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‘preparation of a topographie base map. . The

L i g e T

_ue aeological Burvey is making a geologic
map of the United States, which necessitates 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
ceologic 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 distinct 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,
milroads, 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
liorizontal 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 confours, and the uniform vertical space |
between each two contours is called the eontour |
interval. Contours and elevations are printed in
brown.

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

" Fig. 1.—Ideal sketeh and corresponding contonr mag.

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 ol the right a hill rises gradnally, 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
heneath its position - in the sketch, by contonrs.
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
hotween any two eontours are found all elevations
above the lower and below the higher eontour.
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 ap or down from a
numbered contour.

| reentrant angles of ravines, and project in passing | characterigtic delineation of the relief, drainage,
| about prominences,

EXPLANATION.

e —— - -G -

2. Contours define the forms of slopes. Since | the sides and corners of each sheet the names of |
contours are continnous horizontal lines conferm. | m_ljm'f:u_t sheets, if published, are printed. _
ing to the surface of ‘the ground, they wind | = Usesof the topographic sheet.—Within the limits |

smoothly about smooth surfaces, recede into all | of scale the topographic sheet is an accurate and |

The relations of contour | and enlture of the district represented. Viewing |
curves and angles to forms of the landscape can | the landscape, map in hand, every characteristic |
be traced in the map and sketeh. | feature of sufficient magnitude should be recog- |
8. Contours show the approximate grade of | nizable. It should guide the traveler; serve the |
any slope. The vertical space between two con- | investor: or owner who desires to ascertain - the |
tours is the.same, whether they lie along a eliff | position and surroundings of property to be
or on a gentle slope; but to rise a given height | bought or sold; save the engineer prehminary
on a gentle slope one must go farther than on a | surveys in locating roads, railways, and irrigation
steep slope, and therefore contours arve far apart | ditches; provide educational material for schools

| Geological Survey is & feet.

| townships, counties, and States, and artificial
| details, are printed in black.

on gentle slopes and near together on “teep ones.

and homes; and serve many of the purposes of

For a flat or gently undulating country a small | a map for loeal reference..

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 |
This i3 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.
Diainage—~Water courses are indieated 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

Seales.—The area of the United States (exclud-
ing Alaska) is about 3,025,000 square miles. On
a map with the scale of 1 mile to the inch this
would cover 3,025,000 square inches, and to
accommodate it the paper dimensions would need
to be about 240 by 180 feet. Each square mile
of ground surface would be represented by a
square inch of map surface, and one linear mile
on the ground would be represented by a linear
inch on the map. ‘This relation between distance
in nature and eorresponding distance on the map is
ealled the seale of the map. In this case it is “1
mile to an ineh.” 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 gl
Both of these methods are used on the maps of
the Geological Survey. -

Three scales are used on the atlas sheets of
the Geological Burvey; the smallest is g7y, the
intermediate 'y, 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 nearly to 1 square |
mile; on the scale gl to about 4 square miles; |
and on the scale zlo to.about 16 square miles. i
At ‘the bottom of each atlas sheet the seale 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 gystem, 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 gl contains one square degree, i. e., a
degree of latitude by a degree of longitude ; each
sheet on the seale of ;. contains one-quarter of
a square degree; each sheet on a scale of g
containg onesixteenth of a square degree. The

THE GEOLOGIC MAP.

The maps representing areal geology show by

colors and conventional signs, on the topographic |

hase map, the distribution of rock formations on
the surface of the earth, and the structuresection
map shows their underground relations, as far as
known and in such detail as the scale permits.

RINDS OF ROCKS.

Rocks are of many kinds, The original crust

of the earth was probably composed of igneous
rocks, and. all other rocks have been derived from
them in one way or another,
Atmospheric agencies gradually break up igne-
ons rocks, forming superficial, or swrficial, deposits
of clay, sand, and gravel. Deposits of this class
have been formed on land surfaces sinee 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.

Tyneous rocks—These are rocks which have
cooled and consolidated from a liquid state. As
has been prla'mml, sedimentary rocks were
deposited on the original igneous rocks. Through

tion. Further, the structure of the rock may be

'e.i]:mgut.l 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 sen, 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 eonglomerate, 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 Tocks
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 ave 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 Ameriea were
gradually to sink a thousand feet the sen would
flow over the Atlanti¢ coast and the Mississippi
and Ohio valleys from the Gulf of Mexico to the
(ireat Lakes; the Appalachian Mountains would
become an archipelago, and the ocean’s shore
would traverse Wisconsin, Iowa, and Kansas, and
extend thence to Texas. More extensive changes
than this have repeatedly oceurred in the past.

The character of the original sediments may be
changed by chemical and dynamie action =0 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

the igneous and sedimentary rocks of all ages | planes is often produced, which may cross the

molten material has from time to time been forced | original beds or strata at any angle.

Rocks

upward to or near the surface, and there consoli- | divided by such planes are called slates or schists,

dated. When the channels or vents inte which

1 this molten material is forced do not reach. the
| surface, it may consolidate in cracks or fissures
crossing the bedding planes, thus forming dikes, |

or spread out between the strata in large bodies,
called shieets or laceoliths, or form large irregular
cross-cutting masses, called stocks.  Buch rocks are
called dntrusive. 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 voleanic 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

aveas of the corresponding quadrangles are about sedimentary rock it is younger than that rock,
4000, 1000, and 250 square miles, respectively. | and when a sedimentary rock is deposited over
The atlas sheuts, being only parts of one map of | it the igneous rock is the older. '
the United States, are laid out without regard to | Under the influence of dynamic and chemical
the boundary lines of the States, counties, or town- | forces an igneous rock may be metamorphosed.
ships. To euch sheet, and to the quadrangle it | The alteration may involve only a rearrangement
represents, is given the name of some well-known | of its minute particles or it may be accom panied
| town or natural feature within its limits, and at ' by a change in chemical and mineralogic composi-

]

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
genérally 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 atmospherie
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 acenmu-
lations are often washed or blown into valleys or
other depressions, where they lodge and form
deposits that grade into the sedimentary class,
Surficial roeks 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.
spread irregularly over the territory oceupied
by the ice, and form a mixture of clay, pebbles,
and bowlders which is known as ill. It may
oceur as a sheet or be bunched into hills and
ridges, forming moraines, drumling, and other

These are

special forms, Much of this mixed material was

washed away from the ice, assorted by water, and
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DESCRIPTION OF THE CAMP CLARKE QUADRANGLE.

By N. H. Darton.

GEOGRAPHY.

Laosition and extent—The Camp Clarke guad-
rangle embraces the quarter of a square degree
which lies between parallels 41° 30" and 42°
north latitude and meridians 103° and 108° 30/
west longitude. It measures nearly 34.6 miles
from north to south and 25.8 miles from east to
west and covers about 892 square miles, It
includes the mnorthwest corner of Cheyenne
County and the eastern portions of Scotts Bluff
and Banner counties, Nebraska, and is crossed
by the North Platte, which flows from west.

northwest to east-southeast and drains its whole
extent,

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 shal.
low river valleys margined by irregular and often
deeply incised slopes. The topographic features,
however, vary considerably, and it is difficult to
make concise statements that will apply to the
entire province.

The flatness of the plains is due partly to
extensive erosion at a uniform slope, but also to
the great sheet of sedimentary deposits which has
been spread over them. In western Nebraska the

plains rise to altitudes of from 5000 to 5300 feet. i

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 composed largely of widespreand Tertiary
deposits, which were laid down on a relatively
irregular floor of Cretaceons formations, These
deposits cover nearly all of western Nebraska
and extend across eastern Wyoming to the foot
of the Rocky Mountains and throngh western
Kansas, far southward. In valleys eut through
these deposits in Pleistocene time the Cretaceous
rocks are bared, especially in the wide depression
adjoining the Black Hills. Alluvial formations
of moderate extent are spread over the wvalley
bottoms, The smooth, tabular divides of the
Plains in central northwestern Nebraska are
covered for thousands of square miles by wvast
aceumulations of sands, derived largely from the |
loosely bedded members of the Tertiary forma-
tions, 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
Jpuus beds, as the Fyuus fauna is found in this
region,

Local topographic features.—In the Camp Clarke
quadrangle the larger topographic features are
the wide valley of North Platte River; the table-
land surmounted by sand hills to the north;
Pumpkin Creek Valley; the ridge which sepa-
rates this valley from that of the North Platte; |
and the spurs of the tableland on the south, |
which is part of the high plain extending to the
valley of Lodgepole Creek, near the southern bor-
der of the State. The valley of North Platte River
lies from 500 to 600 feet below the general level of
the adjoining highlands, having an altitude of
about 3630 feet on the east and 3815 feet on the
west, with a fall of 6 feet to the mile. Along
the center of the valley there is a level plain on
either side of the river extending from 1 to 2
miles to slopes and low terraces which reach back
several miles farther, to aline of buttes and prom-
ontories rising abruptly to the highland level.
On the northern side of the valley the edge of the
table-land is incised by canyons which head about
10 miles back from the river, The intervening
promontories are steep sided, deeply gullied, and
bounded by cliffs and slopes of bare clays and

aands.

are level or gently undulating areas at altitudes | steep-sided canyons.
varying from 4200 feet on the eastern edge to |

about 4500 feet on the west, and the northwest
corner of the quadrangle includes about 70 square
miles of sand hills, which rise rather abruptly from
10 to 120 feet higher, in zones trending northwest

and southeast, with a width of about 2} miles |

and with irregular margins. They are more or
less widely separated by levelfloored depressions
known as hay valleys, and generally sustain a
growth of coarse grass, but there are many bare
spots from which the sand is blown.

As the ridge between North Platte River and
Pumpkin Creek is high and narrow it is much
eroded, and deep canyons oceur at frequent inter-

beyond attains an altitude of 4400 feet. It is cut
by Birdeage Gap at an altitude of 4028 feet, and,
2% miles farther west, by Redington Gap, at an
altitude of about 4130 feet. West of Redington
Gap its height rapidly increases to over 4500 feet,
which is the average altitude at the western mar-
gin of the quadrangle. Its width increases also,
and a spur extends far northward near the western
margin of Cheyenne County, where it terminates
in Chimney Rock, a very picturesque monolith
that has an altitude of 4242 feet, the more slender
portion of the shaft rising 140 feet above the
sloping base. Westward the ridge consists of a
high backbone with long projecting spurs sepa-
rated by deep canyons, which usually head in gaps,
such as Hubbard Gap, which has an altitude of
4494 feet, and Williams Gap, which reaches 4420
feet. Remnants of the formerly continuous table-
land are preserved in isolated buttes, of which
Sheep Mountain is the largest, while others are

known as Roundtop, Coyote Rock, Steamboat |

Rock, Table Rock, and Castle Rock., Smoke-
stack Rock and the Twin Sisters, illustrated in
figs, 20 and 19, are two of the many picturesque
features which characterize this rugged ridge.
Along the northern edge of the ridge there are
extensive accumulations of sand dunes, which
south of Camp Clarke extend eastward across the
low saddle between Courthouse and Roundhouse
rocks nearly to the mouth of Pumpkin Creek.
Sand hills have also accumulated along the foot
of the spur extending to Chimney Rock and, in
smaller measure, along the ridge terminating at
Castle Rock.

Pumpkin Creek Valley extends across the
southern quarter of the quadrangle just south of
the ridge above deseribed, and empties into North
Platte River a mile above Lapeer. The bottom of
the valley is a level plain varying in width from
a half mile to 13 miles, through which the creek
meanders. On the northern side there are steep
slopes reaching to the foot of a line of eliffs which
extend along the south side of the central ridge.
To the south there is a wide series of terraces and
slopes rising gradually to the foot of the cliffs,
which are aurmouuted by the area of high table-
land. These slopes and terraces are traversed by
shallow valleys containing creeks heading in can-
yons in the tableJand, among which Lawrence
Fork, the largest, heads several miles southwest
of the quadrangle. Greenwood Creek, which
enters Pumpkin Creek near its mouth, rises in
canyons not far south of the southeast corner of
the quadrangle. The projeciions of high table-
land along the south margin present smooth sum-
mits having an altitude of 4300 feet just west of
Greenwood Creek and of 4700 feet in range 54.
At the northern margin of the high table-land

stantly flowing stream which occupies a bed
averaging over a half-mile in width. For a por-
tion of the year the water is several feet deep,
but in summer it dwindles greatly and finally
occupies only shallow channels among sand banks,

For several years a gaging station was main-
tained by the United States Geological Survey at

On the tableland to the north there | there are cliffs and steep slopes and many deep, | one at the head of Chalk Creek, at an altitude of

| 4350 feet, there issues a stream which runs about
Surface waters—The North Platte is a con- | a mile in dry weather; at the head of Hackberry

Camp Clarke, where daily readings were made of |

the river heights from April to October, and |

from these the volume of flow is caleulated. The
averages since June, 1896, are as follows:

Estimated monthly discharge of North Platte River af Camp
Clarke, Nebrashea, 1896 fo 1900,

| vals along its sides. These canyons head abruptly | ———=t FURTE (FISH oo
near the crest of the ridge and leave between Sir __{t_“_lmmﬂ ._._!_“_i"imm Ao |
them little of the high tableland from which the - Yoar. | Sec.-feot. | Year. | i ek, | B Bhil |
ridge was sculptured. The ridge begins in Jail | | ———— o |
Rock and Courthouse Rock, which rise abruptly | | April...........| 1890 | 11,030 | 1808 | &850 ‘
near the mouth of Pumpkin Creek to an altitude ];1“}' """""" iix g‘?x ' ;’;gz 3?;;; | 2::2
of 4000 and 4100 feet respectively. Jail Rock | | Tow | 1s00 | 20500 | 1906 | 170 | 5,056
is shown in fig. 18, To the west the ridge is | | august.. ...... | 1809 | 5,395 | 1908 60| 1,113 |
low and rolling until it rises again abruptly to | | september...... 1809 | 1,858 | 1898 60| 583 |
4255 feet at Roundhouse Rock and still farther | | October.. 13*.:19‘ 1,814 | 1808 | 110 | 094 |

As a large vuluma of water is taken out of the
river at mtewala by the various irrigation 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
volume than that flowing over the surface in the
long period of dry weather.

The various creeks which rise in the canyons
north of the valley do not contain sufficient water
to flow on the surface to the river, except in times
of unusually heavy rainfall.
flowing stream throughout the year, having in
summer a volume of about 20 second-feet,

south, in times of precipitation, it receives over-
flow from Lawrence Fork, Greenwood Creek, and
some other small streams. Lawrence Fork and
Greenwood Creek are flowing streams for portions
of their courses, but the water sinks near their
mouths. Doubtless some of it reaches Pumpkin
Creek as underflow, a phenomenon which is
general throughout those larger valleys of the
region that contain considerable accumulation of
coarse materials through which waters can readily
percolate.

It has |
no flowing branches on the north, but on the |

Creek there are several springs at an altitude of
4400 feet which furnish water for a stream that
usually flows to the mouth of the canyon; at the
head of Middle Creek there are similar springs at
an altitude of 4100 feet; and on the East Fork of
Middle Creek are Dugger Springs, at an altitude
of 4040 feet. In dry weather Middle Creek has
no surface flow for several miles, but the waters
emerge from the valley gravel at an altitude of
3830 feet, with considerable volume, and sink
within the next mile.

Along Pumpkin Creek there are several springs
due to seepage of water from beneath the valley
filling, Greenwood Creek heads in springs of
considerable size, of which the flow extends far
across township 18. Along the north face of the

| ridge lying between Pumpkin Creek and Platte

Valley there are several small springs in the
deeper canyons, and there are small seeps of water
at some points in canyons along the south side of
this ridge.

Timber.—This region contains but little timber,
but there is a sufficient supply for local use. On
the ridge extending west from Redington Gap
are scattered pine trees of moderate size, and
there are also a few pines on the slopes ascending
to the high table at the southern margin of the
quadrangle. This tree is the Rocky Mountain
pine (Pinus ponderosa), and it attains a diameter
of from 1 to 2 feet where the conditions are most
favorable. A moderate number of young pines
start at some localities on the ridges, but few of
them attain maturity. The zone of cottonwoods,
s0 characteristic of most western streams, is
absent along North Platte River, and there are
only a few small trees and bushes; but the valley

' of Pumpkin Creek contains cottonwoods in some
Pumpkin Creek is a |

places. The principal deciduous growths are
found in some of the ravines, where they com-
prise eottonwood, box elder, wild plum, and a few
other varieties. The largest number are on Law-
rence Fork; there are a few on Greenwood Creek,
and seattered clumps are found in several of the
ravines.

Climate—Western Nebraska has a climate of
typical Plains character. It is dry and hot in
summer, moderately moist in late spring, and cold
with a little snow in winter. There is consider-

| able ?al'iabilitjr 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

Tabls of average rainfall in western Nebraska, 1886 fo 1397,

[In inches.]
_____ : R T T
| Momth | 1686, | 1887, l 1888, | 18890, | 1880, | 1891, | 1808, | 1898, | 1804, | 1906, | 16800, ] 1807.
TRy . . T T s G O { 0.50 | 1.88 ' 1.06 | 1.00 | 0.83 | 1.48 | 1920 | 1.10 ( 1.10 | 1.00 | 1.00 | 1.70
el o A SRRl T e L | 1.00 | 1.50 [ 1.3 [ 1.00 | 1.00 | 1.17 | 1.08 | 1.90 | 1.95 | 1.95 [ 1.00 | 1.5
Bl - e PR S | 1.00 | 1.00 | 1.93 | 1.8 | 1.25 1.66 | 1.00 | 1.50 | 1.85 | 1.75 | 2.20 | 2,00
Al oo, . o m L ek GO SN S L 1.89 | 2.00 | 1.25 | 2.38 | 2.25 | 1.66 | 4.00 | 1.40 | 800 | 2.00 | 2.00 | 1.80 L|
11 h Sl Rl L e BT 1.92 |3 66| 5.50 | 2.66 [ 2.00 [ 3.00 | 2.60 [ 1.25 | 2.40 | 2.50 | 3.00 | 8.20 |
A, St AL R e e ST e b 2.58 | 2.00 | 2.75 | 3.00 | 2.00 | 3.80 . 5.30 | 1.75 | 2.66 | 3.80 | 3.95 | 9.40
A1 E S SRS R T e 1 i | cisessescasa| 8.00 | 2.6 | 2.50 | 2.75 | 2.50 | 8.88 | 1.75 | 1.20 | 2.8 | 1.80 | 2.40 | 3.50 g
ANgust ... taas e s e ST [ B.B8 | 2.85 | 2.40] 1.79 | 2.00 | 2.00 [ 1.80 | 1.88 | 1.00 | 1.00 | 3.60" |
| Beptember ..........coc coriircvccannionmanal 1.88 | .87 | 050 | 1.00 | 0.6 | 1.50 | 1.25 1.00 | 1.95 | 1.20 | 2.20 | 1.9
| Ootober.......oovvevviaernunrnennsnsernansa 1,25 | 5,00 1.00 | 1.50 | 1.00 | 0.88 | 4.00 [ 1.83 | 1.50 | 0.80 | 1.00 | 1.25
November ...........ccovvevinencrennnnieas | 3.58 18,00 [ 1.00 0.80 | 1.60 [ 1.17 | 1.00 | 1.25 | 1.00 | 1.00 | 1.00 | 1.20
i g1 O L T L e | 1.88 | 1.00 | 0.94 | 1.19 | 1.00 | 1.16 | 1.00 | 1.00 | 1.12 | 0.00 | 0.50 | 1.40
1 | |

Springs—In the canyons, particularly north of | gives average monthly rainfall from 1886 to 1897,
the river and south of Pumpkin Creek, there are | calculated from observations made at Kimball,

many small springs. Near the forks of Indian
Creek, at an altitude of about 8960 feet, the
water comes out of the bottom of the valley in
small seeps, and, giving rise to pools, flows a few
miles down the valley, where it sinks in the sands.
On Red Willow Creek and in West Water Canyon

there are similar eonditions at an altitude of 4100 |

Fort Sidney, Alliance, Gering, Fort Robinson,
and Hay Springs, Nebr.

GEOLOGY.
STRATIGRAPHY.

The formations appearing at the surface in the

feet, and in the canyons at the foot of the table- | Camp Clarke quadrangle are clays, sands, soft
land near the southern margin of the quadrangle | sandstone, caleareous grits, voleanic ash, and mix-

there are spriugs of econsiderable volume,

From | tures of sand and gravel.

They are all of

%



sedimentary origin—that is, they were deposited
by water, except some dunes of blown sand. In
greater part they are in sheets lying one above
another, and having a general downward slope to
the east. The valleys being eut through or into
them, the outlines of the remaining masses are
more or less complex, but the order of super-
position is regular. In the valleys there are thin
sheets of materials brought by the streams and
spread over the eroded surfaces of the older for-
mations, and on the uplands there are extensive
areas of wind-blown sands, forming dunes. The
formations are of relatively modern geologic age,
the earliest being of the Oligocene epoch of the
Eocene period. The general structural relations
are shown in the section forming fig. 1, and the

2

to be distinetly recognizable. The upper bed is, | been distinguished as the Gering formation. It is | formation, and a short distance above are fwo

however, often quite pure, and has a thickness
varying from 6 to 12 feet. It is particularly well
exposed near Chimney Rock, and also near Castle
and Smokestack rocks, and is shown in fig. 23.
Under the microscope the volcanic 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 voleanoes probably in the
Rocky Mountain region, earried far by wind, and
probably deposited directly in water where the
Brule clay was 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,

 locally reaches 200 feet—it appears to be absent

separated from the Brule clay by a distinct ero-
gional unconformity, but appears to merge upward
into the Arikaree formation, through a few feet
of passage beds. Though a prominent feature in.|

the ridge extending west from Jail Rock—where |

it has an average thickness of about 125 feet and

north of the river and in the edge of the table-
land south of Pumpkin Creek. In the vicinity of
Chimney Rock, of which it constitutes the spire,
the formation has a thickness of 145 feet, and it is
over 100 feet thick in Courthouse Rock and in the |
vicinity of Birdeage Gap and Redington Gap.
In the canyons north of Freeport it is not well

characterized, either thinning out or assuming the

thin beds containing voleanic ash. A view of
Chimney Rock is given in fig. 23, and its strati-
graphic relations are shown in fig. 8. Southwest
of Chimney Rock the Gering formation is much
thinner, but it continues to present its character-
istic features as shown in figs. 9 and 10, and the
two members are well characterized as far as the
east slope of Sheep Mountain (see fig. 10). In
places along the south side of this butte the basal
member of the Gering formation is not distinetly
separable. At the curiously seulptured Twin
Sisters the unconformity at the top of the Brule
clay is finely exhibited, as shown in fig. 19, the
Gering formation, consisting of coarse sands and
soft sandstones, merging upward into a 6-foot bed

accompanying table gives the formations in the
order of their age, with a brief statement of their
general character and thickness.

It will be seen from the section (fig. 1) that the
formations lie in widely extended sheets, but
there are certain local variations in the order and
thickness of some of the deposits. There is a
general basement of Brule clay which is several
hundred feet thick and apparently has not been
ent through by the deepest valleys, and on its
surface lies a lensshaped mass of sands and soft
sandstone of the Gering formation, which is most
extensively developed in the ridge lying between
Pumpkin Creek and North Platte River. Next
above comes the Arvikaree formation, which
occupies the high platean north of the Platte and
eonstitutes the greater part of the bare slopes of
the ridge south of that stream. This formation
thins to the south and southeast along the upland |
_south of Pumpkin Creek Valley, where it is capped |

Ho, Ogallala formation; Nar, Arikares formation; g, Gering formation; Eb, Brule clay; Ee, Chadron formation,
Horizontal scale, 1 inch = 3 miles ; vortical seals, 1 inch = 2000 feet, approximately, Natoral profile is shown in shaded drawing below section.

The wide valleys of North Platte River and
Pumpkin Creek are excavated in the Brule for-
mation, but along their lower terraces the clay is
usually overlain by alluvial deposits, and in gentle
slopes it is also extensively hidden by a wide-
spread wash from the eliffs. At intervals, how-
ever, there are gullies which expose the formation,

 and along the higher ridges there aré many eliffs

in which its upper beds may be seen. This is
notably the case on both sides of the high ridge
lying between Pumpkin Creek and North Platte
River, about Courthouse Rock and Jail Rock, and
from Roundhouse Rock westward to Castle Rock.
The only exposure occurring by the river is just
south of Bayard, where it constitutes a low ridge
of typical flesh-colored sandy clay rising along the
south bank.

Owing to its softness and homogeneous strue-
ture the Brule elay, where exposed to erosion on
steep slopes, is senlptured into badlands, such as

Table of geologic formations in the Camp Clarke guadrangle.

Arikaree formation. ........e00:s
Neocens. .
Miocene. . . -i

Gering formation..........c00...

Eocene... Oligocene... Brala alay. . op o iiieiinania.

Ago. Namas. Predominating cliaracters, Thickmess, !
pelt LR Sty b s ==
|' Dopesand.........cooveeeeinnss | Loose, light-gray sand........coooviiiiiaiinannis 0-100
Plelstocene. .. ..v..oues < | Allnvium....ocvveereisnnnsneo-| Sand and loam, pebbly in places................. 20-80
|_ . Upland gravels, sand, and loam. .| Gravels, loams, and sands. . ..........ooo00ieen 40 !
Pliccena ?...| Ogallala formation .............. '

Caleareous grit, sandy clay, and conglomerate....| 0-100 ‘

Gray sand, with beds of pipy concretions; con-
tains much voleanie ash and several old chan-
nels filled with conglomerate................... 0-860

Coarse sands, soft sandstone, and conglomerate..| 0-200 |
Pinkish clays, hard, massive, and more or less |

by the Ogallala formation, which to the east over-
laps on the Brule clay beyond a wedge of the
Arikaree formation that thickens westward.
Apparently also the Ogallala caps some of the
higher summits north of the valley of Pumpkin
Creek. The Pleistocene deposits in the larger
valleys lie on the bottom lands and terraces. The
latter contain much coarse material, and the more
recent alluvium along the streams consists mainly
of fine silts or sands and loams. The dune
sands constitute the sand hills in the northeast
corner of the quadrangle, are banked against the
north slopes of the ridge south of the river, and
oceur at intervals along Pumpkin Creek Valley.

FOOENE PERIOD.

OLIGOCENE EPOCH.

Brule clay.—The entire area of the Camp
Clarke quadrangle is underlain by the Brule clay,
which extends under a wide area of western
Nebraska and the adjoining regions. In its typi-
cal development it is a pale-buff or flesh-colored
sandy clay of compact texture and massive struc-
ture, called “hardpan” locally, and in exceptional
cases contains thin beds of sand and conglomerate
of limited extent. About 350 feet of this clay
is exposed in the slopes of North Platte Valley,
and it may extend somewhat deeper below the
surface. In its upper portion are two beds of
volecanic sand and dust called “wvolcanic ash,”
which vary much in purity, especially the lower
one, which is often so intermixed with silt as not

may be seen in miniature on the lower slopes of
Jail Rock (illustrated in fig. 18), in Birdeage Gap,
notably on the eastern slope, at Redington Gap,
and in places about Chimney Rock and Castle
Rock. Roundtop, Sheep Mountain, and the out-
lying buttes and cliffs exhibit extensive outcrops,
and Steamboat and Table rocks consist entirely
of the formation. In some of the deeper hollows
east of Chimney Rock and Castle Rock local
streaks of conglomerate oceur in it about 250 feet
below its top. These consist of a mixture of
coarse, gray sand and flesh-colored clay pebbles and
fragments which may possibly belong to the top
of the underlying Chadron formation. The Brule
clay appears frequently in slopes and canyons in
the esearpment north of the river and in the cliffs
below the edge of the table-land along the southern
side of the gquadrangle. Fossil bones of various
mammals and turtles characteristic of the Oligo-
cene oceur occasionally in the Brule clay. The
principal species collected were Merycoidodon
(Oreodon) gratilis, M. culbertsoni, Poébrotherium
wilsoni, Elotherium mortoni, Hyracodon nebras-
kensis, Leptomeryx evansi, Miohippus bairdi,
Ceenopus occidentalis, and Stylemys. These fossils
were determined by F. A. Lueas of the National
MIIEHHI'II.

NEOOENE PERIOD.

(fering formation—Overlying the Brule clay,
in a portion of the quadrangle, there iz a layer of
coarse sand, often containing pebbles, which has

character of the Arikaree formation, so that it is
not distinetive in appearance. North of North
Platte River and south of Pumpkin Valley it is
not recognized, but possibly it is there represented

 either by clayey members not distinguishable from |

the Brule clay, or by fine sand, with concretions,
resembling the Arikaree beds. _
The Gering formation presents many local vari- |
ations in its components, but in general it consists
of laminated, massive, and ecross-hedded, light- |
gray, mainly coarse sands and soft sandstone, It |
often comprises two members more or less sepa- |
rated by erosional unconformity. At the base |
there is more or less conglomerate of loeal origin,
and in some cases where the formation is thought
to be absent there is seen o be unconformity
between the Arikaree beds and the Brule clay.
Beginning at Jail Rock there are extensive
exposures of these features at frequent intervals
westward to the vieinity of the Twin Sisters. At
Courthouse Rock the relations shown in fig. 2
are presented. At an altitude of 8940 feet the
distinetive Brule clay is unconformably overlain
by the Gering formation, which apparently com-
prises two members, separated by marked uncon-
formity by erosion, each containing basal coarse
beds with local conglomerate, and merge upward
into sand and finally into sandy clay, the total
thickness being 110 feet. Characteristic Arikaree
formation caps Courthouse Rock, beginning
abruptly, but without apparent unconformity to
the underlying Gering sandstone. Jail Rock, |
shown in fig. 18, is capped by the Gering forma-
tion. At Birdeage Gap the two members of this
formation present about the same relations, shown
in fig. 3, but they have somewhat greater thick-
ness. A view of the exposure at Birdeage Gap,
where the unconformity between the Brule clay
and the Gering formation is very marked, is given
in fig. 21. At Redington Gap the two members
of the Gering formation are not distinguishable,
and the total thickness is less than it is to the east.
A loeal bed of voleanic ash 5 feet thick appears
to mark the top of the formation. The prineipal
features are shown in fig. 4. Four miles south-
east of Chimney Rock is found the section shown :
in fig. 5, the Gering formation here presenting the
usual basal beds of coarse material lying uncon- |
formably on the Brule clay (see fig. 17). The
change to the Arikaree formation above is abrupt,
but is not marked by any unconformity. Farther
north, toward Chimney Rock, are presented the
features shown in figs. 6 and 7. The thickness of
the Gering formation here averages only 125 feet,
and there is much local variation in stratigraphy.
Coarse basal beds are found exposed lying uncon- |
formably on the Brule clay. A thin local bed of
voleanic ash is conspicuous in some places. |
Chimney Rock consists of a spire of the Gering
formation rising from a conical hill of Brule clay.
The material is a gray, thinly bedded, soft sand-
stone with slightly coarser material at its base.
The unconformable contact with the Brule clay is
at an altitude of 4100 feet, and is marked by |
considerable carbonaceous material, strongly sug-
gestive of an old soil. At an altitude of 4135

feet there is a faint unconformity in the Gering

of pinkish sandy elay, at the top of which there
is a moderately sharp break, followed by an
upper member of gray sand which constitutes the
head and shoulders of the “Sisters,” The Gering
formation appears to be absent at the Smokestack
and at Roundtop, Coyote Hill, and Castle Rock.

| In Castle Rock, shown in fig. 11, the Brule clay

becomes sandy in its upper portion, but presents
no suggestion of stratigraphic break until the
base of the well-characterized Arikaree deposits
is reached, at an altitude of 4340 feet, where
there is an unconformity marked by a bed of
white clay a foot thick lying on a carbonaceons
surface strongly suggestive of old soil, from which
it might be inferred that there was a land surface
here while the Gering formation was being depos-
ited to the south. .

Fossil bones oceur oceasionally in the Gering
formation and are believed to represent a fauna
of early Miocene age. The species collected com-
prise Deinictis major, Merycocharus rusticus, Lep-
tauchenia decora, L. nitida, Aceratherium platy-
cephalum and rhinoceros, according to determina-
tions by F. A. Lucas of the National Museum.

Avrikaree formation—The Arikaree formation
occupies the wide, high plain north of Platte
River, the crest of the ridge extending west from
Roundhouse Rock, and the summit of Courthouse
Rock. A thin layer of it appears also beneath
the Ogallala formation in the edge of the high
table-land in the sonthwest corner of the quad-
rangle. The formation consists mainly of fine

| sand characterized by ineluded layers of hard, fine-

grained, dark-gray concretions, often consisting of
long, irregularly eylindrical or pipe-shaped masses,
which for convenience have been called “pipy
concretions.” They vary in diameter from a few
inches to several feet, but from 10 to 15 inches is
a fair average, and their longer axes trend east-
northeast and west-southwest with surprising
regularity. They occur often in groups many
yards in extent. The sands of the Ankaree for-
mation, which are uniformly light gray and in
some layers are argillaceous, vary in texture from
loose to moderately compact, but, owing to the
presence of the hard coneretions, the formation
generally gives rise to ridges of considerable
prominence. It lies on the Gering formation in

' the ridge extending west from Roundhouse Rock,

and on Courthouse Rock, but north of Platte
River, south of Pumpkin Valley, and in the ridge
and knobs north of Smokestack Rock it appears
to rest immediately on the surface of 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, mas-
sive Arikaree sand containing the “pipy” con
cretions. There is a possibility that the Gering
formation is part of early Arikaree deposits which
were laid down along the course of the channel
of a stream or locally strong eurrent. In the
areas in which the Arikaree formation appears to
lie directly on the Brule clay there is usually
only a faint suggestion of erosional unconformity

' between the two formations, or simply a very

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. Fig. 12 shows the
relations usually presented in exposures along
the northern side of Platte Valley. In the high
table-land north of North Platte River, where its
surface has been more or less eroded, the Arikaree
formation has a thickness of about 300 feet: in
the region extending west from Roundhounse Rock
about the same thickness remains; but south of
Pumpkin Valley, in the southwestern corner of
the yuadrangle, the formation is thinned to a few
feet (see fig. 13). Kast from the boundary line
between Cheyenne and Banner counties it is
absent, the Ogallala formation resting directly on
the Brule clay, except locally in the region south-
east of Langs Point, where there dre a few thin
outlying lenses of the Arikaree formation, one of
which 1s shown in fig. 15. At Smokestack Rock
and in the adjoining ridge the Arikaree forma-
tion, 30 or 40 feet above its base, includes a bed
of coarse conglomerate marking the course of an
old stream channel. An outlier about 20 feet
thick gives rise to Smokestack Rock, shown in
fig. 20, and on the ridge farther west there are
several other detached masses, parts of a series
extending from the Scotts Bluff quadrangle. The
conglomerate consists of pebbles and bowlders of
gray sandstone, generally firmly cemented by a
siliceous matrix. The Arikaree deposits contain
a large amount of voleanic ash, mainly as an
admixture in the sand. The fossils are fresh-
water mollusks and several species of vertebrate
remains which are regarded as of Miocene age,
Damoneliz fibers (fossil plants) oceur at various
points in the soft sandstone of the formation, but
none of the large corkscrew forms, such as oceur
on the northern face of Pine Ridge, have been
observed.

Ogailala formation.—The Ogallala formation
is the uppermost Tertiary deposit of this region.
It covers a wide area in southern Nebraska, but
reaches only a short distance into the Camp
Clarke quadrangle, eapping the tableland lying
south of Pumpkin Valley, and resting on the
Arikaree formation to the west and the Brule
clay to the east. The material in general is an
impure caleareous grit or sand, cemented with car-
honate of lime, but at the base there are often beds
of conglomerate with pebbles of gray sandstone
or limestone, and throughout the mass are thin
ledges of sandstone, streaks of pebbly sand, and
scattered pebbles of crystalline rocks, apparently
from the Rocky Mountains, Some of the softer
intercalated sandy beds are light pinkish, the
harder caleareous beds are of white or cream
color, and high cliffs of the formation at the
margin of the table-land south of Pumpkin Valley
consgist of a white grit rock and conglomerate. At
Langs Point the conglomerate lies unconformably
on the Brule clay (see fig. 14), and a typieal
exposure of this contact at a point 10 miles east-
ward is shown in fig. 16. There are some small
outliers of ealcareous grit on the top of the high
ridge at the head of Logan Canyon, which prob.
ably represent the Ogallala formation, but there
is no definite evidence of their identity.

PLEISTOOENE PERIOD.

Alluvial deposits.—On the lower slopes adjacent
to North Platte River and along other streams
there has been deposited a greater or less amount
of material brought by them from the higher
lands. The lower part of the valley occupied by
the North Platte is deeply filled with alluvium,
which forms a flood plain about 3 miles wide, to
which the river adds at every freshet, and which
consists mainly of sandy loams with occasional
coarse constituents. On some of the higher ter-

races is found a mantle of sand and gravel, shown |

as “upland gravel and sand ” on the geologic map,
which were deposited when the river channel was
not go deeply cut as it now is, and which contain
many pebbles and bowlders from the Rocky
Mountains, comprising granite of various kinds,
quartzites, chalcedonic veinstones, and a small
variety of basic igneous rocks. Varying in size
from coarse sand to moderately large bowlders, the
coarser deposits give rise to long, narrow ridges or
lines of knobs, while the materials of intermediate
coarseness cover terraces which in some cases
extend back from the river bottom for several
miles, as is the case north of Bayard. In the valley
Camp Clarke,
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of Pumpkin Creek there is a similar sequence of
alluvial deposits, one series of fine-grained mate-
rials of recent origin extending along the lower
part of the valley, and higher terraces south of
the creek being mantled by coarser material,
similar to that oceurring in the higher terraces of
the valley of North Platte River.

On the plateau at the head of Dugout and
Bratton creeks, at an altitude of over 4300 feet,
there is a small area of gravel of unknown age
but supposed to be of earlier Pleistocene. It is
overlain by dune sand, and presents no evidence
as to 1ts age or history.

Sand dunes.—Sand dunes are a conspicuous
feature in the Camp Clarke quadrangle. There is
a large accumulation of them on the summit of
the high plain in the northeastern corner of the
quadrangle; they occur in an extensive belt along
the south side of Platte Valley; in some places
they reach up to the base of the steep slope of the
ridge west of Courthouse and Roundhouse rocks;
and sand hills are scattered in Pumpkin Valley.
They are of recent origin, and much of the mate-
rial is still loose and travels with the wind, On
the plateau the sand is derived either entirely
from the Arikaree formation or in part also from
a deposit of later age. South of North Platte
River it has been blown out, mainly from the
alluvial flats along the river, and ecarried south.
eastward by the prevailing strong northwestern
winds, and in Pumpkin Valley it has been derived
from local sources, Moving over the surface of
the ground the sand lodges against obstructions,
and there builds up dunes of greater or less
Blze, '

UNDERGROUND FORMATIONS.

There are no deep borings in the Camp Clarke
quadrangle to indicate the nature of the forma-
tions underlying the Brule clay, but from an
examination of surrounding districts the principal
features of these formations have been ascertained.
They constitute a series of nearly level sheets of
sedimentary deposits several thousand feet thick,
lying on a floor of granite or metamorphic rocks.
The district is in a 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 uncer-
tainty as to the precise thickness and succession
of some of the beds. Next below the Brule clay
is the Chadron formation, the top of which is not
far underground along North Platte Valley. The
sands of this formation are light gray or greenish
gray, and vary from coarse to fine, merging into
clays in some of the beds. Their thickness is
about 100 feet in the region north and west, but,
as they thin to the southeastward, they may
be much less than 100 feet thick in the south-
eastern part of the quadrangle, The eastern edge
of the Laramie formation probably extends into
and may extend across the quadrangle under the
Chadron formation, for it is known to underlie
the greater part of the Scotts Bluff quadrangle.
It consists of soft, yellowish, or light-greenish
sandstones and gray clays, with occasional thin
beds of coal. Its thickness can not be estimated
closely, but it is probably not over 200 or 300
feet thick. There is no question that the quad-
rangle is underlain by the next succeeding for-
mation, the Pierre shale, for the formation is
known to underlie all of western Nebraska, north-
western 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 pene-
trate 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 Tnocer-
amus labiatus. Next below is the Dakota sand-
stone and possibly the underlying Lakota sand-
stone, several hundred feet of coarse gray to buff
sandstones which carry water available for arte-
sian wells. The depth of this sandstone in North
Platte Valley is probably about 2000 feet, but it

may be considerably more. In eastern Nebraska
the Dakota sandstone lies on Carboniferous lime-
stones, but in the Black Hills and Rocky Moun-
tains it is separated by eclays 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 doubtless have a thickness of several
hundred feet under the Camp Clarke quadrangle,
and are separated from granites or other old
crystalline rocks by a sheet of sandstones 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 regions where all the beds are uplifted
and exposed at the surface. There were undoubt-
edly many marine 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 ecrystalline 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
region presents a seanty 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 deep-red 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 chemieal 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
suspended, a condition 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 for some distance over
the northwest corner of Nebraska. The eondi-
tions varied somewhat from shallow to deep
waters, but marine waters prevailed. The mate-
rials are nearly all fine grained and indicate
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
produet 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 sue-
ceeded by a period of shallower waters with shore
conditions and strong eurrents, 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
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 elay
beds, and resulted in extensive bodies of brackish
waters, and then of fresh waters, which deposited
the sands, elays, 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 eonjectured.

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 Kocene 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

central Great Plains region; these, with frequently |

varying channels and extensive local lakes, due to
damming and the sluggish flow of the waters, laid

White River deposits. These begin with the
sands of the Chadron formation, which show

| deposition and erosion, first in the north and next
'in the south, were undoubtedly determined by
down the widespread mantle of Oligocene or

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 Coio-
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 eurrents were less |

strong and local lakes and slack-water overflows |

were more extensive. The Brule clay which

| age.

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 one of the stream
channels 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
sheet which in some portions of the area attained

a thickness of 1000 feet.

of the Laramie Range.

This is the Arikaree | removed, and now their nor thEI n edge is presented
formation, and it buried some of the lower ranges | toward tlmt uplift in the great escarpment of Pine
of the uplifts, as shown by its high altitude on | Ridge. Farther south, across Nebraska, Colorado,
the slopes of Rawhide Butte and along the front | Kansas, and T exas, the High Plains present wide |

4

The deposition at this time appears to have |
been mainly in the southern region above
deseribed, erosion probably predominating in the
distriet l}fing farther north.

These alternating conditions of later Tertiary

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-

During the early portion of the Pleistocene
period there was uplift and increased preeip-
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- |
derful smoothness, mantled mostly by the Arik- |
aree to the north and by the Ogallala and
possibly some later deposits to the south, the
product of later Tertiary deposition. As the
Black Hills dome rose somewhat higher than
the general uplift, there was deep erosion around |
it, so that the IIigh Plains, whatever their extent
may have been in that region, were largely

eroded since the time of its deposition that we du Pleistocene time have cut into them deep]y and |

not know its original extent, but doubtless it | removed them widely.

Erogion is still in prog- |

| springs which flow out in the eanyons,

ECONOMIC GEOLOGY.
UNDERGROUND WATERS.

The prineipal supplies of underground waters
in this region are in the lower portion of the
Arikaree and Ogallala formations on the high
tablelands, and in the alluvial deposits in the
valleys, especially in the wide bottom lands along
North Platte River. On the extensive valley
slopes the amount varies greatly, and it 1s seldom
large, though many of the smaller depressions
contain shallow deposits of loose material in
which more or less water accumulates, and addi-
tional supplies are often obtainable from crevices
in the elays below. The slopes of Brule clay are
particularly barren of water. On the broad bot-
tom lands adjoining North Platte River there are
numerous wells, varying in depth from 15 to 80
feet in greater part, the shallower wells usually
being nearer the river. The available amount of
water varies somewhat, but it is nearly always
adequate for domestic nse, It is of fair quality,
but in places there is considerable alkali in the
shallower well waters. In Pumpkin Valley wells
sunk at frequent intervals have usually reached
moderate supplies of fairly good water at depths
of from 20 to 40 feet.

The high tableland north of North Platte
Valley is sparsely settled, but there are wells
which indicate the existence of water in the lower
portion of the Arikaree sands at depths of from
100 to 200 feet—or at about the level of the
Similar
conditions exist in the high tableland south of
Pumpkin Valley, where water is found at the
base of the Arikaree or Ogallala formations, at
depths of from 200 to 300 feet. The quality of
these high table-land waters is excellent and the
volume is usually large. Both the Arikaree and

' Ogallala formations are of such porous nature

that they colleet much water from the rainfall,
and this water sinks to the lower beds, the out-
crops of which in the canyons are usually marked
by occasional springs, some of which yield a
moderately large volume of water. Some notable
springs from thw source are Duggers Springs and

those at the head of Chalk, Hae ‘kberry, Red

It has been so widely | areas of tabular surface, but the streams of | Willow, and Indian creeks.

No attempts have been made to bore throungh
| the Brule clay in this portion of North Platte

covered most of the central Plains far to the | ress, especially in the smaller streams, where the | Valley to reach the Laramie sandstones which

east. It was followed by uplift and erosion,

erosion which removed the Arikaree and parts | | load; but in the larger streams the valleys are | might furnish artesian flows,

of underlying formations from the south and |
' the volume of water is not adequate to carry away :
the waste from the adjoining slopes. Without

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.

| water has sufficient declivity to carry away its

bmldmg up, as in the later Tertiary periods, for |

further uplift the valleys will in this way be |
filled, the streams will again wander over ﬂlel
ﬂwuiea, and the Great Pl[l.][lb will receive a new | |
mantle similar to those of whose remnants they
consist, |

may possibly lie at no very great depth and which
It is probable also
| that the Dakota sandstone is within reach of the
well borer, and possibly it would furnish flowing
| water in ]mwe amount and of good quality. Its
depth can Jmt be estimated accurately, for the
overlying formations 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 almost cer-

tainly 2000 feet thick and possibly considerably
more. The shales are difficult to penetrate, owing
to their softness and plasticity, and necessitate
experienced well borers, heavy casing, and occa-
sional diminution in size of casing as the depth
inereases.

IRRIGATION.

In this quadrangle there is considerable acreage
under cultivation with the aid of irrigation.
There are extensive canals along the valley of
North Platte River, and there is a small diteh out
of Pumpkin Creek. 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 farming are most encouraging. At
present nearly all of the wide alluvial flat along
North Platte River is provided with water by the
Bayard and Browns Creek canals on the north
side of the river, and the Castle Rock, Chimney
Roek, and Belmont canals on the south side of the
river, an acreage of about 90 square miles, only
a small portion of which is now being farmed.
The soils of the valley are usnally thick and rich,
and, although somewhat alkaline, respond satis-
factorily 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 vegetables are also
irrigated extensively. The yield per acre of crops
under irrigation is somewhat variable. Wheat
usually harvests from 30 to 40 bushels per acre;
potatoes, 150 to 200 bushels; and hay, 1} tons.
Alfalfa yields 2 toms to the cutting and is eut
three times each season.

The cost of irrigation varies mostly from 30 to
75 cents an acre; the average obtained from 7500
acres is 40 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 voleanic ash in this region may possibly
be of value at some time. The upper bed in the
Brule clay, extending from Chimney Rock to Cas-
tle Rock, is the largest and most accessible deposit
and' it would furnish a large supply of excellent
ash. Other local beds often occur in the Gering
and Arikaree formations at various points.

GOLID,

Traces of fine-grained placer gold have been
reported in the gravels on the wide upper terrace
north of Bayard, but the amount obtained has
been too small to sustain the hope that the
deposits may prove valuable.

June, 1901.
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COLUMNAR SECTION SHEET

Arikares formation

Gering formation

Brule clay

Arikaree formation

Garing formation

Brule clay

Arikaree formation

Brule clay

DETAILED COLUMMAR SECTIONS IN

THE CAMP CLARKE QUADRANGLE.

SCALE: 1 INCH= 100 FEET,
(ALTITUDES IN FEET 0N LEFT OF SECTIONS.)
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Cumuxey Rock. THREE AND ONE-HALF MILES FIGURE 11.
o - v BOUTHWEST OF CHINKEY RO, Gy samil with pipe-like coperetions CusTLE ROCH. .
s e o e T
T b= \bFpd aha e
- oAbl ehinge. b L Giray sand with plpe-like comoretions. iy
=
T Abriagt ehinge.
Gy samidstone. s e e Transition zone ;
| Gy sl e i
J TRY-Ta g, A ;;1_.___1 Gray sand with dark-geay pipe-like
Yaloanle ash. o e T
Volosnle nah [ Ei Lneon formity. i dotiis: - &
Voleando aslh, : Pinkish-gray snd. ; oo -
Al | sand and gravel, QoL Pinkish sand. =
T q12s meo formify, LT formif. e [T v e T L foimi (. 3 ﬂhr!.mﬂ}a m:l\rd L
Fink clay. ik elay, Fink clay,
Fink elny.
C Voleanie ash.
Pink elay, sandy abarve,
Pink elny.
Sand.
Voleanie ael,
s
FIGURE 12
West or Winnmorse CAXVOR. Lecal sand bed in clay.
L]
FIGURE 4.
Laxos Poms.
("—w Pink pebldy grit.
| Softer pebiily grit.
FIGURE 13,
EmgT MILES WEST OF 4 e
Lazas T'omT, o Calearsons i,
=
o
N g £ Piniklsh sand with pobhies at ke, FIGURE 15.
L alearsous 5 Fiv
2 y IVE MILES EAST OF
4550 ‘@f"l"' chinge, '; A0 Lwas Poist.
P = Caleareons grit.
Fotg :u Fink pelhly grit.
ey = g
Palebaffarrmy sand with pipe-like Calearecan grit. FIGURE 16,
o ey White grit and sand, conglomente o A
o Bt
=1 Gt and aand, songlomarbs ab bass, Tk i PO
~) A —Unean form iy,

= brupd ehiage.

L e
T

| Pink sandy alay.

Gmy sand with pipo-lke concretbons,

Caleareous grit.

Tink clay

Fink clay, very sandy atove,

Alrrupt chernge.

| Plnk clay, sandy and nodular above,

N. H. DARTON,
Geologist.
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Fia. 17.—CONGLOMERATE BED IN THE GERING FORMATION LYING
UNCOMFORMABLY ON BRULE CLAY.

Merthwest of Redington, Nebr. The man's hand is at the contact.

Fia. 18.—JAIL ROCK, SEEN FROM COURT-HOUSE ROCK.

Showing castellated form of weathering of the Gering formation. Slopes are Brule clay. Valley of North Platte River in the distance.

P I -.Pﬂ_"g'H e 9 74 o -"-1.":

Fia. 19.—TWIN SISTERS.

Characteristic weathering of Gering formation. Shows also the unconformity

batween the Gering and tha Brule clay. -~
e

Fiz. 20.—SMOKESTACK ROCK.

Composed of conglomerate of the Arikaree formation.

Fia. 22.—S0OFT SANDSTONE OF THE GERING FORMATION, SHOWING Fia. 23.—CHIMNEY ROCK, SEEM FROM THE WEST.
WIND EROSION,

Statue-like form composed of Gering formation resting on Brule clay. A bed of
Banner County, Nebr white voleanic ash may be seen near the base of the hill.

Fig. 21.—CLIFFS OF GERING FORMATION ON BRULE CLAY.

Looking southeast into Birdcage Gap, northeast of Redington, Nebr. In the fore-
ground the Brule clay is deeply eroded. Arikaree formation at the top of the hill
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redeposited as beds or traing of sand and clay,
thus forming another gradation into sedimentary |
deposits.  Some of this glacial wash was deposited |

in tuunels and channelsin the ice, and forms char- |

acteristic ridges and mounds of sand and gravel,
known as osars, or eskers, and kames
material deposited. by the ice is called glacial
drift; that washed from the ice onto the adjacent
land is ealled 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 dlﬂtlug'lllﬂhed according tui

their relative ages, for they were not formed all |
at one time, but from age to age in the earth’s
history,
origin ; igneous, umllmeut:w} and  surficial muks
may be of the same age, -,

When the predominant material of a rock mnﬂﬂ

is essentially the same, and it is bounded by rocks | - -
of different materials, it is convenient to call the | a letter ‘-‘l}’liihﬂ] uml]mrse.{l of tht, per m-d lt:t-t.t-l cotn-
mass throughout its extent a formation, and such 1

a formation is the unit of geologic mapping.

Several formations considered together are

AP Tl W e SR AT A REY wrn s, QT

Classification by age is independent of | pajeozoic -

| 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-

i color are used : a pale tint is printed evenly over
The |

the whole surface representing the period ; a dark

tint brings out the different patterns representing |

formations. Each formation is furthermore given

| BvarmoL.

PERIGN. | CorLofe.
i Pledetootie s il fans . P | Any colors
Neoeene § PHocene ) Cf ' hg.qo

! Cenoriie { Miocene { *°
, Eocene, ineluding
Oligoeena. . . . . . E
' [Cratacebas: e 0V LK
| Inrnssic | i
1 Trinssic § 1
[ Carboniférous, inglud- |

[ Olive-hrowns.
L Olive-greens.

Mezsoroic

} Juratrias | Blue-greans.

ing Permian . .. . .| ‘C | Blues
0] 1 e e R bty RS 1 Blue-purples.
Silarian, ||m|l_1.:1iu._.; !

Ordovician . . .. « . 5 | Red-purples.
Cambrlag -+ f e, s £ | Pinks.
AMgonkian: h L0 L A Oirange-hrowns.

Archean . . . Any colors.

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

designated a gystem. The time taken for the | ground in the color of the period to which 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 per iod, The rocks |’

are mapped by ft:trmutmna, and the formations are

classified into systems. The rocks composing a |
system and the time taken for its deposition arve |
given the same name, as, for instance, Cambrian
system, Cambrian pericrd.

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 ebserving their relative positions. This rela-
tionship holds except in regioms of intense
disturbance ; sometimes in such regions the dis-
turbanece 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 thie remains of plants

. sand animals, ave 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
fonnd that the species of each period of the earth’s
bistory 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 sinee; 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 |

| formation is supposed to helong, 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 frum 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.
W hether 'EE:iimﬂl]tﬂl“}f rocks are also included is
not determided. = 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 lines. [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 rbpreaiant&tl by
patterns of triangles or rhombs printed in any
brilliant color. If the formation is of known age
the lettersymbol of the formation is preceded hy
|l;he capital letter-symbol of the proper period.
If the age of the formation is unknown the
letter-symbol wonsists of small lettﬁrn which
sus.:gest the name of the rocks.

THE VARIOUS GEOLOGIC SHEETS,

areas oceupied 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 shonld look for that color, pattern, and
symbol in the legend, where he will find the name
and description of the formation,  If it is desired
to lind any given formation, its name should be
'sought in the legend and its color and pattern

positions, the characteristic fossil types found in a noted, when the areas on the map corresponding

them may determine which was deposited first.
Fossl remains found in the rocks of different
areas, provinces, and continents afford the most

important means for combining local histories |

into a generaf 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 given 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 fommtmna 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-
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| in color and pattern may be traced out.

The legend is also a partial statement of the
| geologic histqr}n 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.

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

occurrence, accompanied by the name of the

This sheet répresents 11

principal mineml mined or of the stone quarried,
Structure-seetion sheet—Thiseheet exhibits the |

relations of the formations heneath the surface..
In cliffs, canyons, shafts, and other natural and

| artificial cuttings, the relations of different beds |

to one another may he seen. Any c¢utting whiel

exhibits those relations is ealled 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-

Avreal- geology sheet.—This sheet shows the |

«concerning the earth’s structure. _
manner of the formation of roeks, and. having |

| ing this arrangement is cal led a structure section.
The geologist is not limited, however, to the | fi

natural and artificial cuttings for his information
Knowing the

traced out the relations among beds on the sur-
face, he can infer their relative pogitions after
they pass beneath the’ surface,” draw sections
which represent the structure of the earth to a
considerable depth, and construet a diagram
exhibiting w hat would be seen in the side of a
cutting many miles long and ¢
deep. This is illustrated in the following figure:

Tig. 2.—8ketch showing a vertical seetion in the front of the
pieture, with o landseape beyond.

The figure represents a landscape whigh is cut
off sharply in the foreground by a vertical plane,
so 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:

Anndstones and con-
glomernies

Schists.

Musslve nnd bedded igneous rocks. 7
Fig. 8.—Symbole usged to represent different kinds of rock.

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

The broad belt of lower land is tmvrrsed by

several ridges, which are seen in the seetion to
correspond to beds of sandsfone that rise to the
surface. The upturned edges of these beds form |
the ridges, and the intermediate valleys follow |
the outcrops of limestone and ealeareous 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 he
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 afrife. The inclination of the bed to the hori- |

zontal plane, measured at right angles to the strike,
is ealled 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 gection shows. The arches are called |
anticlines and the troughs synedines. DBut the |
sandstones, Bh.ﬂes, and limestones were. deposited |
Jbeneath the sea in near]_y flat sheets. That they |
are now bent and folded 1s regarded as proof that
forcea exigt 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

aetiaos o L i

veml thousand feet |

parts slipped past one another. Buch breaks are
termed fanlts.

| On the right of the sketch the section is con-
i posed of q;.hlsts which are traversed hy masses of
ieneous rock. The schists are much countorted
and their arrangement nnderground ean not be
inferred. Hence that portion of the section
| delineates what ' is prebably true but is not
known by observation or wellfounded inference.
|" In fig, 2 there are three sets of formations, dis-
| tinguished by their underground relations. The
fivst of these, seen at the left of the section, is the
set of sandstones and shales, which lie in a hori-
zomtal position. These sedimentary strata are
now high above the sea, forming a platean, 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
pal"uﬂel a velation swhich is callefd conformable,

The second set of formations consists of strata
' which form arches and troughs.  These strata
were dnee continuous, but the erests of the arches
 have been removed by degradation. The beds,
| ike 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 umlelhmn; formations, and the
bending and degradation of the older strata must
have occurred between the deposition of  the
older beds and the acenmulation 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 unconformity.

The third set of formations consists of crystal-
line schists and igneous rocks. At dome perit:u'
of their history the schists were plicated ln Jyres
sure and traversed by eruptions of mol} o Bl
But this pressure and intrusion of igyeay . »ocks
have not affected the m’erl_j:ing straty ot e
second set. Thus it is evident that an interval of
considerable duration elapsed betveen the forma.
tion of the schists and the beginning of depositiom
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 fermation, is another
unconformity.

The section and landscape in fig. 2 are ideal,
but they illustrate relations which actually oecur.
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 seale of the map.

Columnar section sheet.—This sheet; contains a
concise deseription of the rock formations which
ocenr 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 aceumulation of successive deposits.

The rocks are deseribed under the ccrm'eﬂpoml
ing heading, and their characters are indicated in.
the columnar diagrams by uppml}riate symbols.
| The thicknesses of formations are given in figures
| which state the least and greatest measurements,

The aveérage thickness of each formation is shown
in the column, which is drawn to a seale —usually
'l 000 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 columm, 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
hmtur:r Thus the ages of the rocks are shown,
and also the total thickness of each system.
| The intervals of time which mm-e-slmm'l to

events of uplift and lh.gmda‘f:mn and constitute
interruptions of deposition of sediments are indi-
cated graphically and by the word “ unconformity.”

| CHARLES D. WALCOTT,

i Director.

| Reyised January, 1902,
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