greybull Valley. . 

N early half the valley of Wood River is devoted 
to agriculture, and a large area has recently been 
brought under cultivation along the valley of Sun- . 
shine Creek by the use of water drawn from Wood 
River. 

Stratigraphy.-The massive sandstones near the 
base of the Mesaverde formation crop out promi
nently near the top of the escarpment east of Wood 
River and north of Greybull River. The Cody shale 
underlies two wide belts, one on each side of the 
anticline, but except along the intermittent streams 

58 Moody, C. L., and Taliaferro, N. L., Anticlines near Sunshine, Park County. 
Wyo.: California Univ. Dept. Geology Bull., vol. 10, PIJ. 445-459, 1918. 
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tributary to Gooseberry Creek on the south exposures 
are poor. The sheets of gravel completely obscure 
outcrops of the shale on the high terraces, and by 
shedding waste down the adjacent slopes conceal 
outcrops there also. Measurements of the thickness 
of the Cody shale range from 2,500 feet east of Sun
shine post office to 3,400 feet northwest of it. The 
groater thickness is undoubtedly only local, being due 
to thickening during folding, and does not represent 
a variation during the deposition of the beds. 

'rhe complete section of the Frontier formation is 
well exposed in secs. 15 and 16, T. 47 N., R. 101W., 
on each side of Wood River, where measurements of 
the thickness show 493 and 528 feet (sections 6 and 
7, PI. VI). The principal sandstones in both sections 
can be satisfactorily correlated, but they !?how a 
great range in thickness.59 

Beds of the Mowry shale crop out prominently on 
both sides of the anticline north of Wood River and 
locally south of the river. The dip of the beds and 
the recorded thickness of the Mowry shale in this 
region indicate that the Thermopolis shale should 
crop out along the crest of the anticline, but it has 
not been identified. In the highest part of the anti
cline, in the SW. 34 sec. 22, T. 47 N., R. 101 W., 
the Greybull sand would probably be struck at a 
depth of 800 feet. 

Less than half a mile south of the border of the 
Meeteetse quadrangle the Frontier sandstones pass 
under an area of Wasatch deposits. 

Structure.-The Sunshine anticline is a rather 
simple narrow fold which is one of a well-defined 
chain that trends generally northwest in this region. 
On the south there are two small anticlines,60 whose 
crests trend northwest but are offset successively 
westward from that of the Sunshine anticline. The 
Pitchfork anticline,61 several miles northwest of 
Greybull River, bears a similar relation. This group 
of anticlines is linlited on the east by an irregular 
group of synclines, which includes the Rawhide and 
Renner. , 

The form of the anticline is well indicated by the 
outcrops of the uppermost Frontier sandstone, which is 
well exposed except on the slopes adjacent to Sun
shine Creek. The range in dip of this sandstone is 
22° to 38° along the east flank and 30° to 46° along 
the west flank. No evidence of faults in this bed has 
been observed. 

Exploration.-A single well has been, drilled on the 
Sunshin~ anticline in the SE. U sec. 33, T. 48 N., R. 
101 W. It was drilled by the Twin Falls Oil & De
velopment Co., of Twin Falls, Idaho, during the period 
from October, 1918 to September, 1919. The log 
as submitted by ~1r. E. S. Stevens is given below. 

60 Hintze, F. F., jr., The Little BufJalo Basin oil and gas field: Wyoming State 
Geologist's Office BUll. 11, pt. 1, p. 75, 1915. 

60 Moo~y, C. L., and Taliaferro, N. L., op. cit., pp. 456-457. 
61 Hewett, D. F,. and Lupton, C. T., op. cit., pp. 171-173. 

Log oj well oj Twin Falls Oil & Development Co. in the BE. % 
sec. 33, T. 48 N., R. 191 W. 

Thickness Depth 

Feet Feet Clay __________________________________ _ 
Shale, black _____________ - - _____ - - _ - - - --
Shale, hard lime ________________________ _ 
Sand, gray; water (top of Frontier forma-tion?) _______________________________ _ 

60 60 
134 194 

3 197 

60 257 
Shale, white ___________________________ _ 
Sand, gray _______________ - _________ - - - -
Shale, black ___________________________ _ 

190 447 
37 484 

100 584 
Sand, white; water, caused hole to cave ___ _ 
Shale, black ___________________________ _ 

22 Q06 
79 685 

Sand, gray:" ______________ - ____________ ~ 
Shale, white _______________________ . ___ ~_ 

15 700 
50 7,50 

Shale, black ___________________________ _ 90 \ 840 
Sand, gray ____________________________ _ 
Sand, muddy ___________ _ 0 _ _____________ _ 

56 896 
114 1,010 

Lime, gray ____________________________ _ 
Clay, white _____________ -'- - ___________ -_ 
Shale, black ____________ Q. ______________ _ 

15 1,025 
20 1,045 
75 1, 120 

Sand, white _______________ ,.. ___________ _ 10 1, 130 
Shale, black ___________________________ _ 
Sand _________________________________ _ 178 1, 308 

37 1,345 
Shale, black ___________________________ _ 5 1,350 

~~r::t :;~;~ ~ ~ = = = =='== == =~ = = = = = = ====== === Shale, black ____________ - _ - ____________ _ 
Shale, lime ____________________________ _ 

5 1, 355 
10 I 1,365 
11 1,376 
3 1,379 

Shale, blue ____________________________ _ 
"Shell,') lirrie ___________________________ _ 
Shale, black ___________________________ _ 

4 1, 383 
2 1,385 

13 1,398 
Lime, gray _______ :.. ____________________ _ 

~f~::g~~J============================= 
6 1,404 

216 1, 620 
2 1, 622 

, Shale, black ___________________________ _ 478 2; 100 
Shale, gray, streaks of sand; show of oiL __ _ 
Shale, black ___________________________ _ 

140 2, 240 
90 2,330 

Sand, gray; show of oiL _________________ _ 
Shale, black; __ - - - - - - - ___ - - - - - - - - - - - - - - - -

2 2,332 
101 2,433 

In several respects this is an extraordinary record. 
The group of s~ndstones struck at 197 to 1,365 feet 
have several characteristics of the Frontier formation, 
and the underlying gray and black shales resemble 
the Mowry, and Thermopolis shales. If the sand 
struck at 197 feet is considered the top of the Fron
tier formation and the thicknesses of the underlying 
formations are normal the red shale of the Morrison 
formation should have been struck at about 1,850 
feet. As neither red shale nor sandstone resembling 
the Cloverly formation was !Struck, it. must be con
cluded either that the entire sectioI;l is uncommonly 
thick or that the beds have a high' dip where they are 
penetrated. If the latter explanation is correct, as 
seems most probable, the beds must dip from 30° 
to 45°, and the bottom of the hole is in the shale near 
the base of the Thermopolis shale. U 

The structure of the beds near the well can not be 
determined from surface outcrops. The structure 
contours in this vicinity have been drawn on the as
sumption that the sandstone at 197 feet is the top 
of the Frontier formation, dipping gently northwest 
from the crest of the anticline. The structure of the 
Mesaverde coal. beds where they cross Wood River, 
considered with the attitude and position of the Fron
tier sandstones along the anticline, indicate the possi-



78 OREGON BASIN, MEETE,ETSE, AND GRASS CREEK BASIN QUADRANGLES, WYO. 

bility that there may be a local sharp anticline be
tween the Sunshine anticline and the Mesaverde 
formation where it crosses Wood River. If this is 
true, the well may be on a steep western flank of the 
local anticline. 

Outloo7c.-As the Frontier formation and Mowry 
shale crop out along Wood River, the prospect for 
the discovery of commercial quantities of oil and gas 
in these formations on the Sunshine anticline is not 
encouraging. On the other hand, beds of the Chug
water and Embar formations, which are buried at a 
depth of 1,700 to 2,400 feet in the NW. U sec. 22, 
'1'.47 N., R. 101 W., on the south side of Wood River, 
offer a fair prospect for successful drilling. As the 
Sunshine anticline is a narrow ,unsymmetrical fold, 
with the steeper dips west of the crest, and as the 
difference in thickness of the Frontier form~tion on 
the two sides is slight, it appears that the axial plane 
of the fold dips east. Wells should therefore be placed 
300 to 500 feet east of the crest line. in order to pene
trate the highest part of the crest in Chugwater and 
Embar beds. 

GOOSEBERRY DOME AND ANTICLINE 

Two small folds, a dome and an anticline, cross 
Gooseberry Creek in T. 47 N., R. 100, W. The anti- ' 
cline coincides with a flat basin about 1 mile in d~am
eter; and a large area north of the creek is under 
cultivation. The basin is almost surrounded by high, 
rugge'd escarp!llents, ,made up of the outcropping 
massive ledges of sandstones of the lower Mesaverde 
formation. ' The crest of the dome, however, is not 
so deeply dissected, and the' lower sandstones of the 
Mesaverde lie low on a group of rugged ridges that 
partly surround it (PI. VII, 0). The basins are ac
cessible by roads along Gooseberry Creek or by trails 
through several ravines from the north. 

Estimates of the thickness of the Cody shale on 
the Gooseberry anticline, based upon' surface out
crops and the data from the well on the anticline, 
indicate that it is about 2,550 feet. In the absence 
of any drilling on the dome, the thickness of the shale 
there is assumed to be the same. ~ 

The beds of Mesaverde sandstone descend abru'ptly 
from the Little Buffalo Basin anticline to the Goose
berry syncline, from which they rise gently at dips 
that range from 7° to 11 0 to the crest of the dome. 
A well-defined trough separates the dome and anti
cline, and beyonp. it the beds rise at 12° to 16° to the 
crest of the antlcline. The dip of the beds increases 
abruptly to the maximum of 27° from the crest of 
the anticline to the trough of the Renner syncline. 
The southward extension of the anticline is locally 
covered by beds of the Wasatch formation and has 
not been explored in detail. The highest part of the 
crest is apparently in the Meeteetse quadrangle. 

A single well has been drilled near the crest of the 
anticline, but the dome is not yet explored. The 
following data concerning this well were ~ubmitted 
by Mr. Russell Kimball, of Cody. The well was drilled 
in the SE. USE. U sec. 29 to a depth of 2,550 feet from 
September, 1915, to June, 1916. The log of this well 
shows the first sand (Torchlight~) dry at 1,725 to 
1,740 feet an~ other sands at 2,002 to 2,032 and 2,070 
to 2,110 feet. It is reported that a flow of fresh water 
was struck at 2,032 feet and that the water rose to the 
surface. 'A smaller flow of brackish water, which also 
rose to the surface, was struck at 2,070 feet. It is re
ported that when drilling in the lowest sand the bit 
became covered with a dark asphaltic material, but 
none of the' co:rp.mon evidences of oil were observed. 
The casing was placed to 2,272 feet. 

It is apparent that if the first sand struck at 1,725 
feet is regarded as the top of the Frontier formation .. 
the well penetrated the entire formation but did not 
reach the Muddy sand in the Thermopolis shale. 
As this well was placed close to the crest line of the 
anticline and neither oil nor gas in appreciable quantity 
was struck, there' is little prospect that other wells 
on this fold will find economically important quantities 
of these substances, in the beds of the Cretaceous 
section. On the other hand, the possibility of ·finding 
oil and gas in the Chugwater and Embar beds can not 
be determined in advance of drilling. The area that 
might serve' as the collecting ground of this anticline 
is much smaller than that of the Cottonwood anticline, 
so that the prospect for production from these forma
tions is less favorable here. At the crest of the anti
cline the productive bed in the Chugwater is about 
4,200 feet below the surface and that in the Embar 
5,100 feet. 

The Gooseberry dome is similar to the anticline 
but is less pronounced and has a smaller collecting 
ground. The outlook for discovering more than traces 
of oil and gas in beds of the Cretaceous section on this 
dome is not good. Also, even though these substances 

'may be found in the deeper beds, it seems improbable 
that any production that is likely to be obtained would 
repay the cost of exploration. 

GRASS CREEK OIL FIELD 

DEVELOPMENT 

The first explorations for oil in the Grass Creek field 
were made late in the summer of 1913, but as only 
light portable rigs were used none of the holes were 
drilled deep enough to strike any of the productive 
sands. The efforts attracted attention locally, how
ever, and early in 1914 several groups haP. brought in 
drilling outfits and were ready to drill. Oil was first 
struck by the W. L. Valentine interests in June, 1914, 
at well No.1, on Washakie No. 11 tract. Additional 
wells were drilled during the summer and fall, and 
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according to fIintze, 23 wells were completed by 
January 1, 1915. As there were no facilities for ship
ping the oil, the wells were capped until the completion 
in July, 1915, of a 6-inch pipe line from Grass Creek 
to Chatham, on the Chicago, Burlington & Quincy 
Railroad. Development continued rapidly. on the 
patented lands south of Grass Creek during 1915, so 
that on August 1, when C. T. Lupton visited the field, 
55 wells had been completed. Explorations north of 
Grass Creek were hindered by the withdrawal from 
entry of the unpatented land on May 6, 1914, and 
May 27, 1915. 

The writer visited the field in October, 1916, and 
located 193 we~ls, of which 129 were produci~g oil. 
Most of the remaining 64 were border wells, which 
either struck water or found too little oil to warrant 
pumping. The peak of production was reached in 
March, 1918, when 292,887 barrels was produced from 
240 wells. When the field was revisited in September, 
1919, there were 332 wells. Since that ·time the prin
cipal work has included the deepening of a number of 
wells so that they now pump from the entire Frontier 
section, the completion of all wells Justified under local 
conditions, and the drilling of several wells to zones as 
deep as the Morrison forlllation. Since the summer of 
1919 production has declined rather rapidly. 

SURFAOE FEATURES 

The Grass Creek anticline coincides with a conspicu
ous basin of low relief, almost surrounded by a rugged 
escarplnent nlade up of Mesaverde sandstones. Roads 
enter the basin frOlll the four points of the compass 
through notches cut in the escarpment. Two of these 
notches, at the west and east ends of the basin, are 
occupied by Grass Creek. The northern notch is the 
outlet for Canyon Coulee, and that on the south border 
has been cut by the stream in Spring Gulch. There is 
also a gap in the western border where the Mesaverde 
sandstones have been rellloved frOlll the syncline that 
separates the Grass Creek anticline from the Little 
Grass Creek dome. Plate XXIV, A, shows the gen
eral features of the basin and the escaTpnlent that 
limits it on the northeast. 

Grass Creek cuts the basin into two ahllost equal 
parts, which are ratJ:1er unlike. The part that lies south 
of the creek is a smooth, gently sloping surface in 
which all outcrops of the underlying Cody shale are con
cealed by a layer of alluviulll 10 to 60 feet thick. Be
fore the explorations for oil were made, several hun
dred acres was cultivated on the Quintin Littlejohn 
and Willianl Littlejohn ranches by water drawn from 
Grass Creek in ditches. The part of the basin that 
lies north of Grass Creek has a sparse cover of soil and 
contains numerous outcrops of the sandy layers of the 
CodY' shale. This area is trenched by lllany shallow 

ravines, which are tributary to Canyon Coulee. The 
long, narrow ridge in the center of the basin is all that 
remains of an extensive gravel-covered terrace, which 
is correlated 'with the Sunshine terrace, in the Wood 
River valley. The terrace is covered by a layer of 
gravel and boulders 8 to 10 feet thick. Most of the 
boulders range from 3 to 8 inches in diameter, but 200 
feet southeast of the northwest corner of sec. 20, there 
is a boulder of dark andesite 272 by 3 by·472 feet, the 
largest. found on this terrace in the region. ' 

Grass Creek is a perennial stream, although before 
1914 most of the water was diverted into ditches for 
use in irrigating .tracts in the basin during the summer. 
The water was not of desirable quality for domestic 
supplies, but suitable water was derived from shallow 
wells sunk within a hundred feet of the stream channel. 
With the development of the oil field the surface water 
has become fouled through leakage of oil trom the 
wells. Most of the present supply of the camp is de
rived from four shallow wells in the SW. ~ sec. 20 
T. 46 N., R. 98 W. These wells were driven to depths 
that range from 42 to 64 feet and obtain water of fair 
quality from a buried zone of gravel.' The pumps are 
operated by power plants near by, and the ·combined 
yield of the four wells is about 100 barrels a day. An 
80-foot well adjacent to S. L. Wiley .well No.4 is re
ported to yield the best water. in camp. 

STRATIQRAPHY 

The lowest rocks exposed at the surface of the Grass 
Creek anticline are in the Cody shale about 300 feet 
above the base. I-lere and there in ravines north of 
Grass Creek are outcrops ~of gray and. olive-green shale 
and thin-bedded gray sandy shale, which are locally 
stained brownish or yellowish by iron oxides derived 
ftom the weathering of disseminated pyrite. The thin 
sandstone and sandy shale that make up the upper 
600 feet of the Cody shale are very well exposed in 
secs. 8 and 17, T. 46 N., R. 98 W. Measurements 
across the northeastern limb of the anticline indicate 
that the thickness of the Cody shale is 2,450 feet. 

The thickness of the Frontier formation in wells 
near the crest of the anticline ranges from 380 to 470 
feet. Graphic sections of this formation are shown 
on Plates VI and XXIII, A and B. Of the total 
number of wells in the field, about 332 in October, 
1919, only a few passed completely through the 
Frontier section and only two entered the Morrison 
formation. Most of the wells drilled for oil up to 
1919 penetrated only the upper 250 feet of the Fron
tier formation. Plate XXIII, A, B, shows the corre
lation of the sands of the Frontier formation, the dis
tribution of gas, oil, and water in the beds, and the 
general form of the anticline. It· di~plays clearly 
several characteristics of the Frontier formation in 
this field. First, the uppermost bed of sandstone is 
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probably the most persistent bed in the field and 
rather commonly contains water, though rarely 
enough to rise more than a few feet in the hole. 
Second, the uppermost sandstone is underlain by 80 
to 100 feet of shale, which is rarely interrupted by a 
bed of sandstone. Third, the oil-bearing sandstones 
form an underlying zone that has- been proved to 
have a minimum thickness of 100 feet and, to judge 
from sporadic'records of the entire Frontier, is prob
ably more nearly 200 feet thick.62 Fourth, the indi
vidual sands are not highly persistent. It is even 
doubtful whether' any single bed' of sand persists 
throughout the field. From available records, it is 
not clear whether, as one bed pinches in a general 
eastward direction, another bed begins at the same 
stratigraphic position or slightly higher or lower. 
What is known about the persistence of the base of 
the Mesaverde formation suggests the probability 
that in a. general' eastward direction each new bed in 
the Frontier formation lies at a successively higher 
position. 

From the well records it is impossible to determine 
the line or zone that limits the Mowry and Thermop
olis shales. The combined thickness of these forma
tions in three wells ranges from 839 to 881 feet. The 
Muddy sand appears to be uncommonly persistent, 
however, and ranges in thickness from 35 to 60 feet. 
The top of the Cloverly fo;rmation is considered to 
be the top of the first sandstone under the Muddy 
sand, but the base is obscure in the few holes that 
have been drilled., The underlying Morrison forma
tion is characterized by red shale. The oil-bearing 
sand in the Chugwater forniation' under the Cotton
wood anticline is about 1,090 feet below the top of 
the Cloverly, and that in the Embar about 816 feet 
lower. The minimum depth of these sands below tlie 
surface under the Grass Creek anticline is 2,760 and 
3,576 feet, respectively. 

STRUCTURE 

Maps showing the structure of the Grass Creek 
anticline by contours on the top of the uppermost 
Frontier sandstone, based on well records, have been 
prepared by Hintze in 1914, by Estabrook in 1922 
for the papers already cited, and by the present writer 
(PI. XXII). These maps differ slightly in detail, but 
agree closely in the form 6f the anticline, altitude of 
the crest, and slope of the limbs. Neither of the 
earlier reports shows the structure of the southeast 
end of the field. These maps show clearly that there 
are three and possibly four distinct local high areas 
along the general crest line of the Grass Creek anti
cline. The crest on the top of the uppermost Frontier 
sandstone attains an altitude of about 4,000 feet under 
the Mayfield tract, in the S. Y2 sec. 27, T. 46 N., 

62 Estabrook, E. L., Production problems in the Grass Creek oil field: Mining 
and Metallurgy, No. 182, pp. 65-66,1922. 

R. 98 W.; 4,700 feet under the Q. Littlejohn tract, 
in the E. Y2 sec. 29, T. 46 N., R. 98 W.; and 5,350 feet 
under the Meeteetse No.15 tract, in the SW. ~ sec. 18, 
T. 46 N., R. 98 W. Another crest nlay occur under 
the Findley tract, in the NW. ~ sec. 33, T. 46 N., 
R.98W. 

The contours show that the beds on the basinward 
limb dip rather uniformly at 11 Y20 E. There has 
been little exploration on the mountainward limb, and 
the steepest dip on this limb indicated in the wells is 
29° for 500 feet on the Happy Thought lease, in the 
NE. 34 sec. 30, T. 46 N., R. 98 W. Within 1,000 
feet to the southwest beds on the surface attain a dip 
of 40° SW. Well records indicate that the Frontier 
sandstones are badly broken on the steep southwest 
limb. 
, If any faults cross the field, they are not apparent 
from available well records. In the earlier report on 
the field 63 a fault was inferred from well records in 
the SE. ~ sec. 19, but this interpretation was probably 
not correct. 

OIL 

Grass Greek pooZ.~There is no record that any sur
face indications of oil were found in the Grass Creek 
field. No seepages are known, and there are no fis~ 
sures filled with ozokerite, such as those found in the 
Sait Creek and other Wyoming fields during recent 
years. _ 

The earliest development of the pool, in 19~4, took 
place in sec. 18, T. 46 N., R. 98 W., near the highest 
part of the crest, but as that part of the field was 
under litigation arising out ~f the public-land with
drawal of May 6, 1~14, it was temporarily abandoned. 
During 1915 and 1916 the patented tracts of the south
eastern part of the field, including the Ridgely and 
Orchard leases, the Mill Iron Cattle Co. ground, and 
the ranches of Q. and W. Littlejohn, were almost. 
completely drilled. 

During 1917 and 1918, after li~igatjon was over, the 
tracts north of Grass Creek were drilled, and by 
Oct'ober, 1919, almost all the wells ~n the field had 
been put down. These wells appear to have deter
mined rather closely the original extent of the pool in 
the Frontier sands. The area of the pool as shown on 
Plate XXII is about 1,600 acres. In several parts of 
the field a sufficient number of wells have been drilled 
to show that the outer limit of the oil zone in Frontier 
sands is very clearly marked. In these areas, notably 
on the Orchard, W. Littlejohn, and Lucky Buck No.1 
tracts and at the northwest end of the field, the dis
tance between wells yielding only water and wells 
yielding largely oil ranges from 200 to 400 feet. The 
line on Plate XXII dividing wells originally yielding 
considerable oil from those yielding only water is made 
up of sinooth, gentle curves, sharp irregularities being 
distinctly lacking. 

63Hewett, D. F., and Lupton, C. T., op, cit., p. 153. 
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A. PANORAMIC VIEW OF GRASS CREEK OIL FIELD 

Bluffs in distauce und erlain by sandstone of l\1 csavcrde formation ; material in foreground is wash covering Cody shale. Photograph by R . Lindslad 

B. COTTONWOOD OIL FIELD (HAMILTON DOME) FROM THE WEST 

The ridges that. e ncircle the bas in af C underlain by Front.ier and Mowry sandst.ones. T he arCa in the foreground is und erlain by t.he T hermopolis shale 
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Methods of cZ?',ilUng and production.-The exploratory 
work in 1913 was done by portable rigs, but in all the 
development of the pool during 1914 standard rigs 
were used. When perlllanent camps were established 
and the roads were inlproved heavy portable rigs of 

. the Star, National, and St. Louis types were brought 
in and have been used to conlplete the exploration. 
In accordance with the preponderant W)Toming prac
tice, the plans provide for drilling nine wells in each 
40-acre tract, so that the wells are cOlnmonly 400 feet 
apnrt, one well ~or each 4.5 acres. 

Under the prevailing drilling practice 10-inch pipe 
is used to a depth of about 60 feet. If water is met 
in the surface wash, which'is rarely nlore than 50 feet 
thick, 8 7:{ -inch pipe is placed below the water-bearing 
zone. FrOll1 a depth of about 60 feet to the bottom of 
the hole 6%-inch pipe is placed. Mter the well is com
pleted a line of 2-inch tubing is suspended from the 
casing head to a point 20 feet above the bottom. 
Ball vulyes are placed at the lower end of the tubing 
and at a point 20 feet higher. The pumping jack is 
of the Oklahonla pattern, lllade of steel; pUlnp rods 
haye joints every 20 feet. The pay sands are shot 
with 60 to 250 quarts of nitroglycerine when the well 
is completed. It is olnrious that the oil frOln the well 
cOl11es from all the sands penetrated by the drill. 

The oil is first pumped to snlall tanks near the 
pUlllping plants. Fronl the wells in the Canyon 
Coulee drainage bn,sin it is drawn periodically to the 
storage tank of the Illinois Pipe Line Co.' in sec. 7, 
T. 46 N., n. 98 W. Fronl those in the Grass Creek 
drainage basin it is drawn to a large storage tank in 
the lower end of Grass Creek Basin and thence into a 
6-inch pipe which delivers it at Chathalll or Greybull, 
25 and 79 miles distant, respectively. 

Source of the oil.-Until 1920, when one well, the 
L. U. Sheep Co. No. 13, in the NW. 34 NW. 34 sec. 19, 
T. 46 N., R. 98 W., struck heavy oil in a, sand high 
in the Monison formation, all the oil produced in the 
Grass Creek field was derived from sands near the 
middle of the Frontier formation. During 1915 and 
1916 much gas. was also obtained from the Muddy 
sand in State Land well No.1, in the NE. NW. 34 
sec. 19. Until early in 1920 it was assumed that the 
lower sandstones of the Frontier were water-bearing, 
and only a few holes penetrated them. According 
to Estabrook explorations in 1920 on some of the 
central tracts showed that these sands contained oil, 
and many wells were deepened to tap them, with 
the result that the yield under pumping was increased 
temporarily 250 per cent. 

Plate L~III, A, B, shows the distribution of oil 
and water in the sands struck in two groups of wells. 
The notation along each log indicates the original 
conditions shortly after each well was drilled. 

Relations of g~8, oil, and water.-There is probably 
no important question about an oil field that is more 

obscure than the relation of the gas, oil, and water as 
they lie in the buried beds of sand and shale. Not 
only is a great mass of accurate quantitative data 
for a large part of the field necessary,. but such 
data should be collected periodically throughout the 
developmen t and decline of the field and should be 
carefully studied in the light of the stratigraphy and 
structure as interpreted from accurate well logs. 

The nature of the writer's latest work in the region 
(October, 1919) did not permit him to collect person
ally many of the essential quantitative data. Most 
of the well logs were available, and in large part they 
are fairly detailed and probably accurate. Records 
of the production of oil and water are available for 
only a few separate wells, although the weekly or 
monthly production of oil from each lease over the 
entire period of operation is known. In order to get 
impressions of the water problem, the writer inter
viewed the man in charge of each pumping plant 
concerning the duration of pumping, the ratio of water 
to oil from each well, and the frequency with which 
each well was cleaned. 

An attempt to draw significant conclusions from the 
data thus obtained leaves much to be desired. In 
1919 very few wells yielded oil only, and they are 
distributed rather irregularly throughout the field. 
The largest group is on Meeteetse No. 15 tract, near 
the crest of the anticline, although several on the 
Ridgely tract still yielded only oil after four years of 
pumping. Several such wells lie on the northeast 
limb and southeast end of the anticline, although 
many higher wells yielded mixed water and oil. 
Wells Nos. 4 and 13 on the Littlejohn tract, in the 
NE. 7:{ SW. 34 sec. 28, yielded only oil, although 
wells near by as high on. the anticline yielded consider
able water. In general, the wells that yielded more 
than 4 parts of oil to 1 of water are on the higher part 
of the anticline, and those that yielded more than 4 
parts of water to 1 of oil are near the border of the 
pool. A few wells here and there, however, such as 
State tract Nos. 10 and 13, in the SE. M NE. 34 
sec. 19, located well up on the anticline, yielded more 
water than oil, even though neighboring wells lower 
down yielded only oil.· 

Study of the areal distribution of wells that yielded 
widely differing proportions of oil and water, after 
several years of pumping, leads to the conclusion 
that some sands are much more persistent 'or uniformly 
pervious than ~thers and that in persistent or pervious 
sands border water is readily drawn into open chan
nels. On the other hand, some sands must be much 
less persistent or pervious or draw oil from near-by 
lower zones, so that they yield a greater proportion of 
oil for a longer period. 

A significant feature 'of the pool is the tendency for a 
well under pumping to yield less and less of both 
liquids, oil and water, until it must be abandoned. 
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In general, a border wen is abandoned when it begins 
to yield only water. There are several wells, how
ever, high on the anticline, such as State Land No.1, 
in the NE. U NW. U sec. 19, that have continued to 
yield less and less of both liquids even after long lapses 
between pumping periods and finally have failed to 
yield either oil or water. In such circumstances the 
casing has been pulled and the hole filled with cement. 
Such failures may be due to the deposition of minerals 
or paraffin in the pores of the sand. On the other 
hand, such wells are not always those which give ~ost 
trouble from deposition of sand and paraffin in the 
casing. There seems to be no consistent relation 
between the ratio of oil and water in a well and the 
tendency to 'deposit paraJfin. Some wells must be 
cleaned every three days; most of them may be pumped 
satisfactorily when cleaned only once in every two to 
four months. 

By way of summary, it may be said that after five 
years ,of pumping only a few border wens have ceased 
to yield .enough oil to justify pumping. Although the 
ratio of water to oil has increased most in the border 
wells, especially at the southeast end of the field, the 
ratio has also steadily increased in most of the wells 
near the crest. As wells on the crest originally 
yielded oil alone, it is very clear that the water table; 
which broadly underlies the oil, is not rising uniformly 
around the border of the pool so as to exclude oil com
pletely from the border wens, but that channels of 
circulation have developed which permit water to be 
drawn from areas beyond the border of the pool to 
wells high on the anticline. Where wells on the crest 
have gone dry, the' pores of the sands near by have 
probably been completely sealed with paraffin. 

No wells drilled in the Frontier sands yield gas 
alone, although one well, State Lease No.1, in the 
NE. U NW. U sec. 19, drilled to the Muddy sand in 
1915, yielded a large flow of gas until 1919. Prac
tically an wells in the Frontier sands, however, yield 
some gas with the oil. The gas from some leases is 
used directly at the pumping plants, but that from 
others is taken off at the casing heads and delivered to 
the compressor plant of the Ohio Oil Co. in the W. Y2 
sec. 20. In October, 1919, about 1,000,000 cubic feet 
of gas, or two-thirds of the total output, was received 
daily at this plant and yielded under compression 
about 3,000 gallons of high-test gasoline. 

Yield oftke wells.-In the early days of the develop
ment of the pool it was not uncommon for wells to 
'yield a flow of oil for several days after having been 
drilled through the productive sands and shot with 
60 to 250 quarts of nitroglycerine. Oil flowed from 
one well in the SW. USE. U sec. 29 for three weeks 
after it was shot. In this early period the initial daily 
yield commonly ranged from 150 to 400 barrels, but 
succeeding days showed lower yield. 

Rather complete records of the yield of each lease 
have been submitted by the operators, but permission 
to publish has been withheld, and only gen~ral con
clusions may be stated. The yield per well per day 
shows a wide range throughout the field and naturally 
has rather steadily declined on each lease since the' 
early stages of development. Some conclusions that 
seem obvious concerning yield must be modified when 
proper consideration is given to relative periods ,of 
maximum exploration and to the increased yield when 
wells were drilled to deeper sands.' The best leases 
show a decline from 60 barrels per well per day during 
the early period of exploration to 20 or 25 barrels at 
the end of three years. The poorer leases began with 
an initial daily average yield of 20 to 25 barrels per 
well ,and after three years were yielding from 5 to 10 
barrels. In a broad way, the highest initial yields 
have come from leases on the east limb of the anti
cline, although' several leases on the southwest limb 
containing only a few wells have also shown high 
initial yields. Leases on which the initial yield is 
high show more rapid decl,ine than those on which it is 
low. The lowest initial yields come from leases sonle 
distance down on the southeast end of the anticline. 
In general, the initial and final daily yields are highest 
where the number of wells per 40-acre tract is lowest. 

Figure ~ shows the differences in character of the 
production curves in the several parts of the fidd. 
The curves are generalized graphs that show the 
monthly production of six leases during periods that 
range from four to seven years. The production has 
been adjusted to 80-acre tracts, but no allowance has 
been made for slight differences in the number of wells 
on the adjusted tracts. The curves show that tracts 
covering the east limb of the anticline maintain their 
rate of production better than tracts on the crest, 
which in turn maintain their rates better than those on 
the,southwest limb. The curves show clearly that all 
except a few tracts in favorable locations approach the 
same rate of production after about three years. 
N one of these curves take into account the increased 
production from several tracts in the field resulting 
from deeper drilling in the Frontier sands. 

Mayfield pool.-In the southeast end of Grass Creek 
Basin, in the SE. U sec. 27, five wells have yielded a 
small but steady flow of oil for several years. The 
area is rather well defined on the east and south but 
only broadly' defined on the west and north. Four 
wells were drilled here between November, 1915, and 
October, 1916; a fifth was drilled in March, 1919,; and 
one of the original four was abandoned later in 1919. 
This area is known as the Mayfield pool, from the name 
of the owner of the tract, 1. V. Mayfield. ' 

Information concerning, the wells has been obtained 
from C. W. Ford, of Thermopolis. The total depth 
ranges from 1,580 to 1,64.0 feet, but as complete logs 
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are not available the exact depths to the top of the 
Frontier formation are not known. Well No. 2 is 
reported to be the best well. For the first 60 days it 
yielded about 30 barrels a day, and in 1919 it was 
yielding 10 barrels. It has never been shot with 
nitroglycerine. Enough gas is obtained from the 
casing head to supply the pumping plant and local 
domestic needs. 

The total production of the pool up to January 1, 
1919, is estimated at 15,000 barrels, of which about 
8,000 barrels has been sold and the rest used at the 
pumping plant. In October, 1919, about 25 barrels 
was being used daily under a boiler to supply power 
for drilling and cleaning wells. Recent surplus output 

The annual production of the field since the pipe 
line was completed in July, 1915, is recorded below. 

Oil produced in the Grass Creek field, 1915-1922, in barrels 

1915 ____________________________ _ 
1916_~ __________________________ _ 
1917 ____________________________ _ 
1918 ____________________________ _ 
1919 ________________ ~ ___________ _ 
1920 ____________________________ _ 
1921 ____________________________ _ 
1922 ____________________________ _ 
1923 ____________________________ _ 
1924 ____________________________ _ 

99, 000 
1,370,000 
2,756,000 
2, 951, 000 
2,049,000 
1,573,000 
1, 435, 000 
1, 784, 000 
1, 589, 000 
1, 113, 000 

15, 619, 000 

4qOOO~--~------~------------~-------------+----------__ ~ __ ~ ________ ~ 

30,000 

J: 
I-
Z 
0 
~ 

~ 
b.I 
0: 
0: 
c( 
en 

10,000 

Leas eon eas ,. 
1mb South of center 

O~----------~--__________ _L ____________ ~ ____________ _L ____________ ~ 

2 3 4 5 

FIGURE 9.-Production of different leases in the Grass Creek field 

has been sold to the Northwest Refining Co. at 
Cowley. 

Past and future production.-The records of pro:
duction in the Grass Creek field are detailed and com
plete.' As practically all the wells have been pumped 
throughout their history and adequate preparation to 
conserV'e oil was made in adV'ance of drilling, very 
little oil has b~en lost. Both of the producing com
panies, the Midwest Refining Co. and the Ohio Oil 
Co., have delivered all the oil not burned under 
boilers to the Illinois Pipe Line Co., ,which has deliv
ered it to the rajlroad cars and refinery at Greybull. 
Both companies haV'e courteously submitted complete 
records of production by leases, but unfortunately, 
as the Ohio Oil Co. records production on a weekly 
basis and the Midwest Co. on a monthly basis, the 
records can not readily be merged for study. 

In addition to this production of crude oil, gasoline 
has been produced since 1918 by compressing the 
casing-head gas. In 1919 a plant in the NW. U NW. ~ 
sec. 20, T. 46 N., R. 98 W., was treating approximately 
7,000,000 cubic feet of gas weekly, from which about 
20,000 gallons of gasoline was produced. This indi
cates a ~ecovery of 3.5 gallons per 1,000 cubic feet 
of gas. About two-thirds of th,e gas of the district is 
treated in this plant. ' 

Of the several methods of estima:ting the future 
production of oil fields, that based upon the average 

. yield per well per unit of time has been chosen for the 
Grass Creek field. The available data consist of 
figures showing the yield of leases that have furnished 
about two-thirds of the total production. Until 1920 
the entire output of the district was obtained from 
the u'pper half of the Frontier formation, but since 
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then many wells have been deepened so as to yield 
oil from the lower half of the Frontier, and a few have 
been continued as far as sands in the Morrison and 
Embar formations. Records are not available by 
which to estimate the contribution of t4ese lower 
sands nor the exte~t to which they may be expected 
to contribute in the future. The data of production 
since 1920 represent the composite contribution from 
all sands. ' 

Curves have been prepared that show the average 
weekly production per well, based upon quarterly, 
semiannual, and annual production. The curve based 
upon average quarterly production has been extended 
into the future in such a way as to try to take account 
of the influence of the drilling into deep sands. The 
quarters chosen begin with the months of December, 
March, June, and September, rather than the cus
tomary quarters of the calendar year, in order to 
bring out the effect of the three severest winter 
months, December, January, and February. As the 
local high points commonly fall in the period June to 
December, the curve shows that the weather condi
tions have an important effect on current production 
in this latitude. 

By extrapolating the curve of future production to 
1940, when, it is estimated, the average weekly ,pro
duction per well will have fallen to 10 barrels, it is de
termined that the total production to that year will 
be about 22,000,000 barrels, or about 6,500,000 barrels 
more than the total produced before 1925. 

LITTLE GRASS CREEK DOME 

The Little Grass Creek dome coincides with a nearly 
circular basin slightly more than a mile in diameter 
in sees. 2, 3, 10, and 11, T. 46N., R. 99 W. The 
basin is cut in the upper part of the Cody shale and 
is nearly surrounded by an escarpment of lower sand
stones of the Mesaverde formation. Most of the 
basin is drained' eastward by Canon' Coulee into the 
northwest end of Grass Creek Basin; a small part is 
drained northward to· Gooseberry' Creek. Coal beds 
near the base of the Mesaverde formation crop out 
almost entirely around the basin, and prospects have 
been opened at three places. The upper part of the 
Cody shale is madeup of the characteristic thin sand
stones, which crop out widely. 

~n its broader aspect, the' dome is a part of the Grass 
Creek anticline, from which it is separated only 'by a 
shallow but abrupt syncline. If contours are drawn on 
the lowest coal bed of the Mesaverde formation, only 

, those representing the upper 500 feet of the dome close 
around it. Probably on successively lower horizons, 
the dome is less distinctly marked. Only one small . 
fault was noted around the border~ 

In 1919 two wells had been drilled near the crest of 
the dome, the earlier by the Great Dome Oil Co. in 
the E. ~ sec. 10 and the later by the Mexico Wyoming 

Oil Co. near the center of sec. 11, T. 46 N., R. 99 W. 
The log of the earlier well, drilled in 1916, was not 
obtained, although it was locally reported to be 2,100 
feet deep and to have encountered water in the Fron
tier formation but little if any oil or gas. The latel' 
well, which was 2,580 feet deep in October, 1919, 
reported sands at 350, 764, and 1,710 feet, but the 
depth of the top of the Frontier formation is not 
recorded. At the time of visit a large flow of water, 
probably derived from the Frontier formation, issued 
from the top outside of the casing. A show of oil and 
gas is reported at 1,710 feet. Later it was reported 
that considerable gas was struck at a lower horizon, 
possibly the Muddy sand. 

The wells that have been drilled demonstrate that 
no oil or gas will be found in the Frontier formation 
on this dome. If there is gas in a lower sand, oil may 
yet be found in an outer zone on the same sand. 
There seems to be slight chance that the quantity will 
be large, however. 

WAGONHOUND ANTICLINE 

Surface feature8.~The crest of the Wagonhound 
anticline lies in sec. 6, T. 44 N., R. 98 W., about 6 
miles west of the highest part of the Cottonwood 
anticline. Unlike that anticline, the Wagonhound 
fold has no unusual surface features that distinguish 
it from near-by areas along Cottonwood Creek. The 
anticline is fairly indicated by outcrops of the sandy 
layers of Cody shale, which are found here and there 
in shallow ravines cut below a barren plain. Wagon
hound Bench covers a large area and conceals the out-

o crops that would show the relation of this anticline 
to the Cottonwood anticline. The plain is limited on 
the southwest and north by the escarpment of Mesa
verde sandstones. 

, Cottonwood Creek carries water on the surface from 
the region near the anticline westward toward. its 
head., Wagonhound Spring yields a small flow of 
alkaline water, which, although unfit for drinking, 
has been used in boilers. 

Stratigraphy.-The lowest beds that crop out on the 
crest of the anticline are those about 400 feet above 
the base of the Cody shale. The thickness of the 
shale southwest of the crest is 2,300 feet., The latest 
well that was sunk prior to 1919 (No.4, PI. III) was 
1,720 feet deep and passed through the Frontier, . 
Mowry, Thermopolis, and Cloverly formations. 

Structure.-The crest of the anticline is rather 
definitely indicated by outcropping thin layers of 
sandstone.' Contours on the upper sandstone of the 
Frontier formation are based upon these outcrops 
and the positions indicated in the three wells that 
have b~en' drilled to it. No faults have been recog
nized near the crest, but as there are two near by in 
the Mesaverde escarpment, others are probably present 
in the buried Frontier sandstones. 
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As shown by the structure con tours, the anticline is 
rather simple in form arid has a well-defined crest line 
which trends northwest and is roughly parallel to 
that of the Cottonwood anticline although offset from 
it. The crest plunges northwestward toward an area 
of complicated structure at the head of Prospect Creek. 

Exploration.-Prior to October, 1919, four wells had 
been drilled on the Wagonhound anticline. The first 
three were drilled dUl'ing the winter of 1915-16 by a 
company of which C. S. Sollars was the local manager. 
The depths of these wells are reported to be 1,833, 
1,300, and 680 feet. The log of the first well, the 
only one availab,le, is presented herewith. 

Log of well No.1, Wagonhound anticline, NE. 7a sec. 36, T. 45 N., 
R. 99 W. ' 

Thickness Depth 

CodY' shale: Feet 
Shale, gray and brown_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I, 505 

Frontier formation: 
Sandstone, dark_____________________ 23 
Shale______________________________ 18 
Sandstone; a little gas at 1,562 feet___ _ 60 
Shale, black________________________ 64 
Sandstone, coarse, with water __ _ _ _ _ _ _ _ 20 
Shale, black; a little oil and gas_______ 35 
Sandstone with sl1ale________________ 5 
Sandstone, gray; water _ _ _ _ _ __ _ _ __ _ _ _ 24 
Shale, gray __________________ - - - - - _ _ 5 

Sandstone ___ ----------------------- 16 
Shale, with bentonite________________ 12 
Sandstone,oiL______________________ 8 
Shale, with bentonite_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 
Sandstone, water____________________ 12 
Shale, with bentonite________________ 7 
" Lime" rock _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 
Sandstone, oiL_____ _ _ _ _ _ _ _ _ __ _ _ _ _ __ _ 10 

Feet 
1,505 

1,528 
1,546 
1,606 
1,670 
1,690 
I, 725 
1,730 
1,754 
1,759 
I, 775 
I, 787 
I, 795 
1, 802 
1,814 
1,821 
1,823 
1,833 

During ,1919 the Midwest Refining Co. drilled a 
fourth well, of which the log is as follows: 

Log of well of Midwest Refining Co. on Wagonhound anticline 

Thickness Depth 

-----------------1----1---
CodY' shale: Feet 

Shale, black_ _ ___ _ _ __ _ _ _ _ _____ _ _ _ __ _ 418 
Frontier formation: Sand ___________________ ~__________ 12 

Lime shell and black sl1ale_ _ _ _ _ _ _ _ _ _ _ _ 40 
Shale ______ - - - - ____ - - _ - - _ _ _ _ _ _ _ _ _ _ _ 15 
Sand; traces of oil, gas, and water _ _ _ _ _ 60 
Sl1ale______________________________ '5 
Sand; wateL_______________________ 32 
Sand______________________________ 13 
Shale, brown and gray_______________ 30 
Sand ______________________________ I 35 
Shale, sandy________________________ 15 
Sand______________________________ 25 
"Granite" (?)______________________ 20 
Sand______________________________ 25 
Shale, sandy________________________ 25 
Sand_ _ _ _ _ _ _ __ __ __ __ __ _ _ __ __ ___ __ _ _ 35 
"Granite" (?)______________________ 10 
Sand______________________________ 25 

Mowry and Thermopolis shales: 
Shale, sandy, brown_________________ 85 
Shale, sandy, gray___________________ 45 
Shale______________________________ 35 
"Granite" (?)______________________ 15 

Feet 
418 

430 
470 
485 
545 
550 
582 
595 
625 
660 
675 
700 
720 
745 
770 
805 
815 
840 

925 
970 

1,005 
1,020 

Log of well of Midwest Refining Co. on Wagon hound anticline
Continued 

Thickness Depth 

Mowry and Tllermopolis sl1ales-Contd. 
Shale, sandy ___________________ ... ___ _ 
SI1~e ___________ ~ __________________ , 
"Granite" (?) _____________________ _ 
Shale ___________ ~ ________ ... ________ _ 
Sand; water (Muddy sand ?) ________ _ 
Shale, brown ______________________ _ Sand _____________________________ _ 
Sl1ale, sandy ____________ .. __________ _ 
Shale, brown ______________________ _ 

Cloverly formation: Sand _____________________________ _ 
Shale, sandy _______________________ _ 
Lime, sandy _________________ ~ _____ _ 
Sand_~ ___________________________ _ 

Feet 
40 
14 
21 

365 
50 
96 

8 
5 

, 47 

15 
10 
25 
20 

Feet 
1,060 
1,074 
1,095 
1,460 
1, 510 
1,606 
1,'618 
1,623 
1,670 

1,685 
1,695 
1, 720 
1, 740 

The log of this well shows that the section closely 
resembles in thicknesses and lithology the sections of 
the ,same formations recorded in the deep wells of 
Grass Creek. The term "granite" was undoubtedly 
used incorrectly by the driller. 

Outlook.-Although these wells are drilled on the 
crest of the anticline, none of the beds as deep as the 
Cloverly formation yielded more than traces of oil 
and gas. The work that has been done shows clearly 
that those beds are not oil and gas bearing in this 
anticline. The' Muddy sand, which contains gas at 
Grass Creek and the Oregon Basin South dome, con
tains water here. It must be admitted, however, until 
more information is available concerning the distribu
tion of oil and gas in the Morrison, Chugwater, and 
Embar formations, that those substances may be 
present in these beds on the W agonho~nd anticline. 

COTTONWOOD ANTICLINE 

Surface features.-The Cottonwood anticline, 64 or 
Hamilton dome, as it has been called recently, is 
conspicuously marked by a series of low concentric 
ridges near Cottonwood Creek in T. 44 N., R. 98 W., 
20 miles west of Thermopolis (PI. XXIV, B). These 
ridges rise several hundred feet above a broad plain, 
which is 4 to 5 miles wide where it is crossed by Cotton
wood Creek. The plain ends abruptly on the north 
and west and locally on the south and east against a 
steep, rugged escarpment 400 to 600 feet high made up 
of sandstones of the Mesaverde formation. The 
ridges consist of the sandstones of the Frontier forma
tion, and the successive outcrops form uncommonly 
perfe~t ellipses whose a.."'{es are parallel to the crest of 
the anticline. In the center an elliptical flat basin 
coincides with the outcrop of the Thermopolis shale. 

The region is practically devoid of all vegetation 
except a sparse growth of dwarfed sagebrush and grass. 

, 
6f Collier, A. J., Oil in the Warm Springs and Hamilton domes, near Thermopolis, 

Wyo,: U, S, Geol. Survey Bull. 711, pp. 61-73,1920. 
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A few pines dot the ridges here and there.' Cotton
wood Creek carries water on the surface most of the 
year. The region may be reached by fair roads from 
the yalley 6f Owl Creek on the south, from the east, 
and from Grass Creek on the north. 

Stratigraphy.-The lowest beds exposed on the crest 
of the anticline are the shales' near the top of the 
Thermopolis for:ffiation. The Mowry and Frontier 
formations crop out, and the beds of the Frontier have 
been measured in detail (PI. VI, No. 14). The broad 
plain that surrounds the ridges is cut in the Cody shale, 
the lower 300 feet of which is fairly well exposed on a 
low hill in sec. 18, T. 44 N., R. 97 W. 

The thickness of the Cody shale has been measured 
at seyeral localities near, the anticline and appears to 
range from 1,900 feet on the steep south limb to 2,950 
feet on the flat north limb.' As these measurements 
depart appreciably from the ayerage of several made 
near by, it seems highly probable that, the shale along 
the south limb has flowed during compression and that 
a structural terrace exists along the north limb. Beds 
of the Cloverly, Morrison, Sundance, Chugwater, and 
Embar formations have been penetrated by the drill 
in several wells on the anticline. 

Structure.-The anticline is separated from the 
middle trough of the Big Horn Basin by a group of 
anticlines that include the Grass Creek and Waugh 
anticlines ~nd by a complicated group of synclines 
that include the Waugh, Ilo, and Grass Creek syn
clines. The dip of the beds as they rise from the Ilo 
and Waugh s'ynclines is exceptionally uniform at 10° 
to 15°. The escarpment of Mesaverde sandstones on 
the north dips uniformly 11°-,12° NE., and this con
forms closely with the dip of 'the outcropping Frontier 
sandstones. On the south side of the anticline these 
sandstones dip steeply to the Wagonhound syncline 
on the west and the Padlock syncline on the east, 

, locally attaining angles of 72°. South of the Wagon
hcfund syncline the beds rise again to a group of 
anticlines south of Owl Creek. The structure contours 
on the uppermost sandstone of the Frontier are based 
largely on th~ surface outcrops of that bed. 

Four faults, roughly radial in arrangement, lie 
around the west end of the, anticline, but on the east 

,there are two parallel faults that are normal to the 
crest line. The south limb, especially in sec. 24, T. 
44 N., R. 98 W., is broken into a number of segnlents 
by a number of roughly parallel faults that trend N. 
10° W. to N. 10° E. and dip steeply west. The' effect 
of each of these faults is to throw the western segnlent 
north a slllall distance, nowhere more than 25 feet. 
The plotted boundary of the Frontier formation 
follows the ayerage direction of all the segments 
rather than the yarying directions of the separate 
segments. It semns highly probable that similar 
faults break the thin sandstones as deep as those in 
the Chugwater formation, if not deeper. 

ExpZoration.-Three wells were drilled on, this 
anticline before oil was encountered. By October, 
1919, three more had been drilled and the rigs of two 
more were completed. The first two wells were 
scarcely 50 feet apart, in the NW. ~ SE. ~ sec. 14, 
T. 44 N., R. 98 W. The record of the first is not 
ayailable. The second well (N o. 1, PI. III) had 
attained a depth ,of 850 feet in' September, 1913. 
It started in the Thermopolis shale, and the bottom 
at 850 feet was in the Chugwater formation. No oil 
or gas and only a little water was obtained from it. 
Another well (No.2, PI. III) was drilled in 1916, but 
the depth and log are not known. 

The first successful well (No.3, PI. III) was begun 
in May, 1918, by the Petroleum Producers Corpo
ration, of Seattle, Wash., and by October had reached 
a depth of 1,420 feet, where heayy oil was struck in 
the Chugwater formation. It was pumped inter
mittently from October, 1918, to August, 1919, 
yielding from 20 to 30 barrels of oil a day. The well 
was then drilled deeper in the hope of striking the 
,Embar oil sand. It was 2,215 feet ,deep on September 
22, 1919. A partial log of this well 65 is giyen herewith: 

Log of Petroleum Producers Corporation well No.1, in the 
SW. ;!4 SW. ;!4 sec. 13, T. 44 N., R. 98 W. 

Thermopolis shale: 
Limestone, sandy, broken ___________ _ 
Shale, blue ________________________ _ 
Lime, sandy _______________________ _ 
Mud, blue _________________________ _ 
Slate, black ________________________ _ 
Mud, blue _________________________ _ 
Lime, soft _________________________ _ 
Shale, black _______________________ _ 
Shale, light, sandy __________________ _ 

Cloverly fbrmation: , 
Sand, dry ________________________ --
Rock, red _________________________ _ 
Clay, sandy _______________________ _ 

Morrison formation: 
Clay, yellow _______________________ _ 
Slate, gray ________________________ _ 
Clay, all colors ______________________ I 
Sandstone _________________________ _ 
Rock, red _________________________ _ 
Rock, white sand __________________ _ 
Talc ______________________________ _ 

Sundance formation: Talc _____________________ ~ ________ _ 
Shale _______ ~ _____________________ _ 
Talc ______________________________ _ 
Sand _____________________________ _ 
Shell, hard ________________________ _ 
Shale, blue ________________________ _ 
Lime, sandy _______________________ _ 
Lime, hard ________________________ _ 
Talc ______________________________ _ 
"Sundance beds" __________________ _ 

Chugwater formation: ' 
Red beds ____________________ ~ _____ _ 
Shale, gray; gas ____________________ _ 
Red beds __________________________ _ 
Shale, gray; show of oiL ____________ _ 
Sand, oiL _________________________ _ 

'l'hickness De,pth 

Feet 
25 
10 
15 
50 
25 
35 
10 
35 
50 

40 
20 
20 

20 
30 
55 

5 
40 
40 
65 

55 
15 
70 

5 
10 
80 

5 
35 
35 
30 

340 
10 
65 
30 
45 

Feet 
25 
35 
50 

100 
125 
160 
170 
205 
255 

295 
315 
335 

355 
385 
440 
445 
485 
525 
590 

645 
660 
730 
735 
745 
825 
830 
865 
900 
930 

1, 270 
1, 280 
1,3% 
1, 375 
1, 420 

Petroleum Producers well No.2 (No.4, PI. III), 
in the NE. ~ SE. ~ sec. 14,. T. 44 N.,R. 98 W., was 
spudded November 15, 1918, but was drilled only 30 

05 Collier, A. J., op. cit., pI. 8, p. 66. 
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feet that winter. Drilling was begun again August 
4:, 191.9, and on Septelnber 24 had penetrated the 
oil sand in the Ohugwater fOrlnation at a depth of 
1,520 feet. A sample of the oil was collected by the 
writer (No.8, p. 88). 

Petroleu:m I>roducers well No.3 (No.5, PI. III), in 
the NE. ;x( NW. ;x( sec. 24, T. 44 N., R. 98 W., was 
spudded Jj':'ebruary 21, 1919. Oil was struck in the 
Chugwater sand April 10 and rose 400 feet in the well. 
Sinking was continued, 'and on July 4 oil was struck 
in a sand of the Embar forlnation at a depth of 2,292 
feet. 1'he well ,vas punlped from SL"C to ten 'hours 
daily frOln July 4 to September' 24, 1919, with an 
estimated maximum yield of 156 barrels in 24 hours 
and an estinlated total yield of 4,006 barrels. A 
sample of the oil drawn from the line to the tank has 
been analyzed, with the results giYen in No.7, page 88. 
A copy of the log submitted by the Inanager, E. C. 
Johnson, is presented below: 

LO(J of Petrole1t?n Producers Corporation well No.3, in the 
NE. ~ NW., ~ sec. 24, T. 44 N., R. 98 W. 

Thermopolis shale: ' 
Slate, gray and blue ________________ _ 
Shale, gray and blue ______________ · __ _ 

Cloverly formation (?) : 
Shale, dark gray ___________________ _ 
Shale, red _________________________ _ 

Morrison formation: 
Shale, pinlc _______________________ _ 
Shale, gray, sandy _________________ _ 
Shale, pink ________________________ _ 
Sand, coarse and fine, gray __________ _ 

Sundance formation: ' 
Shale, gray ___________________ ... ____ _ 
Sandi, gray _________________________ _ 
Shale, gray, sandy __________________ _ 
Sand, gray, hard ___________________ _ 
Shale, bluei show of oil, gas, and water_ Sand, gray _________________________ _ 
Lime, hard ________________________ _ 
Sand, light ________________________ _ 
Talc ______________________________ _ 

Chugwater formation: 
Shale, pinlc _______________________ _ 
lledobeds __________________________ _ 
Shale, pink ________________________ _ 
llod beds __________________________ _ 
Shale, gray ________________________ _ 
Sand, graYi oiL ____________________ _ 
lled beds __________________________ _ 
San d i oi L _________________________ _ 
lled beds __________________________ _ 
Sha10, red, sandy ___________________ _ 
Sand, graYi oiL ____________________ _ 
11ed beds __________________________ _ 
Sandi show of oiL __________________ _ 
lled beds __________________________ _ 
Sand, hard, red ____________________ _ 
Saud and shale, gray ________________ _ 
Red beds _____ ~ ____________________ _ 
Sn,ndi oiL _________________________ _ 
lled beds __________________________ _ 

~l~ddb;d::_~=============~========== Shale, sandy, gray __________________ _ 
Red beds _____ , _____________________ _ 

Embar formation: . 
Sand and lime _____________________ _ 
Sand, soft, graYi oiL ________________ _ 
Sand, hard. brown ______________ ' ____ _ 

'1'hickness Depth 

Feet 
220 
120 

30 
25 

95 
25 
40 
95 

5 
10 

125 
15 
85 

5 
20 

5 
60 

40 
120 
111 
132 
37 
51 

104 
10 

105 
5 

25 
95 

5 
70 

5 
5 

30 
42 
10 

, 33 
90 
15 

125 

47 
5 

25 

Feet 
220 
340 

370 
395 

490 
i515 
555 
650 

655 
665 
790 
805 
890 
895 
915 
920 
980 

1,020 
1, 140 
1,251 
1, 383 
1,420 
1,471 
1,575 
1,585 
1,690 
1,695 
1,720 
1,815 
1,820 
1,890 
1,895 
1,900 
1,930 
1,972 
1, 982 
2, 015 
2, 105 
2, 120 
2, 245 

2, 292 
2, 297 
2, 322 

In September, 1919, the other two wells (Nos. 6 
and 7, PI-: III) had attained a depth of only 20 feet. 

Occurre'nce of oil and gas.-The well records do not 
show a sand that can be correlated with the Muddy 
sand, and the Clo,-rerly formation, buried at a depth 
of only 275 feet, is barren of oil and gas. The trace 

, of oil and gas recorded in the Sundance fOflnation is 
interesting as the first recorded in this formation in 
Wyoming. It was apparently too slight to warrant 
attaching great importance to it at this tinle. ? 

The occurrence of commercially important quanti
ties of petrol~um in beds of the Chugwater formation 
is highly interesting. L:upton 66 recC?rds a seepage of 
heayy oil on the outcrop of Chugwater beds near the 
crest of the Red Spring anticline, in the NW. >i sec. 
29, T. 43 N., R: 93 W., and Collier 67 states that traces 
of oil were reported at seyeral horizons in the Chug
water formation in a well in sec. 23, T. 6 N., R. 2 W. 
Wind River meridi~n. Woodruff, 68 says that wells in 
the Lander field haye found local reserYoirs of oil in 
the Chugwater beds. The yield of these beds on the 
Cottonwood anticline, howeyer, appears to be greater 
than in any other locality. 

Oil has been found in beds of the Embar group in 
the Warm Springs, Maverick Springs, and Lander 
fields and on Bolton Creek, Natrona County. An
alyses of these oils show that the oil from the Cotton
wood anticline is lighter and yields a higher proportion 
of light distillates than the others. 

The extent of the pools on the Cottonwood anticline 
had not been determined in 1919. At that time no 
well in the Chugwater and Embar formations had 
yielded water. 

ANALYSES 

Analyses of oil.-The ,table on page 88 presents 
analyses of eight samples of crude oil, fiye from wells 
in the Grass Creek field and three from the' Cotton
wood field. All except three of these samples were 
collected by the writer. C. T. Lupton collected the 
samples fron1 L. G. Phelp's well No. 1 and Washakie 
No. 13 lease well No.1, and A. J. Collier 60 collected 
the sample from Petroleum Producers Corporation 
well No. 1 in 1918. The exact conditions under 
which these three san1ples were collected are not 
known. Of the remaining five, aU except that from 
Petroleum Producers ,Corporation well No. 3 were 
collected from the casing heads at the wells. Although 
one sample was collected from Q. Littlejohn well No.4 
in 1916, it was considered desirable to take a second 
sample in 1919. The slight differences betwe,en the 
analyses of. these t·wo samples appea.r to be but little 
Inore than t.hose which might be expected from dupli
cate analyses of the same sample. 

66 Hewett, D. F., and Lupton, C. '1'., op. cit., p. 135. 
67, Collier, A. J., Anticlines near Maverick Springs, Wyo.: U. S. Geol. Survey 

Bull. 711, p. 165, 1920. 
68 Woodruff, E. G., The Lander oil field, Wyo.: U. S. Geol. Survey Bull. 452 

p. 27,1911. 
60 Collier, A. J" Oil in the Warm Springs and Hamilton domes, near Ther

mopolis, Wyo.: U. S. Geol. Survey Bull. 711, pp. 61-73,1920. 



Analyses of oi~s from Grass Creek and Cottonwood anticlines 

Laboratory No _______________________ - - __ - - _" _________ - _ - _ - - - - - - - __ _ 
Amount distilled (cubic centimeters) __________________________________ _ 
First drop of distillate appeared (0 C.) ________________________________ _ 
Air distillation, with fractionating column: 

(?) 
100 
28 

2 

(?) 
100 

a 80 

Grass Creek 

3 

00463 
300 

26 

Pressure (millimeters) _____________________________________________________ , _________ _ 747 
Fractions, by volume (per cent)-

ff~m~~~6g~~~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~: ~ ~ ~ ~:~ ~ ~~~~~ ~ ~ ~~ ~ ~ ~~ ~~: ~~ ~ ~~~ ~~~: } 
150:-175: c------------------------------------------------l 
175 -200 C __________________ ~ ____________________________ _ 
200°-225° C _______________________________________________ _ 
225°-250° C ___________________________________ ~ ___________ _ 
250°-275° C _______________________________________________ _ 
275°-300° C _______________________________________________ _ 
Residue ___________________________________________________ _ 

Vacuum distillation, without fractionating column (pressure, 40 millimeters): 

35 • 22 I{ 

32 42 { 

33 36 

4."3 
4.3 
8.2 
8. 4 
7.1 
7.1 
4.8 
5.6 
5.8 
5.6 
6. 9 

31. 9 

4 

~ (?) 
(?) 

32 

2. 0 
3.5 
6.5 
9. 5 
9. 0 
6.0 
5.5 
6.0 
5.5 
6.5 
5.5 

34.5 

150°-175° C _________________ ~ __________________________________ - ______________________________________ _ 
175°-200°" C__ ___ _ _ _ _ _ __ _ _ _ _ _ _ _ ___ _ _ __ __ _ _ _ _ _ _ _ _ ___ __ _ ___ _ _____ _ _ _ _ __ __ _ _ _ _ _ _ ___ _ _ _ _ . 03 _________ _ 
200°-225° C ________________________________________________ "___ _ _ _ _ _ _ _ ____ _ ____ _ _ _ __ 4. 3 _________ _ 
225°-250° C__ _ __ _ _ _ _ __ _ ___ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ __ _ ____ _ _ _ _ _ ___ _ __ _ _ _ ___ _ _ _ ______ _ _ _ 5. 1 _________ _ 
250°-275° C__ _ ___ _ _ __ __ _ __ _ _ _ _ __ __ _ _ _ __ _ _ _ _ _ _ _ _ ___ _ _ __ _ _ _ ____ _ _ _____ _ ____ _ _ ____ _ _ _ _ 4. 0 _________ _ 
275°-300° C __________________________________________________________________ ~ ____ .:. 4. 3 _________ _ 

Specific gravity: 
Crude__________________________________________________________ 0.7984 a O. 8187 I 0.805 0.7977 

Equivalent on Baume scale (0)________________________________ 45.3 41. () I" 44.0 45.5 
To 50° C_______________________________________________________ n 635 
50°-75° C ___________________ ~__________________________________ .680 75°~1000 oC---------------------------------------------------- __ } 0.7290 0.7530 { .724} 0.7275 { 100 -125 C____________________________________________________ .749 

~;g:=~~g: 8==========================================="========= I I : ~~g I I 175°-200° C _____________________ ~______________________________ .797 
22020:-225: C ____________________ "________________________________ .8150 : 8175 .80

2
7 .8120 

5 -250 C____________________________________________________ .8 0 
250°-275° C____________________________________________________ .838 
275°-300° C____________________________________________________ .840 

Sulphur (per cent)__________________________________________________ 0.10 __________ 0.12 _________ _ 
VVater_____________________________________________________________ __________ __________ None. _________ _ 

Cottonwood 

5 6 7 

00464 00373 00466 
300 200 300 

23 60 25 

746. 8 (?) 739 

2.6 0.0 2.1 
3. 8 .7 1.9 
9.0 .5 .9 
8. 5 1.6 2. 6 
7.6 3. 7 3. 2 
6. 6 2. 3 3. 9 
5.1 4. 3 3. 5 
6.1 3.9 3. 7 
6.0 6.7 4.8 
6.2 5.0 4. 8 
6.1 ---------- 6. 9 

32.4 71. 3 61. 7 

. 1 2. 0 .6 
1.4 6. 5 1.3 
4.0 12.0 4.3 
5.0 19.0 5.2 
4.1 ( b) 6.6 
1.9 ---------- 3.6 

0.805 0.917 0.895 
44. 0 22.6 26. 6 

O. 640 ---------- } 0: 665 } .662 
.728 } 0.710} .725 .750 

- . 768 .752 .751 
.785 .765 .770 
.795 .791 .790 
.809 .808 .800 
.822 .828 .821 
.837 .840 .839 
.843 ---------- .858 

0.085 ---------- 1. 32 
None. __________ None. 

.. Specimen weathered. b Cracked at about 2600 in vacuum . 

8 

00465 
300 

24 

741. 6 

1.0 
.'6 

1.3 
1.9 
3. 3 
2. 2 
2.3 
3. 5 
4.3 
6.6 

17.4 
55.6 

.9 

.5 

.9 
3.0 
6.4 
3."4 

O. 934 
19. 0 

0.715 

.751 

.782 

.798 

.815 

.831 

.848 

.858 
2. 56 

None. 

1. L. G. Phelps No.1, 670--930 feet (Frontier). Sample collected July, 1915. 
2. Washakie No.1, 1,060--1,135 feet (Frontier). Sample collected July, 1915. 

6. Petroleum Producers Corporation No.1, 1,375--1,420 feet (Chugwater). Sample collected Sept. 23, 1919. 
7. Petroleum Producers Corporation No.3, 2,292-2,297 feet (Embar). Sample collected Sept. 23, 1919. 

3. D. a. Ehrlich No. 22, 678-830 feet (Frontier). Sample collected Sept. 30,1919. 
4, 5. Q. Littlejohn No.4, 1,081-1,280 feet (Frontier). Samples collected, No.4, Oct. 17, 1916; No.5, Sept. 30,1919 . 

8. Petroleum Producers Corporation No.2, 1,520 feet (Chugwater). Sample collected Sept. 23, 1919. 
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The characteristic feature of the oil from the ' 
Frontier formation at Grass Creek is the high yield in 
gasoline, which ranges from 30 to 35 per cent. In 
this feature the oil closely resembles that from the 
Lance Creek field, but the yield is much higher than 
that frotn the oils of Salt Creek and most of the other 
WYOluing fields. 

Analyses of water.-During the progress of the field 
work three samples of water were collected from wells 
that were being pumped in the Grass Creek field, and 
these have been analyzed in the laboratory of the 
United States Geological Survey, with the results pre
sented in the following table. Samples Nos. 1 and 2 
were collected fr0111 the northeast or basinward side of 
the anticline, and No. 3 from the southwest or moun
tainward side of the anticline. These three analyses 
closely resemble one another; the principal differences 
in conlposition concern the ratio of carbonate to bicar
bonate radicle, and this may be explained by the 
nlethod of analysis or the time elapsing between col
lection and analysis. 

The analyses resemble those of samples Nos. 2 and;7 
collected by Wegemann 70 from the Shannon and Wall 
Creek sands, respectively, in the Salt Creek field. 
They are unconlmonly interesting because the content 
of chloride and sulphate radicles is low. 

A nalyses of oil-field water,s from Grass Creek field 

1 2 3 

Properties: a Per cent Per cent Per cent 
Primary salinity ______ 12.8 8.6 16.3 
Secondary salinity _____ ---------- - - -~- - - -- -- ----------
Primary alkalinity ____ 86. 7 91. 5 82. 5 
Secondary alkalinity __ 0.5 0.9 1.2 

100 100 100 

Constituents: 
Part8 per Parts per Part8 per 
million million million Sodium ______________ 1,012 I, 105. 1 1,237.2 

Potassium ___ :. _______ Trace. 2.7 2.7 

Alkalies ________ 1,012 I, 107.8 1,239.9 

Calcium _____________ 4. 3 5 .. 2 7.6 
Magnesium ___________ Trace. 1.7 3.6 

A1kaline earths_ 4. 3 6.9 11.2 

Iron, alumina ________ Trace. 3. 4 1.5 

Sum of bases ___ 1,016.3 I, 118. 1 1,252.6 

Sulphate _____________ 79 2.7 13 
Chloride ________ • ____ 143 134.0 304.7 

Strong acids ____ I · 222 136.7 I 317.7 

Carbonate.:. ___________ 144 1,354.4 1,362.3 
Bicarbonate __________ 1,903 I, 29~. 0 1,238. 0 

Weak acids _____ 2,047 2, 652. 4 2, 600. 3 

Sum of acids. __ 2,269 2,789.1 2,918.0 Silica ________________ 22 12 16.4 

Total solids ____ 3,307.3 I 3,919.2 4,187.0 
I 

II Reacting values of acIds and bases do not balance; it is assumed that errors have 
been made In the determinations of carbonate and bicarbonate .. 

70 Wegomann, C. H., 'l'ho Salt Creek oil fleld,'Wyo.: U. S. Oeol. Survey Bull. 
070, pp. 42-44, 1917. 

A nalyses of oil-field waters front Grass Creek field-Continued 

1 2 3 

Reacting values: a Part8 per Parts per Part8 per 
Alkalies: million million million Sodium __________ 44. 022 48. 071 53. 818 

Potassium _______ ---------- .059 .059 
Alkaline earths: 

Calcium _________ .214 .259 .379 
Magnesium_ .. _____ ---------- .159 .296 

Total bases ____ 44.236 I 48. 54fj 54. 552 

Strong acids: 
Sulphate. ________ 1. 643 .056 .270 
Ch1oride _________ 4. 032 3. 778 8. 592 

Weak acids: 
Carbonate. ___ 4. 795 45. 101 45. 364 
Bicarbonate ______ 31. 209 21. 287 20. 303 

Total acids ______ 41. 679 70.222 74. 529 

II Reacting values of acids and bases do not balance; it is assumed that errors have 
been made in the determinations of carbonate and bicarbonate. 

1. Meeteetse 17 No.9, 978-1,100 feet (upper 200 feet of Frontier). Sample collected 
Oct. 17, 1916. 

2. Orchard No.9, 997-1,075 feet (upper 200 feet of Frontier). Sample collected 
Sept. 14, 1919. 

3. Happy Thought No.3, 87();-987 feet (upper 200 feet of Frontier). Sample col-
lected Sept. 30, 1919. . 

OCCURRENCE OF OIL AND GAS 

Within the 661 square miles covered by the three 
quadrangles ·considered in this report there are 12 
well-defined anticlinal folds. All but one of these, the 
Gooseberry dome, have been explored by the drill, 
with the result that two of them, the Grass Creek and 
Cottonwood anticlines "have become productive oil 
fields, and four more, the Oregon Basin 'domes and 
the Buffalo anticlines, have yielded considerable gas. 
Except on the Cottonwood anticline, where the 
Frontier formation is exposed by erosion and the oil 
occurs in the Chugwater and Embar formations, all 
the oil or gas has been yielded by sands of the Frontier. 
Deep drilling at· Grass Creek has proved that oil is 
present also in the Morrison formation. 

In the preliminary report on the occurrence of oil 
in this region 71 a summary of the·results of explora:' 
tion of 24 of the 50 anticlines south of the latitude of 
Cody was presented. It was pointed out then (HH6) 
that every upfold which had yielded more than traces 
of oil or gas lay adj acent to the middle trough of the 
Big Horn Basin and that every tested upfold which 
was separated from the middle trough by other folds 
had either yielded water with the merest traces of 
oil and gas or was barren of oil and gas. It was 
therefore concluded that basinward upfolds offered the 
best chances for exploration. 

Although data that would permit an exhaustive 
reconsideration of the relations of oil· and· gas' to 
basinw.:ard and mountainward upfolds are not avail
able, sufficient is now known to show that no simple 
statement can be made. There appear to be exceptions 
to all general statenlents concerning the production of 
the sands and the areal relations of the folds. In 
these quadrang~es all the basinward upfolds hav:e 

71 Hewett, D. F., and Lupton, C. T., op. cit., pp. 43-45. 
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yielded considerable gas or oil from the Frontier sands. 
On the other hand, if the entire southwest side of the 
Big Horn Basin is considered, there are two exceptions 
to the statement that the Frontier sands do not yield 
appreciable oil or gas in mountainward upfolds-the 
Enos Creek anticline, where considerable gas is found 
in a lower sand of the Frontier, and the Kirby Creek 
anticline, where considerable oil also is found in a 
lower Frontier sand. Furthermore, recent explora
tion has shown that oil and gas are widely distributed 
in sands below the Frontier formation without regard 
to the areal relations of the folds. Thus, the Mor
rison formation yields oil under the Grass Creek anti
cline, and the 'Chugwater formation yields considerable 
gas in the Little Grass Creek dome and the mountain
ward Wagonhound and Cottonwood anticlines. The 
Embar also yields oil on the mountainward Cotton
wood and Warm Springs anticlines. 72 

One tentative conclusion may be drawn from the 
results of drilling on the southwest side of the Big 
Horn Basin to date-namely, that oil and gas tend to 
accumulate in Chugwater and Embar sands under 
more upfolds, regardless of their areal relations, than 
in Frontier, Mowry, Thermopolis, and Cloverly sands. 
I t is worth while, therefore, to consider exploration 
for oil and gas in these .deep sands under upfolds 
where the highe;r sands have been proved to be dry. 
Thus far, however, the pools in the deep sands have 
been found to have smaller areal extent than those in 
the higher sands, and the thickness of the productive 
sands is much less. Moreover, as the deep sands lie 
2,000 to 3,000 feet deeper than the top of the Frontier 
formation, their exploration is much more expensi~e. 

Only in the Grass Creek field has there been suf
ficient exploration to indicate precisely the shape of the 
pools and their relation to the anticlinal crest. It'is' 
clear that the principal pool in this field extends 500 
feet lower on the southeast end of the anticline tl).an on 
the northwest end, and 200 to 300 feet lower on the. 
basinward side than on the mountainward side. 
Although the Greybull pool, on the northeast side of 

. the Big Horn'Basin, is much smaller and less definitely 
proved, it is clear that there also the oil extends 1;000 
to 1,500 feet lower on the basinward side than on the 
mountainward side. Reference is made to this 
similarity in considering the part that movement of 
water may have played in concentrating the oil in 
anticlines (p. 92). • 

Faults are present on the surface near the crest of 
each upfold that bears oil or gas on the west side of the 
basin, except the Little Buffalo anticlines. Only on 
the Oregon Basin North dome, however, is it clear 
that a fault has played an important part in localizing 
the oil. In that field the oil occurs only on the north 
side of a fault, in the block that was dropped relatively. 
Although undoubtedly there are many small faults .on 

72 Collier, A. J .• op. cit. 

the crest of the Cottonwood anticline, they do:-not 
appear to aff.ect the distribution of oil near the crest. 

ACCUMULATION OF OIL AND GAS 

In the attempt to understand the causes of the 
accumulation of oil in pools, many kinds of data deserve 
consideration. First of all, many local data are 
needed by which to interpret the present lithologic, 
stratigraphic, and structural conditions in the area, 
the properties of the oil, gas, and water, their present 
distribution in the beds and their behavior when the 
beds are 'penetrated by drills and thereafter under 
pumping. Inasmuch as most geologists agree that 
oil, gas, and water have migrated ·during the process of 
accumulation, similar data are also needed from 
near-by regions if they are obtainable. Events that 
have an important bearing on the stratigraphic 
problem and structural history may not have left an 
adequate local record. Although the writer is partic
ularly familar with the three quadrangles under 
consideration, and much is on record concerning the 
geology and occurrence of oil and water in the Big 
Horn Basin, there is need for mu'ch more information 
before a comprehensive explanation of the process of 
accumulation can be confidently offered. 

In order to consider the problem of migration of oil 
9.nd water in the Frontier formation, the relations and 
continuity of the sandstone layers should be reviewed. 
The available data indicate that the sands are not 
persistent over large areas comparable to the present 
Big Horn Basin, although the formation retains its 
character over a larger area. It seems doubtful whether 
any layer of sandstone persists 20 miles, and many 
probably do not persist 10 mil~s. If this is true, it is 
hard, to imagine that in this region water or oil has 
circulated freely for such greater distances at any 
time. Furthermore, the beds of sand are separated 
here and there by beds of bentonite prob~bly as per
sistent as those of sand~ These beds woUld certainly 
hinder widespread movement through the heds lat
erally or transversely. Of the wells drilled into these 
beds that do not yield oil, only a few yield a continuous 
flow of water, and the rate of flow is small. Thus, 
these sands yield a small flow from the well in sec. 4) 
T. 48 N., R. 101 W., in Spring Creek Basin; well 
No.8, in sec. 10, T. 47 N., R. 100 W., in Little Buffalo 
Basin: and the well on the ElIos Creek anticline, in 
sec. 25, T. 46N., R. 100 W. In a, greater number of 
wells more widely distributed, however, water was 
either negligible or rose only a short distance in the 
well. By contrast, tht3 Muddy· sand and Clov~rly 
sandstone (Greybull sand) yield water freely over a 
large area and are therefore probably continuous 
throughout the basin. In the opinion of the' writer, 
the behavior of the water in the Frontier sandstones 
confirms the impression, obtained from study of the 
outcrop, that the beds are lenticular and do not offer 
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opportunity for free flow over areas as large as the' 
Big lIOln Basin. 

Several features of the region indicate that all the 
folds were not formed at the same time but that they 
were progressively formed from the mountainward 
areas inward toward the center of the Big Horn Basin. 
During the folding tremendous compressive forces 
would affect all the rocks in the basin and tend to 
force liquids to higher zones. Furthermore, it seems 
certain that the central part of the Big Horn Basin 

, sank after the belt of folds had been formed. If this 
sinking was due to the load of Wasatch sediments 
spread in Eocene time, it would probably tend to con
~olidate further the more deeply buried sediments. 
The first stage of folding would probably not give any 
particular fold an advantage over another as a favor
able collecting area for oil and water, but the later 
sinking of the center of the basin would tend to force 
oil and water to the border group of anticlines. This 
would offer an explanation of the apparent advantage 
of basinward anticlines, at least so far as the Frontier 
formation is concerned. 

The faults of this region are not extensive nor of 
great throw but are largely localized near crests o~ 
folds. They appear to have locally controlled the 
movenlent of oil but at no place to have played a part 
in determining whether a fold received oil or gas. The 
faults near the crests of the Oregon Basin domes and 
Cottonwood anticline have not permitted gas and oil 
near by to escape. . 

The oil, gas, and water are found near the crests of 
upfolds in the beds, much as is demanded by the 
simplest conception of the anticlinal theory. In the 
strictest sense the pools of oil are not symmetrically 
disposed on the crests but extend lo~er on the basin- ' 
ward sides than on the mountainward sides. In other 
words, there is not complete hydr'ostatic adjustment 
between the two liquids, even though the concen
trated bodies of the lighter liquid lie above those of 
the heavier. Over a,large part of the principal pool, 
however, the dil and water appear to be rat~er inti
mately mixed. After long-continued pumping, the' 
border wells tend to yield decreasing quantities of oil 
and increasing quantities of water, but here and there, 
at existing rates of pumping, wells in sev,eral parts of 
that :field are readily exhausted of both liquids tem
porarily. These data, however, probably indicate 
local differences in the p'orosity of the sands. 

The movement of underground water during the 
early period of folding, as well as during and since 
the later period, up to the present time, has probably 
had an influence on the accumulation' of oil on the 
crests of upfolds. There is room for a great difference 
of opinion, however, concerning the relative import
ance of the process during these periods. Daly,'3 in 

78 Daly, M. B.., The diastrophic theory: Am. Inst. Min. Eng. Trans., vol. 56, 
pp. 733-753, 1917. 

proposing the" diastrophic theory," considers that a . 
considerable part of the process of accumulation takes 
place during the period of folding, being due to the 
movement of water and oil in response to the compres
sive forces set up at that time. On the other hand, 
Munn 74 and Rich 75 favor the "hydraulic theory," 
which is based on the idea that" moving water under 
either hydraulic or capillary pressure has been the 
direct agent of accumulation." It would appear that 
this agent is considered to be most effective after the 
.rocks have been deformed. Rich 76 has urged the appli
cation of the hydraulic theory to explain conditions 
in the Big Horn Basin. lie states: 

In a large intermont basin, like the Big Horn Basin of' Wyo-' 
ming, there are ideal artesian conditions. The sands of the Cre
taceous are exposed at relatively high altitudes alo~g the 
borders. of the basin, from which they dip steeply, with here 
and there a reversal, into the deeper parts of the basin, 5,000 
to 10,000 feet below. Conditions at most places are favorable 
for the intake of meteoric waters at the outcrops, and in most 
of the 'basins the outcrops on the outlet rims are some thou
sands of feet lower than those of the same sands on the intake 
riins. Under such conditions there is certainly a general and 
fairly rapid circulation of water through the basin. 

First, it should be pointed out that the water asso
ciated with the oil at Grass Creek (p. 89), as well as 
that in deep wells in Little. Buffalo, Spring CreeJr, and 
Oregon basins, is very unlike that found in deep oil 
wells elsewhere in Wyoming, as well as many other 
regions, and appears to be a modified surface water. 
It is interesting on account 'of its high content of 
sodium bicarbonate; in this respect It resembles a 
shallow water from the Shannon sand ne.ar the Shannon 
pool/7 in the Salt Creek .field. Although no ~peciaf 
study has been made of the composition of the sur,,: 
face water of this region, analyses are available of 
Shoshone River at Cody, Wyo., Yellowstone River at 
Billings and Glendive, Mont., Big Horn Rive~ .at Fort 
Custer, Mont., and North Platte River at Fort Lara
mie, WYO.78 In these waters the dissolved solids 
range from 153 to 403 parts per million; the ratio of 
lime to soda plus potash r~nges from 1.5 : 1 to 1 : 1, 
and the ratio of bicarbonate to sulphate to' chloride 

, ranges from' about 8 : 7 : 1 to 8 : 3 : 1. " ' 
, By contrast, in the waters from the Grass Creek 
wells the ratio of lime to soda ranges from 1: 235 to 
1 : 163, and the ratio of bicarbonate to sulphate to 
chloride from about 1,000 : 1 : 50 to 287 : 1 :2. From 
this it will be noted that the Grass Creek water resem
bles the surface water of the region much more closely 
than it resembles the brines commonly found in deeply 

74 Munn, M. J., The anticlinal and'hydraulic theories of oil and gas accumula
tion: Econ. Geology, vol. 4, pp. 509-529, 1909. 

76 Rich, J. L., Moving underground water as a primary cause of the migratioll 
aud accumulation of oil and gas: Econ. Geology, vol. 16, pp. 347-371, 1921; Fur
ther notes on the hydraulic theory of oil migration and accumulation: Am. Assoc. 
Petroleum Geologists, Bull., vol. 7, pp. 213-233,1923. 

76 Rich, J. L., Ecou. Geology, vol. 16, pp. 358-362, 1921. 
77 Wegemann, C. H., op.,cit., p. 42. 
's Stabler, Herman, Some stream waters of the western United States: U. S. 

Geol. Survey Water-Supply Paper 274, pp. 122, 134, 135, 19,74,1911. 
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buried oil pools. It is apparent, however, that the 
surface water of the region would have to undergo 
many changes before it would resemble the Grass 
Creek water. It is possible to imagine that the lime 
of the surface water could be exchanged for soda by 
bringing it into contact with the bentonite present 
in the beds, much as is done in a recently perfected 
process for softening water for industrialpur-poses. .It 
is not apparent, however, how· ,the -total solids could 
be so greatly increased and the sulphate radicle almost 
eliminated. The sulphate could be reduced to sul-

. phide in contact with the oil, but it seems improbable 
that this process has gone on here,because the oil 
from the Frontier sands contains very little sulphur. 
The conclusion is clear that surface water has mingled 
with the water originally associated with the oil in 
the Frontier sands. 

One of, -the fundamental requirements of the hy
draulic theory of oil accumulation demands that water 
h~s moved rather freely in the oil-bearing beds from 
a high region of intake to a lower region of outlet. 

In the Big Horn Basin, we may imagine, (1) water 
has' remained nearly st.agnant, or (2) surface water 
has moved freely in the beds from the higher belt of 
outcrops of' the Frontier formation around the east, 
south, and west sides to the lowest point on the out
crop, where Sheep Mountain is cut by Big Horn River, 
roughly 2,000 feet lower, or (3) it has been taken in 
around the border and carried northwestward along 
the middle trough of the basin to a still lower region 
in Montana. The last assumption demands the freest 
:r;novement of water and the greatest persist~n~e of 
the sandstones of the Frontier formation, and the 
writer does not consider that it is justified. The sec
Qnd assumption demands that water move in the beds 
frQm the southwest side of the basin a distance of 60 
miles tQ the northeast side at such a rate as to effect 
a concentration .of oil under the basinward anticlines. 
Altliough surface water has. undoubtedly been added 
to that associated with the oil in the Grass Creek 
pool, the available data concerning the continuity of 
the sands of the Frontier formation indicate that it ~ 
has not circulated freely. 

In any speculation concerning a great circulation of 
water under the Big Horn Basin, the extent of erosion 
since the folding that followed Fort Union time should 
be considered. The border belt of folds was exten
sively eroded after the folding, and the beds of the 
Frontier formation were exposed so that they could 
absorb water. The outcrops were probably completely 
covered by '·'border Wasatch" deposits, however, after 
the central part of the basin had been filled with sev
eral thousand feet of sediment. Since the outcrops 
were thus covered only in a few local areas southwest 
.of the folded belt have the beds again been exposed 
SQ that they could absorb water. Thus along the 
southwest side of the basin west of Big Horn River 

the entire Frontier formation is exposed only on the 
Fourbear, Sunshine, Cottonwood, and Thermopolis 
anticlines. The upper part is locally exposed in sev
eral places. Although the period during which the 
Frontler formation could absorb water has therefore 
been brief in a geologic sense, it has been long enough 
to add considerable surface water to that already 
existing. 

It may be noted that the general distributiQn .of 
oil and gas on the southwest side of the Big Horn 
Basin is in accord with what might be expected either 
from the diastrophic or the hydraulic theory . 

In conclusion, the writer believes that the condi
tions .of occurrence .of oil and gas in this region tend 
to fQrtify the diastrophic theory, although it is ap
parent that much more must be known before a con
clusive opinion can be stated. 

COAL 

Beds of coal occur in three of the fQrmations recog
nized in this region-the Mesaverde, Meeteetse, and 
Fort Uniori-and consequently outcrops are wide
spread .. Here and there natural exposures give a fair 
im pression of the thickness and character .of the beds; 
elsewhere only a ~light amount of digging is necessary 
to lay bare the entire bed. As the position and distri
bution of the coal beds are intimately related to 
several stratigraphic problems of the region, and as 
the coal will be an important resource SQme day, it 
seemed advisable during the progress of fi~ld work to 
explore by shallow grQoves each of the beds in the 
coal-bearing part of the section at many places. This 
work yielded an immense amount of detailed data and 
showed clearly that although the number of beds is 
unusually large and they persist over large areas, the 
grade and thickness are such that they will not be ex
ploited widely for many years. TQ present all the, de
tailed records of the coal beds measured would take 
undue space in this report, and the conclusion has 
been reached that the general stratigraphic sectiQns 
reproduced to scale, taken with the summarized sec
tions on pages 94-101, give all the informatiQn needed 
at this time. 

COAL IN THE MESAVERDE FORMATION 

GENERAL FEATURES 

By comparison with natural exposures of coal beds 
in general as well as of beds that OCClli' in .the higher 
formations in this region, the coal beds of the Mesa
verde formation are well exposed. It is possible, 
therefore, to obtain a highly accurate idea of the na
ture, thickness, and extent of nlany beds in each part 
of the region. The coal beds occur in thin zones .of 
shale and sandstone between thick beds of massive 
sandstone, and as they commonly dip frQm 10° to 50°, 
the rock waste is quickly stripped from the coal-bear-
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ing zone. In general, western, southern, and eastern 
exposures are better than northern, probably because 
on thenl the winter snows are more rapidly and more 
frequently nlelted, ~nd the resulting water has the 
maximum eroding effect. 

In 11 lm'go pl1rt of the region the coal-bearing zone 
crops out on rl1ther steep, rugged slopes of the topo
graphic bl1sins cl1rved through the crests of anticlines. 
Generl111y the zone crops out from'100 to 200 feet 
nbove the fll1t floors of these bl1sins and thus offers 
fl1vorl1ble conditions for exploration and mining. Here 
nnd there, 'howtSver, as in the east ends of Spring Creek 
I1nd Little Buffl1lo bl1sins, the zone rises 300 or even 
500 feet I1bove the near-by valley floor, its position 
npparently depending on the size and distribution of 
1nl1jor streftm.s. Such portions of the outcrop' are 
rel1dily I1ccessible only by tunnels from near-by ravines. 

Although a few thin beds of coal are locally found 
in the upper pl1rt of the Mesaverde formation, the 
beds more thl1n 14 inches thick and those which have 
been mined occur near the base of the formation. 
Generally there are from three to seven beds contain
ing 1110re than 14 inches of coal in a zone 160 to 
220 feet thick that overlies the basal sandstone. This 
is the common condition in Spring Creek, Little Buf
fnlo, nnd Grass Creek basins. Locally, however, in 
the l1<;>rthern part of Oregon Basin, in the Gooseberry 
·Creek vl111ey, and in the Cottonwood Creek valley, 
there I1re two coal-bearing zones, separated by a mas
sive sl1ndstone, the lower underlain and the upper 
overlain by thick massive sandstones. Where these 
conditions exist there is reason for believing that the 
arens are intermediate between those farther west, 
where the lower group of coal beds are most con
spicuous nnd thickest, and those farther east, where 
the lower group has pinched out completely and t4e 
workl1ble beel is in the upper part of the formation. 

The grouping of strntigraphic sections in a general 
eastward direction, shown on Plates XXV-XXX, has 
been adopted after several trials to bring out the 
chl1nges that appear to take place in the sections in 
that direction. Study of these plntes shows several 
fel1tures of the coal l;>eds and their distribution thnt 
111'0 thought to have considerable significance both in 
the problem of local and regional distribution of coa:l 
in the Mesaverde formation as well as in an attempt 
to ascertain the principles that should govern the cor
rell1tion of the sediments of the Upper Cretaceous 
epoch in Wyoming. This question is discussed further 
on pages 58-60. 

Even though here and there sections only 1,500 to 
2,000 feet apart show differences that indicate lack 
of persistence of coal and sandstone beds, the groups 
of beds may generally be traced with' considerable 
assurance along outcrops for distances of 3 to 6 miles. 
Three features are brought out by the sections-(1) 
the shl1pe of individual lenses, (2) the merging of 

51416-26t-7 

several thin beds to make up one thick bed, (3) the 
disappearance of lenses and groups of lenses in a 
general eastward d.irection and the appearance and 
corresponding thickening of the overlying lenses or 
groups of lenses.' In considering each of these features 
the trend of the exposures and local dip of the beds 
should be kept clearly in mind. The anticlines,' 
around the flanks of which the coal is exposed, trend 
generally northwest, and the portion of the outcrop 
that trends from north to N. 60° W. is nearly three 
times as long as that which trends northeast. Ob
viously, the evidence of the features of ·beds along 
northeast axes is not nearly so good as that along 
northwest axes. Also the beds that dip northeast 
commonly range from 10° to 22°, whereas those that 
dip southwest range fronl 18° to 50°. 

Among outcrops that trend north and contain coal, 
that along the Cody-Meeteetse road in the center of 
T. 52 N., R. 101 W., includes a bed which in five 
prospects within 2 miles ranges in thickness from 29 
to 35 inches. The dip at these prospects ranges from 
48° to· 52° E. The escarpment along the west side of' 
Oregon Basin dips 21 °-24 ° W. but contains no coal 
beds more than 10 inches thick. That along the east 
side of Oregon Basin contains a bed that ranges from 
38 to 43 'inches in thickness within 1 mile and dips 
22° E. The most persistent bed in the entire region 
appears to be the principal bed of theW ebster coal 
group, which withinoa distance of 6 miles N. 15° W. 
along the east side of the Wood River valley contains 
from 21 to 67 inches of coal and dips 9°-20° E. 

It appears pro,bable from the similarity of the beds 
that this is th~ same as the principal bed of the Wilsoll 
coal group along Greybull River and Spring Creek, 
and thus it may have a minimum length of 12 miles, 
with the range in thickness given above. The north
ward-trending outcrops of Little Buffalo Basin, Grass 
Creek Basin, and Cottonwood Valley are short and 
do not yield definite evidence. ' 

A number of coal beds occur along northwestward
trending outcrops in t4e southern part of the region, 
but only a few thin beds have been found in the 
northern part. Along the escarpments of Grass Creek 
Basin and the valleys of Cottonwood and Owl creek:sJ 
which largely range from N. 20° W. to N. 65° W., 

. most of the lenses of coal more than 14 inches thick 
are from 3,000 to 7,000 feet long, although several 
may persist for 15,000 or even 18,000 feet. Many 
thinner beds appear to have generally similar lengths. 
The dips on the northeast flanks range from 10° to 
20° and on the southwest flanks, except in the Little 
Grass Creek dome, from 20° to 58°. The thicker 
beds are found where the dips are low. 

The only reliable evidence of the length of lenses 
along northeasterly axes is obtained from upper 
Gooseberry Creek. (See PI. VIII.) Here it appears 
that the thickness of both beds of the Webster coal 
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.group, each of which contains more than 14 inches of 
coal and one as much as 46 inches, steadily decreased 
toward the northeast from the maximum, and the bed 
disappears within 15,000 feet. Similarly the thick
ness of the principal bed of the upper Dorr coal group 
decreases st~adily in the same direction. 

In several parts of the region two or more lenses of 
coal merge to form thicker beds. The best evidence 
of this feature is found in outcrops that trend north 
west in the northern escarpments of Grass Creek 
Basin and the Cottonwood Creek valley. (See PIs. 
XXVI and XXVII.) In each 'of these localities one 
section shows four or five beds 6 to 24 inches thick 
distributed through 35 to 45 feet of strata, and suc
cessive sections in a southeasterly direction show that 
these beds merge to form a single thick bed split by 
numerous shale partings and that still farther south.. 
east the bed pinches o,ut., The evidence of the merg
ing of two thin beds in a southeasterly direction is 
not uncommon elsewhere. 

Not only is it clear in many parts of the region that 
both thick an<;l thin, beds thin out and disappear along 
,the outcrop, but zones that include several beds also 
disappear. The best- illustration bf this feature is 
found along Cottonwood' Creek in the southeast. cor
ner of T. 45 N., R. 98 W. (See PI. XXVnI.) The 
graphic sections show what may be observed clearly 
in the field also, tnat the lowest coal bed of the Wagon
,hound coal, group which is the. thickest in the area 
west of the Grass Creek road, gradually becomes 
thinner "and mor~ shaly iIi an easterly direction and 
finally disappears ,in section 30, T. 45 N., R. 97 W. 
Plate XXV illustrates the same feature in a N. 65° 
E. dir~ctionalong upper Gooseberry Creek in T. 47 
N., R. 100 W. The convergence of groups of coal 
b~ds in successive sections in a southe~sterly direc
tion is shown in the Grass Creek, Cottonwood, and 
Owl Creek fields. ' 

By waypf summary it may'be stated that a~though 
the evidence is incomple~e and locally" unsatisfactory, 
it indicates in a general way, that the longer axes of 
thick coal lenses trend north and the shorter axes 
trend east. Further, the lenses tend to merge in 
th~ir eastward extensions and then disappear. The 
'groups of coal b~ds also tend to converge eastward, 
and the basal groups tend to pinch and disappear in " 
the same direction. 

OREGON BASIN QUADRANGLE 

In "the Oregon Basin quadrangle' coal beds of 
economic importance in the Mesaverde formation are' 
confined to the 180 feet of beds that .overlie the basal 

. sandstone, but here and there thin beds 9f coal, rarely 
more than 6 inches in thickness, are present in the 
overlying 300 or 400 feet. " Thus in section 14, T. 50 N., " 
R. 100 W." a 4-inch bed occurs 500 feet above the 
basal sandstone. Within the 180-foot zone one bed 
more than 14 inches thick is "comnlonly present, and 

locally there are four beds more than 8 inches thick, as 
at station 9, in the NE. ~ sec. 11, T. 51 N., R. 101 W. 
On the other hand, there are large parts of the out
crop, particularly the western escarpment of Oregon 
Basin (4 miles long) and that which extends from 
Dry Creek eastward to Red" Cabin, within which no 
bed more than 16 inches thick has been found. In 
those parts of the' quadrangle where coal has been 
mined only one bed with more than 16 inches of coal 
appears to be present in the section. 

The highly lenticular character of the coal beds is 
shown by sections at stations 1,'2, 3,4, and 5, which 
were measured within a distance of 10,000 feet' and 
by sections at stations 20, 21,. and 22, measured 
within a distance of 1,300 feet. 

Field study of the stratigraphic sections of the coal
bearing zone and the distribution of coal beds did not 
suggest any definite tendency toward thinning or con
vergence of the beds. Office compilation of the data 
from the adjoining quadrangles on the south indicates 
the general correlation of sections shown in Plates 
XXV-XXX. It can only be stated that the evidence 
of the Oregon Basin quadrangle is consistent with the 
general interpretation derived from those quadrangles 
that the beds tend to maintain their thic~ness in a 
general north-south direction and to merge or thin 
out in a general east-west direction. 

Even though the exposures of the IO,wer co al
bearing part of the Mesaverde formation are not as 
good in this' quadrangle as they are farther south, 
there is sufficient evidence to warrant the conclusion 
that it contains fewer and less persistent beds of coal 
than elsewhere'. 

Coal sections in the Mesaverde jorma"tion, Oregon Basin 
quadrangle 

No, on map i Section No. on map Section 

Ft,in, , Ft.i1i. L=20 _____________ Coal __________ 1 1 10 ________________ CoaL _____ ~ ___ 1 6 
I Shale__________ 2 

"Coal__________ 6 
Coal.shale _____ 1 1 
CoaL _________ 3 4 

2=3 ______________ CoaL_-" ______ _ 5 12 ________________ Coal ___ ' _______ 1 1 
Shale _________ _ 3 Shale__________ 5 Coal _________ _ 6 Coal __________ 1 7 
Shale _________ _ 
CoaL _________ 1 

5 
6 

3=4 ______________ CoaL_________ 10 
Shale__________ 5 
Coal__________ 9 
Shale ________ ~- 3 
Coal __________ 1 3 

1=5 ______________ Coal ____ "______ 9 
Shale__________ 4 
Coal __________ 1 2 
Shale__________ 3 
Coal __________ 1 

13______________ __ Coal _________ _ 
Shale _________ _ 
CoaL ________ _ 
Shale _________ _ 
CoaL ________ _ 
Shale _________ _ 
Coal _________ _ 

5 
4 
8 
6 
5 
6 

10 
14 ______ ,, _________ Coal __________ 1 6 

Shale__________ 5 
Coal __________ 2 1 

17 ____ _ _ __ __ __ __ __ Coal_ _ _ _ _ _ __ _ _ 1 4 

5=6.____ _________ Coal _________ _ 9 18 ________________ Coal __________ 1 2 
Shale __________ ' 4 Coal ________ __ 10 20=22.. __________ CoaL _________ 1 
Shale ________ __ 3 Shale__________ 3 
Coal __________ 1 4 CoaL _________ 2 8 

Shale__________ 3 
6=7 ______________ Coal __________ 1 4 Coal __________ 4 6 

7 _________________ CoaL ________ _ 5 22 ________________ CoaL_________ 6 
Shale _________ _ 5 Shale__________ 8 
Coal ________ __ 11 Coal __________ 3 2 

9 _________________ Coal _________ _ 
8 

C Shale ________ __ 4 COal __________ 1 
Shale __________ 5 
CoaL.' ________ 1 

° Equality Sign indicates that the sections are considered to represent the same 
bed at the different localities. 
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MEETEETSE QuADRANGLE 

Coal beds of the Mesaverde formation crop out in 
four isolated areas in the Meeteetse quadrangle
Spring Creek Basin, Wood River vaHey, Gooseberry 
Creek valley, and Little Buffalo Basin. In each of 
these areas except Little Buffalo Basin the exposures 
of the coal-bearing section are generally good. In 
Little Buffalo Basin the coal-bearing section crops out 
near the base of the southward-facing escarpment and 
consequently is heavily covered with wash. The 
relations of the coal beds are shown in Plate XXV. 

Mos:-t of the coal beds are included in the zone which 
overlies the basal massive sandstone and which 
attains a maxinHIID thickness of 220 feet in sec. 2, 
T. 48 N., R. 101 W. The highest coal bed in the 
section occurs 450 feet above the basal sandstone and 
is 14 inches thick where observed in sec. 1, T. 48 N., 
R. 101 W. In a large portion of the outcrop only one 
or two beds in this zone are more than 14 ip.ches 
thick, but in n. s111a11 area near the head of Gooseberry 
Creek (station 56) {our beds, each of which exceeds 
this thickness, are present. 

The positions, of the outcrops of two groups of coal 
beds are indicated on the general geologic map (PI. II). 
The lower or W:ilson coal group,'named for the Wilson 
111ine, in sec. 13, T. 48 N., R. 101 W., where the 
thickest bed is 'mined, crops out in the escarpment 
that surrounds Spring Creek Basin, aloJ.lg the Wood 
River valley, and in the dissected domes along Goose
berry Creek. For a large portion of the outcrop it 
contains only one bed more than 14 inches thick, but 
along Gooseberry Creek there are two. Most of the 
sections are made up of a lower bench 16 to 33 inches 
thick and two or even three or four thirin,er upper 
benches sepal'ated by 2 to 14 inches of brown shale. 

Although this group contains one or two· eco
nomically important beds of coal for a distance of at 
least 9 miles along the outcrop that trends roughly N. 
15 0 W. along Wood River valley, the beds thin 
and finally disappear within about 4 miles measured 
along a line extending N. 70 0 E. down the valley of' 
Gooseberry Creek. Thus the total thickness of coal 
in the group decreases from about 73 inches in sec. 36, 
T. 47 N., R. 101 W., to 9 inches in the NE. U sec. 21, 
T. 47 N., R. 100 W.; and in the SW. U sec. 15, T.47 
N., R. 100 W., the coal has conlpletely disappeared. 

The upper or Buffalo group of coal beds appears to 
persist tlu'oughout the region, and therefore it has 
been used as the datum for the construction of a 
structure contour map. The group commonly con
tains two or three beds, but locally four are present. 
For long distances along the outcrop, however, no bed 
is lnore than 14 inches thick. The maximum thickness 
of coal in any outcrop is 33 inches, and where the 
thickness exceeds 20 inches the 'bed is commonly split 
into two or three benches. It is rather interesting that. 

the beds of the group attain the grea'test thickness in 
an area where the lower or Wilson group is absent. 
The name is given from Little Buffalo Basin, where the 
group is best developed. N one of the beds of this 
group are opened by prospects or mined within the 
.Meeteetse quadrangle. 

Coal sections in the Mesaverde formation, Meeteetse quadrangle 

No. on map Section No. on map I Section 

Ft.in. 31. _______________ CoaL ____ ~____ 8 
Shale_________ 6 
CoaL_________ i 

Pt. in. 
47=48. ___________ ·CoaL_________ 8 

Shale_________ 7 
CoaL_________ 11 

32=34° _______ •••• CoaL _ ________ 3 
Shale_________ 3 
Coal __________ 1 6 
Shale_________ 10 
CoaL ________ • 1 4 

Shale._ _______ 3 
CoaL_________ 8 
Shale_________ 7 
CoaL_________ 8 
Shale_________ 8 
CoaL _________ I 4 

34=35 ____________ CoaL_________ 6 48=49 _______ • ____ CoaL_________ 7 
Shale_________ 3 Sha]e__________ 2 
CoaL _________ 2 1 CoaI__________ 11 
Shale_________ • 41' Shale__________ 6 Coal ____ -_____ 2 5 CoaL _________ 1 7 

Shale_________ 6 
35-----_- _________ CoaL ___ -_____ 2 CoaL _________ 2 9 

Shale_________ 21 CoaL _________ 1 1 49=50 ____________ CoaL _________ 1 8 
Shale_________ 4 Shale_________ 2 
CoaL ___ ---___ 10 ' CoaL _________ 1 4 

36-- _____________ CoaL _________ l' 4 

37--- _____________ Coal ___ ~ ______ 4 
Shale_________ 1 
CoaL ______ .__ 2 
Shale_________ 1 
CoaL ___ -~---- 1 2 

39--- _______ •••• __ Coal__________ 6 
Shale ____ ._. __ 2 6! 
CoaL __ • ___ .__ 6 
Shale ____ •••• _ 11 
CoaL ____ • ____ 1 2 

40--- ___ -_. _____ ._ CoaL __ -__ .____ 4 
Shale ____ ._. __ 1 8 
Sand __________ 3 4 
CoaL ___ ._____ 10 

41--______ • _______ CoaL ____ • ____ 2 

42-.-._. _________ . Coal. ________ _ 
Black shale ___ 1 

43 _______ ._ ••• _ •• _ CoaL _________ 1 
1}lack shale.,. _ 1 

44=46. ___ •• ____ •• CoaL __ • __ •• _. 
Shale __ •. _. __ _ 
CoaL ________ • 
Shale_._. _____ • 
Coal. ____ ._ ••• 

6 
4 

10 
1 
4 

Shale_________ 4 
CoaL_" _______ 1 10 
Shale_________ 2 
CoaL _________ 1 
Shale_________ 2 
CoaL_________ 4 

50=51. ___ •• _____ • CoaL ____ • __ .• l 2 
Shale ________ • 1 
CooL ____ .____ 9 
Shale ___ •• ____ 2 
CoaL ____ • ___ • 1 2 
Shale ___ •• ____ 1 
CoaL __ .______ 10 
Shale. _ _ ______ 2 
CoaL __ • ______ 1 8 

51=52 __ • ____ • ____ CoaL __ .______ 7 
Shale ____ .____ 6 
Coal~ __ ._. __ ._ 1 
Shale ____ .____ 3 
CoaL ________ • 1 3 
Shale. _____ ••• 2 
CoaL •••• _____ 2 3 

52=53 __ ._ •• _. __ ._ CoaL ••• ______ 10 
Shale. __ •••• _. ,3 
CoaL. ______ •• 6 
Shale. ___ ._... 3 
CoaL ••• ______ 2 
Shale. ____ •••. 
CoaL_. ____ • __ 4 

5 

Shale ••. _ .•• _. 5 53 ____ • _____ • _____ CoaL_ •• __ ••• _ 3 
CoaL .• _______ 2 4 Shale.- ___ ••• _ 1 

Coal. __ • ____ ._ 1 6 
45 ........ ________ CoaL __ • ____ ._ 3 

Shale_ ••• ___ ••• 1 54 __ • __ •• __ •.••• __ CoaL. _. ____ ._ 2 2 
Coal •• _ ..• _._. 5 

46=47.: __ • _______ CoaL. __ ••••• _ 8 
ShaIe. ___ " __ ' 1 
CoaL •• ____ ••• 10 
Shale. __ ._.... 3 
Sandstone ••••• 1 
CoaL._._ •••• _ 6 
Shale. _____ •• _ 5 
CoaL •• __ •• ___ 8 

o Equality sign indicates that the sections are consideNd to represent the same 
bed at different localities. 

GRASS OREEK BASIN QUADRANGLE 

Coal beds of the Mesaverde formation crop out in 
three isolated areas in the Grass Creek Basin quad
rangle-the Grass Creek field, the Cottonwood-Owl 
Creek field, and the Padlock field. Small parts of 
the outcrop, from 1 to 2 miles in length, are obscured 
by wash, but the remainder in each field is exception
ally well exposed. In fact, the natural exposures in 
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this quadrangle are so good that it seemed desirable 
to examine the coal sections rather closely and pursue 
studies of correlation of the beds and conditions of 
deposition not justified elsewhere. The relations of 
'the coal beds are shown in Plates XXVI-XXX. 

Most of the coal beds, including all that have any 
economic interest, occur in the series of shale, sandy 
shale, and sandstone that overlies the basal massive 
sandstone and is in turn generally overlain by another 
massive sandstone. (See Pl. XXVIII.) This series 
commonly ra~ges from 160 to 220 feet in thickness. 
In a few localities thin beds of coal were found higher 
in the formation. Thus, a 10-inch bed occurs in sec. 
15, T. 46 N., R. 98 W., at a horizon 700 feet above the 
basal sandstone, although no other bed ,was found in 
the measures 500 feet ,above or below it. Also in the 
NW. 7.i( sec. 28, T. 44 N., R. 98 W., where 910 feet of 
beds overlying the basal sandstone are well exposed, I 
there are nine beds of coal in the lower 355 feet and a ' 
single lens of coal 6 inches thick 880' feet above the 
basal sandstone. 

A comparison of the detailed stratigraphic sections 
of the coal-bearing portion of the Mesaverde formation 
in the Meeteetse and Grass Creek Basin quadrangles 
shows that, although fairly well defined groups of 
coal beds may be recognized in parts of the region, no 
obvious demarcation of the group exists in other parts. 
The separate groups may persist from one field to 
another, but this can not be proved. For this reason 
the limits of the groups are chosen' arbitrarily, a,nd 
local names are applied in each field. 

The lowest group of coal beds in the Grass Creek 
field is called the Dickie coal group, from the Dickie 
prospect, in sec. 2, T. 47 N., R. 99 W., where one of 
the beds is opened (station 127, PI. XXVI). Although, 
it contains from three to seven beds in the western 
part of the field, most of these beds are less than 14 
inches thick, and only a few stratigraphic sections 
contain more than one bed thicker than 14 inches. 
The maximum thickness of coal in any bed of the 
group is 84 inches, which was measured at a prospect 
in sec. 14, T. 46 N., R. 99 W. (station 170, Pl. XXVII). 
About 6,000 feet east of this prospect the bed contains 
only 10 inches of coal, and 7,500 feet farther east 
another bed 20 feet higher attains its maximum 
thickness of 42 inches. The same conditions exist on 
the north side of the basin. The Dickie bed, Iiear the 
base of the section, contains a maximum of 50 inches 
of coal 1,000 feet west of the Dickie prospect, in sec. 
2, T. 46 N., R. 99 W., but 5, miles farther east it has 
completely disappeared, and a bed 30 feet higher 
attains its maximum thickness of 35 inches. 
'The overlying group of coal beds is called the 

Rankin coal group, from a prospect in sec. 35, T. 46 
N., R. 98 W., south of the Rankin ranch. This group 
appears to be completely absent in the western third 
of the basin ~scarpment, but in the eastern two-thirds 

it contains the thickest beds of coal found in the quad
rangle. 'The group comprises from three to seven 
separate beds, but only one, formed by the merging of 
two or three thin beds, persistently contains more than 
14 inches of" coal. It shows the maximum of 117 
inches of coal in sec. 21, T. 46 N., R. 98 W. (station 
145, Pl. XXVI), but is split into eight benches by 
shale partings. It is the best example in the region 
of a thick bed formed by, the merging of several 
thinner beds. 

The name Wagonhound coal group is applied to the 
coal beds that overlie the basal massive sandstone of 
the Mesaverde formation' in the Cottonwood and 
Owl Creek fields. These beds attain their maximum 
development in the Owl Creek escarpment, where 
two beds contain 73 and 44 inches of coal (sections 
194a and 194b, PI. XXX). In the western part of 
the Cottonwood field the group locally contains three 
beds, but none exceeds 30 inches in thickness. The 
group may be readily traced eastward until in sec. 25 
T.,45 N., R. 98 W., it completely disappears between 
beds of massive sandstone. 

The Waugh coal group, named from the Waugh 
ranch, in sec. 27, T. 45 N., R. 97 W., where one of the 
beds is opened, is sharply separable from the under
lying Wagonhound group only in the region where 
that group thins and disappears. In the western part 
of the Cottonwood field it contains two or three beds, 
the thickest ,of which locally has 35 inches of coal 
(section 228c, PI. XXVIII). Farther east it consists 
of a single bed. that attains a maximum thickness of 
48 inches (section 238a, PI. XXVIII). The exposures 
in the southwestern part of the field are poor, but here 
and there a' sin'gle bed with as much as 41 inches 
of coal may be found in the approximate position of 
the group., This group is probably equivalent too 
the Punteney coal group, which crops out along the 
escarpment facing Owl Creek and has been mined 
along Cottonwood Creek. 

The Wales coal group includes the higher beds of 
the Mesaverde formation in the Cottonwood field. 
It is rather distinctly separated from the underlying 
group by a bed ,of massive sandstone, 15 to 30 feet 
thick. Where it is thickest it contains 118 inches of 
coal split into nine benches by shale partings (section 
239b, PI. XXVIII). Like the Rankin coa.! group, in 
the Grass Creek field, it attains its maximum thickness 
through the merging in a southeast direction of four 
distinct thinner beds. It does not appear to be present 
in the western part of the Cottonwood field. The 
name is taken from the Wales r'anch, in sec. 5, T. 44 
N., R. 97 W., north of which the thickest bed has 
been opened. 

The Padlock field includes a rugged area about 
4 miles long by 1 mile wide in the southern part of 
T. 44 N., R. 97 W., but less than a square mile of it 
is included in the Grass Creek Basin quadrangle. 
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1Iere the Mesaverde formation contains a lower group 
of coal beds, which crops out conspicuously along the 
escarpment that faces Owl Creek, and an upper group, 
which crops out inconspicuously in the ravines that 
drain northward from the escarpment. The lower 
group contains one or two beds, of which the lower 
attains a maximum thickness of 88 inches in the area 
where the beds lie flat along ·the southern escarpment 
(section 247a, PI. XXX). Along the northern edge 
of the field, where the beds .dip 46 ° to 50°, ~he beds 
are thinner. The upper group includes a single bed 
that locally' contains 40 inches of coal (section 250a, 
PI. XXX), but this bed has been largely eroded. 

Coal sections in the Mesaverde formation, Grass Creek quadrangle 

No. on map Section No. on map Section 

.~, - ,-· .. -~I·-------,,------I-------
li't.in. li't. in. 

177""178° ________ CoaL_________ 6 246 ______________ CoaL_________ 10 
130110 coaL____ 4 Shale_________ 6 
CoaL _________ 2 41 CoaL _________ 2 2 
Shalo_________ 2 
CoaL _ ________ J 247 ______________ CoaL _________ 1 
Sholo_________ 7 Shalo _________ 6 4 
ConL_________ 10 248a _____________ CoaL _________ 1 10 

178=179 _________ 130lle coaL. ___ 7 CoaL _________ 2 4 248b _____________ CoaL _________ 2 8 
Shalo _________ 9 
CoaL _________ 8 249=250 _________ CoaL _________ 5 Shalo _________ 6 

179"" 180 _________ CoaL _________ 5 CoaL _________ 8 130110 __________ 3 Shale _________ 11 CoaL _________ 2 8 CoaL _________ 1 5 
Shalo _________ 1 CoaL _________ 3 

250 ______________ CoaL _________ 8 Sholo ______ , ___ 4 Shale _________ 2 
CooL _________ 8 CooL ______ ~_ 1 Shale _________ 4 

180=181. ___ • ____ CoaL _________ 1 1 CoaL _________ 1 R 
130110 coaL ____ 3 CoaL _________ 2 I 251=252 _________ CoaL _________ 2 Shalo _________ I Shale _________ 4 CoaL _________ 4 

CoaL _________ 1 2 Shalo _________ 3 Shalo _________ 1 
CoaL _________ 6 CoaL ________ ~ 1 5 

Shale _________ 1 5 181=182 _________ CoaL _____ ~ ___ 8 CoaL _________ 9 Shalo _________ 2 CoaL _________ 2 4 252 ______________ CoaL _________ 9 Sholo _________ 3 Shale _________ 7' 
CoaL _________ 8 CoaL _________ 9 Shale _________ 4 

182",,183 _________ CoaL _________ 2 CoaL ______ ~ __ 2 Shale _________ 5 CoaL _________ 10 
183 _________ • ____ Coal __________ 1 9 Shalo _________ 4 

CoaL _________ 11 

COAL IN THE MEETEETSE FORMATION 

GENERAL FEATURES 

The coal beds of the Meeteetse formation do not 
show satisfactory outcrops and therefore do not per
mit as reliable conclusions concerning their shape and 
distribution as those of the Mesaverde formation. 
Although individual beds may be satisfactorily corre-

lated .for distances of 3 or 4 nliles in some parts of the 
region, commonly exposures are so isolated that no 
accurate correlation may be made. 

Most of the good outcrops trend from S. 40° E. to 
due east. Practically no outcrops having a strike in 
the northeast quadran't can be eorrelated with others 
near by, so that nothing is known concerning the 
changes that take place in the beds in that general 
direction. ' 

There are, a sufficient number of good exposures of 
the upper part of the formation to justify the conclu
sion that it contains one or more beds of coal more than 
14 inches thick throughout the region, except between 
upper Grass Creek and Spring Gulch in T. 46 N., R. 
99 W., and T. 45 N., R. 101 W. In the northern part 
of the region the coal beds occur at irregular intervals 
throughout the upp~t 350 to 500 feet of the formation, 
but southeast of Meeteetse they appear to be localized 
near the base of the upper part and near the top. 

OREGON BASIN Q~ADRANGLE 

As there has been no systematic search for coal in 
the Meeteetse formation in the Oregon Basin quad
rangle and there are only two. openings, natural ex
posures have yielded practically all the information 
that is available concerning it. The best exposures 
occur in badlands formed at the heads of intermittent 
streams, as in secs. 2, 3, 10, 11, 12, 13, T. 50 N., R. 
101 W., and in sec. 14, T. 50 N., R. 100 W. Here and 
there good exposures of one or more beds are found 
along cut banks of intermittent streams, such as Sage 
Creek, Oregon Coulee, and Dry Creek. The informa
tion gained from the badland exposures indicates that 
the coal beds as well as the sediments are highly len
ticular and that exposures a mile or more apart can not 
be correlated with assurance. Sufficient data are 
available, however, to suggest that the upper coal
bearing part of the formation contains one or more 
beds more than 14 inches thick throughout the 
quadrangle. 

The beds show a wide range in thickness. The 
thIckest bed so far uncov~red is 42 in~es thick in sec. 
3, T. 50 N., R. 101 W. (section 25). The bed explored 
by the Eagle mine contains 54 inches of coal, but it is 
split into three benches by shale partings (section 24). 
How far these thicknesses persist is not yet known. 
The exceptionally good section in sec. 3, T. 50 N., 
R. 101 W. (fig. 3), contains six beds, each of which 
contains more than 14 inches of coal, and that in 
sec. 14, T. 50 N., R. 100 W., contains five beds (fig. 3). 
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Coal sections in the Meeteetse formation, Oregon Basin quadrangle 

No. on map Section No. on map Section 

Ft. in. Ft. in. 
9~a=24a .•........ CoaL ......... 2 28a ............... CoaL......... 4 

Shale.......... 1 Shale.......... 3 
Coal.. ........ 9 Coal.......... 9 

23b .............. Coal .......... 1 6 28b ............. . Bone coaL .... 
Shale .........• 

10 
5 

24 ................ Coal .......... 1 4 
Bone coal ..... 1 
Shale ......... . 
Coal .......... 1 
ShalL........ 2 
CoaL ......... 2 2 

27a ............... Coal.......... 7 
Shale .......... 3 8 
CoaL ......... 1 10 

27b .............. Bone coaL.... 5 
Shale.......... 5 
CoaL ......... 1 2 
Clay.......... 3 
CoaL......... 8 
Clay.......... 5 
Coal .......... 1 

Coal .......... 1 
Shale ..•....... 
Coal ......... . 
Shale ......... . 
CoaL ........ . 

7 
7 
8 
6 

29 ................ Bone coaL .... 1 2 
Coal .......... 1 .4 
Shale.......... 1 
Coal.......... 5 
Shale.......... 7 
CoaL......... 3, 

oEquality sign indicates that the sections are considered to represent the same 
bed at the different localities. ' 

MEETEETSE QUADRANGLE 

Although there is only one prospect on beds of this 
formation in the Meeteetse quadrangle (station 107) I 

natural exposures are better and more numerous than 
farther north or south. There are good badland 
exposures in several localities within a belt that ex
tends 8 miles southeast of Meeteetse, at, the head of 
Iron Creek, in secs. 5, 7, and 9, T. 47 N., R. 100W. 
and secs.) 32 and 33, T. 47 N., R. 99 W. Exposures 
along intermittent streams are common northwest of 
Meeteetse. . 

The thickest single bed is 72 inches thick in secs. 19 
and 20, T. 47 N., R. 100 W., and with the higher and 
lower bencnes this bed contains 104 inches of coal (sec· 
tion 121). Another bed near the top of the formation 
in secs. 19 and 29, T. 48 N., R. 99 W., contains a maxi
mum of 68 inches split into three benches (station 113). 
This bed is fairly well proved to have' a length of 3~ 
miles along a southeastward-trending outcrop between 
measurements, with a minimum of 10 inches of coal. 
The most completely exposed s~ction (station 108) 
contains four beds each of which is more' than 10 
inches thick. On' the other hand; a fairly ,well exposed 
section in sec. 32, T. 49 N., R. 100 W., contains only 
two beds more than 14 inches thick. 

Coal sections in the Meeteetse form~tion, Meeteetse quadrangle 

No. on map Section 

Ft. in. 
24.. .•............ CoaL......... 6 

Shale .......... 1 4 
Coal.......... 10 
Shale.......... 1 
Coal.......... 5 
Shale.......... 1 
Coal .........• 1 2 
Shale .........• 2 4 
Coal.......... 8 

95a ............... Coal .......... 2 
Shale.......... 2 
Coal.......... 10 
Black shale. _. 2 6 
CoaL. ........ 7 

No. on map Section 

Ft. in. 
96 ................ Coal ........•• 1 

Shale.......... 1 
Coal ...... ~ ... 1 5 

97a ............... CoaL ....•.... 1 6 
Shale .....•..•• 4 8 
Coal.......... 11 
Shale.......... 7 
CoaL .....••.• 1 6 

97b ............ __ Coal.......... 10 
Shale .....•... _ 2 
Sand.......... 3 
Coal.......... 11 

Coal sections in the Meeteetse formation, Meeteetse quadrangle
Continued 

No. on map Section 

Ft. in. 
98=990 •••••• ••••• Coal. •....•..• 7 

Shale .........• 2 1 
CoaL......... 7 
Shale .......... 1 

No. on map Section 

Ft. in. 
ll1b=112b .•.•..• Coal .....•.••. 1 5 

111c ..•.••...•.•.. Coal ...•..•••. 2 2 

Coal ......... . 4 I11d=112c ...•.•. Bone coal ..•.• 1 6 

99 .••............. Shale.......... '10 
Coal.......... 10 
Shale .........• 1 8 
Coal.......... 8 
Shale •......... 1 . 3 
Coal.......... 8 

CoaL ........• 1 4 
Shale.......... 4 
CoaL......... 10 
Shale.......... 8 
Coal... ....... 8 

112a .........•..•• CoaL ......•.. 1 6 

100 .. ~ ............ Coal •......... 1 3 112b .•........•.. Coal.. ........ 1 10 
Shale .......... 2 

101=102 .......... Coal .......... 1 8 CoaL......... 5 

102=103b ........ CoaL •....•... 1 1 
Shale ......... _ 4 
Coal .......... 1 1 

103a=I04a ....... CoaL ......... 1 5 

103b=104b. Coal .......... 1 
Bone coaL.... 4 
Coal .•........ 1 2 

112c=113 ..•.•..•• Coal.......... 10 
Shale.......... 6 
CoaL ......... 1 9 
Shale.......... 4 
CoaL......... 10 
Shale.......... 4 
CoaL......... 6 
Shale.......... 1 
CoaL......... 3 

103c=I04c ........ Coal .......... 1 5 113=114 •.•..•.••• Bone coaL .... 1 
Bone coal..... 6 CoaL ........ _ 1 6 

Bone coaL ... _ 10 
I04a=108a .....•. Coal .......... 1 3 CoaL ........• 2 2 

Shale.......... 5 
104b=108b ....... Coal .......... 1 CoaL .......•• 2 

I04c=108c ........ CoaL ........ '. 1 2 114 ..•..•..•...•• CoaL......... 10 

105= 106.......... Coal ......... . 
Bone coaL ...• 1 3 

2 
Shale ......... . 3 115 ••••••••••••••• CoaL ......... 1 3 
CoaL ........ . 1 
Shale ......... . 2 116=118 ....•..•.. CoaL ......... 2 
CoaL ......... 1 

106=107 .......... Bone coaL .... 3 
Coal.......... 2 
Shale.......... 1 
Coal .......... 2 4 
Shale.......... 2 
Coal.......... 11 

107=108a ......... CoaL ........• 2 2 
Shale.......... 2 
Coal .....•...• 1 

Shale ...•.•.••• 
CoaL ......... 1 

117............... CoaL ......••. 2 

118=119 ...••..••. CoaL .•....... 1 8 
Shale.......... 4 
CoaL......... 6 
Shale ......... _ 2 
Coal.......... 3 
Bone coal ..... 1 6 

Shale ......... . 2 119=120 •••••• ____ CoaL. ________ 2 2 
Coal .........• 6 Shale .. __ ._____ 3 

I CoaL_________ 8 
108a._ ............ Coal .. _ .. _._._ 1 2 Bone coal ___ ._ 1 

108b_ ....... ___ .. CoaL ..... _ .. . 10 120 _______________ CoaL_._ .. __ ._ 1 

108c=l11c ... _ .... CoaL ........ _ 2 5 
Shale ....... _.. 2 
CoaL __ .. _. ___ 1 2 
Bone coaL .. __ 6 

109=110.......... Coal. _ ....... _ 
Shale. __ ...... _ 

3 
4 

Shale _____ .. _._ 10 
CoaL ___ . _____ 1 3 

121. __ .. __________ CoaL_ ... _. ___ 2 4 
Clay __________ ' 2 
CoaL._ .. _____ 6 
Clay .. __ ._. __ _ 
CoaL ... _ .. __ _ 

2 
6 

Coal __ ....... _ 
Bone coal .. __ _ 

IS 122=123 _________ • CoaL ... _ .. _.. 11 
Shale_._....... 1 

nO=I11a .•...•... CoaL. .......• 2 
Bone coaL.... 4 
Shale.......... 7 
CoaL ••....••• 1 6. 
Shale.......... 5 
CoaL ......•• _ 10 
Shale .•... _.... 4 
Coa). ..•. c ••••• 1 

111a=112a ..•.•.. Coal .•....••.• 2 6 
Shale .........• 1 
CoaL •...•.••. 1 

123~ ••.•.•.•..•..• 

Coal.......... 3 
Bone coaL.... 3 
CoaL ....•... _ 4 
Shale.......... 1 
CoaL •....•..• 1 8 
Shale .......•.• 1 6 
CoaL. _....... 8 
CoaL •....••.• 1 
Shale •.••.••... 1 
CoaL •.• _ •.•.. 
Shale~ •.•. _ ..•• 
CoaL ••• _ •...• 

2 
6 
2 
1 • 
8 

G Equality sign indicates that the sections are considered to repr'lsent the same 
bed at t\le different localities. 

GRASS CREEK BASIN QUADRANGLE 

The ,best exposures of the coal beds of the Meeteetse 
formation in the Grass Creek Basin quadrangle are 
found along Prospect Creek, although there are a few 
outcrops here and there along the intermittent streams 
northwest of Gwynn's ranch and at the head of Wagon
hound Creek. 

The thickest bench is 44 inches thick in sec. 32, T. 
47 N., R. 98 W., but with the two overlying benches 
the bed contains 64 inches of coal (section 254b, 
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fig. 10). Most of the beds appear to range from 18 to 
30 inches in thickness. A good exposure of the coal
bearing portion of the formation in sec.- 2, T. 45 N.-, 
R. 98 W., includes three beds containing from 20 to 
62 inches of coal (section 257 c, fig. 10). One bed ap
pears to persist for at least 3 miles. _ Similarly good 
exposures of the lower part of the coal-bearing sec-
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. tion in sec. 13, T. 45 N., R. 98 W., show three beds 
containing from 29 to 42 inches of coal (sections 
279-282, fig. iO): . 

The coal-bearing pa~t of the Meeteetse formation is 
well exposed in the rough region north of the upper 
part of Spring Gulch, but only a few beds crop out., 
and- none are more than 14 inches thick. This is the 



100 OREGON BASIN, MEETEETSE, AND GRASS CREEK BASIN QUADRANGLES, WYO. 

only part of the entire region where the exposures are 
good in which no beds more than 14 inches thick have 
been found. 

Farther west, along upper Prospect Creek, the upper 
part of the coal:..bearing section is fairly well exposed. 
The correlation of the stratigraphic sections made in 
these regions is shown, in Plate XXXI. These sec
tions, considered in connection with the continuity 01 
the basal sandstone of the Lance formation, which 
overlies them, indicate that beginning on the west the 
uppermost coal beds tend to pinch out and disappear 
in an eastward direction, whereas new coal beds begin 
20 to 30 feet higher and, after attaining a maximum 
tlllckness, they also pinch out and disappear. These 
'conditions appear to be the same as those shown in 
several localities by the coal beds of the Mesaverde 
formation. They raise for serious consideration the 
question whether over a much larger area the coal 
beds near the base of the Mesaverde formation and 
in the Meeteetse for~ation or its equivalents have not 
a similar steplike arrangement in an eastward direc
tion. If this should be the case, as now appears pro b
able, then the coal beds of one locality, even though 
they have highly similar stratigraphic relations, are 
younger than those farther west and older than those 
farther east. This matter is further discussed on 
page 60. 

COAL IN THE FORT UNION FORMATION 

GENERAL FEATURES 

In any summary of the occurrence of coal in the 
Fort Union formation several features stand forth 
prominently, by contrast with the underlying coal
bearing formations. The beds of coal are rather small 
lenses, sporadically distributed over a large area. 
They are confined to the basal 600 feet in the moun
tainward group of outcrops and are conspicuously 
lacking in the basinward group of bu tcrops and in the 
region of the unconformity between the Fort Union 
and Lance formations. The areal distribution of the 
thickest beds or thickest parts of beds coincides ap
proximately with that of beds of near-by conglomerate; 
the converse relation is not apparent, for there are 
extensive beds of conglomerate not overlain by coal 
beds. 

OREGON BASIN QUADRANGLE 

Although there are near the base of the Fort Union 
formation in T. 50 N., R. 100 W., several layers of 
brown shale which here and there contain coaly 
material, no beds of coal have yet been found in the 
formation ~ the Oregon Basin quadrangle. 

MEETEETSE QUADRANGLE 

There are three openings on beds of coal in the 
Fort Union formation in the Meeteetse quadrangle, 
and from their relation to the base of the formation 

it is assumed that all three explore the Black Diamond 
bed, so called from the mine of that name in the 
SE. ~ sec. 21, T. 49 N., R. 100 W. The second open
ing is some stripping on the west bank of Greybull 
River in the SE. ~ sec. 27, T. 49 N., R. 100 W., 
and the third is in the adjustment strip south of sec. 
36, T. 49 N., R. 100 W. At each locality the bed is 
about 180 feet above the base of the formation. 

In sec. 24, T. 48 N., R. 99 W., just east of this 
quadrangle, where a detailed stratigraphic section 
was measured at the head of Fifteenmile Creek, 
there are coaly layers 840 to 920 feet above the base 
of the formation. This is the approximate'position of 
the thick Mayfield bed, 12 miles to the south. In the 
Hole in the Ground, where exposures are uncom
monly good, no persistent beds of c<?al are present, 
whereas the same part' of, the formation 12 miles 
farther south contains four thick beds. 

GRASS CREEK BASIN QUADRANGLE 

Although the Fort Union formation underlies a 
s'mall area in the Grass Creek Basin quadrangle and 
only a part of this contains coal beds, several of them 
are uncommonly thick, and the quality of the coal is 
good. 

As shown on Plate XIV, beds of coal are found in 
two zones in the formation. The lower zone occurs 
near the base and commonly contains two beds more 
than 12 inches thick. The lowest or Gwynn bed is 40 
to 50 feet above the top of the basal sandstone or 
conglomerate and has beEm traced over the entire area 
underlain by the formation south of Grass Creek. It 
is absent in the area northeast of Grass Creek. The 
maximum thickness of 38 inches is found in the bluffs 
east of Mayfield's ranch (section 308, p. 101). 
Although the bed has been traced over a large area, 
there appear to be only three separate small areas 
within which the bed is more than 12 inches thick. 
One is near Mayfield's ranch, another'south of Spring 
Gulch, and the third on Ilo Ridge. Here and there a 
second bed that is not so thick lies 15 to 60 feet higher, 
but clearly it is not so persistent. As shown by the 
coal sections on page 101, the bed commonly con
tains' one ~ench from 12 to 20 inches thick, and 
this is overlain by another thinner bench. The dis
tribution of the measured sections does not indicate 
the probable original shape of the lenses of these beds. 
It is noteworthy, however, that, except at the east 
end of Ilo Ridge, the area underlain by the beds 
coincides generally with that within which, the basal 
sandstone is conglomera tic. The Gwynn bed is 
opened by an adit from a ravine in the SW. ~ sec. 
5, T. 45 N., R. 97 W. (section 328, p. 101). The 
bed trends east and dips 19 0 S., and the adit' 
extends 60 feet to the east. No rooms are turned off, 
and no coal appears to have been removed from the 
dump: 
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The second zone is about 120 feet thick and its 
base is 420 feet above the base of the fOJ1Ilation. 
The zone is coal bearing only in the region southwest 
of Grass Creek Basin, and several small residual areas 
are all that remain uneroded. The lowest or May
field bed attains a maximum thickness of 36 feet 10 
inches in the NE. ~ sec. 26, T. 46 N., R. 99 W. 
(station 297), and thins rapidly both westward and 
eastward from this locality. Within a short distance 
southeast of Spring Gulch the coal is replaced by 
shale, and the ,thickest bench of coal is a 42-inch bed 
in Gwynn's prospect, in the SE. ~ sec. 1, T. 45 N., 
R. 99 W. (station 303). In the easternmost exposure, 
in sec. 8, T. 45 N., R. 98 W., it contains several 
benches of coal and bone, none more than 16 inches 
thick, separated by black shale. It is entirely 
absent in the region of no Ridge and the large area 
northeast of Grass Creek Basin. The extent of the 
Mayfield bed in an east-west direction corresponds 
closely with that of the conglomeratic phase of the 
basal sandstone. If this relation has any significance 
the writer has been unable to interpret it. The May
field bed is opened by a tunnel on the northwest side 
of Coal Draw, in the NE. ~ sec. 26, T. 46 N., R. 99 
W., from which coal is mined for local use. The 
tunnel is near the base of the bed, is 6 feet high at 
the entrance, extends N. 55° W. for 280 feet (October 
1, 1919), and is 11 feet high at the face. About 150 
feet from the entrance a room is turned off to the 
west and extends about 100 feet. It is 20 feet wide 
and 10 feet high. The coal is mined during the fall 
and winter for local consUl;nption. 

The second bed, about 100 feet higher than the 
Mayfield bed, crops out in a number of places west of 
Coal Draw. I t has been opened in the NW. ~ sec. 
4, T. 46 N., R. 99 W., where it appears to, attain the 
maximum thickness of 20 feet 11 inches (station 291). 
The easternmost outcrop is in the SE. ~ SW. ~ sec. 
23, T. 46 N., R. 99 W.; bu t no section could be 
measured at this locality. 
.coal sections in the Fo?·t Union formation, Grass Creek Basin 

quadrangle 

No. on map Section No. on map Section 

Ft. in. Fi.in. 
208=-309ao _______ Coal •. _______ • 3 2 312 ___ •• _. _______ CoaL. __ " __ .__ 1 

309a ___ • ____ ••••. Coal ••••..•••• 1 10 ~~~t.~======= i 

':no: _ ........... . 

Shale __ •.••••• 6 
Coal ••..•••••• 1 9 313=314 __ ••••.•• CoaL .....••• _ 3 
CoaL _ •••.•••• 1 
Shale __ ••• ___ _ 
Coal •••• _. ___ _ 
Shale ____ • ___ • 
BonecoaL_. __ 
Coal •• ____ ._ •• 

Coal ••••••• _._ 

11 
5 
4 
3 

; 314=315 •.•••••..• 

Shale_ .•.•.. _. 6 
Coal.......... 2 
Shale ...... _._ 1 
CoaL ________ • 1 6 
Coal_.________ 4 
Shale __ . __ . __ ~ 3 

10 CoaL __ ~______ 2 

31L_ ••• _ ••••••• _ Coal ••••••••• _ 2 ~~~~~~:==:::: 1 ~ 
Shalo __ ._..... 8 
Coal._ .••••• _. 1 2 315=316:._ ••••••• CoaL._._ •• _. 1 8 

° Equality sign Indicates that the sections are considered to represent the same 
bed at tho different localities. 

Coal sections in the Fort Union formation, Grass Creek Basin 
quadrangle-Continued 

No. on map Section . No. on map Section 

Fi.in. 
316=317.. •• _ .• _ •. CoaL. _____ . __ 1 6 

Ft. in. 
325-326 ••......... CoaL. _ ....••• 1 

317=318 •..•.•.••• CoaL ..• _ ..•. _ 5 326-327 .••...••••• CoaL_ •••.•..• 1 2 Shale._ •..•.. _ 2 
Coal ...•...... 1 6 

Shale __ ....••• 6 
CoaL •........ 1 

318=319 ..••....•• Coal •••... _ ..• 1 4 
327-328 ...•.....•. Coal ••••• _ •... 1 10 

Shale. _ •.•.... 6 319=320 .......... CoaL •.••...• ~ 1 
320 .... __ ....•..•• CoaL .....••.. 5 

1 
Coal .•.•...••• 1 

321-322 ••....•.. _. 

322-323 .•..•...... 

323-324 ... _ .••.... 

Shale ........ . 
Coal ....... ~ .• 
CoaL. _ ..•.... 
Shale __ •...••• 1 

7 328-329 ..•••.•.•.. Coal ••........ ' 2 4 
6 Shale......... 5 

Bone coaL ..•. 1 3 

Bone coaL .•.. 10 329-330, ...••••••• CoaL. ......•• 7 
CoaL......... 4 Shale __ .• _.... 5 
Shale __ ...•... 7 CoaL ......... 1 2 
Coal ....... _ .• 10 Shale .••.....• 5 
Shale .. ' ..••. _. 1 8 Coal ••. _ ...... 1 
CoaL •. _._.... 3 
CoaL......... 3 
Shale __ ....... 9 
CoaL. .......• 3 
Shale ... _..... 1 
CoaL......... 9 

330-331. •..••••••• Bone coaL •... 
Shale •.•.•...• 1 
CoaL ......•.. 
Shale._ •••...• 
Coal •••••••.•• 1 

324 ....... _.~ •.•.. CoaL ........• 3 331. .......... _ •.. Coal.. .•...•.• 3 
Shale ........ . 
CoaL ....... _. 
Shale_ ••.....• 
CoaL ....• _ ... 

6 Shale......... 6 
5 CoaL •••....•• 1 1 
1. 
8 

PHYSICAL PROPERTIES 

Mesaverde formation.-There is little variation in 
the properties of the coal from the Mesaverde forma
tion throughout the region. The color is' uniformly 
pitch black, although the streak is dark brown. The 
luster on freshly broken surfaces is vitreous. Each 
of the beds th~t is opened by prospects is distinctly 
laminated, although here and there the thickest 
layers of coal are, massive. Columnar jointing is 
common, but individual layers show conchoidal 
fracture. ' 

Pyrite is commonly present, but is nowhere abun
dant. It occurs both as thin lenses of granular 
material that lie parallel to the bedding and as clean 
thin plates on vertical fractures. In some sections, 
as at· the McGuffey and Dickie No.1 mines, a distinct 
layer from 1 to 2 inches thick near the top of the bed 
contains almost as much pyrite as coaL Small round 
grains of reddish-brown resins can commonly be 
detected. . Mineral charcoal is locally visible on 
horizontal partings. 

Meeteetse formation. - The physical properties of 
the different coal beds in the Meeteetse formation 
appear to be similar throughout the region, but there 
are only a few openings that extend more than a few 
feet below the surface. The color ranges from pitch 
black to very dark brown, and the streak is dark 
brown. By contrast with the Mesaverde coal, the 
luster of most of the ~ayers is rather dull and stony; 
commonly there is no sharp boundary between coal 
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and bone. The beds are laminated at the Eagle 
mine; the jointing is almost cubic; the fracture is 
conchoidal. Pyrite was not noted, but may be 
present. Round particles of brownish resin are 
common, and the weathered outcrop of several beds 
is strewn with masses of this material as much as an 
inch in diameter. Mineral charcoal is preSent in 
some beds, but not in others. 

Fort Union formation.-The properties of the coal 
beds in the Fort Union formation appear to vary 
slightly throughout the region. The cqlor is com
monly pitch black, and the color of the powder is also 
black. By contrast with the lower coals, the luster 
is commonly more vitreous than waxy. Like the 
Mesaverde coals, the beds are laminated, but indi
vidual layers are massive. The jointing ranges from 
columnar to cubic; the fracture is conchoidal. 

Pyrite is generally absent, but at the Mayfield 
prospect, in Coal Draw, a few thin plates of pyrite 
occur on vertical f~actures. Resins are uncommon, 
and only trace~ of mineral charcoal may be f~und. 

BEHAVIOR TOWARD WEATHERING 

The effect, of exposure on the coal from the beds 
in each of the formations ,is similar. Lumps of coal 
left exposed to the weather first show surface cracks 
and after standing several weeks tend to crumble 
when handled. On the other hand, lumps of· coal 
kept under cover do not seriously crack and crumble 
in several months. So far as any difference can be 
observed, the coal froin the Fort Union beds, espe
cially the Mayfield, is more resistant to weathering 
than that from the lower beds. 

By contrast with eastern Wyoming, Montana, and 
the Dakotas, there has been in this region little 
natural ignition, and' burning of coal beds. The only 
locality in which there is evidence of burning is in 
the center of sec~ 32, T. 49 N., R. 100 W., where a 
thin bed in the Meeteets'e formatIon, which crops 
out in several small conical hills, has been comph.tely 
burned. ' 

CHEMICAL PROPERTIES 

In order to determine the chemical properties of 
the coal samples were collected from each of .. the. 
prospects in the region by the method that has been 

approved by the United States Geological Survey.79 
The method provides that the sample shall be cut 
from a groove about 2 inches wide, and 1 inch deep 
from a clean face of coal for the entire thickness 
exclusive of such 'shale partings as wo.uld commonly 
be thrown out in mining. By this method about 5 
pounds is cut from each foot of the bed. The cuttings 
are then crushed underground, so tha,t all fragments 
will pass through a Yz-inch screen. The fragments 
are then thoroughly mixed and quartered, and about 
5 pounds is placed in a can, the top of which can be 
sealed. The analyses in the accompanying table have 
been made in the Pittsburgh laboratory of the United 
States Bureau of Mines. They represent sixteen 
samples, of which five were taken by E. G. Woodruff 
and R. L. Nelson in 1907 80 and eleven were taken by 
the writer. 

The table presents the· analyses of ten samples of 
Mesaverde coal from eight prospects. Considering 
the extent of the territory covered and the fact that 
no two samples were taken from the same bed, these 
analyses show a notable uniformity. in composition. 
The difference between the sample from the Berry 
mine and the average' is probably due to weathering 
of that bed, for this sample was taken nearer the 
surface that the others. According to the classifica
tion of the United States Geological Survey the Mesa
verde coals are high-rank subbituminous. , 

The single sample from. the Meeteetse formation 
closely resembles the average from the Mesaverde 
formation. The coal is classified as high-rank sub
bituminous. 

The table shows the analyses of five samples from 
three prospects on two beds in the Fort Union forma
tion. The average. closely. resembles that of the 
Mesaverde coals, except that the sulphur content is 
considerably,lower. The coals are classified as high
rank subbituminous. 

It is an interesting fact that although the coal beds 
have a stratigraphic range of 3,500 feet and the beds 
dip from 2° to 33°, the differences in composition are 
slight. 

7~ Campbell, M. R., Contributions to economic geology, 1907, pt. 2: U. S. Geol. 
Survey Bull. 341, pp. 12-13, 1909. 

80 Woodruff, E. G.; op. cit., p. 217. 



A nalyses of coal samples from the Oregon Basin, Meeteetse, and Grass Creek Basin quadrangles 

Source of sample 

Labora-I Loca-
tory tion 
No. No. Mine 

[Made by the Bureau of Mines, A. C. Fieldner, chemist in charge1 

Mesaverde coal 

Quarter Sec. T. R. 

Form 1 
Air- I of 

drying analy-
loss sis.o 

Proximate 

Vol a- 1 Fixed 
Mois- 1 tile carbon 
ture matter 

Ash Sul
phur 

Ultimate 

HYdrO-I Car-
gen bon 

Nitro
gen 

Oxy
gen 

Heating value 

Calo-' 1 British 
ries " thermal 

units 

---I ,--,--,--,---,---,---,---.---,---,---.---.---,---. ---.--_.---

5767 b 

12883 • 

5762 b 

"12884 • 

12886 • 

12888 • 

5769 b 

14679 • 

17709 • 

17731 • 

21 1 Thompson _____________________________________________________ -' SE _____ _ 

21 Thompson, face of room 300 feet west of mouth of tunnel. ______ -' SE _____ _ 

14 1 Schwoob _______________________________________________________ .! SE _____ _ 

M 1 Schwoob, south wall of incline 180 feet below mouth _____________ 1 SE _____ _ 

12 1 McGuffey, east wall 20 feet above third level, 70 feet east of in
cline. 

34 I Wilson, face of room 200 feef~orthwest of tunnel, 400 feet" from 
mouth. 

NE ____ _ 

SE _____ _ 

35 1 Erskine ________________________________________________________ J SE _____ _ 

lZl 1 Dickie, east wall of incline 25 feet below mouth __________________ . _________ _ 

34 

34 

10 

10 

17 

13 

13 

180 I Punteney, face of ropm 70 feet southwest of tunnel, M.feet from I SE _____ .! 24 
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Analyses of coal samples from the Oregon Basin, Meeteetse, and Grass Creek Basin quadrangles-Continued 

Meeteetse coar~' 
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17830 c 328 I Gwynn, face of room 30 feet west of point 40 feet south of mouth __ I. _________ L _____ I 45 97 2.2 
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MINES AND PROSPECTS 

OREGON BASIN QUADRANGLE 

The McGuffey mine is in the NE. ~ sec. 17, T. 52 
N., R. 100 W. (station 12), near the base of the Mesa
verde escarplnent at the north edge of Oregon Basin. 
It was opened in 1911 by W. A. McGuffey, but ~fter 
several years of operation it was closed down and dis
lnantled. The coal-bearing portion of the Mesaverde 
fOl'nlation is locally covered with wash, and the site 
of the opening was chosen after exploration. The bed 
strikes N. 60° W. and dips 14° NE.; it is probably 
one of those in the higher part of the coal-bearing sec
tion. The 'workings include an incline 4 by 5 feet, 
which was driven directly down the dip for a distance 
pf 300 feet, and rooms turned both east and west at 
three levels. The rooms were driven to a maximum 
distance of 60 feet east ~nd 100 feet ·west of the incline. 
Water of fair quality and sufficient for local needs 
stands in the bottom of the incline. The equipment 
included a 20-horsepower hoist, cars, and bins. Run
of-Inin,e coal sold in 1911 at $3.50 a ton at the ~ine, 
and haulage to Cody, 15 miles distant, cost $2.35 a ton. 

The Schwoob (Wiley) mine is in the SE. ~ sec. 10, 
T. 51 N., R. 100 W. (station 14), at the base of the 
Mesaverde escarpment east of Oregon Basin. It was 
opened about 1902 and has been operated intermit
tently since that time. That par't of the section which 
contains beds of coal is exposed in detail along the 
escarpment. The bed strikes N. 3° E. and dips 22° 
E., apd it may be traced for several miles along the 
escarpment. It has also been opened, by a prospect 
a mile farther south, in sec. 15. The bed resembles 
that at the McGuffey mine and, like it, occurs higher 
in the section than those explored on the west side of 
Oregon Basin. The workings include an incline 4 
by 4 feet, which was driven directly down the dip for 
200 feet, and rooms turned north and south at three 
levels. The rooms extend a maximum distance of 200 
feet frOln the incline. Water hinders operations below 
the 200-foot level. The equipment includes a horse 
whiln, cars, and a 5-ton bin. The product, which 
largely exceeds 1 inch in size, is sold for $3 a ton at the 
lnine or $6 a ton at Cody, 17 miles distant. ' . 

The Thompson mine is in the SE. ~ sec! 34, T. 51 
N., R. 101 W. (station 21), on the west side of the 
mouth of a deep ravine that cuts through the entire 
Mesaverde fonnation. It was opened by Thompson 
Bros. about 1905, and during 1906 and 1907 between 
1,500 and 2,000 tons was nlined, largely for the use 
of the Bighorn Development Co. in constructing i~ri
gation canals in Oregon Basin. It has been operated 
intennittently since 1907. In 1912 a new incline was 
driven east of the ravine, but the flow of water proved 
to be too large to be handled economically. The Mesa
verde formation is exposed in detail in the ravine. 
The coal bed lies between beds of lnassive sandstone , 

which strike N. 70° W. and dip 32° SW. The workings 
include a tunnel that extends 700 feet to the northwest , 
the mouth of which is about 25 feet above the ravine. 

,Rooms were turned up the dip of the beds, and near 
the face of the tunnel there is a connection with 
an old incline from the surface. The lenticular 
character of 'the bed is shown by the differences 
in the three? sections Nos. 22, 21a, and 20, which 
were measured in the old incline, tunnel, and new 
incline, respectively, all within a distance of 1,000 
feet. Horses were used for ,haulage, and the only 
other equipment included the pump and,whim used in 
sinking the new incline. Since the failure of the Big
horn Development Co. the only market lies among the 
ranches near upper Sage Creek. 

The Rader prospect is near the southeast corner 
of sec. 10, T. 52 N., R. 101 W. (station 23), near the 
top of a bluff that follows Sage Creek. It was opened 
about 1909 on a bed 700 feet above the base of the 
Meeteetse formation but has never vielded much coal 
!he beds strike N. 45° W. and dipv 22° SW., but th~ 
Incline has been driven at a lower angle south to 
southeast, for a distance estimated not to exceed 200 
feet. ~ome coal has been mined above the incline. 
Although the bed contains 33 inches of coal in the 
workings (section.23) it is only 6 inches thick at the 
outcrop, 100 feet distant. 

The Eagle mine is in the SW. 74' sec. 2, T. 51 N., 
R. 100 W. (station 24), on a broad flat south of 
'Oregon Coulee, east of' the rim of Oregon Basin. It 
was opened about 1906 but has not been worked since 
1910. The nearest exposures of the Meeteetse for
mation are along the banks of Oregon Coulee 1,000 
feet to the north, but no beds of coal 'crop out here. 
The bed explored by the Eagle mine is apparently 
near the base of the co.al-bearing part of the section 
and trends ,N. 5° E. and dips 34° E. The bed is 
shown in section 24, page 98. The workings include 
an inclined shaft, which is 60 feet deep to standing 
water, and from which levels extend 10 feet nor~h 
and 50 feet south at a point 55 feet below the surface. 
Coal was' hoisted to the ~urface by horse whim. 

MEETEETSE QUADRANGLE 

The Wilson (Stagg & Dodge) mine is in the SE. 74' 
sec. 13, T. 48 N., R. 101 W. (station 34), on the north 
c;;ide of Greybull River. It was opened in 1892.and 
for some years was knowij. as the Blake mine. From 
1909 to 1911 it was worked by C. H. Wilson, who 
sold it to the present operators, Stagg & Dodge. 
The Erskine mine, 1,000 feet to the southeast, on the 
opposite side of the river, was operated for several 
years but finally abandoned on account of water. 

l
In this locality the coal-bearing beds strike N. 35° W. 
and dip 6° NE., and the coal bed is near the base of 
the section (section 34, p. 95). The workings include· 
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a drift 700 feet long which trends N. 250 W. and 
therefore descends gently in that direction. From 
t.his drift rooms are turned westward up the' dip to a 
maximum distance of 300 feet. The area explored by 
the workings is about 5 acres. Hand augers are' 
used, 'and the coal is shot from the solid wall without 
undercutting. No timber is used to' support the 
roof. Water sometimes accumulates in the drift. 
The equipment include,S an 85-horsepower boiler, 
hoist, pump, cars, and a 15-ton bin. The product is 
screened during loading. Two men are commonly 
employed. In 1911 the. price was $3.50 a ton at the 
mine; in 1919, $4 a ton. The coal was sold in ,Mee
teetse and to ranches in the Greybull and Wood 
River valleys. The annual production ranges from 
1,000 to 1,500 tons. 

The Spring Creek prospect is in the NW.Usec. 2, 
T. 48 N., R. '101 'w. (station 33), on the north side 
of Spring Creek, where the basal Mesaverde beds, 
trend N. 380 'w. and dip 9~ NE. ,Here a drift has 
been driven northward about 150 feet, but little coal 
has been mined. 

The Black Diamond mine is ,in the SE. U sec. 21, 
T. 49 N., R. 100 W. (station 124), on the edge of ,a 
low hill northwest of the junction of Meeteetse 'Creek 
and Greybull River. It was opened' in 1904 by 
W oodruff& Christopherson and 'has be'en worked 
intermittently'every year to date. The bed explored 
in this mine is about 120 feet above the base of the 
Fort Union formation, and it has been traced half 
a mile 'northwest and a mile' southeast, (stations 124 
and 125). It trends N. 450 W. and dips 140 NE. 
near the surface, but the dip increases to 180 in the 
bottom of the incline. The workings include an 
inclined shaft 4 by 6 feet,' 500 feet deep, from which 
rooms extend northwest and southeast to distances 
that range from 250. to 400 feet. . In the upper' part 
of the shaft the' rooms are 30 feet wide, b'ut in the 
lower part they' are only 20 feet wide. In mining 
holes are drilled by hand augers, and the coal is shot 
from the solid wall. Props 4 to 6 inches in diameter 
are used. The equipment includes a boiler and 
engine for hoisting the coal and for raising the water 
in a skip. There is a 10-ton bin, and screens for 
making lump and nut sizes'. The following prices 
have been obtained: 1905, '$2.25 a ton for'run of 
mine; 1911, $3 a ton for lump and $2 for nut; 1919, 
$4.50'a ton for lump. The coal is marketed along the 
Greybull Valley and is valued highly for domestic 
and boiler use. The production commoruy runs from 
600 to 1,000 tons a year, but 2,000 tons was mined 
in 1905. 

Beds of. coal in .the Meeteetse formation have been 
prospected along the outcrop southeast of Meeteetse, 
but no coal has been mined. In the NE. U sec. 14, 
T. 48 N., R. 100 W., a tunnel exteI;l.ds eastward 100 
feet on a bed that trends N. 350 W. and dips 180 NE. 

(st~tion 107). Several shallow prospects have been 
made on beds of coal near the base of the Mesaverde 
formation in the escarpment east of Wood River 
and east of Renner's ranch on Gooseberry Creek. 

GRASS CREEK BASIN QUADRANGLE 

The Dickie prospect No. 1 was opened prior to 
1907, but no additional work had been done in 1919. 
It is in the NW. U sec. 2, T. 46 N., R. 99 W. (station 
127), near the head of a small ravine, which drains 
northward ,to Gooseberry Creek. As shown in 
section 127, Plate XXVI, the bed explored here is 
the second above the base of the formation. The 
beds trend N. 700 W. and dip 160 NE. There are 
two inclines within a distance of 500 feet; the eastern 
one, is caved and the western extends N. 300 E., a 
distance of 65 feet'. 

The Dickie prospect No.2, like No.1, was opened 
prior to 1907, and no additional work had been done 
in 1919. It is in the NE. U sec. 14, T. 46 N., R. 99 W. 
(station 170), at the head of a ravine that drains 
eastward' into Grass Creek. The beds trend N. 
850 E., and dip 70 S. A tunnel has been driven 30 
feet south, but no coal has been mined. (See section 
170, PI. XXVII.) 

The Punteney mine is in the SE. U sec. 24, T. 44 N., 
It. 99 W. (station 180), along the bluffs that face 
Cottonwood Creek. It was opened in 1923 by Vede 
Punteney and is w'orked intermittently. In this local
ity the beds strike N., 800 W. and 'dip 60 N. The 
coal bed lies near, the top of the coal-bearing section. 
It is opened by two other prospects within a distance 
of half a mile to the west. (See sections 177, 178, 
179, 180, 181, p. 97.) The workings include a tunnel 
that extends N. 35°W. 200 feet, from which one room, 
is turned west at a point 80 feet from the entrance. 
The coal is mined for use at the ranches along Cottoh~ 
wood Creek. , 

Berry Bros.' prospect lies in the SE. U sec. 29, T. 
44 N., R. 98 W. (station 196), near the head of a 
ravine that drains 'southward into Owl Creek. The 
beds trend N. 600 'E. and dip N. 120. The tunnel 
extends N. 700 E. about 60 feet, but n~ coal has 
been mined. (See sectio'n 196, PI. XXX.) 

Beds of coal in the Mesaverde formation have been 
opened at the following localities in the NW. 34' sec. 
35, T. 46 N., R. 98 W., in Grass Creek Basin, and in 
the SE. 34' sec. 25, T. 45 N., R. 98 W., the SW. U 
sec. 30, T. 45 N., R: 97 W., and the SW. U sec. 33, 
T. 45 N., R. 97 W., in Cottonwood Basin, but no 
coal has been shipped from these openings. 

The Mayfield mines Nos. 1 and 2 are in the NE. 34' 
sec. 26, T. 46 N., R. 99 W. (station 298), on the east 
and west sides of Coalmine Draw respectively. Mine 
No.1 was opened in 1906, but as it was started at the 
level of the ravine, there was no room for a dump, 
and water hindered operations. Mine No. 2 was 
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opened 600 feet to the west in 1912 (PI. XX, D). 
The property is now owned by Mayfield, Hillsbury & 
Murphy. Both openings are made on the Mayfield 
bed, which lies 420 feet above the base of the Fort 
Union formation and which attains its maximum 
thickness of 36 feet 800 feet east of this locality (sta
tion 298). Mine No. 1 lies in the trough of the 
Mayfield syncline, but mine No.2 is southwest of the 
trough, where the beds are inclined at a low angle to 
the northeast. Mine No.1 is an irregular tunnel or 
room that extends generally southward but is now 
caved near the mouth. Mine No. 2 starts 20 feet 
above the ravine, near the base of the bed, which is 
30 feet thick here and trends N. 55 ° W. The tl!-nnel 
is 6 by 6 feet at the' entrance but gradually)t becomes 
wider and higher, so that at the face, 280 feet distant, 
it is 11 feet high and 25 feet wide. A room is turned 
west at 150 feet from the entrance and extends about 
100 feet farther. The bed contains an irregular layer 
of bone coal 3 to 4 inches thick 5 feet above the floor, 
but the rest of the exposed bed is clean, bright coal 
with persistent vertical jointing. The mine has no 
equipment except wooden rails, cars, and bin. Two 

. men are generally employed during the fall and winter 
getting out coal for use at near-by ranches. 

The Gwynn prospect is in the SE. J4 sec. 1, r. 45 N., 

R. 98 W. (station 328), at the head of a ravine that 
drains northward to Spring Gulch. I t was opened 
in 1912 by Ed Gwynn. The prospect explores the 
Mayfield bed of the Fort Union formation, but this 
bed is much thinner there than at the Mayfield mine, 
3 miles to the northwest (section 303). The opening 
is nearly a mile southwest of the trough of the May
field syncline, and therefore the bed dips gently north
east. The prospect tunnel enters near the level of 
the ravine and extends first 50 feet S. 10° W., and 
then 30 feet S. 80° W. 'Only a few wagonloads of coal 
has been removed~ The coal has well~developed 
vertical joints but 'breaks with a conchoidal fracture 
and is uncommonly hard. The high con ten t of ash 
shown by the analysis (No. 17830, p. 104) indicates 
that the hardness is due to this quality. , 

The· extent of the Mayfield bed iR well shown by 
prospects in the south half of T. 46 N., R. 99 W., 
for each of the sections measured in that area repre
sents the exposure at a prospect pit. The lower Fort 
Union beds are not explored in the entire region west' 
of the Grass Creek-Cottonwood road. A tunnel has 
been driven eastward 60 feet from the ravine in the 
SW. J4 sec. 5, T. 45 N., R. 97 W., on 'one of the lower 
Fort Union beds. 
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