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THE SOIL ROAD MATERIALS OF NEBRASKA
By G. E. CONDRA,

Director of the Nebraska Conservation and Soll Survey,
Chairman of the State Advisory Highway Board.

Soils are the state's most important road materials, Though there
are many soils in Nebraska, a satisfactory method of handling them in
road work has not been fully determined.

This bulletin is a preliminary report based on the work of the State
Conservation and Soil Survey® and the Advisory State Highway Board
It may be of some use to persons building and maintaining carth roads
awaiting a more complete report., The purpose of the paper is to out-
line the soil provinces of Nebraska and to discuss the physical proper-
ties of soils most used in road building. The term “soil,” as here used,
denotes both soil and subsoil.

The state owns the highways and the soil materials beneath them
These materiais when properly combined are better suited for roads than
is generally supposed. Due regard should be had, however, for the cl-
matic conditions affecting roads, TFor example, some earth roads should
not be graded; some should be graded to a crown, the form of which is
determined by soil type, rainfall and drainage, and others require the mix-
ing of materials to produce a stable surface. The methods of construe-
tion and maintenance are largely determined by the demands placed upon
a road, and by the nature of the soils with which and upon which the
road is built.

The Soil Survey—The soil survey has two leading purposes—one to
give a general description of the soiis of the state, and the other to make
known the details of the various soil types relating to agriculture and
state development. The first line of survey has covered fifty-two central
and western counties. A repert on this, the Reconnoissance Survey
of Wiestern Nebraska, was published by the U. 8. Bureau of Solls, Wash-
ington, D. C., and distributed generally in Nebraska.

The detailed goil survey investigates the origin, topography, drain-
age, mechanical analysis, and agricuitural value of soils. Twenty-four
counties have heen covered in this way. They are Richardson, Newmsha,
Cass, Otoe, OGage, Saunders, Douglas, Washington, Dodge, Thurston,
Wayne, Seward, Polk, Fillmore, Phelps, Hall, Chase, Dawes, Sheridan,
Morrill, Box Butte, Scotts Bluff, Kimball, and Cheyenne. Reports have

*The writer {g indebtod to several persons who rendered valuable assistance
In {he preparation of {his bulletin, Amoug them arve George Johnson, State Hogi-
neer; I AL Hayes, IL O, Mortleck, B. W, “Pillman and A, IL. Meyers, of the U. &,
Burezu of Soils, and T.. A, Wolfanger, V. EL. Seabury, Frances J. Daly and Bsther S.
Anderson, of the State Conservafion and Soil Survey,
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been published on these except Sheridan, Morrill, Cheyenne, Chase and
Plielps which are to be off the presg within a few months. Less detailed
reports, not so useful in road work, were made & few years ago on Sarpy,
Stanton, Lancaster, Kearney and North Platte areas.

The goil survey is now progressing at the rate of three to five coun-
tieg a vear. 'The work ig done by the State Conservation and Soil Survey
of the State Universily in co-operation- with the U. 8. Bureau of Soils,
Washington.

Use of Soil Reports-——Reports of the soil survey are free upon request
from the U, 8. Bureau of Soils, Washington, as long as they last. Con-
gressmen are sometimeg able to secure copies from other sources after
those of the Bureau of Soils are exhausted.

Soil survey reports are useful in several ways, as in agriculture,
schools, the realty business, and for road purposes. The maps show
drainage-ways, soils, houses, roads, and towns and are therefore a guide
to travel. Knowing the nature of soils whether rough, smooth, sandy,
and knowing how the types are aifected by conditions of weather, one is
beiter prepared to start upon a journey.

One of the main uges of the soil survey should he in connection with
the construction and maintenance of dirt roads. Pergsons using the re-
ports and maps for this purpose should read the descriptions of the sub-
goils especially.

PHYSICAL PROPERTIES OF SOIL

The properties of soils used as road materials have not been fulfr
determined. ‘They may bhe agreed upon and standardized before long.
Among the properties considered in thig report are color, structure, tex-
ture, voids, drainage, absorption, packing, drying, stability and wear.

Color has no particular importance in this connection except for use
in identifying soils. The dark soils are usually high in organic matter
content, yet they may be colored in part by a low oxide of iron. The
vellowish and brownish soils and subsoils are stained with varying quan-
tittes of jron. The grayish soils may contain calcareons matter or light
colored sand or bhoth,

Structure relates mainly to the layers or zonhes in a soil section.
Most soil sections show fhree divisions—the upper layer or soil proper;
a middle layer (sometimes a hardpan}, and a lower zone. (See igure 1).
These vary greatly in thickness and texture, The upper soil layer (1) is
usually darkened more or less by organic matter. The middle zone or
upper part of the subsoil (2) is more compact, made so mainly by the
deposition of clay particles, caleium carbonate, and the compounds of iron
and other materials derived from the upper soil. The lower subsoil in
much of the state (3) i3 comparatively uniform and thick. It ranges

SOIL ROAD MATERIALS OF NEBRASKA
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PO
Seo Description.

from massive silts (s0ils on loess, A) to thick bends of sand (most alluvial
soils, B). The subsoil developed upon the drift or glacial deposits lacks
uniformity (C). It is an irregular mass of clay, silt, sand, pebbles, and
boulders.

The sections of residual sollg on such formations as the Pierre Shale
and the Brule Clay show marked differences between the surface and the
lower parts. They change within a short distance from the soil proper
to the unmodified shale or bedrock. (1.}

The soil section showing the depth and condition of the subsow.
should be investigated before road work is started. This can be done by
sounding with augers. The information gained is necessary in determin-
ing the road plans and specifications.

Texture iz an important property of soil used in earth roads. It re-
lates to the size and grading of soil particles. As a rule the upper soil is
not so fine textured and compact as the upper part of the subsoil.

There is & scale of textures ranging between clay and coarse sand.
It iz (1) clay, (2) silty clay loam, (3} clay loam, (4) sandy clay, (B) sili
loam, {6) loam, (7) fine sandy ioam, (8) sandy loam, ($) very flne sand.
(10) fine sand, (11} sand and {12) coarse sand. These, except number 1,
are mixtures of different grades of sand with silf and clay, and are deter-
mined accurately by mechanical analyses in the laboratory. At least four
fexture names should be well understood by rcad builders. They are
clay, silt, sand and loam.

Clay is very fine grained. It is plastic and sticky when wet. The
particles range between .0001 and .005 miliimeter in diameter. When
magnified 1000 diameters the finest clay particles appear the size of a
small dot and the largest the size of a pea. There is no grit in most
clays. No soil in Nebraska iz composed wholly of clay.
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Silt is a large content of most agricultural soils in Nebraska. It is
often confused with clay because of its relatively fine unitorm texture.
Silt is coarser and more friable than clay. Its grains run between .005
to .0F millimeters in diameter or between clay and the finest grade of
sand. There are several silty goils depending upon the percent of silt
and the admixture of clay and sands, The principal thing in our weil
known loess s silt, not clay.

Sand of four grades is recognized in soil claggification. The diameter
of the particles, expressed in millimeters, is the basis of classification and
the grades are; (1) .06 to .1, very fine sand, (2} 1 to .25, fine sand, {(3)
23 to 0.5, medium sand. Sometimes the grade, fine gravel, is used for
particles having diameters between 1 and 2 millimeters. The pressnce
of sand in a sample is readily determined by the gritty feel, and in most
cases by sight alone, '

Loam contains silt and clay and more or less sand. The silt and
gand tend to overcome the plasticity of the clay, making the type loamy
6r friable and loose. Loam is graded, 1. e, composed of particles rang-
ing between [ine and coarse. A lypical ioam has a Httle less than 20%
clay and less than 50% silt. An excess ol clay, silt, fine sand, sand or
gravel would distinguish the soll type as a clay loam, silt loam, fine
sandy loam, sandy loam or gravelly loam. Probably the most perfect
goil for road bui'ding in most places is a gravelly sandy ioan.

Voids—=Soil i¢ lar from being solid, It is composed of grains of vari-
ous forms and sizes separated by spaces. The proportion of these gpaces
to a given volume of goll is called the “voids,” which is the percentage
of pore space.

The spaces are very small in fine textured soils and larger in the
coarse textured types. The percentage of voids is greatest in fine tex-
tured soils and least in graded loamy soils. ’

It is not practical in most road work o determmine voids. The de-
gired resulits are secured by mixing materials ranging between fine ana
coarse. The heavy scils are a3 a rule well graded anhd low in voids,

Drainage relates to gurface drainzge, percolation and seepage. The

fine goils drain rapidly on the surface and the open textured sandy types-

drain mostly by percolation.

Drainage is the principal problem, as a rule, in road construction and
maintenance, This is particarly true where rainfall is heavy and the
soil i fine. Under these coaditions the purpose thould be to build and
maintain a road surface that will shed water, and (o remove from the

gutters and road bed a’l water which would soften the grade by seepage.

(Figure 2.)

|
|
|
]
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A S.l[:;;l(:ng'i(:k. A Bad Road Nesulting From Poor Cross Deainage.  Photo by

The soil texture and the amount ol rainfall should largely determine
the kind of road work used to facilitate drainage. A knowledge of these
conditions will serve to distinguishk between soils and roads which
should be erowned and those which should not be graded.

Absorption—Soils differ greatly in their ability to absorb and hold
water. The fine soils and graded types absorb water siowly. The c¢'ays
and silts, being high in voids, hold much water if saturated. The capacity
of fine soils is greater than that of sandy soils. Sandy soils absorb
water readily and lose it mostly through percolation. The fine grained
soils hold a large amount of capillary water and little gravity water.
The sandy soils carry less capillary water and more gravity water.

, Most so0ilg should be graded to a well defined crown to promote run-
off. The sandy soils should@ be crowned less because they need water
and would in some cases be improved by a lack of surface drainage. O
ganic matter, loose dirt, and weeds are a delriment on most well im-
proved road beds in the humid areas bhecause they retard surface draln.
age and promote absorption.

Packing—Soils pack differently under traflic, dragging and drying.
The sandy types remain loose under most conditions, and the fine tex-
tured types become heavy and compact. The graded soil is ideal for pack-
ing.

Most soils contract when drying and expand when receiving mois-
ture or freezing (if saturated). This is particularly true with the clayey
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and silly types. One of the chiel purposes in road maintenance should be
to develop a compact wearing surface. This can be done chiefly i)y drag-

ging at the right times.

Drying is caused by drainage and evaporation, but at different rates
. and with different resuits in the various kinds of soil and roads. The
" drying periods of soils and hence the “drag periods” of roads are closely
related. A road crossing two or more soils dries by stretches and it is
not possible to drag these stretches at the same time with the best ve-
suits. This presenis a probiem of considerable magnitude where a road
crosses a number of soils having wide range in texture. The only way
to correct this condition is to build a uniform road surface by mixing
the materials.

Several things determine the rate of drying, The rate is greatest
in warm weather and on dry windy days. Other things belng equal, hilly
land dries faster than flat land. ’

Tine-textured soils dry slowly when poorly drained. The .clays form
hard cakes, granules and clods. The light soils are mobile. They dry
rapidly by aeration and percolation. The heavy so0ils, drying, make hard
roads and the lighter soils make sandy roads.

Stability relates to the ability a soil has to stand against such natu-
ral forces as creeping, caving, washing, and blowing. It is the property
whicl resists the action of gravity, rains, wind, freezing and thawing.

A soil containing much clay will creep and slide in fills and cuts. It
gullies on slopes. The silts stand well in cuts and fills and are not so
much affected by rain and wind. The well graded loamy soils are quite
stable. The sandy soils are subject to wind erosion, making their man-
agement very difficult in road work unless materials are available for
protecting the surface or for mixing with the sandy soil.

Wear—Dirt roads are not suitable for heavy travel under all condi-
tions. Rain makes the clayey and silty soils muddy, and ruts are formed
where the surface breaks through. If not Gragged in time, the wear-
ing surface beeomes rough with clods and finaliy knotted and pitted. A
surface in this form is said to be “pitted.” This condition can be cor-
rected by planing. The silt roads deve’op dust when dry and the sandy
roads show areas of loose sand, The effects of wear on soil types and
the relation of dirt roads to wet and dry weather are particularly notice-
able where a higlhway crosses several kinds of soil.

In maintaining a road bed, the texture of soils is 2 contro'ling factor
to consider. The fine to mediwm soils should he dragged soon after
rains. Holes should be flled with materialg of the right texture. Very
sandy roads may ke damaged by grading because they need maoisture.

To maintain a good road surface on different soils and under the Weather;‘

conditions ig to solve a big problen.

igh

f the H

ivisions o

Numbers 1 to 14 represent d

s of Nebhraska.

20

)

¢ and Soil Reg

i

cal Map Shewing the Topograph

F 5l

A Ph

Figore 2.

Plains Region,




10 ' SOIL ROAD MATERIALS OF NEBRASKA ;

Soil Regions of the State—Nebraska is large and diverse. Thetnmt“ﬁz
ig 77,510 square miles. The altitude ranges between a:bout 840 f:}et 1 o
southeastern corner of Richardson County.and 5,300 in the‘nor 1w?s ¢ L
corner of Kimball County. The annual rainfalj decreases from 33 mtc cce:
in the southeast to about L6 inches in the northwest, Surface fea ;:an
vary from smooth plaing to mountainous'areas. There‘are more_3 han
eighty kinds of soil traversed by 80,0})0 miles of wagon 1102‘1(_15, a mileage
pqual to three and a third tiraes the distance around the earth.

On a hasis of soil and topography, the sta‘te .has tl.u'ee ‘we.zll derjﬂ‘;led
regions or provinces Known as the Loess, Sandhill and High F’Iau-ls." ) 1§y
have been described in various reports and are generally recegnized by
citizens of the state. {(See Figure 3.)

Figure 4. Vertieal Section olf Beep Subseell, Ln.esﬂ Abeve and Drift Bolow.

-
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THE LOESS REGION

This province is so named on acccunt of the prevalent deposits of
toess, The region occupies about 42,000 square miles or most of the
southeast halfl of the state. It has cight distinet kinds of land or sub-
divisions,—-the loess plains, wind formed areas, loess hillg, drift hills, bluit
areas, canyon areas, terraces, and flood plains or.bottom Iznds proper.

l.oess in General—Most Nebraskans know loess. It is well shown in
many railroad cuts and in excavations as at Omaha, Plattsmouth and
Nebraska City (Figure 4). The deposits, differing somewhat in origin,
occur throughout the uplands of the Loess Region, except on the drift
hills. There are at least three kinds of loess having importance in road
work. They are similar and known as the plains, terrace and bluff loegses.

The loess Is generally, but erroneously known as “yellow clay.” Tech-
nieally, it is mostly silt, containing some clay and fine sand. It ig there-
fore a silt loam. The most distinguishing features are the buff color,
massive appearance, fine and sven texture, and the ability to stand nearly
vertically in bluffs and other exposures. Three features of structure may
be observed in the faces of Pluffs, viz-—vertical cracks, separating the
loess into columns; root casts, and smali calcareous and iron oxide con-
cretions,

" Loess Plains—These are the nearly level uplands of the ILoess Re-
glon (Figure 5), The area iz about 14,100 square miles. . 'The largest and

Tigure B, View Across the Loess Plains of Fillmore County.
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most typical plein is bhetween Dundy and Butler counties. Ifs general
boundaries are the Platte, Republican and Big Blue vaileys. Some of the
typical locations on this plain are David City, York, Fairmont, Hastings,
Minden, and Holdrege. The surface of this plain is quite even, but modl
fied to some extent by small drainage-ways, shallow basing and low
xnolis. The borders are roughened at places by ravines, bluffs, canyons
and sandy areas.

There are several loess plains in Nebraska. Small upland “flats” of
this kind cccur in most counties of the Loess Reglon. Formerly all of
these flats were connected making a continuwous plain over most if not
all of the region. The orignal surface was eroded by streams, making
valleys which separated the plain into many remnants or parts all lying
in the same general slope and having similar surfaces.

Some of the loess plains are located as [ollows: On the divide
north of Ogaliala; south of the Platte Valley at Sutherland; in south-
western Lincoln Couniy; the southeastern part of Chase; northeastern
Dundy; southern Frontier; southwestern and southeastern Custer; part of
the upland between Broken Bow and Sargent; northern Buffalo; smail
areas north of Ravenna; six miles south of North Loup; much of the up-
land between St. Paul and Boelus; west of Wolbach; southwest of Spald-
ing: and the nearly flat uplands of Boone, Madison, Wayne, Cuming, Dodge,
Douglas, Washington and other northeastern countieg. Several gmall
plains of this kind occur east of the Big Blue, as in eastern Seward, north-
ern Gage, southern Lancaster, central Cass and eastern Johnson counties,

All thie above plains are capped with loess from 25 to about 75 feet
thick., The loess rests upon glacial deposits in the eastern counties and
upon sand farther west. Locally it lies upon bedrock,

Loess Plain Roads—The loess plains are well served with reads, prac-
tically all section lines being open (Figure 6). There are nearly two
miles of road per section, which is greater than in other parts of the
state. There are many miles of graded road and reatively few culverts
and bridges. The only drawback of any consequence in road building is
the small, undrained basins. Sand for surfacing is exposed in a number
of the small valleys. Probably there is no richer agricultural area in any
country in which the country roads are kept in as good condition with so
little worlk. Among the best-known reads crossing one or more loess
plains are the Omaha-Linceln-Denver (G. L. D.) Routs, Cornhusker
Route, Meridian Ronte, Seward-York-Aurora Route, Highland Route an
the Capital Way.

Soils of the Loess Plains—Five principal soils occur on the loess
plains, viz. Marshal] it loam, Grundy siit loam, Holdrege silt loam, Colby
silt loam and Scott silt loam. Other types occur on the eroded horders
of the plains and in the valleys. The surface soils and the upper parts
of the subsoil of the plains proper differ considerably from east to west,

i
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put the texture of the lower subsoil remains remarkably uniform. There
is a slight change in the size of grain, becoming a little coarser westward.

As a whole the Joess plaing have unusually large areas of uniforn road
materials.

Tigure 6. Loess Plains Road, the Q. L. D, Highway,

The Grundy silt loam i3 the typical soil on the loess plains of the
southern and southeastern counties. It was classed in our earlier reports
as the flat phase bf the Marshall silt loam. Persons wishing a descrip-
tion of the Grundy, as it is typically developed in Nebraska, should sccure
and read the soil survey of Fillmore County, pages 15 to 19. In Rillmore
County the upper soil is dark brown, about 12 inches thick, and a heavy
gill loam modified by organic matter. This layer passes into a darker
heavy clay horizon mottled dark brown and yellowish. Thig zone is
compact, hard and tough, but crumbles to granules when drying. It is
very plastic and nearly impervious when wet. TFarmers call it the “hard
pan” layer. If near the surface, it is called “gumbo.”

A.t a depth of two or three feet, the subsoil of the Grundy silt loam
changes becoming yellowish gray to pale yvellow and more friable, grad-

ing into the undisturbed loess which is usually very thick and more or
less caleareous.

Meehanical Anslyses of Grundy St Loam, Fillmere County.

Fine Coarse Medium Tine Very fine

Description Gravel  Sand  Sand  Sand Sand sl Ciay

Pet. Tet. Pet, Pet, Pet. et d
Soll, 0 t0 12 1NCHES . 00 02 01 65  1oe  Gan f?c ¢
Subsoell, 12 to 36 inches. 0 0 K 8 17.0 5?12 368
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Small areas on the Ioess plains in the northeastern counties, in
which there is a deep dark brown subsoil not underlain by a well defined
hard pan layer, are classed as Marshall silt loam. These can be deter-
mined 'hy gounding as is done on the soil survey.

Road Maintenance on the Grundy-—The tough layer in the upper sub-
soil is a factor in read work on this soil type. The depth and thickness
of this laver and the rest of the soil section should be determined before
2 road project is started, This will serve to show what materials are to
be encountered in grading. It has been found that the best resultg are

gsecured where materials from the heavy layer are piaced in the lower

. part of the roadbed and covered by the upper soil.

The drag period of the Grundy silt loam is short. A good, hard road
is made where the surface is properly crowned and dragged and lateral
drainage is provided. A much better surface, one easier fo maintain, is
secured by surfacing with sand, it a supply can bhe had within hauling
distance.

The Holdrege Silt Loam resembles the Marshall in its upper layer, but
differs in the subsoil. The surface soil is about 15 inches deep, dark, fri-
able, and of z silt loam texture which grades between 15 and 18 inches
to a granuiar silty clay loam. Below Lhis the subsoil becomes dark brown
and granular to a depth of 28 inches. This layer is underlain by a ixl-
able, mellow silt loam of light gray color.

The Holdrege silt loam is not so sticky as the Grundy when wet. Tt
blows very little. Road building is comparatively easy and the Im-
proved roads are smooth and fast.

Colby silt loam occurs typically on the western loess plaing. Its sur-
face is hilly to nearly level. The color is lighter than Holdrege, Grundy
and Marshall soils due to the lower content of organic matter and the
presence of more calcareous material.

The surface soil is light brown, grading quickly inte gray, light gray
or a white floury subscil. The soil is calcareous throughout the section.

The Colby silt loam is modified by small areas of very fine sandy
loam. Many roads are falrly good without grading. A good roatl is se-
cured on the silt loam with relatively little work.

Basin Soils—The Scott silt loam is the leading soil in the basing or
depressions of the loess plaing. It was formed in intermittent lakes, the
sediment having heen washed from the border areas. The type is poorly
drained. In faet it is not drained.

" The surface of the Scott silt loam, sometimes called a basin phase
of the Wabash, consists of 6 to 15 .nches of dark brown to dark gray
gilt loam containing a congiderable amount of organic matter. It becomes

Initermitfent Lake

Jcott ity Clay Loam

Scoft Sift Loam

Grurrdy Siftloam

LEGEND ]

Showing Soll Types Near Shickley.

Figuare 5
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grayish and quite friable when drying. The distinctive feature of the
Seott silt loam is a layer of ashen gray, pulverulent gilty loam, 2 to 16
inches thick in the upper part of the subsoil, Below thiz is a dark or
nearly black, plastic siity clay, mottled with brown. This material is
toush and compacl. Below 30 inches, the subsoil changes gradually to
the conditicn of undisturbed loess.

Some of the best defined areas of basin soil are in York and Fillmore
counties  (Figure 7). Less exiensive ones occur throughout the lcess
plains and on most alluvial terraces. The Scott silt loam grades into silty
clay leam and ciay. .

Mechanieal Anslyses of Scolt Sikt Lonm, Fillmore County
Fine  Coarse Medium  Flne Yery fine

Deseription Gravel  Sand  Sand Sand Sand Silt Clay

Pet. Pet. Pct. Pet, Pet. Pet. Tcu.

Foil, ¢ to 6 inches...... 0.0 0.1 ol 0.6 12.6 1.2 18.2
Subgeil, 6 to 20 inches.. 2 8 B i) 16.0 3.4 8.6
Lower subsoil 20 to 36in hl 2 1 K 0.5 58.0 31.6

Mechanicnl Analyses of Scott SilE Loam, Gage County
Fing  Coarse Medlum IPine Very fine

Description Gravel Sand Sand Sand Sand St Clay

Pet. Pet., Pet, Pet. Pet. Pet. Tct,

Subsoll . S 1.8 0.6 16 0.4 (8.8 171
T.ower subsoll 1 2 .2 RH 1.1 57.0 35.2
BOH e 0.1 1.0 0.6 1.6 5.2 723 15.1

Road Maintenance on Basin Soils—The Scott silty clay loam and the
¢lay are heavy. They become very. plastic and sticky when wet, and
tough, hard and compact when dry. They are difficult to handle both in
farming and in road work. Flocding and seepage malke roads soft. This
can be overcome by grading above the level of standing water. Roads are
improved by the incorporation of coarser soils and sand. The drag period
ig short.

Wind-Formed Areas—Thers are a number of areas along the western
border of the Loess Region, and a few patches on the loess plains and
thelr borders, in which the surface has been eroded and formed Into
choppy hills resembling dunes. They total about 300 square miles.

In a general! way, the larger wind-formed areas make up a border
jand between the loess and sandhill regions. Their soils vary much in
texture, but are composed mostly of sand and silt making sandy roads.
The largest areas of these soils are located as follows: North and north-
east 0f Minden; east of Hildreth; north of Grand Island; in western
Boone County; eastern Wheeler County; northwest of Greeley; northeast-
ern Idneoln County; on the upland south of North Platte; 10 miles south-
west of Maywood, and the east border of the sandhills in Dundy County.

The soils of the wind-fermed areas have been grouped with the Rich-
field, Valentine and Coiby series. The practice now is to place those In
which some of the qualities of the loess show, as in the northern part of
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Phelps County, withh the Colby very fine sandy loam and fine sandy loan:.
The soils along the borders of the sandhills are in most places classed
with the Valentine,

Loess Hills—These hills cccupy an area of about 11,900 square miles
principally in the northeastern counties of the state. A narrow belt ex-
tends southward just west of the dbluff heit of the Missouri. IL.wess hills
were eroded from the original ioess plain and are characterized by a loess
cap which forms their remarkably smooth surfaces. In mogt of the hills,
the loess is underlain by sand, and glacial drift. These materialy ocut-
crop at widely separated places and are encountered in wells and some
wagon and raiiroad cuts. The drifi rests upon bedrock which is exposed
in gome valleys. 'The principal goil of the loess hills is the Marshall silt
loan.

Marshall Siit Loam—There are several kinds of soil in the loess hill
areas, but the Marshall silt loam hasg the largest distribution. It is a typi-
cal silt loam. 7The upper soil is dark brown te nearly black and 10 to 15
incheg thick. It contains considerable organic matter.

There is no well defined e¢lay pan in the subsocil. The upper part of
the subsoil is slightly heavier than the surface layer. It grades into
fypical loess.

"Phe Marshall silt loam is comparatively mellow. It absorbg mois-
ture quite readily and dees not wash mwuch, It works up well in reads.

Figure 8. A Loess Ikill Cut, Otoe County. Pholo by A, 8. Merrick.
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Loess Hill Reads—No part of Nebraska has developed more rapi@ly
and sueccessiully in road work., Hills have been cut (Pigure 8) and fills
made along hundreds oi miles of highways, ag in Custer, Sherman, Boone,
Cedar, Thurston, Washingten, Douglas, Sarpy, Cass, Otoe, Nemaha and
other counties. 'The per township mileage is nearly as large as on the
loess piains, but there are many more fills, cuts, culverts and bridges.
Roads generally are kept in good condition by grading and systematic
dragging. Sand exposed in some hill sides and a few valleys has been
used for surfacing at places.

The roads on loess hills are characterized by their smooth surfaces,
made s0 by dragging and wear., They carry heavy loads of farm prod-
ucts and are easy on autog and drivers. Some of the best stretches of
good roads in the loess hili areas are on bench and flood plain lands.
This is particularly true along the valleys of the Loup System.

The Lincoln Highway crosses the ldess hills between Omaha and the
Platte, The George Washington Route, closely following the Omaha-Kan-
sag Cily Highway, is principally on the loess hills between the Kansas
line and Omaha. The Cornhusker Route crosses the 1083z hills in the
northeastern counties,

Drift Hills—Quite well defined drift hills occur in the southeastern
counties., They occupy an area of aboui 6,700 square miles. 'The hills
were eroded from the drift (glacial deposits). Eresion removed nearly
all of the icess cap at most places and dissected the glacial drift to the
" form of hills,

Drift hills average smaller and less smooth than loess hills, They
are easily recognized by the form and by the presence of gravel, pebbles
and boulders which may be exposed in the soils (Figure 9) and uncov-
ared in such places as banks, cuts, and wel's.

Drift hills occupy much of the upland in Saunders, Cass, Otoe, Lan-
caster, Nemaha, Richardson, Johnson, Pawnee and Gage counties. The
land is uniike the bordering loess hills and loess plains. The soils are
different and the roads are different. '

Prift Hill Soils—These were derived from two well defined drift sheets
known as the “Nebraskan” and “Kansan”, and from a sand plain between
them:, The range in texture is considerable, There are small areas of
sandy and gravelly soils, and langer areas of silt loam. In some places,
extengive weathering of the drift hag produced a uniform soil resembling
the Marshall gilt loam. This is particularly true where loesg has been
incorporated with the drift.

Two soils, a silt Toam and a loam, occur generally on the drift hills.
The first has received two names—the Carrington gilt loam and the
Shelby silt loam. The other is known as the Shelby loam.

The Shelby silt loam is a dark soil in its upper part, but changes he-
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Trigure 9. View Showing a Bowlder Area in Nemaha County. Fhere Arve Few
Square Miles Like This in Nebraska, .

Figure 10, Rallread Cut in Brifl Fills. It Is Being Widened Beenuse of
Casditng, A Loess Cut Would Stand Much Beiter. Observe [That -Some of the
Bowlders Are Inked .,
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low this finely weathered zone, which carries considerable humus, o a
slightly compact upper division of the subsoil and then to the drift coun-
taining clay, silt, sand concretions and boulders. This type has more clay
and sand and less silt than the Marshall. It becomes quite sticky when
wet and drying, forms hard clods which break into dust and some sand.
The road surface becomes knotted and dippy. This condition can be
remedied by dragging after rains and by shaving or planing when a
road is extremely dry and rough.

A soil, known as the Shelby loam, occurs on many knolis, sharp
crests and steep hill sides of the drift hills. The type represents an
eroded phase of the silt loam. Tt containg less organhic matier, gue to
erosion, and shows stony materials., Thig type is difficuit to handie in
road work because of its yneven texture and the presence of boulders.

Hill sides in which sand is exposed form & sandy loam soil of limited
extent. This type and a fine sandy loam developed on outcrops of the
Dakota sandstone make bad places in roads crossing them. Such patches
of road can be improved by surfacing with silt or clay.

Mechanienl Annlyses of Shelby T.oam
Irine  Coarse Medinm  Fine Very fine

Description Gravel Sand  Sand Band Sand Sitt Ciay

Pot. Pet. Pot. Peot. Pet. et et,

Soil 1.0 3.9 5.8 11.6 1.6 47.8 214
Subsoil 8 3.0 7 9.5 7T 2%t 4.4

Drift Hill Roads—Road development has been rapid and nearly uni-
vergal in the drift hill areas. Most seclion lines are open. There are
many cuts, fills, culverts and bridges. Some difficulty ig experienced with
the slumping of grades and the caving of cuts. (Figure 10). Heavy rains
and the consequent floods of streams damage road Dbeds and bridges of
small valleys (Figure 1l).

Grading ang dragging are more difficult in this area than on the loess
hills and loess plains. Boulders interfere to some extent. The preva-
lent soil becomes very sticky when wet and hard when dry. It ruts and
pits, but is corrected by dragging and planing malking very hard road
bed with a little rougher wearing surface than that developed upon the
soils of the loess areas.

Bluff Lands—In a general way, all rough lands hordering valleys and
[ormed from mantle rock materials are called bluffs. Bluffs proper, are
the steep valiey-sides produced by rivers cuiting against the wupland,
They are common along the Missouri, Platte and Republican. The bluff
areas grade into hills without a distinet line of division, (Figure 12), and
have an approximate area in the Loess Region of about 1,000 sguare miles.

Some of the river bluf_fs of Nebraska are quite high, especially those
of the Missouri. From the top downward, they contain ioes,‘ drift and
bedrock. The mantle rock materials dislodge from the steep slopes mak-
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Tigure

Bordering the Flood Tlain.

13. A Biuffland Road, Eeading Out Yrom and Across An Alluvial Fan

Figure 4.

A Canyon Road.

gmall Land Slides Show on the Slopes,
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ing land slides below and vertical walls above. The bluff land belts are
eut by many deep ravines and sgmall valleys and further modified by
numercus ridges and spurs. As a whole the topography is very rough.
The principal soil is the Knox silt loam,

There are many places on the valiey sides of the Loess Region in
which bedrock materials such as limestore, chalk rock, sandstone and
shale, are exposed. These weather down forming ditferent types of land
and soil, as along the Republican, Big Blue, and Nemaha valleys,

Knox Silt Loam resembles the Marshall silt loam in its lower parts,
put has less humus in the upper layer. It has a thin surface soil, but he-
comeas tertile when humus is added.

A noticeable feature of the Knox is its ability to stand in nearly verti-
ca] cuts and grades. I is mellow and can be plowed at any depth in the
subsoil.

Bluff Roads—The chief drawback to these roads is the roughness of-

the ceuntry and the cousequent steep grades or profiles. Most highways
follow ridges and ravines (Figure 13) in order to reach the lines of easl-
est travel. Many expensive cuts and fills are required. The icess gtands
well in excavations and fills, but erodes hadly at places after heavy rains.
Though the roads become somewhat slippery, they do not become very
muddy. They dry rapidly as a rule.

There are many fine views along the bluff roads, overlooking the
Missouri, Platte and Republican. These attract auto parties.

Canyon Areas—-About 1,500 sguare miles of thie western parts of the
ELosss Region is roughened by deep, steep sided, valleys called canyons.
In places the canyoens are so nuinmerous as lo separate the upland plain in-
to many small, block-like flats, making reoad building nearly impossible.
Such areas occeur in parts of Lincoln, Hayes, Frontier, Hitchcock, Gosper,
Dawson and Cusier counties, Small slips or land slides are common in
canyong having sides not so steep, (Figure 14) and in places the flat di-
vides have been eroded away leaving areas of bold hills separated by V-
shaped canyons.

The soils of canyon areas are now classed as the rough phase of the

Colby series. The color is iight gray. There is less humus than in-

other soils derived from loess and the texture ranges between silt and
fine sand, Coarser materials occur on most of the floors or bottoms of
the canyons. These were washed from sand layers under the loess.

Bench Land or Terraces—Most large valleys in the Loess Region
have flats or plains above their first bottoms. These elevated flats,
known as terraces, are thought Lo be remunants of old flood plains., They
cecupy about 2,150 square miles of the Loess Region. .

T
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Some of the best defined terraceg are at Blair, Omaha, Nemaha City,
Ashland (Pigure 15) Wahoo, Lincoln, Lycns, Fullerton, St. Paul, north of
Fremont, Schuyler and Columbus and at Oxford, McCook and Culbertson.
They occur in two or three levels at most of these places. The terraces
of figure 15, are represented by (2). The city of Ashland is on a terrace
having two distinet levels, known as second and third bottoms. Small
depressions are ghown by enclosed fines and the areas of sandy soil at
the edges of terraces are represented by dotted line. See the posilion
shown hy (3). '

Most terraces are capped wiith a silt ioam covering thick beds of
sand., The prevalent soil on terraces in the Loess Region is the Waukesha
silt loam.

The Waukesha Silt Loam Is a dark brown heavy silt loam, 12 to 15
inches deep and high in organic matter. It has a smooth velvety feel.
The subsoil is a yellowish silty clay which at about 20 inches becomes very
compact and grades, into a yellow color. The subsoil becomes losss-like
below 30 or 40 inches.

The Waukesha occupies most of the bench areas in the central and
gastern counties, but is modified by small patches of Scott &iit loam and
. by lew knells having soils of coarse texture., Small knoll-llike elevations
are lighter, ranging between very fine sand and sandy loams. The poorly
drained or basin-like areas have comparatively heavy soils, the Scott silt
foam and the Scott silty ¢lay loams.

Figure 15, Showing Land Forms and Seils in the Vicinity of Ashliand,

Sand is exposed along the edges of some terraces. 'Phis sand mixes
with the silt from dabove or washes out upon the valley floor making fine
sandy loams.

Mcechanicsl Analyses of Wankesha St Loam, Saunders County
ine  Conrse Medinum  IFine Very finc

o~ Description Gravel Sand Sand Sand Sand Silt Cluy
Pet. Tet, Pet. Pet. Pet. T'et. Per.
ROl e 0.0 0.2 0.2 11 17.3 6L7 19.5
SUDHOLL e vamee s A A a 2,0 “18.% 63.2 1.5

Mechanleal Analyses of Waukesha Sitt Loam, Nemaha County
Fine  Coarse Mcdium  TFine Very fing

Description o Gravel  Sand Sand Sand Hand Silt Clay

Pot. Tet. Tret. Pet, et. Tet, Pot.

Holl 0.0 0.0 0.0 0.9 T4 7.0 8.7
Hubsoil 0.0 0z 0.2 (X G 2R 10.0

F Mechandeal Analyses of Waukesha Silt Loam, Seward County
H IFine  Coarse Medinm  IMine Very fine

Deseription Gravel  Band  Sand Sand Rand Sl Clay

Tret. et Dk, Pet. Pet. et Pet.

SOOIl et 0.0 0.3 0.3 0.9 146 H6.0 28.2
Suhsoll LixY 1A 0.3 0.8 1Ly 619 230

Terrace Roads—The relation of terraces to wagon roads and railroaus
is generally undersiood. They afford good roadways quite well drained
Generalized Cross Seckion of a Vailey, hBowing Land Formw, and above floods, The silt loam soil grades easily. 'The basins present

Figure It
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a difficult problem. Roads puilt across them are usuality bad unless ele-
vated above the standing water and unless other materials are used in
mixing and surfacing. Some supervisors grade across the edges of the
benches, paying no attention to the kinds of materials encountered, leav-
ing a road bed of sand whicll becomes gutted by wind and water, making
it nearly impassable and expensive to repair.

Bottom Land—The bottom lands are well defined in all river valleys
and in most creek valleys of the Loess Region. The total area of bottom
land in the region including flood plains, alluvial fans, colluvial slopes, and
{he poorly defined, low benches, {Figure 16) is about 3,750 square miles.

Tigure 16 is a generalized drawing in which Arabic numerals are used
to designate land forms, They show ag follows: 1, uplands; 2, terraces,
3, colluvial slopes; 4, aliuvial Fan; 5, flood plain.

The bottom or alluvial lands have a close relation to roads and
should be better understood with respect to their drainage and soils.
Bottom lands are known ag “made land” built by streams. They are com-
pased of clay, silt, sand and coarser materials mare or less stratified,
Considerable organic matter is present in the upper soil and as geams
in the deeper parts of a section or an exposure.

Flood plains or lowest surfaces of valleys were built mainiy of ma-
ferials deposited by flood waters, hence the name. 'They are quite smooth,
except where roughened by woter erosion or by wind erosion and deposgi-
tion. They are very poorly drained, even marshy, at places. High
waters and margh areas are drawbacks to road building in ways known
to all. Drainage and stream correclion are therefore of importance in
road wark as well ag in agriculture.

Alluvial Fans are formed at the mouths of steep tributary valleys bor-
dering flood plains. The small, swift streams of these valleys carry much
sediment, but drop it upon reaching the flat Jand. The sediment deposited
in this way causes the water to spread angd distribute otl_ler gediments in
a fan-shaped form. There are thousands of small aliuvial fang in the
Loess Region, and other parts of lhe stafe. They usually lie above the
flood heights of trunk streamg and are fairly well drained.

Colluvial Slopes acour on the edges of flood plains and extend on to
the foot of val'ey sides. They are built mostly of fine materials washed
from the slopes. The colluvial forms are made smooth by the action of
sheet water, They differ greatly in size and somewhat in the textare of
their soils, but are best defined where there ave few ravines and where
for a long time the trunk stream has not eroded against the slope and
removed the local deposits. Some colluvial slopes are terrace-like. They
lie above flood level and are fairly we!l drained. They afford favorable
locations for roads, The soils are of comparatively fine texture, dark
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Showing Soil Pypes in the Yieinity of Fremont,
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brown to black and deep. The prevailing soil typ’é, as mapped in Dodge
and Hall counties, is called the Judson silt loam.

Aliuvial Soil Sections—Taken as a who'e the hottom iand soils of the
Loess Region present four types of structure, as follows:

1. Comparatively uniform, dark colored, fine textured soils having &
depth of 2 feet or more in the gurlace layer aud upper part of the subsoll
and grading below to slightly coarser materials of considerable thickness.
The soil series best repregenting this struclure are the Wabash and

Lamoure.

2, Comparatively uniform brownish to dark surface soils ranging
between clay and loam in texture and grading at a comparatively shailow
depth to layers of sand. The Sarpy series is representative of this sfrue-
ture.

3. Hoils sandy throughout the secticn, but containing some organic
matter in a thin surface layer.

£ Sand deposited atong trunk streams and in sand draws. It is fine
to coarse and suitable for surfacing. Coarse river wash is the best ex
ample of this struclure,

Alluvial Soils—A number of alluvial seils have been mapped in the
Loess Region, Among them are those of the Wabash, Cass, Sarpy, La-
moure and Judson series (Figures 16 and 17). Descriptions of the types
of these series have been made in various soil reports as in Washington,
Nemaha, Richardscn, Douglas, Dodgs, Hall and Phelps counties.

In figure 15, Arabic numera’s are used to show topographic divisiong
and goil types, as follows: 1, hilly upland in which the Marshall silt loasn.
and the Shelby siit loam prevail; 2, bench or terrace land modified by
smail basins and fringed by sandy soils, shown by 3; 4, Wabash silt lcam;
5, Wabash clay: 6, Cass silt loan; 7, Cass very fine sandy loam; 8, Cass
fine gandy loam; 9, Sarpy fine sand, 10, River wash,

In figure 17, showing the Fremont area, 1 represents terrace modi-
fied by depressions and sandy borders; 2, Judson si't loam; 3. Lamoure
silt loam; 4, Wabash silt loam; 5, Wabash siity clay; 8, Wabhash clay;
7, Cags fine sandy loam; 8, Cass very fine sandy loam; 9, (Cfass loany; 10,
Cass silt loam; 11, SBarpy very fine sand; 12, Sarpy fine sandy loam.

The Wabash silt leam, silt clay loam, and clay ara common alluvial
soil types in the eastern part of the Loess Region (Tigures 16 and 17).
They are clgse-textured, dark colored and unusually ceep. Among the
flood plaing showing principally the Wabash soils are those of the Rig
Memaha, Little Nemaha, Weeping Water, Salt Creek, Maple Creal, an‘l
Logan Creek, and most of the Big Blue and its tributaries. There
are considerable areas of Wabash soils in the Platte, Elkiorn and Mis-
gouri River valleys.
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Mechanical Analyses of Wabash Silt Loeam, Otoe County
. IFine  Cozrvse Medinm  Iine Very fine
Description Gragyvel  Sand Sand Sand Sand Sik Clay

) " Pet. Iret, Pet. Pat. Pet. Pet. Pet.
Boil 0.1 0.2 0.3 0.5 3.5 1.6 18.1
Subsolil .0 2 2 B 1.7 B7.5 2.9

The Cass Series is represenied by five types (Figures 15 and 17) which
are the clay, silty ciay, silt loam, leam, very fine sandy loam and fine sandy
loam, black in the surface layer, brownish {0 grayish in the upper subsoil
and underlain by & thick layer of sand. So far as road materials are con-
cerned the Cass scils are not very different from the Marshall except
that they are thinner and grade sooner into sand.

Mcechanienl Anslyses of Cass Sl Loam, Gage Cotnty
Fine Coarge Medivm  Fine Very fine

Deseription Gravel  Sand  Band  Band . Sand sitt Clay
Pet. Pet, Pet, Pet., I'et. Pet, Pet.
Soil 0.0 0.2 0.2 4 11.2 7.3 20y
Hubsoil Ky .1 2 2.3 17,2 6.6 13.4
Mechanical Analyses of Cass Loam, Snunders County
IMine  Coarse dMedium  Fine Very fine
Deseription Gravel  Sand  Sand Sand Sand Silt Clay
et Pet. BPet. Iet. TIret. Pet. Pet,
Boll 0.0 Gt 0.8 T 3.0 4.4 12.9
Subsoil R 2 t b.6 54.8 31.9 .1

The Sarpy series of soils, shown by the surveys, is fairly distinct
from the Cass group so far ag the agriculture is concerned, hut not so
distinet as recad materials. (Figures 15 and 17).

Mechanical Analyses of Sarpy Very Fine Sandy 'Loaah, Nomaha County
Fine Coarse Medium Tine Very finc

Desceription Gravel  Sand  Sand  Sand Bang Silt Clay
’ Pet.  Pel.  Pet.  Pet.  Pet.  Tet.  Det.
Sou 0.0 0.2 0.2 20.8 F24 20,1 8.8
Subsoll 0 1 N4 40.3 44.0 129 2%
Meoclhanicnl Analyses of Sarpy SiH Loam, Nemahp County
Fing Ceoarse Medlum Tine Very finc
Desceription Gravel Sand Sand  Sand HBand st Clay
Pet.  Pet.  Pet.  Pet.  Pet.  Pel.  Pet
Soit 0.6 0.0 0.0 0.9 19.5 73.4 15.0
Subsoil 0 d d 6.9 56.5 20.5 6.4
Mechanicndl Analyses of Sprpy Clay, Nemahe County
Tine Coearse Medium ¥ine Very fine
TDescription Gravel  Sand  Band  Sand  Sand silg Clay
. et Pct,  Pet.  Pet.  Pet.  Pet.  Pet
L1151 RO 0.0 0.0 0.0 21 52 7 8nl Bt
T T 0 SR 0 1 K] 11.9 2.8 28.2 6.6

The Lamoure Silt Loam, silly clay and clay have been mapped along

_the Platte in Dodge (Figure 17), Polk, Hall and Phelps counties. They are

typically shown in Dodge County. The types resemble those of the
Wabash series, but are less perfectly drained. They have a calcareous
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gubsoil, which is lighter in color than that of the Wihabash series, The
Lamoure soilg contain alkali and saline areas,

Mechanical Analyses of Lamoure Silty Clay, Dodge County
Fne  Coarse Medium  Iine Very fine

Deseription Gravel Sand Sand Sand Sand silt Clay

Pt Pet. Pet. Pot. Pet. Pet. Pet.

BOIL  roreeeremee e eestmini e rnr e 0.4 G 2,2 8.0 11.9 44.0 208
SUDSCI] e 6 2.6 3.4 18.2 7.2 27.2 40.7

Mcchanical Analyses of Lameoure Clay, Dodge County
Fine Coarse Medium Tine Very fine

Description Gravel Sand  Sand Sand Sand sl Clay

Pet. Pet. Pet, Det, Pet. Pet. Pt

Soil ol 0.7 11 8.0 7.5 47.9 34T
Bubseil 9 14 1.0 3.9 4.8 41,5 46.5

The Judson Silt Loam occurs ag small areas principally on colluvial
slopes at the foot of uplandy and terraces in various parts of Dodge
(Irigure 17), Hall, Polk ard Phelps counties and is not subject to flooding.
It is of dark brown color, containg considerable humus, and is deep,

There are a number of other aliuvial soils in the principal valleys of
the Loess Region. As a rule they become more sandy and carry less
humus as one goes westward.

¥Figure 18, Improved Lincoln Highwny Near Grand Eslund,

5011 ROAD MATERIALS OF NEBRASKA 31

Bottom Land Roads—Persons making roads with alluvial materials
should do sounding to determine the soil section and textures. The re-
sults are unsatisfactory where this is not done and the materia's are
not mixed in right proportion or the road bed is not surfaced. A patchy
condition of road is produced which erodes and wears unevenly. There
are, as a rule, sufficient materials alonmg bottom land roads for the selec-
tion of textures suitable for the production of relatively good road beds.
In some places surfacing material can be secured from the gutiers. This,
as along the Platte, may be medium to coarse gravel, Small clay areas or
silty clay areas may he the source of fine material used to combine witn
the sand. Much of the soil along the Platte in the extreme western part
of the region is well graded and suitable for road work. It is the gravelly
sandy loam. There are many miles of alluvial road in the Loess Region.
The best-known road is the Lincoln Highway which follows the Platte
Valley from Waterloo to Big Springs (Figure 18). Most of this road is in
quite good condition except the sandy stretehes and the poorly drained
places.

THE SANDHILL REGION

This is the most distinet soi} region in Nebraska. The topography,
drainage, soils and roads are very unlike those of the loess region to the
east and the high plains on the west.

The main body of the gandhiils, in the north-central and central-west-
ern parts of the state, is known ag the sandhill region. There are gev-
eral cutlying areas and patches of hills, making in ail about 20,000 square
miles of hiils, basins, valleys, marshes and lakes. (Figure 19).

~ Land Forms—The classification depends upon the basis used, whether
for origin, topography er utilization. Much of the surface of the sandhiil
couniry was formed or shaped by wind. The land is nearly all grassed
over, making the state’s largest prairvie area. It is used mostly for graz-
ing (hills) and for hay production (valleys). Some of the valley goil is
farmed.

The hills vary greatly in form and gize. They are grouped together
in most places forming east-west ridges. Some of the hill slopes have been
eroded forming pits, called blowouts. The small, irregular depressions
between the hills are the basins. The large, well drained lowlands
grading upward into thie hills and having more or lesg open courseg for
considerable distances are called dry valleys. The low-lying, compara-
tively flat wet land, is known as hay land, wet meadows, or wet valleys.
It i8 modified by many marshes and lakes.

The soils of the sandhill areas are guite sandy as a rule. They cor-
reiate very closely with the land forms and are herein descrlbed as
dunesand, dry valley soils, and wet valley soils.

Dunesand is the typical soil on the sandhills. It occupies about two-
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thirds of the area of the sandhill region. Dunesand is characterized by
its mobility, low humus centenl, and uniform fine sandy texture. 'There
is little difference between the surface soil and subsoil. Both are light
gray in color and of loose structure. They contain a very low percent-
age of gilt and clay.

The State Survey classifies the hills under two divisions; namely, first
grade and second grade, depending upon the continuity of the grass cover
and the amount of blow ground.

The mechanical analysis of dunesand is as follows: Fine gravel, 095,
coarse sand, 0.7%; medium sand, 7.7%; fine sand, 73.7%; very fine sand,
15.2%,; silt, 0.7%; clay, 1.9%.

Dry Valley Soils occur on the small basins and dry valleys. They are
more stable than dunesand., According to the state and federal surveys,
there are four soil types: namely, very {ine and sandy loam, fine sandy
loam, loamy sand, and sand, These have heen described as belonging to
the Valentine series. The very fine sandy loam and the fine sandy loam
are quite stable, having fairly well defined surface gsoils. They do not
blow badly and are farmed af a number of places. The lighter soils blow
some whers exposed.

The dry valleys are known as hard lands in contrast to the gand-

hills proper.

The mechanical analyses of dry valley solls run about as follows:

Valentine Fine Sandy Loam . .
Fine Coarse Medium  Wine Very fine

Description Giravel  Sand  SBand Sand Sand Sl Clay

Pot. Peot. Pet. Pet. Pot. I*et. Pet,

BOIL evereeeeereeeereennesererenmiesan s 0.0 ER] 118 d0.5 24,9 13.9 1.7
SUBEOIL e 0 2.1 5.9 2.6 20.5 17.7 10.1

Vvalenting Loamy Sand
fine  Coarse Mediumm  IMine Very fine

Deseription Grovel  Sand  Sand Sand Sand Silt, Clay
Fet. Pot. Pet. eot, Pet. Pet. Pet.
HOLL vt i e 0.2 3.8 1.1 48,3 30.8 a0 6.7

Wet Valley Soils are on the poorly drained valleys. The Iargést dis-
tribution is in Cherry County, northeastern Morrill, northern Garden,
southern Sheridan, and southern Rock counties. Two wet valley soils,
the fine sandy loam and the loamy fine sand, have been mapped and
classed with the Gannett serles. They are composed principally of the
finer grades of sand, but contain small amounts of cliy and some humus,
Small areas of the Gannett soils contain alkali.

The wet land grades into marsh areas, which occur on the seepage
sides of lakes. Some of the valleys are nearly wholly occupied by marsh
lands which contain a greal deal of organic matter. The vegetation of
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the marshes is unlike that of the wet meadows and very different from
the covering on the hills.

Sandhill Roads—Most sandhill roads are trails following valleys and
crossing the hills at their lowest and narrowest points (Figure 20). Seep-
age areas of valleys are avoided, especially when there i{s most water.
Hill and dry valley roads are in best condition after rains. Blow ground is
avoided where it is possible to do so.

Figure 20. Unimproved Sandhill Ronds,

The typical sandhill road follows a ecrooked course: It might be
termed a “snake” road or a “kinky” road. Few roads follow section lines,
There are many gates and few culverts and bridges.

Considerable advance has b‘éen made the past few years in improv
ing sandhill roads. It has.been learned that grading is not feasible, ex
cept in a few places where a permanent surface can be made.

Most difficulty is experienced with the loose sand which drifts where
it is exposed to the action of the wind, Dry valley and wet valley roads
remain in fair condition as a rule without much work.

The roads crossing the loose sands are surfaced with manuare, hay,
(Figure 21), alkali mud, cinders, or magnesia rock (WFigare 22). Very
good results have been secured by the use of cinders and magnesia, but
the other materials, though more accessible, are only femporary., The
cinders are hauled from towns and from the potash plants and the rock
is brought from the nearest outcrops, Unfortunately there are few rock
exposures in the sandhiils.
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Figure 21 May on a Sandhill Rowd, Garden County.

2- Figure 22, A Sandhill Rond Sontheast of Allinnce, Surfaced With Magnesin
Rock.

3
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The runway gales (Figure 23) have come into general use along the
principal trails in the vicinity of Hofflang, Antioch, ang Lakeside.

THE HIGH PLAINS REGION

This, the most diverse region of Nebraska, occupies a little more
than 15,000 square miles of high table lands, rough broken areas, and val-
leys (Figure 8). It hag three names—the Table Land Reglon, Western Re-
gion and the High Plains. The most distinetive feature ig the high
plains, henrce the name now used,

The Iargest nataral subdivisions of the High Plains Reglon are Per-
kins Plain, 1,650 square miles; Cheyenne Table, 3,275; Pumpkin Creek
Valley, 375; Wild Cat Range, 215; North Platte Valley, 920; Box Batte
Table, 2,010; Niobrara Vallay, 240 (western part); Dawes Table, 1,368;
Pine Ridge, 500; Hat Creek Bagin, 390; White River Basin, 800; Spring-
view Table; Ainsworth Table, 305, and Holt Plain, 925. (See Figure 3).
These divisions are deseribed in some of the survey reports and in the
Geography of Nebraska. The following pages discuss briefly the lana
forms, soils and roads ol each subdivigion.

Perkins Table-—The subdivision, Perking Table, (See 1 on figure 3),
Hes in Perking, Chase, and Kelth counties and northeastern Colorado, but
has its most typical development in the northeastern part of Perkins
Jounty. Tt is bordered on the north by South Platte Valley, on the east
and south by sandhills and loess areas. The surface varies from neariy
level to rough and is modified by a few sandkills.

The soilg of Perking Table are residual and aeolian. They wele de-
veloped upon the Ogallala Formation. 'Threa leading series are repre-
sented, namely, the Rosebud, Dunlap and Valentine. The Rosebud types
are grayish o brown, deep to shallow, and underlain by sand or hedrock.
Four types are represented, the silt loam, fine sandy leam, sandy loam,
and loam. The Dunlap soil (called Dawes) hag a heavy upper subseil.
It is best developed in the vieinity of LaMar. The Valentine soils repre-
sented by five types are lighter than those of the Roscbud and Dunlap,
They show less difference between the soil and subsoil and have a ten-
dency to blow. :

Reads on Perkins Table are good to bad. The hard land reads, except
on the Dunlap silt loam, remain in fair condifion without working, They
are quite easily graded and maintained. The Dunlap silt loam becomes
rutted and rough when wet, but makes a good road when properly graded
and especially so il surfaced with gravel,

The Omaha-Lincoln-Denver Highway (0. 1. D.) traverses Perking
Plain between Imperial and Holyoke, Colorado, There is & noticeable (it-
ference in the condition of this highway in Nebraska and Coloradp and
not to the credit of cur state.

g
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Tigure 23 The Runmway Gate.

. $ ) i 4 : South Plalie and
Figure 24 The Sanddeaw YWhieh Is a Feature Along the § 1 _"
ihe ]I.qt (];.,"(31)0;( It Presents Problems in Rond Work, But Supplies Good R

1 ) d t L itx 3t t 8 : € i 8 1

and Gravel,
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Cheyenne Table-—Thig larze area (Zee Pigure 3) is bordered on the
north by the Pumplkin Creel and North Platte valleys and extends sonth.
ward to and heyond Lodgepoie Creek anq the Colorado line, The surface
i8 & smooth table land at places, bhut is undulating to rolling and rough
in much of the area. The gastern part, a spur between the Platte valieys,
is capped with ioess, The rest of the area, except on the vallay floors,
has residual s0ils developed upon the Ogallals Formation,

The leading soi! serles on the table land is the Rosebud, represented
by five types ranging between the Rosebud siit loam and the Rosebud
gravelly sandy loam. The Kimball county Survey classes these with the
Sidney series, a name which hag heen discontineq,

The Rosebug s0ils are comparatively deep to shallow, depending upon
the geographic position whethep on slepes or smooth land, The nearly
level lands of the table are modified by basins, lineq with a heavy soil
known as the Scott sitp loam. These areas make bad roads if not im-
proved. Unimprovea new road on the table are rough, due to black root.
called “nigeer'’s wool.” Grading and a small amount of dragging keep
roads on the Dawes soilg in good condition without surfacing,

Some of the steep slopes of Cheyenine Table have stony outerops whien
interfere with grading, The slopes, notably those along the Lodgepole,
have coarse 50il8 classe( with the Cheyenne series.  Similar materialg
oceur in many sang draws (Pigure 24). Tiner textured sojly of the Tripp
series ogeur on the low terraces, brineipally in Lodgepoie Valley. The bot-
tom land soilg broper of the valleys are clagsed with the Laure] series.
They have a light to pale yellow surlace layer and ga Loarse, calcareous
subsoil. Persong wishing descriptions of the soils of Cheyenne Tabtg
should secure the soil reports of Kimba!l, Cheyenne and Morril) counties,

The Lincoln Highway traverses the southern part of Cheyenne Table,
bassing acrosg the upilang between Big Spi-ings and a point Just east or
Chappell (Figure 25), ang Lollowing the Lodgepole Valley to and beyong
the Wyoming line. The road ig well fmproved myen of the distance by us-
ing Cheyenne sojlg for surfacing, Cheyenne Tanlp is crosseq by several
highways ag between Kimpalj and Scottehlur, Sidney ang Bridgeport,
(Figure 26), and Chappell to Oshkosh.

Pumpkin Creek Valley lieg between Cheyonne Table and Wilg Car
Range ang ig tributary to the North Platte Valley (See division 3 or fig-
ure 3). It jg bordereq by escarpment-like wallg throughout most of itg
course, (Figure 27}, but is More open near the Wyoming line and at the
point of junetion with tl;e Platte.

Long glopes are g feature of Pumpkin Creek Valiey., These slopes
are of two kinds,~those formed by the weathering and erosion of the
Brule clay and thoge formed from colluvial materials, The Brule clay
slopes are rounded, ang billowy, They are eroded in the form of gmapl
badlands gt o Tew places. The colluvial slopes, oceurring south op the
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creek and in the eastern part of the valley are comparatively smooth and
ierrace-like in form., The bottom Iands of the valley consist of the flood
planes bordering Pumpkin Creek and its tributaries and of low terraces.

There are a number of soils in Pumpkin Creek Valley. Those with
large distribution are classed with the Epping, Bridgeport, Tripp, and
Laurel gseries. The Epping silt loam was developed upon the Brule clay.
It grades within a short distance from the yellowish brown surface soil
to the undisturbed Brule clay. The soils on the coliuvial slope are classed
with the Bridgeporl series represented principally by fine gandy loam ana
very fine sandy loam, but are modified by small areas having a fine sand
texture. These seils drain well and are easily worked, but are subject
to blowing where light texiured. The roads require surfacing where the
501l blows.

The Tripp soils occur on the benches, and range between the very fine
sandy loam and fine sand. The drainage is good and most of the soil is
suitable for road work except that of light texture which is subject to
hlowing. The Laurel soils occur on the first bhottom cof the trunk and
tributary streams.

The soils of Pumpkin Creek Valley are described in the reports of
Scotts Bluff and Morrill counties and in the Reconnoisgance Soil Survey of
Western Nebraska.

Pumpkin Creek Valley iz not well gerved with roads. The valley is
crossed by the Kimball-Scottsbluff road, and the Bridgeport-Sidney road.
These are improved at places.

Wild Cat Range—The mountainous area between Pumpkin Creek Val-
ley and the North Platte has received the name, Wild Cat Range (Divl-
gion 4 of Pigure 3). 'The area begins near the eastern end of 66 Moun-
tain in Wyoming and extends eastward and southeastward about 50 miles,
ending in Court House and Jail Rock south of Bridgeport. The range
rises from 400 to 700 feet above the hordering valleys in most of its
course, but lowers eastward. Three prominent spurs of the range extend
northward and northeastward toward the Platte ending in Scottsbiuff
Mountain, Castle Rock and Chimney Rock. A prominent spur extending
southward ends in Hog Back Mountain and Wild Cat Mountain., Among
the prominent features of Wild Cat Range are Signal DButte, elevation
4,583 feet; Bald Peak, 4,420 feet; Scottsbluff Mountain, 4,462 feet; Hog
Back Mountain, 5,038 feet; and Court House Rock, 4,100 feet (Iigure 28)..
The range is scenic.

Much of Wild Cat Range is rough broken land thinly covered with
grass, shrubs and pines. The less abrupt parts of the area are occupied
by the Rosebud stony fine sand and the more gradual slopes by the Rose-
bud loamy fine sand (Figure 29).

Road building is difficult in Wild Cat Range. The roads follow can-
yons and across the lowest gaps or divides. The grades are steep, re-
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North Platte Valley—The North Platte v
pertant irrigation area {Divigion &
angd diversified agricuiture requir
parts of the state.
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as shown by Figure 3). The extensive
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The North Platte Vailey is wide in Scottsbluff and the western part
of Morril} County, below whicl it narrows considerably to the point of
junetion with the South Platte. The upper rarts of the valley sides are
formed principally of steep, smooth slopes and stony land. Sandhills
hug the northside hetween Oshkosh and North Platte. The rough stony
land on tlie south side gives way below Lewellan to leess bluffs. One fea.
ture of the valley is the large terrace on the norih side between the Wyom-
ing line and northwest of Bridgeport. A long, gradual bench-iike coiluvial
slope forms the south side of the most of the valley in Scotte Bluff County.
The flood plain broper has a considers

rable area of silt loam to sandy and
gravelly soils, part of which is poorly drained.

There are several soils in the Nor

th Platte Valley, varying from silt
loam to nearly harren stopes of the r

ough broken lanad (Figure 30). The
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s0lls with largest distribution are classed with the Epping, Mitehell, Tripp,
Laurel and Minatare series, which are deseribed in the 80il reports of
Scotts Bluff and Morrill counties,

Figure 30, part A, shows a strip of soils extending from Chimney Rock

northwar@ across the valley a distance of 13 miles. "These soils are on
steep slopes, the flood plain, bench land and slope land ag shown by Rig-
ure 30, part b. The 501l types of Figure 30, part a, are as follows: 1,
rough broken land; 2, Bridgeport loamy fine sand; 3, Bridgeport loamy
very fine sand; 4, dunesand; 5, Tripp loamy very fine sand; g, Tripp very
fine sandy loam; 7, Tripp loamy fine sand; 8, Tripp loam; 9, tripp gravelly
sandy loam; 10, Bridgeport very fine sandy loam; 11, Rosebud very fine
sandy loam; 182, poorly drained areas on bench land; 13, Rosebud very
fine sandy loam (shallow phase); 14, Rosebud loam; 15, dry stream bed,
a gravelly sandy loam; 16, Lanurel loam: 17, Minatare loam; 18, ELaurel
very fine sandy foam; 19, Minatare silt loam; 20, river wash, not shown by
Arabic namerals, but Tepresented by clear areas in Platie River,

The Epping Silt Loam was developed upon the Brule Clay which oux-
crops in the valley gides forming the long, smooth slopes at the foot of
the rough lands. A few areas, as at the foot of Scotts Biuff, have been
eroded as smail bad lands. The upper soil of the Epping silt loam is Jight
vellowish brown and 5 to 8 inches deep. The subsoil iz lighter in colop
and may not show change in color ang texture to a depth of 3 feet or more,
The subsoil passeg into the compact Brule clay, The Epping stlt loam ang
the underlying Brule are easily worked, hut they can be improved as road
materials by the addition of gand, There are extensive areas of the Brule
clay and its siit loam soil at various places in Scotts Bluff and Morriu
counties.

Mechanieal Anslyses of Epping Silf Loam
Iine  Coarse Mediumm  Hine Yery fine

Besgceription Gravel  Sand  Sang Sand Sand Sile Clisy

Pet. Pot, Pet. Pet. Pot. Pot. Pet.

Soil ... 0.0 0.4 0.7, 1.9 348 1.0 7.0
Subsoil 1 11 12 4.4 33 50.8 81

The Mitchell Soils consist of light hrown op buft eolored silt loam and
very fine sandy loam covering the terrace-like colluvial slopes ag in Mit-
chell and Gering valleys. They were deriveq prineipally from the Brule
clay and have heen modified by wind ang sheet water. The so0ils are deep,
quite compact, friable and casy to work. They contain considerable or
ganic matter in the surface soil and are of light buff color in the lower
part. The Mitchell soilg are slippery, but not sticky when wet. They are

suitable for road grading, but can be Improved by mixing with coarse
materials.

Mechanical Analyses of Mitehell 51t Loam
Fine Coarse Medium Mne Very fine

Description Gravel  Sand  Rang fang Sand il Clay
Pct, Pet. Pet. Pot, Pet. Pet. Pet.
S0il . 1X1] 0.4 0.4 2.2 18.2 67.1 118

Subsoil

Rt} 2 2 2,0 209 54.6 i8.2
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Mechanieal Analyses of Mitchell Very ;{ui];e. Ssmdy'l'fnmu
Fine Coarse Medium IMine Very fine

ipti ¥ s d Sand Sand Six Clay
01 o4 22 215 408 265 8.5
SOI1 e X

0 i 2.4 214 20,2 333 18.5

Subsoll

The Tripp Soils oceur on the terraces as north of SCOttSb]ufﬁt;L;?;}uiai}:
i 0 § d Broadwater. The range o
ard (Figure 30, A) and at Lisco an s L o 1o ot
) 'AVE The color of the soil is lig r i
from loam to gravelly loam. . : ¢ i
i i i ing to this series were mappe
lowish. 8Six types of zoil belonging e
5 3 E: loamy sand, loamy fine sand, b
valley. The gravelly, sandy loam, sty fne sandy
: loam. The gravelly sandy los
loam, very fine sandy loam and o ooene
i nes, It iz coarse, loose and drouthy,
aiong the edges of the benchnes. ' : o the o
i for T 'k in surfacing most other soi] types i
well suited for road work in sur ation e
Cri iis g iderable part of the irrigation.
The finer Tripp soils support & consi )
are suitable for road building when graded and particularly so when

surfaced.
Mechanical Analyses of Uripp Very Fino _Smuly 'Lm.nm
o Fine Coarse Medium Fine Very fine . Clay
seripti Gravel  Sand  Sangd Sand Sand 5 lp ;‘3( r
Peserption Pet. Tret. Pet. Tet, Pet. Pet. c;
2 0 3.0 3.0 8.6 10.3 JE.S - 84
o ;“3 ! 4.2 10.9 +3.8 274 8.7
Subsoei 28
Mechanienl Analyses of Tripp L_oum . ‘
Fine Ceoarsce Medium TFine Very flue e
seripti Gravel  Sand  Sand Sand Sand blll’: u)
Peseription et Pct. Pet. Pet. I'et. Pet, Pet.
3 g 20 +.0 22,3 2.2 2.2 2
s "0 8 22 156 262 212 pss
Bubsoil .

The Laurel Soils, represented by the very fine sanfly loam and the il’ln‘i

sandy loam, cccupy parts of the flood plain and portions ;))f the velm; 1011(]
r : i igh i anic matter, of light brown color a

benches, 'They are quite high in orga ) 7 eotor ane
i ‘ 3 bsoil. Though on low ground, 5
rdertain by sandy Lo gravelly su ' ; > the s

(‘11:'a,in q(uite well. The fine sandy loam forms a belt north of the 11ve;b ft‘orr;

Mitchell to the Morrill County line. Both fypes occur at a number o

places in the valley.

The Minatare Series is represented by one type, the si](i'.Iloam \;’é’llﬁ!}l
est-lyi 1y drained first botiom land (Figure 30,A).
oceurs on the lowest-lying, poor ; : T 80.4).
[ ¢ * il is gray to grayish brown. 3]
The color of the surface soi oh brown ) subsoll s a
i 7y : Boeth soil and subsoil are highly ca ,
light colored heavy clay. ‘ re Smenveous, and
: fied. The most extensive area
in some places hadly alkaliec . T rrom & point 5
i y the north side of the river fro
silt loam extends from along £ o o
i L of Mi stward and southeastward to n
miles northwest of Minatare eas : . ‘ : .
B;idgeport. South of the river is an area extending eastward from Me
Grew into Morrill county. "
Large areas of the Minatare silt loam show seepage coming from irrl

gation on the bench lands,
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Mechanical Analyses of Minatare Silt Leam
Fine  Coarse Medinm  Fine Very fine

Deseription Gravel  Sand  Saad Sand Band EHI{ Cley

Iet, Pet, Pet, Pet. Pet, Pet. Per.

¥oil 0.0 0.2 0.2 1.4 41.4 51.0 5.7
Bubsoil R 1 1 q 16.5 40,1 36,4

Roads of North Platte Valley—Hxtensive road improvement is needed
in this part of the state. There are enough soil and rock materials for
use If properly combined. Advance ha¢ been made in road building par-
ticularly in the vicinities of Morrill, Scottsbluft, Gering, Bayard, Bridge-
port and Broadwater, Many miles of road have been graded to the gtan.
dard widths and some have been swrfaced with gravel hauied from the
edges of the bench land and from the sand bars of the river, The beet
sugar company assisted with this work.

The North Platte valley was followed in part by the Oregon Trail
Roads ihen sought hard sround and were shifted when the paths
became deep as is shown by figure 39. The valley is now connected
with the Lincoln Highway by roads leading from Scottsbluff and Gering
to Kimball, from Bridgeport to Sidney, from Oshkosh to Chappell and
Lewellen to Ogallala. A Norih Platte Highway should be builp up the
valiey from North Platte. .

Box Butte Table—This division lies between the Nortp Platte and
the Nichrara (See No. ¢ of Tigure 3). It is bordered on the east by the
sandhill region and is modified at places by small areas of sandhills,
The Table is described in the soll survey of Box Butte Gounty. The sus-
face of Box Butte Tabie ranges from nearly flat (Figure 31} to undulating,
rolling and rough. Near the Platte and Niobrara, the surface is rough-
ened by numerous ravines and Canyons.

The soils of Box Butte Table are classed with the Rosebud, Dunlap,
Yale, Tripp, Laurel and Valentine geries. The Rosebud and Dunlap soils
are similar to those of Cheyenne Table.

The Rosebud types are scattered generally, but the Dunlap silt loam
occurs principally to the west and southwest of Hemingford. It has g
brown to dark brown surface 80il § to 12 inches deep, underlain by a dark
brown cempact heavy silt loam which passes gradually through a grayish
brown heavy silt loam into a light, Aoury, ealeareous silt loam. The type
occupies flat areas.

‘High terraces in the vicinity of Alliance are capped with the Yale
silt loam and very fine sandy loam which carry considerable clay. The
low terrace of Snake Creek Valley are covered with the Tripp very fine
sandy loam,

The Valentine loamy fine sand occurs in the southern and eastern
parts of Box Butte County. The principal sofls on the bottom land of
Snake Creek are the Laure] silt loam and fine sandy loam. They are
poorly drained and confain alkali spots,
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Figure 3. A

Typical View On Box Butte Table, Near Hemingford,

Figure 32. The Open Course of Niebrara Valley Between

Dawes County-

Box Butte and
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Generally speaking, the soils of Box Bulte Table are quite well suited
for use in roads. Most of them are firm and fine enough to prevent
blowing. The Dunlap siit loam makes the best roads. The Valentine
loamy fine gand and the dunesands blow gquite badly and require sur-
facing. Magnesia is accessible for this purpose.

The following analyses are of soils on Box Butte Table:

Rosebud Vine Sandy Loam

Fine  Coarse Medium  IFlne Yery fine

Deseription Gravel  Sand  Sand Samd Sand Hilt Chuy
I*et, Pet. Pet. Per, |, Tet, Tet. Lot
Soit ... 0.2 Gt 12 67,6 15.8 13.0 3.7
Subsoii 4 R 1.0 724 126 8.8 3.0
Rorebud very Fing Sandy Lonm
Fine  Coarse Medinm  TFine Yery fine
Tresoription Gravel  Sand  Sand Sand Sand Silt Clay
Pet, IPet. IPet. Pet. Pet. Pet. Pat.
Soil 0.2 24 Lok +1.2 22,2 AN 5.0
Subsoil 0.1 2,6 8 A7k 19.:4 15.3 0.0
Lower Subsojl ... ... i B 3.2 52.3 17.0 0.8 10.6
Dunlap Shic Loam
Flne Coarse Modium  Ifine Very fine
Deseripiion dravel  Sand Sand Bang Hanq Silt Cigy
et Pt Pet. Tet. Pet. Pret. Pet.
Soii 0.0 0.8 1.4 13,0 373 3LO 11,8
Subsoil .1 K3 L2 124 30.0 32.0 25.6
Yade Silt Toam
Fine  Coarse Medinm Fine Yery fine
Deseription Gravel  Sand  Sand  Sund Sl S Clay
et Pet, Pet, et Pt Put. Pet,
Soil 0.1 1.4 2.0 12,6 3.2 32.0 ER ]
Subsoil Rt G .0 4.6 .0 H3, 4 16.7

Roads have becn improved fr
the north, east and south.
work,

om Alliance to the leading towns to
The Community Club of the eity has led in this

Box Buite Table is cut off from most other
sandhills, hence there is 2 strong demand for
The Potash Highway hag been impr
will lead through the sandhills
and Grand Island.

parts of the state by
good roads ileading out.
oved to Antioch. When completed, it
past Hyannis and Seneca to Broken Dow

Niobrara Valley—This valley has three distinet courses or divisions
in Nebraska. Two of them separate parts of the High Plains, and the
third division is in the nerthern part of the sandhills. The western
courze of the valley lies between Box Buite and Dawes tableg (Bee 7 of
Figure 3). It is narrow and bordered by rough lands near the Wyoming
tine, hut widens considerably across Sioux, Dawes (frigure 32), and Box
Butte counties where there are held, rounded grass covered slopes and
some breken land in which stone is exposed. The soil of largest distri-
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{ fine

bution on the valley sides is the shallow _phase hof: th;:;o;iz‘;di:egi- e
i i d stone. The va
gandy loam underlain with sand an ' !
betwien low benches and the flood plain proper, The benchels a;]e o;‘(;;
pled principally by the Tripp sandy loam and some ﬁnedsandiy; Ez:m .Sandy
y dy loam and ver
ttom soils are the Laurel fine san - .

?OI:rtn borI‘his part .of the Niobrara is crossed by roads leadmg'betweeg
Craw:ford and Alliance, Chadron and Alliance and Hay Springs an
Alliance.

5 ’ ‘ery Fine Sandy Leam
Mechanical Analyses of Tripp Very e '
pocha ’ IMine Coarse Mediunm Fine Very fine

3 - Band Sand Silt Clay
3 fon Gravel  Sand  Sand i
peserivte Pt Pet. Pet, Iret. Pet. Pet. )3 Q[‘.
04(). 2.2 3.1 21,3 43.0 2z 7.6
Raneoll 1 2§ 44 288 BT 20 178
EI’:;E\'S;} Jubsoil A 3.3 8.1 12.2 29.0 & R

The sandhill course of the Nicobrara Valley is'narrow and gee;;oi’l;i
elosely bordered by sandhills and stony land (Fxgure 33.)1.1 To:th e
course lying between Keya Paha and Boyd hi:ountlear, eovnh ;t eWirz1 e

i th is somevw .
Brown, Rock, and Holt counties on the gou . : T
slopes are more gradual and occupied in most of theu; 11?119 ts ij‘rﬂ:kelfnl:;:ﬁ:
i oil similar to that o n
ghale which forms a very heavy soil simi ! ‘ 1L parts
of Hat Creek and White River basians, but occurring under a hefa.wels ; ;;;;
fall. The unimproved roads on this clay soil become nearly impal

during rainy weather.

Figure 33. The Beautiful Course of the Niobrara East of \’nleuﬂin:. e
-’I‘he Pierre clay soils extend into Ponca Creek Valley Isg} ?Cﬁmw
town of Butte., They occupy much of the 11|01"the:'n palli';Tf)fb g rz. 3 Shown.
See Wigure 3, on which the Pierre in the vieinity of the Niohra
by broken lines.
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Dawesg Table~The arep known ag the Dawes T
Sioux, Daweg and Sheridan counties (See § of Figure 3),
the Niobrars and Pine Ridge, but ig not closely sei off from the latter.
The surface grades from g typical table in Daweg County o a rolling sur-
face in Sheridan County {IMgure 34). Some parts are badly dissecied.

The soilg of Dawes Table ars classed wity the Rosebud anq Dun-
lap series ang resemble thoga which have been describeg in connection
with Box Butle and Cheyenne tables. The Rosebud very fine sandy toam

iz a shallow phase of the t¥pe. 1t ocetipies much of the relling land. The
Buntap sitt 1oam ig oy the flat table, '

Figure ';?4. The Undulating Table,

Roads on Dawes Tuble remain in fair condition
The soils are suitable for grading and mixing,
except on the rough land.

without mueh WOTk.
Roads follow section lines

. Pine Ridge~—The name Pine Ridge has been given to-a mountainoyg
country of irreguiar form, whiep lies in general between the Niobrara,
Hat Creek, ang White River valleys {See 9. of Figure 3 also Pigures 25
and 36). The area was erodeq out of the High Plains. The north face
of Pine Ridge ig VEry steep at mogt places. Tt containg deep canyons,
Prominent cliffs, ana long steep slopes. There are two escarpments op
cliff e'ements in this face of the ridge, one of them lying just below the
table land itself, arqg the other coming down tg the borders of Hat Creek
and White River pasins, There are g number of bark land gress be.
tween thesg rougher paptg af Pine Ridge,

able extends through’
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It is between.

J ' Canyor, Sioux County.
i 33, A Pine Ridge View Aleng Sewbelly Canyow, Sioux ©
Cigure 33, » 2

Much of the Pine Ridge country is covered with 'scat‘tfgﬁgl ss;w;rel:sa::

ine trees. The steeper slopes are bare and the 1:1019_ g'h‘ ones are
Pransed *. Parts of the park land are farmed. Soils %ang'e (‘a Ve

o Oc;!e'ir'ld the Rosebud very sandy loam. Road bui‘ldlng is difficult.

et .13;1 ‘1‘ s follow the canyons in crossing the ridge (Flgure? 36). ‘ Roatd

;I\:];Sl:}:i;ri‘ris exlensive cutting and Alling. There are materials present,

however, for road heds and surfafzmg.

Hat Creek Basin occupies the extreme nqx"tllxves‘tex‘n 'ﬁl?rtbofsf:esf;ﬁg
and extends into South Dakota (See 10 of Wigure i). K i: egmposed v
&y from Pine Ridge. ‘The southern part of ti_le agin e ey
ilo‘;‘;yrounded slopes and of low butte-like formg cleve]ofecl Lupon eric;s e
il of thiz division has been classed under w_o 8 N
;:)l;l\j‘fi.esqz‘l;?l St?lle Epping. It is known as yellow gumbo, but.l:sl(lfl.: :g&;vz
than the name would indicate. The soil ranges between si

fine sandy loam.

The northern part of Hat Creek Basin is formed pi’ billowy éuilsc](:li;
veloped upon thé Pierre shale. The soils range betwe?n ciay a:t I;Iaces
g y g brownish and quite thin at mo N
loam. They are dark gray to , , .
become very sticky and muddy when wet, and hard when dry
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There are few roads in Hat Creek B
roe, Sow Belly and ITat Creek can
other points on the south and nor
more, South Dakota,

asin.  Highways lead along Mon-
yons to the uptands and Harrison and
thward across the gumbo landg to Ard-

White River Basin is bordere

slopes of Pine Ridge (See 11 of Figure 3),
te the basin from Pine Ridge.

d on the south and west by the steep
Numeroug small valleys gpen
idge, which form

The lower slopes of the r

Figure 34. A Pine Ridge ‘Road,

Hat Creelc Canyon, Sioux County,

the southern and western horderg of the basins, are long and billowy,
They are largely formed upon Brule clay and part of the soif i classed as
Epping silt loam, The more gradual slopes have a deep, silt loam soil
with a heavy middle layer. This type is called the Dawes silt loam (Mig-
ure 37). The two 50ils just named form a belt which reaches northward
to 'Whitd River in most of Dawes County ang follows northward around
the edge of Pine Ridge on the west, These soily become slippery, but
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i 5 g ves Silt Lonm.
Figure 37. Typical Agrienltural View Across the Dawes Silt T,

Figure 38. A Small Badland Aren, Dowes County.
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not very muddy when wet. They are eagily graded to make g good road
especially when surfaced with coarse materizls. A few patches of bad-
lands interfere with roads on the Eyping silt loawm {(Rigure 38).

The nerthern part of White River Basin is the well-known dark gumbo
land developed upon the Pierre ghale. The wet s0i] is heavy, very sticky,
muddy and nearly impassabie. I graded, it makes a good hard road,
though quite rough when dry. The mileage of roads in this part ol the
basit: is low. .

The valleys ol While River Basin have narrow strips ol fHoogd plain
and bench lands, The bench Jand soils range hetween silt ioam and fine
sandy loam, and serve quite well ag road materials. There are several
good roads in White River Basin as hetween Chadron and Crawtord, and
leading southward from Chadron and Crawford to Dawes Table.

Springview Table--This tahle occurs in Keya Paha Couniy, but ex-
tends a short distance into Cherry and Boyd counties (Ses 12 of Tigure 3).
It is spotted, the surface being divided between hard smooth lands, rough
broken land, loose sandy soil, and small dunesand areas. Much of the
hard land contains gravel at or near the surface. Its roads remain in
fair condition without work, but can be improved by grading and surfac-
ing with materials at hand. The sandy areas make bad roads.

Ainsworth Table—This small table is - in northern Brown County,
nearly surrounded by sandhills (See 13 of Figure 3). The surface is
smooth to rough and divided between hard Iand and small areas of
dunesand and Valentine soils. The soil with the largest distribution is

the Rosebud fine sandy loam. A small area of siity clay oceurs east of
Bassett,

Ainsworth Table has a small road mileage, yet sorue roads are well
improved including surfacing. Sand ror surfacing outerops in the vicinity
of Long Pine and other places, FHard roads are naturally good and [ast,

Holt Plain—Ilere, in the northern part of Hoelt County, ig e eastern-
most area of the High Plains Region (See 14 of Figure 3). HMolt Plain
18 quite smooth on the upland proper, but is rough near Brush, Bagle,
and Bird creeks. Much of the plain is hard fand, but parts are sandy.

The soils with largest distribution are known as O'Neiil loam,
O'Neill gravelly loam and Valentine sand. A sandy soll, which bhlows,
occurs in the north, northeastern and southern parts of the plain.

The O'Neill loam iz a dark gray to hrown loam about 10 inches deep,
underlain by 10 to 15 inches of light yellowish brown clay loam, below
which is & thick bed of sand and gravel ‘The gravelly loam Lype has 2
thin surface goil and coarse subseil. Both types maie natural roads.
The gravel is a good surfacing material

!
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Tigure 3%

A Remnant of the CGregon Trail, showing How 1t Was shifted
k; : L

On Hard Ground as the traths Became Deep.

Figure

40, A Streteh of Gravelly Sundy Toam Rowd, Deuell County,
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Mechanical Analyses of O’Nelll Loam
Fine Coarse Medium  Iine Yory fine

Desoription Gravel  Sand  Sand Hand Sand Silt Ciny

Pct. Pet. Peot, Pet, et Tet. Per.

Hoil 24 8.7 8.2 171 16.5 207 Lo
Subsoil 1.9 6.5 87 6.7 7.2 320 25.9
Fower Subsoil . 0.7 182 14.7 37.5 6.1 +.8 6.4

BUILDING AND MAINTAINING DIRT ROADS

This gubject cannot be discussed in full in this connection, Only &
brief review of the factors involved in dirt road work wifl be attempted,

Among the subjects to he outlined are surveys, grading, dragging, and
road patrol.

Road Surveys—The first thing to do preparatory to the work of con-
struction is to make a road survey. This is a detailed survey inclhuding
the running of leve's to determine grades, and the preparation of plans
and probable costs. Another line of fleld investigation has importance.
It relates to the soil sections, soil types, and such’ investigations as are
necessary to determine the hesi combinations of soil materials in making
a road bed. This requires scunding, collecting samples, and the mechan-
ical analysis of sampies. Soundings are made with angers. Samples
are collected from each part of the soil section. They are studied by
the parties conducting thé surveys and by thosge doing the construetion
work, but are analyzed to better advantage by the State Conservation
and Soil Burvey in co-operation with the office of the State Engineer.

In the early history of the state, before the land was fenced and
tarmed, it was not necessary to survey and build roads. Travel followed

the easiest routes and water (Figure 39). The tendency now is to build
and maintain permanent roads (Figure 49),

Grading-—The term “grade” has two meanings in road work. Among
engineers, it meang the bringing of a road to grade. 'This involves cutting
and filling. A general usage of the term refers to the making of a road
bed, i. e. the placing of road materials. Tke form thus constructed is
generally known as the grade.

Grading is done with scrapers and teams and with tractors pulling
elevator graders or blade graders (Figures 41 and 42). The materials are
moved from the sides of the roads to the middle, leaving gutters and lirt-
ing the bed to a erown. The gtandard crown in Nebraska is 24 feet wide,
willt an.elevation of ¢ inches, The gutter slopes are three to one on the
inside and one and a half on the outside. Mvidently this should be modi-
fled in places to suit the soil conditions. In placing the soil materials
In o grade, due consideration should be given to the texture of the solls
as shown by the section. 'Thig means that an attempt should be made
to segregate the upper, middle and Iower parts of the 80il section and to
place them in that posifion in the road which will produce the best re-
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Tigure 41. The Elevator Grader.

Tigure 4%, The Blade Grader,

P P,
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sults. This can be done when an elevator grader is used. The elay pan
can be deposited in or near the hase of the road and the sirface part of
the soil can be used to cover or cap the road, or what is better, the sand
in the deeper part of the section can he placed on top for surfacing.
Though this precedure cannot be followed at all places, it ig feasible and
possible on certain stretches of alluvial land. The only choice on most
roads is in selecting and segregating the soil textures occurring in the
different parts of the section encountered in making the gutier.

There are many hill sides in the drift hill area of the state where
seepage shows up. Such places can be controlled by cross draining with
tile. Low places on flat lands can be corrected by the use of permanent
culverts.

The road crown should be changed with the drainage condition., I
should flatten on hills and the gutters should be made shallow to cor-
respond. Otherwise, if the same form of crown and shoulder and depth
of gutter are carried across the hill the grade is made steeper and erosion
is promoted,

Flat land roads crossing alkali soils should he well crowned and
guttered to improve the surface drainage which assists i removing alkali
from the soil and the road.

1t is evident that many miles of Nebragka roads have been graded

without enough regard for the soils and drainage. Some roads are left -

very uneven, a condition whick should net be permilted if the traveling
public is to be considered. It is particularly necessary to properly place
materials in a road bed. If the soil section does not have suitable ma-
terjals they should be hauled if they are within hauling distance.

The well graded road bed is suitabie for the sub-grade of the more
permanent road surfaced with concrete, brick, efe. The surveys made
for dirt roads will be of use in the permanent roads of the future.

Surfacing—A large mileage of Nebraska roads has been built of soil
without mixing. The wearing surface was formed from whatevey hap-
pened to fall upon the top part of the road bed. Thisg practice and con-
dition can be improved to somec extent by segregating the materials
brought from the guiters, but the only feasible way to produce more par-
manent roads to carry travel efliciently all the year, is to make a surface
with materials suited@ for the purpose.

Some roads are clayey. They need sand and gravel and it requires
only a small amount to improve the wearing surface, yet it may need a
cover 4 to 6 inches deep to produce the best resuils. The gravel can be
hauled in wagons or in dump carts, deposited along the middie of the
road, spread with a blade grader when the clay is wet, and disked in.
The gravel is taken up by the clay and the road soon reaches a condition
in which it is easily maintained and will carty travel uncer a wide range
of weather condition.
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1z are on silt loan: soils. They are in good condition much

some r-oacr;ec:'e the rainfall is light, but become heavy and muddy

of the y?e‘ufqi:mll 1&. heavier, and such roads shouid be surfaced. They re-

Whi:zeléls: ;;mﬂ.(anci gravel than clay roads. The difficulty in muclh of the

SE&L@, where roads extend acrosg silt toam soils, is the absence (?l gravel.

About the only supply is in ravines and along the streams. This can be
hauled at comparatively small expense.

Sandy reads need both elay and gravel. Ordinarily it is best tlo cover
them with a layer of clay and cap this with gravel if the mateme}}s are
available. Cravel will improve a sandy soil making it less subject to
blowing, but the combination lacks the binding quality produced by clay.

Alkali soils are difficult to handle. Most of them contain fine sandy
loam and clay, They need gravel, which if not thoroughly incorporated
with the soil, makes & very hard, rough surface. It has been found best
in some places to spread a thin layer of sand and gravel when th'e r(?ad
ig muddy and to harrow or disk this, and to repeat the application
when the soil is in a conditien suifable for the work.

Dragging—This is an important process in road work. The pun.)ose
ig to make a road simooth, and compact. Few road subjects have received
as much consideration as dragging, yet the work of dragging has not
heen perfected. Several conditions can be improved. Tirst, the roads
can be built to permit dragging over greater distances by a given pers?n
or power. As it is, a rond crossing strefches ol clay, silt and gandy soils
is net ready for dragging in all parts at the same time hecause they (.Iry
unequally, making dragged periods of different lengths. - The mo§5t diffi-
culty is experienced with clay roads whick have a short drag period. If
thie work is not done within a period of about four hours as a rule, when
the surface is just vight, the best results are not secured. The silt loams
and sand loams lhave longer drag periods and are therefore easier to
manage,

The labor and power in road dragging have not been solved satisfac-
torily. The farmer is often busy with his farm work when dragging should
he done and cannot afford to quit for the price received for th‘e 1‘0f1d WOrK.
Evidently it will not be easy to perfect a system of dragging in which
farmers are not engaged. Sometimes 2 road has been badly cut' up by
heavy cars or trucks and this cumlition cannct be corrected by using the
ordinary road drag. [ can be handled best by using a blade grader or a
maintainer pulled by a tractor,

It is safe to counclude that the prob’em of road dragging cannot be
solved satisfacterily until the roads have been made more uniform by Slll:-
facing and until the dragged periods are better understood on the vari-
ous types of roads not surfaced. It will be necessary alse to further
gystematize the work of dragging. Some of the bad eff.ec'ts, such .as leav-
ing loose materials in the wmiddle of a road or the building of ridges at
the borders of the crown should be prevented.
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Planing-—This has been called shaving. It has to do with reducing
the hard rough places on a dry road,

Clayey and silty roads become knotted and pitted under travel and
particularly so by autos. This rough condition of a road bed makes travel
disagreeable and unsafe, The road can he made smooth by the use of a
planer or & maintainer (Figure 43). The maintainer is suitable also for
grading, and for removing snow.

Removing Snow—Nebraska has not done much in the way of remov-
ing snow from roads. Kanhsas, on the contrary, has this work well or-
ganized. Tt is particularly noticeable that the roads of that state are In
good condition when Lhe snows are deep and méelting, One ig able to
travel over a dry read bed bordered by deep snow. The snow is removed
from the road bed by a simple A-shaped drag drawn by horses, or by a
grader, or a maintainer. It ig pushed into the gutters where it melts in
due time withouwt weakening the read bed. The expense is light com-
pared with the benefits and the removal of snow in this way seems to he
a necessary process in making dirt roads more permanent.

Road Patrol—A road is in some respects like a house. Tt must be
looked after to prevent deterioration. So far as Nebraska roads are con-
cerned, there hag been too much building in proportion to the mainte-
nance, The old adage, “A stitch in time saves nine,” should be applied
to roads.

If a road should be built, it should be maintained in good condition

Iigure 43, The Nighwny Muaintsiner ¥Has Blades Which Can e Adjasted te
the Form of the Road in Grading, Dragging and Removing Snow,
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the traveling public. This means patrol, which should cover
to serve the Lrd ) .

the following:
(1) The repair of ruts, holes, and small sandy spots.

{2) Inspection and supervision of dragging.

(3} Insgpection of grades and bridges.

(4) The prevention of damage to wet roads by heavy trucks and
autos. This will require legislation.

() Placing danger signs at caved banks, damaged grades, and

damaged bridges .
(6) The inspection and prevention of flood damage to road grades

and bridges.
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