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GEOLOGIC AND TOPOGRAPH

The Geological Survey is making a geologic map
of the United States, which is being issued in parts,
called folics. . Each folio includes a topographic
map and geologic maps of a small area of country,
together with explanatory and descriptive texts.

THE TOPOGRAPHIC MAP.

The features represented on the topographic map
are of three distinet kinds: (1) inequalities of sur-
face, called 7elief, as plains, plateaus, valleys, hills,
and mountains; (2) distribution of water, called
drainage, as streams, lakes, and swamps; (3) the
works of man, called culfure, as roads, railroads,
boundaries, villages, and cities.

Relicf—All elevations are measured from mean
sea level. The heights of many points are accu-
rately - determined, and those which are most
important are given on the map in figures. It is
desirable, however, to give the elevation of all parts
of the area mapped, to delineate the outline or form
of all slopes, and to indicate their grade or steep-
ness. This is done by lines each of which is drawn
through points of equal elevation above mean sea
level, the altitudinal” interval represented by the
space between lines being the same throughout
each map. These lines are called contours, and the
uniform altitudinal space between each two con-
tours is called the contour interval. Contours and
elevations are printed in brown.

The manner in which contours express elevation,
form, and grade is shown in the following sketch
and corresponding contour map (fig. 1).

a

_—

Fra. 1.—Ideal view and corresponding coutour map.

The sketch represents a river valley between two
hills. In the foreground is the sea, with a bay
which is partly closed by a hooked sand bar. On
each side of the valley is a terrace. From the
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply,
forming a precipice. Contrasted with this precipice
is the gentle slope from its top toward the left. In
the map each of these features is indicated, directly
beneath its position in the sketch, by contours.
The following explanation may make clearer the
manner in which contours delineate elevation,
form, and grade:

1. A contour indicates a certain height above sea
level. In this illustration the contour interval is
50 feet; therefore the contours are drawn at 50,
100, 150, and 200 feet, and so on, above mean sea
level. Along the contour at 250 feet lie all points
of the surface that are 250 feet above sea; along
the contour at 200 feet, all points that are 200 feet
above sea; and so on. In the space between any.
two contours are found elevations above the lower
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies above the terrace; there-
fore all points on the terrace are shown to be more
than 150 but less than 200 feet above sea. The
summit of the higher hill is stated to be 670 feet
above sea; accordingly the contour at 650 feet sur-
rounds it. In this 1llustratlon all the contours are,
numbered, and those for 250 and 500 feet are
accentuated by being made heavier. Usually it
is not desirable to number all the contours, and

then the accentuating and numbering of certain oent sheets, if published, are printed.

of them—say every fifth one—suflice, for the
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2. Contours define the forms of slopes. Since |
contours are continuous horizontal lines, they wind
smoothly about smooth surfaces, recede into all
reentrant angles of ravines, and project in passing
about prominences. | These relations of contour
curves and angles to forms of the landscape can be
traced in the map and sketch.

3. Contours show the approximate grade of any
slope. The altitudinal space between two contours
is the same, whether they lie along a cliff’ or on a
gentle slope; but to rise a given height on a gentle
slope one must go farther than on a steep slope, and
therefore contours are far apart on gentle slopes
and near together on steep ones.

For a flat or gently undulating country a small
contour interval is used; for a steep or mountain-
ous country a large interval is necessary. The
smallest interval used on the atlas sheets of the
Geological Survey is 5 feet. This is serviceable for
regions like the Mississippi delta and the Dismat
Swamp. In mapping great mountain masses, like
those in Colorado, the interval may be 250 feet.
For intermediate relief contour intervals of 10, 20,
25, 50, and 100 feet are used.

Drainage.—Watercourses are indicated by blue
lines. If a stream flows the entire year the line is
drawn unbroken, but if the channel is dry a part
of the year the line is broken or dotted. Where a
stream sinks and reappears at the surface, the sup-
posed underground course is shown by a broken
blue line. Lakes, marshes, and other bodies of
water are also shown in blue, by appropriate con-
ventional signs.

Culture—The works of man, such as roads, rail-
roads, and towns, together with boundaries of town-
ships, counties, and Smtm, are printed in black.

Seales—The area of the United States (excluding
Alagka and island possessions) is about 3,025,000
square miles. A map representing this area, drawn
to the scale of 1 mile to the inch, would cover
3,025,000 square inches of paper, and to accom-
modate the map the paper would need to measure
about 240 by 180 feet. Each square mile of ground
surface would be represented by a square inch of
map- surface, and one linear mile on the ground
would be represented by a lineat inch on the map.
This relation between distance in nature and cor-
responding distance on the map is called the scale
of the map. In this case it is “1 mile to an inch.”
The scale. may be expressed also by a fmction,:
of which the numerator is a length on the map |
and the denominator the corresponding length in |
nature expressed in the same unit. Thus, as there
are 63,360 inches in a mile, the scale “1 mile to
an inch” is expressed by gim-

Three scales ate used on the atlas sheets of the
Geolowiml Survey; . the sm‘xllest iS i the inter-
medixlte sz, and the largest gy

These corre-
spond approximately to 4 miles, 2 miles, and 1
mile on the ground to an inch on the map. On the
scale gl a square inch of map surface represents
about 1 square mile of earth surface; on the scale
iz, about 4 square miles; and on the scale g5y,
about 16 square miles. At the bottom of each
atlas sheet the scale is expressed in three ways—
by a graduated line representing miles and parts
of miles in English inches, by a similar line indi-
cating digtance in the metric system, and by a
fraction.

Atlas sheels and quadrangles—The map is being
published in atlas sheets of convenient size, which
represent areas bounded by parallels and meridians.
These areas are called guadrangles. Each sheet on
the scale of gy contains one square degree—i. e.,
a degree of latitude by a degree’of longitude; each
sheet on the scale of 5 contains one»foun.b of a
square degree; each sheet on the scale of gig con-
tains one-sixteenth of a square degree. The areas
of the corresponding quadwngles are about 4000,
1000, and 250 square miles.

The atlas sheets, being only parts of one map
of the United States, disregard political boundary |
lines, such as those of States, counties, and town-
ships. To each sheet, and to the quadrangle it

I

represents, is given the name of some well-known |
town or natural feature within its limits, and at the ,
sides and corners of each sheet the names of adja-

Uses of the topographic map.—On the topographlc J

Arom

to the observer every characteristic feature of the
landscape. It should guide the traveler; serve
the investor or owner who desires to ascertain the
position and surroundings of property; save the
engineer preliminary surveys in locating roads,
railways, and irrigation reservoirs and ditches;
provide educational material for schools and homes;
and be useful as a map for local reference.

THE GEOLOGIC MAPS.
The maps representing the geology show, by

colors and conventional signs printed on the topo-
graphic base map, the distribution of rock masses

fon the surfice of the land, and the structure

sections show their underground relations, as far as
known and in such’ detail as the scale permits.

KINDS OF ROCKS.

Rocks are of many kinds.  On the geologic map
they are distinguished as igneous, sedimentary, and
metamorphic.

Igneous rocks—These are rocks which have
cooled and consolidated from a state of fusion.
Through rocks of all ages molten material has
time to time been forced upward in
fissures or channels of various shapes and sizes,
to or nearly to the surface. Rocks formed by
the consolidation of the molten mass within these
channels—that is, below the surfaice—are called
intrusive.  When the rock occupies a fissure with
approximately -parallel walls the mass is called a
dike; when it fills a large and irregular conduit
the mass is termed a sfock. When the conduits for
molten magmas traverse stratified rocks they often
send off bmnches parallel to the bedding planes;
the rock masses filling such fissures are called
sills ov sheets when comparatively thin, and lacco-
liths when oceupying larger chambers produced by
the force propelling the magmas upward. ~ Within
rock inclosures molten material cools slowly, with
the result that intrusive rocks are generally of erys-
talline texture. When the channels reach the sur-
face the molten material poured out through them
is called lava, and lavas often build up volcanic
mountains. Igneous rocks thus formed upon the
surface are called exfrusive. Lavas cool rapidly in
the air, and acquire a glassy or, more often, a par-
tially crystalline condition in their outer parts,
but are more fully crystalline in their inner por-
tions.
more or less porous. -Explosive action often accom-
panies voleanic eruptions, causing ejections of dust,
ash, and larger fragments. These materials, when
consolidated, constitute breccias, agglomerates, and
tuffs.  Volcanic ejecta may fall in bodies of water
or may be carried into lakes or seas and form
sedimentary rocks.

Sedimentary rocks.—These rocks are composed
of the materials of older rocks which have been
broken up and the fragments of which have been
carried to a different place and deposited.

The chief agent of transportation of rock débris is
water in motion, including rain, streams, and the
water of lakes and of the sea. The materials are
in large part carried.as solid particles, and the
deposits are then said to be mechanical. Such
are gravel, sand, and clay, which are later consoli-
dated into conglomerat;e, sandstone, and shale. In
smaller portion the materials are carried in solu-
tion, and the deposits are then called organic if
formed with the aid of life, or.chemical if formed
without the aid of life. - The more important rocks
of chemical and organic origin are limestone, chert,
gypsum, salt, iron ore, peat, lignite, and coal. Any
ope of the deposits may be sepai‘ately formed, or
the different materials may be intermingled in
many ways, producing a great variety of rocks.

Another transporting agent is air in motion, or
wind; and a third is ice in motion, or glaciers.
The most characteristic of the wind-borne or eolian
deposits is loess, a fine-grained earth; the most char-
acteristic of glacial deposits is till, a heterogeneous
mixture of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers
or beds which can be easily separated. These layers
are called strata. Rocks deposited in layers are
said to be stratified.

The surface of the earth is not fixed, as it seems

heights of others may be ascertained by counting | map are delineated the relief, drainage, and-culture | to be; it very slowly rises or sinks, with reference

up or down from a4 numbered contour.

of the quadrangle represented. It should portray

to the sea, over wide expanses; :md as it rises or

The outer parts of lava flows are usually.
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AS OF UNITED STATES.

subsides the shore lines of the ocean are chat.ged.
Asa result of the rising of the surface, marine sedi-
mentary rocks may become part of the land, and
extensive land areas are in fact occupied by such
rocks.

Rocks exposed at the surface of the land are acted
upon by air, water, ice, animals, and plants. They
are gradually broken into fragments, and the more
soluble parts are leached out, leaving the less soluble
as a residual layer. Water washes residual mate-
rial down the slopes, and it is eventually carried
by rivers to the ocean or other bodies of standing
water. Usually its journey is not continuous, but
it is temporarily built into river bars and flood
plains, where it is called alluvium. Alluvial depos-
its, ‘glacial deposits (collectively known as driff),
and eolian deposits belong to the surficial class,
and the residual layer is commonly included with
them. Their upper parts, occupied by the roots of
plants, constitute soils and subsoils, the soils being
usually distinguished by a notable admixture of
organic matter.

Metamorphit rocks.—In the course of time, and
by a variety of processes, rocks may become greatly
changed in composition and in texture. When
the newly acquired characteristics are more pro-
nounced than the old ones such rocks are called
metamorphic.  In the process of metamorphism
the substances of which & rock is composed may
enter* into néw combinations, certain substances
may be lost, or new substances may be added.
There is often a complete gradation from the pri-
mary to the metamorphic form within a single
rock mass. Such changes transform sandstone into
quartzite, limestone into marble, and modify other
rocks in various ways.

From time to time in geologic history igneous
and sedimentary rocks have been deeply buried
and later have been raised to the surface. In this
process, through the agencies of pressure, move-
ment, and chemical action, their original structure
may be. entirely lost and new structures appear.
Often there is developed a system of division planes
along which the rocks split easily, and these planes
may cross the strata at any angle. This structure
is called cleavage. Sometimes crystals of mica or
other foliaceous minerals.are developed with their
laminee approximately parallel; in such cases the

‘structure is said to be schistose, or characterized by

schistosity.

As a rule, the oldest rocks are most altered
and the younger formations have escaped meta-
morphism, but to this rule there are important
exceptions.

FORMATIONS.

For purposes of geologic mapping rocks of all
the kinds above described are divided into forma-
tions. A sedimentary formation contains between
its upper and lower limits either rocks of uniform
character or rocks more or less uniformly varied in
character, as, for example, a rapid alternation of
shale and limestone. ‘When the passage from one
kind of rocks to another is gradual it is sometimes
necessary to separate twq contiguous formations by
an arbitrary line, and in some cases the distinction
depends almost entirely on the contained fossils.
An igneous formation is constituted of one or more
bodies either containing the same kind of igneous
rock or having the same mode of occurrence. A
metamorphic formation may consist of rock of uni-
form character or of several rocks having commion
characteristics.

When for scientific or economic reasons it is
desirable to recognize and map one or more
specially * developed parts of a varied formation,
such parts arve called members, or by some otlier
appropriate term, as lentils.

AGES OF ROCKS.

Geologic time.—The time during which the rocks
were made is divided into several periods. Smaller
time divisions are called epochs, and still smaller
ones stages. The age of a rock is expressed by
naming the time interval in which it was formed,
when known?®

The sedimentary formations deposited during a
. | period are grouped together into a system.
principal divisions of a system are called series.
Any aggregate of formations less than a series is
called a group.

((Continued on third page of cover.)t
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1 As sedimentary deposits or strata accumulate the
younger rest on those that are older, and the rela-
tive ages of the deposits may be determined by
observing their positions. This relationship holds
except in regions of intense disturbance; in such
regions sometimes the beds have been reversed, and
it is often difficult to determine their relative ages
from their positions; then jfossils, or the remains
and imprints of plants and animals, indicate which
of two or more formations is the oldest.

Stratified rocks often contain the remains or
imprints of plants and animals which, at the time
the strata were deposited, lived in the sea or were
washed from the land into lakes or seas, or were
buried in surficial deposits  on the land. Such
rocks are called fossiliferous. By studying fossils
it has been found that the life of each period of the
earth’s history was to a great extent different from
that of other periods. Only the simpler kinds of
marine life existed when the oldest fossiliferous
rocks were deposited. From time to time more
complex kinds developed, and as the simpler ones
lived on in modified forms life became more varied.
But during each period there lived peculiar forms,
which did not exist in earlier times and have not

existed since; these are characteristic types, and |

they define the age of any bed of rock in which
they are found. Other types passed on from
period to period, and thus linked the systems
together, forming a chain of life from the time of
the oldest fossiliferous rocks to the present. When
two sedimentary formations are remote from each
other and it is impossible to observe their relative
positions, the characteristic fossil types found in
them' may determine which was deposited first.
Fossil remains found in the strata of different areas,
provinces, and continents afford the most important
means for combining local histories into a general
earth history.

It is often difficult or impossible to determine the
age of an igneous formation, but the relative age
of such a formation can sometimes be ascertained
by observing whether an associated sedimentary
formation of known age is cut by the igneous
mass or is deposited upon it.

Similarly, the time at which metariorphic rocks
were formed from the original masses is sometimes
shown by their relations. to adjacent formations
“of known age; but the age recorded on the map is
that of the original masses and not of their meta-
morphism.

Colors and patlerns.—FEach formation is shown
on the map by ‘a distinctive combination of color
and pattern, and is labeled by a special letter
symbol.

Symbols, and colors assigned to the rock systems.

System. Series. g | Cotor for setlmentary
H
o [ Quaternary... | Becent Q| Brownish - yellow.
sl ‘
2 et .
8 | wertiary ... Ol T | Yellow ocher.
{ ‘Eocene .
{Creta,ceous K | Olive-green.
°
g
$ 4 Jurassic ..o J | Blue-green.
g
=
L T | Peacock-blue,
[ C | Blue.
D | Blue-gray.
N
K
£ 4 Silurian. S | Blue-purple.
K
~
Ordovielan. ... coverevereeeiines 0 | Red-purple.
{ Cambrian Brick-red.
AlgonKian .|« eoeeeerrereeeennt A | Brownish-red.
Archean .. Giray-brown.

Patterns composed of parallel straight. lines are
used to represent sedimentary formations deposited
in the sea or in lakes. = Patterns of dots and circles
represent alluvial, glacial, and eolian formations.
Patterns of triangles and rhombs are used for igne-
ous formations. -Metamorphic rocks of unknown
origin are represented by short dashes irregularly
placed; if the rock is schist the dashes may be
arranged in wavy lines parallel to the structure

°| on this map by fainter color patterns. |
geology, thus printed, affords a subdued back-

planes.  Suitable combination ‘patterns are used
for metamorphic formations known to be of sedi-
montary or of igneous origin.

The patterns of each class are printed in various
colors.
are .used to indicate age, a particular color being
assigned- to each system. The symbols by which
formations are labeled consist each of two or more
letters. If the age of a formation is known the
symbol includes the system symbol, which is a
capital letter or monogram; otherwise the symbols
are composed of small letters. The names of the
systems and recognized series, in proper order (from
new to old), with the color and symbol assigned to
each system, are given in the preceding table.

SURFACE FORMS.

Hills and valleys and all other surface forms have
been prodiced by geologic processes. For example,
most valleys are the result of erosion’ by the streams
that flow through them {(see fig. 1), and the alluvial
plains bordering many streams were built up by
the streams; sea cliffs are made by ‘the eroding
action of waves, and sand spits are built up by
waves. T(’)pogmphie forms thus -constitute part
of the record of the history of the earth.

+ Some forms are produced in the making of depos-

its and are inseparably connected with them. The
hooked spit, shown in fig. 1, is an illustration. To
this class belong beaches, alluvial plains, lava
streams, drumlins (smooth oval hills composed
of till), and moraines (ridges of drift made at the
edges of glaciers). Other forms are prodaced by
erosion, and these are, in origin, independent
of the associated material. The sea cliff is"an
illustration; it may be carved from any rock.
To this class helong abandoned river channels,
glacial furrows, and peneplains. In the making
of a stream terrace an alluvial plain is first built
and afterwards partly eroded away. The shap-
ing of a.marine or lacustrine plain, is usually. a
double process, hills being worn away (degraded)
and valleys being filled up (aggraded).

All parts of the land surface are subject to the
action of air, water, and ice, which. slowly wear
them down, and streams carry the waste material
to the sea. As the process depends on the flow
of water to the sea, it can not be carried below sea
level, and the sea is-therefore-called the base-level
of erosion. When a large tract is for a long time
undisturbed by uplift or subsidence it is degraded
nearly to base-level, and the even .surface thus
produced is. called a peneplain. 1f the tract is

afterwards uplifted the peneplain at the top is a-

record of the former relation of the tract to sea level.
THE VARIOUS GEOLOGIC SHEETS.

Areal geology map.—This map shows the areas
occupied by the various formations.  On the mar-
gin is « legend, which is the key to the map. To
ascertain the meaning of dny colored pittern and
its letter symbol the reader should look for that
color, pattern, and symbol in the legend, where he
will find the name and description of the for-
mation. If it is desired to find any given forma-
tion, its name should be sought in the legend and
its color and pattern noted, when the areas on the
map corresponding in color and pattern may be
traced out.

The legend is also a p‘ll’tlnll statement of the
geologic history. In it the formations are arranged
in columnar form, grouped primarily according to
origin—sedimentary, igneous, and ecrystalline
of unknown origin—and within each group they
are placed in the order of age, so far as known, the
youngest at the top.

Economic geology map.—This map represents the
distribution of useful minerals and rocks, showing
their relations to the topographic features and to
the geologic formations. The formations which
appear on the areal geology map are usually shown
The areal

ground upon which the areas of productive forma-
tions may be emphasized by strong colors. A mine
symbol is printed at each mine or quarry, accom-
panied by the name of the principal mineral
mined ot stone quarried. * For regions where there
are important mining industries or where artesian
basins exist special maps -are prepared, to show
these additional economic features.

With the patterns of parallel lines, colors i

Structure-section sheet.—This sheet exhibits the
relations of the formations beneath the surface. In
cliffs, canyons, shafts, and other natural and artifi-
cial cuttings, the relations of different beds to one |
another may be seen. Any cutting which exhibits
those relations is called a 'sufl'on, and the same
term is applied to a diagram  representing the rela-
tions. The arrangement of rocks in the earth is

the earth’s structure, and a section exhibiting this |

arrangement is called a structure section.

The geologist is not limited, however, to the :

natural and artificial ecuttings. for his information
concerning the earth’s structure. Knowing the
manner of formation of rocks, and having traced

out the relations among the beds on the surface, he '

can infer their relative positions after they pass

beneath the surface, and can draw sections repre- |
senting the structure of the earth to a considerable |
Such a section "exhibits what would be '

depth.
seen in the side of a cutting many miles long and
several thousand feet deep. This is ill
the following figure:

Fig. 2.—Sketch showing a vertical section at the front and a
landscape beyond.

The figure represents a landscape which is cut
off sharply in the foreground on a vertical plane,
s0 as to show the underground relations of the
rocks. The-kinds of rock are indicated by appro-
priate symbols of lines, dots, and dashes. These
symbols admit of much. variation, but the following
are generally used - in “sections to 1epresent, the
commoner kinds of rock:

Limestones. Shales.

Sandstones and con-

Shaly sandstones.
glomerates.

Caleareous sandstones.

Schists. Massive and bedded igneous rocks.

Fig. 3. —Symbols used in sections to represent different kinds
of roeks.

The plateau in fig. 2 presents toward the lower
land an escarpment, or front, which is made up
of sandstones, forming the cliffs, and shales, consti-
tuting the slopes, as shown at the extreme left of
the section. The broad belt of lower land is trav-
ersed by several ridges, which are seen in the sec-
tion ‘to correspond to the outcrops of a bed of sand-
stone that rises to the surface. The upturned edges
of this bed form the ridges, and the intermediate
valleys follow the outerops of limestone and calea-
reous shale.

Where the edges of the strata appear at the
surface their thickness can be measured ahd the
angles at which they dip below the surface can be
observed. Thus their positions underground can
be inferred. The direction that the intersection of
a bed with a horizontal plane will take is called
the strike. The inclination of the bed to the hori-
zontal plane, measured at right angles to the strike,
is called the dip.

Strata are frequently eurved in troughs and
arches, such as are seen in fig. 2. The arches are
called anticlines and the troughs synclines. But
the_sandstones, shales, and limestones were depos-
ited beneath the sea in nearly flat sheets; that they
are now bent and folded is proof that forces have
from time to time caused the earth’s surface to
wrinkle along certain zones. In places the strata
are broken across and the parts have slipped past
each other. Such breaks are termed faults. Two
kinds of faults are shown in fig. 4.

| On the right of the sketch, fig. 2, the section is
| composed of schists which are trayersed by masses
of igneous rock. The schists are much contorted

and their arrangement undelgmuud can not be

!
|

a b

Fig. 4.—Ideal sections of strata, showing (2) normal faults
| and (b) a thrust fault.

inferred. = Hence that portion of the section delin-

eates what is probably true but is not known by
| observation or well-founded inference.
The section in fig. 2 shows three sets of forma-
| tions, distinguished by their underground relations.
The uppermost of these, seen at the left of the
section, is a set of sandstones and shales, which lie
in a horizontal position. These sedimentary strata
i are now high above the sea, forming a Pldl&lu, and
 their change of elevation shows that a portion
| of the earth’s mass has been raised from a lower
to a higher level. The strata of this set are
parallel, a relation which is called conformable.
i The second set of formations consists of strata
!'which form arches and troughs. These strata were
| once continuous, but the crests of the arches have
1 been removed by degradation. The beds, like
those of the first set, are conformable.

The horizontal strata of the plateau rest upon
| the upturned, eroded edges of the beds of the
| second set at the left of the section. The overlying
deposits are, from their positions, evidently younger
than the underlying formations, and the bending
and degradation. of the older strata must have
occurred between the deposition of the older beds
and the accumulation of the younger. ‘When
younger rocks thus rest mpon an eroded surface
of older rocks the relation. between the two is
an uncon formable one, and their surface of contact
is an wunconformily.

The third set of formations consists of crystalline
schists and igneous rocks. At some period of their
history the schists were plicated by pressure and
traversed by eruptions of molten rock. But the
pressure and intrusion of igneous rocks have not
affected the overlying strata of the second set.
Thus it is evident that a considerable interval
elapsed between the formation of the schists and
the beginning of deposition of the strata of the
second set. During this interval the s suf-
fered metamorphism; they were the scene of erup-
tive activity; and they were deeply eroded. The
contact between the second and third sets is another
unconformity; it marks a time interval between
two periods of rock formation.

The séction and landscape in fig. 2 are ideal, but
they illustrate relations which actually occur. The
sections on the structure-section sheet are related to
the maps as the section in the figure is related tc
the landscape. The profile of the surface in the
section corresponds to the actual slopes of the
ground along the section line, and the depth from
the surface of any mineral-producing or water-
bearing stratum which appears in the section may
be measured by using the scale of the map.

Columnar section sheet.—This sheet contains a
concise description of the sedimentary formations
which occur in the quadrangle. It ‘presents a
summary of the facts relating to the character
of the rocks, the thickness of the formations, and
the order of accumulation of successive deposits.

Thie rocks are briefly described, and their char-
acters are indicated in the columnar diagram.
The thicknesses of formations are given in figures
which state the least and greatest measurements,
and the average thickness of each is shown in the
column, which is drawn to a scale—usually 1000
feet to 1 inch. The order of accumulation of the
sediments is shown in the columnar arrangement—
the oldest formation at the bottom, the youngest at
the top.

The intervals of time which correspond to events
of uplift and degradation and constitute interrup-
tions of deposition are indicated graphically and by
the word “unconformity.”

CHARLES D. WALCOTT,

Director.

Revised January, 1904.
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" DESCRIPTION OF CLOUD PEAK AND FORT McKINNEY
QUADRANGLES.

INTRODUCTION.

Position and extent.—The Cloud Peak and Fort
McKinney quadrangles embrace the half of a square
degree that lies between parallels 44° and 44° 30
north latitude and meridians 106° 30" and 107° 30’
west longitude. Taken together these quadrangles
measure about 34} miles from north to south and
nearly 50 miles from east to west, and comprize an
area of about 1713 square miles. They include
the greater part of the northwest quarter of John-
son County and the east-central portion of Bighorn
County, Wyoming. The central part of the area
embraces the highest portion of the Bighorn Moun-
tains; its western quarter lies in the Bighorn Basin,
and its eastern third lies on the Great Plains, in
the basin of Powder River. As these quadrangles
thus cover part of both the Bighorn Mountains
and the Great Plains, they exhibit many charac-
teristics of both, but, as their area is small, a general
account of these provinces will be given, to afford a
better conception of the relations and significance
of the local features.

THE BIGHORN MOUNTAIN REGION.
CONFIGURATION.

General fealures—The Bighorn Mountains, an
outlying portion of the Rocky Mountain Range,
extend from north-central Wyoming into south-
central Montana. They rise out of the Great Plains,
which here have an altitude of 4000 to 5000 feet, to
heights that range from 10,000 feet to slightly over
13,000 feet in the higher summits. They trend
north-northwest in the mnorthern part of their
course, nearly due north and south in their south-
central part, and northeast-southwest toward their
southern termination, which is at Bridger Creek.
The uplift is in a measure continued westward by
an east-west range known as the Bridger Range
and the Owl Creek Mountains.

The northern end of the Bighorn Mountains is
at the canyon of Bighorn River, but north of this
canyon the same uplift is continued in the Pryor
M ing, a range of moderate elevation, which
extends but a short distance. West of the Bighorn
Mountains there is a wide area of plains known as
the Bighorn Basin, which extends to the foot of
the Shoshone Range on the west and to the Big-
horn, Bridger, and Owl Creek ranges on the south.
It is traversed by Bighorn River in a deep canyon
having an altitude of about 3500 feet. The Big-
horn Mountains rise abruptly from the plains,
tho they are flanked by several lines of low
hogback ridges. Their salient features are the

. central area of high ridges of granite, the summit

plateaus at the northern and southern ends of the
uplift, the front ridge of sedimentary rocks, and
the hogback ranges.

Central range.—The central area of the higher
portion of the Bighorn Mountains is a region of
rugged ridges rising toward the main divide along
the center of the uplift. In the part of this divide
that lies between the headwaters of Piney and
Goose creeks on the-east and Paintrock, Shell, and
Tensleep creeks on the west the granite ridges rise
in a cluster of high mountains culminating in
Cloud Peak, which has an altitude of 13,165
feet.

In this high area the ridges rise from 3000 to
4000 feet above the valleys and the general con-
figuration is very rugged, presenting some of the
boldest alpine scenery in the country. There are
many precipices over 1000 feet high, especially
about the cirques among the higher summits.
Several of these cirques contain glaciers, one of

By N. H. Darton.

Glacial Geology by R. D. Salisbury.

which, on the east side of Cloud Peak, has a
length of nearly one-half mile. Extensive snow
banks remain all summer in many of the higher
portions of the range. The drainage of this area
is peripheral and in the main direct. The divide
and its numerous branch ridges present serrated
outlines and are crost by deep wind gaps. The
higher parts of this central area exhibit strong
erosion, due largely to the intensity of frost action,
the steep declivity, and the abundance of water to
carry off the débris. The topography is youthful,
and the granite floor on which the sedimentary
rocks were deposited has been so cut away by
erosion that its original configuration can only be
surmised. The higher region has been extensively
glaciated, so that most of its topographic features
are those characteristic of glacial erosion. The
most marked of these are the many deep cirques
that are cut back to or nearly to the main divide.
Glacial deposits occur in the lower valleys of the
central area, impeding the drainage by producing
many small lakes. Other lakes occur in rock
basins excavated in granite, mostly by glaciation.
The timber line is at an altitude not far below
10,000 feet, above which height the surfaces are
mainly almost bare rock masses, in part disrupted
from their original ledges. Many of the steeper
slopes consist of talus of huge granite blocks.
Central plateau.—The sedimentary rocks arch
over the northern and southern portions of the
Bighorn Mountains, giving rise to an elevated
plateau which has an altitude of about 9000 feet
in its northern part and about 8000 feet in its
southern part. It presents broad areas of tabular
surface, especially near the divides, but is deeply
trenched by numerous canyons, the most notable
of which is that of Little Bighorn River. Much
of the plateau surface is covered by forests which
are interspersed with parks that are extensively
utilized as grazing grounds for cattle and sheep
during the short summer season. Portions of the
plateau also extend northward and southward,
partly encompassing the central granite area.
Front ridge—Along the sides of the Bighorn
Mountains there are abrupt slopes to the plains on
the east and to the Bighorn Basin on the west. In
some districts the central plateau terminates in
high cliffs, but in others, especially along the east-
ern side of the mountains, it is flanked by a distinet
ridge of “rim rock’s that rises slightly above an
inner valley but slopes steeply toward the plains.
West of Sheridan and Buffalo this front ridge
presents an imposing line of mountain slopes, in
many places 2000 feet high, extending southward
and southeastward. It is composed of sedimentary
rocks that dip steeply to the northeast and east, and
nearly everywhete it presents to the west a high
cliff of limestone. (See figs. 16 and 17, illustration
sheet 2.) Thru this front ridge the creeks and
rivers that rise in the central area find their way
out to the plains, some of them in canyons having
walls nearly 2000 feet high. The most notable
of these canyons are those of Little Bighorn and
Tongue rivers, on the east side of the mountains,
and Shell, Paintrock, and Tensleep creeks, on the
west side. Across the north end of the range
Bighorn River flows in a deep canyon that termi-
nates the mountains to which the name Bighorn is
applied. This river also, in its upper portion, cuts
across the southwest end of the Bridger Range,
separating it from the Owl Creek Mountains.
Hogback ridges.—Along the foot of the Bighorn
Mountains, on each side, there is a series of hog-
back ridges, which appear very insignificant in
comparison with the great mountain slopes they
flank. They are due to the outcrop of sandstones

of moderate hardness and rise only from 100 to
200 feet above the adjoining valleys. These val-
leys mark the outcrop of the “Red Beds,” which
extend along the foot of the mountains, but owing
to the steep dip of these beds and to their relative
hardness the valleys are not so distinct as the Red
valleys in the Black Hills and some other regions.
The hogback rim is crost by numerous valleys, or
canyons, which divide it into level-topped ridges
of various lengths, and in- many places along the
east side of the mountains these ridges merge into
a continuous terrace capped by deposits of Quater-
nary gravels and sands extending from the foot of
the higher slopes of the mountains.
Drainage—From the higher portion of the Big-
horn Mountains flow many large streams, those
on the east side draining into Tongue River and
its branches, mainly thru Crazy Woman, Clear,
Piney, and Big Goose creeks. Down the west
slopes flow branches of Tensleep, Paintrock, Shell,
and other creeks that cross the east side of the Big-
horn Basin and empty into Bighorn River. This
great stream, after traversing the Bighorn Basin
from south to north, turns northeastward and
crosses the north end of the Bighorn Mountains,
finally flowing into the Yellowstone in southeast-
ern Montana. One of its larger branches, Little
Bighorn River, drains a portion of the plateau on
the east side of the Bighorn Mountains near the
Montana line and flows out of the mountains in a
canyon whose walls are over 2000 feet high.

- ROCKS.

The Bighorn Mountains are due to a great anti-
cline of many thousand feet uplift, which has
elevated a thick series of Paleozoic and Mesozoic
sedimentary rocks high above the plains. (See figs.
5and 6, p.13.) Owing to the deep erosion of the
crest of this uplift the mountains present a central
nucleus of pre-Cambrian granites, the sedimentary
rocks forming the front ridges and the plateaus at
either end. The formations exhibited in the Big-
horn uplift are similar to those exposed extensively
in other portions of the Rocky Mountain province
and show great uniformity thruout the uplifted
area. The granites are red and gray, massive in
structure, and constitute the floor under sediments
of Acadian (Middle Cambrian) age. These Cam-
brian rocks are sandst shales, and limest;
nearly a thousand feet thick, which apparently
do not include sediments of Saratogan (Upper
Cambrian) age. The Ordovician is represented
mainly by a massive limestone of Trenton age, but
the earliest Ordovician and part of -the late Ordo-
vician, as well as all the Silurian and Devonian,
are not represented. The Carboniferous presents
about 1500 feet of beds, belonging mostly to the
Mississippian series, but extending up into the
Pennsylvanian. Its ends in a persistent sand-
stone member that ordinarily constitutes the lower
outer slope of the limestone front ridge. Next
above come the “Red Beds,” which extend around
the foot of the mountains, as in the Black Hills
and other uplifts of the Rocky Mountain province.
They attain a thickness of over 1000 feet and are
either all of Permian age or in part Triassic.
The marine Jurassic, which lies next above, is simi-
lar to that of the Black Hills and of southeast-
ern Wyoming, containing an abundant middle to
upper Jurassic fauna. It is overlain by the Mor-
rison shales, only about 200 feet thick but remark-
ably persistent in the Rocky Mountain province.
Representatives of the Dakota sandstone appear in
the Bighorn uplift, but with greatly diminished
development as compared with that seen on the
Black Hills and in other regions farther south.

The hard sandstone supposed to represent the
Lakota formation is the most conspicuous feature
of these beds. The great series of Upper Creta-
ceous shales attains a thickness of over 4000 feet
in the plains adjoining the Bighorn Mountains.
At the base is the Benton group, in which, how-
ever, the usual medial limestone member (Green-
horn) is not developed. The chalky element
which is so conspicuous in the Niobrara farther
south is absent, as are also the fossils which else-
where characterize the formation. The presence of
the Niobrara is indicated, however, by apparently
unbroken sedimentation from the Benton to the
Pierre. The latter has a thickness ranging from
2000 to 3500 feet near the Bighorn Mountains
and presents the usual monotonous succession of
gray shales with fossil-bearing coneretions. It is
terminated by a mass of sandstone, possibly rep-
resenting the Fox Hills sandstone, which in turn
is succeeded by a great development of fresh-water
deposits comprizing representatives of the Laramie
and probably later formati These fresh-water
deposits occupy a wide area between the Bighorn
Mountains and the Black Hills and also a large
syncline in the Bighorn Basin. They consist of
the usual succession of sandstones and shales, with
extensive beds of lignite, but along part of the east-
ern side of the range they comprize conglomerate
near the base, consisting of local materials, indicat-
ing uplift and erosion, probably in early Laramie
time. The Tertiary system is not well represented
in the Bighorn uplift. In the basin to the west are
considerable deposits of the Wasatch, and along
the southern end of the uplift there is a general
overlap of the Bridger formation, In the moun-
tains there evidently was extensive uplift and
denudation in Tertiary time. Some small rem-
nants of supposed Tertiary beds have been found
high up in the range, but their identity is not
established. The Quaternary deposits consist of
high terraces and old alluvial fans along the lower
slopes of the mountains, glacial detritus, and the
alluvial plains along the streams, which merge into
the flood plains of the present period. The higher
portions of the Bighorn Mountains have been
extensively glaciated, there having been two prin-
cipal epochs of glaciation. Small glaciers still
remain on the higher slopes near Cloud Peak.

THE GREAT PLAINS PROVINCE.

General features.—The Great Plains province is
that part of the continental slope which extends
from the foot of the Rocky Mountains eastward to
the ‘valley of the Mississippi, where it merges into
the prairies on the north and the low plains adjoin-
ing the Gulf coast and the Mississippi embayment

‘on the south. The plains present wide areas of

tabular surfaces traversed by broad, shallow val-
leys of large rivers that rise mainly in the Rocky
Mountains, and they are more or less deeply cut by
narrower valleys of the lateral drainage. Smooth
surfaces and eastward-sloping. plains are the char-
acteristic features, but in portions of the province
there are buttes, extended escarpments, and local
areas of badlands. Wide districts of sand hills
surmount the plains in some localities, notably in
northwestern Nebraska, where sand dunes occupy
an area of several thousand square miles. The
province is developed on a great thickness of soft
rocks, sands, clays, and loams, in general spread in
thin but extensive beds that slope gently eastward
with the slope of the plains. These deposits lie on
relatively smooth surfaces of the older rocks. The
materials of the formations were derived mainly
from the west and were deposited, layer by layer,

either by streams on their flood plains or in lakes
|



and, during earlier times, in the sea. Aside from
a few very local flexures, the region has not been
subjected to folding, but has been broadly uplifted
and deprest successively. The general smooth-
ness of the region to-day was surpassed by the
almost complete planations of the surface during
earlier epochs. Owing to the great breadth of the
plains and their relatively gentle declivity, general
erosion has progressed slowly notwithstanding the
softness of the formations, and as at times of
freshets many of the rivers bring out of the moun-
tains a larger load of sediment than they carry to
the Mississippi they are now building up their
valleys rather than deepening them.

Altitudes and slopes.—The Great Plains province
as a whole descends to the east about 10 feet in each
mile from altitudes approaching 6000 feet at the
foot of the Rocky Mountains to about 1000 feet
above sea near Mississippi River. The altitudes
and rates of slope vary considerably in different
districts, particularly to the north, along the middle
course of Missouri River, where the general level
has been greatly reduced. West of Denver the
central plains have an altitude of 6200 feet at the
foot of the Rocky Mountains, and this elevation is
sustained far to the north, along the foot of the Lar-
amie Mountains. High altitudes are also attained
in Pine Ridge, a great escarpment which extends
from near the north end of the Laramie Mountains
eastward thru Wyoming, across the northwest
corner of Nebraska, and for many miles into south-
ern South Dakota. Pine Ridge marks the northern
margin of the higher levels of the Great Plains, and
presents cliffs and steep slopes descending 1000 feet
into the drainage basin of Cheyenne River, one of
the most important tributaries of the Missouri.
From this basin northward there is a succession

“of other basins with relatively low intervening
divides, which do not attain the high level of the
Great Plains to the south.

Drainage.—The northern portion of the Great
Plains above described is drained by the middle
branches of Missouri River, of which the larger
members are Yellowstone, Powder, Little Missouri,
Grand, Cannonball, Owl, Cheyenne, Bad, and
White rivers. On the summit of Pine Ridge not
far south of the escarpment is Niobrara River,
which rises in the plains some distance east of the
northern end of the Laramie Mountains. To the
south are Platte River, with two large branches
heading far back in the Rocky Mountains, Arkan-
sas River, and the Rio Grande, which cross the
plains to the southeast and afford an outlet for
the drainage from a large watershed of mountains
and plains. Between the Rio Grande and the
Arkansas are Cimarron River and numerous
smaller streams heading in the western portion
of the plains. Between Arkansas and Platte rivers
are Republican River, rising near the one hundred
and fifth meridian, and extensive systems of local
drainage in eastern Kansas and Nebraska.

TOPOGRAPHY OF THE CLOUD PEAK AND FORT
MC KINNEY QUADRANGLES,

RELIEF.

This area comprizes the high granite ridges and
peaks of the highest portion of the Bighorn Moun-
tains, the limestone and sandstone front ridges on
either side of the mountain, a portion of the red
valley on the west side, and a wide area of Great
Plains on the east side. Among the higher slopes
there are extensive features which have resulted
from glaciation.

Central range.—~The central range of the high
mountains consists of a main divide ranging in
altitude from 9900 to more than 13,000 feet at the
north and from 8300 to somewhat over 10,000 feet
at the south, the lowest portion being at a point
where the divide passes into the area of limestones
and sandstones at the southern edge of the Cloud
Peak quadrangle. The greatest height is attained
in Cloud Peak, the altitude of which is 13,165 feet.
Numerous other peaks in this vicinity rise to
heights between 12,000 and 13,000 feet and their
topography is so rugged that the region presents
notable alpine scenery. The crest line of the range
is moderately uneven both in course and in profile.
Tts general trend is slightly west of north. The
highest peaks are on or near the divide and are
separated by shallow gaps, most of them less than
500 feet deep. At the head of the east prong of
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East Fork of Big Goose Creek there is a gap in
the divide having an altitude of 9900 feet, while
the summits on either side rise to heights above
11,400 feet. Another deep gap, in which the
altitude is 11,850 feet, lies between Cloud Peak
on the north and a 12,887-foot summit on the
south. At the head of North Fork of Clear Creek
the divide has an altitude of 11,050 feet, which is
more than 1200 feet below the summits of the high
points on either side. Thence southward for several
miles the cross depressions are shallow. South of
the headwaters of Sour Dough Creek the altitude
of the ridge shows marked diminution, and near
the head of Powder River it descends into a wide
park having an altitude of about 9000 feet. A
small group of high mountains, however, lies east
of the main divide in this area, with several sum-
mits reaching over 10,000 feet in Hazelton Peak
and vicinity. South of Hazelton Peik the alti-
tudes rapidly decline to less than 8500 feet. Thru-
out its course the central range is deeply cut into
by the heads of valleys of the larger drainage fea-
tures of either side of the range. Most of these
valleys are steep sided and those that lie north of
the heads of East Tensleep Creck and of the south
prong of South Fork of Clear Creek head in deep
cirques that extend to or very nearly to the crest
line of the mountains. The walls of many of these
cirques are more than a thousand feet high and the
valleys leading out from them are steep sided for
several miles. These cirques will be described in
detail in connection with the discussion of the
glacial erosion of the region, for they owe their
origin to glaciers that formerly occupied the greater
part of the higher area. The outer slopes of the
central granite region consist mostly of rocky ridges,
several hundred feet high, alternating with valleys
that contain accumulations of glacial drift. North
of Hazelton there are wide plains or open prairies,
partly covered with gravels and sands, and similar
but smaller areas occur at intervals as far north
as Clear Creek, beyond which the high granite
ridges extend eastward nearly to the eastern front
ridge.

Western front ridge—The western limestone
front ridge crosses the Cloud Peak quadrangle
from mnorthwest to southeast and generally rises
high above the adjacent slopes of granite and the
soft beds of the Deadwood formation. Its altitude
in the northern part of the quadrangle ranges
from 9200 to 9500 feet, but toward the south
gradually diminishes to about 8500 feet. It
usually presents to the east a cliff of limestone
300 feet or more high, and to the west relatively
gentle limestone slopes, which continue far down
the mountains to the overlying sandstones. Altho
the crest line of the limestone ridge is uniform in
altitude, it is frequently interrupted by canyons of
streams that rise in the main divide and flow west-
ward toward the Bighorn Basin. One of the most
prominent of these canyons is that of Tensleep
Creek, the limestone walls of which range in height
from 500 to 1500 feet. The canyons of Paintrock
Creek and of the branches of Medicinelodge Creek
are also cut deep into the limestone ridge and make
wide breaks in its escarpment.

Red valley—The west side of the mountains pre-
sents long, easy grades, that extend into the east
side of the Bighorn Basin, the stéeper slopes and
deeper canyons ending in the wide red valley that
occupies the greater portion of the southwestern
corner of the Cloud Peak quadrangle. Tn this red
valley the altitudes range from 4300 to 5000 feet,
yet many of the low ridges, owing to their bright-
red color, are conspicuous topographic features.

Eastern front ridge—One of the most prominent
topographic features in the area treated in this folio
is the high front ridge that extends from north to
south across its eastern side. This ridge, consisting
mainly of hard limestones, rises steeply about 2000
feet out of plains and rolling hills that stand at
altitides very uniformly near 5500 feet. In the
southeastern part of the area, where the rocks dip at
low angles, the front ridge is from 3 to 4 miles
wide and its higher summits reach an altitude of
about 8000 feet. The lower slopes are the steeper,
the grade decreasing toward the top of the ridge.
North of Crazy Woman Hill the ridge narrows
rapidly and most of its summits are near 7500
feet above sea level, The front ridge is not con-
tinuous but is broken at frequent intervals by deep,
steep-sided canyons having limestone walls, notable

breaks appearing where it is crost by the forks of
Crazy Woman Creek and by Clear, French, John-
son, and Sayles creeks and South Fork of Rock
Creek. On North Fork of Rock Creek the ridge
gives place to granite slopes for a short distance,
owing to a fault. Near Clear Creek it is cut
by a wide gap at a high level. Just east of this
gap, on opposite sides of Clear Creek, lie two
great bowlder deposits on high terraces known as
Bald Ridge (6900 feet) and North Ridge (6800
feet), the products of an earlier drainage or glacier
which flowed thru the front ridge. Thruout its
course the front ridge presents high limestone
cliffs toward the west, facing the slopes of the cen-
tral mountain area. South of Clear Creck these
slopes are low and there is a wide intermontane
area of rolling park country interspersed with
ridges of only moderate prominence.

Plains area—DXEast of the front ridge is a zone,
about 2 miles wide, of low hogback ridges due to
uplifted hard beds, and east of these the relief is
very low and the features are typical of the Great
Plains. The valleys are wide and flat-bottomed
and the divides are low and are cut into long, slop-
ing ridges or buttes. On the sides of Clear Creek
Valley these buttes and ridges are prominent,
owing to cappings of hard clinkers formed from
shale that has been baked by the burning of coal
or coaly shale. These ridges show a northwest-
southeast linear arrangement, parallel to the strike
of the beds. Terraces extend along many of the
valleys, notably on the north sideof Crazy Woman
and Clear Creek valleys, and old terrace remnants
cap many divides, some of them extending to the
base of the steep mountain slopes. One of the
most extensive of these terraces near Klondike
affords an easy grade for the principal wagon road
ascending the mountain. A widely extended sys-
tem of terraces constitutes the low divides between
Clear and Rock crecks west and north of Buffalo,
and caps many ridges east of Cross T ranch, south-
east of Buffalo. The great high terraces of the
front ridge on the sides of Clear Creek west of Buf-
falo have been referred to above.

DRAINAGE.

Streams.—Numerous streams rise on both sides
of the divide of the Bighorn Mountains, those on
the east flowing into branches of Powder River and
those on the west into branches of Bighorn River.
All the streams rising near the divide carry large
volumes of water, in great part derived from the
melting of snow and ice, a process which continues
all summer, In the early summer, when the heavy
snows begin to melt rapidly, there are floods, which
in some years last for weeks. The largest streams
on the east slope are the two forks of Piney Creek,
which rise on the north and east sides of Cloud
Peak in several great cirques that contain large
snow banks and small glaciers, Three forks of
Clear Creek head in the high granite central ridge
and flow eastward in valleys containing a large
amount of glacial drift. North Fork of Powder
River is a stream of moderate size draining a
small basin between the main divide and Hazel-
ton Peak. Three head branches of East Fork of
Big Goose Creek rise in the high divide near the
northern margin of the Cloud Peak quadrangle.
Little Goose, South Fork of Rock, Sour Dough,
North and Middle forks of Crazy Woman, and
Doyle creeks are small streams rising in the lower
granite slopes east of the main divide. On the
west side of the mountains the two largest streams
in the area are Tensleep and Paintrock crecks,
which drain the highest part of the range, carrying
a large volume of water to Bighorn River. Ten-
sleep Creek has many large flowing branches, of
which Canyon Creek is the largest. The two forks
of Brokenback Creek are small streams heading on
the limestone slopes. Tensleep Creek empties into
No Wood, a very long creck carrying a moderate
volume of water, which flows across the southwest
corner of the Cloud Peak quadrangle. Paintrock
Creek heads in many branches at the foot of Cloud
Peak. Tts largest branch is Medicinelodge Creek,
which heads in the higher mountains and joins
Paintrock Creek at Hyattville. In the northwest
corner of the Cloud Peak quadrangle are Shell
Creek and one of its branches, Trapper Creek.
The main stream rises on high ridges and soon
gathers a large flow, which finally reaches Bighorn
River in the center of the Bighorn Bagin.

Lake De Smet.—Lake De Smet is a remarkable
tfeature, the origin of which is not clear. It lies in
a shallow basin that was originally the valley of a
small stream heading south, which has been robbed
by Boxelder Creek. Its northern end is dammed
slightly by clinker beds formed from shale that
has been baked by burning coal, and probably this
burning has caused the shale to fall in such manner
as to dam the basin. Possibly wind assisted in
excavating the basin from alluvium and soft sand-
stones before it held water, for its axis lies north-
west and southeast, or in line with the direction of
the stronger winds.

CLTMATE.

No detailed meteorologic data for the area are
available, but the general conditions may be stated.
Owing to the elevation and high latitude, the winters
are long and cold and the summers are of moderate
warmth.  On the mountains there are heavy snows,
which usually begin about the middle of September
and continue into April.  The snow gathers to
great depths, and banks of it remain thruout the
summer in protected places in the more elevated
areas. A moderate amount of rain falls in sum-
mer on the mountains, the total precipitation being
cstimated at 35 inches. On the lower lands the
climate is much more arid, the snowfall islight,
and the rain is scanty, the average precipitation
being about 12 inches. Rains fall mostly in heavy
showers during the summer and usually there is a
series of moderate rains in early spring. Owing
to the clearness of the air there is much heat from
the direct rays of the sun, especially in summer.

GEOLOGY.

THE ROCK FORMATIONS.
GENERAL SUCCESSION.

The rocks in the Cloud Peak and Fort McKinney
quadrangles are granites and overlying sandstones,
limestones, and shalesin thick and widespread sheets.
The granites are pre-Cambrian and the sedimentary
strata comprize a succession ranging in age from
Acadian (Middle Cambrian) to Recent, in which
representatives of the Silurian and Devonian and
of minor portions of other periods are lacking.
The thickness of sedimentary rocks is about
16,400 feet in the Fort McKinney quadrangle
and about 4400 feet in the Cloud Peak quadran-
gle. Their characters, thicknesses, and classifica-
tion are shown on the columnar section sheet.
The granites are traversed by dikes, mainly of
diabase. Glacial deposits occupy areas of consid-
erable size in the higher mountain region and
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remnants of old gravel terraces lie in portions
of the highlands, extend along parts of the flanks
of the front ridge, and cap many of the divides
farther east, in the plains region.

PRE-CAMBRIAN ROCKS.
GRANITE.

General relations.—Somewhat more than half
the area of the Cloud Peak and Fort McKinney
quadrangles lies within the granite area of the
central portion of the Bighorn uplift. The granite
constitutes an extensive group of high mountains,
culminating in Cloud Peak and comprizing the
greater portion of the main divide and the adjoin-
ing slopes for a width of about 10 miles on either
side. To the west and south it passes beneath the
Cambrian and overlying formations, so that it lies
somewhat over 4000 feet below the surface in the
southwest corner of the Cloud Peak quadrangle,
and about 16,000 feet below along the eastern
margin of the Fort McKinney quadrangle. In
several of the valleys in the central area the granite
is hidden beneath glacial deposits and on a portion
of the main divide between North Fork of Powder
River and Canyon Creek and in the wide flats
about Hazelton it is covered by deposits of supposed
Tertiary age. In most of the mountain area, how-
ever, it presents continuous outcrops of bare rock
ledges which, in the higher region, are extensively
broken into huge masses that constitute the surface
above timber line. The granite is traversed by
many narrow dikes, mostly of diabase.

Character and  distribution.—The greater part
of the granite is a gray rock of moderately
coarse grain and massive structure, altho on close
examinatiou it often exhibits an incipient tendency
toward schistosity, a feature which is brought out
by weathering. This gray granite merges gradually
into other varieties and presents a number of local
variations of different kinds. All the granite is
believed to be part of one great mass of probably
batholithic nature. In the northwestern portion of
the Cloud Peak quadrangle, along the branches
of Medicinelodge, Trapper, and Paintrock creeks,
there is an area of massive red granite which
extends into the quadrangle from the north. This
rock oceurs also at a few points along the south-
western margin of the crystalline rock area. The
red granite has a light-grayish appearance at a dis-
tance, but on closer view it presents a more or less
pronounced reddish tinge. It is traversed by
widely placed joints and weathers into bold
rounded forms. Its surface is usually rough,
owing to differential weathering, which often gives
the larger feldspar crystals considerable prominence.
In the ridges south of bench mark 8812, southwest
of Doyle Creek, there is an area, about a mile in
diameter, of a nearly white granite, which appar-
ently merges into the gray variety, and small
developments of this white rock occur at many
other points, notably on the ridge east of Tensleep
Lake, at the head of Paintrock Creek. Nearly all
of the higher mountain mass constituting the main
divide north of the head of Canyon Creek consists
of a hard, coarse-grained, massive granite of medium-
gray to dark-gray color.

Petrography.—The granitic rocks present varia-
tions in character, but the different kinds of rock
are so irregularly distributed that it is not possible
to indicate their limits on the map. The predom-
inant variety, especially in the higher portions of
the mountains, is a coarse-grained, dark-gray rock,
varying considerably in texture, but consisting
mainly of feldspar, quartz, and mica, the large
feldspar crystals giving it a porphyritic appearance.
The mica is mostly biotite, and altho it occurs in
variable proportion its amount is much less than
that of the other minerals. The quartz usually is
less in amount than the feldspars, which comprize
plagioclase, orthoclase, and microcline, the pro-
portions of these varying irregularly in different
portions of the region. In some areas there is a
preponderance of the plagioclase and the rocks are
quartz diorites, but in the greater part of the region
the potash feldspars are in greater proportion, while
intermediate types of quartz monzonites occur in
places.
has not been practicable to map them separately.
Apatite, magnetite, and titanite occur as common
accessory minerals; rutile and zircon occur less often.
As is usually the case in rocks of this sort, all the
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These rocks grade into one another and it |
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minerals are crystalline and in general the grains
are nearly uniform in size. The quartz occurs
in scattered, irregular patches, often interstitially
arranged between the larger feldspars. Horn-
blende occurs mostly in zones, in small amounts,
but at a few localities portions of the rock contain
much of this mineral. One of these is near Clear
Creek Canyon a mile south of bench mark 6477,
and another is near the east margin of the granite
area 2 miles southwest of Sisters Hill. Much of
the gray granite shows evidences of shearing in
small amount, but only in very few areas would
the rock be regarded as gneiss. In some areas
micrographic intergrowths of quartz and feldspar
are common, and secondary minerals of various
kinds occur in much of the rock. In places por-
tions of the biotite are altered to chlorite and some of
the feldspar is altered to kaolin and sericite. In a
few local areas dark minerals predominate, giving
to the rock a very dark appearance.

In the red granite the minerals are feldspar,
quartz, mica, and a few minor accessories. The
feldspars are mainly orthoclase and microcline, but
these are accompanied by a small proportion of
plagioclase, usually oligoclase. The reddish color
is due mainly to the dissemination of small particles
of iron minerals in the orthoclase. The microcline
is sufficiently fresh to present the characteristic
cross-hatched  structure.  The quartz generally
occurs in rather prominent crystalline grains,
altho sometimes it is interstitially arranged
between the larger feldspars. The mica is biotite
(often chloritized). Hornblende occurs but spar-
ingly. Magnetite is present in small particles, in
moderate amount, and the individual erystals have
formed without external interference. Minute
crystals of apatite are recognizable in some speci-
mens of the rock. The red granites are generally
characterized by a relatively smaller proportion of
the darker minerals and an increased amount of
microcline.

The white granites, or granite-aplites, consist of
orthoclase, quartz, microcline, plagioclase, and mica
in varying proportions. At the head of Paintrock
Creek microcline predominates, and in the area
southwest of Doyle Creek orthoclase is the most
abundant mineral. At the former locality the
mica is muscovite and at the latter it is bleached
biotite, in subparallel arrangement. The rocks
are medium to fine grained, granular, with the
feldspars and quartz in grains of about the same
size.

Gneissic granite——An area of gneiss, or gneissic
granite, extends from near the north boundary of
the Fort McKinney quadrangle to North Fork of
Clear Creek. It is a medium- to fine-grained,
dark-colored rock, showing distinct banding on
the surface. The planes of schistosity are nearly
vertical or lean slightly toward the center of the
mountain range, and the strike is roughly north-
south, or nearly parallel to the outer rim of the
uplift. The rock weathers into large plates or
slabs having rounded outlines. In thin section
it shows small grains of quartz, biotite, and a few
minor accessories, which surround the larger com-
ponents in a typical gneissoid structure, the whole
having a banded appearance when examined by the
aid of a low power of the microscope. Micrographic
intergrowth of quartz and feldspar is common and
secondary minerals occur along the cleavage cracks
of the feldspar. The quartz shows cloudy extine-
tion, and microcline is sometimes interstitially
arranged between the larger constituents. The
minerals composing the gneiss are the same as
those of the granite from which it was derived,
with the addition of a few'secondary products.
Other small areas of gneissic granite lie along the
headwaters of North Fork of Crazy Woman Creek
and in the region south of Hazelton. The rock in
these areas shows no essential difference in char-
acter from that described above. In a small area
southeast of Hazelton a hornblendic gneiss is
found.

Age.—On account of its massive structure, it is
believed that the granite is of Algonkian age, for
in most portions of the Rocky Mountain province
the older granites have been extensively sheared.
No contact with any older schists and gneisses has
been observed. That the granite and associated
rocks are pre-Cambrian is proved by the uncon-
formable overlap of the Cambrian sandstones of
the Deadwood formation.

DIABASE.

Occurrence—The granites of the Cloud Peak
and Fort McKinney quadrangles are penetrated by
numerous dikes, most of them of diabase. Many
of these dikes trend north of east and south of west,
across the axis of the uplift, but some extend in
various other directions. They are most numerous
in the higher portion of the area; otherwise their
distribution shows no special features. They vary
in width from a few inches to 150 feet, but the
majority of them are between 20 and 40 feet wide.
Their length is variable, but many are over 5 miles
long. One dike that crosses the central ridge begins
near the head of North Fork of Powder River and
ends at the overlap of Deadwood sandstone a short
distance south of Clear Creek Canyon, extending
over 22 miles; another crossing the central range
south of Middle Fork of Clear Creek is more than
14 miles long. Most of the smaller dikes range
from one-fourth mile to 2 miles in length and
many are very short; probably numerous small
ones are hidden under talus or fallen timber, where
they were not discovered. Usually the shorter
dikes are the narrower. The dike rocks are black,
so that the dikes generally are very conspicuous as
black streaks in the mountain slopes, and as they
are very hard they stand out at many places in
ridges. In places where the rock is much weath-
ered it breaks into squarish fragments, mostly 2 to
6 inches across, and the ultimate produet of its
decomposition is a reddish-brown residual soil
which presents a striking contrast to that derived
from most of the granite. The largest and perhaps
most notable dike of diabase follows the ridge just
north of Cloud Peak. It begins north of Lake
Solitude and extends east-northeast thru the ridge
north of Cloud Peak, passing thru the peak known
as Blacktooth. Its width varies from 50 to 150
feet, and on Blacktooth it sends off a small branch
dike 40 feet wide, which constitutes the highest
summit. A small northeast-southwest dike extends
along the west side of Cloud Peak, crossing the
divide about a mile north of the peak. Two large
dikes lie a short distance north of the large one,
extending to Kearney Lakes, and two others with
branches extend east-west along the high slopes
south of North Fork of Paintrock Creek. Two
long, wide dikes extend across heads of the north
branches of North Fork, and another extends
from a point near the head of Shell Creek Valley
eastward across the divide to Cross Creek. In the
ridges east and south of Cloud Peak are numerous
dikes of various lengths and widths. The largest
of these begins north of West Tensleep Lake and
extends nearly due east across the divide and down
the ridge north of Sherd Lake, to and beyond Lit-
tle Sour Dough Creek, in the Fort McKinney quad-
rangle. North and east of East Tensleep Lake are
several dikes, 10 to 50 feet wide, most of them
trending southeast and northwest. ;

The dike on the divide south of Sour Dough
Creek, which extends to the granite-sandstone con-
tact near the canyon of Clear Creek, has at some
places a width of 100 feet and gives rise to short
ridges and knobs at many points. A few rods
north of this dike is a smaller dike, which runs
parallel to it for some distance, but finally diverges
and disappears southeast of bench mark 7831.
Two large dikes outerop in the ridges west of South
Fork of Clear Creek, one having a width of 100
feet extending eastward from the basin of Tensleep
Creek. They cross each other north of bench mark
7831. Other smaller dikes occur west of this bench
mark and a number of them appear about the head
of the branches of Rock Creek. South of Hazelton
diabase dikes occur every mile or two and trend
with parallel courses eastward and mnortheastward.
They are from 5 to 40 feet wide, but the width
varies somewhat in the same dike. In this vicinity
veins of quartz occur along some of the diabase-
granite contacts, and similar quartz veins occur in
connection with the diabase dikes at several other
localities. The mineral shades in color from pale
bluish to white and often-forms large hexagonal
pyramids. In width these veins vary from a few
inches to 2 feet, but usually they are of limited
extent. The pre-Cambrian age of the diabase as
well as of all other crystalline rocks of the Big-
horn Mountains is proved by the fact that they
are unconformably overlain by sandstones of Cam-
brian age.

Petrography.—Nearly all the rocks are very fine

grained, dark, and hard. The constituent minerals
of the diabase are feldspar, augite, and quartz, with
biotite, magnetite, chlorite, and apatite in smaller
amounts, The feldspars range from oligoclase to
labradorite and are usually in lath-shaped crystals
which generally have clearly defined boundaries.
They contain a medium to high percentage of lime.
Twin lamination on the albite and Carlshad laws is
common and pericline twinning is sometimes seen.
The ordinary pyroxenic constituent is augite, which
usually occurs without crystal outlines and in thin
sections is nearly colorless. In places it has been
altered to a fibrous serpentine. Quartz is present
in scattered patches of varying dimensions and is
often cracked and broken. A light-brown biotite
occurs as an accessory, but is usually chloritized.
The iron minerals include magnetite and perhaps
ilmenite, frequently in skeleton forms. Needle-like
crystals of apatite are not uncommon.

A typical diabase from a dike on a southern
prong of East Tensleep Creek a mile southwest of
the 11,676-foot summit shows the following char-
acters: Its texture is ophitic, but differs somewhat
from the usual ophitic texture in that the feldspar
occurs in smaller laths and bunches. Augite forms
about half of this rock. The feldspar is plagioclase,
probably labradorite, and nearly equals the augite
in amount. The rock contains some magnetite, as
do most of the dikes. On the mountain side 2
miles southwest of the head of Kearney Lakes
there is a beautifully exposed contact between
quartz diorite and a fine-grained diabase. It
exhibits a curving line, in places somewhat jagged.
The diabase is very fine grained at the contact, but
farther away it is porphyritic, with plagioclase
phenocrysts. These phenocrysts are lath shaped
and the groundmass is fine ophitic. Near the con-
tact the groundmass is darker and finer grained,
there is almost no plagioclase, and the hornblende
and magnetite increase, there being much more
magnetite near the contact than elsewhere.

OLIVINE GABBRO.

A large dike of a rock rich in olivine extends
across the axis of the Bighorn uplift, crossing the
divide about 2 miles northwest of Cloud Peak. It
begins southeast of Paintrock Lakes and, trending
eastward, crosses the valley of North Fork of Paint-
rock Creek at an altitude of 8700 feet and passes
a short distance north of the 12,503-foot summit
on the divide. In this vicinity it bends to east-
northeast and, passing a short distance north of the
Blacktooth, finally disappears beneath the glacial
drift east of Kearney Lakes. It averages nearly
200 feet in width for the greater part of its course
and has a few small branches. Two other small
dikes of the same sort of rock were discovered, one
a mile east of the upper end of Lake Solitude and
another 1} miles northeast of Black Butte. The
rock is black, its structure is coarsely granular,
and in places it shows narrow black phenocrysts
up to one-fourth inch in length. Under the micro-
scope the texture is seen to be hypidiomorphic
granular. The constituent minerals appear to
vary somewhat in proportions, the femic minerals
exceeding the salic in quantity. In most of the
rock the chief minerals are augite, plagioclase,
olivine, hypersthene, biotite, and hornblende, listed
in order of abundance, with niagnetite, apatite, and
rutile as accesgory minerals. Another variety, also
from the west side of Cloud Peak, is classed as
lherzolite, consisting of orthorhombic pyroxene
(enstatite), olivine, monoclinic pyroxene (diopside),
and smaller amounts of plagioclase, biotite, and
magnetite. '

HORNBLEXDE DIORITE. :

A wide dike of hornblende diorite extends north-
northeast from a point near bench mark 8548 up
the valley of North Fork of Powder River and
across the head branches of North Fork of Crazy
Woman Creek, a distance of about 10 miles. Its
width varies from 100 to 200 feet. It cuts granite,
except for about one-half mile in the Powder
River Valley, where it either cuts, is cut by,
or merges into an amphibolite or hornblende
schist. As the contact was not clearly exposed
the relations of the two rocks were not determined.
The rock is granular and, as more than half of the
constituents are dark, it is of dark color. Under
the microscope its texture is seen to be hypidio
morphic granular and its chief constituents a



plagioclase, green hornblende, and biotite, with
magnetite, titanite, and apatite as accessory min-
erals, and sericite, muscovite, and epidote as
secondary minerals.

HORNBLENDE SCHIST.

A narrow belt of amphibolite-hornblende schist
extends across the granite area from the headwaters
of Middle Fork of Crazy Woman Creek to Canyon
Creek near bench mark 9069. West of Powder
River it is mostly covered by terrace deposits. Its
greatest width is 3000 feet. It appears to blend
into the granite at some points, but no clear expo-
sures of contact were found. The rock is similar
to aggregations of dark minerals occasionally found
in irregular streaks and blotches in the granite, but
probably in this area it is a separate dike. Much
of the material is schistose and breaks into plates
having glistening surfaces covered with hornblende
crystals in parallel arrangement. Under the micro-
scope the texture is seen to be schistose, flattened
hypidiomorphic granular. The principal constit-
uents are green hornblende (generally unstriated)
and plagioclase. Quartzis present in small amount.
Magnetite, apatite, and titanite occur as accessory
minerals, the titanite often surrounding the mag-
netite.

A mile southeast of bench mark 9568, near bench
mark 9851, south of East Tensleep Lake, there is
a mass of amphibolite that is supposed to be a dike.
It is a dark-gray or nearly black schistose rock,
with black, glistening hornblende crystals mingled
with white specks, all very small and fine grained.
Under the microscope the texture is seen to be
hypidiomorphie, and the femic and salic minerals
are about equal in amount. The chief constituents
are plagioclase (in part labradorite), green horn-
blende, and lesser amounts of intersertal quartz
and biotite, with magnetite and apatite as accessory
minerals. The present structure has obliterated
the original structure.

CAMBRIAN SY?*

M.
DEADWOOD FORMATION.

Relations and outerop—The lowest member of
the sedimentary series in the Bighorn Mountains
consists of Middle Cambrian beds that closely
resemble the Deadwood formation of the northern
Black Hills. Its outerop extends along the inner
sides of the front ridges, except for short dis-
tances near South Fork of Sayles Creek, North
Fork of Rock Creek, and North Fork of Powder
River, where it is cut out by faults. Along this
course the beds dip at various angles, to the east
on the eastern side of the mountains and to the
west on the western side. At most places the out-
crop zone is marked by slopes surmounted by high
cliffs of Bighorn limestone. In the eastern front
range north of Crazy Woman Creek there are steep-
sided granite ridges on the west, but south of that
creek the margin of the granite region is less ele-
vated and rugged, and as the Deadwood deposits
here have a greatly diminished rate of dip they
extend far westward up the slope, reaching nearly
to Hazelton at one point. They also extend along
the southern margin of the area mapped, south and
southwest of Bull Camp. Faults on South Branch
of Sayles Creek and North Fork of Shell Creek
bring small areas of the formation to the surface
east of the mountains. In the vicinity of Trapper
and Medicinelodge creeks the outerop is narrow,
owing to the moderately steep dips, but from Paint-
rock Creek southward it is wide, except on West
Tensleep Creek, where also the formation is exten-
sively covered by morainal accumulations. The
formation is extensively exposed in the valleys of
Paintrock Creek, Soldier Creek, Tensleep Canyon,
and the slopes adjoining Lee Creek, Canyon Creek,
and Onion Gulch. Some of the most complete
exposures on the east side of the mountains are on
Johnson Creek, Billy Creek, Poison Creek, and
Middle Fork of Crazy Woman Creek.

Rocks—The rocks comprize sandstones, shales,
limestones, and conglomerates. Owing to the large
amount of shale it contains the formation is easily
eroded, so that it gives rise to depressions, or sad-
dles, 300 feet or more in depth, on the divides
between the streams that pass out of the mountains.
Owing alsoto its softness and possibly in part to
its chemical composition, the shale is unfavorable
to forest growth, and its slopes are usually bare of
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trees. The thickness of the formation is somewhat
variable, averaging 900 feet northwest of Buffalo,
increasing to 1150 feet in the vicinity of Sisters
Hill, and gradually diminishing to about 1000 feet
toward the south and to about 900 feet along the
western side of the mountains. The lower part of
the formation, lying on the granites, consists of 50
to 400 feet of brown sandstone and conglomerate.
Upon this rest 200 to 300 feet of shales, succeeded
above by an alternation of dark-greenish shales
and glauconite sandstones, usually beginning with
a prominent bed of sandstone; and above this
series, at the top, are about 200 feet of alternating
slabby limestones, sandstones, shales, and limestone,

conglomerate with characteristic flat limestone peb- |

bles. Local variations occur in the thickness of
the basal sandstone, which is thin on Rock Creek,
400 feet thick on Johnson and French creeks (see
fig. 17 of illustration sheet 2), 80 feet on Clear
Creek, 380 feet near the head of Kelley Creek
southwest of Buffalo, 125 to 150 feet on Middle
Crazy Woman Creek, and 100 feet on Beaver Creek.
On the north side of the Sisters Hill road the
sandstone and some of the overlying beds are cut
out by a small local fault. On the west side of
the mountain the thickness of the basal sandstone
averages 50 feet, but it increases locally to over 200
feet in the vicinity of Lee Creek. This sandstone
forms the broad outerops south of Muddy Creek,
especially on the plateaus on both sides of Mid-
dle Fork of Crazy Woman Creek, and extends far
up the granite slopes in the divides between North
Fork and Middle Fork of Paintrock Creek and
the several divides farther east, as far as the ridge
west of West Tensleep Creek. It is also a prom-
inent feature in the divides between East Tensleep
Creek and Onion Guleh, where it attains its max-
imum development.

The basal sandstone is usually a coarse-grained,
coffee-colored to reddish-brown rock, massively
bedded, and in places very hard. At its base it is
generally dark red-brown in color and more or less
conglomeratic, the conglomerate being a prominent
feature in the gold prospects at the head of Kelley
Creek, north of Sisters Hill. The contact with the
granite is usually nearly smooth, but low ridges and
gullies are seen at some localities. Toward the
southeast, on and near Poison Creek, where the
sandstone is about 125 feet thick, it is parted into
three hard layers by intervening softer beds.
The shales overlying the basal member present but
little variation in thickness or composition. They
contain occasional thin layers of highly glauconitic
sandstone and fossiliferous limestones, and are
mostly very soft, so that they outerop in rounded
slopes. The top member varies mainly in the suc-
cession of its beds, limestone predominating to the
north and west and sandstone to the southeast.
Its uppermost beds include much pinkish limestone
and its lower ones contain gray or greenish lime-
stone. The thickness of the top member averages
200 feet. This member is rather thin bedded, its
layers weathering out in flat slabs and comprizing
many beds, 6 inches to 2 feet thick, of the very
characteristic flat-pebble conglomerate shown in
fig. 20 of illustration sheet 2. This conglomerate
consists of flat gray or pink limestone pebbles,
often intermixed with twisted and broken thin lay-
ers of limestone. The matrix is in places so highly
glauconitic as to give a bright-green aspect to the
rock and especially to the surface of the pebbles.
It is an intraformational conglomerate such as is
characteristic of the Acadian (Middle Cambrian)
horizon in many portions of the West. Some of
the layers of the upper series consist principally of
grains of glauconite mixed with carbonate of lime.
The sandstones are fine grained, thin bedded, gray,
purplish, dull red, and greenish gray in color, and
their bedding planes at some places exhibit tracks,
probably of crustaceans. A clear exposure of the,
upper member on the east side of Poison Creek
Canyon 5 miles northeast of Hazelton shows the
green shales overlain by about 60 feet of thin-
bedded sandstone and sandy shales, with limy
layers, especially above the middle. The colors
are gray, purplish, dull red, and greenish gray.
Some layers consist of flat-pebble limestone con-
glomerate, above described; some portions are
highly glauconitic, and a few beds consist of
granular mixtures of glauconite and carbonate of
lime. The beds are from one-eighth inch to 3
inches thick in greater part. Numerous tracks of

crustaceans and scattered crinoid fragments occur
on some of the surfaces.

Fossils.—Fossils of Acadian (Middle Cambrian)
age are found in the limestones, shales, and sand-
stones of the Deadwood formation. Dicellomus
politus is the principal form occurring in the
shales and limestones and often constitutes large
colonies, especially in limestone lenses in the shales.
In the lower sandstone Plychoparia oweni occurs
in moderate number. On account of the similarity
between the rocks and fossils in this area and those
at the type locality in the Black Hills the name
Deadwood is used for the formation in the Bighorn
uplift.

ORDOVICIAN SYSTEM.
BIGHORN LIMESTONE.

Relations and oulerop.—Probably the most con-
spicuous sedimentary formation in the Bighorn
Mountains is a hard, massive limestone that out-
crops in huge ledges surmounting long slopes of
Deadwood rocks. Its thickness averages 300 feet,
this measurement comprizing an upper series of
about 100 feet of softer, thinner bedded lime-
stones and a thin basal sandstone, which have
been included in the formation mainly because of
their Ordovician age. Altho the Bighorn forma-
tion shows no discordance in dip and no marked
evidence of erosion at its upper and lower contacts,
it is separated from the Deadwood formation by a
hiatus representing later Cambrian time, and from
the Madison limestone by a break or gap repre-
senting Devonian and Silurian time.

The principal exposures of the Bighorn limestone
are in a line of cliffs extending along the inner side
of the limestone front ridges and facing the granite
mountains of the central area. In the deep can-
yons of Tensleep and Paintrock creeks the outerop
zone extends far to the west, for the dip of the beds
is gentle and the canyons are cut very deep. The
outerop is interrupted for short distances by
moraines near bench mark 8581 and by a fault on
one of the east branches of Canyon Creek. The
formation has been carried far below the surface by
the fault south of North Fork of Powder River
a short distance east of bench mark 8337, in the
southeast corner of the Cloud Peak quadrangle.
Two outliers of the formation, capped by Madison
limestone, lie on high ridges between Paintrock
and Buckskin Ed creeks and another occurs east of
Tensleep Canyon. The most prominent exposures
are in cliffs along the west side of Paintrock Creek,
especially near bench mark 8876. In the lime-
stone front ridge on the east slope of the mountains
the formation is a conspicuous feature, presenting
long lines of high cliffs. On North Fork of Rock
Creek and South Fork of Sayles Creek the forma-
tion is cut off by faults, so that it does not appear
on the mountain slopes, and in this vicinity other
faults bring up small areas of the formation a short
distance east of the foot of the mountains. A few
outlying areas form prominent buttes east of Hazel-
ton, and several small outliers, apparently dropt
somewhat from their original position, appear south
and southwest of Bull Camp. On Two Creek
west of these small outliers the formation is cut out
by a local fault. A characteristic outerop of the
formation is shown in fig. 17.

Lower limestone.—The massive limestone that
constitutes the greater part of the formation is com-
monly of light-buff color, somewhat darker when
weathered, and is filled with a coarse, matted network
of irregular siliceous masses, most of them rang-
ing in diameter from a half inch to an inch. On
weathering, this siliceous material stands out a half
inch or more on the rock surface as a ragged net-
work, the limestone rock between having been dis-
solved. The appearance of this weathered surface
is shown in fig. 18. This feature and the very
massive bedding are characteristic of the lower
limestone. Owing to the softness of the underlying
Deadwood shales, the hard, massive Bighorn lime-
stone forms high cliffs, with a talus of huge blocks
of limestone on the slopes below. (See fig. 17.)
‘Where streams cross the formation there are close,
high canyon walls surmounted by nearly vertical
cliffs,

Basal sandstone.—The massive limestone of the
Bighorn formation is generally underlain by white
to gray sandstone, which is sharply separated from
the adjoining beds. This sandstone is fine grained
and moderately hard, and some portions of it are

quartzitic. In the eastern front ridge its thickness
ranges from 20 to 35 feet, but on the west side of
the mountain, about Lee Canyon and farther south,
it is only about 2 feet thick and is mottled red in
places.  On South Fork of Rock Creek northwest
of Buffalo it is 20 feet thick.

Upper member.—The upper member of the for-
mation consists of limestones which are softer and
purer than those below. Their bedding is thin-
ner, their color is white to gray, and parts of the
rock are very compact or fine grained. Locally
shaly limestones appear, notably on South Fork of
Rock Creek, where they contain numerous fossils.
This upper member shows considerable variation
in its local features and ranges in thickness from
75 to over 100 feet. In the greater part of the area
it includes a bed of hard, massive limestone with
a network of silica, similar to the bed in the great
lower member, but less marked in character and
only 15 to 25 feet thick. The two members are
separated by fine-grained white limestones contain-
ing numerous corals. Some shaly and sandy lime-
stone beds also oceur locally in the upper member.
It is difficult to separate the top of the formation
from the Madison limestones owing to similarity of
the rocks and the absence of marked unconformity.

Fossils and age.—V ery few fossils are found in the
lower massive member, but large coiled shells of the
genus Maclurina and fragments of the “sunflower
coral”  Recept are 1ly observed.
The age is Trenton. In the lower portion of the
upper member there are usnally 2 or 3 feet of beds
containing numerous corals, principally of the gen-
era Halysites, Columnaria, and Calapecia. Large
numbers of corals were observed in the lower por-
tion of the upper series in the high ridges on the
west side of Lee and Canyon creeks. The follow-
ing forms were collected by Mr. E. O. Ulrich near
Lee Creek: Halysites catenulatus var. gracilis,
Columnaria alveolata, C. halli var., and a Cala-
peecia vesembling huronensis and anticostiensis.
This association of species is regarded as indi-
cating Richmond age. At a horizon 5 feet lower
the following species were collected: Streptelasma
rusticum, Leptana cf. nitens, Rhynchonella ? argen-
turbica ?, Liospira cf. micula, Lophospira acuminata,
Helicotoma cf. marginata, and a small Straparollus-
like shell, the whole constituting a Richmond fau-
nule.  About 50 feet lower, in the same vicinity,
there was found in the massive member a Platy-
strophia, perhaps of a new species, but believed to
be the same as one found in the Trenton limestone
of Tennessee.

Higher in the upper member fossils of undoubted
Richmond age occur, notably at a locality on the
South Fork of Rock Creek where, at a horizon
about 100 feet above the massive lower member,
there are 20 feet of limy shales which weather to a
reddish clay and yield large numbers of beautifully
preserved shells, corals, and bryozoa. The follow-
ing forms from this locality, indicating late Rich-
mond age, have been determined by Mr. E. O.
Ulrich: Streptel: rusticum, Streplele cf.
robustum, Streptelasma n. sp. (with trilobate calyx),
Lindstromia n. sp., Favosites asper, Proboscina near
P. frondosa, Monotrypella quadrata, Batostoma
manitobense, Bythopora striata, Leioclemella sp.
undet., Rhinidictya sp. nov., 2 Goniotrypa lateralis,
Sceptropora facula, Plectambonites n. var. or sp.
(near P. sericea), Leptwna nitens, Strophomena n.
sp. (between S. neglecta and 8. planodorsata), Dal-
manelle meeki Winchell and Schuchert (? Miller),
Dalmanella tersa, Dinorthis n. sp. (distinguished
from D. subquadrala by its’ coarse ribs), Plectorthis
whitfieldi (small variety), Bhynchotrema perlamel-
losa, Rhynchotrema increbescens (n. var.), Lopho-
spira(cast) sp.undet., Cylora depressa ?, Eurychilina
manitobensis, Primitia lativia, and Schmidtella sp.
undet.

The massive limestone at the base of the forma-
tion at this locality contains a few fossils, includ-
ing Maclurina manitobensis, and in its upper part
Receptaculites oweni, both characteristic species of
the Galena-Trenton limestone of the northern Mis-
sissippi basin. -

In the region south of the area to which this
folio relates remains of fossil fish of Black River
age were found in the basal sandstone member,
which afford a basis for correlating this member
with the Harding sandstone of Colorado.

In Muddy Creek Canyon a number of fossils
were obtained from beds immediately above the
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massive lower member, but nearly all were of new
species or too poorly preserved to permit accurate
specific determination. The following report upon
them was prepared by Mr, E. O. Ulrich:

Liospira cf. americana, differs from L. americana in
having whorls slightly turriculated; TLophospira cf.
perangulate and acuminata, is small, round-whorled,
broadly wmbilicated; Straparollus-like gasteropod,
material not in condition to determine genus satis-
factorily; Trochomena, sp. undet., shell small, sharply
angulated, with fine, sharp lines of growth; Ortho-
ceras, sp. undet., a small species with nearly flat, thin
septa and comparatively coarse longitudinal lines; Cyr-
toceras, sp. undet., a small slightly curved shell; Cteno-
donta, sp. undet.; Isochilina, sp. nov.; Aparchites, sp.
undet.; Primitia, sp. undet.; Bythocypris, sp. undet.
On the whole the fauna appears to be younger than
Trenton, to which age the underlying massive limestone
is referred, and I am inclined to refer them to the Rich-
mond group.

This opinion is influenced by the probable hiatus
representing a considerable part of Cincinnati time
at the top of the massive limestone member.

Fifty feet higher in the Muddy Creek section were
found Girvanella cf. richmondensis, ? Schizolopha mooresi,
Leperditia cf. cecigena, Isochilina n. sp., Primitia aff.
humilis. This faunule evidently should be referred to
the Richmond. Except the Girvanella, perhaps, the
species are not identical with known Richmond forms,
but they are nearer to these than to species of any other
fauna. Species to which they are related occur well up
in the Richmond of Ohio and Indiana.

Some distance higher were found an undeter-
mined fucoid, possibly of the genus Lycrophycus,
and a poorly preserved Profarea resembling the
species verncuili and probably of Richmond age.
The corals which are so abundant at some places
in the lower part of the upper member were not
found in the Muddy Creek section, but on Crazy
‘Woman road, less than a mile north, they occur in
moderate numbers. At this place were collected
Halysiles catenulatus var. gracilis, Columnaria halli
var., and Ceraurus resembling milleri.  These
forms are known to occur in the Richmond group,
or uppermost Ordovician. ~Apparently in the Big-
horn region there is, between the two upper mem-
bers of the Bighorn limestone, a widespread hiatus
representing later Trenton, Utica, Eden, and Lor-
raine time. Locally perhaps the earlier Richmond
also is absent at the top of the formation. Earlier
Ordovician beds older than Black River are
absent.

CARBONIFEROUS SYSTEM.
MADISON LIMESTONE.

Relations and outerop.—The greater part of the
thick limestone series flanking the slopes of the
Bighorn Mountains constitutes the formation
known as the Madison limestone. It averages
about 850 feet in thickness and is of earlier Car-
boniferous age, being correlated with the Madison
limestone of Montana and the Pahasapa limestone
of the Black Hills. It lies unconformably on the
Bighorn limestone, but without discordance of dip,
and is overlain with apparent conformity by the
Amsden formation. The Madison outcrop forms
the crest and outer slopes of the limestone front
ridge, lying in a belt which varies in width from
1 to 4 miles on the greater part of the west side of
the mountains and is considerably narrower on the
east side. It extends far down the valleys of
streams flowing westward, especially along Ten-
sleep and Paintrock creeks and the branches of
Medicinelodge Creek. In the canyons of these
streams it appears in walls that -are in places a
thousand feet high, including the cliff of Bighorn
limestone. The most notable of these exposures
are in Tensleep Canyon, down which the forma-
tion extends nearly to the mouth of Canyon Creek.
The formation is also bared for a short distance in
the lower portion of the canyon of South Fork of
Brokenback Creek. Along the fault which extends
down the valley of Canyon Creek the formation
appears at intervals in cliffs overlooking slopes of
the Amsden, Tensleep, and Chugwater formations.
Along the eastern extension of this fault the for-
mation is in contact with the Deadwood shales for
a short distance, and is again cut out for about a

. mile in the southeast corner of the Cloud Peak
quadrangle, east of bench mark 8337. Along the
eastern front ridge the outerop is nearly contin-
uous, but it is interrupted for short distances by
faults at North Fork of Rock Creek and South

Cloud Peak-Fort McKinney.
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Fork of Sayles Creek. North of Crazy Woman
Hill, where the dips are steep, the outcrop zone is
narrow, varying in width from 1 mile west of
Mowry Basin to less than 1000 feet on Clear,
French, and Johnson creeks. In the southern
portion of the area mapped it widens, especially in
a low anticline and syncline south of Billy Creek,
where its width is nearly 3 miles. It underlies the
southwest corner of the Fort McKinney quadran-
gle, but on Two Creek its outerop is cut off by a
fault in which the overlying Amsden formation is
brought into contact with the granite. Owing to
faults along the east side of the front ridge the
Madison limestone has been brought into contact
with the Kingsbury conglomerates northwest of
Buffalo, and by the prolongation of one of the
faults is brought to the surface 1 mile east of the
foot of the mountains, in the divide south of Sayles
Creek.

Thickness—The Madison limestone is 900 feet
thick in the northern part of the area mapped, but
its thickness gradually diminishes toward the south.
On Canyon Creek it is about 750 feet thick and at
the southern margin of the Fort McKinney quad-
rangle it is 600 feet or less.

Character.—The Madison limestone comprizes
two principal members. The upper one consists
of 175 to 250 feet of light-colored, nearly pure,
massive-bedded limestone, which weathers to a
light dove color and gives rise to pinnacled forms
and caverns. This upper member generally lies
on the higher eastern slopes of the front ridge, and
parts of it are stained red by wash from the red
shales of the overlying Amsden formation. A
characteristic view of it is given in fig. 16. The
lower member consists of 400 to 700 feet of harder,
darker colored limestones, mostly in beds less than
3 feet thick, which usually constitute the crest of
the front ridge. Some of the beds are sandy, and
some shaly limestones appear locally. In general
each member is nearly uniform in character thru-
out, and the lower one shows a gradual diminution
of thickness toward the south. The most exten-
sive and instructive exposures of the formation are
in canyons, especially those of South Fork of Rock
Creek, Kelley, North, Middle, and South forks of
Crazy Woman Creek, and Muddy, Billy, and
Beaver creeks.

Fossils and age.—Fossils occur thruout the Madi-
son limestone, but are most abundant in and above
the middle beds. They are correlated with the
Waverly horizon in the Mississippian series
(Lower Carboniferous). The formation is equiv-
alent to the Madison limestone of Montana and
approximately to the Pahasapa limestone of the
Black Hills. The most abundant species are Spir-
ifer centronatus, Choneles loganensis, Seminula
humilis, and Eumetria vernewiliana.

The lower beds seldom yield determinable fos-
sils. A few remains obtained on Muddy Creek a
few feet above the Bighorn limestone were identi-
fied as follows: Syringopora surcularia, Schuchert-
ella incequalis, Camarotechia sappho? ?, Fistulipora
sp., Fenestella sp., and Seminula ? sp. A short dis-
tance north the same beds yielded the two forms
first mentioned, together with Spirifer centronatus
and Rhipidomella ? sp.

In the medial beds at the head of North
Fork of Shell Creek the following species were
collected:  Sehuchertella inwqualis, Chonetes-logan-
ensis, Spirifer centronatus, Spiriferina solidirostris, |
Seminula  humilis, 8. madisonensis var. pusilla,
Eumetria verneuiliana, and Camarotechia metal-
lica. All these fossils were determined by Mr.
G. H. Girty.

AMSDEN FORMATION.

Madi

the lower portion of Tensleep and Canyon Creek
canyons, and in Canyon Creek Canyon northeast
of Rome, where it is cut off by a fault. An out-
lying area appears south of North Fork of Powder
River, where it is brought into contact with the
Bighorn limestone and Deadwood formation by a
fault.

For some distance west of Buffalo and north of
North Fork of Rock Creek the formation is cut off
by the faults and does not reach the surface.

Character.—The basal member of the Amsden
formation usually is a red sandy shale or a fine-
grained red sandstone, averaging 100 feet in thick-
ness. Owing to its softness its outcrop is marked
by a slight saddle, east of which overlying lime-
stones often rise in a knob or bench. Along the
east side of the mountains the red member gener-
ally lies directly on the massive blue limestone at
the top of the Madison formation, without evident
unconformity. In an extensive exposure of the
Amsden formation in the canyon of North Fork of
Crazy Woman Creek there are, at the base, about
60 feet of fine-grained sandstones, mostly red but
with some ledges of buff color; then 80 feet of fine,
white, very compact limestones with red and buff
shale intercalations; a few feet of impure, light-
colored limestones filled with light-colored chert;
40 feet of light-colored limestones with partings of
purplish shale; 30 feet of impure limestones with
much gray to brown chert; and, at the top, 25
feet or more of alternations of impure limestone
and sandstone—225 feet in all. This exposure is
shown in fig. 16. About 1} miles south of John-
son Creek, 320 feet of Amsden formation were
measured, including the thick mass of basal red
beds and a succession of fine, white, compact lime-
stones, containing less chert and sandy admixture
than the beds farther south.

On the west slope of the mountains the lower red
shale member of the Amsden formation is separated
from the Madison limestone by a local bed of cross-
bedded sandstone which attains its maximum devel-
opment in the vicinity of Tensleep Creek, where it
has a thickness of over 40 feet. It is coarse grained,
of gray color, and cross-bedded. The red shales
next above are from 30 to 50 feet thick and are
conspicuous all along the higher middle slopes on
the west side of the mountain. In some of the
canyons this red shale is less noticeable, being
covered by talus from the cliffs above. On the
west slope the upper member of the Amsden for-
mation consists largely of slabby sandstones, in
part caleareous, which in its lower portion contain
beds of fine-grained, pure white limestone, similar
to lithographic stone, and in its upper portion
beds of very cherty limestone. In the slopes west
of Black Butte the basal sandstone is not more
than 10 feet thick, while the red shales are more than
50 feet thick and are succeeded by 10 feet of hard,
fine-grained limestone, containing much chert. The
upper portion of the formation consists of about 120
feet of slabby sandstones, shales, and white lime-
stones. The basal sandstone is a conspicuous
feature near Canyon Creek, altho it is there of
somewhat diminished thickness. Tt also appears in
exposures south of North Fork of Powder River.
Owing to the sandy nature of the deposits in the
upper portion of the formation, it is not always
practicable to distinguish the contact line with the
Tensleep beds.

Fossils and age.—Fragmentary fossils occur at
many places in some of the limestone and cherty
beds, but they are usually indeterminate. Some
fairly good ones collected from the heavy chert
beds near the top of the formation on the slopes
south of North Fork of Crazy Woman Creek com-
prize the following species: Productus nebraskensts,
Ed, : ;

Relations and outerop.—Upon the lime-
stone lies a series of red shales, limestones, sand-
stones, and cherty beds, which has been designated
the Amsden formation. Its average thickness is
between 200 and 250 feet. Its outcrop extends
along the middle slopes of the front ridges on both
sides of the mountains. On the west side, where
the dips are mostly low, its extent is great, espe-
cially in the area lying between Paintrock and Can-
yon creeks. It is also exposed far up the divides
between Paintrock and Medicinelodge creeks and
in portions of the region farther northwest. There
are extensive exposures along the high ridge west
of South Fork of Paintrock Creek, in the ridges
on either side of the forks of Brokenback Creek, in

nebrask 7 idaris sp., Mur-
hisonia near M. lasall Orthothetina n. sp.,
Aviculopecten occidentalis 2, Plewrophorus near P.
subcostatus, Euomphalus catilloides ?, Plewrotomaria
scitula 2, Bellerophon ? sp., Fenestella sp., Entolium
iculat Orth 2 sp., Euph ? sp., and
Phillipsia major. These forms were determined
by Mr. G. H. Girty, who regards them as repre-
sentatives of the upper portion of the Pennsyl-
vanian (Upper Carboniferous) of the Mississippi
Valley section. In another portion of the uplift
an earlier Carboniferous fossil (Menophyllum exca-
vatum) was found in the lower limestones, which
may indicate that the lower beds comprize a portion
of the Mississippian series.

TENSLEEP SANDSTONE.

This sheet of sandstone extends along the lower
slopes of the Bighorn Mountains, usually marking
the first rise above the red valley.

West slope.—On the west side of the mountains
its thickness is from 100 to 150 feet, with frequent
local variations. It consists almost entirely of mod-
erately fine-grained, massive, cross-hedded sand-
stone of light-gray color. Toward the top there
are one or two limy layers, and in its lower portion
there is a less massive, more regularly bedded
sandstone, which is not easily separable from the
top sandy members of the Amsden, into which it
merges.

The formation extends far up the divides between
Paintrock and North Fork of Brokenback creeks
and south of Tensleep Canyon, constituting low,
steep-sided ridges and outlying buttes. It presents
extensive exposures along the lower portion of Ten-
sleep and Canyon Creek canyons, the name being
derived from the former. In the ridge adjoining
North Fork of Powder River it occurs on a faulted
block, in which it abuts against the Madison lime-
stone for a mile or more. A similar relation exists
for several miles along the fault north and north-
east of Rome post-office. Owing to a low anticline
trending northwestward, outerops of the formation
extend far down the two forks of Brokenback
Creek, and several small areas show in shallow can-
yons in the ridge north of bench mark 4522.

Eust slope—On the east side of the mountains
the formation is a massive white sandstone, locally
of buff color, usually hard, about 250 feet thick at
the north, its thickness gradually increasing to
350 feet toward the south. From North Fork of
Crazy Woman Creek southward it extends far up
the mountain slopes, rising over a thousand feet on
the spurs, but is deeply trenched by streams, which
pass thru it in narrow gateways. To the north,
as the dips steepen, it gives rise to a ragged ridge
of pinnacles or plates of sandstone which extends
nearly to Clear Creek, where the formation is cut
off by the fault and ceases to outcrop for several
miles. It again appears on the slopes west of
Mowry Basin, extending to the fault at North Fork
of Rock Creek.

Fossils and age.—Only a few fossils have been
discovered in the formation, and these occur in
chert nodules in its middle beds, on the slopes
southwest of Buffalo. Of the fossils collected, Mr.
G. H. Girty identified Productus cora, Strophostylus
nanus?, and Pleurotomaria? sp.— forms which
indicate later Carboniferous (Pennsylvanian) age.

TRIASSIC SYSTEM (?).
CHUGWATER FORMATION.

General  features.—The Chugwater formation
consists of red shales and sandstones which outerop
along the base of the steeper slope of the front ridge
of the Bighorn Mountains. Its thickness averages
1200 feet on the east side of the mountains and 800
feet on the west side. Owing to low dips and an
anticline, its outcrop area iy wide in the southwest-
ern portion of the Cloud Peak quadrangle, attaining
on Brokenback Creek a width of 10 miles. South
of Tensleep Creek and still farther southwest, where
the dips are steeper, the outerop averages about 3
miles in width. The surface is barren and bears
but little vegetation, and as some of its beds are
hard the formation is extensively exposed in num-
erous prominent bare ridges and buttes. One of
the finest lines of red cliffs extends northwestward
from Rome along the south side of Canyon Creek
Valley; another notable one is on the west bank
of No Wood Creek, at the mouth of Tensleep Creek.
On the east side of the mountains the outcrop is
mostly from one-third to one-half mile wide, but
west of Buffalo the formation is cut off by a fault
for some distance, so that it does not reach the
surface. The formation begins abruptly at the
top of the Tensleep sandstone, but no signs of
unconformity appear at the contact.

C'haracter—The Chugwater rocks consist mainly
of soft, massive red sandstones with bodies of sandy
red shales at intervals and at the top and bottom.
Near the base there is everywhere a stratum of
thin-bedded purplish limestone; a short distance
higher up, or about 80 feet above the base, there is
a layer of massive limestone which acquires a pecul-
iar spongy texture on weathering. Near the top
there are some thin but persistent layers of white
slabby limestones, intercalated among red and



purplish shales. Gypsum occurs in the Chugwater
formation in local beds, mostly near its summit
and base. The brilliant red color of the formation
makes it a conspicuous feature in the landscape,
contrasting sharply with the light-colored Tensleep
sandstone of the adjoining mountain slope.

Sections on west side—On Paintrock Creek the
upper Chugwater beds consist of a 16-foot limestone
layer, which is followed above by 60 feet of red
sandy shales, 10 feet of gypsum, 30 feet of red
shales, 100 feet of red shales with some gypsum
below and thin limestone above, 2 feet of white
limestone, and, at the top, 6 feet of red shale,
capped by a 6-foot layer of sandy limestone
filled with Jurassic fossils. On Tensleep Creek
the formation contains the two limestone beds
toward the base, and the lower 100 feet of red
sandy shales include three beds of gypsum, each
about 8 feet thick. This series is followed by
massive, soft red sandstones, several hundred feet
thick, merging upward into a bed of red sandy
shale 100 feet thick, containing mnear its base a
5-foot layer of hard, thin-bedded gray limestone.
Higher up are several beds of gypsum and at the
top several thin beds of white slabby limestone.

Section on east side.—The Chugwater stratigraphy
on the east side of the mountains presents several
local variations. At the base of the formation
there are red shales lying directly on the Tensleep
sandstone with perfect conformity of dip, but pre-
senting an abrupt change in sediments. From 15
to 20 feet above the contact there is everywhere a
bed of thinly laminated pinkish limestone from 2
to 5 feet thick, so similar in relations and character
to the Minnekahta limestone of the Black Hills as
to strongly suggest that they represent the same
horizon, but thinner and with an attenuated rep-
resentative of the Opeche beds below. Inan excel-
lent exposure of nearly vertical beds in the slopes
north of South Fork of Rock Creek the lower
limestone is overlain by 200 feet of soft red sand-
stone containing much impure gypsum. Next
there is a 20-foot bed of pure gypsum over a few
feet of red shales, and then a 3-foot bed of impure
limestone containing considerable silica and weather-
ing to a brown porous rock, a characteristic member
at this horizon. This is followed by 500 feet of red
sandstone, terminated by a 13-foot bed of very hard
white limestone, which rises in a sharply marked
local ridge, especially prominent near the small cross
fault. It is overlain by 180 feet of soft, reddish-
brown, massive sandstone, including in its middle
a thin fossiliferous limestone bed and near its top
a 3-foot bed of hard white limestone. In the south-
ern part of the area mapped the local relations of
these beds vary somewhat, mainly in the intervals
between the upper limestones. In the first draw
south of Mowry Creek there is an interval of 240
feet between a 4-foot limestone bed marking the
summit of the Chugwater formation and the heavier
bed below, which is here 12 feet thick and whose
outerop, owing to its hardness and its steep dip, is
marked by a line of jagged ridges. The under-
lying red beds here are 1230 feet thick. On
Sayles Creek similar relations and thicknesses
were observed. Near the head of Sand Creek,
southwest of Buffalo, where the beds are nearly
vertical, there are, first, 150 feet of red beds with
the thin bed of limestone near their base; then
over 100 feet of gypsum, in part pure; 700 feet of
soft red sandstones; then the lower limestone of
the upper limestone series, 6 feet thick, followed
by 180 fect of red shales and sandstones that
extend up to a succession of red shales, 70 feet
thick, containing thin basal and medial beds of
limestone and a 6-foot bed of limestone at the top.
In the region south of Sisters Hill the upper series,
with limestones, diminishes in thickness. There
are several feet of red shale at the top and then a
3~ to 4-foot bed of limestone lying on red shales
containing two thinner limestones. The thin-
bedded purple limestone lies 30 feet above the
Tensleep sandstone, and 40 to 50 feet higher is a
5-foot bed of dark limestone, weathering to a rock
of porous texture. Several gypsum beds occur in
the overlying shales for the next 100 feet. Near
Beaver Creek an 8-foot bed of this mineral occurs
locally near the top of the formation.

Fossils and age—A few imperfect fossils collected
in the upper limestone of the Chugwater formation
were found by Mr. T. W. Stanton to comprize a
probable ostracod crustacean, numerous small
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bivalves resembling Astarte, and a few small nati-
coid gasteropods, which are not sufficiently char-
acteristic to decide the age of the formation. In
other portions of the area a few indistinet fossils
which are believed to be Permian occur in the
lower limestones of the Chugwater. It is probable
that the lower portion of the formation is equiv-
alent to the Opeche red beds and Minnekahta
limestone of the Black Hills and southern
Wyoming, which are regarded as Permian. It
is thought likely that the great overlying mass of
red beds may comprize Triassic sediments, espe-
cially at the top, but there is no direct evidence on
this point.

JURASSIC SYSTEM.
SUNDANCE FORMATION.

Relations and outerops—On the outer margin
of the outerop of Chugwater red beds there is a
narrow outerop zone of the shales and sandstones of
the Sundance formation. It extends continuously
southward along the east side of the mountains,
from the head of Sand Creek and from South Fork
of Sayles Creek nearly to North Fork of Rock
Creek, but is cut out by faults for some distance
west of Buffalo and north of Rock Creek. Out-
crops are abundant, but along the streams and
on the divides south of the head of Kelley
Creek the formation is hidden in places by super-
ficial deposits. West of the mountains the outcrop
extends for some distance along the east side of No
‘Wood Creek and the slopes east of that creek nearly
to the mouth of Tensleep Creek. A short distance
south of Tensleep post-office the dips steepen rap-
idly and change in direction to south, so that a
narrow zone of outcrop extends westward. This
reaches nearly to the western margin of the Cloud
Peak quadrangle, where the dips again flatten and,
changing to west, cause the outcrop area to widen.
Southeast of Tensleep post-office the formation is
extensively overlain by the later formations, but it
is exposed along both sides of No Wood Creek and
in several valleys of small branches, as well as in
the high ridge a mile south of bench mark 5097,
where it is a prominent feature. The formation
lies unconformably on the red beds of the Chug-
water formation, but without perceptible discord-
ance of dip and usually without marked evidence
of erosion.” The hiatus at its base represents mid-
dle and early Jurassic time and doubtless some if
not all of Triassic time.

Thickness—The thickness of the formation is
about 320 feet on Rock Creek, 365 feet on Sayles
Creek, and 450 feet south of Sisters Hill. South of
North Fork of Crazy Woman Creek the amount
diminishes gradually to 380 feet on Beaver Creek.
On the west side of the mountains the thickness is
325 feet.

Character west of the mountains.—In the. region
adjoining No Wood Creek the Sundance deposits
consist largely of greenish-gray shales with occa-
sional sandy and limy layers. In the upper 50
feet there are three thick beds of limy sandstones
filled with fossils, a member which is prominent in
the two 5000-foot summits south of bench mark
5097. Toward the base of the formation soft
greenish-gray sandstones appear and in places a
bed of dark-gray fossiliferous limestone.

Character east of the mountains—South of Sisters
Hill the basal member is a 3-foot bed of conglom-
erate consisting of chert pebbles up to an inch in
diameter, mixt with sand, but this is of small
extent. Northwest of Buffalo the basal bed is
shale, which always is succeeded by a thin but
hard stratum of sandstone or sandy limestone,
generally highly fossiliferous. The basal shales
disappear south of Poison Creck, but the hard
fossiliferous bed continues, capping a ridge or
westward-facing escarpment of “Red Beds.” It
has a thickness of 3 to 5 feet usually, but of 25
feet at one point near Beaver Creek. It is suc-
ceeded by 75 to 100 feet of sandy beds of pale
greenish-gray to pale buff color, varying from
massive to thinly laminated, usually soft, but
sometimes including hard layers and in places
having near its lower portion some sandy shales
containing Giryphea calceola var. nebrascensis.
On Beaver Creek the basal sandy series is
nearly 200 feet thick, comprizing much mass-
ive white sandstone in its upper portion, some
shales, and several hard layers. The next member
is greenish-gray shale averaging from 100 to 120

feet thick thruout and containing thin layers of
highly fossiliferous limestone and sandy layers
with abundant Belemnites densus.  Fossiliferous,
caleareous, lens-shaped concretions also occur in
these shales. They are succeeded by a hard
sandy layer containing many fossils, usually fol-
lowed by several feet of shales or a thin mass of
gray sandstone. Next above is another hard fossil-
iferous bed, 3 or 4 feet thick, marking the summit
of the formation. These two upper hard beds give
rise at many places to small ridges that rise sharply
above slopes of the greenish-gray shales.

Fossils—Fossils are abundant in all exposures
of the Sundance formation. One of the most con-
spicuous forms is Belemnites densus, a cigar-shaped
fossil 3 or 4 inches long, smooth on the outside,
but having a radiated structure within. These
occur mostly in sandy layers in the upper shale
member and often weather out on the surface, and
thus become a notable feature. In the lower sandy
shales there are large numbers of a small oysterlike
shell, G'ryphea caleeola var. nebrascensis, and in the
hard layers higher up are found Camplonectes
bellistriatus, Ostrea  strigilecula, O. engelmanni,
Dosinia  jurassica, Ewmicrotis curta, Trigonia
elegantissima, T. americana, T. conradi, T. mon-
tanaensis, Penlacrinus asteriscus, and other forms,
all determined by Mr. T. W. Stanton. The forma-
tion is equivalent to the Sundance formation of the
Black Hills and the Ellis formation of Montana
and the Yellowstone Park region. It may be cor-
related with the lower part of the European upper
Jurassic.

CRETACEOUS SYSTEM.
MORRISON FORMATION.

Relations and, outerops.—This formation outerops
along a narrow zone in the foothills at the base of
the mountains, except west and northwest of Buf-
falo, where, for a few miles, it is cut off by faults.
As it consists principally of soft deposits, its out-
crop zone is marked by a shallow valley lying
between knobs of Cloverly sandstone on the east
and the ridge of the upper sandstone of the Sun-
dance formation on the west, and it is mostly
covered by sod or talus. In the valleys and on
the wide divides south of Sand Creek it is at many
places buried beneath Quaternary deposits. It out-
crops in a broad area along both sides of No Wood
Creek south of Tensleep post-office and in a narrow
zone in the region of steep dips west of the mouth
of Tensleep Creek. In a portion of the area south
of Tensleep post-office the formation extends far up
the slopes of the ridge of Sundance beds and is cut
into outliers by several small branch streams.

Its thickness is less than 150 feet northwest of
Buffalo, but increases southward, and its amount is
250 feet in several sections south of Sisters Hill. It
again diminishes somewhat in thickness south of
Poison Creek and is 160 feet near Beaver Creek.
On No Wood Creek it is 250 feet thick.

Possibly there is conformity between the Mor-
rison and Sundance formations, and perhaps also
transition thru a few feet of greenish-gray sand-
stones which lie above the hard fossiliferous ledge
near the top of the Sundance, but no positive evi-
dence was found as to the precise limits of the two
formations. At the top of the Morrison formation
there is an abrupt change of sediments to the Clov-
erly conglomerate, but probably without hiatus
representing any considerable time interval.

Character—The formation is composed piinci-
pally of hard clay or massive shale of a greenish or
maroon color, with darker clay at its summit, all
having a peculiar chalky appearance, and includes
several beds of light-gray or buff sandstones rang-
ing in thickness from 2 to 20 feet. These sand-
stones are usually soft and, on weathering, exhibit
thin, irregular bedding planes, which generally
have a peculiar wavy surface, suggestive of incipient
cross-bedding.

Sections east of the mountains—The best expo-
sures are in Mowry Basin, on Sand Creek, south-
east of Sisters Hill, on Muddy Creek and its north
fork, and at intervals from Poison Creek to Beaver
Creek. In the first hollow south of South Fork of
Rock Creek there are, above the hard fossiliferous
layers near or at the top of the Sundance formation,
40 feet or more of soft greenish-gray and pale-buff
sandstones, which possibly should be regarded as
the base of the Morrison formation, or perhaps as
a transition series; then follow 80 feet of clays, 15

feet of the typical sandstone above described, and,
at the top, 30 feet of clays of maroon, buff, and
greenish colors below and dark above.

A mile south of Muddy Creek is the clearest
exposure of the Morrison formation in the area.
It exhibits, at the top, 10 feet of reddish shale,
grading down into dark shale, succeeded by 240
feet of hard, chalky clays of maroon and green
tints, with occasional thin sandstone partings and,
100 feet below the Cloverly sandstone, a 6-foot
bed of hard, light-colored sandstones. The sand-
stones weather in thin beds with irregular, wavy
surfaces. Near its base the clay is red. Next
below the above-described beds is an 8-foot bed of
white sandstone, separated from the fossiliferous
Sundance ledge by a few feet of soft gray and buff
sandstones.  On Poison Creck the features are very
similar to those near Muddy Creek. A mile north of
Middle Fork of Crazy Woman Creek the upper part
of the formation consists of 125 feet of clays, partly
maroon and partly green, with thin sandstone layers
near their bottom, resting on a 5-foot ledge of light~
gray sandstone underlain by 40 feet of shales and
soft sandstones lying on the top of the Sundance
formation. A mile south of Middle Fork of Crazy
‘Woman Creek there are, at the top, 80 feet of chalky
clays, light-green above and maroon below, under-
lain by a 6- to 12-foot bed of grayish-buff sand-
stone containing plants and saurian bones; 70 feet
of maroon and light-green chalky clays with thin
sandstone layers; 12 to 15 feet of white, soft, mass-
ive sandstone resembling the Unkpapa sandstone,
which lies in a similar position in the Black Hills,
and, at the bottom, a 20-foot bed of greenish sandy
clays, which lies next above the hard fossiliferous
bed on the top of the Sundance formation and pos-
sibly belongs to that formation. Near Beaver Creek
the upper part of the formation consists of 50 feet
of light-green to maroon chalky clays containing a
2-foot bed of limestone 10 feet below the Cloverly
sandstone. These clays are underlain by a suc-
cession consisting of a 4-foot sandstone bed; 25 feet
of clays, in part maroon; several layers of sand-
stone; 10 feet of shale; 1} feet of thin limestone;
25 feet of red to maroon clays with thin sandstone
layers; 2 feet of thin-bedded sandstone; 20 feet of
soft, massive white sandstone; and, at the base, a
few feet of clays lying on the hard fossiliferous bed
at the top of the Sundance formation.

No Wood Valley—In No Wood Valley the
rocks consist of the usual admixture of clay and
fine sand, or sandy clay, in greater part massive
bedded, containing layers of gray sandstone. The
principal colors are greenish-gray and maroon,
but some beds are white, purplish, gray, or nearly
black. The lower beds are of dull pinkish color.
In the vicinity of Tensleep post-office, where the
thickness is about 250 feet, the formation consists
of greenish-gray sandy shales below, then a sand-
stone member 5 to 8 feet thick, followed above by
50 feet of maroon to red clay, 100 feet of greenish-
gray clays, and, at the top, 40 feet of darker shales,
which extend to the base of the Cloverly sandstone.

FPossils and age.—~The only fossils discovered in
the Morrison beds are fragments of hones of large
saurians, apparently similar to those oceurring in
the formation in other regions. Opinions are
divided as to whether these remains are of late
Jurassic or early Cretaceous age, but, because of
the stratigraphic relations of the beds in the Black
Hills and Rocky Mountains, they are provisionally
classed in the early Cretaceous.

CLOVERLY FORMATION.

Outerop and relations.—This formation consists
of sandstone and sandy clay supposed to be the
stratigraphic equivalent of beds formerly referred
to as “Dakota” sandstone. Its outcrop extends
in a narrow zome a short distance east of the
mountains, and its sandstone member generally is
marked by knobs and low ridges on the divides.
In a few areas the sandstone is too soft to be prom-
inent, while in the valleys and on some of the high
terraces on the east slope of the mountains the for-
mation is covered by Quaternary deposits. In part
of the area northwest of Buffalo it is cut out by
faults.

The outcrop extends along the slopes west of No
Wood Creek for some distance and crosses that
stream at a point one-half mile south of Tensleep
post-office, appearing in a small exposure on the
north bank. To the west and south of this



exposure for some distance the formation is covered
by alluvium. It reappears at a point three-fourths
of a mile southwest of Tensleep post-office, dipping
very steeply southward and extending westward in
a narrow zone.

The basal sandstone appears to lie conformably
on the Morrison formation, altho there is an abrupt
change in sediments at the contact, especially where
there are local lenses of conglomerate in the basal
beds. There appears to be gradation from the top
of the formation to the succeeding Colorado.

Character.—The lower half of the formation is
characterized by a coarse-grained, partially cross-
bedded, massive sandstone, usually in one body
consisting of indurated quartz sand. The color is
mostly pale buff or light brown, but locally it is
light gray or white. Most of the outcrops bear a
few scattered pine trees, and the areas of the Clo-
verly formation may in some places be thus readily
distinguished, for such trees do not grow on out-
crops of the adjoining formations. The sandstone
is at most places about 30 feet thick, but southeast
of Sisters Hill for a mile or more it is 60 feet thick.
It is thinnest on the north side of South Fork of
Rock Creek, where its thickness diminishes to 10
feet for a short distance, but increases again to 30
feet on the slopes 2 miles farther south. At one
locality south of Clear Creek the formation may
be absent, but the exposure is too obscure to be
decisive.

In the slopes east of the main Cloverly sandstone
ridge there is a thin body of clays, but owing to
their softness they are ravely exposed. The prin-
cipal material is reddish to ash-colored clay, merg-
ing upward into dark-gray shale of the Colorado
formation and having a thickness of 20 to 40 feet
so far as could be observed.

On No Wood Creek the formation consists of a
massive light-colored sandstone about 40 feet thick,
overlain by 30 to 60 feet of light-colored shale,
mostly massive, and, at the top, a thin bed of
harder buff and reddish-brown sandstone 8 to 10
feet thick. A mile west of Tensleep post-office the
basal sandstone is coarse grained and cross-bedded,
and nearly pure white in color. The overlying
shale is 60 feet thick and at the top are 8 feet of
sandstone varying in color from white to buff and
brown.

Correlation.—The Cloverly formation is believed
to represent the Lakota sandstone, Fuson formation,
and Dakota sandstone of the Black Hills region.
Apparently the Dakota sandstone (Upper Creta-
ceous) is not well developed except in local masses
of sandstone which sometimes overlie the clay
member. Possibly also it is represented by tran-
sition shale beds and thin sandstones at the top of
the formation. However, as there is apparently no
unconformity between the Cloverly and the Colorado
sediments, some representative of the Dakota hori-
zon must be present. So far the formation has not
yielded any fossils which throw light on its age—
only a few fragments of leaves and pine needles.
On the basis of the above correlation it represents
the last deposits of the Lower Cretaceous and the
earliest deposits of the Upper Cretaceous.

COLORADO FORMATION.

Outerops and relations.—The thick mass of shales
constituting the greater part of the Colorado forma-
tion outcrops in a narrow zone extending north,
and south a short distance from the foot of the
mountains. This zone varies in width from less
than 300 yurds northwest of Buffalo to half a mile
or more in the region farther south, where the dips
are low. The beds outcrop extensively in this area,
but at the north they are locally cut out by faults
and overlapped by later beds, and on many of the
divides to the south they are covered by Quater-
nary deposits. The formation is about 1300 feet
thick from Sayles Creek southward, but on
approaching South Fork of Rock Creek its thick-
ness rapidly diminishes, and in one ‘measurement
just north of that creek it is about 800 feet, the
decrease here possibly being due to faulting and
crushing. The formation also occupies a small area
in the southwest corner of the Cloud Peak quad-
rangle.

The formation consists mainly of dark-colored’
fissile shales that contain toward the bottom thin
layers of brown sandstone and near the middle a
conspicuous member of hard, thin-bedded, fine-
grained sandstones and hard shales, which has been
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separated as the Mowry member. The lowest 100 to
200 feet of the Colorado shales contain many thin
beds of brown sandstone which weather out on the
slopes and give a characteristic rusty appearance to
the outcrops. The top of the Colorado formation
is somewhat indefinite, for there is a continuous
succession of gray shales between the Mowry mem-
ber and the Parkman sandstone. The top is placed
arbitrarily at the base of beds containing Pierre
fossils, or about 500 feet above the horizon of con-
cretions with Prionotropis, a horizon which char-
acterizes the upper member of the Benton shale in
other regions. The gray shales in the upper part
of the formation probably represent the Niobrara
formation, but, owing to the absence of carbonate
of lime in them, they lack the characteristics which
distinguish the formation in the region farther
south. At its base the Colorado formation is in
conformable succession to the Cloverly formation.

Eust slope.—On the east side of the mountains
the Colorado formation presents the character above
described, together with some local features. In
the upper portion of the basal member, or “rusty
series,” there is a persistent horizon in the shale
containing numerous dark-gray globular concre-
tions, mostly from 1 inch to 1} inches in diameter,
which in places accumulate in considerable num-
bers on the shale slopes. They have a radiate
crystalline structure and consist of impure phos-
phate of lime, evidently a replacement of the iron
sulfide mineral marcasite. They occur thru a
vertical interval of only 3 or 4 feet in the shale,
but appear in greater or less number in all expo-
sures. On Sayles Creek the horizon is not over
60 feet above the base of the formation; a mile
south of Muddy Creek and near Beaver Creek it
is 100 feet above, but near Crazy Woman Creek it
appears to be much higher. Above the “rusty
series” there is a variable thickness of dark-gray
shales, mostly very fissile, carrying lens-shaped
concretions, from a few inches to several feet in
diameter. Some of these concretions are composed
of carbonate of lime; others of carbonate and oxide
of iron. Near the middle of this series lenticular
deposits of light-colored sandstones occur locally.
One of these appears southeast of Sisters Hill, where
the rock is 10 feet thick, white, and massive. It
lies 450 feet above the base of the formation. It
shows again in a low but conspicuous knob a short
distance south of the Sisters Hill road and on the
slope a mile south of Muddy Creek, where it is 15
feet thick and 350 feet above the base of the for-
mation. It appears to be represented by several
thin layers of gray sandstone on Beaver Creek and
by a thin layer of brown sandstone at some other
localities.

Upon the shales above described lies the Mowry
member, a series, about 150 feet thick, of thin-
bedded but hard, dark-gray, fine-grained sandstones
and hard gray shales or slates, which become light
colored on weathering and, from their hardness,
form ridges of considerable prominence, usually
bare of sod but often supporting a few scattered
pine trees. Most of the beds contain large num-
bers of fish scales and occasional fish teeth and
bones. By some observers this member was sup-
posed to be Niobrara, but it lies below beds con-
taining distinctive Benton fossils. Its position was
carefully determined along several measured section
lines and it was found to lie between 750 and 850
feet above the base of the formation as far north as
Sayles Creek, beyond which the interval diminishes
rapidly, being 600 feet a mile south of South Fork
of Rock Creck and 225 feet a short distance north
of that creek, a diminution apparently due largely
to faulting and crushing. The Mowry member
merges up into about 300 feet of dark shales carry-
ing occasional layers with Colorado fossils, above
which are 20 to 30 feet of shales containing lens-
shaped lime concretions, of buff color when
weathered. These concretions are 2 to 4 feet in
diameter in greater part and contain frequent
remains of Prionotropis woolgart, a species charac-
teristic of the upper layers of the Benton (Carlile
formation) in an extensive area in the Rocky
Mountain province. This fossil is an ammonite
with spines on the outer margin of its whorls,
and in this region it usually attains a diameter of
a foot or more. The top member of the Colorado
formation consists of about 500 feet of light-gray
shales containing no fossils.

West slope of the mountains.—The area of Colo-

rado formation in the southwest corner of the Cloud
Peak quadrangle constitutes a portion of the high
hills and ridges lying south and west of No Wood
Creek. The rocks are mainly the usual succession
of dark shales with local sandstones. One hun-
dred feet above the base is a 6-foot bed of sand-
stone, and about 400 feet higher is the Mowry
member, consisting of lighter gray, harder shales,
with interbedded, fine-grained, dark sandstone,
having a thickness of 100 feet or more and
capping the higher ridges. This upper series
weathers to a light silver-gray color and the shales
contain large numbers of fish scales. At the top
of the formation there are several hundred feet of
gray shales, the upper portion of which is believed
to represent the Niobrara formation.

Fossils and correlation.—Fossils rarely occur in
the Colorado formation in the Bighorn region.
The ammonites above referred to and a few flat
specimens of Jnoceramus in its top beds are the
principal remains found in it except the large num-
bers of fish scales in the Mowry member.

The Colorado formation in the Bighorn region
comprizes the Benton and Niobrara formations of
the Rocky Mountain and Great Plains region
farther south and east. The stratigraphic posi-
tion of its lower limit is somewhat indefinite,
owing to the almost general absence of separable
Dakota sandstone at its base. The Benton in
other regions consists of Giraneros shale, Green-
horn limestone, and Carlile shale, but these sub-
divisions are not apparent in the vicinity of the
Bighorn Mountains, owing to the lack of distine-
tive development of the middle formation. In the
Black Hills region and farther south the Mowry
member occurs considerably below the middle of
the Graneros shale, while on the east side of the
Bighorn uplift it lies only about 500 feet below
the top of the entire Colorado formation, so that
this 500-foot interval comprizes the representatives
of the upper Graneros, Greenhorn, and Carlile
deposits. The occurrence of the concretions with
Prionotropis and other ammonites appears to indi-
cate the presence of the member which is charac-
teristic of the top of the Carlile formation in other
regions, and as there is no evidence of hiatus in any
portion of the Benton formation in the Bighorn
region it is reasonable to believe that the subdi-
visions are all present but in attenuated form and
with the Greenhorn limestone horizon not charac-
terized either by lime sediments or by the distinctive
fossil Tnoceramus labiatus.

The upper beds of the formation are gray shales,
which probably represent the Niobrara formation,
but the only evidence of the existence of this for-
mation in the Bighorn region is the apparently
continuous sedimentation from the Benton to the
Pierre. The shales seem to contain no carbonate
of lime, so that they lack the characteristics which
distinguish the formation in the region farther
south. The thickness of the beds between the
highest Benton and the lowest Pierre fossils is
about 500 feet and no organic remains have been
found in this interval.

PIERRE SHALE.

The outcrop of Pierre shale extends in a narrow
belt from North Fork of Rock Creek to South Fork
of Sayles Creek, and from the head of Sand Creek,
southwest of Buffalo, to the southern margin of the
Fort McKinney quadrangle. A small area of the
formation occurs in the hills in the southeast corner
of the Cloud Peak quadrangle. In the Mowry
Basin, where the dips are nearly vertical, the out-
crop is less than a half mile wide. Southwest of
Buffalo it gradually increases in width from less
than half a mile to 3 miles on Middle Fork of
Crazy Woman Creek and 4 miles on Beaver Creek,
the increase being due mainly to diminution of dip.
The thickness farther north is 2000 feet, as meas-
ured in vertical beds on Sayles-Creek, but it appears
to be somewhat greater than this in the region
southwest of Buffalo. The material is a monoto-
nous succession of soft dark shales, with an oceca-~
sional thin lens of brown sandstone and scattered
concretions consisting mainly of carbonate of lime.
At the bottom the shales merge into slightly lighter
colored shales at the top of the Colorado formation,
and at the top there is an abrupt change from the
Pierre shale to the Parkman sandstone. In much
of the area a thin bed of brown sandstone lies about
600 feet below the top of the formation. Fossils

oceur sparingly, mainly in concretions, and they
comprize a considerable variety of typical Pierre
forms.

PARKMAN SANDSTONE.

Outerop—The outerop of the Parkman sand-
stone extends diagonally across the Fort McKinney
quadrangle, but for several miles west of Buffalo
and north of North Fork of Rock Creck its con-
tinuity is interrupted by faults. In the Mowry
Basin and on Kelley Creek, where the dips are
steep, the outerop zone is only a few hundred yards
wide, but farther south it broadens considerably,
its width being nearly 2 miles on Billy Creek. To
the north it lies near the foot of the mountains,
but from Kelley Creek southward the space between
it and the mountains widens, so that on Beaver
Creek its western margin is more than 4 miles east
of the slopes of Tensleep sandstone.

Character.—The material of the Parkman beds
is mainly a very massive, soft sandstone of buff’
color, with darker, harder, concretionary portions.
Its course usually is marked by a ridge or belt of
rocky ridges that rise with moderate prominence
above the rolling lands of Pierre shale to the west.
The transition of the Pierre shale to the Park-
man formation is rapid, but the Parkman merges
upward into sandy shales of the Piney formation.
The Parkman formation is about 500 feet thick.
Its most extensive exposures are south of North
Fork of Crazy Woman Creek and in the Mowry
Basin. A section on one of the branches of North
Fork is as follows:

Section of Parkman formation 2 miles southeast of Sisters
Hill, Wyoming.

Feet.
Olive-green clay with thin sandstone layers, prob-

ably Piney formation 100
Light-colored sandstone with few coneretion: 50
Dull-green clay with streaks of red sandstone. 45
Light-green and olive sandstone with thin

30

of hard, rust-rod sanASTONE. .- ... ....vvvveeeers

Greenish-gray clay with
SAndStone JAYers. .............eeeaeeeaeeeanni. o]

Alternating layers of hard and soft sandstone of

Qull-green color.... L%
Greenish sandy clay .8
Olive-green sandstone with layers of large brown
concretions, abundant marine fossils in upper 3
feet. . . 6
Olive sa 15
Buff to greenish-gray cla; .
Flesh-colored sandstone with large brown conere-
tions 15
Greenish-gray clay with few thin layers of conere-
tionary sandstone and thin brown sandstone. ... 100

Black shale (Pierre).

Above the top bed lie 70 feet of gray sandy clay
with pale-blue and maroon streaks and 600 feet of
dark-green to gray clay, which may possibly be
Parkman. This clay is surmounted by typical
Piney sandstone. The 100-foot bed of basal
greenish-gray clays is regarded as a transition
member, thru which the Parkman grades into the
Pierre.

At Hesse ranch the following section was meas-
ured in beds dipping 20°:

Section of Parkman formation near Hesse ranch, Wyoming.

Feet.

Piney (1) i 60
formation | _ ° :
Light-gray massive sandstone. 20
Red to buff clay...... 45
Massive gray sandstone . 20
Light-colored sandstone capped by green and red
i d hering out in small
CHORABLOOIS™. o oo ereieesseeeere 90
Alternations of light- and dark-green and buff clays
with thin layers of green to brown sandstone. ... " 50
Light-greenish sand containing a few rust-colored
coneretions; marine fOSSilS. .. ................l. 30

Brown sandstone, thin bedded at base, more mass-
ive at top, weathering into small toadstools”.. 6
Olive-green sandstone; many marine fossils.
Buff and light-green clay with alternating tl
layers of gray sandstone. ..

Fossils and correlation.—F ossil shells ave of fre-
quent occurrence; they include the following forms,
collected at various localities and determined by
Mr. Stanton:

Cardium  speciosum, Ostrea  glabra, Avicula
linguiformis, A. nebrascana, Liopistha (Cymella)
undata, Thracia subgracilis, T. sublortuosa, Tellina
equilateralis, Lunatia subcrassa, and Spheriola ?
cordata.

These forms were formerly believed to be char-
acteristic of the Fox Hills age, but, in part at least,
they are now known to occur also at a lower hori-
zon. On this account the Parkman sandstone can
not be definitely correlated with the Fox Hills
sandstone.



PINEY FORMATION.

Occurrence and  character—The name Piney
is proposed for the lowest formation of the thick
series of fresh-water sandstones and shales of later
Cretaceous age, formerly designated “Laramie,”
lying in the great basins adjoining the Bighorn
uplift. The name is derived from Piney Creek,
northwest of Buffalo, on which the beds are
extensively exposed.

It is difficult to separate the base of the Piney
formation from the top of the Parkman, for appar-
ently one formation grades into the other and pos-
sibly at a somewhat different horizon in different
portions of the area. In the steep-dipping strata
southeast of Buffalo the Piney formation has a
thickness of about 2000 feet. The lowest beds are
sandstones and shale of light color and the upper
members consist of white, red, and green sands and
sandstones alternating with layers of green and
yellow clays, dark shales, and iron concretions, the
latter composed of sand cemented by iron oxide.
The formation is extensively exposed along the
north side of Rock Creek southwest of Lake
De Smet; also on the west slope of the high
ridge south of Johnson Creek, and notably in the
slopes a mile southeast of the T A ranch, where
it forms badlands. At the latter place the beds
are dark-gray, green, and black shales, with an
occasional layer of brown sandstone, which in
places is of concretionary nature. The Piney
formation is more extensively exposed here than
elsewhere, to a thickness of at least 1500 feet, and
dips 20° to the east. Two miles southeast of Sisters
Hill the beds between the Parkman sandstone and
the sandy members of the Piney formation consist
of several hundred feet of light and dark greenish-
gray to rust-colored shales with occasional 4-inch
to 6-inch layers of rust-red sandstone. These beds
have yielded no fossils and may belong in either
formation, for they grade into both.

Correlation.—The few fragmentary fossil plants
found in the Piney formation do not afford any
definite evidence as to its age. From its general
stratigraphic relations, however, it is believed to
represent part of the Laramie formation.

KINGSBURY CONGLOMERATE.

Along a portion of the central eastern slope of
the Bighorn uplift the Piney formation is overlain
by a thick mass of conglomerate, which is the prod-
uct of a local uplift of later Cretaceous time. For
this formation the name Kingsbury conglomerate
is proposed, from Kingsbury Ridge, southwest of
Buffalo, in which it is extensively exhibited. The
conglomerate extends across the northern and cen-
tral portions of the Fort McKinney quadrangle to
Crazy Woman Creek, where it rapidly dies out or
gives place to fine sediments. It attains its great-
est prominence in the high ridge east of North
Fork of Rock Creek, where for several miles there
are ledges over a hundred feet high, which are con-
spicuous for a long distance. The materials are
pebbles and bowlders, mostly of Madison limestone
and the very distinctive flat-pebble limestone con-
glomerate of the Deadwood formation of the moun-
tains lying to the west—ingredients which indicate
uplift and deep degradation. Granite pebbles were
not observed in any of the exposures. A charac-
teristic outerop of the conglomerate is on the ridge
north of Rock Creck in the central portion of
range 83. The bowlders vary greatly in size and
occur in great disorder as to sizes and position, as
if deposited by rapid streams. At the west end of
this ridge the conglomerate abuts against a low
mound of Deadwood shale and limestone overlain
by Bighorn limestone, mostly in broken ledges,
apparently part of the old shore from which the
fragmental materials were derived. The contact
was not observed at this locality, owing to talus
from the disintegrated conglomerate. The thick-
ness here is 2000 feet or more. In the ridges
between Sayles and French creeks similar coarse
conglomerates abut against Deadwood rocks and
overlying limestones along the foot of the main
mountain slope, where they are conspicuously
exposed. Extensive faults occur in this area, but
in part, at least, they are earlier than the Kings-
bury conglomerate, which extends across them.

On Clear Creek the conglomerate is completely
covered by the old high terrace deposits. It
reappears a short distance south, in Kingsbury
Ridge and its continuation, which extends nearly
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to Crazy Woman Creek, gradually trending away
from the foot of the mountains southward as the
dips diminish. This ridge is 700 feet high south
of Sand Creck and excellent exposures of the beds
occur in the gap thru which that creek passes.
The formation in this area includes numerous lay-
ers of sand, yellow clay, and conglomerate. The
latter is in part hard and in part appears to be a
loose deposit of pebbles. In places it merges into
coarse sandstone and this in some layers gives place
to clay. In this vicinity the formation is about
2500 feet thick. Southeast of T A ranch it consists
of alternating layers of gray sandstone and green,
yellow, red, gray, and black clays, with the con-
glomerate mostly in layers 3 to 4 feet thick, which
stand out in small ridges on the slopes. The dip
is 20°. In this region the formation is not over
400 feet thick.

Fossil shells and plants occur in the upper beds
of the conglomerate in sec. 14, on the south
side of Johnson Creck. According to Mr. T. W.
Stanton they are Unio dane, Spherium, and
Viviparus retusus, which have so wide a range
that they do not indicate the precise age of the
beds. They are, however, supposed to be late
Cretaceous.

DE SMET FORMATION.

General features.—The extensive series of coul
measures lying east of the Bighorn Mountains has
been designated the De Smet formation, from Lake
De Smet, where the beds are well exposed. The
formation occupies about half of the Fort McKinney
quadrangle, extending to the foot of the mountains
west and northwest of Buffalo, but its western limit
is farther out on the plains south of the head of
Kelley Creek. The area it covers comprizes low
hills, ridges, and buttes, few of which rise more
than 250 feet above the intervening valleys, except
the ridges southwest of Buffalo, which are some-
what higher. In the greater part of this area the
beds dip gently northeastward, but toward the foot
of the mountains the inclination of the strata gradu-
ally increases, and finally, near the western margin
of the area, the dips are 10° to 15° or more.

The formation comprizes sandstones, shales,
sandy shales, and coal beds. Some of the shales
baked by the burning coal give rise to clinker
beds, which cover wide areas and have prominent
outerops.

Coal measures.—The coal-bearing beds of the
De Smet formation lie next above the Kingsbury
conglomerate and extend eastward to the margin
of the quadrangle, having a width of about 18
miles on Clear Creek. The dips are 10° to 20°
near the conglomerate, but the amount decreases
rapidly toward the east. They are to the north-
east near Buffalo and to the east near Crazy
‘Woman Creck. The beds comprize 5000 feet or
more of alternating shales and sandstones, the
former mostly carbonaceous and the latter soft
and massive. The stratigraphy is variable and no
regular succession of beds could be established.
The coal occurs in local beds at various horizons,
and altho most of the deposits appear to be of
limited extent a large amount of coal is avail-
able. There are four principal horizons lying
near together a few hundred feet above the base
of the series. In the region northeast and east of
Buffalo part of the coal has burned out near the
surface and the heat has baked the adjoining shales
into red clinker over wide areas. At some localities
the coal is still burning, notably at an abandoned
coal mine near the southeast corner of Lake De
Smet.

The lowest member of the coal measures is sand-
stone, lying on the Kingsbury conglomerate and
merging upward into coaly shale, which extends
north and south for some distance in the region
north and west of Buffalo. On the east side of
Rock Creek, in the northeast corner of 1. 51, R.
83, it is about 6 feet thick and contains three or four
streaks of coal of poor quality. The principal coal
deposits of the Buffalo region occur considerably
higher in the formation. One series outerops
along a zone extending from the southeast cor-
ner of Lake De Smet to the mouth of Rock Creek
and thence east of Buffalo. Near Lake De Smet
the old mines have caved in, but they appear to
have worked about 4 or 5 feet of coal, which is
overlain by a bed of clinker. Near the mouth of
Rock Creek, at the Bodan coal mine, a tunnel has

been run in on a 12-foot bed of good coal. The

section at this place is as follows:

Section at Bodan coal mine, near Buffalo, Wyo.

Feet.
Clinker. ..
Yellow sandy
stone at base 30
Reddish-yellow cla; 4
Dark shale with plants . 2
Coal ..o 12

Light-gray shale.

The.coal appears to be in a lens-shaped deposit
and thins considerably to the north and south. A
short distance north an 8-inch coal bed underlies
the clinker bed. A mile east of the Bodan mine
and at a somewhat higher horizon is the old Foot
mine, in which an 8-foot bed has been worked. It
is overlain by a succession of 20 feet of light sandy
clay, 20 feet of dark shale with thin coaly streaks,
and 15 feet of yellow sandy clay. This coal
deposit is on fire and has been burning for several
years. The section (fig. 1) at Monker & Mather’s
mine, 1 mile east of Buffalo, shows the principal
succession in that region. The lower 7-foot bed is
probably the lowest important bed in the forma-
tion. The upper 7-foot bed reaches the surface
near the mouth of Rock Creek and has been
mined in the Bodan, Foot, and Lake De Smet
mines. The next bed lies some distance above
and is worked at the Mitchell mine, 2} miles east
of Buffalo, a short distance below the lower clinker
bed. Ttis 6 to 8 feet thick.
=g
=5

&5 yellow sandy clay.
4 conly shae.
4 grayish sandy clay.
7 coal.

50’ shiale and slate,

o coal with 1 oot shale parting.
20 shale and slate,

Fia. 1.—Section of part of De Smet formation at Monker &
Mather's coal mine, 1 mile east of Buffalo, Wyo.

The highest coals in this region are found in
isolated areas in buttes and plateaus among the
clinker beds 10 miles northeast of Buffalo. The
coal beds apparently are remnants of deposits
which are burned out elsewhere. They are
included in strata that are free from clinker
and are in part capped by gray sandstone and
clay like those which cap the upper clinker bed
at some other places in the region. (See fig. 2.) A
number of such occurrences were observed in and
adjoining the northwest corner of T. 51, R. 80.

In their southern extension the De Smet coal
measures contain coal, but no large deposits.
There is an irregular succession of sandstones and
shales with coaly layers at intervals. The stratig-
raphy is less marked than in the region farther
north, and the only noticeable feature is the occur-
rence of clinker for a short distance in two lines
of small buttes south and southwest of Long’s
ranch. Coal 6 feet thick is mined 2 miles south-
west of Long’s ranch, but it is not of very good
quality.

Clinker beds.—The uppermost beds of the De Smet
formation in the region consist largely of clinker
beds capping the slopes and divides between Clear,
Dry, and Boxelder crecks east of Buffalo. The
section, fig. 2, shows the salient features, but there
is considerable local variation.

The clinker beds are prominent features in a
wide area of the De Smet outcrop in the north-
eastern portion of the Fort McKinney quadrangle.
They cap extensive plateaus and buttes in all the
region about Lake De Smet and east and southeast
of Buffalo, along both sides of Clear Creek Valley.

Owing to the hardness of the clinker the topog-
raphy is rugged and the bright red color of the
rock makes it very noticeable. The material is
clay or shale, baked and often partially fused by
the burning of the associated coal beds. The
thickness of the clinker beds varies from a few
inches to 20 feet or more. The clinker occurs
principally at two horizons. The upper bed forms
a deep-red cap at the top of a series of buff sandy
clays and sandstones that range in thickness from
150 to 200 feet. Usually the sandstone is soft,

but in places it thickens and becomes very hard,
forming a massive gray ledge weathering into
small castellated forms, which are conspicuous
along Boxelder Valley northeast of Lake De
Smet. This upper clinker bed ranges in thick-
ness from 10 to 60 feet and in character from
highly burned clinker at the top to almost unal-
tered clay at the bottom. There is evidence at
some localities that the upper clinker bed was
originally a mixture of coal and clay and that the
coal has burned out.

2 clay with coly streaks.

10 sandstone.
20 upper clinker beds.
EL=] 10 tighcbutt sandy elay.
2 slabby, gray sandstone.

30 light reddish-brown clay.

2 sandy and buff clay with sandstone layers,

40" Tower elinker bed merging into coaly shale.

4+ red sandstone.

60’ buff to light-hrown clay.

o tmpure coal.

4 butt clay.

10’ baff sandy clay.
4 sand and sandstone.
’ coal.

4 sandstone with large concretions.

F16. 2.—Section of De Smet formation on east side of Clear
Creek 10 miles northeast of Buffalo, Wyo.

The lower clinker bed occurs in a series of buff
to light-brown and green clays, light-colored sandy
clay, sands, sandstones, and a few layers of leaf-
bearing shale and coal. Between the two clinker
beds there probably was originally considerable
coal, but it is burned out at most localities. At a
point in the southwest corner of sec. 36, T. 52, R.
81, some of the coal is exposed. The bed appears
to be lens shaped, 2 to 6 feet thick, and overlain
by a series consisting of 2 feet of clay, burned to
clinker at some points, impure coal and coaly shale
(10 to 12 feet), coaly shale (4 to 6 feet), and clay
(10 to 15 feet) capping the butte. Above the
upper clinker series is a massive sandstone of dull-
gray color, 10 to 15 feet thick, which caps the
higher portions of the plateau divides on either
side of Clear Creek Valley. In places this sand-
stone is overlain by clay with local masses of
clinker which rise in low mounds on a few points
on the divides in townships 51 and 52, ranges 80
and 81, and at a place 2 miles east of the north
end of Lake De Smet. The largest areais in the
southwest corner of T. 52, R. 80, where the upper
clinker bed is overlain by dull-gray massive sand-
stone, 6 to 12 feet thick, containing the fossil Unio,
and this is in turn overlain by clay with impure

coaly beds, in places partly converted to clinker. -

These are the highest beds in the region.

Fossils and  correlation—Fragmentary fossil
leaves from beds underlying the lower clinker
bed 2 miles north of Buffalo- appear to comprize
Sequoia langsdorfii ? (Brgt.) Heer and Musophyllum
complicatum ? Lesq., according to determinations
by Mr. F. H. Knowlton, who states that they indi-
cate early Tertiary age. The fossils found in the
upper gray sandstones overlying the upper clinker
bed in the northeast corner of the Fort McKinney
quadrangle, 3 miles northeast of bench mark 4279,
are casts of a Unio resembling U. eryptorhynchus
White, which is a Judith River species. At present
there is no satisfactory evidence as to the age of
the De Smet formation, and no correlation is desir-
able until a detailed investigation is made of the
formation in its wider extension. In general it
may be stated that at least a part of the formation
probably represents a portion of the ““Laramie.”

TERTIARY SYSTEM.

Distribution.—At several localities in the moun-
tain area there are deposits of sands, gravels, and
bowlders, apparently, in greater part at least, of
pre-Pleistocene age. These are here provisionally
classed in the Tertiary system. The largest areas
of these deposits are in that part of the main
divide lying between the heads of North Fork
of Powder River and Canyon Creek, at altitudes
ranging from 8700 to 9100 feet, and in the wide
parks extending morth and east of Hazelton.



Other areas occur in the valleys of Little Sour
Dough and Clear creeks, near the heads of Canyon
and Lee creeks, east of Soldier Creek, on the high
ridge west of the lower portion of North Fork of
Paintrock Creek, west and north of Black Butte,
north of the mouth of Middle Fork of Paintrock
Creek, on South Fork of Brokenback Creek at an
altitude of 8000 feet, near the head of Lee Creek, on
the divide between Lee and Canyon creeks, and
on the divides adjoining Doyle Creek and North
Fork of Powder River in the southeast corner of
the Cloud Peak quadrangle. The high terraces of
Bald Ridge and North Ridge on Clear Creek in
the Fort McKinney quadrangle, as well as several
small outliers of similar material farther north,
appear to belong to the sume period. Some of the
deposits are older than others, but it is not possible
to classify them satisfactorily.

" Canyon Creck area.—The deposits are most
extensively exposed on the slopes east of Canyon
Creck, especially at a point a mile south of bench
mark 9069. A section at this locality, made by
Mr. Bastin, is as follows:

Section 1 mile south of bench mark 9069, east of Canyon Creck.

Feet.

Sandy elay Soil............ceiiiiiiiiiiini 6
Gravel of crystalline rock, with lenses of volcanic
ash near the base, and with occasional bowlders

up to 2 feet in diameter........................... 60
Voleanic ash, arkose, fragments of igneous rock,
ete., indistinetly stratified........................ 3
by lime bowl
ders up to 4 feet in diameter and generally well
rounded.. .2

The amount of voleanic ash in this section is
large and it appears to have been laid down by
water, altho some of the finer portions may be
wind blown. The nearest eruptions from which it
could have been derived, so far as known, are in the
great voleanic area west of the Bighorn Basin. As
most of these eruptions occurred in Tertiary time
and as volcanic ash is generally characteristic of
the Tertiary beds in the Black Hills region and in
areas farther east, the Bighorn deposits are pro-
visionally referred to this age, but no evidence
has yet been discovered to justify their correlation
with any of the divisions of the Tertiary found
elsewhere. Some features of this deposit suggest
that it is separable into two members, an upper
gravel bed and a lower conglomerate with lime
matrix. The upper gravel bed constitutes the
surface of the extensive area of prairie about the
head of Powder River. A view of this prairie
is shown in fig. 21. The conglomerate with lime
matrix appears at intervals south of the exposure
above described, constituting low bluffs near the
top of the plateau east of Canyon Creek.

Outlying areas on west slope.—The areas of Ter-
tiary deposits on the two divides east of Soldier
Creek lie west of bench mark 9810 and both are
at an altitude of about 9100 feet. The conglom-
erate with lime matrix and the voleanic ash appear
again at these localities, together with a large num-
ber of decayed bowlders. Extensive areas cap the
high ridge west of the mouth of Middle Fork of
Paintrock Creek, at altitudes exceeding 8000 feet.
The thickness of the deposit here is 50 feet at some
points, and most of the material consists of bowlders
and granite débris. A small outlier occurs farther
west, at an altitude of 8500 feet, and another farther
east, on the ridge between North and Middle forks
of Paintrock Creck, capping Deadwood beds at an
altitude of 9000 feet. A small area caps a knoll
at an altitude of 8300 feet, a mile west of Black
Batte. It consists mostly of large bowlders and
sand. Other deposits cap the small ridges along
the Deadwood outcrop at intervals between Med-
icinelodge Creek and the northern boundary of
the quadrangle. The altitudes range from 8900
to 9100 feet. The materials are mostly granite
bowlders and sand.

Bald and North ridges—One of the most con-
spicuous occurrences of supposed Tertiary deposits
constitutes the pair of high ridges at the mouth of
Clear Creek Canyon west of Buffalo. The south-

- ern one is known as Bald Ridge and the northern
one as North Ridge. Their altitudes are 6900 and
6800 feet, respectively. Their summits are nearly
flat and but slightly lower than the limestone front
ridge, from which they are separated by shallow
saddles. The materials in these two ridges are
granite bowlders packed thickly in arkose sand and
gravel and showing no evidence of stratification.
The larger bowlders range in diameter from 2 to 6

Cloud Peak-Fort MeKinney.

feet, but some are even larger. They are mostly
rounded and have the appearance of being the delta
deposit of a large stream. Most of the rocks are
deeply decomposed and the bowlders of medium
and small size are completely rotted. ~Apparently
there are no limestones or sandstones in the depos-
its, notwithstanding the proximity of ledges of these
rocks to the west. The thickness was not ascer-
tained satisfactorily, but it amounts to several hun-
dred feet. Near the mountain slope it appears not
to be cut thru by Clear Creek, altho farther east
the underlying Piney sandstones appear. The
precise limits can not be determined because of
the extensive talus of loose bowlders on the slopes.
Small outlying masses of the same material appear
on the summit of Kingsbury Ridge, also on the
divides north of French and Johnson creeks, where
they abut against the limestone, and on the north-
ern margin of the quadrangle, where they cap a
small but prominent knob a short distance east of
the limestone ridge.  Along the north side of Clear
Creek Valley west of the limestone front ridge
extends a wide, high terrace floored by gravel and
bowlder deposits. These are evidently not quite
0 old as the bowlder beds of Bald Ridge, for they
lie at a lower level than the top of that ridge and
are trenched by the creck canyon. They extend
westward up the valley to an altitude of about 7100
feet, or nearly to the outer margin of the glacial
moraines of the earlier glacial epoch.

Sour Dough area.—Five miles farther south, on
the divides adjoining Little Sour Dough Creek,
is a deposit of gravel and small bowlders which
covers an area of considerable extent, at altitudes
mostly from 7000 to 8100 feet. It floors a level
area or series of parks among the granite slopes.

Hazelton region—This extensive area of inter-
montane gravel plain extends east and northeast
from Hazelton to North Fork of Crazy Woman
Creek, and some small detached areas occur on the
north side of that valley. The wide rolling plains
and open parks are a conspicuous feature. The
altitudes range from about 7800 to 8300 feet in
greater part, there being a general downward slope
toward the east. Apparently the original area of
the deposit was somewhat greater than at present,
for Poison Creek and North Fork evidently have
removed portions of it. A view of a part of the
plain near Hazelton is shown in fig. 21.  There is
an extensive exposure of one of these deposits on
North Fork of Crazy Woman Creek a short dis-
tance southwest of bench mark 7714. The deposit
consists partly of light-colored sandy loam with
hard concretions, and partly of conglomerate of
bowlders with carbonate of lime cement. It is
similar in appearance to some of the Oligocene
deposits in the Black Hills, but can not be defi-
nitely correlated with them. It appears to be a
rather small deposit occupying a depression in
granite, but possibly it extends southeastward
under the high terrace gravels that form the sur-
face from this point to the head of Billy Creck.
The exposure is in a bank 30 feet high, and altho
search was made for bones and other fossils, none
were found.

Other similar plains, mostly covered by gravel,
lie south and southeast of Bull Camp, at altitudes
ranging from 7500 to 8100 feet. These deposits
appear to have been products of an earlier period
of topographic development and mark the course
of streams that flowed thru gaps in the limestone
front ridge at a much higher level than those of the
present drainage system. Such gaps are strongly
suggested by the configuration of the slopes above
the canyons of Clear, Billy, and some other creeks.

Bowlders and sands of possible Tertiary age cap
a number of ridges and divides adjacent to North
Fork of Powder River. One of the most extensive
of these lies along Doyle Creek north and south-
west of bench mark 8381.

Age and origin.—The age and origin of the depos-
its above described have not been ascertained. The
deep decomposition of the bowlders in Bald Ridge,
North Ridge, and the other outliers shows that the
deposits are much older than any of the morainal
materials of the glaciers, and this may indicate
cither earliest Quaternary or late Tertiary age.
The bowlders show no signs of glaciation, but,
owing to their decay, striee, if formerly present,
probably would not be preserved. Evidently the
deposits originally extended over a broad area east
of the mountains, as shown by the widely scattered
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remnants, especially the one on Kingsbury Ridge,
and since their deposition there has been extensive
erosion to the present low level of the plains. It
would have required streams of great power to
carry bowlders as large as those in Bald Ridge
and the other areas, but floating ice may possibly
have been a factor in their transportation.

QUATERNARY SYSTEM.

The formations that are classified under this
head in this folio comprize the terrace deposits east
of the mountains, moraines of two glacial epochs,
and alluvium in the bottoms of valleys.

HIGHER TERRACE DEPOSITS,

Under the term higher terrace deposits have been
grouped the terrace remnants lying east of the
mountains, at a considerably lower level than the
deposits above deseribed. These terraces remain on
most of the divides at the foot of the steeper moun-
tain slopes and occur at intervals farther east.
They are capped by deposits of gravel and sand,
from 10 to 40 feet thick, and usually have smooth
surfaces that slope gently eastward at a rate which
increases in amount toward the mountains and is
greatest in the highest terraces. One of the most
conspicuous remnants extends from the foot of the
Tensleep sandstone slope south of North Fork of
Crazy Woman Creek, where it affords an ascent of
moderate grade for the main road over the moun-
tains. Broad areas of older terraces remain west
and north of Buffalo and cap the high ridges east
and southeast of the Cross T ranch/ Gravel-capped
terraces extend along the north side of Clear Creck
Valley below Buffalo and along the north side of
the valley of Crazy Woman Creek, most of them
lying from 50 to 100 feet above the present bottom.
A few small areas of deposits of an earlier terrace
period were observed northwest of Tensleep post-
office on the slopes north of Tensleep Creek and
north of Rome on the east side of Canyon Creek.
The materials of these terrace deposits are different
in different areas, showing much crystalline rock
near the valleys of streams that head far back on
the mountains, and local material along the smaller
valleys. The nearer the mountains the coarser the
material. Judging from these remnants, especially
those on the higher divides, it appears probable
that much if not nearly all of the region east of
the mountain slope was at one time covered by
deposits of gravel and sand which have since been
removed along the lines of more vigorous erosion.

GLACIAL GEOLOGY.?

By Roruiy D. SALISBURY.

There is evidence that the Bighorn Mountains
were occupied by glaciers during two widely sep-
arated glacial epochs, and there is some suggestion
that there may have been glaciers at a still earlier
time. The glacial history of these mountains is
complex, and the great glaciers that have left the
most distinctive records of themselves were the suc-
cessors of earlier ones, the marks of which have
been partly effaced by weathering and erosion.
Several small glaciers remaining in the higher
portions of the Bighorn Mountains are diminu-
tive remnants of much more extensive bodies of
ice that formerly occupied the principal valleys of
the highlands. Because of the unequivocal nature
of the phenomena connected with the last epoch of
glaciation and the obscure nature of the phenomena
connected with earlier glaciation, it is best in dis-
cussing the glacial history and deposits, not to fol-
low the chronological order, but to consider first
the record of the last glacial epoch.

THE LAST GLACIAL EPOCH.

GENERAL FEATURES.

Proofs of . glaciation.—The phenomena that
point with certainty to recent glaciation in the
Bighorn Mountains are (1) the great body of
drift that occupies many of the valleys and that
has both the disposition and the constitution of
true glacial drift; (2) the shapes of the valleys in
which the drift lies; (3) the smoothed and striated

1 This account of the glacial geology of the Bighorn Moun-
tains is based on the work of assistants operating under the
direction of Rollin D. Salisbury, who has prepared the account.
Most of the investigations were conducted by Eliot Black-
welder, who prepared a report on the drift of the east side
of the range, and by Edson §. Bastin, who studied the drift
of the west side. Mr. Blackwelder was assisted by W. H.
Emmons and F. W. DeWolf, and Mr. Bastin by A. D. Hole,
E. D. Leffingwell, 8. R. Capps, W. W. Magee, and A. E. Taylor.

surface of the rock of the sides and bottoms of the
valleys in which the drift occurs; (4) the peculiar-
ities of drainage in these valleys, especially the
numerous lakes and the narrow gorges of the
streams where they break thru the greater aggre-
gations of drift. These distinctive marks are char-
acteristic of all recently glaciated mountain valleys.

Eatent of glaciation.—By means of these criteria
it has been found that the principal valleys of the
Bighorn Mountains within an area about 40 miles
long by 27 miles wide were recently glaciated.
Within this area, however, less than one-third of
the surface (about 300 square miles) was covered
by moving ice. About three-fourths of this
was within the Cloud Peak quadrangle. The
associated snow fields, which have left no very
definite record of their extent, may have covered
additional large areas. Indeed, at the time of
maximum glaciation it is probable that snow and
ice were essentially continuous from the northern-
most limit of the ice in the valley of Tongue River
(Dayton quadrangle), in latitude 40° 41’, to its
southernmost limit in the valley of Tensleep Creek,
in latitude 40° 6. The continuity was probably
interrupted by a few peaks and narrow divides
whose slopes were too steep to permit the lodgment
of snow, and by numerous precipitous slopes along
the sides of those valleys which were occupied, but
not filled, by the ice. The westernmost point
reached by the ice of this epoch is in the valley
of Shell Creek (longitude 107° 32') and the eastern-
most is in the valleys of North and South forks
of Clear Creek (longitude 106° 58). At the time
of maximum glaciation in the last glacial epoch
bodies of snow and ice were two or three times as
extensive, relatively, in the Bighorn Mountains as
they now are in Switzerland, for tho the area
covered by snow and ice in the Bighorns was prob-
ably not more than half that now oceupied by snow
and ice in Switzerland, the area of Switzerland
within which there is snow and ice is about five
times as great as the area within which there were
glaciers in the Bighorns. The largest of these
glaciers was considerably larger than the largest
existing glacier in Switzerland.

From the snow fields that centered about the
upper parts of the range glaciers descended all the
principal valleys. The number of sources from
which they started was little less than a hundred,
and most of them were within the area considered
in this folio; but, in descending, various glaciers
united as their valleys came together, so that at
the time of maximum glaciation the number of
separate glaciers or systems of glaciers, as deter-
mined by the number of lower termini, was but 19,
and the number wholly or partly within the area
represented by this folio was 16. Two of these
glaciers were simple (not made up of two or more)
and very small, but most of them were compound.
Thus the ice of Paintrock Glacier started from fully
20 sources. Before the ice weached its maximum
extent, therefore, and again after decadence had set

in, the number of separaté glaciers was greater than .

when the ice was at its maximum. In a few cases,
especially on the western slopes, a continuous body
of snow and ice divided as it moved, giving rise to
several lower termini. This division resulted from
the overfilling of certain basins and the spread of
the ice thru low cols to adjacent valleys.

The map shows that the glacial systems on the
east and west sides of the range were about equally
numerous. It also shows that those on the west
side were much larger than those on the east, cover-
ing in the aggregate almost twice as great an area,
and that those on the east fell short of those on the
west in width rather thaninlength. This difference
appears to have been due to two factors. The pre-
cipitation was probably heavier on the west side,
because of the prevailing westerly winds, and the
catchment basins on the west side were wider and
shallower than those on the east. It is true that
the greater capacity of the basins on the west at
the present time is partly the result of the greater
glaciation on that side, but it is also true that the
greater glaciation was in large part the result of
the greater original capacity of the basins. This
inequality was determined by the general configu-

 ration of the range, the western slope of which is

less abrupt than the eastern. The existing glaciers
are all on the east side, the one shown on the west
side on the topographic map having disappeared
by 1903, according to observations by Mr. Bastin.



The survival of the glaciers on the east side may
be due to the better protection of the cirques on
that side from the sun, and perhaps also to the
westerly winds, which drift much snow over the
crest of the range, to lodge on the lee side.

Altitude necessary for glaciers.—The altitude
necessary for the generation of glaciers in the
Bighorn Mountains during the last glacial epoch
seems to have ranged from 9500 to 11,500 feet,
the variation being due to differences in the expo-
sure and the size of the catchment basins. A
southern exposure was less favorable than a north-
ern one, and a small catchment basin less favor-
able than a large one. As the map shows, the
largest glaciers radiated from the highest part of
the range—that is, from the vicinity of Cloud Peak.

Lower limits of glaciers—The glaciers descended
to very unequal altitudes, the point reached depend-
ing on the amount of ice, the topography of the
bed, and other conditions. Some of the smallest
glaciers, such as that at the head of Middle Fork
of Clear Creek, descended but little below 10,500
feet, while some of the largest, such as the glaciers
of Paintrock and Tensleep crecks, descended to
about 6500 fect. ’

Many of the mountain valleys consist of (1) an
upper portion in the mountains proper, often cirque-
like and always deep, in many places with
gradients of 600 to 800 feet per mile; (2) a rela-
tively shallow, open part where they cross the pla-
teau on either side of the higher part of the range;
and (3) a second narrow, gorgelike part where they
cross the Paleozoic terranes. The smallest glaciers
did not descend below the uppermost of these sec-
tions, while the longest crost the plateau and
entered the valleys in the Paleozoic formations.
None of them reached the plains beyond.

Thickness of the ice—The thickness of the ice
in the several glaciers varied greatly. The ice in
Paintrock Valley was probably deepest, exceeding
at a maximum 1500 feet. From this maximum
the thickness of the ice ranged down to less than
500 feet in the thickest part of some of the smallest
glaciers.

The glaciers of the range are listed below, and
the table gives their approximate areas and lengths
and the approximate altitude of their sources and
termini.

The Bighorn glaciers of the last glacial epoch.
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1| Pamtrock ... 16 10500+ | 6200
2 17 | 11,0004 | 6500 |
3 14| 102004 | 7,500 |
4 8| 1000+ | 8000 |
5 | Lighter ... 610 105003 | 8000
6 | Kearney Lake, 18.4 | 12| 11500+ ’T,wl)l
7 | East Tensleep 16.0 | 7 10504 | 8700
8 | South Medicinelodge. 155 | 9| 105004 | 700 |
9 | South Fork Clear Creek 5.0 | 7| 110004 | 8100
10 | North Fork Clear Creek 12010 | 1LE04 | 7,900
11 | Meade Lake, 10.4 | 8| 12,0004 8800 |
2 | Tongue River.... 9.6| 6| 9504 | 8400 |
18| Buckskin Ed 8|6 100 | 000
14 | willite... 40| 4| 1020+ 8900
15 | North Medicinelodge. 87| 5| 105004 | 840
16 | Lake Creck.... 21| 4] 1oog- | 870 [
17 | Trapper Creek 21| 8| 105004 | 890
18 | Glacter a half mile north of Pass Creek.| 0.4 | 1| 11000 | 10,400
19 | Middle Fork Clear Creek 0.3 | 1] 11,300 l 10,400

Dome Lake, Tongue River, and Willitt glaciers
were wholly within the Dayton quadrangle; Shell
Creek, Lighter, and Kearney glaciers were partly
in the Dayton and partly in the Cloud Peak quad-
rangles; the others were entirely in the Clond Peak
quadrangle.

Distinctive features of glaciated valleys.—The
distinctive features of glaciated mountain valleys
are the following:

1. Their upper ends are often cirques; that is,
they end bluntly above, against high, steep cliffs,
and are hemmed in on both sides for a greater or
less distance by cliffs of the same sort. The head
of South Fork of Clear Creck, just south of the
12,271-foot peak, is an excellent example, and
another equally good one lies just across the crest
to the west, and is shown in figs. 12, 13, and 14
on illustration sheet 1.

2. The valleys which were occupied by consid-
erable glaciers have rounded bottoms; that is, they
are somewhat U-shaped in cross section. This is
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well shown on the topographic map, as in the case
of the valleys of North and South forks of Clear
Creek, and in fig. 8.

3. The cirques, and often the upper parts of the
valley below the cirques, are, as a rule, relatively
free from loose material of all sorts, solid rock
appearing at the surface of the bottoms and on
the sides. They were cleaned out by the moving
ice.

4. Such bosses of rock as appear in the valley
are often smoothed down to the forms known as
roches moutonnées, and their surfaces, as well as
the surface of the rock in the valley, are locally
planed, striated, and grooved.

5. The drift or moraine matter is generally most
abundant near the lower limit of ice advance, but
is generally plentiful for some distance above.
‘Where the valleys of these mountains were over-
spread by vigorous glaciers, drift is meager in the
upper halves of the glaciated basins, but abundant
in the lower halves. Where the glaciers were
feeble, bare rock is less prevalent, even in the
upper parts of the basins thru which the ice
moved.

6. The drift is disposed chiefly in («) broad fer-
minal moraines, which cross the valleys and often
rise several hundred feet above the bottom of the
valley outside, and in () lateral moraines, which
lie along the sides of the valleys for considerable
distances above the terminal moraines, which they
join below. There are many subordinate lateral
and terminal (recessional) moraines inside the outer
and major ones. Ground moraine covers the sur-
face more or less generally for some distance above
the terminal moraines, and less generally just inside
the lateral moraines. The abundance of ground-
moraine matter over the basins varies greatly from
valley to valley.

7. Many of the glaciated valleys contain lakes,
which range in position from the heads of the
cirques to the terminal moraines below. This dis-
tribution of lakes is shown in numerous valleys of
this quadrangle, but nowhere better than in those
of South Fork of Clear Creek, and Lake Creck, a
tributary to North Fork of Clear Creck from the
south. Some of the lake basins are the result of
glacial erosion and some of deposition. These fea-
tures are well shown in a number of figures on the
illustration sheets.

‘While these are the prominent features of glaci-
ated valleys in general, they are not all conspicuous
in every valley which the ice occupied. Where
the area of snow and.ice accumulation was a broad
and shallow basin rather than a narrow mountain
valley, or where the glaciers were small, some of
the above features are poorly developed, or even
absent. Some of these features are the result of
glacial erosion and some of glacial deposition.

Strie.—Glacial striee, grooves, and all other
familiar types of glacial scoring are found at one
point or another in the glaciated valleys, but they
possess no peculiarities which demand considera-
tion here. Their directions were controlled pri-
marily by topography. The courses of a few of
them are shown on the map.

Nunataks.—Within the glaciated area two small
tracts were found which appear to have been sur-
rounded but not covered by the ice. One lies in
the area of Paintrock Glacier. The ice on the
sides of the valley in which this area lies reached
heights as great as that of this hill, but the hill
itself shows no evidence of glaciation. Against
one side of it there is a lateral moraine. The
second tract is in the upper part of the same basin,
but in this case the ridge rises far above the level
attained by the ice.

GLACTAL EROSION.

To glacial erosion must be ascribed (1) the devel-
opment of the cirques, (2) the cleaning out of the
upper parts of the valleys thru which the ice
past, (3) the rounding and widening of the val-
ley bottoms, (4) the polishing of the rock surfaces
in the valleys, and (5) the excavation of some of
the lake basins.

Erosion in the cirques.—The cirques are perhaps
the most striking result of the erosive action of the
ice in these mountains. The distinction between
valleys with cirque heads and those without them
may be illustrated by a comparison of the topog-
raphy near the 10,545- and 10,307-foot peaks about
the head of Middle Fork of Crazy Woman Creek,

in the southeast corner of the Cloud Peak quad-
rangle, with the topography near the 12,271-foot
peak just north of the head of South Fork of Clear
Creek, in the same quadrangle. Had the mountains
of the first of these localities given rise to vigorous
glaciers, the heads of the valleys there would
doubtless now be similar to those of the other
locality.

The pronounced cirques of the range are cen-
tered about its higher part, from South Fork of
Clear Creek to North Fork of South Piney Creek
on the east side, and from the northern tributaries
of East Tensleep Creek to the head of Paintrock
Creek on the west. The more conspicuous ones
are well shown on the topographic map and on
illustration sheet 1.

The manner in which cirques are formed has
been described elsewhere (Matthes, Twenty-first
Ann. Rept. U. 8. Geol. Survey, pt. 2, 1900, pp.
167-190) with special reference to these mountains.
Suffice it here to say that before the ice affected the
mountains, the valleys were probably comparable
to other mountain valleys which have not been
glaciated, and that the tendency of the ice and the
attendant weathering was to wear the heads of the
valleys back farther and farther into the mountain,
at the same time that their depths were increased.

It is not generally possible to determine just how
much a cirque was deepened by the ice or how far
it was worn back into the mountain. The cliff of
cirque 66 at the head of South Fork of Clear Creek
is about 1600 feet high, and those at the heads of
cirques 7 and 17 (see geologic map) are about 1500
feet high at the highest points and are in places
nearly vertical (75° or more). While these figures
are in excess of the amount of downward erosion
by the ice in the cirque, they nevertheless give
some idea of the effectiveness of ice wear under the
conditions that existed in these mountains.  Cirques
were widened as well as deepened. A little more
widening of cirques 28 and 29 would have elim-
inated the divide between them, and the two would
have become one. Some wide cirques originated
in this way, altho it is not certain that the Big-
horn Mountains furnish illustrations. The length
of a cirque may give some suggestion of the dis-
tance thru which the head of the valley was car-
ried back, under the powerful erosive action of the
ice, but is not a measure of it, being generally, if
not always, excessive. The bottom of a cirque may
descend by steps, so that the upper part may be in
topographic unconformity with the lower. Cirques
7 and 14 of the map are illustrations.  Lake basins
may be gouged out below the steps, as well as at
the heads of cirques.

Cirques were not developed at the heads of all
the valleys that contained glaciers. Indeed, at the
very heads of some valleys there is little evidence of
glaciation, altho ice movement was pronounced
below. This was the case, for example, in some of
the southerly valleys (1,2, and 3 on the map) which
contributed to the ice of the East Tensleep Glacier,
in some of those (especially 8) which contributed
to West Tensleep Glacier, in most of those on the
north side of both main divisions of Paintrock
Glacier (18 to 21 and 30 to 35), and in most of
those which fed South Medicinelodge and Shell
Creek glaciers. The perfection of the development
of cirques seems to have been a function of the
strength of the glaciation. 1In most cases weak
glaciers did not develop them, and strong ones did;
but to this general rule there are some exceptions,
for the little glacier at the head of Middle Fork of
Clear Creek developed a very perfect litle cirque,
while other basins which sent out much ice (notably
30 and 31, Paintrock Glacier) did not. The topog-
raphy and the structure of the rock at the heads of
the valleys were the other factors which appear to
have influenced the development of cirques, and
where these were unfavorable even severe glaciation
did not produce them.

During the development of the cirques, and as a
part of the process, the upper ends of the valleys
were cleaned out and the surface of the solid rock
over which the ice moved was smoothed and pol-
ished. The cleaning out of the upper ends of the
valleys is, as a rule, more conspicuous where the
glacier was confined to a narrow valley, tho to this
general rule there are exceptions, as shown on the
north side of Paintrock Glacier (30 to 32). Most
of the well-developed cirques were cleaned out, and
it is in them that the evidences of ice erosion are

most obvious. Most of the cirques within 3 miles
of Cloud Peak and some of those farther south
(4, 5, 10, 13, and most of those on the east side of
the range) are not only well cleaned out, but the
bare rock of their bottoms and sides is polished,
striated, and grooved, and projecting masses are
reduced to roches moutonnées. In some places the
finer markings have been obscured by postglacial
weathering; in others postglacial talus from the
cliffs above has covered the bare rock which the ice
left.

Another evidence of glacial erosion is found in
the numerous rock basins of the glaciated valleys,
especially those that head in cirques. Some of
these basins were probably gouged out at the bases
of the steep slopes at the heads of the cirques, but
since the upper end of a cirque retreated as glacia-
tion progressed, the basins developed in this way
are not all confined to the present heads of the
cirques, and some of them were probably developed
below the heads of the cirques at the outset. The
rock basins are often irregular, the borders of the
lakes that fill them being marked by miniature
capes, headlands, and peninsulas of resistant rock,
while in some cases bare knobs of rock appear as
islands in the lakes.

Erosion below the cirques—As the ice moved
down a valley it not only gathered and carried in
its bottom the loose débris of the lower slopes and
bottom of the valley, but, by means of the débris
which it carried, it deepened the valley by wear at
its bottom and widened it by wearing back its lower
slopes on either side. The erosion effected by a
valley glacier is not dependent altogether on the
load which the ice carries. The rock is usnally
jointed, and under favorable conditions the ice may
remove joint blocks bodily without the aid of the
débris already in the ice. This process of pluck-
ing is especially effective on the bottom where the
slope is very steep, and on the sides where their
surfaces are jagged. In many cases erosion by
plucking was greater than that effected by means
of the débris carried. While the bottom and sides
of the valley were being smoothed and worn, pro-
jecting bosses of rock in the valleys were reduced
to roches moutonnées. It is rarely possible to
determine how much a valley was deepened by
glacial erosion, but some idea of the deepening
may be gained by a study of the slopes. On this
basis Mr. Blackwelder estimates that not a few
of the valleys may have been deepened 400 to
700 feet in their upper parts, while in some val-
leys, as Iin that below the cirque 3 miles north-
northeast of Cloud Peak, the  deepening may
have been considerably more. Some idea of the
amount of deepenihg may in places be had from
the topographic unconformity between the main
valley and its tributaries. Tributary valleys that
end well above the level of their mains are called
hanging valleys, and while they are not very com-
mon in the Bighorn Mountains, illustrations are
found at several points. Among the more con-
spicuous examples are the three cirques leading
north from the highest part of the range to
North Fork of South Piney Creek, all of which are

Arom 500 to 700 feet above the main valley, and

the cirque just west of the 12,271-foot' peak in the
basin of the West Tensleep. In some places glaciers
appear to have eroded very little. Near the point
where the 9500-foot contour crosses Medicinelodge
Creek there is an area where the ice failed to remove
all the decayed rock, tho rock surfaces close by
show severe wear. Such cases are so exceptional
as to be conspicuous.

Changes in drainage.—Glacial erosion sometimes
effected changes in drainage. These mountains
afford an example of what may be called glacial
piracy, at the head of North Fork of Clear Creek.
The course of the uppermost mile and a half of the
valley of this creek indicates that it was developed
by a tributary of Tensleep Creek and that its
present course is secondary. Near the elbow of
the creek, strize show that the ice of the cirque in
which the creek heads followed the original course
of the drainage and joined Tensleep Glacier. It
appears that the divide between the two creeks was
cut back by the cirque-developing activity of the
glacier that occupied North Fork of Clear Creek,
until it reached the channel of Tensleep Creek.
‘When the ice disappeared the drainage from the
upper part of the former Tensleep Valley found its
way, by a sharp turn, into the valley of North



Fork of Clear Creek. Fig. 3 illustrates the condi-
tions as they are conceived to have been before the
piracy ; fig. 4, the present topography, the result of
the piracy.
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F1a. 3.—Conjectured preglacial drainage about the heads of
North Fork of Clear Creek and West Tensleep Creek.

GLACIAL DEPOSITS.

As already stated, the drift was deposited chiefly
near the borders of the ice and is aggregated largely
in terminal and lateral moraines. The size of these
moraines has some relation to the vigor of the
glaciation and so to the effectiveness with which
the upper parts of the valleys were eroded. Thin
and weak glaciers, such as many of those of the
Dayton quadrangle, eroded less than most of the
glaciers of this area and developed less massive
moraines, even when they gathered material from
a greater area.

Lateral moraines. — Lateral moraines usually
become prominent about where the upper and
deeper part of a glacier’s valley or basin joins the
shallower part below, or, in other words, where the
glacier emerged from its upper canyon. In these
mountains this point is usually at an altitude of
about 10,000 feet. The lateral moraines often

appear first just where the rock ridges which con- |

fined the glacier break down. From their upper
ends the lateral moraines, one on each side of the
glaciated valley, are generally continuous down to
the terminal moraines which they join. The map
shows the positions of the heavier lateral moraines.

The characteristic features of a well-developed
lateral moraine are (1) a relatively narrow and
even crest; (2) a long slope toward the valley and
a short slope in the opposite direction, giving the
moraine an asymmetric cross section; (3) an outer
slope, about as steep as the drift will lie. The inner
slope is much more variable, often less steep and
more undulating, especially if the drift be thick.

From this ideal form the lateral moraines depart,
sometimes widely. Tho their crests are often so
even as to look like railway grades when seen from
a distance, their surfaces, seen at close range, are
usually marked by some unevennesses. This is
especially the case where the moraines widen, as
they sometimes do, into broad ridges. Among
such irregularities depressions are more conspicu-
ous than elevations. In some cases lateral moraines
take the form of benches, or terraces, against the
valley slopes. This is well seen, for example, in
places (latitude 40° 20') on the west side of the
valley occupied by Paintrock Glacier. The lateral
moraines, whatever their form, are subject to inter-
ruptions. Their failare here and there is usually
assignable to some peculiarity of topography, often
a slope too steep to permit the drift to lodge.

The stronger lateral moraines of this region are
the following:

1. Those of North Fork of Clear Creek, especially
the one on the south, the crest of which rises
about 600 feet above the creek within and 150-200
feet above the surface without. Its inner face is
marked by subordinate (recessional) lateral moraines
at some points. The north lateral moraine of this
glacier is also well developed, its inner slope being
often markedly undulating.

2. Those of North Fork of South Piney Creek,
especially the one on the south, which, next to the
south lateral moraine of North Fork of Clear Creek,
is the strongest lateral moraine on the east side of
the range. It has a maximum inner slope of 600
to 700 feet and an outer slope of 100 feet.

3. Those of West Tensleep Glacier, the west one
being the longest lateral moraine (about 10 miles)
in the range. Its upper end has an altitude of
about 10,100 feet and it descends to about 8200
feet. The moraine determined the position of a

Cloud Peak-Fort McKinney.
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drainage line (Dry East Tensleep Creek, inter-
mittent) for some distance. The east lateral
moraine of this glacier is less strong, with a broad
crest and an undulating inner’slope.

Fi6. 4—Present drainage about the heads of North Fork of
Clear Creck and West Tensleep Creek, derived from the
conjectured drainage shown in fig. 8. The arrows indi-
cate the direction of glacial striw.

4. Those of North Medicinelodge Glacier, the
northern moraine especially having a well-developed
crest line for 1} miles below the 9000-foot contour.

5. Those of Paintrock Glacier, the inner faces of
which are terraced.

6. Those of Kast Medicinelodge Glacier, espe-
cially that on the west, above Black Butte.

Interlobate or medial moraines.—Several pro-
nounced moraines appear along the lines of junc-
tion of coalescing glaciers. Some of these take the
form of two contiguous lateral moraines, with a dis-
tinet depression between. Examples of interlobate
moraines are best seen (1) in the valleys of South
Fork of Clear Creek, (2) in the midst of the
area covered by West Tensleep Glacier, where the
two coalescing lobes were separate only in their
basal parts, and (3) in the basin of the Paintrock
Glacier below the upper nunatak (an unglaciated
hill that rose thru the ice).

On the map the interlobate and lateral moraines
are not distinguished.

Terminal moraines.—Terminal moraines differ
notably from lateral moraines in topography, their
surfaces being characterized especially by knobs
and kettles (fig. 15, illustration sheet 2) and short
ridges and troughs of unequal heights and depths.
They are generally much broader and more mass-
ive than lateral moraines. Seen from the down-
valley side the terminal moraines appear as plugs
in the valleys, many of them presenting steep
fronts, some of them 500 feet high, as in Sherd
Lake Valley. The angle of slope is often as much
as 30°% and in some cases even a little more. The
inner slope is less steep than the outer and its
descent is notably less, usually less than 100 feet.
The undulations of the surface often amount to as
much as 100 feet.

A somewhat persistent feature of the terminal
moraines on the east side of the range is an outer
bench below and beyond the main summit. The
bench is usually less than half a mile wide, and
appears to indicate that the ice receded from its
position of maximum advance before making its
final stand and its main terminal deposit. On the
west side of the range these outer benches are not
so marked, but many of the terminal moraines
have two crests, one a mile or less within the
other. These double crests on the west may have
the same significance as the outer benches on the
east.

Where the glaciers descended below the area of
crystalline rock they entered narrow valleys in the
zone of the Paleozoic deposits, and in such places
their terminal moraines are not strongly developed.
This was the case, for example, in the valleys of
several of the larger glaciers on the west side of
the range. The ends of the narrow tongues of ice
in such valleys may have oscillated more than the
larger ends of other glaciers and so developed
broad rather than high terminal moraines. The
narrowness of the valleys also had much to do
with their lesser development.

The more massive terminal moraines of this area
are on the east side of the range. That of South
Fork of Clear Creek has been mentioned. No
other moraine of the range has a longer or steeper
outer slope, and none has a rougher topography.
Tts undulations of surface are as much as 100 feet,
at least. The terminal moraine of North Fork is
about 300 feet above the valley outside, and its

topography is markedly irregular. It has a well-
developed outer bench about a third of the way up
the slope. The terminal moraines of Meade, Kear-
ney (partly in the Dayton quadrangle), East Ten-
sleep, South Medicinelodge, and Trapper glaciers
have outer faces 150 to 200 feet high and the
topography of most of them is strongly relieved.
Even moraines that are not so high show very
rough surfaces. The terminal moraine of Paint-
rock Glacier is relatively small and is seemingly
out of keeping with the size of its glacier. The
terminal moraine of West Tensleep Glacier is wide
and massive, but not high.

There are recessional moraines in a number of
the glaciated valleys, but they are not generally
conspicuous. They often obstruct the drainage
temporarily, giving rise to lakes, most of which
have now been drained or filled.

Lateral moraines not only grade into terminal
moraines as they descend, but in some places the
topographic distinction between the two types is
lost. There appears to have been a sideward
motion along the edges of even the narrowly
confined valley glaciers, and the massive lateral
moraines were accumulated largely beneath the
sideward-moving edges. Where the edges oscil-
lated in position the lateral moraines simulate a
terminal moraine, and this is often true of the
inner slopes where it is not of the crest and outer
slope.

Ground moraine.—The thick drift inside the
lateral and terminal moraines is mostly ground
moraine, which has less distinctive topographic
characteristics than the lateral and terminal
moraines. In general it covers considerable areas
inside the terminal and lateral moraines and oceurs
in smaller patches, even to the heads of many of
the glaciated valleys. The map shows in a gen-
eral way where the drift is thick. Ground-moraine
matter is more widespread in those valleys in which
glaciation was feeble than in those in which it was
vigorous. Where the ground moraine is meager
the bottoms of the valleys are often a succession of
bare roches moutonnées rising above the interven-
ing depressions which have soil enough to support
vegetation.

Composition of the drift.—The drift in the Big-
horn Mountains differs in no essential respect from
the drift of other mountain valley glaciers, unless
it be in the rocks that enter into its composition.
On the east the drift consists wholly of igneous
and metamorphic rock derived from the axis of the
range. On the west, where some of the glaciers
descended to the Paleozoic formations, materials
from them are mingled with those derived from
the higher part of the range.

The drift, like that of mountains in general, is
coarse. Bowlders are the most conspicuous con-
stituent, and they range in size up to 40 feet-in
diameter, tho those more than 10 or 15 feet in
diameter are relatively rare. Most of them are of
light-colored rock, and their smooth, unetched sur-
faces, essentially free from lichens, give to the sur-
face of the moraine a whiteness which is often
conspicuous even at the distance of several miles.

Thickness of drift.—The thickness of the drift
is not easily determined in many places. The
heights of the terminal moraines as seen from the
outside, 500 feet or less, probably represent
the maximum thickness of the drift. Postglacial
cuts of streams thru terminal moraines are rarely
more than 150 feet deep and do not reach the
bottom of the drift.

C'hanges of drainage.—Greater changes of drain-
age were effected by the deposition of drift than
by glacial erosion. Altho most of these changes
were slight, a few of them may be mentioned to
show their general nature and extent.

Sherd Lake Valley probably drained into South
Fork of Clear Creek before the massive moraine
diverted it to Middle Fork. The glacier of
North Fork of Clear Creek secems to have been
headed down the valley of French Creek, as if that
were the former outlet for the upper portion of this
valley. The east lateral moraine of Kearney Glacier
shifted South Fork of South Piney Creek to the
east. The creek doubtless followed the edge of
the ice while the glacier existed, but later crost
the lateral moraine to North Fork. Drainage from
the Paintrock Lakes region was probably formerly
southwestward to Medicinelodge Creek. There
were other minor changes of the same general type.

Névé deposits.—Under the term nivation Matthes
(op. cit.) has described certain phenomena of these
mountains which deserve mention in this connection.
In many valleys and against many cliffs where gla-
ciers, or at any rate well-defined glaciers, did not
exist, snow accumulated in quantity. In some
places the snow merely made great snowdrifts,
many of which no doubt persisted from year to
year. Beneath and about the snow the fine mate-
rial washt down from above was deposited, and
the snow tended to prevent the removal of such
material, the result being that considerable quan-
tities of it accumulated. Where cliffs projected
above drifts of snow, débris from them rolled
down over the snow banks, and often lodged
below.

Altho the snow and ice in such positions had no
motion in some places, they probably had some in
others. It is conceived that this motion was in
some cases incipient glacier motion, too feeble
to leave demonstrative record of itself; that in
others it was a slow creep, such as is likely to
affect all great masses of snow on slopes; and that
in still others it amounted to sliding. Further-
more, the accumulated débris itself was subject to
sliding, and the fine mud even to flowing, during
summer seasons when the edges of the accumula-
tion were unfrozen. It was also subject to expan-
sion as the result of freezing when the summer
came to an end, and it has been subject to most
of these changes ever since the ice epoch. The
result of all these processes was the accumulation
of débris, not distinctly glacial, but with dis-
tinetive peculiarities of topography, often slightly
ridged, sometimes marked by low mounds, occasion-
ally simulating mud streams.  Striking phenomena
of the same sort elsewhere have heen called
“talus glaciers.”

Nivation characterizes the heads of some valleys
which were distinctly glaciated below. The heads
of such valleys are not cirques. Some of the heads
of both the East and West Tensleep glacial systems
afford illustrations. Nivation is also distinct in
many valleys where there is no evidence of dis-
tinet glacial movement, and appears to have
affected the inner slope of the west lateral moraine
of West Tensleep Glacier since the ice retired, and
is in progress now at other points, according to Mr.
Matthes. Several areas of nivation are shown on
the map, and there are doubtless others.

Valley trains—The streams that carried off the
water from the melting glaciers carried bowlders,
gravel, and finer material down the valleys, devel-
oping valley trains, Tho generally distinct for a
short distance below the moraines, such trains are
as a rale surprizingly small. Their inconspicu-
ousness is the result, primarily, of poor develop-
ment, not of subsequent removal. On the west
side of the range, where most of the glaciers ended
in canyon-like valleys, the valley trains are so
poorly developed that they have been omitted from
the map. Elsewhere their remnants appear as low
terraces. It is probable that the streams were so
swift at the time the ice was melting that all fine
material was carried and distributed far below the
moraines. Thruout the whole region, however, the
amount of fluvio-glacial material which can be con-
nected with the late glaciation is surprizingly small.

Drainage from the ice helped to fill some shallow
lake basins developed just outside the glaciers,
where the ice, and later the lateral moraines,
obstructed the drainage. The larger lake flats of
this type occur east of East Tensleep and West
Tensleep glaciers.

Running water also made some deposits inside
the moraines after the glaciers retreated from their
most advanced positions. Such deposits are usu-
ally not conspicuous except where the drainage
entered lakes. In some places shallow lakes
appear to have had their basins filled by inwash.
Soldier Park, in the valley of North Fork of Clear
Creek, is a good example. Other similar deposits
oceur above the terminal moraine of Kearney Gla-
cier and in the upper part of the basin of East
Tensleep Glacier, and there are smaller ones at
many other points.

THE LAKES AND LAKE DEPOSITS.

The lakes of the Bighorns ave all due directly to
glaciation. The basins of some of them were due
to glacial erosion, those of others to glacial depo-
sition. Of the latter, some lie just outside the



moraines, but more within. Of those outside, Elk
Lake, east of Cloud Peak, is the largest. While
the ice lay in the valley to the north it obstructed
the drainage of the basin above the lake, and when
the ice melted its lateral moraine continued the
obstruction. Numerous lakelets were formed in
similar situations, but most of them have been
drained. The sites of several such lakes, now flat
meadows, are shown on the map, the largest being
east of the Tensleep glaciers.

Of lakes within the terminal moraine there are
several types, namely, (1) those in rock basins;
(2) those in basins made by drift dams; (3) those
in basins that are partly of rock and partly of
drift; and (4) those that lie in depressions in the
drift itself. Several types are represented on the
illustration sheets.

Probably half the lakes and ponds of the range
large enough to be represented on the map occupy
rock basins. Lakes of this class are especially
numerous in the upper parts of the glaciated
valleys west and southwest of Cloud Peak and
on the east side of the range. Around the shores
of many of these lakes continuous bare rock may
be seen; around others the rock of the shore is
somewhat encumbered by drift, but in such rela-
tion asto leave no doubt as to the nature of the
basin. The lakes in the heads of the cirques are
mostly in rock basins, tho rock basins are not
confined to that position.

Most of the larger lakes, such as East and West
Tensleep lakes and Lake Solitude, are probably
held in by drift dams, or at least have had their
basins made deeper by the building up of their
rims by drift. Paintrock Lakes are examples of
lakes held in, largely at least, by drift dams, and
most of the lakes that lie just above the terminal
and recessional moraines belong to the same cate-
gory. Many of the small ponds, especially in
terminal moraines, occupy depressions in the sur-
face of the drift. The depths of the lakes have
not been determined.

EARLIER GLACIAL DRIFT.

Besides the glacial drift described above and
referred to the last glacial epoch, there are various
sorts of loose material, of the general nature of
drift.  Some of it is glacial, some of it may have
had a glacial origin, so far as now known, and
some of it is not glacial. Of that which is cer-
tainly glacial some is much older than the moraines
already described.

At numerous points just outside the terminal
and lateral moraines of the last glacial epoch there
are limited areas of glacial drift. Within the area
described in this folio this extramorainic drift
oceurs outside the new moraines of the Kearney,
Meade Lake, North and South forks of Clear
Creek, East Tensleep, Paintrock, and South Medi-
cinelodge glaciers. In its physical and lithologic
constitution some of it is very like that of the
new moraines. This is especially true of that out-
side the late moraines of the Tensleep, Paintrock,
and South Medicinelodge glaciers, as noted by
Mr. Bastin; but even in these places it generally
has a somewhat older look than the late moraines,
due to greater decay and to less abundant surface
bowlders, and especially to the absence of those top-
ographic features that are distinctively character-
istic of drift, and to the presence of drainage lines
of mature aspect. The extramorainic drift on the
east and north sides of the mountains, on the other
hand, has more unmistakable marks of age, accord-
ing to Mr. Blackwelder, especially in the physical
condition of the drift and in the amount of erosion
that has taken place since its deposition. The
great erosion shows itself both in the patchy dis-
tribution of the drift and in the great deepening
of the valleys since it was deposited.

It the extramorainic drift of East Tensleep,
Paintrock, and South Medicinelodge basins ever
had the topography that is characteristic of the new

. drift its great antiquity would be clear. On the
other hand, its relative freshness and its limited
distribution just outside the new moraines would
be consistent with the interpretation that it was
deposited during a temporary advance of the ice
beyond the position of the main moraines, that it
was never more than a thin body of drift, and that
it never had the topography characteristic of thick
drift. If made early in the last glacial epoch its
materials may have been more decayed at the time
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of deposition than those of the moraines. Fur-
thermore, it is not irrational to assume that early
in the glacial epoch, before glacier erosion had
notably deepened the valleys, the ice spread some-
what more widely, at least laterally, than at a later
time, after the valleys had been made more capa-
cious by glaciation. But altho such an inter-
pretation might perhaps be entertained for the
extramorainic drift of the basins last' mentioned,
it does not seem to fit that on the east side and
north end of the range, where the great age of this
kind of drift is evident, not only in its topography,
but in its physical constitution and in the erosion
observed by Mr. Blackwelder, which has taken
place since it was deposited. Much if not all the
extramorainic drift is therefore regarded as the
product of an earlier glacial epoch, when the gla-
ciers, especially those at the east and north, were
somewhat more extensive than those of the later
glacial epoch.

The extramorainic drift shown on the map on
the east side of the range is not all known to be of
glacial origin, but glaciated bowlders were found
in it in the valley of North Fork of Clear Creck
in the Fort McKinney quadrangle nearly 2 miles
below the later moraine, on the divide between
North Fork of South Piney Creek and North
Piney Creek, and in similar positions in two
localities in the Dayton quadrangle. The find-
ing of glaciated bowlders in these several localities,
quite out of the range of the ice and of the drain-
age of the last glacial epoch, demonstrates the
glacial origin of at least parts of this drift. If
some of it is of fluviatile origin, such drift can not
be readily separated from the glacial. The paucity
of glaciated bowlders is not strange when the few-
ness of the exposures and the extent of weathering
since this drift was deposited are considered.

The older drift is not continuous over the areas
indicated on the map. These areas are rather the
areas within which it is known to occur. Espe-
cially between North and South forks of Clear
Creek is the drift discontinuous, and within this
area no glaciated material was found. One of the
largest remnants caps the divide between North
Fork of Clear Creck and French Creek. It con-
sists of a thick deposit of bowlders mixt with
more or less gravel and sand. Owing to erosion
the morainal character has been somewhat effaced
and probably much of the original deposit has been
removed. Tts original limit to the east is not appar-
ent, but probably it was near the west margin of
the Fort McKinney wood reservation.

RECENT EPOCH.
TIME SINCE LAST GLACIAL EPOCH.

To casual observation one of the most striking
features of the recent glacial drift in the Bighorn
Mountains is its freshness. The first impression is
that the drift is notably younger than the Wiscon-
sin drift of the interior. This* impression is per-
haps deceptive, (1) because the rock in this region
probably weathers less rapidly than the rock of the
interior; (2) because the drift is much coarser than
in the interior, so that bowlders are relatively con-
spicuous; and (3) because the bowlders are largely of
light color, and so give the appearance of freshness.

The less obvious weathering of the rock in the
mountaing is probably the result of the climate.
The average temperature of the year is much lower
than in the interior of the continent, restricting
chemical change, and for a large part of the year
the bowlders are protected by snow against notable
daily changes of temperature. Furthermore, weath-
ering by exfoliation, which is effective in summer,
leaves fresh-looking surfaces. Exfoliation has been
too rapid to permit the development about the
bowlders of the weathered zones that are due to
the action of the atmosphere. The lack or the
slightness of chemical action is also shown in sec-
tions of the drift, for they do not show appreciable
leaching, while the drift of Wisconsin age in the
northern interior usually shows leaching to the
depth of 2 to 4 feet.

POSTGLACTAL CHANGES.

Few changes have taken place since the ice
disappeared. The freshness of the drift and of the
glaciated rock surfaces is among the most striking
features of the valleys that were occupied by ice.
The changes include (1) weathering, especially that
resulting from changes of temperature, and (2)

stream erosion, especially where the creeks cross |

the terminal moraines, Several lakes have been
lowered by the lowering of their outlets.

In most places the amount of talus that has been
split off from the rock walls in postglacial time is
not great, but there are some striking exceptions.
Matthes noted a trail thru the pass at the head of
North Fork of Clear Creek which had been aban-
doned in 1899 because of the accumulation of talus,
tho it had been in use but ten years before. The
amount of postglacial talus is also great at the
bases of not a few cirque cliffs, as at the heads of
the valleys of Kearney Glacier, in cirque 4; of
East Tensleep Glacier, where the talus from oppo-
site sides meets at some places in the bottom of the
valley; and in cirque 6 of West Tenslecp Glacier.
Large amounts of postglacial talus lie at the bases
of cliffs that escaped severe glaciation or that are
composed of rock which breaks up readily as a
result of changes in temperature. Altho the post-
glacial results of temperature changes have not been
great, they are evident in many places in the exfo-
liation of bowlders and of exposed rock surfaces.
The effectiveness of this exfoliation is shown by
the fact that advertisements painted on bowlders
have been extensively defaced by the shelling off
of the surface on which they were painted. That
this, and not the weathering of the paint, explains
their disappearance is certain, because exfoliated
shells about the bases of the bowlders and rock
walls often show the paint but little dimmed.

‘Where streams flow over solid rock the amount.
of work they have done in postglacial time is
hardly appreciable. In two cases (cirques 5 and 7)
strize were observed in the channels of streams.
The wear in the upper parts of the valleys is very
slight, because they contain very little material
that is fine enough for the streams to carry, all
fine material having been removed by the ice.

The work of streams flowing in channels in the
drift has been limited to carrying away the finer
material. Kven in the channels of the swifter
streams the accumulated bowlders set free by the
removal of the fine material offer effective resist-
ance to further erosion. The postglacial stream
channels cut in the ground moraine are rarely as
much as 25 feet deep. Only where streams cross
terminal moraines are their gorges pronounced.
That of East Tensleep Creek approaches 200 feet
at a maximum, and those of West Tensleep and
South Medicinelodge creeks approach 150 feet.
Of the remaining gorges none are much more than
half as deep. All these cuts are V-shaped, with
slopes of 25° to 35°.

EXISTING GLACIERS.

There are numerous perennial snow fields and a
few small glaciers in the Bighorn Mountains. The
topographic map shows three glaciers on the east
side of the range—two at the head of North Fork
and one at the head of South Fork of South Piney
Creek. The last is much the largest. In 1902,
according to W. FHL. Emmons, there was a fourth
incipient glacier on this side of the range, in one
of the more southerly cirques of South Fork.
This glacier and those at the head of North Fork
are all very small, tho possessing characteristics
which indicate glacial movement. The principal
glacier at the head of South Fork lies in a cirque
whose almost vertical walls are nearly 1600 feet
high at their highest point. (See fig. 9 on illus-
tration sheet 1.) The glacier is therefore well
protected from the®sun, It has a distinet terminal
moraine, 10 to 25 feet high, and a lateral moraine
on either side. Its surface carries much dust and
is marked by dust wells and bowlder-capped ice
pillars.  Superglacial streams have cut channels 3
to 4 feet deep in the ice, revealing layers of ice,
some clean and some débris charged, which are
turned up near the end of the glacier at angles
ranging from 20° to 25°.

ALLUVIUM.

In the higher portions of the Bighorn Mountains
most of the streams are engaged in active erosion
and the declivity is so great that the products are
carried far away. Small amounts of alluvium are
deposited along the wider portions of some of the
valleys, but they are usually transient and are
removed by the heavier floods. They are too
small for representation on the geologic map. In
the lower lands of the region, which are underlain

by softer rocks, the valleys are wide and many
of the alluvial deposits have considerable extent.
Along Clear and Crazy Woman creeks they are in
places a mile wide. They constitute nearly level
tracts, thra which in places the streams meander
from side to side, usually in very shallow trenches.
In times of flood the streams rise out of these
trenches and overflow the alluvial bottom land to
a greater or less extent, so that the alluvial deposits
are in places increasing in thickness. The materials
are sands and loams, often mixt with more or less
gravel and small bowlders derived from the moun-
tains and the adjacent highlands.

The largest deposits west of the mountains are
along Tensleep Creek below the mouth of its can-
yon, where for a short distance there are alluvial
flats from a half to three-fourths of a mile wide on
either side of the stream. They gréw narrow near
Tensleep post-office, where they join other alluvial
flats that extend up the valley of No Wood Creek.
A notable accumulation of alluvium lies in the val-
ley of Canyon Creek, extending from Rome to the
fault. Its width varies from a half to three-fourths
of a mile.

STRUCTURAL GEOLOGY.
STRUCTURE OF THE BIGHORN UPLIFT.

The Bighorn Mountains are due to a great anti-
cline of many thousand feet uplift, rising in south-
central Montana and extending about 125 miles
southeastward and southward into central Wyoming.
It lifts a thick series of Paleozoic and Mesozoic for-
mations high above the plains and, owing to the
deep erosion of its crest, presents a central nucleus
of pre-Cambrian granites, from which sedimentary
rocks dip at varying angles on either side. The
most elevated portion of the uplift is in latitnde
44° 30/, where one of the granite summits, Cloud
Peak, riges to an altitude of 13,165 feet, or about
9000 feet above the adjoining plains. Figs. 5 and
6 show the configuration of the principal structural
features of the uplift. The greatest vertical dis-
placement of the strata, as indicated by the height
at which the granite floor is now found, with mod-
erate allowance for erosion, amounts to about
25,000 feet. For the greater part of its course the
anticline is relatively simple in shape, but there
are numerous local variations in the steepness of
its sides and the shape of its top and many com-
plexities due to the presence of extensive faults.
In general its eastern side is much steeper than its
western, especially in the central portion of the
uplift. At its northern end both sides are rela-
tively steep and the top is remarkably flat. In the
portion of highest uplift, which is probably near
Cloud Peak, the sedimentary rocks have been
removed over a considerable area and the form
which the flexure would have if the eroded por-
tions of the granite and the overlying sedimentary
beds were restored can only be conjectured. Appar-
ently in this region there is a long uniform rise
from the west, a similarly gentle downward grade
to the east for some distance, and then the steep
dips which are now found in the foothills on that
side. In its southern extension the uplift is rela- ,
tively even crested, but it exhibits a local doming
of moderate prominence near its southern termina-
tion. The main uplift bears a number of subordi-
nate flexures, the most notable being the one in
Dry Fork Ridge east of Bald Mountain. This is
an anticline rising about 2500 feet on the northeast-
dipping limb of the main anticline. Several
small anticlines and synclines extend southeast-
ward out of the average trend in the vicinity of
Mayoworth, Greub, and Houck, and northward
at No Wood, Bigtrails, and Hyattville. There are
a number of faults in the uplift, some of them
extending along the strike and others crossing it
at various angles. The most notable fault is north-
west of Buffalo, where the strata are displaced 9000
feet. This dislocation was effected mainly in Lara-
mie time and its extension eastward is covered by
Laramie or later deposits. Other profound faults
of this variety extend along the east side of the
range west of Buffalo. A prominent fault crosses
the uplift east of Tensleep, varying in throw from
500 to 1000 feet, with the drop on the south side.
South of this fault is a great hook-shaped displace-
ment, with one fault line extending along the west
side of the crest of the mountain to the southern
termination of the uplift, and the other fault extend-
ing eastward and southeastward out of the moun-



tain,  Along the north-south fault there is uplift of
500 to 2000 feet on the east side, while on the other
there is downthrow of about the same amount on
the west side, so that the faulted block has revolyed
slightly. The axis of this movement passes half-
way between Mayoworth and Tensleep.

Near the southern end of the uplift the north-
south fault divides into several irregular faults.

In the Bald Mountain region there are several
local faults with displacements which are mainly
along the strike and follow the steep upturn along
the western margin of the uplift. Another local
strike fault extends along the east side of Walker
Mountain,

STRUCTURE OF THE QUADRANGLES.
WEST SLOPE.

General features—The Cloud Peak quadrangle
includes the highest part of the Bighorn uplift and
a portion of its western slope. Altho the sedimen-
tary rocks have been eroded from the northeastern
half of the area, it is apparent, judging from the
relations in adjoining regions, that the strata orig-
inally extended over that section in a broad, high
dome or elongated anticline, as shown in fig. 6.
For the beds to have overarched Cloud Peak, a dip
of only about 12° is required, making allowance
for 1000 feet of erosion, and this rate of dip is
about the average now found in the strata lying
opposite Cloud Peak on the west slope of the range.
Along the slopes that occupy the southwestern half
of the quadrangle the general dip is to the west
and west-southwest at angles mostly from 9° to 12°.
In the vicinity of Black Butte and farther north
the strike turns to the north and the dips increase
somewhat in amount. The prominence of this
butte is due to the change in strike and the sudden
increase of dip in the Bighorn and overlying lime-
stones. There are local variations in strike along
the mountain slopes, especially in the Amsden and
Tensleep beds north of North Fork of Brokenback
Creek, but their effects are small. In the area of
the Chugwater red beds the dips are all very
low owing to a low anticline which begins on the
divide between South Fork of Brokenback Creek
and Tensleep Creek and extends northwest for many
miles, passing out of the quadrangle in latitude 44°
10" It is plainly exhibited in Tensleep sandstone
in the two forks and north branch of Brokenback
Creek and in the high ridge of lower Chugwater
red beds north of bench mark 4522. In this ridge
small canyons cut thru the red shales and expose
the top of the Tensleep sandstone. Faults are not
very numerous on the western slope, and those
which are prominent occur at the southern margin
of the uplift, as shown on the geologic map. A
small fault on Trapper Creek, in the northwest
corner of the Cloud Peak quadrangle, is shown in
fig. 19, illustration sheet 2.

Fault near Rome.—Near the southern margin of
the Cloud Peak quadrangle the strata are dislocated
by two faults trending east and west. The larger
fault is a strongly marked feature along the north
side of Canyon Creek Valley north and northeast
of Rome post-office. In its greatest development,
which is north of Rome, it has a vertical displace-
ment of 600 feet, bringing upturned Tensleep
sandstone in contact with Madison limestone, the
latter rising in a cliff capped by Amsden and Ten-
sleep beds. This cliff extends eastward for about
7 miles from a point a short distance east of bench
mark 5097. The throw of the fault gradually
diminishes toward the east to the point at which it
crosses Canyon Creek Canyon, where it is entirely in
Madison limestone, with a throw of about 400 feet.
East of this point its throw increases somewhat and
it is exhibited in the Madison and Bighorn lime-
stones and the Deadwood formation, the latter
being entirely cut out southwest of bench mark
8429, where, for a,short distance, the Bighorn
limestone and the granite are in contact. It passes
entirely into the granite south of bench mark 8429,
and could be traced no farther. One of the finest
exposures of the dislocation is at the place where
Canyon Creek crosses the fault northwest of Rome
and enters a deep canyon in Madison limestone.
South of the entrance of this canyon there is a wide
valley of Chugwater red shales, and this rock and
some ledges of underlying Tensleep sandstone are
steeply upturned against the fault.. The amount
of displacement is about 400 feet. West of the
entrance of this canyon the throw diminishes

Cloud Peak-Fort McKinney.
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rapidly and at one point near by the upturned

Upturn near Tensleep.—This flexure is marked

Chugwater red -shales are in contact with red | by a narrow zone of steep southerly dips which

Amsden shale.

Near bench mark 5097 the fault | appear in a ridge of Chugwater red shales that

has merged into a flexure which thence extends | extends along the south side of Tensleep Valley

due west for some distance.

just south of Tensleep post-office. This zone
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Diagram showing configuration of the Bighorn uplift by contours drawn at the base of the Madison limestone.

Dasht lines indicate areas from which all sedimentary rocks have been removed by erosion; heavy lines are faults;
dotted pattern represents area covered by Tertiary deposits.
Scale: 1inch=10 miles. Contour interval is 500 feet. Datum is sea level,
8, Buffalo ; 88, Black Butte: BM, Bald Mountain; Bn, Barnum ; BR, Bridger Range ; Bt, Bigtrails; Bz, Bonanza; C, Cloud Peak; D, Deranch; G, Greub;

H, Hyattville; Hk, Houck; Wz, Hazelton; K, Kaycee;
s, Sheridan ; Sh, Shell ; Ts, Tisdel's ranch ; WM, Walker Mountain.

LC, Lost Cabin;

M, Mayoworth; N, No Wood; Ok, Okie’s store; R, Rome; Rb, Redbank ;
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Sea Tovel

F16. 6.—East-west section across the highest part of the Bighorn Mountains, showing the exterit of erosion of the uplift.
Vertical and horizontal scales: 1inch = 10 miles.

crosses No Wood Creek just above the mouth of
Tensleep Creek, giving rise to a narrow ridge
of steep, southward-dipping beds, ranging in age
from upper Chugwater to lower Colorado, which
extends to the western margin of the Cloud Peak
quadrangle. The dips are nearly vertical for a few
hundred yards, but give place abruptly to nearly
horizontal dips to the north and south.

Powder River fault—A prominent fault crosses
the southeast corner of the Cloud Peak quadrangle
east and south of bench mark 8337. It crosses
North Fork of Powder River, with a throw of about
1500 feet, bringing the upper part of the Madison
limestone against the lower sandstone of the Dead-
wood formation. It here trends due east and west
and, on the adjoining slopes, the basal sandstones
of the Deadwood and Amsden formations are in
contact. South of bench mark 8337 its course.
changes to southwest and its throw rapidly
becomes less, the full series of Deadwood, Big-
horn, and lower Madison beds rising to the surface
on the west side of the fault, while Amsden and
Tensleep beds rise on the east side. It passes into
the quadrangle lying immediately south of the
Cloud Peak quadrangle, where it gives place to a
flexure.

EASTERN FRONT RIDGE.

In the limestone front ridge and foothills on the
east slope of the mountains in the Fort McKinney
quadrangle the strata rise on a monocline which is
steep in its northern part and relatively gentle in
its southern part. As shown in section F-F,
there is at first a relatively steep rise near the
flanks of the mountain and then very marked flat-
tening of the dips toward the west. An anticline
of moderate prominence appears on the monocline
north of Crazy Woman Creek and crosses the range
diagonally, passing out into the granite west of
bench mark 7866, near Muddy Creek. This anti-
cline is 2 marked feature on the north side of Mid-
dle Fork of Crazy Woman Creek west of Greub,
where it is exhibited in a high ridge of Tensleep
sandstone with a valley of Chugwater red shale
extending westward up the syncline for some dis-
tance. At North Fork of Crazy Woman Creek
there is a sudden increase of steepness in the beds
of the front ridge, some features of which are shown
in fig. 16 of illustration sheet 2. North of this
place the dips are mostly more than 45° and they
become nearly vertical near Clear Creek. Steep
dips prevail north of Clear Creek, with local mod-
erate diminution on the slope of the front ridge
west of Mowry Basin. In this portion of the
region the ridge is traversed and paralleled by a
number of profound faults, partly of late Creta-
ceous and partly of later age. The first of these
from the south develops in the granite 5 miles
north of Sisters Hill, crosses the front ridge diagon-
ally, and extends along its eastern side for several
miles, in part under a covering of later formations.
From Clear Creek to Johnson Creek Kingsbury
conglomerate lies in contact with the Madison
limestone along this dislocation. North of John-
son Creek the fault divides, its eastern branch
passing under Kingsbury conglomerate and the
other bringing the Chugwater and Deadwood for-
mations into contact, as shown on section B-B
of the structure-section sheet. Near this section
another fault develops on the west side of the
front range, which trends first north-northeast and
then northeast, finally passing out under Kings-
bury conglomerate on the south line of sec. 8, T
52, R. 83. On South Fork of Sayles Creek a
branch of this fault extends northward and then
northwestward, dying out in the Deadwood basal
beds. Near the point at which the fault bifurcates
the granite is in contact with Tensleep sandstone
and apparently Chugwater red beds, above which
it rises in a prominent knob. Amother fault
appears northwest of the canyon of South Fork
of Rock Creek, trends northeastward, and crosses
all the formations from Deadwood to Piney. On
North Fork of Rock Creek the Mowry shales are in
contact with the granite along this fault, and far-
ther north it brings Deadwood and Piney forma-
tions into contact. A short distance south of the
head of North Fork of Shell Creek it turns east-
ward and extends under the Kingsbury conglom-
erate, which is here in contact with the Bighorn
limestone and the Deadwood formation. A small
branch fault continues northward and brings the




Cambrian shales and Madison limestone into con-
tact along the foot of the limestone front ridge,
which here begins again, having been cut out by
the main fault in the slopes adjoining North Fork
of Rock Creek. These faults in their maximum
development have from 5000 to 9000 feet throw,
with the drop on the east side. Doubtless some of
them extend far southwestward into the granite
area, but they could not be traced in that direction,
In the southwest corner of the Fort McKinney
quadrangle there is a small area in which the sedi-
mentary rocks extend up the slope of the granite
from the south and southwest and are cut off' by
the Powder River fault, described above.

THE PLAINS.

In the eastern half of the Fort McKinney quad-
rangle the strata lic in a monocline, dipping gently
northeastward near Buffalo and nearly due east-
ward in the vicinity of Crazy Woman Creek. In
the ridge of Kingsbury conglomerate the dips are

. mostly from 15° to 20°, but they gradually dimin-
ish toward the east until, near the eastern margin
of the quadrangle, they are mostly from 2° to 4°.

GEOLOGIC HISTORY.

The general sedimentary record.—The rocks
appearing at the surface within the Cloud Peak
and Fort McKinney quadrangles comprize granites
of pre-Cambrian age and an overlying thick series
of sedimentary strata. The sedimentary strata con-
sist mainly of sandstone, limestone, shale, sandy
loam, and gravels, all presenting more or less
variety in composition and appearance. The prin-
cipal materials of which they are composed were
originally gravel, sand, or mud derived from the
waste of older rocks, or chemical precipitates from
salty waters,

These rocks afford a record of physical geography
from Middle Cambrian time to the present. The
composition, appearance, and relations of the strata
show in some measure the conditions under which
they were deposited. Sandstones ripple-marked
by waters and cross-bedded by currents, and shales
cracked by drying on mud flats were deposited in
shallow water; pure limestones generally indicate
open seas and scarcity of land-derived sediment.
The fossils that the strata contain may belong to
species known to inhabit waters that are fresh,
brackish, or salt; muddy or clear. The character of
the adjacent land may be shown by the nature of
the sediments derived from its waste. The quartz
sand and pebbles of coarse sandstones and conglom-
erates, such as are found in the Deadwood, Ten-
sleep, Cloverly, and some other formations, had
their original source in crystalline rocks, but in
part, at least, have been repeatedly redistributed
by streams and concentrated by wave action on
beaches. Red shales and sandstones such as make
up the “Red Beds” usually result directly from
the revival of erosion on a land surface long
exposed to rock decay and oxidation and hence
covered by a deep residual soil. Limestones, on
the other hand, if deposited near the shore, indi-
cate that the land was low and that its streams
were too sluggish to carry off coarse sediments,
the sea receiving only fine sediment and sub-
stances in  solution. The older formations
exposed by the Bighorn uplift were laid down
from seas that covered a large portion of the
central-western United States, for many of the
rocks are continuous over a vast avea. The land
surfaces were to some degree coextensive with the
present Rocky Mountain province, but the periph-
eral shores are not even approximately deter-
mined for any one epoch, and the relations of land
and sea varied greatly from time to time. Pur-
suing these general ideas in greater detail, one finds
that the strata brought to view by the Bighorn
uplift record many local variations in the ancient
geography and topography of the continent.

Cambrian submergence.—One of the great events
of early North American geologic history was the
wide extension of an interior sea over the western-
central region. The submergence reached the
Rocky Mountain province in Middle Cambrian
time, when, for a while, it formed an irregular
shore line of great extent. From the ancient crys-
talline rocks of these shores waves and streams
gathered and concentrated sands and pebbles,

which were deposited as a widespread sheet of’
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sandstone and conglomerate, partly on sea beaches,
partly in shallow waters offshore, and partly in
estuaries.  Numerous exposures of, these sedi-
ments, containing much local material, now abut
against the surface of the crystalline rocks that
formed these shores. The central portions of the
Bighorn Mountains and the Black Hills may
have been islands in the earlier stage of this
period, and the Laramie Range and Rocky Moun-
tain front range were lands rising out of the
Cambrian sea. After these earliest conditions the
higher lands were reduced by erosion and, the area
possibly being also lessened by submergence, some
of the islands yielded the finer grained muds now
represented by the shales and limestones that occur
in the upper portion of the Cambrian, but in many
regions the land surface of crystalline rocks was
buried beneath the sediments. The limestone
conglomerates at the top of the Deadwood forma-
tion indicate recurrence of shallow-water condi-
tions, the latter probably marking the beginning
of emergence, which lasted thru the later part of
Jambrian and the earlier part of Ordovician time.
During this time the area considered in this folio
probably was part of the land extending northward
from the Laramie Range.

Ordovician sea.—In Black River-Trenton time
the northern part of the Bighorn area was sub-
merged, at first with deposition of sand and then
with extensive deposition of lime carbonate, now
constituting the greater part of the Bighorn forma-
tion. After this epoch of deposition there was
uplift, probably resulting in widespread emergence.
This was followed in late Ordovician time by sub-
mergence, during which the Richmond deposits
aceumulated in at least part of the region.

Silurian-Devonian conditions.—¥From the close
of Ordovician to early Carboniferous time the Big-
horn Mountains present no geologic record, the
Silurian and Devonian being absent.  This lack of
sediments representing these periods is probably
due to the fact that the region was covered by an
extensive but very shallow sea, or by land so low
as to leave no noticeable evidence of erosion.
‘Whether it remained land or sea, or alternated
from one to the other condition, the region shows
no evidence of having undergone any considerable
uplift or depression until early in Carboniferous
time, when there was a decided subsidence, which
established relatively deep-water and marine condi-
tions, not only over the Bighorn area, but generally
thruout the Rocky Mountain province.

Carboniferous sea.—Under the marine conditions
of the early Carboniferous there were laid down
caleareous sediments, which are now represented
by nearly a thousand feet of limestone, known as
the Madison limestone. As this formation com-
prizes no coarse deposits, it is thought that no crys-
talline rocks were exposed above water in this
region, altho in regions farther south the lime-
stone, or its stratigraphic equivalents, was depos-
ited directly upon them. -Later in Carboniferous
time the conditions changed and a sheet of red
shale of wide extent was deposited. This was
followed by alternations of, pure limestones, sandy
limestones, and local sand deposits several hundred
feet thick, constituting the Amsden formation. This
deposition was followed by an uplift, during which
shallow waters and strong currents deposited a thin
but extensive sheet of sand, known as the Tensleep
sandstone. In the southern portion of the Big-
horn area this condition gave place to deposition
of clay and then carbonate of lime, now constitut-
ing the Embar formation. Then followed a period
of uplift, which culminated, in late Carboniferous
or Permian time, in a widespread lake of saline
water in which the Chugwater formation was laid
down. This great mass of red shales, with its
extensive interbedded deposits of gypsum, pre-
sumably products of an arid climate, accumulated
to a thickness of over a thousand feet in parts of
the area. There is such uniformity of the deep-
red tint that this is undoubtedly the original color.
It is present not only over the entire outcrop of
the formation, but also thruout -its thickness,
as is shown by deep borings, and is therefore not
due to later or surface oxidation. This deposition
of red mud was interrupted from time to time by
chemical precipitation of comparatively pure gyp-
sum, in beds ranging in thickness from a few
inches to 30 feet and usually free from mechanical
sediments. Tt is apparent that these beds are the

products of evaporation at times when mechanical
sedimentation was temporarily suspended, doubt-
less during periods of greatly diminished rainfall;
otherwise it is difficult to account for their nearly
general purity. Most of the red deposits were laid
down in shallow water, so that subsidence must have
kept pace with deposition most of the time. At
an early stage in the deposition of the “Red Beds”
there was a period of widespread interruption in
the shale sedimentation, during which a thin but
wonderfully persistent bed of limestone was laid
down. This is only a few feet thick in the Bighorn
Mountain region, but in the Black Hills and some
other localities it is 50 feet thick and is known as
the Minnekahta limestone. It contains fossils that
are believed to be Permian, and as fossils supposed
to be of that age occur also in local limestone beds
near Thermopolis, at horizons within 150 feet of
the top of the “Red Beds,” most, if not all, of these
beds are apparently of that age. Possibly their
deposition extended into Triassic time, but there is
no definite evidence on this point. Tn most local-
ities there is evidence of uplift and erosion of the
“Red Beds” in an interval prior to the deposition of
the marine Jurassic beds of the Sundance formation.

Jurassic sea.—In the Bighorn Mountain region
the Jurassic was a period of varying conditions,
shallow and deep marine waters alternating. The
materials are nearly all fine grained and indicate
waters without strong currents. Some of the
earliest deposits arve fine-grained sandstones or
sandy shales, in part ripple-marked, evidently laid
down in shallow water and probably the product
of a time when sedimentation was in excess of sub-
sidence, if not during an arrest of subsidence. An
extensive marine fauna and limestone layers in the
upper shales of the Sundance formation indicate
that deeper water followed, but more sandy sedi-
ments appear near the top, indicating the resump-
tion of shallower water conditions.

Cretaceous sea.—During the Cretaceous period
deposits that are of various kinds yet are generally
uniform over wide areas gathered in a great series,
beginning with such as are characteristic of shallow
seas and estuaries along a coastal plain, passing into
sediments from deep marine waters, and changing
toward the end to fresh-water sands and clays with
marsh vegetation. The earliest deposits constitute
the Morrison formation, a widespread mantle of
fine-grained materials, mixtures of clay and fine
sand, with thin, irregular bodies of coarser sand,
deposited by streams or along shores, and with
occasional thin beds of limy sediments. Huge
saurians were abundant, as is shown by the fre-
quent occurrence of their remains in the deposits,
altho it is possible that the numerous remains are
due mainly to increased mortality or to more
favorable conditions of preservation, or both.

The close of Morrison time was marked by an
abrupt change to conditions under which the
coarse-grained, cross-bedded, massive basal con-
glomerates and sandstones of the Cloverly forma-
tion were deposited. Altho the character of the
deposits changes abruptly and there is occasional
local channeling of the surface of the soft Morrison
beds, the erosion appears to be remarkably small
in amount—no more than would be expected to
result from strong currents bearing coarse sands
and pebbles. It is believed that there was no great
uplift-erosion interval following Morrison deposi-
tion, for if there had been the soft beds would have
been widely removed. It is a significant fact, indi-
cating regular succession, that some of the saurians
of Morrison time apparently continued into the
next epoch. The coarse deposits of the lower part
of the Cloverly were derived from sources not fully
located and were spread by strong currents over an
extensive area. In the earlier stglges there were
some coaly deposits, but apparently no such coal
beds as are found in the Black Hills region. The
coarser beds are usually less than 50 feet thick and
give place to massive clays and sandy clays, mostly
of light color, not unlike the Morrison beds, which
at most places have a thickness of less than 100
feet and are supposed to represent the Fuson for-
mation of the Black Hills. The Dakota sandstone
usually is not recognizable, but as there is no uncon-
formity at the top of the Cloverly formation the sedi-
ments of Dakota time are no doubt represented by
deposits which are not characteristic. At the begin-
ning of the Benton there was everywhere in the
region a rapid change of sediments to dark-colored

fissile shales. These are the products of a later
Jretaceous submergence in which marine conditions
prevailed and which continued until several thou-
sand feet of clays were deposited, during the Ben-
ton, the Niobrara, and the Pierre epochs. In
Benton time there were occasional thin deposits
of sand, especially at first and at the end, and in
the middle some fine-grained sandy beds were laid
down, now known as the Mowry member. The
calcareous sediments of the Greenhorn limestone
in the middle of the Benton are not represented
in the Bighorn region, and the Niobrara sediments
were clays lacking the chalky ingredient which
characterizes them in other regions. The period of
Pierre deposition was long, for over 3000 feet of
dark clays, deposited slowly under very uniform
conditions, accumulated in most parts of the region.
The retreat of the sea during later Cretaceous time
resulted in extensive bodies of brackish water,
which spread sand over the clay beds; and then
in fresh waters, which deposited sands, clays, and
marsh materials of the Piney and later (Laramie)
formations. In this region there was an uplift of
moderate prominence in the early part of this time,
in part, at least, forming a fault along a portion of
the east slope of the Bighorn Mountains, It was
of sufficient magnitude, however, to afford erosion
products from beds down to the Deadwood forma-
tion, some of the materials of which appear in a
long lens of Kingsbury conglomerate extending
from a point southwest of Sheridan for 40 miles
southward to Crazy Woman Creck. Deposition of
finer grained materials progressed during and fol-
lowing this uplift, and several thousand feet of
shales and sands of the De Smet formation accu-
mulated, including scattered beds of carbonaceous
materials which are now lignite coal, in some places
20 feet or more in thickness. It is believed that
this epoch extended to and perhaps into early
Eocene time.

Early Tertiary mountain growth.—There was
extensive uplift in the Rocky Mountain province
in early Tertiary time. This fact is clearly indi-
cated in most of the mountain regions, where
Oligocene deposits lie on an eroded surface hav-
ing the general configuration of the present topog-
raphy—a relation which indicates that the uplifts
were truncated and the larger outlines of their
topography established in earlier Eocene time.
Where the great mass of eroded material was
carried is not known, but some of it was swept to
the west and southwest of the Bighorn Mountains,
where it constitutes the Bridger and Wasatch beds.
Some idea of the extent of the erosion in the Big-
horn uplift is given in fig. 6, which represents
approximately the profile of the Pierre and under-
lying formations continued over the uplift. Prob-
ably some of the formations overlying the Pierre
extended over the dome.

Later Tertiary fresh-water deposits—Olig
and overlying deposits were laid down by streams
and local lakes and finally covered much of the
Northwest to & level now far up the flanks of the
various mountain ranges. Erosion has removed
them from most of the higher regions where they
formerly existed, especially along the steeper slopes.
Various deposits of supposed Tertiary age remain
on the lower slopes of the granite area of the Big-
horn Mountains at altitudes of 8000 to 9000 feet
and along the higher slopes of the limestone front
ridge at altitudes of 6000 to 7000 feet.

Qualernary  conditions. — During Quaternary
time the Bighorn region has been subjected to
extensive and prolonged erosion. Extensive ice
sheets existed in the higher portion of the range
at an early period in the Quaternary, but most of
the fragmental products to which they gave rise
were removed by subsequent erosion. Some of
these deposits and other materials gathered by the
streams were spread in extensive alluvial fans at
the foot of the mountains and their remains now
cap some of the divides. Smaller glaciers con-
tinued in some of the higher mountain slopes and
accumulated moraines of moderate extent. Rem-
nants of some of these glaciers still exist, lying in
cirques cut deeply into some of the higher moun-
tain slopes.

The streams flowing out of the mountains have
cut wide valleys in later Quaternary time, and in
the lower portions of these have deposited alluvium
in low flats which merge into the present freshet
plains.




ECONOMIC GEOLOGY.
SOTLS.

Derivation.—The soils in this region are closely
related to the underlying rocks, of which they are
residual products of decay and disintegration, except
those formed as alluvial deposits in the larger val-
leys or those spread by winds. In the process of
disintegration residual soil develops on the several
rocks of the region more or less rapidly according
to the character of the cement holding the particles
together. Siliceous cement dissolves most slowly,
and rocks in which it is present, such as quartzite
and sandstones, are extremely durable and produce
but a scanty soil. Caleareous cement, on the other
hand, is more readily dissolved by water containing
carbonic acid, and on its removal clay and sand
remain to form, often, a deep soil. If the calcare-
ous cement is present in small proportion only it is
often leached out far below the surface, the rock
retaining its form, but becoming soft and porous,
as in the case of part of the Tensleep sandstone.
If, as on the limestone plateaus, the calcareous
material forms a greater part of the rock, the
insoluble portions collect on the surface as a man-
tle that varies in thickness with the character of
the limestone, being thin where the latter is pure,
but often very thick where the rock contains much
insoluble matter. The amount of soil remaining
on the rocks depends on erosion, for on slopes the
erosion is often sufficient to remove the soil as
rapidly as it forms, leaving bare rock surfaces.
Crystalline schists and granitic rocks decompose
mostly by hydration of a portion of their con-
tained feldspar, and the result is usually a mixture
of clay, quartz grains, mica, and other materials.
Shales are disintegrated in consequence of changes
of temperature, by frost, and by water, thus by
softening and washing giving rise to soils. If they
are sandy, sandy soils result, and if they are com-
posed of relatively pure clay a very clayey soil is
the product. The character of the soil thus derived
from the various geologic formations being known,
their distribution may be approximately determined
from the map showing the areal geology, which thus
serves also ag a soil map. It must be borne in mind
that some of the geologic formations present alter-
nations of beds of various materials—shales and
sandstones, for instance, alternating with limestone.
These give abrupt transitions in the character of
their disintegration products, soils which differ
widely in composition and agricultural capabilities
occurring side by side. The only areas in which
the boundaries between different varieties of soil
do mnot coincide with the boundaries of the rock
formations are in the river bottoms, in the sand
dunes, in the areas of high-level gravels, in the
smaller valleys, and upon steep slopes, where soils
derived from rocks higher up the slope have washt
down and mingled with or covered the soils derived
from the rocks below. Soils of this class are known
as overplaced, and a special map of large scale would
be required to show their distribution.

Distribution.—The principal arable soils of the
Bighorn region are the alluvial deposits along the
larger valleys on either side of the mountains.
The distribution of these deposits is shown on the
areal geology sheet. The widest areas occupy the
valleys of Clear and Crazy Woman creeks and
their larger branches. Sand Creek, southwest of
Buffalo, has a wide valley floor of alluvium, and
there are areas of considerable extent along North
Fork of Shell Creek, in the upper portion of Box-
elder Creek Valley, and south of Lake De Smet.
The alluvial deposits above Buffalo on Clear Creek
consist mostly of bowlders and coarse sand, but
below that town there are many cultivated areas;
the principal crop is hay. There are large fields
under cultivation at the T A ranch and at other
localities along the valley of Crazy Woman Creek.
There is a wide area of bottom land along Tensleep
Creek above Tensleep post-office, the soils consist-
ing of very fertile sandy loams. This material was
derived from the mountains and consists of minute
grains of various rocks, deposited by the flood waters
of the creek. Some portions are predominantly
sandy, and along the stream there are often accu-
mulations of bowlders. Excellent crops, mainly
of hay, are raised by irrigation in this valley.
Along No Wood Creek above the mouth of Ten-
sleep there are narrow alluvial areas, which are
utilized to some extent for agriculture, but in the
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region farther north most of the alluvial areas are
narrow and consist largely of local wash from the
“Red Beds.” The wide alluvial flat on Canyon
Creek below Rome is underlain by a loam soil
which yields extensive crops of hay.

The crops depend principally on irrigation,
which is effected by numerous long ditches that
carry water from the creeks to ranches in many of
the valleys. The high terrace deposits have fertile
soils, but are usually coarse grained and difficult to
keep moist, and many of them lie above the ditch
lines, so that they can not be irrigated with the
present system. The soils of the Piney and De
Smet formations appear to be fertile, except in
local areas where there is too much sand or cinders,
but they are little cultivated. Much of the area is
covered with grass, which affords excellent pastur-
age in most localities. The shales and sandstones
that outerop along the foot of the mountains usu-
ally carry little soil, but in some places sustain
a moderate growth of grass.

The wide area of “Red Beds” in the southwest-
ern part of the Cloud Peak quadrangle has but
little soil and that is usually barren. In places
it is covered by a moderate growth of grass,
affording scanty pasturage. The conditions are
somewhat similar in the overlying Jurassic and
Cretaceous beds farther southwest. On the lime-
stone front ridge rocky ledges prevail, and altho
limestones give rise to rich soil, these are not so
situated as to be available for cultivation. In the
granite area of the mountains farther west much of
the surface consists of rocky ledges, and altho there
are numerous open parks favorable for tilling,
they stand at an altitude too high for agriculture.
The parks and many of the slopes are covered
with grass and various plants that afford rich
pasturage for sheep and cattle during the brief
summer season.

WATER SUPPLY.

Surface waters—Many large streams head in
the high divide of the Bighorn Mountains and
flow across the Cloud Peak and Fort McKinney
quadrangles. In the more elevated portions of the
region there is a large amount of running water,
not only in the larger creeks but in the many
small branches. In the higher ridges much snow
remains thru the summer and by its gradual
melting furnishes a considerable portion of the
running water. The numerous meadows and
wooded slopes and the broken rocks above the
timber line greatly diminish the rapidity of
run-off and aid in sustaining a steady flow. On
account of the rapid melting of snow at the begin-
ning of summer, the largest flow of nearly all the
streams oceurs in June, and their volume at this
time is usually ten to twenty times greater than
during the middle and later summer months. On
the limestone and sandstone ridges in the eastern
and southwestern portions of the area there is but
little running water, except in early summer and
immediately after heavy showers.

The principal streams on the east slope are
branches of Clear, Piney, Powder, and Crazy
Woman creeks—large streams of flowing water
which also cross the plains farther east. Clear
Creek is much the larger of these, for it receives
the drainage from the east side of Cloud Peak and
adjoining ridges, where large bodies of snow and
ice continue to melt during all the summer. The
average monthly discharge of this creek at Buffalo
is about 100 second-feet, but in autumn it usually
diminishes to about half this amount, while in
May and June it often rises to from 250 to 350
second-feet. From the north it receives a number
of branches that rise in the mountains. The first
of these, French Creek, is normally a stream of
very small flow, but its supply has been greatly
increased by a diversion ditch from North Fork of
Clear Creek. Rock Creek is the principal affluent
of Clear Creek from the north. It rises on the
lower slopes of the granite area and receives water
from two main forks and from Sayles and Johnson
creeks. Its total average flow is estimated to be
about 25 second-feet. The various forks of Crazy
Woman Creek lie on the lower granite slopes and
carry a moderate volume of water, which is so
extensively diverted for irrigation on the plains
that the volume of water in the main stream far-
ther east is very small, and in dry weather the
flow ceases entirely.

The two forks of South Piney Creek drain the
east side of Cloud Peak and adjoining ridges and
have, together, about the same volume as Paint-
rock and Tensleep creeks.

North Fork of Powder River rises in the south-
eastern part of the Cloud Peak quadrangle and
gathers a moderate flow from the granite slopes at
the south end of the main high range. Its volume
near the road is estimated to be about 15 second-
feet in midsummer.

The principal streams on the western slope are
Tensleep, Paintrock, Canyon, Medicinelodge,
Brokenback, Lee, Buckskin Ed, Shell, and Trap-
per creeks. The heads of branches of Big Goose,
Little Goose, and North Piney creeks are near the
northern margin of the Cloud Peak quadrangle.
No Wood Creek, a branch of Bighorn River, flows
across the southwest corner of the quadrangle.

Tensleep Creek drains the southwestern slopes of
the high central granite ridge south of Cloud Peak.
It has several branches, the largest of which is
Canyon Creek, and it empties into No Wood
Creek at Tensleep post-office. Its average summer
flow is probably about 75 second-feet near its mouth.

Paintrock Creek and its various forks drain the
west side of the high district about Cloud Peak
and is a stream of about the same size as Tensleep
Creek. Medicinelodge Creek, which has two forks,
is its principal affluent, joining the main creck a
short distance below Hyattville, several miles west
of the Cloud Peak quadrangle.

The waters from the mountains are of very fine
quality for all uses, but on the plains surface waters
soon become contaminated with minerals from the
large bodies of shale, often to such an extent as to
be unsatisfactory.

Underground waters.—The problem of under-
ground water supply is of no importance in the
central area of the Bighorn Mountains, and there is
an abundance of surface waters for most needs in
the adjoining plains to the west. It is probable
that in the red valley, in the southwestern por-
tion of the Cloud Peak quadrangle, artesian waters
might be obtained by drilling into the Tensleep
sandstone, especially along Tensleep, No Wood,
and some of the other valleys. The relations of
these strata may be seen in sections C-C and D-D
of the structure-section sheet.

Under the plains region, on the east side of the
mountains, there are numerous sandstone members
which carry underground waters. Some of these
are deeply buried; others lie near the surface.
Owing to the steep dips and the faults along the
front ridge the lower water-bearing beds sink rap-
idly to depths that are too great to be reached by
ordinary well boring. This is particularly the
case with the Deadwood, Tensleep, and Cloverly
sandstones, which appear to receive and carry
underground a considerable amount of surface
water. The Parkman sandstone doubtless is a
water bearer, altho its texture is so fine that the
volume of water in it can not be very large. The
conditions under which this formation extends
underground are shown in the cross sections on
the structure-section sheet. Tt will be seen that,
owing to the steep dips, the formation passes rap-
idly to a great depth beneath the surface and at
no great distance east of its outcrop zone lies at
depths of more than 2000 feet.

In the many sandstones in the Piney and
De Smet formations there are probably water
supplies that might be utilized in wells of mod-
erate depth, but as most of these deposits lie at
low levels it is not likely that flowing wells could
be obtained from them, except possibly along some
of the valleys. Owing to the irregular stratigraphy
of these two formations it is not practicable to pre-
dict that any special beds of sandstone will be
likely to yield water supplies, and the only light
to be obtained on this subject must be gained by
experimental borings. It is probable that the
Kingsbury conglomerate extends eastward under
a portion of the plains region and that it contains
a large volume of water. Probably it becomes finer
grained to the east and northeast, but doubtless for
many miles it is coarser than the adjoining sand-
stones. Shallow wells usually obtain water with-
out difficulty in the plains region, mostly from the
De Smet sandstone or from the alluvium along the
bottoms of the valleys. These waters vary greatly
in quality and some of them contain a considerable
proportion of mineral matter.

MINERAL RESOURCES.

General statement—The principal mineral re-
source of the Bighorn region is lignitic coal, which
underlies much of the adjoining basins. Gypsum
occurs in the Chugwater formation; small amounts
of copper and gold have been found in the granite
area of the mountains; and vast quantities of lime-
stone are obtainable from the Bighorn, Madison,
and Amsden formations. Building stones are
abundant in most areas, and clays suitable for
brick making are available at many places.

Many of the dike rocks contain small amounts
of magnetite and titanic iron, but they are inti-
mately intermixed with the other constituents and
are consequently of no use. Much of the higher
mountain region has not been prospected systemat-
ically, especially along the central ridge, where the
great dikes of diabase and other rocks may possi-
bly have mineral deposits associated with them—
not only gold but platinum and the rare earths
which now have considerable economic importance.

Coal.—The coal deposits of the De Smet forma-
tion in the Fort McKinney quadrangle are of
considerable economic importance and are mined
extensively for local use. There are four princi-
pal beds, which outcrop in a zone of moderate
width, developed principally in the vicinity of
Buffalo. The beds vary from 5 to 12 feet in
thickness in greater part and lie in a series of
rocks, about 200 feet thick, which dips very
gently to the northeast. The coals are lignites of
high fuel value but poor keeping qualities, as they
slack on exposure to the weather. The principal
mines are within 3 miles of Buffalo. Monker &
Mather’s mine is about 1 mile east of the town
and is the principal producer. Its annual output
averages about 2000 tons, which sell at about $1.50
a ton at the mine. The workings are underground
and the section is shown in fig. 1 (p. 8). The
lower 7-foot bed is probably the lowest important
bed in this region. The upper 7-foot bed of this
mine appears to be at the surface at the Bodan
mine, 1 mile farther north, near the mouth of Rock
Creek, where it locally thickens to 12 feet. Here
it is mined to a moderate extent in winter. A
mile farther east is the abandoned Foot mine,
where the coal is 8 feet thick, but the deposit
here is on fire. The coal of this bed or an adjoin-
ing one shows at intervals northward to the south
end of Lake De Smet, where its thickness is about
5 feet and where it was formerly worked.

At the Mitchell mine, 24 miles east of Buffulo, a
coal bed 6 to 8 feet thick is worked. It lies a
short distance below the lower clinker bed. Two
miles southwest of Long’s ranch a coal bed 6 feet
thick is mined to a moderate extent for local use.
Its quality is said to be not very good.

Glold.—Considerable prospecting for gold has
been done in the granite area, but apparently
without satisfactory results. The quartz veins and
diabase contacts show small amounts of gold at
several localities. Portions of the basal sandstone
of the Deadwood formation contain gold, and a
3-stamp mill was built several years ago on the
head of Kelley Creek, which obtained a small
product, but apparently without sufficient profit to
give encouragement to further operations. Faint
traces of gold are in some places obtainable in the
gravels in the caniyons leading out of granite areas,
but it is not known that any notable amount of
the metal has been found.

Copper.—Copper minerals, mainly malachite,
and red oxide, appear occasionally in the granite,
and considerable prospecting for these has been
done in the vicinity of Bull Camp. Small
amounts of moderately high grade ores are
obtained, mainly from quartz veins along the
contacts of the diabase dikes. The principal
prospects lié east and southwest of Bull Camp,
one of the most extensive being mnear Beaver
Creek, 3 miles east-southeast of that place. Here
a shaft has been sunk, but only a small amount of
copper ore was obtained. Apparently the mineral is
in minute veins widely scattered thru the rock, for no
bodies of economic importance have been developed.

Gypsum.—For the greater part the Chugwater
formation contains gypsum deposits that are pure
and sufficiently thick for the manufacture of stucco
or plaster of Paris. This material is prepared by
heating the gypsum to drive off most of the chem-
ically combined water and grinding the product to



a fine powder. The value of this material is not |
sufficiently great to cover freight for distant ship-
ment, so that the mineral will not be of value
until the country is more thickly settled and there
is local demand.

Limestone.—The limestones of the Bighorn,
Madison, and Amsden formations are in greater
part sufficiently pure for burning into lime or for
use as flux in smelting operations, but at present
there is very little demand for this product.

Building stone.—Many of the rocks in the
mountainous portion of the area are available for
use as building stone. Some of the granites are
massive, have a fine appearance when polished,
are relatively free from minerals that cause stains
on weathering, and may at some time be valuable
for shipment as building stone. Some of the lime- |
stones in the Madison formation are of very satis- |
factory texture and appearance and possibly some |
of them could be worked for marble, especially the |
upper member. The Tensleep sandstone is usually
massive, even textured, and of white or light-buff
color, so that, if nearer to markets, it might be
advantageously worked as a freestone.

The red sandstones of the Chugwater formation
are of very pleasing color but they are mostly too |
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obtainable from the Piney, De Smet, Parkman,l
Cloverly, and Tensleep sandstones and the hardl
ledges in the Sundance formation.

Phosphate.—The spherical concretions occurring |
in the lower portion of the Colorado formation
consist mainly of phosphate of lime and as they
could be obtained in large numbers by means of
suitable excavating machinery, they may at some
time be utilized as a source of phosphate.

Asphalt.—A deposit of asphalt oceurs in the Ten-
sleep sandstone on the west slope of the Bighorn
Mountains, in secs. 28, 29, 32, and 33, T. 52, R. 89.
The thickness is stated to be 6 feet, but the area
has not been ascertained. The material consists of
asphalt intimately mixt with coarsesand. ~ Analyses
made by A. W. Dow in Washington gave from 10
to 14 per cent of bitumen, the rest sand, most of |
which would pass thru 60- to 100-mesh sieves.

TIMBER.

The mountainous area in the Cloud Peak and
Fort McKinney quadrangles is partly forested, and
altho there have been numerous fires, considerable
timber remains. The greater part of the highlands
is included in the Bighorn Forest Reserve, the
limits of which are shown on the maps in

Report of the United States Geological Survey, |

part 5, pages 165 et seq.
the reserve are pine, mainly of one species, Pinus
murrayana, which is called “white pine,” “yellow
pine,” “jack pine,” and “lodgepole pine,” the dif-
ferent names being applied in part on account of
differences in development. The wood is coarse
grained and knotty; few of the trees yield large
logs, and as the lumber warps and cracks consider-
ably it is not regarded as valuable. Trees of
another species of pine, Pinus flexilis, grow among
the others. The Engelmann spruce grows in some
moist areas along the mountain slopes and in the
higher portions of some of the canyons. The pine

The principal areas of forest in the Cloud Peak

Nearly all the trees on | quadrangle are in the valleys of South Piney and

West Tensleep creeks, and extend from North Fork
of Clear Creek in an almost continuous body to
Doyle Creek. Other areas occur in the upper val-
leys of North Brokenback, Canyon, South Fork of
Paintrock, East Fork of Big Goose, and North
Fork of Medicinelodge creeks, and at intervals
along the limestone front ridge all the way across
the quadrangle. The high central area extending
from the head of Canyon Creek to the northern
margin of the quadrangle is above timber line, as
are also Hazelton Peak and surrounding ridges.
Extensive forest fires have burned the greater part

forests stand at altitudes ranging from 6000 to | of the timber along North Fork of Clear Creek,

nearly 10,000 feet. The forest areas in the Fort
McKinney quadrangle are mostly of moderate size

South Fork of Rock Creek, and North’ Fork of
South Piney Creek, as well as in portions of the

and widely scattered, and parts of the older forests | valleys of South Fork of Paintrock, Tensleep, and

have been greatly damaged by fire. Nearly all the |

divides along the western border of the quadrangle
bear young forests of small trees growing closely
together. The largest forest areas are on and near

area can not be classed as merchantable.
ing to F. E. Towne, the best areas of timber avail-
able for sawing and tie making are, on Trapper

Lee creeks. Much of the timber in the forested
Accord-

the front range, especially adjoining Rock Creek, | Creek, about 640 acres; Black Butte, 200 acres;
North and Middle forks of Crazy Woman Creek, | head of Paintrock Creck, about 480 acres; head

and Beaver Creek. There are several areas of
moderate size on the divides at the head of Sour

soft to be of value for building. Large supplies of | this folio. A detailed description of the forests, Dough Creek and between the two forks of Crazy
rough stones for foundations and similar uses are | with maps, is given in the Nineteenth Annual | Woman Creek.

of Brokenback Creck, 960 acres, and near Ten-

sleep and Paintrock lakes, about 6000 acres.

June, 1905.
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COLUMNAR SECTION

GENERALIZED SECTION FOR THE CLOUD PEAK AND FORT McKINNEY QUADRANGLES.

SCALE: 1 INCH=1000 FEET.
il s
i & FORMATION NAME, SympoL. 47]:‘3{‘!‘:(‘;3“ THICKNESS CHARACTER OF ROCK: CHARACTER OF TOPOGRAPHY AND SOTLS.
H A .
il
' 1
Coal measures, consisting of sandstones, mostly buff and massive, and shale, mostly car- p
De Smet formation. 40005000 |  bonaceous, with mumerous beds of lignite. Over wide areas the lignite neat the sirfaco | Noiing plains with low ridges and nuinerous buttes capped by “clinker
has ;l‘x]«;)clr‘\nzl::‘;,xi and the heat has converted the associated shale into “clinker beds” | sofismostly sanidy and sodded.
»
=]
« (=}
5 |w
Canglomerate composed. of pebbles and bowldors, largely of Madison, Bighorn, and
o || Kingsbury conglomerate 0-2500 D i and i layers of | Ridges of considerable prominence.
gsbury cong . sandstone and shale. Varies in thickness from a few feet to several umusnml feet in Partly sodded.
< the northern part of the area.
wip
olwp—— -
«
<
o
-
) ) . . . . Slopes and ridges of moderate elevation.
w || Piney formation. 1500-2300 | Sandstones, varying from buff to dark gray and brown, and carbonaceous shales. Saohps i ridges of modor
o |w
o |
o
S S
Fine-grained buff sandstone, mostly soft and massive, with darker, hard, sandy concre- " Phi .
Parkman sandstone. 4004 ne-grained buff sandstone, mostly soft and ma Low ridges. Thin, sandy soil.
) . ) Low hills and slopes,
Pierre shalo. 2000-2500 | Gray shale with coneretions and local sandstone layers. . Clay soil, tsaally sodded.
Gray shale with coneretions P I Shale slope, partly eroded into * badlands.”
(3owry member.) (Ken) Fine-grained, slabby, gray sandstone and hard shale with many fish scales. Ridges of moderate prominence, usually bare.
Colorado formation. Ke 1200-1500 -
Black and gray shales with oval iron-ca o and local bodies of Slopes and low ridges, often bare and partly eroded into ** badlands.”
Dark-gray shale, with thin brown sandstones and small spherical concretions.
[<![ Cloverly formtion 60-100 | Massive, coarse-grained, buff to gray sandstone overlain by gray, buff, and maroon clay. | Low hogback ridges and small buttes. Wooded and scant sandy soil.
Snierevel Morrison formation. 150-230 | Massive pale greenish-gray to maroon shale with thin gray sandstone. Slopes and low hills. Scanty soil.
- Green shales with hard fossiliferous layers at or near o ! - -
Jurassic | Sundance formation. 800-450 Soft, greemsh gray sandstone and sandy shale with hnrd fossiliferous layer at or near Low ridges and slopes with prominent ledges. Scanty but fertile soil.
botto
- ' Red shale with thin limestones and gypsuni beds.
S
2
2 ) . A )
z Chugwater formation e Soft red sandstone, in part massive, with shale partings. glcﬁms’, bs‘t‘;ltlelz ;)nl{i canyons at foot of the mountains.
@ i Red shale with two thin limestones and gypsum deposits.
3 [iz| Tensieep sandstone. ct 100-350 | Massive, cross-bedded white to buff sandstone, mostly hard. Rocky ledges on lower slopes of the limestone front ridge.
o [:% y — - - -
i 15[ Amsien formation Ca 200-250 ;:Eféz;‘:;;ﬁe:g ‘:g‘l’)::;z{g;‘“;‘;t’g:: portion. Middle, outer slope of the limestone front ridge. Seanty soil.
g : Massive light-colored i b into les and caverns. Higher, outer elopes of the limestone front ridge and canyon walls
: e oil thin but rich.
gg | Madison limestone Cm = T 600-900
H - - " . . f. 3
g Gray limestone, mostly hard, in part massive. Spumamit of the limesiane front;ridge, and high canyon walls
v
White Ti nd s Corals ar base.
0800- | Bighom limestone. Ob 300 v er; Snatsive, hard. lmfl hmesmne Surface weathers m‘}fgh. é{lohtc]lﬂs on inner faceof the limestone front ridge, and canyon walls.
Thin white sandstone. canty soil
= Gray slabby limestone with flat-pebble Timestone conglomerate.
§ H Dend . . Green shales with layers of sandstone and sandy shale. Long slopes and saddles behind the limestone front ridge.
g | g | Dendwood formation. € 900-1150 | Shales and sandstone, mostly glauconitic. Olay sofl, usually sodded but treeless.
=3
3
Brown sandstone, largely coarse. Low eliffs and rocky surfaces. Scanty soil.
oalle || Granite. ar . Granite, mostly gray, intersected by diabase and other dikes. gc‘g}:g“igﬁs and mountain summits.

N. H. DARTON,
Gleologist.
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FIG. 7.—LOW GAP IN BIGHORN DIVIDE AT HEAD OF SOUTH FORK OF SOUTH PINEY CREEK. CIRQUE NO. 54 ON MAP.
LOOKING WEST.

The col is due 1o glacial ciraues on opposite sides of the range, which have worked back until they have nearly removed the divide between
them. Glacial débrs has dammed up the lake in foreground

FIG. 8.—U-SHAPED GLACIATED VALLEY OF UPPER PART OF SOUTH FORK OF SOUTH PINEY CREEK. LOOKING WEST.

Cloud Peak on right, with low col to left. Smooth, bare granite walls and floor typical of glaciated valleys.

FIG. 9.—GLACIER AT FOOT OF CLOUD PEAK, CIRQUE NO. 5

ON MAP. LOOKING SOUTHWEST.

Lake due to morainic dam in foreground; 1200

 at head of cirque.

FIG. 11.—HIGHEST SUMMITS OF BIGHORN MOUNTAINS, LOOKING NORTHEAST FROM NEAR HEAD OF NORTH PRONG OF MIDDLE FORK OF PAINTROCK CREEK.

Cloud Peak to right, Blacktooth to left, with cirque No. 17 between. Large black diabase dike at the left margin of view. Lake in rock basin at the right.

FIG. 10.—LAKE IN GLACIATED GRANITE GORGE DUE TO DAM OF GLACIAL DRIFT, 2 MILES NORTHEAST OF WEST
TENSLEEP LAKE

Bowider dam in foreground. _ Altitude, 9600 feet.

FIG. 12.—TOP OF BIGHORN MOUNTAINS AT HEAD OF CIRQUE NO. 7 ON MAP. FIG. 13—TYPICAL GLACIAL CIRQUE, NO. 7 ON MAP, AT HEAD OF SOUTH FORK OF WEST FIG. 14.—HEAD OF GREAT NORTH-FACING CIRQUE, NO. 7 ON MAP, 4 MILES EAST OF WEST TENSLEEP LAKE.
TENSLEEP CREEK. LOOKING SOUTHEAST.
Shows the general smooth character of the mountain top and the sbruptness of the glacial gorges. ‘Shows abrupt ending of the valley in a 1500-foot it
Glacial lake at base cf 1500-foot cliff
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FIG. 15.—LAKES INCLOSED BY MORAINES OF PAINTROCK GLACIER

Shows irregular surface of moraine, covered with bowlders. ~Black Butte in the distance.

FIG. 16.—STEEP UPTURN IN THE ROCKS OF THE FRONT RANGE OF THE BIGHORN MOUNTAINS, NORTH SIDE OF NORTH FORK OF CRAZY WOMAN CREEK. LOOKING NORTH.

The thin beds in middle’and at right of view are the Amsden and Tensloop formations. The massive limestone to the left and in high peak is Madison limestone.

FIG. 17.—FRONT RANGE OF BIGHORN MOUNTAINS, AT JOHNSON CREEK, NORTHWEST OF BUFFALO, WYO.
LOOKING NORTHWEST.

Characteristic cliffs of Bighorn limestone to right, surmounting slopes of Deadwood shales, limestone, and sandstone. Wooded ridge to left
is granite.  Fault at extreme right

FIG. 19.—FAULT BETWEEN DEADWOOD FORMATION AND BIGHORN LIMESTONE ON TRAPPER CREEK. LOOKING SOUTH.

The Deadwood beds at the left are overturned and overthrust about 400 feet upon the Bighorn limestone at the right

FIG. 18 —CHARACTERISTIC WEATHERED SURFACE OF BIGHORN LIMESTONE.

The projecting reticulations are due to silica, the softer limestone having been weathered out of the intervening depressions.

FIG. 20—FLAT-PEBBLE LIMESTONE CONGLOMERATE, CHARACTERISTIC OF UPPER PORTION OF THE FIG. 21.—HIGH PLAIN OF LATE TERTIARY OR QUATERNARY GRAVEL AT ALTITUDE OF 8200 FEET NEAR HAZELTON, WYO. LOOKING NORTHWEST.
DEADWOOD FORMATION.

Bighorn Mountain divide in the background
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No.* Name of folio. State. Price.t | No.* Name of folio. State. Price.T
Gents. Gents.

1 Livingston . . . Montana . . .. ....... 25 72 | Gharleston. .......... West Virginia . . .. ... .. 25
12 | Ringgold ... ... Georgia-Tennessee . . . . . . 25 73| GoosBay ........... Oregon .. ........... 25

3 | Placerville AN .| Galifornia . 25 74 | Goalgate . . Indian Territory . . . . 25
14 | Kingston............ Tennessee . . . . ....... 25 75 | Maynardville Tennessee 25

5 | Sacramento Galifornia . . . ........ 25 76 | Austin . .. - Texas 25
ie Chattanooga Tennessee . . 25 77 Raleigh. . .. ......... West Virginia . . . ...... 25
17 | Pikes Peak Golorado . . . 25 78 | Rome............ Georgia-Alabama . . . . . . . 25

8 | Sewanee . ....... . | Tennessee . 25 79 | Atoka. . .. Indian Territory . . . A 25

9 | Anthracite-Crested Butte . . | GColorado . . ... ....... 80 80 | Norfolk......... Virginia-North Carolina . . . 25
10 | Harpers Ferry Va-Md-W.Va. . ... ... . 25 81 | Chicago ............ Illinois-Indiana 50
11 | Jackson . ....... Galifornia, 25 82 | Masontown-Uniontown Pennsylvania 25
12 | Estillville Ky.-Va.-Tenn. 25 83 | New York Gity . . ... New York-New Jersey . . . 50
13 | Fredericksburg . . . . Virginia-Maryland . 285 84 | Ditney.. .. Indiana . . ... ... .. . 25
*14 | Staunton Virginia-West Virginia . . . . 25 85 | Oelrichs . ....... South Dakota-Nebraska . . . 25
15 Lassen Peak Galifornia . ... ....... 25 86 Ellensburg . . . . ... . Washington . . . . 25
16 | Knoxville .| Tennessee-North Carolina . . 25 87 | Gamp Clarke Nebraska 25
17 | Marysville . . . ... .. ... California . .. ........ 25 88 | Scotts Bluff Nebraska 25
18 | Smartsville .. ... ... .. CGalifornia 25 89 | Port Orford Oregon . . . - 25
19 | Stevenson . .......... Ala.-Ga.-Tenn. 25 90 | GCranberry . . . North Carolina-Tennessee . . 25
20 | Cleveland ... ........ Tennessee 25 91 Hartville . . .. ... ... .. Wyoming. . .. ........ 25
21 Pikeville Tennessee 25 92 | Gaines . . . Pennsylvania-New York. . . 25
22 | McMinnville Tennessee 25 93 | Elkland-Tioga . . ....... Pennsylvania . . . . 25
23 | Nomini Maryland-Virginia 25 94 | Brownsville-Connellsville . . Pennsylvania . . . . 25
24 | Three Forks Montana . . . . .. 25 95 | Columbia . .......... . Tennessee . . . . ....... 25,
25 | Loudon . . Tennessee . . . . .. 25 96 | Olivet. . . . South Dakota . . . ...... 25
26 Pocahontas Virginia-West Virginia . . . . 25 97 Parker . . . South Dakota . . . . .. 25
27 | Morristown .. ... ..... Tennessee . . . .. ... . 25 98 | Tishomingo Indiah Territory . . . . . . .. 25
28 | Piedmont ........... West Virginia-Maryland . . . 25 99 | Mitchell ... ....... .. South Dakota 95
29 Nevada City Special . . . . . California . . ....... 50 100 | Alexandria South Dakota . . . . 25
30 Yellowstone National Park . Wyoming .. ......... 50 101 San Luis . . Galifornia L 25
31 PyramidPeak . . . ... ... Galifornia . 25 102 | Indiana . . Pennsylvania . . . . 25
32 Franklin . .. ......... West Virginia-Virginia . . . 25 103 Nampa, . ............ Idaho-Oregon 25
33 | Briceville ........... Tennessee . . . .. ...... 25 104 | SilverGity . .. ... ... .. Idaho .. .......... .. 25
34 Buckhannon West Virginia . . . ... ... 25 105 Patoka . . . Indiana-Illinois 25
35 | Gadsden . ........... Alabama . . ... ....... 25 106 | Mount Stuart Washington o 25
36| Pueblo ............. Golorado . . .. ........ 25 107 | Newcastle Wyoming-South-Dakota, . . . 25
37 | Downieville California 25 108 | Edgemont . ... ....... South Dakota-Nebraska . . 25
38 Butte Special . . . . . Montana . 25 109 Cottonwood Falls . . . . . .. Kansas . 25
39 | Truckee . .| California .. 25 110 | Latrobe Pennsylvania . 25
40 | Wartburg. . .. ... ..... Tennessee . . . .. ...... 25 111 Globe . .. ........... Arizona. ... ..... 25
41| Somora . ............ California . . . ........ 25 112 | Bisbee ... .......... i 25
42 | Nueces . . Texas . ....... 25 113 | Huron South Dakota . . . . 285
43 | Bidwell Bar . California . - 25 114 | De Smet . . South Dakota . . . . 25
44 | Tazewell . Virginia-West Virginia . . . . 25 115 | Kittanning . Pennsylvania .. 25
45 | Boise Idaho .. ............ 25 116 | Asheville............ North Garolina-Tennessee . . 25
46 Richmond . Kentucky ........... 25 117 Gasselton-Fargo . ... ... North Dakota-Minnesota, . . 25
47 London......... . Kentucky 25 118 Greeneville Tennessee-North Carolina, . . 25
48 | Tenmile District Special . . . | Golorado . . . ... . . 25 119 | Fayetteville . . Arkansas-Missouri . 25
49 | Roseburg Oregon . . ........... 25 120 | Silverton. . .. Golorado . . . .. .. 25
50 | Holyoke . Massachusetts-Connecticut . 25 121 Waynesburg Pennsylvania . . ....... 25
51 | Big Trees Galifornia, . . ... ... 25 1922 | Tahlequah . .......... Indian Territory-Arkansas . . | 25
52 | Absaroka .| Wyoming....... 28 123 | Elders Ridge . ... .. Pennsylvania . . ....... 25
5% | Standingstone . . . ... ... Tennessee . . . .. ... 25 124 | Mount Mitchell . . ... ... North Carolina-Tennessee . . 25
54 | Tacoma . ........... Washington . ... ... ... 25 125 | Rural Valley . ........ Pennsylvania 25
55 | Fort Benton Montana, . . . . 25 126 | Bradshaw Mountains. . Arizona. ... .... .| 28
56 | Little Belt Mountains Montana, . 25 127 | Sundance Wyoming-South Dakota . . . 25
57 | Telluride . . ... ... .| Golorado . 25 128 | Aladdin. . Wyo.-S. Dak.-Mont. 25
58 | Elmoro............. Colorado R 25 129 | Glifton . . . Arizona. . . ........ . 25
69 | Bristol .. ........... Virginia-Tennessee . . . . . . 25 130 | Rico . ............. Colorado . . .. ..... ... 25
60 | La Plata Colorado - 25 131 | Needle Mountains Golorado . .. ... 25
61 | Monterey .| Virginia-West Virginia . . . . 25 132 | Muscogee Indian Territory 25
62 | Menominee Special . . . . . . Michigan 25 133 | Ebensburg . . Pennsylvania . . . . 25
6% | Mother Lode District Galifornia ' 50 134 | Beaver. ... ......... Pennsylvania . ... ... . 25
64 | Uvalde . Texas 25 135 | Nepesta . ........... Golorado . . . . ........ 25
65 | Tintic Special Utah . 25 136 | .St. Marys . Maryland-Virginia . 25
66| Colfax ............. Galifornia, 25 137 | Dover . ............ 25
67 | Danville . ........... Illinois-Indiana 25 138 | Redding . ........... CGalifornia 25
68 | Walsenburg Colorado 25 139 | Snoqualmie P Washington 95
69 Huntington West Virginia-Ohio . 25 140 Milwaukee Special . . . Wisconsin . 25
70 | Washington D. G.-Va.-Md. . . . 80 141 Bald Mountain-Dayton .| Wyoming 25
71| Spanish Peaks . ....... Golorado . . .. ........ 25 142 | Cloud Peak-Fort McKinney . | Wyoming. 25

* Order by number:

4 Payment must be made by money order or in cash.

§ These folios are out of stock.

Circulars showing the location of the area covered by any of the above folios, as well as information
on application to the Director, United States Geological Survey, Washington, D. G.

of the

ic maps and other

Survey, may be had






