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GEOLOGIC AND TOPOGRAPHIC ATLAS OF UNITED STATES.

e —————e

The Geological Survey is making a geologic map | 2. Contours define the forms of slopes. Since | to the observer every characteristic feature of the

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

THE TOPOGRAPHIC MAP,.

The features represented on the tf_‘rlmg_{r'uphiu map

are of three distinet kinds: (1) inequalities of sur- |
| entle slope; but to rise a given height on a gentle
| slope one must go farther than on a steep slope, and

face, called relief, as plains, plateans, valleys, hills,
and mountaing; (2) distribution of water, called
drainage, as streams, lakes, and swamps; (3) the
works of man, called ewlfure, as roads, railroads,
boundaries, villages, and cities.

Relief —All elevations are measured from mean
sea level. The heights of many points are accu-

contours are continuous horizontal lines, they wind |

smoothly about smooth surfaces, recede into all
about prominences. These relations of contour

traced in the map and sketch.

3. Contours show the approximate grade of any
slope. The altitudinal space between two contours
is the same, whether they lie along a clift’ or on a

therefore contours arve far apart on gentle slopes
and near togzether on steep ones.
For a flat or gently undulating country a small

| contour interval is used; for a steep or mountain-

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 avea mapped, to delineate the outline or form

ous country a large interval is necessary. The
smallest interval used on the atlas sheets of the
Gieological Burvey is 5 feet.  This is serviceable for
regions like the I'I.Iirfﬁi:iﬁil’}]rl delta and the Dismal

| Swamp. In mapping great mountain masses, like

of all slopes, and to indicate their grade or steep- |
ness.  This is done by lines each of which is drawn |

through points of equal elevation above mean sea |

level, the altitudinal interval represented by 1hz-'l

space between lines being the same thronghout
each map. These lines are called conforrs, and the
uniform altitudinal space between each two con-
tours is called the eonfowr inderval.  Contours and
elevations are printed in brown.

The manner in which contours express elevation,
form, and grade is shown in the Ih]l:]wing gleeteh
and corresponding contour map (fig. 1).

\31{ 7,

Fi. 1.—Ideal view and eorresponding contofr map

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

1. A contour indicates a certain height above sea
level. In this illustration the contour interval is
A0 feet: therefore the contours are drawn at S0,
100, 150, and 200 feet, and so on, above mean sea

level. Along the contour at 250 feet lie all points |

those in Colorado, the interval may he 250 feet.
For intermediate relief contonr intervals of 10, 20,
25, &0, and 100 feet are nsed.
Drainage—Watercourses are indieated by blue
lings. If a stream flows the entire year the line is

drawn unbroken, but if the channel is dry a part |

u - s * |
of the vear the line is broken or dotted. Where a |
stream sinks and reappears at the surface, the sup- |

posed underground course is shown by a broken
blue line. Lakes, marshes, and other bodies of
water are also shown in h|l.ll_', ]r}' ;t}lpl‘ﬂpt'i:l[u COn-

| ventional signs.

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

Seales,—The arvea of the United States (excluding
Alagka and island possessions) is about 3,025,000
square miles. A map representing this arvea, drawn
| to the scale of 1 mile to the inch, would cover
| 3,025,000 square inches of paper, and to accom-
modate the map the paper would need to measure
about 240 by 180 feet. Fach square mile of ground

map surface, and one linear mile on the ground
would be 11=]:|'i':-u'|!1mi by a linear inch on the map.

| The seale may be expressed also by a fraction,
| of which the numerator is a length on the map

are 63,360 inches in a mile, the scale “1 mile to
an inch” is expressed by gl-

Three scales are useil on the atlas sheets of the
Geological Burvey; the smallest 15 gy the inter-

mediate -1, and the largest zh,. These corre-
i)

mile on the ground to an inch on the map. On the
ta o square inch of map surface represents

LS L]

about 1 square mile of earth surface: on the scale
1

125,
about 16 square miles. At the bottom of each
atlas sheet the scale is expressed in three ways—

:-'d.‘q'l.ll!

, about 4 square miles; and on the seale 5,

| of miles in English inches, by a similar line indi- |
cating distance in the metric system, and by a |

fraction.

Atlas sheels and quadrangles.—The map is being
published in atlag gheets of convenient size, which
represent areas bounded by l}:ll'zi”{‘lﬁ and meridians.

of the surface that are 250 feet above sea; along | These areas ave called g ueedrangles.  Each sheet on

1

the contour at 200 feet, all points that are 200 feet . the scale of g5y contains one square degree—i. e.,

above sea; and so on. In the space between any
two contours are found elevations above the lower
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies ahove the terrace; there-
fore all points on the terrace ave shown to be more
than 150 but less than 200 feet above sea. The
gummit of the higher hill is stated to be 670 feet
above sea; accordingly the contour at G50 feet sur-
rounds it. In this iliustration all the contours are
numbered, and those for 230 and 500 feet are
accentuated by being made heavier. Usually it
is not desirable to number all the contours, and
then the accentuating and numbering of certain
of them—say every fifth one—suffice, for the
heights of others may be ascertained by counting
up or down from a numbered contour.

| a degree of latitude by a degree of longitude; each
sheet on the seale of 1 contains one-fourth of a
square degree; each sheet on the seale of g con-

tains one-sixteenth of a square degree. The areas |
of the corresponding quadrangles are about 4000, |

1000, and 250 square miles.

The atlas sheets, being only parts of ‘'one map
of the United States, disregard political boundary
lines, such as those of States, counties, and town-

ships. To each sheet, and to the quad angle it |
represents, is given the name of some well-known
town or natural feature within its limits, and at the |

sides and corners of each sheet the names of adja-
cent gheets, if published, are printed.

Uses of the topograplic map.—On the topographic

map are delineated the l'cliuf, (h‘}lfl'l:lge, and eulture

L of the quadrangle represented. It should portray
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reentrant angles of ravines, and project in passing |

curves and angles to forms of the landscape can be |

surface would be represented by a square inch of

This relation between distanee in nature and cor- |
responding distance on the map is called the scale |
]{11't||n~ map. In this case it is *1 mile to an inch.” |

and the denominator the corresponding length in |
nature expressed in the same unit.  Thus, as there |

spond approximately to 4 miles, 2 miles, and 1 |

by a _grmimlte:i line !'E!jr'I'L'.'-ll‘Hiillﬂ miles and parts |

the investor or owner who desires to ascertain the

| provide educational material for schools and homes;
and be useful az a map for local reference.

THE GEOLOGIC MAPS.

The maps representing the geology show, by
colors and conventional signs printed on the topo-
graphic base map, the distribution of rock masses
on the surface of the land, and the structure
sections show their underground relations, as far as
known and in such detail as the seale permits.

KINDS OF ROCKS,

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

Lgneous roeks—"These are rocks which have
| cooled and econsolidated from a state of fusion.
| Throngh rocks of all ages molten material has
from time to time been forced upward in
fissures or channels of varions shapes and sizes,
to or nearly to the surfuce.  Rocks formed by
the consolidation of the molten mass within these
channels—that is, below the surface—are called

indrusive,  When the rock oceupies a fissure with
approximately |>:|1=.|il{il wills the mass is ealled a

railways, and irrigation reservoirs and ditches;

landscape. It should guide the traveler; serve |

\

subgides the shore lines of the ocean are changed.
As a result of the rising of lLth_t-. surface, marine sedi-

|

| .

| “mentary rocks may become part of the land, and
| position and surroundings of property; save the |
ig-ngimzm- preliminary surveys in loeating roads, |
|

extensive land areas are in fact occupied by such
rocks. <

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

Metamorphie rocks—In the course of time, and
by a variety of processes, rocks may become greatly
changed in composition and in texture. When

| the newly acquired characteristics are more pro-
| nounced than the old ones such rocks arve called

metamorphic.  In the process of metamorphism
the substances of which a rock is composed may
enter into new combinations, certain substances
may be lost, or new substances may be added.

| There is often a complete gradation from the pri-

| dike; when it fills a large! and irregular conduit |
| the mass is termed a stoek. When the conduits for |

molten magmas traverse stratified rocks they often
| gend off branches parallel to the bedding planes;
' the rock masses filling such fissures are called
gifls or sheets when comparatively thin, and faeeo-

liths when oceupying larger chambers produced by |

the force propelling the magmas upward.  Within |

rock inclosures molten material eools slowly, with
the result that intrusive rocks are generally of erys-
talline texture. When the channels reach the sur-
face the molten material poured out through them
is called lava, and lavas often build up voleanie
' mountains.  lgneous rocks thus formed upon the
surface ave called exfruzive.  Lavas cool rapidly in

but are more fully erystalline in their inner por-

maore or less porous, l‘:?{]llt?r'\]‘u'l':ll'1]ﬂ]] often accom-
panies voleanic eruptions, causing ejections of dust,
ash, and larger fragments. These materials, when

sedimentary rocks.

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

The chief agent of transportation of rock débris is
water in motion, including rain, streams, and the
water of lakes and of the sea. The materials ave
in large part ecarried as solid particles, and the
deposits are then said to be mechanical.  Buch

are gravel, sand, and clay, which are later consoli-
dated into conglomerate, sandstone, and shale.  In

the air, and acquire a glassy or, more often, a par- |
tially erystalline condition in their onter parts, |

mary to the metamorphic form within a single
rock mass. Buch changes transform sandstone into
quartzite, limestone into marble, and modify other
rocks in various ways,

From time to time in geologic history igneous
and sedimentary rocks have been deeply buried
and later have been raized to the surface. 1In this
process, through the agencies of pressure, move-
ment, and chemiecal action, their original structure
may be entirely lost and new structures appear,
Often there is developed a system of division planes
along which the rocks split essily, and these planes
may cross the strata at any angle. This structure
is called cfeavage. Sometimes crystals of mica or
other foliaceous minerals are developed with their
laminge approximately parallel; in such cases the
structure is said to be schistose, or characterized by

| schisfosity.
tions. The outer parts of lava flows are usually |

As a rule, the oldest rocks are most altered
and the younger formations have escaped meta-

| morphism, but to this rule there are lmportant
- exceptions.

consolidated, constitute breccias, agelomerates, and
tuffs.  Voleanic ejecta may fall in bodies of water |
or may be carried into lakes or seas and form |

FORMATIONS.

For purposes of geologic mapping rocks of all

the kinds above desceribed are divided into forma-
| fions. A sedimentary formation containg between
|its upper and lower limits either rocks of uniform
| character or rocks more or less uniformly varied in

smaller purtiuu the materials are carried in solu- |

tion, and the deposits are then called organic it

without the aid of life. The more important rocks
| of chemieal and organic origin are limestone, chert,
| gypsum, salt, iron ore, peat, lignite, and coal. Any
Emm of the deposits may be separately formed, or
| the different materials may be intermingled in
| many ways, producing a great variety of rocks.
| Another transporting agent is air in motion, or
‘wiml; and a third is ice in motion, or glaciers.
| The most charvacteristic of the wind-borne or eolian

[ S ; .

| deposits is loess, a fine-grained earth; the most char- |
| acteristic of glacial deposits is till, a heterogeneous |
|

|

mixture of bowlders and pebbles with elay or sand.
Sedimentary rocks are 1]$11:I!!:|' made up of ];!:rt'l'a-:

character, as, for example, a rapid alternation of
shale and limestone.  When the passage from one
kind of rocks to another is gradual it is sometimes
necessary to separate two contiguous formations by
an arbitrary line, and in some cases the distinetion
depends almost entirely on the contained fossils,
An [f_’:l]l'”llﬁ IEJI‘I‘I‘IHHE’I“ i.‘" I"Ht!:‘i:i“.l[l"ii ﬂ-f'um! LT LI
bodies either containing the same kind of igneous
'I'U(,'I( or ]E{t\'illg ”]l," S 111 IIIH(!I" {I'r OOCLI T T, j‘L

| metamorphic formation may consist of rock of uni-
formed with the aid of life, or chemical if formed |

or h]i_‘,‘dﬁ 'L\'i]il‘ll CET !}[' l."q'l.Hll]_"l." H‘l]H I'Eitl"lil. '|'h:'.~:i-. 15!}'{‘-]'5 |

|are called strate. Rocks deposited in layers are |

| gaid to be stratified.
The surtace of the earth is not fixed, as it seems
to be; it very slowly rises or sinks, with reference

to the sea, over wide expanses; and as it rises or |

form character or of several rocks having eommon
characteristics.

When for scientific or economie - reasons it is
desirable to recognize and mAp  one or more
specially developed parts of a varied formation,
H'l'll"]] IIEII'lﬁ d 't {‘JE“E'l! rHr'.i.'er!'lJr'r'.'f,, oar h_'_'r' SO U[jli_'['
appropriate term, as lentils.

AGES OF ROCKS.

(eologic time.—The time during which the rocks
were made 12 divided into several ‘fM’J';fJf,I?:S. Smaller
time divisions are called epochs, and still smiller

| ones stages. The age of a rock is expressed by

naming the time interval in which it was formed,
when known.

The sedimentary formations deposited during a
llf-ﬁml are ;_a;mnm-:] tngtrtht:l' into a -'fy-'ifr'm. The
principal divisions of a system are called series.
Any ageregate of formations less than a series 1s
called a group.
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DESCRIPTION OF THE EDGEMONT QUADRANGLE.

GEOGRAPHY.

Position and extenf—The Edgemont quadrangle
embraces the quarter of a square degree which
lies between parallels 43° and 43° 30" north lati-
tunde and meridians 103° 30" and 104° west longi-
tude.
north tosouth and 251 miles from east to west, and
its area is about 871 square miles. It comprises
the western half of Fall River ('n'l!nt_v., 2, Dak.,
with a strip of Custer County on the north and
a little of Sioux County, Nebr.,, on the south.
The northeastern portion of the quadrangle lies on
t}w :-;lu-lw-s uf E]u_- H]:wk H[".w_:, |r1|l 11&(*. l;lt';_[u':' |'lti]'t
of it belongs to the Great Plains, although these
plains are lower here than in the greater part of
;l:i‘infniug portions of Nebraska and Wyoming.
The district iz erozsed by South Branch of Chey-
enne River and it all lies within the drainage

It measures upp]‘nxirn:!ti}.]}' 344 miles from

hasin of that stream.

Being part of the Black Hills and the Great
Plaing, thiz quadrangle illustrates many features
of both, and a general account of these provinees
will be given bhefore the detailed deseription is
presented.

GREAT PLAINS PROVINCE.

General features—"The Great Plains province
is that part of the continental slope which extends
from the foot of the Rocky Mountains eastward
to the valley of the Mississippi, where it merges
into the prairies on the north and the low plains
adjoining the Gulf coast and the Mississippi
embayment on the south. The plains present wide
areas of tabular surfaces traversed by broad, shal-
low valleys of large rivers that rise mainly in the
Rocky Mountaing and are more or less deeply ent
by the lateral drainage.
Smooth surfaces and eastward-sloping plains are

narrower valleys of

the characteristic features, but in portions of the
province there are buttes, extended escarpments,
and local arveas of badlands. Wide districts of
sand hills surmount the plains in =ome localities,
notably in northwestern Nebraska, where sand
dunes occupy an area of several thousand square
III“{'H, rIII]'H;‘! IIIT}ITi]’H"[_' iﬁ lil"ﬁ'L']ElI]L‘{] on a ;_’;]‘L‘-i-li
thickness of zoft rocks, =ands, clays, and loams, in
general spread in thin but extensive beds sloping
;_{{*nll}' castward with the si::lu' of the ]:I]'rﬁns,
These depositz lie on relatively smooth surfaces of
the older rocks. The materials of the formations
were derived mainly from the west and were
deposited, laver by laver, either by streams on
their flood plains or in lakes and, during earlier
times, in the sea. Aside from a very few local
flexures, the region has not been subjected to
folding, but been broadly wuplifted and
depressed successively. During  earlier epochs the
surface was even smoother than at present. Owing
to the areat breadth of the ]]IJI‘II]H and their rela-

ha=

tively gentle declivity, general erosion has pro-
gressed slowly notwithstanding the softness of the
formations, and as at times of freshet many of the
rivers bring out of the mountains a larger load of
sediment than they earry to the Mississippi, they
are now locally building up their valleys rather
i,II'rI['! I,II.L"['I]'L‘.“hII!; t]l!_‘“l,

Altitudes and slopes.—The Great Plains prov-
ince as a whole descends to the east about 10 feet
in each mile from altitudes approaching GO0 feet
at the foot of the Rocky Mountains to about 1000
feet above sea near Mississippi River. The alti-
tudes and the rates of slope vary considerably in
different districts, particularly to the north, along
the middle course of Missouri River, where the
general level has been greatly reduced. West of
Denver the central plains rise to an altitude of
3200 feet at the foot of the Rocky Mountains, and
maintain this elevation far to the north along the
foot of the Laramie Mountains. High altitudes
are also attained in Pine Ridge, a great escarp-
ment that extends from near the north end of the

By N. H. Darton and

Laramie Mountains eastward through Wyoming,
across the northwest corner of Nebraska, and for
many miles into southern South Dakota. Pine
Ridge marks the northern margin of the higher
levels of the Great Plains, and presents cliffs and
steep slopes descending a thousand feet into the
drainage basin of Cheyenne River, one of the most
important branches of the Missouri. From this
northward there is a suceession of other
basing with relatively low intervening divides,
which do not attain the high level of the Great
Plains to the south. It is in this lower portion
of the plains that the Edgemont quadrangle is situ-
ated.

Drainage.—The northern portion of the Great
-I.)Iq't;!l."'t II]](I‘;’I' 1IE,'HL‘I'EI]L‘I_1 iH {]rq'lilli'il }I_‘f i}l[' fl‘lil].‘]].{'!
branches of Missouri River, of which the larger
members are Yellowstone, Powder, Little Mis-
souri, Grand, Cannonball, Moreau, Cheyenne, Bad,
and White rivers. On the summit of Pine Ridge
not far south of the escarpment is Niobrara River,
which rises in the midst of the plains some dis-
tance east of the northern end of the
Mountaing. To the =zouth are the Rio Grande,
Platte River with two large branches heading far
back in the Rocky Mountains, and Arkansas River,

basin

Ia'rl]‘illllll‘!

' which crosses the plains to the southeast and

affords an outlet for the drainage from a large
watershed of mountains and plains. Between the
Rio Grande and the Arkansas are Cimarron River
and numerous smaller streams heading in the
western portion of the plains. Between Arkansas
and Platte rivers is Republican River, rising near
the one hundred and fifth meridian, and an ex-
tended system of local drainage in eastern Kansas
and Nebraska.

THE BLACE HILIS,

General features—In  western South Dakota
and eastern Wyoming a small group of mountains
known as the Black Hills rises several thousand
feet above the plains, Having abundant rainfall,
it constitutes, through its vegetation and streams,
an oasis in the semiarid region. The hills are
carved from a dome-shaped uplift of the earth’s
crust, and consist largely of rocks which are older
than those forming the surface of the Great Plains
The length
of the more elevated area is about 100 miles, and
its greatest width is 50 miles. The hills rise
abruptly from the plains, although the flanking
ridges are of moderate elevation. The salient
features are an encircling hoghack ridge, consti-
tuting the outer rim of the hills; next, a continuous
depression, the Red Valley, which extends com-
pletely around the uplift; then a limestone plateau
with infacing escarpment; and, finally, a central
area of high ridges culminating in the precipitous
crags of Harney Peak at an altitude of 7216 feet.
Two branches of Cheyenne River nearly surround
the hills and receive many tributaries from them.
central area of the
Black Hills comprises an elevated basin, eroded in
crystalline schists and granite, in which scattered
rocky ridges and groups of mountains are sepa-
rated by park-like valleys.
are above the heads of canyons of greater or less
size, which become deeper and steeper sided as
they extend outward to the northeast, east, and
south.

The limestone plateaw.—The limestone platean
forms an interior highland belt around the central
hills, rising considerably above the greater part of
the area of erystalline rocks. Its western portion
is much more extensive than its eastern and is
broad and flat, sloping gently downward near its
outer margin, but being level near its eastern inner
side, which presents a line of cliffs many miles long
and often rising 800 feet above the central val-
leys. It attains altitudes slightly more than 7000
feet, in places almost equaling Harney Peak in

and which contain valuable minerals.

The central area.—The

The wider wvallevs |

' height, and forms the main di\'id.uuf' the Black Hills, _

W. 5. Tangier Smith.

The streams which flow down its western slope are |

affluents of Beaver Creek to the southwest and of
the Belle Fourche to the northwest. Rising in
shallow, park-like valleys on the plateau, they sink
into deep canyons with precipitous walls of lime-
stone, often many hundred feet high.

steeper dip of the strata, it narrows to a ridge
having a steep western face. This ridge is inter-
rupted by water gaps of all the larger streams in

the southeastern and eastern portion of the hills, |

which rise in the high limestone platean, cross the
rezion of crystalline rocks, and flow through

canyons in the flanking rocks of the eastern side |

to Cheyenne River. All around the Black Hills
the limestone platean slopes ontward, but near
its base there is a low ridge of Minnekahta lime-
stone with a steep ?nﬁwin;_; escarpment from 40
to 50 feet high, surmounted by a bare, rocky
incline which descends several hundred feet into
the Red Valley.

This minor escarpment and slﬂlw

is at intervals sharply notched by canyons, which .

on each stream form a characteristic narrows
“gate.”

The Red Valley—The Red Valley is a wide
depression that extends continuously around the
]lE]l:f-_. with ]UH;_',', lli;_{h limestone ﬁll}pm on the inner
side and the steep hogback ridge on the outer side.
It is often 2 miles wide, though it is much narrower
where the strata L“]I 3[[*1*}1]}', and is one of the
most conspicuouns features of the region, owing in
no small degree to the red color of its soil and the
absence of trees, the main forests of the Black
Hills ending at the margin of the limestone slopes.
The larger streams flowing out of the hills gen-
erally eross it without material deflection, and
between divides which are usnally =0 low as to give
the valley the appearance of being continuous, but
in its middle eastern section it i= extensively choked
with Oligocene deposits.

The hoghack rim.—The hoghack range consti-
tuting the outer rim of the hills is usunally a
single-crested ridge of hard sandstone, varying in
prominence and in steepness of slope. At the north
and south and locally along the middle western

or

section 1t :-;Ijﬁ':u_l:-t out into long, sloping plateans.
It IIE':dI'l:.' :llwu}':-: presents a steep fuce toward the
Red Valley, above which the crest line rises several
hundred feet, but on the outer side it slopes more
or less steeply down to the plains that extend far
out from the Black Hills in every direction. The
hogback rim is crossed by numerous valleys or
canyons, which divide it into level-topped ridges of
varions lengths. At the southern point of the
hills Cheyenne River has cut a tortuous valley
through the ridge for several miles, and the Belle
Fourche does the same toward the northern end of
the uplift.

EDGEMONT QUADEANGLE.

The Edgemont quadrangle in its northeastern part
presents some of the characteristic features of the
Black Hills, while in its southern portion the
topography is typical of the Great Plains. Chey-
enne River 1s near the line of division between
the two portions. North of the river lies the hog-
back which marks the limit of the Black Hills and
which is succeeded on the north by the Red Valley.
Still farther north, not far from the northern mar-
gin of the quadrangle, is the Minnekahta limestone
slope, with its low north-facing escarpment, and
finally, near the northeast corner of the quad-
rangle, is the beginning of the long inner platean
of the Black Hills dome.
country is mainly rolling prairie, broken by two
lines of low eliffs.

The rocks are horizontal for very short distances
only. The general dip is southerly, so that the
higher and younger formations outerop successively
to the south, and the greatest elevations are found
in the northern part of the quadrangle, where

Fouth of the river the

The lime- |
stone platean extending southward swings around |
to the eastern side of the hills, where, owing to the

the older and harder rocks outerop. The normal
slopes, however, have been so modified by erosion
that the lowest points are not toward the south but
in the central and eastern parts, along Cheyenne
River, to which all the other streams of the quad-
rangle are tributary.

The lower slopes of the Black Hills are charac-
terized by bare rocks and generally thin soils. The
rocks of the quadrangle have, therefore, a marked
influence on its topography, the three chief factors
governing the physiographic development of the
region being the hardness, the attitude, and the
thickness of the formations.

The quadrangle includes a considerable part of
the southern portion of the Black Hills dome, the
axis of the uplift passing a little east of and nearly
parallel to a north-south line through the center of
Normally the rocks west of the
axial line have a comparatively low dip, while those
east of it are inclined at a somewhat greater angle.
This simple structure is modified by minor folding
local variations in the dip.
Most of these minor folds have steep westerly and
low easterly dips, and are roughly parallel to the
The most important fold
occurs in a low dome more than 20 miles in
length, near the eastern margin of the quadrangle.

While the main Black Hills dome and the minor
folds have had a marked effect on the development
of the physiographic features, they did not have so
great an influence as the character of the rocks.
There is no stronctural break corresponding to the
marked contrast in the topography north and
south of Cheyenne River, and since the Black
Hills structure does not cease with the hogback or
the Cheyenne, but continues unbroken over the
entire quadrangle, the changes in topography must
be ascribed to differences in the character of the
rocks.

Relief—The rocks of the quadrangle vary
sreatly in hardness, ranging from extremely soft
shale and chalk to resistant quartzite, and the
topographic forms arve due largely to alternation of
harder and softer layers. The softer rocks, espe-
cially where they oceur between the more resistant
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which has cansed

main Black Hills axis.

formations, are characterized by valleys, while the
harder strata tend to form uplands or ridges. If
the hard rocks are underlain by a softer formation,
mesas bordered by abrupt cliffs are formed when
the strata are horizontal or nearly so, and “hog-
back™ ridges result when the beds are inelined.

Here, as in general elsewhere, the softer the
rocks the slighter the topographic contrasts; so
in areas of clay and shale the divides are low and
the valleys open and shallow, On aceount of the
slight relief the thickness of the formation does
not have much effect upon the topographic
features. Where a soft formation is unusually
thin, as in the ecase of the Fuson, which occurs
between the hard and thick Dakota and Lakota
formations, the resulting wvalley is insignificant.
Where the dips are low, as in the main Dakota
hoghack, erosion at the horizon of the Fuoson
formation has resulted in the development of a
bench at or near the top of the Lakota formation,
which is separated from the plateau surface by a
cliff’ of the Dakota sandstone with the FFuson for-
mation in its lower slope. Where the dips are
steep, a8 in the sharp hoghack just south of Cascade
Springs, the erosion of the Fuson rocks has devel-
oped a notch in the ridge near and parallel to its
summit.

On the other hand, the harder the rocks and the
thicker the formation the greater the topographic
contrasts, The valleys are deeper and narrower,
and the slopes are more abrupt. The Dakota and
Lakota formations, which are the hardest rocks of
the quadrangle and the thickest of the hard forma-
tions, give rise to by far the most prominent feature,
the hoghack ridge which limits the Black Hills
and which contains the highest points within the
quadrangle.  The other comparatively resistant



formations are not thick, and their erosion has
resulted in features which lack the prominence of
those in Dakota and Lakota areas.

The Dakota rocks are the most resistant in the
quadrangle and give rise to the most prominent
and the most rugged topographic forms. They
are characterized by a prominent hogback ridge
extending in a broken line diagonally across the
quadrangle. The direction of the ridge and the
steepness of its slopes toward the Graneros shale
vary with the dip and strike. The slope of that
side of the hogback facing the Graneros shale
conforms very closely to the dip. It is long and
centle where the dip is low, as in the northwest and
northeast limbs of the Chilson anticline, but short
and steep where the dip is high, as in the narrow
ridge west of Cascade Springs. This surface of
the hoghack has been more or less eroded, so that
in general lower beds in the series are exposed
with the ascent of the slope. The transition from
one bed to the next below is marked in some cases
by a more or less abrapt cliff, facing away from the
Graneros troungh.  As has already been indicated,
such eliffs are generally due to the occurrence of a
soft rock beneath a harder one, and here they are
most characteristic of the basal beds of the Dakota
formation, which are separated from the Lakota
rocks by the soft Fuson formation.

On the side toward the Red Valley the hoghack
is bordered by an abrupt cliff ranging from about
250 to about 800 feet in height, the upper and
steeper portions composed of Dakota or Lakota
sandstone, the lower slopes being cut from the
softer rocks of the Morrison, Unkpapa, and Sun-
dance formations. This slope of the hogback is
more or less notched by drainage lines, being most
irregular northwest of Chilson Canyon, where it
has been deeply cut into by the streams of Chilson,
Red, and Craven canyons and their tributaries.
Except where the dips are steep, the valleys of the
southern slope of the Dakota hogback are long,
deep, narrow, and steep walled. In the ecase of
those which head in the hogback the steep walls
continue around their upper ends, forming hox
canyons, The maximum height of the canyon
eliffs is over 900 feet, this height being noted
just west of Matias Peak; many of the valleys are
from 300 to 600 feet in depth. The more impor-
tant streams head far up the slope, near the cliff
facing the Red Valley, and in only four places
in the quadrangle have streams cut entirely
through the ridge—in Red and Chilson canyons
and at two points south of Cascade Springs.
Where soft underlying formations have been cut
into by the streams, the canyons, though still
narrow, are widened considerably.  This is well
shown in Falls, Hell, Red, and Craven canyons.

Between Chilson and Alabaugh canyons the im-
portant drainage lines have a constant southeasterly
course, giving rise to a series of long, finger-like
West of Chilson Canyon the drainage is
Just west of the lower part of Red

ridges.
less regular.
and Craven canyons is a slightly dissected area
with nearly parallel drainage down the Dakota
slope. Aside from this there appears to be no
regular direction of the stream ecourses, some of
them flowing with the dip and others following in
i gf.*.m-r:i] way the strike.

Drainage.—From the valley of Cheyenne River,
which iz the main stream of this quadrangle, the
general surface rises both to the north and to the
south.
gion between them, have been developed through
erosion by the Cheyvenne and its tributaries.  While
the course of Cheyenne River is on the whole
independent of the structure and hardness of the
rocks, there are local adjustments of the stream to
these. Thus across the Idgemont guadrangle the
greater part of its valley is developed in the soft
Graneros shale, and the evidence seems to show that

These general slopes, as well as the depres-

]
the stream has followed this formation for a long |

time, gradually working southward down the
Dakota slope as the shale was removed.  In parts of
its course the Chevenne hag developed meanders,
especially in the eastern half’ of the quadrangle.
Some of them have been entrenched in the hard
Dakota and Lakota sandstones, and sontheast of
Edgemont and near tbe eastern margin of the
quadrangle gorges several hundred feet in depth
have been formed. Cutting along the outer margin
of the meanders has tended to widen the gorge to
a greater or less extent.

2

The main tributaries of the Cheyenne, both
north and south, are on the whole independent
of structure, flowing with the general slope of the
surface, and for the most part across the strike of
the rocks.  Oeceasionally, however, they show local
modifications due to structure or to variation in the
hardness of the rocks.

| town.

In contrast to the more important streams the |

minor drainage lines of the quadrangle are depend-

. . . . . |
ent for their general direction mainly on the |

strueture and hardness of the rocks. In the areas
of harder rocks—e. g., the Dakota hogback and the
Minnekahta limestone—the streams tend to follow
the surface slopes, or the direction of the dip: in
the areas of softer rocks, on the other hand—
the Pierre shale and the Graneros shale—
This latter tendeney

e
they tend to follow the strike.
is due to variation in the resistance of the beds to
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in the more nearly homogeneous of the soft or
moderately resistant rocks, such as the Spearfish
shale.

The general tendency of streams is to follow the
contact between =oft rocks and underlying harder
rocks.
this tendency is illustrated, the drainage down the

In the area northwest of Edgemont, where |

Iiakota e-;]nlw is tributary to the northwest-southeast |

valleys thus formed. Where erosion along this

| g
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contact has been sufliciently vigorous, a well-defined

channel is found in the Dakota sandstone at the
edoe of the shale. A good example of this is seen
in the canyon just west of Bennett Canyon., This
{‘.'I_I.tt.i]]!_'_." ]lil?ﬁ D[_'l_’-'lﬁ[”!h't].]}" ﬂF].Il]"I'h'{N.I ”11.'5 SHIme H"l\-
even after erosion had removed the shale, and the
contact found farther southwest, down the
Dakota slope.  This interpretation largely accounts
for the irregularity in the direction of the drain-
age in the Dakota hogback northwest of Kdge-
mont, many of the lines parallel to the Dakota-
Graneros contact representing stream courses along
earlier lines of contact when the shale extended
higher on the Dakota slope.  Small gravel-covered
shale areas on the Dakota surface—up to 700 feet
above Cheyenne River—and bordering some of the
canyons parallel to the present Dakota-Graneros
contact, tend to confirm this view.

It seems probable that the streams in Red and
Craven canyons at one time flowed southeastward,
through the valley northwest of Sheep Canyon, into
what is now Chilson Canyon, and for most of their
course originally followed the Dakota-Graneros
contact. This conclugion is based partly on the
relations of certain stream gravels on the uplands
between Chilson and Red canyons, and partly also
on the character of the open wvalley connecting
Sheep Canyon with the next valley to the north-
This connecting valley, which drains both
ways—into Sheep Canyon and into the valley to
the northwest—has a depth at the divide of more
than 150 feet, and is far too large to have been
formed by itz present stream. The present drain-
age relations were brought about by the diversion
of parts of the stream between Chilson and the
mouth of Craven Canyon to courses steeper and
maore direct to Cheyenne River.

It is probable that in the same way a further
diversion will oceur at some future time and that
the stream north of Chilson will reach Cheyenne
River through Sheep Canyon instead of through
Chilson Canyon as at present. The reasons for
this belief are as follows: The pass west of Chil-
son is only a little above the valley floor at Chil-
son; the average grade from the bench mark in

15

west.

this pass to Cheyenne River at the mouth of

Chilson Canyon is about 60 feet to the mile,
while from the same point to Cheyenne River at
the mouth of Shm-f: Canyon it is nearly 140 feet
to the mile; finally, the ridge forming the divide
between Chilson and Sheep canyons has already
been cut nearly through by the short eastern trib-
utary of Sheep Canyon.

Timber.~The forests of the Black Hills do not
extend as far south as the Edgemont quadrangle,
but there is a seattered growth of pine on portions
of the Dakota hogback, the Minnekahta limestone
slopes, and the Minnelusa sandstone hills.  The
prevalent species is the Rocky Mountain pine
(Pinus ponderosa), which often attains a diameter of
a foot or more. A few scattered pines also occur

'in the Graneros shale area north of Argentine,

east of Edgemont, between Plum and Pine creeks,
and north and east of Maitland.,  Cottonwoods

and some other deciduous trees grow along the low
flats bordering Cheyenne River, and Pass, Hat,
Hed Canyon, Moss Agate, and Indian creeks.
S:".FIFIFHH("HL—rI.‘I!l‘ ]'jll.:._"'l"]]“]l]t ﬂ1l|ii(|l'i|flg]l" iﬁ "r'l"t'}'
thinly settled. The land iz mostly public and
devoted to grazing. Idgemont is the principal
Cascade HEJJ'ngH is a small settlement.
Ardmore ailroad Bumitord,
Provo, Marietta, Argentine, and Minnekahta are
railroad sidings with station houses.  Maitland,
Jones, and ekard are ranch houses with post-

iz a =mall town.

offices. Ranches are seattered over the country at
varying intervals and are mostly located in the
larger vallevs where water is available. There
At SevVe "EII E‘IIUI]:H'" {,1}11‘}'{‘"“[,' ]{i\'['l‘ Iff'l”‘l'ﬁ' rl]l'! ]]“]"th
of Plum Creek, on Hat and Ash creeks, and in
the Red Valley about Minnekahta and eastward.

GEOLOGY.
GEOLOGIC HISTORY.

Gieneral sedimentary vecord.—The rocks appear-
ing at the surface within the limits of the Edge-
mont quadrangle are of sedimentary origin—that
s, l]w.:.' Wers l|l‘|:l1h*i1li'1]. |rj.' waler. r'|'|iﬁ*_‘|.' consist
of . zandstone, shale, limestone, sand, loam, and
gravels, all presenting more or less variety in
The principal mate-
rials of which they are composed were originally
gravel, sand, or mud, derived from the waste
of older rocks, or chemieal precipitates from Hitl[:'.'
wialers.

These rocks afford a record of physical geography
from middle Carboniferous time to the present,
and other sediments which underlie them extend
the record back into the Cambrian period. The

composition, appearance, and relations of strata |

indicate in measure the conditions under
which they were deposited.
marked by waters and cross-bedded by eurrents,
and shales cracked by drying on mud flatg, are
1|L‘l}[_ll!-_iit{"{| in ghallow water; pure limestones :r'll;_l"f_‘ﬂ":il.
clear, open seas and scarcity of land-derived sedi-
ment. The strata  contain  may
belong to species known to inhabit waters that
are fresh, brackish, or salt, warm or cold, muddy
The character of the adjacent land may
be shown by the character of the sediments derived
from its waste,
coarse sandstones and conglomerates, such ag are
found in the Lakota formation, had their original

=00

fossils  which

or clear.

source in the erystalline rocks, but have been |
repeatedly redistributed by streams and concen- |

trated by wave action on beaches. Red shales and
sandstones, such as make up the “Red Beds,”
usually result directly from the revival of erosion
on a land surface long exposed to rock decay and
oxidation and henece covered by deep residunal soil.
Limestones, on the other hand, if deposited near
the shore, indicate that the land was low and that
its - streams were too sluggish to carry off' coarse
sediments, the sea receiving only fine sediment and
substances in solution. The formations
exposed by the Black Hills uplift were laid down
from seas which covered a large portion of west-
central United States, for many of the rocks are
vast The land surfaces
were probably large islands of an archipelago,
which was in a general way coextensive with the
present Rocky Mountain provinee, but the periph-
eral shores are not even approximately deter-

Hl{ll'l'

continuous over i Hred.

mined for any one epoch, and the relations of land
and sea varied greatly from time to time. The
strata brought to view by the Black Hills uplift
]'L‘{'.U'I'l,t ]]]Eill.‘f ]I:_H_':I.I \'il]'iiliiﬂnﬂ ill “]l'! ':“I{‘.[{‘.“t :'-.:{,ﬂ;_‘.:-
raphy and topography of the continent.

Cambrian submergence—One of the great events
of early North American geologic history was the
wide expansion of an interior sea over the west-
The submergence reached the
Rocky Mountain provinee in Cambrian time, and
for a while the central portion of the Black
Hills remained as one of the islands rising above
the waters. From the ancient erystalline rocks
streams and waves gathered and concentrated sands
and pebbles, which were deposited as a widespread
sheet of sandstone and conglomerate on sea
beaches, partly in shallow waters offshore and
partly in estuaries. Abutting against the irregu-
lar surface of the erystalline rocks which formed
the shore are sediments containing much local
material. Subsequently, the altitude being reduced

central region.
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by erosion and the area possibly lessened by sub-
mergence, the islands yielded the finer grained
J'I]Ildﬂ INLRALY TL![}]"(‘J_{L"“tLHl ].:I.- 1.!“! H]'IE!.]E'H II]H.I- Oocnr
in the upper portion of the Cambrian in some areas.
In many regions the land surfice of crystalline
racks was buried beneath the sediments.
Ovdovician-Devonian conditions.—From the close
of Cambrian to the beginning of Carboniferous time
the Black Hills area presents a seanty geologic record,
the Ordovician, Silurian, and Devonian being absent
in the south, and only a portion of the Ordovician
being present in the north. This is probably
because there was an extensive but very shallow
sea, or land so low as to leave no noticeable evi-
dence of erosion. Whether it remained land or
sea, or alternated from one to the other condition,
the region shows no evidence of having

any considerable uplift or depression until early

I.tT'l(IL!I':,_""I’J!]{‘!

| in Carboniferous time, when there was a decided
| subsidence, which established relatively deep-water

and marine conditions, not only over the Black
Hills area, but generally throughont the Rocky
Mountain provinee.

Carboniferous sea.—Under the marine condi-
tions of early Carboniferous time there were laid
down caleareous sediments which are now rep-
resented by several hundred feet of nearly pure
limestone, the greater part of which is known as
the
oceur, it is probable that no erystalline rocks were
then exposed above water in this region, although
elsewhere the limestone, or its stratigraphic equiva-
lent, was deposited immediately upon them. In
the middle part of the Carboniferons the condi-
tions were g0 changed that fine sand was brought
into the region in large amount and deposited in
thick but regular beds, apparently with much cal-

nhasapa limestone. A= no coarse 1]{!|1m—'~its

| eareous precipitate and more or loas ferruginous
Sandstones  ripple- |

material. The presence of the iron is indieated by
the color of many beds of the Minnelusa forma-
tion, the oldest formation oceurring at the surface
Minnelusa deposi-
tion is believed to have been followed by an uplift,
which appears to have resulted in ponding saline
water ijl lq'i]i{".‘"hr ill “'I]i{‘ll :H‘{‘I.I]III.[].EH["LI l]l{’ I}]'i:_:]l.l-
red sands and sandy muds of the Opeche forma-
tion. The Minnekahta which is the
next in sequence, was deposited from sea water,
Ei“t] i1h Ih.‘iﬁﬂ:‘ ﬁl]l}‘l'h' ‘I\‘iﬂ:l i ﬁii]" l].{‘!;i"_']‘[’i‘ {I'F ﬁ_'{‘!l'ta’-lh]‘-}'
that it iz a representative of the latest Carbonif-
erous, or Permian, time. It was laid down in thin
layers, but to a thickness now represented by only
40 feet of limestone, yet very great uniformity

in the 1-:1]5_:§-nmni |1|_|'rld r.'illl;_ﬂif.

limestone,

| of this formation over the entire Black Hills area

is an impressive feature, probably indicative of
widespread submergence.

Bed gypsiferous sediments—At the close of the
epoch represented by the Minnekahta limestone
there was a resumption of red-bed deposition, and
the great mass of red shales constituting the Spear-
fish formation was accumulated. These beds prob-
ably were laid down in vast salt lakes that resulted
ﬁ'mu PX'{“‘"E:;VE.‘ 'I_'III].“.[ :1']1]. -i!]'il_“’,:\', r,r‘]'l.t:’. III'I_'H'I HIGHIE
mulated in thin layers to a thickness of 500 feet,
as is now attested by the formation, and it is so
uniformly of a deep-red tint that this is undoubt-
edly the original color. This color is present not
only throughout the extent of the formation but
also through its entire thickness, as shown by
deep borings, and therefore is not due to later or
surface oxidation.  Either the original material of
the sediments was red or it was colored during
deposition by the precipitation of iron oxide. At
various times, which were not the same for all parts
of the region, accumulation of eclay was inter-
rupted by chemieal precipitation of comparatively
LJIIE'II‘. f_:':_"}.' E:IH'I,'[III it‘! l]ﬂ{lﬁ 1'1'li]f_';E]"|."f_’l' iﬂ ']li{‘l{[l(’!ﬁ:ﬂ- F!,'\U']]] il
few inches to 30 feet, and free from mechanical
sediment. It is believed that these beds are the
produets of evaporation during an epoch of little or
no rainfall and consequently of temporarily sus-
pended erosion; otherwise it is difficult to under-
stand their nearly general purity. It has been
supposed that the Spearfish red beds are Triassie,
but there is no direct evidence that they are of this
age, and they may be Permian. Their deposition
appears to have been followed by extensive uplift
without loeal structural deformation, but with gen-
eral planation and ocecasional channeling, which
represents a portion of Triassic time of unknown
duration and was succeeded by the deposition of
later Jurassic sediments.



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

Cretaceous seas—During the Cretaceous period
deposits of various kinds, but generally uniform
over wide areas, gathered in a great =eries, begin-
ning with such as are characteristic of shallow
seas and estuaries along a coastal plain, passing into
sediments from deep marine waters, and changing
toward the end to fresh-water sands and elays with
marsh vegetation.
the Morrison formation, a widespread mantle
of sandy shales, which is absent to the southeast,
althongh probably originally deposited there to a
oreater or less thickness and then removed hy
erosion in consequence of the uplift which initiated
the next epoch. The extent of this degradation is
not known, but it has given rize to a general
erosional 11||w}11ﬁ1r111il:: at the base of the Lakota
sandstone, the next succeeding deposit. The
materials of this formation consist mainly of coarse
sands spread by strong currents in beds 30 to 40
feet thick, but includes several thin partings of
elay and local acecumulations of vegetal material.
Next there was deposited a thin caleareous series,
represented by the Minnewaste limestone, but
apparently it was laid down only in a local basin
in the southern portion of the Black Hills, Over
this was spread a thin but widely extended sheet of
clays of the Fuson formation. After the deposition
of these clays there was a return to shallow waters
and strong currents, in Lakota times, and
coarse sands of the Dakota formation were accumu-
lated. At the beginning of the Benton there
was everywhere in the region a rapid change of
sediment from sand to clay.

During the great later Cretaceous submer-
cence marine conditions prevailed, thronghout the
Benton, Niobrara, and Pierre epochs, and several
thousand feet of clay were deposited. In Benton
time there were occasional deposits of sand, two
of them in the later part of the epoch, that were
oeneral over the greater part of the Black Hills
region, and one, earlier, that was local and pro-
duced the lenses of sandstone which are now
found in the vicinity of Newcastle northwest of
this quadrangle, and elsewhere. Another marked
episode was that which resulted in the general
deposition of the thin Greenhorn limestone in the
middle of the Benton sediments. The clay of
Benton time was followed by several hundred feet
of impure chalk, now constituting the Niobrara
formation, and this in turn by over 1200 feet of

The earliest deposits constitute

s

Pierre shale, deposited under very uniform condi- I
| columnar section sheet,

tions. The retreat of the Cretaceous sea corre-
sponds with the Fox Hills epoch, during which
sands were spread in an extensive sheet over the
clay beds, and resulted in the development of
extensive bodies of brackish or fresh water, which
received the sands, clays, and marsh deposits of the
Laramie. Whether the two last-named groups of
sediments were deposited over the area now occu-
pied by the Black Hills is not definitely known,
but it is possible that they were, as they are
upturned around two sides of the uplift.

Early Tertiary mountain growth—The Black

Hills dome developed early in Tertiary time—or |

possibly in latest Cretaceous time—to a moderate
Edgemont.

height, and the larger topographie outlines of
the region were established before the Oligocene
epoch, the dome being truncated and its larger
old valleys exeavated in part to their present
depths. This is indicated by the occurrence in
them of White River (Oligocene) deposits, even in
some of the deeper portions. Where the great
mass of eroded material was carried is not known,
for in the lower lands to the east and southeast
there are no early Eocene deposits nearer than
those of the Gulf coast and Mississippl embayment
and those of the Denver basin.

Oligocene fresh-waler deposits —Oligocene depos-
its were laid down by streams and in local lakes,
and finally covered the country to a level now far
up the flanks of the Black Hills. Erosion has
removed them from most of the higher regions
where they formerly existed, especially along the
western side of the hills, but in the vieinity of
Lead small outliers remain at an altitude of over
5200 feet, and on the north end of the Bearlodge
Mountains they are a thousand feet higher. In
many places on the slopes of the uplift there is

clear evidence of superimposition of drainage due |

to a former capping of Oligocene formations.

Later  Tertiary mountain  growth.—Following

tlm()ligﬂn'enc i_‘]jl}{'h the dome was raised several
hundred feet higher and was more extensively

1

eroded. No representatives of the succeeding Loup |
Fork group—the Arikaree and Ogalalla formations |

. - - - 5 o |
—have been discovered in the immediate Tlf"llllt:.'

of the Black Hills, but they are extensively
developed in Pine Ridge to the south and remain
on the high buttes to the north, in the north-
western corner of South Dakota, There was
probably slow but continuous uplift during the
Loup Fork epoch, and materials were contributed
by the higher slopes of the Black Hills at that
time, but whether the formations ever were depos-
ited in the immediate vicinity of the hills has not
been ascertained.

Quaternary wuplift and erosion.—During the
early portion of the Quaternary period there was
widespread denudation of the preceding deposits,

and many of the old valleys were revived, with |
much rearrangement of the drainage, which, on the |
eastern side of the Black Hills, was cansed mainly |

by inereased tilting to the northeast. This rear-
rangement has caused several streams superimposed
upon the Oligocene deposits to cut across old
divides, in some cases connecting a valley with its
next neighbor to the north. Such streams flow
southeastward for some distance in pre-Oligocene
valleys and then turn abruptly northward into
canyons of post-Oligocene age, leaving elevated
saddles which mark the southeastward course of
the old valleys. Some of the offsetting in the
present drainage has been largely increased by
early Quaternary erosion and recent stream
robbing.

There was apparently still further uplift in late
Quaternary time, for the present valleys, below the
level of the earlier Quaternary high-level deposits,
seem to be cut deeper than they would be in
simply grading their profiles to the level of Mis-
gouri and Cheyenne rivers. Wide, shallow valleys
have developed in the soft deposits, and canyons of
moderate extent and depth in the harder rocks.
Erosion has progressed without aggradation in the
main, but in some cases, with the shifting of chan-
nels, there have been accumulations of local depos-
its on small terraces at various levels.

DESCRIPTION OF THE ROCKS,

The strata coming to the surface in the Edge-
mont guadrangle have a thickness of about 5000
feet, and comprise limestones, sandstones, and shales,
of which the general characters are given in the

CARBONIFEROUS SYSTEM.

Minnelusa The lowest formation
exposed in the Edgemont quadrangle, the Minne-
lusa sandstone, appears in its northeast corner and
at intervals in the anticline that extends north
of Cascade Springs. Near the northern margin
of the quadrangle the formation outerops in a
broad region of rolling hills and ridges, but to
the south it passes beneath the Opeche formation
and Minnekahta limestone and is exposed for some
distance in the narrow canyons of Hot Brook and
its= numerous branches, as far west as the Deadwood

sandslone.

branch of the Burlington and Missouri River Rail-
road. There is also a small exposure in a branch
of Red Canyon at the northern margin of the
quadrangle, west of the railroad. The exposures
north of Caseade Springs are in small eanyons cut
into the steep western flank of the anticline. In
the high cliff' rising above the railroad track in the
center of the anticline crossed by Hot Brook there
is one of the finest exposures of the formation in
the Black Hills, comprising somewhat more than
two-thirds of it. The outerop shows in its upper
part brilliant-colored, massive sandstones and in
its lower part buff and gray sandstones, with
several beds of limestone and bright-purple clays.
The upper sandstones are brilliant red, brown,
orange, and, in certain layers, bright yellow, and
are surmounted by the dark-red Opeche sandstone,
which is eapped by purplish-gray Minnekahta
limestone. Some of the beds are tinted partly by
staining from the overlying strata, but several of
the sandstones are colored thronghout. The thick-
ness exposed is 376 feet; comprising the following
strata:

Section of Minneluse sandstone on Hot frook, South Dakota,

Feat,

Red Opeche sandstone at top.

Gray limestone.....cccoviinincrsnsrsesssrnnnan 10
SHolt red sandstone.......... e PR ST 20
Limestone breceia, red to bufl matrix. ...... . 13
Yellow arenacecus limestone......covovianas 1%
Redd limestome. ...cv.ccvnnscnnnssnanns scnuun ]
Yellow arenaceons limestone. ... ...c.oc00venna ]

Red arenaceons linestonme. ... .. ciovvavisnas ]
Gray limestone brecein, red matrix
Red sandstone. . ...coccosnanmrnnnenssassascanna
Greenish-gray lnestone......coveeeairancnnes ]

Boft red sandstone. . .......c.ociiiiiarrricanaa 5l
Gray Hmestoms. . .c.oaecccsnnassnesassnasssns 10
Red sAndBtons, ...cvccovrarcnnnssrsannsnnanssss 10
Gray sandatons. . ...cavivianrnnrnaraaraninns 10
Red sandstone...........0coivereninnniannaas, i
Bad Bhale...ocvovoiinannnnsarsars toanimsnsnns HL
Pale-red sandstoue, thin coaly shale partings 20
Light-bufl and gray sandstones. .. ........... 1%
Brogell . .cvovsvnsiaasmansrssnrsrsst smaumesnitan 3
Reddish-gray samdstone. . .........000e0enees 25
Greopehale. .. ... cooveiiniinis ciiiae, 1
Giray to ball sandstone. .......oociiiinnnanans 12
TN T R o R e e e e e 2
Light-bafl, soft sandstone. ................... 15
T O Ty et ATt it (R A T Tt Pt 2
Boft whitesandstone........... o iviieniaass 15
Gray ealearcous sandstone with coaly shale
R e e e a0
A R A i O b e e Do Ol o = 3%

The section comprises about two-thirds of the
formation, which is about as much as is exposed
in this quadrangle in the wide area of outerop to
the north. The uppermost layer is a nearly pure
limestone, in which, in an adjoining canyon, the
fossils  Productus semireticulatus and Chonetes (7)
were discovered., The formation has not else-
where yielded fossils, but these suggest that the
age, of its upper beds at least, is Pennsylvanian.
In its unweathered condition many of the Minne-
lusa beds contain much carbonate of lime, as may
be seen in borings from deep wells in various
portions of the Black Hills. The lime weathers
out near the surface and porous sandstone remains.

Opeche formation.—The Opeche formation is a
series of soft red sandstones, mainly thin bedded
and containing variable amounts of clay, which
liee between the Minnelusa sandstone and the
Minnekahta limestone. Owing to its softness, its
outcrop is usually marked by a shaly slope below
the steep cliff of the limestone. It iz extensively
exposed along the canyons of Hot and Cold
brooks, rising on the high anticline in the gorge
of Hot Brook, and it outcrops in numerous can-
vons cut in the slopes of the Minnekahta limestone
westward to beyond the railroad to Deadwood and
southward along the west flank of the anticline at
intervals nearly to Cascade Springs.
of the formation, for the first few feet helow the
Minnekahta limestone, consists of shales, which
invariably have a deep-purple color, and the basal
layers are red sandstones, varying in thickness
from 4 to 15 inches.  Along the northeastern mar-
oin of the quadrangle the thickness averages 115
feet, with purple shale at the top, 50 feet of red
sandy clay beneath, and at the bottom GO feet of
deep-red sandstone in beds 1 to 4 feet thick, with
red shale partings. The age of the Opeche for-
mation has not been definitely determined, as it
has yielded no fossils, but itis provisionally assigned
to the Permian for the reason that it is so closely
associated with the overlying Minnekahta limestone,
which was probably deposited in that epoch.

Minnekahta limestone,—The Minnekahta lime-

The top |
' stone, as shown on the map, is extremely irregular,

=

stone, formerly known as the “Purple limestone,”
is prominently exposed in the Black Hills, but in
this quadrangle it occupies only a limited area
in the northeast corner, extending from Cascade
Springs to Red Canyon Creek. It averages only
50 feet in thickness, but through its hardness
gives rise to prominent topographic features, being
usually exposed on wide dip slopes and in trans-
verse escarpments. It contains numerous sink
holes and caves. Owing to its thinness it is cut
through by all but the smallest streams, producing
many canyons, which are noticeable features in the
ridge south and southeast of Jones station. In
these canyons and along its inner margin the lime-
stone generally presents nearly its entire thickness
in a characteristic vertical eliff. Ordinarily it is
massive in appearance in cliff’ faces, but on close
examination iz found to consist of thin layers, dif-
fering slightly in color. On weathering it breaks
into slabs, usually 2 to 3 inches in thickness.
The color as a whole is light gray, but there is
always a slight pinkish or purplish tinge, from
which the name “Purple limestone™ originated.
When broken the limestone gives a characteristic
bituminous odor. Its composition varies some-
what, mainly in the percentage of magnesia, which
is usually present in considerable proportion, and
of clay, which is a constant ingredient. An analy-
sis of a typical sample from Cascade Springs, made
by Mr. George Steiger in the laboratory of the
United States Geological Survey, is as follows:

Analysiz of Minnekahle lHmestone from Cascade Springs,

S, Dalk.
Per cent.

AT R AEN Y it i e e i s 31.51
Mognesia (MgO) .......coccvininiiiiiniina 19.856
Alomina, iron, ete. (Al Oy, FegOg).......... L
R L NN, e e s e et e e min < e P =
Carbon dioxide (CO.). ...oonninninaiieannas 44.66
Bulphur trioxide (B0} . vivreeveciiaiiaainas T
Blllea (B0  h a  RL  a. 1.12
Manganese, soda, and potash. ............. o T

O L e e el iy 8,82

In the region north and northeast of Minnekahta
station this formation dips generally to the south-
southwest at a very moderate angle, and from Cas-
cade Springs northward it rises over a prominent
anticline with steep dips on its western flank.
Through its course there are frequent local varia-
tions in the amount and direction of dip, as the
limestone is a thin, relatively hard bed of homo-

Cgeneous rock lving between masses of softer red

just 4 miles north of Minnekahta station.

beds, and consequently was much affected by local
conditions of pressure. The thinnest layers are
often minutely crumpled and faulted, but consid-
ering the large amount of deformation to which
the formation has been subjected, the strata are but
little broken.

Sink holes occur frequently on the limestone
slopes, and several large, deep, steep-sided ones
ocenr on the west gide of the road 4 miles north-
east of Cascade Springs. In its contacts with
adjoining formations the Minnekahta limestone
presents an abrupt change in material, but no evi-
dence of unconformity. The formation is classi-
fied as probably Permian from fossils that were
found in it in the railroad eut at the road crossing
These
are inconspicuous little shells, oceurring abundantly
in one of the layers and comprising Bakewellia,
Fdmondia, and Nuculana. The name “Minne-
kahta” is derived from the Indian name for the
hot springs that issue in Hot Brook Canyon a
short distance east of this gquadrangle, just west
of the town of Hot Springs. The water rises in
large volume through crevices in the limestone,
with a temperature of 92°  Similar springs have
their source in the limestone at Cascade.

The northern margin of the Minnekahta lime-

and erosion has left outliers of this resistant rock
capping a number of small, flat-topped hills north
of its main area. Iast of Alabaugh Canyon the
Minnekahta limestone forms a low, elongated
dome with steep westerly and low easterly slopes.
The eastern slope is cut by long box canyons with
some tendency to the development of fan-shaped
forms, a tendency noted also to a very limited
extent on the western slope.
terized by short, steep-walled eanyons, which are
narrow where cut in the Minnekahta alone, but
broader where the Opeche and Minnelusa forma-
tions have been reached. This broadening of the
valley is always in the upper part, which is con-
nected with Alabaugh Canyon by a narrow notch

This slope is charac-



or gate, sometimes only a few feet in width, cut in
the Minnekahta rocks. In some cases the divide

between adjacent valleys has been completely cut |
Cand its upper part is exposed in the eanyon south

through, and the headwaters of one valley have
been captured by the stream of the other. An
example of several interior valleys connected in
this way occurs about 2 miles north of Cascade
Springs, the resulting valley still draining into
Alabaugh Canyon through one of the narrow
notches already deseribed.  There is thus a tend-
ency to develop a drainage parallel to the strike
of the rocks, and, at the same time, to divide the
Minnekahta dome into two parts, the remnant of
the western slope forming a line of low, but steep,
hoghack hills separated by narrow notches, and
the low eastern slope changing into a hoghack ridge
by the development of an abrupt scarp on the
west, along the summit of the dome. Further
erosion on this steeper slope leaves only oceasional
outliers of Minnekahta rocks, capping low hills,
formed for the most part in the Minnelusa forma-
tion. All these features are best seen between the
head of Alabaugh Canyon and Hot Brook.

TRIASSIC (?) SYSTEM.

Spearfish shale—The Spearfish shale, formerly

called “Red Beds,” consists of red sandy H]Illlt”.[

with intercalated beds of gypsum, having in all a
thickness of about 400 feet.

t.]'l_('! ]It!l'l’]ll‘]‘]] II:-I'I’"[ l_’}}l t]‘i{'! I‘:ngﬁrl]ﬂ]]!. llll}lt]l'zi!lg]l" ill .

the broad, treeless Red Valley, in which Minne-
kahta station iz situated, nsually presenting wide,
bare slopes and high buttes of bright-red clay with
snowy white gypsum in striking contrast.

The Red Valley is bordered on one side by a
clift—here the northern slope of the Dakota hog-
back—and on the other by the gently sloping
surface of the harder underlying formation. West
of Minnekahta it is drained by Red Canyon and
its tributaries; east of that place, by Hot Brook and
itz tributaries. Near the eastern margin of the
quadrangle it turns to the south and forms the
floor of the long, narrow Alabaugh Canyon, the
beds dipping so steeply that their outerop is nar-
row. South of Cascade Springs, at the southern
point of the Cascade anticline, it widens into an
open valley, draining to the west through a gap in
the Dakota hoghack. Here the Red Valley turns
to the northeast over a low saddle, and forms the
lower part of the valley drained by Sheps Canyon
and its tributaries on the south and by a tributary
of Fall River on the north. Exeept in Alabaugh
Canyon, the Spearfish formation is intricately dis-
."il['kf':tl"[] ﬁ]r 1]:“' st IE"'!- ]F‘\' numerons 3'"“]] stream
Here and there small buttes rise above
the general level, and oceasional outlying hills
oceur on the Minnekahta H]{Illl" to the north. One
of this character is seen at the northern margin of
the quadrangle.

COUTEES,

Jil. Hl"l';i'."‘ IJ}I g]'-'l\'t"].-t*f]'l_"l-\'ll 't‘!'l'i-ll;'l_".‘j OOCUrs  on tl]'_‘
slope of the Spearfish formation about Bradley
Flat, and also bordering Red Canyon. The
gravels covering these terraces have, as usual, pro-
tected the underlying rocks from erosion to a
areater or less extent,

The Spearfish formation is composed almost
entirely of sandy red shale, generally thin bedded
and without special features except the gypsum,
which oceurs in beds at various horizons, some-
times extending continuously over wide
Throughout the formation there are small veins
of gvpsum due to secondary deposition. The
principal bed of gypsum, which is continuouns over
a large arvea, lies about 80 feet above the hase of
the formation, and has a thickness varying from
10 to 20 feet.

The formation has not yielded fossils in this

areas,

vicinity, except a few fragments of fish seales of
i § ,

indeterminate genus, but it has been regarded as
Ly e - * - a

I'riassic because it lies unconformably beneath
marine Jurassic deposits and is underlain by the
Minnekahta limestone, which is probably Permian.

JURABSIC SYSTEM.

Sundance formation.—"The Sundance formation
lies unconformably on the Spearfish red beds and
its onterop oceupies the greater portion of the slope
which rises from the Red Valley to the crest of the
Dakota hogback. Tt has a broad outerop along
the zouth side of the valley extending east and
-west of Minnekahta station. It narrows in the
monoclinal ridge west of Cascade Spring, but

1

It outerops across |

4

spreads out again in the anticline and syncline | red sandstone seems to thin out almaost entirely,

southeast of Cascade Spring. A portion of the
formation outerops in Hell and Falls canyons,

of Parker Knob, in the canyon of Cheyenne River
5 miles east of Fdgemont, and again at a point
where the river euts across the anticline sontheast
of Cascade Springs.

The formation comprises a series of shales and
sandstones, the order and character of which viary
but little from place to place. At the top are 100
feet or more of dark greenizh-gray shales, nsnally
including thin layers of limestone which are highly
fossiliferons. Next below are soft sandstones and
sandy shales of reddish color, usually having a
thickness of from 30 to 50 feet.
lain by about 40 feet of buff sandstone, including
a prominent layer, about 25 feet thick, at its base.
The latter is underlain by dark shales which have
an average thickness of about 60 feet and which
are separated from the Spearfish red beds by mas-
sive, buff’ to bright-red sandstone. The thickness
of the formation averages about 300 feet through-
ont.

A typical section of the Bundance beds at the
high red bluff 2 miles northwest of Minnekahta
station is as follows:

These are under-

| Seetion of Sundance formation near Minnekafile stofion,

Sotelh Ihafolo,

Foot,
Morrison shale at top.
Limestone with many fossils.................. 3
Bufl to pray saudebone. . .o ... iee it o, 5]
Dark-grayvish-green shales. with thin fossilif-
eronus layers, and a 4-foot bed of buft sand-
gtome near it Base. . ... .. cov v i caninnians 10
Red sandstones, mostly soft, partly muassive,
with o thin mass of gray shales in widdle. . 75
Pale-rreenish-bufl, thin-bedded sandstone,
ripple-marked ... ... ciiii s socoa 1]
Pale-grayizh-green shales.. .......cvceveeveae. 10
Buff sandstone, flagey and ripple-masked
above, massive below. ... .. ... ... oinaa.. A5
Fissile gray shale....... i o O e e R 4%
Red sandstone, coarse, massive, fossiliferons. . 20
Bufl, brown. and red sandstones, thin-bedded
above, lying uneconformably on Spearfish
L T 2 0 £t o 9 EHC S LD ER O 2 o o el B b 1]
] vl B e R 305

The dark shales of the upper portion of the
formation are soft, but are usnally distinetly lami-
nated and their limestone layers are highly fos-
siliferous.  Many impressions of distinetive shells
are found, and some layers contain large numbers
of a very characteristic cigar-shaped fossil, Belem-
nites densus. The fossils vary in size from an
inch, or less, to 4 inches, have a dark color, are
hard and heavy, and exhibit a radiated structure
in transverse section. They often
weather out in considerable numbers on the hill

‘I-\'I]l,"]'l =EEI
.‘.-'gll]l}l:"}-'u, O Oecunr HL'EH-II"]'{'!]. i]l qu'lllﬂ l:lfI “III{"Ht[”IL‘.
The reddizh sandstones of the middle of the forma-
tion are usually soft and of a dull-red color,
merging into soft, impure, bufl’ sandstones below.
The sandstone in the lower part of the formation is
the most prominent feature in the outerops along
the south side of the Red Valley east and west of
Minnekahta, its presence usually being marked by
a distinet bench and a precipitous ledge in the
?_I{"!]'IL!'I'::II Hll'h'l]:’r' E].(_II“_". III]:I"Ill_"r'l.'! are ﬂ]-‘iU rl"_'!l]llﬂllt o=
liers of it in low buttes. Part of the rock
massive, but some is slabby and presents finely
developed 1‘ip}:'||:: marks, indicating that it was
deposited in shallow waters. It varies from fine
to coarse grain. Fossils oceur in it sparingly, the
most common being a distinetive erinoid known
The lower shales are
similar to the upper ones, but are ordinarily of
slightly harder texture and of much less thickness,
being GO feet thick near Craven ranch, 45 feet
near Minnekahta, 60 feet near Cascade Springs,
and 55 feet in Sheps Canyon.

The bagal red sandstone is found throughout
the exposures in the Fdgemont quadrangle, but it
varies considerably in thickness. Tt is often

ig

ag Peadaerinoides aristious.

' of Cascade Springs and on the east side of the

bright red and is very massive, so that it gives |
rise to prominent cliffs that rise above slopes on the |

red Spearfish shales. Some notable exposures of
this sandstone oceur in the section given above,
about 2 miles northwest of Minnekahta station, and
again on the west side of Red Canyon, a mile north-
east of Craven ranch. In both of these exposures
the bright-red color is conspicnons.  The sandstone
containg a few fossil shells of distinetive Jurassie
species, and there is a marked erosional unconform-
ity between it and the underlying Spearfish shale.
tast of Minnekahta for some distance the basal

but it reappears in considerable prominence north

Red Valley northeast of Caseade Springs, where
its color is mostly light bufl.  Near Sheps Canyon
its thickness is 45 feet.

In Falls Canyon and Hell Canyon the greater
portion of the formation is exhibited, including
the red rocks in the lower half. In Hell Canyon
the upper shales, a hundred feet or more thick, are
overlain by 10 feet of =oft sandzstone and 10 feet of
shales, ved at the top, which give place abruptly
to the Unkpapa sandstone. In the deep boring at
Edgemont the upper shales of the Sundance for-
mation appear to extend from a depth of 302 to
The
underlying red sandy shales are 20 feet thick, the
magzive buff sandsztone iz 35 feet thick, with itz baze

957 feet, showing a thickness of 155 feet.

at a depth of 1012 feet, and thence to the bottom |
of the well, at 1125 feet, are dark shales of the |
basal member of the formation, indicating that |

the lower shales inerease considerably in thickness
toward the south.

Unkpapa sandstone.—The Unkpapa sandstone is
a massive, fine-grained deposit of remarkably uni-
form texture, varying in color from white to purple
and buff, and always clearly separable hoth from
the Sundance shales below and from the Lakota
sandstone which usually overlies it. It appears to
be less distinetly separated from the Morrison shales
which {J"l'l.'l‘]Hlb it from the west. Its greatest devel-
opment in the Black Hills reg
east of Hot Springs and Caseade Springs, where
the brilliant pink, purple, and pure white exposures
are very striking. The greatest thickness, 225 feet,
is in Sheps Canyon east of Cascade Springs.

The Unkpapa sandstone outerops along  the east
side of the monoclinal ridge just west of Cascade
Springs and underlies the platean to the west.
Near Cascade Springs it iz about 100 feet thick,
and it gradually decreases in thickness westward.
It outerops along the northern edge of the platean,

ion is in the hoghack

It is
exposed along the slopes of Falls and Hell canyons,
and its westernmost exposure is in the canyon south
of Parker Peak. It has a thickness of over 30 feet
in Falls Canyon, and of 30 feet in Hell Canyon,
comprising the usual white sandstone at the top
and 10 feet of pale-pink, massive, fine-grained
sandstone below, sharply separated from the under-
One of the finest exposures

gl\']llg rise to a HIINI]I Hllt‘lf at some ]IIIIJ'I';&,

lying Sundance beds.
of the formation isin a small canyon 21 miles
south by west of Jones station, where over 100 feet
are exhibited, of which the upper half is white and
the lower half a deep pink.
even grained, and massively bedded.

The rock is fine,
In this ridge
and eastward the Lakota sandstone lies directly on
the Unkpapa sandstone, the Morrison formation
disappearing east of Falls Canyon.
two sandstones there iz a strongly marked uncon-
formity representing an erosion interval in which
there was a land surface during deposition elsewhere
of the Morrison. The plane of unconformity is
irregular in contour, with local channels, and is
plainly exhibited by the contact between the coarse,
crogs-hedded, buff sandstone above and the fine-
erained, massive, pure white sandstone of the upper
Unkpapa beds below. This contact is exposed in
the ridges east and southeast of Cascade Springs,
particularly at the one point in a high eliff that
can be geen for many miles to the west. It is also
exhibited at intervals northwest of Cascade.

Between the

Pos-
sibly the Unkpapa sandstone originally extended
farther westward and its western extension has heen
removed by erosion, but more likely it is a local
beach deposit of latest Jurassic or earliest Creta-
ceous times.  No fossils have been found in it, but
from itz association with the Sundance beds and
the apparent conformity between them, it is provi-
gionally elassed with the Jurassic.

CRETACEOUS SYSTEM.

Morrison formation.—The Morrison formation
consists of massive shales, or hard clays, mainly of
light-gray or pale-greenish-gray color, but gener-
ally in part also red or maroon, with occasional

|in  high, smooth-topped

layers of fine-grained, white sandstone.
mation usually is prominent in the Black Hills
uplift, but is absent in the southeastern portion of
the region. West of Minnekahta it has a thick-
ness of 100 feet or more, but eastward, in the east-
ern portion of the plateau northwest of Cascade

This for- |

|

Springs, it thins out and disappears, the Lakota
sandstone lying directly on the Unkpapa sand-
stone in the ridge just west of Cascade Springs and
in the region farther south and east.  The Morrison
shale is exposed in the upper part of the slope
at the base of the cliffs of Lakota sandstone in
the northern face of the hoghback westward. As
the dip is low and the formations are relatively thin,
the outerop is somewhat irregular, extending far
northward up the points of the ridges, and south-
ward down the canyons which cross the ridge,
notably in the plateau southeast of Minnekahta.
The formation iz exposed in Hell and Falls can-
yong and in the canyon south of Parker Peak,
lying on the Unkpapa sandstone. In Hell Can-
von the formation extends to within about a mile
of Chevenne River, and, although varying in
thickness and character, consists mainly of gray
and red sandy clay. On the west side of Falls
Canyon the Unkpapa sandstone is overlain by
G0 feet of shale, greenish at base, darker above,

| and light green and maroon in its upper portion,

but on the east side it thins rapidly to about 20
feet. There are also small exposures in Chilson
Canyon a mile southeast of Chilson, and in the
heads of branches of Bennett Canyon, where it
is pale-greenish, massive clay, with thin, white,
fine sandstone layers 3 to 10 inches thick. It is
also cut through by Cheyenne River east of Edge-
mont. In an exposure in Red Canyon just west
of Craven’s ranch, where the formation is 80 feet
thick, there is, at its base, a thin layer of limestone
filled with remains of fresh-water alge. In the
well at Edgemont the formation appears to extend
from G52 to 802 feet, a distance of 150 feet,
including a thin limestone bed at 705 feet and
some “soft white beds” at its base.

In the western part of the quadrangle the Mor-
rison® shale is distinetly separated from the Sun-
danece formation, and in the eastern part from the
Unkpapa sandstone, by an abrupt change in char-
acter and material, but there iz no evidence of
erosional unconformitv. The character of the
material and the ocenrrence of bones and of fresh-
water mollusks in it in various portions of the
Black Hills indieate that the shales are of fresh-
water origin. In the northern Black Hills the
have heen designated the Atlantosaurus
formation and the Beulah shales, and in central
Wyoming they have been called the Como beds,
and there is good evidence that these are precizely
equivalent to the Morrison formation of the Den-
ver, Colo., region. As this formation appears
to be equivalent to a portion of the Comanche
series in northwestern Oklahoma and southeastern
Clolorado, it is classed in the Cretaceous.

Lakota formation.—The Lakota sandstone, con-
sisting of a series of hard beds, usually from 200 to
300 feet thick, is prominent in the hogback and
the plateau bordering the Red Valley. Its onterop
erosses the northeastern third of the quadrangle in
a belt passing south of Minnekahta, where, owing
to low dips and the removal of the overlying
Dakota sandstone, the Lakota is broadly exposed
ridges sloping south-
ward. On approaching Cascade Springs, where
the dips steepen, it gives rise to a narrow hoghack
and passes, in a hook-shaped course, around the
peint of the anticline.
mont, and again south of (_?::.lsr:;l:luf"?lrl'lll;_{a, Cheyvenne
River has eut high-walled gorges in it.  Chilson,
Hell, and Falls canyons also ent through it and
trench more or less deeply into underlying for-
mations.

The Lakota formation iz composed of hard,
coarse-grained, mostly cross-bedded and massive
sandstone, with oeccasional thin partings of shale.
Streaks of conglomerate often appear, especially in
its lower portion. Small basins of coal occur in it
east and north of Edgemont. In the eastern por-
tion of the quadrangle the formation lies uncon-
formably on the Unkpapa sandstone; to the west
it abruptly overlies the Morrison shales without
transition beds, but does not present other evidence
of unconformity. There are frequent local varia-
tions in character, but the general features are
constant. The thickness varies considerably, but
within moderate limits. In the gorge at Cascade

shales

A few miles below Edge-

Springs 275 feet of nearly vertical sandstone beds
were measured, but the precise upper limit is not
clear, In Falls Canyon the lower beds include
massive buff’ sandstone with few shale partings



and a mass of gray fire clay overlain by heavy
beds of light-buff, coarse-grained, cross-bedded
sandstone. The lower portion of the formation
often includes considerable dark shale, as in Hell
Canyon and especially in the region a few miles
sonthwest of Minnekahta. On the north side of
Red Canyon the basal series comprises massive,
cross-hedded sandstones lying on a few feet of car-
bonaceous shales with some ecoal, and overlain at
one place by a 30-foot deposit of massive greenish
shale, which resembles the Morrizon formation in
appearance, but which grades laterally into soft
bufl’ sandstone.  The overlying beds are of the
usual character. West of Red Canyon the upper-
most member is a massive sandstone of light color,
which weathers into rounded forms and gives rise
to a shelf of considerable width west of Craven's
anch.  In this region the thickness of the forma-
tion diminishes in places, and at one point in the
East Fork of Bennett Canyon is only 150 feet. In
Pasgs Creek Canyon also the formation thins con-
giderably and presents in its lower portion a 50-foot
ledge of massive, cross-bedded, buff' sandstone
lying on 50 feet of carbonaceous shale which
;_:h'l{h':-; down into oTay shales with sandstone inter-
calations that extend to the Morrison contact.

In the gorge cut by Chevenne River across the
anticline east of Edgemont the Lakota formation,
lying on Morrison shales, is exposed in its entire
The beds rise on the west side of the
arch and, with a dip of 5%, comprise at the top 100
feet or more of massive, white to pale-buff, fine-
orained sandstone, 40 feet of slabby sandstone and
shale, 40 feet of massive, light-gray, fine-grained
sandstone, 10 feet of shaly and thin-bedded sand-
stone, and 30 feet or more of massive, white to
dirty gray sandstone.  In Chilson Canyon the for-
mation appears to be of greatly increased thickness,
meaguring over H00 feet, but this may be partly
due to landslides in the deeper portion of the
canyon, by which the basal beds have slipped
down over the Morrison shale.

At a coal prospect 4% miles east of IEdgemont,
on Cheyenne River, on the north side of the first
large bend, the coal oceurs 250 feet above the river,
or about 200 feet above the base of the forma-
til]l], i_'l[_"t\‘l.'i_‘i_‘!]'l ]EI}’(‘!T‘;“- H'F ]]]EI!‘H;\.'{‘. \‘I-']'Eitl_" HEI!IL]S':UIIL‘,
One and one-half miles farther down the river,
also on the north side, there iz a 3-4oot hed of
poor coal 90 feet above the river and G5 feet above
the base of the formation. At the mine around
the next bend, in sec. 24, there is a coal bed which
has a thickness of 5 feet for some distance, but
thing out eastward. It is about 30 feet above the
river and lies between two heavy beds of massive
white sandstone, of which the upper is 25 feet
thick and is overlain by 50 feet of thinner bedded,
light-colored sandstones capped by terrace materials.

The Lakota sandstone was pierced by the borings
at Edgemont and appears to extend from 430 to
652 feet, a thickness of 222 feet. A characteristic
feature of the Lakota sandstone is the occurrence
of numerous fossil vegetal remains. Large num-
bers of ceyeads have been found in its middle beds
west of Payne and Arnold’s ranch (see fig. 8§,
illustration sheet); petrified tree trunks are also
of frequent occurrence. One of these, near the
eyead loeality above referred to, is shown in fig. 7
of the illustration sheet. They are abundant in
the wide plateau of Lakota sandstone extending
east of Parker Peak. On the evidence of its fossil
plants the Lakota formation iz elassed in the lower
Cretaceous.

Minnewaste limestone.~The Minnewaste lime-
E.t[]lll:_‘ iH Fi | FU]'IIIHHI,]]] lf_ll'. ”III:‘IU_"I{I Geeurrence ill t]lL"
Black Hills, its principal outerops extending from
the vicinity of Cascade Springs to Buffalo Gap.
A small outlying area is also found at the head of
Bennett Canyon.

In the high ridges east of Caseade Springs
the formation is 25 feet thick
platean areazs of moderate extent, but it thins
rapidly south and west and appears not to extend
north of Caseade Springs or west of Falls Canyon.
It iz exposed at intervals on the slopes above Tepee
Creek with a thickness of 15 to 20 feet, iz well
exhibited on the north side of {ﬂtu}'utlhi’. River east
of Coffee Flat with a thickness of 18 feet, and is
exposed in a gorge a mile south of Cascade Springs,
where its thickness is 10 feet. At the head of
Bennett Canyon there are several small areas
in which it has a . thickness of from 3 to 12 feet,

Edgemont.

thickness,

Elllll {‘."l].i.-l SO

and it eaps some narrow ridges and slopes near the
county line, passing beneath typical Fuson clays
on the slopes of knobs capped by the massive red-
dish sandstone of the Dakota.  Small traces of cal-
careous deposits are seen at the base of the Fuson
formation at various points north of Edgemont,
which doubtless represent Minnewaste limestone.

The typical rock is a nearly pure, light-gray lime-
stone presenting a uniform character tlmmghﬂut.
An extended search has failed to detect any fossils
in it, but it is known to be of lower Cretaceous age
because it lies below the Fuson formation.

Fuson formation.—The Fuson formation con-
sists of a thin sheet of clays and impure sandstone
lying between the Dakota sandstone and the Min-
newaste limestone or the Lakota sandstone. It has
a thickness of nearly 100 feet southeast of Cascade
Springs, but westward it thins rapidly, varying
from 30 to 60 feet. The predominant material is
clay and sandy clay of gray color, with conspic-
uous maroon and purple portions.  Thin beds
of bufl’ sandstone and one or two layers of a char-
acteristic dark-green sandstone are usnally included.
Locally the clay appears to give place in greater
part to sandy shale with gray to purple clay part-
To the east, overlying the Minnewaste lime-
stone, is a 20-foot basal bed of coarse sandstone,
much honeveombed by weathering.

In places, as at Pass Creek, the formation consists
largely of dark shale and gray sandy shale. Ten
miles north of Edgemont there are 40 feet of dark,
sandy szhale in the upper part of the formation,
lighter colored sandy shale in the middle, and dark
shales lying on massive Lakota sandstone at the
hase. T'wo miles west of Craven’s ranch the Dakota
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sandstone is underlain by 7 feet of dark-gray to |

black massive shale, 3 feet of light-gray clay, 6 feet
of dark clay, 3 feet of green sandstone, 16 feet of
dark-brown, very soft sandstone or sandy clay, 6
feet of purplish elay, and 16 feet of light-colored,
very sandy clay lying on typical Lakota sandstone.
As the formation is soft as compared with adjoin-
ing sandstones and. limestones, it usnally lies along
the base of Dakota sandstone eliffs and is more or
lesg hidden by talus.

In the well at Edgemont the Fuson formation
appears to extend from 250 to 430 feet, a thick-

ness of 80 feet, being reported az “shale.”  No
tossils have been found in the formation in the

Fdgemont area execepting a few indeterminable
plant fragments, but in the Hay Creek region in
the northern hills it has yielded large numbers of
plants of lower Cretaceous age.

Dakota sandsfone,—The Dakota sandstone con-
stitutes the outer slopes of the hogback and pla-
teau, being prominent in the steep rise from the
In the
region north and east of Edgemont it presents a
regular slope to the southwest and iz deeply
notched by eanyons, someof which have cut away
portions of the formation, leaving scattered outliers.
Southeast of Minnekahta, where the dip is south-
eastward and is very gentle, the formation extends
far up the sloping platean, mostly in outliers eap-
ping the narrow ridges between the deep canyons.

x-':ﬂiv:g.' underlain by the Graneros shale.

One of the most conspicuouns of these outlying |

masses is Parker Peak, in which the formation
attains an altitude of 4848 feet.

The formation rarely exceeds 125 feet in thick-
ness, being about half as thick as the Lakota sand-
stone, It generally consists of hard, coarse sand-
stone from 6O to 80 feet thick, overlain by a
thin series of purplish and thinner bedded buft
sandstones, with a variable series of sandstones 30
to 40 feet thick at the top.
'I_l!j"'l.'l.il.]l:r’ iﬁ- ‘r'l,']"'!' ]]1!!5“-5\'1‘, J‘.:'"i\'[i]:-_" '!'[Hl!' “} I:'I[ﬁ;!- i“
which the jointing gives a rude palisadal effect,

‘he basal member
The basal e

and its color on weathering is a characteristic dull |
Prominent exposures of this

reddish  brown.
member oceur along Red and Hell canyons, and it
risez in a sharp, rocky hogback ridge on the west
flank of the anticline south of Cascade Springs.
In places it changes into thinner bedded sand-
stone, especially in its lower part, as east of the
grindstone quarry. In the high ridge on the east
side of Red Canyon, a short distance above the
mouth of Craven Canyon, there are prominent
reddish cliffs of the characteristic massive sandstone,
30 feet thick, lying on 8 feet of softer, thinner
bedded sandstones, underlain by 20 feet of very
light-colored sandstone, reddish at top, which lies
on typical Fuson purple shales. In the ridges on

1

either side of Chilson Canyon the formation is
largely represented by a hard, gray to purplish-gray
quartzite, a rock which is extensively developed in
Parker Peak and at Flint Hill, where there are
i‘x'{,!lll‘-i"fl" L".‘Ll,"q'll'q'lliﬁ]]ﬁ ll.'rl':!'_" i:l:f l}l[! II:H'.;':”'IL'S- IIIJ]'
materials for arrow heads and other implements.

South of Caseade Springs the upper bed is a
hard sandstone 15 feet thick, underlain by 85 feet
of thin sandstone and alternating shale and sand-
stone, at one place containing a 4-inch bed of coal.

The upper beds of the Dakota formation exposed
under the Graneros shales in the bank of Cheyenne
River a short distance above the month of Plum
Creek are as follows: 10 feet of slabby brown sand-
stone; 10 feet of yellow to drab mottled clay; 10
feet of thin-bedded, light-brown sandstone; 5 feet
of drab shale, and 5 feet of yellow and drab shales
Iving on the massive lower member. At the coal
prozpect on the river bank 3 miles east of Hdge-
mont there are, below the Graneros shales, 15 feet
of slabhy, light-colored, fine-grained sandstone, 20
feet of dark shaly sandstone, 20 feet of massive,
fine-grained, light-buft' sandstone, and 30 feet or
more of dark shales containing a body of very
coaly shale near the top.

The Dakota beds at the grindstone quarry north
of Edgemont belong in the upper member, which
is about 45 feet thick and is overlain by Graneros
."‘hq'l].{" El“ll $L"EIE:I.|"EHL"III EI"IIHH t.EIIL.‘ ]l}"l\'i_"'l" H'lil.ﬁﬂi‘l.'{‘: :“ill!ll-
stones exposed in the adjoining canyons by 25 to
30 feet of maroon and gray elay, with thin buff
sandstone intercalations. The beds at the quarry
are as follows: At the top 3 feet of buff sandstone
with a thin parting of drab shale, 1 foot of drab
shaly sandstone, 10 feet of massive, fine-grained,
light-colored quarry stone, 5 feet of thin-bedded
buff sandstones, 7 feet of massive buft’ sandstone,
3 feet of thin-bedded to shaly sandstone, and 5 feet
of slabby light-buff’ sandstones lyving on maroon
and gray clays.
those of the Fuson beds, but they are underlain
by typical massive sandstone of the lower Dakota,
“']:Ii(_"l] IkiH[’H ‘II] l'lilr.‘i ﬁll'tlll:,‘l’ 11].! -I{I,"[] (_.:'IIH}'U”:.

In the region north and east of Marietta the
upper members of the Dakota comprise thin-hedded
sandstones underlain by drab, gray, and red to
maroon ¢lays, and the lower Dakota beds are in
part thin bedded.

In the wells at ]‘]ilgt-:llmllt the Dakota sandstone
appears to have been entered at a depth of 295 feet
and to have a thickness of 55 feet.

The upper sandstone of the Dakota sandstone
near Hot Springs has yielded fossil plants of the
Dakota flora, of upper Cretaceous age.

(raneros shale.—This shale is the lowest forma-
tion of the Benton group and is believed to be the
precise equivalent of the Graneros shale of south-
eastern Colorado, as it lies between the Dakota

These clays somewhat resemble

sandstone and the Greenhorn limestone, which in
both regions is characterized by numerons remains
of the same species of Tnoceramus. The shale is
dark and in greater part breaks up into thin flakes.
It contains numerous concretions, usually lens
shaped, ranging in diameter from a few inches to
several feet.  Its thickness averages about 850 feet,
g0 far as eould be aseertained from several eross-
section measnrements made with rather uneertain
dip determinations. Usunally its limits above and
below are sharply defined, but locally, as near
Cascade Springs, there are some basal sandy beds.
A contact with the overlying Greenhorn limestone
is shown in fig. 12 of the illustration sheet.

To the northwest the shale underlies the H‘:l]lt‘}'
::11'11}:11*:1 ]:j.' (.-']11-._}’1'-]1111-. River and to the southeast
gome of the lower western branches of Hat Creek.
This valley narrows as the dips steepen east of

Edgemont, and still more on the east flank of the |
It is extended south- |
ward beyond Rumford by the anticline west of Hat |

gyneline east of Maitland.

Creek, and its extension to the southwest up Cot-
tonwood Valley iz alzo due mainly to an anticline.
Small outlying areas are found on the Dakota
sandstone plateaus, notably in the high ridges 6
miles north of Edgemont and at other points north-
east of that town, where it has been protected by

Oligocene deposits.  The formation is extensively

exposed and its surface is generally bare of vegeta- |

tion. Along Cheyenne River and Hat Creek it is
[_'Xt[_'”ﬁi\"(’!]}' {'.U‘I.'C'l'l'il lli:p' -i-l].]ll \'Ill['tl.r Hllll \\'{‘Hl Hil :h!L'[]';-
etta and near Maitland its upper portion is covered
by dune sand. In an area of considerable size

north of Maitland the Graneroz shale is traversed

by dikes or masses of sandstone occupying fissures.
The most extensive of these are near the road to
Maitland as it enters the draw just south of Coffee
Flat; others are expozed a mile farther west, in the
east bank of the river and on the slopes above.
Two small dikes were observed 3 miles sontheast
of Edgemont, and there iz another 2 miles south of
These of sand
derived from the underlying Dakota sandstone,
which has been forced up along joint planes or in
ﬂﬁﬁl"'l_'ﬁ FU]' SO {]iHIJIIIL‘U tllt'”"gl] t]ll_‘! 11_}1".‘1_'r ]]1,"(,15
of the shale. ’1'||i-_\' vary in width from a fraction
of an inch to more than 20 feet; and while most of
them are short, some of the largest of the dikes
['.":1E'|]l.|. .“{’!'l'!_‘i'ill I]l.]]'l'l'_l'l"{!l,l ;l."!il'l_]ﬁ, [_:']]l_’! IJ:F I]l{" I'rl'['}_{'{"!f-l'_,
which is at least 20 feet wide, iz shown in fig. 6 of
the illustration sheet.
ably, but the general direction is northeast-south-
west, Mozt of them dip
steeply, but in places the inclination is low. In
the cliff east of Chevenne River there are two dikes
that eross each other, showing that one was intruded
after the other. At some points the shale on either
side of the dike is deflected abruptly downward for
a few inches.

The Graneros shale onterops for the most part
in a broad, open trough, which on the south meets
the overlying Greenhorn limestone in a more or less
ilht'll]'l'[ BCAT], and on the north jl‘.uim-i the Dakota
slope without marked physiographic break, North-
west of the main gorge of the Cheyenne a large
part of the shale area is occupied by the valley of
Cheyenne River and some of its more important
tributaries.  Bordering these valleys on one or
both sides is a well-defined series of stream ter-
rices  ent These terraces are flat
topped and are covered to a greater or less extent
with alluvial deposits, which have protected them
from extensive erosion; they are, however, consid-
erably dissected by minor streams, which tend to
form long, rather open and shallow valleys follow-
ing the strike. The tendency of streams to follow
the line of contact between a soft formation and a

Cascade Springs. dikes consist

The trend varies consider-

and some are eurved.

in the shale.

harder one beneath is seen again along the contact
of the Graneros shale and the Dakota sandstone
north and northwest of Edgemont.

South of the main Cheyenne gorge, where the
rocks dip at a high angle, the Graneros shale forms
a comparatively narrow pass in the hills, with
Just
north of the pass a well-defined, short hoghack
ridge has been developed in the Graneros forma-
tion, owing to the loeal oceurrence of sandstone in
the steeply dipping shale.  "I'wo conieal hills about
3 miles northeast of Maitland are the result of a

drainage to the northwest and southeast.

similar ocenrrence of sandstone.

In the eastern part of the quadrangle the
Graneros shale does not, in general, form a simple
trongh, but presents topozraphic features similar to
those developed on the Pierre shale, with broad,
rounded rvidges and Terraces
oceur locally along the larger valleys, as west of
Hat Creek and along Cheyenne River. In the
triangular area of Graneros shale southwest of

l"]].IE,'II \'q'l].]l_":.'li,

| Maitland the principal topographic feature is a

broad, irregular ridge south of Plum Creck, trend-
ing north of east and having short drainage lines to
the north and longer valleys to the south and east.

Gireenfiorn limestone.—On the plaing south of
the Black Hills slopes one of the most prominent
features is a low but distinet north-facing escarp-
ment which iz due to the hard Greenhorn lime-
stone in the middle of the Benton group. The
escarpment is conspicnous west and south of Edge-
mont, where it presents the aspect shown in fig, 12
of the illustration sheet. In this region the rocks
dip mostly to the southwest at low angles and
the formation caps a table or shelf of moderate
height. South of Plam Creek the outerop is
deflected far to the south by the Hat Creek anti-
cline, and where the dips ave steeper the edge of the
limestone rizes in a ridge or line of knobs which
extend to Hat Creek southeast of Rumford. The
escarpment is often covered by alluvium in its
northeast corner, along Hat Creek Valley, but it
becomes conspicuons again as the beds rise from
the syncline east of Maitland. On the east side
of this flexure, where the dips are steep, its course
is again marked by a line of sharp-crested knobs of
considerable prominence. The limestone is thin
but persistent and is characterized by a large num-
ber of casts of fnoceramus labiatus (see fig. 11),



a fossil which is of infrequent occurrence in
the adjoining shales. It contains a considerable
amount of clay and some sand, and appears to
harden on exposure. It breaks out into hard, thin,
pale-buff slabs, covered with impressions of the
distinetive fossil.  Its thickness averages about 50
feet, including some shaly beds in its upper por-
tion,
the black shales of the Graneros formation, as
shown in fig. 12, but its upper beds grade into the
Carlile shales through 6 or 8 feet of passage beds.

The Greenhorn formation is resistant to erosion,
and this character, together with its occurrence
above the soft Graneros shale, has given rise to
some of the most prominent topographic features
south of Cheyenne River. Where the dips are
low, broad, flat-topped mesas have heen formed.
West of Edgemont the Greenhorn mesa averages
about two-thirds of a mile in width, while south-
east of Edgemont the average width of the broader
part is between 1% and 2 miles. Along Hat
Creek south of Maitland the mesa is generally

At its base it is distinctly separated from

narrow, and is in part covered with wind-blown |

sand. These mesas are bordered by an irregular

cliff, frequently more or less abrupt at the top, |

where it is capped by the Greenhorn limestone, a
large part of the slopes consisting of the underly-
ing Graneros shale,
cliffs are shown in fig. 12 of the illustration sheet.
The ragged margins of these tables are formed by
the deep V-shaped embayments commonly found
where erosion along the cliff has cut through
hard formation to the softer rocks beneath.

prominent toward the
south, along Cottonwood and Hat creeks, till the

becomes  gradually  less

Greenhorn formation finally * disappears beneath

t}ll’,} ‘L'il]lf_‘:f E]]Ill"fil]l“,

Where the dips are steep the Greenhorn lime-
stone forms a sharp and much serrated hogback
ridge, or a line of rudely pyramidal or wedge-
shaped hills (see fig. 9, illustration sheet). There
are two lines of hills of this character, one north
of Rumford, extending about 9 miles northwest-
erly; the other about 2% miles east of Maitland,
extending about 6 miles in a southeasterly diree-
The western faces and the summits of these
hills are of Greenhorn limestone, except in a few
places, where short streams have cut through the
limestone and 1;11};051:{] the shale. The lower part
of the eastern slope is of Graneros shale. Streams
have eut across these ridges at a number of points.

Carlile formation.—The outerop of the Carlile
formation, the uppermost member of the Benton
group, occupies a broad area west and south of
Edgemont, but is narrow on the sides of the Hat
Creek and Caseade anticlines. The formation con-
sists mainly of shales, with oceasional thin layers of
sandstone and sandy shales, and with numerous oval
coneretions at the top.
450 feet, or possibly slightly more.

tiomn.,

|
tion measured near the eastern margin of the quad- |

rangle is given in the following table:
Section of Carlile formation sowtheast of Maitland, 8. Dalk.
Feat.,
Niobrara chalk at top.
Gray shale, with large baff coneretions ..... 50

Hray ahnle. . - ... et s ma g AeAD0DOT i
Light-gray sandstone
Dark-gray shale, with thin sgandy Iayers.. ...
Bandstone ..........cc00an S SO AOGSE G A0S0 £H0 2

The formation presents numerous exposures,
except in portions of the valleys of Plains and Hat
creeks, where it is covered by alluvium.

The Carlile merges into the Greenhorn, but the
passage beds are thin. Fossils of typieal upper
Benton mollusean forms, including Pryonoeyelas
wyomingensis Meek, Seaphites warreni H., and M.,
Tnoceramus fragilis H. and M., and Fusus shumardi
H. and M., occur in considerable abundance in
some of the Carlile beds

The Carlile formation is of moderate though

variable hardness, being more rvesistant than the |

Niobrara chalk but less so than the Greenhorn
limestone. Where the formation lies nearly flat
and the exposures are therefore most extensive, it
is characterized by irregular groups of low, rolling
hills separated by open valleys and surmounting
the platean capped by the Greenhorn limestone.
These hills are best developed in the western half
of the quadrangle. Where the dips are steep, as

Characteristic views of these |

With |

the general southerly dip of the rocks the cliff|

Itz thickness averages about |
A typical see- |

north and east of Rumford and near the eastern
margin of the guadrangle, the Carlile formation
rives rise to a long, low, rounded, and inconspicu-
ous ridge, more or less broken by drainage lines

just west of the more prominent hills in the Green- |
' series contains three horizons of concretions, which
| exhibit a regular sequence throughout.
| ones are bisenit shaped, hard, and ziliceous.

| horn limestone.

Niobvara formation.—The Niobrara formation is
a =oft, shaly limestone or impure chalk, containing
more or less elay and fine sand, and often inclund-
ing thin beds of hard limestone, which econsists
of aggregations of Ostrea congesta (see fig. 11,
illustration sheet). In unweathered exposures it
is usually lead-gray, but weathered outerops are

ridges. Its thickness appears to average about 200

feet throughout.
local wash on its slopes.

spread out widely in the area of low dips in the
eentle antieline in the valley of Cottonwood and
Softwater creeks. It underlies part
Creek Valley, is deflected south by the Hat Creek
anticline, which it crosses just below Ardmore, and
iuxtwu]s north 4I1un_t_l: the east side of Hat Creek
| Valley to Bitter Creek, where it turns south in a
narrow belt along the west side of the Cascade
anticline.

As a rule the Niobrara chalk forms a simple, open
valley between the Pierre shales on the one hand
Land the Carlile formation the other. This
valley is broadest where the rocks dip at a low
angle and narrowest where the dips are steepest.
| The Niobrara lowland rises into the adjacent Car-

lile slopes without topographic break. The con-
tact of the Niobrara and Pierre formations, how-
| ever, is generally marked by an abrupt cliff, the
upper part of which consists of Pierre shales, the
lower slopes being cut from the soft Niobrara
chalk.
resistant concretionary layers near the base of the
Pierre shales.
by shale, and the differential erozion of the hard and
soft rocks has oceasionally developed rude terraces
in the upper part of the cliff.
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The clift' is due to the presence of several

Thesze harder ]:i}'{"lﬂ are vazu':il.u_-d

This cliff is best

the dips are greatest.
near the Niobrara-Pierre contact west of Hat
Creek is partly accounted for by a capping of
gravel on the Niobrara chalk, which has made the
rocks loeally more resistant.

Near the western tll:ll‘gill of the {|1J.:u]]".'m;_=;]l-. west
of Alum Creek, a heavy deposit of terrace gravels
on the Niobrara chalk has, to a greater or less
extent, |1rutl_'1*tg'1l this formation from mu-&i:_:ll, S0
that, instead of the single simple valley which else-
where characterizes the formation, there are o num-
ber of flat-topped uplands with abrupt margins
separated by moderately open valleys. West ot
Hat Creek the main drainage lines tend to follow
the Niobrara trough.

Between Alum Creel and
Rumford the main drainage lines of the valley—
Softwater and Plains creeks—follow very closely
the contact between the Niobrara and Carlile for-
| mations. ISast of Hat Creek the streams flow for
| the most part across the Niobrara trough.

Pierre shale.—The Pierre shale crosses the south-
ern portion of the Edgemont quadrangle, extending
northward beyond Ash Creek on the east of the
Hat Creek anticline and oceupying an area of about
150 square miles southeast of the flexure. The

e o s
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give rise to low, rounded hills sparsely covered with
grags and not useful for agriculture. The drainage
lines on it, as a whole, follow a northwest-southeast
direction. West of Hat Creck the general surface
rises to the north of west, with the dip culminating
near the western margin of the quadrangle in an
irregular ridge with northeasterly trend. This
ridge, which contains the highest elevations in the
| southern half’ of the quadrangle, is largely due to
structure, and its position closely corresponds to
the anticlinal axis of one of the minor folds.

The greatest thickness of the Pierre shale is in
the southeast corner of the quadrangle, where nearly
1000 feet are exposed, comprising about four-fifths
of its total amount,

At the base of the Pierre shale isa very characteristic

bright yellow, and therefore conspicuons, although, |
as the rock is soft, it rarely gives rise to noticeable |

Outerops of the rock are Inﬁ‘v-i
quent owing to the softness of the material and |
[ts outerop extends across |
the southern middle part of the quadrangle, being |

of Plains |

developed where the dips are low, and least where |
The absence of the cliff’|

formation consists mainly of a thick mass of dark- |
bluish-gray shales, which weather light brown and |

In the syncline west of Ard- |
more there remains a thickness of about G600 feet. |

rises in a steep slope above the Niobrara chalk low-
lands. This steep slope iz conspicnous along the
east side of Hat Creek Valley, west and south of
the railroad from Ardmmore to Provo, and about the
head of Alum Creek and its branches.  The hasal

The lower
Those
in the layers next above are similar in shape and
composition, but are traversed in many directions
by deep cracks filled with caleite and sometimes
containing scattered erystals of barite.
there oceur, in two or three layers, large lens-shaped
concretions of carbonate of lime of light-straw
color, showing beauntifully developed cone-in-cone
structure.  These coneretions appear not to be fos-
siliferons. At higher horizons the Pierre shale
contains many concretions, generally of small size,
which break into small pyramidal fragments, which
arve seattered more or less abundantly all over the
surface. Some of the concretions are IIL‘{IIIJ' fos-
siliferons, containing distinetive fossils, of which
the more abundant belong to the following species:
I;E”_-H'r;h-;; f."'.‘:h’l}).f'r"ﬁ.‘ﬂ-f?i, .Ir.l'n'l".'r'.'l‘".r'ﬂ"a'n’.f LA H'I'Fll?l""f”ﬂ"#, ..-‘ll-rfﬂ-’l'lin"iili'fﬁ
defayi, Mlacenticeras plucenta, Heteroceras nebras-
cense, and an occasional Lecina oecrdentalis,

Next above

TERTIARY BSYSTEM.

Chadron formation.—On the southern slopes of
the Black Hillzs uplift there remain a few =mall
outliers of sands and elays which appear to be rem-
nants of a former extensive sheet of White River
Oligocene deposits.  The oceurrence, farther north
and east, of other larger remnants having similar
relations and containing distinetive fossils, aids in
the correlation. In the Edgemont quadrangle
the principal arveas are on the Dakota sandstone
l'I(Ig(*.-; 6 miles north and slightly east of north of
Edgemont, at an altitude of 4050 feet; and in the
ridge 3 miles west of north of Minnekahta station,
at an altitude of 4400 feet. The more doubtful
areas are in the Red Valley at the head of Red
Canyon, at an altitude of 3900 feet, on the ridge
east of the gl‘im]ﬁ!mw quarry, and on the ]'i;lgﬂs
north of Craven ranch, at an altitude of 4250 to
4300 feet. The rock 6 miles north of Edgemont
iz 4 brown conglomeratic grit containing many
small pebbles, eapping an outlying area of Gran-
eros shale. It oceupies only a few acres and pre-
sents no evidence as to whether it represents the
Chadron or Brule formation. For convenience it
i mapped as the former. North of Minnekahta
the lh’]:lﬂt-;ii at one p]u{'i- is a i.‘UII:,_""EUI:lLI_‘:[‘I,IIL‘ 15 feet
thick, lying on 2 feet of white sandstone; and there
are also fine-grained sands, or loams, with gravel
strenks, and apparently some fuller’s earth, similar
to that of the Chadron formation, which has been
mined a few miles north.
and sand deposits in the northern part of Bradley
Flat belong to this same formation, or have heen
derived from it. In the ridge north of Craven
the material is sand and gravel. Along the ridge
east of the grindstone quarry there are sands and
gravels lying on outliers of Graneros shale and
supposed to represent the Chadron formation.

Possibly other gravels

QUATERNARY SYSTEM.

Residual gravels—The oldest surficial deposits
in this region are residual gravels, apparently rem-
nants of the basal gravels of the Chadron forma-
tion, which are but slightly removed from their
original position. The principal areas are on the
higher terraces in Bradley Flat and north of
Craven, the slopes northeast of Idgemont, the
ridges extending sonthwest of Edgemont, and the
divide east of Hat Creek in the southeast cor-
ner of the quadrangle. The materials consist of
sand and gravel, mostly in a discontinuous coating
and varying greatly in coarseness and composition.
Possibly in some areas they represent remnants of
early Quaternary or late Tertiary terraces, but
their history is not clear.

Older terrace deposits—The uplands bordering
most of the larger valleys cut in the softer rocks
are marked by a series of well-defined terraces,
representing old floors of the valleys which they
border; and like the present alluvial flats, they are
more or less extensively covered with sand, silt,
and gravel. There is a further resemblance in the
fact that these deposits are best developed along
the larger streams and in the softer rocks. They

series of black, splintery shale, 150 feet thick, which | are seldom found, or at least are not extensively

developed, in the narrow canvons in the harder
rocks. The only well-defined terraces in the areas
of the Dakota and Lakota formations, which are
the hardest rocks of the quadrangle, occeur as rela-
tively narrow, gravel-strewn benches at various
levels along the valley of Cheyenne River., On
the other hand, the soft Graneros shale has been
extensively terraced not only by the Cheyenne but
by its more important tributaries,

The old terraces formed by Cheyenne River in the
Graneros shales are broad and flat and at several
places oceur as much as 2 or 3 miles from the
river. Practically the entire width of the Grane-
ros exposure northwest of Kdgemont consists of a
series of terraces formed at successive stages by
Cheyenne River as it eut its valley deeper and
deeper.  With the continued deepening of the
valley of this river the previously formed alluvial
flats have been more or less dissected by erosion, so
that the present terraces are remnants of the old
alluvial flats. KErosion has, at the same time,
removed to a greater or less extent the deposits
which originally covered the terraces.

The terraces bordering the valley of Cheyenne
River are similar to those that occur along the other
im]rm‘t;lllt streams of the {]u:iill':lll;__:lv., Extensive
terracing ocenrs in the Sundance and Spearfish for-
mations along Hat, Cottonwood, Craven, and Red
Canyon ereeks and their main tributaries, while less
pronounced terracing ocenrs along Beaver and Pass
creeks, Hot Brook, Sheps Canyon, and a number
of other streams, the terraces all being developed
in wide portions of the valleys or in the softer
rocks.

The sand and silt covering many of these terraces
frequently rest on a layer of gravel which forms the
base of the alluvial deposits and outerops around
the margins of the terraces. Where the sand and
gilt have been removed through erosion, as on
many of the higher terraces, nothing but gravel is
found. These resistant gravel caps serve to protect
the underlying soft rocks from erosion, and so tend
to preserve the terraces. It is to such gravel caps
that the small outliers of Graneros shales northeast
of Edgemont owe their persistence. The gravels
of these terraces were earried to their present posi-
tion by the streamsz which formed the terraces, and
they therefore vary in character with the rocks
through which the stream has flowed, Some of
the terrace gravels are locally derived and are
wholly of one kind of rock, as limestone or sand-
stone. In other cases the gravels are drawn from
various sources and consist of mixtures of different
rocks, among which are limestone, quartzite, sand-
stone, ironstone, quartz, chaleedony, and oceasion-
ally granite. In general the terrace deposits are
thin, though west of Edgemont they are deep
enough to supply gravel for local use.

Well-developed terraces occur at various levels
up to about 200 to 300 feet above the present val-
ley floors, though comparatively few are at an
elevation of more than 150 to 200 feet.

On the Dakota sandstone slope at the northern
margin of the quadrangle and east of Pass Creek
there is a gravel deposit eapping a small platean
remnant cut in Graneros ghale about 400 feet above
the nearest point on Pass Creek, but this is proh-
ably older than Quaternary. Northeast of Edge-
mont there are other deposits, in part on Graneros
shale and in part on Dakota sandstone, which
range in altitude from a little over 300 feet to
about 700 feet above the flat at Edgemont, and
which are believed to represent Oligocene sedi-
ments, possibly rearranged in later times; but per-
haps, however, they are all of Quaternary age and
were deposited by Cheyenne River during an early
stage of its development.

The bowlder deposit capping the low divide just
west of Chilson siding appears to represent an old
channel of Chilson Creek, formed before the pres-
ent Chilson Canyon led the drainage of this valley
to the southeastward, and is doubtless of early
Quaternary age.

Alluvial deposits—Alluvial flats of greater or
less extent occur along Cheyenne River and its
branches, They are most extensive in the open
valleys formed in the soft Granercs shales, while
in the narrow, steep-walled gorges which the river
has cut in the hard rocks of the Dakota and
Lakota formations the flats are much more limited,
both in length and in width. They are found in
these formations, for the most part, in the bends of
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the river on the lower side of the curve, and are | well-defined dunes and blow-outs, especially west | axis which extends northward from the Laramie | subordinate flexures in the dome are mainly along

. . . B . . - | . . v . i
not continuous for any considerable distance. of Moss Agate Creek, north of Fdgemont, and | Range of the Rocky Mountains (see fig. 1). The | the eastern side of the uplift, the most notable ones
The alluvial deposits consist of sand and silt | northeast of Maitland. | dome is elongated to the south and northwest, has | being in the ridge of Minnekahta limestone just
with occasional layers of gravel. A section on steep slopes on the sides, is nearly flat on top, and | west of Hot Springs, which may be regarded as a

STRUCTURAL GEOLOGY,

Beaver Creek near the western margin of the quad- |is subordinately fluted to a minor extent. The | bifurcation of the southern edge of the dome.
rangle shows 10 feet of sandy alluvium lying on 3 | Sheueture of the Black Hills uplift.—The Black | greatest vertical displacement of the strata, as indi- | Another anticline of considerable prominence
feet of gravel which rests on Graneros shales. Hills uplift, if not eroded, would present an irreg- | cated by the height at which the granite floor is | occurs 3 miles east of Hot Springs. The subor-

The deposits in general are thin, seldom execeed- | ular dome at the northern end of the anticlinal ' now found, amounts to about 9000 feet. The | dinate flexures are characterized by steeper dips
ing 25 feet in thickness even where they are most
extensively developed. On  this account and
because of the depth of the more important stream
channels below their alluvial flats, there ave frequent
exposures of the underlying rocks along the stream
courses, especially on the onter marging of their
meanders.

Deposits similar to those found along Cheyenne
River also oceur to a greater or less extent along
all the stream courses of the quadrangle. They
are most extensively developed along the larger
stream courses and in valleys cut in the softer
1'{}[']{5. r.l.‘h('! .‘5]]15!]1 $'T‘Q’EI[T1$ ﬂ{}“'iT];_:“_' i]"l, I'l_"].:lﬁ\'l_‘ :l."
narrow canyons in the harder rocks have formed
corvespondingly small alluvial deposits.  All the
canyons in the hard Dakota or Lakota rocks are
narrow, giving little room for the development of
alluvial flats. The same thing is true of the Min-
nekahta limestone area. On the other hand, the
more important tributaries of Cheyenne River
which flow through the softer formations are all
bordered by comparatively wide alluvial benches,
Such benches are well seen in the vallevs of Pass,
Moss Agate, Cottonwood, and Hat creeks, especially
the last. Hat Creek, next to Chevenne River, is
the most important stream of the quadrangle, and
its alluvial deposits are second in width only to
those bordering the Cheyenne.  Though thin they
average about a mile in width for that part of the
stream that lies within the limits of the quad-
rangle. Near Ardmore they contain a considerable
amount of wash from Oligocene and Miocene for-
mations brought down from the badlands and from
Pine Ridge, a few miles to the south.

Excellent examples of the difference in the
development of alluvial deposits on streams run-
ning in hard and in soft rocks are furnished hy
Chilson and Red canyons. The stream in the
former, while flowing for the greater part of its
length in a narrow canyon cut in the hard Dakota
and Lakota rocks, has itz headwaters in the broad
Bradley Flat south of Minnekahta, developed in
the much softer rocks of the Sundance formation.
The stream from Red Canyon emerges from the
narrow valley cut in the Dakota-Lakota hoghack
into the open alluvial flat northeast of ISdgemont,
developed in the soft Graneros shale.

One or two low terraces northwest of Edgemont
have been included on the map with the narrow
alluvial deposits bordering Cheyenne River. These
terraces arve only a little above the valley bottom
bordering the river and ave in reality a part of the
alluvial floor of the valley. They are broad and
are covered with alluvial deposits similar to those
close to the river, the underlying rocks being
exposed here and there along the edge of the ter-
race northeast of the river.

In the valley of Caseade Creek an unusual
alluvial deposit occurs about one mile north of |
Cheyenne River. At this point the stream flows |
in a narrow trench which has been recently eut in |
the valley floor and which exposes the alluvial
deposits to a depth of about 25 feet. At the top
of the section thus formed there are about 2 feet of
caleareous tufa, deposited by the waters from Cas-
cade Springs; beneath the tufa are a few feet of
horizontally bedded, light-colored clays with some
scattered pebbles in layers; while the lower part
of the cliff is composed of a dark-gray, fine-grained
clay which exhibits a vertical columnar structure
resembling that seen in eliffs of loess.

Dune sand—Wind-blown sand, derived mainly
from the recent alluvial deposits of the flats horder-
ing Cheyenne River, and probably also in part
from the older terrace deposits, occurs at a number
of points, the chief of which are as follows: North-
west of Moss Agate Creek, north and south of
Edgemont, and bordering Hat Creek in the neigh-
horhood of Maitland. The last oceurrence extends
nearly 6 miles south of Cheyenne River. The ; : ° s o g Sl
sands have been spread irregularly over the

o i Fre. 1.—Black Hills uplift represented by eontours on the surfaee of Minnekahia limestone,  Where the Minnekahis limestone has been removed by erosion the ealeulated pogition of the
uplands by the prevailing northwesterly winds. contours is shown Ly broken lines, Long dashes indicate areas from which Minnekahta and overlyving formations have been eroded ; short dashes, areas from which all sedimentary -
These wind-blown l:ll*pt!ﬁifﬁ, Tllﬂllgh .;_-ﬂ”]|1.11|-;1t_i 1,-._.]}.- rocks have beer removed.  Contour interval, 250 feet.
2 B — U= ) = - 2 o B, DBear Butte; B B, Black Butte; B L, Bearlodge Range; ¢, Crook Mountaing © P, Crow Peak; 0, Deadwood: 0 T, Devils Tower; E, Elkhorn Ridge: € M, Edgemont; &, Green Mountaing H, Harney Peak; H 5, Hot Springs; | N, Inynnkara
t-ll'll'!, (‘.‘E]Ill}lf. 'J‘ P]L'i] 'E"HHI_}“ IL H}pﬂg’l ‘l]}] 1:'"! W Ith Mountain; M 8, Little Missouri Buttes; n, Nigger Hill; N ¢, Newcastle; O L, Oelrichs; 0 w, Old Woman Creek; R, Rapld; 5, Bundance; & T, Sturgis.
Edgemont.




on their western side and gentler dips to the east.
They merge into the general dome to the mnorth
and run out with deelining pitch to the south.

On the western side of the main uplift there is a |
(regarded as the prolongation of the main axis of

marked loeal steepening of dips and at the north
an abrupt deflection of the dome to the northwest,
which is one of its most notable irregularities.
To the south the dome is separated from a small
local anticline, which is the extension of the Lara-
mie Range uplift, by a shallow syneline extending
northwest and southeast. In the northern Black
Hills there are numerous loeal domes and Hexures,
slue mainly to laccolithic igneous intrusions, of
which the most prominent is that of the Bearlodge
Range, but no similar features are indicated by
the structure of the southern hills.

Faults are of rare occurrence, and none have
been detected which amount to more than a few feet

of wvertical displacement, except where some of |
the igneous masses have dislocated the strata and |

elevated them unevenly.

Strueture seefions,—The seetions on
ture-section sheet represent the strata as they
would appear in the sides of a deep trench ent
Their I;o:-;iﬁm] with reference

the stroe-

ACT0ES Iill" O "tl':ﬁr.
to the nap iz on the line at the npper ('dgr: of the
blank space.  The vertical and horizontal scales
are the same, so that the actual form and slope of
the land and the actual but generalized relations
of the rocks are shown, the structure where buried
being inferred from the position of the strata
obzerved at the surface.

Structure of the

illustrated by the five structure sections on the struc-
ture-section sheet.  Under the plains in the south-
western portion of the area, the strata lie in gentle
undulations, but to the east and north they extend
high on the =southern slopes of the Black Hills
dome, rising about 5000 feet in all from south to
north. While there is a general slope to the south
and southwest off the dome, it iz traversed by
anticlines pitehing southward. The most promi-
nent of these passes near Caseade Springs, where it
is very steep; another less prominent one extends
far to the south, up the valley of Hat Creek, while
a small anticline extends up the valley of Cotton-
wood Creek southwest of Edgemont. In fig. 2 is
shown the contour of the principal structural fea-
tures of the Edgemont and Oelrichs quadrangles.

The lines represent the altitude of the surface of

the Dakota sandstone, which is supposed to be
restored in the north-central portion of the area,
from which it has been removed by erosion,

It will be seen from this diagram that in the Edge-
mont quadrangle there is a gradual rise of the strata
from south to north and northeast. The greatest rise
is near the northeast corner of the area. The uplift
having been planed oftf' by erosion, so that the land
slopes less :-:it*L'lﬂ‘T than the strata, the outerop zones
of the formations eross the quadrangle from north-
west to sontheast, the oldest rocks reaching the
surface in the northeast corner.  Owing to the suce-
cession of north-sonth flexures by which the slope
of the uplift is corrugated, the formations dip
in varying directions and degrees of steepness, so
that their rise is irregular. In a broad distriet
about Edgemont and to the north and west the
strata present regular, gentle dips to the southwest,
the amounts varying from 100 to 200 feet to the
mile, with marked increase up the slopes of the
hogback range from Sheep Canyon to Pass Creek.

8

is marked by a sharp ridge of Greenhorn limestone,
dipping more steeply to the west-southwest, the
angle being 18° for some distance. It is the west-
ern side of the Chilson anticline, which may be

uplift of the Black Hills dome. It separates from
the general curve of the dome near Minnekahta
station, attains Ilt'mnilwlim' in the 1']11;_’1' east of

Chilson, and arches the Dakota, Graneros, Green- |

horn, Carlile, Niobrara, and Pierre formations,

cansing their outerops to extend far to the south, |

as the piteh of the flexure carries them in sue-
cession beneath the surface. Chevenne River cuts
across the Dakota and Lakota in
this anticline in a deep gorge, at the western
entrance to which the sandstones rize with a dip of
about 5°. To the south the Dakota sandstone
extends across the arch, but in Chilson Canyon and
northwest of Chilson it has been widely removed
At Parker Peak a small outlier of

sandstones

by erosion.

| hard Dakota sandstone remaing on the erest of the

Y |
Cdgemont  quadrangle, — The |
principal structural features of this quadrangle ave |

| eade anticline.

| whieh has cut a wide plain in them, known as

Omn this monocline the formations from Niobrara to |

Minnelusa outerop in regular order and present but
few local wvariations in altitude, except along a
local fault northeast of Cravens. This fault ents
the Spearfizh and SBundance beds, trends zouthwest
at right angles to the strike, and has a displace-
ment of about 70 feet, with the drop on the north
side. South of Edgemont the formations from
upper Graneros to Pierre are involved in a broad,
low anticline the axis of which extends up the
valley of Cottonwood Creek, It rises on the gen-
eral uplift, but does not appear in the Dakota sand-
stone outerops.  Iast and southeast of Edgemont
the southeast-dipping monocline continues to Ard-
more and beyond, separated from the Cottonwood
Creek anticline by a low syneline presenting broad
outerops of Greenhorn, Carlile, Niobrara, and
Pierre formations, pitching gently to the south.
The monocline steepens rapidly 4 miles southeast

of Edgemont, and then for several miles its slope | dip of which is vertical in places.

| stone extends northward to a point 3 miles north of
| Cascade Springs.

arch.  West
anticline, and some local steepening of dips, which
give rise to considerable complexity of relations in
the vicinity of Matias Peak. On the east side of
the Chilson anticline the strata dip so gently to
the southeast that in the region enst and sontheast
of Parker Peak the Dakota and Lakota sandstones
are spread out broadly in a southward-=sloping
platean, the north edge of which presents a high-
level erest line =outh of the Red Valley between
Minnekahta and To the south the beds
east of the axis pass beneath the surface in regular

of thizs knob there 1= a small loeal

Jones,

| 1 Graneros shale valley,

| Bprings the southerly pitch of the flexure carries

the Minnekahta limestone beneath the surface,
and the Spearfish red beds eross the axis and
extend northeastward to Hot Springs with gentle
dips, so that their outcrop spreads into a typical
red valley a mile or more in width, with a hog-
l!:il".!r( 'I"'q'l]'l.f_’"l" 0 “H easl H[ll('.. H[‘Illl]l l]{.‘ [“-E!H[‘E“]l"
Springs the Lakota-Dakota sandstone ridge eon-
tinues as o prominent feature, rising steeply above
It is trenched by two
[l['l'll TOTTes, and presents steep 1“|}a-= to the west.
Cheyenne River erosses these formations in a deep
gorge, south of which they soon pitch beneath
{';I'ﬁlll_‘i'”ﬁ H]'IHI['.. rr.]'li!'i H]l:lll" HE L] i:“ hl]‘]‘{lf'l‘l‘{l h}' il
ridge and by escarpments of Greenhorn limestone,

which are specially prominent on the west flank of

the arch, where the dips are 20° or more to the
west-southwest. These hogback ridges are shown
in fig. @ on the illustration sheet,

MINERAL RESOURCES.

RBOTLS,

Derivalion.—The goils in this region are closely
related to the underlying rocks, from which they
are residual products of decay and disintegration,
except when they are formed as alluvial deposits
In
the process of disintegration residual soil develops
more or less rapidly on the several rocks of the
'I'l_"'-h'{{i[] El('l"fll'l]illg 1,” I,]H.’ l']l:l.l‘-"ll_"l{']' ﬂf' t]ll"‘ I'L'“'H.’t'li
holding the particles together. Siliceous cement
dissolves most slowly, and rocks in which it is

in the larger valleys or are spread by winds.
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order, but south of Cheyenne River the anti:line |
becomes narrower and the dips on the east side
There is on |
this side the Coffee Flat syncline, in which Pierre
shale and underlying formations extend far north-
ward, which is succeeded on the east by the Cas- |
In the Coffee Flat syneline the |

gradually change to east-southeast.

Graneros shales extend across Cheyenne River,
Coffee Flat, and a narrow basin of Dakota sand-

This syneline is prolonged for
several miles to the northeast, finally dying out in
the Minnekahta limestone north of Hot Springs.
The high Cascade anticline rises abruptly, pre-
senting steep dips on its western side, gentle dips
to the east, a rapid pitch to the south, and from
its culmination 4 miles north of Caseade Springs
a gentle pitch to the northeast. This anticline
extends the Minnekahta limestone far to the south,
in a high ridge with steep western slopes, in places

eut into by canyons so as to reveal the underlying
Opeche and Minnelusa formations.
flanked on the west by a red valley which trends
north and south and which, {H\‘in;_{ to the steep
dips, is only a few hundred yards wide. West of
this valley rise slopes of Sundance formation to a

Istw]} moncelinal ridge of Lakota sandstone, the

At Cascade |

This ridge is |

present, such as quartzite and sandstones, are
extremely durable and produce but a scanty soil.
Caleareous cement, on the other hand, 15 more
readily dissolved by water containing carbonie and
other acids, and on its removal eclay and sand
remain, often forming a deep soil.  If the calea-
reous cement is present in small proportion only,
it iz often leached out far below the surface, the
rock retaining its form but becoming soft and
porous, as in the case of the Minnelusa sandstone.
If, as on the limestone plateaus, the caleareous
material forms a greater part of the rock, the insol-
uble portions collect on the surface as a mantle,
varying in thickness with the character of the lime-
stone, being thin where the latter is pure, but often
T{!I'}' t!lil_"]{ "I."|'|]l,"f'|§_: “]l_‘: ]'”l‘]‘i {‘l]l]tili”l‘] IIII,H_’IJ ill:‘_‘ﬂ'lllhlﬂ
matter. The amount of =oil remaining on the
rocks depends on erosion, for where there are
ﬁlﬂl]{"}_‘. t.]'l{j l_"]‘l'i.",lil_,'lll iH ﬂﬁ 21 s "i[‘.[{‘![l‘ to remove t]'l_ﬂ
soil as rapidly as it forms, leaving bare rock
Crystalline schists and granitie rocks are
decomposed mostly by hydration of a portion of
their contained feldspar, and the result is usually
a mixture of clay, quartz grains, miea, and other
materials.  Shales are disintegrated in consequence
of changes of temperature, by frost and by water,
thus by softening and washing giving rise to soils.
If they are sandy, sandy soils result, and if they
are composed of relatively pure clay, a very clayey

anrfaces,

soil is the product. The character of the soil thus
derived from the various geologic formations being
known, their distribution may be approximately
determined from the map showing the areal
geology, which thus serves also as a soil map. It
must be borne in mind that some of the geologic
formations present alternations of beds of varions
materials; for instance, shales and sandstones alter-
nating with limestone. These give abrupt tran-
sitions in the character of their disintegration
produets, soils which differ widely in composition
and agricultural eapabilities oceurring in narrow
zones gide by side. The only areas in which the
boundaries between different varieties of soil do not
coincide with the boundaries of the rock formations
are in the river bottoms, in the sand dunes, in the
areas of high-level gravels, in the smaller valleys,
and upon steep slopes, where soils derived from
rocks higher up the slope have washed down and
mingled with or covered the soils derived from
the rocks below.
overplaced soils, and a special map of large scale
would be required to show their distribution.
Distribution.—The portion of the Edgemont
quadrangle which lies in the plaing is underlain
mainly by shales consisting largely of clay, but
there are also along the valleys extensive areas
that are covered by alluvium. The soils of the
clay region vary somewhat with the different
formations. Those of the Pierre shale give rise to
a stiff gumbo, which is not only very barren in
itself, but i= acid because of decomposing pyrites,
and is too sticky for working. It is eovered with
grass, which originally afforded an excellent pas-
turage, but in some areas it has been grazed down
by excessive herding, and, as the soil is not rich,
the grass will require some time to regain its former
growth. The hasal series along the margin of the
Pierre shale is barren and sustains searcely any
growth. The Niobrara beds are ecaleareous and
fertile, and their area, if supplied with water,
would be highly produetive. The Carlile forma-
tion gives rise to clay soils mostly, but they are
more sandy than those of the Pierre and corre-
spondingly more easy to work. The Greenhorn
limestone presents rocky surfaces that have but
little soil upon them. The Graneros shales are
mostly harder than the Pierre shale, but they are
particularly barren and often extensively gullied.
The hogback range has a generally rocky sur-
face, with a sandy soil which supports a growth of
grass and scattered pines. It is nearly all too high
for irrigation, and in most seasons does not receive
sufficient rainfall to be profitably farmed. The Red
Valley has a barren soil, but in the southern por-
tion of Bradley Flats there is a wide area of allu-
vium in which the soil is excellent. The slopes of
Minnekahta limestone present extensive rock out-
crops and are generally oceupied by the marginal
pine forests of the Black Hills, but on some of the
more level plains there is a scanty but fertile soil,
which supports a fine growth of grass. The Min-
nelusa sandstone area in the northeast
of the quadrangle consists mainly of rolling hills
with sandy soils that contain considerable lime and
are in consequence moderately fertile,  They are
useful for grazing, but are too dry for agriculture.
It is in the wide alluvial valleys which traverse
the shale deposits that the best =oils are found, and
there the land is level, usually well drained, and
would be in every way adapted to agrienlture if it
were supplied with water. The largest areas are
along Cheyenne River from Argentine to the
mouth of the gorge 3 miles east of Edgemont.
The river bottoms about the mouth of Plum
Creek and Coffee Creek, the valleys of Hat
Creek, Plains Creek, Cottonwood Creek, and
Alum Creek, and portions of the alluvium along
Cheyenne River are rather too sandy for culti-
vation, but there are extensive areas of sandy loam
which are highly productive when properly eulti-
vated. An irrigation ditch has been built along the
south side of the river from the mouth of Beaver

Boils of this elass are known as

COTrner

Creek to Edgemont, but is not in use. Along
the foothills are numerous localities in  which

water could be stored and made available for irri-
cating flats along Cheyenne River and Hat Creek.

WATER RESOURCES.
SURFACE WATERS.

The flowing streams of the Edgemont quadrangle
are Cheyenne River, Cascade Creek, Beaver Creek,



and Hat Creek. Red Canyon contains a small flow
of water near the mouth of Craven Canyon, and
there are pools of water in other streams, especially
Indian, Cottonwood, Moss Agate, and Pass creeks.
Cheyenne River ig a torrent during floods, but
these oceur only at long intervals.  In midsummer
itz flow averages only from 10 to 15 second-feet at
Edgemont. Along most of its course its freshet
waters could be impounded if they were needed,
but long and very substantial dams would be
required to withstand the sandden heavy floods
which follow the rains. Cascade Creek is a vigor-
ous stream which is supplied entirely by the
springs at Cascade, where a large volume of water
issues from the Minnekahta limestone. The water
is warm and contains a slight amount of mineral
matter, as is shown by the following analysis
(given in terms of the probable combinations),
kindly furnished by the Burlington and Missouri
River Railroad Company:

Anafysis of water from Coseade Creek, South Dakote.

Giraing per

. 8. gallon,
Sodinm chloride. . ............. s mmmaEss e 497
Bodinm sulphate. ............. ..ol .29
Caleinm sulphate. ... -cooo o iieeenanaa 119.54
Caleiom earbonato. ... - .. oioverivnnaneans .75
Magnesinm carbonate ........... ... ..... 15.68

In the flat which this stream crosses to reach
Cheyenne River some of the water has been
employed for irrigation with most gratifying
results, but only a portion of its volume is utilized.
The volume of the creek at its mouth averages
about 25 second-feet. Hat Creek rises in Pine
Ridge, where it is fed by numerous springs, but in
its long flow across the arid plains north it loses
much of its water and at its mouth is usually a
very small stream. Beaver Creek, which empties
into Cheyenne River south of Argentine, is a flow-
ing stream that averages about 5 second-feet dur-
ing summer.

Irrigation.—On the plains adjoining the Black
Hills there are usually long periods of drought
in summer, so that irrigation is necessary for
raising erops.  In many of the valleys there
are wide areas of fertile =oils suitable for agricul-
ture, and to portions of them it is practicable to
carry water for irrigation. At present only a small
area of land is being irrigated in the Edgemont
quadrangle. The water of Cascade Creek and to
a small extent that of Cheyenne River north and
northeast of Maitland are used. Several vears ago
a reservoir was constructed at the mouth of Beaver
Creek and a canal was built along the southwest
side of the Cheyenne Valley to Idgemont, but the
dam was washed out and the ditch is not now in
use. With the expeetation of having water, a
number of farmers settled on the lands covered
by the ditch, but most of them have given up their
farms and left the region. With the construction
of a suitable dam on the river and the installation
of water storage in the many valleys and canyons
of the region, irrigation could be practiced exten-
sively and a community of considerable size be
supported.

UNDERGROUND WATEHRS.

The oceurrence of underground water in the
Edgemont quadrangle is of interest mainly in the
plains adjoining the Black Hills, under which
there extend several thick sheets of water-bearing
sandstone.
surfaice in the hogback range, these sandstones
conduct it underground along the eastward dip to
a considerable depth within a comparatively short
distance. Where the inclination of the strata
diminishes away from the hills, as it generally
does, there is a wide area beneath which the
water-bearing beds lie at a depth that is within
reach of the well horer. As the region is semi-

arid and the surface water often econtains much |

“alkali,” there is great need for underground
waters at most places. In the columnar section
are shown the relations of the principal water-
bearing horizons. The principal water supplies
are to be expected in the Lakota and Dakota sand-
stones. These strata are exposed over a wide zone

in the hogback range, where, by imbibition Elmij
by sinkage from streams, they receive a consider- |

able proportion of the rainfall, which very slowly

flows in the permeable sandstones completely under

the State of South Dakota and emerges in great

springs and general surface seepage in the outerops
Edgemont.

Receiving water from rainfall at the |

of Dakota and Lakota sandstones in the Missouri
Valley in the southeast corner of the State. The
altitude at which this water enters the beds is from
3000 to 3500 feet above sea in greater part; it
emerges at the surface to the east at an altitude of
about 1200 feet, and in the intervening coun-
try its head gradually diminishes from source to
outflow. In eastern South Dakota numerons flow-
ing wells, from 400 to 1000 feet deep, furnish large
volumes of water from the Dakota and Lakota
sandstones, and it is believed that this water is
available in the region lying westward, up to the
flanks of the Black Hills, under conditions which
are set forth on the artesian water map of this
folio.

The depth of the uppermost water-bearing sand-
stone beneath the surface at any point is shown by
patterns of color, each one of which represents

' a vertical distance of 500 feet; thus one represents

depths from 0 to 500 feet, the next from 500 to
1000 feet, and so on. In the areas in which the
head of water is sufficient to afford surface flow
the pattern is printed in blue, and where a flow
may not be expected it is printed in green.
Unfortunately, the area of flow iz relatively
restricted, lying mostly within  the immediate
vieinity of the valley of Cheyenne River above Mari-
etta. There are also drawn on the sheet lines repre-
senting intervals of 100 feet, which show the height
to which the underground waters may be expected
to rise above sea, or, in other words, their head.
These lines afford means for ascertaining how near
the surface the water may be expected to rise in
wells which do not afford a flow, and also the
pressure of the water in the area of the flow.
The depth below the surface at which water would
stand in a well in the non-Howing area may be
found by subtracting the altitude of head from
the altitude of the land, shown by the brown con-
tour lines on the base map. It will be noticed
that the altitude to which the water may be
expected to rise increases to the west, for in that
direction the sources of supply are very much
higher than they are to the south, where Cheyenne
River crosses the hoghack range.

On the columnar section sheet are shown the
formations which must be penetrated, and these
can  be recognized by their characteristics as
deseribed in the table and by the fossils referred to
below. From the areal geology map can be ascer-
tained in which formation the well is started.  Two
of the most important fossils for determining the
geologic horizon are Ostrea congesta and Inocera-
mus labiatus (see fig. 11, illustration sheet). The
former occurs crowded together and constitutes
thin layers of limestone in the upper portion
of the Niobrara chalk beds, which, although bright
vellow when exposed on the surface, are of a pale
blue-gray color when first brought out by the well
boring.  Inoceramus labiatus is characteristic of the
Greenhorn limestone, which iz hard and of buff
color on the surface, as seen in the many outerops
in the escarpment just east of the hoghack range,
but iz of dark-gray color and soft texture under-
ground. The zone of concretions and the thin
layers of sandstone in the Carlile formation will be
encountered by the well borer and recognized by
their hardness and their stratigraphic relations.  In
most areas it will be necessary to bore deeply into
the Dakota and possibly also into the Lakota
sandstone to reach the principal water horizon.

Several wells have been bored in the Kdgemont
quadrangle. Some of these have been successful

and others have failed to vield water.

Fdgemont wells.—In Edgemont and its vicinity
a number of wells were sunk several years ago for
water from the Dakota sandstone. They nearly
all obtained supplies for pumping, but, owing to
the low level of the outerops of the Dakota sand-
stone in the vicinity, the water did not have suf-
ficient head to flow. The water did not prove
satisfactory for use in locomotives, and all the wells
except the deep one at the railroad roundhouse
have been abandoned.

The records of two wells are given in figs. 3
and 4. One of the wells at the roundhouse, of
which the log is given in fig. 3, has a depth of

1125 feet, but is now filled to the depth of 700 |

feet. Water of bad quality was found in the white
sand at 295 feet and in the sandstone at 977 feet.
Fairly good water, rising to within 60 feet of the
surface, is now obtained from the sandstone which

beging at a depth of 509 feet. It contains 239
grains of solid matter per gallon, of which 9.33
grains are lime. The log appears to be a fairly
reliable one, indieating Dakota sandstone from 295
to 350 feet, Fuson formation 350 to 430 feet,
Lakota formation 430 to about G52 feet, Mor-
rison shales 652 to 802 feet, Sundanee shales and
sandstones with the characteristic red series 957
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Fia. 3. —Log of deep well at Edgewont, 8. Dak.
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Fig. 4 —Log of deep boring at the railroad Y north of Edge-
mont, S Dak.

to 977 feet, and the bed of buff’ sandstone 977 to
1012 feet, with the basal dark shales thenee to 1125
feet, which is probably not far above the top of the
red beds of the Spearfish formation. The well at
the north end of the ¥ across the river from dge-
mont has a depth of 960 feet, and probably ends
in Sundance shales, but the record appears not to
be reliable in its details, Some water was found
in the white sand at 230 feet, and in sandstones
at 290 and 430 feet. At 578 feet a sandstone
begins which vields a good supply of water,
rising to within 30 feet of the surface. A thin
sand rock at 703 feet also vields water, but its
volume is small.

Minnekahta boring.—Several years ago the Bur-
lington and Missouri River Railroad Company
made a deep boring at Minnekahta station to
obtain a water supply for locomotives. A depth
of 1348 feet is said to have been attained, but no
satisfactory amount of water was found. The log,
which is given in fig. 5, is clearly an unreliable
one and very unsatisfuctory for the identification
of the geologic formations.  No clue is given as to
the loeation of the Minnekahta formation, which
should be expected to begin at about 500 feet
below the surface. The red sands from 743 to
908 feet are doubtless in the Minnelusa formation.
At a depth of 1348 feet the boring should be near

the granite or schist bed rock, for the thickness of

the formations from the middle of the Spearfish
to the hase of the Cambrian is not much more than
this in the surface exposures in the region to the
north. The references to gypsum at various depths
in the boring are mistakes as to the identity of the
material, excepting those near the top. Itis to be
deeply regretted that the log is not more accurate,

| being in the lower Graneros shales.

for it could have thrown important light on the

stratigraphy.
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Fia, &—Log of deep boring at Minnekahta, 8 Dak.

Ardmore boring.—At Ardmore, on the Burling-
ton and Missouri River Railroad, near the southern
border of the quadrangle, the railroad company has
made a boring to a depth of 1500 feet without
obtaining water. The hole is entirely in shale,
except about 40 feet of white sand containing thin
partings of black shale. This boring begins just
about at the top of the Niobrara formation, and
apparently penetrates very nearly to the Dakota
sandstone, the sandstone bed reported probably
As Ardmore
is at an altitude of 3557 feet and the water-bearing
Dakota sandstone outerops about FEdgemont are at
an altitude of 3400 feet, there is no possibility of
a flow at the former place, but probably a supply
of water for pumping could be obtained by deep-
ening the boring into the the Dakota sandstone.
The estimated altitude to which the water would
rise in such a well is about 3450 feet.

Argentine well—This station is a water-tank
siding on the Burlington and Missouri River Rail-
road, in the northwest corner of the quadrangle.
The well is on the south side of Pass Creek, a short
distance west. It iz a flowing well 550 feet deep,
vielding a fairly large volume of water, but of a
quality not satisfactory for locomotives, as the fol-
lowing analysis will show (the probable combi-
nations of the components are given):

Analysis of artesion water from Argentine, 5. Dak.

Girning per

1. 8. gallon.
Bodinm sulphate.......... cceeieeaecaenae 49,90
Potassiom sulphate.......cocccainncannas .80
Caleium salpbate........ ...o.oiiiianan 4.90
Caleinm earbonate. ... oo .oooinieiiciiaene. 600
Magnesinm carbonmte. ......ccocciiiiiiinn 4.00
Alumina and iron oxide..... .. ..oceieanes R
T e e O AP T Y T e By e e e A9
Tobtal BolldB. . -« coiremnssssrnannannannssss 53.24
Organic matter.........cocoaiiiiiiiaan, ]

This analysis was furnished by the railroad com-
pany. The log of the boring was not obtainable.
The well beging in Graneros shale and undoubt-
edly obtains its water supply from the Lakota
sandstone, which outerops in the high ridge to the
east.

COAL.

The Lakota formation contains local coal basins,
but no large amount of coal has been found in
any of them. The principal openings have been
made on the north bank of Cheyenne River, in
the NW. 1 of NE. 1 sec. 24, T. 9 8, R. 3 E,,
where there are two tunnels 75 feet or more in
length about 30 feet above the river, from which a
small supply of coal has been obtained. The bed
iz 5 feet thick for some distance, but it averages
much less. It thins out to the east and gives place
to sandstone, as may be plainly seen in the bluffs
below the river, and it grades into very coaly shale
to the northwest. The mine product was in part
light-weight bituminous coal of good quality,



containing thin, bony layers, and only a moderate
amount of pyrite. To the east only a trace of coal
was found in the Lakota formation, but to the north
there are oceasional thin bodies of coal and consid-
erable coaly shale in the river gorge. In Craven
Canyon there was at one time a small mine, and
there was also a small production from Coal Canyon.

GY PSITM,

: . i
The Spearfish red beds carry deposits of gypsum |

(hydrous sulphate of lime) throughout their extent,
and often the mineral oceurs in very thick beds.
These are remarkably pure, and if nearer to mar-
ket the deposits wounld be of considerable value for
the production of plaster of Pariz.  The only com-
mercial operations so far have been at Hot Springs
where the mineral has been quarried to a moderate
extent. The gypsum is caleined to drive off the
chemically combined water and is then ground and
packed in barrels for shipment.
mont quadrangle the principal bed of gypsum
oceurs about 80 feet above the base of the Spear-
fish formation, and is continuous throughout, with
a thickness of 25 feet at many places. It is

exposed extensively in the Red Valley northwest,
north, and east of Minnekahta, extends down Ala- |

baugh Canyon, where it dips very steeply to the
west, is spread out widely southeast of Cascade

Cquarried in the Edgemont guadrangle, although
| Dakota sandstone has been used in several build-
In the Edge- |

10

Springs, and passes northward up the valley east of | manent, vary from pale gray or nearly white to | ried to some extent for grindstones. The product

the anticline to Hot Springs.

The following is an analysis of a typical gypsum
from south of Hot Springs. It was made by Mr.
Steiger in the laboratory of the United States
Geological Survey.

Analysis of gypstum from near Caoscade Springs, Sotth

Dakote.

Paor cant.

T e (AN - - - s i oot lafn e oom 66 o a mm 82,44
Marmesia (MED) .. coiciiiaiinniscisninnnnss L83
L T e o S L S .12
a2 L b N el e B o e BB 6o C R D e R a .10
Sulphur trioxide (80,0, .. .00 cieveancascas. 45,45
Carbon dioxide L I R L85
B T I T A 20) i
A e G ac n a0 o EORETA T b L0, 0

BUILDING STONE.

No building stone, so far as known, is now being |

ings in Edgemont and Cascade Springs, and there |

are a number of quarries a few miles east of the

gquadrangle.  Of the rocks available, the Dakota |
1 g .

Cand Lakota sandstones are best adapted for build- |

ing purposes, Though ranging from a soft sand-

stone to a hard quartzite, they are for the most
il .

part only moderately hard. The beds are massive,

easily worked when freshly exposed, and read-
|ily accessible. The colors, which are mostly per- |

buff and occasionally reddish. The amount avail-
able is large, but its extengive occurrence else-
where, as a rim entirely surrounding the Black
Hills, and at numerous points along
Mountain  front and in the Great Plains region,
together with the expense of long-distance ship-
ments, restricts its use largely to local purposes.
The Unkpapa sandstone, which has also been
quarried in the Oelrichs quadrangle, is extensively
represented in this quadrangle,  The rock is mass-

|ive, fine grained, and easily dressed, but is rather

soft. It is usually characterized by delicate colors.
Some of the beds are buff, gray, or nearly white,

| in solid colors; others are banded or mottled, with

red, gray, buff, purple, and other tints. One bed

on the east side of Sheps Canyon appears a daz- |

zling white at a distance, but near at hand is seen
to be tinted a delicate pink.
In addition to these rocks, some of the buff

slabby sandstones in the lower part of the Sun- |

danee formation mig]lt prove aerviceable lm‘-ﬂl]:,'

for building purposes, and in fact have been so |

used at Hot Springs, in the Oelrichs quadrangle.

GRININTONES,

About 3% miles north-northeast of Edgemont an

upper member of Dakota sandstone has been quar- |

the Rocky |

was not large and at present the guarry is not in
operation, but a good supply of the stone appears
to be available and the quality iz excellent. The
conditions for working are favorable, as the beds
are in a high bank on the north side of Red

Canyon, with plenty of room for the disposal of

| waste. Considerable stripping is necessary. The
dip is to the southwest at a low angle. The

quarry is shown in fig. 10 on the illustration
sheet. Portions of the sandstone at the grind-
stone quarry above deseribed are of fine uniform
grain and of such character as to be suited for
giving the finest edge to tools. Shipments have
been made and the material is said to have been
received with great favor by tool finishers and

catters, and some of it is entirely satisfactory for

' sharpening razors.

LIMESTONE.

Limestone for making lime and for other pur-
poses may be obtained in abundance from the
Minnekahta formation, and the Minnewaste lime-

| stone is also available for such uses in the region
' south and southeast of Cascade Springs.

April, 1903.
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COLUNMNAR SECTION

. i S S I - Sah R W ,
GEMNERALIZED SECTION FOR THE EDGEMONT QUADRAMGLE.
SCALE: 1 INCH= 50O FEET.
I it L - -
: ! Iy " |
Prmwon, | ForMATION NAME. Syupor,| THICENESH LDLIJJ_"I:‘-'{.R | Dazozi | CHARACTER oF ROCKS. CHARACTER oF TOPOGRAPHY AND Ho1LS, |
| EET. BECTION, | SaxvsTos. | |
| AN | St e _ |
! 20 -
2400
N 2900 Dark-erav sh Juy, wonther . tainfne man Wide rolling plains with shallow valleys and low ridges,
Plrtaahnlo Kp 1000+ | ?LEz-‘iifirl":?ﬂ::Lﬁtl'ﬁl::";i:tli:;‘lfﬁ.“t“ﬂ]L ring brown or bufl and containing ¥ | Soil thin, elayey, and infertile.  Supports thin growth of
| TS, -
i 2000
i
! i
' 1800 . ,
[ Seattered eoteretions which give rise to **tepee buttes.” | Small, sharp hills, * tepes buttes,”
ot ' 1600 | Black fissile shale containing numerous coneretions, in part cone-in-cone. | : RN Lk i P BB A R
- Niobrara formation. Kn 100-200 LK G?::.]i“:.i;:‘;' fﬂzggisﬁ ::E::It]ﬁ:_ﬂlﬁlfunuw' and "“p.“m Ch“!ifﬂiﬁili]ig" Vallevs or flats with fertile soil.
- 3 [ | 144} Light-volored shale with numerous large eoneretions.
w | |
Q | |
= lE I i |
O w ‘arlile formation. Ker | BOD 1200 Gray shale with sandy shale and thin sandstone layers. Low rocky ridges and bare shale slopes.
w | | | : g 4
0 E Bed of impure limestone.
< g 1000 '
= g | _— —— - ._I —— T — ] T d iea "] £ e |
w | T Thin-hedded, hard limestone, weathering creamy white, an ed with | . [
=] Greenhorn limestone, Kg | 50 & i gl Smail bare ridges and flat uplands,
D) l
600
|
I 7 : . . Wiile valleys.
Graneros shale. Kgs | BID 400 Diark shale, very fissile below, with seattered coneretions. Thin sterils soil exeept where covered by alluvium,
. i
| 200
— < | . — — - — e | —— . r .; e = =y e
] Dakota sandstone. Kd 150 Handstone, thin bedded above, massive below,  Weathers reddish brown., | Roeky slopes and eliffs. Boil very thin.
@ | Fuoszon formation. Kf | 80-50 -E - Massive, bufl to purple, sandy shale, - Blopes below elifls of Dakota sandstone.
E Minnewaste limestone, Kmw | 0-33 - - Light-gray limestone. A | _]_';.fml aﬂ_.lrl'mwr_i, nearly Im_re.
= ' |
E | Takota formation. | Kix 200 Massive, cross:-bedded sandstone and shale, | gni:l:ky nlu:ju_ﬁ amd high elifls. ;
{ oil very thin,
ot B S i S L) [ P Local coal beds near base. ! : it
Il§ | Morrison shale. | Km | 04125 Mﬁ:;ﬁ;ﬂ;ﬂiﬁﬁf;“ greenish, and maroon, with thin beds of fine-grained Slopes below liffs.
——IL .._-._.-_ UNCONFORMITY —— 1 e e e — —
[+ l Unkpapa sandstone, Ju o | 0-200 Fine-grained massive sandstone, white, pink, purple. and bl Bare clifl=, |
7 Ala® ik, o el t] ESE el b kL% N x i
= tireenish-gray shale with thin limestone heds. | |
= 2 ] I | Reddizsh sandy shale and sandstone, = 3
=] Sundanee formation. Jud 2060 | Buff sandstons, in part slabby anid ripple marked. | Long slopes with mueh talus cover.
| | Irark shale with beds of red to bafl massive sandstone locally below,
e | UNCONFORMITY S| O AT 1
o
@ Bpearfish shale. s 400 | Red sandy shale with gypsum beds, ! }}2&1::;? Eatar:
= (* Red Beds,™) | |
= I
h o R el S Ll A | . L TR | :
I TE | Minnekalin lhnestone, Cmk 5 Thin-bedded gray limestone, | Rocky slopes and elifls,
o é | Opeche formation. Ca 100 Ted sandy shale and soft red sandstone, Blopes below eliff,
= .. |
S |2 | | |
TR Minnelusn snndstone. Cml 450 Reddish, bufl, white, and grayv sundstone, with some shale and limestone | Broad ridges, open valleys, and eanyon walls, |
[TH 5 ) in upper portion. | Bandy soil. |
= E ! |
G I |
E -.?‘: il T I L II. 1 T E Ll N E - P LR o
g |E Pahazapa limestone, ;‘I I 'I I Iru |'] T | Massive gray limestone, Does not reach the surfoce.
0 | 8 Er—=T—T— | |
g |
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S| it AR e % . AE: |

N. H. DARTON,
W. 8. TANGIER SMITH,
Gleologists.



ILLUSTRATIONS , .
U. 5. GEOLOGICAL SURVEY SOUTH DAKOTA—NEBRASKA
CHARLES D. WALCOTT, D

IRECTOR EDGEMONT QUADRANGLE

Fia., 7.—FOS5IL TREE TRUNK FROM LAKOTA SANDSTONE.

Three miles southwest of Minnekahta, 5. Dak., looking east toward Parker Knob.
Fic. 6.—SANDSTONE DIKE IN GRANEROS SHALE.

Two and one-haif miles northeast of Maitla nd, 5 Dak

Fiz. 8.—CYCAD TRUMNK FROM THE LAKOTA FORMATION. Fia. 3. —SERRATED RIDGE DUE TO STEEP-DIPPING GREENHORN LIMESTONE

C:,.'q‘.u:h-lml-'.: pulcherrima, from C:f--::a.d Flat, southwest of Minnekahta, 5, Dak Southeast of Maitland, 5. Dak., looking east.

Fig. 10.—GRINDSTONE QUARRY IN UPPER BEDS OF DAKOTA FORMATION,
North of Edgemaont, 5. Dak.

Fig. 11.—CHARACTERISTIC FOSSILS OF NIOBRARA FORMATION (4) AND GREENHORM LIMESTOME (&), IMPORTANT GUIDES
IN WELL BORING, Fig. 12,—GREENHORN LIMESTONE ON GRAMNEROS SHALE.
A, Ostrea congesta B, Inoceramus lablatus. South of ['|||{{-|1'||}n1_ 5. Dak. Shows characteristic alternation of limestone and shale in the Greenhorn and abrupt change of sediments

at top of the Graneros
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y A gedimentary deposits or strata accumulate the |
younger rest on those that are older, and the rela- |
tive ages of the deposits may be determined by |
observing their positions. This relationship holds
except in regions of intense disturbance; in such |
regions sometimes the beds have been reversed, and |
it is often difficult to determine their relative ages
from their positions; then fossils, or the remains |
and imprints of plants and animals, indicate which
of two or.more formations is the oldest.

Stratified rocks often contain the remains or
imprints of plants and animals which, at the time
the strata were deposited, lived in the sea or were
washed from the land into lakes or seas, or were
buried in surficial deposits on the land. Such
rocks ave called fossiliferons. By studying fossils
it has been found that the life of each period of the |
earth’s history was to a great extent different from |
that of other periods. Only the simpler kinds of |
marine life existed when the oldest fossiliferous |

colors.  With the patterns of parallel lines, eolors |

symbol includes’ the system symbol, which is a

.

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

The patterns of each class arve printed in various

are used to indicate age, a particular color being |
assigned to each system. The symbols by which
formations are labeled consist each of two or more
letters.  If the age of a formation iz known the

capital letter or monogram; otherwise the symbols |
are composed of small letters.  The mames of the
systems and recognized series, in proper order (from
new to old), with the color and symbol assigned to :
each system, are given in the preceding table.
|
|
|

SURFACE FORMS.
Hills and valleys and all other surtace forms have

been produced by geologic processes. For example,
most valleys are the result of erosion by the streams

Structure-seefion sheef.—This sheet exhibits the
rélations of the formations beneath the surface. In

| eliffs, canyons, shafts, and other natural and artifi-

cial cuttings, the relations of different beds to one
another may be seen.  Any cutting which exhibits
those relations iIH called a M'f:!r;i.l-.ri, and the same
term is applied to a diagram representing the rela-
tions. The arrangement of rocks in the earth is
the earth’s sfruefure, and a section exhibiting this
arrangement is ealled a sfructure seefion.

The geologist is not limited, however, to the
natural and artificial enttings for his information

manner of formation of rvocks, and having traced
ont the relations among the beds on the surface, he
can infer their relative positions after they pass
beneath the surtace, and can draw sections repre-
senting the structure of the earth to a considerable
depth.  Such a section exhibits what would be
seen in the side of a cutting many miles long and

| concerning the earth’s structure. Knowing the

rocks were 111_*1;:}&51!1}(]1 From time to time more | that flow through them (sce fig. 1), and the alluvial | several thousand feet {||:'!1-1L This is illustrated in |
complex kinds developed, and as the simpler ones | plains bordering many streams were built up by | the following figure:

lived on in modified forms life became more varied.

But during each period there lived peculiar forms,

which did not exist in earlier times and have not

existed since; these arve echaracteristic {ypes, and

they define the age of any bed of rock in which

they are found. Other types passed on from

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

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

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

Colors and patterns—Each formation is shown
on the map by a distinetive combination of color |

and pattern, and is labeled by a special letter
symbol.
.ﬁynﬂm.f.».- and colors assigned to the rock sysiems.
Bystem. Reries, ‘ "g _I'UI.'IIL'II." [0;'&?&];“1@']'41!1’
I_'Ea
= [ Quaternary...|{ Poettiane - | | Q | Brownish-yellow.
S E H;I_icm:nu ....... "t-:
= o . - L1 BT LS P o _
2 ! Tertinry ...... 1 Oligocene....... J | T | Yellow ocher.
L Eoeene........ J|
Cretaceons . L. |..ooo... vensesansana| K| Olive-green.
E + Jurassic ...... et -+| 4 | Blge-green.
= i
= !
| Tringsio...-...l.ooooaiieeeninnna. | B | Pancock-blue.
1 1
| { Permian....... “
Carbonifercus.| 4 Pennsylvanian »| € | Bluoe.
|| Mississippian. . )
|
Devonian. ... , .................... D | Hlue~gm}'.
=] | |
E S Eilnrian. . ... ! .................... 5| Blue-purple.
2 | '-
Ordovielan . . |« ceeeerenenranenean| O | Red-purple.
|i Baratogan.. ... f :
Cambrian. ....| < Acadian....... - | € | Brick-red.
{ Georgian...... )
Algonkian ... ' .................... A | Brownish-red.
Archean ...... ! ................... im I Gray-brown.

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

the streams; sea eliffs are made by the eroding
action of waves, and sand =pits are built up by
waves. Topographic forms thus constitute part
of the record of the history of the earth.

Some forms are 1!]'0!_1“['1,"[' in the making of depos-
its and are inseparably connected with them. The
hooked spit, shown in fig. 1, is an illustration. To
this eclass belong beaches, alluvial plains, lava

streams, drumlinsg (smooth oval hills composed
of till), and moraines (ridges of drift made at the
edges of glaciers). Other forms are produced by
erosion, and these are, in origin, independent |
of the associated material. The sea cliff” is an
illustration; it may be earved from any rock.
To this claszs belong abandoned river®channels,
glacial furrows, and peneplains. In the making
of a stream terrace an alluvial plain is fivst built
angl afterwards partly eroded away. The shap-
ing of a marine or lacustrine plain is usually a
double process, hills being worn away (degraded)
and valleys being filled up (aggraded).

All parts of the land surface are subject to the
action of air, water, and ice, which slowly wear
t]’lﬂl]l 1_11,]‘“'"1 iill{] streaims CAarry !I]l'! \\'EI#’L?’I]I:ltl'riEil
to the sea, As the process depends on the flow
of water to the sea, it can not be carried below sea
10.\'0], and the sea is therefore called the base-level
of erogion. When a large tract iz for a long time
undisturbed by uplift or subsidence it is degraded
nearly to base-level, and the even surface thus
produced is called a peneplain. If the tract is |
afterwards uplifted the peneplain at the top is a |
record of the former relation of the tract to sea level. |

THE YVARIOUS GEOLOGIC SHEETS. |

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

The legend iz also a partial statement of the |
geologic history. In it the formations are arranged
in columnar form, grouped primarily according to
origin—sedimentary, igneous, and crystalline
of unknown origin—and within each group they
arve placed in the order of age, so far as known, the |
youngest at the top.

FEeonomie geology map.—~This map represents the
distribution of unseful minerals and rocks, showing |
their relations to the topographic features and to |
the geologic formations. The formations whirh;
appear on the areal geology map are usually shown |
on this map by fainter color patterns. The areal
geology, thus printed, affords a subdued . back- |
eround upon which the areas of productive forma- |
tions may be emphasized by strong colors, A mine|
symbol is printed at each mine or quarry, accom- |
panied by the name of the principal mineral
mined or stone quarried. For regions where there
are important mining industries or where artesian
basins exist special maps are prepared, to show
these additional economic features.

Fig, 2, —8ketch showing a vertical section at the front and a
landseape bevomnd.

The figure represents a landscape which is cut
oft sharply in the foreground on a vertical plane,
so as to show the underground relations of the
rocks., The kinds of rock are indicated by appro-
priate symbols of lines, dots, and dashes. These
symbols admit of much variaiion, but the following
are generally used in sections to represent the
commaoner kinds of rock:

Limestones. Shales.

ey i
e E e S

Caleareous sandstones.

BEamdlstones gl oon-

Shaly sandstonss,
glomme retes, L

Bchists, Magsive nnd baedded igneous rocks.

| Fig. 3.—8vmbaols used in sections to repregent different Kinds

of rocks,

The platean in fig. 2 presents toward the lower
land an escarpment, or front, which is made up

On the right of the sketch, fig. 2, the section is
composed of schists which are traversed by masses
of igneous rock. The schists are much contorted
and their arrangement underground can not be

Fig. 4.—Ideal sections of strata, showing (2) #ormad faults
and (b) o st fanlt.

inferred.  Hence that portion of the section delin-

eates what is probably true but is not known by

olzervation or well-founded inference.

The section in fig. 2 shows three sets of forma-
tions, distinguished by their underground relations.
The uppermost of these, seen at the left of the
section, is a set of sandstones and shales, which lie
in a horizontal !Jm—t[liﬂll. These smlitm-nhlr}' atrata
are now high above the sea, forming a plateaun, and
their change of elevation shows that a portion
of the earth’s mass has been raised from a lower
to a higher level. The strata of thizs set are
parallel, a relation which is ealled eon formable.

T]m H['{'GH{I aed of ihl‘m;lﬁi}ns [:(Ji:gﬁ:-ﬂ_-t uf‘ strata
which form arches and tronghs. These strata were
onee continuous, but the erestz of the arches have
been removed by degradation,  The beds, like

[ those of the firat set, are conformahble.

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

The third set of formations consists of erystalline
schists and igneous rocks. At some period of their
history the schists were plicated by pressure and
traversed by eruptions of molten rock. But the

| pressure and intrusion of igneous rocks have not

affected the overlying strata of the second set.
Thus it is evident that a considerable interval
elapsed between the formation of the schists and
the beginning of deposition of the strata of the

| second set.  During this interval the schists suf-

fered metamorphism; they were the scene of erup-
tive activity; and they were deeply eroded. The
contact between the gecond and third sets is another
unconformity; it marks a time interval between

| two periods of rock formation.

of sandstones, forming the eliffs, and shales, consti=

tuting the slopes, as shown at the extreme left of
the section.  The broad belt of lower land is tray-
ersed by several ridges, which are seen in the sec-
tion to correspond to the outerops of a bed of sand-
stone that rises to the surface. The upturned edges
of this bed form the ridges, and the intermediate
villeys follow the outerops of limestone and ealea-
reous shale.

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

called anficlines and the troughs synelines. But

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

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

The rocks are briefly described, and their char-

acters are indicated in the columnar diagram,

The thicknesses of formations are given in figures
which state the least and greatest measurements,
and the average thickness of each is shown in the
column, which is drawn to a scale—usually 1000
feet to 1 inch. The order of aceumulation of the

| sediments is shown in the columnar arrangement—
Strata are frequently curved in troughs and
arches, such. as are scen in fig. 2. The arches are |

the sandstones, shales, and limestones were depos- |
ited beneath the sea in nearly flat sheets; that they |

are now bent and folded is proof that forces have
from time to time caused the earth’s surface to
wrinkle along certain zonmes. In places the strata
are broken across and the parts have slipped past

| ench other. Such breaks are termed faulfs. Two
| kinds of faults are shown in fig. 4.

the oldest formation at the bottom, the youngest at
the top.

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

CHARLES D. WALCOTT,
Director,

Revised January, 1904,
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