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and periods of erosion in our state was written at the request
of persons who are engaged in erosion work in Nebraska. It
may be too involved for some readers.

The writer dates stages one to five inclusive of this geologi-
cal sequence with assurance, and stages six to ten with some
reservation. The whole set up is made because it is believed
that those who direct the erosion activities should know
geological formations, topography, soils, and the erosive pro-
cess as well as the methods of soil-saving. They must neces-
sarily take into account the nature and occurrence of the
geological formations which constitute the land. This re-
quires an acquaintance with the mantlerock and bedrock
formations shown in Figures 2, 3, and 4, i.e., alluvium, col-
luvial deposits, Peorian loess, Loveland loess, Upland silts
and sands, Grand Island sands, Fullerton silts and sands,
Kansan drift, Aftonian sands, gravels and the gumbotil,
Nebraskan drift, and the shale, sandstone, and limestone beds
where they enter into the problem. The geological conditions
affect the percolation and storage of groundwater, relate to
the source of materials used in dams, and largely determine
the placement and anchorage of dams.

The erosion control work requires a close knowledge of the
nature, origin, and occurrence of the following land forms:
Flood plains, terraces, colluvial fans, colluvial slopes, Loess
hills, loess bluffs, loess plains, loess canyons, Drift hills, shale
hills and slopes, tablelands, bench lands, rough stony land, and
sand hills. It also calls for a knowledge of the following
series of soils: Carrington, Shelby, Marshall, Knox, Moody,
Crofton, Dickinson, Crete, Hastings, Holdrege, Colby, Keith,
Rosebud, Dawes, Pierre, Waukesha, Wabash, Cass, Sarpy,
Valeniine, and Dunesand.

The method followed in erosion prevention and control re-
lates to the conditions that obtain. It considers such factors
as the nature and amount of rainfall, water table depth,
geological formations, degree of slope, condition of the soil
section, natural vegetative cover, and a plan or setup where-
by the best agricultural use can be made of the land without
wastage of soil and soil-forming material.
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OUR RELATIONS TO GLACIATION

Glaciation changed Nebraska directly and indirectly to a
marked degree. It brought materials in from the north,
ground them up on the way, and mantled the old eroded bed-
rock of shale, limestone, chalk, and sandstone with these
materials to an average depth of about 100 feet, and, as noted
before, caused the deposition of two sand and gravel forma-
tions in the central part of the state with a combined thick-
ness of 100 to 200 feet.

The later glaciations that reached Iowa and other states to
the east, influenced Nebraska through climatic change, which
caused severe land erosion here during the humid periods and
valley-filling and extensive loess accumulation during the dry-
er periods. Soil was formed on the smoother lands when the
climate was humid, and sandhills were developed on sandy
land when the ciimate was dry accompanied by wind erosion.

The loess was derived from large areas west and north-
west of Nebraska and deposited thickest where there was pro-
tective vegetation, as along the borders of the large valleys.

MISSOURI RIVER VALLEY,
BURT COUNTY, NEBRASKA
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F1GURE 4.—Generalized Kast-west Cross-section, Burt County, Ne-
braska: 1, soil on the Peorian lcess; 2, Peorian loess; 3, old
soil on the Loveland loess; 4, Loveland loess; 5, alluvium, old
and recent; 6, Kansan drift; 7, Aftonian sand and gravel; 8,
Nebraskan drift; 9, sand and gravel under the Nebraskan drift;
10, upper sandstone of the Dakota, 11, shale in the Dakota;
12, lower sandstone of the Dakota.

The principal old erosion surfaces are at X and Y. The land
forms represented are: A, Loess hills; B, Loess bluff; C, stony
out crop on sandstone and shale; D, colluvial slope; E, terrace;
F, floodplain on recent alluvium.
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In places it drifted like snow, accumulating to greatest thick-
ness on the leeward sides of hills.

In general, the glaciers and the winds brought much land
debris to our state from the north and west during the Glacial
period and finally influenced the development of our present
soil. Our problem now is the prevention of the erosion and
removal of the soil and soil-forming materials that were
developed here during the Glacial period.

PERIODS OF EROSION AND RESULTING LAND FORMS

Geological study shows that there have been eight major
and several minor periods of erosion in the area now known
as Nebraska, during each of which vast quantities of lana
were carried to the sea. Of these periods, two were compar-
atively late in geologic history, i.e., one near the close of the
Teritary and the other following the Kansan glaciation. The
latter of these erosions produced the topography on which
the loess deposits were laid down and thus shaped the major
land forms now found in Nebraska, except in the sandhills
and on the tablelands. It made the major valleys of the cen-
tral and eastern parts of the state, except the middle course
of the Platte. It separated the Grand Island sand plain into a
large plain and many outliers and carved the drift plain into
small valleys and hills. Our present upland plains, and
hills have about the same form as they had at the end
of this period of erosion, except that they were later mantled,
protected, and made smoother by the two loess deposits.

The Loess Plain Region is the largest remnant of the Grand
Island sand plain. The Loess Hill Region is composed of three
areas: 1, Kastern, i.e., drift hills thickly mantled with loess;
2, Northwestern, i.e., sandy hills, unevenly mantled with
loess; and 3, the Western, i.e., sand plain and sandy hills,
thickly mantled with loess.

The Drift Hill Region is largely composed of Drift hills,
with a discontinuous mantle of loess. It has many small expo-
sures of bedrock where all of the drift and loess have been
eroded, as near Wymore, Du Bois, Humboldt, Falls City,
Auburn, Nehawka, and Weeping Water.

The table lands of the state were formed just prior to the
Glacial period and the sandhills, as noted above, were devel-
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oped principally during stages six and eight. Our oldest val-
leys are those of the table lands, which reach back to the Ter-
tiary period. The Platte Valley (western course) was formed
during late Tertiary. The lower course is post-Kansan and
the middle course is post-Loveland. The story of how this
valley was finally united as one big trench across Nebraska
involves too much geology history to be recited here.

We are now in a period of comparatively active denuda-
tion in which the soil and the land materials below it are be-
ing eroded and washed to the sea. Fortunately for us, nature
developed a natural sod and deep, fertile soils on large areas
of our state prior to our cultivation of the land. We have
destroyed much of the protective sod and our methods of
farming are contributing to soil wastage and land erosion.
In other words, man is a destructive factor in this cycle of
erosion in which the future welfare of the state is involved.

WET AND DRY PERIODS

It has been shown in this paper that several wet and dry
periods occurred in rather regular order during glacial time
with consequent effects on land formation, soil accumulation
and land erosion. They were long-time geologic cycles.

There is now much speculation by geographers, meteor-
ologists, and geologists concerning the position we are sup-
posed to occupy in the climatic cycle and the long-time geo-
logic cycle. Some geographers claim that we are approaching
a period of greater dryness, and others are equally strong
in the opinion that we are soon to enter a period of increased
rainfall. Their deductions are based on historical evidence,
such as the study of the growth-rings in trees, rainfall rec-
ords, and the ruins of cultural features. Some of the meteor-
ologists conclude that, on a basis of short-time weather
cycles, we are soon to pass into a more humid period, whereas
others of them believe that the cyclonic tracts are shifting
northward and will give less rainfall in our general area
in the future.. Correlating with this latter view, certain
geologists hold that a long dry period is ahead, like that
which obtained when the Peorian loess was formed from dust,
to be followed thousands of years hence by glaciation accom-
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panied by lower temperature and higher rainfall, yet it is
not certain that cyclic periods are to continue as in the past.

According to the short cyclic occurrence of rainfall, we
probably are near a change for the better, and so far as the
long geologic cycle is concerned, we need not worry because
it is measured by thousands of years and may not be exper-
ienced by our posterity. At any rate, our problem now is
more tangible and real than mere speculation. It is the pre-
vention and control of soil erosion whereby the rainfall can
be used more effectively.

EVIDENCE OF SOIL DEPLETION BY EROSION

Extensive tracts of agricuitural land in the older states
have gone out of cultivation because of soil erosion, and

Fi1cure 5.—View on the Plum Creek Project near Albion, Boone
County, showing sheet erosion and rill-washing. Much of the
top soil has been removed here. Photo through courtesy of
R. L. von Trebra.

there is convincing evidence that some of our land is being
destroyed in this manner, as shown by the Soil Survey, by
chemical analysis, by general observation, and by the exper-
ience of farmers. In places the situation is becoming
alarming.

The Soil Survey was started in Nebraska more than twenty
years ago, and some of the soils first mapped and described
have become thinner and less productive than formerly. For
example, the Carrington silt loam, which prevails in the Drift
Hill Region, iz shrinking in total area, due to its erosion.
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With the removal of its top soil, as on the steeper hill-sides,
this type changes into the Shelby soils which are character-
ized by their thin top soil and exposed subsoil. Similarly the
Marshall and Moody soils of the Loess Hill Region, which

FIGURE 6.—A deep gully on the Plum Creck Project. Photo through
courtesy of R. L. von Trebra.

FIGUrRE 7.—Brush dam in a deep ravine on the Plum Creek Project;
view from the downside. Photo by Richard Hufnagle.
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are among our most productive types, give way to the Knox
and Crofton soils in which the subsoil is near the surface.
Again, the chemical study that has been made of soils by
Professor J. C. Russel and others of the College of Agricul-
ture, shows that the humus content of the soil has been less-

FI1cURE 8.—Gully control on the Plum Creek Project. Note the small
dams, and that the shoulders of the gully have been shovelled
off. This work was done by CCC boys.

ened within recent years because of careless cultivation, and
erosion. This conclusion correlates with that of the Soil
Survey in showing that soil erosion has become a menace
on some of our best land.

F1GURE 9.—The results of a dust storm in Gregory County, South
Dakota, 1934. The material was blown from dry shaly soil.
Photo through courtesy of F. A. Hayes.
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Figure 10.—Effects of wind on sandy land planted (listed) to corn.
This is typical of the conditions developed by wind on very
is;mdy land under cultivation. Photo through courtesy of F. A.

ayes.

NATURE AND EFFECT OF EROSION

The top soils of the hilly lands and slope lands are being
thinned, and in places destroyed by sheet erosion. This de-
creases their capacity to absorb and hold rainfall, and also
reduces their fertility. This type of erosion augments the
direct run-off and contributes to rill-washing and gullying.

Sheet erosion is active on the Loess hills and even more so
on the Drift hills, especially on slopes of eight degrees or

Ficure 11.—A sandhill blow-out in Cherry County, controlled by a
spread of hay and weeds.



18 NEBRASKA GEOLOGICAL SURVEY

FicURE 12.—A graded, sandhill rcad of Thcmas County, held
against wind erosicn by a spread of hay and weeds.

more. Gullying is also common in these regions. It frequently
extends deep into the mantle rock, breaking the farms into
disconnected areas, and interfering with cultivation. Gullying
is developing at thousands of places, eating into the hills,
terraces, upland plains, and tablelands.

Sheet erosion and gullying remove large quantities of sedi-
ment from the uplands and deposit the materials on the low-
lands, usually with considerable damage to the bottom land
goils. The valuable soil and soil-forming materials overload
the streams. Gullying also damages fences, bridges, and
highways.

Wind erosion is still active in the sandhills and on other
sandy land of the state, especially where such lands are over-
grazed or farmed. The worst season for the erosion of sandy
ground is early springtime.

This year much shaly land in the Dakotas, and some in Ne-
braska, was badly damaged by wind. The effects were most
destructive where the soil was very dry and where grass-
hoppers destroyed the vegetation. These conditions made the
so0il and the shaly bedrock too incoherent to withstand the
wind.
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FI1GURE 13.—Bank erosion of the Missouri River in Burt County.
River control work will prevent destructive bank erosion here
in the future.

MEANS OF EROSION PREVENTION AND CONTROL

There are many farms in the state on which erosion is
stopped at its inception or is prevented by keeping the most
erosive land in native grass, planted grass, or forest. Some
contour farming and terracing are done by the farmers.

Eroded soils are being reclaimed by seeding to legumes,
by the use of barnyard manure, and by reseeding to native
grasses. Gullies are being controlled by the use of retards,
various kinds of dams, by seeding the slopes to sod-forming
grasses, and by planting bushy plants and trees along the
gullies.

Less sandy land in the Sandhill Region and along its bord-
ers is being cultivated than formerly, and the ground of this
kind that has been plowed is being revegetated to native
grass. Blow places along the cattle trails, about the ranch
buildings and along the public roads are being protected by
the application of hay, and other cover materials.

Many farmers of the state are awake to the erosive prob-
lem and are using inexpensive methods of control, whereas
others, especially those in hard circumstances, hold a negative
and sometimes critical attitude on this matter.
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NATIONAL POLICY AND PROGRAM

The Federal Govermnent and our State are committed to
a policy and program of soil conservation based on the prin-
ciple that the maintenance of soil fertility is a fundamental
requirement in agriculture, and supported by the claim that
soil erosion-prevention and control further the absorption of
rainfall as soil moisture and ground water. A national pro-
gram for soil-saving and water conservation has been set
up to operate in distinct lines, as follows:

1. Soil Erosion Experiment Stations have been located in
several states to investigate the problems of soil erosion in
relation to water conservation and land use.

2. Erosion Surveys are being made to determine the ex-
tent and types of soil erosion throughout the United States.
The results of this work are to be used in erecting a com-
prehensive program of erosion-prevention and control.

3. Soil Erosion Demonstration projects, as the one in the
Plum Creek drainage area near Albion, Nebraska, have been
established at 24 places in the United States. These projects
employ effective, technical methods for the prevention and
control of erosion, and the results are intended to demon-
strate what can be accomplished in regions needing erosion
control.

4. The CCC camps and the Emergency Relief agencies are
doing much erosion control work. There are 25 CCC camps
in Nebraska, of which 17 are building soil-saving dams and
are doing gully control work.

5. The control work, as on the Missouri, holds the rivers
in place and thus prevents the erosion and destruction of soil
and land. Although this development is intended primarily
for navigation, it has a direct relation to land saving and fits
into the national plan.

DISCUSSION

The CCC erosion work has been rushed the past year
in order to relieve the unemployment situation and to
afford civilian training. With this hurry-up program and
the new and comparatively inexperienced personnel, mistakes
probably have been made, but with it all, the young men of
the camps have been in the open, off the streets and away
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from idleness. They have learned how to do some things well
and have gained in training and good citizenship.

Some of the relief workers in soil erosion control work
probably do not know much about soil, subsoil, and mantle-
rock, or how the rainfall is absorbed into the soil, or what
causes a portion of it to run-off, yet their purpose is com-
mendable.

The erosion activities of the CCC camps are improving.
They were recently reorganized more closely, and we may
now expect this set-up to produce effective results.

The Soil Erosion Demonstration projects employ technical
men to guide their departmental activities. The project areas
are carefully surveyed. Engineers plan the reclamation work.
Big machinery is used in terracing and knocking off the
humps along the gullies. Trees, bushy plants, and grasses
are planted on the most erosive places. Agriculturists and
soil scientists study every farm in the project and recommend
crop systems suited to the conditions. All of the work is
carried on for a common purpose.

No doubt some of the control work done on the Plum Creek
Project near Albion, as in other states, may seem unwar-
ranted and expensive, yet we should not overlook the fact
that this demonstration project is intended to show what can
be accomplished in a representative area of the state, and
that the results will be open for inspection and study by farm-
ers and others for their benefit.

Evidently the Federal erosion activities should be more
closely coordinated and administered by a centralized depart-
ment or bureau with close cooperation with the State depart-
ments as is done in similar lines of technical investigation and
service for public benefit. This would place the work on a
firmer footing and make it more effective.
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CONCLUSIONS

1. The original prairie was not so erosive as cultivated
land.

2. Erosion reduces soil fertility and the capacity of the
soil to absorb and hold rainfall.

3. Soils that have been eroded down to the subsoil cause
relatively heavy direct run-off, resulting in rill-washing and
gullying. '

4. Contour farming is an effective means of erosion pre-
vention and in moisture conservation on land with moderate
slope.

5. The terracing of farm land with slope of less than 8
degrees seems to be feasible in parts of the state, but not
generally. -

6. Sheet erosion, rill-washing and gullying should be con-
trolled at the start and not allowed to progress to the point
where the soil is impoverished and the land is scarred by deep
trenches.

7. The most erosive land should be withdrawn from culti-
vation and seeded to grass or planted to forest.

8. Every feasible means should be employed to prevent
gullying and to efface the ugly gullies from our agricultural
lands.

9. Soil erosion work should proceed on a technical basis
in order to avoid failure and insure permanent benefit.

10. The erosivity of soils must be taken into account in a
program of land utilization.
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