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GEOLOGY AND UNDERGROUND WATERS OF SOUTHERN
MINNESOTA.

By C. W. Hawy, O. E. MEINzER, and M. L. FuLLER.

INTRODUCTION.
AREA INVESTIGATED.

The region described in the present report includes approximately
the southern two-fifths of the State of Minnesota and has an area
of 28,265 square miles (fig. 1). Aside from the area occupied by the
cities of Minneapolis and St. Paul, this is essentla,lly an agricultural
region. According to the census of 1905 it is inhabited by 1,295,850
persons, of whom 519,750 live on farms, 317,100 live in villages and
small cities, whose existence depends on the agriculture of the region
in which they are situated, and 458,800 live in Minneapolis and St.
Paul, whose commercial importance depends upon an area reaching
far beyond the limits of the district considered. Though southern
Minnesota has passed the pioneer stage of agricultural development,
there is yet in store for it great industrial progress and an accom-
panying increase in population.

PURPOSE AND SCOPE OF THE INVESTIGATION.

Importance and character of the work dome.—Although this is a
region of abundant precipitation and contains a large store of both
surface and underground water, yet the economic and sanitary
problems connected with its water supplies are numerous and im-
portant. Their importance is great if only the present develop-
ment is considered; it is vastly greater if consideration is had of the
inevitable future increase of urban population and the multiplica-
tion of industrial requirements.

The purpose of the present investigation has been to determine to
the fullest practicable extent the principal facts in regard to the
underground waters—their quantity, head, mineral quality, sani-
tary conditions, and their depths beneath the surface—as well as
the best methods of drilling to them and finishing wells for their
utilization and to consider all other questions relating to their recov-
ery for human use. Furthermore, to make the investigation of the
greatest practical service, the results have been applied as definitely
as possible to particular localities, much emphasis having for this

reason been placed on the county reports.
. 23
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The principal problems involved in the investigation are sum-
marized below.

Available sources of water.—In any given locality, what water-
bearing formations occur, at what depths do they lie, and how much
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F1GURE 1.—Map showing area considered and location of sections on Plate V.

will they yield? As a result of lack of knowledge on these questions,
on the one hand, communities have been content to rely on unsatis-
factory supplies obtained near the surface, though better water may
be had at greater depths, and, on the other hand, expensive drilling



INTRODUCTION, 25

has been continued long after the lowest water horizon has been passed.
By assembling all available data obtained from outcrops and well
records it has become possible in large measure to answer these ques-
tions for each locality, and for places for which the data at hand are
not sufficient to warrant positive statements the probabilities can
at least be presented in order to give a reasonable basis for intelligent
action.

Artesian prospects—A question in which nearly all communities
are interested is whether flowing wells can be obtained by drilling to
the deeper horizons. Much blind optimism prevails in regard to this
subject. Many communities have at one time or another borne
the loss of expensive drilling at places where there was no real
prospect of obtaining flows, and other communities are likely
to suffer in the same way unless they are properly informed. 1n
making this investigation it has been found that the deep wells
already drilled give ample data for determining definitely for most
communities whether or not there is any prospect of obtaining flow-
ing wells. It is by no means necessary that every village or city
should drill a deep well in order to learn whether flows can be obtained.
Even where there are no prospects for flowing wells, the question of
head is important. If the water rises higher from the deeper than
from the shallower beds, it is important that the community should
know it.

. Mineral character of the water.—The underground waters of south-
ern Minnesota differ widely in their mineral content. Even in the
same locality waters obtained from different horizons may be radi-
cally different. As the mineral character of any water is. highly
important and determines to a great extent its value for domestic
and industrial uses, this subject has here been fully considered, and
the results of many analyses of Minnesota waters have been pre_ented.

Sanitary conditions.—That there is an important relation between
the character of the water supply of a community and its health is
a fact now well recognized. Accordingly, in the present survey, the
sanitary quality of the water supplies of nearly all the villages and
cities in southern Minnesota was carefully examined.

Public supplies—The problems connected with the source, lifting,
storage, and distribution of public supplies are numerous, and,
because of the several variable factors involved, they are not pre-
cisely the same for any two communities. Many serious mistakes
are made in connection with the public supplies of villages and small
cities, and it is hoped that the presentation of facts and the discus-
sion of conditions in southern Minnesota will be of general value.

Construction of wells.—The drillers and the people of the area in-
vestigated are at present contending with a number of vexatious
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problems, partly mechanical and partly geologic in character, per-
taining to the successful construction of wells. A discussion of
these problems is presented in this report.

HISTORY OF THE INVESTIGATION.

The underground water survey upon which this report is based
has been conducted under the general supervision of Prof. C. W.
Hall, of the University of Minnesota. The field work for the eastern
part of the area was done in 1906 by M. L. Fuller, who was assisted
by F. G. Clapp and H. S. Spaulding; that for the western part was
done in 1907 by O. E. Meinzer, who was assisted by E. B. Tourtellot.
The investigations in 1907 were made in cooperation with the Min-
nesota state board of health, which has already rendered to the State
much admirable service in connection with the sanitation of the
public water supplies. In general, Professor Hall and Mr. Fuller are
responsible for the maps and sections of the eastern part and Mr.
Meinzer for those of the western part. The authorities for most of
the well sections are given in connection with the sections, but the
correlations were made by the authors unless otherwise stated.

In the preparation of this report the authors are indebted to many
persons for assistance, suggestions, and criticisms, but especially to
Mr. H. A. Whittaker and Mr. A. W. Johnston. Mr. Whittaker has
given valuable aid in connection with the presentation of analyses
of the waters; Mr. Johnston has done much good work on the maps
and sections of the eastern area. Further acknowledgments are
made in the chapters on the mineral quality of the underground
water and on public water supplies.

PHYSIOGRAPHY.
By C. W. Harw and O. E. MEINZER.
GENERAL STATEMENT.

Southern Minnesota as a whole is a low plateau which, generally
speaking, is just starting a new cycle of denudation. In describing .
the topography it will be convenient to discuss, first, the general con-
tour of the upland surface; second, the minor irregularities of this
surface; and, third, the erosion features of the new cycle, the dissec-
tion of the plateau that has thus far been accomplished by the
streams which are to-day vigorously gnawing into it at a thousand
points. ‘

GENERAL CONTOUR OF THE UPLAND SURFACE.

A glance at the topographic map (Pl. I) will show that the plateau -
surface of southern Minnesota lies at two distinetly different levels.
The southwestern portion, forming only a small part of the total
area, stands fully 500 feet above the adjacent upland plain and the
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transition from the one level tp the other, although gradual, is rela-

tively well defined, especially

toward the northwest. This higher

plateau, extending from Minngsota far into the Dakotas, has long

been known as the ‘“Coteau d

Prairies.”

The upland surface of the area, exclusive of the coteau, exhibits a
few large flexures, which are extremely gentle but which influence
profoundly its topography and underground water and have great
significance in the interprctation of its geologic history. Its highest
portion, in the southeastern part of the State, forms a flat dome
culminating at an elevation of about 1,400 feet above sea level in
Mower County, whence it declines very gradually in all directions.

Toward the east it slopes do

the tops of which have an ele
level. Toward the west it slop
which stands about 1,100 feet
gently in the direction of the
- to the northeast corner of the

ward to the cliffs of the Mississippi,
ation of about 1,200 feet above sea
es to the valley of Blue Earth River,
above sea level, beyond which it rises
coteau. Toward the north it slopes
area under consideration, where the

plateau is lowest, its altitude there scarcely exceeding 900 feet. A
Taking a different viewpoint, it will be seen that the Minnesota

Valley, from Bigstone ' Lake to
essentially the axis of a trough

the great bend at Mankato, occupies
in the western portion of the plateau.

That is, from the crest of the uplands bordering the valley, where the

average altitude is 1,050 feet, t
tion, reaching an elevation of
coteau on the one side and at
on the other. Although the

he surface rises gently in either direc-
about 1,200 feet at the foot of the
the north-central margin of the area
average upland altitude along this

stretch of the Minnesota Valley is about 1,050 feet, the axis of the

trough itself slopes downward
slightly less than 1,100 feet ab.
" somewhat below 1,000 feet.

pve sea level, to Mankato, where it is
This slope is shown by the contour

lines on the topographic map, the 1,100-foot contours diverging from

Bigstone Lake southeastward,

and the 1,000-foot contours diverg-

ing from Minnesota River to Mankato.

_ In the same sense the valley

pf Blue Earth River occupies the axis

of a trough between the coteau on the west and the Mower County

dome on the east.

This axis has a north-south trend and declines

from somewhat less than 1,200 feet above sea level at the state line
to less than 1,000 feet at Mankato, where it converges with the axis
first described. A third trougl}has an axis extending from the con-

vergence of the other two at M

the northeastern part of the ar

nkato to the low district comprising
a

In other words, the upland sprface of southern Minnesota culmi-

nates in three elevated regions,

The most prominent is the coteau,

occupying the southwestern part of the State; a much lower one
is the dome in the southeastern part; and a still lower and less

from Bigstone Lake, where it is only

Lawe
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conspicuous one lies near the center of the northern boundary of the
area here considered. Between these three elevations there are three
troughlike depressionswhose axes slope away from the highest eleva-
tion in the southwest toward the lowest depression in the northeast.

MINOR IRREGULARITIES OF THE UPLAND SURFACE.

- All but the southeastern corner and perhaps the extreme south-
western corner of the region is covered with glacial drift deposited
during the most recent ice invasion, and hence the upland topogra-
phy is essentially that produced by glaciation. Nowhere is there a
more typical example of ground moraine left in the wake of a conti-
nental ice sheet than is exhibited by the extensive, slightly undulat-
ing, monotoneus expanses of southern Minnesota, dotted with count-
less shallow lakes and ponds and covered with an interminable
network of swamps. This ground moraine gives to the region its
characteristic topography, but it is interrupted at intervals by belts
of terminal or recessional moraine, which have a surface that is
equally poorly drained but much more irregular and hummocky, and
that stq,nds‘ conspicuously above the surrounding ground moraine
(PL 1II).

The topography includes several other groups of modifying fea-
tures, among them (1) flat areas that once lay at the bottom of
extensive glacial lakes; (2) sharp ridges of quartzite which, in a few
localities in the southwest, project abruptly above the smooth sur-
face of the drift beneath which they are nearly buried; (3) outliers
of resistant, horizontally bedded limestones, forming low'mounds or
mesas in the southeast, where the drift is thin or absent; (4) depres-
sions due to sink holes where the limestone is near the surface; (5)
sand dunes; and (6) areas in the southeast quarter in which the
topographic rugosities have been covered over by a smooth, thin -
veneer of wind-driven loess.

FEATURES OF EROSION.
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