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GEOLOGY AND COAL AND OIL RESOURCES OF THE

HANNA AND CARBON BASINS, CARBON COUNTY,
WYOMING

By C. E. Doesin, C. F. Bowen, and H. W. Hoors

INTRODUCTION

Location and relations of the area—The Hanna and Carbon Basins
lie in south-central Wyoming (see fig. 1), and are due to the exist-
ence of great basin-shaped depressions in the earth’s crust that have
been filled by layers of sandstone and shale interbedded with many
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Ficure 1.—Map of southern Wyoming, showing relation of Hanna and Carbon Basins
to other coal and oil and gas fields. 1. Rock Creek oil field (U. S. Geol. Survey Bull.
806) ; 2, east central Carbon County (Bull. 316); 3, Lost Soldier-Ferris district
(Bull. 756) ; 4, Bell Springs gas field (Bull. 796) ; 5, Great Divide Basin coal field
(Bull. 341) ; 6, Little Snake River coal field (Bull. 341, 381); 7, Rock Springs
district (Bull, 341, 381, 702, 751, 781)

layers of coal. Extensive coal-mining operations have long been in
progress in these basins, and their coal-bearing areas are traversed
by the main line of the Union Pacific Railroad, their great remaining
reserves of coal being thus made readily available at such future times
as they may be in greater demand.

The two basins are really subdivisions of a single major downwarp
of the granitic basement rocks of the region that lies between the
Rawlins uplift on the west, the Ferris, Seminoe, Shirley, and Freeze-
* out uplifts on the north, and the Medicine Bow uplift on the south.

1



2 . HANNA AND CARBON BASINS, CARBON COUNTY, WYO.

This depression is not closed on the east by any definite structural
feature but represents the accentuated northwestward extension of
the broad intermontane syncline known as the Laramie Basin. The
depth of the depression is such that it contains about 35,000 feet of
sedimentary rocks ranging in age from Carboniferous to late
Tertiary.

The Hanna and Carbon Basins are almost wholly covered by the
topographic maps of the Walcott, Hanna, and Saddleback Hills
quadrangles, but they also include about one tier of townships north
of these quadrangles, which has not been mapped topographically.
The Union Pacific Railroad crosses the three quadrangles, and all
of the area described, except the northern portions of T. 24 N., Rs.
82 to 84 W., and T. 23 N., R. 85 W, is within 15 miles of the railroad.

Purpose of the survey.—The geologic investigations that form the
basis for this report were undertaken primarily for the purpose of
classifying and valuing the public land with regard to coal. In
order to do this it was necessary to locate accurately with respect to
land lines the outcrops of all coal beds that were considered to be
of workable thickness. The thickness and the character of the coal
beds were determined in all accessible mines and prospects, and in
the absence of openings sufficient prospecting was done to obtain the
desired information. The quality of the coal was determined by
analyses of fresh samples taken from working mines, or from pros-
pects that had been recently opened. The geologic structure of the
field was worked out with considerable accuracy in order to determine
the depth of the coal beds below the surface and their availability for
mining.

Field work.—The investigations forming the basis for this report
were made during the field season of 1913 by C. F. Bowen, assisted
by F. A. Herald, F. A. Hinkley, L. H. White, Fritz Aurin, and for a
time by J. B. Reeside, jr., and in 1915 by Mr. Bowen with the assist-
ance of C. J. Hares, C. A. Bonine, H. M. Robinson, O. L. Brace, and
V. O. Wood. A brief inspection of the field was made by C. E.
Dobbin in 1924, and was followed by a more thorough field review
and slight revision of the geologic data by Mr. Dobbin and H. W,
Hoots in 1925. Statistics of development were revised to include all
explorations for coal and oil to the end of 1925. The present report
was then prepared by Mr. Dobbin with the assistance of Mr. Hoots.

The original mapping was done by means of plane table and tele-
scopic alidade, used in conjunction with a topographic base having
a horizontal scale of 1:48,000 and a contour interval of 25 feet. This
base and a system of triangulation established during the topo-
graphic survey served as both horizontal and vertical control except
for that portion of the area lying north of the quadrangles, which
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was mapped on a flat base, on which horizontal control was obtained
by expanding the triangulation net established in the quadrangles.

During the season of 1913 altitudes were determined at all loca-
tions made on coal outcrops but not on geologic boundaries, as it was
found that the topography is sufficiently precise to give the altitude
of these boundaries. In general, the altitudes of coal beds computed
from the topographic contouring vary less than 25 feet from the
true altitude, and the varviation rarely exceeds 50 feet.

During the progress of the topographic mapping the land survey
was adjusted to the triangulation control by the location of many of
the land corners. The topographic base, therefore, serves as well
for the determination of cadastral position as for the determination
of surface altitudes. During the geologic examination many of the
land-corner stones were located for the purpose of “ tying ” coal beds
to them. Most of the corners thus located harmonize with the land
net on the topographic map. Only a few of the corners for which
careful search was made could not be found.

Acknowledgments—The writers wish to acknowledge the effici-
ent aid rendered by all assistants during the prosecution of the
work. They also wish to tender especial thanks to Eugene McAuliffe
and G. B. Pryde, officials of the Union. Pacific Coal Co for maps,
drill-hole records, and development data in the Hanna district;
to Elfred Beck, of the Producers & Refiners Corporation for logs
of wells on the Saddleback Hills and St. Marys anticlines; to
Albert Cronberg, of Medicine Bow, for information concerning the
geology and oil developments near that town; to T. W. Stanton, F.
H. Knowlton, and J. B. Reeside, jr., for their identification and in-
terpretation of fossils; and to M. R. Campbell and W. T. Thom, jr.,
for their supervision of the investigations and for suggestions and
criticisms offered during the preparation of this report.

Earlier geologic investigations—The earliest geologic investiga-
tions in the Hanna and Carbon Basins were made by Hadyen in
1868, and in describing the country along the Union Pacific Rail-
road west of Como Ridge he wrote:?*

From a point about 10 miles east of Como to St. Marys Station, a distance
of about 50 miles, the Tertiary formations occupy the country with the
peculiar sands and sandstone and clays and numerous coal beds. The most
marked development of the coal beds is at the Carbon station, about S0 miles
west of Laramie station. The rocks incline nearly southeast, or south and
east, Three entrances have been made to the mine, and the bed is 9 feet
thick. The openings follow the dip and consequently descend. ™The ines
are about 3,000 yards from the railroad, but a sidetrack has already been

laid to them. DMore than 1,000 tons of coal have already been taken, and
the Union Pacific Ruilroad Co. is ready to contract for any amount that

1 fTayden, F. V., U. 8. Geol. Survey Terr. Second Ann. Rept., pp. 95-96. 1873
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can be supplied to them, The coal at Carbon is of the best quality of Ter-
tiary splint, very compact and pure. It is not as hard as anthracite, but the
miners informed me that it was more difficult to work than the bituminous
coals of Pennsylvania, * * *

From St. Marys to Rawlings Springs, a distance of about 30 miles, the
railroad passes over rocks of Cretaceous age. * * * The railroad, from a
point about 8 miles east of Benton to Rawlings Springs, passes through one of
the most beautiful anticlinal valleys I have seen in the West. On either side
the rusty-gray sands and standstones dip away from the line of the road at an
angle of 10° to 15°. This anticlinal valley is most marked near Fort Steele,
at the crossing of the North Platte.

In the early surveys of the fortieth parallel King * subdivided the
Cretaceous into four major “ groups "—Dakota, Colorado, Fox Hill,
and Laramie. The Colorado group was in turn subdivided into the
Fort Benton, Niobrara, and Fort Pierre groups, corresponding re-
spectively, to Meek and Hayden’s Cretaceous Nos. 2, 3, and 4. The
Fort Pierre, now known as Pierre shale, was later excluded from the
Colorado group when the Montana group was defined.

In his report King states:

The whole Colorade group, composed of these three members, is bounded

on the upper surface by the heavy sandstones of the Fox Hill and below by
the still more compact sandstone§ of the’Dakota.

It is evident from King’s description of the Fox Hill “ group ”
that sandstones of the Hanna Basin region now included in the
Mesaverde formation were considered by him and other early work-
ers as at least a part of that “ group.” King states further:?

In the region of Carbon the Fox Hill sandstones are very well developed
and dip from every direction inward toward the town. To the southwest they
are well exposed in Simpsons Ridge [Saddleback Hills], where they rise 800
feet above the village. * * *

A section across the ridge on the western side of the Platte, south of Fort
Steele, shows that the lower 2,000 feet are pricipally beds of massive sandstone,
50 or 100 feet thick, with but very little shale. Above these are about 1,500 feet
of more thinly bedded sandstones, whose individual members vary from 5 to 15
feet in thickness and contain a great many interlaminated shales, which are
often bituminous, and thin seams of coal. In the valley south of the ridge,
south of Fort Steele, the younger sandstones are decidedly ferruginous, show a
considerable change of character, and are supposed to represent the bottom of
the Laramie. The entire Fox Hill here is estimated at about 3,500 feet.

It appears that the thick marine shale above the Mesaverde for-
mation now known as Lewis shale was not recognized by the early
workers in this region as being in that position.

In the period between 1867 and 1873 Arnold Hague,* geologist of
the Fortieth Parallel Survey, examined and described the Carbon

2King, Clarence, Systematic geology: U. S. Geol. Expl. 40th Par. Rept., vol. 1, pp.
305-306, 1878.

s Idem, pp. 322-323. .

¢+ Hague, Arnold, Descriptive geology: U. S. Geol. Expl. 40th Par. Rept., vol. 2, pp.
142-155, 1877. .
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Basin and adjoining mountains, foothills, and plains regions, from
Como station westward to the vicinity of Fort Steele. At about this
time Lesquereux identified fossil plants collected by Hayden in Car-
bon Basin and interpreted them as lower Miocene.® Lesquereux was
largely responsible for our first knowledge of the fossil plants of
the western Tertiary formations. He was early occupied in the iden-
tification of fossils collected and submitted by Hayden in his earliest
explorations, but later, in 1872, at the direction of Hayden, he took
the field for the purpose of obtaining sufficient fossil plants to deter-
mine the age of the lignitic formations. He visited Carbon and col-
lected numerous specimens, which he tabulated.® Newberry?® also
examined and identified fossil plants collected by geologists of the
early surveys.

F. B. Meek, intimately associated with Hayden in early explora-
tions of the West, acted as paleontologist for the Geological Survey
of the Territories and was one of the recognized authorities on
invertebrate fossils of North America. Working actively in a virgin
field, Meek collected and described great numbers of invertebrate
fossils from formations of the West ranging in age from early
Paleozoic to the Tertiary. Accompanied by H. M. Bannister in 1872
he examined coal-bearing rocks exposed along the Union Pacific
Railroad in southern Wyoming for the purpose of collecting fossils.
Invertebrate forms were collected from localities east and west of the
Carbon and Hanna Basins, but with the exception of some specimens
of Ostrea found in the Niobrara shale near Fort Steele, no inverte-
brates were collected from the area described in this report.

One of the first reports on the Tertiary coals of the West was that
by James T. Hodge, geologist on Hayden’s early survey. The intro-
duction to this report gives the following historical account?® of the
conditions prevalent in the West at about the time of the first coal
mining in this region:

The occurrence of coal in the Rocky Mountains was observed and reported
on by most of the early explorers on the different routes they traversed across
the continent. Little importance, however, was attached to these discoveries,
and, as the coal beds were seen only in their outcrop, little knowledge was
acquired of their real character. It was understood that they belonged, not to
the true coal formation, but either to the Lower Tertiary or Upper Cretaceous.

and the coal was consequently classed among the lignites or brown coals and
generally considered to be far inferior in quality to the genuine coals of the

5 Lesquercux, Leo, Tertiary flora of North America: U. S. Geol. Survey Terr. Fifth

. Ann., Rept., pt. 3, p. 306, 1872,

¢ Lesquereux, Leo, Lignitic formation and fossil flora: U. S. Geol. Survey Terr. Sixth
Ann. Rept., pp. 410-417, 1873. .

? Newberry, J. S., The later extinct florns of North Amervica: U. 8. Geol. Survey
Mon. 35, 1898.

8 Hodge, J. T., On the Tertiary coals of the West: U. S. Geol. Survey Terr. Fourth
Ann. Rept., pt. 4, p. 318, 1871, E
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Eastern and Middle States. As the country began to be settled, the scarcity of
timber soon caused these deposits of fuel to be looked up and mines of coal to
be opened and worked in Utah and in Colorado. The construction of the Union
Pacific and Central Pacific Railroads created a still greater demand for fuel
for the supply of their locomotives, and new mines were opened along the line
of the former road in Wyoming Territory, which, with those worked on the
eastern horder of Utah, near the same road, supply both these long lines of
road with all the coal they require. No mines have been found near the Central
Pacific Railroad, either in Utah, Nevada, or California, so that this road is
wholly dependent for fuel upon the coals brought to it from the Union Pacifie.
Though it is scarcely three years since these coal mines began to be developed,
they have already produced large quantities of coal, and several among
them have the appearance of thriving collieries, well furnished with powerful
machinery for pumping and hoisting and all the appliances of first-class
establishments.

More recently Veateh ® located and collected samples from the coal
mines of the Hanna and Carbon Basins and prepared a reconnaissance
geologic map covering these basins and some adjacent territory.

History of mining development.—The first coal-mining develop-
ment in the Hanna and Carbon Basins was that at and near the
town of Carbon in 1868. Seven mines were ultimately opened at
this place, and the production up to and including 1902, when the
mines were abandoned, was about 4,680,000 tons. The immediate
cause for the abandonment of these mines was the shifting of the
main line of the Union Pacific Railroad farther north to its present
route through the town of Hanna. Mines at Dana were opened in
1889 and abandoned in 1891, according to reports, on account of the
unsuitability of the coal for locomotive use. The mines at Hanna
were opened in 1890.

Five mines, known as Nos. 1, 2, 3 314, and 4, have been opened by
the Union Pacific Coal Co. at Hanna, and of these, Nos. 2 and 4
are actively operated at the present time. These two mines employ
250 men and have an average daily production of 2,200 tons of coal.

GEOGRAPHY -

Surface features—The plains type of topography prevails in the
Hanna and Carbon basins but is broken around their margins by
low ridges composed, in most places, of the resistant sandstones of
the Mesaverde formation. These ridges reach a maximum altitude
in Pass Creek Ridge, in the Hanna quadrangle, of 7,905 feet above
sea level. High plains in various stages of erosion, terraces formed
by streams when they flowed at higher levels than now, alluvial
flats as much as half a mile wide, and valleys of moderate extent all
occur within these basins. The extreme range of relief within the

® Veatch, A. C.,, Coal in east-central Carbon County, Wyo.: U. 8. Geol. Survey Bull. 316,
pp. 244-260, 1907.
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area is about 1,600 feet, between the crest of Pass Creek Ridge and
North Platte River at the point where it leaves the area.

The plains, which occupy the greater part of the area, have locally
been carved into prominent isolated hills, the most conspicuous of
which occur in the vicinity of Hanna, and striking examples of bad-
land topography are developed along the coulees leading down to
Medicine Bow River. '

Pass Creek, St. Marys, and Cedar Ridges form a nearly continuous
chain of hills, separated into three parts, which extend from north-
west to southeast across the southwestern parts of the Walcott and
Hanna quadrangles. In previous publications these hills have been
described under a single name, chosen from one or another unit of the
chain, but to avoid confusion local names applied to the individual
units are here adopted. These ridges are bold rocky features that
rise rather abruptly, in places almost precipitously, from the sur-
rounding plains. The maximum altitude is attained in Pass Creek
Ridge, whose highest point rises about 730 to 900 feet above the
adjacent plains.

Rattlesnake Ridge lies southwest of St. Marys and Cedar Ridges,
to which its trend is approximately parallel. This ridge rises by a
series of southwestward-facing escarpments from the valley of North
Platte River to a maximum height of nearly 1,100 feet above the
river level. On the northeast it descends by a more gentle and uni-
form slope to the broad valley which separates it from St. Marys and
Cedar Ridges.

The Saddleback Hills, in the southern part of the Saddleback
Hills quadrangle, form a bold, narrow ridge, which rises to a maxi-
mum altitude of 7,843 feet, or about 500 to 600 feet above the sur-
rounding plain, and part of a similar but broader ridge, known as
Medicine Bow Ridge, occupies the extreme southeast corner of the
same quadrangle.

With the exception of the series of prominent hogback ridges east
of Medicine Bow River in the northeast corner of the Saddleback
Hills quadrangle and some of the high ridges along the northern
margin of the Hanna Basin, the remainder of the area described is
featured by undulating plains from 6,500 to 7,500 feet above sea
level. In their higher portions, as in the northeast quarter and along
the north edge of the Hanna quadrangle, they are rough and broken,
and the descent to the valley of Medicine Bow River is extremely
abrupt and rugged.

Flat-topped gravel terraces, remnants of a former more extensive
- terrace system, border the valleys of North Platte and Medicine
Bow Rivers in many places, and a series of lower terraces occur
‘within the present river valleys.
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Alluvial flats as much as half a mile in width occur along North
Platte and Medicine Bow Rivers and to a lesser extent along some of
the larger intermittent drainage channels.

Drainage—The Hanna and Carbon Basins lie wholly within the
drainage basins of the North Platte and of its tributary Medicine
Bow River, and the perennial streams joining these rivers within the
basins are Little Medicine Bow River and Austin, Troublesome, and
Difficulty Creeks, which rise in the Shirley Mountains, on the north.
The surface drainage reaches the permanent streams through in-
termittent stream channels locally known as ditches. Hanna Ditch
rises in the hilly area northeast of Hanna and pursues a northeast-
ward course to Medicine Bow River. Walcott Ditch begins in the
southwestern part of the Saddleback Hills quadrangle and follows a
general westward course past Dana and Walcott to North Platte
River at Fort Steele. St. Mary’s Ditch rises in the east-central part
of the Walcott quadrangle and follows a northwestward course to
North Platte River. The best known and most prominent of these
ditches is Big Ditch and its two tributaries, North and Middle
Ditches. Big Ditch rises near the eastern houndary of the Hanna
quadrangle east of Hanna, anc follows a general northwestward
course to North Platte River, which it enters 3 miles south of the
north boundary of the Walcott quadrangle. Middle Ditch and
North Ditch have general westerly courses. These three ditches

-drain approximately three-fourths of the area of the Walcott and
Hanna quadrangles.

Settlements and roads—The Union Pacific Railroad crosses the
Hanna and Carbon Basins and is the principal cause of their settle-
ment. The town of Hanna has been built around the coal mines
opened to provide locomotive fuel and now (1926) has a population
of about 1,800. Medicine Bow, with a population of about 200, is
also on the railroad about 3 miles east of the area, and Walcott and
Fort Steele contain about 75 and 150 people, respectively, and serve
principally as supply points for near-by ranches. A branch railroad
extends southward from Walcott to Saratoga and Encampment.
With the exception of the towns and of the ranches on the alluvial
flats of North Platte and Medicine Bow Rivers and Austin Creek,
the area is sparsely settled, largely because of the scarcity of water.

The Lincoln Highway traverses the southern portion of the area,
and well-traveled roads lead from it both north and south to distant
towns, ranger stations, and ranches in the well-watered mountainous
areas adjoining the basins. One such road traverses the northeast
corner of the Saddleback Hills quadrangle, crosses Medicine Bow
River, and leads to Difficulty post office, in the Freezeout Hills. Diffi-
culty is also reached by a well-traveled road that leads north from
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Hanna. Another good road leads from Medicine Bow southwestward
across the southeast corner of the Saddleback Hills quadrangle to the
Johnson ranch, on Medicine Bow River, and thence to the town of Elk
Mountain. Another well-traveled road leads north from Walcott,
skirts the east end of St. Marys Ridge, crosses Medicine Bow River
in sec. 26, T. 24 N., R. 83 W. and proceeds northward to the Freeze-
out Hills and Casper. Other roads and trails exist within the area,
and some are fairly well traveled at certain times of the year, though
they are as a rule in poor condition. ’

STRATIGRAPHY

GENERAL RELATIONS

The consolidated formations exposed in the Hanna and Carbon
Basins are all of sedimentary origin and range from Triassic to Ter-
tiary in age. They include marine, fresh-water, and brackish-water
deposits having an aggregate thickness of about 33,650 feet, although
some of the formations are separated by pronounced unconformities.
Unconsolidated deposits of small extent and of fluviatile and eolian
origin also occur.

Beneath the strata that crop out in the area mapped are older
formations of sandstone, shale, and limestone, which date back to
Carboniferous and possibly to Cambrian time. These formations
are upturned and exposed by erosion along the mountain ranges sur-
rounding the Hanna and Carbon Basins and rest unconformably on
pre-Cambrian crystalline rocks, including granite, gneiss, and schist,
which constitute the cores of most of the mountain ranges.

Geologic formations in the Hanna and Carbon Basins, Wyo."

. Thick- o
Age Formation ness Characteristics
(feet)

Alluvium, Worked-over material from surrounding formniions.
Quaternary. - =

Terrace gravel, b0-25 w&tce]z:oru pebbles of older sedimentary and crystalling

North Park f Whitish unconsolidated sand and clay with thin interea-
Miocene (?). Tati ark 1or- | 50400 | lated beds of limestone in'some places; locally conglomer-

ation. atic at base.
~Unconformity-

Alternating beds of dark-gray, yellowish, and carbonaceous
shale; white, gray, and brown sandstones, massive to
thin bedded and commonly cross-bedded; conglomerate

57,000 | and conglomeratic sandstone contammg ebbles of
0 chert, granite, quartzite, sandstone, Mowry shale, Clov-

erly con lomerate ete.; and numerous beds of coal. Con-

- tains fish scales, bones of turtles and mammals, fresh-

Eocene. water shells, and an abundance of leaves.

~Unconformity

e Bowen, C. F., Stratigraphy of the Hanna Basin, Wyo.: U. 8. Geol. Survey Prof. Paper 108, pp. 228-229,
1917 [Wxth some changes. ’
% Approximate.

Hanpa forma-
tion.
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Geologic formations in the Hanna and Carbon Basins, Wyo.—Continued

. Thick-
Age Formation ness Characteristics
’ (feet)

Light-colored, dark-gray, and carbonaceous shale; buff to
/ brown sandstone, in places extremely cross-bedded and
- showing great irregularity of deposition; and numerous
Terris  forma- beds of coal. Pockets, lenses, and thin beds of conglom-
tion b 6, 500 erate composed of pebbles of older rocks are distributed
' through a zone about 1,000 feet thick at the base of the
formation. Contains fresh-water invertebrates, land
~~~~~~~~~~~~~~~~~~~~~~~~~~~ plants, and in lower 1,400 feet bones of dinosaurs, includ-

ing Triceratops.

Eocene (?).
., Light-colored to gray and carbonaceous shale; gray to brown
- ?antdstonefs:howir]lg caoss—bgt(.idin%ﬁppple malark%, ?ind ?theﬁ
i eatures of irregular deposition; thin irregular beds of coa
M&g}ﬁﬁ?‘mBow bg' ggg' and sandstone containing marine Cretaceous fossils in
' 4 lower part. Fresh and brackish water invertebrates,
land plants, and bones of dinosaurs, including ceratop-
sians.

Predominantly dark-gray shale with thin intercalated beds
of shaly sandstone and some beds of light-colored massive

Lewis shale. 3,300 to heavy-bedded sandstone. About 600 feet below the
top of the formation is a persistent ledge-making gray
sandstone about 270 feet thick. Marine.

An upper member of white to gray sandstone alternating
with gray and carbonaceous shale with a conspicuous,
resistant white sandstone at the top; contains thin irregu-

2 200- {)ar bedts of coal ig some plae(:s. Abmiddle mgn}bet %f
_ A rown to gray sandstone, gray to carbonaceous shale, an
M&S:tvig;de for 2,700 | thin irregular beds of coal; differs from upper member in
. its prevailingly brown color; fresh and brackish water
fauna. A lower member of gray to white sandstone and
gray shale; contains a marine fauna and is not coal-bear-
Upper Creta- ing; grades into the Steele shale through a zone of transi-
ceous, tion beds.

Dark-gray shale with intercalated beds of sandy shale and

sandstone, some of which form conspicuous ledges near
Steele shale v4,000-| top of formation. Shale contains concretions of calcare-
& - 5,000 ous sandstone, dark limestone, and white crystalline
calcite. Marine fauna. At top a transition zone of inter-
bedded sandstone and shale.
Niobrara forma- 5700 Dark calcareous shale with several harder chalky beds
tion. which crop out as conspicuous light-colored ridges.
o | Carlile shale. 5460 Dz(z;l;;l;&l:n\swjlth some thin sandy layers and many large
Frontier forma- 5725 Dark-gray to black shale with Wall Creek (?) sandstone
tion. member at top.
Mowry shale. 120 Hata;ds : lc‘?;npg:; .dark-brown to black fissile shale weathering
Thermopolis 180 Dark-gray to black shale with thin sandy beds.
shale.
. An upper member of hogback-forming sandstone, a middle
L%:&'m Creta Clgzlelrly forma- 128 | member of green shale and sandstone, and a lower mem-
. . ber of conglomeratic sandstone.
Morrison forma- Variegated shale alternating with sandy shale and sand-
Cretaceous (7). tion. 350 stone. Cortains dinosaur bones.
; Sundance for- Gray and green shale alternating with gray sandstone and -
Upper Jurassic. mation. 350 | “sandy shale,
. Red shale with intercalated red and gray sandstone and
Triassic. C%‘&%ﬁ:’er for 1,300 | sandy shale; some limestone and gypsum. Beds of varie-
* gated colors are present.
Permian. Eﬁggiro n(?) for- 150 Red shale, limestone, gypsum, and some thin sandstones.
Pennsylvanian. Tensleep sand- 5250 Massive to thin-bedded and cross-bedded light-gray sand-

stone.

stone.

% Approximate.
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PRE-TENSLEEP ROCKS

The ofdest sedimentary formation in this general region is a
well-bedded rusty quartzite which is conspicuously exposed in the
Rawlins uplift. At Rawlins this quartzite 'is 412 feet thick and is
considered to belong to the lower part of the Middle Cambrian.

The name Casper formation was proposed by Darton® for the
limestone, dolomite, and sandstone of Carboniferous age, which range
from 500 to 1,000 feet in thickness and constitute the greater part
of the sedimentary rocks in the Casper and Laramie Mountains.
These rocks, according to Darton, represent the southeastward ex-
tension of the Amsden and Tensleep formations of central Wyoming
but are so changed in character and indefinite in stratigraphic limits
that a new name was given to them. Darton recognized, however,
that in some places, as in the Freezeout Hills, the Madison, Amsden,
and Tensleep formations can be differentiated. According to Dar-
ton, the Casper formation rests unconformably on pre-Cambrian
crystalline rocks in the Laramie Basin. At Rawlins, however, it
1s in contact with the Madison limestone, which rests on Cambrian
quartzite.

PENNSYLVANIAN ROCKS

TENSLEEP SANDSTONE

The Tensleep sandstone is conspicuously exposed in sec. 12, T. 23
N, R. 79 W., and vicinity, where it is the central formation in the
Flat Top anticline. It is at least 250 feet thick and consists of mas-
sive to thin-bedded and cross-bedded light-gray sandstone, which
stands about 500 feet above the surrounding country and bears a
growth of pine trees. (Seepl. 1, 4.)

PERMIAN AND TRIASSIC ROCKS
EMBAR (?) FORMATION

Excellent exposures of the Embar (?) and the overlying Chug-
water formation occur on the south limb of the Flat Top anticline
in sec. 13, T. 23 N., R. 79 W., and vicinity, where the moderately
inclined rocks have been deeply dissected by Little Medicine Bow
River and its tributaries. Here as elsewhere in this general region
the line of demarcation between the Embar (?) and Chugwater
formations is not a sharp one, and for present purposes it was drawn
at the top of the uppermost thin but persistent limestone above the
Tensleep sandstone. This limestone probably corresponds to the

10 Darton, N. H., Paleozoic and Mesozoic of central Wyoming : Geol. Soc. America Bull,
vol. 19, p. 418, 1908.

6175—29——2
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Forelle limestone, and the beds below it to the Satanka shale.* The
following section illustrates the character of the Embar (?) forma-
tion at this locality :

Section of Embar (?) formation in sec. 13, T. 28 N., R. 719 W.

Base of typical red beds of Chugwater formation.

Embar (?) formation: Feet
Forelle (?) limestone—Limestone, lavender-colored_ _____ 3
Satanka (?) shale—

Shale, red - - 85
Limestone, gray, slabby__.__________________________ ' 10
Shale, green and brown._._.__________________________ 30
GYDPSWI 6
Shale, grayish brown _— — - 6
Sandstone, gray, calcareous; contains thin laminae of
asphalt and gives a strong odor of petroleum__.____ 2
Shale, gray_ e 4

Top of Tensleep sandstone. —_—

CHUGWATER FORMATION

The most characteristic feature of the Chugwater formation is its
predominantly red color, but other light colers, including purple,
pink, blue, green, and buff, occur. The formation consists chiefly
of shale, in part sandy, in which occur beds of sandstone, limestone,
and gypsum. Beds of sandstone are most abundant in the upper
part of the formation, and at the top there is a zone 150 feet thick
consisting almost wholly of sandstone which contains an abundance of
cross-bedding, ripple marks, and other features characteristic of
stream, wave, or wind action. (See pl. 1, B.) Gypsum occurs
chiefly in the lower half of the formation in beds 1 to 19 feet thick.
In a stratigraphic section measured in the northeast corner of the
Saddleback Hills quadrangle it is estimated that the Chugwater
formation consists of 69 per cent shale, 22 per cent sandstone, 6 per
cent gypsum, and 3 per cent limestone. Its thickness in this area
is about 1,300 feet.

JURASSIC ROCKS
SUNDANCE FORMATION

In the Saddleback Hills quadrangle the Sundance formation con-
sists chiefly of gray and green shale with beds of sandstone of vary-
ing thickness in its basal and middle portions. In near-by areas,
however, it contains a greater proportion of sandy beds, including

11 Darton, N. H., and Siebenthal, C. E., Geology and mineral resources of the Laramie
Basin, Wyo.: U. S. Geol. Survey Bull. 364, pp. 20-22, 1909.
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thin sandstones and arenaceous shales, and thin beds of limestone,
some of which are rather sandy.

The following section measured at Como Ridge, 5 miles east of
Medicine Bow, where exposures are excellent, shows the general
character of the Sundance formation in this general region. (See
pl.2, 4.)

Section of Sundance formation at Como Ridge

Base of Morrison formation.

Sundance formation : Feet
Sandstone, gray, cross-bedded_________________________ 2
Sandstone, green, shaly_________ ______________________ 5
Sandstone, light gray, cross-bedded__ - .__________ H
Shale, green, sandy, and thin limestones________________ 34
Sandstone, buff, thin-bedded___________________________ 5
Shale, green, containing Belemnit€S— e _____ 68
Sandstone, grayish-brown, thin-bedded _________________ 12
Shale, gray, sandy - __________________ 29
Sandstone, light gray, cross-bedded - _______________ T
Sandstone, gray, massive to thin-bedded and cross-

bedded - - - - 70
Shale, green_____________ 15
Shale, red, and thin-bedded red sandstone_ ... __________ 36
Sandstone, gray, massive, friable..___________________ 15
Shale, green, and shaly sandstone. .. __________ 12
Sandstone, light gray, massive, with brown sandstone

concretions, cross-bedded in upper part______________ 35

Top of Chugwater formation.
. 350
The following marine Jurassic fossils were collected from the Sun-
dance formation in the SW. 3 sec. 13, T. 23 N., R. 79 W., Saddleback
Hills quadrangle, locality 9357:
Penatcrinus asteriscus Meek and Hayden.
Serpula sp.
Eumicrotis curta (Hall).
Trigonia quadrangularis Hall and Whittield.
Tancredia sp.
Pleuromya subcompressa Meek.
Cardioceras cordiforme var. distans Whitfield.
Belemnites densus Meek and Hayden,

CRETACEOUS (?) ROCKS
MORRISON FORMATION

The Morrison formation consists of alternating beds of shale and
sandstone. The sandstone is most abundant in the lower part of the

12 Darton (op. cit., p. 26) obtained 119 feet for the thickness of the Sundance formation
in Como Ridge, drawing the base of the fdrmation considerably higher than in the section
given here. '
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formation, and at its base there is white sugary massive sandstone
143 feet thick. Not far above this is another sandstone containing
conglomerate pebbles at the base and numerous clay balls above. It
is cross-bedded and ranges from 10 to 34 feet in thickness within a
few hundred feet along the strike. The shales vary in color from
green to gray and drab. In other places they show a great variety
of color and contain maroon members, which make the formation
difficult to distinguish from the Chugwater. On lithologic evidence:
it is difficult in some places to locate the boundary between the Mor--
rison and the Sundance, and in deciding on what shall be taken as:
the boundary it is necessary to be guided by the character of the con--
tained fossils. Two species of marine invertebrates—»Belemmites:
densus and Pentacrinus asteriscus—are very common in the Sun-
dance, whereas the Morrison contains fresh-water mollusks and bones
of dinosaurs.

Section of Morrison formation on Little Medicine Bow River in sec 14,
T. 23 N, R. 719 W.

Base of Cloverly formation,

Morrison formation : } Feet
Shale, gray to drab, becoming darker at top_____._______ 63
Calcareous concretionary layer—_________________________ 3
Shale, pale green- . ________ A 24
Sandstone, brown, coarse, cross-bedded_ . . _______.___ 12
Shale, green ____ — 24 <

Sandstene, brown, thin bedded; contains many clay balls
and bones; locally cross-bedded and variable in thickness. 34

Shale, green, sandy, and thin beds of sandstone___._______ 45
Sandstone, white, shaly; in places sugary, elsewhere
platy._._ B e 143

Top of Sundance formation. _—
. 348

At Como Ridge the Morrison formation is 222 feet thick and is
made up almost entirely of variegated shale with thin sandstones.
(See pl. 2, 4.)

CRETACEOUS ROCKS

CLOVERLY FORMATION

The Cloverly formation is 128 feet thick on Little Medicine Bow -
River in sec. 14, T. 23 N., R. 79 W., and is made up of three members.
The uppermost member is a heavy sandstone 85 feet thick which
makes a prominent hogback. (See pl. 2, B.) The middle member,
which is 83 feet thick, consists of green shale and sandstone, and the
basal member is a conglomerate 10 feet thick. '

o
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Section of Cloverly formation in sec. 14, T. 23 N., R. 79 W.

Base of Thermopolis shale.
Cloverly formation: Feet
Sandstone, light gray, hard, sugary, fine grained, locally
both massive and cross-bedded; conglomeratic; makes

the prominent hogback shown on Plate 2, B___________ 85

Largely concealed but shows scattered exposures of green
shale e 25
Sandstone, conglomeratic and very hard________________ 2
Green shales and greenish-gray sandstone; both soft______ (]

Sandstone, light gray, cross-bedded, conglomeratic, the peb-
bles consisting of chert and jasper—_ . __________ 10
128

As no fossils were obtained from the Cloverly formation in this
area no new evidence can be presented regarding its age. Accord-
ing to Darton ** it is equivalent to the Lakota, FFuson, and Dakota
formations of the Black Hills region.

THERMOPOLIS SHALE

The Thermopolis shale consists chiefly of dark-gray to black shale
but also contains some thin sandstone layers which commonly show
markings resembling worm trails. Dark siliceous concretions or
concretionary bands are also present. The total thickness, as de-
termined at the locality shown on Plate 2, B, is 180 feet.

Section of Thermopolis shale in sec. 14, T. 28 N., B. 79 W.

Base of Mowry.shale,

T’hermopolis shale: Feet
Shale, gray to black with several thin papery sandstones-. 130
Sandstone, brown, cross-bedded________________________ 4
Shale, gray, sandy____ - 10
Sandstone, rusty, hard ; make<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>