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The Geological Survey is making a geologic
map of the United States, which necessitates the
preparation of a topographic base map. The
two are being issued together in the form of an
atlas, the parts of which are called folios. Each
folio consists of a topographic base map and
geologic maps of a small area of country, together
with explanatory and deseriptive texts,

THE TOPOGRAPIIC MAPT.

The features represented on the 1;«,111.:::;___,:"1'nplﬁu:4

map are of three distinet kinds: (1) inequalities
of surface, called relief, as plains, plateaus, valleys,
hills, and mountains; (2) distribution of water,
called drainage, as streams, lakes, and swamps;
(3) the works of man, called cufture, as roads,
ailroads, boundaries, villages, and cities.

Religf —All elevations are measured from mean
sea level. The heights of many points are aceu-
rately determined, and those which are most
important are given on the map in figures,
It is desirable, however, to give the elevation of
all parts of the area mapped, to delineate the
horizontal outline, or contour, of all slopes, and to
indicate their grade or degree of steepness. This
i3 done by lines connecting points of equal eleva-
tion above mean sea level, the lines being drawn
at regular vertical intervals. These lines are
called eonfours, and the uniform vertical sphee
between each two contours is ealled the contour
interval. Contours and elevations are printed in
brown. :

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

Fig. 1.—Ideal sketeh and eorresponding eontonr map.

The sketch represents a river valley between |
In the foreground is the sea, with a bay |
which is partly elosed by a hooked sand bar. On

two halls,

each side of the valley is a terrace. From the
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply
in a precipice. Contrasted with this precipice is
the gentle descent of the slope at the left. In the
map each of these features is indicated, directly

beneath its position in the sketeh, by contours. |

The following explanation may make clearer the
manner in which contours delineate elevation,
form, and grade:

1. A contour indicates approximately a certain
height above sea level. In this illustration the
contour interval is 50 feet; therefore the con-
tours are drawn at 50, 100, 150, 200 feet, and so on,

above sea level.  Along the contour at 250 feet lie

all points of the surface 250 feet above sea; and |

similarly with any otherfcontour. In the space
between any two contours are found all elevations
above the lower and below the higher contour.
Thus the contour at 150 feet falls just below the
edge of the terrace, while that at 200 feet lies
above the terrace; therefore all points on the
terrace are shown to be more than 150 but less
than 200 feet above sea. The summit of the
higher hill is stated to be 670 feet above sea;
accordingly the contour at 650 feet surrounds it.
In this illustration nearly all the contours are
numbered. Where this is not possible, certain
comtours —say every fifth one —are accentuated
and numbered; the heights of others may then
be ascertained by counting up or down from a

| ous country a large interval is NECessArY.
| smallest interval used on the atlas sheets of the |
This is used for

numbered contour,

EXPLANATION.

2. Contours define the forms of slopes. Since
contours are continuons horizontal lines econform-
ing to the surface of the ground, they wind
smoothly about smooth surfaces, recede into all
reentrant angles of ravines, and projeet in passing
about prominences,

be traced in the map and sketeh,

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

For a flat or gently undulating country a small
contour interval is used ; for a steep or mountain-

The

Geological Survey is 5 feet.
I'Dgimm like the Ti‘l[uuis&éip]af delta and the Dismal
Swamp.
those in Colorado, the interval may be 250 feet.
FFor intermediate relief contour intervals of 10,
20, 25, 50, and 100 feet are used.

Drainage—Water courses are indieated by blue
lines. If the streams flow the year round the
line 18 drawn unbroken, but if the channel is dry
a part of the year the line is broken or dotted.
Where a stream sinks and reappears at the sur-
face, the supposed underground course is shown
by a broken blue line. Lakes, marshes, and other
bodies of water are also shown in blue, by appro-
priate conventional signs.

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

Seales—The area of the United States (exclud.
ing Alaska) 1s about 3,025,000 square miles,

would cover 3,025,000 square inches, and to
accommodate it the paper dimensions would need
to be about 240 by 180 feet. Each square mile
of ground surface would be represented by a
square inch of map surface, and one linear mile
on the ground would be represented by a linear
inch on the map. This relation between distance
in nature and corresponding distance on the map is
called the scale of the map. In this case it is “1

mile to an inch.,” The seale may be expressed also |

by a fraction, of which the numerator is a length
] t]lﬂ r‘ll.a"l‘.l‘] a'!]]ﬂl. 1.:]“".- lIe]ll]‘lllill:It[!l' t.|:|_r['! {1{}1']*{‘!31![!"{]-
ing length in nature expressed in the same unit.
Thus, as there are 63,360 inches in a mile, the
scale of “1 mile to an inch” is expressed by L.
Both of these methods are used on the maps of
tu]'H,‘: {}l!:)iﬂgit*:i] 8“1'\'{'{}'.

Three seales are used on the atlas sheets of
the Geological Survey; the smallest is ;' the
intermediate o, and the largest ;1.  These
correspond approximately to 4 miles, 2 miles,
and 1 mile on the ground to an inch on the map.
On the scale 1y a square inch of map surface
represents and corresponds nearly to 1 square
mile; on the seale .o to about 4 square miles ;
and on the seale ' to about 16 square miles,
At the bottom of each atlas sheet the scale is

In mapping great mountain masses, like

On |

a map with the scale of 1 mile to the inch this |

The relations of contour |
curves and angles to forms of the landscape can |

| agencies of pressure, movement, and chemical

Cor spread out between the strata in large bodies, |

& - . |
expressed in three different ways, one being a

craduated line representing miles anid parts of
miles in English inches, another indicating dis-
tance in the metric system, and a third giving the
fractional scale.

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

[ surface the lavas often flow out and build up

The atlas sheets, being only parts of one map of |

the United States, are laid out without regard to |

the boundary lines of the States, counties, or town-
ships. To each sheet, and to the quadrangle it
represents, is given the name of some well-known

| impossible to determine.
' sedimentary rock it is younger than that rock,

the sides and corners of each sheet the names of
adjacent sheets, if published, are printed.

Uses of the topographic sheet.—Within the limits
of scale the topographic sheet is an accurate and
characteristic delineation of the relief, drainage,
and eulture of the district represented.
the landseape, map in hand, every characteristic
feature of sufficient magnitude should be recog- |
nizable. It should guide the traveler; serve the
investor or owner who desires to ascertain the
position and surroundings of property to be
bought or sold; sate the engineer preliminary |
surveys in locating roads, railways, and irrigation

| ditehes ; provide educational material for schools

and homes; and serve many of the purposes of
a map for local reference.
THE

GEOLOGIC MAP.

The maps representing areal geology show by
colors and conventional .l-'-i;_{'u!-f-, on the f.:1|m:t_{]'r||r]1't{‘
base map, the distribution of rock formations on
the surface of the earth, and the structureseetion
map shows their undereround relations, as far as |
known and in such detail as the seale permits

KINDS OF ROCKS.

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

Atmospheric agencies gradually break up igne- |

| ous rocks, forming superficial, or surficial, deposits |

of clay, sand, and gravel. Deposits of this elass |
have been formed on land surfaces sinee the |
earliest geologic time. Through the transporting
agencies of streams the surficial materials of all
ages and origins are carried to the sea, where,
along with material derived from the land by
the action of the waves on the coast, they form
secimentary rocks. These arve usually hardened
into conglomerate, sandstone, shale, and limestone,
but they may remain unconsolidated and still be
called “rocks™ by the geologist, though popularly
known as gravel, sand, and clay.

From time to time in geologic history igneous
and sedimentary rocks have been deeply buried, |
consolidated, and raised again above the surface |
of the water. In these processes, throngh the

action, they are often greatly altered, and in this
condition they are called metamarphic vocks.
Lyneons rocks—These are rocks which have
cooled and consolidated from a liquid state. As
has been explained, sedimentary rocks were
deposited on the original igneous roeks. Through
the igneous and sedimentary rocks of all ages
molten material has from time to time been forced
upward to or near the surface, and there consoli- |
dated. When the channels or vents into which
t-]]i:ﬁ Ill(l]t.ff]] ]]]El.l.HT'i.-'l.] iH lrl_r]_'l;:{_"l,l {1{’ IIU{:- I"{‘chh tlll‘.
surface, it may consolidate in eracks or fissures
crossing the bedding planes, thus forming dikes,

called sheets or laccoliths, or form large irregular
cross-cutting masses, ealled stocks. Such rocks are
called ntrusive. Within their rock inclosures
they cool slowly, and hence are generally of crys.
talline texture. When the channels reach the

voleanoes.  These lavas cool rapidly in the air,
acquiring a glassy or, more often, a partially crys.
talline condition. They are usually more or less

& B . |
porous. The igneous rocks thus formed upon the |
Explosive action
often accompanies volcanic eruptions, causing

surface are called exfrusive.

ejections of dust or ash and larger fragments,
These materials when consolidated eonstitute
The ash when
carried into lakes or seas may become stratified, so
as to have the structure of sedimentary rocks.
The age of an igneous rock is often difficult or
When it cuts across a

breceias, agelomerates, and tuffs,

and when a sedimentary rock is deposited over
it the igneous rock is the older:

Under the influence of dynamic and chemieal |
forces an igneous rock may be metamorphosed.
The alteration may involve only a rearrangement |
of its minute particles or it may be accompanied

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

| gneiss, and from that into a ica-schist.
Viewing |

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

When the materials of which sedimentary rocks
are composed are carried as solid particles by
water and deposited as gravel, sand, or mud, the
deposit is called a mechanical sediment, These
may become hardened into conglomerate, sand-
stone, or shale. When the material is earried in
solution by the water and is deposited without
the aid of life, it is called a chemical sediment;
if deposited with the aid of life, it is called an
organic sediment. The more important rocks
formed from chemical and organie deposits ave
limestone, chert, gypsum, salt, iron ore, peat,
lignite, and coal. Any one of the above sedi-
mentary deposits may be separately formed, or
the different materials may be intermingled in
many ways, producing a great variety of rocks,

Sedimentary rocks are usually made up of

layers or beds which can be easily separated.
| These layers ave called strata. Rocks deposited

in successive layers ave said to be stratified.

The surface of the earth is not fixed, as it seems
to be; 1t very slowly rises or sinks over wide
expanses, and as it rises or subsides the shore lines
of the ocean are changed: areas of deposition may
rise above the water and beecome land areas, and
land areas may sink below the water and become
areas of deposition. If North America were
gradually to sink a thousand feet the sea would
flow over the Atlantic coast and the Mississippi
and Ohio valleys from the Gulf of Mexico to the
Great Lakes; the Appalachian Mountains would
become an archipelago, and the ocean’s shore
would traverse Wisconsin, Towa, and Kansas, and
extend thence to Texas. More extensive changes
than this have repeatedly oceurred in the past,

The character of the original sediments may be
changed by chemieal and dynamie action so as to
produege metamorphic rocks. In the metamor-
phism of a sedimentary rock, just as in the meta-
morphism of an igneous rock, the substances of
which it is composed may enter into new com-
binations, or new substances may be added.
When these processes are complete the sedimen-
tary rock becomes crystalline,  Such changes
transform sandstone to quartzite, limestone to
marble, and modify other rocks according to
their composition. A system of parallel division

| planes 1s often produced, which may cross the

original beds or strata at any angle. Rocks
divided by such planes are called slates or schists,

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

Surficial rocks—These embrace the soils, clays,
sands, gravels, and bowlders that cover the surface,
whether derived from the breaking up or disinte-

| gration of the underlying rocks by atmospherie
|agencies or from glacial action.

Surficial rocks
that are due to disintegration are produced chiefly
by the action of air, water, frost, animals, and
plants. They consist mainly of the least =oluble
parts of the rocks, which remain after the more
soluble parts have been leached out, and hence
are known as residual products. Soils and sub-
soils are the most important. Residual aceumu.
lations are often washed or blown into valleys or
other depressions, where they lodge and form
deposits that grade into the sedimentary class,
Surficial rocks that are due to glacial aetion are
formed of the products of disintegration, together
with bowlders and fragments of rock rubbed from
the surface and ground together, These are
spread irregularly over the territory oeceupied
by the ice, and form a mixture of clay, pebbles,
and bowlders which is known as till. It may
oceur as a sheet or be bunched into hills and
ridges, forming moraines, drumling, and other

special forms, Much of this mixed material was

town or natural feature within its limits, and at by a change in chemieal and mineralogic composi- | washed away from the ice, assorted by water, and



DESCRIPTION OF THE OELRICHS QUADRANGLE.

GEOGRATHY.

LPosition and extent.—The Oelrichs quadrangle
embraces the quarter of a square degree which
liexs between parallels 43° and 43° 30" north lati-
tude and meridians 1037 and 103° 30" west longi-
tude. It measures approximately 84} miles from
north to south and 251 miles from east to west,
and its area is 871 square miles. It comprises
the eastern half of Fall River County, S. Dak.,
with a strip of Custer County on the north and
a little of Dawes County, Nebr., on the sonth.
The northwest corner of the quadrangle lies on
the slopes of the Black Hills, but the larger por-
tion belongs to the Great Plaing, although these
plains are lower here than in the greater part of
adjoining portions of Nebraska and Wyoming.
The district is crossed by the South Branch of
Cheyenne River and in greater part lies in the
drainage basin of that stream, but tributaries of
White River rise in the southeast corner,

Being part of the Black Hills and the Great
Plains, this quadrangle illustrates many features
which they present, but as its area is small, a
general account of these provinces will be given
before the detailed deseription is taken up.

THE GREAT PLAINS PROVINCE,

General features—The Great Plaing provinee
is that part of the continental slope which extends
from the foot of the Rocky Mountains eastward
to the valley of the Mississippi, where it merges
into the prairies on the north and the low plains
adjoining the Gulf Coast and the Mississippi
embayment on the sonth. The plains present wide
areas of tabular surfaces traversed by broad, shallow
valleys of large rivers rising mainly in the Rocky
Mountaing, and they are more or less deeply cut
by narvower valleys of the lateral drainage.
Smooth surfaces and eastward-sloping plains are
the characteristic features, but in portions of the
provinee there are buttes, extended escarpments,
and local areas of bad lands. Wide distriets of
sand hills surmount the plains in some loealities,
notably in northwestern Nebraska, where sand
dunes oceupy an area of several thousand square
miles. The province is developed on a great
thickness of soft rocks, sands, clays, and loams, in
general spread in thin but extensive beds sloping
gently eastward with the slope of the plains.
These deposits lie on relatively smooth surfaces of
the older rocks. The materials of the formations
were derived mainly from the west and were
deposited, layer by layer, either by streams on
their flood plains or in lakes and, during earlier
times, in the sea. Aside from a few very local
flexures, the region has not been subjected to
folding, but has been broadly uplifted and
depressed successively. The general smoothness
of the region to-day was surpassed by the almost
complete planations of the surface during earlier
epochs.  Owing to the great breadth of the plains
and their relatively gentle declivity, general ero-
sion has progressed slowly notwithstanding the
softness of the formations, and as at times of
freshets many of the rivers bring out of the moun-
tains a larger load of sediment than they earry to
the Mississippi, they are now building up their
valleys rather than deepening them.

Altitudes and slopes—The Great Plains prov-
ince as a whole descends to the east about 10 feet
in each mile from altitudes approaching 6000 feet
at the foot of the Rocky Monntains to about 1000
feet above sea near Mississippi River. The alti-

tudes and rates of slopes vary considerably in |
different districts, particularly to the north, along |
the middle course of Missouri River, where the |
West of |
Denver the ecentral plains have an altitude of 6200 |

general level has been greatly reduced.

feet at the foot of the Rocky Mountains, and this
elevation is sustained far to the north along the
foot of the Laramie Mountains, High altitudes
are also attained in Pine Ridge, a great escarp-

a LA AR A L B e

By N. IL

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
basin northward there is a sucecession of other
basins 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 Oelrichs quadrangle iz situ
ated.

Drainage—The northern portion of the Great
Plains above deseribed is drained by the middle
branches of Missouri River, of which the larger
members are Yellowstone, Powder, Little Mis-
sourl, Grand, Cannonball, Morean, 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 Laramie
Mountains. To the sonth are Platte River with
two large branches heading far back in the Rocky
Mountains, the Rio Grande, and Arkansas River,
which ecrosses the plains to the southeast and
affords an outlet for the drainage from a large
watershed of mountain and plains. Between the
Rio Grande and the Arkansas are Cimarron River
and numerous smaller streams heading in the
western portion of the plains. Between Arkansas
and Platte rivers is Republican River, rising near
the one hundred and fifth meridian, and an
extended system of local drainage in eastern
Kansas and Nebraska.

THE BLACK IIILLS,

General features—In western South Dakota
and eastern Wyoming a small group of mountains
known as the Black Ilills rises several thousand
feet above the plains. IHaving abundant rainfall,
it constitutes, throngh its vegetation and streams,
an oasis in the semiarid region. The hills are
carved from a dome-shaped uplift of the earth’s
erust, and consist largely of rocks which arve older
than those forming the surface of the Great Plains
and which confain valuable minerals. The length

! ment which extends from near the north end of the |

of the more elevated area is about 100 miles, and |

its greatest width iz 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 eom-
pletely around the uplift; then a limestone platean

' extend far out from the Black Hills in every direc.

with infacing escarpment, and, finally, a central area |

of high ridges culminating in the precipitous erags
of Harney Peak at an altitude of 7216 feet. Two
branches of Cheyenne River nearly surround the
hills and receive many tributaries from them.
The central avea—The 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 inter- |
spersed with park-like valleys. The wider valleys |
are above the heads of canyons of greater or less |

size, which become deeper and steeper sided as

they extend outward to the northeast, east, and |

south.

L'he limestone platean.—The limestone platean
forms an interior highland belt around the central
hills, rising considerably above the greater part
of the area of crystalline rocks. Its western por-
tion 18 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 800 feet high above the cen-
tral valleys. It attains altitudes surpassing 7000
feet, locally almost equaling the height of Harney
Peak, and ecarries the main divide of the Black

Darton.

Hills. The streams which flow down its western
slope are affluents of Beaver Creek to the south-
west and of the Belle Fourche to the northwest.
Rising in shallow, park-like valleys on the platean,
they sink into deep canyons with precipitous walls
of limestone often many hundred feet high. The
limestone platean extending south swings around
to the eastern side of the hills, where, owing to
the steeper dip of the strata, it narrows to a ridge
having a steep western face. This ridge is 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
region of erystalline rocks, and flow throngh ean-
vons in the flanking regions of the eastern side to
Cheyenne River. All around the Black Hills the
limestone platean slopes outward, but near its base
there is a low ridge of Minnekahta limestone with
a steep infacing escarpment from 40 to 50 feet
high, surmounted by a bare rocky ineline which
descends several hundred feet into the Red Valley.
This minor escarpment and slope is at intervals
sharply notehed by canyons, which on each stream
form a characteristic narrows or “ gate.”

The Leed Valley—The Red Valley is a wide
depression that extends continuously around the
hulls, wath lmlg,]lig]] limestone 51{31‘:&-; on the inner
side and the steep hogback ridge on the outer side,

It is often 2 miles wide, though it is much nar.-

rower where the strata dip steeply, and is one of
the most conspicuous features of the region, owing
in no small degree to the red color of its soil and
the absence of trees, the main forests of the Black
Hills ending at the margin of the limestone slopes.
The larger streams flowing out of the hills gener-
ally cross it without material deflection, and he-
tween divides which are usnally so low as to give
the valley the appearance of being continuons, but
in its middle eastern section it is extensively
choked with Oligocene deposits.

The Loghack rim—The hogback range consti-
tuting the outer rim of the hills is usnally a single-
crested ridge of hard sandstone, varying in Pl'{:hli-
nence and 1n steepness of slope. At the north and
south and loeally along the middle western section
it spreads out into long, sloping plateaus. It
nearly always presents a steep face toward the
Red Valley, above which the crest line rises sev-
eral hundred feet, but on the outer side it slopes
more or less steeply down to the plains that

tion. The hoghack 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 eut a tortu-
ous valley through the ridge for several miles,
and the Belle Fourche does the same toward the
northern end of the uplift.

GEOGRAPIIC FEATURES OF THE QUADRANGLE.

Leatures pertaining to the Black Hills—The
Oelrichs quadrangle presents some of the char-
acteristic features of the Black Hills topography,
from the lower slopes of the eastern limestone
ridge to the hogback rim, and a wide area of rol-
ling plains to the east and south, The limestone
slope in the extreme northwest corner of the
quadrangle is trenched deeply by the gorge of
Hot Brook and more or less cut into by minor
canyons. The Red Valley is a prominent feature,
having a width of somewhat over a mile and an
undulating surface, which reaches the altitude of
3800 feet, but sinks to the deep gorge of IWall
River, in which is built the greater part of the
town of Hot Springs. The hoghack range lying
next east is not a single-crested rim, but a wide
zone of high ridges rising abruptly from 450 to
500 feet above the Red Valley, along a north-
northeast and south-southwest conrse. The can-
yons of Fall River and Sheps Creek cross it from
the Red Valley, and Cheyenne River cuts a gorge
diagonally across it, while several other deep can-
yons hegin near the western crest of the range and

"extend eastward.

In most cases these are box
canyons having walls about 200 feet high. The
total width of the range averages about 4 miles,
and its higher portions rise to from 4500 to 4431
feet, the latter being the height of Battle Moun-
ain, a summit east of Hot Springs. The eastern
slope usually presents a characteristic hoghack,
consisting of a monoelinal ridge of hard sandstone
pitching down about 300 feet, more or less steeply,
to the low lands on the east. Cheyenne River
cuts into this portion of the range a short distance
above Cheyenne Falls, and passes out again 2 miles
north. The falls are due to a bed of limestone
and are about 25 feet high.

Features pevtaining to the Great Plains—
[mmediately east of the hoghack range, which
forms the limit of the Black Hills, there is a 1.':'|,]|¢l1,'
occupied for some distance by Cheyenne River
and having a width of from 1 to 4 miles. It is
hordered on the east by a low escarpment, in gen-
eral 50 to 100 feet high, due to a thin but hard
bed of limestone, which is eut through by the
Cheyenne 2 miles southeast of Evans’s quarry.
Thenece the river flows northeast in aflat-bottomed
valley, across which it meanders in long loops,
entting first into the hills on one side and then
into those on the other. About a hundred feet
above the river bottom there are broad, sloping
terraces which on either side merge into low hills
and faintly defined ridges extending sonthward,
which constitute the divide between the basins of
Cheyenne and White rivers, and have an altitude
of 300 to 400 feet above the rivers on either side.
South and east of the Cheyenne there are exten-
sive sand-dune areas extending back from the
valley, in the case of those north of Oelrichs to a
distance of 16 miles. The principal branches of
Cheyenne River east of the hogback range are
Beaver and Lame Johnny ereeks on the north and
Horsehead and Sand creeks on the south. These
streams all flow in wide valleys and are bordered
by long slopes of rounded hills. Torsehead Creek
drains a considerable arvea southwest of Oelrichs,
where the prineipal branches are from the west.
To the east lies a low divide at the head of the
basin containing branches of Blacktail and Slim
Butte creeks, which empty into White River some
distance east of the quadrangle. Several buttes
of moderate prominence ocenr at intervals along
the top of ridges near the head of the White River
drainage, the most notable among them being
Limestone Butte, which has an altitude of 3500
feet ; Hay Canyon Butte, 3440 feet; and Lone
Butte, a little more than 3400 feet high,

GEOLOGY.

The general sedimentary vecord—The rocks
appearing at the surface within the limits of the
Oelrichs quadrangle are mainly of sedimentary
origin —that is, they were deposited by water,
They consist of sandstone, shale, limestone, sand,
loam, and gravels, all presenting more or less
variety in composition and appearance. The prin-
cipal materials of which they are composed were
originally gravel, sand, or mud, derived from the
waste of older rocks, or chemical precipitates
from salty waters.

These rocks afford a record of physical geog-
raphy from later Carboniferous time to the present,
and other sediments which underlie them extend it
back to early Cambrian epochs. The composition,
appearance, and relations of strata indieate in some
measure the conditions under which they were
deposited. Sandstones ripple-marked by waters
and cross-bedded by eurrents, and shales eracked
by drying on mud flats are deposited in shallow
water; pure limestones suggest clear marine seas
and searcity of land-derived sediment. The fos-
sils which strata contain may belong to species
known to inhabit waters which are fresh, brackish,
or salt, warm or cold, muddy or clear. The char-
acter of the adjacent land may be shown by the



character of the sediments derived from its waste.
The quartz sand and pebbles of coarse sandstones
and conglomerates, such as are found in the Lakota
formation, whatever their original source in crys- |
talline rocks, have been repeatedly redistributed I
by streams and concentrated by wave action on |
beaches. Red shales and sandstones such as make |
up the “Red Beds™ usually result direetly from
the revival of erosion on a land surface long
exposed to rock decay and oxidation and hence
covered by a deep residual soil. Limestones, on
the other hand, if deposited near the shove, indi- |
cate that the land was low and that its streams
were too sluggish to carry off coarse smlinmnt&:,!
the sea receiving only fine sediment and substances '
in solution. The older formations exposed by the
Black Hills uplift were laid down from seas which
covered a large portion of the central-western
United States, for many of the rocks are continu-
ous over a vast area, The land surfaces were
probably large islands of an archipelago, which
was to some degree coextensive with the present |
Rocky Mountain province, but the peripheral
shores are not even approximately determined for
any one epoch, and the relations of land and sea
varied greatly from time totime. Pursning these
gcnurn]. 1deas more in ﬂet.-l“] one finds that the |
strata brought to view by the Black Hills uplift
record many local variations in the ancient geog-
raphy and topography of the continent.

2

niuds of the Opeche formation. The Minnekahta
limestone, which is the next in sequence, was
deposited from sea water, and from its fossils we
know with a fair degree of certainty that it is a
representative of the latest Carboniferous or Per-
mian time. It was laid down in thin layers, but

to a thickness now represented by only 40 feet of

the limestone, yvet the very great uniformity of
this formation over the entire Black Iills area is
an impressive feature, probably indicative of
widespread submergence.

LBed gypsiferous sediments—A great change

' of conditions, began, apparently at once, at the

close of the epoch represented by the Minne-
kahta limestone, and resulted in the deposition
of the great mass of red shales constituting
the Spearfish red heds, which probably were
laid down in vast salt lakes, resulting possibly
from extensive uplift and aridity. The mud accu-
mulated in thin layers to a thickness of 500 feet,
as now represented hy the formation, and it is so
uniformly of a deep-red tint that this is undoubt-
edly the original color. Tt is present not only
throughout the extent of the formation, but also
through its entire thickness, as is shown by deep
borings, and therefore is not due to later or sur-
face oxidation.  Either the 11-1'1;:{_5 nal material of the

| . " .
| sediments was red, or it was colored during depo-

sition by the precipitation of iron oxide. At vari-
ous times, which were not synchronous thronghout

| the region, accumulation of clay was interrupted

BRIEF GEOLOGIC HISTORY.

Cambrian submergence.—One of the great events
of early North American geologie history was the
wide expansion of an interior sea over the western-
central region. The sobmergence reached the
Rocky Mountain province during the early Cam-
brian and for a time the central portion of the |
Black Iills remained as one of the islands rising
above the waters. From the ancient c¢rystalline
rocks, streams and waves gathered and concen-
trated sands and pebbles, which were deposited
as a widespread sheet of sandstone and conglom- |
erate, on sea beaches, partly in shallow waters
oft-shore, and partly in estuaries. Abutting against |
the irregular surface of the crystalline rocks which |
formed the shore are numerous exposures of these |
sediments containing much loeal material.  Sub. |
sequently, the altitude being reduced by erosion !
and the area possibly being lessened by submer- |
oence, the islands yielded the finer grained muds |
now represented by the shales which ocenr in the |
upper portion of the Cambrian in some areas, In |
many regions the land surface of erystalline rocks |
was buried beneath the sediments.

Silwrian-Devonian conditions.—From the close
of Cambrian to early Carboniferous time the
Black Hills area presents a scanty geologic record,
the Silurian and Devonian being absent to the
south, and only a portion of the Silurian being
present to the morth. This is probably because
there was an extensive but very shallow sea, or
land so low as to leave no noticeable evidence of
erozion. Whether it remained land
alternated from one to the other condition, the
region shows no evidence of having undergone any
considerable uplift or depression until early in
Carboniferous time, when there was a decided
subsidence, that established relatively deep-water
and marine eonditions, not only over the Black
Hills area, but generally throughout the Rocky
Mountain provinee.

Carboniferous sea—Under the marine condi.
tions of the early Carboniferous there were laid
down calcareons sediments, which are now rep-
resented by several hundred feet of mearly pure
limestone, known as the Pahasapa limestone, As
no coarse deposits oceur, 1t 1= probable that no
erystalline rocks were exposed above water in
this region, although elsewhere the limestone, or
its stratigraphic equivalents, was deposited imme-
diately upon them. In the latter part of the Car-
boniferous the conditions were so changed that
fine sand was brought into the region in large |
amount and deposited in thick but regular beds, |
apparently with much calcareous precipitate, and |
more or less fel'l'uginmis material, as i3 indicated
by the color of many beds of the Minnelusa form-
ation. Minnelusa deposition is believed to have
been followed by an uplift which appears to
have resulted in ponding saline water in lakes, in
which accumulated the bright-red sands and sandy

Or sea, or

' stand their nearly general purity.

: h}r chemieal pl-m-.il“:itn’ricm of i‘ﬂmpﬁl’:tti 'relz.' pure

oypsum in beds ranging in thickness from a few
inches to 30 feet, and free from mechanical sedi-
ment. It is believed that these beds are the pro-
duets of evaporation during an epoch of little or

'no rainfall and eonsequently of temporarily sus-

pended erosion ; otherwise it is difficult to under-
The Spearfish
red beds have been supposed to represent the

| Triassic, but there 1s no direet evidence of this, and
| they may be Permian.

Their deposition appears
to have been followed by extensive uplift without

| local structural deformation, but with general

planation and oceasional channeling, which repre-
sents a period of Triassic time of unknown dura-
tion, and was succeeded by the deposition of the
Jurassic series.

Jurassie ssa—~In the Black Hills region the
Jurassic was a period of varying conditions, shal-
low and deep waters and marine and fresh waters
alternating. The materials are nearly all fine
grained and indicate waters without strong cur-
rents. In the southeastern Black Hills region
some of the earliest deposits are thin masses of
coarse sandstone, indicating shore conditions, but
generally there is shale lying directly on the red
beds, which was deposited in moderately deep
water,
stone, 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 eolor of the upper
part of the medial sandy series in some portions of
the Black Hills appears to show a transient return
to arid conditions similar to those under which the
Spearfish red beds were laid down. An extensive
marine fauna and limestone layers in the upper
shales of the Sundance formation are indicative
of the deeper water which followed. After
this stage marine conditions gave place to fresh-
water bodies, probably through widespread uplift.
The new products were the thick body of fine
sand of the Unkpapa sandstone, now a prominent
feature in the southeastern portion of the Black
Hills but absent elsewhere, and the Morrizon
formation, a widespread mantle of sandy shales,
which is absent to the southeast, although prob-
ably originally deposited there to a greater or less
thickness and then removed by erosion in conse-
quence of the uplift which initiated the next epoch.
The extent of this degradation is not known, but
it has given rise to a general erosional nnconformity
at the base of the Lakota sandstone, the next suc-
ceeding deposit.

Cretaceous seas—During the Cretaceous period
deposits of various kinds, but generally uniform
over wide areas, gathered in a great series, hegin-
ning with such as are characteristic of shallow
seas along a coastal plain, passing into sediments
from deep marine waters, and changing toward
the end to fresh-water sands and clays with marsh

It is followed by the ripple-marked sand- |

vegetation. The earliest coastal and possibly |
estuarine deposit—the Lakota formation— con- |
sists mainly of coarse sands spread by strong cur- |
rents in beds 30 to 40 feet thick, but ineludes |
several thin partings of elay and loeal acenmmula. |
tions of vegetal material. There was deposited
next a thin ealeareons series, represented by the |
Minnewaste limestone, but apparently it was laid
down in a local basin in the southern ljtnl't'i:_)u of
the Black Iills. It was followed by a thin but |
widely extended sheet of clays of the Fuson for-
mation. After the deposition of these clays there
wWas return to shallow waters and
carrents, as in Lakota times, and coarse sands of
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- |
gence marine conditions 1:1'{'—!?:!1]1*111 t]t]':}llg]]ﬂllt the |
Benton, Niobrara, and Pierre epochs, anid several
thousand feet of clay were deposited.  In Benton
time there were oceasional deposits of =sand, two |
of them in the later part of the epoch that were
general over the greater part of the Black Hills |
l'L":‘._"'iUIL :lllf] U‘”&, l:'-E:l.l"].iL':r.! t.l:lq'lt Wis ]ﬂﬂ'tl] Il!l‘] Ilt'l}*
duced the lenses of sandstone which are now |
found in the vieinity of Neweastle and elsewhere. |
.'_"I._IIUt-]H"I' ]]]Ill']{i’il l‘l':li.-“'f'l!].l:'! Yy dls til!‘l‘- \\'Ili(‘ll I"l’!."‘ll].t{‘:l].
in the general deposition of the thin Greenhorn |
limestone in the middle of the Benton sediments. |
The shale of the Benton was followed by several
hundred feet of impure chalk, now f:mmtitutingg
the Niobrara formation, and this in turn by over !
1200 feet of Pierre shale, deposited under 'I.'ﬁr_}-'|
uniform conditions. The retreat of the Cretaceous |
sea corresponds with the IFox IHills epoch, during |
which sands were spread in an extensive .k;.hf:ﬁl:i
over the clay beds, and resulted in the develop- |
ment of extensive bodies of brackish or fresh |
water, which received the sands, elays, and marsh |
dulmﬁits of the Laramie. Whether these two last-
named groups of sediments were deposited over |
the area now oceupied by the Black Hills is not |
definitely known, but it is possible that they were, |
ag they are upturned around two sides of the |
uplift. ]|
Farly Tevtivry mountain growth—The Black |
Hills dome developed early in Tertiary time — or
possibly in latest Cretaceous time — to a moderate
height, and the larger topographic outlines of
the region were established before the Oligocene
epoch, the dome being truncated and its larger
old valleys excavated in part to their present
depths, as is indicated by the oceurrence in them
of White River (Oligocene) deposits, even in some
of their deeper portions. Where the great mass of
eroded material was carried is not known, for in
the lower lands to the east and south there are no
early Kocene deposits nearer than those on the
Gulf coast and Mississippi embayment, but it is
possible that they are represented, at least in part, |
in the Laramie deposits, as in the region adjoining |
the Bighorn Mountains. =
Oligocene  freshawater  deposils. — Oligocene
deposits 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 Ilills, Erosion has
removed them from most of the higher regions
where they formerly existed, especially along the
western side of the hills, where the deposits
apparently were thin, but in the vicinity of Lead
small outliers remain at an altitude of over 5200
feet, and on the north end of the Bear Lodge
Mountains they are seen a thousand feet higher.
In many places on the slopes of the nplift there is
clear evidence of superimposition of drainage due
to a former eapping of Oligocene formations.
Middle Tertiary mountain growth.—Following
the Oligocene epoch the dome was raised several
hundred feet higher and more extensively eroded.
No representatives of the succeeding Loup Fork
group —the Arikaree and Ogallala formations—
have been discovered in the immediate vicinity
of the Black Hills, but they are extensively
developed in Pine Ridge on the south and remain
in portions of the area of high buttes to the north
in the northwestern 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

L strong |

the Dakota formation were aceumulated,

| valleys,

ever were deposited in the immediate vieinity of
the hills iz not ascertained.

Uplift, evosion, and stream adjustment.—During
the early portion of the Pleistocene period there
was widespread denudation of the preceding

| deposits, and many of the old valleys were

revived, with much rearrangement of the drain-
age, which on the eastern side of the Black Hills
was mainly cansed ]r:.' increased tilting to the north-
sast.  Bome of the streams superimposed upon the
Oligocene deposits eut across old divides, in some
cases connecting a valley with its next neighbor
to the north —changes clearly indicated by south-
eastward-flowing streams in pre-Oligocene valleyvs
abruptly turning north into eanyons of post-Oligo-
cene age, numerous elevated saddles being left to
mark the original southeasterly course of the
Some of the offsetting in the present
drainage has been largely increased by early
Pleistocene erosion and recent stream robbing.

There was apparently still further uplift in late
Pleistocene time, for the present valleys, helow the
level of the earlier Pleistocene high-level deposits,
seem to be cut more i.li:.‘-l-:l*]“;’ than l.h(—e:r would be
in simply grading their profiles to the level of the
Missour1 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
ageradation in the main, but in some cases, with
the shifting of channels, there have been accumn-
lations of local deposits on small terraces at vari-
ons levels,

DESCRIPTION OF THE ROCKS,

The strata coming to the surface in the Oelrichs
quadrangle have a thickness of about 5000 feet.
The order of succession of the limestones, sand-
stones, and shales, and their general characters
are given on the Columnar Section sheet,

CARBONIFEROUS PERLIOD.

Minnelusa sandstone—"The lowest formation
exposed in the Oelrichs quadrangle, the Minnelusa
sandstone, appears in an antieline west of Hot
Springs, where it is ent across by Hot Brook and
Cold Brook. In the high cliff rising above the rail-
road track in the center of the anticline on Hot
Brook there is one of the finest exposures of the
formation in the Black Hills, comprising some-
what more than twothirds of it, consisting of
massive sandstones of brilliant colors above and
buff and gray sandstones below, with several
beds of limestone and one of bright-purple elay.
The upper sandstenes are brilliant red, brown,
and orange, and in certain layers bright yellow,
and are surmounted by the dark red Opeche
sandstone, which is eapped by purplish gray
Minnekahta limestone. The tints in some of the
beds are due in part to staining from the over-
lying strata, but several of the sandstones arve
colored throughout. The thickness exposed is
400 feet, and in detail the strata are as follows:

Heelfon on Hot Broak, Sowilk Daleofeo.
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The section comprises about two-thirds of the
formation brought up by a local anticline of con-
siderable height. The uppermost layer is a nearly
pure limestone in which, in an adjoining canyon,
were discovered LProductus semiveticulatus and



Chonetes (7). The formation has not elsewhere
yielded fossils, but these suggest that its age is
upper Carboniferous. In its unweathered condi-
tion many of the Minnelusa 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 red heds, consisting of soft red sand- |
stone, mainly thin bedded and containing variable |
amounts of clay, which lies between the Minnelusa |
It |
presents extensive exposures along the canyons of |

sandstone and the Minnekahta limestone.

Hot Brook and Cold Brook, rising high on the
anticline in the gorge of Hot Brook west of Hot
Springs, and it outerops in numerous shallow
canyons cut in the slope of the Minnekahta lime-
stone. The top of the formation, for the first few
feet below the Minnekalita limestone, consists of

shales which invariably have a deep-purple color, |

and the basal layers are red sandstones, varving in
thickness from 4 to 15 inches. On Cold Brook,
4 miles northwest of Hot Springs, the total thick-
ness is. 115 feet, with purple shale at the top, 50
feet of red sandy clay below, and at the bottom
60 feet of deep-red sandstone in beds 1 to 4 feet
thick, with red elay partings. Farther down
Cold Brook, at a point 1} miles from Hot Springs,
a thickness of 135 feet is exhibited. The age of
the Opeche formation has not been definitely
determined, as it has yvielded no fossils, but it is
assigned to the Permo-Carboniferous for the reason
that the overlying Minnekahta limestone is of that
epoch and red sediments oceur in the upper part
of the corresponding series in Kansas and eastern
Nebraska.

Minunekalta limestone—The Minnekahta lime-
stone, formerly known as the “ Purple limestone,”
is a prominent member of the Black Hills series,
but it occupies only a limited area in the north-
western corner of this quadrangle. It averages

only 50 feet in thickness, but through its hardness |
it gives rise to prominent topographic features, |

Dbeing exposed usually on wide dip slopes and in
transverse escarpments and being distinguished
by sinkholes and caves which are numerous
within its area. The limestone is ordinarily
massive in appearance in cliff faces, but on close
examination it is found to consist of thin layers,
differing slightly in color, and on weathering it
breaks into slabs, usually 2 to 3 inches in thick-
ness. The color as a whole is light gray, but
there is always a slight pinkish or purplish tinge,
from which the name “Purple” limestone origi-
nated. Its composition varies somewhat, mainly
in the percentage of magnesia, which 1s usually
present in considerable proportion, and in clay,
which is a constant ingredient. An analysis of a
typical sample is as follows:

Analysiz of Minnekahte lHmestone,
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On the eastern side of the hills this formation
dips generally to the east or slightly south of east
at a very moderate angle, but there are frequent
variations in the amount and direction of dip, as
the limestone is a thin, relatively hard bed of
homogeneous rock lying between masses of softer
red beds, and consequently was much affected by
loeal conditions of pressure. The thinnest layers
are often minutely erumpled and fanlted, but con.
sidering the large amount of deformation to which
the formation has been subjected, the flexures are
but little broken.

This formation is termed the Minnekahta lime-
stone because of its characteristic development. in
the region of the Hot Springs, originally known as
the “Minnekahta" by the Indians. The springs
rise throngh crevices in the limestone just west of
the town of Iot Springs, the water being of a
temperature of about 92° and flowing in very
large volume. The formation is classified
Permo-Carboniferous from fossils which
found in it not far west of Hot Springs.

Oelrichs.
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are inconspicuouns little shells, comprising Bele-
wellia, Ldmondic, and Nwewlana.

JURATRIAS PERIOD.

Spearfish shale—The Spearfish shale, formerly
appropriately called the * Red DBeds” consists of
red, sandy shale with intercalated beds of gypsum,
the total thickness of the formation being about
400 feet. It outerops across the northwestern
corner of the Oelrichs quadrangle, in the broad
treeless Red Valley, in which is the town of
Hot Springs, and usually presents wide, bare
slopes and high buttes of brightred clay with
outerops of snowy white gypsum in striking con-
trast. The sedimentary material is almost entirely
of sandy red shale, generally thin bedded, and
without any special features except the gypsum,
which oceurs in beds at varions horizons, some-
times extending continuonsly over wide areas.
There are also throughout the formation small
veins of gypsum due to secondary deposition.
The gypsum is a prominent feature about Hot
Springs, and its oceurrence on Cold Brook is shown
in fig. 2.
about 60 feet above the base of the formation,

diminishes slightly northward, and rapidly south- |

ward. Near the mouthof Cold Brook the gypsum
was at one time worked to some extent for plaster.
At Hot Springs a considerable portion of the for-
mation has been cut away and overplaced by
gravel, sand, and conglomerate of Pleistocene age.

The Spearfish formation has not yielded fossils
in this vicinity, but it has been regarded as of
Triassie age becanse it lies uncomformably beneath
marine Jurassic deposits and is underlain by the
Minnekahta limestone, which is known to be
Permo-Carboniferous.

Sundance formation—The Sundance formation
lies uncomformably upon the Spearfish red beds
and constitutes the slope which rises from the
eastern =ide of the Red Valley at the western base
of the hoghack rim. It comprises shales and sand-
stones in alternating sequence, certain members
being of general oceurrence and others less per-
sistent. The shales are mainly dark green and
the sandstones pale buff, but there is an inter-
mediate member of sandy shales and soft sand-
stones of reddish color, and often a local basal
member of massive red sandstone which frequently
attains a thickness of 25 feet. The succession
common throughout the area consists of a dark
shale at the base, a slabby, buff, ripple-marked
sandstone next above, then a reddish, sandy shale
or soft sandstone, and an upper green shale with
fossiliferous limestone layers. The upper shales
usually include thin layers of limestone, which
are always highly fossiliferons, and the sand-
stones also contain fossils. They are all typieal
marine Jurassic forms. The thickness of the for-
mation varies from 200 to 250 feet.

In the section of the Sundance formation exposed
in the slopes southeast of ot Springs the follow-
ing beds occur.

Section af the Sundance formalion near Catholicon Springs
Tlotel, Sowth Dakote.
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Rod sandy ahalos. . . . ...cecosenensensciadnsannnss 0
Greenish shales and thin sandstones, ... ... nasE 8
Bufl, slabby, ripple-marked sandstones. . ......... 15
Limestone filled with Osfrea. ...........ccvvenoeo.. 10
Green shales, very sandy............ Antnaanons e |
Hoflt, thin-bedded sandstone, fish-bearing layer. .. 4
Lo R e e A e e 2
Spearfish red beds.
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The buff sand lies on a slightly eroded surface
of the Spearfish red beds, and, thickening north-
ward and southward, it becomes a conspicuous bed
of red to buff sandstone. A typical contact of
this sandstone is shown in fig. 8, on the Illustra-
tion sheet. The limestone with Ostrea is a loeal
lens not found elsewhere. The fish-bearing layer
18 also loeal: it has vielded some new and inter-
esting fish remains, which were found about 10
inches above the top of the buff sand. Farther
north, in the slopes east of ITot Springs, the fol-
lowing average section was observed, but there is
considerable local variation in stratigraphy.

Fossils are very abundant, both in the caleare-
ous layers in the upper green shales and in the
buff and ripple-marked sandstones. They ocenr

3

| atone above,
The principal beds, which are here |

iIl Homne ﬂr t}]l" 'ﬂf-}]{"l" }]{‘.1]."‘1 h“t I]'l ]"l]ll("]l ]i"h"ﬂ -
ber. The most characteristic fossil 18 Lelomnites
densus, which oceur in cigarshaped masses vary-
ing in size from an inch or less to 4 inches in
length, of dark color and radiate strueture when

gseen in transverse section, This fossil oceurs
mainly in the upper green shales.
Seclion near ot Springs, Soutle Dalole,
Fiot,
Unkpapa sandstone.
Gireen shales, with belemmnites, ote. ... ... ... ..... )
Red sandy shales and sandstones. ................ 80
L e R S o i S 8
Bufl, slabby, ripple-marked sandstones. . ........ &0
T D B A G e Bt e o e el e e !
Red massive sandstones. . .. ..., coiennrenrcannsres a5
Bpearfish red beds,
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Unkpapa sandstone—"The Unkpapa sandstone 5

is a massive, fine.grained deposit of remarkably

uniform texture, varying from white to purple |
and buff, and always clearly separable both from |

the Sundance shales below and the Lakota sand-

[ts greatest development in the |

Black Iills region is in the hogback range east of |
| Hot Springs, where the exposures arve very strik. |
have a thickness of 331 feet, exclusive of a 10-foot |
parting of shale between them, but the thickness |

ing in their coloring of brilliant pink, purple, and

thickness diminishes toward the north, and at the
line between Custer and Fall River counties it is
not over 140 feet. The formation outerops prin-
cipally along the middle slopes on the western
Si[l{’. ﬂ'[ t]lﬂ }lﬂg]}f_lﬂ-l{ ]".'I'Il.g{‘. ﬂ'\'f}l'll"“l\'i]]g tElf_’ 1{.1"‘1]
Valley, but is exposed for a greater or less dis
tance in the gaps which extend eastward, as well
as in Elm Creek and Odell eanyons, on the eastern
slope, where its thickness is about 150 feet, and
where it has been quarried to some extent for build-
ing stone. In Odell Canyon most of the rock is
glistening white and other portions are of deep red
color. In Elm Creek Canyon portions are beauti-
fully banded with various colors, yellow, buff,
purple, and pink, in part along the stratification
planes, but often diagonal to them. At one point
west of Buffalo Gap these banded beds exhibit
minute faulting. The contact of the Unkpapa
sandstone on the Sundance beds is sharp, but pre-
sents no sign of unconformity, whereas at the top
there iz unmistakable unconformity by erosion,
giving rise to an irregular surface on which the
Lakota sandstone lies. A typical contact of this
sort. is shown in fig. 7, on the Illustration sheet.
No fossils have been found in the Unkpapa sand-
stone, but from its association with the Sundance
formation it is provisionally classed in the Jurassic.

CRETACEOUS IERIOD.

Lakota formation.—The Lakota formation, con-
sisting mainly of sandstone, gives rise to the west-
ern crest and many of the broader features of the
hogback range lying east of the Red Valley, The
sandstones are hard, coarse grained, cross bedded,
and massive, with thin partings of shale. In some
portions of the Black Hills the formation includes
coal, but none has been found in the Qelrichs
quadrangle, The thickness in this quadrangle
ranges from 230 to 300 feet, with frequent local
variations. The formation lies unconformably on
the Unkpapa sandstone and is abruptly limited
above by the Minnewaste limestone. In the can-
yon of Fall River the beds of sandstone are very
massive, but they are separated by greenish-gray
shales 15 to 20 feet thick, which oceur at several
horizons. The uppermost member, a dull-yellow
sandstone, is immediately overlain by the Minne-
waste limestone, of which the relations are shown
in fig. 4, on the Illustration sheet, representing a
fine exposure just west of Evans’s quarry, near
the mouth of the ecanyon. It exhibits the greater
part of the Lakota formation, the Minnewaste
limestone, a steep slope of talus on the Fuson
shale, and a thick capping of massive buff sand-
stone of the Dakota formation, in which is Evans’s
quarry. In the high ridges and their numerous
deep canyons east of Hot Springs, the Lakota
formation is the most prominent feature. Many
of the surfaces of the ridges are strewn with frag-
ments of fossil trees which have been weathered
out of the sandstone and appear to characterize :
horizon that is high in the formation over a con-
siderable area in the southern portion of the Black
Hills, and at whieh eyeads also usually oceur,

although none have yet been discovered in this
Fossil bones have been observed in
considerable number in the region west of Buffalo
Gap, and there have been found, at a number of
points, plant remains which, together with the
cycads, appear to indicate that the formation is of
early Cretaceous age.

Minnewaste limestone.—The Minnewaste lime-
stone is a formation of restricted ocenrrence in the

l:imul I'.'mgh&.

| Black Iills, its principal area being between the
- vieinity of Cascade Springs and Buffalo Gap.

It=
average thickness is only 25 feet, but it is con-
spicuous on the hoghack range east of Hot Springs
and extends far up the slopes on some of the
higher divides. Some of its features are shown
in fig. 4, on the Illustration sheet. The rock is
a nearly pure, light-gray limestone, presenting
uniform character throughout. An extended
search has failed to detect any fossils in it, but it
18 supposed to be of lower Cretaceous age becanse
it lies considerably below the Dakota sandstone.
Omne of the most extensive exposures is at the
falls of Cheyenne River, where the water flows
over a ledge about 20 feet high, and the name
Minnewaste is given from the Dakota Indian

| name, for Cheyenne River, meaning good water.
pure white, The greatest thickness, 225 feet, 1s |
in Sheps Canyon, southeast of Hot Springs; the |

Extensive exposures may be seen in the anticline
2 miles east of Hot Springs, where the rock covers
a wide area of the western slope of the anticlinal
ridee.

Luson formation—The Fuson formation iz a
fine-grained deposit lying between the Dakota
sandstone and the Minnewaste ]fIllf“.a'_ﬂ-fn;nuf.1 with an
average thickness of about 100 feet, consisting of
a mixture of fine sand and elay, which is usually
massively bedded and weathers out in small
cylindrical fragments like dry starch. It includes
some local beds of coarse sandy rock, especially
at its base, and also beds of nearly pure shale.
The predominant color is white or gray, but buff,
purple, and maroon tints are often conspicuous,
As the formation is relatively soft, as compared
with the adjoining sandstones and limestones, it
usually lies along the base of the Dakota sand-
stone eliffs and iz often buried under the talus of
sandstone blocks.  One of the most extensive
exposures is at the falls of Cheyenne River, where
it shows the following section:

Section of the Fuson formation at Cheyenne Falls, South

Dlearten.
Feot.
Dakota sandstone,
Dark sandy BB, ..o renrmnanmancnnannnns 4
Boft, gray, slabby sandstone; plants.._...... G

Compact white massive shale.......... ..... 8
Dark-greon clay 1

Dark-gray, compact, massive shale.. .. ...... 20
Yery compaect white mudstone. . ............. ol
Gray masgive shale.............c.ocouiiiina, 1
Harder, white massive shale.. .. ... ......... a
150y £ VL TR R = i e SO SO O 0 S0 6 S 1
White fine-grained sandstone. ............... bto 12
Purpleaghale......occevnureresneninnss Iy sk i Gto 8
Light-bafl massive sandgtone. ...c.cocoivinnas 25
Dark-bufl eoarser sandstone, much honey-

combed by weathering........cc.0vevnneas 23
Minnewaste limestone.
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The large amount of sandstone in the lower
part of this section is a very unusual feature, but
the layer which becomes honeycombed by weather-
ing is a characteristic member for several miles
northward. Outerops of the formation are con-
siderably obseured by talus along Fall River, but
there are extensive exposures in the side eanyons
in that vieinity, notably in the canyon on the steep
side of the anticline 2 miles due east of IHot
Springs, where much of the material is bright
purple and strongly resembles a shale which has
been baked by intrusive igneous rock. No fossils
have been found in this formation, so that there is
no evidence as to its precise age.

Dakota sandstone—The Dakota sandstone con-
stitutes all of the eastern slope of the hogback
range, being prominent in the steep rise from the
valley underlain by the Graneros shale. It caps
many of the higher summits along the western
crest, including Battle Mountain and the summits
just north. The formation rarely exceeds 150
feet in thickness and is thus much thinner than
the Lakota sandstone. It generally consists of a
thick bed of buff sandstone weathering brown,
massive in strueture and hard in texture, overlain
and underlain by thinner bedded sandstone. The
massive bed, shown in fig. 4, on the Illustration
sheet, forms the ledge over which Fall River
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passes in a series of pit'tll resgue cascades il'l.‘i'[- [ Seclion of Carltle formation 1} miles soutfcast of tee fulls of

below Evans's quarry, at which it is worked to
gome extent, az well asz at other plncus:. In the

overlying thinner bedded sandstone there have |
been discovered fossil plants of the Dakota flora, |

of upper Cretaceons age.

Grraneros shale—This shale is the lowest for. |

mation of the Benton group and is believed to be
the precise equivalent of the Graneros shale of

southeastern Colorado, as it lies between the |

Dakota sandstone and the Greenhorn limestone,
which in both regions is characterized by numer-
ous remaing of the same Inoceramus,

thin flakes. It contains numerons concretions,
ranging in diameter from a few inches to several
feet, and usually lens shaped. Its thickness aver-
ages about 900 feet, so far as could be ascertained
from several measurements made
with rather uncertain dip determinations. The
outerop is mostly along a valley, a mile or two
wide, which skirts the base of the hogback range,
and the most extensive exposures are along
Cheyenne River southeast of Evans's quarry, but
as the formation iz very barren its surface is gen-
erally bare.

At several localities the Graneros shale is trav-
ersed by dikes or masses of sandstone occupying
fissures. The most extensive of these are west
and southwest of Tepee Creek, where sands derived
from the underlying Dakota sandstone extend for
some distance through the lower beds of the shale.
The largest of the dikes at this loeality is 20 feet
wide, and they have a linear arrangement in the
narrow zone about a mile in length having a north-
northeast and south-southwest direction. Several
small dikes were observed on the north bank of
Cheyenne River, a little more than a mile south-
east of Evans’s quarry.

Greenhorn limestone—In the plains immedi-
ately adjoining the Black Iills one of the most
prominent features is a low but distinet escarp-
ment, which is due to the hard Greenhorn lime-
stone, in the middle of the Benton group. It
usually lies 1 to 4 miles outside the hoghack range
of the Dakota sandstone, toward which it faces,
The limestone is thin but persistent and is char-
acterized by a large number of impressions of
Tnoceramus labiatus, a fossil which is of infre-

aross.section

quent oceurrence in the adjoining formations. It |

contains a considerable amount of elay and some
sand, and appearing to harden on exposure, it
breaks out into hard, thin, pale-buff slabs, covered
with impressions of the distinctive fossil. Its
thickness averages about 50 feet, including some
shaly beds in its upper portion. At its base it is
distinetly separated from the black shales of the
Graneros formation, and its upper beds grade into
the Carlile shales through 6 or 8 feet of passage
beds.
escarpment in the high hills south of the head of

Tepee Creek and near Cheyenne River below the |
The formation iz ecovered |

month of Fall River.
by dune sands in the portion of the region adjoin-
ing the mouth of Horsehead Creek and north of
Horse Camp Draw for a few miles, but elsewhere
the escarpment is distinet.

sists mainly of shales, but ineludes two thin, hard
beds of sandstone, the upper one ecaleareous, and
at the top several layers containing oval conere-
tions. Its thickness averages between 430 and
590 feet. Two typical sections are given in the
following tables.

Fossils of typieal upper Benton molluscan forms
oceur in considerable abundance in some of the
beds in the Carlile.

Niohrara formation—The Niobrara formation
i a soft, shaly limestone or impure chalk, contain-
ing more or less clay and fine sand, and often
including thin beds of hard limestone, which

Seation of Carlile formalion near Buffalo Gap, Soutl Dalola.

Feet.,

Niobrara chalk.
Shales, with large bull coneretions. .............. 150k
Hard, slabby sandstone.. .. ....................... 2
[ eyl T R SR i i S S B R T L e e 1350k
Thin, coarse SABUELOIIE, . .. ovvrenrinrrsrrernnnsss 4
e BT A 2o T A e P e O e T ]
Concretions in grayshale.. . ...................... 2
TR Lo e o ok R n et ke n v AT s e o v 4l
Caleareous beds, with Ostrea, ete................. 4
Bhala A TRIOE . e m s e e e T 180
Greenhorn limestone.
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Its most extensive exposures are in the |

Cheyenne River, South Dakota.

Feet
Niobrara chalk.
Gray shale, with large buff coneretions.. ......... il
B Ty R O e o o L e 2 1H a/m ' m i e m A0 B 0
Light-gray snndstone. .. .. .c..cuveiainanan. L e
Dark-gray shale, with thin sandy Inyers. ... ...... 16H)
T ) o e e o e A T =
e o g i i B - Do oot 150
Grreenhorn lnnestone.
e AT L O o 10 e & Bl

consist of aggregations of Ostrea congesta.  In

The shale

is of dark color and in greater part breaks up into |

unweathered exposures it is usually light gray,
but weathered ounterops are bright vellow, and
therefore conspicuous, although, as the rock is
soft, it rarely gives rise to noticeable ridges.
The most extensive exposures oceur along the
\'Elllﬁ:ﬁ' ﬂ[ -I}l_'}' Gl’ﬂﬂ]‘i :IT'I.II at 1|It'E|"‘|.'E|I."'\- r]'ﬂrﬂ.
Cheyenne River northward to Buffalo Gap sta-
tion.
Horsehead Creek and Horse Camp Draw the for-
mation iz widely covered by sand dunes. The
thickness of the Niobrara is about 225 feet.
LPierve shale—Many thousand square miles of
the plains adjoining the Black IHills are occupied
by the Pierre shale, a thick mass of dark bluish-
gray color, which weathers light brown and is
relatively uniform in composition throughout. It
cives rise to a dreary, monotonous landscape of
low, rounded hills sparsely covered with grass
and not useful for agrieulture. The thickness of
the formation is about 1200 feet, so far as can be
ascertained, but it is only rarely that it can be meas-
ured, and where the dip is gentle it is almost
impossible to do so. At a horizon about a thou-
sand feet above its base the formation includes
scattered lenses of limestone which usnally eontain
numerous shells of Luecina oceidentalis.  They
vary in size from 2 to 5 cubic feet to masses 20
feet in diameter and 6 or 8 feet thick, usually
of irregular lens shape, and oceur typically as
shown in fiz. 10, on the [llustration sheet. Owing

to their hardness they give rise, when uncovered |

by erosion, to low conical buttes resembling in
form a very squat tepee. which accordingly have
been designated “tepee buttes.” The form is
shown in fig. 10, on the Illustration sheet.
buttes occur in large numbers in the vicinity of

Oelrichs, rising from 10 to 150 feet above the |
Hllt't'l}lllliliﬂg 31{111&“’ 1!.-'"{]. Aare {-Iiﬁt-l'i b'l,'ltl:'-i]. \"E:l'}' |

irregularly over the plain, according to the group-
ing of the lenses. Similar limestone masses, also
containing Laucina occidenialis, oceur near the

| base of the Pierre shale, but they have been

observed only in the high hills south of the
head of Dry Creek and in small number. Numer-
ous concretions oceur in the Pierre shales at
various horizons and usually contain large num-
bers of distinetive fossils, of which the more
abundant are of the following species: Baeulites
compressus, Inoceramus sagensis, Nautilus delayi,
LPlacentiveras placenta, Heleroceras nebrascense,
and an occasional Lucina occidentalis. They are

generally of small size and break into small pyram- |

idal fragments which are scattered more or less
abundantly all over the surface of the shale. At
the base of the formation, overlying the Niobrara

| chalk, there is always a very distinet black, splin-
Carlile formation—The Carlile formation con. |

tery, fissile shale, about 150 feet thick, which has
been included in the Pierre formation, although it
has not yet been found to contain characteristic
fossils. It usually oceurs in a slope, often rising
steeply above the low lands eroded in the Niobrara

chalk, and at three horizons 1t contains coneretions |

which exhibit a regular sequence. The lower ones
are biscuit shaped, hard, and siliceous. Those in
the layers next above are similar in shape and
composition, but are traversed in every direction
by deep cracks filled with caleite and sometimes
contain scattered erystals of barite. Next above
are two or three layers of large, lens.shaped, highly
ealeareous coneretions, of light-straw color, show-
ing beautifully developed cone-in-cone structure,

EGCENE PERIOD.

Chadron sand.—The Chadron sand consists of
sands and sandy clays, lying upon the Pierre
shale, but separated from it by an unconformity
which represents a long period of time, there
being in this vicinity none of the latest Cretaceous
or early Eocene deposits, The oceurrences within
this quadrangle consist of a narrow belt in a shal-
low syneline, extending southeast from the vicinity

In the region adjoining the mouth of |

Tepee |

[of Limestone Butte east of Oelrichs, and some
| small patches on the divides north of Blacktail
- Creek, which are outliers of the great areas of

| Tertiary formations giving rise to the Big Bad |

lands a short distance east and south of the margin
of the quadrangle. In Limestone Butte the see-
tion is 135 feet thick, the butte being capped
by thin but hard limestone layers which are sup-

mation. At the base are 75 feet of pale.green
sandy clays with a thin bed of pebbles at the bot-
tom, and ascending there oceur in order 30 feet of

| of light-gray sandy clay, 11 feet of compact lime-
I stone, 4 feet of pink clay, and finally a thin bed of
|hnr'=1 limestone at the top. Similar eomponents
| are seen in the extension of the formation eastward
|
|

and in numerous small outlying masses. Hay Can- |

yon Butte is capped by the lower limestone, which
is again exposed in two buttes slightly more than
2 miles east by south from it. An outlier con-

northeast of Oelrichs on the 3563-foot summit. A
short distance east of the South Fork of Blacktail
Creek, in the southeastern part of the quadrangle,
the formation contains, near its base, a thin bed
of wvoleanie ash, and this material also oceurs
mixed with the sands at various places, This
voleanie ash is found, under the microscope, to
consist of fine particles of voleanie glass in thin,
sharp-edged flakes of irregular but mostly very
angular outlines, colorless and without erystalline
structure or inclusions. An occasional small
bubble of air is seen in some of the flakes. These
particles of glass are the fragments of voleanic
rock or pumice blown out of some voleano during
The location of the vol-
cano is not known. Much of the surface of the
Chadron formation is bare of vegetation, giving
rise to ineipient bad lands, and the light color of
the material is in striking contrast to the under-
lying Pierre shale, which just below the sands i=
| usuall y of a bright brownish-red color, owing to
the oxidation of the iron in it.

Brule elay—The Brule elay oceupies two small
areas southeast of Oelrichs, lying northwest and
northeast of Lone Butte, in a shallow syncline,
surrounded by Chadron sands. The material is a
sandy clay of light-buff color, in greater part com-
pact and massive. It is eroded into small bad
lands similar in form to those of the region east
of this quadrangle. Fossil bones of typical White
River animals of the horizon of the Oreodon beds
of the Big Bad lands occur in considerable abun-
The thickness of the Brule clay in this
area 18 ahout 150 feet,

il ex l'hlUSi Ve l'l'll}_}tiﬂll.

dance,

PLEISTOUENE PERICI,

Residual gravel—The oldest surficial deposits
in this region are residual gravels, apparently
remnants of the basal gravels of the Chadron for-
mation, which are but slightly moved from their
original position, some of them bheing in close
proximity to the larger Chadron deposits, though
others are now widely isolated. One of the largest
areas is in the southwest corner of the quadran-
ole, where all the higher divides are sprinkled
over with such gl'u.'re,h 1}'1"5{ on the Pierre {:IiL}-' and
varying greatly in abundanee. At no point does
it form a continuous coating, being spread on slop-
ing surfaces down which it works as erosion of
| the underlying shale progresses. It has been
observed in this region as far north as the divide
| next south of Beef Creek, where a few small areas
?ul‘E thinly sprinkled with pebbles. Other oecur-
rences are northwest of Oelrichs, and east of

of the largest being that which is on the ridge 2
miles west of Lone Butte. Much of the region
lying about the headwaters of Blacktail Creek and
ite branches contains more or less gravel of this
sort, of which the more conspicuous areas are
shown on the geologic map. The gravel is largely
of vein quartz, ineluding much chalcedonic material.

they result from a eyele of erosion which began in
pre-Pleistocene time and has been continued to the
| present.

| Terrace deposits—The valley of Cheyenne River
| contains terraces which are about 100 feet above
the river and are covered by alluvial deposits
They are most extensive in the region south and

posed to be the lower portion of the Brule for- '

pink s.'nul_x' u]u}':-:, 1 foot of oray limestone, 18 feet |

Hi&{'illg Uj’l til{‘. _‘._}"I"L‘:l_"l] SJI'I'II].J.' {"I!lj’ '-|.?-'~ E‘SIPU’.“L‘!I l:-} |Ili].1:.'-ﬁ ;

Horsehead Valley they are more numerous, one |

The age of these residual deposits is indefinite, as |

southeast of Buffalo Gap, where they have a
width of several miles, and were formed when
| Cheyenne River occupied a broad valley a hun-
dred feet above its present level and received
a large stream from the northwest, flowing out at
at DBuffalo Gap and joining it near the present
mouth of Beaver Creek. Through this affluent a
considerable proportion of pink loam from the
Red Valley was added to the alluvium, and it
Cindicates very clearly the course of the ancient
drainage channel, which flowed southwest from
the town of Buffalo Gap and thence down the
valley of the Cheyenne River. The principal
deposits of these high terraces are gravel and
sand, and their ageregate thickness is usually from
| 15 to 30 feet. They are smoothly spread and the
surface slopes gently toward the river, but ends
in clifts. The broad terrace extending along the
'south side of the river from the mouth of Slate
| Springs Draw to the mouth of Hay Canyon has
‘an average width of 2 miles and to the south
| abuts against slopes of Pierre shale. It bears
some areas of dune sand. Above the mouth of
Slate Springs Draw the high terrace deposits are
smaller in area and more widely scattered. The
largest area now remaining begins a mile south
of the falls of Chevenne River and extends for
3 miles along the west bank, at an elevation of
about 75 feet above water level,

Tervace conglomerate—At an earlier stage in its
history Fall River excavated a canyon across the
Red Valley, which later it filled with a narrow
deposit of coarse gravel, from the mouth of the
gorge throngh the Minnekahta limestone eastward
to the hogback range; but more recently it has
cut an inner gorge from 75 to 100 feet deep
through the deposit, presenting walls of conglom-
erate. The old valley was about one-half mile
wide; the present one is a few hundred yards.
The conglomerate lies mainly on the Spearfish red
beds, which rise above the level of its surface to
the north and south, and to the west it abuts
against the limestone .falnlm, The del}nﬁit forms a
smooth plain merging into the undulating topog-
raphy of the Red Valley on either side. Its thick-
ness averages about 50 feet in the center of the
valley and its base is somewhat irregular in con
tonr, The material consists of bowlders, peb-
bles, and angular masses of Minnekahta limestone,
Minnelusa sandstone, and varied detritus from
the other rocks along the valleys of Hot Brook
and Cold Brook, all tinted more or less reddish
by clay from the red beds, and cemented by eal-
careous precipitates, probably from the waters of
the warm springs. The conglomerate is mostly
very compact, but it merges into loose materials
containing only a small amount of eement or
cemented only in layers, as may be seen in exca-
vations in the eastern part of the new town of
Hot Springs. The several stages of cutting and
filling in the valley of Fall River are so related to
recognized eyeles of erosion as to make possible a
definite statement that they are Pleistocene,

Alluvial deposits—Along Cheyenne River there
are alluvial flats of recent material, of greater or
less extent, which is distributed during spring
freshets, and similar flood plains, proportionate in
size to that of the strream, border nearly all of the
creeks,  That of IHorsehead Creek, below the
mouth of Blackbank Creek, has an average width
of about a mile, the stream meandering from side
to side and eutting info the shale banks to a
greater or less extent. In the canyon below
Cheyenne Falls the flat is very narrow and dis.
continnous, as the river is cutting in hard rock,
and the same is true in the gorge west of the
mouth of Tepee Creek. The streams crossing the
; hogback ridge flow in relatively narrow canyons,
- where there is but little room for alluvial acenmu-
| lation, and this is also the case with those in the
ij\[innelmhtn limestone area. One of the most

interesting recent deposits is that of caleareous
sinter, now accumulating at various points along
| Fall River below IHot Springs, and deposited
mostly on vegetation growing in the stream, so
that the forms are easts of the plants. Great
masses of this material are found in the gorge
below the town, notably for a short distance about
14 miles above Evans’s quarry.

Dune sand—FExtending from the valley of
Cheyenne River there are extensive accumulations
of dune sand, which have been derived from the




alluvial deposits on the river flats and Dblown
southeastward by the stronger prevailing winds.
Along the valley of Horsehead Creek, where they
are most extensive, they reach east to a point 2
miles northeast of Oelrichs, and in the valley of
Sand Creek they reach bevond Smithwick., The
deposits are not thick, but they give rise to typical
sand-hill - topography, ednsisting of dunes and
blowouts.  The sand is fine and rounded and
there are many portions of the area in which it
bears little or no grass and the material is free
to move whenever the wind blows, It travels
over the divides and along the hollows, but in
the larger valleys, such as that of Horsehead
Creek, it is mostly removed by the stream at
times of freshet.

STRUCTURAL GEOLOGY.

Structure of the Black Hills upli k
Hills uplift, if not eroded, would present an
irregular dome rising on the northern end of an
anticlinal axis extending northward from the
Laramie or Front Range of the Rocky Mountains.
It is elongated to the south and northwest, has
steep slopes on the sides, is nearly flat on top and
is subordinately flated. The greatest vertical dis-
placement of the strata, as indicated by the height
at which the granite and schist floor is now found,
amounts to ulmut 9000 feet. The minor flutings
of the dome are mainly along the eastern side of
the uplift, the most llutllJlL ones being in the
ridge of the Minnekahta limestone just west of
Hot Springs. Another of considerable promi-
nence oceurs 3 miles east of Hot Springs. These
subordinate flexures are characterized by steeper
dips on their western side and gentler dips to
the east. They merge into the general dome to
the north and run out with declining piteh to
the south. In the northern hills there are numer-
ous local domes and flexures due mainly to lacco-
lithic igneous intrusions, but no similar features
are indicated by the strneture of the southern
hills.

Faults are rarely observed and none have been
detected which amount to more than a few feet
in vertical displacement.

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

Structure of the Oelrichs area.—The principal
structural features of this quadrangle are illus-
trated by the five structure sections on the Struc-
ture Section sheet. Under the plains the strata
lie in gentle undulations, but where they extend
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Fia. 1.—Diagram showing contour of surface of Dakota sand-
stone in the Oelrichs gquadrangle. The lines represent
altitudes above seq level and are 100 feet apart vertically.

0, Qelrichs ; 8 Smithwick ; H, Hot Springs ; B, Buffalo Gajp.

east and south. The monochine bears a subordi-

nate crenulation which crosses it diagonally just

east of Hot Springs as an anticline with very steep |

western llmb, and another anticline enters the

0

region west of Hot Springs and soon dies in the |

Red Valley to the northeast. In fig. 1 is shown
the contour of the principal structural features of
the area, representing the altitude of the surface
of the Dakota sandstone, which is supposed to Le
restored in the northwestern corner of the quad-
rangle, from which it has been removed by erosion.

It will be =een from this diagram that the mono-
cline begins to rise a short distance west of the
longitude of Oelrichs, at first with a gentle incli-
nation and then steeply. The steepest dips ave
along the hogback range, particularly west of the
town of Buffalo Gap, where they are 35°. Next
west are found gentler dips, and 1t is in this por-
tion of its rise that the monocline bears the erenu-
lation east of Hot Springs.  In Red Valley in the
vicinity of Hot Springs the dips are relatively low,
but the strata continue to rise steadily toward the
North of Gypsum Butte there is a promi-
nent anticline trending northeast and southwest

west.,

that it is soon lost under the Red Valley.
Brook passes across this antieline, which here has
a moderate elevation, and the Minnelusa sand-
stones are cut throngh. The anticline is high on
Hot Brook, where a considerable thickness of the
Minnelusa beds are exposed above the gorge cut
across the arch. In the hogback range east of

flexure exhibits relatively steep dips to the north.
..!"sl{)li*-" Slim Butte Creek there is an

antieline | ullr.l level,

‘r';l.“i.'._‘l.' nf nt"\' GI"EE]{

where the surface 1s wide
no water 1= available for llllir.ltluu.

which gains ];“Jl‘c':ttll'lh?l'l{"ii to the east and which | The Graneros shale valley, which extends along
east of tlw margin of the quadrangle hrings the | the front of the hoghack range, is barren me,pt
| in the portion traversed by Cheyenne River, where

Niobrara limestone to the =urface,

KCONOMIC PRODUCTS.

=OLL=.

Derivation—The soils in this recion are closely
e | .

related to the underlying rocks, from which they |
are residual produets of decay and disintegration ; situated for agriculture but its soil is barren and
except when they are formed as alluvial l!t‘llﬂﬂils | there 1s m:n?rﬂl absence of water excepting in the

in the larger valleys or are spread by winds.

In | gorge of luull River,

there are fertile alluvial flats at intervals. The
hoghack range has a generally rocky surface, with
a sandy soil which supports a growth of grass and
seattered pines, Slopes covered by the Minne-
waste limestone are usually as bare and barren a=
the sandstone areas. The Red Valley is favorably

The slopes of Minnekahta

the process of disintegration, residual soil develops | limestone present extensive rock outerops and are
more or less rapidly on the several rocks of the | generally covered with the margin of the pine
region aceording to the character of the cement | forest of the Black Hills, but on some of the more

holding the particles together.
dissolves most slowly,
present, such as Iiill!lltflti—' and ‘-lgll'li.l"t.ﬂ!!!-"-u are |
extremely durable and produce but a scanty =o1l.
Caleareous cement, on the other hand, is more |
readily dissolved by

Siliceons cement |
and rocks in which it is |

water :-.unt:lining :-:n'lmniui

Cacid, and on its removal elay and sand remain to |
and pitching down rapidly to the northeast so |

Cold |

IHot Springs the formations are at first nearly |

horizontal so that I*t:'luf-ivte]}' thin
Dakota sandstones, Fuson formation, and Minne.
lusa limestones are spread out over wide areas.
South of Fall River these low dips continue east
for some distance, but with numerous local vari-
ations of direction and amount.
Cheyenne River the Dakota sandstones and under-

heds of the |

At the falls of |

lying beds are nearly flat and extend some cl_is-i
contained feldspar, and the result is usually a |

tance east of the average line of the hogback slope,
It is owing to this cause that Cheyenne River

cuts into the range, its course having been estab- |

lished at a time of higher level, when the sand.
stones were deeply buried beneath the overlying
shales. North of Fall River there is found, in the
middle of the range, a very prominent anticline,
which is traversed by a branch valley of Fall
River for several miles. The Dakota sandstone
rises high on the ridge east of this valley, pre-
senting a prominent escarpment to the west, and at
its base there is a shelf of Minnewaste limestone
dipping eastward. A short distance west this

limestone passes over the erest of an anticline and |

dips steeply west down the slope into the bottom of
the valley, in which it constitutes a syncline, rising
again to the west to outerop 500 feet higher in
the western face of Battle Mountain, This promi-
nent flexure soon dies out to the south on the
south side of Fall River, but it is continued south-
ward as a noticeable flattening of dip in the

. : :
- monocline, passing out of the range at Cheyenne

Falls. To the north it extends across the head of

- Odell Canyon with considerable prominence and

aeross a portion of the southeastern margin of the
Black Hills dome they rise about 4500 feet in a |

distance of 10 miles, on a monocline dipping east  Oligocene formations which it contains,

passes thence with diminished height to beyond
Buffalo Gap. In the latitude of Oelrichs the
monocline of the Black Hills changes its trend to
the west to pass around the point of one of the
oreat anticlines at the southern end of the uplift.
The change in structure is exhibited in the gorge
of Cheyenne River west of the mouth of Tepee
Creek, in the high escarpment of the Greenhorn
limestone west of the head of Dry Creek, and in
the eurve of the Niobrara onterop at the head of
Dry Creek. The structure east of the monoclinal
region above deseribed has been determined from

the attitude of the tepee zone in the Pierre shale |
as indicated by the distribution of the tepee |

buttes. The principal horizon of the lenses of
limestone giving rise to these tepee buttes is 1000
feet above the top of the Dakota sandstone, and
the configuration shown in fig. 1 is based on the
assumption that this upper horizon is uniform
in stratigraphie position throughout. It will be
seen that the structure indicated is that of a very
gently undulating area having a broad, flat anti-

| cline in the region northeast of Smithwick and a

steep-sided syneline extending east of Oelrichs, a
syneline which iz well defined h:,r the hasin of
The

and south, the strike curving around to the south- | Chadron sand along the eastern margin of this

Delrichs,

form, often, a deep soil.

It the caleareous cement |

is present in small proportion ouly, it is often
leached out far below the surface, the rock retain- |
ing its form, but becoming soft and porous, as in

the case of the Minnelusa sandstone. If, as on the

limestone 11]:111?:1:15, the caleareouz material forms |

a greater part of the rock, the inseluble portions
collect on the surface as a mantle, varying in
thickness with the character of the limestone, |
being thin where the latter is pure, but often very
thick where the rock contains much insoluble
matter,

Of course the amount of soil remaining |

level plains there i= scanty =01l which supports a
fine growth of grass. The alluvial soils at a few
points in the valley of Fall River below Hot
' Springs and on Cold Brook above the town, have
been cultivated by the aid of irrigation .md vield
fine crops of garden truck for local use. The
Brule and Chadron areas southeast of Oelrichs
are mostly ent into bad lands or sandy slopes
which are dry and barren. The higher gravel and
loam terraces east-northeast of Oral and southeast
of Buffalo Gap are mostly level, fertile land which
has been farmed to a considerable extent, but,
not being irrigated, profitable crops have been
obtained from it in only a few of the moister
years

UNDERGROUND WATERS.

The occurrence of underground water in the
Oelrichs quadrangle is of interest mainly in the

on the rocks depends on erosion, for where there | plains adjoining the Black THills, under which

aurfaces

are slopes the erosion is often sufficient to remove | there extend several thick sheets of water-bearing
the soil as rapidly as it forms, leaving bare rock | sandstone.
Crystalline schists and granitic rocks | surface in the hogback range, these sandstones

Receiving water from rainfall at the

dee nm}:me |||nr}=-t|1. by hydration of a pmtmn of the | conduct it llIltlﬁIgl'ﬂlllld on the eastward dip to a

mixture of clay, quartz grains, mica, and u::l,herl
Shales are disintegrated in consequence |
| does,

materials,
of changes of temperature, by frost, and by water,

thus by softening and washing giving rise to soils, |
[f they arve sandy, sandy soils result, and if they |

are composed of relatively pure clay, a very clayey
soil is the produet. 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 geologie I

formations present alternations of beds of various |
materials, such, for instance, as shales and sand-

stones alternating with limestone. These give
abrupt transitions in the character of their di:&in-
tegration produets, soils which differ widely i

composition and agricultural cﬂp.;l.blln;wﬁ ocenrTIing
side by side. The only areas in which the bound-
aries between different varieties of =oil do not
coineide with the boundaries of the rock forma-

| South

tions, are in the river bottoms, in the sand dunes, |

in the areas of high-level gravels in the smaller
valleys, and upon htLLp slupt.s where soils derived
from rocks higher up the slope have washed down
and mingled with or covered the soils derived
from the rocks below.
known as overplaced, and a special map of large
seale would be required to show their distribution.

Distribution.—The larger portion of the Oel-
richs quadrangle is underlain by Pierre shale,

| at which this water enters the

Soils of this class are |

considerable depth within a comparatively short
distance. Where the inclination of the strata
diminishes away from the hills, as it generally
there is a wide area beneath which the
water-bearing beds lie at a depth that is within
reach of the well borer. As the region is semi.
arid and the surface water often contains mueh
“alkali,” there is great need for wunderground
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 sandstone,
though there are doubtless other water-bearing
beds at various higher horizons up to the top of
the Dakota sandstone. These strata are exposed
over a wide zone in the hogback range, where,
imbibition and by sinkage from streams,
| they receive a considerable proportion of the
rainfall, which very slowly flows in the perme-
able sandstones completely under the State of
Dakota and emerges in great springs
and general surface seepage in the outerops of
Dakota sandstone in the Missouri Valley in the
sontheastern corner of the State, The altitude
beds is from 3000
to 3500 feet above sea in greater part; it emerges
at the surface to the eastward at an altitude of
about 1200 feet, and under the intervening coun-

I}:.'

| try its head gradually diminishes from source to

Dakota numerons
to 1000 feet,

outflow. In eastern South
welle have been sunk from 400

| which furnish large volumes of water from the

which consists mainly of elay and gives rise to a f

stiff “ gumbo,”
itself, but is acid from decomposing pyrites and
too sticky for suitable working. It is covered

which is not only very barren in |

with grass, which originally afforded 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 for-
mer growth. Some areas of the Pierre shale are
traversed by wide valleys with overplaced soils of
considerable fertility. This is notably the case

along the bottom through which Cheyenne River |

flows, and in flats in the valley of Horsehead
Creek. In the area covered by sand hills, the
soils usnally are too dry and sandy for cultivation,
but much of the surface supports a growth of
coarse but nutritious grasses.

The Niobrara beds are calcareous and fertile,
but are not favorably located for farming. In the

Dakota sandstone, and it is believed that this water
is available under the region lying westward, up
to the flanks of the Black Hills, under conditions
which are set forth in the Artesian Water sheet of
this folio. The depth of the uppermost water-
bearing sandstone beneath the surface at any
point is shown by patterns of color, each one of
which includes between its limits a difference of
300 feet; thus one represents depths from 0 to
500 feet, the next from 500 to 1000 feet, and so on,
In the area in which the head of water is sufficient
to afford surface flow the patterns are printed
in blue, and where a flow may not be expected
they are printed in green. The area of flow,
unfortunately, is relatively restrieted, lying mostly
within the immediate vicinity of the valley of
Cheyenne River and some of its larger branches
to the north. It will be noticed that the altitudes
to which the water may be expected to rise



increase to the northward, for in that direction
the sources of supply are very much higher than
they are to the south, where Cheyenne River
crosses the hogback range. There are also shown
on the sheet lines representing intervals of one
hundred 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 uxp(-uted to rise in wells

of the water in the area of the flow.
below the surface at which water would stand in
a well in the nonflowing area may be found by
subtracting the feet of head from the feet of alti-

tude, shown by the brown contour lines on the |

base map. At Oelrichs, for instance, which has
an altitude of 3850 feet, and is midway between
the 3100 and 3000 contour lines of head, the water
should be expected to rise within 300 feet of the
surface and, as is shown by the pattern, it would be
necessary to sink a well about 2600 feet to reach the
top of the Dakota sandstone. It is possible that
it might be necessary to penetrate also the Fuson
formation and Minnewaste limestone hefore a large
volume of water could be obtained.

On the Columnar Section sheet are shown the
formations which have to be penetrated, and these
can be recognized by their characteristics as
described in the table and by the fossils referred
to below. From the Areal Geology sheet can be
ascertained in which formation the well is started,
Two of the most important fossils for determining
the
Lnoceramus labiatus (see lllustration sheet), the
former occurring crowded together and constitut-
ing thin layers of limestone in the upper portion
of the Niobrara chalk beds, which, although bright

geulugic horizon are Ostrea congesta and |

| yellow when exposed on the surface, are of a pale
| blue-gray color when first brought out by the well
boring. JTnoceramus is characteristic of the Green-
horn limestone, which is hard and of buff color on
the surface, as seen in the many outerops in the

6

| escarpment just east of the hogback range, but is |

of dark-gray color and soft texture underground.

| sandstone in the Carlile formation will be encoun-

| tered by the well borer and recognized by their |
which do not afford a flow, and also the pressure |
The depth |

hardness and their stratigraphic relations.

BUILDING STONE.

vicinity. Some of the slabby layers in the lower |
part of the Sundance formation have been used
locally at Hot Springs.

GYFSUM.

The Spearfish red beds carry deposits of gyp-

' sum (hydrous sulphate of lime) throughout their
The zone of concretions and the thin layers of |

extent, and often the mineral oceurs in very thick

' beds. These are relatively pure, and if nearer to |
' good markets the deposits would be of great
'value. The only commercial operations so far

For several years past the Dakota sandstone

has been worked at Evans's quarry, southeast of
Hot Springs. The beds are massive, easy to dress

when freshly exposed, and reasonably accessible.

The colors vary from white and buff to a delicate
' pink. The product has been used with satisfac-
| tory results in the town of Hot Springs, and a
' considerable quantity has been shipped to other
places. The amount available is large, hut the
expense of long-distance shipment greatly restricts
 its use. The same ledge has recently been opened
ia{'- Odell. The Unkpapa sandstone has been
| quarried for several years in Elm Creek Canyon
'and Qdell Canyon, and to a less extent in the
immediate vieinity of Hot Springs. The rock is
massive and easy to dress, but it is rather soft.
The colors are most attractive; some beds are a
pale erimson and others present bandings and
mottling of red, buff, purple and other tints. In
a shallow canyon very near the county line 4 miles

north of Hot Springs a portion of the Unkpapa |

have been at Hot Springs, but they are discon-
tinued for the present owing to the expense of
taking the product to market. The gvpsum is
caleined at a red heat, to drive off the chemically |
combined water, and is then ground and packed
in barrels. The product is plaster of paris.

The gypsum deposits attain great thickness in |
the vicinity of Hot Springs. Near Cold Brook,

. three-quarters of a mile northwest of the station

' sandstone is pure white, and as it is very soft |

would probably afford excellent glass sand. A |

small amount of limestone was quarried at Lime-
stone Butte, near Oelrichs, for building in the

Rl shunde mned Uhin beds of gypasm ..
Y DEIEN, ccos ook facahos sunnangesssaams

Tl mhanle with thim beda of gy e

R PORIMIIN: oo somumncvnmnmnnn "
T T S,

CRFTE oo

Ked chay ... e s R Ee e
Ghypasum With obay PRrEnEs . oo i

Eed shale with gypsaans veins .,

GETDOUAIN s an amsas o smmn nna s aninun vums wua suss
el elay with gypanm velns and nodeles. ... ...
Irrogular heeosia of gypsmm. ..

Hed clay witls gy panm veins, ..

Tl ey wiille s Uhin gy peaim ol
Nennadisl real amad wiite gypsiam. .,

Fia., 2.—Section of gypsum depositz in Spearfish red beds
on Cold Brook, three-fourths of a mile northwest of Hot
Hprings, South Dakota.

and a short distance north of the works above
mentioned, 18 an exposure shown in fig. 9, on the
Iustration sheet. The section there exhibited is
shown in detail in fig, 2.

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

Analysis of gypsum from sonth of Hot Springs, Sovnih

Thle ot
Par cant,
T R e e i = el o i s AR ey oo Sia TR e 32,44
Mapasin BEETE . s e dria e s e i e ik
L R N B P i S 5 3 ic 12
Bilina- BI0 G i o o S R e e . 1]
Balphurie aold, B0y o v i w s ider s s saales 45.45
Cramb onba med 0o o i o e S e SR L .
gt e IR R ol e s e e 200, B0
ataly . e i e N T0Hb, (0
LIMESTONE,

Limestone for lime or other purposes may he
obtained in abundanee from the Minnekahta and
Minnewaste formations. Both of these beds have
been burned to some extent for lime for building
in and near Hot Springs. The two limestones
are equally good for lime.

VOLOANIQ ASH.

The Chadron formation containg a thin hed of
voleanic ash which is of economic value as polish-
ing powder. The exposure is in the steep beds
on the south side of the syncline a short distance
east of Sonth Fork of Blacktail Creek. The hed
is thin and apparently not extensive, but it is a
particularly sharp-edged ash and is consequently
very powerful as an abrasive,

June, 1901.
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COLUMNAR SECTION SHEE

(AR T TR e S ~ GENERALIZED SECTION FOR THE OELRICH5 QUADRANGLE.
| SCALE: 1 INGH—8500 FEET,
1';;;]_ __1.1,[;“;;1"\ o s“m; R S, e — 1 — .:-__.....- _— ___ s ——————L— - ‘ E g Smm___
3 J i Feer, SECTION, s'&ﬁmgl CHARACTER oF RoCKs, HARACTER OF TOroGRAPHY A2 :
w
Lad
E; E _]iru!ifc]u}r e, Y EI_:___ _lI—lI'i 3000 Pinkigh-bufl sandy elay. Baul lands,
w i:':"' Chadron formation. Ee O-100 Sand and sandy elay with limestone at the tope. JERTTREVITIER
. ik i 2t it S . L i il
|
: Principal horizon of linestone lenses, giving rise to © tepee buttes" Small sharp hills, * tepee bhuties.” l
| 1
i'
| : . . .
t . P Wide rolling plains with shallow valleys and low ridges,
| | Dark-gray shale or elay, weathering brown or bafl and containing many : . g ot
i Pierre shale. Kp 1200 foesfliferows coneretions. ‘ Sﬁ?;:ntsgm. clayey, and infertile. Supports thin growth of
|
|
. | Widely seattered coneretions which give rise to * tepee bottes” Small sharp hills,  tepee buites,
| [ | 160 Black fissile shale eontaining numerous concretions, in part cone-in-cone.
- : - ¥ Giray enlearcons shale, weathering yellow, and impure chalk filled with | | P S B T
. Niobrarn formmation, Kn _ 1M} = Db Ostrea congesta near the top. Valleys or flats with fertile soil. j
| s I Light-eolored shale with numerons large coneretions, e e T ATRE
| w |
| 3 | |
| a | Carlile fonuation. Ker S0 Giray shale with sandy shale and thin sandstone layers. Low rocky ridges and bave shale slopes,
| “'.% | Bed of impure lHmnestone,
= |
wl
5 - L . e e — — Lo =
| oo : J | = Thin-bedded, hard limestone, weathering creamy white, and filled with :
| }____GTL_I_J_“T“ limestone. K : "I:r T irirsis Tehlatie: Small bare ridges,
| | 1
Graneros shale, | Kgs 4 Dark shale, very fizsile below, with seattered eoneretions. w‘ti;grcami:rﬁirﬂm thin sterile soil exeept where covered
|
Dulmt;;n:l.ut:;ne | K;_ 1450 ﬁ;,u"]ﬁtn_m. thin bedded above, ver i g Rﬂf‘!—k}'.!il{:l.pt'.:s-;n:l wlifls.
3 i i . v massive below, Soil very thin
Fuson formation. [ Iﬁ_ K7 Massive, bufl to purple, sandy shale, Slopes below eliffs of sandstone, i
Minnewaste limestone, K Light-geay limestone, Even surfaces nearly bare, .
i : p e x Rocky slopes and high eliffs,
i Lakota formation, | Kk Massive, eross-Dodded sandstone and shale. Soil very thin.
l ! i
= Unkpapa sandstone, | Ju Fine-grained, massive sandstone, white, pink, purple, and baff. Bare eliils.
[l |
o —— - — LN R T o
3 = | Greenish-gray =hale with thin lmestone beds. L |
= Sundanee formation. Jsd Long slopes with mueh talus cover, |
"E Red sandy shale, hufl sandstone, and thin beds of limestone.
R ! | e S i R < T b S e Pl (AT GABAR
=5 | .
Som |
2 Spearfish shale, | Jsf Red sandy shale with gy penm beds. O Wide red valley with poor soil.
E  (“Red Beds.")
— ] B o - ( i RS
guﬁ. Minnekahtn limestone, Cmk Thin-bedded gray limestone. Rocky slopes and elifls.
| e A i e it i W i A
: Eg Opeche formation. Co | Bed sandy shale and red sandstone, Slopes below elifls
[ o o ——— ___..I. WE B T e e | e O WL M T Yl V. A0 DT 1k LT Sesfial
8 o |
|' w Minnelusa sandstone. [ Ceml | 430 Reddizh, bufl, white, and gray sandstone, with some shale and limestone I I
I w I | | in upper portion. e Pt
= | | | !
| & | |
wm | _— ) aF: g i ST L. - |
1 : . |
g Palinsapa limestone, Massive gray lHinestone. Does not reach the surfaee,
| |
| ‘ .-
| |

N. H. DARTON,
(Feologist.



ILLUSTRATION SHEET =
U. S. GEOLOGICAL SURVEY 5 SOUTH DAKOTA-NEBRASKA
CHARLES D. WALCOTT, DIRECTOR OELRICHS QUADRANGLE

Fig. 3.—"HOGBACK" OF DAKOTA SANDSTONE.

Buffalo Gap, S. Dak looking southwest The surfaces s oping '.t4-1-|a|:|.- to the left are the |.‘.-l!'|J-:i|"|.=I surfaces of the upturned Dakota sandstone

Fig. 4.—EXPOSURE OF DAKOTA SANDSTOME, FUSOM FORMATION
MINMEWASTE LIMESTOME, AMD LAKOTA FORMATION.

At Evans quarry, south wall of Fall River Canyon, 4 miles below Hot Springs
S. DJIL The capping fock is Dakota sandstone

Fig. 5.—AN AGGLOMERATE OF OSTREA GONGESTA SHELLS. Fic 6.—INOCERAMUS LABIATUS.

A typ cal fossil of the Niebrara formation. The l::,.'plr:a' fossil of the Greenhorn limestone.

Fia. 7.~LAKOTA SANDSTONE LYING UNCONFORMABLY ON UNKPAPA;
ISANDSTOME.

Morth wall of Sheps Canyon, south of Hot Springs, 5. Dak.

Fia. 8.~UNCONFORMABLE CONTACT OF SUNDANCE FORMATION ON Fia. 9.-GYPSUM BEDS IN SPEARFISH SHALE. Fig. 10.—A TYPICAL “TEPEE BUTTE."
SPEARFISH SHALE, “"RED BEDS."

Cliff on Cold Brook, near Hot Springs, 5. Dak Due to a limestone lens, which containg numerous shells of Lucina occidentalis, in
Seven miles south of Hot Springs, 5. Dak. e Pierre shale.
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redeposited as beds or trains of sand and clay, |
thus forming another gradation into sedimentary |
deposits. Some of this glacial wash was deposited
in tunnels and ehannels in the ice, and forms char |
acteristic ridges and mounds of sand and gravel, '
known as osars, or eskers, and kames. The

material deposited by the ice is called glacial

drift; that washed from the ice onto the adjacent

land is called modified drift. It is usual also to

class as surfieial rocks the deposits of the sea and

of lakes and rivers that were made at the same |
time as the ice deposit.

AGER OF ROCKS,

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

When the predominant material of a rock mass |

is essentially the same, and it is bounded by rocks | -

of different Trl;lt{*l'irllk, it is convenient to eall the
mass throughout its extent o formation, and such
a formation is the unit of geologic mapping.
Several formations considered together are |
designated a system. The time taken for the
deposition of a formation is called an epoch, and
the fime taken for that of a system, or some |

.
larger fraction of a system, a period. The rocks |
are mapped by formations, and the formations are
classified into systems. The rocks composing a |
system and the time taken for its«deposition are |
given the same name, as, for instance, Cambrian |
system, Cambrian period.

As sedimentary deposits or strata aceumulate |
the younger rest on those that are older, and the |
relative ages of the deposits may be discovered
hy observing their relative positions. This rela- |
tionship holds except in regions of intense
disturbance ; sometimes in such regions the dis-
turbance of the beds has been so great that their
position is reversed, and it is often diflicult to
determine the relative ages of the beds from their
positions ; then fossils, or the remains of plants
and animals, are guides to show which of two
or more formations 1s the oldest,

Strata often contain the remains of plants and |
animals which lived in the sea or were washed |
from the land into lakes or seas or were buried in |
surficial deposits on the land. Rocks that con- |
tain the remains of life are called fossiliferous, |
By studying these remains, or fossils, it has been
found that the species of each period of the earth’s |
history have to a great extent differed from those
of other periods. Only the simpler kinds of
marine life existed when the oldest fossiliferous
rocks were deposited. From time to time more
complex kinds developed, and as the simpler ones |
lived on in modified forms life became more
varied. But during each period there lived pecul-
iar forms, which did not exist in ‘earlier times |
and have not existed since; these are character-
istic types, and they define the age of any bed of
rock in which they are found. Other types
passed on from perigd to period, and thus linked
the systems together, forming a chain of life from |
the time of the oldest fossiliferons rocks to the

present,

When two formations are remote one from the
otherand it i3 impossible to observe their relafive i
positions, the characteristic fossil types found in |
them may determine which was deposited first,

Fossil remains found in the rocks of different
areas, provinces, and continents afford the most |
important means for combining local histories
into a general earth history. :

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

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

. y "
i o RN Sl skt B B b b .LI‘.-'-; b dlidih B

formation is supposed to belong, the letter-symbol |

| in color and pattern may be traced out.

| are arranged, in colmmnar form, aceording to the

mentary formations-of any one period, excepting
the Pleistocene and the AI‘U]llL':ill, nre :1iﬁhi||g1liﬁlle{i

| from one another by different patterns, made of

parallel straight lines. Two ftints of the period-
eolor are used: a pale tint is-printed evenly over
tIIE‘. \\'Ili}]ﬁ H'I.I.]'J.ril{'i! [13[}T'Elﬁf'i]tiltg 't]JH l!l_"'!‘it]lt ! l]!ll']{
tint brings out the diflerent patterns representing

formations.  Each formuation 1s furthermore given

[ AR BV, ChemLOt,
[ Plelstocena . . . 7. . L. P Any eolors
1 MNioeeTe
| SI!UI'L"‘III" -ll ] tHH‘LI“ 'I- N Buifs,

Clenoeoie | Mioeone § "

| Bocene, including

Oligocono, . & .. . . = (Hive-browns.
QRETAOSOUE ", oo S K Olive-greens.
Mesorofe - 1. Tarhsid \
L A ) o v urnssie Ly
{ Juratrias 5 Triassic' | * J Blue-grecns.
| Carboniferons, inchd,
| ing Permian . . . G Blues. |
e LIRS R R A Y ne-purples. © |
| Devoni D Blue-purpl
Paleogoie « _ - ; p |
Silurian, ineluding <
Ordovieian-: . . . . . ] .I{(ﬁ-pl]]']]]l'.‘i.
| Cambrian . . &0, . A= Pinks.
Algtnkian® . oaLn .. L. A Lrrange-browns. |
Arahefoy o o0 B & g o R Any eolors.

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

of the period being omitted.

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

The origin of the Archean rocks is not fully
settled. Many of them are certainly igneous.
Whether sedimentary rocks are also included is
not determined. The Archean rocks, and all
metamorphie vocks of unknown origin, of what-
ever age, are represented on the maps by patterns
consisting of short dashes irrregularly placed.
These are printed in any color, and may be darker
or lighter thaw the background. Tf the rock is a |
schist the dashes or hachures may be arranged in
wavy parallel lines, If the metamorphic rock is
known to be of sedimentary origin the hachure

 patterns may be combined with the parallel-line

patterns of sedimentary formations. If the rock |

1 s v . o e . 1
is recognized as having been originally igneous, |

the hachures may be combined with the ignesus
pattern. |

Known igneous formations are represented by |
L il

patterns of triangles or rhombs printed in any |

brilliant color. If the formation is of known age |
the letter-symbol of the formation is preceded by |
the capital lettersymbol of the proper period. |

I]f the age of the formation 18 unknown t.}l-a_'

letter-symbol consists of small letters which |
suggest the name of the rocks.
THE VARIOUS GEOLOGIC SHEETS, i

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

The legend is also a partial statement of the
geologic history. In it the symbols and names

origin of the formations —surficial, sedimentary,
and within each group they are
placed in the order of age, so far as known, the
youngest at the top.

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

and 1gneous

principal mineral mined or of the stone guarried.
Structiure-section sheet.—This sheet exhibits the
relations of the formations beneath the surface.
In cliﬂ';?_. canyons, shafts, and other natural and
artificial ::ut.ﬁngs,_ the relations of different beds
to one another may be seen.  Any entting which
exhibits those relations is called a section, and the
same name is applied to a diagram representing
the relations. The arrangement of rocks in the
earth iz the eaith’s sfeweture and a section exhibit-

Cing this arrangement is called a structure section.

The geologist is not limited, however, to the

- natural and artificial enttings for his information
' concerning the earth’s structure,
"manner of the formation of roeks, and having
Ctraced out the relations among beds on the sur-

Knowin g the

face, he can infer their relative }m.uitiuus after

' they pass ‘beneath the swrface, draw sections
5\\']11‘1:]1 represent the strueture of the earth to a
| considerable depth, and constrmet a diagram |
| exhibiting what wounld be seen in the side of a
| cutting many miles long and several thousand feet |

1|eep. This is 1Hustrated in the following figure:

Pig. 2. —Bketch showing a vertical section in the front of the
picture, with o landseaps beyond.

The ficure represents a landscape which is cut
off sharply in the foregronnd by a vertical plane,
so as to show the underground relations of the
rocks.

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

Limestones, Blsles.

Snnalstones nnd cooss Claleareous spodstones

Shaly sandstones,
glomaertes

Aehiats, Massive amd bedded igneous rocks.

Fig. 8.—Symbols used to represent different kinds of rock.

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

Such breaks are

i parts slipped past one another.
| termed  fawlts,
| On the right of the sketch the section is com-
| posed of schists which are traversed by masses of
ligneous rock. The schists are much contorted
and their arrangement underground can not be
| inferred. Ience that 1:;(1rtiun of the section
Fdelineates what is probably true but is not
| known by observation or well-founded inference.
In fig. 2 there are three sefs of formations, dis-
| tinguished by their underground relations. = The
| first of these, seen at the left of the section, is the
| set of sandstones and shales, which lie in a hori-
zontal position. These sedimentary strata are
' now high above the sea, forming a platean, and
| their change of elevation shows that a portion
| of the earth’s mass has swelled upward from a
lower to a higher level. The strata of this set are
parallel, a relation which is called confurmuble.

The second set of formations consists of strata
| which form arches and troughs. These strata
were onee continuons, but the erests of the arches
| have been removed by degradation. The beds,

like those of the first set, are conformable,
| The horizonal strata of the plateau rest upon
| the upturned, eroded edges of the beds of the
| second set at the left of the section. The over-
| lving deposits are, from their positions, evidently
| younger than the underlying formations, and the
bending and degradation of the older strata must
have oceurred  between the deposition of the
older beds and the accumulation of the younger.
i'\\'lmn younger strata thus rest upon an eroded
surface of older strata the relation hetween the
two is an wnconformable one, and their surface
' of contact is an wneonforaity.
. The third set of formations consists of crystal-
' line schists and igneous rocks. At some period
of their history the schists were plicated by pres.
' sure and traversed by eruptions of molten rock.
 But this pressure and intrusion of igneous rocks
| have: not affected the m'm']}'i-ng strata of the
second set, Thus it is evident that an interval of
considerable duration elapsed between the forma.
tion of the schists and the beginning of deposition
of the strata of the second set. During this
interval the schists suffered metamorphism; they
were the scene of eruptive activity; and they
were deeply eroded. The contact between the
second and third sets, marking a time interval
between two periods of rock formation, is another
unconformity.

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

Columnar section sheet—This sheet contains a
concise description of the rock formations which
occur in the quadrangle. It presents a summary
of the facts relating to the character of the rocks,

The broad belt of lower land is traversed by | the thicknesses of the formations, and the order

several ridges, which are seen in the section Lc:ri
correspond to beds of sandstone that rise-to the. |
surface. The upturned edges of these beds form |
the ridges, and the intermediate valleys follow
the outerops of limestone and caleareous shales,
Where the edges of the strata appear at the |
surface their thickness can be measured and the
angles at which they dip below the surface ean be
observed. Thus their positions underground can
be inferred. The direction that the intersection
of a bed with a horizontal plane will take is called
the strike.  The inclination of the bed 4o the hori-
zontal plane, measured at right angles to the strike,
is called the dip. _
When strata which are thus inclined ave traced |
underground in mining, or by inference, it is fre. |
quently observed that they form troughs or arches,
such as the section shows. The arches are called
anticlines and the troughs synclines, DBut the |
sandstones, shales, and limestones were deposited
beneath the sea in nearly flat sheets. That they
are now bent and folded is regarded as proof that
forees exist which have from time to time eaused |
the earth’s surface to wrinkle along certain zones. !

of accumulation of successive deposits,

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

The formations are combined into systems

which correspond with the periods of geologic -

history. Thus the ages of the rocks are shown,
and also the total thickness of each system.

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

CHARLES D. WALCOTT,

Divector,
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