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GEOLOGIC AND TOPOGRAPHIC ATLAS OF UNITED STATES.

The Geologi..... 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 MAFP.

The features represented on the topographic map

are of three distinet kinds: (1) inequalities of sur- |

face, called relicf, as plaing, plateans, valleys, hills,
and mountains; (2) distribution of water, ealled
drainage, as streams, lakes, and swamps; (3) the
works of man, ealled culinre, as roads, railroads,
boundaries, villages, and cities.

EBelief —All elevations are measured from mean
sea level.

The heights of many points are accu- |

It

15

|
rately determined, and those which are nmsl.i
[

inl]m:'tuni are gi\.'n;'u an the mAp in ficures.

desirable, however, to give the elevation of all parts |
 Bwamp.

of the area mapped, to delineate the outline or form
of all 5[upi~.~=1 and o indiecate their gﬁlf_ln: or steep-
ness.  This is done by lines each of which is drawm
through points of equal elevatien above mean sea |
level, the altitudinal interval represented by the |
space between lines being the same throughout
enxch map. These lines are called confours, and the

uniform altitudinal space between each two con-
tours is called the confour 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).

| slope.
is the same, whether they lie along a eliff or on a |

a‘i

Fra. 1.—Ideal view and eorresponding contour 1L TF

The sketch represents a river valley between two
hills. In the foreground is the sea, with a hn:.'i
which is partly closed by a hooked sand bar. On .
each side of the valley is a terrace. From the |
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply,
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 indieated, directly i
beneath its position in the sketeh, by contours.
The following explanation may make clearer rlm‘
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 ail),
100, 150, and 200 feet, and =0 on, above mean sea |
level. Along the contour at 250 feet lie all points
of the surface that arve 250 feet above zea; along
the contour at 200 feet, all points that are 200 feet |
above sea; and so on. In the space between any
two contours are found elevations above the lower
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies above the terrace; there-
fore all points on the terrace are shown to be more
than 150 but less than 200 feet above sen. The
summit of the higher 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 250 and 500, feet are |
accentuated by being made heavier. Usually it |
is not desirable to number all the contours, and
then the accentnating 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.

e o e B e TR

2. Contours define the forms of slopes. Since |

contours are continuous horizontal lines, they wind
smoothly about smooth surfaces, recede into all
reentrant angles of ravines, and project in passing
abonut prominences. These relations of contour

curves and angles to forms of the landscape can be |

traced in the map and sketch.
3. Contours show the approximate grade of any
The altitudinal space between two contours

gentle slope; but to rise a given height on a gentle
slope one must go farther than on a steep slope, and

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

For a flat or gently undulating country a small

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

The

ous country a large interval is necessary.

gmallest interval unzed on the atlas sheetz of the |
This is serviceable for |

Geologieal Survey is 5 feet.

regions like the ﬁﬁ.‘ﬁ%i:-:ﬁippi delta and the Dismal

those in Colorado, the interval may be 250 feet.

For intermediate relief contour intervals of 10, 20, |

25, 50, and 100 feet are nsed.
Drainage.~—Watercourses are indicated by blue
lines. If a stream flows the entire year the line is

to the observer every characteristic feature of the
landseape. 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,
railways, and irrigation . reservoirs and ditches;

| provide educational material for schools and homes;

In mapping great mountain masses, like |

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

of the vear the line is broken or dotted. Where a

stream sinks and reappears at the surface, the sup- |

posed underground ecourse is shown by a broken
blue line. Lakes, marshes, and other bodies of
wiater are Ei].“‘f) .*ill!]\‘-‘tl ill l}]:l,ll,‘", i_i“f ?li'E]l1jl]riEit[‘ cOn=
ventional signs.

Cultvre—~—The works of man, such as roads, rail-

: J'fr:lds-_f-, and towns, mgerlmr with boundaries of town-

ghips, connties, and States, are printed in black.
Seales.—The area of the United States (excluding

Alaska and island possessions) is about 3,025,000 |

square miles. A map representing this area, drawn

about 240 by 180 feet. Each square mile of ground

surface would be represented by a square inch of

map surface, and one linear mile on the ground
would be represented by a linear inch on the map.
This relation. between distance in nature and cor-

responding distance on the map is called the seale |
| of the map.

In this case it is “1 mile to an inch.”
The seale may be expressed also by a fraction,
of which the numerator is a length on the map

and the denominator the vm'r'n's-:pumling length in
' nature expressed in the same unit.

r|‘h!:|.‘-j, as there
are 63,360 inches in a mile, the seale 1 mile to
an inch™ is expressed by 4.

Three scales are used on the atlas sheets of the
Geological Survey; the smallest is o', the inter-
meidiate ', and the largest i, These corre-
spond approximately to 4 miles, 2 miles, and 1
mile on the gt'mmd to an inch on the . On the
seale mim
s About 4 square miles; and on the seale %,

about 16 square miles. At the bottom of each

' to the seale of 1 mile to the inch, would cover |
| 3,025,000 square inches of paper, and to accom- |
modate the map the paper would need to measure |

- consolidated, constitute breceias, agglomerates, and |

a square inch of map surface represents
| about 1 square mile of earth surface; on the scale

atlas sheet the seale is i.‘.\:ill’l‘t-}ﬁ[‘l] in three ways— |
by a graduated line representing miles and parts |

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

Atz sheets and quadrangles,—The map is being
published in atlas sheets of convenient size, which
represent areas bounded by parallels and meridians.
These arveas are called quadrangles.
the seale of ' contains one square degree—i. e,

' a degree of latitude by a degree of longitude; each

sheet on the geale of 0

square degree; each sheet on the scale of

containg one-fourth of a
1

= (=T
tains one-sixteenth of a square dezree. The areas

0=

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-
graphic hase map, the distribution of rock masses

on the surfice of the land, and the structure |

sections show their underground relations, as far as
known and in such detail as the seale permits.

KINDE OF ROCKS.

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

Lgneous rocks—These are rocks which ]1:11.'('.|

cooled 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 surface. Rocks formed by

the conzolidation of the molten mass within these |
channels—that i.'-:, helow the surface—are L!Elll(:d.

infrusive,  When the rock occupies a fissure with
approximately parallel walls the mass is ealled a
dike; when it fills o large and irregular conduit
When the conduits for
molten magmas traverse stratified rocks they often

send off’ branches parallel to the bedding planes;

Illl_‘! 1miass i:-l 'E'I'I!I:H,"ll i .Hf-".lr".lt'.

the rock” masses filling such fissures are called |

sills or shects when comparatively thin, and leeco-
liths when oceupying larger chambers produced 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
is ealled lava, and lavas often build up voleanic
mountains, Igneous rocks thus formed upon the
surfiace are called exfrusive. Lavas cool rapidly in
the air, and acquire a glassy or, more often, a par-
tially crystalline condition in their outer parts,
but are morve fully crystalline in their inner por-
tions. The outer parts of lava flows are usually
more or less porous.  Explosive action often accom-
panies voleanie ernptions, causing ejections of dust,
ash, and larger fragments. These materials, when

tufts.  Voleanie ejecta may fall in bodies of’ water
or may be carried into lakes or seas and form
sullinwh!:u-}' rocks.

Sedimentary rocks—These rocks are composed |

of the materials of older rocks which have been
broken up and the fragments of which have been
carried to a different place and deposited.

The chief agent of transportation of rock débris is
witer in motion, ineluding rain, streams, and the
water of lakes and of the sea. The materials are
in large part carried as solid particles, and the
deposite are then said to be mechanical.  Such

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

Each sheet on |

of the corresponding quadrangles are about 4000, |

1000, and 250 square miles.

The atlas sheets, being only parts of one map
of the United States, disregard political boundary
lines, such as those of Btates, counties, and town-
ships. To each sheet, and to the quadrangle it

represents, is given the name of some well-known |
town or natural feature within its limits, and at the |
gides and corners of each sheet the names of mi__iu- |

cent sheets, if published, are printed.

“eeg r{f thhe Iupu_{p'rrf:ﬂfr: . —On the l{}p:}:l_:l'i;lljlﬁl_t :
map are delineated the relief, drainage, and culture |

g L AR R - L il L i
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dated into conglomerate, sandstone, and shale.  In

smaller portion the materials are carried in solu- |

tion, and the deposits are then called organic if
formed with the aid of life, or chemieal if formed
without the aid of life. The more important rocks
of chemical and organic origin are limestone, chert,
gypsum, salt, iron ore, peat, lignite, and coal. Any
one of the deposits may be separately formed, or
the different materials may be intermingled in
many ways, producing a great variety of rocks.

subsides the shore lines of the ocean are changed.
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 residual layer. Water washes residual mate-
rial down the slopes, and it is eventually carried
by rivers to the ocean or other bodies nl'tshunling
water. Usnally its journey is not continuous, but
|it is temporarily built ‘into river bars and flood
plains, where it is called alluvivm,  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, oceupied by the roots of
plants, constitute soils and subsoils, the soils being
| usually distinguished by a notable admixture of
organic matter.

Metamorphic 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 ecalled
In the process of metamorphism
the substances of whicii 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. SBuch 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 surface. In this
process, through the agencies of pressure, move-
ment, and chemieal action, their original structure
| may be entively lost and new structures appear.
- Often there is developed a system of division planes
along which the rocks split essily, and these planes
may eross the strata at an y angle.

inefaao .I"Ji'.ifi* e,

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
| sehistosity. :
As a rule, the oldest rocks are most altered
and the younger formations have escaped meta-
!mm‘phism, but to this rule there are nnportant
- exceptions.

iH {‘JI.I.]I,'{l :‘f('nr.l.'r.r_fjrr*.

FORMATIONS.

For purposes of geologic mapping rocks of all
the kinds above described are divided into forma-
fions. A sedimentary formation contains between
;’i[H 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

shale and limestone. = When the passage from one

kind of roeks to another is gradual it is sometimes
| necessary to separate two contiguous formations by

an arbitrary line, and in 2ome 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 igneons
rock or having the same mode of oceurrence. A
| metamorphice formation may consist of rock of uni-
| form character or of several rocks ha ving common
| characteristics.

When for scientific or economic reasons it is
desirable to recognize and map one or more

specially developed parts of a varied formation,
such parts are called members, or by some other
appropriate term, as featils.

Another transporting agent is air in motion, or |
' wind; and a third is ice in motion, or glaciers.

The most characteristie of the wind-borne or eolian |
deposits iz loess, a fine-grained earth ; the most ehar- |

acteristic of glacial deposits is till, a heterogeneous

mixture of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers
or beds which can be easily separated. These layers
are called sfrata. Rocks deposited in layers are

| =aid to be stratified.

The surface of the earth is not fixed, as it seems
to be; it very slowly rises or sinks, with reference

AGES OF ROOCKS.

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

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

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

fContinued on third page of cover. )



DESCRIPTION OF THE NEWCASTLE QUADRANGLE.

GEOGRAPHY.

Position and exfeni—The Newcastle quadrangle
embraces the quarter of a square degree which lies
between parallels 43° 30" and 44° north latitude
and meridians 104° and 104° 30" west longitude.
It measures approximately 341 miles from north to
south and 255 miles from east to west, and its area
is 8634 square miles. It lies mainly in the eastern
portion of Weston County, Wyo., but includes
also a narrow area of western Custer and Penning-
ton counties, 8. Dak. The northeastern portion
of the quadrangle lies on the slopes of the Black
Hills, but the larger part of it belongs to the Great
Plains, although these plains are lower here than in
the greater part of adjoining portions of Nebraska
-I-ITl[l I\F}"]llli";{. r]\] 10 ﬂ“:‘i! |'i{‘.f EH 1.]1'“:5“('1‘[ ]P}r ]]1‘”!1“']("3
of the Bouth Branch of Cheyenne River.

Being part of the Black Hills and the Great
Plaing, this quadrangle exhibits many features of
both, but as its area iz small, a general account
of these provinees will be given before the detailed
description of the gquadrangle is presented.

THE GREAT PLAINS PROVINCE.

Greneral fealures—The Great Plains province
is that part of the continental slope which extends
from the foot of the Rocky Mountains eastward
to the valley of the Mississippi, where it merges
into the prairies on the north and the low plains
adjoining the Gulf coast and the Mississippi
embayment on the south. The plains present wide
areas of tabular surfaces traversed by broad, =hal-
low valleys of large rivers that rise mainly in the
Rocky Mountaing, and more or less deeply cut by
narrower vallevs of the lateral drainage. Smooth
surfaces and eastward-sloping plains are the charac-
teristic features, but in portions of the provinee
there are buttes, extended escarpments, and local
areas of bad lands. Wide districts of sand hills
surmount the |r]:1i1'|.~_i in some hwaiﬁtiv.‘s:, lln;it:lh]}' in
northwestern Nebraska, where sand dunes occupy
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 sloping gently eastward
with the slope of the plains. These deposits lie on
relatively smooth surfaces of the older rocks. The
materials of the formations were derived mainly
from the west and were deposited, layer by layer,
either by streams on their flood plains or in lakes
and, during earlier times, in the sea.  Asgide from
a few very 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 planation 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
goftness of the formations; and as at times of
freshet many of the rivers bring out of the moun-
lFITI]H i ]E“'g['l" IUEIli ﬂf. H‘[llr.llll;‘llt tIIH]'I tl]{'!:'.' {".i-l]']':.' tﬂ
the Missizzippi, they are now building up their
valleys rather than deepening them.

Altitudes and slopes.—The Great Plains prov-
ince as 4 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-
1.[|J.I["H tlIl[] fles ull H].ﬂP!.‘-‘ 'i'q'l]'j' lﬁl[lﬁi(l{']:ll]]}’ EI]
different districts, particularly to the north, along
the middle course of Missouri River, where the
West of
Denver the plains rise to an altitude of G200
feet at the foot of the Rocky Mountaing, and
maintain this elevation far to the north, along the
foot of the Laramie Mountains. High altitudes
are also attained in Pine Ridge, a great escarp-
ment which extends from near the north end of the
Laramie Mountains eastward through Wyoming,
across the northwest corner of Nebraska, and for

g['l'l{"l'ﬂl ].l""lu'li'l I]Ei.‘-} }Il_‘ﬁ'tl gl'l_‘it”:,.' I'I_'L]'I_'I,{’{_:I_L

By N. H. Darton.

fmany miles into southern South Dakota. Pine
' Ridge marks the northern margin of the higher
levels of the Great Plains, and presents cliffs and
steep slopes descending a thousand feet into the
drainage basin of Cheyenne River, one of the most
important branches of the Missouri. From this
basin northward there is a succession of other
basing  with relatively low intervening divides,
which do not attain the high level of the Great
Plains to the south. It is in this lower portion
of the plains that the Newcastle quadrangle is
situated.

| southwest and of the Belle Fourche to the north- |
Rising in shallow, park-like valleys on the |

Drainage.—The northern portion of the Great |

Plains above deseribed is drained by the middle
branches of Missouri River, of which the larger
members are Yellowstone, Powder, Little Missouri,
Grand, Cannonball, Moreau, Cheyenne, Bad, and
White rivers.  On the summit of Pine Ridge not
far south of the escarpment iz Niobrara River,
which rises in the midst of the plains some dis-
tance east of the northern end of the Laramie
Mountaing,. To the south are Platte River with

| two large branches heading far back in the Rocky
[ }Il_,'llllllq'lill!‘i_. 1_]'“._’,' I{;IJ {:]'ﬂll]{!{", E:IIII,]_ A I'qu'l]'l.ﬂii}* I{i'ﬁ'('l"

crosses the plains to the southeast and
affords an outlet for the drainage from a large
watershed of mountain and plains. Between the
]{il} (}]'Eilldl' :1|Hl thl:_," :KTI{J-IHHHH anre (Ti'l'l'l:{l'l'“]'l ].{i"p'l"]"
and numerous smaller streams heading in the
western portion of the plains. Between Arkansas
and Platte rivers is Republican River, rising near
the hundred and fifth meridian, and an
extended system of local drainage in eastern
Kansas and Nebraska.

which

(e

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, through its vegetation and streams,
an oasis in the semiarid region. The hills are
carved from a dome-=shaped uplift of the earth’s
crust, and consist largely of rocks which are older
than those forming the surface of the Great Plains
and which contain valuable minerals.  The length
of the more elevated area is about 100 miles, and
its greatest width is 50 miles.
abruptly from the plains, although the flanking
ridges are of maoderate elevation. The
features are an encircling hogback ridge, consti-
tuting the outer rim of the hills; next, a continuous
depression, the Red Valley, which extends com-
pletely around the uplift; then a limestone platean
with infacing escarpment; and finally, a central area
of high ridges culminating in the precipitons erags
of Harney Peak at an altitude of 7216 feet. Two
branches of Cheyenne River nearly surround the
]"li].[;'i- illll_], T'I;_'l_'(,"i‘l.'(’! 'III:I]'I:.' t['ihut-';l'l":‘ll_".‘,l 'EE['{:IIII t}ll‘ll].

The area of
Black Hills comprizes an elevated hasin, eroded in
erystalline schists and granite, in which scattered
rocky ridges and groups of mountains are sepa-
rated by 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 ontward to the northeast, east, and
south.

The limestone platean.—The limestone platean
forms an interior highland belt around the central
hills, rising considerably above the greater part
of the area of crystalline rocks.
tion is much more extensive than its eastern and is
broad and flat, sloping gently downward near its
outer margin, but being level near its eastern
inner side, which presents a line of eliffs many
miles long and often rising 800 feet above the cen-
tral valleys. It attains altitudes of slightly more
than 7000 feet locally, almost equaling Harney
I}‘ﬂk i]l I‘IE‘.ig}!'J E“Il:i ﬂ,ﬂ'n'lﬁ il]l_'! ]]]Eli]'l f_li\'idl_" {II. til{"
Black Hills. The streams which flow down its
western slope are affluents of Beaver Creek to the

zalient

I"rl‘"]'!fl"ﬂlir (Lierr, —'I.‘Ill_" cent I'Ell

The hills rise |

the |

west.
IF].:['{"rI'I.l. I]IL':L' H‘IIII{ iriiU fl['l_"]l l,"q'l[l"l'l]l]ﬁ “‘it]l I]T{’{,‘EI!['
tous walls of limestone often many hundred feet
high. The limestone platean extending south
swings around to the eastern side of the hills,
where, u'n'iu;_{ to the steeper 1|i|1- of the slrata, it
narrows to a ridge having a steep western face.
This ridge is interrupted by the water gaps of all
the ];il';;[-l' streams in the southeastern and eastern
portion of the hills, which rigse in the high lime-
stone platean, eross the region of crystalline rocks,
i”'![l H.H'I.T t]l!'“ll:‘_'"]l (':-Ir!l'l'l'l-'l'lﬂ i]'l II]I,’! H:II]I{[I]:__'; t'[!l']{."‘
of the eastern side to Cheyvenne River. All
around the Black Hills the limestone platean
slopes outward, but near its base there is a low
ridge of Minnekahta limestone with a steep infae-
ing escarpment from 40 to 50 feet high, sur-
mounted by a bare, rocky incline which descends
several hundred feet into the Red Vallev. The
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
:“i(]l" 1'”11' tllﬂ‘ H'l"('lf II(I:',:]'IE“,']{ ]'illj_""l" o EI]I," ﬂ\.liltl:'l" Hiill‘.
[t iz often 2 miles wide, though it iz much nar-
rower where the strata dip steeply, and is one of
the most conspicuous features of the region, owing
in no small degree to the red color of its soil and
the absence of trees, the main forests of the Black
Hills ending at the margin of the limestone slopes,
The larger streams flowing out of the hills generally
cross it without material deflection, and their val-
leys are separated by divides which are usually so
low as to give the Red Valley the appearance of
IH.‘.E]:I:_"‘ continnous. In its middle eastern section,
however, it is extensively choked with Oligocene
depozits.

T.Iﬁr’:: f.rf.ly.lrﬂﬁr'ﬁ' J'i‘ﬂ.l'.—-'l‘]lt" IIU:._""E:I:I!_"]{ I':'ill;‘!_:l‘ l'i_”l:“!i-
Iu[ing the outer rim of the hills is Lmutl]_\.‘ a
single-crested ridge of hard sandstone, varying in
prominence and in steepness of slope. At the
TI:[_II'['II 1'-|'|'l|:I 3-'”11']1 ]l:ll,'-i-l“:!.' HIHI!L'_{ EI]I," ]]IE[II“{‘ '|."|'{'F-1,[_'I'II
section it spreads out into long, sloping plateauns.
It nearly always presents a steep face toward the
Red Valley, above which the erest line rises several
hundred feet, but on the outer =ide it slopes more
or less steeply down to the plains that extend far
out from the Black Hills in every direction. The
hoghack rim is crossed by numerous valleys or
canyons, which divide it into level-topped ridges of
various lengths. At the southern point of the hills
Chevenne River has cut a tortuous valley through
the ridge for several miles, and the Belle Fourche
does the same toward the northern end of the uplift.

TOPOGRAPHIC FEATURES OF THE QUADRANGLE,

*I."Iill" El"ﬁ'l'}lﬁi]l" litlil[ll'il[!g]{" 'IJ']'{'HI.'IIl:-l il l'tlt'l:-lil:ll"r'-

| able variety of topographic forms, comprising the

Its western por-

western margin of a the limestone
platean of the Black Hills, a zone of the Red
Valley 20 miles long, and an extensive develop-
ment of the hoghack rim of the hills, which, north
of thwn;-:ml]{-, HE]]‘I'JH]:-'L out into a |}]:m-;ill of consider-
able aren.  More than two-thirds of the quadrangle
lies in the plaing, a region of low ridges and wide

|m|'tiﬂu of

‘l.'-'l”l."\.':-i, here traversed h}‘ a low but distinet sand-
stone escarpment west of Beaver Creek, beyond
which the plains extend for many miles at a grad-
ually increasing height,

Dyainage.—The drainage iz to the south and
southeast into Beaver Creek, which empties into
Cheyenne River a short distance beyond the south-
east corner of the quadrangle. The prineipal
tributariezs of Beaver Creek that come out of the
Black Hills uplift do not flow down the direction
of greatest slope, which is to the west; their valleys
trend almost due south. SBtockade Beaver Creek,
the largest of these streams, rises in the platean
area of the Black Hills, flows out into the Red

Valley, which it traverses for several miles, and
then passes out through a gate in the hoghack
range and continues its southward course to Beaver
Creek ii|[lllg the base of the foothills. Tts two
principal branches are Whoopup Creek, heading
in canyons in the limestone llhlleuu, and Salt

¥
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Creek, flowing through a deep canyon in the
platean to which the hogback range gives place
north of il Creek and Little Oil
Creek rise on the platean north and northwest of
Newcastle, and flow through eanyons of consider-
able 111-pt|l, out of which t]w_v ass westward into
the plains, to join the main Beaver Creek near the
Main Beaver Creck
flows aeross the quadrangle from to
southeast in a wide, shallow valley of low declivity
cut in the shales of the plains. From the west it
'!'E"l"'l.'ill."i‘-ﬁ numerons :"\-Illq't].l I]]'-'I.I](_"]H".H l||E|1_ I'i:‘ll," 1 tlll‘
higher levels of the plains. Tt is the outlet of a
drainage basin comprising over a thousand square

};{"'H'I'H:HE Il,".

center of the :!u.:ult'unglr-.

1 H't] 1wiest

miles, but except in times of freshet it is a very
insignificant watercourse.

Relief—The surface features of this quadrangle
are very :-Iu.«u-]_r related to rock texture, the thicker
masses of hard rocks ;_{i\'il]g rise to I'iqu__n*.-:, the
softer beds being excavated into valleys.  Valleys
cut in large areas of soft rock are wide; those which
have rock are
The limestone platean of the higher
portion of the Black Hills extends a short distance
into the northwest corner of the Newecastle gquad-
rangle, presenting a tabular surface with altitudes
ranging from G000 to 6750 feet, deeply trenched
by canyons having walls 500 to 600 feet high,
and containing branches of Stockade Beaver and
Whoopup drainage.
west and south and deepen rapidly from their
heads.

I]{"['II {"XI,'JH'H'{'I,] I]J]'U'I,]gh ]l:l.i"ll
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These canyons open to the

Northwest of the LAK ranch the limestone
platean terminates in a steep slope that is due to
the steep westward dip of the rocks—a slope that
presents high, rugged cliffs, some of which, in their
IJril]iiI”I 1.'”!1]"“1;.’:,, are Iliglllj 1!11""“".“{]“[".
of thiz portion of the range iz shown in fig, 8 on
the illustration sheet. The Red Valley erosses the
northeast corner of the quadrangle, with a width
varying from 3 miles in the portion east of Cambria
to a guarter of a mile north of the LAK ranch, its
narrowness here being due to the inereased dip of
the rocks.  Southeast of the LAK ranch it averages
less than a mile in width, but sonth of Elk Moun-
tain it widens rapidly. It is oceupied by Stockade
Beaver Creek to the north, and extends through
a low divide just east of the LAK ranch and thence
southward along the eastern side of the Elk Moun-
tlli.ll I'ilngl".. Hﬂilill ﬂf x{“ﬂ'{ﬂ'h‘-l]l'ﬂ tll[! llﬁlghillﬁ'li
range presents its typical features—a steep east-
'“I['il'lg_'" {‘.“{’H]'}HIH"]]' 'rITll'l :'H"I:_'Iltll'l' western SIU['I'I._-}”I.{I
varies in width from 1 mile to 3 miles. It attains
itz greatest prominence at Elk Mountain, which is
somewhat over 5700 feet high. In its broader
portion south of Elk Mountain its western slope is
deeply trenched by numerous eanyons. North of
Newcastle the hogback range is spread ont into a
\‘I-'iil[f. 'E!Iq'll['?ll,l. Hlill]i]]g 'H []Il," Fiil]tll\ﬁ'ﬁ'ﬁl. rl"]'Ii.‘i
platean is deeply trenched by canyons of the
branches of 0Oil Creek, and to the east, in its
higher portions, considerable areas of it have been

A view

cnt -'I:"I'h'!i}' }.:I." j"‘\'l]t [1-|L "[J]\' :li]l]. “3 I]ﬁl.l]i_'l]l".‘jj ]l."q'l'i'i"g
outlying portions of the platean on the summits of
an irregular series of ridges. Mount Pisgah is the
most prominent of these, attaining an altitude of
The CANYONS north of Newecastle
average about 400 feet deep. The plateau iz cut
into long, irregular ridges by these canyons, the
broadest area being in the vicinity of the Mount
Zion ranch, southwest of Cambria. The altitudes
here are from 4900 to 5200 feet.  Along Oil Creek
and two of the branches of Plum Creek the platean
remnants are the detached summits of several
narrow ridges. On the west side of Oil Creek
there is a continuous crest line of plateau, which
glopes westward and ends in the valley of Skull

aver G350 feet.



Creek. In the vicinity of Newcastle and for some
distance east and west there is a subordinate hog-
back ridge separated from the main range by a
narrow valley and a series of low dividez, From the
foot of these ranges a great region of rolling plains

stretches far to the west, with altitudes ranging |

from 3750 to 4200 feet in greater part. It presents
some low but sharply marked ridges, due to harder
beds of rock lving near the base of the shale series.
One of the most conspicuous of these ridges has a
low esea rpment t*.‘:tv]l(ﬁllg_: from the northwest
corner of the quadrangle to the LAK ranch. It
is separated from the main hoghack range by a
valley which is 5 miles wide near Osage.  East of
Pedro, where the continuity of the ridge iz some-
what broken, this valley narrows greatly, but it
widens again to from 1 to 3 miles near Newcastle.
The escarpment presents to the northeast a face
from 10 to 50 feet high surmounting long, gentle
slopes.  To the southwest it merges into a zone of

low, rocky ridges which finally slope into the plains

south, West of the main Beaver Tulh-':_r the |

'I}].EI{I]H are traversed from the northwest to the
southeast by a low but distinet escarpment, from
50 to 150 feet high, which is surmounted by a
region of rolling plains with many low eliffs and
Alkali Butte iz one of
the most prominent features of this region, attain-
ing an altitude of 4500 feet; and although this is
only about 200 feet above the adjoining rolling
plains, the butte is so situated that it is a conspic-
uouns landmark from the east.

numerous detached buttes,

GEOLOGY.

GEOLOGIC HISTORY.

The general sedimentary record.—The rocks
:11;1}&:1ri11_=_-; at the surface within the limits of the
Neweastle quadrangle are of sedimentary origin—
that is, they were deposited by water.
consist of sandstone, shale, limestone, sand, loam,
and gravels, all presenting more or less variety in
composition and appearance. The principal mate-
rials 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
from early Carboniferons time to the present, and
other sediments which underlie them extend the
record back to the middle Cambrian. The com-

position, appearance, and relations of strata show |

| above

o

Cambrian submergence.—One of the great events
of early North American geologic history was the
\'I.'i:ll" (’Hll:l]ll‘:i["l H‘F an illl‘l*l‘]l]l‘ 2o OVer I]'I.{’ wesbern
central region. The submergence reached the
Rocky Mountain provinee during the early Cam-
brian,

Blaclk

and for a time the central portion of the
Hills remained as one of the islands rising
From the ancient crystalline
streams and waves gathered and concentrated

the waters.
rocks,
gands and pebbles, which were deposited as a wide-
spread sheet of sandstone and conglomerate on sea
beaches, partly in shallow waters off shore, and
partly in estuaries. Abutting against the irregular
surface of the ervatalline rocks which formed the
shore are numerous exposures of these sediments
containing much local material.  Subsequently, the
altitude being redueed by erosion and the area pos-

sibly being lessened by submergence, the islands |

vielded 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.

the

Ovdovician-Devontan  eonditions, — From

Celose of Cambrian to thebeginning of Carboniferous

They |

time the Black Hills area presents a seanty geologic
record, the Silurian and Devonian  being absent
and only a portion of the Ordovician being present
at the north.
an extensive but very shallow sea, or land =0 low
a8 to leave noticeable evidence €rosion.
Whether it remained land or sea, or alternated
from one to the other condition, the region shows

This is ]u'nh.'th_t' beeauze there was
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no evidence of having undergone any considerable
uplift or depression until early in Carboniferous
time, when there was a decided subsidence, which
established relatively deep-water and marine condi-
tions, not only over the Black Hills area, but gen-
erally throughout the Rocky Mountain provinee.

Carboniferous sea —Under the marine conditions
that prevailed during early Carboniferous time
there were laid down caleareous sediments which
are now represented by several hundred feet of
nearly pure limestone, the greater part of which is

known as the ’;:ims:l]m limestone. As no coarse

deposits oceur, it is probable that no crystalline

in some measure the conditions under which they |

were deposited.  Sandstones ripple-marked by
waters and eross-bedded by currents, and shales
eracked by drying on mud flats are deposited in
shallow water; pure limestones generally indicate
open seas and searcity of land-derived sediment.
The fossils that strata contain may belong to species
known to inhabit waters which arve fresh, brackish,
or salt, warm or cold, muddy or clear. The char-
acter of the adjacent land may be shown by the

character of the sediments derived from its waste. |

The quartz sand and pebbles of coarse sandstones
and conglomerates, such as are found in the Lakota
formation, had their original source in the crystal-
line rocks, but have been repeatedly redistributed
by streams and concentrated by wave action on
beaches. Red shales and sandstones such as make
up the “Red Beds” usually result directly from
the revival of erosion on a land surface long
exposed to rock decay and oxidation and 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 sea receiving only fine sediments 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 con-
tinuous 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. Pursning these
general ideas in greater detail, one finds that the
strata brought to view by the Black Hills uplift
record many local variations in the ancient geog-
aphy and topography of the continent.

rocks were then exposed above water in this region,
although eclsewhere the limestone, or its strati-
oraphic equivalent, was deposited immediately
upon them. In the latter part of the Carbonifer-
ous 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 with more or
less ferrnginous material, as is indicated by the
color of many beds of the Minnelusa formation.
Minnelusa deposition is believed to have been
followed by an uplift, which appears to have
resulted in ponding saline water in lakes, in which
acenmulated the bright-red sands and sandy muds
of the Opeche formation. The Minnekahta lime-
stone, which is the next in sequence, was deposited
from sea water, and from its fossils we know with
a fair degree of certainty that it is a product of
the latest Carboniferous, or of Permian, time. It
wasg laid down in thin layers and to a thickness
now represented by only 40 feet of limestone,
vet the very great uniformity of this formation
over the entire Black Hills area is an impressive
feature, probably indicative of widespread submer-

| gence.

Red gypsiferous sediments—At the close of the
epoch represented by the Minnekahta limestone
there was a resumption of red-bed deposition and
the great mass of red shales constituting the Spear-
fish formation was accumulated. These beds prob-
ably were laid down in vast salt lakes that resulted
from extensive uplift and aridity. The
accumulated in thin layers to a thickness of 500
feet or more, as now represented by the formation,
and it is so uniformly of a deep-red tint that this is
undoubtedly the original color. The color is pres-
ent not only throughout the extent of the formation,
but also throngh its entire thickness, as is shown
by deep borings, and therefore i= not due to later
Either the original material
of the sediments was ved or it was colored during
deposition by the precipitation of iron oxide. At
various times, which were not the same for all
parts of the region, accumulation of clay was
interrupted by chemical precipitation of compara-
tively pure gypsum in beds ranging in thickness

]]]l.l[l

or aurface oxidation.

| deposited in moderately deep water.

from a few inches to 30 feet, and free from mechan-
ical sediment. It is believed that these beds are
the products of evaporation during epochs of little
or no rainfall and consequently of temporarily

suspended erosion; otherwise it is diffienlt to under-

stand their nearly :_"'l']l{'E'.‘it |m|'it:r. The Hlu-.'n‘['ls-:h
red beds have been Suppe wed to represent the Trias-
sie, but there is no direet evidence of this, and in

part at least they may be Permian. Their deposi-

tion appears to have been followed by extensive |
| uplift.

uplift without local structural  deformation, but
with general planation and oceasional channeling,
which represents a portion of Triassic time of

unknown duration, and was succeeded by the |
Ctime—and the larger topographic outlines of the

deposition of later Jurassie sediments,
the Black
Jurassic was a period of varying

Jurassie sea—1In Hills region the
conditions, shallow
and deep marine waters alternating.
rials are nearly all fine grained and indicate waters
without * strong In the
Black Hills region some of the earliest deposits are

currents. southeastern
thin masses of coarse sandstone, indicating shore
conditions, but generally there is shale lying
directly on the Spearfish red shales, which was
Upon this
shale is ripple-marked sandstone, evidently laid
down in shallow water and probably the product
of a time when sedimentation was in excess of sulb-
mergence, if not during an arrest of submergence.
The red eolor of the upper part of the medial sandy

| series in some portions of the Black Hills appears to
| ghow a transient return to arid conditions similar to

those under which the Spearfish formation was laid
down.
layers in the upper shales of the Sundance for-
mation indicate the deeper water that followed.
After this stage marine conditions gave place to

An extensive marine fauna and limestone

fresh-water bodies, probably through widespread

uplift. The first produet was the thick body of

fine sand of the Unkpapa sandstone, now a prom-
inent feature in the eastern portion of the Black
Hillg, but thinner or ahsent elsewhere.

Cretaceous seas.—During the Cretaceous period |

deposits of varions kinds, but generally uniform

over wide areas, gathered in a great

o series, begin-
ning with such as are peculiar to shallow waters
along a coastal plain, passing into sediments from
I,],(’!I',_'j:l r'I'IEII'Ii]U waters, E"“l l']l:li'lé_!;[l]g 1.”“'5“'1[ TI“‘ 1'.'1"1
to fresh-water sands and clays with marsh vegeta-
tion.
rison formation, a widespread mantle of sandy

The first i]{*pm—xil.-x now constitute the Mor-

shales, which is absent to the southeast, although
probably originally deposited there to a greater or
less thickness and then removed by erosion in con-
sequence of slight but widespread uplift. The
extent of this degradation is not known, but it
gave rise to a general erozional unconformity at the
base of the Lakota sandstone, the next suceeeding
deposit, which is of coastal and possibly estuarine
origin. This formation consists mainly of coarse
sands spread by strong currents in beds 30 to 40

foet thick, but includes several thin partings of

clay and local accumulations of vegetable material.
Next there was deposited a thin caleareous series,
represented by the Minnewsste limestone, but
apparently it was laid down only in a loeal basin
in the southern portion of the Black Hills, Over
this was spread a thin but widely extended sheet
of clays of the Fuson formation.  After the depo-
gition of these clays there was a return to shallow
waters and strong currents, as in Lakota times, and
coarse sands of the Dakota formation were aceumu-
lated. At the beginning of the Benton there was
everywhere in the region a rapid change of sedi-
ment i‘l'l_]ll'l Hllni] tor {'I“:I'.-

During the great later Cretaceous submergence
marine conditions prevailed, throughout the Benton,
Niobrara, and Pierre epochs, and several thousand
feet of clay were 1101}1)1-3“('11. In Benton time there
were occasional deposits of sand, two of them, in
the later part of the epoch, thut 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 vieinity of

Neweastle and elsewhere.  Another marked episode |

was that which resulted in the general deposition of
the thin Greenhorn limestone in the middle of the
Benton sediments. The shale of the
followed by several hundred feet of impure chalk,
now constituting the Niobrara formation, and this

¥ -
wenton was

in turn by over 1200 feet of Pierre shale, deposited |
The retreat of the Cre- l

under uniform conditions.

The mate- |

]
1

| deposits  of

taceous sea corresponds with the Fox Hills epoch,

| * s = -
during which sands were spread in an extensive

sheet over the clay beds, and resulted in the devel-
opment of extensive hodies of brackish or fresh
water, which received the sands, clays, and marsh
the Whether these two
list-named groups of sediments were deposited

Laramie.

over the area now occupied by the Black Hills is
not definitely known, but it is possible that they
were, us they are upturned around two sides of the

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

region were established before the Oligocene epoch,
the dome being truncated and its larger old valleys
excavated in part totheir presentdepths. Thisis indi-

| eated by the ocenrrence in them of White River

(Oligocene) deposits, even in some of their deeper
portions. Where the great mass of eroded material
was carried 12 not known, for in the lower lands to
the enst and southeast there are no early Eocene
deposits nearer than those of the Gulf coast and
along the Mississippt embayment.

Sresh-waler  deposits. — Oligocene
deposits were laid down by streams and in loeal

(Nigoeene

lakes and finally covered the country to a level now

far up the flanks of the Black Hills. Erosion has
removed them from most of the higher regions
where they formerly existed, especially along the
western side of the hills, but in the vicinity of Lead
amall outliers remain at an altitude of over 5200 feet,
and on the north end of the Hmll'h}dg{‘ Moun-
tains they are seen a thousand feet higher. In
many places on the slopes of the uplift there is
clear evidence of superimposition of drainage due
to a former capping of Oligocene formations.
Later  Tertiary mountain  growth. — Following
the Oligocene epoch the dome was raised several
hundred feet higher and more extensively eroded.
No representatives of the sueceeding Loup Fork
group—the Arikaree and Ogalalla formations—have
been discovered in the immediate vicinity of the
Black Hills, but they are extensively developed
in Pine Ridge to the south and remain on some
of the high buttes to the north, in the north-
west corner of South Dakota,  There was prob-
ably slow but continuous uplift during the Loup
Fork epoch, and materials were contributed by

| the higher slopes of the Black Hills at that time,

but whether the formations ever were depos-
ited in the immediate vicinity of the hills is not
ascertained.

Quaternary uplift and  erosion. — During
early portion of the Quaternary period there was
widespread denudation of the preceding deposits,
and many of the old valleys were revived, with
much rearrangement of the drainage, which on the
eastern side of the Black Hills was cansed mainly
by increased tilting to the northeast. This rearrange-
ment has caused several streams superimposed upon
the Oligocene deposits to cut across old divides, in
some cases connecting a valley with its next Ilcig]l-
bor to the north. Such streams flow southeastward
for some distance in pre-Oligocene valleys and
then turn abruptly northward into canyons of
post-Oligocene age, leaving elevated saddles to
mark the southeasterly course of the old wvalleys.
Some of the offsetting in the present drainage
has heen largely increased by early Quaternary
erozion and recent stream robbing.

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

the

1{‘\'{"]5.
DESCRIPTION OF THE ROCKS,

The stratified rocks in the Neweastle quadrangle
have a thickness of about 6350 feet. The order
of succession of the limestones, sandstones, and
shales, and their general character, are given in
the columnar section sheet.



CARBONIFEROUS SYSTEM.

Pahasapa limestone.~This formation is a lime-
stone of light-gray eolor, weathering to a somewhat
bluish or dove tint. The rock is massively
bedded and presents steep walls in the sides of the
caAnyons and rj]ﬂ'“‘ﬁ of the hills. The greatest
thickness exhibited iz in the steep monocline east of
Stockade Beaver Creek in the southwest corner of
Range 1, Township 1, in South Dakota, where about
500 feet are exposed, apparently representing about
two-thirds of the formation. These are the lowest
rocks exposed in the Newecastle quadrangle, their
exposure being due to the removal of the Minne-
lusa formation in some of the eanyons and along
the steep western face of the ridge. The area
of outerop is small, being less than 5 square
miles in all. The limestone underlies all of
the adjoining region for many miles, but under
the plains east of Newcastle it lies at a depth of
5000 feet or more. It was reached by the deep
well at Cambria at a depth of 1947 feet and was
penetrated to 2345 feet.  The borings exhibited
nearly pure limestoue of light color, mostly white
or light gray, but including some beds of pale
pinkish and buff tints. At the top of the forma-
tion are a few feet of red sandy shale containing
hard, lens-shaped siliceons concretions, mostly
from 8 inches to 2 feet in diameter.

The Pahasapa limestone contains fossils of
Mississippian age and is of approximately the same
age a2 the Madizson limestone of the Northwest.
The principal species arve Spirifer vockymontana
and Seminule dawsoni.

Minnelusa sandstione—"This formation consists
mainly of sandstones in which much of the cement
is caleareous. The upper members comprise a hard
white sandstone at the top, averaging about 70 feet
in thickness, ared breceiated sandstone in the middle,
from 100 to 140 feet thick, and a white sandstone

below, which varies in thickness from 35 to 50
feet. The lower members consist of a suceession

of gray and buff slabby sandstones. These beds
are best exposed in the steep-sided uplift east
of the upper portion of the Stockade Beaver
Valley, where there is an area of about 30
square miles of the Minnelusa formation.  The beds
rise rapidly from beneath the surface a short
distance west of the State line, and then to the
east lie nearly level, giving rise to an elevated
platean. The formation is extensively exposed in
the canyons that are deeply incised in this uplift,
the upper white sandstone being a conspicuous
feature in the upper portions of their walls and
forming gateways at their mouths. The breceiated
sandstone is of a brownish red color and its bril-
liant-hued cliffs are picturesque features in many
of the canvons.  The thickness of Minnelusa beds
exposed east of Stockade Beaver Creek is about 60O

Hection of Minnelusa sandstone in boring af Cambria, Wyo.

Thick- Depth
of

ness

I T
feat, In feot.
Hard. pinkish caleareons sandstone....... 4 1100
Light-bufl sandstone, very little lime..... 17 1117
Choeolate sandstone, sowewhat ealearesus 8 1125
Buff calearcons sandstone. ..o vn o oieinnns 10 1135
Dark-brown caleareous sandstone. ....... 5 1140
Buff caleareous sandstone. . . ...covunennan 45 1185
Bufl limestone, sandy ....... cccvenvnnnns [ 1191
Light-brown limestone, sandy............ 4 1195
Light-bufl limestone, sowe sandy..... .. 13 1207
Light-bnfl sandstone, very little lime .... 15 1222
Hard, brownizh-red sandstone, some lime, 3 1225
Light tan-colored caleareons sandstone. .. 15 1340
Light-pinkish bufl ealeareons sandstone. . 60 1300
Pink sandztone, very little lime...... ... $04= 1380
Pink caleareous sandstone..........cc.0-0 404 1430
Pale-pink sandstone, little lime........... A= 147
Choeolate sandstone, little lime. .. ........ Z 1472
Dark-gray sandetong - cccc vovonviniaaies 2 1474
Light-gray shale, no lime................. 4 1478
Black shale, 20 per cent carbon........... & 1481
Light-buff ealeareouns sandstone.. ........ L 14480
Brownish-bufl sandstone and shale. . ... .. G 1406
Alternations of lght-gray and bufl swnd-
stone, but little Hme. .. covicivareans 0% 1501
Black ealeareonsshale. ... .......ocaeanns 4 1585
Dark-gray sandstone and shale. .. ........ 2 1547
Light-gray and bufl caleareous sandstone 45 1640
AN T e T e O O O 2 1642
Gray and pale bofl caleareons sandstones 87 1709
Dark-pray calecareous sandstone.. ........ 4 1718
Nearly white sandstone.. ......covunuunnn. L] 1722
Light-brown sandstone. .. .......... S Aosno & 1725
Nearly white sandstone, smue lime., ..., 18 1738
Gray sandstone, upper part ealeareous. .. 62 1500
Greenish-gray shale, some lime........... 8 1508
Gray sandetone, but little lime ........... 2 1810
Chocolate-brown sandstone, very little
T 2 0 e e e By e A b o LN bl 1593
Brown sandstone, with gray limestone
N e e i e L e et (O 1947

feet. In its onterops the sandstones of the forma-
tion appear to be porouns, but in the deep boring at
Cambria, which penetrated the formation from 1096
feet to about 1947 feet, much of the material was
found to be thoroughly cemented by carbonate of
lime. Nearly all of the rocks in the boring were
very compact and fine grained. It is apparent,
therefore, that the predominance of sand in the
surface onterops is due to the leaching away of a
portion of the caleareons cement, for it is not likely
that the original character of the beds was greatly
different in areas so closely adjacent. The increase
of thickness to 850 feet in the area to the west, as
shown by the well record, is an interesting uand
unexpected feature.

The only fossils observed in the Minnelusa
formation were some remains of brachiopods found
in the upper member near Hot Springs. These
appear to be of Pennsylvanian age, but are not
sufficiently distinetive to furnish conclusive evi-
dence in this regard.

Opeche formation.—This thin series of red beds

lying next above the Minnelusa sandstone averages
75 feet in thickness and consists of moderately soft, |
brownish red sandstones, usually in beds varying
in thickness from 1 to 4 inches, and red :'-':unl_';.'_l
shales. It is observed mainly in slopes beneath |
the esca rpment uf’:’n‘vt']}'ing Minnekahta limestone.
In Gillette Canyon a thin local bed of gypsum is |
included. At the top of the formation, for the first
few feet below the Minnekahta limestone, there are
shales which invariably have a deep purple color.
The formation may be seen in the walls of many
small canyons which eut through the Minnekahta
limestone in the glopes along the east side of the
valley of Stockade Beaver Creek and the Red
Valley southeast of the LAK ranch, and also in
Redbird and Gillette canyons. The age of this
formation has not vet been definitely determined,
for so far it has vielded no fossils. From the fact
that the overlying Minnekahta limestone is of
probably Permian age and that there are red
depositz in the upper part of the Permian of
Kansas and eastern Nebraska, it is supposed that
its age is Permian.

Minnelahla limestone.—This formation, formerly
known as the “Purple limestone,” iz prominent
in the Black Hills region, but oceupies only a
limited area in the northeast corner of this quad-
rangle. It is thin, averaging slightly less than 40
feet in thickness, but owing to its hardness and
flexibility it gives rise to prominent topographic
features. Its onterop is marked by a series of rocky
ridges rising with steep slopes out of the Red Valley
and extending some distance up the long declivities
of the Minnelusa formation. Its surface is usually
hare or covered with scattered bushes and its edge
is always marked by escarpments that present nearly
the entire thickness of the formation.  Ordinarily
the cliffs appear to consist of massively bedded
rock, but on close examination it is seen that the
layers are thin and clearly defined by slight differ-
ences in color.  On weathering it breaks into slabs
usually 2 to 3 inches in thickness. The color as a
whole is a light gray, but there is always a slight
pinkish or purplish tinge, from which the term
“Purple limestone” originated. Its composition
varies somewhat, mainly in the proportion of ear-
bonate of magnesia, nsually present in considerable |
amaonnt, and of l’]:!}-‘, which is a small but constant :
ingredient. In some of the layers flakes of clay or |
impure limestone give a mottled appearance to the
weathered bedding planes of the rock. The dip of
the formation is mainly to the west along the east side |
of Btockade Beaver Valley, being steep at first and |
diminishing in amount as the formation extends
eastward over the rounded slope of the mono-
cline. In Redbird and Gillette canyons it passes
over an undulating anticline that pitehes south-
southwest. There are frequent loeal variations
in the amount and direction of the dip, as the
limestone is a thin, relatively hard bed of homo- |
geneous rock lying between masses of softer beds, |
and consequently was much affected by local con- |
ditions of pressure. The thin layers of the linw.-;
stone are often minutely erumpled and faunlted, |
but, considering the large amount of deformation It
to which the formation has been subjected, the |
flexures are but little broken. In its contaets |
with adjoining formations the Minnekahta lime-
stone presents an =1|1rupt change in material but no |
evidence of unconformity. The formation is classed

| over wide areas.

as Permian beeause of fossils which it has vielded
in the region west of Hot Springs.

TRIASSIC (?) SYSTEM.

JS:IN.’(H" f.\’.IFF. fﬂ'ﬂ"ﬂ!!Tlrfll'”h—r_r}lﬁ' {Illl{‘l'l]}l U{. 1_.Eli!'] HE‘I'iE'H
of gypsiferous red beds extends along the eastern
side of the Neweastle quadrangle, giving rise to a
valley of wvarying width, occupied for several
miles by Stockade Beaver Creek and thence con-
tinuing southward along the eastern side of Elk
Mountain. Two small areas of the formation are
revealed by erosion in the valley of Salt Creek and
one of its branches northeast and east of Cambria.
The thickness of the formation averages 500 feet, as
nearly as could be determined, and 496 feet of it
were rﬂ““ll ]II “1{‘: l']{’.l,"'El "I'i'l,"].] at {-1-'rIT'|1|]]'iEI.. JL“S. mate=
rials are red sandy shale with intercalated beds of
gypsum which sometimes are 30 feet thick, and it
outerops extensively in wide, bare slopes and
high buttes of bright-red color, with outerops of
snow-white gypsum in striking contrast. The
bedding is generally thin and moderately distinet.

| Red clay, fine sand, and oceasional flakes of mica

are the principal constituents.

s

rl‘jli' g:ﬁ'l]ﬁl.llll OeCnrs
the formation at variouns horizons, but is most
prominent at the top and near the bottom. Some
of the larger gypsum beds extend continuously
There are also throughout the
formation small veins of gypsum due to secondary
deposition.  In the lower portion of the valley of
Stockade Beaver Creek the formation is hidden to
some extent under alluvial deposits.
of hills culminating in Mount Pisgah the forma-
tion extends high up the slopes, outeropping in
ereat cliffs of brilliant hue, which to the north
have a height of nearly 200 feet in some places.
At the top of the formation in this vicinity there is
a continuous bed of gypsum from 10 to 15 feet
thick, and in the valley 2 n.iles southeast of Mount
Pisgah there is a series of thick beds of gypsum
near the base of the formation. On the eastern
H]ﬂl)PH of Elk Mountain and southward :i]t}ug the
west side of the Red Valley the Spearfish beds
rige high in the slopes and their brilliant red color
makes them conspicuous features in the landscape.
A S-foot bed of gypsum occurs at the top. In
the region of steep dips in the Stockade Beaver
Valley, for some distance above the LAK ranch,
the outerop of the Spearfish formation is narrow and
iz mostly eovered by alluvial deposits. A measure-
ment was made a mile and a halt north of the LAIK
anch, in which there were found 450 feet, or
possibly more, of the formation, including two thick
beds of gvpsum.
bed of gypsum about 150 feet above the Minne-
kahta limestone, then about 40 feet of red clays, a
2-foot bed of gypsum, 15 feet of red clays with two
thin gypsum beds near the top, a bed of gypsum
which locally attaing a thickness of 30 feet, and,
at the top, about 200 feet of red shale and red
sandy shale, which extend to the base of the Sun-
danece formation. The prineipal bed of gypsum,
in the center of the formation, extends northward
for several miles. Another gypsum bed appears
at the top of the formation and soon attains a
thickness of from 10 to 12 feet, the amount
gradually inereasing northward. This upper bed
is overluin by dark shales, here constituting the
base of the Bundance formation. Northeast of
Cambria there are 25 feet of gypsum at the top
of the formation, several thick beds in its center,
and a local thin bed of gypsum at its base, lying
directly on the Minnekahta limestone. In the
boring at Cambria the members of the Spearfish
formation were reported as follows:

In the range

In this seetion there is a lower

Section of Spearfizh formation al Cambric, Wyo,

Faunt.

i T ot e B G 00 B 00 SO O A S 0S00E o ]
L el el S 28
Red and dark elay.......ocoeviinean. s 23
B | G e na et i DO (O O aE Do e 181
L T e e A R o 2 DOMHB i, # oo A B Oe T
L L o e e A S 0D D Do BB O DO e 58
s T ) B B 618 D0 B B0 S e LSO & 4
Bed clay and gypeiby. .. .ovcivveniinnnnnncatss T

LS LI 5 SO 00 DA SO0 5 b e 00 S DG AL OE D 12
Red elay lying on Minopekabta limestone. .. .. 28

No fossils have been discovered in the Spearfish
formation, and its precise age is not known. From
the fact that it lies between the Permian lime-
stone below and the marine Jurassic above, it
has been regarded as Triassic in age, but it may
prove to be Permian. It is separated from the
Jurassic by an unconformity which may possibly

[ represent all of Triassic time.

JURASEIC SYSTEM.

Sundance formation.—The rocks of the Sun-
dance formation comprise a series of shales and
sandstones which vary but little from place to place
in order and character. At the top are 150 feet or
more of dark greenish-gray shales, usnally including
thin layers of limestone which are highly fossilif-
erous. Next below are sandy shales of reddish
color, underlain by buff sandstone, including a
prominent layer about 25 feet thick. At the base
are dark shales, averaging about 60 feet thick.
The total thickness averages 350 feet throughout.

The formation lies unconformably on the Spear-
fish formation and its outerop oceupies a portion
of the slope which rises from the Red Valley
to the crest of the hoghack range. In the vicinity
of the LAK ranch and farther south, near and
beyond Elk Mountain, the outcrop zone is narrow
and the rocks are often partly covered by talus.
To the north, where the dips are low, Salt Creek
has cut away the overlying Lakota and Morrison
formations for some distance, giving rise to a wide
outerop area of Sundanee formation, which extends
through passes in the divides and connects with
the areas lying along the slopes next west of the
valley of Stockade Beaver Creek. A small area iz
also exposed in the deep canyons of Oil and West
Plum creeks near the northern margin of the quad-
rangle.

A typieal section of the Sundance formation is
as follows:

Section af Sundance formaiion on west side of evalley of
Stockade Beaver Creek, Wyo,

Fret
Morrison shales at top.
Grreenish shales with fossiliferous limestone
R e 0o OGO O E BB 0 S 0 0n 0SS0 A SO E SO0 150
Red sandy shales. ... ...civvivnrrnrrarsssrarss 0
Thin sandstones and shales. . ................. 25
Light-buff, massive sandstones, some beds
LT T e e 30
Greenish-gray shales lying on gvpsum at top
of Spearfizsh red shales..............cc00..s. 70

In the eastern front of Elk Mountain similar
features are presented, but the thickness of the
lower members is less. The following section iz
rej wesentative of this l'(_lgicm:

Seciton of Sundance formalion near Elle Mountain, Wyo,

Feot.

Morrizon shales at top.
Greenish shales with  fossiliferous linestone

T |11 )
Light-colored, thip-bedded sandstones and

Gl G a i ha 0800 000 B0 6000 DDA 000N DaGon A 08 25
Pule-red sandy shales...... .. ... .. ........ a3
Gray sandy shales and thin samlstones.. ..... ]
Maggive creamm-colored =andstone............. 15
Thin sandstones and soft sandy shales....... 10
White sandstones. ... ccovvenusscannassrasess 3
Dark-green shale lying on o 3-foot gypsum

bed at the top of the Spearfish red shales. . 55

The sandstone in the lower part of the Sundance
formation is the most prominent feature in the
outerops, being marked by a distinet bench and
precipitons ledge in the general shaly slope (see
fir. 9). In the valley of Salt Creek this sandstone
gives rise to numerous benches, terraces, and low
buttes. In the canyons northwest of Cambria the
Sundance formation is not far below the surface,
and on Oil and West Plum creeks, which eut some-
what deeper than the other streams in that region,
its upper beds are revealed for a few miles, rising
from below the Morrison shales on the gentle dip
to the southward.
in the thin limestone layers or coneretions in the
upper green shales and in the bufl’ sandstones in
the lower part of the formation. They oeccur also
in the other beds, but in much less numhber., The
most characteristic species is Belemniles densus,
represented by cigar-shaped bodies varying in size
from an inch or less to 4 inches in length, of dark
eolor, and radiated structure when seen in trans-
verse section. This fossil ocenrs mainly in the
upper green shales.

In the boring at Cambria the Sundance formation
was entered at a depth of about 150 feet, but the
well record was not sufficiently explicit to note the
slight change in the character of the shales in
passing out of the Morrison formation. The
beds named in the next table were reported from
150 feet to 496 feet, where gypsum at the top of
the Spearfish formation was found.

The total thickness of these beds is 346 feet.
The red series in the middle of the formation is
finer grained than in the surface outcrops, but the
other features are about the same, including the
basal dark shale and its overlying soft buff’ sand-

Fossils are very abundant both



stone and the thick mass of gray shales at the top
of the formation.

Section of boring of Combric, Wyo.

nesb in of base
feet. In feet.
Bhales, light gray.........c.coavvavna... 160 00
Bhales, sandy, pinkish................. 10 10
A e et o e P Y ey a9 e
Bhale, sandy, light gray..........-..-. 80 870
Bandstone and sandy clay, light green-

L T e e e e P et ot S LY 401
Shale, sandy, very pale greenish gray. 9 410
Bandstone, soft, baff. .. ... .......c00.. 25 . 435
Shale, dark greenish gray, lyving on §

feat of pypeum. ... ....cuaninn... Gl 498

CRETACEOUS SYSTEM.

Morrison shale.—The Sundance shales are over-
lain by a series of massive shales with layers of
fine-grained sandstones which have been called the
Beulah shales or clays, but have been ascertained
to be equivalent to the Morrizson formation. This
formation extends along the eastern front of the
Rocky Mountains and to the “Como stage™ of
central Wyoming,  The deposits are mostly of
light-gray color, but portions are buff, pale green,
and maroon. Their thickness averages a little
more than 150 feet, being greatest to the north,
and they outcrop mainly along the inner side of
the hogback range below the cliffs of Lakota sand-
stone or conglomerate. In the region east of Salt
Creek they occur in extensive outliers overlain by
protecting caps of Lakota sandstone, and in the
sloping plateau mnorth of Newcastle they are
revealed in the deep canyons. Outerops of the
formation are often obscured by talus derived from
the sandstone cliffs above and by =o0il and wash
that accumulate on the slopes.  The contact with
the Sundance formation shows an abrupt change
in the character of the material.  From its relations
and fauna in other regions it is believed that the
Morrison shale is of fresh-water origin.

At Cambria a drill hole in the floor of the coal
mine penetrated 12 feet of sandstone with coaly
layers at the base of the Lakota formation and
passed through the following beds, probably all
belonging to the Morrison formation:

Seetion of drill hole fn floor of coal mine af Cambria, Wyo.

Fest,
Fire alay, PRy .cccciavincinnanannninns 3
HSandstone, light gray, moderately hard .. .... 14
Hireelay...c..cciiinviarnninnranrnnsnnrancanes (k'
Bandstone, gray, apper hall very hard. .. ... 4
Shales, lead colored, soft at base.............. 11
Shale and fine sand.............. e b
Bhale, blaish gray ....cvonneiiinineaneinnaas. 18
Sandstone, moderately hard. . ................ 1
Clay, bluish and purplish, hard below. .. ... 30

The deep drill hole near by began on a level
with the base of the 7} feet of fire clay and
passed through about 150 feet of the formation, as
nearly as could be ascertained from the well records.
The Morrison shale contains bones of saurians, and,
in the northern portion of the Black Hills, a few
fresh-water shells. By some paleontologists the
saurians of this formation are thought to be of
later Jurassic age, but others class them as early
Cretaceous. From the stratigraphic relations of
the Morrison in northern Oklahoma and
southeastern Colorado they are believed to be of
early Cretaceous age.

Lakota formation.—The Lakota formation is
one of the most prominent members brought to
the surface by the Black Hills uplift. It is mainly
a massive =andstone of considerable hardness which,
together with the overlying Dakota sandstone, gives
rise to the prominent hoghack rim of the hills.
Its prominence is enhanced by the softness of the
llluil.-rl‘}-'illg shales, above which it rises in lligh
cliffs.  Its thickness usnally varies from 150 to 200
feet, but loeally the amount may be somewhat
greater, The sandstones are coarse grained, cross
bedded, and massive, with partings of shale or thin-
bedded sandstone of no great thickness. The
color varies from light gray or even white to buff,
the last named being most frequent. At or near
the hase there is a coal horizon, in which ecoal
of excellent quality attains a thickness of from 5 to
7 feet in an area of moderate extent about Cam-
bria. This coal appears not to oceur east and south
of the gap in which the rangeis crossed by Stockade
Beaver Creek. In the Elk Mountain region and
farther south the formation lies in a gently westward-
dipping monocline that gives rise toa long, deeply can-
yoned mountain slope terminating in a line of high
eliffs fronting east. The rocks comprise a thick bed of
moderately coarse, brown conglomerate at the hase

bl

+

of the formation, overlain by a pinkish quartzite
sandstone, which is a prominent feature on Elk
Mountain and some of the high summits to the
gouth. The upper beds are gray to buff sandstones,
moderately hard, massive and cross bedded, with
occasional intercalations of thinner bedded sand-
stones.  The thickness here averages 200 feet.

East and northeast of the LAK ranch, where the
heds are all tilted at a high angle, the Lakota
formation occupies a zone 200 feet wide marked by
a high ridge cut into knobs by the cross valleys.
Northwest of the ranch, where the dips diminish, the

outerop widens into a high, tabular ridge, sloping |

to the south.
dips are low, the outerop of the formation spreads
widely, forming the extenszive plateaun about Cam-
bria. To the east of this region Salt Creek and its
branches have cut away much of a former platean,
and detached areas of Lakota sandstone remain,
capping a series of high ridges lying between
the valleys of Stockade Beaver and Salt creeks.
West of Salt Creek the platean presents a long line
of cliffs of Lakota sandstone, rising gradually to
the north on the gentle dip.  The platean is deeply
trenched by canyons of Little Oil, East Plum,
West Plum, and Oil erecks and their branches,
In their deeper portions these cut through to the
Morrison shales and expose the entire thickness of
the Lakota formation in their precipitous walls,
The presence of a valuable coal bed and numer-
ous variations in stratigraphy give the formation
special interest.
castle the upper member of the Lakota formation
iz a massive sandstone of gray color, usually about
90 feet thick, often with conglomeratic streaks. At
the base of this member there is considerable
evidence of local unconformity, and often a thin
series of coaly shale.
finer grained, even-textured sandstone, unsunally
light-ash-gray near the top, but often darker below,
and locally rusty or tan colored throughout. It
averages about 50 feet thick. Under it is found
the main ecoal s=eries, which, with the thinner
bedded sandstones and shales underlying the
coal in some places, attains a thickness of 25
feet. Often where the coal is thin or absent its
horizon is either immediately above the Morrison
shale or an intervening thin layer of sandstone.
The area in which the coal is 5 feet or more in
thickness and the outerop of the coal horizon are
indicated on the economic geology map. Outside
of the Cambria basin the coal thing rapidly and
merges into a shale that contains thin beds of coal
or carbonaceous shale.  Along the west side of East
Plum Creek the main coal horizon is represented
by 12 to 14 feet of coaly shale containing scarcely
any usable coal. In the upper sandstone of the
Lakota in the region west of Neweastle there are
two horizons containing more or less gravel, which
are seen in most of the exposures. The upper of
these horizons contains small, gray gravel, consti-
tuting conglomerate layers in a massive, tan-colored
sandstone. The lower horizon contains coarse, rust=
red gravels scattered more or less thickly through
a bed 10 to 12 feet thick, which lies about 30 feet
above the coal horizon. The two horizons are
separated by a light-tan-colored, massive sandstone
varying in thickness but averaging about 20 feet.
The horizon of carbonaceons shale, usually oceurring
in the middle of the Lakota formation, is well devel-

In the plateaus north of New-

Next below is a massive,

Section of Lakota and essociated formations af Cambric, Wi,

Faat,
[ Bandsione, thin bedded, at top

. ) | |
Dakota.... 1 Bandstone, hard, massive, buil
Gl ek 0 f0e a0z sonan soe - 40
Fuson .... Bhaleand talus.....coccvvnnears 20
Sandstone, light eolored, con-
glomeratic in part............ G
Talus and sandstone ledges. .. .. T0
Sandstone, light gray, soft, fine
greaned. . ......... ciiiennaanas Gi
B R B e R i A e e )
Lakata ... Sandstone, hard, light brown... &
Handstone, soft dark brown.... 2
Sandstone, light gray, moder-
ately hard.........ccccc0aaas 1}
Coal with sandstone, shale, and
pebbly layers...........c.cuun b
Sandstone, dark gray, soft. .. ... 1
Coal, shales, and sandstone.. ... 2
Fireclay, groy.......cvvevvnn... B
Bandstone, light gray, moder-
ately hard ..ocovvinninninnan. 1%
Morrison .{ Fire elay. .......oviiiiinnnannn. T3
Boandstones, gray, upper half
very hard......... SRS
Shales with some thin sand-
11 e R e T S M+

y 1
To the north and west, where the

oped on Oil Creek and its branches, but it is of vari-
able thickness and composition. It contains some
thin coaly layers and has been prospected in places
with the hope that it would be found to contain an
upper coal horizon. Some typical sections of the
Lakota and immediately associated formations are
here given, the first being at Cambria in the hore
hole of the Antelope mine.

In the canyon of Little Oil Creek below Cambria
there are high walls of Lakota sandstone surmount-
ing a slope of Morrison shale from 40 to 90 feet
high, and a capping of Dakota sandstone with its
underlying mass of Fuson formation. A section 2
'I]]i].t"."* :lll“\'l_" :\'L"“'{‘-EIH1 ].1." iH = ﬂl”.u“'..‘*:

Saction af canyon of Little 08 Creek below Cambrie, Wyo

Faat,
Dakota .. | Sandstone, thin bedded. ... 20
| Bandstone, massive, reddish.... 230
Fuson .... Shales and thin sandstones . ... 15==
(Handstones, baff, partly con-
cepled ... A
| Bandstone, massive, nearly
Lakota ... 4 g . &
1 1] g SO OO0 S e B a0 15
SBhale with coaly layers........ L]
| Bandstone, grayv to brown . .... 20==
Morrison ...8hale to bottom .. .........-... HI]

The formation passes beneath the surface a short
distance north of Newcastle, where the dip rapidly
changes from 3° to 22°,

On the east gide of the ridee 2
Cambria the bluff’ exposes the following section of
the Lakota and associated formations:

Section on cast side of ridge £ miles sowth of Combric, Wyo, |

Feet,

Dakota . { Bandstone, rust colored, thin

{  bedded at top and bottom. ...... Hih

Fuson... Clay, massive, purple to maroon.. 17
[ Bandstone, massive, dull gray

above, yellowish tan color below.. 40
Shale, purplish, partly covered by

Lakota .4 tBIUB.........ooiiiiiiiiiinnnnnass 12
Bandstone, massive, salmon to brick

o b o e S O S O I 1]

8

LSnIldsh‘nw, magsive, white.........
Bottom concealed by talos.

. st side of idee, sit ere

On the west side of the ridge, opposite, there are
many scattered outerops in which the sandstones
show considerable local variations in color. At
one point a S-foot coal bed is exposed. The follow-
ing section sets forth the principal features:

Section on west side of ridge 2 miles sonuth of Combeia, Wyo.

Feot.
{ Bandstone, light brown, mostly
ol TR g 30
Fuogon4 .. Talus .....cocoveiinaiinnnnrnranns a5
[Bandstone, massive, salmon col-
ored, conglomeratic at base. ..... 60
Talus, on sandstone in part........ 85
Sandstone, light gray to bull. . ... 85
Lakota . s 8hale, gray..........cccceectunnn. 4
Sandstone, massive, brown. ....... 12
Coaland DONS. ... ...covavrnininnas 1L
Sandstone, massive, brown........ 2
L Coal, underlain by some sandstons 5

Morrison. .Shales,

On the west side of East Plum Creek, near the
northern margin of the quadrangle, is presented a
thickness of about 160 feet of massive, light-colored
sandstones with local conglomeratic streaks and
some intercalations of thinner bedded
about 70 feet above the base. The details of a
partly well-exposed section on the west side of
East Plum Creek just north of Deford’s ranch, 2
miles northwest of Cambria, are as follows :

members

Sectfon on west side of Fast Plum Creek 2 miles northwest of
Cambric, Wya.

Feot.
Dakota. .. SBandstone, massive, tan eolored. 20
D“{h’;ﬁ“ ?5 Handstones, thin badded, and
TPuBan .. { shales of various colors. . ...... 53
[(ComEeAled ... .nnirsvansmnnnnnns 40
RBandstone, massive, pale pink to
buff, conglomeratic at base, ... 15
Sandstone, light baff, ecross
bedded, conglomeratic at base, 22
Uniconformily?
Bandstones, compact, pale pink
1o Nght Eray...courravnrinins 12
Bundstone, coarse, conglomeratic,
Lakota ot T i by e o e e 18
Bandstone, dark bufl. ... ....... 2
Impure eoal and coaly shale. .. .. [
Bandstone and shale. ............ 3
Coaly shale and thin coal beds... 7
Sandstone, massive, tan colored. 6
Bhale, sandy, light gray......... 2
Sandstone, massive, bafl ....... a0
Concealed. .....cconeiminiinnneas 15
Morrison..Bhale........... cccoieiianaannn, 00 4-

In the canyon just southwest of Mount Zion
anch the Lakota and associated formations are as
shown in the next table,

In il Creek and Blacktail eanyons the Lakota
varies in thickness from 125 to 160 feet. A typieal
scction on the west side of Oil Creek Canyon 1}
I]li]us II{!‘]U\"E LllU "Iﬂ'l.'ll].l “.[‘ ]:.]I.I.IHI. {;]'l,,"l,_’li. Ilil.‘ﬁ I_Ill.'!

miles south of

T,

Section in canyon sowtfooest of Mount Zon ranel, Wyo.
Fait.
Dakota . Bandstone, massive, light colored 30
Fuzon .. Sandstone and dark shales..... 20-30
"Bandstone, bufl and tan colored,
conglomeratic streaks........ 115
0T T R A ¥
| Bandstone, hard, .. ............. 3
] R S i o P 4
Lakota . « Sandstone with carbonaceous
BUBEEE ....0vvunnnnns ja6Han A6mn 1
L s na S0em0atn R an s AT S0 e Jps 2
Handstone, massive, partly
cross bedded, nearly white... 40

Morrison. . Shales, greenish,

following components, including also the Fuson
and Dakota formations:

Section on wwest sdde of Ol Creck Cangon 13 miles below
wmouth of Pl Creak, Wi,

Fuut.
Dakota ... SBandstone, massive, rust eolored. 40
Dakatarh Bandy shale, grav. ............... 0
{ Bandstone, reddizh . ............. ]
[ Bandstone, thin bedded, gray... 1
| Bandstone, dark pinkish........ i3
Handstone, thin  bedded, rost
eclored, with dark shale layers. 25
Fuson (in . Shale, EEAF . .c.ovoviiinsnsareens 10
greater’ Sapdstone, reddish .............. 2
part}. ... | 8hale, carbonaceous. .. ......... 1
| Congenled .. .uieiinirar i sratana &
i Randstone, eross bedded, gray... 12
| Conegaled .......cocvvimmnaianinss 15
Handstone, aross Dedded, wassive,
| Ligat colored. ... - convnnacnnns A
| Sandstone, conglomeratie, light
; EPAY cccuceasinssassasbasbnnns 25
| Sandstone and coaly shale. ... ... 2
| Lakota.... | neconformify ¥
I Sandstone, massive, rust colored
above, lighter below........... 19
Shale and sandstone, gray....... 2
ASandstone, massive, reddish tan
| togalmoneolored .. ............ 0
I Morrison. . .. Talus and shales.. ............... 80

|  Two miles farther north, above the mouth of
;]’]nru Creek, the cliffs on the west side of Oil

Creek Canyon exhibit the following section :

| Beetion on west side of 0§l Creek Cangon £ miles above mouth
| of Plum Creek, Wyo.

Feat.
[ Bandstone, massive, tan colored. 55
| Bandy shale, gray ..... .covoee. 3
Dakota ... 4 gundstone, thin bedded, rust
| E{:lun"l]......................---- 24
| 5 .i:1llj:-::+'£d : Coneealed ..oocvvecinmnaranmnanes it
' (Handstone, masdive, cross  bed-
| L R e e S 13
| Sandstone, massive, eross bed-
bed, conglomeratic, tan to
galmon eolored. . ......o...0acs HiH
Handstone, thin bedded, rost
eolored, with some shale..... 8
Bhale, gray ......ccovenvenrana.. 1
; J Bandstone, Mmassive, cross Fassid -
AL ded, tan colored. ... -ccoaivanen 24
Shale, carbonaceons. ........... 3
Unconformity.
sandstone, thin bedded, gray... 6
Shale, purple.......... ........ 14
Bandstone, mag-ive, eross bed-
ded, light pray... . ...cccocnuee 24
Sandstone, massive, cross  bed-
L ded, rust-red eoloved.......... 30
Morrison....Shales to Oil Creek............. 6

Owing to a local flattening of dip a short distance
north, the lower sandstone descends to the water
level and crosses the valley, but it soon rises again,
and near the northern margin of the quadrangle it
iz over 150 feet above the creck; there, however, ils
thickness is greatly diminished.

Fuson formation—Lying between the massive
sandstones of the Lakota and Dakota formations
there is a thin series of shales and thin-bedded
sandstones which have been designated the Fuson
formation. The shales are often red or maroon
in color, but are mostly gray and buff. They
merge into =andstones that are thin bedded and
contain shaly partings in most eases.  Possibly in
some localities the formation is absent, but in
nearly all clear exposures it appears to be separable
from the adjoining beds.  For much of its course
it is hidden by talus derived from the sandstones
above. Its thickness varies from 10 or 15 feet to
as much as 40 feet in exceptional cases, East of
Clifton it often consists of alternations of pink
clay and thin-bedded sandstone 30 feet thick.
The clearest exposures are in the eanyons of Oil,
Plum, and Little Oil ereeks and along the western
glope of the ridge south of Elk Mountain. No
fossils were found in the formation in this area, but
in the Hay Creek region numerous plant remains
of lower Cretaceous age were obtained by W. P.
Jenney from his “Division No. 2" of the “Dakota
group,” which includes the Fuson.

Dabota sandstone.~Thiz formation lies along the
lower western slopes of the hogback range, but
north of Newcastle it appears to extend far to the




north, capping the long sloping plateaus. Its
thickness varies from 50 to 100 feet. The most
characteristic feature of the formation is a lower
member of hard sandstone with massive structure
and reddish brown color. The upper member is a
series of thinner bedded sandstones. The forma-
tion gives rize to tabular surfaces, ending in pre-
cipitons cliffs from which the rock of the lower
'II'I{"HII]{"'E' gl‘lll"]'-'l“}" ]II'[‘E]I{H l_'}ﬁ‘ ill gl'l'ﬂf vert il'-i-l]. 3]!11!!‘1
or irregular columns. A very charaeteristic aspect
is shown in fig. 13 of the illustration sheet. In
some localities this imassive character is lacking,
especially in portions of the region north of New-
castle, where the formation is softer or thinner
bedded. A most exceptional phase of the forma-
tion is exposed in the canyon of Little Oil Creek
just above Newcastle, where it is represented by a
series of alternating sandstones, mostly thin bedded,
and shales of dark color.  As the Fuson formation
is less distinetive here than usual it is diffienlt to
recognize the precizse dividing line between the two
formations.  In the valleys of the branches of
Plum Creek the formation has heen extensively
eroded, but small outliers remain on the summits
of gome of the adjoining ridges. Its identity here
is in some eases doubtful.  In the region north of
Newcastle there is a general thinning of the forma-
tion to the north and northeast. On the high
tables about Cambria the thickness varies from 40
to GO feet, the massive lower bed appearing in the
thicker portions.

Graneros formation.—"The lowlands lying next
west of the slope of the hogback range are under-
].:'litl }.}- a tll{[“l‘i mas=s H‘f' L‘_HJ'ﬁJ I‘!I]L‘-gi'iti[l{]ll {]{‘I}U!ﬁitﬁ,
of the Graneros formation, varying in thickness
from 950 to 1100 feet, the greater thickness being in
the vicinity of Neweastle and a short distance
north. The formation consists mainly of shales
of dark gray to black eolor. It includes, about
175 to 275 feet above the base of the formation, an
elongated lens of sandstone, which attains a thick-
ness of 30 to 40 feet in the vicinity of Neweastle.
West of Oil Creek this sandstone thins rapidly,
and in the vicinity of Osage it finally is lost or
becomes inconspicuous among other thin sandstone
layers in the formation. In the Whoopup Creek
region it has a thickness of 15 to 20 feet and the
rocks are spread out by some low flexures in which
the Graneros sandstone caps several prominent
ridges. To the south, near Clifton, it passes beneath
alluvial deposits and does not appear again. The
rock is hard and always gives riseto a ridge of greater
or less height, which from the LAK ranch to Oil
Creek rises in prominent hogbacks just south of
the main range of Dakota sandstone, from which it
is separated by a line of narrow valleys underlain
by the basal black shales. Immediately west of
Neweastle this ridge attains a height of 500 feet.
In this vicinity the rock contains petroleum, which
at several points flows out in natural springs of
small volume (for location see economic geology
map). A section of the lower members of the
Graneros formation at an oil spring 4 miles west
of Newcastle 1s as follows:

Seclion of Tower members of Graneros formation § miles
west of Newcastle, Wia,

Faat.

Sandstone, hard, slabby, shale partings, oil
T e e o e e P e o e e e et &

Bandy elay, light eolored. . .. ........c...c.0. 14
Bhale, Yary dark....ccceoicconaassnnssnssnns H
= T Fj ot g 13
T T S S e e P |
Bandstone, slabby, ripple marked, buff ..... 2
Bhale, dark, few thin sandstone layers .. .... 20
Sandstone, massive, light bufl; contains oil.. 15§
2T T T oo S0 m 00 D D SO0 DD E SO SD R GO EG 1

Shales, dark, to top of Dakota sandstone. ... 250

Several hundred feet of the lower portion of the
Graneros formation were penetrated in two deep
borings for oil a short distance south of New-
castle.  The following beds were reported in one
of these:

Partial section of Graneros formation in Shrepe ofl wwell,
Neweastle, Wiyo.

Thicknessz  Depth of basa
i Dt in Fect,

Gravel, sand, andelay............. ] 50
T e S R s 150 200
Sand, some il (V..o iiiaan 15 215
5 1 . e TP 188 403
Bhale, mueh gas. ............00.... 8 411
Band with gag. . ...c.ocovvsiisanes 15 426
T, rcmnca e 00a e An G SE e R o 204 Gad
Band with oil and water, main **oil

gand”........ B s P S 10 640
Shale with few layers of sandstone 160 B
Sandstone, mueh water............ 20 820
Noreeord.....cocnvinrinnsnnonranes 402 1812

This boring is about a half mile southwest of the
railroad station and was made several years ago.
The main “oil sand” appears to be 630 feet below
the surface in this boring, and if so the Dakota
sandstone probably was reached at a depth of
about 820 feet and furnished the principal flow of
wiater.

In a boring made in 1902 about a guarter of a
mile due south of the above the following beds
were reported :

Partial section of Graneros formation in Well No. 1, Norih-
ern Pacific O Company, Neweastie, Wio,

Thickness Depth of basa
in fmot. n feet,

8hale. ........ B 0n AP B e e AT o 150 150
Hard sandstone. .........ocvvnveece 14 164
Darkshale......:.ccc0000.5 gt o T 230 403
Hard sandstone (concretion)....... 2 405
Light-colored shale................ (] 412
L S0 [0 e SR i e e o 52 404
Very hard sandstone (concretion). . 3 466
Grayshale..................- A 8 474
Yery hard, coarse sandstoma. . ... .. 14 482
Very hard, fine-grained rock....... 4 402
[T, amfinien oot Sooom oeb aabo AoEEoE RS 7 400
Sandstone, water and oil, main “oil

T T a2 fal
Darkshale.......cccocnvnirssnsmens 30 it
Bandstons. .. ccociinnnmrians s T Iyt
sShale and sandstone.. ... ......... i3 T
e S g SO 200+
Bandstone (Dakota) to botton. .. .. L

The beds in this well are nearly the same as in
the first, for the strata rise but slightly to the north.

The main “oil sand” at 630 feet in the first well is |
probably the same as the one at 499 feet in the |
The precise thickness of the under- |

second well,
lying shale below 531 feet was not reported, but it
ig said that the Dakota sandstone was entered at
about 800 feet, which indicates a thickness of about
270 feet.

Near the LAK ranch the sandstone in the Gran-
eros formation
shales, but the amount increases somewhat to the
south. In the gorge above Newecastle the thick-
ness is 205 feet, not including some doubtful beds
of passage into Dakota sandstone.

West of Newecastle the stratigraphy of the sand-
stone series in the lower part of the Graneros
formation is variable, there being frequent changes
in the thickness of the sandstone beds and the
succession of intercalated shales. A section at the
mouth of Oil Creek Canyon shows the following

beds:

Section of Graneros formation af month of (0 Creele Canayon.,

Faot.
Shale, black .............. T L AT 50+
Bhales, dark, with thin sandstone lavers. .. 67
Handstone, brick red to maroon . ........... T
A O T e e e oot R e tm o o 8
Handstones, thin bedded, rast colored, .. ... h
Bhale, light graytobaff. ................... 5
Bandstone, massive, light buff. ... ........ 15

The lower or principal sandstone bed thins
gradually from this point northward., In the
vicinity of Osage it varies in thickness from a
few inches to 6 feet and a still lower sandstone
series comes in.  In one locality, a mile east of
Osage, there are two 10-foot layers of hard, massive
sandstone separated by 4 feet of dark sandy
shales and overlain by a succession of thin sand-
stones and sandy shales 17 feet thick capped by the
sandstone bed, here 6 feet thick, which extends far
southward.

Overlying the sandstone of the lower portion of
the Graneros formation are 800 feet of shales,
which are mostly black and fissile below and dark
gray above. A few feet above the sandstone there
is a conspicuous series of hard, light-bluish-gray
sandy shales, containing a large number of fish
scales. These shales weather nearly white and form a
characteristic horizon. Their best exposures are in
the railroad cuts 1 to 2 miles west of Newcastle.
In the shales lying next above are some thin beds of
sandstone and numerous lens-shaped coneretions of
hard material. At the top of the formation, espe-
cially in outerops northwest of Pedro, there are
many large concretions in gray shale lying below
the Greenhorn limestone. In the region near New-
castle the upper members include some limy beds
constituting beds of passage to the Greenhorn
limestone. Owing to many variations in structure
along the margin of the Black Hills uplift, the
Graneros formation presents considerable diversity
in its surface distribution. From the 8 & G ranch
to Clifton it is spread out widely by very low dips
and gentle undulations, and this is also the case
north of Clifton, where the lower beds have a wide

is underlain by only 175 feet of |

outcrop area, but there the beds above the sand-
stone dip steeply and oceupy a narrow belt extend-
ing to the LAK ranch. South of Neweastle there
are low dips in the upper beds and they oecupy a
wide area for a few miles, The outerop zone nar-
rows rapidly west of Little Oil Creek and for some
distance is only a quarter of a mile across.  From
Pedro to Osage low dips are again found and the
outerop widens correspondingly. The sandstone
here caps the low ridge northeast of the railroad.
The Graneros shales contain very few fossils except
the fish scales above referred to. Some molluscan
remains obzerved in this region and elsewhere are
of lower Benton species.

Glreenhorn limestone.—Near the center of the
Benton group there is a thin but very distinetive
series of beds of hard, impure limestone, known as
the Greenhorn limestone, which, owing to itz hard-
ness, n=sually gives rise to a prominent ridge or east-
facing escarpment lying a few miles west of the
hoghack range.

S & G ranch., Between Oil Creek and Little Oil
| Creek and from the LAK southward to
| beyond Clifton Siding, where the formation has a

| steep dip, itz presence is marked by a small but

anch

I pmm[iwnt ]"il,].f_"‘l.‘, often with a vump;miml rhl;_{_{* ju:-:l:
| west, due to a bed of hard sandstone in the Carlile |
| formation (see fig. 11 on illustration sheet). The |

thickness of the Greenhorn limestone AVerares i)
feet or less, the limitz being somewhat indefinite.

caleareous shales, but in the eenter of the Green-
horn limestone there are found 20 to 30 feet of hard,
thin-bedded, impure limestone with some shale
| intercalations. The rock is characterized by vast
numbers of im]:n*ssiun:-: of Tnoceramus labiatus, a
fossil which is of infrequent occurrence in other
| formations of the Benton group (see fig. 12 on
| illustration sheet). The limestone appears to gain

hardness on weathering, for on the hill slopes it |

' breaks up into hard, pale-buff’ slabs covered with
impressions  of the distinetive fossil.  In other
regions the limestone usually is distinetly separ-
ated from the black shales of the Graneros forma-
tion, but in the Newecastle region there are beds
of passage.

Carlile  formation.—This formation consists
mainly of shales with oecasional thin beds of sand-
Its thickness averages about 700 feet. The
outerop area extends diagonally across the New-
castle quadrangle from northwest to southeast, the
beds dipping to the southwest in the northern
portion of the quadrangle and almost due west in
a narrow zone of outcrops extending south from
LAK ranch.
they are also between Little Oil Creek and Oil
Creek. South of Neweastle the formation is spread
out in an area of considerable extent, and north-
west of Pedro, where the dips are very low, its
outerop has an average width of 3 miles. The
usual order of beds in the Carlile formation is a
basal series of dark shales and alternations of gray
shales with thin-bedded sandstones, then an exten-
sive series of drab shales, and at the top gray shales
containing numerous large coneretions.  Two typ-
ical sections are ag follows:

stone,

Section of Carlile formation 3 miles west of Newcastle, Wyo.
Faont,
Niobrarn chalk at top.

Dark shales, with light-colored concretions

BEAr TOP...ccrarrnnnsniarossaninansnssnsnans 130
Darkshales. ............ O A o S e ST 200
Caleareous coneretions . .....cceveernsnnnrans i
Bandy shales, with thin sandstones .. ... 170
Brown sandsboms. . .. covienin sariasrasrannans +
Ve T I [ T e A B e 0 A O O B e Ol S i H R 200

Greenhorn limestone.
Section af Carlile formation noth of Pedro, Wya.
Feat.

Niobrara chalk at top.
Dirab shales, with numerous concretions near

¥ o] L S ey YoM 1 A s E R T S50
Thin-bedded sandstone. .......cooiiaiianan. b
TR e e i sy GRS g et A
Bandstone, dreab below, reddish above, ... .... 80
0 e et e A S e T bl
Thin-bedded, light-brown sandstone .. ... e BS
Grayehales. . ........ . .ceccsiiisinnnscanannss i)

Greenhorn limestone,

The sandstones in the Carlile formation give rise
to sharp ridges, and where the beds have steep dips
these present a very ragged crest line. This is
notably the case for some miles west of Little Oil
Creek and in the ridge west of Clifton Siding. At
some points west of Newcastle one of the lower
sandstones, of light-brown color, has a concretionary

This feature is most conspicuous |
north of Pedro, south of Newecastle, and west of the |

Beds of passage into the adjoining formations are |

In this zone the {|iim are steep, 48 |

structure, which is shown hy the development of
disks from 2 to 3 feet in diameter, locally termed
“cart wheels.” The Carlile formation contains
fossils, mainly mollusks and fish remains of upper
Benton age.

Niobrara formation.—This is the least conspic-
uous formation in the Newcastle gquadrangle, and
owing to the softness of the materials the beds
are rarely well exposed. In most places it under-
lies a shallow valley lying at the foot of the slopes
of the harder rocks of the Carlile formation. The
“material is soft, shaly limestone or impure chalk,
containing a greater or less admixture of fine
sand and clay, Its weathered outerops have a
bright-yellow color which is characteristic, but in
unweathered exposures the material iz nsnally light
gray in color, The thickness of the formation,
including some obscure beds of passage into the
adjoining formations, averages about 200 feet, as
| nearly as could be ascertained. In the Niobrara
| formation are often found thin beds of hard lime-
stone consisting of an agoregation of shells of

| Ostrea  congesta, a fossil very distinetive of the

formation when it occurs in this manner (see fig.
| 12 on illustration sheet).

In the beds of passage at the top of this forma-
tion in the vicinity of Pedro are some thin len-
ticular masses of a peculiar white clay known as
bentonite, which has the capacity of absorbing sev-
Ceral times its bulk of water and is of considerable
| commereial value,  Tts prineipal exposures are in a
very small ridge a half-mile east of Pedro Siding
and on the hill slope a mile west of that siding,
where it has been exeavated for shipment.  When
dry the clay is massive and moderately hard, break-

| ing with conchoidal fracture, but when moist it is

like soft =oap in consisteney and gives rize to miry
Three miles northwest of Osage a
similar deposit occurs in the Graneros shale.

" Hl]q‘lll ]'IIZII!_'{L.”
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valleys occupying the central portion of the New-
casgtle quadrangle is underlain by Pierre shale, a

thick mass of dark-colored clay or shale, weathering
light brown and relatively uniform in composition
throughout. Its outerop area is a region of low,
rounded hills sparsely covered with grass and not
very useful for agriculture. The formation is
about 1250 feet thick, but it iz only rarely that its
thickness can be ascertained, and where the dip
is gentle it is almost impossible to measure it. At
a horizon about 1000 feet above its base it includes
scattered lenses of limestone, nsnally containing
numerous ghells of Lucina occidentalis.  Although
these lenses also oceur sparingly at lower hori-
zons, they are most characteristic of the horizon
mentioned, and as they oceur at intervals nearly all
over the area they throw much light on the
structure of the formation. It is from this evidence
that the cross sections and the determination of
depth to Dakota sandstone have been made in the
Pierre shale area. The limestone lenses with
Lucina vary in size from 2 to 3 cubic feet to
magses 20 feet in diameter and 6 or 8 feet thick
and usually of irregular lens shape. When these
lenses are uncovered by erosion they give rise to
low, conical buttes resembling in form a very squat
tepee, and they have therefore been designated
“tepee” buttes. Their height varies from 20 to 50
feet in most cases. The Pierre beds are usually
somewhat steeply tilted along their eastern margin
from Pedro to the southern boundary of the quad-
rangle, but to the west the dips diminish and there
are wide areas in which the beds lie nearly level or
are traversed by gentle undulations.  Numerous
coneretions appear in the Pierre shales at varions
horizons and usually contain large numbers of very
distinctive fossils, especially in the upper beds,
The more abundant are of the following species:
Baculifes compressus, Inoceramus sagensis, Naulilus
dekayi, Placenticeras placenta, Helevoceras nel-
rascense, and an occasional Lucina oceidentalis.
The concretions are generally of small size, of a
giliceons nature, and break into small pyramidal
fragments which are scattered more or less abun-
dantly all over the shale surfaces.

Fox Hills formation—West of the wide valley
region in which the Pierre formation oceurs there
rises a low escarpment due to a series of thin beds
of hard sandstone which belongs to the Fox Hills
formation. There are two or three thin layers of
this sandstone, with shaly beds intercalated, and an
underlying series of soft, clayey sandstones having




a thickness of only 50 feet. =The basal members
contain abundant distinetive fossils, ineluding at
some places large numbers of Venielle. There is
a conformable transition to Pierre shale through
200 or 30 feet of sandy shales lying near the base
of the slope. Farther south, lower sandy beds of
the formation often contain large, fairly well-defined
coneretions due mainly to local increase of lithifi-
cation. The two following sections (figs. 1 and 2)
show some of the distinetive features and the
topographie relations.

Fra. 1.—#eetion of esearpment in Fox Hills formation in
Weston County southeast of Neweastle, Wyo.

Laramie formatlon: a. sandstones amd elays, Fox Hills formation: &, sandy
shade with thin, hard sandstone beds; o, 30 feet of sy gray shale with soft
fassiliferous concretions; o, thin lnyer of ferruginons sand; e lemd=colored
sy elay. Pierre shals: §, gray fossiliferons ahale.

Fig. 2. —Section of escarpment in Fox Hills formation in
Weston County west of Clifton Siding, Wvo.

Laramie formation: o, shales, Fox Hills formation: &, brownish-gray sand-
stone; o, sandy shale: J, 25 feet of greenksh to gray, soft, thin-bedded sand-
staawe; @, viery fossiliferows lenses of harder gray sandstone: § 50 fest of
miasive, soft, palegreenish-buff sandstone and sandy shale, Pierre shale;
i, gray clay.

The breadth of the outerop of the Fox Hills
formation is not over a mile in most places and is
often considerably less. South of Robbers Roost
Creek it widens to 5 miles. The thickness of the
formation is from 150 to perhaps 200 feet, increas-
ing southward, but gradually diminishing to the
north to 75 feet, the decrease being largely in the
lower beds. There is some doubt as to the upper
limit of the formation, and there are indications
that the line of lithologic change is not a con-
stant horizon throughout; thus it may be that

some of the lower members represented as Laramie |

formation in this region belong to the Fox Hills
in other districts.

Laramie formation—The extreme western and
southwestern portions of the Neweastle quadrangle
are occupied by the Laramie formation. This con-
sists of soft, massive sandstones intercalated with
carbonaceous sandy eclays, The thickness is 700
to 800 feet, as nearly as can be ascertained. The
beds dip very gently to the west. The region is
one of irregular slopes, steep where there are sand-
stones, gentler where there are shales, and with
many detached buttes and hills. The highest of
these, known as Alkali Butte, is a prominent land-
mark from the east, although it rises only about
200 feet above the adjoining rolling hills. The
section it exposes is as follows:

Seetfon exposed in Alkali Butfe, Weston County, Wyo.

Faat.
Light-brown sandstone, hard ... ............ 1]
Light Lufl, massive sandstone, coarse but
P [0 e e it e et e e 1 e e S e T
Brownish buff, massive sandstone, with a
few large, irregular concretions........... 20
Dark. sandy, and lignitic clays, with thin
sandstone partings.........coovvniinina... M
Hard, brown sandstone. ... ................. 3
Holt, mossivastone. . ... ivtiininnrennrnnes bl
Hard, brown sandstone. . ... .......cco.o.... 2
Light-gray sandstone, with dark-gray, hard
sandstone layers and concretions........ 402

Below the beds exposed in this butte there is an
alternation of several hundred feet of sandstone
and carbonaceous shales in beds from 30 to 40 feet
thick in greater part. Next above the Fox Hills beds
are 80 feet of gray clays overlain by sandstones.
The sandstones of the Laramie formation consist
mainly of fine-grained, loosely cemented sand of
light-buff’ color, often having a thickness of 40 feet.
They contain very characteristic concretions of gray
eolor and great variety of shape. This material is
simply the sand locally lithified to increased hard-
ness and slightly darkened. The size of the con-
cretions varies from a few inches to many feet.
They are usually elongated, with rounded outlines,
but spherical and lens-shaped coneretions abound.
Some representative forms are shown in fig. 10 of
the illustration sheet. The beds of shale which
oceur interbedded among the sandstones of the
Laramie formation are usually of dark-gray color
and in places lignitic, but no coal deposits have
been found in them in this region.

QUATERNARY BSYSTEM.

The Quaternary formations of the Newcastle
quadrangle comprise alluvial deposits along the
stream  vallevs and upland gravels and sands
oceupying old terraces which are remnants of a
previons epoch of topographic development.

Altuviswm.~—The principal alluvial deposits are

Ceeneral talus and wash on the hill slopes.

6

in the wide valleys excavated in the Pierre and | Stockade Beaver Creek, and the valley extending

Giraneros shales, but narrow areas of recent alluvium |
extend up all the valleys and merge into the
Only
the larger alluvial areas are represented on the map.
The most extensive of these are in the valleys of

Beaver Creek, Oil Creek and its branches, South |

along the foot of the hogback range from Whoopup
Creek to the 8 & G ranch.  Alluvial flats of eon-
siderable size also extend up portions of Red-
bird and Gillette eanyons and along Stockade
Beaver Creek in the Red Valley. The materials of
these deposits are mainly loams and sands, with

Beaver Creek, the lower portion of Blacktail Creek, | some admixture of coarser material. Along Oil
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FFra. 8.—Black Hills uplift represented by contours on the surface of Minnekahta limestone.
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Where the Minnekahta limestone has been removed by erosion the caleulated position of the

contours is shown by broken lines. Long dashes indieate areas from whiech Minnekahta and overlving formations have been eroded : short dashes, areas from which all sedimentary

rocks have been removed.  Contour interval, 250 feet,

B, Bear Butte; B 8, Black Butte; B L, Bearlodge Range; ¢, Crook Mountaing ¢ p, Crow Peak; 0, Deadwood; p T, Devils Tower; €, Elkhorn Ridge; £ M, Edgemont; G, Green Mountain; H, Harney Peak; H 5, Hot Springs; | N, Inya nkara
Mountain; M B, Little Missourl Buttes; N, Nigger Hill; N C, Newonstle; O L, Oelrichs; 0w, Old Woman Creck; R, Rapld; 5, Sundance; S T, Sturgis.



Creek there is considerable reddish material of a
predominantly sandy character. This owes its
reddish color to sediments brought down from the
Red Valley, which is drained by Oil Creek north
of the northern margin of the Newecastle quad-
rangle. The deposits along Beaver Creek are
mostly the dark clays from the Pierre shale, which
it traverses, Their thickness varies from 15 to 20
feet. In many places the ereek cuts through the
deposit and exposes the underlying Pierre shale,
but, owing to the numerous caved banks, it has
not been possible to map this feature in detail.
Several low knolls of shale rise through alluvium
in the valley.

Terrace deposifs—The earlier terrace deposits cap
some of the low ridges, mostly in the Pierre and
Graneros shale region, and extend on shelves up
some of the wvalleys of the higher lands. They
mark the courses of' old streams which have since
cut to lower levels, and undoubtedly they were
much more extensive originally, 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, One of the
most conspicuons deposits remains in detached out-
liers capping the deeply dissected ridge which lies
between Stockade Beaver and Blacktail creeks. A
continuation of probably the same deposit is found
on the ridges southeast, south, and west of the
S & G ranch, on benches along the foot of the
hoghack of Dakota sandstone to and beyond Clifton
Siding, and at intervals on the ridges south of the
LAK ranch. It lies from 150 to 200 feet above the
surrounding valleys in greater part, and there are
higher portions on the summit of the hogback
range west of Whoopup Creek.  Other deposits are

found on terraces on the sides of the valley of

Stockade Beaver Creek north of the LAK ranch.
These deposits undoubtedly owe their origin to a
predecessor of Stockade Beaver Creek which had a
course approximately the same as the present
valley.  Small gravel deposits are found on the
ridges adjoining Skull Creek from southwest of
Neweastle north to the northern margin of the
quadrangle. They lie from 125 to 150 feet above
the creek and evidently represent an earlier period
of deposition from the same drainage basin that is
now occupied by Skull Creek. Many small out-
liers of gravel lie on the ridge between Oil Creek
and Blacktail Creek, representing a terrace which
has heen very nearly all removed by erosion.

BTRUCTURAL GEOLOGY.
Structure of the Black Hills uplift.—The Black

Hills uplift, if’ not eroded, would present an irreg-
ular dome rising on the northern end of an anti-
clinal axis extending northward from the Laramie or
Front Range of the Rocky Mountains (see fig. 3.) 1t
iz elongated to the south and northwest, has steep
slopes on the sides, is nearly flat on top, and is subor-
dinately fluted. The greatest vertical displacement
of the strata, as indicated by the height at which
the granite and schist floor is now found, amounts
to about 9000 feet.

In the northern hills there are numerous local
domes and flexures, due mainly to laccolithic igne-
ous intrusions, but no similar features are indieated
by the structure of the southern hills.

Faults are rarely observed; of those seen, mot
many amount to more than a few feet in vertical
displacement, and these are short breaks due to
igneous intrusion.

Ntrueture sections.—The sections on the structure-
section sheet represent the strata as they would
appear in the sides of deep trenches cut across the
country. Their position with reference to the map
is on the line at the npper edge of the blank space.
The vertical and horizontal scales are the same, g0
that the actual form and slope of the land and the
actual but generalized relations of the rocks are
shown. The structure where buried is inferred
from the position of the strata observed at the
surface and from determinations of their thickness
where they are uplifted.

Structure of the Neweastle area.—The Newcastle
quadrangle embraces a portion of the southwestern
slope of the Black Hills uplift, with rocks dipping
more or less steeply to the southwest, and a portion
of the Great Plains, in which the beds lie nearly
level. There are local irregularities in the mono-
elinal structures, consisting mainly of variations of
strike and pitch and the presence of several low
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diagonal undulations of the strata. In the north-
east corner of the quadrangle there is a portion of
the crest of the dome of the general uplift of the
Black Hills in which the rocks lie nearly level.
Near the State line the dip rapidly steepens and in
some localities there ave nearly vertical dips.  This
is notably the case in the steep westward-dipping
monocline shown in the exposures of the Minnelusa
and Minnekahta formations in the steep slopes
northeast of the LAK ranch (see fig. 8 of illustra-
tion sheet.) At several points in this portion of
the monocline the beds are nearly vertical and the
harder sandstone and limestone ledges give rise
to a succession of saw-toothed ridges of brilliantly
colored beds. This steep-dipping corrugation of
the monoeline trends south by west and passes into
higher and higher beds in succession, being con-
tinued nearly to the southern margin of the quad-
rangle, where it affects the upper members of the
Benton group. In the zone of low dips next east
there iz a downward pitch to the south, which
spreads the outerop area of Minnekiahta limestone
about Redbird and Gillette canyons, and widens
the hoghack range at Elk Mountain and for some
distance southward. It finally passes out into the
Graneros shales, which, near Clifton Siding, are
spread out widely under its influence. West of
the steep-dipping portion of the monocline above
deseribed there is a rapid diminution of ineli-
nation of the beds, At the north there a
wide valley of Spearfish formation and a broad
zone of Sundance formation with outlying ridges
capped by Lakota
mainly to the west at low angles and there
are several very low corrugations and a general
pitch to the south.
monocline dips very gently southwestward and the
hard sandstones of the Lakota and Dakota torma-
tions are spread out into a wide, sloping plateau
deeply dissected by eanyons. The change of dip
from west to southwest takes place gradually in the
latitude of Cambria, but farther south, in the
vicinity of the LAK ranch, there is a very sudden
change in direction, marked by an almost right-
angle bend in the strike about the LAK ranch.
South of Newecastle there is a broad area of rela-
tively low dips, west of which for some distance
the Graneros to lower Pierre beds dip at a steep
angle. The dips are to the southwest and are
steepest between Oil Creek and Little Oil Creek.
They diminish in steepness toward Pedro and to
the northwest they are low. In the center of
the quadrangle, in the Pierre shale region, the
steep inclinations west of Neweastle and south of
the LAK ranch rapidly diminish and there is a
broad area of almost horizontal leds traversed by
a few very low undulations. West of Beaver Creek
there is a general low dip to the west-southwest
which continues to the margin of the gquadrangle.
The maximum dips observed in this region are less
than 3 degrees.

No faults of any appreciable amount are found
in the area of the Newcastle quadrangle. Oecca-
gional small slips are exposed, but no notable dislo-
cations. There have been many landslides aleng
eliffs of the Lakota sandstone where the soft

15
The dips are

sandstone,

In the Cambria region the

underlying shale is inadequate to sustain the heavy |

masses of overlying rock. Joint planes extensively
developed in the Dakota sandstone trend nearly
due northeast in most cases observed.

MINERAL RESOURCES.

BOILS,

Derivation.—The soils in this region are closely
related to the underlying rocks, of which they are
residual produets due to decay and disintegration,
except when they are formed as alluvial deposits
in the larger valleys. In the process of disintegra-
tion, 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 most slowly,
and rocks in which it is present, such as quartzite
and sandstones, are extremely durable and produce
but a scanty soil. Calcareous cement, on the other
hand, is more readily dissolved by water containing
carbonie acid, and on its removal clay and sand
remain, to form, often, a deepsoil.  If the caleareous
cement is present in small proportion only, it is
often leached out far helow the surface, the rock
retaining its form, but becoming soft and porous, as

in the case of the Minnelusa sandstone. If, as on
the limestone plateaus, the caleareous material forms
a greater part of the rock, the 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. The
amount of soil remaining on the rocks depends on
erosion, for where there are slopes the erosion 1=
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 portion of the contained feldspar,
and the result is usually a mixture of clay, quartz
Shales are dis-
integrated in consequence of changes of tempera-
ture, by frost, and by water, and thus by softening
and washing give rise to soils. If they are sandy,
sandy soils result; if they are composed of rela-
tively pure clay, a very clayey soil is the product.
The character of the soil thus derived from the
various geologic formations being known, their dis-
tribution may be approximately determined from
the map showing the areal geology, which thus
serves also as a =oil map. borne in
mind that some of the geologic formations present
alternations of beds of varions materials, such, for
instance, as shales and sandstones alternating with
limestone. These give abrapt transitions in the
character of their disintegration products, soils
which differ widely in composition and agricultural
capabilities occurring side by side.
in which the boundaries between different varieties
of s0il do not coincide with the boundaries of the
rock formation are in the river bottoms, in the
sand dunes, in the areas of high-level gravels, in

graing, mica, and other materials,

It must bhe

The only areas

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 lying immediately beneath.
Soils of this class are known as overplaced, and a

special map of large scale would be required to |

show their distribution.

Distribution.—The arable lands of the Newcastle
quadrangle are underlain mainly by shale and
alluvium.
sive arvea, and as it consists mostly of clay its disin-
tegration gives rise to a stiff gumho, which is not
only very barren in itself but is acidic from decom-

The Pierre shale covers the most exten-

posing pyrites and too sticky for agricultural use.
It is covered with grass, which originally afforded
excellent pasturage, but in some areas it has been
grazed down by excessive herding.  As the soil is
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 Pierre shale
region there are alluvial deposits, which are usually
fertile.  Along main Beaver, Stockade Beaver,

South Beaver, Skull, and Oil creeks these deposits |

are wide and would be well snited for agriculture
if they could be irrigated. Along the main Beaver
Valley above the mouth of Oil Creek the deposits
contain so much clay that their soil is in places a
gumbo. In the valley of Oil Creek there is a red-
dish, sandy loam of moderate fertility. The soils
of the formations of the Benton group are mostly
thin and poor. The Niobrara formation from
Pedro west and north underlies a narrow valley
the soils of which are somewhat more fertile than
those of the surrounding areas owing to the cal-
careous nature of the formation, but in the Beaver
Valley the formation is mostly covered by alluvium.
The hoghack range of Lakota and Dakota sand-
stones has a thin, sandy soil which supports more or
less forest growth. It has been tilled in the vicinity
of Mount Zion ranch, where there are several large

fields under cultivation. The Sundance formation

outerops in a wide area along Salt Creek Valley, |

and the soil would be mostly fertile if the climatie
conditions were not so arid. The red, sandy elays
of the Spearfish formation produce a relatively bar-
ren soil, but along Stockade Beaver Creek in the
Red Valley there is a series of alluvial flats which
have been irrigated and produce excellent crops.
In fact it is in this valley, from the LAK ranch
northward for 8 or 9 miles, that the principal farms
of the quadrangle lie. The soils are rich and there
is a good supply of creek water for irrigation.
The Minnekahta limestone presents rocky slopes
with thin soils, supporting a growth of bushes and
cedars, The Minnelusa sandstone, which occupies

the northeast corner of the quadrangle, has consid-
erable soil on the gentler slopes and the higher
platean surfaces, which sustains an extensive forest
of pines and other trees, with grass in the more
open spaces.

The region occupied by the Fox Hills aud Lara-
mie formations is in greater part sandy, barren, and
dry. There are some narrow strips of loamy soils
derived from the sandy shales in the Laramie
formation, but they are mainly on the higher land
and entirely too dry for agriculture. Along the
larger valleys in this region there are occasional
flats of considerable width which yield an excellent
growth of hay and which, by irrigation, could
in some cases be made to produce other crops.
The Laramie formation usually supports an excel-
lent growth of grass, and in some districts there
are wide areas of good grazing grounds.

WATER BUPPLY.

SURFACE WATERSI.

The average annual rainfall of the region about
Neweastle, as nearly as can be ascertained, is about
15 inches, the amount being considerably greater
in the high lands east of Stockade Beaver Creek.
A portion of the precipitation is in the form of
snow, and the remainder falls mostly in heavy
showers of short duration during the spring and
early summer months.  As most of the surface of the
country has a very thin soil and only limited areas
present porous rocks, the water of rains and melt-
ing snow runs off rapidly, usually in freshets that
follow storms or the melting of snow, the latter
often melting very rapidly during the sudden
warm spells in spring.  In consequence of these
conditions there is but little running water in the
region during the greater part of the year. Springs
are rare and of small volume in the lower lands.
A large amount of the run-off’ in this region could
be saved by dams and made available for irrigation.

| There are suitable dam sites at many localities,

especially along the slopes of the Black Hills.
One dam southwest of Clifton Siding holds a large
volume of water, as shown in fig. 11 of the illus-
tration sheet. It was built in a small valley, across
a narrow gap due to vertical beds of hard Green-
horn limestone and Carlile sandstone.

Stockade Beaver Creek.—This fine stream rises
in ravines heading in the Minnelusa sandstone

| and Pahasapa limestone in the northeast corner of

Weston County, Wyo., and carries a large vol-

'ume of water to the main Beaver Creek, into

which it empties in the southeast corner of the
county. It receives water from a number of springs
in the Minnekahta limestone east of Newcastle, one
of the most prominent of which lies a short distance
west of the foot of Fannie Peak. Another source
of water is Salt Creek, which brings a small volume
of saline water from the springs northeast of Cam-
Portions of the valley contain flats suitable
for moderately extensive agriculture by irrigation,
and several small ditches are now in operation east
of Neweastle, notably one for irrigating the exten-
sive alfalfa fields of the LAK ranch. Btockade
Beaver Creek receives the drainage of the western
slope of Elk Mountain and of a wide area of the
western portion of the limestone plateau and slopes
in the northwest corner of Custer County and the
gsouthwest corner of Pennington County. Two of
the most extensive drainage basing empty through
Redbird and Gillette canyons, but the waters of
these rarely reach the main ereek. Redbird Canyon
has at its head two branches—Antelope Spring and
Preacher Spring—which yield small flows of water
that sink in a short distance. This also is the case
with Buck Spring and some minor seeps of the
adjoining limestone area. Nearly all the springs
of this zeriezs and others at the head of Stockade
Beaver Creek are near the contact of the Minnelusa
sandstone and Pahasapa limestone, where there
are porous, water-hearing beds.

Beaver Creek.~—This stream occupies the valley
lying between the western slope of the Black Hills
and the escarpment of Fox Hills sandstone in the
southeastern portion of Weston County, Wyo.
The origin of its water is difficult to determine, but
west of Neweastle it has  considerable  wvolume,
which flows more or less continuously to its junc-
tion with Stockade Beaver Creek. The combined
waters of the two streams flow into Cheyenne River
in the northwest corner of Fall River County,
constituting the principal volume of water to Edge-

biria.



mont. The main Beaver Creek receives several
branches that probably earry more or less water as
underflow. Those heading in the Fox Hills and
Laramie regions to the west are dry at the surface.
Oil Creek and its two branches, Skull Creek and
Little Oil Creek, eontain running water in the
canyons north and northeast of Newcastle, but in
dry weather their waters do not flow to the main
Beaver Creek,
for irrigation west of Neweastle, just north of the
railroad. The valley of Beaver Creek is wide and
contains some land that could be irrlgaltw], but no
attempts have yvet been made to utilize it.

The waters of (3] Creek are used

UNDERGROUND WATERS

Throughout this quadrangle there are prospects
of water .‘gmpp]h-s from wells of greater or leas i.h"l'][.ll.
The succession of formations, as is shown in the
columnar seetion, includes several beds of water-
bearing sandstone, which receive water supplies

at the surface in the higher ridges and slopes of the

These sandstones are carried 11:1fl{=r-:
ground in the general outward dip on the Hanks of |
the hills, and, owing to the relative steepness of this '

Black Hills.

dip, soon attain considerable depth. In most parts
of the quadrangle the inclination of the strata dimin-
ishes away from the Black Hills, and there is a wide
AT l]{I EI]I,|I !-'-'I,]I‘I"”l,]l'll].irlg {_‘l]lllltl'}' l]lll,]_i_’!'l" “'}Ii{'l] l}!l”.
water-bearing beds lie at a depth that is within
reach of the well borer.  As the region is semiarid,
with surface waters often containing much “alkali,”
at most places there is great need of under-
ground water. The prineipal water-bearing hori-
zomg all rise above the surface on the slopes of
the Black Hillz in regular succession, as deseribed
on a previous page. They outerop in wide zones
encircling the hills, and receive a large amount of
water, not only from the rainfall on their surface,
but from the streams which at many points sink
into them in whole or in part in erossing their out-
CrOps.
to he observed in almost every valley leading out
of the central rock Few of the streams
carry more than a small portion of the total original
run-oft' of their watersheds into Cheyenne River,
as much of it sinks underground in crossing the
sandstones, particularly those of the Minnelusa,
Lakota, and Dakota formations. The waters thus

The sinking of streams in this manner is

HTe.

tm]}p(-{] by the sandstone piass fur heneath the sar- |

face, as the water-hearing beds descend on the slopes
of the Black Hills uplift.

Dalkota—Lakota  sandstones.— The Dakota
which water supplies are to be expected in the
plains portion of the Newcastle quadrangle. They
pass beneath the overlying shales with dips varying
considerably in amount (see cross-section sheet),
but which finally earry them far below the surface.
In a zone of greater or less width adjoining the
hills their depth is less than 1000 feet, and they
afford an important source of water supply. They
IH!."I"{"- }Il"'thrl tl".‘}tl"(l }I}' il Illl]]]hl_"r 'lf:ll'|I Wﬁll:‘} :;EI'H_I_ FU[]]]{E
to contain water which rises to the surface and
overflows in moderate volume. These wells are at
Argentine, the next railroad siding south of the 8
& G ranch; at Clifton; north of Clifton: at
Neweastle; and at Jerome, a siding 7 miles north
of Osage, The horizon is the same as that which
yields a vast volume of water to the numerous wells
in eastern South Dakota and in Nebraska., In the
Newcastle quadrangle and vicinity the water varies
greatly in quality, in some localities being too
highly mineralized for use. At Clifton water of
good quality is obtained from a well 300 feet deep
sunk into the Lakota sandstone a few rods west of
the Dakota sandstone ledges. The Argentine well
15 550 feet deep and has a moderately large flow of
water containing 56 grains of mineral matter per
gallon, mostly sulphate of soda. A flowing well 4
miles north of Clifton Siding, at the side of the
railroad, just south of Whoopup Creek, yields
water too highly mineralized to be of any use. Its
depth is 1002 feet, and there are flows at 72, 210,
490, and 925 feet. Its present flow is less than a
half gallon a minute and the pressure is very low.
Its log as reported by the well drillers is given in
fig. 4.

The upper 20-foot sandstone, which contains
water, appears to be in the lower part of the Gran-
eros shales, which outerop in the small ridge east
of the well. The Dakota sandstone extends from
200 to 255 feet and yielded the flow at 210 feet.

:uppzn*(-nt!y in the lower part of the Lakota sand-
' stone, which is still running in good volume, but
and |
Lakota sandstones are the principal formations in |

8

The Fuson formation appears to extend from 2355
to 270 feet, or possibly lower, and then there are
several hundred feet of Lakota sandstone, with some
shale in its upper Im:l'ﬁn:n, extending to a i]l‘!![]l of
537 feet or possibly lower. It vielded the flow at
490 feet. The limits of the
dance beds are not clearly indieated by the report
of the borings, the sand rocks reported at 582 and
652
Morrison formation.

Morrison and Sun-

feet probably being sandy portions of the
The 120 feet of so-called red
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i, 4. —Log of artesian well at Whoopup, 4 miles north of
Clifton Siding, Wyo.

beds reported to extend from 792 to 912 feet prob-
ably are in part the usual red member of the upper

found not far below 2500 feet.

part of the Sundance formation, but also include
some of the adjoining shales which are not red. The
white sand and sand rock from 912 feet down, which
yields a flow at 925 feet, is probably the sandstone
near the bottom of the Sundance formation. There |
is another flowing well a mile and a half farther |
north, which yields a supply of very saline ferrn-
ginous water, Its depth could not be ascertained.

In the wvarious borings which have been made
for oil about Neweastle more or less water has been
found in the Dakota-Lakota sandstone,  Two miles
west of the town there is a boring said to be 1950
feet deep, sunk for oil. Unfortunately a complete
record could not be obtained. The oil sand, 40
feet thick, was found at a depth of 95 feet, under
At 600 feet a How of water was found,

shales,

the water is too ]Iighl}' mineralized to be of use.

A boring a half mile southwest of Neweastle, also
sunk for oil, has a depth of 1340 feet, or 1312 feet
according to another account; its record is given on
page 5. A small flow of water which was found
at a depth of 820 feet is probably from the top of
the Dakota sandstone; it is mixed with oil from
the oil sand at 630 feet. In another well, sunk in
1902, a mile and a half southwest of the town,
a large supply of water was found at 650 feet.

There is a flowing well at Jerome Siding, on the
Burlington and Missouri River Railroad, 7 miles
north of Osage Siding, just outside of the Newcastle
quadrangle. It indicates a continuation of the
artesian conditions northward from Newecastle in
the lowlands bordering the western slopes of the
Black Hills. The depth of the Jerome well is
520 feet. It begins in Graneros shales and extends
into Lakota sandstone. The railroad company
has kindly furnished the following analysis:

Analysis af ariesian waler from Jerome, Wiy,

Grains
pier gallon,
Sodinm eéhloride. .. ....ccveieiivriiiiniennen 0.7
Sodinm sulphate. .. .......ociiiiiirerinanans 208
Magnesinm salphate. . .o.ooiouiiinneraenens 7.0
Lims gulphate. . .......cooooirivin i mina, 239
Magnesivm carbomate..........cocecinveneen ]

Morrison, Sundance, and Spearfish formations.—
The great succession of shales lying below the
Lakota sandstone appears to contain no water sup-
plies either at the surface or for deep wells. They
have been tested by a number of borings for oil
and yielded no water. Their aggregate thickness
is 1000 feet.

Minnekahta and Opeche formations.—The Min-
nekahta limestone is too dense to carry water, and
although in some places it is cavernous, it appears

not to be a water-bearing formation. The under-
lying Opeche red sandstones are also barren of |
wiater. : |

Minnelusa formation.—In its outcrops 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 in
deep wells, and a number of small springs emerge
from the top beds of the formation at several local-
ities, notably at a point 4 miles north of the LAK
ranch, but when the formation was penetrated by
the deep boring at Cambria it was found to consist
of very line-textured rock, the sand grains being so
closely cemented by lime that the interstices are
filled up. Accordingly it is probable that this
formation will yield no water supply to deep
boring anywhere in the Newecastle quadrangle, for
there is no likelihood that its character changes
materially in other portions of the region.

LPahasapa limestone.—The deep boring at Cam-
bria was begun just below the base of the Lakota
sandstone and continued to a depth of 2345 feet
for the purpose of testing all the formations down
to the granite, which, it was expected, would be
When the boring
was at 2345 feet the owners concluded to test a
water supply found at about 2115 feet, before
going farther. The water at that depth was found
to yield 200 gallons a minute and its quality was
entirely satistactory, so that it has been adequate
for the needs of the town. The log of the horing
is given in the following figure:

in feet.
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Fra. 5.—Laog of well at Cambria, Wyo.

The log has been compiled from samples sent to
Washington and from a set of borings admirably
preserved in glass tubes by Mr. Mouck, the super-
intendent of the Cambria mines. It throws very
important light on the underground geology of
this portion of the Black Hills region. It reached
the base of the Sundance formation at 496 feet,
passed through the distinctive gypsiferous red
deposits of the Bpearfish formation from 496 to 933
feet and then through the 40 feet of Minnekahta
limestone below. Next came 74 feet of Opeche for-
mation, extending to 1096 feet, as nearly as could be
ascertained, and then a great thickness of Minnelusa
sandstone, mainly caleareous, extending to 1947 feet.
The lowest beds are light-colored, nearly pure lime-
tones of the Pahasapa formation. The water-bear-
ing horizon may be the same as the one which yields
numerous springs, often of large volume, at the

| contact of the Pahasapa limestone and the Minne-

lusa formation in the outerop region east, appar-

ently rising through fissures and ecaverns in the
limestone, If so, the Cambria well indicates an
extention of a water-bearing horizon far under-
ground and its availability under a large area of
the country on the slope of the Black Hills. On
the artesian water sheet of this folio there is rep-
resented the depth to this horizon in the region
lying east of the hogback range of Lakota sand-
stone.  Farther west it lies too deep to be available
for ordinary wells. In the town of Neweastle, for
instance, it should be expected at a depth of about
2740 feet.

Deadwood sandsione—DBelow the Pahasapa lime-
stone lies a series of shales and sandstones which
probably contain a water supply. It lies below
about 600 feet of Pahasapa limestone, has a thick-
ness of probably 200 feet, and is underlain by
schists and granite. The Deadwood formation is
too far beneath the surface in this quadrangle to
be reached by ordinary boring operations.

COATL.

In the vicinity of Cambria, north of Newcastle,
there 1= a coal bazsin of considerable extent, the
principal coal bed in which is 7 feet or more in thick-
ness and of exeellent quality. Coal has been mined
at Cambria for the last decade, and during this
time nearly 4,000,000 tons have been produced,
having an average shipping value of about $1.50
per ton. The product for 1889 was over a half
million tons, valued at over $300,000. A portion
of the produet is converted into coke, which is
shipped to smelting works in the northern Black
Hills.

The mines are at Cambria, 6} miles north of
Newcastle, where a settlement of about 500 inhab-
itants owes its existence and sustenance to the
mining and coking operations (see fig. 7 of illus-
tration sheet). It is connected with Newcastle by
a branch line from the Burlington and Missouri
River Railroad. The distribution of coal and the
structural relations of this region are shown by the
economic geology map of this folio. It will be seen
that the coal underlies all of the platean on the
west side of Salt Creek, but the coal measures have
been cut through by Little Oil Creek, Oil Creek,
Plum Creek, and their branches. To the south
and west they dip below the surface, and pass
beneath a thick mass of overlying sandstone and
shale. The structure is shown in the cross sections.
The coal in this area varies greatly in thickness and
purity, but, as shown on the map, there is a large area
in which it is 5 feet thick or more, and in places
it reaches a thickness of over 7 feet. In adjoin-
ing areas its thickness rapidly diminishes and the
coal becomes extremely impure, in greater part
giving place to dark carbonaceous shales. The
prineipal basin of purer, thicker coal trends north-
east and southwest, its center passing through Cam-
bria. To the northeast it has been entirely eroded
away by Salt Creek, and, although some Lakota
sandstone remains on the high ridges east of the
valley of that stream, it appears not to be under-
lain by coal. To the sonthwest the coal dips
gently downward, lying from 250 to 325 feet
below the surface of the table, to the Mount Zion
ranch, beyond which an abrapt increase in dip
carries it rapidly below the surface. In the can-
von a few rods southwest of Mount Zion ranch, the
following section was measured :

Section near Mount Zion ranch, Wiyo.

Feot,
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Bandstone with coaly streaks............... 4 to 1§
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This section is 150 feet below the top of the
plateau. The overlying formations are sandstone
and conglomerate, Underneath there are 40 feet
of very light-colored, massive sandstones, in part
cross bedded, lying on the Morrison shale. A mile
northeast of this locality two shafts were sunk in

Seclion tn Camp Canyon, Wiyo.

Feet.
Cotll s et n it e B D - Sl 2 tod
Bhaleand bone..........cccvveiniiersnaa.. 13
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which the coal was found at depths of 312 and 324
feet, exhibiting a thickness of from 5} to 6} feet.
A mile farther northeast are the mines of which
the workings to the year 1902 occupy the area indi-
cated on the economic geology map. In the mines



the thickness of the coal averages from 6 to 7 feet
over a wide area. In Camp Canyon, northwest of
Cambria, a trial pit exhibited the section last given.

There are three mines—the Jumbo, lying east
of Cambria; Antelope No. 1, between Cambria
and Camp Canyon; and Antelope No. 2, between
Camp Canyon and Grant Canyon. The two
Antelope mines are connected by a continuons
main gallery leading out to a breaker on the west
side of the valley at Cambria, while the Jumho
mine is worked from the main drift opening on the
east side of that valley. The dip is gentle to the
southwest, so that the drainage of the mines is
easily effected, the workings being 50 to GO feet
above the valleys which were cut across the coal
horizon.

A coal bed averaging 6 feet in thickness contains
about 3,000,000 tons of coal per mile, but there is
considerable loss in working., There are now in
the Cambria eoal field about 10 square miles under-
lain by coal that would average 5 feet or more in
thickness, =0 sitnated that it is available for work-
ing, which on this estimate would yield a total
tonnage of 30,000,000 tons.

PETREOLEUM.

In the vicinity of the town of Neweastle explo-
rations to develop an oil field have been in progress
for several vears. Small supplies of excellent
petrolenm  have been obtained from borings and
from two oil springs.
even in its crude state is a high-grade lubricant.

| oil was reported.

The oil is very heavy and |

It oceurs in a sandstone in the lower portion of the |
Giraneros formation, which is extensively devel- |

oped in the vicinity of Newecastle. This sandstone
lies 250 to 275 feet above the Dakota sandstone,
from which it is separated by the basal black shales
of the formation. The Graneros sandstone here
varies in thickness from 10 to 30 feet in greater
part, and its surface outerops give rise to ridges of
congiderable height. The first line of ridges lying
west-northwest of Newcastle owes its  prom-
inence to the locally inereased thickness and hard-
ness of this sandstone.  Where the rock has been
{!]{IJ{}HI_‘:(!_ to the weather it is hard, ]]]ﬂ[lt!l‘:ltﬂl}' fine-
grained, light-gray sandstone in massive beds.  As
it passes below the surface it is softer in texture,
buff or brown in eolor, and usually strongly
charged with petroleum.
oozes ont of the sandstone and collects in springs,
which for many years have yielded a small supply
of oil for local use. Ome of these springs is 2}
miles due west of Newecastle, just north of the rail-
road, and the other 1s 2 miles farther northwest and
slightly farther north of the railroad.
points the oil-bearing sandstone passes beneath the
surface in mall valleys, and the escaping oil accum-
ulates in the loose materials adjacent.  Cisterns

At two loealities the oil |

At these |

have been constructed in such manner as to cateh |
the oil—a few gallons a week—which finds veady |

sale as a lubricant.

Several attempts have been |

made to develop the oil gand in its extension under- |

oround by means of wells in the region west and
southwest of Newcastle, but so far these operi-
tions have not yielded a large supply of oil. In
most cazes the oil horizon has been passed through
and the boring uselessly extended far into the
underlying shales and sandstones.
stone appears to contain considerable oil in the

Az the sand-

vieinity of the oil springs, and as it underlies a |

wide aren about Neweastle, it iz diffienlt to under-
stand why the wells have mnot obtained more
encouraging results.  From the statements made

by the promoters of the enterprise, it seems proba- |

ble that the oil sand was not always recognized in

the boring operations, and, at any rate in most |

cases, was not adequately tested. The oil is very
viscid and should hardly be expected to flow
from wells at any point in the area, but possibly by
dynamiting and pumping a supply can be obtained.

The sections in fig. G show the conditions under
which the oil sand passes underground, the thick-
ness and nature of the overlying materials, and the
location of some of the wells which have been
hored.  These formations are relatively uniform in

thickness and invariably lie in regular sequence.
In surface exposures they are all distinctive in
appearance, partienlarly the bed of Greenhorn
limestone which lies S00 feet above the oil sand,
the thin sandstone layers 300 feet higher, and the

Niobrara chalk which begins about 1500 feet above. |

The distinctive fossils of the Greenhorn limestone
and the Niohrara chalk are shown in fig, 12

illustration sheet. In sections 1 and 2 of fig. 6

of the

may be geen the manner in which the formations |
dip steeply beneath the surface in the vicinity of |

the railroad,
lies under
approaching

2500 feet or more of shales,

a0 that to the southeast the oil sand |
On |
Neweastle, a3 shown in sections 3 and |

4, the dips diminish rapidly and there is a basin of |

gize in which the formations

widely.

considerable
spread out
region, the one shown in section 3, has a depth of
1950 feet.
depth of about 100 feet and then penetrated the
Dakota and Lakota

The deepest boring in the
It pzmﬂu:i l]uwugh the oil sand at a

I!JEIHII:] [;‘I!'ll'l'l{‘l'l]:ﬂ ﬁl]!l]l'h’.‘ t]"l.{'

are |

sandstones, and the underlving Morrison, Sun- |

danece, and upper Spearfish beds.  From the Lakota
sandstone it obtained a How of water which iz still
running out of the well.  Only a small amount of
The well half’ a mile southwest

of Newcastle, 1340 feet deep, penetrated the oil |

H

Heetion 1.

pects of the Newcastle oil field as an oil producer |
appear not to be good, but it is believed that the |
capabilities of the oil-bearing sand have not been
udt_l{]u:i!t:l}' tested and further t'x]1|01‘:1l.im| may be |
warranted. The oil-sand horizon extends south- |
ward nearly to Clifton and is over 30 feet thick |
near the LAK ranch, To the north it thins out
near Skull Creek. Whether it contains oil away
from the immediate vicinity of Neweastle remains
to be ascertained by borings.

GYI'SITM.

The Spearfish red shales carry deposits of gypsum
—a ]I:I.'Lll'ﬂl,l."i .“*l]]l}l]iltl" ﬂfr Iillll._‘—t]l]'l}llg].lﬂl.l' lh{‘i]‘
extent, and often the mineral occurs in very thick

Analysis aof gypsim from near Hot Springs, 8. Dak.

Par ¢ent,
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Carbonie aeld (O0G) .. coccveinieiiiiiarnenas .85
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beds. These are relatively pure, and if nearer to

good markets the deposits would be valnable.  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
handicapped by the expense of
taking the product to market.
When gypsum iz calcined at a
moderate heat to drive off' the
greater portion of the chemically
combined water, and then ground,

2000 fawt wbove aaslaval

EO00 Faad aieivs wem lival

the product is plaster of Paris.
The preceeding analysiz indicates
the character of a typical gypsum
from the Black Hills, It was
made by Mr. Steiger in the lab- |
oratory of the United States Geo-
logical Survey.

The most extensive exposures of
gypsum are a short distance north-

Heetion 4.

east of the LAK ranch, in the mid-
dle of the formation, and in the
valley 2 miles southeast of Mount
Pisgah, not far above the basal

2000 Faak pbovn saslesl

beds. East of Neweastle a bed,
beginning at the top of the for-

B LE

HaE GnTAL AMD er:‘fu:-tl. SCALL

FLEY IIIIO;IQ_ !m {l__

FiG. 6. —Rections along the lines H-H, I-1, J-J, and K-K, economic geology map,
gshowing geologic relations of the “0il sand ™ in the vieinity of Neweastle.

Ep, Pierre shale; Kn, Niobrara formation: Ker, Carlile formation; Kg, Greenhorn limestone; Kgs,

Graneros Tormation contalning the “0il sand;™ Kd, Dakotn sandstone, K, Fuson formation; Klk, Lakota

sandstone, The numbers show depths of wells.

Ill'.lti{m, gl‘;lcilulu}' thickens to the
north and attains a thickness of
25 feet northeast of Cambria,

alluvinm in the valley of Stock-

sand at a depth of 630 feet, and a small amount of | ade Beaver Creek for several miles north of the

oil brought up by the water from the underlying
sandstones is still flowing out of the casing. The
420-foot well, a short distance northwest of the
1 340-foot well, is said to have just reached the top
of the oil sand, where a promising showing of oil
The 720-foot well, 3 miles south-
9

Wils H‘] F.“hl’l"‘n'l"[l.
west of Newcastle, as shown by section
entirely in shale and failed to reach the oil-bearing
aandstone by about 2000 feet.
regretted that this boring was not continued suffi-
ciently deep to test the contents of the oil sand,
where it lies deeply buried and so far from surface
outerop as to permit the accumulation of consider-
able head if there is any oil present. In the
vicinity of section 1, three deep borings have been
made in the steep-dipping beds near the outerop of
the sandstone, but the results so far have not been
successful, although the borings are midway between
the two oil springs described on a preceding page.
A well nearly a mile south of Neweastle was com-
pleted in 1902, but found nn]}-‘ a very small supply
of o0il in the oil sand at a depth of 499 to 531 feet.
It was drilled to 900 feet, passing into the Dakota
sandstone and, as was to b n;.lx|w{*h-t|, obtained no
oil from that formation.  Another well, a mile west
of the last, was sunk to a depth of 879 feet but
althongh it obtained a large flow of water, it dis-

cloged no indieations of an oil HII]’]'FI_\'. The pros-

| formation, giving rise to a ecreek that flows for

|
wis |
| Beaver Creek. For a number of vears the water

It iz ;_EI‘L'H”}' to bhe |

i

“}'}n-‘-um beds underlie part of the ‘

LAK ranch.

SALT. ;

!

At the head of Salt Creek salt water issues in |
large volume from the red shales of the Spearfish

many miles and finally empties into Stockade |

has been evaporated for the purpose of obtaining
salt for local use. It is probable that the output
could be increased and a moderate amount of salt
of good quality obtained for shipment. An
analysis of the brine, made in the laboratory of the
United States Geologieal Survey by Mr. Steiger,
ave the following results:

Analysiz of brine from soll springs on Sait Creek, Wyo.
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This iz equal to a little more than 5 per cent of

godium chloride or common salt. The How from

the spring iz about a gallon per second, which is
equivalent to a production of about 35,000 pounds

| of salt every twenty-four hours.

BENTONITE.

This mineral is a hydrous silicate of alumina
with some other components in small proportions,

|
| and is valuable on account of its high absorbent

qualities, having the eapaeity of absorbing three
times its weight of water, It occurs in consider-
able abundance in the Neweastle quadrangle and
has been mined to some extent three-quarters of a
mile east of Pedro switch, a mile west of that place,
and at a point 34 miles northwest of Osage on the
east side of the railroad track. The material is a
light-gray, fine-textured, soft, massive eclay, but
locally it outerops as a light, powdered substance
resembling white corn meal, in beds lying between
thin layers of reddish brown coneretionary material.
Near Pedro a deposit 12 feet thick is found in the
steep-dipping transition beds at the top of the
Niobrara formation. Near Osage there iz a bed
about 4 feet thick oceurring in the Graneros shale,
the dips of which are zo low that the deposit is
exposed over a considerable area. The mineral
has been used with success as a soap filler and
alzo in the manufacture of soap, but it has proved
most valuable as a packing for a special kind of
horse shoe, and as a diluent for certain powerful
drugs sold in powdered form. An analysis made
by the Wyoming SBtate School of Mines is as fol-
lows :

Analysis of bendonile,
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BUILDING STOXNE.

In the Black Hills there are abundant materials
for building, but hard rocks are searce in the
adjoining plains,  In the Newcastle quadrangle
there is a considerable variety of rocks suitable for
building, but most of them are not sufficiently
attractive for shipment to market. The Pahasapa
limestone iz in part a light-colored, tough rock,
It is
durable and does not stain on weathering, although
in time it assumes a bluish tint.  Sandstones in the
Minnelnsa formation are of various ecolors—budf,
nearly pure white, pink, hrown, and gray—and mate-
rial of this sort is available in many places in the
northeastern portion of the area.  Some of the pink
and gray sandstones are sufficiently compact to be
satistactory in point of durability, and their appear-
ance is good. The Spearfish formation has a
beautiful red color, but the rocks are all too soft for
use as building stone. The buff' sandstone in the

easily dressed and of lﬂﬁusing appearance.

| Bundance formation is sometimes moderately com-

It has been used to some
extent locally for building in the Salt Creek Valley.
The Lakota and Dakota sandstones are mostly of a
dirty color on the surface, but some of the
unweathered materials are hard, white, gray, or
buft’ sandstones which are durable, easily worked
and very satisfactory for local nse. In the Plains
west of the Black Hills the principal rocks are the

pact and easy to dress

| limestone in the tepee buttes, some of the sand-

stones in the Fox Hills formation, and the concre-
tions in the Laramie sandstones. These are suited
only for local use.

LIMESTONE.

Limestone for lime or other purposes may be
obtained in abundance from the Pahasapa and
Minnekahta formations. The Greenhorn limestone
and the rock of the tepee buttes can also be used
for burning into lime, although the product is an
inferior one,

February, 1903.
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DEPTH

COLUMNAR SEGTION

GENERALIZED SECTION FOR THE MEWCASTLE QUADRAMNGLE.
SCALE: 1 INCH = 503 FEET. )

T

CHAnACTER 0F TOPOGRATHY AND S0ILS.

_Flats and lower terraces along streams.  Good soil.
High terraces, deeply dissected.

Rolling plains, with buttes capped by sandstone, and low eliffs,
Thin sandy soils.

Smwall sharp hills, “fepee buttes”

Wiile plains with shallow valleys and low ridges.
Foil thin, elayey, aml not very fertile.  Supports fair growth of grass.

Valleyvs or flats
Fertile soil,

e .Hllltl-il_ﬁ;;l;]'ldgfﬁ.-

Low racky ridges and Lbare shale glopes,

Wide valleys,

Thin sterile soil, exeept where covered by alluviom,
its lower Leids,

some trees on

Prominent ridges.

Karrow valleys and bare shale slopes,

Canyons and high elilfs with rocky slopes.  Thin sandy soil.

[ -ﬁl_l;!t-’j.l; AI-J[_.:'J:{ below cliffs of Dakota sandstone.

Canyoens and weoded rocky ridges,  Thin sandy soil.

.;rimw.-.: FoRMATION NAMIL, Svunor. LT EREA pgﬁ:f:‘:g;“ “;,';’s':l:.‘i‘i{.{;: i CHARACTER oF Rocks.
Il S ! — A+ e S P e s
[ e :
EE | Alluviam. Qal | 20-25 | SBands, gravels, and loams, : ST - P R WP
= Olider terrace deposits. Ot 5-25 | Giravels and loeams,
b1 - { = - -
i
| Laramic formation. Kl 800+ Massive, soft, bull sandstone with eonerctions and earbonaceons shales,
|
|
| ey Lo it il S5 S
Fox Hills formation. Kih | 76-180 Witter, Thin, hard sandstone in samly shale, and soft elayey sandstone below. | Roeky or sandy slopes,
DUHp
Prineipal horizon of limestone lenses, giving rise to “tepes buffes"”
400
[ (E1H
Pierre ghale | Kp 95 Davrk-gray =hale or elay with coneretions containing many fossils,
i S
@ i
g |
i [ - 100K
o [
=1 ; : 1200
O [ | |
i iy ; [ [ Gray ealearcons shale and fmpore ehalk, which weathers bright vellow,
Ll g-_—' Niobrarn Tormation. Kn | 200 containing many Ostrea congestas near the top,
O |a i T | A B P L
< =2 [ Li 3 p VPSR
- | Aght colored shale with lurge oval coneretions,
w [ L
i [ Gray shale,
&) e p B
_i...-ll'llilv. formation, Ker | T 150K0
| | Giray sandy shale
i |
' : 2000
[ Dark shale with thin beds of rown sandstone,
i ___1_.'r\._g_ﬂ_l_h?r__;!_IiJL.m;h.m:___ | Kg + KL gn:]_  Thin-bedded, hard, gray limestone filled with Troceramus labinlus,
| 241
| Drark ghale.
| - G0
! Giraneros formation. Kgs 1000
|| 2800
| Hard, light-coloved sandy shale.
| Bufl to gray sandstone; “oil sand,”
(0= 40y 3000 grad
Dark shale with hard oval eoneretions.
Dkt smdstone. i Kd -_U.!J:iliﬂ ] :{;{iﬂt‘m'. Giray to bufl sandstone, :Il.l;:l.ﬁﬂ:-' very massive; wenthers reddish hrown,
‘8 Fuson formation. CKE | 15-30. = Giray to red shales with thin sandstones, DT
[=] = L i Y 7 = = = = n x
[ ) i . R HE T Massive, cross Deddod, coarse, geay to off sandstone with Tocal eoal
;E Lakota sandsrone. Kik 1) = 200 Wiedey, beds and conglowerate, e A A
| 9y o L E s Massive sanedy shale amd fine-grained sandstone of gray, bofl, pale-
! z Morrison shale. | Km 173 green, and maroon tints. =
| UNCONFORMITY Ee T | ] e~ el e el RRES
E Greenish-gray shale with thin limestone layvers,
|
| E Hundanee formation. ' Jud Ei ] AR00 Reddish sandy shale.
= [ Water Massive bufl sandstone.
UNCONFORMITY | . Dark-gray shale.
[ae
=
] Hpearfish formation,
et = E 'H‘:d ;;l'l].ri ,-]“ : s S Red sandy shale and soft red sandstone with bods of oypsunm.
==
= |
|
=1 —— o - — e
|2 Minnekahta limestone, Cmk 41 Thin-bedded gray limestone.
o e I i gl L Sty S ek
! Z| Opeehe formation. Co i Led samily shale wnd red sandstone,
?_. e 4 . b
= | | Hard white zandstone ineluding broseinted red sandstone,
o | |
w ; Minnelusa sandstone. Crml | G004
|
S ';'-:"" ' Bl and gray limy sandstone,
o= |
E e :
L — S T —— .
E | Red shale with oval coneretions.
, 8 o — l I
e E | | 1 I
5 o Falusnge limestone, Cp T+ TLrl—r]—rL
: E 1 T T 11, Massive light-zray limestone,
] = | | W |
| 1 1 1 1
4 R
= [ I | 1
| . Water.
| :
|- LS

Btecp slopes below eliffs of Lakota sandstone.

Slopes, moestly bare of soil

Wide valley.
Bterile soil except where coverad by alluviom,

" Btecp slopes beneath eliffs of Minnekahta limestone,

Roeky slopes and rolling monntain summits,

sandy soil, mozily covered by lorest.

Canyon walls,
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N. H. DARTON,
(feologist.
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o 5 -t TN
PSR L

Fua. B,—~WEST SLOPE OF BLACK HILLS ON THE EAST SIDE OF STOCKADE BEAVER YALLEY, EAST OF MEWCASTLE,

Fia. 7.—CAMBRIA COAL MINE. LOOKING SOUTH.

The coal bed, which is near the base of the Lakota sandstone, is mined from tunnels extending under the plateau on both sides of the valley Shows horizontal Minnekahta limestone in the foreground, sharply upturned along the 100t of the mountain and underlain by Opeche red
y : r ountain I y Opeche r

shown in this view. shale and steeply dipping Minnelusa sandstone on the mountain side

— e T —

e =H--‘r-'-r'~;-+r-—:-l'|.*.#-d=“1

Fia. 9.—S5PEARFISH, SUNDANCE, AND MORRISOMN FORMATIOMS, WEST SIDE OF Fig. 10.—LARAMIE FORMATION, 15 MILES SOUTHWEST OF NEWCASTLE, Fig. 11,—5SMALL HOGBACK RIDGES AT RESERYOQIR SOUTHWEST OF CLIFTOM
STOCKADE BEAYER VALLEY, EAST OF NEWCASTLE. ; " SIDING.
Showing oval concretions of harder sandstone exposed by weathering = i i c
The lower hard, white bed is gypsum at top of Spearfish formation. The massive bed ir The ridge at the left is sandstone in the Carlile formation. The Greenhorn limestone farms
middle of slope is sandstone in Sundance farmation the ridge opposite the dam

Fia. 12.~CHARACTERISTIC FOSSILS OF NIOBRARA FORMATION (4) AND GREENHORN LIMESTONE (#), IMPORTANT GUIDES F DT TEROAL OLIEED. ANE R G B Yo s DA T T L 0. (OF - GORGE . OF
Sk e SALT CREEK, EAST OF NEWCASTLE.

A, Ostrea congesta; B, Inoceramus labiatus.



© rezions sometimes the beds have been reversed, and

As sedimentary deposits or strata accumulate the | planes.  Suitable combination patterns are used | Structure-section sheel.—This sheet exhibits the |  On the right of the sketch, fig. 2, the section is

vounger rest on those that are older, and the rela-
tive ages of the deposits may be determined by |
observing their positions. This relationship holds '
except in regions of intense disturbance; in such

it is often difficult to determine their relative ages |
from their positions; then fossils, or the remains |
and imprints of plants and animals, indicate which
of two or more formations is the oldest.

Steatified 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 fossiliferous. By studying fossils |
it has been found that the life of each period of the
earth’s history was to a great extent different from
that of other periods. Only the simpler kinds of
marine life existed when the oldest fossiliferous
rocks were deposited. From time to time more |
complex kinds developed, and as the simpler ones |
lived on in modified forms life became more varied. |
But during each period there lived peculiar forms, |
which did not exist in earlier times and have not |
existed since; these are characleristic fypes, 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. |
Foesil remains found in the strata of different areas, !
provinees, and continents afford the most important i
means for combining local histories into a general |
earth history.

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

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

Colors and patterns—Each formation is shown
on the map by a distinetive combination of color
and pattern, and is labeled by a special letter
symbol.

Symbals and colors assigned to the rock systems.

Hystem. ‘ Serios. % Color l'ami:_menmr;’
| &
£ | { Recent ........ b o e
E [ Quaternary... | plaistocene. ... | Q | Brownish - yellow.
= <| | P]Ecu'uull!..,..--"i |
F= i [, PR S [} Mioeena', ... ... | . ! ]
z | Tertinry ...... {{I]igrmelm.,. 2 r| T | Yellow ocher. l
L | Eocene........ | | |
Cretaceons. . ..|. .. f A0S e S K : Olive-green. i
2 | [=5) |
g | !
£ { Jurassie ivrnalisetaennes snamadnnaa] d | Blog-green.
& | |
= |
| Trimssle, cooslalinamansnns .o B Peacock-blue.
i | Permiamn. . ..... 'Il | |
Carboniferous,| - Pennsvivanian - C | Blue.
( Mississippian. . | i
Devorinm. ... |-cicieeienrnneeseae-| 0| Bloe-gray.
o |
i
g 4 Silurian., ... - ceeeaeeenaain| 5 | Blue-purple. :
& !
Ordovieian. . .- ... E | © | Red-purple.
Baratogan..... |
Cambrian.....[4{ Aeadian....... | € | Brick-red.
eorgian. ..... )|
{ Greorgi
]
Algookian ... | ceevinnaniann | A Brownish-red.
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Patterns composed of parallel straight lines are
used to represent sedimentary formations deposited |
in the sea or in lakes. Patterns of dots and circles |
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 is schist the dashes may be |

arranged in wavy lines ‘parallel to the structure |

O e ! P g BT R et o & B £ G o Uy Bl g xo I e

for metamorphic formations known to be of sedi-
mentary or of igneous origin.

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

assigned 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

capital letter or monogram; otherwise the symbols |

are composed of small letters.  The names of the
systems and recognized series, in proper order (from
new to old), with the color and symbol assigned to

| each system, are given in the preceding table.

HSURFACE FORME,

Hills and valleys and all other surface forms have
been produced by geologic processes.  For example,
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 hy
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 ¢lass  belong beaches, alluvial llitljllri, lava
streams, drumling (smooth oval hills composed

edees of glaciers). Other forms are produced by |

erosion, and these are, in origin, independent
of the associated material. The =ea eliff 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
and afterwards partly eroded away. The shap-
ing of a marine or lacustrine plain is usually a
double process, hills being worn away (degraded)
and valleys being filled up (egyraded).

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 sk, it can not be carried below sea

level, and the sea is therefore called the base-level
- of erosion. When a large tract is for a long time
undisturbed by upliﬁ. or subsidence it iz degraded

nearly to base-level, and the even surface thus
produced is called a pepeplain. If the tract is

afterwards uplifted the peneplain at the top is a |

record of the former relation of the tract to sea level.
THE VARIOUS GEOLOGIC SHEETS.

" Areal geology map.—This map shows the areas

oceupied by the various formations.  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 should look for that
color, pattern, and symbol in the legend, where he

' will find the name and description of the for-

mation. If it is desired to find any given forma-
tion, its name should be songht in the legend and

-its eolor and pattern noted, when the areaz on the

map corresponding in color and pattern may be
traced out.

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

Ceonomic geology map.—This map represents the
distribution of useful minerals and rocks, showing
their relations to the topographic features and to
the geologic formations. The formations which

| appear on the areal geology map are usually shown |
| on this map by fainter color patterns. The areal
geology, thus printed, affords a subdued back- |

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 mineral
mined or stone quarried. For regions where there
are important mining industries or where artesian
basins exist special maps are prepared, to show
these additional economie features.

relations of the formations beneath the surface. In

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

cial cuttings, the relations of different beds to one
another may be seen.  Any cutting which exhibits
those relations 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 strueture, and a section exhibiting this
arrangement is called a sfructure section.

The geologist is not, limited, however, to the

natural and artificial cuttings for his information |
concerning the earth’s structure. Knowing the |

manner of formation of rocks, and having traced
out the relations among the beds on the surface, he

beneath the surface, and can draw sections repre-
senting the structure of the earth to a considerable
depth.  Buch a section exhibits what would: be
seen in the side of a cutting many miles long and

goveral thousand feet :]H*f:. Thiz is illustrated in
the following figure:

| of till), and moraines (ridges of drift made at the |

iz, 2.—8ketch showing a vertieal section at the front and a
landseape Bevongl.

s0 as to show the underground rvelations of the
rocks.  The kinds of rock are indicated by appro-
priate symbols of lines, dots, und dashes. These
symbols admit of mueh variation, but the following

are generally used in sections to represent the |

commoner kinds of rock :

Bandstowes and con-

: Shaly samndstones,
glomerntes,

Brhists, ' Massive and bedded ignsous rooks.

of rocks.

The platean in fig. 2 presents toward the lower
land an escarpment, or front, which is made up
of sandstones, forming the cliffy, 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 outerops 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 calea-
reous shale.

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

Strata are frequently curved in troughs and
| arches, such as are seen in fig. 2. The arches are

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

can infer their relative positions after they pass.

The figure represents a landscape which is eut |
oft’ sharply in the foreground on a vertical plane, |
v T 1

Caleareous sandstones. |

i L
| Fig. & —8ymbols nsed in sections to represent different kKinds |

v - . |
called anticlines and the troughs synclines. Dut |

composed of schists which are traversed by masses
of igneous rock. The schists are much contorted
and their arrangement underground can not be

a
| Fig, 4 —Ideal sections of strata, showing (a) normeal fanlts
and (b) a thrwst fault.

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 2 set of sundstones and shales, which lie
in a horizontal position, These sedimentary strata
are now high above the sea, forming a plateau, and
theivr change of elevation shows that a portion
of the earth’s mass has been raised from a lower
to A }ti;_[]u-T' level. The strata of this set are
parallel, a relation which iz ealled conformable.
The second set of formations consists of strata
" which form arches and troughs. These strata were
onee continuous, but the erests of the arches have
hl_'('n H"HH}\'{,'I{ I]_T l]l"gn]ll!l[i““. II-I.“IIE,' hl"ll:‘. IE]-{!,E
those of the first set, are conformable.

' I The horizontal strata of the platean rest upon

It]m upturm*:l, eroded l"{l;{l'.‘-'- of the beds of the
| second set at the left of the section. The overlving
| deposits are, from their positions, evidently younger
than the underlying formations, and the bending
and degradation of the older strata must have
occurred between the deposition of the older heds
and the accumulation of the younger. When:
vounger rocks thus rest upon an eroded surface
of older rocks the relation between the two is
an wncon formable one, and their surface of contact
is an wncon formiy.

The third set of formations consists of erystalline
| schists and igneouns rocks. At some period of their

| history the schists were plicated by pressure and
traversed by eruptions of molten rock. But the
l}'['t"ﬁﬁ[lr[} El!ld il]"l'll.‘ﬂ-iﬂll H‘{‘ il‘_';:l'l{"fl'll.ﬂ I'i]{"]i."‘ ].HI.‘I.'L‘! nok
affected the overlying strata of the second set.
| Thus it is evident that a considerable interval
E(=E:||).'-y_rtl between the formation of the schists and
| the beginning of deposition of the strata of the
second set.  During this interval the schists suf-
i ftered metamorphism; they were the scene of erup-
i tive activity; and they were deeply eroded. The
[ eontact between the second and third sets is another
iunmnfh-rmity; 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 ocenr.  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 appears in the section may
be measured by using the scale of the wap.
| Columnar seclion sheet.—This sheet contains a
| eomcise description of the sedimentary formations
which . occur in thé quadrangle. It presents a
csummary of the facts relating to the character
qu' the rocks, the thickness of the formations, and
' the order of accumulation of successive deposits.
| The rocks are briefly described, and their char-
acters are indicated in the columnar diagram,
The thicknesses of formations are given in figures
which state the least and greatest measurements,
| and the average thickness of each iz shown in the
| eolumn, which is drawn to a scale—usually 1000
feet to 1 inch. The order of accumulation 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-
i tions of deposition are indieated graphically and by
| the word “unconformity.”

LA . y . |
from time to time caused the earth’s surface to |

o : |
' wrinkle along certain zones. In places the strata

| are broken across and the parts have sﬁppenl past
| each other. Such breaks are termed faulls, Two
 kinds of faults are shown in fig. 4.

CHARLES D. WALCOTT,
l Dirvector,

| Revised January, 1904,
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No.* MName of folio. State. Price.t No* | Name of folio. State. Price.t
|

Gents. ! ‘ - | Gents.
1 | Livingston . . .. . g [aMonbange 3. SRR, S0 25 86 | Fort Benton . . .. . .% .. Montana - . - . - oAy 25
s 2| Ringgold « « ; + . « + .« . . | Georgia-Tennessee .. .. . 25 56 | Little Belt Mountains . . . . | Montana . . . . . Beg il 25
5| Plagerville - . . . - .. ... Galifornia .« s s o e s la sy a5 57 | Telluride « » -« « « « o v o FEOLOTRAD, '« "ol s *a o5l aaien s 95
14| Kingston . . . . ... v «a= | TONNGBEOA 4 & « = o'« = 2. 25 “ BE | S EImornfet o g i A COlOTEAD ot = e aa b ek a5
B'| Sacramento - . - .. » | Galiformia. - + « » « o0 00 25 69 | Bristol . . . ... ... Virginia-Tennessee . . . . . 25
1 6 |['Chattancoga’ .5« Lo i Tennessee. - « - « « . » M X 25 -l g =T e i EE - Fa R (S L TR L SEat Y, 25
17| Pikes Peak. . . . . ... .. Colorado «s « v = s s s 2 4 s 25 Gl L e S T Virginia-West Virginia . . . . 25
B|Sewanee . « « + + + s v v+ v | TENNESSEE + + + « o o ¢ o4 s 25 62 | Menominee Special . . . . . | Michigan . . . . . . .. .. y 25

I 2 | Anthracite-Crested Butfe . . | Colorado . . . . .. .... 50 65 | Mothar Lods District’. . - . | California. - - - « - - . - - - 50 I

10| Harpers Ferry - + + + + » » » | Va-W. Va-Md. - - - . . . . a5 64 | Uvalde « » « =« = = v = v+ TETRETR . hrre i gt RS, . 95 ]
11 | Jackson =+ o o ¢ 0 o0 . s Galifornig « + « « v « + o v 2 25 65 | Tinfic Spegial . - . . . . . . Utah « o ¢ 0 0 2 0 0 2 a s . 25
12| Eetillvilla . - = = = = 5 s = e Bt o T e o S e 25 GG | Colax o = iate w e e e i B OBt tm e = et = e ih 25
13 | Fredericksburg » - « « + = - - Maryland-Virginia . . . . .. | 25 67 | Danville . . .. . . . i« « « | IHinois-Indiana - - < &2 . .. 115
14 U Stapnton o o o' a = o id i s Virginia-West Virginia. . . . | 25 66 | Walsenburg + « « + v+ oo . | Colorado « s + v s +'a ¢ 4 o s 25
15| Lassen Peak + - . . . . . . . Galifornla . - - - 5 =« 5 - x E 25 €9 | Huntington . - . - . . .... West Virginia-Ohio - . - . . 25
16 | Enoxville: « « « « « + « & 4 & Tennessee-MNorth Carolina . . 25 ?0 | Washington. . . . . . s o | DiG-Va-Md. - - - - .- 50
17 | Marysville « « - oo+ J 0 o s Calfornla - « «oo s alaa i o8 Z1 |'Spanish Peaks . - v o0 Lo | Gelorado =0v v - 5 0 0 v | a5
18 | Smartgvills . <« o .0 L G T 11 L T AR O R 2153 72 | Charlagton . . .'. .". . LU West Virginia . . . . . . .. a5
195 SteTensaon «» apa's « o0 5 s x| Ble-CaoTENN G « vps Atn s w @5 v | Coos Bayts o0 L, e oos | OFBgOM « =« o ¢ ¢ o0 @« v o & 25
20 | Cleveland. . - . . - . . .. » | Tonnessge « « .« = v v o v . 28 74 | Coalgate . . <. ., .., + + | Indian Territory . - . - . . 25
21 | Pikeville . . . . .. .. ... Tennessea . « « « « « s ¢ 1+ . 28 75 | Maynardville . . . . . ... ot ST ennegeRats. e ot ma S s
2ol McMinnville - - - - .« - - . . Tennesseg - + « = « =« = = « 5 i) | e S [T i e e O L= TRXRS e s e ol S o e g a5
D& Momini - -5 s b abe Maryland-Virginia . . . . . - a5 || 77 | Raleigh B R West Virginia . - . -« .. 25
24 | Three Forks . ... . . . . .. L0 oo e ST el o S 50 ]- 78 | Rome s s o e Georgia-Alabama - . . - - . 25
25| London = - v - v o0 2o L TENNesEea - « ¢+ & s a v o s 25 I 70 | BAtoka. . . - . . WL b Indian Territory . - . . « . 1 25
26| Pocghontas . . - . . + . .« . « | Virginia-West Virginia . . . . 25 | BO I Mool - « S S een e . | Virginia-Nerth Carolina . - . 28
27 | Morristown . - - - - .. ... | Tennesse®s . . .. . . . ... a5 | - B T R Ilincis-Indiana . - « - . . . . 50

28 | Piedmont. - . - . . . . . .. Maryland-West Virginia . . - 25 82 | Masontown-Uniontown . . . | Pennsylvania . . . - . . . . . 26 .
29 | Nevada City Special . . . . . VACATIEOTTIE it an e o iy et 50 88 | New York City . . ... .. New Yerk-New Jersey . . 50
80 | Yellowstone Mational Park . | Wyoming » «» » - - - - + . . S b ] | 84 |Ditney ... ......... Indisna =Pt i Wt a8
&1 | Pyramid Peak . : . .. ... Californias sg =10 & war =" s iria | 25 ; BE\| ‘Delrichgs 2 -+« &+ 2 a5 s South Dakota-Mebraska . . . o5
B R ranldin s el Virginia-West Virginia . . | ‘26 | | 86 | Ellensburg - . . - - - . . . . Washington . - - . - .. . .. a5
B8 | Bricevilla. . . . .. ... .. TRnneReEal b . b L 95 | | B7 | Camp Clarke - « - . . .. . . IlabrasRat - ays e et 25
&4 | Buckhannon - + « « « + + 4 . West Virginia . . - . - . - . | 25 | 88 | ScottsBluff . ........ Mabragka s ot Ll e Fa L 28
86 | Gadsden « . . « « « o o0 . Blabaroa’ 25 fg. wfa i o | 25 [ 18 Enrt ‘Ofortl S S0 500 = 21k T T I eNET T 17 s g l 25
56| Puablo « + - - -« v -0 . . Eolorados.rr. sl B e e | B0 I =S CGranbarny it et el North Carolina-Tennesses - - 25
37 | Downievilla. - - -+ « + 0 & [BF 1174 ¢ - gl G S " 95 | B I Hartmillete = o e sis Dl B0 W ROImITE - A 285
38 | Butte Special. . . . . . . . . MentanaeL . st nivh i 50 | 92 | Gaines ............ Pennsylvania-New York. . . 25
39| Truckee . ... ....... B AT T rbioh o A A i e e e | 25 95 | Elkland-Tioga . . -« . - . . Pennsylvania . . . - . . . . . 25
Ii 400 Wartburg - - - - - - .k Tannessas . - « ¢ =+ 2 v+ s | 2B 94 | Brownsville-Connellsville . . | Pennsylvania. . . . . . . . . 25
7B I LT T VR i T S A California . - + + + o s+ + 4« 26 95 | Columblai- - « -« . .- - . | Tanmessea - - .« ¢ - . & - . - 25
R B R R TR S R TETaRT 4 R sty e 25 = F Ly o] 0 e B M | South Dakota . ....... . 25
45 | Bidwell Bar . . . . . . . .« Ealiforniz SRR L L a5 o7 | Parker . . - - . . . . “aa«. | SouthDaksta . .. ..... 25
44 | Tazewell - - - - . . . . . .. Virginia-West Virginia . . . . a5 98 | Tishomingo. - . - - . . .. + |JIndian Territory. . . - « + + « 95
45-1 Boigel a0 S TR E L Tk s 5 B b e B, e UR AR a5 ioh EMttohell Az s Shdeit Rt South Dakota. . . . ... .. 26
46 | Richmend . . . . . . . .« . . Hantaoky e 00 L a5 100 | Alexandria - « « - =« « - .« ., South Dakota . « « % « « « « s 95
A7 | London « « +.0 s+ & v 5 5 5 s Kentucky . =v « = e v (L, a5 101 PSan Bals i s 208 A noe b Callfornlas el A2 s Dol a5
48 | Tenmile District Special . . . | Colorado . . - . . « . o . .. 25 | TEers Plndianaesg 7. L2 at- TNl B Pennsylvania . .. ... .. 25
49 | Rogeburg - . - - « .. . . . - | Oregon . 1. o v v vl | 28| T T ) ] O i B e i [daho-Oregon - . . . . . . 25
SO Holyoka 8 & 0 e o  Mass-Conn. . . ....... i 50 104 | Silyarn Giby Sv8 rlicl Sl o e i o S Bl A a5
Bl BigiTrapst : % < i o, . | Califormin.c s 20 L e, 2R 25 105 Patoke .. = me. 300 o Indiana-Illineis - - . - - - . . 25
62 | Absaroks - - « - ¢ o s 000 | Wyoming . .o oL L0 L b ‘ 25 | | 106 | Mount Stuart . . . . . ... | Washington . . . . .. ... 25
8% | Standingstone . . . .. ... | Tonneasas = /& a . i o e a5 | | 107 | Newcastle . . ........ | Wyoming-South Dakota . . . 25
P LT AR A B | Washington. . . . ... ... ‘ 25 | | ‘108 [Edgemont -*. . . ... .. South Dakota-Nebraska . . . | 25

1 | ]
X ! i

GCirgulars showing the location of the area coverad by any of the above folios, as well as information concerning topographic maps and other publications of the Geological Survey, may be
had on application to the Director, United States Geclogical Survey, Washington, D. C.
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