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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 culture, 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).
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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.
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

In this lllustratlon all the contours are,
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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 “mtm, 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
Geologiml Survey; , the sm‘xllest 18 i the inter-
mediate gy, and the largest k. These corre-
spond approximately to 4 miles, 2 miles, and 1
mile on the ground to an inch on the map. On the
scale gly a square inch of map surface represents
ahout 1 square mile of earth surface; on the smle
iz, about 4 square miles; and on the scale gy,
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 distance 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
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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-

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

of them—say every fifth one—suflice, for the

Uses of the topographic map.—On the topographlc },
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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
lon the surface 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 or sheets when compdutlvely thif, and lacco-
liths when occupying 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. -Ixplosive 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
sfud 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.

[

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 not:lble 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. The
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




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.

Tt 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.—Each 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. 2 | Cotor for setlmentary
H
o [ Quaternary. .. { Recent Q| Brownish - yellow.
sl ‘
2 pesti .
8 | wertiary ... Ol T | Yellow ocher.
{ ‘Eocene .
(Creta,ceous K | Olive-green.
°
g
S Jurassic oo J | Blue-green.
g
=
L T | Peacock-blue,
[ C | Blue.
D | Blue-gray.
N
K
£ 4 Silurian. S | Blue-purple.
K
-9
Ordovielan. ... covereveeeeeinnes 0 | Red-purple.
{ Cambrian Brick-red.
AlgonKian .|« eveeeerrereeeennt 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 prodiiced 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 erystalline
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 section, 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 |

depth. . Such a section "exhibits what would be
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. 8.—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

!
|

b

Fig. 4.—Ideal secuone of strata, showing (4) normal faults
| and (b) a thrust tault.

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
are now high above the sea, forming a pldtam and
 their change of elevation shows that a portion
| of the earth’s mass has been raised frowm a lower
to a higher level. The strata of this set are
parallel, a relation which is called conformable.

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 schists 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.

Tlie 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 iy 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.



DESCRIPTION

GEOGRAPHY.

Position and extent.—The Devils Tower quad-
rangle embraces the quarter of a square degree
which lies between the parallels 44° 30’ and 45°
north latitude and meridians 104° 30’ and 105°
west longitude. It measures approximately 34}
nfiles from north to south.and 25 miles from east
to west, and its area is very mnearly 850 square
miles. It comprises a portion of the northeastern
part of Crook County, Wyo. Its north limit is
the Wyoming-Montana State line. The southeast-
ern two-thirds of the quadrangle lies on the north-
ern extension of the Black Hills uplift and its
northwestern portion extends onto the Great Plains.
It embraces a portion of the Belle Fourche and
Little Missouri valleys, including the head of the
latter. Being a part of the Black Hills and the
Great Plains, this quadrangle exhibits many fea-
tures of both, and a general account of these prov-
inces will be given before the detailed description
of the quadrangle is presented.

GREAT PLAINS PROVINCE.

General features.—The Great Plains provinee
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
adjoining the Gulf coast and the Mississippi
embayment on the south. The plains present wide
areas of tabular surfaces traversed by broad, shal-
low valleys of large rivers that rise mainly in the
Rocky Mountains, and are more or less deeply
cut by narrower valleys of the lateral drainage.
Smooth surfaces and eastward-sloping plains are
the characteristic 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 sloping 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 very few local flexures, the
region has not been subjected to folding, but has
been broadly uplifted and depressed successively.
During earlier epochs the surface was even smoother
than at present. 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 freshet
many of the rivers bring out of the mountains a
larger load of sediment than they carry to the
Mississippi, they are now locally building up their
valleys rather than deepening them.

Altitudes and slopes.—The Great Plains province
as & 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 the rates of slope vary considerably in different
districts, particularly to the north, along the mid-
dle course of Missouri River, where the general
level has been greatly reduced. West of Denver the
central plains rise to an altitude of 6200 feet at the
foot of the Rocky Mountains, and maintain this
elevation far to the north along the foot of the Lar-
amie Mountains. High altitudes are also attained
in Pine Ridge, a great escarpment that extends
from near the north end of the Laramie Mountair:s
eastward through Wyoming, across the northwest
corner of Nebraska, and for many miles into south-
ern South Dakota. Pine Ridge marks the northern
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margin of the higher levels of the Great Plains, and
presents cliffs and steep slopes descending a thou-
sand feet into the drainage basin of Cheyenne
River, one of the most important branches of the
Missouri. From this basin northward there is a
succession of other basins with relatively low inter-
vening 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 midst of the plains some distance east of the
north end of the Laramie Mountains. To the south
are the Rio Grande, Platte River with two large
branches heading far back in the Rocky Mountains,
and Arkansas River, which crosses the plains to the
southeast and affords an outlet for the drainage from
alarge 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 is Republican River, rising near
the one hundred and fifth meridian, and an extended
system of local drainage in eastern Kansas and
Nebraska.

THE BLACK HILLS.

General features.—In western South Dakota and
eastern Wyoming a small group of mountains
known as the Black Hills rises several thousand
feet above the plains. Having abundant rainfall, it
constitutes, through its vegetation and streams, an
oasis in the semiarid region. The hills are carved
from a dome-shaped uplift of the earth’s crust, and
consist largely of rocks which are older than those
forming the surface of the Great Plains and which
contain valuable minerals. The length of the more
elevated area is about 100 miles, and its greatest
width is 50 miles. The hills rise abruptly from the
plains, although the flanking ridges are of moderate
elevation. The salient features are an encircling
hogback ridge, constituting the outer rim of the
hills;, next,a continuous depression, the Red Valley,
which extends completely around the uplift; then a
limestone platean with infacing escarpment; and
finally a central area of high ridges culminating in
the precipitous crags of Harney Peak at an altitude
of 7216 feet. Two branches of Cheyenne River
nearly surround the hills and receive many tribu-
taries from them.

The central area.—The central area of the Black
Hills comprises an elevated basin, eroded in crys-
talline schists and granite, in which scattered rocky
ridges and groups of mountains are separated by
parklike valleys. The wider valleys are above the
heads of canyons of greater or less size, which
become deeper and steeper sided as they extend
outward to the northeast, east, and south.

The limestone platéaw.—The limestone plateau
forms an interior highland belt around the central
hiils, rising considerably above the greater part of
the area of crystalline rocks. Its western portion is
much more extensive than its eastern, and is broad
and flat, sloping gently downward near its outer
margin, but being level near its eastern, inner side,
which presents a line of cliffs many miles long and
often rising 800 feet above the central valleys. It
attaing altitudes of slightly more than 7000 feet, in
places almost equaling Harney Peak in height, and
forms the main divide of the Black Hills. The
streams which flow down its western slope are
affluents of Beaver Creek to the southwest and of
the Belle Fourche to the northwest. Rising in
shallow, parklike valleys on the plateau, they sink
into deep canyons with precipitous walls of lime-
stone, in places many hundred feet high. The
limest plateau, extending southward, swings
around to the eastern side of the hills, where,

owing to the steeper dip of the strata, it narrows
to a ridge having a steep western face. This ridge
is interrupted by water gaps of all the larger
streamsjn the southeastern and eastern portion of
the hills, which rise in the high limestone plateau,
cross the region of crystalline rocks, and flow
through canyons in the flanking rocks of the
eastern side of Cheyenne River. All around the
Black Hills the limestone plateau slopes outward,
but near its base there is a low ridge of Minne-
kahta limestone with a steep infacing escarpment
from 40 to 50 feet high, surmounted by a bare,
rocky incline which descends several hundred feet
into the Red Valley. This minor escarpment and
slope are at intervals sharply notched by canyons,
which on each stream form a characteristic narrows
or “gate.”

The Red Valley—The Red Valley is a wide
depression that extends continuously around the
hills, with long, high limestone slopes on the
inner side and the steep hogback ridge already
mentioned on the outer side. This valley is in
many places 2 miles wide, though it is much nar-
rower where the strata dip steeply. It is one of
the most conspicuous features of the region, owing
in no small degree to the red color of its soil and
the absence of trees, the main forests of the Black
Hills ending at the margin of the limestone slopes.
As a rule the larger streams flowing out of the hills
cross it without material deflection, between divides
most of which are so low as to give the valley the
appearance of being continuous, but in its middle
eastern section it is extensively choked with Olig-
ocene deposits.

The hogback rim.—The hogback range consti-
tuting the outer rim of the hills is for the most
part a single-crested ridge of hard sandstone, vary-
ing in promi and in st of slope. At
the north and south and locally along the middle
western section it spreads out into long, sloping
plateaus. It nearly everywhere presents a steep
face toward the Red Valley, above which the crest
line rises several hundred feet, but on the outer
side it slopes more or less steeply down to the
plains that extend far out from the Black Hills
in every direction. The hogback rim is crossed
by numerous gaps or canyons, which divide it
into level-topped ridges of various lengths. At
the southern margin of the hills Cheyenne River
has cut a tortuous valley through the ridge for sev-
eral miles, and the Belle Fourche does the same
toward the north end of the uplift.

GEOGRAPHIC FEATURES OF THE QUADRANGLE.
Features pertaining to the Black Hills—The

Devils Tower quadrangle presents some characteris-|

tic features of the Black Hills topography, mainly of
the sloping plateau of the flanking sandstone ridges.
This is deeply cut by the valley of Belle Fourche
River and its numerous side branches. A short
distance east of the southeast corner of the quad-
rangle are the steep slopes of the Bear Lodge Range,
a local uplift rising considerably above the general
northwestern slope of the Black Hills. In this
area are the highest lands of the region, the alti-
tude being 5800 feet in the southeast corner of the
quadrangle. There is a rapid descent of both
ridges and valleys to Belle Fourche River, on which
the altitudes are 3940 feet at the southern margin
of the quadrangle and 3640 feet at the eastern
margin. In the portion of the quadrangle east of
the river there are long sloping ridges and outlying
plateaus, the latter capped by masses of Lakota or
overlying sandstones. West of the river there is
rapid rise to a general plateau, capped by this
same sandstone. It has an altitude of about 4500
feet at the south and 4300 feet at the north,
constituting the divide between Belle Fourche and
Little Missouri rivers. The front of this plateau
is deeply incised by numerous canyons, and it rises
irregularly from the Belle Fourche in long slopes
interrupted by many local breaks due to the cutting

of small streams. On the top of the plateau rise
the Missouri Buttes—a mass of igneous rock, form-
ing a small group of prominent summits, of which
the highest reaches an altitude of 5372 feet. The
most notable feature in the region is Devils Tower,
which rises on one of the ridges west of Belle
Fourche River. It has a towerlike form (see figs.
1 and 2), nearly circular, and is about 100 feet in
diameter at the top. Its sides are nearly vertical
and it attains an altitude of 5117 feet, or about
600 feet above the sandstone platform from which
it rises. Its height above the river a short distance
east of its base is a little less than 1250 feet.

Features pertaining to the Great Plains.—The
southwestward dip of the uppermost sandstones of
the Black Hills series carries them beneath soft
shales, and in the northwestern third of the quad-
rangle there is a wide area underlain by soft rocks
presenting characteristic topography of the Great
Plains. The valleys are wide and most of the
slopes are gentle or not high. Here and there a
harder bed gives rise to a low escarpment, or ridge,
but it is an insignificant feature as compared with
the higher ridges and mountains of the adjacent
Black Hills. The elevation of the plains portion
of the Devils Tower quadrangle ranges from 3500
to 4600 feet in greater part, with a general down-
ward slope to the north and east. The principal
stream is Little Missouri River, which rises in the
southwest corner of the quadrangle and flows north-
ward for the first 15 miles and then northgastward,
its course being closely parallel to the strike of
the rocks. Its valley is wide and flat bottomed for
the greater part of its length, with a declivity of
about 20 feet a mile in its upper portion and of
10 to 12 feet a mile in its course northeastward.
From the east the Little Missouri receives numerous
branches, usually dry the greater part of the year,
which rise in the shale and sandstone slopes of the
Black Hills. Elkhorn Creek is the largest affluent
from the east, but Hulett and T. L. creeks and
Government Canyon have drainage basins 10 to 20
square miles in area. From the west the Little
Missouri receives a stream known as North Fork,
which gathers water from an extensive shale region
in the northwest corner of the quadrangle. Thomp-
son and Prairie crecks arésmaller affluents, usually-
containing a small amount of water. Cabin Creek
rises in the plains near the southwest corner of the
quadrangle, but flows across the sandstone hogback
range and empties into the Belle Fourche.

GEOLOGY.

! DESCRIPTION OF THE ROCKS.

The strata coming to the surface in the Devils
Tower quadrangle have a thickness of about 4800
feet. The rocks are mainly sedimentary, compris-
ing sandstones and shales, with smaller amoums of
limestone, gravel, and sand. They range in age
from Triassic to Quaternary. ‘Their general charac-
teristics, thicknesses, etc., are given in the columnar
section sheet. Igneous rocks traverse the sedimen-
tary members, but they are of relatively slight
extent. While the Spearfish red shale is the lowest
formation exposed, the region is underlain by about
1500 feet of “older sedimentary rocks lying on
schists and granites, as shown in the structure
sections. These formations appear in the higher
portions of the Black Hills uplift southeast of this
quadrangle and are described in other folios. Some
further references to them are given in the section
on “Underground waters,” page 9.

Sedimentary Rocks.
TRIASSIC SYSTEM,
SPEARFISH FORMATION.

Relations and character.—The oldest exposed
sedimentary rocks in the Devils Tower quadrangle
are the red beds of the Spearfish formation. The
entire thickness of the formation is not revealed,
but the upper members are extensively exhibited



in nearly horizontal position along Belle Fourche
River and the lower courses of the tributary
streams, particularly in Red and Barlow canyons
and along Blacktail, Whitetail, and Lytle creeks.
The most complete exposures in this quadrangle
are in the Belle Fourche Valley near the mouth
of Barlow Canyon, midway between Hulett and
Devils Tower. The thickness of” the Spearfish
strata exposed here is approximately 200 feet.
In the disturbed area near the head of Lytle
Creek, in the southeast corner of the quadrangle,
the thickness of the exposed beds is apparently
greater than at the mouth of Barlow Canyon, but
the variableness of the dips and the wooded con-
dition of the area prevent accurate determination.

Between Hulett and Devils Tower the formation
outerops extensively in slopes, but there are cliffs
where the formation is cut by the river or is pro-
tected by the massive sandstone of the overlying
Sundance formation. Along the smaller valleys
the exposures are for the most part in steep can-
yon walls, the bright-red color of which is in
striking contrast to the somber tint of the Sun-
dance slopes above.

The formation consists largely of a mixture of
fine clay and sand in somewhat variable propor-
tions, but the sand is in few places, if anywhere, in
sufficient amount to give the rock the nature of a
sandstone. At many horizons fresh surfaces show
an indistinet nodular structure, due to incipient
concretionary development.

The color of the beds varies between light pink
and Indian red, the deeper shades predominating
in fresh exposures. Here and there green laminse
are observed, but these, although sharply outlined,
are in few places more than an inch or two thick.
Several thin beds of gypsum, most of them less
than 2 feet thick, occur near the top of the forma-
tion, interbedded with soft shales. Gypsum of
secondary deposition occurs in thin seams and nar-
row veins. The line of demarcation between the
Spearfish and overlying Sundance beds is distinct,
owing mainly to the great difference in color, but
there is no marked evidence of erosional uncon-
formity between them, although they are separated
by a long hiatus.

The formation is nearly horizontal in much of
the outcrop area, but there is a prevailing low dip
to the north-northwest. The highest exposure is
in the southeast corner of the quadrangle, at an
altitude of more than 5000 feet, due to uplift by
the igneous intrusions of the central Bear Lodge
area. The lowest exposure is on Buck Creek at
the eastern edge of the quadrangle, at 3600
feet above sea level. Throughout the greater part
of its outerop area along Belle Fourche River the
formation preserves a fairly uniform level, reach-
ing in general a height of about 4000 feet. It
passes beneath the Sundance formation and the
alluvium of the river bottom at a point about 2
miles from the southern limit of the quadrangle.
There is but little variation in the stratigraphy of
the formation, and the following section, made on
the southeastern side of the base of Devils Tower,
is representative:

Section of Spearfish formation on Belle Fourche River at
base of Devils Tower.

Red shales, mostly concealed. ...
Gypsum in 1- and 2-foot beds with thin red shales
between
Red shales, nodular and sandy in upper part _.___
Massive and nearly uniform bed of red sandy shale 30
Very soft, thin, red clay shales.
Soft, red shales with some arenaceous layers
Massive red layer 4

Very soft, thin, red shales, slightly green at top .- %
Red sandy bed with little clay. +
Very soft, red shales, slightly nodular - 5
Massive red sandstone.__ . 24
Arenaceous red shales; inclined to nodular 3
Very soft, very thin red shales 6
Thin arenaceous red shales. - +
Very soft, very thin red shalcs s
Rather hard arenaceous red clay shales, slightly
green near the top. .. 4
Massive red sandstone layel 6
Arenaceous red clay shales, nodul 5
Gypsum, thin seam one-eighth inch thick.
Soft, thin, red shales . 1
A red shales +
Arenaceous red clay shales, nodular_._.____...__ 2
Massive red shales. 5
Thin red shales 6
1513

Age.—Throughout the Black Hills uplift the
Spearfish deposits are distinctly separated from
the Permian (?) Minnekahta limestone below by
an abrupt change of material. No fossils have

2

been discovered in the Spearfish formation, and
its precise age is unknown. From the fact that
it lies between supposed Permian below and marine
Jurassic above, it has been regarded as Triassic in
age, but it may prove to be Permian, at least in
part. The planation unconformity by which it is
separated from the Sundance formation represents
all of earlier Jurassic and probably part at least of
Triassic time.

JURASSIC SYSTEM.
SUNDANCE FORMATION.

General relations—The Sundance formation is
exposed in a wide area in the southeastern portion
of the quadrangle. The upper and middle beds
are characterized by gently sloping hillsides and
broadly undulating or flat surfaces. A heavy
massive sandstone in the lower beds gives rise to
extensive terraces near the base of the slopes and to
small canyons along many of the streams. This
formation affords the chief grazing lands of the
region east of Little Missouri River.

Rocks,—The formation consists mainly of shales,
partly sandy, and sandstones, and has an average
thickness of about 340 feet. It comprises several
members which are persistent throughout the
region, as well as most other portions of the
Black Hills uplift. There are basal shales, as a
rule from 75 to 90 feet thick; buff sandstone,
mostly massive, 40 to 60 feet; and at the top 150
to 200 feet of shales. The latter are in most
places of reddish color in their lower portion.
Limestones, nowhere more than a few feet in thick-
ness and in many places very fossiliferous, oceur
abundantly in the upper part of the formation.
With the exception of one sandstone bed at the
top, the sandy beds are mostly in the lower part.
The shales which so greatly predominate in the
formation vary somewhat in purity, and at many
places in the lower part of the formation they are
sandy. Because of their softness they are as a rule
poorly exposed. The sandstone at the top of the
formation is yellowish and probably represents the
Unkpapa sandstone of the eastern portion of
the Black Hills. It is massive, but extremely
soft, and on this account is nowhere well exposed.
The greatest thickness observed is 40 feet, midway
between Devils Tower and the Missouri Buttes.
The thickness at other localities is given in the
subjoined sections.

The most conspicuous member of the formation is
a bed of sandstone, about 40 feet thick, which lies
near the bottom. It consists of a massive bed of
medium-coarse grained rock. In places, on weath-
ering, it exhibits a flaggy structure, and some layers
areripple-marked. Owingtoits hardnessand nearly
horizontal position it gives rise to prominent benches,
or terraces, and outlying buttes terminated by ver-
tical cliffs, all along the Belle Fourche Valley. It
is one of the best exposed beds in the gquadrangle,
appearing as a rim rock along all the streams
entering Belle Fourche River from the east and
outcropping in the lower course of most of the
streams entering from the west. The color varies,
fresh surfaces being in general light pink or gray,
while exposed surfaces show some shade of red,
yellow, or buff. There is a certain regularity in
the areal distribution of the colors. In the south-
eastern part of the quadrangle, along the upper
portions of Whitetail, Blacktail, and Lytle creeks
and their tributaries, the red is pronounced. In
the vicinity of Devils Tower the red color softens
to a reddish yellow, or buff, and north, northeast,
and northwest of Hulett the reddish tinge is almost
wholly lacking. "West and south of the tower and
especially along Miller Creek light yellow prevails.

Shales, in part sandy, varying from 70 to 90
feet in thickness, lie below the massive sandstone
and constitute the basal member of the formation.
In many places layers of sandstone are included
among these shales, but with one exception they
are rather soft or flaggy and inconspicuous. The
exception referred to is in the vicinity of Devils
Tower, where midway in the shales there is a bed
of massive, sparingly fossiliferous quartzitic sand-
stone 4 to 8 feet thick. The best exposures of this
quartzitic sandstone are along the roadside imme-
diately north and northwest of Devils Tower.

" The thick mass of shales constituting the middle
and upper part of the formation is mainly of dark
greenish gray color and over 200 feet thick. In
portions of the area, as along Bush Canyon in the

eastern part and near Miller Creek in the southern
part of the quadrangle, the lowest beds, for a
thickness of 20 to 30 feet or more, are of pink or
red color. In Bush Canyon they are pink, but on
Miller Creek they are distinctly red. These red
beds resemble the red shales of the Spearfish for-
mation, but their position above the prominent
underlying sandstone indicates their true relation.
Several beds of massive, platy, or shaly i

varying considerably in character in different local-
ities, occur in the shales. North of lower Miller
Creek some of these limestones contain numerous
clay-lime concretions, or nodules. Nearly all the
limestones contain considerable sand, and on well-
weathered outcrops, where percolating water has
had opportunity to dissolve out the lime, the sandy
residue as a rule masks the original nature of the
rock. The limestones are more resistant than the
inclosing shales, so that in many places they out-
crop prominently on the slopes, but very few of the
exposures are sufficiently clear to admit of accurate
measurement, and it is not everywhere practicable
to determine the nature of the rocks from the
weathered materials. The thicknesses vary from a
few inches to 10 feet, but mostly from 5 to 6 feet,
and the beds are from 5 to 40 feet or more apart.
Most of them are highly fossiliferous, especially in
the upper portion of the formation, but some fossil-
iferous layers occur throughout. The fossiliferous
slabs are conspicuous features on the surface, as are
also the weathered individual fossils, particularly
Belemnites, which is in places very abundant.
Locally this fossil oceurs in profusion among the
other fossils of the massive limestones, but its chief
oceurrence seems to be in thin, highly sandy beds
and in nodular limy layers, Many of the fossilif-
erous layers show abrupt vertical passage into non-
fossiliferous layers, even where no lithologic break
of any character is recognized.

Local sections.—The following detailed sections
show the thickness and the composition of the beds
in this formation :

Section of Sundance formation 2 miles north-northwest of

Hulett.
Feet.
Morrison shale.
Massive yellow sandstone, very soft (Unkpapa?)____ 80
Shales, partly 2
Highly fossili o 6
Shales in talu 10
peid H . ftes, oto
but chiefly 10
Highly fossiliferous limestone, many oysters, few
belemnites, occasional limestone pebbles 2 or 8
inches in diameter 8
Chiefly but many
1 8
Highly fossili i with few lime-cl
pebbles __. 6

Yellowish-gray shales not well exposed, but evi-
dently containing several layers of belemnites.. 12
Greenish yellow shales with lime-clay nodules______ 5

Highly fossiliferous blue slabby limestone.......... 2
Chiefly concealed—apparently nearly all shales, but
with some thin, highly fossiliferous limestones.
i in great One

of found 50

Massive reddish-yellow sandstone._ n

Greenish-gray arenaceous shale, grayish white in
lower part 80

Flaggy grayish-white sandstone..- 2
Gray arenaceous shale, lying on re 3
27

Section of Sundance formation on north side of Bush Canyon
3 miles north of Hulett.
Feet.

Feet.
Shales, partly 2
Massive i dst 6
Shales, partly led %
b o H
Reddish shales, largely concealed .______________.___ 60

Massive reddish-yellow sandstone, thin bedded at

the top 62
Thin and shales 6
Gray shales, largely concealed n
Heavy gray sandstone. 8
N Gray and drab shales.. 1
Massive 2
%
4
16
5
366

Section of lower part of Sundance formation on east bank of
the Belle Fourche at Hulett.

Feet.
Yellow, massive, highly ripple-marked sandstone,
slight reddish tinge.. 45
Soft, yellow sandstone. - 10
Very soft, greenish shale with local 2
Massive but soft, yellow sandstone_ 8
Flaggy ish-gray
1 i hs and i 3
Greenish shales . .12
Buff sandy shales with a few lamellibranchs and
i 1
Thin, papery gray shales_________.._________.______ 3
Gray sandstones with chalcedonic pebbles in upper
part 1
Thin purplish-white soft shales___________________ S
ray
Fine white shale much resembling fire clay, lying on
red
112

Section of upper beds of Sundance formation on Cabin
Creek, near southern edge of Devils Tower quadrangle.

. Feet.
Morrison shale.

Massive yellow sandstone, very soft (Unkpapa?)... 12
Thin gray and purple shales with a few lime-clay

nodules 20
Flaggy a 2
Yellowish-gray sandy shales with some lime clay

nodules and many small, irregular fragments of

h, ie material 18
Slabby t 4
Purple and gray sandy shales with some lime-clay

6
Massive, highly fossili sandy li 4
Concealed below.

6

Fossils.—Fossils are abundant in the Sundance
beds, particularly in the limestone layers in the
upper shales, but some occur in the basal shales
also. The most ck istic species is Belemnit
densus, represented by hard, dark-colored, cigar-
shaped bodies varying in size from an inch or less
to 4 inches in length and having a radiated struc-
ture when seen in transverse section. In many
places these weather out on the surface and are a
conspicuous feature in most of the upper shale out-
crops. In the upper shales there also occur the
following species: Ostrea sirigilecula, Avicula wyo-
mingensis, Camptonectes bellistriatus, Astarle fra-
gilis, Trapezium bellefourchensis, Pleuromya newtont,
Tancredia inornata, T.corbuliformis, T.bulbosa, T.
postica, Dosinia jurassica, Saxicava jurassica, Car-
dioceras cordiforme, and Pentacrinus asteriscus.
Here and there layers of limestone and sandstone
in the lower shales carry Ostrea strigilecula, Camp-
tonectes  bellistriatus, Pseudomonotis (Eumicrotis)
curta, Psammobia prematura, and Belemnites densus.

The character of this fauna, and especially of the
ammonite Cardioceras cordiforme, indicates a hori-
zon in the lower part of the upper Jurassic, corres-
ponding to a part of the European Oxfordian.

The Sundance formation is approximately equiv-
alent to the Ellis formation of Montana and the
Yellowstone Park region.

CRETACEOUS SYSTEM.
MORRISON SHALE.

Character and outerops.—The slopes of the Sun-
dance formation are in most places continued
upward by those of the overlying shales of the
Morrison formation, which rise to the base of the
cliffs of Lakota sandstone. The outcrop zone of
the Morrigon is narrow, extending along the west
side of the Belle Fourche Valley and around the
higher sandstone ridges in the southeast corner of

the drangle. Owing to the low dips and deeply

Morrison shale.
Massive yellow sandstone, very soft (Unkpapa ?)-__ 30
Drab soft shales 8
Fossiliferous sandy limestone, platy to nodular.___ 1
Giray soft shales 5
Fossiliferous arenaceous limestone, platy. 1
Shale, mostly concealed 20
Massive gray arenaceous limestone, fossiliferous in
upper part 4
Shale, mostly 18
A 5 4
Shale, chiefly concealed, but contains at least three
limestone layers, each being sandy in lower part.
The limestones divide the concealed rocks into
three neaily equal portions. 92
i : 1
Purple and green shales, about.________________.___ 40
Massive yellow sand: 40
Grreenish-gray shales with thin sandstones, lying on
red beds. "
347

Section of Sundance formation north of Lytle Creek, 4 miles
east-southeast of Devils Tower.
Feet.
Morrison shale.
Massive yellow sandstone, very soft (Unkpapa?),
about.
Shales, partly led 24
ili sandy li
Shales covered by talus___
Flaggy i i
Shales, partly led
Massive gray

a8 moe

incised creek valleys, the outerop is very sinuous,
especially on the west side of the river.

The formation consists chiefly of massive shale.
The prevailing color on weathered slopes is greenish
gray or yellowish gray, but pink and purple tints
are not uncommon, and in a few places, particularly
north of Hulett, between Bush Canyon and Burnt
Hollow, the lower beds are red. Some exposures
show decidedly darker shades, and in a few places
the upper beds are black and somewhat carbona-



ceous. These were carefully examined for coal, but
none was found. Thin layers of lime-clay nodules
are common, and some of these in the southeastern
portion of the quadrangle coalesce into fairly defi-
nite bands of soft impure limestone. Sandstones
are present, but in few places do they become con-
spicuous. An 8-foot bed was observed in Barlow
Canyon 30 feet above the bottom of the formation.
The thickness of the formation at this place is 85
feet. About 34 miles north-northwest of Hulett,
between Bush Canyon and Burnt Hollow, a 1-foot
bed of sandstone was observed 70 feet below the
top, followed 20 feet lower by a 2-foot bed. The
total thickness of the formation at this place is
about 150 feet. Near the head of Bush Canyon a
2-foot bed of sandstone occurs 20 feet above the
bottom of the formation, and above this for several
feet there are chalcedonic nodules and a few chal-
cedonized fragments of saurian limb bones and
vertebree. The thickness of the formation varies
considerably. The greatest thickness observed,
160 feet, is on Miller Creek near the southern
border of the quadrangle, 4} miles east of the
Belle Fourche. The thinnest section observed was
40 feet, in Barlow Canyon due north of Devils
Tower.

Local sections.—The formation is fairly well
exposed in many places and several detailed sec-
tions were obtained. They are as follows:

Section of Morrison formation on north side of Moore Can-
yon 24 miles northwest of Hulett.

Feet.

Grayish-purple shales, underlying Lakota sand-
stone 20
k-purple shales. 86
Yellowlsh slightly sandy shales. 4
Clay, nodular layer-___ 1
Dark greenish-gray shales 10
Clay, nodular layer- ... 1
Purple shales. 6
Dark gray shales with lime- day nodules_.___...._.. 2
Drab shales. 8
Very soft sandy shales, lying on Sundance formation 8
96

Section of Morrison formation at southern edge of Devils
Tower quadrangle, 2 miles west of the Belle Fourche.

Feet.
Lakota sandstone.

Purple, gray, and yellowish fine shales with one or

two thin 60
Flaggy to massive white sandstone. 4
. Purplo and green shales with oceasional limestone

nodules, lying on Sundance formation____
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Section of Morrison formation in the northwestern portion
of T' 52, R. 64.

Feet.

2

3

1

12

1

Yellowish-gray shales. 6
Argi H 1
Greenish shales 40
Arad " - 3
Greenish shales_ ... 30
96}

This is believed to be nearly the full thickness
at this place, although the upper and lower contacts
are not clearly exposed.

Section of Morrison formation 4 miles east-southeast of
Devils Tower, north of Iytle Creek.

Rough nodular layer of impure fire clay, overlain by

Lakof

Green shale 12
Sandy fire clay 1
Green shale, locally with purple tinge_._________.__ 0
Lime-clay shale 6

Fine green and drab shale.. S 12

Green shale with some lime-clay nodules 16
imestone, slightly argil lying on

6
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Section of Morrison formation near head of Burnt Hollow,
4 miles northwest of Hulett.
Feet.
Lakota sandstone.
Very black shales, rather fine; on weathered sur-
face much resemble a coal outerop, but no coal
is present. (This may possibly represent the hori-

zom of the Aladdin €0al.).—- o—wreoeeeeeeooee 10

Gray shale 32

1

Shales with poorly preserved plant impressions._.. 8
Interbedded shales and thin sandstones, lying on

d i 18

6

Section of Morrison formation a short distance east of the
preceding.

Very black shales, as in preceding section_
Brownish-gray and purple shales

d shales____
Black shale
Light-gray shale, lying on Sundance formation_____ 36

Devils Tower.

Section of Morrison formation on north side of Sourdough
Creek, 6 miles north of Hulett.

Feet,
Shales, yellow at top, red at bottom, underlying
Lakota sand
Black shales 14
Black shale with 4inch sandstone near top; slight
purple or pink tinge throughout and rather

near the middle 17
Black shale. oo oooooooooooooi e 26
Slightly sandy, green soft shale, some lime near the
base 10
‘White sandstone.. ?
Green shale 5
‘White 1 2
Gray and reddish shales, lying on Sundance forma-
tion

134
Section of Morrison formation on north side of Deer Creck
near castern border of Devils Tower quadrangle.
Feet.
Lakota sandstone.

Dark-purple shale, weathers to light purple.. 9

Massive d 1

Purple shale . 10

Concealed ...... 8

12

20

14

Gray shale 17

Concealed, but contains some smul ,,,,,,,,,,,,,,,,, A4

Green and purple shale. .__ 6

Sandy shale. 4
Very white sandstone weathering to a dirty, velvety

brown 1

Grayish-white shal 5

2

Purple shales. 6

(xmyxsh green shales with some lime nodules, lying

15!

&

Fossils and age—The Morrison shale contains
many large bones, and in other areas it has yielded
a varied vertebrate fauna, consisting of many genera
of dinosaurs, some of which are of huge size, and
of primitive forms of small mammals. This fauna,
which is often called the Atlantosaurus fauna, is
thought by some paleontologists to be of early
Cretaceous age and by others is assigned to the late
Jurassic. The invertebrate fossils are all fresh-
water forms which furnish no positive evidence as
to age.

LAKOTA SANDSTONE.

General relations—The Lakota formation out-
crops in a narrow zone along the higher slopes
west of the Belle Fourche and constitutes portions
of several high ridges on the divides in the south-
east corner of the quadrangle. It consists mainly
of light-colored, coarse-grained, massive sandst

3

Local sections.—The following sections of the
Lakota have been measured :

Section of Lakota sandstone in Burnt Hollow.

Feet.
Fuson shale.

Massive, gray, bedded 2

Shaly 7

Massive cross-bedded sandstone, much iron stained- 10

Flaggy with iron concretions.-.-..-.... 4

Massive,cross-bedded, ish-g with
few iron

Shaly with )

Massive gray sandstone...... .
Shaly sandstone, considerable iron near bottow....-
Flaggy sand

Gray sandy shale. .
Massive sandstone, lying ou Morrison formation.

Bluwwomwsoe

Rection of Lakota sandstone on north side of Sourdough
eek.

Feet.

Massiveyellowish.gray sandstone, overlainby Fuson
Soft, purplish gray, shaly sandstone..—...._......__ 1

Flaggy purplish sandstone with several bands of
iron oxide 14
Massive 1

Shaly

Massive, soft sandstone, lying on Morrison formation 3
30

Fossil plants—The formation contains some pet-
rified wood, but much less than in the eastern
slopes of the Black Hills. A small amount was
found 2} miles northwest of Hulett and also 4
miles east of Devils Tower. Larger quantities,
with many good-sized pieces, were observed in a
rather small area in Barlow Canyon due north of
the Missouri Buttes. In most portions of the Black
Hills cycads have been obtained from the sandstone
horizon containing the fossil tree trunks. When
growing the cycad consisted of an oval trunk
extending a short distance out of the ground,
with leaves on long stems growing out of its sur-
face. The fossil cycad ordinarily consists of the

former sockets of the leaf stems. Some of the
shales which are here and there included in the
Lakota formation contain other fossil plants,
mostly ferns and conifers, representing numerous
species of Lower Cretaceous age. Large collections
of these have been made in the Hay Creek coal
field.

FUSON FORMATION.

General character and relations.—The Fuson
formation ists mainly of clay or shale with

which gives rise to cliffs, many of which are of
considerable prominence. These cliffs surmount
the rounded slopes of Sundance and Morrison
shales and form the beginning of the ascent to the
plateau surface of the Dakota sandstone. On the
west side of the Belle Fourche they follow a very
irregular course, extending eastward on the divides
between the creeks and receding to the west in the
valleys. Here and there outliers are isolated from
the main mass of the formation, rising in buttes of
various shapes and sizes.

Thickness and rocks—The Lakota sandstone of
the Devils Tower quadrangle, as in other portions
of the Black Hills uplift, shows considerable resem-
blance to the Dakota. It is, however, not so con-
tinuously massive, and although hard in some
localities, it is generally softer than the Dakota
and forms a less marked feature in the topography.

The thickness of the Lakota varies considerably
and in many placesit is difficult to separate it from
the overlying Fuson beds. Near the head of
Burnt Hellow it is apparently only 25 feet thick,
and near the head of Deer Creck and on Sour-
dough Creek it is 30 feet thick. The latter thickness
was observed on Cabin Creek 2} miles west of the
Belle Fourche, while on the same creek 4 miles
west of the river it is 60 feet thick, consisting of
20 feet of reddish flaggy sandstone underlain by
40 feet of nearly white massive sandstone. Near
the southern limit of the quadrangle, 4 miles east
of the Belle Fourche, it is 60 feet thick and consists
entirely of a white massive sandstone. Midway
between Devils Tower and the Missouri Buttes,
and south of the Missouri Buttes near the head
of Lake Creek, the thickness is 40 feet; 34 miles
northwest of Hulett, on Left Creek 3 miles south-
southwest of the Missouri Buttes, and in Barlow
Canyon northeast of the buttes it is 50 feet. The
best detailed section was obtained on the north side
of Burnt Hollow near its head, where the thickness
is 47 feet, as shown in the accompanying section.

thin sandstones, lying between the massive sand-
stones of the Lakota and Dakota formations. It
is as a rule not well exposed on the slopes, but
locally, where the cliffs are perpendicular, it is
exhibited. Its outcrop area follows the very irreg-
| ular course of the margin of the Dakota sandstone,
but outliers appear along the divides adjoining
Elkhorn and Tie creeks and Government Canyon.
In the southeast corner of the quadrangle the sand-
stones of the formation are of more than usual
prominence, and this in connection with the
wooded condition of the region renders the sep-
aration of the Lakota and the Fuson in this vicin-
ity a matter of uncertainty. Sandstones appear in
nearly every exposure of the formation, and in gen-
eral in this area the Fuson is much more sandy
than in other parts of the Black Hills uplift, where
it contains much soft shale and fire”clay. The
thickness varies from 50 to 100 feet, but some of
the measurements are indefinite on account of the
changeable nature of the various beds.

Local features.—The following sections illustrate
the principal stratigraphic features of the formation
at a number of representative exposures:

Section of Fuson formation north of Cabin Creek, 2 miles
west of the Belle Hourche.

petrified trunk, which shows the deep scars of

Massive y 5
Yellowish- gy shales, darker near the top, lying on
Lakot 50

100
Section of Fuson formation 2} miles morthwest of Hulett,
between Bush Canyon and Moore Canyon.

Feet.
Shales and concealed, at base of cliff of Dakota

Shales

Shales and concealed to top of Lakota sandstone__. 85

Section of Fuson formation on north side of Burnt Hollow
near its head.

Feet.
Sandy shale, very dark near the top, gray below,
overlain by Dakota sandstone._. 16
Flaggy sandstones with some iron concretions 4
Dark-gray shales
Massive

Gray sandy shales, lying on Lakota sandstone.

Section of Fuson formation on Sourdough Creel north-
northwest of Hulett.

Feet.

Flaggy sandstones and sandy shales, overlain by
" Dakota 32
Grayish black shales 10
Flaggy sandstone. .. 4
Purple sandy shales, lying on Lakota formation 5

51
Fossils and age.—Some of the sandy clays of the
TFuson formation contain fossil plants, mostly ferns
and conifers, which have been collected extensively
in the neighboring Aladdin quadrangle. The spe-
cies are numerous and theirage is Lower Cretaceous.

DAKOTA SANDSTONE.

Distribution.—The Dakota sandstone is a con-
spicuous member of the Cretaceous series, capping
the hogback range and in most places presenting
high cliffs along its eastern margin and in the can-
yon walls. It rises gradually on the northwesterly
dip from the slopes of the overlying shales in the
hills east of the Little Missouri Valley, and its
main outerop zone is an elevated table-land, termi-
nating on the east in high cliffs from which the
land drops rapidly to the bottom of the Belle
Fourche Valley about 500 feet below. Most of
these cliffs consist of Dakota sandstone at the top
and Lakota sandstone below, surmounting long
slopes of Morrison and Sundance shales. The
Dakota outerop west of this valley varies in width
from 1 to 8 miles in greater part, being widest in
the slopes adjoining Elkhorn Creek and Govern-
ment Canyon, along which the formation is exposed
nearly to the Little Missouri. Numerous canyons
opening to the east cut deeply into the formation
and give to its eastern margin a most irregular out-
line. Small areas of the formation are revealed by
several valleys in the Graneros shale area near the
Little Missouri Valley, notably on Hulett, Poison,
Broncho John, and Gaff creeks. Small outliers
of the sandstone cap the higher portions of several
high ridges lying between Whitetail and Miller
creeks a few miles southeast of the Belle Fourche.

Character.—The formation is chiefly a massive,
hard, cross-bedded sandstone of medium-sized grain.
In places deposits of shale are included, especially
in the lower portion and where the formation
expands in thickness. They vary from nearly
pure clay to mixtures of sand and clay. In the
high vertical walls of Government Canyon the
shales and thin-bedded sandstones are of sufficient
importance to mask in considerable measure the
general massive nature of the formation. The
thickness varies from 70 feet near the head of Burnt
Hollow to 160 feet in Barlow Canyon. The sand-
stones are light gray on fresh fracture, but all prom-
inent cliffs show a light brown or yellowish brown
on exposed surfaces. The shales range from dull
gray to intense black and in a few places carbon-
ized fragments of plants were found. This phase
is best shown in Government Canyon, where the
cark material makes up a very considera-

Black shale, overlain by Dakota sandstone
Sandy shale and concealed. 10
Flaggy to massive sandstone 4
Shales, thin and 30
Massive 2
Sandy shales and 10
haly 6
Black shale: o
Yellowish-gray sandy shales__________._____________ 8
Purple shales. 5
Yellowish sandy shales, lying on Lakota sandstone. 4
95

Section of Fuson formation north of Cabin Creek, 4 miles
west of the Belle Fourche.
Feet.
Yellowish-gray sandy shales, darker near top, over-
lain by Dakota sandstone.
Massive 3

ble portion of one or two of the beds.

Loceal sections—The principal features of the
formation at several localities are shown by the
subjoined sections. The first is on the north side
of Barlow Canyon just across from the foot of the
steep road leading up to the Missouri Buttes:

Section of Dakota sandstone in Barlow Canyon.

Feet.
Thin sandstone to top of hill (approximate top of

Yellowish sandy shales-

Flaggy to massive sandstone.




T

Feet.

Shaly 28
Massive 4
Shaly 8
Massive 6
Concealed slope 10
Massive 6
Shaly and 2
Massive, highly cross-bedded, grayish-brown sand-

stone, lying on Fuson formation____________.____ 36

The next section was measured 1 mile east of the
preceding, on the same side of the canyon:

Section of Dakota sandstone in Barlow Canyon.

Feet.
Concealed slope 20
Massive sandstone, slightly flaggy at bottom_ ... 65
Shale and led 40
Massive sandstone with iron oxide near bottom.... 8
Concealed slope 5
Massive sandstone, lying on Fuson formation.___.. 8
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The following section is shown on the north side
of Burnt Hollow, near its head:

Section of Dakota sandstone in Burnt Hollow.

Feet.
Soft flaggy

4

altitude of about 4400 feet is attained. On the
west slope of the Missouri Buttes the formation
rises locally to an altitude of nearly 5000 feet.

The lower shale—The lower Graneros shale
oceupies a much dissected belt of considerable width
in the west-central and northern portions of the
quadrangle. The member enters the area from the
south as a narrow band, for here the dips aré rela-
tively steep. After crossing Cabin Creek at a point
several miles west of the Belle Fourche, the dip
rapidly decreases and the outcrop zone extends
northward and then northeastward, with gradual
increase of width. South of Mud Creek the out-
crop lies wholly to- the east of the Little Missouri,
but northeast of that creek the western boundary
extends west of the river and rises above the valley
alluvium. The area thus situated on the west side
of the valley gradually grows wider toward the
northeast.

The rock is a fissile shale of dark-gray or
intensely black color. Small deposits of sandstone
and sandy shales occur near the bottom, and here
and there iron-charged concretions 1 to 2 feet in

at top of i 20
Massive ish-g! d;
Shaly
Massive
Shaly
Massive
Flaggy and shaly sandstone.. .
Limonitic band of sandstone.
Sandy shales R
Massive gray sandstone with iron oxide at bottom..
Shaly sandstone with iron-oxide bands. -
Thin gray shales
Massive di
Flaggy
Gray shales

Soft black shales

Massive sandstone____ ...
Sandy shales

Massive yellowish-gray sandstone, lying on Fuson

e m oo et

>
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The following section is near the mouth of Gov-
ernment Canyon, 3 miles above the mouth of the
creek and 3 miles west of the eastern edge of the
quadrangle:

Section of Dakota sandstone near mouth of Government
Ca

diameter are scattered through the middleand upper
portions, but they show at few places, except in the
extensive exposures, and are nowhere abundant.
They not uncommonly are inclosed by a shell of
cone-in-cone structure 2 to 6 inches thick. Owing
to the extremely soft nature of the shales the small
streams have cut deep gullies, so that the resulting
topography is for the most part one of innumerable
small hills and ridges or badlands over which travel
is difficult. The thickness of the shale varies con-
siderably, but is prevailingly greater in the central
and northern portions of the quadrangle. On the
southern border it is 120 feet. In Barnard Can-
yon due north of Devils Tower it is 150 feet. On
T. L. Creek it is a little more than 200 feet, but
the full thickness is not revealed. It can not,
however, be much greater than 200 feet. Near
the head of the intervening Elkhorn Creek, where
the shale is crossed by contour line 4150, its
thickness is 180 feet. The amount on Hulett
Creek 3 miles above its mouth is at least 190 feet,
but, as on T. L. and Tie creeks, the full thickness
was not observed at points where satisfactory meas-
urements could be made. The lithologic nature of
the member is nearly constant throughout the

Sandstone member—The sandstone lying on the
basal black shales is most extensively developed in
the area drained by Hulett, T. L., and adjacent
creeks. Its outerop extends along the east side of
the Little Missouri Valley as far as Mud Creek,
where it crosses the river under the alluvium;
thence northeastward it appears at intervals a short
distance west of the stream. It crosses Cabin Creek
in a zone which is rather narrow, but to the north,
in the vicinity of Yeast's ranch, it extends some
distance eastward up the shale slopes and caps sev-
eral outlying knobs. Extensive outlying areas cap

NYON.
Feet.

Flaggy at top of i 16
Massive 6
Dark sandy shale. ... 15
Iron i ¥ band 1
Highly car black shale 10 | quadrangle.
Massive 14
Flaggy to massive sandstone. ... ... ._.______.____._ 8
Grayish shaly sand with iron i 4
Tlaggy to massive sandstone with iron coneretions

near the bottom 0
Dark-gray shale______ 5
Shaly 6
Flaggy to massive sandstone_______________________ 4
Iron ionary band 1
Shaly to flaggy sand 5
Massive 4
Shaly with iron i 12
Flaggy 7
Yellow sandy shale with iron concretions___________ 8
Shaly carbonaceous sandstone, lying on Fuson for-

mation 4
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Fossils and age.—In this region the Dakota has
yielded no satisfactory fossils, but in other portions
of the Black Hills it has been found to contain
remains of dicotyledonous plants of later Cretaceous
age.

GRANEROS SHALE.

Components—The Graneros formation in this
quadrangle consists of four distinct members—the
lower black shale, a massive sandstone, the Mowry
beds, and the upper shale—the total thickness being
about 1250 feet. These divisions are clearly defined
lithologically and widely exposed. They are also
distinet topographically, the massive sandstone and
the overlying Mowry beds rising in ridges of mod-
erate prominence from valleys of the adjoining
shales. The massive sandstone is apparently iden-
tical with the petroleum-bearing sandstone of the
Newcastle quadrangle.

Distribution—The Graneros outcrop extends
along the west slope of the hogback range in a
zone which is narrow at the south but broadens
toward the north, reaching a width of 12 miles in
the north-central portion of the quadrangle. The
greater part of the valley of the Little Missouri is
excavated in its shales. The formation extends far
eastward on some of the hogback ridges on the
west side of the Belle Fourche Valley, where it
rises in elevations of considerable prominence. The
largest of these is Strawberry Hill, in which an

the irregular ridges adjoining and at the heads of
T. L., Elkhorn, and Hulett creeks, and smaller out-
liers occur west and northwest of the Missouri
Buttes and cap Strawberry Hill and the ridge next
north. R

The rock is a massive sandstone of medium to
coarse grain and in a few places it becomes a con-
glomerate. ‘The conglomeratic character is well
developed in the two areas west and northwest of the
Missouri Buttes. The rock in the outerops nearest
the buttes consists largely of pebbles about the size
of a pea, while in the larger area 2 or 3 miles away
many of the pebbles are 1 inch in diametér and
there are some reaching 2, 3, or even 4 inches.
The thickness of the sandstone varies from 8 feet,
as the approximately general amount south of
Poison Creek, to 50 feet in the area south and west
of Elkhorn Creek. Northeast of Hulett’s ranch it
varies from 25 to 40 feet. East of Hulett Creek the
sandstone is much the same as the Dakota sandstone
in general appearance, and outcrops in many prom-
inent cliffs. North and south of this locality the
sandstone is much less distinet topographically and
over considerable areas is not clearly exposed.

Mowry member—The main outerop zone of the
Mowry member lies immediately west of the sand-
stone described in the preceding paragraphs and,
like it, follows the general course of Little Mis-
souri Valley. In the southern half of the quad-
rangle, where the strata dip rather steeply, the
outcrop is marrow, in few places reaching more

than half a mile. In the northern half the dip is
low and in consequence the outcrop is considerably
wider. From Mud Creek to the mouth of North
Fork of Little Missouri River the Mowry beds
give rise to a ridge of moderate prominence on the
west side of the Little Missouri, and this feature
also extends northeastward from North Fork to
the northeast corner of the quadrangle. There are
several outliers of the member on the high ridges
between the Little Missouri and Belle Fourche
valleys. Three of them cap portions of the high
divide between Poison Creek and the head of Elk-
horn Creek north-northwest of the Missouri Buttes.
The fourth is of small size and lies along the gran-
ite outcrop west of the main peak of the Missouri
Buttes; here the beds are steeply upturned.

The thickness of the Mowry beds is nearly con-
stant, several measurements giving 115 to 125 feet.
The material is a compact shale of dark color,
containing large numbers of detached fish scales.
These scales are found in all portions of the mem-
ber, but vary in abundance. In places they are
closely packed together, while in some beds they
are somewhat widely scattered. In general they
are sprinkled singly over the shale surfaces, in the
proportion of one to four scales in 6 square inches.
They range mostly from one-half to three-fourths
of an inch in diameter.

In the hand specimen of fresh rock the shale
differs little in general appearance from that of the
lower Graneros except in fissility, the lower beds
being thin and papery, while the Mowry scale
shales are thicker or more slabby and considerably
harder. Owing to the fact that the Mowry beds
are much harder than the adjoining shales, they
give rise to hills and ridges of moderate prominence.
They afford a fairly firm hold for tree roots, and
as a result the Mowry hills are generally well cov-
ered with pines and scrub oaks. The shales are
dark gray or decidedly black when fresh, but,
unlike the other Graneros shales, weather through
drab to a distinet light gray, and this light color,
together with the wooded hills and ridges, causes
the Mowry outerop to be very conspicuous. The
contact of the Mowry beds with the underlying
sandstone is in most places distinct, but the con-
tact with the overlying upper Graneros shale is as
a rule concealed by the mingled shales of the two
members. One exceptional local feature consists
in the prominent exposure near the west end of the
area that lies between Poison Creek and the head-of
Hulett Creek, where the Mowry beds are tinged
with red oxide of iron and from a distance present
a most unusual bright-reddish tint, unlike the com-
mon light gray. Without close examination the
rock at this place might be mistaken for the mass-
ive Graneros sandstone.

Upper shale—The soft shale constituting the
upper member of the Graneros formation is widely
exposed in the north-central portion of the quad-
rangle. This is due chiefly to the low, undulating
dip in the area northwest of Little Missouri River,
where the outerop of the upper shale, partially
concealed by a broad veneer of alluvium, occupies
many square miles of low, rolling grazing land.
In the vicinity of Mud Creek the dip is steeper and
the outerop zone narrows to less than half a mile.
It maintains approximately this width southward
to a point beyond Poison Creek, where the dip
lowers and the outerop widens considerably. Near
Yeast’s ranch it becomes much constricted again on
account of steepening dip, and continues southward
across Cabin Creek and beyond the quadrangle
boundary as a rather narrow belt.

This member consists of dark-gray to black
shale interbedded with lime concretions, of which
many are traversed by cracks filled with calcite.
Most of the concretions near the bottom con-
tain much iron and disintegrate readily into dark-
brown or black chips that lie thickly strewn over
the weathered surfaces in many places. Perhaps
the most distinctive concretionary layer of the mem-
ber is one lying near the top. The concretions of
this layer contain considerable sand and many of
them carry Prionocyclus, Inoceramus, and Scaphites.

The thickness of the upper Graneros shale mid-
way between Mud and Driscoll creeks west of Little
Missouri River is approximately 850 feet. Farther
north the amount appears to be greater, but the
measurements were less definite. In the accom-
panying section the measurements were qbtained
by estimate for that part of the formation :vhich is

exposed along the prominent ridge west of the
margin of the alluvium of North Fork of the Little
Missouri between Prickly Pear and Battle creeks.
The general lithologic features are clearly exposed,
but the measurements of thickness may be some-
what in error on account of irregularity of dip.
Since the section does not include the portions con-
cealed by and lying east of the alluvium, it would
seem that if the measurements are approximately
correct the full thickness in this locality might
reach considerably more than 1000 feet.
Partial section of wpper Graneros shale between Prickly
Pear and Battle creeks.
Feet.
Black shales with bands of lime-clay concretions
tevery 8 or 10 feet. ]
Highly fossiliferous lime-clay coneretions and black
shales alternating in beds from 4 to 8 feet thick. 60
Black shale 60
Thin lenses 1
Black shale with a few bands of sandy septarian

&=

Black shale...
Large i jons, sandy and 12
Black $hale- oo 0
© i 12
Black shale with scattered bands of sandy septa-
rian i e 300
860

GREENHORN FORMATION.

The Greenhorn formation is not so clearly defined
in the Devils Tower quadrangle as in other portions
of the Black Hills uplift. It consists of alternating
beds of lime-clay concretions and black shales, the
shales being almost identical in general appearance
with the Carlile and upper Graneros shales and
the concretions not differing greatly from those
of the Carlile. The concretions are of sufficient
importance, however, to give a p ible topo-
graphic effect, and with careful observations, in the
absence of good exposures, the general position of
these beds may be traced over the gently undulat-
ing surface. The concretions vary from a few
inches to several feet in diameter, the usual size
being 1 to 4 feet. They have a bluish-gray color
and are spherical or ellipsoidal in shape. Here and
there they show a well-developed septarian charac-
ter, and a fair proportion contain fossils, chiefly Zno-
ceramus labiatus, a fossil which is characteristic of
this formation. The thickness of the formation
varies between 60 and 80 feet, but its stratigraphic
limits are somewhat indistinet. The accompany-
ing section, as measured between Prickly Pear
and Battle crecks, amounts to 78 feet. The
thickness midway between Mud and Driscoll creeks
is 60 feet. The outerop of the formation occupies
a narrow north-south zone that extends across the
western part of the quadrangle, in the northwest
corner being deflected somewhat toward the north-
east and widening considerably on account of
change in strike and dip.

Section of Greenhorn formation between Prickly Pear and
‘Battle creeks.

Large septarian lime concretions (1 to 6 feet in

with Tnocer 15

Black shale 8

Shale with smaller lime coneretions.._________.___ 2

Black shale - 80

Shale with lime concretions 1

Black shale 12
Shale with large lime concretions, at supposed base

of i
)

CARLILE SHALE.

The outcrop zone of the Carlile shale extends
north and south in a narrow band lying entirely in
range 67. From Cabin Creek to Mud Creek the
width is only a few hundred yards, but it increases
to the north, being about a mile north of Gammon
Creek. 1In places the formation rises in knobs and
ridges on the divides, especially on a prominent
point known as Blackbank Hill, which it caps.
The greater part of the outcrop is on gentle grass-
covered slopes, and only one good section was
obtained, at a point midway between Mud and
Driscoll creeks, where the thickness is 620 feet.
The formation is made up of three fairly distinct
divisions. - The upper division is about 300 feet
thick and is nearly all shale; few concretions are
present and these occur at indefinite horizons.
The middle division is 125 feet thick and consists
of concretions and shale, the concretions being of
considerable size and in sufficient number to leave
an impress on the topography in favorable local-
ities. The lower division is 200 feet thick and, like
the upper division, is chiefly shale, only a few con-
cretions being observed. The middle series much



resembles the Greenhorn formation, but lacks the
distinetive Inoceramus.

A section measured between Mud and Driscoll
creeks is as follows:

Section of Carlile shale near Mud Creck.

Fine light-gray shale -
Yellow and dark-gray shal 80
Light-gray septarian lime concretions (4 to 6 feef

hte . -

much of lime in vein: 6
Yellowish-gray shale with a few eoncretions 1 foot

in diameter near the bottom ___.______________ 12
Fine black shale with a few septarian eoncretions 1

foot in diameter__...._..._____...._______._ 2
Large septarian concretions in black shale ; a fow

fossils in the COROrebONS. .-« coooomeeoeeen 12

%0

Very fine black shale with & few small concretions-
Grayi k shale with d fos-

i tained lime in lower
part (Inoceramus, Prionocyclus, and here and
there a baculite). This series forms a slight
ridge 125

Grayish-black shales with a few sandy lime concre-

200

620

Correlation.—This formation is correlated with
the Carlile shale of other portions of the Black
Hills uplift by continuity of outerop, by its occur-
rence between distinctive Niobrara beds above and
Greenhorn below, and by its fossils, especially
Prionocyelus woolgarr.

NIOBRARA FORMATION.

The outcrop of the Niobrara formation lies next
west of that of the Carlile shale, extending north
and south in a narrow zone across the western
portion of the quadrangle. Its greatest thickness,
which appears to be between Mud and Driscoll
creeks, is not more than 120 feet. The width of
the outerop in the northwestern part of the quad-
rangle is nearly one-fourth mile. In the southern
half of the quadrangle the thickness is less and the
dip greater, so that the outerop narrows to only 40
to 50 yards. Not far from the southern limit of
the quadrangle the outcrop becomes indistinet, and
on the slopes north and south of Cabin Creek it
is wholly concealed beneath local wash. West of
Blackbank Hill, in the northern part of the quad-
rangle, the thickness seems to be less than 80 feet,
but the measurements are not conclusive. The
lithologic character of the Niobrara in this quad-
rangle is identical with that which is so uniformly
peculiar to it throughout the Black Hills region—
that is, it consists of soft, light-gray, slabby shales,
weathering to creamy yellow and chalky gray,
finely dotted with white specks and carrying thin,
irregular aggregates of Ostrea congesta.

In old exposures the yellow color is very con-
spicuous and characteristic. For this reason the
Niobrara, notwithstanding its thinness and soft-
ness, is a particularly important guide to the strat-
igraphic succession in the western half of the
quadrangle.

Section of Niobrara formation midway between Mud and
Driscoll creeks.

Feet.
Pierre shale.
Creamy-yellow shales 12
Grayish-yellow and dark-gray shales_.._________ 14

Very deep creamy-yellow, soft shales with a few thin
layers of Ostrea congesta, lying on Carlile forma-

tion 94

120

Section of Niobraraformation1mile eastof bench mark 4036,
west of Little Missowri River, nearly due west of Hulett.

Pierre shale.
Grayish-yellow soft shales_..__..___..._.._________.
Very deep creamy-yellow, soft shales with some thin

Ostrea bands one-half to 1 inch thick- 50
Yellowish-gray, soft shales with few Ostrea 14
8

PIERRE SHALE.

The Pierre shale is extensively exposed along or
near the western edge of the quadrangle, occupy-
ing a broad area in its northwest corner and con-
tinuing northwestward far beyond the boundary.
South of Mud Creek, where the dips are steeper, the
outerop narrows to a width of 1% to 2 miles.

Like several of the formations already described,
the Pierre is largely soft dark-gray shale. It con-
tains lime-clay concretions at many horizons, but
these are of secondary importance. In much of the
lower part they are small, contain much oxide of
iron, and readily break up into reddish-brown chips
which cover the weathered slopes much as do the
somewhat darker pieces of the upper Graneros shale.
Higher in the formation the concretions are larger
and some of them, by decrease in clay admixture,

Devils Tower.
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become nearly pure limestone. The best illustra-
tion of this is 4 miles north of Yeast’s ranch, where
well-rounded concretions of nearly pure, bluish-gray

limestone 1 to 5 feet in diameter lie in iderable

tions of the quadrangle. The largest is on the high
flat east of Poison Creek. The deposit here consists
of only a thin sheet of white clay and nodular argil-

numbers along the outcrop. The beds at this place
dip 80° W. Highly fossiliferous concretions may
be found a short distance above and below the
horizon of these large concretions. Much of the
shale in the lower part of the formation weathers to
a dull gray, but the upper beds remain black. ~All
of the shale produces a decided gumbo soil, nearly
all of which is covered by an excellent growth of
grasses.

The greatest thickness of Pierre shale within the
quadrangle is in the northwest corner. Opportu-
nities for measurement are not favorable, owing
to the very low dip, but the thickness appears to be
more than 1500 feet.

In the numerous concretions which occur in the
Pierre shale at various horizons there are in many
places large numbers of very distinctive fossils,
especially in the upper beds. The more abundant
are of the following species: Baculites compressus,
Inoceramus sagensis, Nautilus dekayi, Placenti
placenta, Heteroceras nebrascense, and here and there
Lucina occidentalis.

FOX HILLS SANDSTONE.

Along the western-southwestern border of the
quadrangle the Pierre shale is overlain by buff sand-
stones which appear to represent the Fox Hills
formation, but positive evidence of their age was
not obtained. The rocks are in general massive
but extremely soft and in few places well exposed.
They grade into Pierre shales through a few feet of
sandy shale. Some indurated beds are present, but
they donot seem to have any wide distribution. On
the north side of Good Lad Creek, northwest of
Yeast’s ranch, a rather concretionary sandstone
appears in one or two places about 80 feet above the
Pierre. This and the beds intervening down to
the Pierre were carefully searched for fossils, but
none were found. Three miles southwest of Yeast’s
ranch a 1-foot bed of sandy limestone was observed
near the bottom of the formation. This likewise
contained no fossils. One sandstone of more than
usual hardness and persistence caps a number of the
higher hills near the western border of the quad-
rangle between Prairie and Good Lad crecks. In
places it reaches a thickness of 30 feet and is highly
cross-bedded, and in one locality, 2} miles south of
the point where Prairie Creek enters the quadrangle,
it contains turtle bones and bones of some other
vertebrate, some fossil wood, and here and there
Inoceramus. Thin beds of hard rock are included
at intervals below this fossiliferous stratum for a
hundred feet or more.

Concretions are present in this formation and in
at least two places they have the distinctive form
of “log concretions.” These were best observed on
a little knoll south of the Little Missouri, 200 yards
west of the north-south wagon road 2 miles west of
Yeast’s ranch. The log concretions are near the
bottom of the formation, in a soft sandstone which
differs but little from the concretionary material,
except that the latter isharder. Some of the concre-
tions are spherical, as usual, but most of them are
elongated and a number present excellent cylindrical
forms. ‘They are gray and some are slightly iron
stained, but in general not more so than ordinary
weathered sandstone of the region. The matrix
sandstone is brownish yellow. It is extremely soft
and the wind has carved it in an interesting
manner. About 5 miles north-northwest of this
locality there is another but less important exposure
of log concretions, about 350 feet above the bottom
of the formation. The concretions in general vary
much in shape. Some are 1 or 2 inches in diam-
eter and 1 to 5 feet in length; others are 4 to 5 feet
in diameter and 15 to 20 feet in length. The
spherical forms reach as much as 5 feet in diam-
eter. Some are sharply conical and others roughly
nodular as if several had been joined together.
As a rule they weather free from the matrix, but
some blend into hard, slabby sandstone.

The greatest thickness of the Fox Hills sandstone
included in the quadrangle is apparently about 400
to 450 feet.

TERTIARY SYSTEM.

Deposits—The Tertiary is represented by small
outliers in the southeastern and south-central por-

laceous limest poorly exposed. The greatest
thickness is near the south end of the area, where
the amount is 8 feet. The deposit lies unconform-
ably upon the massive Giraneros sandstone in the
central and southern parts of the area and upon
the Mowry beds in the northern part. A similar
but smaller deposit lies on a high ridge in the
southeast corner of the quadrangle 1 mile north
of the southern boundary and 2} miles west of the
eastern boundary. This deposit is mostly con-
cealed, its presence being detected only by stray
bits of white nodular limestone scattered over the
surface. Another more important area lies just
northwest of the Missouri Buttes. The southern
edge begins 150 yards from the base of the north-
western butte and, curving southward, extends to
a point within 250 yards of the lake at the head of
Lake Creek. From this edge the area extends
westward and northwestward one-half mile or more.
Exposures are not good on the side next the buttes,
but along the western edge from 20 to 30 feet of
the deposit are shown in several places. The
material is the usual fine, massive, creamy-white
caleareous clay with thin bands or bunches of
argillaceous limestones. There is some indication
that a considerable area in addition to that mapped
lies beneath the heavy grass-covered porphyry talus
northwest and north of the northwestern butte.
The thickness can not be determined with accu-
racy, but the deposit appears to have a dip of 5° or
more and there is a vertical distance of about 160
feet between the lowest exposure on the west side
of the area and the highest exposure near the
buttes. The Tertiary lies upon the Graneros
sandstone at the west, but toward the south end
it rests upon the Mowry beds, while nearer the
lake it appears to extend onto the lower shale of
the Graneros formation. One-half mile west of
the Missouri Buttes area there is another very
small area. Between the two occur scattered frag-
ments of Tertiary limestone, remnants of a connec-
tion which existed between the deposits at no dis-
tant time.

Correlation.—No fossils were found in the Ter-
tiary deposits, and there is no basis for correlating
them with beds in other rvegions. They may
belong to the White River formation, which
extends high on the eastern slope of the Black
Hills.

QUATERNARY SYSTEM.

Terrace deposits—High terrace deposits, prod-
ucts of an earlier drainage system, are present in
various places in the quadrangle. Their thickness
is nowhere great and in some areas the deposits
consist of isolated bowlders and pebbles scattered
over the surface. A number of areas are shown

on the geologic map, but these do not fully repre-’

sent the original extent of the deposits. Much of
the northwest corner of the quadrangle seems to
have been once covered by the bowlder deposits,
as evidenced by scattered bowlders or pebbles which
remain in many places; only the thicker and larger
areas were mapped. The deposits lie chiefly west
and northwest of the Little Missouri, although a
few of small extent occur near and east of the Belle
Fourche.

Alluwvium.—Alluvial  deposits cover areas of
moderate extent in the Devils Tower quadrangle.
Belle Fourche River and its tributaries are bor-
dered by alluvial flats of considerable width, but
the widest are along and to the west and northwest
of the Little Missouri. These deposits, which con-
sist chiefly of loam and fine sand, pass insensibly
into the more recent wash along the upper courses
of the many smaller streams. They are of local
origin, having been derived from the neighboring
outcropping rocks. Along the upper Little Mis-
souri the light-colored sands from the sandstone
highlands to the west haye mingled with the clay
from the shales of the formations below.

Igneous Rocks.
GENERAL RELATIONS.

The sedimentary rocks of the Devils Tower
quadrangle are intersected by several masses of
igneous rock which were intruded between the
strata in early Eocene time. These igneous rocks
outerop in detached areas at the northwestern mar-

gin of the extensive zone of intrusions that extends
across the northern portion of the Black Hills
uplift. Most of these rocks in this quadrangle
have been intruded as laccoliths between strata
ranging in age from Spearfish to lower Benton, the
intrusions being at progressively higher horizons
to the mnorthwest. The most notable igneous
masses constitute Devils Tower and the Missouri
Buttes; others occur on branches of Lytle Creek,
in the southeast corner of the quadrangle, and a
small laceolith is revealed in Barlow Canyon.
The early Eocene age of these intrusions is indi-
cated by the fact that they intersect or are asso-
ciated with the uplift of strata as late in age as
later Cretaceous, while in places they are over-
lapped by Oligocene deposits.

PHONOLITE PORPHYRY OF DEVILS TOWER.

Occurrence—The mass of igneous rock known
as Devils Tower is one of the most conspicuous
and notable features in the Black Hills province.
Characteristic views of the steep-sided shaft, which
rises 600 feet from a rounded ridge of sedimentary
rocks, 600 feet high, on the west bank of the Belle
Fourche, are given in figs. 1 and 2 on the colum-
nar section sheet. Its nearly flat top is elliptical
in outline, with a north-south diameter of over
100 feet and an east-west diameter of about 60
feet. Tts sides are strongly fluted by the great
columns of the igneous rock and are nearly per-
pendicular, except near the top, where there is
some rounding, and near the bottom, where there
is considerable outward flare. The base is hidden
by a talus of huge masses of broken columus lying
upon a platform of the lower buff sandstone of the
Sundance formation. Lower down are slopes of
Spearfish red beds, which present high eastward-
facing cliffs on the bank of the Belle Fourche.
All the strata lie nearly horizontal, with a slight
downward deflection toward the center of the
igneous mass. In the narrow ridges northwest
of the tower part of the beds are somewhat tilted
in various directions, but apparently this is due to
undermining by erosion in the adjacent gulches.

Columnar structure and talus—The great columns
of which the tower consists are mostly pentagonal
in shape, but some are four or six sided. The
average diameter is 6 feet and in general the
columns taper slightly toward the top. In places
several columns unite in their upper portion to
form a large fluted column. The columns are
not perpendicular, but slope inward toward the
top, the angle being 4° to 5° on the west side and
10° to 12° on the east side. They are not much
Jjointed, but are marked horizontally by faint ridges
or swellings, which give the rock some appearance
of bedding, especially toward the top of the tower.
Near the top there is much cross jointing and
more or less decomposed rock which crumbles
into rounded fragments. The color at the top is
brownish, mottled with dirty yellowish green, due
to lichens. TIn the lower quarter or third of the
tower the columns bend outward and merge rather
abruptly into massive rock which toward the base
shows but little trace of columnar structure. This
massive rock circles the tower as a bench, extend-
ing out 30 to 40 feet. It is strongly jointed, in
part into irregular prismatic forms and in part into
rough, coarse layers. On the southwest face the
long columns curve outward over the massive basal
portion and lie nearly horizontal. The rugged pile
of talus extends high up the lower slopes of the
massive bench at the base of the tower and also far
down the adjoining slopes of the sedimentary rocks.
In places it rises as a low ridge a short distance
from the base of the tower, the fragments falling
from the higher cliffs having bounded some dis-
tance away. At one point on the platform a short
distance south of the tower there is a low hill of
porphyry showing a surface of 30 or 40 feet of
massive rock which may possibly be in place, while
a low cliff of massive porphyry a few rods south-
east of the base of the tower strongly suggests
igneous rock in place.

Laccolithic inirusion.—There is no conclusive
evidence as to the former extent of the Devils
Tower rock and location of its vent. The vertical
columns indicate that the tower does not represent
the conduit of a flow to higher levels, and for this
reason it is believed that the mass is the remains of
a laccolith which was originally much larger than
the tower. It is evident that much of the lacco-
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lith has been eroded, but the originalZform and
extent can only be conjectured. There is no evi-
dence but that the vent is under the tower or the
talus, for the materials of the associated agglomer-
ate are of local origin and no dikes appear in the
surrounding area. It has been suggested by Jaggar
that the tower is a remnant of the southeast end of
a laccolith extending from the Missouri Buttes, but
this idea involves an improbable amount of erosion
and numerous other complexities.

Petrographic description.—The rock from Devils
Tower has been described as phonolite by Pirsson
(Am. Jour. Sci., 3d ser., vol. 47, 1894, pp. 341—
344) and as sanidine trachyte by Caswell (Geology
of the Black Hills, 1880). It is here called phono-
lite porphyry in recognition of its porphyritic tex-
ture. The following petrographic description is by
Albert Johannsen :

Megascopically the rock is coarsely porphyritic and is
medium gray in color. It consists of large, white or
colorless, short, thick erystals of feldspar and minute,
dark-green pyroxenes, in a gray, aphanitic groundmass.
The felspar crystals vary from one-eighth to one-half
inch in diameter, although most of them are somewhat
less than one-fourth inch.

Under the mieroscope the phenocrysts are found to
be feldspar, pyroxene, apatite, and a very little wmag-
netite and titanite. They vary greatly in size and are
somewhat less in amount than the groundmass. Noneph-
elite phenocrysts are found. The feldspar, a soda-rich
orthoclase, is in general fairly fresh, though somewhat
altered along cleavage cracks to kaolin and isotropic
zeolites. The pyroxene, varying from perhaps one-fourth
to one-half as much in amount as the feldspar, occurs in
short, thick crystals, is very fresh, and almost invariably
shows zonal structure. It is green in color and asa rule
darkest around the edges. The centers are augite and
the outer zones are mgirite. The apatite phenocrysts are
short, thick, colorless prisms or hexagonal basal sections.
Magnetite occurs only in a few irregular grains, and
titanite, in rectangular or lozenge-shaped crystals, most
of which are twinned, is rare. Apatite is present in
small amount as an accessory.

The groundmass consists of small orthoclase laths in
subparallel position and shreds and needles of wgirite,
with small clouded crystals and anhedrons between.
These clouded spaces are for the most part indeterminate ;
some of them are clear and colorless and definitely alkali
feldspar, but about half of them are brownish and
clouded. Tt is probable that they were, in part, orig-
inally nephelite, but, if so, that mineral is now entirely
altered in the speei ined. Pirsson describ
some fresh nephelite and an altered mineral of the soda-
lite group in the material he examined. Scattered
through the groundmass, in some of the rock, is magnet-
itein exceedingly small cubes. There is much secondary
material—calcite, kaolin, chlorite, analcite, and an
anisotropic zeolite. Very commonly a calcite center is
surrounded by an analcite rim, the whole being a cavity
filling. Some of these secondary products have definitely
been derived from the feldspars, as is shown by the fact
that the decomposition has taken place along cl

Lake Creek. The highest butte is on the north-
west corner and rises to an altitude of 5372 feet;
the next in height, on the northeast corner, has an
altitude of 5218 feet; the other two are about 200
feet lower. The butte on the northeast corner is
separated from its neighbor on the west by a deep
saddle, but the depressions between the others are
more shallow. The buttes and the adjoining ridge
consist of phonolite, but in the saddle on the north
side the rock is possibly not continuous. All the
adjoining slopes consist of talus, which is narrow
to the south, west, and east, but extends down the
gentle declivity over half a mile to the north and
northwest. In the depression between the two
western buttes there is a low ridge of phonolite
which may possibly be a dike, but its relations are
not exposed.

Structure—Columnar structure, so strongly exhib-
ited in Devils Tower, is much less developed in the
Missouri Buttes, but columns appear at some of the
exposures, standing at various steep angles, and on
the northeastern butte they lie nearly horizontal
with their pentagonal ends projecting from the face
of the cliff.

The buttes are interpreted as the remains of a
a laccolith or series of laccoliths, of irregular oval
form. Apparently the magma rose through a vent
or vents, lying beneath the present igneous masses.
The intrusive rock appears to lie upon a platform
of mnearly level Dakota sandstone, but on its west
side the lower Graneros shale and an outlier
of Tertiary rocks are overlapped by the talus.
Probably here the igneous rock is in contact with
the shale. At a few points the sedimentary beds
have dips of 10° or more, but it is not apparent
that these steeper dips are due to the intrusion.

Petrography.—The rock from the Missouri Buttes
is of a rather dark-green color and subordinate por-
phyritic texture. A representative sample from the
northwest side of the northwestern butte is described
by Mr. Johannsen as follows:

The rock has a very fine aphanitic groundmass, full
of small lath-shaped white feldspar phenocrysts from
one-sixteenth to one-fourth inch in length and a few
small dark pyroxene prisms. Under the microscope
the texture is seen to be porphyritie, the phenocrysts
exceeding the groundmass in amount. The phenocrysts
vary greatly in size and are in subparallel position.
They are all short, broad laths, are very regular in
shape, and consist of feldspar, nephelite, and pyroxene.
The feldspar is a soda-rich orthoclase. Nephelite is
about equal in amount and oceurs in similar form. Both
the feldspar and nephelite are considerably altered to
analcite in cracks and patches. The pyroxene is very
much less in amount than either the feldspar or nephe-
lite and is eegirite-augite or segirite. Apatite occurs as
an accessory in the form of long, thin needles with lon-
gitudinal inclusi M: ite occurs sparingly in the

cracks.

No chemical analysis was made of this rock, but the
specimen analyzed by Pirsson from the same locality
showed the following composition :

Analysis of phonolite porphyry from Devils Tower.

According to the quantitative system the rock of the
above analysis is a nordmarkose containing 10.5 per cent
of normative nephelite. As it is probable that the
specimens collected did not contain much nephelite,
possibly the rock may be more correctly described as
eegirite-syenite porphyry.

PHONOLITE OF THE MISSOURI BUTTES.

Occurrence—The Missouri Buttes, which rise
prominently above the plateau of Dakota sandstone
on the divide between the Belle Fourche and Little
Missouri valleys, 3 miles northwest of Devils Tower,
consist of phonolite. There are four principal
peaks, rising from 500 to 800 feet above the adjacent
plateau, which is somewhat higher than the top of
Devils Tower. The buttes are on the four corners
of an approximately rectangular ridge about a mile
in diameter, the eastern side of which is cut away
by a deep draw at the head of the east prong of

wgirite in the form of irregular grains.

The groundmass consists of a felt of very minute
needles of wmgirite with interspaces of orthoclase and a
very cloudy brownish isotropic substance, probably a
zeolite derived from nephelite. The character of the
groundmass is the same as in the rock from Devils
Tower. The phenocrysts are, however, more numerous
and more uniform in size, and nephelite occurs as well
as feldspar.

SYENITE PORPHYRY OF BARLOW CANYON.

Occurrence and relations.—In the bottom of
Barlow Canyon, 24 miles northeast of the Mis-
souri Buttes, there is a small exposure of igne-
ous rock. It appears in a small cliff about 250
yards long north of the road.  The rock is intruded
immediately below the massive sandstone in the
lower portion of the Sundance formation, and this
bed is domed over the laccolith with dips of 7° to
10° on the west side and 5° on the east side. The
base is not exposed. The sedimentary rocks show
no marked evidence of alteration, and the disturb-
ance is confined to the immediate vicinity of the
laceolith.

Petrograply.—Mr. Johannsen describes the Bar-
low Canyon rock as follows:

1t is pinkish brown in color and consists of numerous
small white and pink feldspar and very few biotite
phenocrysts in an aphanitic groundmass which greatly
exceeds the phenoerysts in amount.

Under the microscope, in the single specimen exam-
ined, the phenocrysts are not everywhere definitely
determinable. An untwinned alkali feldspar and a
little wmgirite or wegirite-augite occur, with a small
amount of biotite. Besides the fresh phenoerysts,
there are areas which are entirely altered to an almost
isotropic mineral which was not determined and which
is very similar in appearance to the groundmass, though
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a little less yellow in color. The outlines remaining
show that this mineral oceurred in irregular rounded
grains; it may have been a feldspathoid.

The groundmass is very much altered. There are
numerous very small feldspar laths in subparallel posi-
tion and some small rectangular areas, many of which
are altered and which may represent either a feldspar
or a nephelite. The greater part of the groundmass,
however, is of a brownish, nearly isotropic alteration
substance, and in this, besides the phenocrysts men-
tioned above, are a great many patches of radiating
crystals, which were probably originally segirite.
Titanite and magnetite oceur as accessory minerals, and
analeite, calcite, kaolin, and chlorite are secondary.

The rock, in the specimen examined, is too much
decomposed to permit satisfactory determination. It
may have been originally an wgirite-syenite porphyry,
or possibly a phonolite.

PHONOLITE OF LYTLE CREEK.

In the valley of Lytle Creek, in the southeast
corner of the quadrangle, there are several areas of
phonolite which project from the northwestern mar-
gin of the Bear Lodge instrusions. They cut the
Sundance and Spearfish beds, following the strata
to some extent, but also cutting across them, although
the latter feature may be due to dikes. This phono-
lite was described by W. S, Tangier Smith in the
Aladdin folio (No. 128), substantially as follows:

The rock is mostly massive and of a moderately light-
gray to dark-gray color, in general with a slight greenish
tinge. It is porphyritic, containing coarse tabular san-
idine crystals, many of which have a length of 3 em. or
more. Besides sanidine (or perhaps soda orthoclase),
the phenocrysts comprise anorthoclase, augite, and
mgirite-augite, locally with augite centers or swmgirite
rims, or both. An altered and undeterminable feld-
spathoid or group of feldspathoidal minerals, melanite-
garnet, magnetite, titanite, apatite, and here and there
zireon, also occur as phenocrysts. Feldspar or the feld-
spathoid is most common, though locally w®girite-augite

flint, and coarse pegmatite. The most conspicuous
fragments are of granite in rounded and angular
masses, varying in size from small grains to bowl-
ders 1 to 2 feet in diameter. The rounded masses
have a somewhat faceted character. A bowlder of
fossiliferous Pahasapa limestone a foot in diameter
was noted, incased in a shell half an inch thick
which could be easily stripped and appeared to be
due to calcination. Some of the sandstone grains
have a crust about them, suggesting fusion. The
shales in the agglomerate are carbonaceous and
comprise two varieties, one breaking into small
blocks of dark-gray color and the other into soft,
coaly flakes. Shales of this character occur at
intervals in the formations from the Minnelusa to
the later Cretaceous.

Monzonite—Half a mile west of the Missouri
Buttes there is a small area of granular rock the
structural relations of which are not exposed. It
appears in the slopes of lower Graneros shale
north of the lake and extends northward about 50
yards to a point at which it disappears beneath a
small area of Mowry beds and a wide area of
Tertiary deposits. Its greatest width is 20 yards.
One massive pile of the rock is 12 feet long, 10
feet wide, and 8 feet high. It is separated from the
igneous rocks of the buttes by slopes of lower
Graneros shale. Probably this body is a remnant
of agglomerate from which all the finer materials
have been removed by erosion, but there is a possi-
bility that it may be a separate intrusion.

According to Mr. Johannsen the rock has the
following petrographic character:

Megascopically it is a dark granular rock, showing
rather large pink feldspar crystals, a greenish femic
mineral, and a little quartz. Microscopically the texture

is most abundant. Brownish or brownish-yellow mel-
anite is common in some places; magnetite is in general
unimportant; while titanite and apatite are common
accessories in most of the rock.

The groundmass of this phonolite is invariably fine
grained, in some places granular, more commonly tra-
chytic, and for the most part showing flow structure.
Itis mainly of alkali-feldspar laths, together
with more or less wmgirite or wgirite-augite, or both,
locally augite, one or more feldspathoids, in many places
a small amount of magnetite, and here and there a little
garnet. As a rule, only one feldspathoid was noted,
most ly a second tion of the one i
among the phenocrysts, Nephelite occurs in the ground-
mass of some of the rock, being locally abundant, in
clear, colorless, short, hexagonal prisms.

LAMPROPHYRE DIKES.

On one of the spurs of the ridge of Lakota sand-
stone in the northwest corner of T. 52, R. 64, the
Morrison shale is traversed by three narrow per-
pendicular dikes of lamprophyre. These dikes run
N. 80° W., but are exposed for only a few yards.
The largest is 5 feet wide and about 4 rods distant
from the other two. These are each about 1 foot
wide and separated by a foot of shale, which is not
visibly altered and shows but slight disturbance.
According to Mr. Johannsen—

the dikes consist of a dark-green, rusty-looking rock

is hypidi phic granular. The constituents are feld-
spar, considerably less quartz, and still less altered bio-
tite, with accessory rutile and apatite and secondary
sericite, epidote, chlorite, iron oxide, and calcite. The
chief feldspar is oligoclase, which is considerably greater
in amount than mierocline. There is still less ortho-
clase. Both the microcline and the orthoclase are fresh,
but the oligoclase is much clouded with many minute
ghreds of sericite and a little chlorite and epidote.

Missouri Buties.—The exposures of agglomerate
in the Missouri Buttes are on the eastern and south-
eastern sides of the igneous area. Apparently the
rock underlies the phonolite for some distance, but
the relations are not exposed. It carries much
coarse material, consisting largely of fragments of
pink granite and sandstones of various kinds in a
vesicnlar or highly porous matrix, the porosity
being due to the leaching out of secondary min-
erals, Mr. Jaggar reports that, on microscopic
examination, the matrix—

shows small angular fragments, reaching a maximum of
1 to 2 mm. in diameter, of quartz, orthoclase, micro-
cline, pieces of fine-grained porphyry with egirine,
magnetite, and calcite in an earthy-brown groundmass.
This groundmass, when examined under a high power,
is seen to consist of a nearly isotropic base with specks
of brown iron oxide. Here and there transparent por-
tions of the base show a faint felty polarization. Ferro-

with an aphanitic gr a few small
black phenocrysts. The microscope shows the texture
to be obscurely porphyritic. There are numerous long,
thin laths, a few of them rounded or irregular, grading
into a slightly anisotropic, very clouded, and much
altered groundmass, whose original character is now
indeterminate. The phenocrysts consist of long laths of
various sizes of pale-green diopside, crystals and irreg-
ular grains of magnetite, and rather large prisms of
perfectly fresh apatite. Red iron oxide occurs in con-
siderable amount in irregular patches, and there is a very
little pyrite.

AGGLOMERATE.

Associated with the. intrusions of Devils Tower
and the Missouri Buttes are masses of agglomerate
consisting of fragments of rocks of various kinds
included in an apparently igneous matrix.

Devils Tower.—The exposures near Devils Tower
are at the edge of the main talus slope on the west-
southwest side of the tower, on a small, elliptical
grassy hill encircled by talus. This hill is about
150 yards long and trends to the west-southwest.
It consists of agglomerate, which does not appear
elsewhere in the vicinity, although it may underlie
some of the talus. According to T. A. Jaggar, jr.,
who described this rock in the Twenty-first Annual
Report, the matrix appears to be a decomposed
porphyry, and the rocks included comprise irregular
fragments of granite, limestone, sandstone, quartz-
ite, purplish rhyolite, slate or schist, black shale,

constituents in general are not preserved ;
there are one or two doubtful cases that may be idio-
morphic outlines of an original hornblende or augite
crystal, preserved by paramorphic masses of calcite.

STRUCTURAL GEOLOGY.

Structure of the Black Hills uplift.—The Black
Hills uplift, if not eroded, would present an irreg-
lar dome at the north end of the anticlinal axis that
extends northward from the Laramie Range of the

. Rocky Mountains. A diagram of the dome, illus-

trated by contours on the surface of the Minne-
kahta limestone, will be found in the Aladdin folio
(No. 128). The dome is elongated to the south
and northwest, has steep slopes on the sides, is
nearly flat on top, and is subordinately fluted to a
minor extent. The greatest vertical displacement
of the strata, as indicated by the height at which
the granite floor is now found, amounts to about
9000 feet. The subordinate flexures in the dome
are mainly along the eastern side of the uplift, the
most notable ones being in the ridge of Minne-
kahta limestone just west of Hot Springs, which
may be regarded as a bifurcation of the southern
edge of the dome. Another anticline of consider-
able prominence occurs 3 miles east of Hot Springs.
The subordinate flexures are characterized by steeper
dips on their western side and gentler dips to the
east. They merge into the general dome to the



north and run out with declining pitch to the south.
On the western side of the main uplift there is a
marked local steepening of dips and at the north
an abrupt deflection of the dome to the northwest,
which is one of its most notable irregularities.
To the south the dome is separated from a small
local anticline, which is the extension of the Lara-
mie Range uplift, by a shallow syncline extending
northwest and southeast. In the northern Black
Hills there are numerous local domes and flexures,
due mainly to laccolithic igneous intrusions, of
which the most prominent is that of the Bear
Lodge Range, but no similar features are indicated
by the structure of the southern hills.

Faults are of rare occurrence, and none have
been detected which amount to more than a few
feet of vertical displacement, except where some of
the igneous masses have dislocated the strata and
elevated them unevenly.

Structure sections.—The sections on the structure-
section sheet represent the strata as they would
appear in the sides of a deep trench cut across
the country. Their position with reference to the
map is on the line at the upper edge of the blank
space. The vertical and horizontal scales are the
same, so that the actual form and slope of the land
and the actual but generalized relations of the
rocks are shown, the structure where buried being
inferred from the position and thickness of the
strata observed at the surface.

Structure of the Devils Tower quadrangle.—The
principal structural features of this quadrangle are
illustrated by the five structure sections on the
structure-section sheet. The quadrangle embraces
a portion of the northwestern margin of the Black
Hills uplift, with rocks dipping to the west and
northwest. There are several local irregularities
in the monoclinal structure, consisting mainly of
variations of strike and pitch and a few low sub-
ordinate flexures. The rate of slope in the eastern
half of the quadrangle generally varies from 50 to
100 feet to the mile, but to the west and northwest
the amount is much greater. West of a diagonal
line passing from the northwest to the southeast
corner of the quadrangle, the strike is north and
south; east of that line it is northeast and south-
west. Near the Belle Fourche Valley the change
in strike is gradual, but in the Little Missouri Val-
ley the change takes place abruptly near the mouth
of Prairie Creek. The low dips which prevail in
the region east of Little Missouri River give place
within a short distance to steep dips west of that
stream, in the southwestern quarter of the quad-
rangle. The steep dips occur in a zone of north-
erly strike nearly to the mouth of Prairie Creek,
beyond which they diminish considerably in
amount, in the region adjacent to North Fork of
the Little Missouri and Thompson Creek. At
North Fork the dip of the Niobrara beds is 15°
W., but, entering the zone of steep dips 1 mile
farther south, it increases to 60°. Midway between
Driscoll and Mud creeks it is 40° in the Niobrara
and 30° in the Greenhorn. About 4§ miles north
of Yeast’s ranch the dip increases to 80°, but 2
miles farther south decreases to 22°. Two miles
south of Yeast’s ranch it increases to 45°; farther
south it decreases again to 10°, but increases to 20°
at Cabin Creck. The dip in the extreme southwest
corner of the quadrangle is practically zero. Two
miles to the north-northeast it is 4°, 2 miles west
of Yeast’s ranch it is 2°, and 2} miles northwest of
this ranch it is 5° to 6°.  On the western bound-
ary of the quadrangle, midway between Good Lad
and Prairie creeks, the beds are horizontal. Far-
ther north along the western boundary and east-
ward through Blackbank Hill most of the area
drained by Battle, Prickly Pear, Thompson, Sage,
and Flat creeks has a dip of less than 5°,

Due north of the gap between the two northern
peaks of the Missouri Buttes, near the head of the
steep gulch leading northward to Barlow Canyon,
there is a small anticline showing a dip of 5° to 7°
east and west. The sharpest anticline of the quad-
rangle is three-fourths of a mile southwest of the lake
near Missouri Buttes. So far as can be observed,
this disturbance affects a very small area—a few
hundred yards long at the most—but in view of
the proximity of the locality to the Missouri Buttes
its significance is perhaps greater than the area of
disturbance might seem to imply. The axis of the
anticline trends approximately northeast and south-
west, the dip to the northwest being 35° and to the

Devils Tower.
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southeast 25°.  Another sharp fold of similar char-
acter is south of Cabin Creek, on the southern
boundary of the quadrangle. This is a northeast-
southwest anticlinal ridge of considerable extent,
the major portion of which, however, lies beyond
the quadgangle. The northwesterly dip in this ridge
is 12° to 30°, the southwesterly dip 20°. Farther
north, near the head of Poison Creek, there is a
small, rather steep dome, and still farther north,
along Hulett Creek, an elongated but lower dome
isexposed. In irregularareas along Elkhorn Creek
and Government Canyon, as well as in smaller
isolated areas on the neighboring minor streams,
local doming is observed, and to this may be attrib-
uted in considerable measure the large undulating
exposures in this portion of the quadrangle. The
Dakota sandstone is domed in many places. This
is noticed particularly on Poison Creek, on Hulett
Creek, on Tie Creek, on lower Elkhorn Creek, on
Broncho John and neighboring creeks, in the vicin-
ity of Strawberry Hill near the head of Sourdough
Creek, and east, northeast, and south of Govern-
ment Canyon. With the exception of the Poison
Creek and Hulett Creek domes, where the westerly
dip reaches 15° or more, the dip is at few places
more than 5° or 6° and may be calculated with fair
accuracy from the topography and the areal distri-
bution of the various formations, the thickness of
each being given. There is a slight syncline 2 miles
south-southeast of Anchor Reservoir, and another
2 miles north of Deer Creek near the eastern edge
of the quadrangle.

In the vicinity of the Belle Fourche Valley the
dips are mostly very low. North of Devils Tower
the valley crosses the slope of a low dome, which
causes the Spearfish red beds to rise to a moderate
height in the slopes. This dome rises to the south-
east mainly as a part of the Bear Lodge uplift, and
with gradual increase in rate of slope approaches the
great laccolith of the Warren Peaks area, which lies
a short distance southeast of the southeast corner of
this quadrangle. This steeper dip is a marked
feature on the upper part of Lytle Creck, where the
Spearfish red beds and adjoining formations rise
abruptly in the vicinity of the igneous intrusions,
as shown in section E-E of the structure-section
sheet. There is no evidence of uplift connected
with the igneous masses of Devils Tower and the
Missouri Buttes, and only a slight local doming in
the immediate vicinity of the intrusion in Barlow
Canyon.

GEOLOGIC HISTORY.

Gleneral sedimentary record.—The rocks appear-
ing at the surface within the limits of the Devils
Tower quadrangle are of sedimentary origin—that
is, they were deposited by water. They consist of
sandstone, shale, limestone, sand, loam, and gravels,
all presenting more or less variety in composition
and appearance. The principal 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 Triassic (?) time to the present, and other sed-
iments which underlie them extend the record
back into the Cambrian period. The composition,
appearance, and relations of the strata indicate 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 are deposited in shallow
water; pure limestones suggest clear, open seas
and scarcity of land-derived sediment. The fossils
which the strata contain may belong to species
known to inhabit waters that are fresh, brackish or
salt, warm or cold, muddy or clear. The character
of the adjacent land may be shown by the character
of the sediments derived from its waste. The
quartz sand and pebbles of coarse sandstones and
conglomerates, such as are found in the Lakota
formation, had their original source in the crys-
talline rocks, but have been repeatedly redistributed
by streams and concentrated by wave action on
beaches. Red shales and sandstones, such as make
up the “Red Beds,” as a rule result directly from
the revival of erosion on a land surface long
exposed to rock decay and oxidation and hence
covered by deep residual soil. Limestones, on the
other hand, if deposited near the shore, indicate
that the land was low and that its streams were too
sluggish to carry off coarse sediments, the sea

receiving only fine sediment and substances in
solution. The older formations exposed by the
Black Hills uplift were laid down from seas which
covered a large portion of west-central United
States, for many of the rocks are continuous over
a vast area. The land surfaces were probably large
islands of an archipelago, which was in a general
way coextensive with the present Rocky Mountain
province, but the peripheral shores are not even
approximately determined for any one epoch, and
the relations of land and sea varied greatly from
time to time. The strata brought to view by the
Black Hills 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 expansion of an interior sea over the west-
central region. The submergence reached the
Rocky Mountain province in Cambrian time, and
for a while the central portion of the Black Hills
remained as one of the islands rising above the
waters. From the ancient crystalline rocks streams
and waves gathered and concentrated sands and
pebbles, which were deposited as a widespread sheet
of sandst and 1 ate on sea beaches,
partly in shallow waters offshore and partly in
estuaries. Abutting against the irregular surface
of the crystalline rocks which formed the shore are
sediments containing much local material. Subse-
quently, the altitude being reduced by erosion and
the area possibly lessened by submergence, the
islands yielded the finer grained muds now repre-
sented by the shales that occur in the upper portion
of the Cambrian in some areas. In many regions
the land surface of crystalline rocks was buried
beneath the sediments.

Ord Devoni —From theclose
of Cambrian to the beginning of Carboniferous time
the Black Hills area presents a scanty geologic record,
the Ordovician, Silurian, and Devonian being absent
in the south and only a portion of the Ordovician
being present in the north. This is probably
because there was an extensive but very shallow
sea, or land so low as to leave no noticeable evi-
dence 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 conditions, not only over the Black
Hills area, but generally throughout the Rocky
Mountain province.

Carboniferous sea.—Under the marine condi-
tions of early Carboniferous time there were laid
down calcareous sediments which are now rep-
resented by several hundred feet of nearly pure
limestone, the greater part of which is known as
the Pahasapa limestone. As no coarse deposits
oceur, it is probable that no crystalline rocks were
then exposed above water in this region, although
elsewhere the limestone, or its stratigraphic equiva-
lent, was deposited immediately upon them. In
the middle part of the Carboniferous the gondi-
tions were so changed that fine sand was brought
into the region in large amount and deposited in
thick but regular beds, apparently with much cal-
careous precipitate and more or less ferruginous
material. The presence of the iron is indicated by
the color of many beds of the Minnelusa forma-
tion. Minnelusa deposition is believed to have
been followed by an uplift, which appears to have
resulted in ponding saline water in lakes, in which
accumulated the bright-red sands and sandy muds
of the Opeche formation. The Minnekahta lime-
stone, which is the next in sequence, was deposited
from sea water, and its fossils show with a fair
degree of certainty that it is a representative of the
latest Carboniferous (Permian) time. It was laid
down in thin layers, to a thickness now repre-
sented by only 40 feet of limestone. The very great
uniformity of this formation over the entire Black
Hills area is an impressive feature, probably indie-
ative of widespread submergence.

Red gypsiferous sediments.—At the close of the
epoch represented by the Minnekahta limestone
there was a resumption of red-bed deposition, and
the great mass of red sandy clay of the Spearfish
formation was accumulated. This material prob-
ably was laid down in vast salt lakes that resulted
from extensive uplift and aridity? The mud accu-
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mulated in thin layers to a thickness of 700 feet,
as is now attested by the formation, and it is so
uniformly of a deep-red tint that this is undoubt-
edly the original color. This color is present not
only throughout the extent of the formation but
also through its entire thickness, as shown by deep
borings, and therefore is not due to later or surface
oxidation. Either the original material of the
sediments was red or it was colored during deposi-
tion by the precipitation of iron oxide. At various
times the accumulation of clay was interrupted
by chemical precipitation of comparatively pure
gypsum in beds ranging in thickness from a few
inches to 30 feet and free from mechanical sediment.
It is believed that these beds are the products of
evaporation during an epoch of little or no rainfall
and consequently of temporarily suspended erosion ;
otherwise it is difficult to understand their nearly
general purity. It has been supposed that the
Spearfish red beds are Triassic, but there is no
direct evidence that they are of this age, and they
may be Permian. Their deposition appears to
have been followed by extensive uplift, without
local structural deformation but with some pla-
nation and occasional channeling, which represents
a portion of Triassic-Jurassic time of unknown
duration. It was succeeded by the deposition of
later Jurassic sediments.

Jurassic sea.—In the Black Hills 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 with-
out strong currents. In the southeastern Black
Hills region some of the earliest deposits are thin
masses of coarse sandstone, indicating shore condi-
tions, but generally there is shale lying directly on
the Spearfish red beds. Upon this shale is ripple-
marked sandstone, evidently laid down in shallow
water and probably the product of a time when
sedimentation was in excess of submergence, if
not during an arrest of submergence. The red
color of the upper part of the medial sandy series
in some portions of the Black Hills appears to show
a transient return to arid conditions similar to those
under which the Spearfish formation was laid down.
An extensive marine fauna and the limestone
layers in the upper shale of the Sundance formation
indicate that deeper water followed. After this
stage widespread uplift gave rise to fresh-water
bodies. The first product was the thick body of
fine sand of the Unkpapa sandstone, now a promi-
nent feature along the eastern side of the Black
Hills, but thinner or absent elsewhere.

C'retaceous seas—During the Cretaceous period
deposits of various kinds, but generally uniform
over wide areas, gathered in a great series, begin-
ning with such as are characteristic of shallow seas
and estuaries along a coastal plain, passing into
sediments from deeper marine waters, and changing
toward the end to fresh-water sands and clays with
marsh vegetation. The earliest of these deposits,
beginning possibly in late Jurassic time, consti-
tute the Morrison formation, a widespread mantle
of sandy shales, which is absent to the southeast,
although probably originally deposited there to a
greater or less thickness and then removed by
erosion in consequence of the uplift which initiated
the next epoch. The extent of this degradation is
not known, but it has given rise to a general ero-
sional unconformity at the base of the Lakota
sandstone, the next succeeding deposit. The mate-
rials of this formation consist mainly of coarse sands
spread by strong currents in beds 30 to 40 feet
thick, but include several thin partings of clay
and local accumulations of vegetal material. Next
there was deposited a thin calcareous series, repre-
sented by the Minnewaste limestone, but apparently
it was laid down only in a local basin in the
southern portion of the Black Hills. Over this was
spread a thin but widely extended sheet of clay of
the Fuson formation. After the deposition of this
clay there was a return to shallow waters and
strong currents, as in Lakota time, and coarse sands
of ‘the Dakota formation were accumulated. At
the beginning of the Benton there was everywhere
in the region a rapid change of sediment from sand
to clay.

During the great later Cretaceous submergence
marine conditions prevailed, throughout the Ben-
ton, Niobrara, and Pierre epochs, and several
thousand feet of clay were deposited. In Benton
time there were occasional deposits of sand, mostly



in the later part of the epoch and general over
the greater part of the Black Hills region.
One earlier deposit was local and produced the
lenses of sandstone which now underlie Mowry
beds at various localities in this quadrangle
and elsewhere. Another marked episode was that
which resulted in the general deposition of the thin
Greenhorn limestone in the middle of the Benton
sediments. The clay of Benton time was followed
by several hundred feet of impure chalk, now con-
stituting the Niobrara formation, and this in turn
by over 1200 feet of Pierre shale, deposited under
very uniform conditions. The retreat of the Cre-
taceous sea corresponds with the Fox Hills epoch,
during which sands were spread in an extensive
sheet over the clay beds, and resulted in the devel-
opment of extensive bodies of brackish or fresh
water, which received the sands, clays, and marsh
deposits of the Laramie. Whether the two last-
named groups of sediments were deposited over
any of the area now occupied by the Black Hills
is not definitely known, but it is possible that they
were, as they are upturned around two sides of the
uplift.

Early Tertiary mouniain growth—The Black
Hills dome developed early in Tertiary time—or
possibly in latest Cretaceous time—to a moderate
height, and the larger topographic outlines of the
region were established before the Oligocene epoch,
the dome being truncated and its larger old valleys
excavated in part to their present depths. This is
indicated by the occurrence in them of White River
(Oligocene) deposits, even in some of the deeper
portions. Where the great mass of eroded material
was carried is not known, for in the lower lands to
the east and southeast there are no early Eocene
deposits nearer than those of the Gulf coast and
Mississippi embayment and those of the Denver
Basin.

Olig Sresh-water deposits.—Oli depos-
its were laid down by streams and in local lakes
or bayous, and finally covered the country to a
level now far up the flanks of the Black Hills.
Erosion has removed them from most of the higher
regions where they existed, especially along the
western side of the hills, but in the vicinity of
Lead small outliers remain at an altitude of over
5200 feet, and on the north end of the Bear Lodge
Mountains they are a thousand feet higher. In
many places on the slopes of the uplift there is
clear evidence of superimposition of drainage, due
to a former capping of Oligocene formations.

Later Tertiary mountain growth.—After the
Oligocene epoch the dome was raised several hun-
dred feet higher and was more extensively eroded.
No representatives of the succeeding Loup Fork
group—the Arikaree and Ogalalla formations—
have been discovered in the immediate vicinity of
the Black Hills but they are extensively developed
in Pine Ridge to the south and remain on the high
buttes to the north, in the northwest corner of
South Dakota. There was probably slow but con-
tinuous uplift during the Loup Fork epoch, and
materials were contributed by the higher slopes of
the Black Hills at that time, but whether the for-
mations ever were deposited in the immediate
vicinity of the hills has not been ascertained.

Quaternary uplift and erosion.— During the
early portion of the Quaternary period there was
widespread denudation of the preceding deposits,
and many of the old valleys were revived, with
much rearrangement of the drainage, which on the
eastern side of the Black Hills was caused mainly
by increased tilting to the northeast. This rear-
rangement has caused several streams superimposed
upon the Oligocene deposits to cut across old
divides, in some places connecting a valley with
its next neighbor to the north. Such streams flow
southeastward for some distance in pre-Oligocene
valleys and then turn abruptly northward into
canyons of post-Oligocene age, leaving elevated
saddles which mark the southeastward course of
the old valleys. Some of the offsetting in the
present drainage has been largely increased by

"early Quaternary erosion and recent stream
robbing.

There was apparently still further uplift in late
Quaternary time, for the present valleys, below the
level of the earlier Quaternary high-level deposits,
seem to be cut deeper than they would be in
simply grading their profiles to the level of Mis-
souri and Cheyenne rivers. Wide, shallow valleys
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have developed in the soft deposits, and canyons of
moderate extent and depth in the harder rocks.
Later erosion has progressed with but little deposi-
tion, but in some cases, with the shifting of chan-
nels, there have been accumulations of local
deposits on small terraces at various levels.

ECONOMIC GEOLOGY.
MINERAL RESOURCES.
COAL,

At several localities on the northwestern slope of
the Black Hills coal deposits occur in the base of
the Lakota formation, but no coal has been observed
at this horizon in the Devils Tower quadrangle.
The Lakota outerop extending across the quad-
rangle has been examined for coal at many local-
ities, but as the base of the formation is commonly
hidden by talus from the sandstone cliffs above, it
is seldom possible to ascertain whether or not
coal is present. Moreover, coal often erumbles or
burns away at the outcrop and the overlying
sandstone sinks down, leaving no surface indi-
cation of the presence of a coal bed. At many
localities in the quadrangle the Lakota sandstone
is exposed lying directly upon the Morrison shale,
apparently in regular succession, indicating that no
coal is present, but there is a possibility that local
basins occur. Several attempts have been made
to prospect for coal in the basal Graneros shale,
because it is similar to the black shales often
observed in association with coal, but there is not
the slightest likelihood that any coal will be found
at this horizon, although some of the shale is suf-
ficiently carbonaceous to burn for a few minutes.

BUILDING STONE.

Large amounts of stone suitable for building are
available from the Lakota and Dakota sandstones,
but they have not as yet been utilized to any great
extent. Stone also occurs in the Sundance and
Fuson formations, and the sandstones and concre-
tions in the Graneros and overlying formations can
be used for rough work. Portions of the Dakota
sandstone are massive, fine grained, even textured,
and of a pleasant light-buff' to gray tint, similar to
the stone worked extensively in Buffalo Gap. At
present the region is too far from railroads for this
stone to be profitably worked for shipment. The
igneous rocks of Devils Tower and the Missouri
Buttes are so hard that there would be great dif-
ficulty in dressing them, but they could be crushed
for road metal if there were any demand for it.

CLAYS.

Many of the shales above the Dakota sandstone
are sufficiently soft to be classed as clays, and por-
tions of the Fuson, Morrison, and Sundance
formations could be used as clays. There is, how-
ever, no local demand for this material. Sandy
clays suitable for brickmaking oceur along many
of the alluvial flats and they have been utilized for
this purpose to a small extent at one or two points.
A peculiar absorbent clay, known as bentonite,
occurs in the Graneros shale, but it has not been
worked in this region. '

GYPSUM.

Several thin beds of gypsum are present near the
top of the Spearfish formation, but their thickness
in few places exceeds 2 feet and they are interbed-
ded with soft shale. Plaster of Paris is prepared
from gypsum by caleining it to drive off part of
the chemically combined water, and then pulver-
izing it. The material is of no value, however,
unless near to market.

SOILS.

Derivation.—The soils in this region are closely
related to the underlying rocks, from which they
are residual products of decay and disintegration,
except where they are formed as alluvial deposits
in the larger valleys or are spread by winds. In
the process of disintegration residual soil develops
more or less rapidly on the several rocks of the
region according to the character of the cement
holding the particles together. Siliceous cement
dissolves most slowly, and rocks in which it is pres-
ent, such as quartzite and sandstones, are extremely
durable and produce but a scanty soil. Calcareous
cement, on the other hand, is more readily dissolved
by water containing carbonic and other acids, and

on its removal clay and sand remain, often forming
a deep soil. If the calcareous 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 Minnelusa
sandstone. If, as on the limestone plateaus, the
calcareous material forms the greater part of the
rock, the insoluble portions collect on the surface
as a mantle, varying in thickness with the charac-
ter of the limestone, being thin where the latter is
pure, but very thick in many places where the
rock contains much insoluble matter. The amount
of soil remaining on the rocks depends on erosion,
for on many slopes the erosion is sufficient to
remove the soil as rapidly as it forms, leaving bare
rock surfaces. Crystalline schists and granitic
rocks are decomposed mostly by hydration of a
portion of their contained 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 composed of relatively pure
clay a very clayey soil is the product. The char-
acter of the soil thus derived from the various geo-
logic formations being known, their distribution
may be approximately determined from the map
showing the areal geology, which thus serves also
as a soil map. It must be borne in mind that
some of .the geologic formations present alterna-
tions of beds of various materials; for instance,
shales and sandstones alternating with limestone.
These give abrupt transitions in the character of
their disintegration products, soils which - differ
widely in composition and agricultural capabilities
occurring in narrow zones side by side. The only
areas in which the boundaries between : different
varieties of soil do not coincide with the boundaries
of the rock formations are in the river bottoms, in
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
washed down and mingled with or covered the
soils derived from the rocks below. Soils of this
class are known as overplaced soils, and a special
map of large scale would be required to show their
distribution.

Distribution.—The arable lands of the Devils
Tower quadrangle are irregularly distributed and
oceur in several formations. The most extensive
areas available for farms are in the alluvial deposits
along Little Missouri and Belle Fourche rivers and
some of their branches. Many areas which have
naturally fertile soils are not situated favorably for
farming, notably those which are at altitudes so
high that frosts are prevalent. Scanty rainfall is
the principal handicap in the greater part of the
area, especially in localities where there is not
sufficient running water for irrigation.

The Spearfish formation is mostly bare of soil in
the small areas in which it outcrops in this quad-
rangle. Extensive exposures of the Sundance
formation are chiefly in high ridges and slopes,
where ordinarily the soil is thin. Much of the
formation consists of clay, and it lies in general upon
dry slopes where the rainfall is seldom sufficient
for raising crops. The Lakota and Dakota sand-
stones, although having considerable extent, yield
relatively barren soils and are for the most part so
dry and so situated topographically that they are
not favorable for farming. The soils in the exten-
sive shale areas in the western and northern
portions of the quadrangle are mainly thin and
contain a large amount of clay. They could be
tilled on nearly all the lower slopes, however, if
properly irrigated. The sandstones in the south-
western portion of the quadrangle disintegrate into
excellent soils, but the land is not suitably sit-
uated for farming. Most of the wide alluvial bot-
tom lands along Little Missouri River have rich
and sandy loams, but in some portions of the area
the percentage of clay is so large that “gumbo”
results. There are many areas along the Little
Missouri and its larger branches thaf” could be
farmed advantageously if they were irrigated. At
many localities water could be held in reservoirs
which would afford a supply for the irrigation of
areas of moderate size. The alluvial flats along
the Belle Fourche are in general well adapted for
agriculture. At a few localities there is a pre-
dominance of :sand, but in most places the soil is

a sandy loam of good texture. Owing to the
meander of the river from one side of the valley
to the other, the alluvial tracts are cut into areas as
arule less than half a mile square. In a few places
crops are raised in this valley. Small alluvial areas
lie along Miller, Liytle, Blacktail, and some of the
other creeks emptying into the Belle Fourche. In
all of these areas the soil is of excellent quality,
and water for irrigation is either available or could
be easily stored in the many side draws or by dam-
ming the streams.

WATER SUPPLY.

SURFACE WATER.

The average annual rainfall in the Devils Tower
quadrangle is probably somewhat less than 15
inches, but the amount of rain falling on the ele-
vated Bear Lodge Mountains to the southeast is
considerably more than this. A part of the pre-
cipitation is in the form of snow, and the remainder
falls mostly in heavy showers of short duration,
during the spring and early summer months.
The Bear Lodge Mountains, which extend to a
high altitude, catch many showers that do not
fall on the adjacent plains and have also a greatly
increased snowfall. As most of the surface of the
country has a thin soil and only small areas pre-
sent porous rocks, the water of rains and melting
snow runs off rapidly, usually in freshets that fol-
low storms or the rapid melting of snow, the latter
taking place during warm spells in the spring. In
consequence of these conditions there is but little
running water in the region during the greater part
of the year. Springs are few and of small volume
in the lower lands.

A large amount of run-off in this region could
be saved by dams and made available for irriga-
tion. There are suitable dam sites at many local-
ities, especially in the higher slopes. As the
evaporation in the region is about 6 feet each
year, a large amount of water would have to be
impounded to compensate for this loss. There are
many excellent dam sites along the creeks flowing
into the Belle Fourche; but, to judge by the results
obtained with a number of dams in the plains
region farther northeast, more or less water can be
held in almost all portions of the area.

Belle Fourche River carries a large volume of
water at times of freshet, but is a very insignificant
stream during the dry periods of midsummer. Its
normal flow varies from .about 2 to 15 second-feet,
so far as observed, and occasionally portions of its
course go dry. It drains a large area in the plains
of east-central Wyoming, and the total volume of
water which it carries in a year is very great. It
receives numerous tributaries from the western and
northern sides of the Black ‘Hills, including some
streams of considerable volume. Its waters are not
used to any extent for irrigation because of the dif-
ficulty of maintaining head-gates and ditches dur-
ing freshets. Its course is winding, and although
there are alluvial flats within most of its bends,
these are cut into small areas by the meanders,
which in their outer curves as a rule impinge on
the steep slopes of the valley.

Little Missouri River rises in the southeast cor-
ner of the quadrangle and flows northward to the
north line of T. 55 and thence northeastward to
the northeast corner of the quadrangle. Ordi-
narily it carries but a small volume of water, but
it is subject to freshets in which the flow often
is large. " In dry weather the only branches from
which it receives running water are Prairie Creek
and North Fork of Little Missouri River, both very
small streams. The flow in the river is sustained
mainly by small seeps and springs in its bottom.

Lytle Creek rises on the northwestern slope of the
Bear Lodge Mountains and flows northwestward,
reaching the Belle Fourche a short distance east of
Devils Tower. Its small flow is sustained mainly
by springs which rise at intervals along its bed.

Blacktail Creek drains an inconsiderable area
along the western slope of the Bear Lodge Moun-
tains and flows in small volume to the Belle
Fourche, which it joins half a mile southeast of
Hulett.

Miller Creek, another small tributary reaching
the Belle Fourche in the northeastern portion of
T. 52, rises on the east slope of the Bear Lodge
Mountains. There are numerous springs along the
valley of this creek, which are important factors in
sustaining the flow. :



Except Blacktail, Lytle, and Miller creeks, the | those of the Minnelusa; Lakots, and Dakota forma- |
many small branches flowing into the Belle tions. The water thus absorbed by the sandstones |
Fourche are dry in summer or carry only a very | passes far beneath the surface as the water-bearing
small volume of water, mainly in scattered pools. beds descend on the slopes of the uplift.

All the ordinary streams in the western and north- |  Dakota-Lakola sandstones—The Dakota and
ern portions of the quadrangle have very scanty | Lakota sandstones are the principal formations in
water supplies, and in dry weather many of them | which water supplies are to be expected in the
contain no water at all. Thompson Creek is an | western and northern, or plains portion, of the
exception, for ordinarily it carries a small amount | Devils Tower quadrangle. As shown on the struc-
of water, mostly in pools with feeble overflow from l ture-section sheet, they pass beneath the overlying
one to another. [ shales with varying dips that carry them to a depth
of about 3,700 feet along the western margin of the
quadrangle. The depth to the top of the Dakota
sandstone is indicated approximately on the artesian
prospects of water supplies from wells of greater or | water sheet. In various portions of the country
less depth. The series of formations, as shown surrounding the Black Hills the Dakota-Lakota |
in the columnar section, includes several beds |sandstones have been penetrated by wells, most of
of water-bearing sandstone which receive water | which obtain flows of greater or less volume and of
at the surface in the higher ridges and slopes | satisfactory quality. The nearest wells to the Dev-
of the Black Hills. These sandstones are carried | ils Tower quadrangle are those in the vicinityJ
underground in the general outward dip on the | of Belle Fourche, a short distance to the east.
flanks of the hills, and within a short distance, owing | Undoubtedly the same water-bearing sandstones
to the relative steepness of the dip, attain consid- | underlie the western and northern portions of this
erable depth. In most of the area water-bearing | quadrangle, and they will probably yield ﬂowing]
beds at one horizon or another lie at a depth that | wells in the lower lands in the valleys of the Little
is within reach of the well borer. As the region is | Missouri and its larger tributaries, as shown on the
semiarid, with surface waters inadequate or of bad | artesian water sheet.

quality in most localities, there is considerable need |  Formations between the Lakota and Minnelusa.—
for underground waters. The principal water- | In the Morrison and Sundance shales, undetlying
bearing strata rise to the surface on the slopes of | the Lakota sandstone, there are no prospects for
the Black Hills in regular succession, as already  water, although the sandstone layer in the lower
described. They outerop in wide zones encircling I portion of the Sundance formation may contain a
the uplift, and receive a large amount of water not | small amount. The great mass of gypsiferous red
only from the rainfall on their surface but from | shale of the Spearfish and Opeche formations is
streams which at many points sink into them | also not water bearing. The Minnekahta]imestone}
wholly or in part in crossing their outerops. The |is too dense to carry water, notwithstanding the |
sinking of the streams in this manner is observed | fact that in some places it is cavernous. |

UNDERGROUND WATERS.

Source.—Throughout the quadrangle there are

its outcrops this formation appears to consist of
very porous sandstone, likely to imbibe much sur-
face water and to constitute a water-bearing stratum
available for deep wells. The numerous springs |
which emerge in places from the upper sandstone
furnish a further indication of its. properties in this
regard. The formation was penetrated by a deep
boring at Cambria and found to consist there of a
very fine-textured rock, with the sand grains so
closely cemented by lime that the interstices were
filled up, without leaving room for much water.
The rock appears to be of much coarser grain and
less calcareous to the north, especially the upper
bed of white sandstone, which would probably
yield flowing water in portions of the northern
Black Hills region. This upper sandstone lies at a
moderate depth along the Belle Fourche and the
larger confluent valleys in the southeast corner of
the quadrangle. The depth to its top is shown on
the artesian water sheet, from which it will be seen
that along the Belle Fourche Valley from bench
mark 3870, near Devils Tower, nearly to the north
side of Burnt Hollow the sandstone could be reached
by borings less than 600 feet deep, probably about
500 feet in T. 54 N.  Above bench mark 3870 and
near the eastern margin of the quadrangle the
depth gradually increases to 750 feet or more.
Along Lytle Creek the depth varies from 550 feet
near its mouth to about 700 feet between bench
marks 4146 and 4402 and 600 feet as the Bear
Lodge uplift is approached, in the southeast corner
of the quadrangle. .

As the sandstone rises high on the slopes of the
Black Hills, if it contains water the pressure or
head should be sufficient to afford a flow in all the
deeper valleys in the southeastern portion of the
Devils Tower quadrangle.

abandoned in the red beds, which were entered at 400
feet. Probably it penetrated the Opeche red sand-
stones and was discontinued very near the top of
the upper sandstone of the Minnelusa formation.
It is unfortunate that this bed was not entered and
tested as to its water content.

Pahasapa limestone.—As shown on the structure-
section sheet, the Devils Tower quadrangle is under-
lain by the Pahasapa limestone, but, except in the
vicinity of the Bear Lodge uplift, this formation
lies at great depth. A large supply of water was
obtained from it in a deep boring at Cambria, and
possibly the water-bearing stratum continues to this
region. Its depth in the Belle Fourche Valley
ranges from 900 to 1100 feet, but toward the
northwest greatly increases, so that the formation
lies far below the surface in the western and north-
ern portions of the quadrangle.

Deadwood sandstone.—Below the Pahasapa lime-
stone is a series of shales and sandstones which
probably contain a water supply, but in this quad-
rangle they are too deeply buried beneath the sur-
face to be reached by ordinary boring operations.

TIMBER.

There is little merchantable timber in the Devils
Tower quadrangle, but portions of the area contain
abundant supplies for firewood and other local use.
Scattered pines grow along the slopes of most of
the canyons on either side of the Belle Fourche
Valley and in moderately large bodies on the
higher ridges in the southeast corner of the quad-
rangle. Along the Belle Fourche there is an
almost continuous border of cottonwoods, many
of them attaining large size. In the plains region
of the western and northern portions of the quad-
rangle wood is very scarce. The ridge due to the

in almost every valley leading out of the central |

area. Few of the streams carry into Cheyenne‘

River more than a small portion of the original

run-off of their drainage basins, for much of it sinks

underground in crossing the sandstones, particularly
Devils Tower.

Minnelusa formation.—As shown on the struc-
ture-section sheet, the quadrangle is underlain by ‘
the Minnelusa formation, which lies at great depth |
in the western and northern portions of the area
but rises nearer to the surface to the southeast. In |

The only attempt to obtain deep-seated waters | outcrop of the Mowry beds is covered thinly with
in the vicinity of this quadrangle was in a deep | small pines, but farther west, in the wide shale out-
boring made at Aladdin several years ago. This | crops, there are no trees, except a cottonwood here
boring reached a depth of 1150 feet, but it was | and there along the streams.

a practically dry hole. It is stated to have been \ January, 1906.
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COILI AR SECTIOIRN
COLUNMNAR SECTION
GENERALIZED SECTION FOR THE DEVILS TOWER QUADRANGLE.
SCALE: 1 INCH = 500 FEET.
I Bls 7 2 Covvvar  [“Tor = : : 3 e 5 <
H S : UMNAR op or
§ | g FORMATION NAME. Samor (e | TR DawoTs CHARACTER OF ROCKS. CHARACTER OF TOPOGRAPHY AND SOILS.
i STONE.
3800
X Hills . Kh et o & Rolling hills and rounded ridges.
x Hills sandstone > buff sandstone, mostly soft. By a0l bt oot et
3600
3400
00
3000
Pierre shale Kp 1500 Soft, dark-gray shale and elay with oval concretions. Wide plains with shallow valleys. 5 :
2800 Thin clayey and not very fertile soil, supporting fair growth of grass.
2400
5 2200
1%} =
) % £
2 | w [ Niobrara formation. Kn | 80-120 Light-gray limy shale; weathers straw color. Shale slopes. Limy soil.
(= 3 K]
w <
&
Otz 1800
< e
| © | Carlile formation. Ker | 620 ooi Gray shale with oval coneretions and thin sandstone. Rolling hills with thin clay soil, mostly covered with grass.
w o«
c |uw
o
Ollla 1400
2 [ Greenhorn formation. Kg 60-80 Shale with impure concretionary lii mall bare ridges.
1200
|
1000
i i Black shale with coneretions. Wide valleys containing extensive alluvial deposits.
| Graneros shale. Kgr | 1250 |
600 |
400 :
(Mowry member.) [ (kmn) Hard gray shale containing many fish scales | Bare shaly ridges, partially wooded.
| | Massive sandstone.
| | |
| | Gray to black shale with small concretions. | Valleys with clay soil and “badlands ”
| 0 ‘L ¥ |
| [ T : Plateaus, canyons, and high cliffs wi s
| Dakota sandstone. | kd Gray to buff sandstone, mostly very massive; weathers reddish brown. s sayons and Ehiolits withizodkyslopos:
Fuson formation. Kf | Shale and sandy shale with local sandstone. % S Slopes below cliffs of Dakota,
Lakota sandstone. Kik | Light-colored, coarse, massive sandstone. Canyons with steep cliffs. Thin sandy soil.
Morrison shale. Km | Massive, pale greenish-gray to maroon shale with limestone nodules. TE Steep slopes below cliffs of Dakota sandstone.
| Yellowish, soft sandstone (Unkpapa?).
| Greenish-gray shale with thin limestones, reddish near base. |
Sundance formation. | Jsd 340 | Long, gentle slopes, mostly sodded.
Revsd ol : Vide valleys with rocky slopes.
Spearfish formation. s | 2004 | i S e

FIG. 1.—DEVILS TOWER FROM THE EAST. FIG. 2.—DEVILS TOWER FROM THE NORTH.

The igneous rock of the tower rests on Sundance formation. The cifs below are red shale of Spearfish formation The slopes below are Sundance formation, the lower sandstone of which outcrops i the ciff near middle of view,



PUBLISHED GEOLOGIC FOLIOS

No* Name of folio. State. Price.t No* Name of folio. State. Price.t
Gents. Gents.
1 | Livingston Montana . .. ......... 25 76 | Austin Texas . ............ 25
12| Ringgold ... ... Georgia-Tennessee 25 77 | Raleigh West Virginia . . . . . . 25
13| Placerville California . . . . 25 78 | Rome Georgia-Alabama . . . . 25
4 | Kingston Tennessee . . . . 25 79 | Atoka. . Indian Territory 25
5 | Sacramento ... . Galifornia . . . . 25 80 | Norfolk . . Virginia-North Carolina 25
16 | Chattanooga. . . . Tennessee . . . . 25 81 Chicago Tllinois-Indiana . . . . . 50
17 | Pikes Peak Golorado 25 82 | Masontown-Uniontown ... | Pennsylvania ...... 25
8| Sewanee .. .......... Tennessee . . . . 25 83 | New York Gity . ....... New York-New Jersey 80
19| Anthracite-Grested Butte . . | Colorado . . . . . 50 84 | Ditney Indiana". .. ....... 2!
110 | Harpers Ferry .. ...... Va-Md-W.Va. . ....... 25 85 | Oelrichs . ........... South Dakota-Nebraska . . . 25
11| Jackson . ........... Galifornia . . ......... 28 86 | Ellensburg . ........... Washington . .. ....... 25
12 | Estillville . ... . Ky.-Va.-Tenn. 25 87 | Camp Clarke. . Nebraska 25
13 | Fredericksburg . . Virginia-Maryland . 25 88 | Scotts Bluff Nebraska 25
14 | Staunton...... Virginia-West Vlrgmla . 25 89 | Port Orford Oregon . ............ 25
15 | Lassen Peak California . . ......... 28 90 .| Cranberry . .. North Carolina-Tennessee . . 25
16 | Knoxville Tennessee-North Garolina . . 25 91 | Hartville . Wyoming. . .. ..... 25
17 | Marysville . California . . . . . 25 92 | Gaines . Pennsylvania-New York 25
18 | Smartsville California . . . . 25 93 | Elkland- loga, Pennsylvania, ‘25
19 | Stevenson . .. .. ....| Ala-Ga-Tenn. . 25 94 | Brownsville-G P ia, . 25
20 | Gleveland . .......... Tennessee . . . . 25 95 | Columibia Tennessee . . 25
21 | Pikeville . ... ........ Tennessee . . . . 25 96 | Olivet. ... .. South Dakota . 25
22 | McMinnvills . . . . ....| Tennessee. ... e 25 97 | Parker .. ... .....| South Dakota . 25
28 | Nomini............. Maryland-Virginia . . . . .. 25 98 | Tishomingo . ......... Indian Territory 25
24 | Three Forks.......... Montana, . . . ......... 25 99 | Mitchell . .. ......... South Dakota 25
26 | TLoudon....... Tennessee . 25 100 | Alexandria . . South Dakota . 28
26 | Pocahontas . . . . Virginia-West Vlrgmla 25 101 San Luis Qalifornia . . ......... 25
27 Morristown . . . . Tennessee . . . ... ..... 25 102 Indiana Pennsylvania 25
28 Piedmont e West Virginia-Maryland . . . 25 103 | Nampa P Idaho-Oregon 25
29 | Nevada City Special . . . . . California 50 104 | SilverGity . . . Idaho . . ... 25
30 | Yellowstone National Park . | Wyoming 50 105 | Patoka ............. Indiana-Illinois 25
31 Pyramid Peak Galifornia 25 106 | Mount Stuart . . ... ... . Washington 25
%2 | Franklin ...... West Virginia-Virginia 25 107 | Newcastle . . . Wyoming-South-Dakota 25
83 | Briceville ........... Tennessee . . . . . . 25 108 | Edgemont . .......... South Dakota-Nebraska 25
34 | Buckhannon West Virginia . . 25 109 | Gottonwood Falls . . . . . . . Kansas . . ........ 25
35 Gadsden . . Alabama 25 110 | Latrobe Pennsylvania . . 25
36 | Pueblo . . Golorado 25 111 | Globe . . ... ......... Arizona. . . . . e 25
37 | Downieville . ......... California 25 112 | Bisbee .. ........... Arizova. . .. ... ... 25
%8 | Butte Special . . . Montana, . . 25 113 South Dakota . 25
39 | Truckee . Galifornia . 25 114 | DeSmet............ South Dakota 25
40 | Wartburg Tennessee . 25 115 | Kittanning Pennsylvania . . ....... 25
41 | Sonora Galifornia 25 116 | Asheville. .. . North Carolina-Tennessee . . 25
42 | Nueces Texas 25 117 | Gasselton-Fargo . ...... North Dakota-Minnesota . . 25
43 | - Bidwell Bar . . .. Galifornia e 25 118 | Greeneville Tennessee-North Garolina . . 25
44 | Tazewell Virginia-West Virginia . . . . 25 119 | Fayetteville . . Arkansas-Missouri . . . 25
45 | Boise . . . oo Idaho ..o 25 120 | Silverton. . .. Golorado . . .. ..... 25
46 | Richmond ........... Kentucky . ... 25 121 Waynesburg . . Pennsylvania . .. ... . 25
47 | London............. Kentucky 25 122 | Tahlequah . . . Indian Tsmtory-Arkansa,sA . 25
48 | Tenmile District Special . . . | Golorado 25 123 | Elders Ridge . Pennsylvania . 25
49 | Roseburg Oregon . .. ... 25 124 | Mount Mitchell . . ... ... North Garolina-Tennessee . . 95
50 | Holyoke Massachusetts-connechcut 25 125 | Rural Valley . ........ Pennsylvania 25
51| BigTrees ... .. California 25 126 | Bradshaw Mountains. . . . . Arizona. . ... ... .. 25
52 | Absarcka...... Wyoming . . . ... . 25 127 | Sundance . .7 ........ Wyoming-South Dakota . . . 25
53 | Standingstone . . . Tennessee 25 128 | Aladdin Wyo.-S. Dak.-Mont. . . . . . 25
84 | Tacoma ...... N Washington . . . 25 129 Clifton Arizona. . .. ...... 25
55| FortBenton.......... Montana 25 130 | Rico Colorado . . . 25
56 | Little Belt Mountains . . . . Montana . . . . . 25 131 Needle Mountaing Golorado 25
B7 | Telluride Golorado . . . . . P 25 132 | Muscogee Indian Temtory 25
58 | Elmoro . Colorado . . . . . L. 28 183 | Ebensburg . . . Pennsylvania . 25
59 | Bristol Virginia-Tennéssee . 25 134 | Beaver. .. .. Pennsylvania 25
60| LaPlata............ Golorado 25 135 | Nepesta Golorado . . . R 25
61 Monterey . . ... e Virginia-West V1rg1ma. 25 136 | St. Marys Maryland-Virginia . . . 28
62 | Menominee Special . . . . . . Michigan 25 137 | Dover . ............ Del.-Md.-N. J. 25
63 | Mother Lode District CGalifornia 50 138 | Redding . ........... California 25
64 Uvalde . ... ......... Texas 25 139 Snoqualmie . . .. Washington . 25
65 | Tintic Special . . . Utah . . 25 140 | Milwaukee Special . . . . . . Wisconsin 25
66 | Golfax . BN California . 25 141 Bald Mountain-Dayton 25
67 | Danville . ... .. Illinois-Indiana . 25 142 | Cloud Peak-Fort McKinney . . 25
68 | Walsenburg . . . . ....] GColorado 25 143 | Nantahala . .......... North Garolina-Tennessee . . 25
69 | Huntington . ......... West Virginia-Ohio 25 144 | Amity . . Pennsylvania . 285
70 | Washington . ......... D. C.-Va.-Md. . . 50 145 | Lancaster-Mineral Point . . | Wisconsin-| Iowa-Ilhnols 25
71 Spanish Peaks .. ..| Colorado . .. .. 25 146 | Rogersville . ......... Pennsylvania 25
72| Charleston. .. ........ West Virginia . . 25 147 | Pisgah ... .. N.G.-S. C. 25
73| CoosBay ........... Oregon . . . ... 25 148 | Joplin District Missouri-Kansas . . . . 50
4 GCoalgate . . . ... Indian Territory . N 25 149 Penobscot Bay Maine 25
75| Maynardville . ........ Tennessee . . ... ...... 25 150 | Devils Tower . . . ...... Wyoming 95

* Order by number,

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

+ These folios are out of stock,

Girculars showing the location of the area covered by any of the above follos as well as i

on application to the Director, United States Geological Survey, Washington, D.

lic maps and other

of the Geological Survey, may be had






