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Alluvium

{Semistratified deposits of clay-
silt and fine sand, humic; 0-12
feet; in stream flood plains.)

" Qwco

Cary Outwash
(Stratified deposits of fine sand
to coarse grdvel laid down by
glacial meltwater streams; 0-30
feet thick;

Qwce

Cary End Moraine
4 (Ridge-like accumulations of till
characterized by relatively rough
topography and boulder-strewn
surface.)

Qwce

Cary Ground Moraine
(Relatively flat accumulations

of tiil characterized by swell
and swale topography ond few
boulders.)

~  UNCONFORMITY
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Niobrara Formation
(Light-to medium-gray chalk which

weathers orange buff, interbedded

with thin shaly marl; fossiliferous.) .
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QUATERNARY

Y
CRETACEOQUS

(low valley sog as much as |5 feet deep and 200
feet wide, with flat bottom; floored with sand,

(monument showing exoct altitude above sea level)

(monument marking exact geographic locatio:.)



INTRODUCTION

The Mitchell Quadrangle includes about 216 square miles of Davison
County in southeastern South Dakota, The area lieswithin the James Ba-
sin, a part of the Central Lowlands Physiographic Province (fig. 1).

The northern part of the area is drained by Firesteel Creek, which
enters the James Riverless thana mile east of the quadrangle; the central
part by Enemy Creek, which enters the James River about 6 miles east
of the quadrangle, and the southern partby Twelve Mile Creek, which en-
ters the James River about 13 miles southeast of the quadrangle. The
creeks are intermittent, but Enemy Creek and Firesteel Creek flow con-
tinuously during years of higher than average precipitation. The James
River flows southward east of the quadrangle.

Lake Mitchell, formed by a power dam on Firesteel Creek in the ex-
treme northeastern part of the quadrangle, and a small reservoir on Twelve
Mile Creek in the south-central part of the quadrangle are the only per-
manent bodies of water in the area.

Mitchell (pop. 12,555 in 1960) is the county seatof Davison County and
is the only incorporated area within the quadrangle, Betts is an unincor-
porated village 5/ miles west of Mitchell. The quadrangle is served by
U. S. Highway 16 across the northern part, and State Route 37 along the
eastern edge; State Route 42 serves the quadrangle for 4-mile in the
southeast corner. County gravel roads are good and provide all-weather
access to most of the area. The Chicago, Milwaukee, St, Paul, and Pa-
cific Railroad and the Chicago, St. Paul, Minneapolis and Omaha Railroad
provide rail service to the area., Commercial passenger bus service is
available in Mitchell, and North Central airlines serves the Mitchell me-
tropolitan area,

The climateis characterizedby a wide range of temperature and rec-
ords at the Mitchell Weather Station show an average annual temperature
of 47.7 degrees. The average annual precipitationis approximately 21 in-
ches. Agriculture is the principal industry, with corn and small grain
being the chief crops. Beef and dairy cattle, hogs, and sheep are also
raised.

The surface geology was mapped on high altitude air photos during the
summer of 1959 by J. H. Hoff and in 1960 by Fred V. Steece, as part of
the State Geological Survey's programof studying the economic resources
of South Dakota. H. D. Wong collaborated in the field work, Detailed in-
formation was provided by hand-auger borings, supplemented by the South
Dakota State Geological Survey's jeep-mounted auger drill, which had a
depth limitation of 80 feet,
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SURFICIAL DEPOSITS

The Mitchell quadrangle is covered by unconsolidated material which
can be divided into four groups: glacial deposits, stream deposits, wind
deposits, and stream-wind deposits.

Glacial Deposits

The glacial material within the quadrangle was deposited by the Cary
ice, the third advance of the Wisconsinice sheet, which represents the last
of the four major subdivisions of the Pleistocene Epoch, The material is
drift consisting of clay, silt, sand, gravel, and boulders which were re-
moved from bedrock or were reworked from older surficial deposits.
According to well recordsin the files of the South Dakota State Geological
Survey, this drift ranges in thickness from 15 feetin the west-central part
of the quadrangle to about 125 feet in the southeastern and southwestern
parts of the area. The averagethickness of drift inthe Mitchell quadrangle
is about 50 feet.

The drift is divisible into two groups, till and outwash deposits. Till
is the most abundant and consists of unsorted and unstratified material
ranging up to boulder size in a clay-silt matrix. The constituents of the
till were derived through abrasion of the underlying land surface, incor-
porated into the ice, and let down when the ice melted forming ground
moraine; some of the material was deposited in {ront of the advancing ice
as ridges and mounds when the ice began its retreatforming end moraine.
Outwash deposits consist of silt, sand, and gravel reworked from the
drift by glacial meltwater streams, and later redepositedin stratified and
relatively well-sorted beds,

The till exposed at the surfaceis probably Cary in age (Steece, Tipton,
Agnew, 1960, p. 3a) althoughit was mapped by Flint (1955) as Mankato,
Both the end moraine and ground moraine in the area are well drained.
End moraine is the material formed in ridge-like accumulations around
the edges of the glacier, whereas ground moraine is the material deposi-
ted under the ice sheet., The end moraine is distinguished from the ground
moraine by its greater local relief and higher elevation, Distinct end mo~
raine remnants (the Mitchell Hills), with a maximum local relief of ap-
proximately 80 feet, trend southeasterly in the east-central part of the
quadrangle, The ground moraine normally has a local relief of approxi-
mately 10 feet, and thus presents a nearly level, gently rolling till plain.
Wong (1960) in the Alexandria quadrangle to the east has mapped ground
moraine adjacent to end moraine in this quadrangle. This discrepancy
results from empnasizing different criteria. Aligned small ridges have
been mapped as minor moraines in much of the quadrangle by Gwynne (1951),
and are shown in Figure 2.

Outwash deposits cover an area of approximately 20 square miles in
the east-central part of the quadrangle, The outwash material was de-
rived from meltwaters of the ice that built the end moraine to the north
and west. The outwash material ranges ir size from siltto gravel, and is
generally poorly sorted.
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GEOLOGY OF THE MITCHELL QUADRANGLE

by
J.H.Hoff and F V.Steece

Small remnants of gravelly till project as hills 30-40 feet high, above
the nearly flat outwash plaininSecs. 22, 23, add 26, T, 102 N., R. 60 W.,
about a mile south of the Mitchell Hills.

The sand and gravel varies locally in composition but generally con-
tainsl0-45 percent carbonate rocks derived from the underlying Niobrara
chalk, 5-2D percent argillaceous rocks, and the remainder igneous and
metamorphic rocks.

In the northern part of the quadrangle are several wide, shallow,
drainage-ways up to half a mile in width, covered with 2-8 inches of Recent
alluvium and soil, resting on Niobrarachalk. These drainage-ways prob-
ably represent stream channels formed during the period of greatest gla-
cial melting and the consequent large supply of melt water, In these drain-
age-ways, at widely separated intervals, are hillocks ranging in size from
50 to 150 feet along their greatest axis and up to a maximum of 10 feet in
height. These hillocks are composedof sand and gravel and constitute the
remains of a much more extensive body of outwash sand and gravel, which
has been removed by erosion.

The thickness of the outwash sand and gravel averages approximately
12 feet, with a maximum of 30 feet,

Siream Deposits

Recent alluvium consists of silt and a little sand, reworked {rom bed-
rock and older surficial deposits by present-day streams. Alluvium is
found along all of the present drainage channels. The alluvium reaches a
maximum thickness of approximately 12 feet at places along Enemy Creek
and Twelve Mile Creekin the western part of the quadrangle, and a mini-
mum of approximately 2 inches in the shallow drainage channels in the
northern part of the quadrangle, The average thickness of alluvium is
about 2 feet.

Wind Deposits

Loess is wind-deposited silt and clay derived mainly from the out-
wash plain and till plain. In this area loess deposits are sporadic and
thin, generally less than 6 inches thick. The loess was therefore not
mapped separately.

Wind-Stream Deposits

Much of the area of outwash deposits is covered by material that
closely resembles silty till, but which apparently was not laid down di-
rectly by the glacial ice. This material reaches a maximum thickness of
3 feet and averages approximately | foot in thickness. It is unstratified
and consists of clay to silt-size particles with sparsely scattered pebbles
14-2 inches in diameter, This material probably represents deposition by
both wind and water during the periods of further withdrawal of the ice
sheet, and thus the smaller supply of water in the depositing streams. A
second possibility is thatthe clay and silt size material may have beende-~
posited as loess, and that the pebbles were introduced by working upward
from underlying gravel beds. Such pebbles work up under the action of
alternate freezing and thawing and typically leave a trail of disrupted ma-
terial in their wake. However, the lack of such trails at exposures in the
Mitchell quadrangle has led to the adoption of the {former explanation.

BEDROCK

The Niobrara chalk is exposed along the bluffs of Enemy Creek and
the unnamed creek six miles to the north, and along road cutsin ditches in
the shallow drainage cheannels in the northern part of the quadrangle., In
the Mitchell quadrangle the Niobrara is a dark-gray chalk which weathers
to a light orange-buff color and which alternates with thin layers of gray,
shaly marl. The chalk in the Mitchell area is characterized by an abun-
dance of fossil oysters and by many septarian concretions, The Niobrara
reaches a maximum of about 60 feetin the subsurface of the southwestern
part of the quadrangle,

Conformably underlying the Niobrara chalk in the subsurface is the
Carlile Formation which averages approximately 100 feet in thickness in
the quadrangle. Todd (1903) reported 270 feetof sand and shale of the Car-
lile Formation from a well at Mitchell. This probably represents an ex-
ceptionally great thickness of Carlile. The Carlile consists of medium-
to dark-gray shale at the base, and the Codell sandstone member at the
top. The Codell varies greatly in thicknessin this area, but averages ap-
proximately 10 feet; a maximum thickness of 30 feet was measured at an
exposure 3 miles east of the easternborder of the quadrangle (Wong, 1960).

The Carlile Formation rests unconformably on the Precambrian Sioux
quartzite throughout most of the quadrangle. Todd (1903), however, re-
ported that a well In the SWl4 sec. 25, T, 103 N,, R. 61 W., drilled into
dark-gray granite at 500 feet.

The electric log of the Wingett well drilled in the SE% sec. 34, T,
103 N., R. 60 W,., shows the following sequence:

Depth in Feet

0- 35 till
35-134 Carlile shale
134-TD Sloux gquartzite

The log of the well at Mitchell reported by Todd (1903) indicates the
following sequence:

Depth in Feet

0-130 till
130-170 sand (Codell ?)
170-440 shale with sand layers (Carlile ?)
440-540 sand and shale (Dakota 7)
540-765 (bottom) guartzite
STRUCTURE

The Mitchell quadrangle is in partof the Stable Interior of the United
States, and is characterized by essentially flat-lying Cretaceous sedimen-
tary rocks which rest unconformably upon Precambrian basement rock,
The Precambrian Sioux Formation has been subjected to slight structural
activity and dips approximately 4 degrees to the southwest throughout the
area(Baldwin, 1949), butlocaldips as great as7 degreeshave been mapped
in the Alexandria quadrangle to the east (Wong, 1960).

ECONOMIC GEOLOGY

The most valuable geologic products in this area are ground water,
and sand and gravel. Chalk is present in large quantities and has been
used as building stone in the past, but is not used at the present time.

Ground Water

Sufficient ground water to supply farm needs is found throughout the
quadrangle.

The outwash sands and gravels contain water that is of good quality
{table 1), and is sufficient in quantity to supply the domestic needs of the
farmers in the area. This is supplemented by sand and gravel lenses in
the drift which could supply a limited quantity of fairly good quality water.

Nearly all ground water present is derived from precipitation. Rain
or melting snow either percolate directly downward to the water table or
drain off as surface water, Surface water will either evaporate, escape
to the ocean, or if the water table is low it will percolate downward from
the ground surface, saturating the porous material below the surface. If
the saturated material is permeable, the contained water will then move
laterally down the hydraulic gradient, and is then said to be in transient
storage. Therefore recharge, or the addition of water to an aquifer, is
accomplished in three ways:

1. Direct percolation derived from rain or snow-melt.
2., Percolation from surface bodies of water,
3. Water in transient storage.

The amount of ground water which can be stored in an aguifer is de-
pendent upon the percentage of void space in the aquifer and the volume of
the aquifer. The amount of sand and gravel in the Mitchell quadrangle
capable of containing wateris comparatively small--about 320 million cu-
bic yards, of which about halfis saturated with water, (based on drill hole
information). Recharge in the Mitchell quadrangle is dependent upon lo-
cal precipitation exclusively, For these reasons it isfelt that the outwash
area would not furnish a large enough or dependable enough supply of wa-
ter for large-scaleirrigation or for a water supply for a large urban pop-
ulation,

Water of acceptable quality forirrigation or domestic use (table 1) may
be obtained in large quantities from the Codell sand member of the Carlile
Formation, and from the sand lenses in the shales of the Carlile. No-
wherein the quadrangle would it be necessary to drill deeperthan 200 feet
to reach these water-bearing strata, and the Codell sand is within 50 feet
of the surface throughout much of the quadrangle, Because of the larger
supply of water available and the greater dependability of this source, the
Codell sandstone is recommended for development,

Flint (195%) suggested the presence of several preglacial valleys
(fig. 3), which contain buried deposits of sand and gravel, and may be
water bearing.
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Fig.3 Moap of the Mitchell Quadrangle showing
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Sand and Grave]

The outwash area covers approximately 20 square miles and contains
approximately 320 million cubic yards of sand and gravel. This gravel 1s
sultable for road metal, bituminous aggregate or concrete aggregate Lf
the large amount of carbonate rocks (chalk) and argillaceous rocks (shale)
are first removed; furthermore, there are numerous local deposits of
gravel which have a low percentage of carbonate and arglllaceous rocks,
and are sultable for road metal or bituminous aggregate without proces-

sing.
Chalk

Large amounts of chalk are available in this area from the Niobrara
Formation., This chalk is found near the surface, and in the nortbwestern
part of the quadrangle is covered by only 2-8 Inches of overburden, The
chalk in the Mitchell area has been used as bullding stone in the past and
Todd (1903) reported that it is easlly worked and sufficiently durable for
use as & bullding stone. Chalk of the same formationhas beenused in the
manufacture of cement near Yankton, South Dakota, 75 miles tothe south.

Table l.--Water Analyses of Samples from Wells in the Mitchell Quadranglew
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