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GEOLOGIC AND TOPOGRAPHIC ATLAS OF UNITED STATES.

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

THE TOPOGRAPHIC MAP.

The features represented on the topographic map
are of three distinet kinds: (1) inequalities of sur-
face, called relicf, as plaing, plateaus, valleys, hills,
and mountains; (2) distribution of water, called
dratnage, a8 streams, lakes, and swamps; (3) the
works of man, called eudfure, as roads, railroads,
boundaries, villages, and cities.

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

l"ri1f!i:'|' {IE_![I"']'!IIJIII!_WI. Ei[l(! [II{:IH[_! 'I.‘u'i]E{_'.lI are  most
important are given on the map in figures. It is

desirable, however, to give the elevation of all parts
of the area mapped, to delineate the outline or form
of all slopes, and to indicate their grade or steep-
ness.  This iz done by lines each of which is drawn
through points of equal elevation above mean sea
level, the altitudinal interval represented by the
gpace between lines being the same throughout
each map. 'I']]I('-q'c. lines are called confowrs, and the
'l.li]iilﬂt'lll Eihitl[[“]]ii] ﬁf]ﬂ('t‘l i_i[!'[“'{".l.’rl E'ﬁ]('li two con-
tours is called the eonfour inferval. Contours and
elevations are printed in brown.

The manner in which contours express elevation,
form, and grade is shown in the following sketch
and corresponding contour map (fig. 1).
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Fra. 1.—Ideal view and corresponding contour map.

The sketch represents a river valley between two
hills. In the foreground iz the sea, with a bay

which is partly closed by a hooked sand bar. On i

each side of the valley iz a terrace. From the
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply,
forming a precipice. Contrasted with this precipice
is the gentle slope from its top toward the left. In
the map each of these features is indicated, directly
beneath its position in the sketeh, by contours.
The following explanation may make clearer the
manner in which contours delineate elevation,
form, and grade:

1. A contour indicates a certain height above sea
level. In this illustration the contour interval is
50 feet; therefore the contours are drawn at 50,

100, 150, and 200 feet, and so on, above mean sea |

level.  Along the contour at 250 feet lie all points
of the surface that are 250 feet above sea; along
the contour at 200 feet, all points that are 200 feet
above gea; and =o on.
two contours are found elevations above the lower
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies above the terrace; there-
fore all points on the terrace are shown to be more
than 150 but less than 200 feet above sea. The
gsummit of the hicher hill is stated to be 670 feet
above sea; accordingly the contour at 650 feet sur-
rounds it. In this illustration all the contours are
numbered, and those for 230 and 500 feet are
accentuated by being made heavier. Usually it
is not desirable to number all the contours, and
then the accentuating and numbering of certain

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

heights of others may be ascertained by counting
up or down from a numbered contour.

2. Contours define the forms of slopes. Since
contours are continuous horizontal lines, they wind
smumhly about smooth Ell.]'ﬁ[l:E'H, recede into all
reentrant angles of ravines, and project in passing
':lb(}l]t i}'l"l:_‘l't]'li]"l.(‘!ﬂ{"{'lﬁ. IrI.“IIE_'Hf.‘ ]"EI-I-"il’H]H ﬂlf contour
curves and angles to forms of the landscape can be
traced in the map and sketch.

3. Contours show the approximate grade of any
slope. The altitudinal space between two contours

gentle slope; but to rise a given height on a gentle

| therefore contours are far apart on gentle slopes
and near together on steep ones.

For a flat or gently undulating country a small
contour interval is used; for a steep or mountain-
ous country a large interval is necessary. The
gmallest interval used on the atlas sheets of the
(Geological Survey is 5 feet. This is serviceable for
regions like the Mississippi delta and the Dismal
Swamp.
those in Colorado, the interval may be 250 feet.
For intermediate relief contour intervals of 10, 20,
25, H0, and 100 feet are used.

Drainage—~—Watercourses are indicated by blue
lines. If a stream flows the entire year the line is

of the year the line is broken or dotted. Where a
stream sinks and reappears at the surface, the sup-
posed underground course is, shown by a broken
blue line. Lakes, marshes, and other bodies of
ventional signs.

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

$l"1|_|4|]'{"_ 'I'I'Ii]l;":-'u. _;'1 1113 l} I'L'!]Ji'{‘:il_‘:]'ll;f'lf_’" l]lih anrea, 1]]"1'[“'"

maodate the map the paper would need to meazure

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 cor-
responding distance on the map is called the seale
of the map.
The scale may be expressed also by a fraction,

and the denominator the corresponding length in
nature expressed in the same unit.
are 63,360 inches in a mile, the scale “1 mile to

In the space between any |

| an inch” is expressed by gl .

Three scales are used on the atlas sheets of the
Geological Survey; the smallest is &7, the inter-
mediate ly, and the largest iy, These corre-
spond approximately to 4 miles, 2 miles, and 1
mile on the ground to an inch on the map, On the

about 1 square mile of earth surface; on the scale
L, about 4 square miles; and on the seale g5,

(FATITIH
about 16 square miles, At the bottom of each

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

Atlas sheels and guadrangles.—The map is being
published in atlas sheets of convenient size, which
| represent areas bounded by parallels and meridians.

These areas are called guadrangles.  Each sheet on
the seale of 5 contains one square degree—i. e.,
a degree of latitude by a degree of longitude; each
! sheet on the seale of ' contains one-fourth of a
| square degree; each sheet on the seale of 51y con-
| tains one-sixteenth of a square degree. The arcas
| of the corresponding quadrangles are about 4000,
! 1000, and 250 square miles,

| The atlas sheets, being only parts of one map

! of the United Btates, disregard political boundary

' lines, such as those of States, counties, and town-
| ships., To each sheet, and to the quadrangle it |
represents, is given the ndme of some well-known

town or natural feature within its limits, and at the

sides and corners of each sheet the names of adja- |

| eent sheets, if published, are printed.

' map are delineated the relief, drainage, and culture

is the same, whether they lie along a cliff or on a |

slope one must go farther than on a steep slope, and |

In mapping great mountain masses, like |

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

water are also shown in blue, by appropriate con- |

Seales.—The area of the United States (exeluding |
Alaska and island possessions) is about 3,025,000 |

to the seale of 1 mile to the inch, would cover !
3,025,000 square inches of paper, and to accom- |

about 240 by 180 feet. Each square mile of ground |

In this case it is “1 mile to an inch.” |
of which the numerator is a length on the map |

Thus, as there |

scale 4,1 & square inch of map surfice represents |

0 " I
atlas sheet the scale is Pxpl‘t"&-ﬂ!rl in three wuj.':-;—l
by a graduated line representing miles and parts |

ses af the topographic map.—Un the tl]lmgrﬂ]lhil: .

| to the ohserver every characteristic feature of the
| landscape. It should guide the traveler; serve
| the investor or owner who desires to ascertain the

position and surroundings of property; save the

engineer preliminary surveys in locating roads,
inlilwu}'s, and irrigation reservoirs and ditches;
| provide edueational material for schools and homes;
| and be useful as a map for local reference.

THE GEOLOGIC MAPS.

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

KINDS OF ROCKS.

n

Rocks are of many kinds. On the geologic map
they are distinguished as igneous, sedimentary, and
| metamorphie.
lyneous roeks.—These are rocks which have
| eooled and consolidated from a state of fusion.
Through rocks of all ages molten material has
from time to time been forced upward in
fissures or channels of various shapes and sizes,
| to or nearly to the surfaice. Rocks formed by
| the consolidation of the molten mass within these
| channels—that i5, below the surface—are called
| infrusive.  When the rock occupies a fissure with
approximately parallel walls the mass is called a
| Ef:'}{"f'; when it fills a 1:11‘3_1-‘0. and i'l’l'l};.;’tll:il‘ conduit
the mass is termed a stoek. When the conduits for
molten magmag traverse stratified rocks they often
send off branches parallel to the bedding planes;
the rock masses filling such fissures are called
| sills or sheets when comparatively thin, and laceo-
| liths when oceupying larger chambers preduced by
the force propelling the magmas upward. Within
rock inclosures molten material cools slowly, with
the result that intrusive rocks are generally of erys-
talline texture. When the channels reach the sur-
face the molten material poured out through them
iz called fowa, and lavas often build up voleanie
mountains. Igneous rocks thus formed upon the
surface are called extrusive. Lavas cool rapidly in
the air, and acquire a glasay or, more often, a par-
ﬁ:l]]}" L‘t'}'st&l]linu condition in their outer parts,
but are more fully erystalline in their inner por-
tions. The outer parts of lava flows are usually
| more or less porons. Explosive action often accom-
| panies voleanic eruptions, cansing ejections of dust,
ash, and larger fragments. These materials, when
consolidated, constitute breccias, agelomerates, and
tuffs.  Voleanie ejecta may fall in bodies of water
or may be carried into lakes or seas and form
sedimentary rocks,

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

| water in motion, including rain, streams, and the
water of lakes and of the sea.
in large part carried as solid particles, and the
deposits are then said to be mechanical. Such

The materials are

dated into conglomerate, sandstone, and shale. In

tion, and the deposits are then ealled organie if

of chemical and organic origin are limestone, chert,
gypsum, salt, iron ore, peat, lignite, and coal. Any

the different materials may be intermingled in
many ways, producing a great variety of rocks.
Another transporting agent is air in motion, or
wind; and a third is ice in motion, or glaciers.
| The most characteristic of the wind-horne or eolian
| deposits is loess, a fine-grained earth; the most char-

' or beds which can be easily separated. These layers

are called straca.

| gaid to be stratified.
The surfice of the earth is not fixed, az it seems

to be; it very slowly rises or sinks, with reference

one of the deposits may be separately formed, or |

acteristic of glacial deposits is till, a heterogeneous |
mixture of bowlders and pebbles with elay or sand. |
Sedimentary rocks are usually made up of layers |

subsides the shore lines of the ocean are chamged.
As a result of the rising of the surface, marine sedi-
mentary rocks may become part of the land, and
extensive land areas are in fact occupied by such
rocks.

Rocks exposed at the surface of the land are acted
upon by air, water, ice, animals, and plants. They
are gradually broken into fragments, and the more
soluble parts are leached out, leaving the less soluble
as a vesidual layer. Water washes residual mate-
rial down the slopes, and it is eventually carried
by rivers to the ocean or other bodies of standing
water. Usually its journey is not continuous, but
it is temporarily built into river pars and flood
plains, where it is called alluviwm. Alluvial depos-
its, glacial deposits (collectively known as drift),
and eolian deposits belong to the surficial class,
and the residual layer is commonly included with
them. Their upper parts, occupied by the roots of
plants, t*lhllrélif[l!{! soils and subsoils, the soils being
usually distinguished by a notable admixture of
organic matter.

Metamorphie rocks—In the course of time, and
by a variety of processes, rocks may become greatly
changed in composition and in texture. When
the newly acquired characteristics are more pro-
nounced than the old ones such rocks are called
metamorphic.  In the process of metamorphism
the substances of which a rock is composed may
enter into new combinations, certain substances
may be lost, or new substances may be added.
There is often a complete gradation from the pri-
mary to the metamorphic form within a single
rock mass. Such changes transform sandstone into
quartzite, limestone into marble, and modify other
rocks in various ways.

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

Az a rule, the oldest rocks are most altered
and the younger formations have escaped meta-
morphism, but to this rule there are important
exceplions.

iﬁ L] 1 ] i.‘![l {.‘l'r(.’ﬂ' Hire,

FORMATIONS.

For purposes of geologic mapping rocks of all
the kinds above described arve divided into forma-
tions. A sedimentary formation contains between
its upper and lower limits either rocks of uniform
character or rocks more or less uniformly varied in

| character, as, for example, a rapid alternation of
£ 5 ) ; s ST
The chief agent of transportation of rock débris is |

shale and limestone. When the passage from one

kind of rocks to another is gradual it is sometimes
' necessary to separate two contiguous formations by

are gravel, sand, and clay, which are later consoli- |

an arbitrary line, and in some cases the distinetion
depends almost entirely on the contained fossils.
An igneous formation is constituted of one or more

' bodies either containing the same kind of igneous

smaller portion the materials are carried in solu- |

rock or having the same mode of occurrence. A

| metamorphie formation may consist of rock of uni-

formed with the aid of life, or chemical it formed |
without the aid of life. The more important rocks |

Rocks deposited in layers are |

form character or of' several rocks having common
characteristics.

When for scientific or economic reasons it is
desirable to recognize and wmap one or more
specially developed parts of a varied formation,
such parts are called members, or by some other
appropriate term, as fenfils.

AGES OF ROCKS.

(reologic fime—The time during which the rocks
were made is divided into several periods. Smaller
time divisions are called epochs, and still smaller
The age of a rock is expressed by
naming the time interval in which it was formed,
when known.

The sedimentary formations deposited during a
period are grouped together into a system. The
principal divisions of a system are called series.
Any ageregate of formations less than a series is

ones slages.

| of the quadrangle represented. It should portray | to the sea, over wide expanses; and us it rises or | called a group.

1
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DESCRIPTION OF THE ALADDIN QUADRANGLE.

GEOGRAPHY.

Pozition and extenf.—The Aladdin quadrangle
embraces the quarter of a square degree which lies
between parallels 44° 30" and 45° north latitude
and meridians 104° and 104° 50°. It measures
approximately 34} miles from north to south and
25 miles from east to west; its area is 549.46 square
miles, It comprises the northeast corner of Crook
County, Wyo., a narrow strip of Butte County, S.
Dak., and the extreme northwest corner of Lawrence
County, 8. Dak., on the east, and a little of Custer
County, Mont., on the north. The southwestern

half of the quadrangle lies on the slopes of the Black |
Hills, and the northeastern portion extends to the |

Great Plains.
Fourche River except a very small area in its north-
west corner, which is erossed by Little Missouri
River.

Being part of the Black Hills and the Great
Plains, this quadrangle exhibits many features of
both, and a general account of these provineces will
be given before the detailed description of the quad-
rangle is presentei.

THE GREAT PLAINS PROVINCE.

General features—The (Great Plains province
is that part of the continental slope which extends
from the foot of the Rocky Mountains eastward to
the valley of the Mississippi, where it merges into
the prairies on the north and the low plains adjoin-
ing the Gulf coast and the Mississippi embayment
on the south. The plains present wide areas of
abular surfaces traversed by broad, shallow wval-
leys of large rivers that rise mainly in the Rocky
Mountaing, and they are more or less deeply eut by
narrower valleys of the lateral drainage. Smooth
surfaces and eastward-sloping plains are the char-
acteristic features, but in portions of the province
there are buttes, extended escarpments, and local
areas of badlands. Wide districts of sand hills
surmount the plains in some localities, notably in
northwestern Nebraska, where sand dunes oceupy
an area of several thousand square miles.

The provinee is developed on a great thickness
of soft rocks, sands, clays, and loams, in general
spread in thin but extensive beds that slope gently
eastward with the slope of the plains.  These depos-
its lie on relatively smooth surfaces of 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 local flexures, the region has not been
subjected to folding, but has been broadly uplifted
and depressed successively. The general smooth-
ness 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
erosion has progressed slowly notwithstanding the
softness of the formations, and as at times of fresh-
ets many of the rivers bring out of the mountains
a larger load of sediment than they carry to the
Mississippi, they are now building up their valleys
ather than deepening them.

Altitudes and slopes.—The Great Plains province
“as a whole descends to the east about 10 feet in
each mile from altitudes approaching 6000 feet at
the foot of the Rocky Mountains to about 1000
feet above sea near Mississippi River. The alti-
tudes and rates of slope vary considerably in dif-
ferent districts, particularly to the north, along the
middle course of Missouri River, where the gen-
eral level has been greatly reduced. West of Den-
ver the plains rise to an altitude of 6200 feet at the
foot of the Rocky Mountaing, and maintain this
elevation far to the north, along the foot of the Lar-
amie Mountains. High altitudes arve also attained
in Pine Ridge, a great escarpment which extends
from near the north end of the Laramie Mountains
eastward through Wyoming, across the northwest

The district is drained by Delle |

By N. H. Darton

corner of Nebraska, and for many miles into south-
ern South Dakota. Pine Ridge: marks the north-
ern margin of the higher levels of the Great Plains,
and presents eliffs 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
suceession of other basing with relatively low inter-
vening 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 Aladdin quadrangle
is situated.

Drainage—The northern portion of the Great
Plains above described is drained by the middle
branches of Missouri River, of which the larger
members are Yellowstone, Powder, Little Missouri,
Grand, Cannonball, Owl, Cheyenne, Bad, and
White rivers. On the summit of Pine Ridge not
far south of the escarpment is Niobrara River,
which rises in the midst of the plains some dis-
tance east of the northern end of the Laramie
Mountains. To the south are Platte River with
two large branches heading far back in the Rocky
Mountains, the Rio Grande, and Arkansas River,
which crosses the plains to the southeast and affords
an outlet for the drainage from a large watershed of
mountains and plains. Between the Rio Grande
and the Arkansas are Cimarron River and numer-
ous smaller streams heading in the western portion
of the plains. Between Arkansas and Platte rivers
is Republican River, rising near the one hundred
and fifth meridian, and an extended system of local
drainage in eastern Kansas and Nebraska.

THE BLACK HILLS.

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

The central area—The central area of the Black
Hills comprises an elevated basin, eroded in erys-
talline schists and gramite, in which scattered rocky
ridges and groups of mountains are interspersed
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,

The limestone plateau—"The limestone plateau
forms an interior highland belt around the central
hills, rising considerably above the greater part of
the area of erystalline rocks. Its western portion,
which is much more extensive than its eastern, is
broad and flat, with a gentle downward slope near
the outer margin, but level near the eastern inner
side, which presents a line of cliffs many miles long
and often 800 feet high above the central valleys.
Locally it attains altitudes of slightly more than
7000 feet, almost equaling Harney Peak in height,
and forms the main divide of the Black Hills, The
streams 'WII;I_’]I ﬂ{}“’ LII]\\'I] ilﬁ- western E]ﬂp{_‘il[‘f_‘!i[fﬂll-
ents of Beaver Creek to the southwest and of the
Belle Fourche to the nmorthwest. Rising in shal-
low, park-like valleys on the plateaun, they sink

and C. C. O"Harra.

into deep canyons with precipitous walls of lime-
Rtﬂll]l" ﬂﬁ{‘li III:I.!]:I.' }l[lllﬁ]l'l_"[l 'I‘E_!l"t }l;;_.']l. rl.‘llf'i I[II"‘.’-
stone platean extending southward swings around
to the eastern gide of the hills, where, owing to the
steeper dip of the strata, it narrows to a ridge hav-
ing # steep western face. This ridge is interrupted
by the water gaps of all the larger streams in the
southeastern and eastern portions of the hills, which
rise in the high limestone plateau, cross the region
of crystalline rocks, and flow through canyons in
the flanking regions of the eastern side to Cheyenne
River. All around the Black Hills the limestone
plateau 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, sur-
mounted by a bare rocky incline which descends
several hundred feet into the Red Valley. This
minor escarpment and slope is at intervals sharply
notched by canyons, which on each stream form a
characteristic narrows or “gate.”

The Red Valley.—The Red Valley iz a wide
depression that extends continuously around the
hills, with long, high limestone slopes on the inner
side and the steep hoghback 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 conspicuons 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, passing
between divides which are usually =0 low as to
give the valley the appearance of being continuous,
but in its middle eastern section it is extensively
choked with Oligocene deposits.

The hoghack #im.—The hoghack range consti-
tuting the outer rim of the hills is usually a
single-crested ridge of hard sandstone, varving in
prominence and in steepness of slope. At the
north and south and locally 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 several hundred feet, but on the outer side it
slopes more or less steeply down to the plains that
extend far out from the Black Hills in every direc-
tion. The hogback rim ig crossed by numerous
valleys or canyons, which divide it into level-
topped ridges of various lengths. At the southern
point of the hills Cheyenne River has cut a tortu-
ous valley through the ridge for several miles, and
the Belle Fourche does the same toward the north-
ern end of the uplift.

GEOGRAPHIC FEATURES OF THE QUADEANGLE.

Features pertaining to the Black Hills—The
Aladdin guadrangle presents some of the charac-
teristic features of Black Hills topography, from
the lower slopes of the northern limestone ridge to
the hoghack rim, and a wide area of rolling plains
to the northeast. In the southeast corner of the
quadrangle the land descends steeply from the high
ridges and plateaus of the higher portion of the
northwestern part of the Black Hills uplift. This
slope is deeply trenched by the gorges of Bundance
and Sand creeks and traversed by numerous can-
The Red Valley is a prominent feature,
having a width of 2 to 3 miles and presenting an
undulating surface sloping rapidly eastward. Its
upper portion iz known as Government Valley,
and farther east it is occupied by Redwater Creek,
a branch of the Belle Fourche. In the region north
of the Red Valley the hoghack range is represented
by an eastward-sloping platean ent into high, nar-
row ridges and outlying mesas, capped by hard

Yomns.

| sandstone.

The highest of these platean ridges is the northern
prolongation of the Bear Lodge Mountains, which
extend southward from the Belle Fourche to the
high igneous uplift of the Warren Peaks region.
The altitudes of this ridge are 4500 feet at the

north end, 4700 feet west of Fothen, and 5850
feet at the southern margin of the quadrangle.
The ridge forms a divide between the Beaver Creek
drainage on the west and Deep Creek, Allen
Creek, Hay Creek and many other branches of
Redwater Creek on the east. On its eastern side
it presents long branch ridges which, to the east
and north, gradually sink beneath the plains and,
to the south, rise steeply on the north side of the
Red Valley. The eastward-sloping platean char-
acter 1s strongly marked, but erosion has been so
energetic that deep canyons and valleys have been
eat, and some of the ridges are separated by deep
[ \"rll]l_‘!}'ﬂ.

To the west the Bear Lodge Mountains present
a steep escarpment deeply eut by ecanyons and
descending into slopes which extend to the Belle
Fourche Valley, Near the south end of the moun-
tain, a short distance south of the southwest corner of
the quadrangle, at the head of Blacktail and Beaver
crecks, the Warren Peaks rise abruptly to an alti-
tude considerably above 6000 feet. They are due
to hard masses of igneous rock intruded in the
center of the Bear Lodge uplift. Belle Fourche
River crosses the hogback range in a wide valley
below the mouth of Medicine Creek.

Fealures perfaining to the Great Plains.—The
northeastward dip of the uppermost sandstones of
the Black Hills series carries them beneath soft
shales, and in the northeastern third of the quad-
rangle there iz a wide area underlain by soft rocks
presenting characteristic topography of the Great
Plains, The valleys are wide and most of the
slopes are gentle or mnot high. An occasional
harder bed gives rise to a low escarpment or ridge,
but it is an insignificant feature as compared with
the higher ridges and mountains of the adjoining
Black Hills. The elevation of the plains portion
of the Aladdin quadrangle ranges from 3800 to
5100 feet in greater part. The principal stream
is the Belle Fourche, which, soon after passing out
of the hoghack range on a northerly course, turns
abruptly southeastward and skirts the uplift, How-
ing parallel to the strike of the rocks. Most of the
minor streams also have their course in the same
direction, from northwest to southeast, notably Kil-
patrick, Middle, Chicago, Humboldt, Crow, Owl,
and Lonetree ereeks, enst of the Belle Fourche,
These streams oceupy wide valleys separated by
iﬂ'"l'h' I';{]gl'ﬁ 'L-,I'fb E}Hl]l_".‘j,

From the west the river receives hranches—Horse,
Deep, Pine, Alum, and Oak ecrecks—which rise in
the Bear Lodge Mountains and flow down the slope
of the uplift, at first in canyons or deep valleys in
the hoghack range, and then in shallow valleys to
their mouths.

One of the most notable topographie features in
the quadrangle is the Stoneville Flats, a smooth-
bottomed valley that extends completely across
the low divide between Little Missouri and Belle
Fourche rivers. Originally it was occupied by the
'I.I:III_H_‘![' I]E‘ll'[ {:IIII [Iil._'! ]3["].][} -.I;ll:_'ll.l::|'L']:IE',I \\'Iliﬂ'll t]ll_"ll "l_:l\'-'l"{l_
northward into the Little Missouri. The flat is
floored with a deposit of loam and gravel, some of
which continues on the high terraces up the Belle
Fourche, and to the north it merges into the allu-
vium lying along the Little Missouri. This change
of course of the stream is a clear case of stream rob-
bery, the lower Belle Fourche, with the advantage
of steeper deelivity, having ent back the head of its
valley until in the present big bend it has captured
the stream which originally flowed into the Little
Missouri through the Stoneville Flats. Since that
time the Belle Fourche Valley has been deepened
about 100 feet, for there is a high bank of about
that height in the bend of the river. In other
words, a dam somewhat over 100 feet in height
would turn back the waters of the upper Belle
Fourche into the Little Missouri, but, on the other
hand, a dam of very moderate height would deflect
the waters of the Little Missouri across the Stone-
ville Flats into the Belle Fourche. There is but
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little erosion in these flats at present, but it is prob- | of Beaver and Blacktail creeks, the entire thick-

able that a stream will tl\‘n;:ntu:l“}' tlr"rf.-.h}p there
that will et across them and deflect the head
of Little Missouri River into the Belle Fourche.

Such a stream has already begun the excavation of |

a valley along the eastern side of the flats.

GIROLOGY,
DESCRIPTION OF THE ROCKS.

The strata coming to the surface in the Aladdin
quadrangle have a thickness of about 4500 feet.
The order of suecession of the limestones, sand-
stones, and shales and their general characters are
given on the columnar section sheet. The rocks
are mainly sedimentary and range in age from
Cambrian to Quaternary. A few small masses of
igneous rocks appear in the sonthwest corner of the
quadrangle, in the Bear Lodge laceolith.

Sedimentary Rocks.
CAMBRIAN SYSTEM.

DEADWOOD FORMATION.

Quterop and  rocks.—The lowest sedimentary
formation seen in the Aladdin quadrangle is a

ness of the formation is not exposed, for the igne-
ous rock has been intruded somewhat above the
hase of the formation.

The most extensive exposures of the Pahasapa

| limestone in this quadrangle ave at the head of

Lytle Creek, and it appears conspicuously also in
the southeast corner of T. 53 N., R. 64 W, in can-
yons cut by small branches of Blacktail Creek,

The formation contains characteristic Mississip- |

pian fossilz, but seldom in large numbers.

The |

following are the principal forms which have been |

obtained :
botdalis, Schucherlella inwgualis, Choneles gregari-
us?, Productus semirveliculatus, b}“.”:ﬁr cenlronalisg,

Syringopora surenlarie, Lepltwena vhom-

Spirifer striafus var. nadisonensis, Syringothyris
carleri.

MINNELUSA SANDSTONE.

Oulerops and characler.—The Minnelusa sand-

' stone is extensively exposed around the igneous

small area of brown sandstone on the slope of |

Sheep Mountain, a spur of the Bear Lodge Range,
exposed by a local uplift due to a fault apparently
comnected  with The
rocks consist of brownish and dark-budt sandstones
below, then thinner sandstones and shales, dirty
buff and greenish-buft layers farther up, and at the
top, 30 feet or more of grayish-green shales.
Clorrelalion.—No fozsils were obtained, but, from
the character of the rocks and their aszociation with

ieneous  intrusion  below.

the overlying limestones, it is inferred that they
are undounbtedly at the same horizon as the Dead-
wood sandstones of middle Cambrian age which
appear extensively farther south and east in the
Black Hills, where they are seen lying on the

Algonkian schists and granites.
ORDOVICIAN SYSTEM,

WHITEWOOD LIMESTONE.

The Whitewood limestone oceupies a small area |

on the south side of Sheep Mountain,
ive pink rocl ]}-‘ing on the upper green shales of
the Deadwood formation and rising in cliffs 50 to
A0 feet high. Its total thickness is about G0 feet
and it constitutes the top of the southern end of the
mountain, dipping northeastward under dark-gray
sandy limestone of Carboniferous age. The only
fossil observed in this limestone was Maclvwrea magna,
an Ordovician form which oceasiomally oceurs.
CARBONIFEROUS SYSTEM.
PAHASAPA LIMESTONE.

The Englewood limestone, the earliest Carbon-
iferous formation in this region, has not been defi-
nitely recognized in the Sheep Mountain uplift, but
possibly it is represented in the sandy limestone
|:I:.'t=|:-k at the base of the I’:lh;!ﬁ:lpal.
onterop of this horizon erosses the south end of

ast and west slopes of the mountain.

|'l||_5_=;|:l1.'.':mti limestone in the areas farther south |

and east iz of pale pinkish-buft’ color, thin bedded,

zon of the Choutean. The following forms have
been reported: Orthothetes leplaena, Choneles logani,
Relicularia peeuliaris, Syringothyris carvleri, Lep-
fiena  rhomboidalis, Chonefes ornafuz?, Produelus
aff. P mesialis, Spivifer strialiformis, Spivifer
mysticensis,  Spivifer  peculiaris?,  Camarotwehia
metallical?,
Platyeeras sp.

The Pahasapa limestone is the “gray limestone™
which is g0 prominent in the central portion of the
Black Hills area. It appears on the summit and
northern slopes of Sheep Mountain and at intervals
in the southwest corner of the quadrangle, in the
vieinity of the intrusive masses.  The basal mem-
ber exposed on Sheep Mountain is a dark-gray
sandy  limestone which may also comprise the
Englewood limestone of the main Black Hills area.

The principal body of the formation consists of

Pugnar n.  sp., Plerinopeelen  sp.,

massive, light-colored limestones, weathering to a |

pale-bluish or dove tint.  The total thickness on
Sheep Mountain could not be determined, owing
to variable dips, but it appears to be about 300
feet. In the outerops farther west, about the heads

Tt iz 2 mass-

-

The zone uf'l

uplifts in the southwest corner of the quadrangle,
and is also cut into by the canyons of Redwater,
Sundance, and Sand crecks.  The lower and mid-

Cslabs, usnally 2 to 3 inches in thickness.

outerop encireles the north end of the igneous
uplift of the Bear Lodge Range in the southwest
corner of the quadrangle. The rock is of light-
gray color, but has a slight pinkish or purplish
tint, from which the name “Purple limestone”
originated. It is thin, averaging less than 40
feet in thickness, but, owing to its hardness and
flexibility, it gives rise to prominent ridges with
escarpments presenting nearly the entirve thickness
Ordinarily the cliffs appear to
consist of massively bedded rock, but, on close

of the formation.

examination, it is seen that this is divided into thin
layers which are clearly defined by slight differ-
ences in color. On weathering, it breaks into

In the

' glopes south and southwest of Beulah, the lime-

dle beds are gray and brown sandstones, with some |
impure limestone layers, and the top member is a |
conspicuous body of white sandstones of consider- |

able hardness, which gives rise to prominent eliffs
in the slopes and eanyons.

In the canyons of Redwater and Sundance erecks
the middle portion of the formation presents sofl
clayey sandstone or sandy shales of reddish and
oray color, which weather in rounded forms on

T. 53

slopes surmounted by the typieal white quartzite. |

The total thickness in this locality is about 450 |

feet. The formation is conspicuonsly exposed in a
zone of outerop that circles aronnd the north end
of the Bear Lodge uplift. In thiz quadrangle it
appears prominently in the main canyon of Black-
tail Creek and at the head of Lytle Creek. It
occurs also on the eastern, northern, and western
slopes of Sheep Mountain and appears at inter-
vals along Beaver Creek. It has been greatly dis-
turbed by igneous intrusives, one body of which,
on Blacktail Creek, extends diagonally across the
formation. In places masses of the quartzite have
been detached by the igneous rock and carried to a
congiderable distance from the main mass of the
formation. Some of these detached portions are
considerably altered by the heat to which they
have been subjected, so that they are hardened to
a quartzite and somewhat darkened in color.

Age—~—The Minnelusa formation has yielded no

fossils in the northern Black Hills and, although
it is believed to be in greater part of Pennsylvanian

' age, there is uncertainty as to its correlation.

L of the limestone eliff.
Sheep Mountain and is eut off by fanlts on the |
Typical |

OPRECHE FORMATIOXN.

Oceurvence.—The Opeche formation is a thin
series of red shales and red sandstones lying
between the Minnekahta limestone and the white
sandstone at the top of the Minnelusa sandstone,
lis |m.uaiti::n 11Hu:|.'|l:,.' is in a talus Hl['llfli" at the foot
It is exposed in the numer-
ons canyons south and southwest of Beulah and
encircles the north end of the igneous uplitt
of the Bear Lodge Range. It occurs in extensive

exposures along the canyons of South Redwater,
and about 50 feet in thickness, and contains fossils
of Mississippian age, believed to represent the hori- |

Sundance, and Sand ereeks, and also appears at
intervals at the head of Lytle Creck, in the canyon

| . - 1 4 .
L of Blacktail Creek, and about Sheep Mountain,
| especially on its eastern and northern sides,

Thickness and characler—The thickness aver-
ages from 50 to 75 feet, the amount decressing
oradually to the northwest. The material consists
of moderately soft, red-brown sandstone, mainly in
heds from 1 to 4 inches thick, and of red, sandy
shale. At the top of the formation, for the first

few feet below the Minnekahta limestone, there are |

shales which invariably have a ]]lll'|}]l' color,
Age—~—The age of the Opeche formation has not
vet been definitely determined, as it has vielded no

fossils.  From the fact that the overlying Minne-

stone is cut through by many eanyons, =0 that it
remains only on the intervening ridges. As the
limestone dips beneath the Spearfish formation, it
crosses the mouths of the canyons, giving rise to

r ¥ W | 1
very characteristic constrictions or gates, a feature

pru;-;unl{*.ql at many I:ninl:-; in the southeast corner
of the quadrangle.

The Minnekahta outerop extends in a contin-
uous ring around the igneous uplift of the Bear
Lodge Range, except for a short distance on the
southern end of Sheep Mountain, where it i= cut
1 fanlt, and in places where it is buried
beneath Tertiary deposits along the main Bear
Lodge Ridge. Characteristic exposures of the for-
mation are found in the southwest quarter of
N, R. ¢

at the west,

ont by

wi)
Dak

Composition.—The composition of the Minne- |

kahta limestone varies somewhat, mainly in the

proportions of carbomate of magnesia, which usu- |

ally is present in considerable amount, and of elay,
which is always an ingredient. In some of the
layers flakes of elay or very impure limestone give
a mottled appearance to the weathered bedding
planes of the rock,

Structure.~The limestone presents more local
variations in the amount and direction of its dips
than do the associated formations, for it iz a thin,
relatively hard bed of homogeneous rock lying
between masses of softer shale, and consequently
was much affected by loeal conditions of pressure.
The thin lavers of the limestone are often minutely

crampled and faulted, but in view of the ]Eil'gt'.

amount of deformation to which the formation has
heen subjected the flexures are but little broken.
Age.—The limestone is classed as Permian, from

fozails which it has }'ifliihat] in the sonthern Black |

| Hills.

TRIASSIC (7

| SYSTEM.
SPEARFISH FORMATION,

Character and oulerop—"The Spearfish forma-
tion, known also as the “Red Beds,” consists of
about GO0 feet of red sandy shales with intercalated
beds of gypsum. Its outerop extends across the
southeastern portion of the Aladdin guadrangle in
a broad, treeless red valley and usunally presents
wide, bare slopes and high buttes of bright-red
shale, with outerops of snow-white gypsum in
striking contrast.
almost entirely sandy red shale, generally thin
bedded, containing beds of gypsum, especially
near the base of the formation.

The formation extends up the main Redwater
Valley and Government Valley and around the
north end of the igneous uplift in the Bear Lodge
Mountains. In the Redwater Valley it extends
northward to the base of Schoolmarm DButte and

The sedimentary material is

constitutes the lower parts of numerous buttes |
III ]II'rI{'.l_'ﬁ

capped by the Sundance formation.
it is covered by Quaternary deposits, mainly along
the alluvial flats in the valleys. Along most of
the slopes north of Government Valley and Beu-

lah it outerops in eliffs which are often conspic-

kahta limestone is of Permian age and that there |

are red deposits in the upper part of the Permian
of the middle West, it is provisionally referred to
that epoch.

MINNEKAHTA LIMESTONE.

Character and oulerops.—This formation, for- |

merly known as the “Puorple limestone,” appears |

on the steep HI[:I"H.'H of the anticline I‘i:-:ing’ out of |
the Red Valley west and south of Beulah, and its

nous features on account of their hrilliant red color.

Along the main range of the Bear Lodge Moun-
taing the formation iz covered by Tertiary deposits,
but its entire thickness appears on both forks of
Beaver Creek, on Blacktail Creek, and on the
headwaters of Lytle Creek. In the southwest
corner of the quadrangle, owing to the steeper
dips, its outerop is narrow and is rendered some-
what irregular by variations in. structure.
divide between Lytle Creek and the west fork of
Blacktail Creek the formation is cut off' by igneous
rock for a short distance.
exposed along the central-western margin of the

W., and in the township adjoining |

O the |

The Spearfish beds are |

| quadrangle, in the valley of the Belle Fourche
and some of its branches. The most extensive
exposures in that region are in the vicinity of
the T+T ranch, where the red banks rise above
the river at intervals, but pass beneath the water
level near the month of Deer Creek, being carried
down by the general northwesterly dip.

Glypsum.—Gypsum is a conspicnous feature in
the Redwater Valley east and west of Beulah.
The principal deposit of this mineral occurs mainly
at a horizon about 100 feet above the base of the
formation and appears to extend L'mlfinur}usl}-‘, with
a thickness of 15 to 22 feet.  Other local deposits
occur at or near the base of the formation.

Aladdin boring—The deep boring at Aladdin
entered “red beds” about 400 feet below the sur-
face and, it 1= reported, penetrated them about 750
feet without reaching their base. Probably the
horing passed entively through the Spearfizh for-
mation the Minnekahta limestone
Opeche formation.  ven if this is the case, it indi-
cates that the thickness of the Spearfish formation
is at least G50 feet,

Age.~The Spearfizh deposits are distinetly sepa-
rated from the Minnekahta limestone below by an
abrupt change of materials. No fossils have been
discovered in the Spu_*u:l‘ﬁ.*ﬁll ﬂ}t']]];ltiﬂn, and its pre-
From the fact that it lies
between the Permian below and the marine Juras-
sic above it has been regarded as Triassic in age,
but it may prove to be Permian. It is separated
from the Sundance formation by a planation uncon-
| formity representing all of earlier Jurassic and
probably part at least of Triassic time.

and into the

cise age iz unknown.

JURASSIC SYETEM.

ESUNDANCE FORMATION.

COulerop and stratigraphy.—The Sundance for-
mation is extensively exposed in the slopes north
of the Red Valley and in the ridges lying between
the foot of the Bear Lodge Mountains and the Belle
Fourche.

The rocks consist of shales and sandstones which
\'iil'}' h'll1, I[“].l_" rl"ﬂlll IJI'LH'I'!' to ].FL'H'E'! ill ﬂl'{h‘ll' Eillﬁ_!
character and have a thickness of about 380 feet to
the southeast and 450 feet or more to the north-

west. At the base are dark-gray or grayish-green
' shales, uniformly about 40 feet thick. They are

moderately hard and in some places earry thin
layers of sandstone. At some localities they are
| underlain by a local thin bed of sandstone. Next
| above iz a series of bufl] fine-grained sandstones, in
oreater part massively bedded and having a thick-
| ness of from 30 to 40 feet. This series is a very
| characteristic, conspicuous, and persistent member
- of the formation. It gives rise to tabular surfaces
of considerable area, with marginal eliffs 25 to 40
feet high, which are often surmounted by long
slopes of overlying softer beds. Tt is of buff or
alightly reddish tinge, varies from massive to
slabby in bedding, and some of the layers are
strongly ripple marked, a characteristic feature
Inf' this horizon throughout the Black Hills. Its
Lupper part merges into sandy shales of buff to
gray color and these into soft, impure sandstones
or sandy shales, mostly of reddish eolor, having a
| thickness of 50 to 150 feet.  Then follows a mem-
| ber consisting of dark-gray and greenish-gray shales,
| 150 to 250 feet in thickness, containing oceasional
| thin beds of highly fossiliferous limestones,  Thin
beds of sandstone also oceur in these shales.  Near
their top the shales become more sandy, are not
fossiliferous, and grade into a thin body of bright-
buff’ sandstone, possibly representing the Unkpapa
sandstone of the eastern Black Hills, which imme-
diately underlies the Morrison shale. There is
no evidence of unconformity at the top of the for-
mation, but the change in character of sediments
is abrapt and the apparent absence of Unkpapa
sandstone would indicate a time break of consid-
erable length between the Sundanee and Morrison

formations.

Loecal variations.—There is but little variation in
the stratigraphy of the Sundance formation, but a
number of loeal changes are notable.  In the vicin-
ity of Alva one thin bed of sandstone in the upper
shale series is hard and massive and locally has a
| thickness of about 2 to 3 feet, but it thins out and
is not noticeable in other portions of the region.
The red sandy shales of the medial member of the
formation are similar in color to red deposits of
the Spearfish formation, but are of much paler tint.
Their thickness averages 150 feet in the region




about Table Mountain, but they thin rapidly to |
the west, and near Alva are only a few feet thick. |
The upper shale series, which is 150 feet thick |
about Table Mountain, increases in thickness to |
the west in proportion as the reddish series thins,
reaching a thickness of 250 feet or more.

Fosszils.—Fossils are abundant in the Sundance
beds, particularly in the limestone layers in the
upper shales, but some oceur also in the basal
shales. The most characteristic species is Belem-
nites densus, represented by hard, dark-colored,
cigar-shaped bodies varying in length from 1 inch :
or less to 4 inches and having a radiated strue- |
ture when seen in transverse section. These often
weather out on the surface and form a conspicnous |
feature in most of the upper-shale outcrops. In
the upper shales there also oceur the following
species:  Ostrea  strigileculn, Avicula mucronala,
Camplonectes bellistriatus, Astarle fragilis, Trape-
Zl’lf“ﬂ {’f'lrl'rfﬁl‘f”'{';{f'”-‘:;ﬁ, IJIF{"'I'H'I'H‘H!‘II‘T HI":'l'i"llrl'.H‘i' I'., ?h.i'!f”'ll'"dl;ﬂ
inornata, 1. eorbuliformis, T. bulbosa, T. postica,
Dosinia jurassica, Saxicava jurassica, Ammonites
cordiformis, and Penfacrinus asteriseus.  Occasional
layers of limestone in the lower shales carry Osfrea |
strigilecula, Camplonecles bellistriatus, Pseudomo-
nolis curta, Psammobia prematura, and Belemnites
densus.  All of these species are of upper and mid-
dle Jurassie age.

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

CRETACEOUS SYSTEM.
MORRISON SHALE,

Charaeter and outerops.—The Morrison shale is |
a thin but persistent deposit of massive shale or |
clay lying between the Sundance formation and |
the Lakota sandstone. It has been called Beulah |
ghale and Atlantosaurus beds, but the name Mor-
rison has priovity. Its color generally is a charac-
teristic pale olive-green, ranging to faint greenish
white, with local bands of dark gray and maroon.
In fresh exposures some of the beds are darker and
in some localities portions of the deposit are black.
The thickness of the formation iz variable, owing
probably to local unconformity on its surface, and
its measure is difficnlt to determine at most local-
ities, owing to talus and landslides along the hase
of cliffs of Lakota sandstone, At Aladdin the for-
mation appears to be about G0 feet thick. In the
region south of The Forks the thickness is some- |
what greater, and about Table Mountain and north |
of Eothen it is 150 feet or more. In the slopes
about Alva the thickness is 100 feet, as nearly as |
can be ascertained.  The shale ineludes thin beds |
of sandstone, mostly very fine grained and of light
color. The thickest sandstone beds observed are
east of the T+T ranch, where one bed about a foot |
thick extends for some distance. Nodules of hard |
elay occur in some of the beds.  The formation is '
easily distinguished from the Sundance shales by
its color and texture and the absence of marine
fossils. ’

The formation outerops extensively along both
slopes of the northern extension of the Bear Lodge
Mountains and the outlying ridges; in the ridge |
lying between Deer and Medicine creeks; in the
basing at the heads of Pine, Alum, and [[:L;ri
creeks; and in the ridges north and southeast of |
Aladdin. It also appears in the higher portion of
the anticline east of The Forks.

Fossils and age.—The Morrison shale contains
many bones of saurians believed to be of early Cre- |
taceous age. One of the localities at which these |
are most abundant is 2 miles east-northeast of
Eothen, The only mollusean fossils which it has
yielded are a few shellz of fresh-water forms. By
some paleontologists the saurians of this formation
are thought to be of later Jurassic age, but others
class them as early Cretaceous.

LARKOTA BANDIETONE.

General relations—The Lakota sandstone is a
congpicuous feature in the central and western por-
tions of the Aladdin quadrangle, where, together
with the Dakota sandstone, it rises in prominent |
cliffs above slopes of the underlying shales in the
Bear Lodge Mountains and the high ridges about
Aladdin and The Forks, and caps numerous buttes
south and west of the main Bear Lodge Range.
Owing to the low dips and numerous deep ean- |
yons which eut through the sandstone, its boundary
is exceedingly irregular. The sandstone consists
mainly of gray to buff, coarse-grained, massively
bedded rock, nsnally of considerable hardness, and

Aladdin.

' sandy clays and shales.

it has a thickness of 30 to 150 feet.
places it disintegrates readily, a feature especially
noticeable east-northeast of the T+T ranch.

|
Coal measures.—At und near the bottom of the |
formation ocenr local acenmulations of coal in lens- |

shaped deposits, and there are thin layers of dark
shales at various horizons.

In the vicinity of Aladdin the coals have been |
worked to some extent and apparently the prinei- :
There are two work- |

pal deposits are at this place.
able coal beds, one from 2} to 3} feet thick at the
hottom of the formation and another thinner one
about 10 feet higher, the two being separated by
Above the coals there are
sandy shales for a thickness of nearly 60 feet,
overlain by a massive, coarse-grained, cross-hedded
sandstone which constitutes the main mass of the
formation and gives rise to the prominent cliffs by
which it is characterized. The underlying coal
and shale series is extremely variable in thickness
and oceurrence.  Owing to the slipping of the
overlying sandstone and to talus derived from it

the horizon is ravely exposed, so that it is diffieult |
to ascertain its relations, except where excavations |
In some localities to the west |

have been made.
and north it is known to be thin or absent.

Local seclions.—At Aladdin Professor Jenney
reports the following beds:

Section of Lakoela formation at Aladdin, Wyo,

Feet,
Fuson formation... .. ..oovivinniiananass T3
Massive yellow sandstone, cross-Dedded,
forming eliffe. - c.ccovenmemnnnipanmnn- 85
Conglomerate of small pebbles of flint
And gUATHE. ... ...l e i
Breecia of angular fragments of sand-
stone and shale in white elay......... & to 10
Yellow sandstone. ......ccocivrivassnnnn 10
Massive gray sandstone, thin layers,
forming eliffe. .. ......ccviciinnnnnn.s a0
Dirab elay shales with plant remains. .. 2to b
Soft sandy shale with earbonized plants 2
L e e el el B e 1
Boft vellow sandstone.................. 4
Drabelayshales .......c.covniivivanns 12
a0 000200000 600008005 8000 6ARA 500 2000 3
Dirab clay shales (Morrison®)........... 15
ol T A S 108 to 203

The total thickness of Lakota beds in this sec-
tion is about 115 feet. Half a mile farther west
the thickness appears to be 183 feet, including
75 feet of beds penetrated by a shaft, but this esti-
mate is probably considerably too great. The fol-

lowing beds are reported by Professor Jenney. |
Some of the upper ones may belong in the Fuson |

formation.

| Beetion af Lakota formation énwestern part of Aladdin, Wy,

Faat,
Talus (lower Fuson beds).
Yellow sandstone with iron eoneretions....... 12
SBandstone, in part shaly............oco0ilL 0, 25
Breecia of shale in white elay........... R 11
Solt vellow sandstong, . ... ivisnesnssssinnnns L5
Massive yoellow sandstone forming eliffs (typi-
oal Lakobs)...coccvnninrinannnase A T 30
Shales, in part sandy.....ccoociwesmineneesnes B
Conglomerate, pebbles 1 to 2 inches, hard
sandstone and siliceous limestone, and o few
OUArGE PebDIBE. .. o sessrasisssssitannnnannsse b
Hoft sandstones and sandy shales. ... ... ...... 20
. | Shales, elays, and soft sandstones......... 53
ﬁ Tl oo c o0 coenonnnooaton fod bogansan saas 5
— 'L(_]hq,' nnd shales. .. ..o i e i 13
L P 2
AL s AnAnne Bea oo OoooD CO OGO 183

The sandstones overlying the 3-foot breecia bed

unite east and west of the section and form a cliff | carbonaceous shales, with thin ironstone and sand- |
I stone layers, to the massive Dakota sandstone |

extending for some distance in both directions.

A section of the Lakota beds on the south side
of the front ridge south of Aladdin, beginning at a
slope of Fuson formation above and extending to
light-colored Morrison elays below, is reported by
Professor Jenney as follows:

Seation of Lakola formation south of Aleddin, Wyo.

Fpd,
Massive vellow sandstone, erogs-bedded....... 35
Yellow sandstone weathering in thin layers;

G ) 0 im0 s 05 0 ST G s DBV a5
Clay shales and sandy shales............ ..... 4
Bolt yellow sandstone. ..., coviiiinviiniinan 2
Drab clay shales with plant remains. ......... 8
BRI 5 L e B0 e 0 e S D e O 050 0D a6 O OO L e 2
Gray clay. . oovasrssnaanaas snasssanaanasannas 1
Soft snndstone, ocher eolored, thick bedded.. 18
Boft yellow sandetone. . .........cooveivanianaa. 8
Gray sandy shales . . .. covveuienienrasssrsiias 4
Boft vellow sandstong. . ......ccovinnnvnnrnnna. B
Grayolay shales............cceveminiannnann. 4
Coal, impure and shaly...... ... .00 cooeass 2
Yellow sandy shaleg........c.ccouivenncnnnass i3
T 0 00 20 2 00450600 AO0G 2608 0RBHASOAT i
L nasn0 0000 50080000000 £00 0 G 80 808 B0 & 0G0 H0E 1
By e P 10 e 0 1 S 00 e 1 i 2
Gray clayshale. . .. ... ..ociosiosansnimanann- T
Carbonaceous shale with thin layers of coal... 1
Gray sandy shales ............coovniiiihnanns 15
Carbonaeeons shales with fossil plants. . ...... 8
Hoft yvellow sandstone, iron stained........... 1
Morrison light elays,

L 1 S S 165

In some |

Someexcellent sections of Lakota beds are afforded
by coal prospects north of The Forks, mainly in a
shafts sunk to a depth of 90 feet. These are 1}
tively. Data for the following combined section
are reported by Professor Jenney :

Section of Lakota beds north of The Forkes, Wyo.

Faat.
| [Conrse gray sandstone................0. i
= | Massive vellow sandstone, eross-Dedded.. 30
£ | Massive soft yellow sandstone, thin-
g bedded, underlain by two thin beds of
] coal 9 inches and 1 foot thick at the
Lo otommal. ... 410
I Drabelay shales. .. ... oo cevvecinnnninnns 2
Bhaly coal. . ... o-a el 1
Bandetons ....occviniiiiiniiiisiiciiaaa 1
Alternating beds of shales and sandstone 13
D i e gl T e e j
Black ehale. .. .coicaiaiianinniaainnnnn 2
o Bandabone ., .. coooennnrnssesrenssansmesns ]
21l 0oaland shale. cccvere 1i sssnvnannnnnns 1
= v
SlOIY . 3
R T L Y 2
Black clay shale, changing to gray shale
AL LT A 12
S T g R s e 00 DO A0 BOOEOe B0 508 2
Shale with plants.. .........oiiveiiaiiess 24
Band roek. . ...cccoiniicrsi i i s i
| Morrison elays.
L e e e ey e 14%

Fosstl j;e’rmm,mﬁfnnf remains  of |‘J]=mt:'¢ have

been collected from the lower shale series at vari- |

' ous localities in and near the Hay Creek coal field.
The sandstone contains much fossil wood and marks
the horizon from which numerous eyeads have been
| obtained in various portions of the Black Hills.
| These curious plants consist of an oval trunk
extending a short distance out of the ground,
with leaves on long stems growing out of its sur-
face.

former sockets of the leaf stems. Some specimens
of these found in this quadrangle are said to have
been obtained northeast of Harding Guleh, near

the north end of the Bear Lﬂ{lgﬁ Mountains.

FUSON FORMATION.

General velations and character.—Lying between

' the massive sandstones of the Lakota and Dakota
| formations, there is a series of shales and thin-
bedded, soft sandstones which have been desig-
nated the Fuson formation. Much of the material is
a sandy shale with thin sandstone layers, having in
all a thickness of 60 to 100 feet. The formation
is generally concealed by talus from the overlying
beds, but usually its position is indicated by a
well-defined slope between the sandstone eliffs,

On the Belle Fourche near the mouth of Medi-
cine Creek the upper portion of the formation is
exhibited in many places, but the lower portion, as
| in other parts of the quadrangle, is generally con-
| cealed. Farther north the shales are mostly replaced
' by sandstones.
| middle of the formation, but are frequently ohserved

near its bottom and oceasionally toward the top.
Two

These ocenr more often near the

1|
iTlm local sections are cxtr{::twl}' variable,
i

miles south of Aladdin the formation includes a
bed of sandstone measuring 8 feet in thickness and |
Near Eothen the sandstone com- |

| another 3 feet.
| prises nearly half the thickness of the formation.
| The upper beds usually show an abrupt transition
| through purple and red clay and yellow and gray

[ abave.
Thickness—The thickness of the formation at
| Aladdin iz 70 to 100 feet, west of Carroll it is 80

| feet, 2 miles east of Eothen it is 60 feet, and near |

| Alva and near the VVV ranch it is 100 feet.
Toeal sectiong.—Near the headwaters of Pine

| Creek  the formation comprises, according to
Section on north gide of Pine Creek near ite forks.
Feast.
[ Massive gray sandstone, weathering
Dakota -; in large blocks, red to black on
|| BORfaee e SEFRERTE 0
Light-gray eandy shale, base not ex-
T il g g naan0.e0 GO0D00500 40 et
Unexposed slope (probably shale).... 80
Yellow sandstone, weathering brown 4
Gray clay shales, base covered...... 4
Unexposed slope. ...ooveeveice i as 28
Yellow sandstone, thin bedded ... ... 8
| Fuson.. { Graysandyshales.................... 3
[ | Clay shales with fmperfectly pre-
| gorvedplants.. ... ... o cihiaiia 2
| Unexposed slope............c.000 Li
[ Yellow sandstone, thin bedded, ..... 8
Gray =andy shales with well-pre-
sorved plants: low blaff............ 14
| Unexposed slope to Pine Creek ...... il
Total......coiecrsuvascnanascancnan 111

Professor Jenney, the beds mentioned in the
"accompanying table.

miles and 2 miles north of The Forks, respec- |

The fossil eycad ordinarily consists of the |
petrified trunk, which shows the deep scars of the !

The basal gray sandy shales near this section
vielded a large collection of fossil plants. On the

[ tunnel run into the hillside about G0 feet and in two | south side of the creek half a mile sonthwest some

of these beds are again exposed, together with lower
ones.
Oak Creek, near its junction with Alum Creek,

| euts through the Dakota sandstone and reveals the
greater part of the Fuson formation.

The f@”ﬂwillg
beds are J*r*p{:-rim'! by Professor Jenney:

Seofion in Oalk Creel Canyon necr Alwm Creek.

| Foet.
| Top of platean.
Red samdstone, muach denuded. .. ... 2
Diakota 1 Carbonaceons shale with thin coal.. 1
Red sandstone ...................... 10
rShaleg and sandstones on partly ex-
posed glope ... .. ciiiinianiaaaas Gtk
Carbonaceons black shale............ 1
Drab esandy shales with finely pre-
served plant remains ......0000.... +
Fuson..{ Yellow sandstone.................... ]
Drab clay and sandy shales. ... _.... 2
Gray sandstone. . coovaveeinnonnoas ao .
Gray sandy shales....... DD DRBOE B
| Black ecarbonaceous shale; base of
oliff, creek botbom. c . cavvvecannnn.. 4
g b o il

The following section at the Robbins ranch,
a mile above the preceding section, illustrates
some of the stratigraphic variations in the for-
mation:

Beetion af the Robbins ranch, on Oak Creek.

Fisirt,
Iakota sandstone,

Unexposed slope with outerops of sandstone.. 60

Soft massive sandstone, weathering thin
ez [ faamne s e mod om0 5 00 S0n s e im0 15
Black carbonaceous shale and elay........... 3
| Light-purplish sandstone. .............000.... 10
BTAY Clay BDBIAR. «cvvanresiar cinivanmnnaanas 2

Reddish-purple sandstone and sandy shales,
with iron coneretions. . .....c.ccivevvevraneas 4
Boft vellow sandstone . ................ccc0nun &

Clay shales and sandy shales, with well-pre-
served plants .. ..........cocoiiiiiiini s 2
B e e o B I IR I CH i L D) 4
Carbonaceous black shale . ... . ... ......... 8
1 b T T e BN e A 8
| I e T s 0 G B R | DB A S D 08 2005 0 H
Talus to Oak Creak. ... ..ccviiiininsrerranns )
o by 4 e B S 136

In this section the formation appears to have

a thickness of about 110 feet, but the top and
bottom are not eclearly exposed. The typieal
 plant  horizon noted in the previous sections
lies 102 feet below the supposed base of the
| Dakota sandstone.  In the Robbins prospect tun-
nel, a mile southeast, the plant horizon is 117
feet below the Dakota ledges, and 122 feet of
the formation are exposed, to or very nearly to
its base.

On the south branch of Hay Creek the forma-
tion is mostly obscured by talus, so that instruc-
tive exposures are rare. At Aladdin the following
beds are reported by Professor Jenney:

Section of Fuson formation al Aladdin, Wyo.

Feot.

Dakota gandstone ..............cocasss000as S0+
I L e e A s il i e L B 15
Yellow-brown sandstone .........ccccuuen.. b
4T, S de 0 s one 0050600 B0 BOADOGD OG0 HHDTE 12
Yellow-brownsandstone. . ......cooaivnnans it
Purple clays, partlyexpoaed............0c0.. a0
Yellow sandstone, thin bedded............ 15
Massive Lakota sandstone. .. ....oovvvienann 45

W S s SR n Ao S e Do A0 S o SotHE 1484

The thicknesz is only 73 feet. Half a mile
farther west the formation appears to be 102 feet
thick, comprising the usual succession of shales
and clays with beds of soft brown sandstone, 6
to 15 feet thick, but its limits are somewhat indef-
inite. On the south side of the ridge a mile south
it is 70 feet thick.

Fossils and age.~The plant-bearing horizon is
apparently continuous over a wide area in the
' region lying between Pine and Hay creeks and
southward. From it Profeszor Jenney has obtained
a large number of finely preserved plant remains,
which have been described by Ward and Fontaine, !
According to Ward the age of the plants from the
Fuson formation is Lower Cretaceous.

DAROTA SANDSTONE.

(eneral relations—All the larger, higher ridges
| in the central and western portions of the Aladdin
| quadrangle, including the crest of the Bear Lodge
| Mountains, are capped by the Dakota sandstone.
| It also rises in a ridge of considerable prominence
in the anticline east and north of The Forks.
Owing to the thinness of the formation and the

deep canyons by which it is traversed, its outlines

1 Nineteenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1800, pp.
| B31-946.



are very complex. It lies nearly level along the |
Bear Lodge Range and dips gently to the northeast |
in the center of the quadrangle. Its outcrop crosses |
the Belle Fourche just below the mouth of Spring |

4

In the upper portion of the upper shale series of
the formation, about 20 feet below the top, there
oceur seattered bisenit-shaped coneretions, which
are conspicuous in most outcrops. They are

Creek, where the sandstone, dipping to the north- mostly 1 to 6 feet in diameter, and are iron |

east, passes beneath the Graneros shale.

C'haraeter. — The rock consists mainly of a |
massive, cross-bedded, buff-brown sandstone of
varying thickness, usually hard and highly
resistant to erosion. It weathers to a reddish- |

brown color at most places. In the Bear Lodge
Range and farther north its thickness is from
120 to 140 feet, but it thins gradually to the
east, and south and southeast of Aladdin it is
not over 60 feet thick.

Its characteristic feature is its _
clifis of massive sandstone, with mnearly vertical
cleavage and roughly columnar structure, but in
places where the rock is softer this feature is less
pronounced. It nearly always containg many thin
streaks and lenses of ironstone, and throughout its
course it is in most places distinetly more ferrugi-
nous than the Lakota sandstone, as well as harder
and more massive.

Near the Robbins ranch, on Oak Creek, the Dakota
sandstone is 78 feet thick, according to Professor
Jenney, comprising at the top 25 feet of sandstones |
and sandy gray shales, underlain by 3 feet of black |
ghales with poorly preserved plant remains, 10 feet
of thin-bedded sandstone, and, at the base, 40 feet
of massive sandstone of yellow to gray color, weath-
ering reddish and brown.  Below is a 60-foot slope,
probably nearly all Fuson, with only a few sand-
stone layers outeropping, and then a suceession of
Fuson sandstones and shales.

In the vicinity of Aladdin the Dakota beds eap-
ping the cliff are about 70 feet thick and consist
mostly of soft gray and yellowish sandstone, thin
bedded for the lower 15 feet

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

|
reddish-brown |

GHRANEROS SHALE.

The Graneros shales underlie a wide area in |
the northeastern half of the Aladdin quadrangle,
extending from the slopes of Dakota sandstone to
the north side of the valley of Crow Creek in a
belt averaging' 15 miles in width. The formation
also extends southward in the syncline north of |
Aladdin.  The rocks are mostly shales and are |
separable into three divisions—a lower member of |
black fissile shales, ageregating nearly 300 feet in
thickness; a member, of about the same thick-
ness, of dark-gray shales of hard texture, which
weather to a distinet grayish=white color and con-
tain numerons fish seales; and an upper member
of softer dark shales about 200 feet thick. The |
upper and middle series merge indefinitely, but |
between the middle and lower there
appears to be a nearly continuons layer of soft
buft sandstone, from 6 to 10 feet in thickness, |
which apparently represents the oil sand of the |
Newcastle region and the sandstone lenses near
Rapid and Hermosa. The most southern outerop |
of this sandstone in the Aladdin quadrangle is at
the ford of the Belle FFourche a short distance
below the mouth of Horse Creck. From this
locality it outerops along the line of round-topped
hills which extends in a northwestern direction
nearly to the Belle Fourche at a point due east of
the mouth of Bushy Creek. DBevond this point it
was not observed.

Much of the Graneros outerop is covered by sod,
but there are many areas which are bare and eroded |
into gullies and low badlands.  The middle mem-
ber of the formation onterops in a large area along
the Belle Fourche and the narrow outlying ridges |
parallel to that stream, an area which owes its |
width to the low anticline extending northward
from the Dakota sandstone ridge east of The |
Forks. The outerops of the middle member are
conspicuous owing to their light-gray slopes, often
with but little sod, but bearing numerous small
]Iint’i‘_ﬂ il ['I{I_ H{‘I'I.'IIT] IJ." {IE[]’H‘_’-.. HU‘III{‘. {ﬂ' t]l[ﬁ H]IE[]{‘. Iliiﬁ il
bright-yellowigh appearance on the joint planes, a
feature which is characteristic of this member of
the formation throughout eastern Wyoming., The
ghales are hard and do not break readily into thin
layers, and some portions which contain much fine |
sand are solidified into hard layers; L‘GIIHL‘(][H'!H-'}']
the member is a ridge maker. They are the Mowry |
beds of the Bighorn Mountain region. |

members

| above Owl Creek Valley.

GREENHOHEN LIMESTONE,

This thin series of limestones usually gives rise

to the outermost escarpment of the Black Hills |

uplift, forming a low but distinet line of bluffz due
to the hardness of the rock as compared with the
softness of the surrounding shales. This feature,

| stained and weathered to a grayish-yellow color. |

Jones and Blacktail creeks. These areas are high
plateaus underlain mainly by Dakota sandstone,
and their capping consists of sands and gravels
having in places a thickness of 200 feet or more.
Some small outlying masses oceur on  buttes
between the branches of the forks of Redwater
Creek, on the slopes of the high ridges at the head
of Blacktail and Lytle creeks, and at altitudes of
38300 to 4100 feet south and southeast of Beulah.

One of the largest exposures of the formation is on i
| the vallevs of the Belle Fourche, Crow Creek and

the west edge of a terrace at the head of Blacktail

| and Lytle ereeks, a short distance west of the main
| road, where it oceurs in a steep, bare slope over

however, is less distinet than usnal in the Aladdin |

| quadrangle, though the formation extends across its |

northeast corner in the slopes north of Crow Creek. |

The thickness of the Greenhorn limestone aver-

ages 40 feet or less, the limits being somewhat

indefinite.  Beds of passage into the adjoining
formations are the limy shales, but in the center of
the Greenhorn limestone there are found about 20
feet of thin-bedded sandy limestones, with some
ghale intercalations. The rock contains the very
characteristic fossil Tnoceramus labiatus, but here
only in small numbers and usually fragmentary.

CARLILE FORMATION.

The Carlile formation occupies the higher parts
of the divide between Crow and Owl ereeks, the
beds dipping gently northeastward. It has
thickness of about 400 feet, as nearly as can be
estimated from the low dips in the zone of outerop.
The rocks are chiefly black fissile shales similar to
those of the lower Graneros, but include a nearly
persistent bed of thin gray sandstone about 100
feet above the base, some biscuit-shaped concretions
in the basal shales, and occasional scattered concre-
tions higher up. At its top it appears to present a

i

transition series to the Niobrara formation of alter- |

nating dark- and light-colored shales, so that the
limits of the formation are not distinetly marked.

| Mollusean fossils of I._j.'|}i:':1| upper Benton forms

oceur in some of the coneretions and also in thin
layers of sandy limestone.

NIOERARA FORMATION.

This formation outerops in the
Creek, in a zone about 1} miles
gently to the northwest and has

valley of Owl
wide. It dips
a thickness of

Cabout 200 feet, as nearly as ean be determined.
| The rock consists mainly of soft limy shales with

occasional thin layers of limestone consisting
almost entirely of shells of the very distinctive

fossil Ostrea congesta.  The fresh material is light

I a L "
Leray to pale buff in eolor, but on weathering

changes to a rich creamy yellow, which is char-
acteristic of the Niobrara. Owing to the softness
of the materials, the formation is seldom well
exposed. It lies mainly in the lower slopes of the
valley and merges into the underlying formation,
its weathered wash extending down the slopes in
such way that it ean not be aceurately mapped.
Moreover, much of its area is covered by sod, and

local alluvial deposits.

PIERRE SHALE.

Lower members of this formation extend from the
higher slopes north of Owl Creek to the northeast
corner of the quadrangle. The material is a soft,

100 feet high. Other extensive exposures occur

along the east side of the terrace on the Bear Lodge |

Mountains a short distance west of Sheep Mountain, |
- 2 &l - i N !
Materials—The material of these deposits con- |

gists largely of fine-grained loam of buft color, with
oceasional hardened or nodular layers and more or
less admixture of bowlders, gravel, and sand. In
some places the loam merges into an impure ful-
ler’s earth, similar to that which is characteristic
of the Chadron formation (THanotherium beds).
Near the greater igneous areas the deposits con-
tain ‘a large amount of igneous rock, mostly in
angular masses from 1 to 6 inches in length.
Beds of bowlders often oceur at the base and at
intervals higher up.

Upper beds.—At the top of these deposits there |
|
is generally a capping of bowlders and =and, con- |

stituting the surface of the terrace.  Whether the
cap is a part of the underlying beds or a separate
deposit was not ascertained, though there is no evi-
dence of unconformity between them.
localities, especially southwest of Beulah and in
places in the Bear Lodge Mountains, the top beds
are conglomerate, the bowlders and pebbles of
which represent the rocks of the adjoining slopes
south, The matrix is mostly lime and sand. In
the extensive exposures west of Sheep Mountain
the upper beds are a breccia of angular igneous
rocks in a lime matrix. A similar breceia is also
exposed at the top of the terrace at the head of
Blacktail and Lytle creeks.

QUATERNARY BYSTEM.

The Quaternary formations of the Aladdin quad-
rangle comprise alluvial deposits along the stream
‘r'ii“{'}'ﬁ il.l]l,l 'l.'l'l:l]-il]"l{l “‘._f]'-'l\'{_‘.lﬁ iIII{I ."'N'HHIH U{"'l'“p:l'i";_':
old terraces which are remnants of a previous
epoch of topographie development.

Older terrace deposits—"The older terrace depos-
its cap nearly all the slopes of moderate height
adjoining the valley of the Belle Fourche, and
small areas extend up the Red Valley and the
valleys of Beaver, Lame Jones, and Hay creeks.
They mark the course of old streams which have
since cut to lower levels, and undoubtedly they
were originally much more extensive, but with
the degradation of the country a large amount of
the material has been removed or widely seattered,
especially in areas where it was thin.
most notable of the earlier terraces is Stoneville

‘along Owl Creek it is extensively overlain by | Flats, which marks the original course of the

Belle Fourche, above its bend, to the Little Mis-
souri. This terrace merges into the valley of the

In some

the larger amount being exceptional. In many
areas these deposits are thin and of such indefinite
limits that they can be mapped only approximately.

Allwvium.—The principal alluvial deposits are
in the wide valleys excavated in the Graneros and
Spearfish shales, but narrow arveas of recent allu-
vinm extend up nearly all the valleys and merge
into the general talus and wash on the hill slopes.
Only the larger alluvial areas are represented on
the map. The most extensive of these lie along

its branches, Little Missouri River, and Kilpatrick,
Owl, Redwater, and Hay creeks.

The materials of these 1h=|3ﬂ:-}il:} are mainly loams
and sands, with some admixture of coarse mate-
rials, all of local derivation.  Along Redwater Creck
there is considerable reddish material derived from
the Spearfish red shale. Along the Belle Fourche
the alluvinm contains considerable sand, and along
the other valleys of the ghale area in the northern
portion of the quadrangle the allovium consists
mainly of clay from the adjoining slopes. The
deposits vary from 15 to 20 feet in thickness in
most places, the thickest deposits being found
along the Belle Fourche and the Little Missouri.

Igneous Rocks.
By W. 8. TANGIER SMITIL
ALGONKIAN INTRUSIVES.

GRRANITIE.

Oecurrence.—CGranite is found in the Bear Lm]g{:
Mountaing, in the sonthwest corner of the Aladdin
quadrangle, where it oceurs in the main igneons
area of the Bear Lodge uplift. In most of the
occurrences in the uplift, especially to the south-
ward, the granite is found as definite inclusions in

| later igneous rocks or as part of an igneous breceia.

One of the |

latter stream, but the Belle Fourche has eut its new |
valley down to a level about 100 feet lower than its |

origiual bed. The extension of this terrace level

| southward up the Belle Fourche is defined for some

dark-colored shale eontaining small caleareous con- |
cretions, which weather out on the surtace into small, |

brownish, angular fragments.  The lowermost mem-
bers are dark and fissile, rising in badland slopes

the Pierre shale is a region of low, rounded hills,

The outerop area of |

sparsely covered with grass, and not very useful |

for agriculture,
Aladdin guadrangle iz between 450 and 500 feet,
as nearly as can be estimated. Typical Pierre
fossils ocear sparingly in the valley of Lonetree

| Creek and farther northeast.

TERTIARY SYSTEM.
BAND, GRAVEL, AND CONGLOMERATE.

Distribution.—In the higher portions of the Bear
Lodge Range there are remnants of Tertiary

The thickness of the shales in the |

distance by gravel-capped benches that stand 80 to
100 feet above the present stream.

There are also higher terrace levels along the
valley and on the divide east of Stoneville Flats,
indicating a still earlier stage of the valley devel-
opment. A portion of the divide between the
Belle Fourche and Crow Creek valleys iz eapped
by gravels and similar high-terrace remnants,
which extend far southward of

to the basin

Graneros  shale south of the mouth of Deep

Creek.

These finally reach across the divide to

It iz believed that the larger areas also are of the
nature of included masses, notwithstanding the
dike-like form of some of them and the lack of
suitable exposures to prove that they are not later

dikes in the porphyry. This interpretation seems

| the more probable as none of the granitic rocks of
' other parts of the Black Hills are known to be of
| post-Cambrian age.

The granite inclusions within the laccolith south
of the margin of this quadrangle are common and
ill '!]IEII;'{"H EI]HI]’H'JI]]" ('ﬂl!ﬂ'iil]l‘\' i“ t]lf? ignl"flllﬂ l|i'|'l_'i_“-
cins (not shown on the map). They vary greatly
in size, ranging from microscopic fragments of the
different minerals composing the granite to oblong
areas a quarter of a mile or more in length. The
lareest body of granite (only the northern end of
which appears in this quadrangle) extends for more
than 3 miles along the eastern side of the laceolith,

| on the headwaters of Beaver and Redwater crecks,

It has a strike and dip roughly paralleling those
of the Cambrian rocks just east of it, and is prob-
ably an uplifted rather than an included mass,
For the greater part of its course it is overlain by a
thin bed of quartzite forming the base of the Dead-
wood formation, which, however, is separated from
the suceession of sedimentary rocks to the east by
porphyry sheets.

Within the main igneous area the granite was
noted only between the area of Cambrian rocks
and the center of the laccolith. This admits of
two interpretations: (1) that the granite is of post-
Cambrian age, and was originally intruded beneath
the Cambrian without penetrating it; or (2) that
it is of pre-Cambrian age. The absence of other
pre-Cambrian rocks such as occur in the Nigger
Hill uplift of the Sundance quadrangle to the
south suggests the former interpretation, though
the possibility of the oceurrence of a considerable
body of granite underlying this area, as well as
analogy with other parts of the Black Hills, gives
weight to the second hypothesis.

Outside the main laceolith small, seattered inelu-

| siong of Ii:m-gt-uiuwl biotite-granite oceur at one

Hay Creek east of Aladdin. In the Red Valley ! point in a long, narrow phonolite area which

there are numerons small remnants of earlier ter-
ace deposits on both sides of the Redwater Valley,

cand in the upper portion of Government Valley
they spread out in an area of considerable extent. |
On the divide between the headwaters of Lame

deposits that are believed to represent the White |
River formation of the region east and south of the |

Black Hills. They extend from an altitude of
4800 feet up to an apparent shore line at GOOO feet,
having a regular slope downward to the north and
northeast. The most extensive deposits are on the
main axis of the Bear Lodge Mountains and on the
high ridge lying between Beaver Creek and Lame

Jones and Blacktail creeks there are a number of
high-level gravel deposits which stand at an unusn-
ally high altitnde.
race deposits consist mainly of gravels and sands, but

The materials of the earlier ter- |

extends along the western flank of the uplift and
of which only the northern extremity appears in
this quadrangle, on Lytle Creek. Also, inclusions
of medinm-grained granite and other rock frag-
ments are numerous in an intrusive sill of por-
phyry toward the head of the easternmost fork of
Blacktail Creek, about 1} miles north of the south-
ern margin of the gnadrangle, the granite inclu-

| sions at this point having a maximum noted length

include more or less loam, not unlike the alluvial |

deposits but with a larger amount of coarse-grained
material.

' varies from 15 feet to a thin sprinkling of pebbles,

The thickness of the terrace deposits |
apecies of  feldspar.

of 1} feet.

f}f',sf*rf‘ll,u.ff:un—’“m Bear Lm{gv gl‘:ulihe 1= 4 |ig|it—
oray rock, consisting of quartz and one or more
Magnetite, apatite, and zir-



con occur in very small amounts as accessories. | associated with a little mgirite-angite), brown to

Although mica as a rule is either wanting or pres-

ent only as an aceessory, vet at one point, near the |
eastern edge of the large granitic area near the east- |

ern margin of the laceolith, biotite is so abundant
as to form one of the essential constituents of the
rock. The feldspars are microcline, microperthite
(not always present, though sometimes found in
considerable amount), albite, and oceasionally oli-
goclase in variable amounts.  Orthoclase or micro-
cline—very rarely albite—is the dominant feldspar,
Quartz is always common or abundant.

The granites are at times, though not usually,
porphyritic. The more or less tabular feldspar
phenoerysts reach a maximum length of between
3and 4 em.
fine grained.
vidual anhedra reach a maximum length of between
one-half and 1 em., the average diameter of the
grains being usually in the neighborhood of 2 mm.
Rarely the granite is much finer grained than this,
as for example toward the north end of the large
area referred to above, The general fineness of the
grain, together with the poverty in mica, would
ally these rocks with the aplites rather than with
the typical granites.

TERTIARY IGNEOUS ROCKS.

General relations—In the southwest corner of
the Aladdin quadrangle is the north end of the
Bear Lodge laceolith, a large mass of igneous rocks
intraded beneath the sedimentary strata and rais-
ing them in an elevated dome. The summit ot
this dome has been removed by erosion, revealing
the igneous rocks in an area of several square
miles. The prineipal plane of intrusion of the
main laccolith was low in the Deadwood forma-
tion, in places at or below its base, but northward
it rises across the Pahasapa limestone into the
middle of the Minnelusa beds. At this horizon it
is irregular, however, entting across the beds
upward and downward. Some thin sheets are
intruded at higher horizons than the main laceo-
lith, and two large igneous masses farther novth-
west rise across the Minnelusa formation to the
Minnekahta limestone on the head of Blacktail

Creek, and into the lower beds of the Sundance |

green amphibole, and biotite. 1Sach of these, except
the smgirite-augite, is at some point the dominant

b

gin;

ferromagnesian mineral, though as a rule the bio- |

tite is subordinate when found with the angite
or amphibole. The feldspar is orthoclase or
oligoclase or both.  Oceasionally the oligoclase
occurs with a thin orthoclase mantle.  The ground-
mass of thig porphyry, though sometimes granular
or trachytic-granular and occasionally relatively

| coarse grained, is in general composed chiefly of
a fine- or very fine-grained trachytic felt or ortho- |

The rocks are, on the whole, rather |
In most of the oceurrences the indi- |

formation on Lytle Creek. Numerous small dikes |
also appear cutting across beds from Pahasapa to |

lower Sundance.
tions are shown in sections E-E and F-F of the
structure-section sheet. The uplift is in general

loeal irregularities of dip due to displacement by
the igneous rock.

The rocks of the intrusion comprise chiefly
syenite-porphyry, minor though still
important amount of phonolite, and a number
of oceurrences of psendoleucite rocks.

Az the igneous masses found in the southwest
corner of the quadrangle form a part of the larger
Bear Lodge laccolith, the principal rock types found
here are considered, in the following deseriptions,
not as individual oceurrences, but in their relation
to the uplift as a whole.

with a

SYENITE-PORPHYRY.

The principal laccolith of the Bear Lodge Moun-
tains and most of the associated smaller masses
about the flanks of the uplift consist of porphyry
which is on the whole so rich in orthoclase as to
be appropriately termed syenite-porphyry. There
is, however, much variation among the Bear Lodge
porphyries, and loeally they are perhaps monzo-
nite-porphyry.
is also a strongly trachytic texture, so that it

The principal structural rela- |
|
| as older igneons or sedimentary rocks.

clage, the minute laths showing more or less fluidal
arrangement. Sometimes a second generation of
aungite iz found in subordinate amount, and in
some places micropoikilitic aveas are common in
the groundmass,

The weathered porphyry, which is more typical
of the Bear Lodge Mountains and especially of the
main igneous mass, differs somewhat from that
Just described. It is nearly always porphyritic.
Phenoerysts are sometimes numerous, or even
abundant, while again they are few and scattered.
They consist essentially of feldspar, the ferromag-
nesian minerals which in most of these rocks were
originally present to a limited extent having been
weathered out. The rock shows great variability
both in grain and in the kind, size, and abundance
of its phenoerysts, the variations occurring some-
times even within a few yards.
of the surface fragments contain, in addition to
small feldspar phenocrysts, large, scattered, tabular
erystals of sanidine, while in others all the pheno-
crysts are small, so that on casual inspection the
rock appears to be nonporphyritic.
dine phenocrysts reach a maximum length of 2.5
em. or more, The character of the feldspar phe-
nocrysts and of the groundmass of these rocks is
similar to that of the fresher rocks just deseribed.

These sani-

|

another adjacent to Lytle Creek, at the
southern margin; and the third on Beaver Creek,
1} miles north of the southern Of
these, the first extends across the divide from

IErgIn.

exposure of about a square mile. It has an irreg-
ular form and cuts across formations from the
*ahasapa limestone to the Sundance shales. The

occeurrence near Lytle Creek is the north end of a

| long and eomparatively narrow mass which euts

Frequently some |

The chief products of the weathering of these |

porphyries are muscovite, kaolin, and limonite.

IGNREOUS BRECCTIA.

Many of the fissures through which the porphy-
ries have passed must have contained more or less
broken rock.
undoubtedly, in many instances, produced a brec-
ciation of the walls of its conduit; and where there
have been successive igneous intrusions, these brec-
cias include previously intruded porphyry as well

| cias in a matrix of the intruding rock are commaon
a dome, elongated to the northwest, with many |

associates of the igneous intrusives of the northern
Black Hills, being found most often along the mar-
gin of the mass.  In the Bear Lodge Mountains they

| oceur both within the main laceolith and in eonnec-

In a large part of this mass there

might be aptly designated trachyte-porphyry in |

some places.

These rocks have a yellowish, reddish, or grayish
color, and as geen in surface exposures are in gen-
eral greatly altered, usually showing minute cavi-
ties due to the leaching of some of the minerals of
the rock.  Fresh porphyry oceurs on the northern
and northwestern flanks of the laceolith in intru-

sive sheets, and also locally within the main |

igneons mass,
In this fresher porphyry

which is not to be |

considered typieal for the laccolith as a whole— |

there are phenocrysts of feldspar and ferromag-

nesian minerals with a minor proportion of mag- |
Apatite and sometimes {itanite occur as |
| syenite-porphyries.

netite,
accessories,  Sometimes the ferromagnesian min-
erals are in excess of the feldspar, sometimes the
reverse,  The former comprise one or more of the
following: a pale-green aungite (in one instance

Aladdin,

tion with several of the minor intrusives, especially
on the east side of the uplift. They have been
noted on the ridge and slopes west of the private

' road near the northwest corner of the quadrangle.

Also in an intrusive sheet of ]u}rph:,rr}' toward the
head of the easternmost fork of Blacktail Creeck,
about 1} miles north of the southern margin of the
quadrangle, are many fragments of various rocks
(including gramite, as already mentioned).

The intrusion of the magma itself

Such bree- |

| cropping 200 to 300 yards apart.

| more typical facies the phenoerysts

The Bear Lodge breceias in general contain abun-

dant fragments of granite and various facies of the
Bear Lodge porphyries, together with numerous
fragments of minerals from the coarser-grained
rocks, especially granite, all in a reddish, yellowish,
brownish, or grayish matrix, which as a rule con-
stitutes but a small part of the rock. The rock as

a whole is always greatly weathered, and minute

| grained groundmass of both facies is

cavities, due to the leaching out of minerals, espe- |
| phyry has a trachytic texture and, in addition to

cially the ferromagnesian constituents, are common
both in the matrix and in many of the included
rock fragments. The matrix usually contains
abundant microscopic grains of red or yellow iron
oxide, sometimes so0 numerous as to render the
matrix almost opague in thin section. The clearer
parts of this matrix, as seen with a high power

under the microscope, show a £
granular or somewhat felted feldspar aggregate.

PHONOLITE,

Phonolite is of relatively common occurrence as
dikes or small masses within the Bear Lodge lacco-
lith and in sheets and minor laccoliths on the
flanks of the uplift. These rocks are occasionally
g0 much weathered that they can not be dis-
tingunished with certainty from the weathered

ntly polarizing |

J.P]ll‘l.”-i't 1](‘-“1151’!'& OCCNTrences UF.

these rocks have been noted in this gquadrangle— |

- i |
one a considerable body near the western margin
and about 2} miles north of the southern mar- |

across the Carboniferous rocks and extends for
more than 3 miles along the flank of the uplift.
That on Beaver Creek occurs as a sheet 20 to 25
feet thick, intruded between the Opeche and Min-
nelusa formations.

The phonolites of the Bear Lodge uplift as a |
whole are moderately light gray to very dark
gray in color, usually with a slight, sometimes
decided, greenish tinge, and rarely a light-slate
gray. In general they are massive, though in one
instance they are fissile, almost slaty.

These rocks are always porphyritie, most of them
decidedly so, and they frequently contain numer-
ous coarse, tabular sanidine erystals which reach a |
maximum length of 3 em. or more. The pheno-
erysts are sanidine (or perhaps soda-orthoclase),
anorthoclase, angite, mgirite-augite, sometimes with
augite centers or segirite rims or both. An altered |
and undeterminable feldspathoid or group of feld-
spathoidal minerals, melanite-garnet, magnetite,
titanite, apatite, and rarely zircon also oceur as
phenocerysts.  Feldspar or the feldspathoid is most
common, though locally wgirite-uugite is most abun-
dant.  Brownish or brownish-vellow melanite is
sometimes common; magnetite is generally unim-
portant; while titanite and apatite are common
aceessories in most of the rocks.

The groundmass of the phonolites is always fine
grained, sometimes granular, more often trachytie,
and usually showing flow structure. It is composed |
mainly of alkali-feldspar laths, together with more |
or less weirite or mgirite-augite or both, ometimes
augite, one or more feldspathoids, frequently a small
amount of magnetite, and rarely a little garnet.
Usually only one feldspathoid has been noted,
most often a second generation of the one lH.‘\(‘HI‘—:
ring among the phenocrysts.  Nephelite oceurs in
the groundmass of some of the rocks, being ocea- |
sionally abundant, in clear, colorless, short, hexag- |

onal prisms.
NEPHELINE-SYEXNITE-PORPHYRY.

A syenite-porphyry of very variable texture, and |
in part at least containing what is probably altered
nephelite, is found nearly 2 miles east of the west- |
ern margin of the quadrangle and 14 miles north |
of its southern margin, near the head of Blacktail
(,f]'t’*fr]{, ﬂrn;'llt'l'ing here 'rlpimrr,!utlj' as two s]'u_:vl;-:, o=
This ]Jﬂ-r‘p]l}'rj'
contains numerous syenitie segregations, aside from
which the rock is porphyritic, though not mark- |
edly so. Of two porphyritic facies which were
noted, one has phenoerysts of orthoclase and mag-
netite with occasional biotite, In the

other and
consist  of
The fine-
sometimes
granular, sometimes trachytic, and is composed
of orthoelase with subordinate augite and mag- |
netite.  The augite in the first-mentioned facies |
forms minute granules, and this and the magnet- |
ite are frequently =0 aggregated as to suggest a
derivation from hornblende by resorption. The
syenitic and nonporphyritic portion of the por-

angite and magnetite, rarely orthoelase.

the orthoclase, augite, and magnetite, contains a
considerable amount of brown amphibole, which
often forms a narrow, irregular border about the

augite. The apparently altered nephelite (?) of these |

rocks was noted in the second porphyritic facies
and in the syenitic portions, but not in the first
facies.

PEEUDOLEUCITE ROCKS,

Close to the northern margin of the Bear Lodge
laccolith, nearly a mile north of the southern bor-
der of the quadrangle, there is a considerable
body of rock called here pseundolencite-porphyry.

A second occurrence of this rock is found, appar- |
ently as an intruded sheet, on the east fork of |
Beaver Creek, 11 miles north of the southern bor- |

der and about 13 miles east of the western border
of the quadrangle. In addition, loose blocks of
peeudolencite-porphyry were noted near the west-
ern border of the quadrangle nearly 2 miles north

of its southern border, on the slope east of Lytle

‘reek. These rocks are always much weathered,
and are usually light gray with more or less of a

| reddish or yellowish tinge, though sometimes dark
the west fork of Blacktail Creek, having a surface |

gray.  As nearly as ean be determined from their
present condition, they were originally holoerystal-
line and porphyritie, with many phenocrysts of len-
cite and a minor proportion of some ferromagnesian
mineral and magnetite. In addition to these min-
erals, the rock on Blacktail Creek containg small
orthoclase erystals, as well as scattered phenocrysts
of nephelite (?), while in the ocenrrence near Lytle
Creck nephelite and garnet appear to have been
present as phenoerysts.

The groundmass in some of the rocks, and
probably in all, consisted essentially of a trachytic
ageregate of orthoclase—the only determinable
constituent of the groundmass. All these rocks
now consist of little more than an aggregate of
orthoclase, mostly secondary. In the most-altered
rocks the aggregates of the phenocrysts differ in
no respect from those of the groundmass, the pseu-
dolencite phenocrysts being indistinguishable in
polarized light, and the feldspars passing without
break from the erystals into the groundmass. In
addition to the feldspar, muscovite in scattered and
aggregated microscopic flakes and secondary iron
oxide are commaon.

These rocks are very similar to some of the pseu-
dolencite-porphyries of the Mineral Hill region, in
the Sundance quadrangle, just south of this.

A much-altered  pseudolencite-nephelite-syenite-
porphyry occurs on the east side of Lytle Creek
nearly three-fourths of a mile north of the southern
margin of the quadrangle. It is a hypidiomorphie-
granular, somewhat porphyritic, mesocratic rock,
with the light minerals a little in excess of the
dark, and consists essentially of pseudoleucite,
nephelite, feldspar, pyroxene, iron oxide, and
probably garnet. Apatite oceurs as an acces-
sory. The pseudoleucite phenoerysts, the only
porphyritic mineral, constitute the largest element
of the rock, although they are not numerous. In
the hand specimen they appear as small, light-
gray, nearly white spots, with sometimes a slight
reddish tinge, having the form of leucite. They

| are comparatively small, reaching a maximum diam-

eter of about 7 They consist of granular
ageregates of untwinned feldszpar with rather weak
polarization. This feldspar is somewhat clouded
with decomposition produets, and containg miero-
scopic Hakes of muscovite, most often arra nged in
parallel lines, and doubtless due to the original
intergrowth of some other mineral with the
untwinned feldspar. A
pseudolencites, each usually consisting of a single

IUERANS

secomd  generation  of

| grain of feldspar, oceurs in the groundmass of the

rock. In addition to its oceurrence in the pseudo-

' leucites, untwinned or rarely simply twinned feld-

spar is a common constituent of the groundmass,
ocenrring in granular aggregates ag a residual crys-
tallization among the other minerals. These feld-
spars differ from those of the psendoleucites in
being clear and in containing numerous inclusions
of the other minerals of the rock. Nephelite more
or less altered iz abundant, occasionally in idio-
morphic forms.  The pyroxene consists of augite
and mgirite, the former in moderately long prisms
and largely altered to secondary products, the segir-
ite in numerous minute needles,  Iron oxide is
common as magnetite and also, to judge from
decomposition produets, as ilmenite.  What
apparently a considerably weathered garnet is a
common constituent of the rock.

I8

STRUCTURAL GEOLOMGY.

Structure of the Black Hills uplift—The Black
Hills uplift, if’ not eroded, would present an irreg-
ular dome rising on the north end of an anti-
clinal axis extending northward from the Laramie
Range of the Rocky Mountains (see fig. 1). It is
elongated to the south and northwest, has steep
slopes on the sides, is nearly flat on top, and is
subordinately fluted. The greatest vertieal dis-
placement of the strata, as indicated by the height
at which the granite and schist floor iz now found,
amounts to about 90N feet. The minor Hutings
of the dome are mainly along the eastern side of
the uplift, the most notable 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
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the north and run out with declining pitch to the | din quadrangle embraces a portion of the northern
south, In the northern hills there are numerous | margin of the Black Hills uplift, with rocks dip-
local domes and flexures, due mainly to lac- | ping northeastward. There are several local irreg-
eolithie igneous intrusions, but no similar fea- | ularities in this monoclinal structure, consisting
tures are indicated by the structure of the southern | mainly of variations of strike and pitch and the

hills. presence of several low, diagonal undulations of |

Creek and about the northern extension of the
Bear Lodge Mountains it is much less. The igne-
ous mass in the southwest corner of the quadran-
gle is a dome rising steeply above the general
Black Hills uplift, due to a laceolithic intrusion
which has locally uplifted the strata. In

/ J.’.‘IPDD

Fii, 1.—Black Hills uplift represented by contours on the surface of Minnekahta limestone.
of the contours is shown by broken lines.

sedimentary rocks have been removed.  Contour interval, 250 feet.

zo Miles

Where the Minnekahta limestone has been removed by erosion the ealenlated position
Long dashes indieate areag from which Minnekahta and overlying formations have been eroded; short doashes, aress from which all

B, Bear Butte; 8 8, Black Botte; B L, Benr Lodge Mountains: ¢, Crook Mountain: & P, Crow Peak; D, Deadwood; 0T, Devils Tower; E, Elkhorn Ridge; E W, Edgemont; G, Green Mountain; H, Harney Peak; W 5, Hot Springs: | N, Inyan-

kara Mountain: M g, Little Missouri Buttes; N, Nigger HII; N C, Neweastle; @ L, Oelrichs; Ow 01d Woman Creek: R,

the strata. The rate of slope iz generally about
150 feet to the mile, but wvaries considerably.
Near the igneous uplift in the southwest corner
of the gquadrangle the slope is much steeper, and
in the region between the Belle Fourche and Owl |

Faults are rarely observed; only a few have
been found which amount to more than a few feet
in vertical digplacement, and these are short breaks
due to igneous intrusion.

Structure of the Aladdin quadrangle.—The Alad- |

Rapid; 5, Bundance; 5T, Sturgis,

southeast corner of the quadrangle there is the
declining margin of another smaller dome, which
rises to a considerable height in the Nigger Hill
uplitt in the Sundance quadrangle. These two
domes are separated by a shallow syncline in the

the |

from Cambrian time to the present.

area known as Government Valley. North of the
Nigger Hill uplift there is a well-marked anticline
| which extends northward to the Belle Fourche and
ends near the mouth of Kilpatrick Creek. This
anticline is especially prominent on Hay Creek
near The Forks and for 5 or 6 miles farther north,
' and it causes the extension of the Dakota sandstone
ridge northwest to Alum Creek. The dips are gen-
tle on the eastern side of this arch, but on the west-
ern side they are steep and the strata descend into
a syneline holding a wide basin of lower Gran-
| erog shales that extend southward to Middle Fork
| of Hay Creek. South of Hay Creek the south
end of this basin contains a wide area of Lakota
sandstone that extends southward to the northern
margin of the Dry Creek Valley. About Aladdin
the dips are moderately steep and toward the
north-northeast. North and west of Eothen the
dips diminish _r_,-‘l*mll:r in amount and the Dakota
and underlying formations are spread out in a broad
area in which the strata dip very gently northeast-
ward. It is on this monocline that the Bear Lodge
Mountains extend far to the north, their height
and prominence being due to the capping of the
Dakota sandstone.  To the west, along the valley
of the Belle Fourche, where the land is much
lower, the Sundance formation extends over a
wide area, its strata dipping gently northward.
In much of the wide area of plaing underlain by
shales in the northern and northeastern parts of the
| quadrangle, the strata dip gently northeastward, but

”1[:'. I]]O]]m‘]i"ﬁj iS iﬂ'(’!]'t'l]l}tﬂll hl}' il "|'|'il|l"_. H]'IHILU'-T
' syneline in the valley of Kilpatrick Creek, and by
| two low anticlines that rise in the ridges between
| this valley and that of Crow Creck. The dips in
thiz syneline and the anticlines are so low that the
 strata appear to lie horizontal, but the presence
' of the flexures is clearly indicated by the distribu-
tion of the formations, especially of the hard beds
in the middle of the Granerog formation. There
iz no relation between the drainage and the strue-
ture, except that in the northeastern part of the
quadrangle the streams mostly flow =outheastward,
along the strike of the softer beds in the shale
series,

The only faults discovered are some loeal uplifis
connected with the igneous intrusions in the south-
| west corner of the quadrangle. In Sheep Moun-
tain there is an uplifted block of strata which is cut
| off on the south by profound faulting, but con-
nected on the north by a steep upturn of the strata.
The fault cireles around the southern half of the
mountain and dies out rapidly to the north on
both sides. At its maximum development, south-
ward, it brings Cambrian =andstones into contact
with the lower portion of the Spearfish formation,
a vertieal displacement of about 1500 feet. This
uplift is probably due to the intrusion of a laceo-
lithic mass of igneous rock, a small onterop of
which appears near the southern hase of the moun-
tain, in the Sundance quadrangle. The main intru-
sion of the Bear Lodge Mountains, in the southwest
corner of the quadrangle, presents many irregular-
ities in the structure of the uplifted sedimentary
beds. The igneous rock cuts irregularly across the
strata at many places and some of the beds have
been torn away from their normal places. The
most notable example of this is on the east fork
| of the headwaters of Blacktail Creek, where a small
'masa of the Sundance formation and underlying
| beds are several hundred feet out of place.

GEOLOGIC HISTORY.
GENERAL SEDIMEXTARY RECORD.

|

‘ The rocks appearing at the surface within the

| limits of the Aladdin quadrangle are mainly of
sedimentary origin—that is, they were deposited
by water. In the southwest corner of the quadran-

| gle appear a few small masses of igneous rocks and

| the margin of the Bear Lodge laccolithic intrusion.
The sedimentary rocks consist of sandstone, shale,
limestone, sand, loam, and gravels, all presenting
more or less variety in composition and appearance.
The principal materials of which they are composed
were originally gravel, sand, or mud, derived from
the waste of older rocks, or chemical precipitates
from salty waters.

These rocks afford a record of physical geography
The composi-
tion, appearance, and relations of strata indicate in
some measure the conditions under which they
were deposited.  Sandstones ripple marked by
\\'Eltl_"l'ti Hlld ﬂ‘l'l}ﬂ*—l}ﬂ!llf]{’.d ll'l:n’ {"I_]I'I"l"]"l':'j.r :illﬂl HI!EII{,"H
cracked by drying on mud flats, are deposited in
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shallow water; pure limestones generally indicate | believed to have heen followed by an uplift, which |

open seas and searcity of land-derived sediment.
The foscils that strata contain may belong to species
known to inhabit waters which are fresh, brackish,
or HElIt., Warm or [!ﬁ]ll, T]]ll[!'l}’ or {‘]f‘:lh

character of the sediments derived from its waste,
The quartz sand and pebbles of eoarse sandstones
and conglomerates, such as are found in the Lakota
formation, whatever their original source in erys-
talline rocks, have been repeatedly redistributed
by streams and concentrated by wave action on
beaches, Red shales and sandstones such as make

| and :-_qi.ud}' muds of the U]m{']m formation.
The char- |
acter of the adjacent land may be shown by the |

up the “Red Beds” usually result directly 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, it deposited near the shore, indi-
cate that the land was low and that its streams
were too sluggish to carry off coarse sediments,
the sen 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 provinee, but the peripheral
shores are not even approximately determined for
any one epoch, and the relations of land and sea
varied greatly from time to time. Pursuing these
general ideas in greater detail, one finds that the
strata brought to view by the Black Hills uplift
record many loeal variations in the ancient geog-
aphy and topography of the continent.

BRIEF GEOLOGIC HISTORY.

Cambrian submergence~—One of the great events

of early North American geologic history was the
wide expansion of an interior sea over the western-
central region. The submergence reached the
Rocky Mountain provinee during early Cambrian
time, and for a while the central portion of the
Black Hills remained as one of the islands rising
above the waters. From the ancient crystalline
rocks, streams and waves gathered and coneen-
trated sands and pebbles, which were deposited
as a widespread sheet of sandstone and conglom-
erate on sea beaches, partly in shallow waters off-
shore, and partly in estnaries,
the irregular surface of the erystalline rocks which
form the shore are numerous exposures ot these
sediments containing much loeal material,

Abutting against |

appears to have resulted in ponding saline water in
lakes, in which accumulated the bright-red sands
The
Minnekahta limestone, which 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 product of the latest Carboniferous or
Permian time. It was laid down in thin layers
and to a thickness now represented by only 40 feet |
of the limestone, yet the very great uniformity of |
this formation over the entire Black Hills aren is
an impressive feature, probably indieative of wide-
spread submergence.

Deposition of ved beds—At the close of the |
epoch represented by the Minnekahta limestone |
there was a resumption of red-bed deposition and
the great mass of red shales constituting the Spear-
fish formation was acenmulated.  These beds prob- i
ably were laid down in vast salt lakes that resulted |
from extensive uplift and aridity. The mud accu- |
mulated in thin layers to a thickness of GO0 feet, |
as now represented by the formation, which is so
uniformly of a deep-red tint that this was undoubt- |
edly the original color. It is present not only
throughout the extent of the formation, but also |
through itz entire thickness, as is shown by deep
borings, and therefore is not due to later or sur-
face oxidation. Either the original 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 throughout |
the region, accumulation of eclay was interrupted |
by chemical precipitation of comparatively pure
gypsum, free from mechanical sediment, in beds |
anging in thickness from a few inches to :’i{l:
feet. It is believed that these beds are the prod- |
uets of evaporation during an epoch of little or |
no rainfall and consequently of temporarily sus- |
pended erosion; otherwise it is difficult to under- |
stand their nearly general purity. "The Spearfish |
red beds have been supposed to represent the Tri- |
assic, but there is no direct evidence of this and, in |
part at least, they may be Permian. Their depo-
sition appears to have been followed by extensive
uplift without local structural deformation, but
with general planation and oceasional channeling, |
which represents a portion of Triassic time of |
unknown duration together with earlier Jurassie
time and was succeeeded by the deposition of the
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later Jurassic series.
Jurassie sea.—In the Black Hills region the

| Jurassic was a period of varying conditions, shal-

Sub- I

. - - |
sequently, the altitude being reduced by erosion |
and the area possibly being lessened by submer- |

gence, the islands yielded the finer-grained muds

now represented by the shales which oceur in the |

upper portion of the Cambrian in some areas.

In |

many regions the land surface of erystalline rocks |

was buried beneath the sediments.

(O rdovieian-Devonian conditions—From theclose |
of Cambrian to the beginning of Carboniferous time |

the Black Hills area presents a scanty geologic rec-
ord, the Silurian and Devonian being absent to the

south, and only a portion of the Ordovieian being |

present to the north. This is probably because
there was an extensive but very shallow sea, or
land =0 low as to leave no noticeable evidence of
erosion.  Whether it remained land or sea, or
alternated from one to the other condition, the
region shows no evidence of having undergone any
considerable uplift or depression until early in
Carboniferous time, when there was a decided sub-
sidence, which established relatively deep-water

and marine conditions, not only over the Black |
Hills area, but generally throughout the Rocky |

Mountain provinee,
Carboniferous sea.—Under the marine condi-
tions of early Carboniferous time there were laid

down caleareous sediments, which are now repre- |

sented by several hundred feet of nearly pure lime-
stone, the greater part of which is known as the
Pahasapa limestone.  As no coarse deposits oceur,
it is probable that no erystalline rocks were then

exposed above water in this region, although else- |

where the limestone, or its stratigraphic equivalent,
was deposited immediately upon them. In the lat-

ter part of the Carboniferons 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 caleareous
precipitate, and more or less ferruginous material,
as is indicated by the color of many beds of the
Minnelusa formation.

Aladdin.

Minnelusa  deposition s |

low and deep marine waters alternating. The
materials are nearly all fine grained and indicate
waters without strong currents.  In the southeast- |
ern Black Hills region some of the earliest deposits
are thin masses of coarse sandstone, indicating shore
conditions, but generally the Spearfish red shales |
are overlain ]'l_'f Jurassic shale which was 111‘:|‘J(mi11*l]
in moderately deep water. This is followed by the
ripple-marked sandstone, evidently laid down i11;
shallow water and probably the produet of a time |
when sedimentation was in excess of’ submergence,
if not during an arrest of submergence. The red
color of the upper part of the medial sandy series in |
some portions of the Black Hills appears to show a |
transient return to arid conditions similar to those |
under which the Spearfish formation was laid down,
An extensive marine fauna and limestone layers in
the upper shales of the SBundance formation indieate
that deeper water followed,  After this stage marine
conditions gave place to fresh-water bodies, prob-
ably through widespread uplift. The new products
were the thick body of fine sand of the Unkpapa
sandstone, now a prominent feature in the eastern
portion of the Black Hills, but apparently absent
elsewhere,

Cretaceous seas—During the Cretaceous period
deposits of varions kinds, but generally uniibrnli
over wide areas, gathered in a great series, begin- |
ning with such as are characteristic of shallow
waters along a coastal plain, passing into sediments
from deep marine waters, and changing toward the |
end to fresh-water sands and elays with marsh vege- |
tation. The first deposits now constitute the Morri- |
son formation, a widespread mantle of sandy shales,
which is absent to the southeast, although probably
originally deposited there to a greater or less thick-
ness and then removed by erosion in consequence
of slight local uplift. The extent of this degra-
dation is not known, but it has given rise to a
general erosional unconformity at the base of the
Lakota sandstone, the next succeeding deposit,
which is of coastal and possibly estuarine origin. '

This formation consists mainly of coarse sands |

Cspread by strong currents in heds 30 to 40 feet

thick, but includes several thin partings of clay
Next
'[III_‘!"(" Wis l:il_"}ll]!-ill:l{!ll i i}lill L'HIL'E! s Hl"l'i{"lﬁ, I'f'l'iT'{'-
sented by the Minnewaste limestone, but appar-
ently it was laid down in a local basin in the
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and local aceumulations of vegetal material.

| followed by a thin but widely extended sheet of

clays of the Fuson formation, marking the end
of earlier Cretaceous time. After the deposition
of these clays there was a return to shallow waters
and strong currents, as in Lakota time, and ¢oarse

| sands of the Dakota formation were accumulated.

At the beginning of the Benton there was every-
where in the region a rapid change of sediment

 from sand to clay.

During the great later Cretaceous submergence
throughout the DBenton, Niobrara, and DPierre
epochs, marine conditions prevailed, and several
thousand feet of elay were deposited. In Benton
time there were oceasional deposits of sand—two in
the later part of the epoch, that were general over
the greater part of the Black Hills region, and one

| earlier that was local and produced the lenses of
sandstone which are now found in the vicinity of
Another marked epi- |

Neweastle and elsewhere.
sode was that which resulted in the general deposi-
tion 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 constituting the Niobrara formation,
and this in turn by over 1200 feet of Pierre shale,
deposited under wvery uniform conditions. The
retreat of the Cretaceous sea corresponds with the
FFox Hills epoch, during which sands were spread in
an extensive sheet over the clay beds and resunlted
in the development of extensive bodies of brack-
ish or fresh water, which received the sands, elays,
and marsh deposits of the Laramie.  Whether these
two last=-named groups of sediments were deposited
over the area now occupied by the Black Hills is not
definitely known, but it is possible that they were,
as they are upturned around two sides of the uplift.

Farly Tertiary mountain growth.—The Black
Hills dome developed to a moderate height early
in Tertiary time—or possibly in latest Cretaceous
time—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 indi-

cated by the oceurrence in them of White River
(Oligocene) deposits, even in some of their deeper
portions.  Where the great mass of eroded mate-
rial was earried iz not known, for in the lower
lands to the east and south there are no early
Eocene deposits nearer than those of the Gulf
coast and Mississippi embayment., The igneous
rocks were intruded in early Tertiary time, prob-

ably during the general uplift, possibly in its |

earliest stages,
Oligocene fresh-water deposits—Oligocene depos-

its were laid down by streams and in local lakes and |

much rearrangement of the drainage, which on the
eastern side of the Black Hills was produced mainly
by inecreased tilting to the northeast. This rear-
rangement has cansed several streams that were
superimposed upon the Oligocene deposits to cut
across old divides, in some cages connecting a val-
ley with its next neighbor to the north. Such
streams flow southeastward for some distance in
pre-Oligocene valleys and  then turn abroptly
northward into eanyons of post-Oligocene age,
leaving numerous elevated saddles to mark the
southeasterly course of the old valleys. Some of
the offsetting in the present drainage has been
largely increased by early Quaternary erosion and
recent stream robbing.

There was apparently still further uplift in late

| Quaternary time, for the present valleys, below the

finally covered the country to a level now |1ig]1 01

the flanks of the Black Hills. Krosion has removed
them from most of the higher regions where for-
merly they existed, especially along the western side

of the hills, where the deposits apparently were |

| thin, but in the vieinity 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 2 thousand feet higher. In many places
on the slopes of the uplift there is clear evidence
of superimposition of drainage due to a former
capping of Oligocene formations.

Middle Tertinry mountain growth.—After the
Oligocene epoch the dome was raised several

hundred feet higher and more extensively eroded.

No representatives of the suceeeding Loup Fork
group—the Arikaree and Ogalalla formations—
have been discovered in the immediate vieinity
of the Black Hills, but they are extensively
developed in Pine Ridge on the south and
remain on some of the high buttes to the north,
in the northwest corner of South Dakota. There
was probably slow but continuous uplift during
the Loup Fork epoch, and materials were con-
tributed by the higher slopes of the Black Hills
at that time, but whether the formations ever were

deposited in the immediate vicinity of the hills is |
| below.

not ascertained,

| goils.

level of the Pleistocene high-level deposits, seem to
be cut more deeply than they would be in simply
grading their profiles to the level of Missonri and
Cheyenne rivers. Wide, shallow valleys have
developed in the soft deposits, and canyons of
moderate extent and depth in the harder rocks.
Iirosion has progressed in the main without local
deposition, but in some cases, with the shifting of
channels, there have been aceumulations of local
depositz on small terraces at various levels.

ECONOMIC PRODUCTS.
SOTLS,

Devivation—The soils in this region are closely
related to the underlying rocks, of which they are
residual produets from decay and disintegration,
except where they are formed as alluvial deposits
in the larger valleys or are spread by winds. In
the process of dizintegration residual soil develops
more or less rapidly on the several rocks of the
region according to the character of the cement
holding the particles together. Siliceous cement
dissolves more slowly, and rocks in which it is
present, such as quartzite and sandstones, are
extremely durable and produce but a seanty soil.
Caleareous cement, on the other hand, 1= more
readily dissolved by water containing carbonie
acid, and on its removal elay and sand remain, to
form, often, a deep =oil. If the calcareous cement
is present in only small proportion 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 plateans, the caleareous materials form
a greater part of the rock, the insoluble portions
collect on the surface as a mantle, varying in thick-
ness 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 on the
rocks depends on erosion, for where there arve
slopes the erosion is often sufficient to remove
the soil as rapidly as it forms, leaving bare rock
surfaces. Crystalline schists and granitic rocks
decompose mostly by hydration of a pertion of
the contained feldspar, and the result is usually a
mixture of elay, quartz grains, mica, and other
materials.  Shales are disintegrated in consequence
of changes of temperature, by frost and by water,
and thus by softening and washing give rise to
[f they are sandy, sandy soils result; if
they are composed of relatively pure eclay, a very
clayey soil is the product. The character of the
soil thus derived from the various geologic for-
mations being known, their distribution may bhe
approximately determined from the map showing

 the areal geology, which thus serves also as a =oil

| map.
- zeologic formations present alternations of beds of

Quaternary wplift and evosion.—During the |

early portion of the Quaternary period there was
widespread denudation of the preceding deposits,
and many of the old valleys were revived, with

It must be borne in mind that some of the

various materials, sueh, for instance, as shales and
aandstones alternating with limestone. These give
abrupt transitions in the character of their disinte-
aration products, soils which differ widely in com-
position and agricultural capabilities occurring side
by side. The only areas in which the boundaries
between different varieties of soil do not coincide
with the houndaries of the rock formations are in
the river bottoms, in the sand dunes, in the areas
of high-level gravels, in the smaller valleys, and
upon steep slopes, where soils derived from rocks
higher up the slope have washed down and mingled
with or covered the soils derived from the rocks
Soils of this elass are known as :’n'o'r'jﬂ.'l('ﬂq],
and a special map of large s ale would be required
to ghow their distribution.

Distribution—The arable lands of the Aladdin

' quadrangle are underlain mainly by shale and



allavium. Most of the shale gives rise to a clay
soil which is not only barren in itself but is acid
from decomposing pyrites and is too sticky for
agricultural use. It is covered with grass, which
originally afforded excellent pastures, but in some

areas has been grazed down by excessive herding. |

As the =0il iz not rich and the climate is semiarid,
the grass grows slowly and, after close grazing,
requires some time to regain its former growth. In
almost all the wide valleys in the shale region there
arealluvial deposits which arveusually fertile. Along

the Redwater below Beulah, the Belle Fourche, the |

Little Missouri, Stoneville Flats, Crow Creek, Mid-
dle Creek, and Owl Creek these deposits are wide
and are well suited for agriculture wherever they
can be irrigated.  Along the Little Missouri and
in the valleys in the northeast corner of the guad-
angle the deposits contain so much clay that their

so0il is mostly gumbo, derived from the shale of |

the adjoining sln|ws.
Fourche there are many wide alluvial tracts and,
although in many places the soil is rather too
sandy and much damage is done by freshets, there
are several areas in which hay is raised satisfac-
torily. Along the Redwater there are numerous
fields, many of alfalfa, irrigated by the ereck water.
In the Red Valley, especially the part known as
iovernment Valley, dry farming has been ecarried
on to some extent, but, owing to the seant rainfall
and lack of water for irrigation, crops are uncertain,
The =oils of the Tertiary plateaus in the southwest
corner of the quadrangle are fertile and the land
is so high that it receives considerable rainfall.
There are several excellent farms on the portion
of the plateau west of Beaver Creck, on which
wheat and other grains are raised. Farther north,
along the Bear Lodge Mountains, there are many
areas of alluvial lands snitable for agrienlture, but
the soil derived from the underlying Dakota sand-
stone is rather too sandy to be regarded as fertile.
The slopes of Minnekahta limestone south of Beu-
lah, in part overlain by Spearfish red shales, are
farmed at a number of localities with satisfactory
results.  Soils derived from the Sundance forma-
tion are usually fertile, but some of them contain
too much clay to be of use and most of the area
presents very irregular topography. On the hill
slopes the elimatic conditions are too arvid for agri-
culture and water is not available for irrigation.

»

WATER SUPPLY.
SURFACE WATER.

The average annual rainfall in the Aladdin
quadrangle is probably somewhat less than 15
inches, but the amount of rain falling on the ele-
vated Bear Lodge Mountains is considerably more
than this. A part of the precipitation is in the
form of snow and the remainder falls mostly in

In the valley of the Belle |

| branches from the limestone region to the south.

| volume of water from the limestone region lying

heavy showers of short duration, during the spring |

and early summer months.  The Bear Lodge Moun-
tains, which extend to a high altitude, catch many
showers that do not fall on the adjacent plains and
have also a greatly increased snowfall.  As most of

the surface of the country has a thin soil and n|1|:,' .

limited areas present  porous rocks, the water of

raing and melting snows runs oft rapidly, usnally
in freshets that follow storms or the rapid melting

of snow, the latter I:LIcing E:l:—lmr {Iul‘itlg WAarm .*'L]IK_'HH

in the spring. In consequence of these conditions
there is but little running water in the region dur-
ing the greater part of the year.
and of small volume in the lower lands.

A large amount of run-off in this region could
be saved by dams and made available for irriga-
tion. There are suitable dam sites at many local-
ities, especially in the higher slopes.
e.nlpi}l':tliml in this region iz about 6 feet each
year, a large amount of water would have to be
impounded to eompensate for this loss. There are
many excellent dam sites along the ereeks flowing
eastward into the Belle Fourche, especially at points
where the Dakota sandstone crosses the streams;
but, judging by the experience of a number of
dams in the plains region northeastward, more
or less water can be held in almost all portions
of the area,

The Belle Fourche.—This river carries a large
volume of water during times of freshet, but is a
very insignificant stream during the dry periods of
midsummer. Its normal flow varies from about
2 to 15 second-feet, so far as observed, and occa-
sionally portions of its course go dry. It drains
a large watershed in the plains of eastern-central
Wyoming, and probably the total volume of water

HIII'I!]:'“M are ranre
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which it carries in a year is very large. Tt receives
numerous tributaries from the western and northern |
sides of the Black Hills, including some streams of |
congiderable volume. Itz waters are not used to
any extent for irrigation because of the diffienlty
of maintaining head-gates and ditches during times
of freshet. Its course is winding, and :thlmughi
there are alluvial flats within most of itz bends,
these are et into small areas ]:_!.’ the meanders,
which in their outer curves usually impinge on the
steep slopes of the valley.

Little Missowri River.—This stream crosses the
extreme northwest corner of the quadrangle and
ordinarily carries but a small volume of water.
It is subject to freshets, however, and, although
its watershed is not large, flows of considerable vol-
ume occasionally pass down the stream during the
&ll'll'['ill:_: Elllii L‘il]'l_‘:' SNInmer.

Redwater Creel.—Redwater Creek drains a large
portion of the Red Valley in the southeastern por- |
tion of the quadrangle and also receives several

The main ereek rises north of Sheep Mountain and
carries a small volume of water, which is augmented
by a similar small flow from the North Redwater.
Near Beulah the stream is joined by South Red-
water and Bundance creeks, which ordinarily do
not flow at their mouths, and by Sand Creck and
Bear Guleh, two living streams which bring a large

farther south. Sand Creek rizes in large springs
about 4 miles south of Beulah, flows through a
canyon for some distance, and, joining the Red-
water a short distance north of the village, triples
or quadruples its volume. North of Beulah the
stream flows through an alluvial valley about halt’|
a mile wide, extending into South Dakota, in

which the waters are used extensively for irriga- |
tion, and there are many fine fields of altalfa.

Beaver Creek.—DBeaver Creek is a small stream
which empties into the Belle Fourche near the
western margin of the quadrangle. It has a num-
ber of branches heading in small springs along the
west slope of the Bear Lodge Range, and flows |
continuously from head to mouth, except possibly
for short |H=1'In[]:ﬁ during the driest seasons. Its
waters are used to some extent for irrigation, but
the alluvial flats in its valley are narrow and not |
always well loeated for agrieulture,

Hay Creek.—This stream has several branches, |
which rise on the eastern slope of the Bear Lodge
Mountainsg, and ecarries a small volume of water
through Aladdin and eastward into South Dakota.
The water is used to a small extent for irrigation
at a number of points about The Forks and farther
east.

The ereeks of the northeastern third of the
quadrangle either are dry during the summer or
contain only scattered pools and springs. These
are serviceable for stock, but ordinarily contain too
much alkali to be satisfactory for that use.

UNDERGROUND WATERS,

Throughount the quadrangle there are prospects
of water supplies from wells of greater or less depth.
The series of formations, as shown in the columnar
section, includes several beds of water-bearing sand-
stone which receive water supplies at the surface
in the higher ridges and slopes of the Black Hills.
The sandstones are carried underground in the gen-
eral outward dip on the flanks of the hills and,
owing to the relative steepness of this dip, soon
attain considerable depth. In most portions of
the area water-bearing beds at one horizon or
another lie at a depth that is within reach of the
well borer. As the region is semiarid, with an
inadequate supply of surface waters or with waters |
of had quality in most localities, there is consider-
able need for underground waters. The prineipal
water-hearing horizons rise above the surface of
the slopes of the Black Hills in regular snecession,
as already described.  They outerop in wide zones |
encireling the uplift, and receive a large amount of |
water not only from the rainfall on their surface but
from streams which at many points gink into them
in whole or in part in crossing their onterops.  The
sinking of the streams in this manner is observed
in almost every valley leading out of the central |
area.

Few of the streams carry into Cheyenne
River more than a small portion of the whole
original run-off of their watersheds, for much of
it sinks underground in crossing the sandstones,
particularly those of the Minnelusa, Lakota, and |
Dakota formations. The water thus absorbed by |

the same water-bearing sandstones underlie the

Cseveral years ago.

| stone.

the sandstone passes far beneath the surface as the
water-bearing heds descend on the slopes of the
Black Hills uplift.

Dakota=Lakota  sandstones~The Dakota  and
Lakota sandstones are the principal formations |
in which water supplies are to be expected in the
northeastern half or plains portion of the Alad- |
din quadrangle. They pass beneath the overlying |
ﬁ]]:ilﬁ_‘ﬂ “'i[l] 1:”'1':} l]lill '||'-i-|r':||' {,"HII.‘:‘]!‘!L’T‘;I}II}' ill llt]]!}l]llt
(see structure-section sheet), which finally carry

them to a depth of about 1500 feet in the north-

east corner of the quadrangle. The depth to the
top of the Dakota sandstone is indicated approxi-
mately on the artesian-water sheet. In various |
portions of the country surrounding the Black
Hills the Dakota—Lakota horizon has been pen-
etrated by wells, which usually obtain Hows of |
greater or less volume, and in most cases of sat-
isfactory quality. The nearest wells to the Alad- |
din quadrangle are those in the vicinity of Belle |
Fourche, a short distance to the east.  Undoubtedly

northern and northeastern pm-limm of the Aladdin
quadrangle, and they will probably yield flowing
wells in the lower lands.

In the shales underlying the Lakota sandstone,
those of the Morrison and Sundance, there are no
prospects for water, although doubtless the sand-
S'U!I[' ]:l}'l"]" i[l ”:I{'! ](HT('I" I'Fl"'ti{lll ﬂf I]Il’! Hll"llil"i'f"
formation may contain a small amount. The great
mass of gypsiferons red shale of the Spearfish and
Opeche formations is also not water bearing. The l
?\Iilltl{"kil]l':l ].il'l'll_".‘ilH]'Il" EH fo {I['IIH.' to ['E“'I'_‘!.' watler,
notwithstanding the fact that in some places it is
CAVErnous.

Minnelusa formation.—In its outerops the Min-
nelusa formation appears to consist of very porous
sandstone, likely to imbibe much surface water and
to constitute a water-bearing horizon available for |
deep wells,
times emerge from the upper sandstone furnish a
further indication of its properties in this regard.

The numerous springs which some- |

' The formation was penetrated by a deep boring

at Cambria and there found to consist of a Very
fine-textured rock, with the sand grains so closely
cemented by lime that the interstices were filled
up, without leaving room for much water. The
rock appears to be of much coarser grain and less
caleareous to the north, especially the upper bed of
white sandstone, which is conspicuous in the out-
erops south and southwest of Beulah, and in the
Bear Lodge uplift it is probable that the forma-
tion will yield water in the Aladdin quadrangle.
The depth to its top is shown on the artesian
water sheet, from which it will be seen that there
is a considerable area in the southern, southwest-
ern, and west=central portions of the quadrangle |
in which the formation can be reached by wells |
500 to 1500 feet deep in an area in which there is |
no water to be had in the Dakota—Lakota horizon. ‘
As the =sandstone rizes high on the slopes of the |
central portion of the Black Hills, if it contains |
water the pressure or head should be sufficient |
to afford a flow in all areas of moderate elevation
in the southern and western portions of this |
quadrangle.

The only attempt to obtain deep-seated waters in |
this quadrangle was in a deep boring madeat Aladdin
This boring reached a depth of
1150 feet, but it was practically a dry hole. It is
stated to have been entirvely in the red beds, which |
were entered at 400 feet.  Probably it penetrated
the Opeche red sandstones and was dizcontinued
very near the top of the upper sandstone of the |
Minnelusa formation. It is unfortunate that this
bed was not entered and tested as to its water
content.

Pahasapa ltmestone—Fxeept in the small area
of igneons rocks in its sonthwest corner, the Alad-
din quadrangle is underlain by the Pahasapa lime- |
In this formation a large supply of water
wias obtained in a deep boring at Cambria, and
possibly the water-bearing horizon continues to
this region. Its depth in the Red Valley ranges
from GOO to 1000 feet, but the amount rapidly
increases northward, and at Aladdin the top of
the formation should lie about 1500 feet below
the surface. It lies at great depth in the central
and northern portions of the quadrangle.

Deadwood sandstone.—Below the ’:L|1:|H:lp:i lime=
stone iz a series of shales and sandstones which
probably contain a water supply. They are

abont 10 to 20 feet of sandy shales.

| the quadrangle lie too deeply buried heneath the
aurface to be reached by ordinary boring operations.

COAL.

At Aladdin, in the lower portion of the Lakota

| formation, there are deposits of coal which are

worked to a considerable extent. A branch rail-
'['UHI,]. L!X',L'III:IH rl'ﬂlll I]Hﬁ 'I'I]i]'l(_”S- 'I']fl“']'l Ilﬂ:l.' {.'r'm']-: ti
connect with the Northwestern system near Belle
Fourche. The shipments in 1902 amounnted to
about 10,000 long tons, and the product is a good
soft bituminous coal, suitable for locomotive and
domestic use. The principal basin lies along and
north of Hay Creek, thinning and merging into
more impure beds laterally. Two prineipal beds
are worked, a lower, 3 to 5 feet thick, and an
upper, 2 feet thick, the two being separated by
The depos-
its are broken by a number of small faults which
add greatly to the difficulties of mining.

The mines comprise four openings in the lower

| slope of the ridge on the north side of the Hay Creck

Valley, at Aladdin. They begin at the coal out-
crop under a steep eliff’ of Lakota sandstone and
two of them extend northward for nearly a quarter
of a mile along the coal beds, which dip very gently
to the northeast. One small opening iz on the
upper coal bed, which is about 2} feet thick, but it
is usually thinner. The prineipal workings are on

| the lower bed, which varies from 2} to slightly over

a4 feet thick in the mines. In one of the earlier
mines a thickness of 6 feet was found at one point.

[ The coal basin appears to extend over an area of

considerable size about Hay Creek, and numerous

| prospect holes show beds of pure coal which, in

most portions of the area, are only a foot or less
in thickness. It is '[m:-u-lihlu that other hasins may
be found in the guadrangle, for the coal horizon is
above ground all along both sides of the Bear

| Lodge Mountains north of the head of Redwater
| Creek, in the basins of Pine, Oak, Deep, Hay,
‘and North Redwater creeks, and on the slopes

on the south side of Medicine Creek. The hori-
zon is at the base of the Lakota formation, and
thi= line iz shown on the areal geology sheet.
But little prospecting has been done outside the
valley of Hay Creek. is usu-
ally hidden by talus from the sandstone cliffs
above, and when coal is present in the lower
Lakota beds it often crumbles or burns away at
the outerop and the overlying sandstone sinks
down into its place for some distance. At a
number of localities in the outerop area of basal
Lakota beds, as above mentioned, there are expo-
sures of an apparently complete series of beds down
to the Morrison contact, showing little or no trace
of coal, probably indicating that it coal beds are

The coal horizon

 present west and north of the Hay Creek basin

they are of limited extent.
GYISUM.

The Spearfish formation earries deposits of gyp-
sum—=a hydrous sulphate of lime—throughout its
extent, and the mineral occurs in beds sufliciently
thick and pure to be of value if nearer to market.
When gypsum is ealcined in a moderate heat to
drive off the greater portion of the chemically com-
bined water, and is then ground, the produet is plas-
ter of Paris. The principal gypsam deposit in the

| Aladdin quadrangle occurs about 100 feet above

the base of the Spearfish formation. Its average
thickness is at least 15 feet, and it outerops contin-
uously through Government and Redwater valleys
to the eastern margin of the quadrangle. The only

| commercial operations so far have been at Hot

Springs and Sturgis, on the opposite side of the

| Black Hills, where progress has been greatly handi-

";1|rpml ]'I_"}.' the expense of the ]]]EII']({![-iTI;_’" E:I'l_;ull]l."..

LIMESTONE.

Limestone for lime or other purposes may be
obtained in abundance from the
Minnekahta formations. Both of these limestones
are exposed along the slopes of the igneons uplift
of the Bear Lodge Mountaing, and the Minnekahta
]i]]]l'ﬂtﬂl!l" JIIIIH’!'rn'S- l'!H!I,"T'IHiTl"I:." (111 H:I{" .‘;]l}PE"‘.‘-C :-i{}'l_ll.l]_

nhasapa and

| and southwest of Beulah, where it has been quar-

ried to a small extent for lime making. There are
thin layers of limestone in the Sundance forma-
tion throughout its extent, and there is one larger
of considerable thickness on the slopes of Table
Mountain.

brought to the surface by a fault at the south |

end of Sheep Mountain, but in other portions of '

June, 1904,
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COLUMNAR SECTION

CHARACTER OF TOPOGRAPHY AXD SOTLS.

Mountain summits and slopes on sides of Bear Lodge laceolith.

Cliffs on south end of Sheep Mountain. : i

GEMNERALIZED SECTION FOR THE ALADDIM QUADRAMGLE.
SGALE: 1 INCH = 500 ,FEET.
r | |
5 E ForMaTION NAME, BYMBOL, Gé’é'gﬁgﬁ“}‘ el CHaracTER 0F ROCKS
L] : o
S| |
= || 2% | Band, gravel, and conglom-
; = | erate, Twr S Sand, gravel, and bowlders, Plateaus with fertile soils, usually forested.
1 —— UNCONFORMITY i
I
| Pierre shale. Kp 450+ Drark, soft shale with numerons small coneretions. ! Wide valleys with thin aeid soils, usually well sodded.
|
| = : Soft, impure limestone and limy shale with thin limestone masses | 4 Sp— ; ;
! Niobrara formation. Kn B filled with Ostrea congesta. Valleys with fertile soil.
) I_ i e | Numerous eoncretions, I i e e | = ' L
=
I i § | Carlile formation. Ker A0y Giray shale with thin beds of sandstone. Low, rolling hills with thin, poor soil.
[} : k= |
| 0| &
o | & | Gresnhorn limestone. Kg i Thin-bedded, hard, gray, impure linestone with Faoceramus labiotus. | Low ridges and benches, Thin, sandy soil,
| 'q E - . i i —
AR
L Giray shale with coneretions near top.
i =
| O Wide valleys with rolling hills,
I Graneros shale. Kgs S0 ) : Boil mostly thin or clayey,
| Hard, sandy shale, weathering light gray.
| Loeal thin layer of soft sandstone,
| Dark shale with coneretions and ceeasional thin sandstone layers,
i Dakota sandstone. Kd GO-140 Buff sandstone, mo&-ﬂ}'. massive; weathers reddish brown. __-__Cu.;.;s_ numerous mesas and sloping plateaos,  Bandy soils.
5§ | Fuson formation. Kf o 60-100 | Shale and SATATORR, 20 0 e T | In slopes between Dakota and Lakota cliffs.
g% Lakota sandstone. Kk  B0-100 j Gray to bufl, inassive, eross-bedded sandstone. C1ilTs on sides of mesas and plateans.  Sandy soils,
g e e | S bt i i ot S N W G W L P il Y - 0 | SRt e s -
% Morrison shale, Km G0-150 = Massive gray, bofl, and maroon shale, thin sandstones, and eoneretions. Slopes at base of Lakota eliffs, Clay soils.,
UNCONFORMITY 2 -l o R T T S RN S : : i : . : : Colh e T
E | Grayish-green shale with thin limestone layers,
w) 3 " | : - - .
g Sundanee formation, Jad B0 | Reddish sandstone and sandy shale. Slopes with thin but fertile soil.
= Massive, bufl, soft snm!s]tuue. Buttes and benelws,
UNCONEORMITY | Dark, grayizh-green shale. e ik
. |
o
gg i : : . . Wide valley, ** Red Valley.”
|| < | Bpearfish formation. | Ths Ga0-650+ | Red, sandy shale with thin beds of gypsnm. Thin, bacren soil.
o | ;
= | |
[ . : | b i... ‘
o= | Minnekahta limestone. | Cmk EEorremrte _ *!'l'-r | Thin-bedded. gray limestone, 3 N Sloping plateaus margined by eliffs. Thin but rich soils.
w Eg Opeche formation. | ceo T Ked, soft sandstone, Steep slopes beneath eliffs of Minnekahta limestone,
Sz . e
o E White to gray, massive sandstone. Clifls in eanyons.
x| = ;
w | = | Minnelusa sandstone. Cml 400-500 | Red, limy sandstone and sandy shale,
w |
I'_" =] Sandstone with mueh lime in some beds, Bteep slopes in eanyons and on sides of Bear Lodge laceolith.
b i I w0 g e S P Bad shale with coneretions, o R it
Ol =
m =
T & e : '
| ﬁ Pahasapa liestone, | Cp Hii— Massive, light-colored limestone.
[ o B ( |
| = ey i
| | fiss . UNCONFORMITY HSandy limestone, possibly Englewood. -
ORD. | Whitewood limestone. Ch 60 Massive, hard limestone, mottled pink. |
i i . : tireen shale, ¢ y :
’E | Deadwood formation, €4 ﬁmwu Saidatoney Cliffs on south end of Sheep Mountain,
S B oA i e ; SIS ————
= R As Lyt Hehist not exposed at the surfoee.
S| | Hehist and granite. hg i T Granite in small detacehed masses,
- *
PR T | b A R N

ot

N. H. DARTON,
C. C. O'HARRA,
Gleologists.



As sedimentary deposits or strata acenmulate the
younger rest on those that are 'umi'i', and the rela-
tive ages of the deposits may be determined by
observing their positions. This relationship holds
except in regions of intense disturbance; in such
regions sometimes the beds have been reversed, and

it ig often difficult to determine their relative ages
from their positions; then fossils, or the remains

and imprints of plants and animals, indicate which
of two or more formations is the oldest.

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

planes.  Suitable combination patterns are used
for ttl[‘til]]]l}l‘}lhiu formations known to be of sedi-
mentary or of igneous origin.

The patterns of each class are printed in various
With the patterns of parallel lines, colors
are used to indicate age, a particular color being

colors,

assioned to each system. The symbols by which
formations are labeled consist each of two or more
letters.  If the age of a formation is known the

' symbol ‘includes the system symbol, which is a

- - |
Ounly the simpler kinds of

From time to time more |

complex kinds developed, and as the simpler ones |

lived on in modified forms life became more varied.
But during each period there lived peculiar forms,

which did not exist in earlier times and have not |

existed sinee; these are characleristic types, and
they define the age of any bed of rock in which
they are found. Other types passed on from
period to period, and thus linked the systems
together, forming a chain of life from the time of
the oldest fossiliferous rocks to the present. When
two sedimentary formations are remote from each
other and it is impossible to observe their relative
positions, the characteristic fossil types found in

them may determine which was deposited first.

Fossil remains found in the strata of different areas,
provinces, and continents afford the most important
means for combining loeal histories into a genéral
earth history.

It is often difficult or impossible to determine the
age of an igneous formation, but the relative age

of =nch a formation can sometimes be ascertained |

by observing whether an associated sedimentary
formation of known age is cut by the igneous
mass or s deposited upon it.

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

morphism.
Clolors and pallerns.

fach formation is shown |

on the map by a distinetive combination of color |

and pattern, and is labeled by a special letter

H}'III!H]I.

Sprnbols and colors assigned to the vocl systems,

E . Caolor for sedimentary
2 | ok,

B

&

: et . el 3 3
= | Quaternary. .. :i {.Efl:iiiﬁliiﬂt'-l‘-lll.‘- : | Brownish - yellow.
E ) Pliocene....... | |

. ) Miomene....... y L g
E Tertiary...... T st I T I Yollow ocher.
HEocene........ | !
I £ 1 Pk |- R e K | (Hive-groen,
= gl
o | 1
84 Jurassle . ... loiiciransnn e J | Blug-greemn.
& 4 Jurassie ..
ko | |
- |
L’]"ri.-wai{:.......!........ SR, S v -| B| Peacoek-blue,
|i Permian....... |
Carboniferons. | 4 Pennsylvanian -| C | Blue
liliﬁuiusippi:m._ LN
Drearamimm e Gt i e | 0| Blue-gray.
o
8
85 Bilordan. .- J. e ek o 5 | Blne-parple.
z | |
Lo 1
Oirdovician. . | ....... o A 1) | Ked-purple,
| { Saratogan. ... | I :
Cambrian. .. .. Acadianm...... . | &= | Briek-red.
E (Feorginn. . .... el
Algonkian . .. l . A | Brownish-red,
|
Archean ...... i AN cenes | A Gray-brown.

! occupied by the various formations.

capital letter or monogram; otherwise the symbols
are composed of small letters.  The names of the

es, in proper order (from

systems and recognized seri
new to old), with the color and symbol assigned to

ench system, are given in the preceding table.
SURFACE FORMS.
Hills and valleys and all other surface forms have

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

that flow through them (see fig. 1), and the alluvial |
plains bordering many streams were built up by |
the streams; sea cliffs are made by the eroding |

action of waves, and sand spits are built up by
waves. Topographic forms thus constitute part
of the record of the history of the earth.

Some forms are produced in the making of depos-
its and are inseparably connected with them.  The
hooked spit, shown in fig. 1, is an illustration. To

this class belong beaches, alluvial plains, lava

streams, drumlins (smooth oval hills composed
of till), and moraines (ridges of drift made at the
edges of glaciers). "Other forms are produced by
erosion, and these are, in origin, independent
of the associated material. The sea ecliff is an
illustration; it may be carved from any rock.
To this class belong abandoned river channels,
glacial furrows, and peneplains. In the making

of a stream terrace an alluvial plain is first built |

1 & e
and afterwards partly eroded away. The shap-

ing of & marine or lacustrine plain is usually a |

double process, hills being worn away (degraded)
und valleys being filled up (aggraded).
All parts of the land surface are subject to the

action of air, water, and ice, which slowly wear |

them down, and streams carry the waste material

to the sea. As the process depends on the flow |
of water to the sea, it can not be carried below sea |

level, and the sea is therefore called the base-level
of erosion.

produced is called a peneplain. 1 the tract is

afterwards uplifted the peneplain at the top is a |
record of the former relation of the tract to sea level. |

THE VARIOUS GEQGLOGIC SHEETS.

Avreal geology map—This map shows the areas
On the mar-

' gin is a legend, which is the key to the map. To

ascertain the meaning of any colored pattern and

its letter symbol the reader ghould look for that |

color, pattern, and symbol in the legend, where he

' will find the name and description of the for-

~mation.
tion, its name should be sought in the legend and |

If it is desired to find any given forma-

| its color and pattern noted, when the areas on the

| origin—sedimentary,

map corresponding in color and pattern may be |

traced ont.
The legend is also a partial statement of the

geologic history.

in columnar form, grouped primarily according to |

igneons, and crystalline
of unknown origin—and within each group they
are placed in the order of age, so fir as known, the
youngest at the top. :
Eeonomie geology map.—This map represents the
distribution of useful minerals and rocks, showing

their relations to the topographic features and to

Patterns composed of parallel straight lines ave |
used to represent sedimentary formations deposited |

in the sea or in lakes.
represent alluvial, glacial, and eolian formations,
Patterns of triangles and rhombs are used for igne-
ous formations. Metamorphic rocks of unknown
origin are represented by short dashes irregularly
placed; if the rock iz schist the dashes may be
arranged in wavy lines parallel to the structure

atterns of dots and cireles |

' mined or stone quarried.

the geologic formations. "The formations which

appear on the areal geology map are usually shown |
The areal

on this map by fauinter color patterns.
geology, thus printed, affords a subdued back-

ground upon which the areas of productive forma- |
tions may be emphasized by strong colors. A mine |

symbol is printed at each mine or quarry, accom-
panied by the name of the principal Illilrlﬂl':i.l
IFor regions where there
are important mining industries or where artesian
basins rexist special maps are prepared, to show
these additional economic features.

When a large tract is for a long time |
| undisturbed by uplift or subsidence it is degraded |
nearly to base-level, and the even surface thus |

In it the formations are arranged |

| Structure-section sheet—This sheet exhibits the
relations of the formations beneath the surface. In
cliffs, eanyons, shafis, and other natural and artifi-
cial cuttings, the relations of different beds to one
another may be seen.  Any cutting which exhibits
those relations is called a seefion, and the same
term is applied to a diagram representing the rela-
| tions.  The arrangement, of rocks in the earth is
the earth’s straclure, and a section E*:'Clllillitill:.: this
arrangement is called a structure seclion.

The geologist iz not limited, however, to the
| natural and artificial euttings for his information
{-mu-{-ruiug the earth’s structure.
manner of tormation of rocks, and having traced
out the ra-lulimmjzumung the beds on the surface, he

¥

Is ucm‘in;.l; the |

can infer their relative positions after they pass|
beneath the surfice, and can draw sections repre- |

| senting the structure of the earth to a considerable |

| depth.  Such a section exhibits what would Dbe
| seen in the side of a entting many miles long and
several thousand feet deep.  This is illustrated in
the following figure:

g 2. —8keteh showing a vertical section at the front and a
landseape beyvond.

| The figure represents a landscape which is cut
| off sharply in the foreground on a vertical plane,
;.-::; as to show the underground relations of the
| rocks.
 priate symbols of lines, dots, and. dashes. These
' symbols admit of much variation, but the following
are generally used in sections to represent the
ecommoner kinds of rock:

L imnss Listies, Bhulis.

glomerates,

Masaiva aml badded igneons rocks.

Behiata,

Fig. 8.—8ymbols nused in geetions to represent different Kinds
of rocks,

The platean in fig. 2 presents toward the lower
land an escarpment, or front, which is made up
of sandstones, forming the eliffs, and shales, consti-
tuting the slopes, as shown at the extreme left of
| the section.  The broad belt of lower land is trav-
' ersed by several ridges, which are seen in the sec-
| tion to correspond to the onterops of a'bed of sand-
' stone that rises to the surface. The upturned edges
" of this bed form the ridges, and the intermediate
valleys follow the outerops of limestone and ealea-
reous shale.

Where the edges of the strata appear at the
;s-:nrﬂmu their thickness ean be measured and the

The kinds of rock are indicated by appro- |

Lo .

| angles at which they dip below the surface can be |

observed. Thus their positions underground can
be inferred. The direction that the intersection of
a bed with a horizontal plane will take is called
the strike. The inclination of the bed to the hori-

is called the dip.

arches, such as are seen in fig. 2.
| called anticlines and the troughs synelines,

from time to time caused the earth’s surface to

| wrinkle along certain zones. In places the strata
are broken across and the parts have slipped past
' each other. Such breaks arg termed faulls. Two
| kinds of fanlts are shown in fig. 4.

zontal plane, measured at right angles to the strike, |

Strata are frequently curved in troughs and |
The arches are |
But |

the sandstones, shales, and limestones were depos- |
ited befeath the sea in nearly flat sheets; that they |
are now bent and folded is proof that forces have |

and the sceumulation of the younger.

[

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

Fig. 4.—Ideal sections of stratn, showing (a) nermal faults
and (b) a terest fanalt.

inferred. Hence that portion of the section delin-
eates what is probably true but is not known by
observation or well-founded inference.

The section in fig. 2 shows three sets of forma-
tions, distinguished by their underground relations.
The uppermost of these, seen at the left of the
gection, 18 a set of sandstones and shales, which lie
in a horizontal ]Jﬂsfliﬂu. These swliuwnl:u'}' strata
are now high above the sea, forming a plateau, and
their change of elevation shows that a portion
'('I.r 1].[{‘! L‘Jti'li]’ﬁ FEVH B ]:I‘:I::i lI:JI_"I'_"]"I. 'H.;Sl_"{] {?I,"-fﬂ'l'l i ]i’}“"l_"r
to a higher level. The strata of this set are
parallel, a relation which is ealled con formable.

The second set of formations consists of strata
which form arches and tronghs. These strata were
once continuous, but the crests of the arches have
The beds, like
those of the first set, are conformable.

The horizontal strata of the platean rest upon
the 1111tllrl!m|, eroded E’.l.lf_."'l.'.'-f. of the beds of the
second set at the left of the section, The overlying
deposits are, from their positions, evidently younger
than the underlying formations, and the bending
and degradation of the older strata must have
ocenrred between the deposition of the older beds
When
younger rocks thus rest upon an eroded surface
of older rocks the relation between the two is
an uncon formable one, and their surfice of contact
is an wncon formity.

The third set of formations consists of erystalline
schists and igneous rogks. At some period of their
}|i:-;1n]'}' the schists were ]ﬂiﬂllvd h}" Pressure and
traversed by eruptions of molten rock. DBut the
pressure and intrusion of igneous rocks have not
affected the overlying strata of EII'FJ second  set.
Thus it is evident that a considerable interval
elapsed between the formation of the schists and

}Il'{‘:]'l_ !‘L‘:I]]ﬂ\'t‘:[i lIII"l." L]E'“"t'll[lil{]l}]’l,
u =}

the beginning of deposition of thie strata of the
During this interval the schists suf-
fered metamorphism; they were the scene of erup-
tive activity; and they were deeply eroded. The
contact between the second and third sets is another
unconformity; it marks a time interval between
two periods of rock formation.

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

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

The rocks are briefly described, and their char-

second set.

acters are indicated in the columnar diagram.
The thicknesses of formations are given in figures
which state the least and greatest measurements,
and the average thickness of each is shown in the
column, which is drawn to a scale—usunally 1000
feet to 1 inch. The order of acenmulation of the
sediments is shown in the columnar arrangement—
the oldest formation at the bottom, the youngest at
the top.

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

CHARLES D. WALCOTT,

Director,

Revised January, 1904,
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