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The Geological Survey is making a geok>gic 
map of the United States, which necessitates: the 
preparation of a topographic base. map. The 
two are being Issued together in the f@rIll of an 
atlas, the parts of which are called folios. Each 
folio consists of a topographic base map and 
geologic maps of a small area of country, together 
with explanatory and descriptive texts. 

THE TOPOGRAPHIC MAP. 

The features represented on the topographic 
map are of three diRt-inct kinds: (1) inequalities 
of surface, called relief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called drainage, as streams, lakes, and swamps; 
(3) the works of man, called ""lture, as roads, 
railroads, boundaries, villages, and cities. 

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

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

Fig. t.-Ideal sketch and corresponding contonr map. 

The sketch represents a river valley between 
two hills. In the foreground is the sea, with a bay 
which is partly closed by a ho,oked 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 
in a precipice. Contrasted with this precipice is 
the gentle descent of the slope at the left. In. the 
map each of these features is indicated, directly 
beneath its position in the. sketch, by contours. 
The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

1. A contour indicates approximately a certain 
height above sea leve In this illustration the 
contour interval is 50 feet j therefore the con­
tours are drawn at 50, 100,150,200 feet, and so on, 
·above sea leveL Along the contour at 250 feet lie 
all points of the surface 250 feet above sea; and 
similarly With any other contour. In the space 
between any two contours are found all elevations 
above the lower and below the higher contour. 
Thus the contour at 150 feet falls just below the 
edge of the terrace, while that at 200 feet lies 
above the ten-ace; therefore all points on the 
terrace are shown to be more than 150 but, less 
than 200 feet above sea.. The summit of the 
higher hill is stated to be 670 feet above sea j 
accordingly the contour at 650 feet surrounds it. 
In this illustration nearly all the contours are 
numbered. Where this is not possible, certain 
contours - say every fifth one - are ac?entuated 
and numbered; the heights of others may then 
Le ascertained by counting up or down from a 
nUlllbered contour. 

E~PLANATION:\ 
" ~. 

2. Contours define the forms of slopes. Since the ·sides and 'corners of eaCh sheet the n~mes Ot 'tion. Furth~r, the structure of the rock may be 
contours are continuous horizontal lines conform· adjacent sheets, IT puhlis)1ed, are printed. changed by the development of planes of tlivi­
ing to the surface of the ground, they willd U:8e8 0/ the topographic 8heet.~ Within the limits sion,. so that it splits in one direction more easily 
smoothly about smooth surfaces, recede into all of scale the topographic sheet is an-accurate and than in others. Thus a granite may pass :into s· 
reentrant angles of ravine.s",.and project in passing characteristic delineation of phe relief, drainage, gneiss, and from that into a mica-schist. 
about prominences. The relations of· contour and culture of the district. represented. Viewing Sedimen'tuJry 1'OCks.-These comprise all rooks 
curves and angles to forms of the landscape can the landscape, map in hand, every characteristic which have been deposited under water, whether 
be ttaced in the map and sketch. fE'~ture of sufficient magnitude shoul~ be recog· in sea,/lake, or stream. They form a. v~ large 

3. Contours show the approximate grade of nizable. It should guide the traveler; serve the J?!lrl of the dry land. 
any slope. The vertical space between two con· investor· or owner who desires to ascertain the When the materials of which sedimentary rocks 
tours is the· saJllet w.~ether they lie along a cliff position. and surroundings of p~perty to be are composed are carried as solid particles by 
or on a gentle ~ope; but to rise a given height bought or sold; save the engineer preliminary water and deposited as gravel, sand, or mud, the 
on a gentle slope one must go farther than on a surveys in locating roads, railways, and irrigation deposit is Qalled a moohamcal sediment. These 
steep slope, and therefore contours are far apart ditches j provide. educational material for schools may becoJ;Ile hardened into conglomerate, sand-
o~ gentle slopes and near together on. steep ones. and bomes.; and serve many.of the purposes of ~tone, or shale. When the material is carried in j 

For a flat or gently undulating country a small a map for local reference. sl?lution by the water and is deposited without 
contour interval is used; for a steep or mountain- the aid of life, it is called a chemical sediment j 
ous country a large interval is necessary. The THE GEOLOGIC MAP. if deposited with the aid of life, it. is called an 
smallest interval used on the atlas sheets of the organic sediment. The more important rocks 
Geological Survey is 5 feet. This is used for The maps representing areal geology show by formed from chemical and organic deposits are 
regions like tlie Mississippi delta and the Dism.al colors and conventional signs, on the topographic limestone, chert; gypsum, salt, iron ore, peat, 
Swamp. In mapping great mountain masses, like base map, the distribution of rock formations on lignite, and coal. .Anyone of the above sedi· 
those in Colorado, the interval may be 250 feet. the surface of .the earth, and the structure·section mentary deposits may be separately formed, or 
For intermediate relief contour intervals of 10, map shows their underground relations, as far as the different materials may be intermingled in 
20, 25, 50, and 100 f~et are used. known and in such detail as the scale permits. m~y ways, producing a great variety of rocks. 

.Draimage.-Water conrses are indicated by blue KINDS OF ROCKS. Sedinientary rocks are usually made up of 
lines. If the ~treams flow the year round the layers or beds which can be easily separated. 
line is drawn unbroken, but if the channel is dry Rocks are of many kinds. The original crust These layers are called 8trata. Rocks ·deposited 
a part of the year the line is broken or dotted. of the earth was .proPably composed of igneous in successive layers are said to be stratified. 
Where a stream sinks and reappears at the sur- rock8, and all other rocks have been derived from The smiace of the earth is not fixe4, as it seems 
face, the supposed underground course is shown them in on'e way or another. to be; it very slowly rises or sinks over wide 
by a broken blue line. Lakes, marshes, and other Atmospheric agencies gradually break up igne- expanses, and ~ it rises or subsides the shore lines 
bodies of. water are also shown in blue, by appro· ous rocks, forming superficial, or surficial, deposits of the ocean are changed: areas of deposition may 
priate conventional signs. of clay, ,sand, and gravel. Deposits of this class rise above the water and become laI\d areas, and 

Oulture.-The works of man, such as roads, have been formed on land surfaces since the land areas may sink below the water and become 
railroads, and towns, together with boundaries of earliest geologie time. Through the transporting areas of deposition. If North America were 
townships, counties, and Sta.tes, and artificial agencies of streams the surficial materials· of aU gradually to sink a thousand feet the sea would 
details, are printed in black. ages and origins are carried to the sea, where, flow over the .Atlantic coast and the Mississippi 

Scale8.-The area of the United States (exclud- along with material derived from the land by and Ohio valleys from the Gulf of Mexico to the . 
ing Alaska) is about 3,025,000 square miles. On the action.of the wav~s on· the coast, they form. Great La'kes; the Appalachian Mountains would 
a map with the scale of 1 mile to the ·inch this 8edimentwry rocks. These are·usually hardened become an archipelago, and the ocean's shore 
would cover 3,025,000 square inches, and to into conglomerate, sandstone, shale, and limestone,' would traverse Wisconsin, ~owa, and Kansas, and 
accommodate it the paper dimensions would need but they may remain unconsolidated and still be extend thence to Texas. More extensive changes 
to be about 240 by 180 feet. Each square mile called."rocks" by the geologist, though popularly than this have repeatedly occurred in the past. 
of ground surface would be represented by a known as gravel, sand, and clay. The character of the original sediments may be 
square inch of map surface, and one lin.ear mile From time to time in geologic history igneous changed by chemical and dynamic action so as to 
on the ground would be represented by a ·linear and sedimentary rocks have been deeply buried, produce metamorphic rocks. In the metamor­
inch on the map. This relation between distance consolidated, and raised again above the surface phiEfm of a sedimentary rock, jnst as in the meta­
in nature and corresponding distance on the map is of the water. In these processes, through the morphism of an ignequs rock, the substances of 
called the scale of the map. In this case it is "1 agencies of pressure, movement, and chemical which it is composed may enter into new com­
mile to an inch." The scale may be expressed also action, they are often greatly altered, and in this binations, or new substances may be added. 
by a fraction, ·of whi-ch the numerator is a length condition they are called metamorphic rocks. When these processes are complete the sedimen­
on the map and the denominator t.he correspond. Igneous rocks.-These are r'?Cks which ~ave tary rock becomes crystalline. Such changes 
ing length in nature expresSed in the same unit. cooled and consolidated from a liquid state. As transform sandstone to quartzite, limestone to 
Thus, as there are 63,360 inches in a mile, the has. been explained, sedimentary rocks were marble, and modify other rocks according to 
scale o~ "1 mile to an i~ch " is expressed by 6lI.~ deposited on the original igneous rocks. Through their composition. A system of parallel division 
Both of these methods are used on the maps of the igneous aDd sedimenta"l'J ;rocks of all ages planes is often produced, which may cross the 
the Geological Survey. molten material has from time to time been forced original beds or strata at . any angle.· Rocks 

Three scales are used on the atlas sheets of upward to or near the surface, and there consoli· divided by'iuch planes are called slates or schists. 
the Geological Survey; the smallest is ~,the dated. When the" channels or vents ·into which Rocks of any period of the e~'s history may 
intermediate 125~OOO' ~nd the largest \\Ilk- TJtese this molten mate.rial is forced do not reach the be more or less altered, but the younger forma­
correspond approximately to 4 miles, 2 miles, surface, it may consolidate in cracks or fi;00,8ures tions have generally escaped marked memmor­
and 1 mile on the ground to an inch on the map. crossing the bending planes, thus forming dikes, phism, and the oldest sediments known, though 
On the scale 62,1.0 a square inch· of map surface or spread out between the strata in large bodies, generally the most altered, in SOmE" localities 
represents and corresponds nearly to 1 square called sheets or laccoliths, or form large irregular remain essentially unchanged. 
mile j on the seale lsil500l to about 4 square miles j cross-cutting masses, called stoch!. Such rocks are 8ur.flcial rocks.-These embrace the soils, clays, 
and on the scale25(jl00fj)to about 16 square mile!3. called infJrusive. Within their rock inclosures sands,gravels,andbowldersthatcoverthesurface" 
At the bottom of 'each atlas sheet, the scale is they cool slowly, and hence are gene!a1ly of crys: whether derived from the breaking up oT disinte­
expressed in three different ways, one being a talline texture. When the channels reach· the gration of the underlying rocks by atmospheric 
graduated line representing miles and 'parts of surface the lavas often flow out and build up agencies or from glacial action. ~urficial rocks 
miles in English inches, another indicating dis· volcanoes. These lavas coo~ rapidty in the air, that are due to disintegration are produced chiefly 
tance in the metric system, and a third giving the acquiring a glassy or, more often, a partially crys- by the action of air, water, frost, animals, and 
fractional scale. talline condition. They are usually more or les., plants. They consist mainly of the least soluble, 

Atlas 8heets and quai/;rORl{/le8. -The. map is .porous. The igneous rocks thus formed ·upon the parts of the rocks, which remain after the more 
being published in atlas sheets of convenient aize, surface are called ewtl'1J;8ive. Explosive action soluble parts h~ve been leached out, and hence 
which are bounded by parallels and meridians. often accompanies volcanic eruptions, causing are known as residual products. Soils and sub. 
The corresponding four.comered portions of tel'. ejections of dust or ash and larger fragments. soils are the most important. Residual accumu­
ritory are caRed q1uadra'flgles. Each sheet on These materials when consolidated constitute lations are often washed or blown into valleys or 
the scale of ~) contains one square degree, 1. e., a breccias, agglomerates, and tn.:ffs. The ash when other depressions, where they lodge and form 
degree of latitude by a degree of longitude j each carried into lakes or seas may become stratified, so deposits that grade into the sedimentaiy class. 
sheet on the scale of at.ooo contains one-quarter of as to nave the structure of se~mentary rocks. Surficial rocks that are due to glacial action are 
a square degree j each' sheet on a scale of ~ The age of an igneous rock is often difficult or formed of the prod.ucts of disintegration, together 
contains one·sixteenth of a square degree. The impossible to determine. When it cuts across a with bowlders and fragments of rock rubbed from 
areas of the corresponding quadrangles are about sedimentary rock it is younger than that rock, the surface and ground together. These are 
4000, 1000, and 250 square miles, respectively. and when a sedimentary rock is deposited over spread irregularly over the territory occupied 

The atlas sheets, being only parts of one map of it the igneous rock is the older. by the ice, and form a mixture of .clay, pebbles, 
the United States, are laid out without regard to Under the influence of dynamic and chemical and bowlders which is known as till. It may 
the boundary lines of the States, counties, or town· forces an igneous rock may be metamorphosed. occur as a sheet or be bunched into hills and 
ships. To each sheet, and to the quadrangle it The alteration may involve only a rearrangement ridges, forming moraines, drumlins, and other 
represents, is given the name of some well-known of its minute particles or it may be accompanied special forms. Much of this mixed material Wt:l.S 

town or natural feature within its limits, and at by a change in chemical and mineralogic composi· washed away from the ibe, assorted by water, and 



redeposited as beds or trains of sn.nd and clay, 
thus forming another gradation into sedimentary 
deposits. Some of thi~ glacial wash was depo"ited 
in tunnels ann dmnnels in the ice, and forms eha]'­
aeter"istic ridges ann mounds of sand and gravel, 
known as osars, or eskers, and kames. The 
material deposited by the ice is called giaeial 
drift; that washed from the ice onto tIle adjaeent 
land i~ ('albl modified drift. It is usual al<;o to 
class as surficial ro('ks the deposits of the sea and 
of lakes aud rivers that were made at the same 
time as the ice deposit. 

AGES OF ROCKS. 

mentfUJ" formations of anJ~ one period, excepting I principal mineral mined or or the stone quarried. I PaJ'ts slipped past one a.nothel'. Such breaks are 
the Pleistocene and the Archean, are-distinguished I StJ'ucture-8tction sheet.-This sheet exhibits the termed faults. 
from one :tllOther by different patterns, made ?f 'll'elatiollS of the formations beneath the s11l'fa~e. I On the right of tte sketch the section is com­
parallel straight liIles. Two tints of the period- In cliffs, canyons, shafts, and other IJ'atural and i pos~d of schists ·wllich arc traverseo hy masses uf 
color are used: a pale tint ,is printed :venly over I artificial cuttings. the relations of diffc:ent b:d8 I igneous .rock. The sehiRts are much contorted 
the ·whole surface representmg the penoo.; a dark, to one anothor be seen. Any cuttlllg ,yhlCh and theIr arrangement undm·ground can not he 
tint brings out the difforent pattf't'lls representing exhibit8 those is called a 8ection, and t~e I infened. Hence that port jon of the section 
formations. 1£aeh formation is furthermoro gi\'en same name is applied to a diagram representing I delineates "What is probahly true but is not 
- - - - - the rehtions. The arrangement of rocks in the known by observation or well-founded inference _ ___ ~~I~=L 1= = = ~ earth i" and a l'ection exhibit- In fig. 2 there are thrl':'e setR of formation8, dis-

Cenozoi(' 

.1 p I Any colol'1j ing tIlis arrangement is a structll1'e 8ection. tinguished by their underground relations. The 
The gl':'ologist is not limited, }lOwever, to the first of these, seen at the left of the section, is the 

natural aml artificial cuttings for his information set of sandstone" and shales, which lie in a hori· 
E IOlive-urowII.'>. concerning the earth's structure. I Kno'wing the zontal position. These sedimentary strata are 

Rocks are furth,er djstingllished according to Mesozoic manncr of the 'formation of rocks, and having nmy high above the sea, forming a plateau, and 
their. relative for they ,yere not formed an I traced out the rclations among beds on the sur· their change of elevation shows that a portion 
at one time, age to in the earth'fl face, he can infcr their relative positions after of the earth's mass has swel1ell npward from n. 
history. Classification by age inuepennent of Paleozoic they pass beneath the surface, draw sections lower to a higher level. The strata of this set are 
origin; i,gneous, sedimentary, and surficial rocks which rf'presellt the structure of the earth to a I parallel, a relation which is calletl coocfm-mobip. 

may be of the saBle age. Al~ODkian £ Orange.browns. consideral)le depth, and construct a diagram I The second set of formaticHls of strata 
'Vhen the prenominant material of a rock mllss Archean _ . Ai I Any colors. I exhibiting what would be seen in the side of a which form arches and troughs. These strata 

is essentially the SlUnt', and it i" bounded by rocks, ----- cutting many miles long and several thousand feet I were once continuous, hut the crei'lts of the arches 
of different materials, it is convenient to call the I a letteNlYlUhol composcd of the "[Ierioo letter com- ! deep. This is illustmted in the fol1o"ing figure: I have been removed hy degrallation. The beds, 
ma'lS throughout its cxtent and such binell with smull l?tters standing for the forma- [like those of the first set, are confol11mhle. 
11 formation is the unit of tion name. Tn the case of a s~dimentary formation The horizonal strata of the plateau rest upon 

Several formations are of uneertain age the pattern is printl':'d on ,,,hite ! the upturned, eroded edges of the beds of the 
nf'fl.ignated a the ground in the color of the period to which the I second set at the left of the section. The over-
dpI)Osition of a is called all epoch, and formation is supposed to helong, the letter-symbol 1 lying deposits n.re, from their positions, evidently 
thp time taken for that of a system, 01' some of the period being omitted. younger than the underlying formation~, and the 
larger fradion or a sYRtem, a period. The rocks The number and extent of surfidal formations, bencling and degradation of the older strata must 
are 1)), formations., and the formations are 1 chiefly Pleistocene, render them so important that, have occurred bet'ween the deposition of thl':' 

into Sy'ltClml. The rocks composing a I to dii4inguish them from those of other periods older bcds and the accumulation of the youngcr. 
s~'stem and the time takel~ fo~ its depofl.ition ~re 1 a~ld frOll] .the i~neous rock", patterns of dots and 'Yhen ,vollnger strata thus rest. upon an eroded 
gn~en the same name, as, for mstance, Carnbrmn clre1es, prlllted m any colors, a1'e used. surface of older Rtrata tlle relatIOn betwet'n the 
system, Camhrian pf'riod. I The origin of the Archean roeks is not fully two is an 'll!ll.con/orrnable ono, and their surface 

As sedimentary deposits or strata accumulate settled. Many of them are certainly igneous. The fie,"11re represents a landscape which is cut of contact is an unconforrn£ty. 
the younger rest on those that are and the I 'Yhether sedimentary rocks are also included is off sharply in the foreE,"Tound hy a vertical plane, The third set of formations consists of crystal-
relath·e of the deposits may be not determined 'rhe Archean rocks, and all so as to shm\ the underground relations of the line schists and igneous rocks. At some period 
by their relative positions. This rela, I metamorplJic rocks of unknown origin, of what- rocks. of their history the schists were plicated hy prf't' 
tiOIlShip except in regions of intense I eyer age, are represented on the maps by patterns The kinds of rock are indicated in the section sure and traversed by cruptions of molteu rock. 
disturbance; sometimes in such regions the dis-/ consisting of short dashes irrregulady plaeed. by appropriate symbols of lines, dots, and dashes. But this pressure and intrusion of igneous rocks 
turhanee of the beds has been so great that t.heir The"e are printed in any eolor, and may he darker 'rhese symbol:; admit of much variation, but the ha\~e not affected the overlying Rtrata of the 
position is reversed, and -it is often difficult to i or lighter than the baekground. If the rock is a following are genemJly used in sections to repre- second set. Thus it is evjdent that an intelTal of 
dl'tel'miue the relative ages of the beds frOHI. their I Rchist the dal'lhes or hachures lllay be arranged in sent the commoner kinds of rock: considerable duration elapsen between the forma-
positiom; then /088il.Q, or the remains of plants I wavy parallel Jines. If the metamorphic rock is tion of the sehists and the beginning of depositiun 
and animals, are guides to show 'which of t\VO [ known to be of sedimentary origin the hachure .. B-:; of the ,tratn of t),e secona set_ During this 
or more formations is the oldest. ,patterns may be combined with the parallel-line "_' ~._~~~ interyal the schist" suffered metamorphism; they 

Strata often contain the remains of plants and! patterns of sedimentary formations. If the rock' . were the scene of eruptive actiyity; and they 
animals which Ijyed in the sea or "rere washecl is reeognized as haying been original1y igneollB, Sh!\lylimestone8. were deeply erodell The eontaet between the 
from the land into lakes or seas or were buried in the hachmes lllay be comLined with the igneous second and third sets, rnarking a time intern!.l 
surfieial deposits on the land. Rocks that con· pattern. ~--. between two periods of rock fornlfttion, is another 
taill the remains of life are called fossiliferous. Known igneous formations' are represpnted by ~~-=-__ ~~~~. __ ~~-~- unconforlllity. 
By studying these remains, or fossils, it has pattern~ of triangles or rhombs printed in any rrhe secti~n and landscape in fig. 2 are ideal, 
found that the species of eaeh period of the earth's brilliltnt color. If the formation L.., of known age Slmlysandstones. Calcareous sandstones. but they illustrate relations whieh aetually o('cm. 
history have to a great extent differed from those the ]ettl':'}"-sYlllbol of tlle formation is preceded by I rrhe sections in the strncture-section sheet are 
of other period". Only the simpler kinds of the ~apitlLl letter-symbol of the proper period. related to the maps as the section in the figure is 
marine life existed ,,,hen the oldest fossiliferous If the age of the formation j~ UIJknown the I related to the landscape. The profiles of the sur-
rocks were deposited. From time to time more ll':'tter-symiJol consists of small letters which face in the section correspond to the aetual slopes 
complex kinds developed, and as the simpler ones suggest the name of the rocks. of the ground along the section line, aud the depth 

lived on in modified forms life became more 'l'HE VARlOUR GEOLOGIC SHEETS. Fig. 3.-Symbols med to ;;~~::::d(~~;:~::;::(:C: rock. from the surface of any mineral-protlucill[; or \yater-
"aried. But during each period there lived pecul. bearing stratum which appeaJ's in the section may 
iar forms, ,\ hieh did not exist in earlier times Areal geology slwet.-This sheet shows the TIw plateau in fig. 2 presents toward the lower be measured by using the scale of the map. 
and have not existed siBee; these are charader· areas occupied by the various formations. On land m; escarpment, 01' Tront, which is made up Colwn-na1' section 81teet.-rrhis sheet contains a 
istic types, and they define the age of any bed of I the margin if! a legend, whidJ is the key to the of sandstones, forming the cliffs, and shales, con- concise description of the roek formations which 
rock in which they are found. Other t)""Pes map. To ascertain the meaning of any "flfU'ticular stituting the slopes, as shown at the extreme left occur in the quadrangle. It present~ a "HTtlmary 
passed on from period to period, and thus linked ('olol'cd pattern and its letter-symhol on the map, or the section. of the facts relating to the eharaeter of the roeks, 
the systems togcthe:r, forming a chain of life from the reader should look for that color, pattern, and I The broad belt of lower land is tl'lLversed hy the tbicknes"es of the formations, and the order 
the time of the oldest fossiliferous rocks to the symhol in the legeiul, where he ",-ill find the llttme I several ri(lges, which are seen in the section to of accumulation of snccesfliYe depo'lits. 
present. and dcscription of the formation. If it is desired correspond to beds of sandstone that rise to the The roeks are descrihed under the corresponrl-

'Vhen two formations are remote one from the to flnd any given formation, its name "hould be surface. The upturned cdges of these hed" form heading, and their characters are indieated in 
other and it is impossible to observe their relathre sought in the legend and its c,oll'Jr and pattern the ridges, and the intermediate "alleys follow columnar diagrams l)y appropriate l'ymhols. 

-positions, the charaeteristic fossil types found in I note(~, 'when the areas on the map corresponding the outel'ops of limestone and calcareous shale". The thicknesses of formations are briven in figures 
them may detel'mine which was deposited first. i in eolor and pattern may be traced out. Where the eli?es of the strata appear at the W hicll state the least and greatest meaSl11'ements. 

Fossil reIllains found in the rocks of different I The legend is also a partial statement of the surface thejr thickness can be measured and the The average thickness of each formation is shown 
areas, proyinces., and continent.s afford the most i geologic history. In it the symboh, and names angles at which they dip below the surf'uce can be in the column, which is drawn to a seale-usually 
important means for combining local histories are arraIJgen, in columnar forIil, aeeording to the ohflerved. Thus their pOf'!itions underground ean 1000 feet to 1 inch. The order of aceulllulation ~f 
into a general earth history. I origin of the f01'mations-surfieial, sedimentary, be inferred. The direetion tlmt the interseetion the sediments is shown in the eolumnar arrange-

Oolo!'8 and pattern8.-To show the relative ages I and igneous - and within eaeh group they are of a bed with a horizontal plane will take is (Jalled jlllent: the oldest formation is placed at the bottom 
of ~trata, the history of the sedimentary rocks is [ placed in the order of age, so far as knowll, the the 8tl'ike. The inelination of the bed to the hori. i of the co11llun, the youngest at the top, and igne. 
divided into periods. The names of the periods at the top. zontal plane, measured at right angles to the strike, ous rocks or surficial deposits, when present, are 
in proper order (from new to old), with the colors geology 8heet.-This sheet representR is called the dip. I indicated in their proper rela.tions. 
and symbol assigned to eaeh, are given in the the distrihution of m;efulminemls, the occurrence \Vhen strata 'which are thus lIlclined are traced I The formations are comhined into systems 
table in the next column. The names of certain of artesian water, or other faets of ecollomic jnter. underground in mining, 01' by iJd'erence, it is fre· ,which correspond ,vith the periods of geologic 
subdivisioll" and groups of the periods, frequently est, showing their relations to the features of topo- quently observed that they form troughs 01' arehes, I history. Thus the ages of the rock" are shown, 
used in geologic writings, are bracketed against graph)' 11nd to the geologic formations. All the snch as the section ShO'i-'lS. The arches are called! and also the total thickneRH of eaeh systf'm. 
the appro}Jriate period names. formations ",rhieh appear on the histori(ial geology allticline8 and the troughs 8ynclines. But the I The intervals of tillle which eorrespond tq 

To di~tinguish the sedimentary formations of sheet are Rhown on this sheet by fai,nter color pat- sandstones, shales, and limestones were deposited I events of uplift and degradation and cO!lstitute 
anyone period from those of another the patterns terns. The areal geology, thus printed, affords a beneath the sen. in neurly flat sheets. That they iIlterruptions of deposition of sediments are iddi­
for the formations of each period are printeJ in subdued background upon whieh the areas of pro· are now hent and folded is regarded as proof that I cated graphically and by thc ",-ord "uneonformity." 
the appropriate period-color, ,,,""ith the exception ductive formations lllay be emphasized hy strong forces exist which h[we from time to time caused i CHARLES D. ·W .... \.LCOTT, 
of the one at the top of the columll (Pleistoeene) colors. A symbol for mines is introdueed at each the earth's sUITaee to wrinkle along certain 7.0neR. I Directof'. 
and. the one at the bottom (Archean). The sew· occurrence, accompanied Ly the name of the In places the strata are broken across and the, Revised January, HJ02. 



DESCRIPTION OF THE CAMP CLARKE QUADRANGLE. 

GEOGRAPHY, 

By N. H. Darton. 

sands. On the table-land to the north there there are cliffs and steep slopes and many deep, 
Me level or gently undulating areas at altitudes steep-sided canyons. 

P08ition and ewtent.-The Camp Clarke quad. varying from 4200 feet on the eastern edge to &face waters.-The ,North Platte is a con-
rangle embraces the quarter of" a square degree about 4500 feet on the west, and the northwest stantly flowing stream which occupies a bed 
which lies between parallels 41 0 30' and 42 0 corner of the quadrangle includes about 70 square averaging over a half-mile in width. For a por­
north latitude and meridians 1030 and 1030 30' miles of sand hills, which rise rather abruptly from tion of the year the water is several feet deep, 
west longitude. It measures nearly 34.5 miles 10toJ20 feet higher,in zones trending northwest but in summer it dwindles greatly and' finally 
from north to south and 25.8 miles from east to and southeast, with a width of about 2-! miles occupies only shallow channels among sand banks. 
west and covers about 892 square miles. It and with irregular margins. They are more or For several years a gaging station was main· 
includes the northwest corner of Cheyenne less widely separated by level·floored depressions tain'ed by the United States Geological Survey at 
County and the eastern portions of Scotts' Bluff known as hay vaHeya, and generally sustain a Camp Clarke, where daily readings 'Were made of 
and Banner counties, Nebraska, and is crossed growth of coarse grass, but there are many ~are the river heights from April to October, .and 
by the North Platte, which -flows from west· spots from which the sand is blown. from these the volume of ftow is calculated. The 
northwest to east-southeast and drains its whole As the ridge between North Platte River and i averages since June, 1896, are as foHows: 

extent. Pumpkin Creek is high and narrow it is much Estimawrl monthly discharge of North Platte Bi'OOr at Oamp 
Relation to Great Plains:-The region is a i eroded, and deep canyons occur at frequent inter- Clarke, Nern-aska. 1896 to 1900. 

portion of the Great Plains, which in general pre· : vals along its sides. These canyons head abruptly ,­
$nt wide tabular surfaces sloping eastward, with I near the crest of the ridge and leave between 
isolated butte. and outlying ridge., and with .hal. them little of the high table·land from which the 
low river valleys margined by irregular and often ridge was sculptured. The ridge begins in Jail 
deeply incised slopes. The topographic features, Rock and Courthouse Rock, which rise abruptly April ... 

however, vary considerably, and it is difficult to near the mouth of Pumpkin Creek to an altitude ~::c· ... 
1899 

1809 
180{l 

1899 
entire province. is shown in fig. 18. To the west the ridge is August. ... 1899 I 

make concise statements that will apply to the of 4000 and 4100 feet respectively. Jail Rock I July .. 

The flatness of the plains is due partly to low and rolling until it rises again abruptly to September.. 1899 i 

11,030 1898 

19,050 1898 

23.560 I 1896 

20,.'100 1'900 
5,335 1898 
1,&18 1898 

1,814 1898 

'" 
:::[' 770 

60 
6<) 

110 

4.31[i 

8,685 
8,892 

8,955 

1,112 

583 

'" extensive erosion at a uniform slope, but also to . 4255 feet at Roundhouse Rock and still fartber . Oetcbel' .. 18991 

the great sheet of sedimentary deposits which has beyond attains an altitude of 4400 feet. It is cut 1 ______ -' ____ --' _____ , 

As a large volume of water i8 taken out of the 
river at intervals by the various irrigation canals 
in Nebraska and Wyoming, the records of flow at 
the gaging station do not indicate the total volume 
of water which ftOW8 down the valley. It should 
be borne in mind also that under the bed of the 
river there is' a considerable thickness of coarse 
Band which contains an underflow of greater 
volume than that flowing over the surface in the 
long period of dry weather. 

The various creeks which rise in the canyons 
north of the valley do not contain sufficient water 
to flow Qn the surface to the river, except in times 
of unusually,heavy rainfall. Pumpkin Creek is a 
ftowing stream throughout the year, having in 
summer a volume of about 20 second·feet. It has 
no flowing branches on the north, but on the 
south, in times of precipitation, it receives over· 
flow from Lawrence Fork, Greenwood Creek, and 
some other smaH streams. Lawrence Fork and 
Greenwood Creek are flowing streams for portions 
of their courses, but the water sinks near their 
mouths. Doubtless sO.me of -it reaches Pumpkin 
Creek as underflow, a phenomenon which is 
general throughout those larger valleys ,of the 
region that contain considerable accumulation of 
coarse ma,terials through which waters C8U readily 
percolate. 

one at the heM of Chalk Creek, .t an altitude of 
4350 feet, there issues a stream which rUllS about 
a mile in dry weather; at the head of Hackberry 
Creek there ate several springs at an altitude of 
4400 feet which furnish water for a stream that 
usually flows tt> the mouth of the canyon; at the 
head of Middle Creek there are similar springs at 
an altitude of 4100 feet j and on the East Fork of 
Middle Creek are Dugger Springs, at an altitude 
of 4040 feel. In dry weather Middle Creek has 
no surface flow for several miles, but the waters 
emerge from the valley gravel at an altitude of 
3830 feet, with considerable volume, and sink 
within the next mile. 

Along Pumpkin Creek there are several springs 
due to seepage of water from beneath the valley 
filling. Greenwood Creek heads in springs of 
considerable size, of which the flow extends far 
across township 18. Along the north face of the 
ridge lying between Pumpkin Creek and Platte 
Valley there are severai small springs in the 
deeper canyons, and there are small seeps of water 
at some points in canyons along the south side of 
this ridge. 

1tmber.-This region contains but little timber, 
but there is a sufficient supply for local use. On 
the ridg~ extending west from Redington Gap 
are scattered pine trees of moderate size, and 
there are also a few pines on the slopes ascending 
to the high table at the southern margin of the 
quadrangle. This tree iB the Rocky Mountain 
pine (Piwtts pondero8a), and it attains 3 diameter 
of from 1 to 2 feet where the conditions are most 
favora.ble. A moderate number of young pines 
start' at some localities on the lidges, but few of 
them attain maturity. The zone of cottonwoods, 
so characteristic of most western streams, is 
absent along North Platte River"and there are 
only a few small trees and bushes; but the valley 
of Pumpkin Creek contains cottonwoods in some 
places. The principal deciduous growths are 
found in some of the ravines, where they com· 
prise cottonwood, box elder, wild plum, and a few 
other varieties. The largest number are on Law­
rence Fork; -there are a few on Greenwood Creek, 
and scattered clumps are found in several of the 
ravines. 

Olimate.-Western Nebraska has a climate of 
typical Plains character. It is dry aDd hot in 
summer, moderately moist in late_spring, and cold 
with a little snow in winter. There is consider­
able variability in climatic features from year-to 
year, more than is found farther south or north, 
and some local variations from point to point, 
perticnlarly in rainfall. The following table 

been spread over them. In western Nebraska the by Birdcage Gap at an altitude of 4028 feet, and, 
plains rise to altitudes of from 5000 to 5300 feet. 2t miles farther west, by Redington Gap, at an 
They are traversed by the broad valleys of the altitude of about 4130 feet. West of Redington 
North Platte, South Platte, and Republican rivers, Gap its height rapidly increases to over 4500 feet, 
and are cut away around the Black Hills uplift by wIlieh is the average altitude at the western mar· 
White River and by the South Fork of Cheyenne gin of the quadrangle. Its width increases also, 
River in South Dakota. Their northern edge in and a spur extends far northward near the western 
northwestern Nebraska is a high escarpment margin of Cheyenne Oounty, where it terminates 
known as Pine Ridge, at the foot of which lies in Chimney Rock, a very picturesque monolith 
the wide valley extending across to the southern that has all altitude of 4242 feet, the more slender 
margin of the Black Hills. In this region they portion of the shaft rising 140 feet above the 
are composed largely of widespread Tertiary sloping b/;ure. Westward the ridge consists ()f a 
deposits, which were laid down on a relatively high backbone ",-i.th long projecting spurs sepa­
irregular :lioor of Cretaceous formations. These rated by deep canyolls, whieh usually head in gaps, 
deposits cover nearly all of western Nebraska such as Hubbard Gap, which has an altitude of 
and extend across eastern Wyoming to the foot 4494 feet, and Wi11iams Gap, which reaches 4420 
of the Rooky Mountains and through western feet. Remnant-s of the fOllmerly continuoUB table· 
Kansas, far southward. In valleys cut through land are preserved In isolated buttes, of which 
these deposits in Pleistocene time the Cretaceous Sheep Mountain is the laJ'gest, while others are 
rpcks are bared, especially in the wide depression known as Roundtop~ Coyote Rock, Steamboat 
adjoining the Black Hills. Alluvial formations Rock, Table Uock, and Castle Uock. Smoke· 
of moderate extent are spread over the vaHey stack Rock and the Twin Sisters, illustrated in 
bottoms. The smooth, tabular divides of the figs. 20 and 19, are two of the many picturesque 
Plains in central northwestern Nebraska are features which characterize this rugged ridge. 
cover~d for thousands of square miles by vast Along the northern edge of the ridge there are 
accumulations of sands, derived largely from the extensive accumulations of sand dunes, which 
loosely bedded members of the Tertiary forma- I south of Camp Clarke extend eastward across the 
tions, which, being spread by wind, formed sand low saddle between OourthoUBe and Roundhouse 
dunes. It is possible also that a portion of the rocks nearly to the mouth of Pumpkin Creek. 
sand·hilI area was originally occupied by earlier Sand hills have also accumulated along the foot Table of arJerage rain/aU in weste'/'U Nebraska, 1886 td 1897. 

Pleistocene sands constituting a portion of. the of the spur extending to 'Chimney Rock and, in 
.Equus beds, as the Equus fauna is found in this smaller measure, along the ridge terminating at I 
region. Castle Rock. __ 

Local topographic jeatW'e8.-In the Camp Clarke Pumpkin ' Creek Valley extenw across. the .r nuuary .. ' . 

quadrangle the larger topographic features are southern quarter of the quadrangle just sout~ of 
the wide valley of North Platte River; the table. the ridge above described, and empties into North 
land' surmounted by sand hills to the north; Platte River a mile above Lapeer., The bottom of 

1<~ebruary .. 

March .... . 

April .. . 

Pumpkin Creek Valley; the ridge which sepa. the VaHey-is a level plain varying in width from May ... 

:~ t~:iB.;:~Y o~rot~e t~:~I~~~~e !o~~e ~~:: :::!e::,le ~nlt,:i;:.,~t~::u~~:~~:e t::e :~::: ~~L:' .. 
which is part of the high plain e~tendi~ to the slopes reaching to the foot of aline, of cliffs which September .. 

-yalley of Lodgepole Greek, near the southern bor· extend along the south side of the central ridge. October .... 

derof the State.' 1he valley of North Platte River To the south there is a wide series of terraces and Ncvember . 

lies from 500 to 600 feet below the general level of slopes, rising gradually to the foot of the cliffs, Deeeuiber .. 
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,. the adj9jning highlands, having an altitude of which are' surmounted by the area of high. table· 
about 8630 feet on th~ east and 3815 feet on the land. These slopes and t_erraces. are traversed by 
west, with a fall of 6 feet to the mile. Along shallow valleys containing creeks heading in can· 
the cen~r of the valley there is 8. level plain on yons in the table-land, among which LawreilOe 
either side of the river extending from 1 to 2 Fork, the largest, heads several miles southwest 
miles·to slopes and low terraces wIDeh reach back of the quadrangle. Greenwood Creek, which 
seve-ral miles farther, to aline of buttes and prom· enters Pumpkin Creek near its mouth, rises in 
ontories rising abruptly to the highland level. canyons not far south of the southeast corner of 
On the northern .ide of the valley the edge of the the quadrangle. The projection. of high table 
table·land is incised by canyons which head about land along the south margin present smooth sum 
10 miles back from the river. The intervening mits having an altitude of 4300 feet just west of 
promontories al13_"steep sided, deep-Iy gullied, and Greenwood Creek and of 4700 feet in range 54. 
bonnded by dill's and .Iope. of bare clay. and At the nort~ern lll.rgin of the high table·land 

Springs.-In the canyons, particularly north of 
the river and south of Pumpkin Creek, there are 
many small springs. Near the forks of Indian 
Creek, at an altitude of about 3960 feet, the 
water comes out of the bottom of the valley in 
small seeps, and, giving rise to pools, :flows a few 
miles down the valley, where it sinks in the sands. 
On Red WiUow Creek and in West Water _Canyon 
there are similar conditions at an altitude of 4100 
feet, and in the canyons at"the foot of the tabl-e· 
land near the southern ~n of the quadrangle 
there are springs of considerable volume. From 

gives average monthly rainfall from 1886 to 1897, 
calculated from observations made at Kimball, 
Fort Sidney, AllianCe, Gering, }~ort Robinson, 
and Hay Springs, Nebr. 

GEOLOGY. 

STRATIGRAPHY. 

The formations appearing at the snrface in the 
Camp Clarke quadrangle are clays, sa-ndR, soft 
sandstone, calcareous grits, volcanic ash, and mix· 
tures of sand and gravel. They al'e all of 



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

2 

to be distinctly recognizable. The upper bed is, 
however, often quite pure, and has a thickness 
varying from 6 to 12 feet. It is particularly well 
exposed near Chimney Rock, and also near Castle 
and Smokestack rocks, and is shown in fig_ 2R_ 
U.\)der the microscope the volcanic ash is seen 
to consist of very small, thin flakes and shreds of 
glassy volcanic rock, mostly sharp edged and 
angular in outline. It was ejected, apparently at 
several periods, from volcanoes probably in the 
Hocky Mountain region, carried far by wind, and 
prohably deposited directly in water where the 
Brule clay was being laid down. It is possible, 
however, that, in whole or part, it may have been 
brought by streams from some distance a~d 

deposited like the other sediments. 

been distin~ished as the Gering formation. It is I formation, and a short distance above are two 
separated from the Brule clay by a distinct ero-[ thin beds containing volcanic ash. A view of 
sional unconformity, but appears to merge upward Chimney Rock is given in fig_ 23, and its strati­
into the Arikaree formation, through a few feet I graphic relations are shown in fig. 8. Southwest 
of passage beds. Though a prominent feature in of Chimney Uock the Gering formation is much 
the ridge extending west from Jail Rock-where I thinner, but it continues to present its character· 
it has an average thickness of about 125 feet and istic features as shown in figs. 9 and 10, and the 
locally reaches 200 feet-it appears to he absent, two members are well characterized as far as the 
north of the river and in the edge of the table- :1 east slope of Sheep Mountain (see fig. 10). In 
land south of Pumpkin Creek. In the vicinity of places along the south side of this butte the basal 
Chimney Rock, of which it constitutes the spire, member of the Gering formation is not distinctly 
the formation has a thickness of 145 feet, and it is ! separable. At the curiously sculptured T"win 
over 1 00 feet thick in Courthouse Rock and in the Sisters the unconformity at the top of the Brule 
vicinity of Birdcage Gap and Redington Gap_I clay is finely exhibited, as shown in fig_ 19, the 
In the canyons north of Freeport it is not well Gering formation, consisting of coarse sands and 
characterized, either thinning out or assuming the soft sandstones, merging upward into a B-foot bed 

FIEI-. L-Section from south to north across thc Camp Clarke quadrangle along the line A-A shown on the Areal Geology map. 
No, Oga./lala formation; Iilar, Arikaree formation; Ng, CerIng formation: Eb, Brule clay; Eo, Chadron formation 

Horizontal scale, 1 inch = 8 miles; vertica./ scale, linch = 3000 feet, approximately. Natura./ profile is shown In Bhaded drawing below section. 

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

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

The wide valleys of North Platte River and 
Pumpkin Creek are excavated in the Brule for. 
mation, but along their lower terraces the clay is 
usually overlain by alluvial deposits, and in gent1e 
slopes it is also extensively hidden by a .vide­
spread wash from the cliffs. At intervals, how­
ever, there are gullies which expose the formation, 
and along the higher ridges there are many cliffs 
in which its upper beds may be seen. This is 
notably the case on both sides of the high ridge 
lying het\veen Pumpkin Creek and North Platte 
Rh~er, about Courthouse Rock and Jail Rock, and 
from Roundhouse Rock westward to Castle Rock 
The only exposnre occurring by the river is just 
south of Bayard, where it constitutes a low ridge 
of typical flesh-colored sandy clay rising along the 
south bank 

Owing to its softness and homogeneous struc­
ture the Brule clay, where exposed to erosion on 
steep slopes, is sculptured into badlands, such as 

Table of geologic formations in the Camp Clarl~e quad1·angle. 

Predominating characters. 

,--------- -------- , 
J Dune sand .. -... Loose, light-gray sand.. . ·············-1 

. -. 1 Alluvium... Sand and loam, pebbly in places.. _. _ .. - ..... . 

l' Upland gravels, sand, and loam .. Gravels, loams, and sands .. 

fPliocene ? - . -I Og~ala fOrIIl3.tion ..... " .. - . ... CalcareouB grit, sandy clay, aud conglomerate ... 

Pleistocene .. 

Feet. 
0-100 

20-00 

<0 

0-100 

Neoeene . ~ r' ArikllJ"ee formation. _. '" ........ G~:rn~~c~i:l::: ~!:!~~ ::~:::;t~~;~~~:: 

lMiocene .. - ~l nels filled with conglomerate .. 

Gering formation .. _ Coarse sands, soft sandstone, and conglomerate_. 

0-350 

0-000 

Eocene_. OligOcene ... Bruleclay .. _, .. 

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

:EOOENE PERIOD_ 

Brule clay.-The entire area of the Camp 
Clarke quadrangle is underlain by the Brule clay, 
which extends under a wide area of western 
Nebraska and the adjoining regions. In its typi­
cal development it is a pa1e-huff or flesh-colored 
sandy clay of compact texture and massive struc­
ture, called" hardpan" locally, and in exceptional 
cases contains thin beds of sand and conglomerate 
of limited extent_ A bout 350 feet of this clay 
is exposed in t~e slopes of North Platte Valley, 
and ~t may extend somewhat deeper below the 
surface. In its upper portion are two beds of 
volcanic ~and and dust called "volcanic ash," 
which vary- much in purity,_ especially the lower 
one, which is often so intermixed with silt as not 

may be seen in miniature on the lower slopes of 
Jail Rock (illustrated in fig. 18), in Birdcage Gap, 
notahly on the eastern slope, at Redington Gap, 
and in places about Uhimney Rock and Castle 
Rock. Roundtop, Sheep Mountain, and the out.­
lying buttes and cliffs exhibit extensive outcrops, 
and Steamboat and, Table rocks consist entirely 
of the formatiQn. In some of tIle deeper hollows 
east of Chimney Rock and Castle Rock local 
streaks of conglomerate occur in it about 250 feet 
below its top_ These consist of a mixture of 
coarse, gray sand and flesh-colored clay pebbles and 
fragments which may possibly belong to the top 
of the underlying Chadronformatio·n. ffhe Brule 
clay appears frequently in slopes and canyons in 
the escarpment north of the river and in the cliffs 
below the edge of the table·land along the southern 
side of the quadrangle. Fossil bo~es.of ,rarious 
mammals and turtles characteristic of the Oligo­
cene occur occasionally in the Brule clay_ The 
principal speeies collected were #eryc.oidodon 
( Oreodon) gracilis, M. culbert8oni, P oeb1'otlIRrium 
wi18oni, ElotheriUim mOJ'toni, Hyracodon nebras­
kensi8, LeptomeFlJx evansi, Miohippus bairdi, 
C'a3nopu8 ocoidentaUs, and 8fAJlemY8_ These fossils 
were determined by F. A. Luc[LS of the National 
Museum. 

NEOCENE PERIOD. 

Gering fOl'mation.-Overlying the Brule clay, 
in a portion of the quadrangle, there is a layer of 
coarse sand, often containing pebbles, which has 

character of the Arikaree formation, so that it is 
not distinctive in appearance_ North of North 
Platte River and south of Pumpkin Va11ey it is 
not recognb;ed, but possibly it is there represented 
either by clayey members not distinguishable from 
the Brule clay, or by fine sand, with concretions. 
resembling the Arikaree beds. 

The Gering formation presents many local ,rari_ 
ations in its components, but in general it consists 
of laminated, massive, and cross·bedded, light­
gray, mainly coarse sands and soft sandstone. It 
often comprises two members more or less sepa­
rated by erosional unconformity. At the base 
there is more or less conglomerate of local origin, 
and in some cases where the formation is thought 
to be absent there is seen to be unconformity 
between the Arikaree beds and the Brule clay_ 

Beginning at Jail Rock there are extensive 
exposures of these features at frequent intervals 
westward to the vicinity of the Twin Sisters. At 
Courthouse I{,ock the relations shown in fig_ 2 
are presented. At an altitude of 3940 feet the 
distinctive Brule clay is unconformably overlain 
by the Gering formation, 1vhich apparently COTIl­

prises two members, separated by marked uncon­
formity by erosion, each containing hasal coarse 
beds with local conglomerate, and merge upward 
into sand and finally into 'sandy clay, the total 
tllickness being 110 feet. -Characteristic Arikaree 
formation caps Courthouse Rock, beginning 
abruptlYl but without apparent unconformity to 
the un<;lerlying Gering sandstone. Jail Rock, 
shown in fig. 18, is capped by the Gering forma­
tion. At Birdcage Gap the two members of this 
formation present about the same relations, shown 
in fig. 3, but they have somewhat greater thick. 
ness. A view of the exposure at llirdcage Gap, 
where the unconformity between the Brule clay 
and the Gering formation is very marked, is given 

fig. 21. At Redington Gap the two members 
of the Gering formation are not distinguishable, 
and the total thickness is less than it is to the east. 
A local bed of volcanic ash 5 feet thick appears 
to mark the top of the formation_ The principal 
features are shown in fig_ 4_ _Four miles south­
east of Chimney Rock is found the section shown 
in fig_ 5, the Gering formation here presenting the 
usual basal beds of coarse material lying uncon­
formably on the Brule clay (see fig. 17). The 
change to the Arikaree formation above is abrupt, 
but is not marked by any unconformity. Farther 
north, toward Chimney Rock, are presented the 
features shown in figs. 6 and 7_ The thickness of 
the Gering formation here averages only 125 feet, 
and there is mnch local variation in stratigraphy. 
Coarse basal beds are found exposed lying uncon­
formably on the Brule clay_ A thin local bed of 
volcanic ash is conspicuous in some placeR_ 
Chimney Rock consists of a spire of the Gering 
formation rising from a conical hill of Brule clay. 
The material is a gray. thinly bedded, soft sand· 
stone with slightly coarser materIal at its base. 
The uncj)nformable c.ontact with the Brule clay is 
at an altitude of 4100 feet, and is marked by 
considerable carbonaceous material, strongly sug­
gestive of an old soil. At an altitude of 4135 
feet there is a faint unconformity in the _Gering 

of pinkish sa;ndy clay, at the top of which there 
is a moderately sharp break, followed by an 
upper member of gray sand which constitutes the 
head and shoulders of the "Sisters_" The Gering 
formation appears to be absent at the Smokestack 
and at, Roundtop, Coyote Hill, and Castle Rock. 
In Castle Ropk, shown in fig. 11, the Brule clay 
becomes sandy in its upper portion, but presents 
no suggestion of stratigraphic break until the 
base of the well-characterized Arikaree deposits 
is reached, at an altitude of 4340 feet, where 
there is an unconformity marked by a bed of 
white clay a foot thick lying on a carbonaceous 
surface strongly suggestive of old soil,from which 
it might be inferred that there was a land surface 
here while the Gering formation was being depos­
ited to the south. 

Fossil bones occur occasionally in the Gering 
formation and are believed to represent a fauna 
of early Miocene age. The species col1ected com­
prise Deiniotis major, MeryOOChmN1S 1'UstUntS, Lep­
tauchenia decora, L_ nitida, Aceratltm·iuJm platy­
oephalum and rhinoceros, according to determina. 
tions by F. A. Lucas of the National Museum_ 

Arikaree formatWn.-The Ankaree formation 
occupies the wide, high plain north of Platte 
River, the crest of the ridge extending west from 
Roundhouse Rock, and the summit of Courthouse 
Rock. A thin layer of it appeal'S also beneath 
the Ogallala formation in the edge of the high 
table-land in the southwest corner of the quad­
rangle_ The formation consists mainly of fine 
sand characterized by included layers of hard, fine­
grained,· dark-gray concretions, often consisting of 
long, irregularly cylindrical or pipe-shaped masses, 
which for convenience have been called "pipy 
concretions." They vary in diameter from a few 
inches to several feet, but from 10 to 15 inches is 
a fair average, and their longer-axes trend east­
northeast and west-southwest with surprising 
regularity. They occur often in groups many 
yards in extent. The sands of the Arikaree for­
mation, which are uniformly light gray and in 
some layers are argillaceous, vary in texture from 
loose to moderately compact, but, owing to the 
presence of the hard concretions, the formation 
generally, gives rise to ridges of considerable 
prominence_ It lies on the Gering formation in 
the ridge extending west from Ro_un~house Rock, 
and on Courthouse Rock, but north of Platte 
River, south of Rumpkin Valley, and in the ridge 
and knobs north of Smokestack Rock it appears­
to rest immediately on the surface of the., Br,\le 
clay. Usual1y there is an abrupt change in the 
character of the materials, as the coarse beds of 
the Gering formation give place to the fine, mas­
sive Arikaree sand containing the "pip)(' con­
cretions. There'is a possibility that the Gering 
formation is part of early Arikaree deposits which 
were laid down along the course of the channel 
of a stream or locally strong current. In the 
areas in which the Arikaree formation appears to 
lie directly on the Brule clay there is usually 
only a faint suggestion of erosional unconformi.ty 
between the two formations, or simply a vw 
rapid change from sandy pinkish Brule clay with 
some small concretions to fine gray _ sands with 



the typical character and "pipy" concretions Ot 
the Arikaree formation. Fig. 12 shows the 
relations usually presented in exposures along 
the northern side of Platte Valley. In the high 
table-land north of North Platte River~ where its 
surface has been more or less eroded, the Arikaree 
formation has a thickness of about 300 feet; -in 
the region extending west from Roundhouse Rock 
about the same thickness remains j but south of 
Pumpkin Valley, in the southwestern corner of 
the quadrangle, the formation is thinned to a few 
feet (see fig. 13). East from the boundary line 
between Cheyenne and Banner counties it is 
absent, the Ogallala formation resting directly on 
the Brule clay, except 19cally in the region south­
east of Langs Point, where there are a few tllin 
outlying lenses of the Arikaree formation, one of 
which is shown in fig. 15. At Smokestack Roek 
and in the adjoining ridge the Arikaree forma­
tion, 30 or 40 feet above its base, includes a bed 
of coarse conglomerate marking the course of an 
old stream channel. An outlier about 20 feet 
thick gives rise to Smokestack Rock, sho·wn in 
fig. 20, and on the ridge farther west there are 
several other detached masses, parts of a series 
extending from the Scotts Bluff quadrangle_ The 
conglomerate consists of pebbles and bowlders of 
gray -sandstone, generally firmly cement.ed by a 
siliceous matrix. The Arikaree deposits contain 
a large amount of volcanic ash, mainly as an 
admixture in the sand. The fossils are fresh­
water mollusks and several species of vertebmte 
remains which are regarded as of Miocene age_ 
Dmmonelim fibers (fossil plants) occur at yar:ious 
points in the soft sandstone of the formation, but 
none of the large corkscrew forms, such as occtlr 
on the northern face of Pine Ridge, have been 
observed. 

Ogallala jormation_-The Ogallala formation 
is the uppermost Tertiary deposh of this region. 
It covers a wide area in southern Nebmska, but 
ree.ches only a short distance into the Camp 
Clarke qnadrangle, capping the table-land lying 
south of Pumpkin Valley, and resting on the 
Arikaree formation to the west and the Brule 
clay to the east. The material in general is an 
impure calcareous grit or sand, cemented with car­
bonate of lime, but at the base there are often heds 
of conglomerate with pebbles of gray sandstone 
01' limestone, and throughout the maRS are thin 
ledges of sandstone, streaks of pehbly sand, and 
scattered pebbles of crystalline rocks~ apparently 
from the :Rocky Mountains. Some of the softer 
intercalated sandy beds are light pinkish, the 
harder calcareous beds, are of white or cream 
color, and high cliffs of the formation at the 
margin of the table-land south of Pumpkin Valley 
consist of a white grit rock and conglomerate. At 
Langs Point the conglomerate lies unconformably 
on the Brule clay (see fig_ 14), and a typical 
exposure of this contact at a point 10 miles east­
ward is sbown in fig. 16_ There are some small 
outliers of calcareous grit· on the top of the high 
ridge at the head of Logan Canyoh\ which prob­
ably represent the Ogallala formation, but there 
is no definite evidence of their identit.y. 

PLEISTOCENE PERIOD. 

Alluvial dep08its_-On the lower slopes adjacent 
to North Platte River and along other streams 
there has been deposited a greater or less amount 
of material brought by them from the higher 
lands_ The lower part of the valley occupied by 
the North Platte is deeply filled with alluvium, 
which forms a flood plain about 3 miles wide, to 
which the river adds at every freshet, and which 
consists mainly of sandy Ioama with occasional 
coarse constituents. On some of the }ligher ter­
races is found it mantle of sand and gravel, sho·wn 
as "upland gravel and sand" on the geologic map, 
which were deposited when the river channel was 
not so deeply cut as it now ~s, and which contain 
many pebbles and bowlders from the Hocky 
Mountains, comprising, granite of various kinds, 
quartzites, chalce~" veinstones, and a small 
variety of basic igneous rocks_ Varying in size 
from coarse sand to moderately large bowlders, the 
coarser deposits give rise to long, narrow ridges 01' 

lines of knobs, while the materials of intermediate 
coarseness cover terraces which in some cases 
extend back from the river bottom for se\Teral 
miles, as is the case north of Bayard. In the valley 
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of Pumpkin Creek there is a similar sequence of 
alluvial deposits, one series of fine-grained illate­
rials of recent origin extending along the lower 
part of the valley, and higher terraces south of 
the creek being mantled by coarser material, 
similar to that oecurring in the hig}ler terraces of 
the vallcy of North Platte Riyer_ 

On the plateau at the head of Dugont and 
Bratton creeks, at an altitude of over 4300 feet, 
there is a small area of gravel of unknown age 
but supposed to be of earlier Pleistocene_ It is 
overlain by dune sand, and presents no evidence 
as to its age or history_ 

may be considerably more. In eastern Nebraska covered the region in which the Laramie and 
the Dakota sandstone lies on Carboniferous lime- Bighorn monntains and the Black Hills now rise, 
stones, bnt in the Black Hills and Rocky Moun- and donbtless extended for some distance over 
tains it is separated by clays and shales and a the northwest corner of Nebraska_ The condi­
thick mass of Red .Heds, and there is no evidence tions varied somewhat from shallow to deep 
as to how far these intervening formations extend waters, but marine waters prevailed. The mate­
under western Nebraska. The Carboniferous rials are nearly all fine grained and indicate 
limestones doubtless have a thickness of several waters without strong currents, except along some 
hundred feet under the Camp Clarke quadrangle, portions of the shores, where coarse sandstones 
and are separated from granites or other old were laid down, some of them of bright-red color, 
crystalline rocks by a sheet of sandstones of which probably derived their sediments from 
Cambrian age_ a.djacent land surface of the Red Beds_ Generally, 

Sand dunes. - Sand dunes are a conspicuous 
feature in the Camp Clarke q lladrangle. There is 
a large accumulation of them on tlle summit of 
the high plain in the northeastern corner of the 
quadrangle; they occur in an extensive belt along 
the south side of Platte Valley j in some places 
they reach up to the base of the steep slope of the 
ringe ,'vest of Courthouse and Roundhouse rocks; 
and sand hills are scattered in Pumpkin Valley_ 
They are of recent origin, and much of the mate­
rial is still loose and travels with the wind. On 
the plateau the sand is derived either entirely 
from the Arilmree formation or in part also from 
a deposit of later age_ South of North Platte 
River it has been blown out, mainly from the 
alluvial flats along the ri\'er, and ca.rried south­
eastwa,rd by the prevailing strong northvi'estern 
wi.nds, and in Pumpkin Valley it has heen derived 
from local sources_ Moving over the surface of 
the ground tIle sand lodges against obstructions, 
and there bu·ilds up dunes of greater or less 
size. 

however, clay was the first sediment, and it was 
BRIEF GEOLOGIC HISTORY OF THE OENTRAL followed by ripple-marked sandstone, evidently 

GREAT PLAINS REGION. laid down in shallow water and probably the 

UNDERGROUND FOR~L-\.TIONS. 

There are no deep borings in the Camp Clarke 
qnadrangle to indicate the natnre of the forma­
tions underlying the Brule clay, but from an 
examination of surrounding districts the principal 
features of these formations have been ascertained. 
'l'hey constitute a series of nearly level sheets of 
sedimentary deposits several thousand feet thick, 
lying on a floor of granite or meta'morphic rocks. 
The district is in a zone in which the formations 
change considerably between the mountains on the 
west and the Missouri and Mississippi valleys on 
the east, and there is, in consequence, some uncer­
tainty· as to the precise thickness and succession 
of some of the beds_ Next below the Brule clay 
is the Chadron formation, the top Ot which is not 
flU' underground along North Platte Valley. The 
sands of this formation are light gray or greenish 
gray, and vary from coarse to fine, merging into 
clays in some of the beds_ Their thickness is 
about 100 feet in the region north and west, bnt, 
as they thin to the southeastward, they may 
be mnch less than 100 feet thick in the south-

The sedimentary rocks of the Camp Clarke 
qnadrangle, including those underground, afford 
a record of physical geography from Cambrian 
time to the present, but, owing to lack of knowl­
edge of the relations of some of the deeply buried 
rocks, the geologic history of the region can not 
be outlined 'as completely as in the adjacent 
mountain regions where all the beds are uplifted 
and exposed at the surface. There were undoubt­
edly many marine submergenceij, and several 
periods of emergence in which the surface was 
sculptured by running waters, especially in the 
later epochs. The basal sedimentary member, 
the Cambrian sandstone, which is widespread in 
the United States and is brought to view in 
nearly every uplift, lies on and against granites 
and other old crystalline rocks. It marks one of 
the great events in North American geologic 
history, the wide expansion of an interior sea 
over the western-central region. Its first products 
were coarse deposits, gathered by the streams 
and waves and laid down on sea beaches, partly 
in shallow waters offshore and partly in estnaries. 
The later products of the submergence were finer 
grained and are now represented by the Cambrian 
shales and limestones. From the close of the 
Cambrian to early Carboniferous time the central 
region presents a scanty record, the Silurian and 
Devonian being absent 01' thin in tbe greater part 
of the uplifts to the west and north. 

In early Carboniferous times there was wide­
spread transgression of the ocean over the region, 
and there accumnlated great deposits of carbonate 
of lime, represented by limestones many hundred 
feet thick. In the later portion of the period a 
gradual general uplift diminished the depth and 
extent of suhmergence and coarser sediments 
began to appear. This epoch -is represented by 
alternations of sandstones and limestones, sandy 
limestones, and red shales. In Permian times 
there was still further emergence, resulting in a 
shallow basin which extended across the western 
portion of the central Plains region and far to 
the northwest. In this basin there were laid 

eastern part of the qnadrangle_ The eastern edge down the great mass of red shales of the "Red 
of the Laramie fonnation probably extends into Beds" with their extensive interbedded deposits 
and may extend across the quadrangle under the of gypsum, prodncts of an arid climate. The 
Chadron formation, for it is known to underlie sandy clay of the gypsiferous Red Beds accumu­
the greater part of the Scotts Bluff quadrangle. lated in thin layers to a thickness of 500 feet 
It consists of soft, yel1owish, or light-greenish or more, as now represented by the formation, and 
sandstones and gray clays, with occasional thin it is so uniformly of a deep-red tint that this is 
beds of coal. Its thickness can not be estimated undoubtedly thy original color. This color is 
closely, but it is probably not over 200 or 300 present not only throughont the extent of the for­
feet thick. There is no question that the quad- mation, but through its entire thickness, with the 
rangle is underlain by the nex~ succeeding for- exception of an occasional lighter colored bed, as 
mation, the :pierre shale, for the formation is is also shown by deep borings, and therefore is 
known to underlie all of western Nebraska, north- not dne to later or surface oxidation. This depo­
western Kansas, eastern Colorado, and Wyoming, sition of red mnd was interrupted from time to 
and the greater part of the Dakotas. It is about time by chemical precipitation of comparatively 
a thousand feet thick and consists throughout of pure gypsum in beds ranging in thickness 
a dark clay or soft shale, with occasional harder from a few inches to 30 feet, and often free 
shale layers and thin beds of iron pyrite. Owing from mechanical sediment. It is apparent that 
to its plasticity it is extremely difficult to pene- these beds ate the products of evapo.ration 
trate in well-boring operations. It is underlain while mechanical sedimentation was temporarily 
by 200 feet of light blue-gray chalk rock and suspended, a condition indicative of greatly 
limy sha1'e, known as the Niobrara formation. diminished rainfall, otherwise it is difficUlt to 
This is succeeded by a series of shales, probably understand their nearly general purity. Whether 
considerably over 500 feet thick, of the Benton this deposition of the Red Beds extended into or 
formation, which ,has in its middle a thin but through Triassic times in the central Plains 
persistent series of limestones containing large region is not known, but it is thought that the 
numbers of a characteristic shell known as Inocel'- uplift to which they were due finally brought 
anms labiatu8. Next below is the Dakota sand- the region above the water at the close of the 
stone and possibly the underlying Lakota sand- Permian, and that during most if not aU of the 
stone, several hu.ndred feet of coarse gray to bnff I Triassic there was no deposition and probably 
sandstones which carry water available for arte- some slight erosion, during an epoch which 
sian wells. 'rhe depth of this sandstone in North extended well into J nrassic time_ 
Platte Valley is probably about 2000 feet) but it In later Jurll;ssic time there was a sea that 

product of a time when sedimentation was in 
excess of subsidence, if not during an arrest of 
subsidence. The red color in the medial part of 
the Jurassic deposits in some districts may repre­
sent a transient retnrn to arid conditions similar 
to those under wh,ich the gypsiferous Red Beds 
were laid down. The thick mass of shales with 
thin limestones which followed is indicative of 
deeper waters. After this stage there was wide­
spread uplift, which, in the northern-central area, 
marked the beginning of Cretaceous time_ There 
were fresh waters in which the principal deposit 
was the widespread clay of the ::\{orrison forma­
tion, now extending from Montana to Oklahoma, 
where it gives place to marine sediments of the 
Lower Cretaceous. Probably the Morrison depo. 
sition extended over the western part of Nebraska, 
but its eastern margin is not located_ It was suc­
ceeded by a period of shallower waters with shore 
conditions and strong currents, marked by the 
coarse sands of the Lakota formation in the 
region of the Black Hills and to the northwest­
ward; and later, under similar conditions, there 
was deposited the wide sheet of Dakota sandstone 
which extends over the entire central &,nd north· 
ern Plains region. Several hundred feet of these 
sands are exposed along the nocky Mountain 
front, and in the Black Hills, Bighorns, and region 
northwestward, and they appear in eastern South 
Dakota and eastern Nebraska, and extend in a 
broad belt at or not far under the surface in 
southeastern Colorado and southern and central 
Kansas. 

Following the deposition of this great sheet of 
sandy sediments there was a rapid change to clay 
deposition, of which the first representative is the 
Benton shale, a formation even more extensive 
than the underlying Dakota sandstone. This was 
the later Cretaceous submergence, in which marine 
conditions prevailed, and it continned until sev­
eral thousand feet of clays were deposited dnring, 
the Benton, Niobrara, and Pierre epochs. In 
Benton times there were occasional deposits of 
sand, and one thin but very widespread lime 
stratnm of the Greenhorn limestone in the middle 
of the Benton sediments_ The shale of the Ben­
ton is followed by several hundred feet of impure 
chalk, now constituting the Niobrara formation, 
and this in turn by many hundred feet of Pierre 
shale, which thickens rapidly to the westward, 
attaining 1200 feet or more in western South 
Dakota and over 7000 feet adjacent, to the Hocky 
Mountains in a limited area west of Denver_ 

The retreat of the Cretaceous sea corresponds 
with the Foxhills epoch, during which sands 
were spread in an extensive sheet over the clay 
beds, and resulted in extensive bodies of brackish 
waters, and then of fresh waters, which deposited 
the sands, clays, and marsh material of the Laramie 
and earliest Tertiary_ Apparently these last­
mentioned formations were not laid down much 
east of longitude 1010 in Nebraska, for they thin 
rapidly to the east, although, as we do not know 
the extent of post-Laramie erosion, their former 
limits can only be conjectured. 

In earlier Tertiary times the domes of the Black 
Hills and other mountains! lying farther west 
were uplifted, but this uplift appears not to have 
affected the strata in the central Plains region_ 
Where the great mass of eroded material was 
carried is not known, for in the lower lands to the 
east and south there are no early Eocene deposits 
nearer than those on the Gulf Coast and Mississippi 
embayment, but in small' part they are represented 
by the sandstones and conglomerates overlying 
the Laramie formation in the vicinity of the 
mountains. 
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Later in Tertiary time, after the ontlines of the The deposition .t this time appears to have 
great mountain ranges to the north and west had been mainly in the southern region above 
been carved, there was a long period in whioh described, erosion probably predominating in the 
8treams of moderate declivity fiowed across the distriot lying farther north. 
central Great Plains region; these, with frequently These alternating conditions of later Tertiary 
varying channels and extensive local lakes, due to deposition and erosion,:O.rst in the north and next 
damming and the sluggish fiow of the waters, laid in the south, were. undonbtedly determined by 
down the widespread mantle of Oligooene or differential uplift, the uplifted region 8uffering 
White River deposits. These begin with the erosion ~d the depressed or stationary region 
sands of the Chadron formation, which show receiving deposits from streams which did not 
clearly the oourse of old ourrents by channels have sufficient declivity to carry off their load .. 
filled with coarse sandstone and areas of slack This condition also is a. feature of the semi·arid 
water and overflow in -which fuller's earth and climate of the Plains, the mountain torrents 
other clays were laid down. The area of depo- and resulting vigorous erosion furnishing large 
sition of this series extended across eastern Colo· amounts of debris which the streams of low 
rado and Wyoming and western Nebraska and declivity and constantly diminishing volume on 
South Dakota, and probably also farther north· the Plains were unable to carry to the.... Even 
ward, for the deposits have been found in western if such a region is traversed by valleys cut during 
Canada. Doubtless the original extent was much a time of uplift or increased rainfal~ when cut 
wider than the area in which we now find the ting ceases these valleys will soon be :filled by 
formation, for much has been removed by sediments, and when they are full the streams at 
erosion. The White River· epoch was con· ·times of freshet, and to a less extent in the dry 
tinued by the deposition of the Brule clays portion of the year, will shift their courses so as 
under conditions in which the currents were less finally to spread a wide mantle of depoSits over 
strong and local lakes and slack·water overflows the entire ar64 in which there is sluggish drain· 
were more extensive. The Brule clay which age. 
resulted h .. about the same area .. the Chadron, During the early por~ion of the Pleistocene 
and originally it was much more extensive than period there was uplift and inc~ preeip­
it is at pres~nt. itation, which resulted in widespread denudR-

At the beginning of Miocene"tim.e the general tion of the preceding deposits, ·so tlJat they 
conditions had not changed materially, but doubt- were entirely removed. in the eastern portion of 
less for a while an extensive land surface existed the &rea, where there were glacial Hoods, and 
in the central Plains area. In one of the stream widely and deeply trenched in the western por­
channels extending across this surface the Gering tion. To the west there extended· to the foot 
formation was laid down, one channel extending of the mountains a great high plain, of won· 
across this quadrangle. Next came the deposition derIul smoothness, mantled mostly by the Arik. 
of a widespread sheet of sands derived from the area to the north and by the Ogallala and 
mountains to the west, probably spread over the possibly some later deposits to the south, the 
entire centre! Plains region by streame, aided to produot of later Tertiary deposition. As the 
8. mnor ~xtent by the winds. The streams of Black Hills dome rose somewhat higher than 
this time shifted their courses across the plains, the general uplift, there was dErep erosion around 
spreading the debris from the mountains in a it, so that the High Plains, whatever their extent 
sheet which in some portions of the area attained may have been in that region, were largely 
a thickness of 1000 feet. This is the Arikaree removed, and now their north8l'n edge is presented 
formation, and it buried some of the lower ranges toward that uplift in the great escarpment of Pine 
of the uplifts, as shown by its high altitude on Ridge. Farther south, aeross Nebraska, Colorado, 
the slopes of Rawhide Butte and along the front Kansae, and Texas, the High Plains present wide 
of the Laramie Range. It has been so widely areas of tabular surface, but the streams of 
eroded since the time of its deposition that we do Pleistocene time have cut into them deeply and 
not know its original extent, but doubtless it removed. them widely. Erosion is still in prog­
covered most of the central Plains far to the ress, especially in the smaller streams, where the 
east. It was followed by uplift and erosion, water has sufficient declivity to oarry away its 
erosion which removed the Arikaree and parts load; but in the larger streams the valleys are 
of underlying formations from the south and building up, .. in the later Tertiary periods, for 
east, leaving the thickest mass of the deposit the volume of water is not adequate to carry away 
in western Nebraska and eastern Wyoming. the waste from the adjoining slopes. Without 
Next came the epooh in whioh the streams further uplift the valleys will in this way be 
began depositing the thin mantles of sands of filled, the streams will again wander over the 
the Ogallala and other late Pliocene forma- divides, and the Great Plains will receive a new 
tiona, especially in southern Colorado, southern mantle similar to those of whose remnants they 
Nebraska, Kansae, and regions farther south. oonsi8t. 

ECONOMIC GEOLOGY. 

UNDlIlBGROUND WATERS. 

The principal supplies of . underground waters 
in this region are in the lower portion of the 
Arikaree and Ogallala formations on the high 
table-lande, and in the alluvial deposits in the 
valleys, especially in the wide bottom lands along 

taiuly 2000 feet thick and possibly considerably· 
more. The shal .. are difficult to penetrate, owing 
to their softness and plasticity, and necessitate 
experienced well borers, heavy casing, and occa: 
sional diminution in size ~f casing as the depth 
increases. 

mnIGATION. 

North Platte River. On the extensive valley In this quadrangle there is considerable acreage 
slopes the &n;lount varies greatly, and it is seldom under cultivation with the aid of irrigation. 
large, though many of the smaller depressions There are extensive canals· along the valley of 
contain shallow deposits of loose material in North Platte River, and there is a small ditch out 
which more or less water accumulates, and &ddi· of Pumpkin Creek. The results of irrigation have 
tiona! supplies are often obtainable from crevices been so satisfactory that increased facilities are 
in the clays below. The slopes of Brule clay are being provided for obtaining water1 and, with tHe 
particularly barren of water. On the broad. bot· new railroad. line in the region, prospects of 
tom lands adjoining North Platte River there are profitable farming are most enoouraging. At 
numerous wells, varying in depth from 15 to 30 present nearly all of the wide slluvial fiat alOlfg 
feet in greater part, the shallower wells usually North Platte River is provided with water by the 
being nearer the river. The available amount of Bayard and Browns Creek canals· on the north 
water varies somewhat, but it is nearly always side of the river, and the Castle Rock, Chimney 
adequate for domestic use. It is of fair quality, Rock, and Belmont canals on the BOuth side of the 
but in places there is considerable alkali in the river, an acreage of· about 90 square miles, only 
shallower well waters. In Pumpkin Valley wells a small portion of which is now being farmed. 
sunk at frequent intervals have usually reached The soils of the valley are usually thiok and rioh, 
moderate suppli .. of fairly good water at depths and, although 80mewhat alkaline, respond .. tis· 
of from 20 to 40 feet. factorily to oulture. The wide bottom lands are 

The high table·land north of North Platte fiat and ... y of .acce88 and the water of the river 
Valley is sparsely settled, but there are wells supplies a large volume to the ditohes. The 
which indicate the existence of water in the lower principal crops are wild hay, alfalfa, corn, and 
portion of the Arikaree sands at depths of from wheat. Oats and garden vegetables are also 
100 to 200 feet-or at about the level of the irrigated extensively. The yield per acre of crops 
springs which How out in the canyons. Similar under irrigation is somewhat variable. Wheat 
conditions exist in the high table·land south of ·usually harvests from 30 to 40 bushels per acre; 
Pumpkin Valley, where water is found at the potatoee, 150 to 200 bushels; and hay, It tons. 
base of the Arikaroe or Ogallala formations, at Alfalfa yields 2 tons to the cutting and is out 
depths of from 200 to 300 feet. The quality of three tim .. each season. 
these high table·land waters is excellent and the The cost of irrigation varies mostly from 30 to 
volume is usually large. Both the Arikaree and 75 cents an acre; the average obtained. from '7500 
Ogallala. formations are of such porous nature acres is 40 cents an acre. In many cases the water 
that they collect muoh water from the rainfal~ is paid for partly by labor. 
and this water sinks to the lower beds, the out· 
crops of which in the canyons are usually marked 
by occasional springs, some of which yield a 
moderately large volume of water. Some notable 
springs from this source are Duggers Springs and 
those at the head of Chalk, Hackberry, Red 
Willow, and Indian creeks. 

No attempts have been made to bore through 
the Brule clay in. this portion of North Platte 
"V:"s.lley to reach the Laramie sandstones which 
may possibly lie at no very great dep~h and whioh 
might furnish ·artesian How,," It is probable also 
that the Dakota sandstone is within reaoh of the 
well borer, and possibly it would furnish :8.owing 
water in large amount and of good quality. Its 
depth can not be estimated accurately, for the 
overlying formations vary in thickness under 
western Nebraska and there is no direct evidence 
as to their amount in this district. The sandstone 
is. overlain by shales and chalk rock almost aer· 

VOLCANIO ABH. 

This material is mined at several points in the 
West for polishing powder, and the extensive 
deposits of volcanic ash in this region may possibly 
be of value at some ~me. The upper bed in the 
Brule clay, extending from Chimney Rock to Cas· 
tIe Rock, is the largest and most accessible deposit 
and it would furnish a large supply·of excellent 
ash. Other local beds often occur in the Gering 
and Arikaree formations at various pointl!'. 

GOLD. 

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

June, 1901. 
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FI(] n.- CONGLOMERATE BED IN THE GERING FORMATION LYING 
UNCONFORM ABLY ON BRULE CLAY. 

Nort llwes t of Red i n~ton, Nebr. The man's hand is atthe contact. 

FlO. 19.-TWIN SISTERS. 

Characteristic weather ine: of Gerine: forma:ion. Shows also the unconformi ty 
between the Gerin £" and the Brule clay . 

FIG. 21.- CLIFFS OF GERING FORMATION ON BRULE CLAY. 

Lookin2" southeast into Bi,dca jle Gap, northeast of Redin£"ton , Nebr. In the fore· 
e-round the Bru le clay is deeply eroded . Ar ik areeformation at the top of t he h il l 

NEBRASKA 
CAMP CLARKE QUADRANGLE 

FIG. l8.-JAIL ROCK, SeEN FROM COURT-HOUSE ROCK 

Showin e: castellated form of weatherine: of the Gerin £" form ation. Slopes are Brule clay. Valley of North Pl atte River in the distance 

FiG. 22.-S0FT SANDSTONE OF THE GERING FORMATION, SHOWING 
WIND EROSION. 

Banner County, Nebr 

FIG. 2Q.-SMOKESTACK ROCK. 

Composed ofcone:lo merate of the Arikareelormation. 

FIG. 23. - CH IMNEY ROCK, seEN FROM THE WEST. 

Statue.like fo rm composed of Ger ing format ion restin e- on Brule clay A bed of 
white volcanic ash may be seen near the baseofthe hill. 
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No.* i Name of folio. State. Price.t No.* Name bf folio. State. 
, . -,---~~----------

1 I Livingston . 
Gents. 

Montana 25 45 Boise. " Idaho. 
2 I Ringgold . Georgia-Tennessee ,25 46 Richmond Kentucky. 
5 Placerville California. 25 47 London. Kentucky. 

t4 I Kingston . , . Tennessee 25 48 Tenmile District Special . Colorado 

51 Saccom'nto California. 25 49 Roseburg. Oregon. 
t6 Chattanooga Tennessee 25 50 Holyoke Mass.-Conn. 
t? Pikes Peak. Colorado 25 51 Big Trees California. ... 
8 Sewanee.· Tennessee 25 52 Absaroka . Wyoming .'. '.' 

19 Anthracite-Crested Butte Colorado .-'. 50 55 Standingstone Tennessee 
10 Harpers Ferry . Va.-W. Va.-Md. 25 54 Tacoma. . . Washington. .. . . 
11 Jackson . . Califorrua. 25 55 Forl Benton. .. Montana. · . 
12 Estillville. Va.-Ky.-Tenn. 25 56 Little Belt Mountains . Montana. .. 
15 Fredericksburg. Maryland-Virginia 25 57 Telluride. Colorado ... 
14 Staunton. Virginia-West Virginia. 25 58 I Elmoro . Colorado 
15 Lassen Peak . California. 25 59 i Bristol . Virginia-Tennessee · . 
16 Knoxville· Tennessee-North Carolina. 25 60 ,La Plata· .. Colorado . .. 
17 Marysville California. 25 61 Monterey. Virginia-West Virginia. 
18 Smartsville . California. 25 62 Menominee Special Michigan 
19 Stevenson Ala.-Ga.-Tenn .. 25 65 Mother Lode District . California. 
20 I Cleveland. . Tennessee 25 64 Uvalde Texas · . 
21 I Pikevill, .. Tennessee 25 65 Tintio Special utah 
22 McMinnville Tennessee 25 66 Colfax ',' California. 
23 Nomini .. · Maryland-Virginia . 25 67 Danville .. Illinois-Indiana. . . 
24 : Three Forks Montana 50 68 Walsenburg .. Colorado . .'. 
25 Loudon. Tennessee 25 69 HUntington. West Virginia-Ohio 
26 Pocahontas. Virginia-West Virginia. 25 70 Washington. .. D. C.-Va.,-Md. 
27 Morristown . Tennessee 25 ?1 Spanish Peaks . Colorado. 
28 Piedmont.. Maryland-West Virginia . 25 72 Charleston .. West Virginia 
29 Nevada City Special .' California. 50 75 Coos Bay Oregon. 
50 Yellowstone National Park. Wyoming. 75 74 Coalgate Indian Territory 
51 Pyramid Peak (jalifornia. 25 75 Maynardville. ... . . Tennessee 
52 Franklin Virginia-West Virginia. 25 76 Austin Texas 
55 Briceville· Tennessee 25 7? Raleigh . .. . . West Virginia . 
54 Buckhannon West Virginia 28 78 Rome. Georgia-Alabama 
55 Gadsden Alabama 25 79 Atoka. Indian Territory . ... 
56 Pueblo Colorado 50 80 Norfolk. Virginia-North Carolina . 
57 Downieville. California. 25 81 Chicago. Illinois-Indiana. 

58 Butte Special. Montana 50 82 Masontown - Uniontown Pennsylvania. 
59 Truckee California· 25 65 New York City New York-New Jersey. 
40 Wartburg. Tennessee 25 84 Ditney Indiana· .. 
41 Sonora California. 25 85 Oelrichs - South Dakota-Nebraska. 
42 Nueces . .. Texas 25 i 86 Ellensburg I Washington, · . 
45 Bidwell Bar .. California. 25 87 Camp Clarke. Nebraska. . . · . 
44 Tazewell . Virginia-West Virginia. . . . 25 i' 88 Scotts Bluff I Nebraska. · . 

___ ·~I I 

I 
* Order by number. 
t Payment must be mads bY' money order or in Gash. 
t These folios are out of stoak. 

Ciraulars showing the loaation of the area covered by any of the above foli~s, as well as information concerning topographia maps and other pUblications of the Geological Survey, may be 
had on application to the Director. United States Geological Survey. Washington. D. C. 
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