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_ The Geological Survey is making a geologic
map of the United States, which necessitates the
preparation of a topographic base map. The
two are being issued together in the form of an
atlas, the parts of which are called folios. Each
folio consists of a topographic base 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 surface, called relief, 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.

Religf.—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
horizontal outline, or contour, of all slopes, and to
indicate their grade or degree of steepness. This
is done by lines connecting points of equal eleva-
tion above mean sea level, the lines being drawn
at regular vertical intervals. These lines are
called contours, and the uniform vertical space
between each two contours is called the contour
interval.  Contours and elevations are printed in
brown.

The mauner in which contours express eleva-
tion, form, and grade is shown in the following
sketch and corresponding contour map :

N

Fig. 1.—Ideal sketch and corresponding contour 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
in a precipice. Contrasted with this precipice is
the gentle descent of the slope at 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 approximately a certain
height above sea level. In this illustration the
contour interval is 50 feet; therefore the con-
tours are drawn at 50, 100, 150, 200 feet, and so on,
‘above sea level.  Along the contour at 250 feet lie
all points of the surface 250 feet above sea; and
similarly with any other contour. In the space
between any two contours are found all 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; therefore 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 surrounds it.
In this illustration nearly all the contours are
numbered. Where this is not possible, certain
contours —say every fifth one—are accentuated
and numbered; the heights of others may then
be ascertained by counting up or down from a
numbered contour.

EXPLANATION.

2. Contours define the forms of slopes. Since
contours are continuous horizontal lines conform-
ing to the surface of the ground, they wind
smoothly about smooth surfaces, recede into all
reentrant angles of ravinessand project in passing
about prominences. The 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 vertical space between two con-
tours 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 used for
regions like the Mississippi delta and the Dismal
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—Water courses are indicated by blue
lines. If the streams flow the year round 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 sur-
face, the supposed underground course is shown
by a broken blue line. Lakes, marshes, and other
bodies of water are also shown in blue, by appro-
priate conventional signs. .

Culture—The works of man, such as roads,
railroads, and towns, together with boundaries of
townships, counties, and States, and artificial
details, are printed in black.

Scales.—The area of the United States (exclud-
ing Alaska) is about 8,025,000 square miles. On
a map with the scale of 1 mile to the inch this
would cover 8,025,000 square inches, and to
accommodate it the paper dimensions would need
to be about 240 by 180 feet. Kach 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 linear
inch on the map. This relation between distance
in nature and corresponding 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 fraction, of which the numerator is a length
on the map and the denominator the correspond-
ing length in nature expressed in the same unit.
Thus, as there are 63,360 inches in a mile, the
scale of “1 mile to an inch” is expressed by g,
Both of these methods are used on the maps of
the Geological Survey.

Three scales are used on the atlas sheets of
the Geological Survey; the smallest is ylo, the
intermediate ik, and the largest iy  These
correspond approximately to 4 miles, 2 miles,
and 1 mile on the ground to an inch on the map.
On the scale iy a square inch of map surface
represents and corresponds mnearly to 1 square
mile; on the scale gl to about 4 square miles;
and on the scale gy, to about 16 square miles.
At the bottom of each atlas sheet the scale is
expressed in three different ways, one being a
graduated line representing miles and parts of
miles in English inches, another indicating dis-
tance in the metric system, and a third giving the
fractional scale.

Atlas sheets and quadrangles.— The map is
being published in atlas sheets of convenient size,
which are bounded by parallels and meridians.
The corresponding four-cornered portions of ter-
ritory are called guadrangles. Each sheet on
the scale of ;1 contains one square degree, i.e., a
degree of latitude by a degree of longitude; each
sheet on the scale of 5l contains one-quarter of
a square degree; each sheet on a scale of gl
contains onesixteenth of a square degree. - The
areas of the corresponding quadrangles are about
4000, 1000, and 250 square miles, respectively.

The atlas sheets, being only parts of one map of
the United States, are laid out without regard to
the boundary lines of the States, counties, or town-
ships. To each sheet, and to the quadrangle it
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
adjacent sheets, if published, are printed.

Uses of the topographic sheet.—Within the limits
of scale the topographic sheet is an accurate and
characteristic delineation of the relief, drainage,
and culture of the district represented. Viewing
the landscape, map in hand, every characteristic
feature of sufficient magnitude should be recog-
nizable. It should guide the traveler; serve the
investor or owner who desires to ascertain the
position- and surroundings of property to be
bought or sold; save the engineer preliminary
surveys in locating roads, railways, and irrigation
ditches; provide educational material for schools
and homes; and serve many .of the purposes of
a map for local reference.

THE GEOLOGIC MAP.

The maps representing areal geology show by
colors and conventional signs, on the topographic
base map, the distribution of rock formations on
the surface of the earth, and the structure-section
map shows their underground relations, as far as
known and in such detail as the scale permits.

KINDS OF ROCKS.

Rocks are of many kinds. The original crust
of the earth was probably composed of égneous
rocks, and all other rocks have been derived from
them in one way or another.

Atmospheric agencies gradually break up igne-
ous rocks, forming superficial, or surficial, deposits
of clay, sand, and gravel. Deposits of this class
have been formed on land surfaces since the
earliest geologic time. Through the transporting
agencies of streams the surficial materials of all
ages and origins are carried to the sea, where,
along with material derived from the land by
the action of the waves on' the coast, they form
sedimentary rocks. 'These are usually hardened
into conglomerate, sandstone, shale, and limestone,”
but they may remain unconsolidated and still be
called “rocks” by the geologist, though popularly
known as gravel, sand, and clay.

From time to time in geologic history igneous
and sedimentary rocks have been deeply buried,
consolidated, and raised again above the surface
of the water. In these processes, through the
agencies of  pressure, movement, and chemical
action, they are often greatly altered, and in this
condition they are called metamorphic rocks.

Igneous rocks—These are rocks which have
cooled and consolidated from a liquid state. As
has . been explained, sedimentary rocks were
deposited on the original igneous rocks. Through
the igneous and sedimentary rocks of all ages
molten material has from time to time been forced
upward to or near the surface, and there consoli-
dated. When the*channels or vents into which
this molten material is forced do not reach the
surface, it may consolidate in cracks or fissures
crossing the beading planes, thus forming dikes,
or spread out between the strata in large bodies,
called sheets or laccoliths, or form large irregular
cross-cutting masses, called stocks. Such rocks are
called ntrusive. Within their rock inclosures
they cool slowly, and hence are generally of crys-
talline texture. When the channels reach the
surface the lavas often flow out and build up
voleanoes. These lavas cool rapidly in the air,
acquiring a glassy or, more often, a partially erys-
talline condition. They are usually more or less
porous. The igneous rocks thus formed upon the
surface are called extrusive. Explosive action
often accompanies - volcanic eruptions, causing
ejections of dust or ash and larger fragments.
These materials when consolidated constitute
breccias, agglomerates, and tuffs. The ash when
carried into lakes or seas may become stratified, so
as to Have the structure of sedimentary rocks.

The age of an igneous rock is often difficult or
impossible to determine. When it cuts across a
sedimentary rock it is younger than that rock,
and when a sedimentary rock is deposited over
it the igneous rock is the older.

Under the influence of dynamic and chemiecal
forces an igneous rock may be metamorphosed.
The alteration may involve only a rearrangement
of its minute particles or it may be accompanied
by a change in chemical and mineralogic composi-

tion.

Further, the structure of the rock may be
changed by the development of planes of ‘divi-
sion, so that it splits in one direction more easily
than in others. . Thus a granite may pass into a’
gneiss, and from that into a mica-schist.

Sedimentary rocks—These comprise all rocks
which have been deposited under water, whether
in sea,lake, or stream. They form a very large
part of the dry land.

‘When the materials of which sedimentary rocks
are composed are carried as solid particles by
water and deposited as gravel, sand, or mud, the
deposit is called a mechanical sediment. - These
may become hardened into conglomerate, sand-
stone, or shale. When the material is carried in
solution by the water and is deposited without

| the aid of life, it is called a chemical sediment;

if deposited with the aid of life, it is called an
organic sediment. The more important rocks
formed from chemical and organic deposits are
limestone, chert, gypsum, salt, iron ore, peat,
lignite, and coal. Any one of the above sedi-
mentary deposits may be separately formed, or
the different materials may be intermingled in
many ways, producing a great variety of rocks.

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

The surface of the earth is not fixed, as it seems
to be; it very slowly rises or sinks over wide
expanses, and as it rises or subsides the shore lines
of the ocean are changed : areas of deposition may
rise above the water and become land areas, and
land areas may sink below the water and become
areas of deposition. If North America were
gradually to-sink a thousand feet the sea would
flow over the Atlantic coast and the Mississippi
and Ohio valleys from the Gulf of Mexico to the
Great Lakes; the Appalachian Mountains would
become an archipelago, and the ocean’s shore
would traverse Wisconsin, Jowa, and Kansas, and
extend thence to Texas. More extensive changes
than this have repeatedly occurred in the past.

The character of the original sediments may be
changed by chemical and dynamic action so as to
produce metamorphic rocks. In the metamor-
phism of a sedimentary rock, just as in the meta-
morphism of an igneous rock, the substances of
which it is composed may enter into new com-
binations, or new substances may be added.
‘When these processes are complete the sedimen-
tary rock becomes crystalline. Such changes
transform sandstone to quartzite, limestone to
marble, and modify other rocks according to
their composition. A system of parallel division
planes is often produced, which may cross the
original beds or strata at any angle. Rocks
divided by such planes are called slates or schists.

Rocks of any period of the earth’s history may
be more or less altered, but the younger forma-
tions have generally escaped marked metamor-
phism, and the oldest sediments known, though
generally the most altered, in some localities
remain essentially unchanged.

Surficial rocks—These embrace the soils, clays,
sands, gravels, and bowlders that cover the surface,
whether derived from the breaking up or disinte-
gration of the underlying rocks by atmospheric
agencies or from glacial action. Surficial rocks
that are due to disintegration are produced chiefly
by the action of air, water, frost, animals, and
plants. They consist mainly of the least soluble
parts of the rocks, which remain after the more
soluble parts have been leached out, and hence
are known as residual products. Soils and sub-
soils are the most important. Residual accumu-
lations are often washed or blown into valleys or
other depressions, where they lodge and - form
deposits that grade into the sedimentary class.
Surficial rocks that are due to glacial action are
formed of the products of disintegration, together
with bowlders and fragments of rock rubbed from
the surface and ground together. These are’
spread irregularly over the territory occupied
by the ice, and form a mixture of clay, pebbles,
and bowlders which is known as till. It may
occur as a sheet or be bunched into hills ard
ridges, forming moraines, drumlins, and other °
special forms. Much of this mixed material was
washed away from the ice, assorted by water, and



redeposited as beds or trains of sand and clay,
thus forming another gradation into sedimentary
deposits. Some of this glacial wash was deposited
in tunnels and channelsin the ice, and forms char-
acteristic ridges and mounds of sand and gravel,
known as osars, or eskers, and kames. The
material deposited by the ice is called glacial
drift; that washed from the ice onto the adjacent
land is called modified drift. It is usual also to
class as surficial rocks the deposits of the sea and
of lakes and rivers that were made at the same
time as the ice deposit.

AGES OF ROCKS.

- Rocks are further distinguished according to
their. relative ages, for they were not formed all
at one time, but from age to age in the earth’s
history. Classification by age is independent of
origin; igneous, sedimentary, and surficial rocks
may be of the same age.

‘When the predominant material of a rock mass
is essentially the same, and it is bounded by rocks
of different materials, it is convenient to call the
mass throughout its extent a formation, and such
a formation is the unit of geologic mapping.

Several formations considered together are
designated a system. The time taken for the
deposition of a formation is called an epoch, and
the time taken for that of a system, or some
larger fraction of a system, a period. The rocks
are mapped by formations, and the formations are
classified into systems. The rocks composing a
system and the time taken for its deposition are
given the same name, as, for instance, Cambrian
system, Cambrian period.

As sedimentary deposits or strata accumulate
the younger rest on those that are older, and the
relative ages of the deposits may be discovered
by observing their relative positions. This rela-
tionship holds except in regions of intense
disturbance ; sometimes in such regions the dis-
turbance of the beds has been so great that their
position is reversed, and it is often difficult to
determine the relative ages of the beds from their
positions; then fossils, or the remains of plants
and animals, are guides to show which of two
or more formations is the oldest.

Strata often contain the remains of plants and
animals which lived in the sea or were washed
from the land into lakes or seas or were buried in
surficial deposits on the land. Rocks that con-
tain the remains of life are called fossiliferous.

By studying these remains, or fossils, it has been |

found that the species of each period of the earth’s
history have to a great extent differed from those
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 pecul-
iar forms, which did not exist in earlier times
and have not existed since; these are character-
istic 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 formations are remote one from the
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 rocks of different
areas, provinces, and continents afford the most
important means for combining local histories
into a general earth history.

Colors and patterns—To show the relative ages
of strata, the history of the sedimentary rocks is
divided into periods. The names of the periods
in proper order (from new to old), with the colors
and symbol assigned to each, are givén in the
table in the next column. The names of certain
subdivisions and groups of the periods, frequently
used in geologic writings, are bracketed against
the appropriate period names.

To distinguish the sedimentary formations of
any one period from those of another the patterns
for the formations of each period are printed in
the appropriate period-color, with the exception
of the one at the top of the column (Pleistocene)
and the one at the bottom (Archean). The sedi-

mentary formations of any one period, excepting
the Pleistocene and the Archean, are distinguished
from one another by different patterns, made of
parallel straight lines. Two tints of the period-
color are used: a pale tint is printed evenly over
the whole surface representing the period; a dark
tint brings out the different patterns representing

formations. Each formation is furthermore given
Prwon, [ svnor. |
Pleistocene ... P |Any colors
vene | Pliocene
Genozoio | Neocene LN L N Butts.
Eocene, including
ligocene E | Olive-browns.
 { Crgtaceous . . K | Olive-greens.
zoic
Mesozole 4 1 ratrias { qugaasic {4 |Bluegreens.

Carboniferous, inelud-
ing Permian . . .

Blues.
D | Blue-purples.

Red-purples.
Pinks.
Orange-browns.
Any colors.

Paleozoic 1 Dev

Cambrian
Algonkian . .
Archean

a letter-symbol composed of the period letter com-
bined with small letters standing for the forma-
tion name. In the case of a sedimentary formation
of uncertain age the pattern is printed on white
ground in the color of the period to which the
formation is supposed to belong, the letter-symbol
of the period being omitted.

The number and extent of surficial formations,
chiefly Pleistocene, render them so important that,
to distinguish them from those of other periods
and from the igneous rocks, patterns of dots and
circles, printed in any colors, are used.

The origin of the Archean rocks is not fully
settled. Many of them are certainly igneous.
‘Whether sedimentary rocks are also included is
not determined * The Archean rocks, and all
metamorphic rocks of unknown origin, of what-
ever age, are represented on the maps by patterns
consisting of short dashes irrregularly placed.
These are printed in any color, and may be darker
or lighter than the background. If the rock is a
schist the dashes or hachures may be arranged in
wavy parallel Jines. If the metamorphic rock is
known to be of sedimentary origin the hachure
patterns may be combined with the parallel-line
patterns of sedimentary formations. If the rock
is recognized as having been originally igneous,
the hachures may be combined with the ignesus
pattern. .

Known igneous formations are represented by
patterns of triangles or rhombs printed in any
brilliant color. If the formation is of known age
the letter-symbol of the formation is preceded by
the capital letter-symbol of the proper period.
If the age of the formation is unknown the
letter-symbol consists of small letters which
suggest the name of the rocks.

THE VARIOUS GEOLOGIC SHEETS,

Aveal geology sheet—This sheet shows the
areas occupied by the various formations. On
the margin is a legend, which is the key-to the
map. To ascertain the meaning of any particular
colored pattern and its letter-symbol on the map
the reader should look for that color, pattern, and
symbol in the legend, where he will find the name
and deseription of the formation. If it is desired
to find any given formation, its name should be
sought in the legend and its coldr and pattern
noted, when the areas on the map corresponding
in color and pattern may be traced out.

The legend is also a partial statement of the
geologic history. In it the symbols and names
are arranged, in columnar form, according to the
origin of the formations— surficial, sedimentary,
and igneous—and within each group they are
placed in the order of age, so far as known, the
youngest at the top.

Leonomic geology sheet.—This sheet represents
the distribution of useful minerals, the occurrence
of artesian water, or other facts of economic inter-
est, showing their relations to the features of topo-
graphy and to the geologic formations. All the
formations which appear on the historical geology
sheet are shown on this sheet by fainter color pat-
terns. The areal geology, thus printed, affords a
subdued background upon which the areas of pro-
ductive formations may be emphasized by strong
colors. A symbol for mines is introduced at each
occurrence, accompanied ' by the name of the

principal mineral mined or of the stone quarried.
Structuresection sheet—This sheet exhibits the
relations of the formations beneath the surface.
In cliffs, canyons, shafts, and other natural and
artificial 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 name is applied to a diagram representing
the relations. The arrangement of rocks in the
earth is the earth’s structure, and a section exhibit-
ing this arrangement is called a structure section.
The geologist is not limited, however, to the
natural and artificial cuttings for his information
concerning the earth’s structure. , Knowing the
manner of the formation of rocks, and having
traced out the relations among beds on the sur-
face, he can infer their relative positions after
they pass beneath the surface, draw sections
which represent the structure of the earth to a
considerable depth, and construct a diagram
exhibiting what would be seen in the side of a
cutting many miles long and several thousand feet
deep. This is illustrated in the following figure:

Fig. 2. —Sketch showing a vertical section in the front of the
picture, with a landscape beyond.

The figure represents a landscape which is cut
off sharply in the foreground by a vertical plane,
80 as to show the underground relations of the
rocks.

The kinds of rock are indicated in the section
by appropriate symbols of lines, dots, and dashes.
These symbols admit of much variation, but the
following are generally used in sections to repre-
sent the commoner kinds of rock:

Limestones, Shales.

Sandstones and con- Shaly sandstones. Calcareous sandstones.
merates

Schists,
Fig. 3.—Symbols used to represent different kinds of rock.

‘Massive and bedded igneous rocks.

The plateau in fig. 2 presents toward the lower
Jand an escarpment, or front, which is made up
of sandstones, forming the cliffs, and shales, con-
stituting the slopes, as shown at the extreme left
of the section.

The broad belt of lower land is traversed by
several ridges, which are seen in the section to
correspond to beds of sandstone that rise to the
surface. The upturned edges of these beds form
the ridges, and the intermediate valleys follow
the outerops of limestone and caleareous shales.

‘Where the edges of the strata appear at the
surface their thickness can be measured and 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.

‘When strata which are thus inclined are traced
underground in mining, or by inference, it is fre-
quently observed that they form troughs or arches,
such as the section shows. The arches are called
anticlines and the troughs synclines. But the
sandstones, shales, and limestones were deposited
beneath the sea in nearly flat sheets. That they
are now bent and folded is regarded as proof that
forces exist which 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 slipped past one another. Such bresks are
termed  faults.

On the right of tke sketch the section is com-
posed of schists which are traversed by masses of
igneous rock. The schists are much contorted
and their arrangement underground can not be
inferred. Hence that portion of the section
delineates what is probably true but is not
known by observation or well-founded inference.

In fig. 2 there are three sets of formations, dis-
tinguished by their underground relations, The
first of these, seen at the left of the section, is the
set of sandstones and shales, which lie in a hori-
zontal position. These sedimentary strata are
now high above the sea, forming a plateau, and
their change of elevation shows that a portion
of the earth’s mass has swelled upward from 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 been removed by degradation. .The beds,
like those of the first set, are conformable,

The horizonal strata of the plateau rest upon
the upturned, eroded edges of the beds of the
second set at the left of the section. The over-
lying 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 strata thus rest upon an eroded
surface of older strata the relation between the
two is an wnconformable one, and their surface
of contact is an wnconformity.

The third set of formations consists of erystal-
line schists and igneous rocks. At some period
of their history the schists were plicated by pres-
sure and traversed by eruptions of molten rock.
But this pressure and intrusion of igneous rocks
have not affected the overlying strata of the
second set. Thus it is evident that an interval of
considerable duration elapsed between the forma-
tion of the schists and the beginning of deposition
of the strata of the second set. During this
interval the schists suffered metamorphism; they
were the scene of eruptive activity; and they
were deeply eroded. The contact between the
second and third sets, marking a time interval
between two periods of rock formation, is another
unconformity.

The section and landscape in fig. 2 are ideal,
but they illustrate relations which actually occur.
The sections in the structuresection sheet are
related to the maps as the section in the figure is
related to the landscape. The profiles of the sur-
face in the section correspond 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.

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

The rocks are described under the correspond-
ing heading, and their characters are indicated in
the columnar diagrams by appropriate symbols.
The thicknesses of formations are given in figures
which state the least and greatest measurements.
The average thickness of each formation is shown
in the column, which is drawn to a scale —usually
1000 feet to 1 inch. The order of accumulation of
the sediments is shown in the columnar arrange-
ment: the oldest formation is placed at the bottom
of the column, the youngest at the top, and igne-
ous rocks or surficial deposits, when present, are
indicated in their proper relations.

The formations are combined into systems
which correspond with the periods of geologic
history. Thus the ages of the rocks are shown,
and also the total thickness of each system.

The intervals of time which correspond to
events of uplift and degradation and constitute
interruptions of deposition of sediments are indi-
cated graphically and by the word “unconformity.”

CHARLES D. WALCOTT,
Director.

Revised January, 1902.



DESCRIPTION OF THE SCOTTS BLUFF QUADRANGLE.

GEOGRAPHY

Position and extent.—The Scotts Bluff quad-
rangle embraces the quarter of a square degree
which lies between parallels 41° 80’ and 42°
north latitude and meridians 108° 80’ and 104°
west longitude. It mepsures nearly 34.5 miles
from ' north to south and, about 25.8 miles from
east'to west, and has an area of about 892 square
miles. It includes the greater part of Scotts
Bluff County and the northwestern and north-
central part of Banner County, Nebraska, and lies
entirely within the broad valley of North Platte
River, which traverses its northern half from
west-northwest to east-southeast.

Relation to Great Plains—The region is a
portion of the Great Plains, which in general pre-
sent wide tabular surfaces sloping eastward, with
isolated buttes and outlying ridges, and with
shallow river valleys margined by irregular and
often deeply incised slopes. The topographic
features, however, vary . bly, and it is
difficult to make concise statements that will
apply to the entire provfnce.

The plains are due partly to extensive erosion
to a uniform slope, but’ they also owe much of
their flatness to the great sheets of sedimentary
deposits which have been' spread -over them. In
western Nebraska they rise to altitudes of from
5000 to 5300 feet. They are traversed by the
broad valleys of the North Platte, South Platte,
and Republican rivers, and are cut away around
the Black Hills uplift by White River and by the
South Fork of Cheyenne River in South Dakota.
Their northern edge in northwestern Nebraska is
a high escarpment known as Pine Ridge, at the
foot of which lies the wide valley extending across
to.the southern margin of the Black Hills, In
this region they are built up largely by wide-
spread Tertiary deposits, which were laid down
on a relatively irregular floor of Cretaceous for-
mations. ' These deposits cover nearly all of west-
ern Nebraska and extend across eastern Wyoming
to the foot of the Rocky Mountains and through
western Kansas, far to the south: In valleys cut
through these deposits in Pleistocene time the
Cretaceous rocks are’ bared, especially the wide
depression adjoining the Black Hills. = Alluvial
formations of moderate extent are spread over the
valley bottoms. The smooth, tabular-divides of
the Plains in central-northwestern Nebraska are
covered for thousands of square miles by vast
accumulations of sands, which were derived
largely from the loosely bedded sandy members
of the Tertiary formations, which, being spread
by wind, formed sand dunes. It is possible also
that a portion of the sand-hill area was originally

occupied by earlier Pleistocene sands constituting
" a'portion of the Byuus beds, as the Hguus fauna
is found in this region.

Local topographic features.—1In the Scotts Bluff
quadrangle few of the typical features of the Great
Plains remain, the North Platte and its branches
having eroded wide to a depth of several
hundred feet, as may be seen along the southern
margin of the quadrangle, where, facing north-
ward, is the eroded (hmr jnof the original high
plain, which thence exwﬁgfu southward. A
remnant of the High Plaifis, completely isolated
by erosion, constitutes the narrow summit of the
prominent ridge between Pumpkin and North
Platté valleys. Other remnants are found on
the summits of the buttes west of Scotts Bluff.
The valley of North Platte River lies from 900
to 1200 feet below the average level of the adjoin-
jng uplands, which in general rise to the west,
toward the mountains, and to the southwest, away
from the river valley. The altitude of the river
at the eastern margin of the quadrangle is 3818

_feet and at its western margin 4010 feet, the fall
being nearly 7 feet to the mile. - Along the river
is a low, level plain having a width of from 1 to 2
miles on either side of the stream and extending
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on the north to a low but distinct escarpment
rising about 40 feet to a wider, higher terrace,
which slopes gradually upward to the hills 2 or 8
miles beyond. On the south side of the river the
bottom is more irregularly distributed and varies
considerably in width. There is very little of the
higher terrace, on account of the nearness of the
hill slopes, which at Scotts Bluff rise abruptly
from the river bank. In Mitchell Bottom the
river flat expands to a width of 2 miles for some
distance, but it narrows again northwest of
Mitchell. The river shows a marked disposition
to cut toward the southern and southwestern side
of the valley.

A line of high buttes, cut off on the south by a
branch of Cedar Canyon Creek, terminates in Scotts
Bluff, which rises about a half mile back from the
river out of a terrace of moderate height cut up into
intricate “badlands.”. The bluff and associated
features are very pr and form a conspi
landmark for many miles along the river, some
aspects of which are shown in figs. 18, 19, 21, and
23 of the Illustration sheet. Scotts Bluff reaches
an altitude of 4662 feet, which is about 800 feet
higher than the river at its foot. It is level topped
for a short distance and then slopes rapidly south-
ward into Mitchell Pass, which has an altitude of
4200 feet. Dome Rock and the line of buttes to the
west, between which are low passes, are the rem-
nants of a high ridge. Next south is the elevated
divide extending eastward from Signal Butte to
beyond the eastern margin of the quadrangle,
and separating North Platte Valley from Pumpkin
Creek Valley. The central axis of this ridge is
parallel to the North Platte and is relatively
straight. On the higher summits in its western
portion this divide has an altitude of nearly 4850
feet; to the east it declines to about 4500 feet.
On a branch ridge to the south are Hogback and
‘Wildeat mountains, which are 5082 and 5038
feet high respectively. The main ridge is deeply
incised by steep-sided canyons and is characterized
by precipitous walls surmounting slopes which
rise gently from the adjoining valleys. The high
promontories lying between these canyons are of
irregular contour and present a gréat variety of
striking scenery, some features of which are shown
in figs. 18 and 19 on the Illustration sheet.

The broad valley of Pumpkin Creek occupies
a large area south of the ridge above described.
The creek is a small one, with many branches
heading in the adjacent slopes. It heads in a
wide depression near longitude 104° which extends
to the west and northwest through low saddles to
the valleys of Horse Creek and North Platte
River, and it is apparent that Horse Creek at one
time passed over the southernmost of these saddles
and down Pumpkin Creek Valley. Long slopes
extend southward from Pumpkin Creek to the base
of a steep escarpment that rises to the level of the
High Plains and is deeply incised by numerous can-
yons at the heads of branches of Pumpkin. Creek.
This escarpment averages about 800 feet in height
and the altitude of the plain at its top increases
gradually from 4740 feet in the n

mile in width, and covers it to a depth of several
feet for a portion of the late spring and early
summer, but dwindles in the later summer until
there are only a few shallow channels among sand
banks.

For several years a gaging station was main-
tained by the United States Geological Survey at
Gering, where daily readings were made of the
fiver heights from April to October, and from
these the volume of flow is calculated. The
averages since June, 1897, are as follows:

Hstimated discharge of North Platte River at Gering, Nebr.,

1897 to 1900.
Muximum, Minimum, m’w"f_"“wﬂ
Month. —_—

Year. | Sec.-teet. | Year. | Sec.-feet. | Sec. feet.

.. 1899 | 14,080 | 1898 1,000 | 8,046

.. 1898 | 18,500 | 1898 8,400 | 11,215

.. 1899 | 28,500 | 1900 5,400 | 11,914

.| 1899 | 18,000 | 1898 500 | 4,425

.| 1899 5,200 | 1898 100 | 1,287

1899 | 18,000 | 1898 50 466

1899 | 28,000 | 1898 100 670

As a large volume of water is taken out of the

Horse Creek is a flowing stream when its
waters are not diverted into irrigation ditches; it
empties into North Platte River 2 miles north of
Caldwell.

Timber.—This region contains but little timber,
but there is a sufficient supply for local use. On
the ridge north of the Pumpkin Valley and on
the slopes rising to the high table in the southern
margin of the quadrangle there remains a scat-
tered growth of pine. This tree is the Rocky
Mountain pine (Pinus ponderosa), and it attains
a diameter of from 1 to 2 feet where the condi-
tions are most favorable. A moderate number
of young pine trees start at some localities on the
ridges, but few of them attain maturity. The
zone of cottonwoods, so characteristic of most
western streams, is absent along North Platte
River, and there are only occasional small trees
and bushes; but the valley of Pumpkin Creek
contains scattered cottonwoods. The principal
deciduous growths are found in some of the
ravines, where they comprise cottonwood, box
elder, wild plum, and a few other varieties.

Climate—Western Nebraska has a climate of
typical Plains character. It is dry and hot in

d

river at intervals by the various irrig canals
in Nebraska and Wyoming, the records of flow
at the gaging station do not indicate the total
volume of water which flows down the valley. It
should be borne in mind also that under the bed
of the river there is a considerable thickness of
coarse sand which contains an underflow of greater

tely moist in late spring, and cold
with a little snow in winter. There is consider-
able variability in climatic features from year to
year, more than is found farther south or north,
and some local variations from point to point,
particularly -in rainfall. The following table
gives average monthly rainfall from 1886 to 1897,

Table of average rainfall in western Nebraska, 1886 to 1897.
[In inches]

1887

1888,

18%0. | 189, | 1801, 1898, | 1894, | 189, | 1896. | 1807

.ee| 0.50

. 1.00
.| 1.00
.| 1.88
. 1.92
.| 2.58
.| 8.00
. 2.7
.| 1.88
.| 1.26
.| 2.88
.| 1.88

1.83
1.50
1.00
2.00
3.66
2.00
2.86
8.83
2.67
5.00
2.00
1.00

January ..

1.06
1.88
1.88
1.26
5.50
2.7
2.50
2.256
0.50
1.00
1.00
0.94

1.19
1.20
1.50
1.40
1.25
1.7
1.20
1.80
1.00
1.88
1.25
1.00

1.10
1.25
1.25
8.00
2.40
2.66
2.88
1.88
1.25
1.50
1.00
1.12

1.00
1.25
1.7
2.00
2.50
3.80
1.80
1.00
1.20
0.80
1.00
0.90

1.00
1.00
2.20
2.00
8.00
3.95
2.40
1.60
2.20
1.00
1.00
0.50

1.70
1.85
2.00
1.80
3.20
2.40
8.50
2.60
1.26
1.25
1.20
1.40

1.42
1.17
1.66
1.66
8.00
8.80
8.88
2.00
1.50
0.88
1.17
1.16

1.00
1.00
1.88
2.88
2.66
8.00
2.75
2.40
1.00
|1.50
0.80
1.19

0.63
1.00
1.25
2.2
2.00
2.00
2.50
1.79
0.75
1.00
1.50
1.00

1.29
1.08
1.00
4.00
3.60
5.30
1.75
2.00
1.26
4.00
1.00
1.00

volume than that flowing over the surface in the
long period of dry weather.

The valleys emptying into the river from the
north are mostly dry in summer, except the
so-called Winter Springs, which flow for a few
miles to one of the irrigation canals,

Pumpkin Creek, which is at best of small and
variable volume, contains water only east of the
center of Banner Township. It receives no flow-
ing branches at the surface, although possibly

calculated from observations made at Kimball,
Fort Sidney, Alliance, Gering, Fort Robinson,
and Hay Springs, Nebr.

GEOLOGY.
STRATIGRAPHY.

The formations appearing at the surface in the
Scotts Bluff quadrangle are clays, sands, soft sand-
stones, conglomerates, calcareous grits, limestones,
voleanic ash, loams, and mixtures . of sand and

Table of geologic formations in the Scotts Bluff quadrangle.

corner of the quadrangle to 5285 feet in the
southwestern corner—about 20 feet to the mile, a
rate nearly three times as great as that of the
Platte Valley. The High Plains are very smooth
in contour, but their greater portion lies south of
the quadrangle, extending for many miles to the
valley of Lodgepole Creek, in the southern part of
the State. .

The region lying beyond the terraces north of
North Platte River is a slope extending to the
foot of a high plateau, which is capped by sand
hills north of the quadrangle and is traversed by
the valleys of Winter Canyon, Spottedtail Creek,
and Sheep Creek, and surmounted by a number
of low gravel-capped ridges of moderate eleva-
tion.

Surface waters—North Platte River is a flow-
ing stream which occupies a bed averaging a half

Age. Name. Predominant, characters. Thicknéss.
h Feet.
..| Loose, light-gray sand. . 040
theast Pleistocene............ ...| Gravel and sand 40
Upland gravels, loam, and sand.| S8and and loam, pebbly in places................. 20-60
(Pliocene?....| Ogallala formation............. Caleareous grit, sandy clay, and conglomerate...|  0-100
Arikaree formation ..... Meeres Gray sand with beds of pipy concretions; con-
Neocene. . tains much voleanic ash and several old
Miocene. ... . nels filled with conglomerate. ... 100470
Gering formation.............. Coarse sand, soft sandstone, and conglomerate. . . 0-200
Brule elay.. . e.evnnnneieaenns Pinkish clay, hard, massive, and more or less
arenaceous, with local sandstone lenses near
Eocene.. . { Oligocene. . bottom .. 500+
Chadron formation............. " Gray sand and sandstone, and sandy clay. 0+

there is some underground seepage from tributary
ravines, many of which receive more or less spring
water at various points. Nearly all the canyons
along the southern margin of this quadrangle
contain springs of considerable size, but the water
from them flows only a few rods and sinks into
the alluvial deposits in the valleys.

gravel. They are all sedimentary deposits—that
is, they were laid down in water—except a few
sand dunes heaped up by the winds. In greater
part these deposits are in sheets lying one above
another and having a general downward slope to
the east. Valleys having been eroded through or
into these formations, their contacts are exposed



with more or less sinuous and complex outlines,
but the order of superposition is simple. In the
valleys there are thin sheets of materials recently
brought down by the streams and spread over the
eroded surface of the older formations. The sand
dunes are mainly of very local extent. The forma-
tions are of relatively modern age, geologically,
the earliest being Oligocene. The accompanying
table is a list of the formations in the order of
their age, with a brief statement of their general
character and thickness,

It will be seen that the most extensive forma-
tion in the section (fig. 1) is the Brule clay, which
is several hundred feet thick. This lies on the
Chadron formation, the exact thickness of which

SOUTH

pink clays of the Brule formation a short distance
higher up the slope were found bones and teeth
of Merycoidodon and Poébrotherinm. In sec. 85,
T. 23 N, R. 57 W., there is a low knoll north of
the canal consisting of green and maroon sandy
clays of the Chadron formation, which are exposed
also at intervals to the west line of the section,
where they contain lenses of sandstone.

Brule clay.—Nearly the entire area of the
Scotts Bluff quadrangle is underlain by clays of
the Brule formation, which extends widely under
western Nebraska and adjoining regions. In its
typical development it is a pale-buff or flesh-colored
sandy clay of compact texture and massive strue-
ture, and is often locally called “hardpan.” In

Hokback Mt.
o No

2

Gering, they belong to the Brule formation.
Some bone fragments found in the limestone just
north of Sunflower are too fragmentary for precise
determination. The lower members of the Brule
formation lying on the Chadron formation north-
west of Mitchell are pink clays without the lime-
stone layer, and some distance above there are
several thin beds of sandstone and some layers of
greenish and reddish clay resembling Chadron
deposits in some respects, but containing bones of
later age. There is some unconformity by erosion
at the base of the formation. A limestone similar
to the one at Sunflower and Caldwell, associated
with similar beds of clay, makes its appearance
in the lower parts of the canyons south of Gering

Scotts Bluff
Nar
Ene

370 Toat above vea Teval
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local uplift and erosion of the Brule formation in
this vicinity prior to the deposition of the Gering
formation. As the limestone in this vicinity has
a stronger dip to the northwest than usual the
latter suggestion is not without evidence to sup-
port it. The rate of rise from the direction of
Scotts Bluff is also relatively rapid, for in Scotts
Bluft 500" feet of Brule clays are exhibited in the
steep slopes from the water’s edge to the Gering
contact. = If the limestone here is at the same

horizon as that of Sunflower and Caldwell the
underlying series is here much thicker, for the
clays and sandstones exposed below the limestone
south of Gering have a thickness of about 140
feet without exhibiting the Chadron formation.

in” this region is not known, but it is somewhat
over 70 feet. Doubtless all or part of the quad-
rangle is underlain by the Laramie formation,
which rises to the surface a short distance west of
it. Lying on the Brule clay and separated from
it by unconformity is a lens-shaped mass of sands
and soft sandstones, termed the Gering formation,
which is most extensively developed in the
high ridge lying between Pumpkin Creek- and
the North Platte River. Next above comes the
Arikaree formation, which constitutes the greater
part of the same high ridge. This formation is
thinner to the south and southeast, where it is
exposed in the face of the escarpment of the High
Plains along the southern margin of the quad-
rangle.  These plains are capped by the Ogallala
formation, which also caps a few high points north
of Pumpkin Valley, including Wildeat and Hog-
back tains. The Pleist deposits in the
larger valleys lie on the bottoms and terraces.
The deposits on the higher terraces are coarser,
and the more recent deposits along the streams
are fine silts or sands and loams. On most of
the slopes are talus deposits of varying thickness
and of recent origin.

EOCENE PERIOD.
OLIGOCENE EPOCH.

Chadron formation—The Chadron formation
underlies the Platte Valley above Scotts Bluff, but
it is extensively covered by alluvium, above which
it rises for a short distance northwest of Mitchell,
south of the river. It consists of greenish-gray
and reddish sandstones, with greenish-pink and

_~maroon sandy clays. It contains bones and teeth

" of Zitanotherium,which have been found in expo-

sures along thé Mitchell canal northwest of
Mitchell. The lowest outerop of the formation
in this district is'in a small blowout, a hollow
swept out by wind, a mile agd a quarter north-
northwest of Mitchell, on the south side of the
river, where the material is a light-pink, sandy
clay, with faint tints of green. :In a hill a half-
mile southeast are some higher beds of the same
character rising above the surrounding alluvial
plain. Farther west the formation is seen in the
cuts of the Mitchell canal and on the slopes imme-
diately adjoining. The total thickness exhibited
is about 60 feet, limited below by overlap of
alluvium and above by the Brule clay. In the
northern part of sec. 36,T. 28 N, R. 57 W., and
sec. 81, T. 28 N,, R. 56 W, the cuts for the canal
expose pale greenish-gray sandstone 12 to 15 feet
thick. The succession of beds at the east line of
range 57 is as follows:

S Bection at east line of range 57.
Pink and green clay
Greenish sandstone and pink clay.
Greenish sandstone, iron stail
Pink and greenish clay.
Greenish cross-bodded
Greenish clay, iron stai:
Greenish sandstore an:
Green clay N

The stratigraphy varies considerably in this
region, but the sandstone is a conspicuous feature
throughout, and it was found to contain remains
of Titanotherium at many points, while in the

Fi6. 1.—Section from north to south across the Scotts Bluff quadrangle along the line A-A shown on the Areal Geology map.
No, Ogallala formation; Nar, Arikaree formation; Ng, Gering formation; Eb, Brule clay; Ee, Chadron formation.

‘Horizontal scale, 1 inch = 8 miles; vertical scale, 1 inch = 3000 feet, approximately. Natural profile is shown in shaded drawing below section.

exceptional cases the formation is slightly more
sandy than usual, and locally it contains beds of
sand or sandstone and near its base a thin layer
of limestone. There are extensive exposures of
Brule clay in the northern face of Scotts Bluff,
where, from the base of the overlying Gering beds
to the river, there is a vertical interval of 500 feet
of continuous outcrop, and the formation has a
small additional thickness below the level of the
river. The appearance of this exposure is shown
in figs. 18, 19, 21 and 23 of the Illustration sheet.
The badland topography is a characteristic fea-
ture of most exposures of the Brule clay, and is
extensively developed in the area at the foot of
Scotts Bluff. The massive structure of the for-
mation gives it the necessary solidity to preserve
details of configuration, its softness permits of
ready carving by the rain and rivulets, and the
slight variations in hardness of its beds give rise
to unequal slopes. The formation is exhibited
extensively along. the lower slopes of the ridges,
canyons, and buttes of the elevated region lying
between the North Platte and Pumpkin valleys,
and again in the base of the escarpment which
rises to the high plains along the southern margin
of the quadrangle. It is also seen, but to much
less extent, on the slopes lying behind the higher
terraces north of North Platte River.

The basal portion of the Brule formation locally
includes a thin bed of limestone and some irregu-
lar masses of sandstone, all of which are seen
along the Platte River above Scotts Bluff and in
the slopes on the east side of Cedar Valley.
Probably they underlie the alluvium at Mitchell
Bottom and elsewhere along the river and are at
no great distance beneath the base of Scotts Bluff.
The greatest developments of the limestone are
seen near Caldwell, near Sunflower, south of
Gering, and northwest of Larissa. It is a very
thin bed of compact, cream-colored rock lying on
a series of pinkish and greenish clays. In the
vicinity of Caldwell the first outerops are seen in
sec. 32, T. 28 N, R. 57 W., where the limestone is
from 6 inches to a foot thick, and caps some low
hills lying north of the Mitchell canal, with only
a small portion of the underlying pinkish clay
exposed beneath it. Occurring at intervals to the
west for several miles, it is seen on the slopes
above Kiowa Creek, where the section consists
of 15 inches of limestone on 15 feet of greenish
and pinkish sandy clays, underlain by 5 feet of
nearly pure voleanic ash. ' At the base are a few
feet of greenish clays which may belong to the
Chadron formation. In the terrace slope just
north of Sunflower there are exposures of the
limestone, 20 to 22 inches thick, for a short dis-
tance. At one point a higher layer, 2 inches thick,
is separated from the thicker layer by 2 feet
of green and pink clay. Under the 20-inch bed
there are 25 feet of pink and green clays, which
are further exposed at intervals along the low
Dbluffs west to beyond the margin of the quadran-
gle, where they are seen to be underlain by sand-
stones of the Chadron formation. No fossils were
found in the clays below the limestone in this part
of the Platte Valley, but from theevidence of
bones found in apparently the same beds south of

and is seen at intervals to the east and northeast
to the north slope of the 4100-foot hill southwest
of Larissa. Above are alternations of typical
Brule clays with thin beds of soft sandstones for
some distance, and below are the pinkish and
greenish clays which in the region due south of
Gering are underlain by a mass of conglomeratic
sandstone, lying on pink clays of typical Brule
character, which at one point in the lowest horizon
exposed include a thin bed of gray sandstone.
In all these beds were found bones which indicate
that they belong to the Brule formation. The
sandstones first make their appearance in a ravine
in the southwest corner of Gering Township, and
outerop conspicuously farther east, interbedded
with pink clay of typical Brule character, but
their thickness and stratigraphic relations vary
considerably, and they occur both above and below
the thin layer of limestone. The most extensive
exposures of the lower sandstone are in ravines
and slopes 6 miles due south of Gering, as shown
in part in fig. 22 of the Illustration sheet. This
view represents a lens of coarse conglomeratic
sandstone 25 feet thick, containing clay fragments
and pebbles of feldspar and granite, cross bedded,
and'lying on an irregular surface of typical Brule
clay. Next above are 12 feet of greenish and
pinkish clays and then' a 4-inch layer of compact
cream-colored limestone, followed by 80 feet of
pink clays, a layer of sandstone 15 to 20 feet thick,
and pink clays extending to the base of the Gering
formation, a thickness in all of about 200 feet
from the limestone to the base of the Gering for-
mation. The sandstone caps the 4100-foot knoll
in sec. 26, T. 21 N,, R. 55 W., as an outlier. It
is a hard gray rock which has proved useful for
building. In the hollow to the east are 100 feet
of pink clay containing a 6-foot layer of sandstone
near its lower part. Remains of animals found
in the lower clays are typical of the Brule clay.
The sandstones are again seen in limited expo-
sures to the northeast. At a point 2 miles due
northwest of Larissa ledges of limestone are seen,
the bed being about 4 inches thick. Eighty feet
lower down the slope there are many fr: t

Beds of volcanic ash occur in the Brule clay,
some of them of wide extent and apparently at
constant horizons, One which is conspicuous in
many outerops lies from 60 to 70 feet below the top
of the formation in the district south and south-
east of Gering, and about 150 feet below at Scotts
Bluff, a position which it preserves to the west end
of the ridge north of Roubedeau Township. - It
varies in thickness from 6 to 12 feet, is often nearly
pure, and its white color and sharp-edged glitter-
ing flakes are distinetive features. It merges into
the pink sandy clay. In Scotts Bluff and vicinity
another bed of voleanic ash occurs about 110
feet below the upper one. It is thinner and
usually more intermixed with the pink clay. On
the flanks of Funnel Rock it is 140 feet below
the upper bed, has a thickness of 3 to 4 feet, and
consists of about equal parts of silt and volcanic
ash. Under the microscope the voleanic ash is
seen to consist of very small, thin flakes and shreds
of glassy voleanic rock, mostly sharp edged and
angular in outline. It was ejected apparently at
several periods from volcanoes, probably in the
Rocky Mountain region, carried far by the wind,
and deposited in the water where the Brule clays
were being laid down. It is possible, however,
that, in whole or part, it may have been brought
by streams from some distance and deposited like
the other sediments.

The thickness of Brule clay presented in Scotts
Bluff. 500 feet, appears to be maintained through-
out the region to the south and east without
exhibiting the basal beds. To the west, where
the Chadron formation rises, there is a vertical
interval of 550 feet or more between the top of
‘the Chadron and the base of the Gering without
evidence of much dip in the long intervening land
slopes. Ascending the Platte Valley the forma-
tion rises at a rate of about 20 feet to the mile,
but the rise is much greater to the southwest.

Fossil bones of various mammals and turtles
characteristic of the Oligocene occur in the Brule
clay. The principal species collected were Mery-
coidodon  gracilis, M. culbertsonéi, Palwolagus
haydeni, Cynodictis gregarius, Poébrotherium

of limestone which suggest another horizon of the
rock. The intervening pink clay contains a 15-
foot and a 6-foot bed of soft gray sandstone. On
the north end of the next ridge, at a point about
34 miles northwest of Larissa, the limestone is
seen again, giving rise to a small shelf at an alti-
tude of about 4070 feet. Its thickness is from 6
to 10 inches and it thins out in some places. As
in the other localities, it is underlain by pinkish
and greenish clays and overlain by more massive
pink clays, with a 8-foot layer of soft gray sand-
stone capping the 4100-foot summit. The 12 to
15-foot pinkish and greenish clay series, which is
always found underlying the limestone, can be
traced for 6 or 8 miles along the east slopes of
Cedar Valley, but the limestone occurs in discon-
tinuous lenses.

The limestone south and southeast of Gering
is only about 200 feet below the Gering formation,
which is much less than in the region farther
west. This suggests that it may be at a higher
horizon, but the relations may result from greater

yaent,
wilsont, Elotherium mortoni, Hyracodon nebras-
kensis, Leptomeryn evansi, Miokippus bairds,
Ceenop identalis, and Style These forms
were determined by F. A. Lucas of the National
Museum. :

NEOCENE PERIOD. .

Gering formation—Overlying the Brule clay
in a portion of the quadrangle there are coarse
sands and. soft sandstones which have been
designated the Gering formation. It has béen
recognized only in the ridge lying between North
Platte River and Pumpkin Creek, where it
appears to be the deposit of an early Miocene
predecessor of North Platte River in a channel
cut in the Brule clay. Its average thickness is
about 100 feet, but locally it reaches 200 feet;
and away from the central portion of the area
it appears to thin out entirely. It has not been
recognized north of the North Platte or in the
base of the escarpment south of Pumpkin Creek
Valley. It is separated from the Brule clay by



distinet

a erosional formity, but appears
to merge upward into the Arikaree formation
through a few feet of passage beds.

The greatest development of the Gering forma-
tion is in'the high bluff 6 miles southsouthwest
of Gering, in the northwest corner of T.20 N,
R. 55 W, where there are several members having
an aggregate thickness of 200 feet. The features
of the section at this locality are shown in fig. 8
of the Columnar Section sheet. There are four
beds of sandsor soft sandstones, some of them
containing considerable clay admixture and others
carrying numerous pebbles, separated by slight
but distinct erosional formities. One of the
beds contains a 4-foot bed of white, nearly pure
volcanic ash in coarse vesicular flakes, which
extends along the bluff for about a quarter-mile.
At the top of the Gering deposits there is an
abrupt change to Arikaree beds, withont uncon-
formity, whereas at the base the unconformity
with Brule clay is a strong one, showing con-
siderable shallow channeling.

A mile south of the exposure shown in fig. 8
the Gering beds have the character and. relations
illustrated in fig. 9, which shows the manner in
which the deposit thins to .the ~southward.
At this locality the Gering formation: may have
a thickness of only 40 feet, extending up to an
altitude of 4480 feet, where there is a marked
unconformity, but it is probable that the over-
lying dark-gray sand, with thin streaks of con-
glomerate, should be included in the formation.
This upper member merges rapidly into typical
Arikaree formation. A layer of nearly pure
volcanic ash, 6 inches thick, occurs at an altitude
of 4500 feet.

East of the exposures shown in figs. 8 and 9
the formation presents many variations in compo-
sition and thickness. In bluffs 7 miles due south
of Gering there is seen the section shown in fig.
10. The formation consists mainly of sandy clay,
with intercalated sandy streaks and a basal con-
glomerate lying unconformably on Brule clay,
with an intervening bed of pure voleanic ash, 2
feet thick at several points.

In the high butte south of west of Larissa the
formation apparently thins out northward, as
shown in fig. 11 of the Columnar Section sheet.
In this section the formation has a thickness of
25 feet in the south side of the butte, consisting
of laminated sands or soft sandstones. On the
north side there are pink clays of rather sandy
nature, but apparently of the Brule formation,
which appear to be immediately overlain by
Arikaree beds without noticeable unconformity.
In the ridge south of this point the formation
presents the relations shown in fig. 12.

To the west, in a portion of this section, the
typical Gering sandstones -appear to become
gradually finer grained, the basal unconformity
becomes indistinet, and for some distance the for-
mation, although undoubtedly continuous, is not
sufficiently characteristic to be identified. Possibly.
the relations shown in fig. 11, and at many other
places where the Gering formation appears to be
absent, are due to a local change similar to the one
just described.

The section shown in fig. 13 is about a half-mile
east of the one shown in fig, 12. " Here the Gering
sands and sandstones have a thickness of 130 feet,
with an ‘erosional unconformity in the center.
The basal beds lying unconformably on the Brule
clay are cross-bedded conglomerates and soft sand-
stones, with clay pebbles and a thin, discontinuous
layer of nearly pure, fine-grained voleanic ash.
The second unconforfhity is 50 feet above the first,
at the base of laminated soft sandstones with some
massive beds and considerable cross bedding and
pebbly admixture in its basal portion. Some of
the pebbles are of pink clay. The top member is
coarse sandstone with streaks of conglomerate,
about 20 feet thick, overlain by typical Arikaree
beds, which begin abruptly.

In the high bluff 8 miles due south of Larissa
the Gering formation presents the components
shown in'fig. 14 of the Columnar Section sheet.
The formation is here 120 feet thick and con-
sists of two members separated by unconformity.
Both miembers-are conglomeratic toward the base,
and the lower o)]e contains a 24-foot bed of nearly
pure volcani¢ ash. ;

At Castle Rock, 4 miles to the southeast, the

Scotts Bluff.
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| Gering formation is difficult to separate, unless it

is represented by the pinkish sandy clays lying
next below a thin bed of white clay at the base
of the Arikaree beds (fig. 16). In the ridge north
and along the slopes west of Castle Rock the
formation is more distinet, as is shown in fig. 15.
Here, below the thin white clay bed shown in fig.
16, there are 65 feet of stratified sands and soft
sandstones, with a thin bed of volcanic ash 80 feet
above the pronounced unconformity at the base of
the formation.

In the region northeast and north of Ashford the
formation is usually well characterized, but in the
ridge extending northwest from Funnel Rock it is
either absent or not distinguishable. It begins
to be conspicuous again northeast of Dorrington,
extending along the foot of the ridge for about 4
miles, but not attaining a thickness of more than
60 feet. Fig. 3 shows typical featurés of the for-
mation in this region,

In Signal Butte and adjoining slopes it is about
30 feet thick. At Signal Butte the relations are
as shown in fig. 2. The formation is thin in the
Roubedeau Pass region and to the east. In the
bluff at the north side of the mouth of Cedar
Canyon are found the relations shown in fig. 5.
Farther up Cedar Canyon the formation is
thicker and more characteristic, as shown in
fig. 4.

On the south side of the ridge extending east-
ward from Roubedeau Pass to Scotts Bluff the
Gering formation appears to thin out or to lose its
distinctiveness (see fig. 6), but on the north side,
although it is thin, it is well defined. It extends
to Dome Rock, where it underlies a small cap of
Arikaree, and it is an obvious feature in Scotts
Bluff, as is shown in fig. 7. A view showing the
relations in Scotts Bluff is reproduced in fig. 18,
on the Illustration sheet. In the bluft the forma-
tion presents very strong erosional unconformity
on the Brule clay at an altitude of 4380 feet, and
is well defined at its upper limit of 4440 feet. A
bed of voleanic ash occurs near its base.

The Gering formation contains fossil bones of
animals of various kinds, and although they are
not numerous they were obtained at many local-
ities. They afford a base for definitely fixing the
age of the formation as earliest Miocene. The
species collected comprise Deinictis major, Mery-
cochoerus rusticus, Leptauchenia decora, L. nitida,
Aceratherium  platycephalum and  rhinoceros,
according to determination by F. A. Lucas of the
National Museum.

Avrikaree formation—The Arikaree formation
caps the high ridges lying between the North
Platte and Pumpkin Creek valleys and the higher
buttes adjoining the upper portion of Winter
Canyon. Tt underlies the Ogallala deposits in the
high plateau along the southern margin of the
quadrangle. It consists mainly of fine sands
characterized by included layers of hard, fine-
grained, dark-gray concretions usually consisting
of long, irregular, cylindrical, pipe-shaped masses
joined side by side. These for con have

usually only a faint suggestion of erosional uncon-
formity between the two formations, or simply a
rapid change from sandy, pinkish Brule clay, with
some small concretions, to fine gray sands with
the typical character and pipy concretions of the
Arikaree formation. Many of the relations are
shown in figs. 2 to 16. The Arikaree formation
has a thickness of 500 feet on Hogback and Wild-
cat mountains, where it is capped by the Ogallala
formation, but the average thickness remaining
in the ridge north is seldom over 250 feet, as its
surface has been more or less eroded. In the
escarpment of the High Plains near the southern
margin of the quadrangle the formation has a
thickness of about 100 feet to the east and grad-
ually increases to 200 feet to the west.

Volcanic ash is a general component of the
Arikaree formation, mainly as an admixture with
the sand, but also as beds of varying degrees of
purity.. These beds do not appear to lie at any
regular horizons, but have different local relations.
Some of the beds are shown in figs. 7, 9, and 11,
the thickest being a bed of pure ash 15 feet thick,
shown in fig. 11.  On the high ridge cnlminating
in Wildeat Mountain : there are several thin
beds, and one of pure ash, 8 feet thick, lies 140
feet below the Ogallala grit. Considerable “ash
oceurs in the last 20 feet of beds next below
the Ogallala capping. In some of the high
cliffs 7 miles. due south of Gering 80 or 90 feet
of massive Arikaree beds contain nearly 50 per
cent of volcanic ash mixed with pure sand and
clay, with diatoms and sponge spicules in some
layers.

Conglomerate in the Arikaree formation occu-

pies a narrow channel or channels on the high
ridge south of the North Platte Valley. It lies
from 50 to 100 feet above the base of the forma-
tion, but in places. there are deeper channels
extending down to and into the Gering. The
greatest developments of the deposit are south
of Larissa, where prominent ledges of the con-
glomerate extend for several miles along the
escarpment of the ridge and along some of the
canyon sides. Other exposures are found at
intervals westward to beyond Cedar Canyon
along the north face of the ridge, and an outlying
mass. outcrops near the western end of the ridge
3 miles southwest of Dorrington. ~Some of the
relations of these conglomerates are shown in
figs. 9, 14, 17, and 20.- In fig. 14 are repre-
sented the salient features on the bluffs south of
Larissa.
- The conglomerate consists of pebbles and
bowlders “of gray: sandstone, generally firmly
cemented by siliceous matrix. Many of the
bowlders are 6 and 8 inches in diameter, but the
average size is considerably less than 6 inches.

The Arikaree formation contains numerous
remains of the smaller forms of several species of
Damoneliz (a fossil plant), occasional fresh-water
molluscan fossils, and several species of vertebrate
remains which are regarded as Miocene in age.

been called “pipy concretions.” They vary in
thickness from a few inches to several feet, but
from 10 to 15 inches is a fair average. Their
trend is east-northeast and west-southwest, with
most. surprising regularity. The layers are often
many yards in area. Local lenses of coarse con-
glomerate and layers and admixtures of voleanic
ash are the other components of the Arikaree
deposits. The sands of the Arikaree formation
are loose or moderately compact; some are argilla-
ceous; and their color is uniformly light gray.
Owing to the presence of the hard concretions, the
formation generally gives rise to ridges of con-
siderable prontinence, with steep slopes and high
walls. These rise above the Gering deposits ‘in
the greater part of the ridge lying between the
North Platte and Pumpkin Creek valleys, but
elsewhere they lie immediately above the Brule
clay. Usually there is an abrupt change in the
character of the materials as the coarse beds of the
Gering formation give place to the fine, massive
Arikaree sand containing pipy concretions. There
is a possibility that the Gering formation is a basal
portion of the Arikaree formation deposited along
the course of the channel of a stream or stronger
current of the earlier part of the Arikaree epoch.
In the areas in which the Arikaree formation
appears to lie directly on the Brule clay there is

Ogallala formation—The Ogallala formation
is the uppermost division of the Neocene deposits
of this region. It extends northward a short
distance into the Scotts Bluff quadrangle from
southern Nebraska, where it covers the wide area
of high plains lying south of Pumpkin Valley.
It is also probably represented by a few thin
masses capping the high summits of Wildeat and
Hogback mountains. It rests on the Arikaree
formation with some evidence of unconformity.
The material is an impure calcareous grit or sand
cemented by carbonate of lime. At its base
there often are beds of conglomerate with pebbles
consisting mainly of gray sandstone or limestone
and throughout its mass are streaks of pebbly
sand, thin ledges of sandstone, and scattered peb-
bles of crystalline rocks derived apparently from
the Rocky Mountains. The harder calcareous
beds are white or cream color, and outcrop in
prominent cliffs, which are high and rugged along
the northern edge of the high plains near the
southern margin of the quadrangle. The thick-
ness of the formation in the greater part of this
section variessfrom 80 to 120 feet, its surface
having been eroded fo a considerable extent. The
outlying masses on Wildecat Mountain and adja-
cent high points are massive caleareous grits of
white color with intercalations of. sand, and masses
of white congl with limest; bbles at
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their base. The thickness at "the summit of
‘Wildeat Mountain is 30 feet, and the amount is
about the same on the summit of Hogback Moun-
tain. The Ogallala formation has not yet yielded
any fossils of sufficiently distinctive character to
indicate its age, but it is supposed to represent
the early Pliocene.

PLEISTOCENE PERIOD.

Alluvial deposits—The broad zone of bottom
lands adjoining the North Platte River is covered
with a thick sheet of alluvial materials deposited
in relatively recent times by the river. The
maximum depth of the deposit is not known, but
it may be 70 or 80 feet in some places, judging
by a few deep wells. The alluvium consists
mainly of sandy loams with occasional masses of
gravel and beds of clay, but, owing to the low
level at which it lies, only its upper part is
exposed, and the character of the deposits is
ascertainable chiefly from well borings. On the
north side of the river the bottom lands are from
14 to 2 miles in width, except near Sunflower,
where they are much narrower. The surface
rises gradually to a low escarpment, which is sur-
mounted by broad expanses of higher terraces,
which are nearly level, and are covered by a mantle
of alluvial gravel somewhat coarser than that
which forms the bottom lands. The gravels con-
sist mainly of rocks from the Rocky Mountains,
comprising granites of many kinds, quartzites,
chalcedonic veinstones, and a small variety of
igneous rocks varying in size from coarse sands to
moderately large bowlders. Still coarser deposits
lie higher and farther back, capping low, narrow
ridges or lines of knobs. The deposits vary in
thickness from 20 to 40 feet and are cut through
by Winter Canyon and Sheep Creek. South of
North Platte River there are low flats which
have a width of 2 miles in Mitchell Bottom, but
are narrow elsewhere, for the river has a tendency
to hug its southern bank. South of the river,
mainly between Mitchell and Caldwell, there are
a few small areas of higher terrace capped by
coarse sand and gravel. The badlands at the foot
of Scotts Bluff are cut out of a small, sloping
terrace, but one which did' not receive a great
amount of gravel at the period of high-level depo-
sition. The terraces at this locality are shown in
figs. 19 and 21 on the Illustration sheet.

There are alluvial deposits at low levels along
Pumpkin: Creek Valley, but they are narrow and
thin. On the higher slopes lying farther south,
extending to the foot of the escarpment of the
High Plains, there are extensive deposits of coarse
alluvial material representing the same period of
deposition as the mantle on the higher terraces
north of North Platte River. They lie on an
irregular surface and their continuity is broken
somewhat by the extensive later erosion of the
many streams and draws which run northward
out of the highlands. The deposits are coarse
sands and gravels, containing a great variety of
crystalline rocks and veinstones from the Rocky
Mountains.

All of the smaller valleys in the quadrangle
contain alluvial deposits or washes of greater or
less extent and thickness, but only the larger of
these are represented on the geologic map. There
are also alluvial materials on the slopes, constitut-
ing wash and talus. These are often sufficiently
thick to hide the underlying formations, but they
are too variable in relations and thickness to be
represented adequately on the map.

Sand dunes.—Sand dunes, an inconspicuous
feature in the Scotts Bluff quadrangle, occur at
intervals along the valleys of Pumpkin Creek and
North Platte River. The largest area is a capping
on the divide at the west end of the ridge north-
west of Dorrington. Several dunes, from a half
mile to 2 milesin length, extend along the south
side .of Platte River between Caldwell and
Mitchell. The sands are of recent origin and in
many places are still loose and ‘travel before the
wind. They have been derived mainly from the
alluvial deposits along the valleys and are in no
case more than a few feet thick. The dunes,
which are built up againdt and over slight
obstructions, usually lie with their longer diame-
ters from northwest to southeast, as the prevailing
stronger winds of the region are from the north-

west.



PRE-EOCENE ROOKS.

Formations not outcropping in quadrangle—
There is a great thickness of sedimentary deposits
underlying the formations which outerop in the
Scotts Bluff quadrangle. They lie in nearly level
sheets and have a floor of granite or metamorphic
rocks. The district is in the zone in which the
formations change considerably between the
mountains on the west and the Missouri and
Mississippi valleys on the east, and there is, in
consequence, some uncertainty as to the precise
thickness and succession of some of the beds, but
of the others the relations are more regular. The
Chadron formation undoubtedly underlies the
whole of the quadrangle, except at a few points
in the western portion, where it abuts against the
Laramie sandstone. It lies at no great distance
below the bottom of North Platte Valley and
Pumpkin Valley. The extent of the Laramie for-
mation eastward is not known, but from its occur-
rence in the northeast corner of Colorado there is
probability that it underlies all of the quadrangle,
or at least the portion south of North Platte River.
The thickness of the formation is not known, but
probably it is not over 200 or 800 feet. There
is no question that the yuadrangle is underlain
by the next succeeding formation, the Pierre shale,
for the formation is known to underlie all of
western Nebraska, northwestern Kansas, eastern
Colorado and Wyoming, and the greater part of
the Dakotas. It is about a thousand feet thick,
and consists throughout of a dark clay or soft
shale, with occasional harder shale layers and
thin beds of iron pyrite. Owing to its plasticity
it is extremely difficult to penetrate in well-boring
operations. It is underlain by 200 feet of light
blue-gray chalk rock and limy shale, known as
the Niobrara formation. This is succeeded by a
series of shales, probably considerably over 500
feet thick, of the Benton formation, which has in
its middle a thin but persistent series of limestones
containing large numbers of a characteristic shell
known as Tnoceramus labiatus. Next below is
the Dakota sandstone and possibly the under-
lying Lakota sandstone—several hundred feet of
coarse gray to buff sandstones which carry water
available for artesian wells. The depth of this
sandstone in the North Platte Valley is probably
about 2000 feet, but it may be considerably more.
In eastern Nebraska the Dakota sandstone lies
on Carboniferous limestone, but in the Black
Hills and Rocky Mountains it is separated by
clays and shales and a thick mass of Red Beds,
and there is no evidence as to how far these
intervening formations extend under western
Nebraska. The Carboniferous limestones doubt-
less have a thickness of several hundred feet
under the Scotts Bluff quadrangle, and are sepa-
rated from. granites or other old crystalline rocks
by a sheet of sandstone of Cambrian age.

BRIEF GEOLOGIC HISTORY OF THE CENTRAL
GREAT PLAINS REGION.

The sedimentary rocks of the Camp Clarke
quadrangle, including those underground, afford
a record of physical geography from Cambrian
time to the present, but, owing to lack of knowl-
edge of the relations of some of the deeply buried
rocks, the geologic history of the region can not
be outlined as completely as in the adjacent
mountain tegiors where all the beds are uplifted
and exposed at thesurface. There were undoubt-
edly many mafine submergences, and several
periods of emergence in which the surface was.
sculptured by running waters, especially in the
later epochs. The basal sedimentary member,
the Cambrian sandstone, which is widespread in
the United States and is brought to view in
nearly every uplift, lies on and against granites
and other old crystalline rocks. It marks one of
the great events in North American geologic
history, the wide expansion of an interior sea
over the western-central region. Its first products
were coarse deposits, gathered by the streams
and waves and laid down on sea beaches, partly
in shallow waters offshore and partly in estuaries.
The later products of the submergence were finer
grained and are now represented by the Cambrian
shales and limestones. From the close of the
‘Cambrian to early Carboniferous time the central
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region presents a scanty record, the Silurian and
Devonian being absent or thin in the greater part
of the uplifts to the west and north.

In early Carboniferous times there was wide-
spread transgression of the ocean over the region,
and there accumulated great deposits of carbonate
of lime, represented by limestones many hundred
feet thick. In the later portion of the period a
gradual general uplift diminished the depth and
extent of submergence, and coarser sediments
began to appear. This epoch is represented by
alternations of sandstones and limestones, sandy
limestones, and red shales. In Permian times
there was still further emergence, resulting in a
shallow basin which extended across the western
portion of the central Plains region and far to
the northwest. In this basin there were laid
down the great mass of red shales of the “Red
Beds” with their extensive interbedded deposits
of gypsum, products of an arid climate. The
sandy clay of the gypsiferous Red Beds accumu-
lated in thin layers to a thickness of 500 feet
or more, as now represented by the formation, and
it is so uniformly of a deepred tint that this is
undoubtedly the original color. This color is
present not only throughout the extent of the for-
mation, but through its entire thickness, with the
exception of an occasional lighter colored bed, as
is also shown by deep borings, and therefore is
not due to later or surface oxidation. This depo-
sition of red mud was interrupted from time to
time by chemical precipitation of comparatively
pure gypsum in beds ranging in thickness
from a few inches to 30 feet, and often free
from mechanical sediment. It is apparent that
these beds are the products of evaporation
while mechanical sedimentation was temporarily

pended, a dition indicative of greatly
diminished rainfall; otherwise it is difficult to
understand their nearly general purity. Whether
this deposition of the Red Beds extended into or
through Triassic times in the central Plains
region is not known, but it is thought that the
uplift to which they were due finally brought
the region above the water at the close of the
Permian, and that during most if not all of the
Triassic there was no deposition and probably
some slight erosion, during an epoch which
extended well into Jurassic time.

In later Jurassic time there was a sea that
covered the region in which the Laramie and
Bighorn mountains and the Black Hills now rise,
and doubtless extended tor some distance over
the northwest corner of Nebraska. The condi-
tions varied somewhat from shallow to déep
waters, but marine waters prevailed. The mate-

front, and in the Black Hills, Bighorns, and region
northwestward, and they appear in eastern South
Dakota and eastern Nebraska, and extend in a
broad belt at or not far under the surface in
southeastern Colorado and southern and central
Kansas,

Following the deposition of this great sheet of
sandy sediments there was a rapid change to clay
deposition, of which the first representative is the
Benton shale, a formation even more extensive
than the underlying Dakota sandstone. This was
the later Cretaceous submergence, in which marine
conditions prevailed, and it continued until sev-
eral thousand feet of clays were deposited during
the Benton, Niobrara, and Pierre epochs. In
Benton times there were occasional deposits of
sand, and one thin but very widespread lime
stratum of the Greenhorn limestone in the middle
of the Benton sediments. The shale of the Ben-
ton is followed by several hundred feet of impure
chalk, now constituting the Niobrara formation,
and this in turn by many hundred feet of Pierre
shale, which thickens rapidly to the westward,
attaining 1200 feet or more in western South
Dakota and over 7000 feet adjacent to the Rocky
Mountains in a limited area west of Denver.

The retreat of the Cretaceous sea corresponds
with the Foxhills epoch, during which sands
were spread in an extensive sheet over the clay
beds. It resulted in extensive bodies of brackish
waters, and then of fresh waters, which deposited
the sands, clays, and marsh material of the Laramie
and earliest Tertiary. Apparently these last-
mentioned formations were not laid down much
east of longitude 101° in Nebraska, for they thin
rapidly to the east, although, as we do not know
the extent of post-Laramie erosion, their former
limits can only be conjectured.

In earlier Tertiary times the domes of the Black
Hills and ' other mountains lying farther west
were uplifted, but this uplift appears not to have
affected the strata in the central Plains region.
Where the great mass of eroded material was
carried is not known, for in the lower lands to the
east and south there are no early Eocene deposits
nearer than those on the Gulf Coast and Mississippi
embayment, but in small part they are represented
by the sandstones and conglomerates overlying
the Laramie formation in the vicinity of the
mountains.

Later in Tertiary time, after the outlines of the
great mountain ranges to the north and west had
been carved, there was a long period in which
streams of moderate declivity flowed across the

sheet which in some portions of the area attained
a thickness of 1000 feet. This is the Arikaree
formation, and it buried some of the lower ranges
of the uplifts, as shown by its high altitude on
the slopes of Rawhide Butte and along the front
of the Laramie Range. It has been so widely
eroded since the time of its deposition that we do
not know its original extent, but doubtless it
covered most of the central Plains far to the
east. It was followed by uplift and erosion,
erosion which removed the Arikaree and parts
of underlying formations from the south and
east, leaving the thickest mass of the deposit
in western Nebraska and eastern Wyoming.
Next came the epoch in which the streams
began depositing the thin mantles of sands of
the Ogallala and other late Pliocene forma-
tions, especially in southern Colorado, southern
Nebraska, Kansas, and regions farther south.
The deposition at this time appears to have
been mainly in the southern region above
described, erosion probably predominating in the
district lying farther north.

These alternating conditions of later Tertiary
deposition and erosion, first in the north and next
in the south, were undoubtedly determined by
differential uplift, the uplifted region suffering
erosion and the depressed or stationary region
receiving deposits from streams which did not
have sufficient declivity to carry off their loads.
This condition also is a feature of the semi-arid
climate of the Plains, the mountain torrents
and resulting vigorous erosion furnishing large
amounts of débris which the streams of low
declivity and constantly diminishing volume on
the Plains were unable to carry to the sea. Even
if such a region is traversed by valleys cut during
a time of uplift or increased rainfall, when cut-
ting ceases these valleys will soon be filled by
sediments, and when they are full the streams at
times of freshet, and to a less extent in the dry
portion of the year, will shift their courses so as
finally to spread a wide mantle of deposits over
the entire area in which there is sluggish drain-
age.

During the early portion of the Pleistocene
period there was uplift and increased precip-
itation, which resulted in widespread denuda-
tion of the preceding deposits, so that they
were entirely removed in the eastern portion of
the area, where there were glacial floods, and
widely and deeply trenched in the western por-
tion. To the west there extended to the foot
of the mountains a great high plain, of won-

central Great Plains region; these, with frequently
varying channels and extensive local lakes, due to

rials are nearly all fine g d and indicat

waters without strong currents, except along some
portions of the shores, where coarse sandstones
were laid down, some of them of bright-red color,
which probably derived their sediments from
adjacent land surface of the Red Beds. Generally,
however, clay was the first sediment, and it was
followed by ripple:marked sandstone, evidently
laid down in shallow water and probably the
product of a time when sedimentation was in
excess of subsidence, if not during an arrest of
subsidence. The red color in the medial part of
the Jurassic deposits in some districts may repre-
sent a transient return to arid conditions similar
to those under which the gypsiferous Red Beds
were laid down. The thick mass of shales with
thin limestones which followed is indicative of
deeper waters. After this stage there was wide-
spread uplift, which, in the northern-central area,
marked the beginning of Cretaceous time. There
were fresh waters in which the principal deposit
was the widespread clay of the Morrison forma-
tion, now extending from Montana to Oklahoma,
where it gives place to marine sediments of the
Lower Cretaceous. Probably the Morrison depo-
sition extended over the western part of Nebraska,
but its eastern margin is not located. It was suc-
ceeded by a period of shallower waters with shore
conditions and strong currents, marked by the
coarse sands of the Lakota formation in the
region of the Black Hills and to the northwest-
ward; and later, under similar conditions, there
was deposited the wide sheet of Dakota sandstone
which extends over the entire central and north-
ern Plains region. Several hundred feet of these
sands are exposed along the Rocky Mountain

ing and the sluggish flow of the waters, laid
down the widespread mantle of Oligocene or
White River deposits. These begin with the
sands of the Chadron formation, which show
clearly the course of old currents, by channels
filled with coarse sandstone, and areas of slack
water and overflow in which fuller’s earth and
other clays were laid down. The area of depo-
sition of this series extended across eastern Colo-
rado and Wyoming and western Nebraska and
South Dakota, and probably also farther north-
ward, for the deposits have been found in western
Canada. Doubtless the original extent was much
wider than the area in which we now find the
formation, for much has been removed by
erosion. The White River epoch was con-
tinued by the deposition of the Brule clays
under conditions in which the currents were less
strong and local lakes and slack-water overflows
were more extensive, The Brule clay which
resulted has about the same area as the Chadron,
and originally it was much more extensive than
it is at present.

At the beginning of Miocene time the general
conditions had not changed materially, but doubt-
less for a while an extensive land surface existed
in the central Plains area. In the stream chan-
nels extending across this surface the Gering
formation was laid down, one channel extending
across this quadrangle. Next came the deposition
of a widespread sheet of sands derived from the
mountains to the west, probably spread over the
entire central Plains region by streams, aided to
a minor extent by the winds. The streams of
this time shifted their courses across the plains,
spreading the débris from the mountains in a

derful hness, mantled mostly by the Arik-
aree to the north and by the Ogallala and
possibly some later deposits, the product of
later Tertiary deposition to the south. As the
Black Hills dome rose somewhat higher than
the general uplift, there was deep erosion around
it, so that the High Plains, whatever their extent
may have been in that region, were largely
removed, and now their northern edge is presented
toward that uplift in the great escarpment of Pine
Ridge. Farther south, across Nebraska, Colorado,
Kansas, and Texas, the High Plains present wide
areas of tabular surface, but the streams of
Pleistocene time have cut into them deeply and
removed them widely. Erosion is still in' prog-
ress, especially in the smaller streams, where the
water has sufficient declivity to carry away its
load; but in the larger streams the valleys are
building up, as in the later Tertiary periods, for
the volume of water is not adequate to carry away
the waste from the adjoining slopes. Without
further uplift the valleys will in this way be
filled, the streams will again wander over the
divides, and the Great Plains will receive a new
mantle similar to those of whose remnants they
consist,

ECONOMIC GEOLOGY.
UNDERGROUND WATERS.

The principal supplies of underground waters
in this region are in the alluvial deposits of the
valleys, especially in the wide bottom lands along
the North Platte. In the adjoining slopes and
highlands the supply varies greatly in amount,
and is seldom large, though many of the small
depressions contain shallow deposits of loose
materials in which more or less water accumulates,
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and additional supplies are often obtainable from
crevices in the clays below. The slopes of the
Brule clay are particularly barren of water, a faet
which has seriously impeded the settlement of the
region back from the river. On the broad bottom
lands adjoining North Platte River there are
numerous wells, varying in depth from 15 to 30
feet in greater part, the shallower wells usually
being near the river. On Mitchell Bottom the
depths are greater, varying mostly from 30 to 60
feet. The amount of available water varies some-
what, but it is nearly always adequate for domestic
use. In Pumpkin Creek Valley wells have been
sunk at short intervals and they usually yield
moderate supplies of fairly good water at depths
of from 20 to 40 feet. In Cedar Valley scanty
supplies are found in crevices in the Brule clay
at depths from 45 to 75 feet, but at some points
the wells have been failures, This Brule clay is
the surface formation, or lies a short distance
below the surface, in a wide area on the slopes
adjoining the North Platte and Pumpkin Creek
valleys; it is known to the well drillers as
“hardpan,” and in most cases in these slopes wells

obtained a promising flow of water, probably from
the Laramie sandstone, which underlies the Chad-
ron formation. Owing to the small size of the pipe
and certain accidents in boring, the well became
clogged up and did not continue to flow. At
Harrisburg, on the south slope of PumpkinValley,
a boring made to a depth of 790 feet obtained
only a moderate amount of water and no surface
flow. Judging from the small samples of borings
which were seen, the well passed through the
Chadron formation and entered the Laramie for-
mation for several hundred feet. This formation
outerops in Goshen Hole to the west and includes
sandstones which should be expected to yield
water under considerable pressure, but the expe-
rience of the Harrisburg deep boring appears to
indicate that if it contains water-bearing beds
under the Scotts Bluff quadrangle they lie deeper
than 790 feet.

It is probable also that the Dakota sandstone
may be within the reach of the well borer and
possibly it would furnish flowing water in large
amount and of good quality in the lower levels
of the North Platte Valley. Its depth can not

are either unsuccessful or yield water of ti

factory quality. Numerous abandoned houses in
this region indicate points at which prospective
settlers have been unable to obtain water supplies
or where they dug wells which at' first yielded
water but finally dried up. When water is found
it is in crevices and fissures, and these are of such
uncertain occurrence that the underground con-
ditions can be determined only by trial wells. In
much of the area the Brule clay is so thick that it
can not be penetrated by dug wells, and usually
after the first 50 or 60 feet the chances for finding
water rapidly diminish. Some years ago a well
was bored at Gering to a depth of 331 feet, which

Scotts Bluff. )

be estimated ly, for the overlying forma-
tions vary in thickness under western Nebraska
and there is no direct evidence as to their amount
in this district. The sandstone is overlain by
shales and chalk rock about 2000 feet thick,
possibly considerably more. The shales are diffi-
cult to penetrate owing to their softness and
plasticity, and necessitate experienced well borers,
heavy casing, and occasional diminution in size of
casing as the depth increases.

The Arikaree formation, owing to its very
porous nature, collects much water from the rain-
fall and affords an important source of supply in
the high plateau which extends far south from
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the southern margin of the quadrangle. The
water collects in considerable volume in the lower
beds of the formation, where it is reached by
numerous wells' 200 or 300 feet deep. The out-
crop of these lower beds is usually marked by
frequent springs, some of which yield a moderately
large flow of fine water. Such springs occur at
intervals along the base of the plateau a short
distance south of the latitude of Harrisburg,
notably at Gabe, Long, and Indian springs. There
are similar springs in the canyons in the ridge
lying between the North Platte and Pumpkin
Creek valleys, but they are mainly from the Gering
sandstones at their contact with the impervious
Brule clay. Waters also seep out of the alluvial
materials in the valleys, as at Mud, Willow,
Winter, and Spottedtail springs, which are
important sources of local supply. ,

IRRIGATION.

There is in this quadrangle a considerable acre-
age under cultivation with the assistance of irriga-
tion. There are extensive canals along the valley
of North Platte River, and the results of irrigation
have been so satisfactory that increased facilities
are being provided for obtaining water, and with
the new railroad line in the region prospects of
profitable f: g are most ging, At
present nearly all of the wide alluvial flat is pro-
vided with water by the Farmers, Enterprise,
‘Winter, and Minatare canals on the north, and
the Mitchell and Castle Rock canals on the south
side of the river, which carry water to an area
of about 90 square miles, only a portion of which
is now being farmed. The soils of the valley are
usually thick and rich and, although somewhat
alkaline, respond satisfactorily to culture. The

wide bottom lands are flat and easy of access and
the water of the river supplies a large volume
to the ditches. The principal crops are wild hay,
alfalfa, corn, and wheat. Oats and garden vege-
tables are also irrigated extensively. The yield
per acre of crops under irrigation is somewhat
variable. 'Wheat usually harvests from 80 to 40
bushels per acre; potatoes, 160 to- 200 bushels;
and hay, 1} tons. Alfalfa yields 2 tons to the
cutting and is cut three times each season.

The cost of irrigation varies greatly; the aver-
age obtained from 7,500 acres is 40 cents an acre,
varying mostly from 30 to 75 cents an acre. In
many cases the water is paid for partly by labor.

VOLOANIC ASH.

This material is mined at several points in the
West for polishing powder, and the extensive
deposits of ash in the Scotts Bluff quadrangle
may possibly be of value at some time. The
layer in the upper portion of the Brule clay out-
crops for many miles in the region lying between
the North Platte and Pumpkin valleys, and it
usually consists of nearly pure ash in a bed 8 to
10 feet thick. A lower horizon,of less pure ash
oceurs from 80 to 100 feet below the upper one.
The Gering formation usually contains a thin bed
of ash which is often sufficiently pure and thick
to be of economic value. The Arikaree formation
includes a bed at its base at many localities, and
deposits of greater or less extent and local occur-
rence at higher levels, notably a 15-foot bed of
pure ash 75 feet above the base of the formation
in the butte 24 miles west-southwest of Larissa,
and an 8foot bed 330 feet above the base in
Wildeat Mountain.

June, 1901.



“é%% U.S.GEOLOGICAL. SURVEY - TOPOBRAPHIC SEEET NEBRASKA

¢, CHARLES D WALCOTT, DIRECTOR SCOTTS BLUFF QUADRANGLE
R.5

FAg 00 R.BE W, 7w, 1 istle Creek, RSS W. 4 w. 103" sgr
42'08) < I > e 2 ; - 4200

\ =

LEGEND

RELIEF
(printed in brown)

T22N. DRAINAGE
(printed in blue,)

Ponds

l

Intermittent
‘ponds

(Goshen Hole,)
(Camp Clarie)

CULTURE {

) corrs BLUTE \ A : L = \ = f S (printed in black)
e Thill| BANNER CO| E NAR R \ ; 2 7 7 N7 > ‘

US.township and |
section lines

County lines |

Township lines ¢

TIB N,

ool - - 41°30"

ety Ghnmars Chief T e ; ; o - H 10757
ienry Gannett, Chief Topographer. ¥

Jno.H.Renshawe, Topographer in charge. Edition-of July 1902.

Control by E-M.Douglas, U.S.Engineer Corps, |
and General Land Office.

Topography by H.BBlair.
BB e eab

41

Contourinterval 20 feet.
Datum is mean selevel.




= U.S.GEOLOGICAL SURVEY AREAL GEOLOBY SHEET NEBRASKA

CHARLES D.WALCOTT, DIRECTOR. SCOTTS BLUFF QUADRANGL
104 00’ 4 W. '03‘:2'000'

LEGEND
SURFICIAL ROCKS

T23N

Dune sand.

Pl oy
e oo

SEDIMENTARY ROCKS

T22N e of Sedimentary.
ockes e S
Piterigat gt

T22N

-
z
i
8 Ogallala
5 formation
& faand and greel
clmented B time)
50 e
w
z
i
o
8 onglomerate
H i
formation
T2IN
T2iN
Gering
formation
(0P sandstone, andy
il congomenat)
N
TR
3 i
g 3
: g
3
H s Brule clay
S 8|t pion
3 S z| EiEmkRel
O | e ok time-
] Stone,mostly cove
8 Batuand wasky
8
3|
G
Chadron
ormation
(aray sand and oty
T.20N Section
rzon r /7
D
40
TioN
TION
TI8 N,
T8N
e 41°30°
30"

Geology by N.H.Darton.
Assisted by C.A fisher
Surveyed in 897 and 1902

Gannett, Chief Topograph
Jno.H.Renshawe, Topographer in charge
Control by E.M.Douglas, U.S.Engineer Corps, H

and General Land Office.
Topography by HBBlair

urveyed in I8

Edition of Aug. 1902.

PLEISTOCENE

NEOCENE

EOCENE



COLUMNAR

ORRINGTON.

Arikaree formation

FI ™ Gray sand with pipe-like coneretions.

GU)
StoNAL

FIGURE 3,
TWO MILES NORTHEAST OF

RE 2.
Burre,

Abrupt chaiige!
werate lenses.

Sand with congle

Conglomerate,
Stratified sand,
Tnconformity.

Gering formation

= vink clay.
Pink olay.

A

Voleanic ash.

Brule clay

FIGURE 8.
SIX MILES SOUTH-SOUTHWEST
oF Gl

FIGURE
NORTH FACE OF 8C0TTS BLurw.

Gray sand with pipe-like coneretions,

brupt change.

aree formation

Sand and pebbles.

Unconformity.
Massive buf sand, .

| Sand, pebbly below, fine above. -
§ vure voleanic ash,

Pebbly sand.

Unconformity.

Pink sandy clay.

o
140

| e
i
.

Pink sand and clny.

Gering
formation

7 Volcanicasn, Conrse sand,

0 2 Voleanto asi,

Pink clay.

Plak elay.

Brule clay

Sandy lens.

FIGURE 13,
TWO AND ONE-HALF MILES SOUTH-
SOUTHWEST OF LARISSA.

FIGURE 12.
THREE MILES SOUTHWEST OF
TLARISSA.

aree formation

Gray sand with pipe-like concretions.
Abrupt change.
Coarse soft sandstone.

- 5 Gray sand.
Gray sand with pipe-ike concretions.

Pinkish sandy clay.

S

ECTION

SCALE: 1 INCH =100 FEET.

(ALTITUDES T ¥RET ON LEFT OF SEOTIONS.)

FIGURE 4.
NEAR MOUTH OF CEDAR CANYON,
8 MILES SOUTHWEST OF GERING.
Ut

Gray sand with pipe-like coneretions.

Pinkish clay.
Pure voicanie ash.

i Gray sand. T

i Tebbly sand.
Massive clayey sand.

Voleanie ash.

FIGURE 0.
SEVEN MILES SOUTH-SOUTHWEST
oF GERING.

Voleanic ash.

4700
Conglomerate.
Gray sand with pipe-like concretions.
Dark-gray sand with band of voleanie
4480 Unconformity.
Pinkish_sandy clay, merging down-
ward into sand and gravel,
440 - —

FIGURE M4,
THREE MILES SOUTH OF
A

Gray sand with pipe-like coneretions.

Conglomerate.

Gray sand with pipe-like coneretions.

5 Abrupt change.

Coarse, b vebbly s

Unconformity.
Sand, fine above, coarse below.

4 Pure voleanic ash.

e - oars
s . Conrse sand.
2
T E Coarse sand and conglomerate.
S5
S Pink clay, very sandy above. Pink clay.
© .
2
2 Voleanic asti.
@

Pink clay.
Voleanie ash.

SCALE: 1 INCH=APPROXIMATELY 150 FEET,

FIGURE 17.
EIGHT MILES SOUTH-SOUTRWEST OF GIERING.

SHEE

FIG 3
AT MOUTH OF CEDAR CANYON,
7 MILES SOUTHWEST OF GERING.

a0

w0

w0

a0

Two MILES WEST

T

DETAILED COLUMNAR SECTIONS IN THE SCOTTS BLUFF QUADRANGLE.

FIGURE 6.
SIX MILES WEST OF GERING,

Gray sand with pipesike coneretions,

iray sand with pipe-like coneretions.

Fine gray sand with fev small con- — Darkgray sand with fow coneretions.
retions. i

No stratigraphic break.
Pink clay.
Pink clay, sandy above,

FIEEHIE, Voleanic ash.

=| Pink clay.

FIGURE 1

0.
SEVEN MILES SOUTH OF GERING.

Gray sand with pipe like concretions.

FIGURE 11,
BUTTE 2} MILES WEST-SOUTH-
WEST OF LARISSA.

Pure voleanic ash.

Unconformity. Gray sand with pipe-like coneretions.

|| Paleaut argilaceous sand. -

Laminated sand.

Ture voleanic ash.

Pink clay.

(TR Voleanic ash.

FIGURE 15. FIGURE 16,
OF Castie CASTLE ROCK, BANNER COUNTY.
RoCK, BANNER COUNTY.

w2
oo
Gray sand with pipe-like concretions.
5 '
Vit clay. Gray sand with pipo-ike concretions.
Stratified gray sand,
Tmpuze voleanic ash,
4 Thin bed of white clay.
Pink clay.
Pinkish.gray sandy  clay, purer
tward the base.
0

F| Voleanic ash.

SKETCH SECTIONS SHOWING VARYING RELATION OF COMGLOMERATE IN ARIKAREE FORMATION.

v, Volcantc ash.

Eb, Brale clay; Ng,

Nar, i g,

N. H. DARTON,
Greologist.



ILLUSTRATION SHEET

U. S. GEOLOGICAL SURVEY NEBRASKA
CHARLES D. WALCOTT, DIRECTOR SCOTTS BLUFF QUADRANGLE

Fia. 19.—SCOTTS BLUFF, SEEN FROM THE NORTH SIDE OF NORTH PLATTE RIVER.

Shows the terrace at the foot of the bluffs, into which the bad lands are cut, and the broad river bottom. Dome Rock is seen on the left.

Fic. 18.—NORTH FACE OF SCOTTS BLUFF.

The upper cliffs are Arikaree formation. The lower slopes and bad lands are
Brule clay.

L i
Fic. 21.—BAD LANDS IN THE BRULE CLAY AT THE FOOT OF SCOTTS BLUFF.

Looking north across North Platte River. Remnants of the terrace plain, into which the bad lands are cut, appear in the foreground.

Fia. 20.—CONGLOMERATE IN ARIKAREE FORMATION.

Three miles southeast of Larissa, Nebr. Shows irregularities of the base of the
conglomerate.

Fic. 22.—~SANDSTONE LENS IN BRULE CLAY. Fia. 28.—DE1,’AILS OF BAD LANDS IN BRULE CLAY AT FOOT OF SCOTTS BLUFF.

Six miles south of Gering, Nebr. Looking north.
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