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ABSTRACT

Day County includes an area of approximately 1,013 square
miles in northeastern South Dakota; mest of the County lies
within the Coteau des Prairies, Physiographically the County is
included within the Central Lowlands Province.

The climate of Day County is sub-humid with average lows in
temperature of 7.3 degrees Fahrenheit in January and average
highs of 70.2 degrees Fahrenheit in August. Precipitation aver-
ages about 21.5 inches annually.

Bedrock above the Precambrian basement consists of 1,000 feet
of Cretaceous rocks from the Dakota Formation to the Pierre Shale
on top. Three major channels are incised into the surface of the
Pierre Shale.

Drift from at least three glaciations lies on the Pierre Shale
and varies from a few feet to BOO feet in thickness. Advance I
drift and Advance II drift are both pre-late Wisconsin in age.
Both glaciations came from the east while the last, the late Wis-
consin, came from the west. The presence of buried oxidized zones
helped to delineate the drifts. The first two glaciers were
stopped by a Pierre Shale bedrock ridge in the western part of
the County. The terminus of the Iate Wisconsin glacier is the
Waubay Moraine along the eastern side of the County. The surface
of this drift is characteristically of stagnant ice origin as
evidenced by moraine plateaus, shear moraines, disintegration
ridges, kames, prairie mounds and vast outwash deposits which are
economic sources of sand and gravel.

Lakes cover about 6 percent of the County's surface and sur-
face drainage is mainly internal with a minor amount leaving the
County. Chemical composition of lake water varies from less than
200 to almost 23,000 parts per million of total dissolved solids;
greatest concentrations are in areas of discharge of regional and
intermediate ground-water flow.

Four aquifer systems within the drift contain at least 53
known aquifers. Regional ground-water flow in all is east to
west, Drift water is characteristically a calcium-magnesium sul-
fate type while Dakota Sandstone water contains mainly sodium
sulfate.

Ground water will meet present stock, domestic, and municipal
needs, but is of limited use for irrigation because of chemical
quality and low well yields. Major lakes will provide at least
10,500 to 21,000 acre-feet of irrigation water per year, but not
without some secondary environmental impact. -



INTRODUCTION

Purpose of Investigation

In July 1967, the South Dakota Geological Survey and the
U.S.Geological Survey began a 5w-year cooperative study of the
geology and water resources of Marshall, Day, and Brown Counties.
This study 1is part of a cooperative program of the geology and
water-resources evaluation in South Dakota.

This investigation was undertaken at the request of the Day
County Commissioners and funded through the South Dakota Geolog-
ical Survey, the U.S. Geological Survey, Day County, and the Oahe
Conservancy Sub-District. The purpose of the investigation was to
determine the potential mineral and water resources of Day County
as well as to gain basic knowledge concerning the geology and
geologic history of the County. Hydrologic investigations were
instigated to determine sources of water, the amount available
and the chemical quality for purposes such as domestic, indus-
trial, stock-watering, and irrigation. The basic data collected
and wused in preparation of this report is contained in the
appendices. This report was extended to serve as a Ph.D. thesis
for the author through the Pennsylvania 3tate University.

Location and Size of Area

Day County is located in the northeastern section of South
Dakota and includes an area of approximately 1,013 square miles.
It is bounded by Marshall County to the north, Roberts County and
Grant County to the east, Codington and Clark Counties to the
south, and Spink and Brown Counties to the west (fig. 1).

Methods of Investigation

Data for this report were obtained during the summers of 1967,
1968, 1969, 1970, and 1971, and involved field mapping on verti-
cal air photographs having a scale of approximately 1 inch to 1
mile. In addition, data from 289 borings drilled expressly by the
South Dakota Geological Survey, geophysical logging data of 64
test holes, data from 78 private drillers' logs, and interviews
of owners of wells in the County were also used. Later, the data
were transferred to a base map of a scale of 1 inch to 1 mile,
prepared by the South Dakota Department of Highways. All cut~
tings from test holes drilled by the Survey were examined and
described in the field; selected samples were studied and ana-
lyzed in the laboratory.

A three-dimensional model was constructed +to summarize drill-
hole data. Drill holes were represented by wooden dowels approxi-
mately spaced on a base map. Pertinent geological formations and
drift lithologies were represented by colored sections of the
dowels placed at the proper elevations. Colored strips of tape

-
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were used to join formations and correlate drift units from hole
to hole giving a concise and readily available three-dimensional
representation of the geology of the County (fig. 2).

A computer program was prepared and a series of vertical drift
varigbility models were generated by computer to describe the
statistical distribution of aquifers throughout the County. The
models are described and shown in the appendices. Ancther com-
puter program was written to speed up drill-hole data handling
and preparation of illustrations. The program, CROSEC, (Leap,
1974) plots out lithologic logs of drill-hole data in the form of
a diagrammatic cross-section which is later hand drafted. Figure
3 shows the locations of all holes for which geologic and hydro=
logic data are available.

Transmissivities of the various aquifers were determined by 3
pump tests, 19 slug-injection tests, and grain-size analyses of
91 samples of aquifer materials.

Chemieal analyses of 135 1lake water samples taken over a
J-year period provided information for determining quality of
water of the lakes. Quality of ground water was determined by
chemical analyses of 203 well-water samples. Sodium absorption
ratios were computed for all lake samples and for well-water sam-
ples for which sodium analyses were available.

A computer program, CUFREQ (Leap, 1974), was written to com-
pute and plot cumulative frequency curves of grain-size analyses
of aquifer materials in order to provide parameters for computing
transmissivity. Another program, STAT (Leap, 197#4), was also
written to actually compute the transmissivities from these
parameters. :

Finally maps were made showing thicknesses, elevations and
areal extent of all significant aquifers in the Couniy.

Previous Investigations

The first known scientific deseription of the geology of Day
County was made by Chamberlin, in 1881-1882 (Chamberlin, 1882).
Later, Darton (1909} conducted a survey of water supplies in
South Dakota which included some descriptions of artesian water
supplies of Day County. The first report of the geology and
hydrology specifically for Day County was published by Rothrock
(1935). Also, Rothrock (1943) gives a brief geological descrip-
tion of parts of Day County. Flint (1955) mapped the glacial
geology of all of eastern South Dakota including Day County. The
Florence Quadrangle was mapped by Tipton (1958a) and includes a
small part of southeastern Day County; Tipton (1958b) also mapped
the 5till Lake Quadrangle which includes a small strip along the
Day County-Grant County line. Wood and Hedges (1964) conducted a
ground-water study for the city of Langford and mapped a small
section of the northwest corner of the County. Finally, a
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ground-water study for the City  of Waubay was conducted during
1966 (Beffort and Hedges, 1967).

In the summer of 197t, while +this investigation was in prdg+
ress, Assad Barari of the South Dakota Geological Survey con-
ducted a ground-water study for the City of Webster (Barari,
1974). ST

In the summer of 1966, Fred Steece of the South Dakota Geolog-
ical Survey investigated the glacial geology of the northern part
of the Coteau des Prairies, including Day County. His results
have not yet been published., Leap (1972) published a report con=
cerning sand and gravel potential and major aquifers of Day
County. '

Acknowledgments .

The overall supervision of the thesis research was provided by
Dr. Richard R. Parizek of The Pennsylvania State University,
Field research and publication of this report was supervised by
Dr. Duncan J. McGregor, State Geologist of South Dakota who with
Merlin J. Tipton, Associate State Geoleogist, and geologists Cleo
M. Christensen and Robert A. Schoon provided many helpful sugges-
tions and criticisms. Neil Koch, hydrologist for the U.S5. Geolog-
ical Survey also provided much help in the hydrolegical research
for this report. To all the above persons special thanks is
extended. '

Thanks are extended to persons and organizations who provided
data for the research effort. They are Don Crampton, District
Materials Engineer for the South Dakota Department of Highways,
the staff of +the U.S. Soil Conservation Service, and the many
residents of Day County who provided data about their wells. The
writer is especially grateful to Kenneth Callen of Webster, South
Dakota, a well driller who generously gave the use of his drlll-
ing logs and records. :

The Day County Commissioners provided a water truck for thé
drilling program when the Survey's truck was undergoing repalrs-—
a generous gesture which saved considerable time and money.

Drillers for the South Dakota Geological Survey are gratefully
acknowledged for their effort. They include Lloyd Helseth, Robert
Stach, Millard Thompson, and many summer. assistants.

Thanks is extended to summer field assistants who served dur-
ing the 5-year period from 1967-1972. They include Terry Blanken-
ship, Richard Bretz, David Carver, Steven Constable, Ed DeWitt,
David Gaylord, Ron Helgerson, Michael Johnson, George Lee, Scott
MeGregor, Gary Ochsenbein, and Lon Thompson. :

The Department of Geosciences of the Pennsylvania State Uni-
versity is gratefully acknowledged for providing computer and

-y



‘sBo| yim ssjoy |iUp 40 woypo0T ‘g aunbiq

_2_.: v-._n.__: o 1k T
__im vg ilm 5§ _zg Hlm ag uim _.E uim a5 _ uim &5 8]
o - S el — 5 ——— ey m g —
. N _ I/ﬂ a¢ s | se . | e .|_ i 5 | = e | e " mn...i. .- _nm N
Ll.te —lt_ [ [} -
Jommzyn g g b & T 1O _ 1 o i T
s 6 v % 2t O azl . oy
31¥36 4 a ° o,
L -
tayunea  huofge  pun H e / q o [& e 7
Aog jo uopieant  Buimoys m ) [ ] " p 5 os . 1
Dioxeq WInOS jo dow sagu H a p ol 8 ' o L] ¢ L] 1 5 t ® ol
£ 1]
i H e | sx lo w fose i | o ° K | o * w [ ox e | N
12t Iw\ _Iu - a ™
. Nkn " _L.._.,n b i L '
" M...UI e - ] 4 . T .
L M ..:W/w * - B ] 12t
= 2
T 1A o .
[ .
o% e 8 MA 4 £
2 . a LR LAY N 5 3
TAMM WL AT _ Wn\llﬁsn_ d -uc 3_ R o t o L] 1 j L] (Y o My 4 mor
4
4 s | m. - 82,8 o b aT .n.lv”,d \ s | osly oS mesa © |ac e 4 5 | se € {sc L ® k-
] B Yo T
ol s ' . o
g AANYE In. 1o g owue,_ ol ol
N\ e T F O TF ] u 2
o I
o
4o P I /) 2 e
11 N A /WL 2z
ﬂ # d .
T AT ST TR .
r {hiritad ﬂf
v I =
rras at b ﬂ ] ' ® | 2 ] L3 1 mn.u-“.i s 1
furrzy
. b, I
ueneIty loyr o W’ @ \Juﬁ E14 (L3 -1 e £ | % [ -1 4 Iﬂ
payup 8oy 8uo  uoy |ﬂ.).\n\|\ B —1k 4
M0 SHOPW JIGUITY 5 - [
Ll
L o m b
fwo sbo| aajditosep o e q E e
SJafilip atoAud  Ag peplD sa|op ' 9 =
R & L)
2 t B 1 ] 1
sbo| atysea pup aayduosap o e 5 8 siwnat = A el = W S
w | ex i | o5 [ 1 L I
sbo| saldiiosap e l LR ]
]
1
fanng  [poifiojoag S 2 -
ojoybg Yinog Ag  pajup ssiop - M
- “-wum
12} - n |
L 1
\ P
02 16 1 H B " lfm "
\ SV e AN i s i Ty
N - J 1 — =
M 5% E.s_ ag o™ _.B HY M 8% ﬂ- u % ¥ e Y



laboratory funds.

The author wishes to thank the many analytical chemists and
labhoratory assistants who helped in analyzing water samples and
drill cuttings. Those - persons with the South Dakota Geological
Survey included Stephen Beach, Cathy Monk, Wayne Schroeder, and
Fran Watkins. Laboratory.personnel of the Pennsylvania State Uni-
versity inecluded Paul Diehl, Judith Kamp, Mary Karandosovski, and
Carl Palmer.

Thanks is extended to the following draftsmen: Dennis Johnson
and Debra Moore Kummer of the South Dakota Geological Survey, and
Thomas Kostick and Patricia Wilbur of the U.S. Geological Survey
in Denver, Ceclorado.

Funding of this project was shared by the U.S. Geological Sur-

vey, the South Dakota Geological Survey, Day County, and the Oahe
Conservancy Sub-District.

Well-Numbering System

Wells and test holes are located according to a numbering sys-
tem based on the Federal land-survey system used in South Dakota
(fig. 4). The location number consists of townships, range, and
section numbers separated by hyphens, followed by a maximum of
four letters that indicate, respectively, the 160-, 40-, 10-, and
2 1/2-acre tract in whieh a data point is located. & serizl num~
ber following the last letter is used to distinguish between data
points in the same tract. Thus, well 121-57-24cbbb (fig. U) is
in the NW 1/4 NW 1/4 NW 1/4 SW 1/4 sec. 24, T. 121 N., R. 57. W.

PHYSIOGRAPHY

Day County can be divided into two distinect physiographie
divisions (fig. 1). The highest part of the County covers about
five-sixths of the total area and is part of +the high tableland
which was named the Coteau des Prairies (Hill of the Prairies) by
the early French explorers. The Coteau in South Dakota is a long,
flat-iron shaped feature which runs roughly north-south from
northwestern Iowa and western Minnesota to its apex just inside
the North Dakota line. The elevation at the north end of the
Coteau is a little more than 2,000 feet above sea level., Within
the boundaries of the Coteau, the land is very hummocky to roll-
ing for the most part with occasional flatter areas marking the
position of former Pleistocene lakes. 1In addition, many large
lakes as well as thousands of kettles and ponds exist on the
Coteau. In general, the topography of the Coteau resulted from
stagnation of glacial ice during late Wisconsin time.

The remaining one-~sixth of the County 1lies in the James Basin
and is separated from the Coteau by a sudden change 1in slope
(fig. 1). The southern part of this boundary, from Crandall to
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121-57-24CBBB

Figure 4. Diagram showing United States Bureau of Land ‘Manage-

ment method of lond subdivision.




Amsden Lake, 1is characterized by a very abrupt and steep escarp-
ment, which north of Amsden Lake becomes a more gentle slope but
5till distinet in gradient from the gently sloping James Basin.
At the boundary between the Coteau and the James Basin, the
Coteau escarpment rises to the east about 250 feet in 0.75 mile.
Westward from the boundary the James Basin slopes at about 60
feet per mile for 1 mile and then flattens to an almost level
plain. The escarpment, known as the Crandall Hills, is the result
of thrusting of large sheets of glacial ice and is discussed in
more detail later in the report.

The James Basin, in Day County slopes westward rather evenly
toward the Ancient Lake Dakota bed, and in Day County, is charac-
terized by recessional moraines of low relief whiech have been
covered by silts deposited in temporary lakes formed behind ice
receding from the Coteau during the latter part of the Pleisto-
cene Epoch. The bed of Lake Dakotaz is found only in the extreme
northwestern corner of the County, specifically in section 6,
Township 124 North, Range 59 West.

Drainage in the County, particularly on the Coteau, is poorly
developed for the most part. Only in the western part, where
streams flow down from the western part of the Coteau, is drain-
age develcoped to any significant degree. On the steeper slopes of
the Coteau escarpment and the James Basin the streams have cut
valleys 40 to 50 feet deep, but as the streams approach the Lake
Dakota Plain, many of the valleys disappear as their streams
debouch ontc the silts of Lake Dakota. The streams themselves
flow only intermittently, but the downcutting of their valleys
into the underlying bedrock has been extensive, indicating that
at one time the flow volume of these streams was much greater
owing to melting of late Wisconsin stagnant ice on the Coteau. In
addition to many small streams flowing down the Coteau slope, the
major ones are Antelope, Mud, and Pickerel Creeks (fig. 5). All
are at present extending themselves by headward erosion into the
interior of the Coteau., The present base level for streams flow-
ing off the western edge of the Coteau is the James River to the
" west in Brown County.

Within the confines of the Coteau itself, internal drainage is
the rule. Streams generally connect two or three potholes or ket-
tles and carry water only during heavy rain or snowmelt or during
periods of abnormally high water in the ponds-—-during which times
spillover from one pothole may be carried to another via the
streams. Absence of well-integrated drainage on the Coteau is a
reflection of the extreme youth of the terrane, its hummocky
character, and the existence of thousands of temporary local base
levels provided by the ponds and lakes. On the eastern side of
the County, a few streams breach the Waubay terminal moraine and
are intermittent in character. South of Bitter Lake, these
streams drain eastward to the headwaters of the Big Sioux River.
North of Bitter Lake, a few intermittent streams drain westward
to Pickerel, Enemy 3wim, Blue Dog, and Bitter Lakes from the ter-
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minal moraine complex and ocutwash plain in Roberts and Grant
Counties (fig. 5).

STRATIGRAPHY

The rock sequence overlying the Precambrian basement in Day
County is comprised of approximately 1,000 feet of Cretaceous
rocks and up to 800 feet of Pleistocene glacial drift. Figure 6
illustrates the general stratigraphic column that is known to be
present in the area of study.

Precambrian Roecks

Relatively little is known of the composition or of the sub-
surface topography of the basement rocks in Day County. The South
Dakota Geological Survey files contain the record of only three
wells that have penetrated into Precambrian rocks. The cores and
cuttings of the Precambrian that are available for study have not
been dated by laboratory methods. _

A map of the Precambrian surface of South Dakota (Steece,
1961) based on drilling data, indicates that the basement slopes
westward into the Williston Basin, and with minor variations,
rises in an eastward direction and crops out at the Milbank gra-
nite quarries in Grant County.

Absence of Paleozoic Rocks

No Paleozoic rocks have been found beneath Day County and data
from only three holes may not be justification for ruling out the
existence of these rocks in the County. The relatively high ele-~
vation of the basement in the County suggests that this part of
the State was not part of the basin of deposition (the Williston
Basin) during Paleozoic time, and that Paleozoic rocks were never
deposited here even though they are found in Brown County to the
west.

Mesozoic Rocks

Resting directly on the Precambrian basement in Day County are
Mesozoie rocks of Cretaceous age.

Absence of Triassic and Jurassic Rocks

During Mesozoic time the area that is now Day County was a
highland (the western edge of the Canadian Shield) near the basin
of Mesozoic deposition and probably never received Triassic and
Jurassic sediments (Stokes, 1966, chap. 13).

=10
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Cretaceous Rocks

Table 1 1s a compendium of information on holes completely
penetrating Cretaceous rocks. It ineludes only those holes
drilled by private firms for which the information is felt to be
reliable., Figure 7 shows the locations of the holes listed in
table 1.

The Cretaceous rocks in Day County, from oldest to youngest
are the Dakota Formation, Graneros Shale, Greenhorn Limestone,
Carlile Shale (including Codell Sandstone Member), Niobrara Marl,
and the Pierre Shale.

The Dakota Formation was first defined by Meek and Hayden in
1856 (Meek, in, Hayden, F. V., 1876, p. 23) as Formation No. 1 of
the Cretaceous consisting of 90 feet of sandstone and eclay.
Shortly thereafter, in 1861, Meek and Hayden revised the nomenc-
lature of Cretaceous rocks and employed the geographical term
Dakota to include #00 feet of "yellowish, reddish, and occasion=-
ally white sandstone, with at places alternations of various colw
ored clays and beds and seams of impure 1lignite . . " that
cropped out in the "Hills back of the town of Dakota." (Meek, in,
Hayden, F. V., 1876, p. 24-25), The development of the nomencla-
ture of the term Dakota can be traced by interested readers by
referring to Darton (1896, 1901, and 1909), Tester (1931) and
Gries (1954), At the present time the South Dakota Geological
Survey (Schoon, 1971, p. 8) restricts the term "Dakota Formation®
to include "the first relatively continuocus sandstone below the
Greenhorn Limestone and extending downward to the top of the
Skull Creek Shale in western and central South Dakota. Where the
Skull Creek is absent the Dakota overlies Precambrian rocks and
to a minor extent, rocks of the Inyan Kara Group.m

As thus defined the Dakota consists of approximately 195 feet
of a relatively continuous sand interval in the Webster muniecipal
water well (fig. 6). In this well the Dakota unconformably over-
lies the Precambrian basement at a depth of 1,575 feet and has a
transitional c¢ontact with the overlying Graneros Shale at an
approximate depth of 1,375 feet. These contact relationships
exist throughout the County.

The term Graneros Shale was employed by G. K. Gilbert in 1896
(Gilbert, 1896, p. 564) to define a 210-foot thickness of lami=-
nated agrillaceous gray shale with very little limy or sandy
material. As generally accepted the Graneros includes, in ascend-
ing order, the Newcastle Sandstone, Mowry Shale, and the Belle
Fourche Shale. Gries (1952, p. T75-76) recommended abolishing the
term Graneros and raising the aforementioned units to formational
rank. Subsequently D. E. Hattin (1965) restricted the term Grane-
ros to include the shale sequence between the Greenhorn Limestone
and the Dakota Sandstone. The South Dakota Geological Survey rec-
cgnized the terminology of Hattin in southeastern South Dakota
but also recognized that the terminology suggested by Gries has
greater merit where formation boundaries c¢an be accurately
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established. Day County is in the "gray" area where in practice
the nomenclature of both Hattin and Gries may be employed about
equally well, Where the Belle Fourche Shale is separable from
the Mowry Shale the top of the Mowry bentonite marker is consid-
ered the common contact of the two shale units. The +top of the
Belle Fourche Shale 1s usually marked by an interval of calcare-
ous, white-speckled, gray shale which is very similar in appear-
ance to the Niobrara Marl. The contact of the Belle Fourche with
the Greenhorn Limestone is conformable.

The Greenhorn Limestone (Gilbert, G. K., 1896) is a white to
light medium-gray, impure limestone that may be, in large part,
composed of beds of fossil Inoceramus labiatus. Interbedded with
the limestone are thin seams of calcareous, white-speckled, gray
shale which, again, is very similar in appearance to the Niobrara
Marl. The Greenhorn has a very pronounced increase in resistivity
on the resistivity log (fig. 6) and serves as an excellent marker
bed. In Day County the Greenhorn is approximately 25 feet thick
and conformably underlies the Carlile Shale.

The Carlile Shale (Gilbert, 1896, p. 565) in Day County con-
sists of approximately 200 feet of medium gray shale which is
quite similar 1In appearance +to the Graneros Shale but is more
- plastiec. The Carlile conformably overlies the Greenhorn Lime-
stone.

The Codell Sandstone member (Bass, 1926, p. 28, 64) near the
top of the Carlile Shale ordinarily consists of fine-grained
sandstone associated with varying amounts of medium-dark gray
shale. In southeastern South Dakota this sandstone is consis-
tently present and usually well developed. The resistivity log of
the Webster municipal well indicates that a sand unit may exist
from 845 feet to 870 feet (fig. 6). The gamma ray log of the
same interval also indicates clean (or shale free) sediments.
However, a study of the sample cuttings from the 845-870 interval
yielded only a few chips of sandstone. In view of this the pres-
ence of the Codell is questionable because the gamma ray and
resistivity log may indicate a calcareous unit. In either case,
the upper contact of the Carlile (or Codell) with the Niobrara
appears to be conformable in Day County.

The Niobrara Marl (Niobrara Chalk) was originally described by’
Meek and Hayden (Meek, F. B., and Hayden, F. V., 1862, p.
419-422) for exposures of "lead-gray calcareous marl" occurring
in southeastern South Dakota. In Day County the Niobrara consists
of approximately 180 feet of medium-dark gray chalk. There
appears to be a definite tripartite subdivision of the formation
on gamma-ray, resistivity, self-potential and sonic logs, but the
lithology appears to be quite uniform. In view of this, the Nio-
brara has not been subdivided in this report. The top of the Nio-
brara is at the base of a white, to light tan bentonite (bottom
of the Pierre Shale) that is present throughout much of the
State. This bentonite ocecurs at a depth of 655 to 665 feet in the
Webster munieipal well (fig. 6)
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and for this reason the contact between the Nicobrara Marl and the
Pierre Shale is believed to be conformable in Day County.

The Fort Pierre Group (Meek, F. B., and Hayden, F. V., 1862,
p. U419-424) was named for a sequence of dark gray shales that is
TO0O feet thick in Nebraska (which at that time included Wyoming,
Montana, and North and South Dakota). The name was shortened to
Pierre as early as 1896 (Darton, N. H., 1896). The Pierre Shale
is the uppermost bedrock formation in Day County (fig. 8). In the
Webster municipal well it underlies the glacial drift at a depth
of 465 feet. In the preceding paragraph mention was made of the
presence of a bentonite bed at the base of the Pierre. Owing to
the faet that this Dbentonite is included in only 200 feet of
Pierre, it is apparenft that only the lower part of the Pierre is
present in Day County. Information concerning the Pierre 3hale' in
the area does not permit subdividing the formation into members.

Cenczoic Rocks

Absence of Tertiary Rocks

No Tertiary rocks have been found in Day County. The area that
now comprises Day County was located on the eastern edge of a
depositional basin in early Tertilary time--the Cannonball Seaway
{Stokes, 1966, chap. 14).

Tertiary deposits have been found along the Missouri River 150
to 200 miles southwest of Day County (South Dakota Geological
Survey staff, personal communication). Hedges (1972, p. 7) found
rocks which may be of Tertiary age across the Missouri River just
west of Campbell County about 150 miles west of Day County.

The paleogeographical location of Day County on the edge of
the Cannonball Seaway and the great distance from the County to
the nearest Tertiary outcrops suggest that the area was undergo-
ing erosion during Tertiary time rather than deposition.

Pleistocene Deposits
CLASSIFICATION OF PLEISTOCENE DEPOSITS
In the midwestern United States four major advances or stages

of glaciation have been recognized and classified along with the
interglacial warm periocds which separate them as follows:

Glacial Stage Interglacial Period
Post glaecial
Wisconsin
Sangamon
Illinoian
Yarmouth
Kansas
Affonian
Nebraskan

(after Flint, 1971, p. 543).
=16~
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The above classification is quite broad and is generally
accepted as the framework for classification of Pleistocene stra-
tigraphy throughout the midwest.

The first glacial stage, the Nebraskan was named by Shimek
(1909, p. 8) from outerops near Omaha, Nebraska, in the Missouri
River trench. The next stage, the Kansan was named by T. C.
Chamberlin (Geikie, 1894, p. 755) from exposures in northeastern
Kansas., Leverett proposed the 1Illinoian (Chamberlin, 1896, p.
874), and Chamberlin named the Wisconsin stage (Geikie, 1894, p.
763). :

The Nebraskan and Kansan glaciations are known to have covered
western Iowa, southeastern Minnesota, and eastern Nebraska
(Flint, 1971, p. 545), and both have been mapped in southern
South Dakota (Steece, Tipton, and Agnew, 1960, p. 1-5). The
northern boundaries of the Kansan and Nebraskan glaciations are
not known although Leverett believed that the bulk of the Coteau
des Prairies was formed by Kansan glaciation (Leverett, 1932).

The northermost known exposure of Illinoian aged drift in
South Dakota 1is located 2 miles north and 1 mile west of Dell
Rapids in Minnehaha County, approximately 100 miles southeast of
Day County (Tipton, 1959a and b). It is not known for certain
how far north the Illinoian-aged drift continues beneath the
deposits of the late Wisconsin glaciation although there is a
large area of pre-late Wisconsin drift between end moraines of
the late Wisconsin stage in the north-central part of the Coteau
des Prairies. In addition, unnamed pre-late Wisconsin drift has
been found by drilling in Sanborn County (Steece and Howells,
1965), in Marshall County (Koch, personal communication) and in
Day County while investigations for this report were being car-
ried out. Radiocarbon dates of organic material from the upper-
most of two buried drifts in Day County exceed 30,000 years B.P.
which does not help in determining if the buried drifts are early
Wisconsin, Illinoian, Kansan, or Nebraskan in age. This age is
too great to be late Wisconsin (fig. 9). It is certain, however,
that no glacial deposits older than late Wisconsin have been
found in drill holes in Brown, Edmunds, McPherson, and Faulk
Counties to the west of Day County, and it is also fairly certain
from drilling for the Day County investigations that both earlier
drifts do not extend westward beyond the western third of the
County.

The temporal and stratigraphic relations within the Wisconsin
stage have been studied in more detail and classified more pre-
cisely than any of the preceding advances because it is the last
of the midwestern glacial advances and is exposed over a wide
area of the United States.

Leverett (1929) classified the Wisconsin stage into three sub-
divisions--early, middle, and late.

Later, Leighton (1933) classified the Wisconsin stage into
four substages which are, from earliest to latest, the Iowan,
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* The classification used by Flint was first proposed by Leighton
{1933} in naming subdivisions of the Wisconsin glacial age.

Figure 9. Pleistocene classification in South Dakota and vicinity.




Tazewell, Cary, and Mankato. Subsequent to this classification,
two other substages were added: the Valders was added above the
Mankato as the 1latest of the Wisconsin substages by Thwaites
(1943), and the Farmdale substage was placed below the Towan to
take the place of the earliest Wisconsin advance (Leighton and
Willman, 1950). A seventh substage was named the Cochrane by
Antevs (1925), but this term rarely appears in the literature -
the latest Wisconsin substage being accepted as the Valders. It
must be pointed out that the above names have been proposed for
the midcontinent region and their extrapolation into South Dakota
has caused severe difficulties in stratigraphic classification
because many of the substages proposed simply did not fit the
glacial geoleogy as mapped for the State.

Todd (1909) described what he believed to be two advances of
ice down the James Basin (the Antelope advances) but assigned no
age to them.

Using Leverett's classification, Rothroek (1935) mapped the
geology of Day County and described Iowan and Wisconsin aged
deposits.

In 1955, Flint, borrowing the classification of Leighton
(1933) mapped the glacial geology of eastern South Dakota, and in
Day County described deposits of Tazewell, Cary, and Mankato age
(Flint, 1955), Also following the classification of Leighton
(1933), Tipton (1958a and b) mapped the glacial geology of a
small part of southeastern Day County and recognized the presence
of Cary drift.

Within the past 10 years a number of radiocarbon dates 1in
North Dakota, eastern South Dakota and western Iowa have cast
considerable doubt on the time-stratigraphic and to some extent,
the geomorphic interpretations of the above investigators. Based
on these dates and other information, the South Dakota Geological
Survey has adopted a classification by Lemke and others (1965)
which gives a better interpretation to the events of the Pleisto-
cene glaciation in this region (fig. 9). In this classification,
the Iowan and Tazewell are grouped together into early Wisconsin
age, and the Cary and Mankato substages into late Wisconsin. It
was with this classification that the Pleistocene stratigraphy of
Day County was correlated and described for this report.

METHODS OF CORRELATION

Radiocarbon dates obtained from surfieial material in Day
County and surrounding counties indicate that the late Wisconsin
drift comprises the entire surface of the County and was laid
down by the ice of the James Lobe with one small exception in the
extreme northeast corner of the County section 1, Township 124
North, Range 53 West. Here, end moraine from the Des Moines Lobe
covers about one-half square mile. Thus, correlation of surface
deposits presented little difficulty.
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Correlation of subsurface data was possible using a three-di-
mensional model Dbased on information from drill holes and geo-
physical logs. Correlation was greatly aided by the widespread
gceurrences of two buried oxidized zones which formed on the
paleosurfaces of drifts deposited during earlier glacial
advances. The results of these analyses and correlations, and the
presence of the two paleosurfaces indicate that muceh of Day
County and indeed, a significant part of eastern South Dakota
were glaciated at least three times.

The first two advances, I and II from bottom up, are desig-
nated as pre-late Wisconsin in age and it is unclear as to which
glacial stage they Dbelong. Pelecypod shells were found in a
perched lake deposit of Advance III in SW 1/4 SW 1/8 section 5,
Township 124 North, Range 56 West. Radiocarbon dating of the
shells by the United States Geological Survey revealed an age of
10,800 plus or minus 320 years which is definitely late Wiscon-
sin. The distribution of deposits of all three advances indicates
that Advances I and II came from the east while Advance III came
from the northwest. These relationships are discussed fully under
the subtitle "Pleistocene History."™ Figures 10 and 11 show the
recognized extent of Advances I and II.

Pre~late Wisconsin Deposits
ADVANCE I

Basal Qutwash

Resting immediately on top of the Pierre Shale is a very wide-
spread sheet of outwash which covers almost the entire County
(figs. 12 and 13). This basal material was first deseribed by
Rothrock (1935) as the "Contact Sand," i.e., it formed the conw
tact between the shale bedrock and the overlying glacial drift.
The thickness of this material varies considerably from place to
place and seldom exceeds 30 feet although occasionally i% may
exceed 80 feet in thickness. The lithology is normally a mixture
of eclay, silt, sand, shale pebbles, and gravel. In a few places,
notably in the vicinity of Lynn Lake, the material is quite eclean
and possesses good agquifer potential. Usually, however, the
material is characterized as a very c¢lay-rich outwash with numer-
ous silty and clay-rich layers separating more sandy and gravelly
layers.

The basal outwash 1is believed by the author to be of progla-
cial origin, i.e.,, deposited by meltwater flowing from the fronts
of advancing glaciers. There are no other known sources of this
sand and gravel and no other known processes which could deposit
it. Considering the fact that the glaciers which advanced over
Day County were probably temperate with seasonal melting, it is
very probable that the basal outwash was deposited in this man-
ner.
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There are actually two basal outwashes. The one discussed in
this section was deposited by ice of Advance I. The other was
deposited by Advance III or late Wisconsin ice and is discussed
under the subtitle, "Late Wisconsin Deposits.”

The basal outwash of Advance I covers that part of the County
from its eastern border to . approximately the western terminus of
Advance I (fig. 10). This basal outwash was deposited in front
of the ice of Advance I and subsequently overridden by the ice as
it moved westward, The glacier moved mainly upslope as it
advanced over Day County. Consequently, there was little or no
cutlet for meltwater to escape with enocugh velocity to winnow out
the fine material as the outwash was being deposited. Therefore,
the sediments were laid down as a heterogeneous, poorly-sorted
deposit.

The basal outwash of Advance I joins that of Advance III or
the late Wisconsin at about the western terminus of Advance I
(fig. 10) and extends westward from this line to the western
boundary of the County,

Probably a basal outwash underlies most of the northern part
of the Coteau des Prairies. 1In 1970, a test hole in the City of
Clark, 40 miles south of Webster, revealed a basal sand and
gravel, It has also been found in Marshall County (N.C. Koch,
personal communication).

Sweetwater Channel Valley Fill

The Sweetwater Channel was originally incised in the Pierre
Shale to a depth of 125 feet. The ice of Advance I and II over-
rode the southern part of the Sweetwater Channel in the vicinity
of the Day County-Clark County line (figs. 8, 10, and 11). As a
result, the southerly flow of water in the channel was ponded.
Thus the 1lithology of the channel fill reflects a ponded-water
environment of deposition. The material deposited in the bottom
of the channel, and especially, in the southern part of the chan-
nel, is characterized by a mixture of sand, silt, clay, gravel,
shale pebbles, and considerable marl indicating a ponded-water
environment. This material is believed to be genetically related
to the basal outwash previously described because of similar
lithologies and was probably deposited at about the same time as
the basal material. Thickness of the fill varies from a few
inches to 10 feet and is not considered good aquifer material
because of the large amount of silt and elay. This fill is not
considered to be a part of the basal outwash.

Webster Channel Valley Fill

The material in the Webster Channel was deposited entirely
during Advance I and is believed to be genetically related to the
basal outwash because of similar lithologies although it is not
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considered to be part of the basal outwash. It shows much the
same lithology as the Sweetwater Channel fill only with a higher
percentage of marl. The Webster Channel is 150 feet deep at its
eastern end and connects down gradient with the Waubay Channel to
the east. It was also ponded by the westerly moving ice (figs. 8
and 10). The 1lithology of the fill 1is similar to that of the
Sweetwater Channel and again shows evidence of ponding with the
presence of poorly sorted and marly deposits. There are a few
lenses of fairly clean materials within the Webster Channel fill
which probably reflect very local flushing action of meltwater;
however, the deposits in the channel as a whole would not be con-
sidered as a good aquifer, In the Webster Channel the fill varies
from a few inches to 50 feet in thickness.

Waubay Channel Valley Fill

The Waubay Channel is 300 feet deep and appears to have been
the major drainageway for Day and Marshall Counties before the
advance of the first ice sheet (fig. 8). This channel, like the
aforementioned ones, was dammed by the ice of Advance I (figs. 8
and 10). The channel runs northwest through Marshall County and
into North Dakota but its eastward and southward extension has
not yet been determined. Drainage of this channel was probably
northward and it is reasonable to expect that any ice damming of
its upstream parts would not hinder the winnowing and sorting
action of meltwater drained into it downstream from the dam; yet,
the fill is mostly composed of the same type of material as in
the Sweetwater and Webster Channels with occasional pockets of
clean gravels and sand, but again is not considered part of the
basal outwash. Evidence 1is not yet sufficient to determine the
precise direction from which Advance I entered Day County, and
although it did dam the channel east of Waubay, it may also have
dammed it downstream in Marshall County which would have resulted
in ponding in Day County. With a general northwest-southeast
direction the channel may have been marginal to the ice of
Advance I for an undetermined period of time and allowed wWater to
flow unobstructed, sorting ocut fine material in the fill. This
might account for the fact that the fill is good aquifer material
in Marshall County (Koch, personal communication) and only poor
to marginal in Day County. In Marshall County it is known as the
James Aquifer (Koch, 1972) but in Day County the high percentage
of clay, silt, and marl precludes its use as a good source of
water supply. Thickness of material in the Waubay Channel in Day
County may run from a few inches to 50 feet.

Upper Drift

Thickness and Distribution

The upper drift of Advance I is simply defined as that drift
{mostly till and interbedded outwash deposits) between the basal
outwash of Advance I and the drift of Advance II. Although two
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successive buried oxidized =zones can be found throughout the
drift in the eastern two-thirds of Day County, such data from
Advance I are scarce in comparison to that from Advance II. Ney-
ertheless, drilling data are sufficient to suggest that the ear-
liest advance did not reach the westernmost vertical strip of
townships in the County (fig. 10).

Previous petrologic studies have proven fruitless in distin-
guishing early drifts from each other and therefore were not
attempted in this study (Clayton, 1962, p. 55)., Visual examina-
tion of the drill cuttings from the upper drift of Advance I
showed no significant differences from cuttings from Advance II,
but both of the lower drifts are somewhat more 1lightly colored
than that of Advance III. Thickness of the upper drift varies
from a few inches +to 595 feet and averages approximately 300
feet.

Relation of Terminus to Bedrock

Hedges (1968) reports the presence of three glacial drifts in
Beadle County socuthwest of Day County and at the extreme southern
end of Ancient Lake Dakota. Hedges assumes that all three
advances came down the James Basin from North Dakota, but exten-
sive drilling in Brown County to the north has failed %o show the
presence of buried drifts in that area (Leap, 1986). Therefore,
it is probable that the bedrock ridge along the west side of Day
County served as a topographic barrier to stop the westward move-
ment of Advance I, This bedrock high caused +the ice to be
diverted south of the ridge into a topographic 1low where the
resistance was less, i.e., through Clark and Spink Counties into
the James Basin. This could account for the drift's presence in
Beadle County and areas further south of Day County.

ADVANCE II

Thickness and Distribution

In most places in the County, +the drift of Advance II is not
nearly as thick as that of Advance I, and generally ranges from a
few inches to 200 feet with an average thickness of approximately
100 feet. Whether this is due +to greater erosion of the surface
of drift II or lesser initial deposition is not known. Outcrops
of Advance II drift are missing in the County due to complete
burial by drift deposited during Advance III. Drift of Advance II
is exposed at the surface over a large part of Grant County east
of the Waubay End Moraine. All evidence concerning the drift in
Day County comes from drill-hole data. Between Webster and Wau-
bay, the surface of the drift of Advance II rises rapidly in ele-
vation from 1,650 to 1,715 feet. In the vicinity of the large
eastern lakes Advance II drift may be as little as 40 feet below
the ground surface, indicating the relative thinness of drift of
Advance III in this area (fig. 11).
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Buried Bedrock Erratics

A few large slabs or erratics of Pierre Shale in drift of
Advance II were found by drilling in sec., 13, T. 121 Neorth, R. 55
W., and in sec. 34, T. 122 N., R. 5% W. These probably were
incorporated into the glacial ice as it moved up over the eastern
edge of the Coteau des Prairies. Just west of Bitter Lake in sec.
13, T. 121 N., R. 55 W., drillers for the South Dakota Geolog-
ical Survey drilled into a block of shale at a depth of 90 feet
from the surface and found it to be 20 feet thick. In the vicin-
ity of Waubay, Beffort and Hedges (1967) found buried shale
erratics as much as 100 feet thick.

Relation of Terminus to Bedrock

As in the case of Advance I, the terminus of Advance II
appears to be located -east of the bedrock ridge and in the same
general area as that of Advance I. It appears that the bedrock
ridge and the deposits of Advance I zcted to resist the westerly
movement of Advance II ice and it probably also went into the
James Basin through Spink and Clark Counties to the south and
spread south into Beadle County (Hedges, 1968) and Sanborn County
(Steece and Howells, 1965).

Late Wisconsin Deposits
THICKNESS AND DISTRIBUTION

The drift of Advance III, the 1late Wisconsin, covers all of
Day County (pl. 1) and is thinnest along its western border where
in places it is not more than 10 to 15 feet thieck. Eastward it
thickens to over 200 feet locally in the interior of the County
and thins again further east in the vicinity of Waubay where in
places it may not be more than 40 feet in thickness. Figures 14
through 17 show cross sections through the drift of Day County
and the relations of the various drifts to each other, to the
" bedrock and to the land surface.

LITHOLOGY
Glacial Till

The predominant 1lithology of the 1late Wisconsin deposits
(Advance III) is a elay-rieh till. Generally, the till 1is &
medium to dark-gray material where unweathered and contains con-
siderable shale, chalk, and igneous and metamorphic rocks. The
enrichment of the £ill by shale and chalk reflects the nature of
the litholegy of the bedrock terrane over which the late Wiscone
sin ice moved in advancing south from its source in western Cane-
ada, i.e., the ice passed over several hundred miles of Cretacous
shales and and chalk beds.
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Although the tills of the late Wisconsin glaciation in Brown
and Day Counties were derived from the same bedrock source area
and were deposited from the same ice advance there is in general
a striking difference in their gross lithologies. Both are rich
in clay, but the till of ' Day County possesses a far greater
amount of pebbles and boulders compared with tills of the same
age in Brown County. Also there are several large bodies of out-
wash sand and gravel on its surface reflecting differences in the
history of glacial retreat. The £ill of Brown County is richer in
¢clay and the outwash deposits are not nearly as extensive. The
explanation of these contrasts is found in the difference in
depositional environments of the two localities. In Brown County
the ice was actively moving most of the time and because of its
weight (perhaps 1,500 feet in thickness) the ice produced large-
scale shears or thrusts within the glacier which rode out onto
the highlands of Day County to the east and the Counties of
Edmunds, McPherson, and Faulk to the west. The shearing took
place in several successive episodes and in many cases overrode
previous shears. This process of stacking of debris-laden ice
along with melting of the stagnating masses of ice caused the
£ill to be enriched in gravel-size and cobble-size material as
the finer material was washed away by the meltwater. The accumu-
lation of vast areas of outwash is also due to this process. As
melting proceeded, much of the silt and clay was washed out and
deposited as lake sediments as on the Coteau des Prairies and in
the bed of Ancient Lake Dakota.

Similar processes took place on the Coteau du Missouri during

late Wisconsin time where the depositional environment was essen-
tially a "mirror image" of that in Day County.

Basal Qutwash

It was mentioned previously that the basal outwash resting on
the Pierre Shale covers most of Day County and is composed of
both Advance I and late Wisconsin material. The late Wisconsin
component of the basal outwash begins just west of the western
terminus of the Advance I drift and continues west and rises over
the bedrock ridge and drops down into Brown County (figs. 10, 12,
and 13). Along the line where the two basal beds join, the late
Wisconsin probably lies on top of the outwash of Advance I. This
area of overlapping 1is in a broad channel between the drifts of
Advances I and II on the east and the bedrock ridge to the west.
It probably was subject to the sorting action of late Wisconsin
meltwater which left deposits in this particular area cleaner and
more suitable as aquifer material when compared with basal out-.
wash to the east or west., The material in this trough constitutes
the center of the Lynn Aquifer which is described more fully
later in this report. In general +the basal outwash of late Wisw
consin age is thinner than that of Advance I and ranges from a
few inches to 50 feet in thickness.

~252



A few outcrops of the late Wisconsin basal outwash can be seen
in the sides of stream valleys cut into the edge of the Coteau
des Prairies just northeast of Pierpont (see. 32, T. 124 N., R.
58 W. and sec., 29, T. 124 N., R. 58 W.). The lithology of this
outwash, as determined from outcrops and drilling information, is
a mixture of sand, small gravel and a high percentage of water-
worn shale pebbles with some clay.

The origin of the late Wisconsin basal outwash is believed by
the author to be pro-glacial, i.e., it was laid down in front of
the advancing James Lobe ice by meltwater derived from the gla=
cier. No other source of basal outwash sediment or process of
deposition can be ascertained. The glacier was probably temperate
and produced coplous amounts of meltwater to carry sediment off
its snout. The stratigraphic relationship of the basal outwash is
shown on figures 14 through 17.

Surface Qutwash

One of the most striking features of the late Wisconsin sur-
face in Day County is the enormous amount of outwash sand and
gravel present (pl. 1). The various types of outwash features
are described genetically under the subtitle "Pleistocene Geomor-
phology." The surface outwash deposits in Day County vary in
size from a few acres to a few square miles in area. In the west~
ern and central parts of the County, the deposits may reach a
thickness of 20 feet, and in the eastern part, around the large
lakes, thicknesses of 50 feet are common (figs. 14 through 17).
A maximum thickness of 125 feet was mapped between Blue Dog and
Bitter Lakes. The outwash varies widely in grain size and is com-
posed mainly of igneous and metamorphic rocks, limestone and
dolomite, and a large percentage of shale pebbles. Many lenses of
5ilt and clay are interspersed within the outwash deposits.

Loess

Late Wisconsin loess 1is found in two small areas east of the
Waubay End Moraine (seecs, 25 and 36, T. 122 N., R. 53 N. and
secs. 12 and 13, T. 121 N., R. 53 W.)}. The material overlies late
Wisconsin outwash {(pl. 1) and both areas lie to the east of a
large valley train system around Bitter Lake. The loess was prob-
ably deposited by the prevailing westerly winds which picked up
the material out of the valley train deposits. The maximum thick-
nesses of the two deposits are not known but they probably do not
exceed § feet., Most so0il auger holes drilled in the material
revealed outwash sand and gravel at 3 to § feet.

Thorp and others (1952) mapped approximately four-fifths of
the land surface of Day County as loess deposits of late Wiscon-
sin age and older but, what they called loess has since been
interpreted to be lacustrine silts of late Wisconsin age.
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Lacustrine Deposits

Lacustrine deposits (Qwll on pl. 1) cover large areas of Day
County and are mostly of ice contact origin (discussed under
"Pleistocene Geomorphology"). Most of the deposits show strong
evidence of having been deposifted on top of the ice and then
heing let down during deglaciation. In addition there are large
areas containing silts deposited in more stable, ice-free envi-
ronments. A superglacial origin for many of the deposits is
indicated because of the widespread collaspe features and hum-
mocky nature of the surfaces of the deposits.

Around the large lakes of the eastern part of Day County most
Pleistocene lacustrine deposits are found at elevations far above
that of present-day lake levels, indicating that at one time
toward the end of the Pleistocene Epoch the lakes held considera-
bly more water,

In most cases the Pleistocene lake silts on the Coteau do not
exceed 25 feet in thickness but a few deposits have been found
through drilling to be as much as 100 feet thick. Along the west-
ern border of the County in the James Basin the silts formed
behind receding ice. Here they seldom exceed 5 to 10 feet in
thickness. ,

Recent Deposits
ALLUVIUM

In Day County alluvium is found mostly in the stream valleys
along the west edge of the Coteau des Prairies. Generally it is a
medium to dark~gray mixture of sand, silt, clay and pebbles with
silt being the predominant grain size. In most cases observed,
the alluvium in these valley lies directly on the Pierre Shale
bedrock and ranges in thickness from 2 to 6 feet (pl. 1).

Two deposits of alluvium on the Coteau upland occur in short
stream beds connecting two or three small lakes (seecs. 23, 25,
and 36, T. 121 N., R. 59 W. and seecs. 6 and 11, T. 120 N., R. &8
W.) (pl. 1). These valleys probably contained flowing water dur-
ing the latter part of the ice retreat while stagnant ice was
still melting, but it is not certain if the alluvium is late Wis-
consin or Recent in age. '

LACUSTRINE DEPOSITS

Lacustrine silts of +the Recent Epoech can be found in the
numerous swamps and sloughs scattered throughout the County.
Around larger lakes, Recent deposits are most difficult to dis-
tinguish from those of Pleistocent age and usually the two over-
lap because of <changes in lake 1level since the Pleistocene.
Because of these difficulties and because most of the Recent
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deposits are under water, they have not been mapped as such. The
lithology of the Recent materials is a mixture of silt and clay
with a large amocunt of organic material which gives them a very
dark gray to black color.

GEOMORPHOLOGY

Pre-Pleistocene Geomorphology

Bedrock Geomorphology

The bedrock surface as shown in figure 8 may or may not be
completely pre-Pleistocene in origin. It is impossible to deter-
mine if all the bedrock channels were eroded before the ice
advanced into the County or if they in fact may have formed in
part as ice marginal, proglacial and interglacial channels., Nev-
ertheless, the regional slope of the bedrock surface indicates
that before the advance of the first glacier the bedrock poss-
essed a surface of rather gentle relief, much like the Pierre
Shale landforms of the present day in the western part of the
State. The bedrock map (fig. 8) shows the Pierre Shale surface
rising gradually ocut of the James Basin to crest along a north-
east-trending ridge at an altitude of 1,518 feet above sea level.
East of this ridge the regional slope is generally southeast and
is broken by a few deep channels. The bedrock ridge acted as a
drainage divide with its eastern slope draining into the Waubay
Channel (fig. 8) and its western part into the ancient Grand-Mor-
eau-Cheyenne River system in Brown County. The ridge runs north-
east into Marshall County for a short distance before it flattens
out (Koch, personal communication). Its southward extension, west
of the Sweetwater Channel has not yet been traced socuth of Day
County. ,

Flint (1955, pl. 7) shows three major channel systems trending
southwesterly through Day County, but drilling for this project
failed to verify his interpretation and in fact yielded alto-
gether different information.

SWEETWATER CHANNEL

The Sweetwater Channel begins in the vicinity of see. 5, T.
124 N., R. 57 W. and trends slightly southwestward, splitting the
bedrock ridge at a point 8 miles west of Butler. Here it turns
and runs southeastward into Day County. At this point the channel
is slightly over 100 feet deep at its deepest point; south of the
turning point it widens wuntil it is 4 to 5 miles wide at the
Clark County line. The ultimate drainage of this channel is
uncertain at the present time, but its southeastward trend and
its position east of the bedrock drainage divide strongly suggest
that it emptied into a channel to the southeast of Day County ==
very possibly the Waubay Channel. :
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WEBSTER CHANNEL

The Webster Channel is a minor channel which begins at Webster
and runs southeast for about 5 miles and then turns northeast to
meet the Waubay Channel immediately northwest of Waubay. At its
deepest point the channel is inferred to be about 150 feet deep
and at its junction with the Waubay Channel it is about 4 miles
wide (fig. 8).

WAUBAY CHANNEL

The Waubay Channel appears to have been the major drainage for
Day and Marshall Counties before the Pleistocene, and may have
been the major drainage for the northern part of what is now the
area underlying the Coteau des Prairies. Bedrock data between the
Channel and the eastern side of the Coteau are quite scarce and
thus information concerning the channel in this area is minimal.
The channel runs northwest through the northeastern part of Day
County and inte Marshall County where it turns to follow a more
northerly direction into North Dakota (Koch, personal communica-
tion). The Waubay Channel in Day County is incised from 350 to
400 feet at its deepest part and on the Day~Marshall County line
it appears to split into two smaller channels which join again in
Marshall County. The southeastward extension of the channel into
Roberts County is not known and bedrock information in that
county is too sparse to allow extrapolation

Plelistocene Geomorphology

End Moraines

Flint (1971, p. 200) defines an end moraine as ". , . a ridge-
like accumulation of drift built along any part of the margin of
an active glacier. 1Its topography is primarily constructional."
End moraine, for the purpose of this report, denotes a construc-
tienal, ridgelike accumulation of drift which marks the absolute
limit of an ice advance., Figure 18 shows moraines in Day County
and names assigned fo them by various authors.

The major end moraine in Day County was called the Waubay
Moraine (Rothrock, 1935, p. 6) due to its close proximity to the
town of Waubay. Rothrock believed that it .arked the easternmost
extent of the Dakota Lobe of Wisconsin a- . (now called the James
Lobe) which moved southward down the Jam Basin and overrode the
Coteau des Prairies from the west. Al" sugh he did not assign a
specific Wisconsin age to it, he ind’ i«ted that it was younger
than the Iowan drift to the east of i Rothrock's work was pub-
lished before glacial deposits assign . to the Iowan were consid-
ered to be part of the Wisconsin adv .nce. Flint (1955) stated
that it marked the easternmost terminus of the Cary substage of
the James Lobe. Subsequently, Steece, Tipton, and Agnew (1960)
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stated that this moraine was equivalent to the Altamont Moraine
of the Des Mocines Lobe.

The crest of the Waubay End Moraine can be traced continuously
from the southeast corner of Day County north to a point just
east of Enemy Swim Lake where it disappears (pl. 2). At this
point the moraine makes a sharp turn to the northeast and runs
into Roberts County where it is buried by a thick blanket of late
Wisconsin outwash, Just a few miles further east it coalesces
with the end moraine-stagnation moraine complex at the head of
the Coteau des Prairies.

There can be little question that the Waubay End Moraine is
the eastern end moraine of the James Lobe because just east of
its location only two drift sheets can be found, whereas three
distinet sheets can be located to its west in several drill
holes.

In the extreme northeastern corner of Day County, in seec.- 1,
T. 12% N., R. 53 W., can be found a small area covered by moraine
called the Pickerel Moraine by Rothrock (1935) and later called
the Altamont by Flint (1955). This author believes the feature
represents the only advance into Day County of the Des Moines
Lobe and thus c¢an be considered part of the western end moraine
of that lobe. Geographic and topographiec arguments are reinforced
by the presence of three buried oxidized zones found in a hole
drilled through the moraine in the location SE 1/4 SE 1/4 SE 1/4
SE 1/4 see. 1, T. 124 N., R. 5”3 W. Drilling to the immediate
west of the moraine has revealed only two buried oxidized zones
indicating the presence of two buried drifts and one surface
sheet. In the author's opinion, the three buried zones beneath
the moraine are weathered surfaces of Advance I, Advance II, and
Advance III (James Lobe). Thus, it appears that in this small
area of the County, the Des Moines Lobe actually overrode the
penecontemporaneous James Lobe,

Shear Moraine

Plate 2 shows a feature named the Crandall Shear Moraine which
makes up the southwest edge of the Coteau des Prairies in Day
County. It is a very prominent feature, standing as a high broad
ridge along the edge of the Coteau with its western side compos-
ing the actual escarpment. At the Clark County line it rises 250
feet in 1 mile and northward retains a high slope angle to about
Amsden Lake.

Previous investigations have interpreted this feature, and
indeed the whole west side of the Coteau des Prairies, as a
recessional moraine of various glacial episodes. Todd (1909)
described it as a recessional moraine of the Fourth Antelope
Stage which moved down the James Basin and thus gave it the name,
Antelope Moraine. Todd did not assign an age to the feature other
than Pleistocene. Rothrock (1935) named this moraine the Bristol
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moraine and described it as marking the last stand of Wisconsin
ice of the James Lobe as it was retreating to the north. Flint
(1955) did not give a name to the moraine but described it as the
end moraine of the Mankato substage which would imply that it is
an end moraine rather than a recessional feature as interpreted
by Todd and Rothrock. Extensive drilling in Brown and Day Coun-
ties has failed to yield information that would suggest that more
than one glacier advanced down the James Basin. Stratigraphic
correlation indicates that the entire drift surface from the
eastern edge of Day County to the western edges of Edmunds,
McPherson, and Faulk Counties is the same age, i.e., late Wiscon-
sin. In the absence of any other data it is concluded that the
meraine in question is not of terminal character and, therefore,
is indeed not an end moraine.

The possibility that the moraine is of recessional origin is
difficult to ignore. It is in direct contact with known reces-
Sional moraines north of Amsden Lake and to the west 1in Brown
County (pl. 2). The high relief and the steep sides are rather
unusual for known recessional moraines in this part of the coun-
try, and it seems more logical from this idea and from the
inferred dynamics of the glacial ice as explained under the sec-
tions, "Stagnation Drift," and "Pleistocene History," to term the
feature a shear moraine; shear moraines as used here have been
described as imbricate marginal thrusts by Parizek (1961 and
1967) and Clayton (1967). As such, the Crandall Shear Moraine
would comprise a transitional area between the truly active ice
of the James Lobe to the west and the stagnant ice on the Coteau
des Prairies to the east. North of Amsden Lake the rather gentle
relief of the Coteau edge probably reflects some change in gla-
cial regimen which allowed the shear planes to move out onto the
Coteau at relatively shallow angles.

Recessional Moraines

‘Thornbury (1969, p. 366) states, "the term recessional moraine
has been used in the past to designate end moraines back of the
outermost one, the implication being that a series of end
moraines marks successive pauses in the position of a retreating
ice front. Actually, some may be retreatal moraines, and others
may mark readvances." Recessional moraines in the context of this
report imply ridgelike constructional features built along the
edge of an ice sheet during temporary halts in recession from its
maximum position.

The only recessional moraines in Day County are found along
the western edge of the Coteau des Prairies and have been classi-
fied into three types (pl. 2). Most of the moraines are grouped
as RM1 and are covered by a thin layer of lake silt through which
the linear features of the underlying moraines are visible. BRM2
comprises small patches of recessional moraine in the southwest
part of the County west of the Coteau and are part of the reces-
sional moraines which rise above the surrounding lake silts. An
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area of about 25 square miles due east of Pierpont has been
mapped as RM3. This feature is located in the four-corner area of
T. 123 N., R. 58 W., T. 123 N., R, 57 W., and T. 124 N., R. 57 W.
The area possesses distinct lobate features with curvilinear and
parallel to sub-parallel ridges, and was built by a minor tongue
or sublobe .of the James Lobe which spread out onto the Coteau
from the west. The topography of BRM3 is much more rugged with
much larger ridges than the previous two types. Ridges of RM3 are
composed of till and average 340 feet high. All three types are
part of the same system of recessjional moraines and represent the
recession of the east side of the James Lobe ice. It is possible
that RM2 wraps around to the southwest beneath the deep silts of
Ancient Lake Dakota to Jjoin a similar moraine in Brown County
west of Lake Dakota, but tracing it beneath the lake silts is
impossible. Together, the features of all three types comprise
the Antelope moraine of Todd (1909)., See figure 18 for an illus-
tration of this concept.

Absence of Ground Moraine

Flint (1971, p. 199) defines ground moraine as ". ., .moraine
having low relief devoid of transverse linear elements." In addi-
tion to this definition, ground moraine has long been thought to
have been deposited by a retreating glacier which retreated at a
rather even rate and did not pause long enough to build a ridge-
like feature. Classical ground moraine is absent in Day County
although large areas of ground moraine were previously mapped by
Rothroek (1935) and Flint (1955). The two investigators mapped
the County before the concept of large-scale stagnation was gen-
erally accepted by glacial geologists and before it was known
that stagnation was the predominant ice-retreat process on the
Coteau des Prairies. Ground moraine is absent because the entire
surface from the end moraine along the eastern edge of the County
to the western escarpment of the Coteau is all composed of stagw
nation drift, and west of the escarpment, the remainder of the
County is covered with recessional moraines and lake silts.

Lake Beds in the James Basin
ICE~CONTACT LAKE BEDS

The geologic map (pl. 1) shows lacustrine sediments classified
as Qwlll. These silts were deposited din a trough formed between
the Coteau escarpment and the eastern edge of the main mass of
the James Lobe ice as it receded away from the Coteau. The silts
are generally very fine grained and of a creamy yellow color when
oxidized. The surface of these lake silts slopes westward from an
elevation of approximately 1,550 feet at their eastern edge to an
elevation of about 1,305 feet at the edge of the Ancient Lake
Dakota bed. In places the lake bed is crossed by stream valleys
which run west from the west side of the Coteau des Prairies to
the James Basin, and in several places patches of stream-laid
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cutwash can be seen in contact with the silts. The silts are gen-
erally thin enough that they do not mask lineations of the buried
recessional moraines and are quite distinet on aerial photo-
graphs. ‘

ANCIENT LAKE DAKOTA BED

The bed of Ancient Lake Dakota only covers about 4 square
miles of Day County in the extreme northwest corner of the County
(pl. 2). 8ilts of the Lake Dakota bed are identical in lithology
of those of the ice-contact lakes mentioned above and there is no
beach, wave-cut cliff, or other distinet feature separating the
two deposits in the County. Therefore, the approximate boundary
hetween the two lake beds was taken as the same elevation contour
as known beaches in Brown County (Leap, 1986). In the southern
half of Brown County the highest known beaches on both sides of
the Lake Dakota bed can be definitely traced along the
1,305-contour for some distance. About 8 miles northeast of Fer-
ney the beach on the east side becomes indistinguishable. Extra-
polating the remaining eastern boundary into Day County seems
reasonable because at the North Dakota boundary the western
boundary of the lake bed in only 5 feet higher than at the south
end of Brown County. There is the possibility that wave and wind
action as well as slope wash c¢ould have altered any definite
beach line that once existed.

Stagnation Drift
DESCRIPTION AND ORIGIN

Stagnation or dead-ice drift has been recognized on the Coteau
du Missouri in North Dakota and Canada for over 20 years by,
among others, Townsend and Jenke (1951), Christiansen (1956},
Colton and Lemke (1957), Bayrock (1958), Gravenor and Kupsch
(1959), Clayton (1962), Winters (1963), Clayton and Freers
(1967), and Parizek (1961 and 1967). In Socuth Dakota it has been
studied by F. V. Steece of the South Dakota Geological Survey on
the Coteau des Prairies, but his results are unpublished. Hedges
{1972) described stagnation on the Coteau du Missouri in Campbell
County as does C. M. Christensen (1977) in Edmunds, McPherson,
and Faulk Counties. A report by N. C. Koch (1975) describes stag-
nation in Marshall County.

Stagnation drift as used in this report implies 1large scale
geomorphic features distributed over many square miles. Certainly
even in predominantly active glaciers there is always a limited
amount of stagnation, especially at the margin of the ice, but
the stagnation on the Coteau des Prairies is of a much broader
nature. Stagnation of the magnitude seen on the northern part of
the Coteau des Prairies resulted after great thrust sheets of ice
from the main ice masses came out onto the Coteau and began to
break up and melt.

-3 4=



The thrust sheets came from the bases of the James Lobe and
the Des Moines Lobe and as they moved out of the main masses of
the glaciers they dragged great masses of till and added it to
the top of the ice on the Coteau. Such shearing or thrusting was
of a more or less continuing nature. After each shear was thrust
out and eventually came to rest it was no longer part of the
active ice of the main lobe and did not react to changes in the
dynamics of the main mass buft remained in place as the main body
of the ice moved down gradient in the lowlands. In this situ-
ation, the ice behaved almost '“organically," i.e., being sepa-
rated from nourishment and forward movement of the main lobes, it
"died" or stagnated and began to fall apart in an irregular man-
ner along what were probably great structural features such as
large scale crevasses and joints. Clayton (1967) believes that
the stagnant ice on the Coteau du Missouri in North Dakota did
not stagnate enmasse but rather along the forward margin of each

thrust sheet. As superglacial drift accumulated on top of the
stagnant ice, it insulated the ice agsinst the warm summer air
and sunlight and thus it persisted, melting slowly, for a few

thousand years. The insulation certainly did not prevent melting
of the buried ice, but caused it to melt unevenly and more 5lowly
over a long period of time, during which the surface and superg-
lacial drift was constantly changing shape, distribution and
character. As the buried ice melted, collapse of parts of the
surface took place along with constant slumping and sliding of
wet, clay~rich materials as well as sand and gravel into the hol-
lows to produce topographic inversion whiech finally, after all
the ice had melted, resulted in the characteristie hummocky sur-
face of today with its thousands of closed depressions. Such
topography is the most obvious and characteristic feature of
stagnant ice areas throughout the High Plains of North America.

DISTRIBUTION

The entire surface of Day County from the Waubay End Moraine
on the east to the recessional moraines and lake beds on the west
side is covered by stagnation drift (pl. 2).

Landforms Produced by Glacial Stagnation
LAKES AND SLOUGHS

Thousands of closed depressions pockmark the surface of Day
County and range in size from an acre to 1lakes a few miles in
diameter. All the depressions formed when blocks or masses of ice
melted away leaving the hollows. The largest of the ice-formed
lakes are found in the eastern part of the County and probably
were formed by the breakup of the first thrust sheet to reach the
eastern side of the County, which was also probably the only
sheet to reach that far east. There are two arguments for this
hypothesis. The first is based upon the fact that around the very
large lakes in the eastern part of the County the late Wisconsin
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drift is no more than 40 feet thick in places, which is less than
the distance from the lake bottoms to the tops of the hills imme-
diately surrounding them. This would indicate that the breakup
of only one sheet produced the depressions. If more than one ice
sheet rode intoc the depression at different times, one would
expect filling of the depressions left by the previous sheet. The
second argument bears upon an opposite relationship between drift
thickness and lake size in the area west of the large eastern
lakes, In this area the lakes and depressions are noticeably
smaller and the late Wisconsin drift may be as much as 200 feet
thick. The greater thickness of drift probably implies that it
was deposited by the ablation of several sheets of ice stacked on
top of each other which would also prevent very large lakes from
forming because after one sheet broke up into large blocks, later
sheets would override it and fill up any depressions created by
the former.

Secattered among all the lakes and depressions are hollows of
varying size which formed as the result of breakup of the ice
into blocks of varying size and the resulting slumping and flow-
ing of water-saturated drift to produce a hummocky topography.

The origin of the large 1lakes in the eastern part of the
County deserves special consideration. The contoured surface of
the drift of Advance II shows deep depressions in the areas now
occupied by Bitter Lake and Pickerel Lake (fig. 11). It is appar-
ent that the dice accumulated in these depressions during the
first advance that reached this area. When the ice of the late
Wisconsin advance moved into this region large blocks filled up
the depressions and later melting produced the lakes of today.
Not quite as striking, but more than coincidental, is the rela-
tion between the other large lakes and the broader and more shal-
low depressions in the drift of Advance II. Waubay and Rush Lakes
were evidently formed when large ice blocks settled 1in the wide
low between Webster and Waubay. Although Enemy Swim and Blue Dog
lL.akes are large in area, they are not very deep and their rela-
tion to the buried surface topography is not as direct as that of
the other major lakes.

DISINTEGRATION RIDGES

Disintegration ridges are very prominent features in areas
resulting from glacial stagnation and occur in many different
forms. They are formed in at least three major ways (fig. 19).
Most of the ridges form when sand, gravel and/or water-saturated
£1i11 washes and slumps into channels and crevasses in the ice and
subseqently the ice melts away leaving a constructicnal feature
whose shape 1in the horizontal plane resembles the shape of the
original depression filling in the ice. Such masses of material
which accumulate in channels and crevasses will form ridges of a
sinuous to linear shape, while those that form in holes or closed
depressions in the ice will be circular or near circular in form.
The second process of formation involves accumulation of material
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Debris collects in a trough in the ice.
The ice meits leaving a ridge of debris.
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Debris collects in a tunnel in the ice.
The ice melts leaving a ridge of debris

Figure 19. Processes of formation of disintegration ridges.
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at the edge of an ice sheet or block. When the ice melts back
from the mass, a positive feature is left which outlines the edge
of the ice. .The third method involves the deposition of sand and
gravel by meltwater inside tunnels in the ice. When the ice melts
away the material is again left as a ridge or series of connect-
ing ridges resembling the plan view of the pre-existing tunnels.
Such features have long been known in the literature as eskers.

Rothrock (1935, p. 41) described several eskers in eastern Day
County in T. 120 N., R. 55 W. and in T. 123 N., R. 53 W. It is
impossible to determine if these features are truly eskers or
disintegration ridges formed on the surface of the ice, but for
the purpose of this report they are termed disintegration ridges.

There are many modifications of the above methods of formation
and in addition, the features are often connected to forms of
different genesis. Detailed treatises concerning the origin of
the ridges can be found in Clayton and Freers (1967, pp. 31, 32),
Bik (1967, pp. 83-94), Gravenor and Kupsch (1959, pp. 52-54), and
Parizek (1967, pp. 49-102).

Plate 2 shows the location of disintegration ridges of diverse
origin in Day County. Generally the larger ridges are good
sources of sand and gravel. These deposits may be well developed
only locally but they are widely distributed throughout the
Coteau and vary widely in grain-size.

KAMES

A kame is a mound of material, usually sand, gravel and silt,
which was formed by slumping and flowing of water-saturated drift
into a hole in the ice with subsequent melting away of the ice
(fig. 20). Of'ten kames provide a significant amount of sand and
gravel, but frequently they contain large amounts of clay and
5ilt, the presence of which results from the fact that the
material, being deposited in a closed depression was not subject
to the winnowing action of running water. In Day County kames can
be found in all parts of the stagnation drift area. They have not
been mapped because of their great number and small size.

KAME TERRACES

Kame terraces are geomorphic features composed of outwash
which was deposited between a mass of ice and a hill or valley
side. They are genetically closely related to kames (fig. 21).
After the ice melts, the material on the ice-ward side assumes a
slope near the angle of repose while the material close to the
upland remains fairly flat, thus giving rise to the terrace-like
shape. Like kames, kame terraces are usually good sources of
sand and gravel which are often of good quality owing to the
flushing action of the meltwater. Plate 2 shows kame terraces in
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the area around Sweetwater Lake and north of Crandall in secs.
10, 14, and 15, T. 120 N,, R. 59 W.

PRAIRIE MOUNDS

Prairie mounds are much like kames in their mode of origin in
hollows or depressions in the ice. They differ from kames in that
they are usually composed of material richer in elay than kames
and also possess a different geomorphic form than kames (fig.
22). Prairie mounds are known by various names such as rimmed
kettles, c¢losed disintegration ridges, doughnuts, humpies and
others; Parizek (1961 and 1967) gives a good review of the liter-
ature concerning . the form and proposed manner of formation of
these features.

The general geomorphic form of a prairie mound is a mound with
a depression in the top. They form through the following three
steps (fig. 22).

1. Superglacial drift slumps and flows into closed depressions
on the surface of a stagnant glacier and insulates the ice
directly below the drift mass,

2. The surrounding ice around the mass melts away leaving the
ice-cored mound.

3. Eventually the ice core melts causing the top of the mound
to collapse leaving a depression in the top.

Depending upon the shape of the initial depression, the final
form when viewed from the top may resemble two concentriec cir-
cles, a barley grain, a ridge with a furrow in the top, and other
variations upon these forms. Often these features are 5 to 15
feet high at the top with a central depression 5 to 15 feet deep.

, In Day County, a field of prairie mounds exists northeast of
Blue Dog Lake in sees. 1 and 2, T. 122 N., R. 53 W.

HIGH-LEVEL STAGNATION MORAINE

Rothrock (1935) described two systems of Wisconsin terminal
moraine running generally northeast-southwest through Day County
which he named the Bristol Moraine and the Webster Moraine (fig.
18). In addition, Tipton (1958a) described much of the southeast
part of Rothrock's Webster Moraine as the Cary End Moraine. Evi-
dence today does not support this interpretation although the
areas described by these investigators are indeed high topograph-
ically in comparison to the area around them.

Close inspection of the surface and subsurface geology of the
high and 1low area showed that land forms in the two areas are
essentially identical. Indeed, 1lithologies and geomorphic
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Surrondlg ice melts away, ice core is insulated by debris and
does not melt as rapidiy. '

Eventually ice core melts and top of mound siumps downward Into
depression,

Figure 22. Process of formation of prairie mounds.




features on the high areas drape over the sides of the high
places and continue across the surrounding low areas. Throughout
their entire extent the areas show evidence of extreme ice stag-
nation (abundant disintegration ridges, prairie mounds, lake
silts, ete.)., Because these areas are so geologically similar to
the surrounding lower regions they are referred to as high-level
stagnation moraines.

The origin of these high-~level stagnation moraines is not com-
pletely understood but they may result from the ablation of
stacked drift-laden ice sheets or imbrications of greater thick-
ness than in the surrounding lower areas where ice was cleaner.
From subsurface data showing the bedroek topography and topogra=-
phy of earlier drift sheets, it is not very likely that they
reflect buried topography. Plate 2 shows the high level moraines
running generally north-~south through the County.

MORAINE PLATEAUS

Moraine plateaus are mesa or butte-shaped features with flat
to nearly flat tops and steeply sloping sides. They are very com-
mon in areas of glacial stagnation and similar features have been
described in detail by various authors (Hoppe, 1952, 1957, 1959,
1963; Parizek, 1961 and 1967; Clayton, 1967; Clayton and Cherry,
1967; Stalker, 1960; Winters, 1963; Kume and Hansen, 1965; and
- Hansen, 1967).

Moraine plateaus range in diameter from a few hundred feet to
a few miles and from 30 to 75 feet high., They are generally very
prominent features of the 1landscape. Flint (1955) interpreted
features similar to moraine plateaus in eastern South Dakota as
bedrock-controlled features similar to the bedrock mesas and
buttes of the western part of the State. In the 1last few years
drilling information has refuted this interpretation and has
shown that bedrock generally lies a few hundred feet below the
plateau surface and that the plateaus themselves are actually
composed of glacial drift.

In Day County, three general types of moraine plateaus have
been found--moraine mudflow plateaus, moraine lake plateaus, and
moraine outwash plateaus. In many cases, all three types may be
found in one plateau complex. The main difference depends upon
%he typ§ of sediment and velocity of water during deposition

fig. 23).

MUDFLOW PLATEAUS

During ablation in areas of stagnant ice most of the supergla-
cial drift is saturated with water and will slump and flow as the
ice beneath and around it melts. 1In such cases, water-saturated
till will often flow into a2 hollow or closed depression in the
ice. With such a high water content, the material will settle and
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Ice melts and sides of deposit slump to angle of repose. (Cut-away view
showing ideal grain size sorting which may vary depending on mater-
ial available and velocity of fransporting water.)

Figure 23. Process of formation of moraine plateaus.
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flow until it assumes a level to near-level surface. Eventually,
the ice around the mass melts away and the sides of the mass
flows and slumps until the angle of repose is attained, leaving a
mesa-shaped feature.,

A very large moraine mudflow plateau can be found in secs., 24
and 25, T. 123 N., R. 57 W. Drilling to a depth of 150 feef below
the surface of this feature revealed that the entire mass was
composed of a material looking like till that has slumped and
flowed into water.

MORAINE LAKE PLATEAUS

Moraine lake plateaus form when silt and clay are washed into
superglacial lakes and settle to the bottom and the surrounding
jce melts away as in mudflow type plateaus. In Day County most
such features often possess sand and gravel sides which grades
into lacustrine silt and clay near the center.

MORAINE OUTWASH PLATEAUS

Similar in formation to the above two types, the outwash pla-~
teaus are composed of sand and gravel and form under conditions
~of faster flowing meltwater than the other types. In Day County,
outwash plateaus comprise very good sources for sand and gravel
and can be found in a large area of the County (pls. 1 and 2).

Most of the moraine plateaus in Day County are composites of
outwash and lacustrine sediments. Typically the bulk of the fea-
ture is composed of sand and gravel with lake sediment on the
top. The grain size of the material usually decreases from the
sides to the infterior and indicates a changing depositional envi-
ronment--sand and gravel were deposited close to the edge of the
superglacial lake where meltwater was derived from the enclosing
mass of stagnant ice and silts and clays toward the interior
where meltwater was ponded. As the meltwater decreased in veloc-
ity and load capacity over a period of time silt and clay became
the major 1lithology and thus were laid down over the sand and
gravel producing the common stratigraphie sequence, form and
structure seen today.

COLLAPSED FEATURES

The great thickness of late Wisconsin glacial drift on the
Coteau des Prairies is believed to be due to successive thrusting
of great sheetis of drift-laden ice onto the Cofeatu from the James

and Des Moines Lobes and the subseguent melting of this drift-
laden ice. Several sheets were piled on top of each other and

with each successive thrust more drift from the base of the main
lobes was added to the superglacial drift on the Coteau.

—45-



As the ice beneath the drift melted over a long period of time
the geomorphiec features developed in the superglacial drift col-
lapsed and slumped until topographic inversion was the rule.
Deposits and landforms were shaped and reshaped as they shifted
from the surface of the stagnant glacier to their final posi-
tions, Day County contains widespread evidence of such collapse
features.

Collapsed Lake Plains

The large areas of lake silt in Day County between the reces-
sional and shear moraines in the western part of the County and
the end moraine along the eastern edge attest to the fact that
there were numerous hollows and depressions in the stagnant ice.
Plates 1 and 2 show most of +this area covered by lake silts.
Close inspection showed that most of the material had collapsed
after deposition as evidenced by the rugged nature of the surface
and contortions and folds in the bedded sand, and gravel and lake
sediments revealed in road cuts.

Collapsed Qutwash Plains

Low areas in the stagnant ice which were subject to high-ve-
locity streams of meltwater collected vast amounts of outwash
sand and gravel. As in the case of collapsed lake sediments the
ice beneath the outwash melted away and caused the outwash to
collapse and slump into new topographie forms and positions.
Gravel pits throughout the County show evidence of «collapse in
the form of slumps, folds, and faults running through the
material,

Collapsed outwash plains differ from collapsed valley trains
in that the plains are of a much broader nature and were depos-
ited over a flatter and broader area of the ice. Plate 2 Shows
collasped outwash plains in the areas south and west of Bitter
Lake (T. 121 N., Rs. 54 and 55 W.).

Collapsed Valley Trains

Superglacial streams were often subject to large torrents of
outwash-laden meltwater. Stream valleys floored and walled by ice
were often depositional sites for valley-train outwash deposits
which later collapsed when the ice floor and walls melted away.
Plate 2 shows collapsed valley train outwash around Sweetwater
Lake and)in the area around the 1large eastern lakes (T. 120 N.,
R. 59 W.).
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BEDROCK STRUCTURE

The structure of the bedrock underlying Day County and indeed
most of northeast South Dakota reflects the general structure of
the granitic Precambrian Canadian Shield which dips gently to the
south and west at about 5 feet per mile. The Dakota Formation
directly overlying the basement generally thickens and dips to
the west (Schoon, 1971, fig. 1). The surface of the Greenhorn
Limestone is essentially flat in this area (Scheoon, 1971, fig.
14). The overlying Pierre Shale has a more rugged surface as
shown in figure 8. Generally the subsurface data concerning the
Cretaceous formations are too sparse to allow very specific
inferences about the bedrock structures.

In recent years since the advent of high-altitude imagery
obtained from satellites, investigators in various parts of the
United States have discovered 1lineaments which were previously
unknown and have attributed them to propagation of fractures
upward from the basement to the surface. Infrared images of the
Coteau des Prairies region have revealed two distinct lines run-
ning through the area which could be reflections of basement con-
ditions although no proof of this i1is at hand,. The 1lines were
found on ERTS infrared image 16484, Band 7. One line trends from
the north side of Spring Lake northeasterly past the northwest
end of Pickerel Lake and into Marshall County. A second line
trends from near Claremont in Brown County, southeasterly for
approximately 50 miles into western Day County.

GEOLOGIC HISTORY

Pre-Pleistocene History

Precambrian History

The Precambrian basement of eastern South Dakota is part of
the southern extension of the Canadian Shield whieh crops out in
northern Minnesota and southern Canada. Sometime before the
beginning of the Paleozoic Era a large structural downwarp began
to form in the tri-state area of Montana, North Dakota, and South
Dakota and formed the Williston Basin which is elongated gener-
ally north to south. Day County sits east of the east edge of
this basin.

Paleozoic History

During Paleozoic time the Williston Basin continued to deepen
as the seas encroached and marine sediments were deposited within
it. No Paleozoic sediments have been found in Day County and the
nearest deposits are probably located in western Brown County, It
is likely that during Paleozoic time the eastern 1imb of the
basin beneath Day County was elevated above sea level and was
undergoing erosion with sediments being carried into the interior
of the basin from the region of Day County.
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Mesozolc History

By the time of the Mesozoic Era the sediments in the interior
of the basin had reached suffiecient thickness to cause deposition
to take place on the eastern slope of the basin; however, no
Triassie or Jurrasic rocks are present in the County which indi=-
cates that either they were never deposited, or were deposited
and later eroded away.

The earliest Mesozoic rocks resting directly on Precambrian
aged rocks are those of the Dakota Formation of Cretaceous age.
Although the Dakota is characterized by both terrestrial and
marine sediments it is not known for certain of which type the
Dakota in Day County is representative. There is some inference
in Schoon (1971) that they may be terrestrial in origin. If this
is indeed the case, 1t would seem 1likely that the source of the
sediments was the higher part of the Precambrian to the east.

From the top of the Dakota to the top of the Pierre Shale the
rocks reveal a marine environment of deposition as the Cretaceous
seas persisted in the midecontinent region.

Cenozoic History

After deposition of the Pierre Shale and regional uplift at
the end of the Mesozoic Era, subaerial eroslon began to change
the surface of the Pierre and probably continued throughout all
of the Tertiary Period, although the western part of South Dakota
at this time was still undergoing deposition.

During the Tertiary period or perhaps early Pleistocene, the
major drainage way of eastern South Dakota formed on the Creta-
ceous rocks. In the northeastern part of the State the major
north-south channel was that of the ancient Grand-Moreau-Cheyenne
River system which ran northwest through Brown County probably to
the Arectic Ocean (Flint, 1955, pl. 7; Leap, 1986). Within what
is now Day County three important channels formed during the Ter-
tiary or early Pleistocene--the Sweetwater, the Webster, and the
Waubay Channels (fig. 24). The Sweetwater drained south to an
unknown outlet. The Webster Channel drained eastward to the Wau-
bay Channel whieh din turn probably drained north to an undeterw
mined outlet. A note of caution should be observed in interpret~
ing the history of the bedrock channels, for it is not known if
they were formed before the first 1ice advance into Day County or
during the advance.

Pleistocene History

Figure 10 shows the extent of the earliest ice sheet in Day
County, Advance I. No glacial deposits older than late Wisconsin
have been found in Brown County. Hedges (1968, pl. 3) shows a
"pre-Wisconsin®™ till extending west of the James River for a
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short distance in Beadle County. It 1is quite possible that this
drift sheet 1is correlative with the deposits of Advance I as
desecribed in this report and it may extend southward and westerly
through Clark County and into Spink County. Advance I probably
came from the east or northeast and was stopped by the bedrock
ridge on the west side of Day County and forced to turn south
(fig. 25). Subsurface data concerning the drift of Advance I are
less complete than for the drift deposited during the two later
advances. As Advance I moved across the County it probably melted
somewhat during warm periods and the meltwaters deposited the
basal outwash and valley fills which the glacier later overrode
as it continued to move across the County from the east.

Advance II also came from the east but did not move into Brown
County (fig. 26). Figure 11 shows that its terminus is almost
the same position as that of Advance I. As the ice of Advance II
passed over the eastern edge of the Coteau des Prairies it
sheared off large slabs of Pierre Shale and carried them to the
vieinity of Waubay. Why this advance stopped at about the same
position as Advance I is a good question. Probably the bedrock
ridges also stopped it as they did in the first advance. Also,
the presence of an end moraine of Advance I may have provided
resistance to further movement, but no such moraine has been
detected in drilling. '

The late Wisconsin ice, Advance III, came from the northwest-
ern and central parts of Canada. When it reached the nose of the
Coteau des Prairies just inside the North Dakota~South Dakota
line it split into fwo lobes--the James and the Des Moines. As
both lobes spread to the south and laterally, shears developed
from their bases and many large sheets of ice were thrust out
onto the Coteau.

Probably the first ice mass which came out of the James Lobe
moved as far as the eastern border of Day County and built the
Waubay End Moraine (fig. 27). It 1is not completely clear when
the ice stopped at this particular position, but the answer may
rest with the relatively high surface topography that was formed
as a result of Advance Il and the restricted nature of the lobes.
Figure 11 shows that between Webster and Waubay the surface
begins to steepen toward the east and this increase in slope and
higher surface elevations may have provided enough resistance to
stop the ice mass at that locality.

During or after the time the mass had melted along its eastern
edge and was building the Waubay End Moraine, the rest of the ice
mass was stagnating and slowly breaking up en masse into large
bloecks several miles across which in time melted away to leave
the closed depressions that now contain the large lakes in the
eastern part of the County (fig. 27). The final ice blocks were
at least 100 to 150 feet thick when they first broke up, judging
from the distance from the bottoms of the present day lakes to
the tops of the hills surrounding them. Prior tc this the ice
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must have been several hundred feet thicker when the edge of the
glacier first began to stagnate.

The great thicknesses of the stagnant ice blocks in the east-
ern part of the County probably provided added resistance to the
mobile glacier which helped form later debris-enriched thrust
sheets near the ice front coming from the west out of the James
Lobe and may have caused them to pile up to form the high-level
stagnation moraine described earlier in this report (fig. 28).
After each thrust sheet formed it stagnated and broke up into
hundreds of blocks whose geological legacy can be found in the
form of the many lakes and sloughs in the County.

It appears that each successive major thrust sheet stopped
somewhat west of the preceding thrust sheet. Each preceding sheet
probably added new resistance <for the one succeeding it.
Finally, after the Coteau was covered by a few hundred feet of
stagnant ice, the resistance became so great that the large
sheets could not be moved any great distance and therefore
thrusting took place at steeper angles producing the large Cran-
dall Shear Moraine (fig. 29 and pl. 2).

At some peried in time, probably toward the end of the major
thrusting episodes, a small lobe of glacial ice came out of the
James Basin in the vicinity of Pierpont and pushed eastward for a
few miles northeast of Pierpont (fig. 29). As it receded it left
the arcuate recessional moraine described as RM3 (pl. 2).

The late Wisceonsin glacier was evidently a temperate mass of.
jce and during the summers there must have been extensive melting
as evidenced by the basal outwash that underlies late Wisconsin
till. As the ice moved eastward up the bedrock slope on the west-
ern side of the Coteau des Prairies, it deposited a blanket of
outwash which draped over the top of the bedrock ridge in the
northwest part of the County and joined and overlapped the
already existing basal outwash deposited during Advance I.

Sometime after the Waubay End Moraine was built, a thrust
sheet from the Des Moines lobe reached Day County in see. 1, T.
124 ¥N., R. 53 W. On its way across the Coteau it overrode and
buried the Waubay End Moraine just northeast of Enemy Swim Lake
in Roberts County (fig. 30). Thus south of Enemy Swin Lake the
area between the Waubay End Moraine and the end moraine of the
Des Moines Lobe (the Altamont Moraine) in Roberts County to the
east became an interlobate area which was to receive vast amounts
of outwash from the melting ice arcund it.

The large area between the high-level stagnation moraine near
Webster and the Waubay End Moraine containing the comparatively
cleaner large ice blocks from the stagnation of the first thrust
sheet acted as a regional low., As the ice surface was lowered by
melting faster here than near Waubay and the Waubay End Meoraine
it eventually contained +two large superglacial sluiceways for
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Presence of ice blocks in the eastern part of the county provides
the resistance to ice thrusting from the west causing thrusts to
pile up into high level stagnation moraines.
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Figure 28. Map showing Day County during formation of high
levet stagnation moraines.
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Figure 29. Map showing Day County during ice thrusting along
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meltwater from the ice in Marshall, Roberts, and Day Counties
(fig. 30).

The westernmost of the sluiceways ran south from Marshall
County through the Waubay and Spring Lakes areas and joined the
eastern one at Waubay. The eastern sluiceway ran from Pickerel
LLake south to Enemy Swim, Blue Dog and Bitter Lakes. At times it
released some of 1its water and outwash to the western sluiceway
through a low area between the western end of Enemy Swim Lake and
the northeast corner of Spring Lake. It must be remembered that
the sluiceways were developed largely on the surface of the stag-
nant ice which was considerably higher in elevation than the
present-day land surface in the same area. Due to the high eleva-
tion and the extreme amount of outwash being carried much of it
at times flowed over the Waubay End Moraine to produce a thick
blanket of outwash on its eastern flank. In fact, between Enemy
Swim Lake and the end moraine of the Des Moines Lobe in Roberts
County, the Waubay End Moraine is completely buried by sand and
gravel. From Blue Dog Lake to south of Bitter Lake much of the
cutwash was carried across the Waubay End Moraine through high-
level spillways and dumped on the surface of the drift of Advance
IT to the east of the moraine in Grant County. It is in this area
of Grant County that the meltwaters carried through the spillways
carved out the meltwater channels that now serve as the headwa-
ters of the Big Sioux River.

In time the meltwater from the north and west diminished in
volume and velocity. Broad and thin belts of outwash sand and
gravels were left on the surface of the ice in the vicinity of
all the major lakes. As the large ice blocks and intervening
minor blocks melted, the outwash sheets were let down onto the
£ill surface to surround the present-day lakes. As a result, most
of the large lakes are connected by bodies of outwash today which
shows extensive hummocky areas.

The Advance II drift surface beneath Bitter Lake is noticeably
lower in elevation than under the other major lakes (fig. 11).
As a result the bottom of the ice block which first protected and
later formed the depression for Bitter Lake rested at a lower
elevation and when it melted away, the depression assumed the
lowest elevation of all the big lakes. Consequently, Bitter Lake
today has no surface outlet for its waters--the lake level is
maintained by a balance between ground-water and surface-water
inflow and evaporation from its surface. Bitter Lake serves as a
trap for dissolved mineral matter and prolonged evaporation
accounts for its high total dissolved solids.

Sometime when meltwater occupied the big sluiceways, probably
toward the end of their period of activity, prevailing westerly
winds. sweeping across the wide expanse of exposed outwash in the
Bitter Lake depression picked up silt and rock flour and depos-
ited it just east of the crest of the Waubay End Moraine in the
form of two small areas of thin lcess {(pl. 1).
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Elsewhere in the County, a smaller superglacial sluiceway was
formed in the vicinity of Sweetwater Lake whose general outline
is shown by the southeasterly-irending deposit of outwash in that
area (fig. 30)}. This feature drained meltwater into Clark County
a few miles south of the Day County 1line. As in the case of the
eastern sluiceways, the ice floor finally melted away leaving
collapsed valley train deposits and hummocky terrane where previ-
ously a rather gently sloping valley train had been formed.

Other large deposits of outwash were being formed in Day
County as the ice continued to melt on the Coteau des Prairies.
Of these, the major ones were a large deposit just south of Web-
ster (actually a large, complex moraine outwash plateau), and two
large deposits in the vicinity of Butler.

After the James Lobe reached the Missouri River near Yankton,
it began to melt back up the James Basin leaving behind a large
number of essentially concentric arcuate ridges or recessional
moraines. When the ice melted back to the vieinity of the Beadle-
Spink County 1line it built a rather large and broad complex of
recessional moraines. As the ice continued to retreat northward
from this complex, meltwater became ponded between it and the ice
front and thus began Ancient Lake Dakota (fig. 31). Flint (1955,
p. 127) suggests the possibility of two ancient Lake Dakotas, but
no evidence has turned up subsequently to verify this idea.

As the James Lobe continued to retreat and the lake continued
to grow 1n size streams flowing from the stagnant ice of the
Coteau des Prairies and the Cotean du Missocuri poured vast
amounts of sediment into the lake, depositing sand and gravels
near the lake edge and silts and clays farther out away from the
shore. During its growth, the lake was alse draining to the south.
through the morainal dam by way of the ancestral James River. In
order for the lake to persist, melting of the ice around it had
to produce as much water flowing into the lake as was being
drained away by the James River. The large present-day valleys,
remnants of meltwater channels, on the west side of the Coteau
des Prairies are reminders of the large amounts of water that was
carried into the lake (pl. 2).

During retreat the ice persisted for a time between Amsden
Lake and Crandall and perhaps south along the edge of the Coteau.
While holding in this area it was retreating away from the Coteau
north of Amsden Lake and perhaps retreating up the valley on the
west side of the 1lake in Brown County. As a result, water was
being ponded north of Amsden Lake between the ice and the edge of
the Coteau. Evidence for this ponding can be found today in the
form of high-level lake silts covering recessional moraines and
rising to over 100 feet higher than the west shore of Lake Dakota
(pl. 1). After the ice south of Amsden Lake began to retreat back
from the Coteau, water was also ponded between it and the Coteau
edge in which lake silts were deposited. Figure 32 is a cross-
sectional time-space diagram summarizing the Pleistocene history
of this point.
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Figure 31. Map showing Day County after retreat of James
Lobe.
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1. Pierre Shale bedrock {Kp) exists before Pleistocene Epoch and is cut by channels
such as the Sweetwater Channel (SwC).
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basal outwash (BO).

3. Pre-late Wisconsin Advance II ice (Ap II) ndvances from the east and terminates
at approximately the same position 35 Advance [

4. Late Wisconsin Advance III jce (LW} advances from the west out of the James
Basin and builds Waubay End Moraine (W) along the eastern edge of the county.
It deposits basal cutwash (BO) west of the Sweetwater Channel.

5. Further movement of James Lobe ice from the west causes high level stagnation
{(HLSM).

6. Ice in the interior of the Cotean provides added resistance to movement from
James Lobe snd produces Crandall Shear Moraine (CSM).

7. [ce from Des Moines Lobe (AM) reaches northeastern Day County and overrides
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and outwash to the south,
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9. Lakes dry up and silts remain (8).

Figure 32. Cross-sectional time-space diagram summarizing
Pleistocene history for Day County.




Eventually all the ice along the Coteau des Prairies melted
away from the highlands and the entire James Lobe retreated north
into North Dakota. For perhaps 3,000 years after the James Lobe
ice had melted out of South Dakota the stagnant ice on the Coteau
continued to melt. It persisted for at least this length of time
because the superglacial drift acted as an insulating medium and
slowed melting. During the melting process a vast number of shal-
low closed depressions formed in the ice. These depressions were
basins intc which large amounts of silt and clay were carried by
meltwater to form the large areas of lake silt present throughout
the County. '

When all the ice had melted away on the Coteau des Prairies,

Day County was left with essentially the surface features we see
today, little changed over the past 9,000 to 10,000 years.

Recent History

Geological processes of weathering and erosion have 1little
changed the surface of Day County since the eclose of the Pleisto-
cene Epoch,. The streams of the west side of the Coteau have
lengthened themselves by headward erosion back into the interior
of the Coteau, and in the process have deposited alluvium in the
valleys. On the Coteau itself, integrated drainage has not
developed extensively and streams are small and intermittent and
usvally run from one slough to another.

Many of the small sloughs and potholes have been filled with
organic sediment until they are now only marshes supporting a
wide variety of flora and fauna. Surface water quality also has
deteriorated in Bitter Lake and certain other small lakes in
response Lo prolonged evaporation.

ECONOMIC GEOLOGY

Water Hesources

Day County has a copious amount of ground and surface water
for domestic and light industrial use. The quality of water is a
major problem in developing the resource for certain uses such as
irrigation because the water is quite high in dissolved minerals.
In the eastern part of the County, the shallow aquifers and a few
of the large lakes possess more suitable quality water for irri-
gation. One of the reasons for studying the geology of Day County
was to find the relation between geology and hydrology of the
County. A more complete description of the hydrology is found in
a later part of this report.
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Sand and Gravel

Of solid mineral resources, sand and gravel are the most
important in Day County. The land surface 1is covered by many
square miles of sand and gravel and a complete description of the
resource and its potential can be found in Leap (1972). Although
sand and gravel are plentiful in supply, the presence of large
amounts of shale limits its use for certain purposes such as con-
crete, but for an aggregate, most of the County is well supplied.

Qil and Gas

A few o0il and gas tests have been made in northeastern South
Dakota and a few in Day County. Thus far, no commercial quanti-
ties of oil and gas have been found in the County, and much more
information about the Cretaceous strata will have to be obtained
to give more definitive information about oil and gas potential.
Records of o0il and gas test wells are on file with the South
Dakota Geolegical Survey.

Clay and Boulders

During the time the geological and hydrological investigations
were being carried out in Day County an attempt was made to find
supplies of clay suitable for brickmaking and other ceramic prod-
ucts. The surface of the Coteau des Prairies is quite young geo=
logically (9,000 to 10,000 years) and leaching of carbonates from
glacial deposits has not progressed far enough to yield carbo-
nate~free clay. Thus, the eclay is quite high in calcium and mag-
nesium carbonate and probably is not suitable for making high~
quality briek. The clay probably could be used for rough ceramic
products such as field tile. In addition, the Pierre Shale which
crops out along the western edge of the Coteau might also be
examined for similar uses. In any case, further laboratory tests
will have to be made on both the clay and shale to precisely
determine its potential uses and limitations.

On the steep slopes along the western edge of the Coteau des
Prairies and along the Waubay End Moraine there are scattered
fields of boulders of igneous and metamorphiec rock and of lime-
stone which could be crushed for rip-rap and aggregate. In addi-
tion, numerous farm fields throughout the County have piles of
boulders which have been gleaned from the fields and are suitable
for the purposes listed above.

GEOLOGY AND ITS EFFECTS ON HYDROLOGY

The geclogy of Day County is the result of a complex sequence
of events {of which a more detailed account can be found in the
preceding pages of this report). Before the Pleistocene Epoch the
surface of Day County was entirely Pierre Shale bedroek of
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Cretaceous Age. The Pierre Shale is marine in origin and as such
contains high concentrations of magnesium, iron, manganese, and
sulfate. : :

The Cretaceous bedrock section in Day County includes from top
to bottom (younger to older) the Pierre Shale, WNiobrara Marl,
Codell Sandstone, Carlile Shale, Greenhorn Limestone, Graneros
Shale, and Dakota Formation.

The Dakota rests upon the Precambrian and thins eastwardly
beneath Day County. Because its potentiometric gradient is from
east to west the water in the Dakota also flows in this direc-
tion.

During the Pleistocene Epoch at least three glaciers passed
over Day County depositing glacial drift in thicknesses exceeding
800 feet. The drift was derived from the grinding and erushing of
the marine shales and limestones over which the glaciers passed
on their way south with additional crystalline and sedimentary
rock materials brought down from Canada. The reduction in size of
the rock materials produced a greater surface area subject to
chemical attack by circulating ground water in the derived drift.
The chemical nature of the ground water contained in glacial
deposits in Day County today reflects the chemistry of the parent
rocks from which the drift was derived.

The physical structure and topography of the drift are also
the result of glaciation. Generally the regional elevation
decreases from a high of 2,000 feet above sea level in the north-
east part of the County to a low of 1,300 feet in the northwest
part. The surface is broken in places by deep lake basins and
sloughs and near the western border of the County, by the steep .
edge of the Coteau des Prairies.

Beneath the drift the Pierre Shale bedrock acts as an almost-
impermeable barrier to vertical percolation of ground water to
the rocks below. There is no doubt that there is some recharge to
the formations below the Pierre, but the contrast in the perme-
ability of the Pierre with that of the overlying drift is quite
large.

Thus, the combination of the westward regional slopes of the
land and potentiometric surface, and the slightly permeable shale
beneath more permeable drift defines the general direction of
flow of ground water in the drifte-that is from east to west.

CLIMATOLOGY

Temperature

Records of temperature at Webster, South Dakota, collected by
the U.8. Weather Bureau during the years 1967-1972, are shown in
table 2. For the 6-year period the 1lowest average monthly
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temperature was 3.2 degreés Fahrenheit in January, 1971, and the
highest average monthly temperature was 72.1 degrees Fahrenheit
in August, 1969.

The average January temperature for 6 years was 7.3 degrees
Fahrenheit and is the minimum average. The maximum average
occurred in August and was 70.2 degrees Fahrenheit for the 6-year
period.

The climate of Day County can be classified as sub-humid with
extremes of summer heat and winter cold which has ranged from -40
degrees to over 100 degrees Fahrenheit. The County has a growing
season of 120 to 130 days per year. The average date of the last
spring freeze is May 15 to 20, and the average date of the first
autumn freeze is September 20 to 25.

Precipitation

Precipitation data at Webster are shown in table 3. These data
represent inches of water from both snow and rain; amounts of
snow and rain are not separated. The average annual precipitation
of the 6-year period was 21.5 inches or 1.79 feet. The table
shows that the lowest amount of precipitation falls in January
and for 6 years averaged 0.66 inches per month. The highest
monthly precipitation falls in June and averaged 3.93 inches per
month for the 6-year period.

During this period Day County received its maximum precipita=-
tion in 1972 which was 23.87 inches or 1.99 feet of water. The
minimum for this period was 17.21 inches (1.U43 feet) which fell
in 1970.

The amount of precipitation falling on the County in terms of
acre-feet can be calculated by multiplying the area of the County
by the number of feet of water for any particular time. The
total area of Day County is approximately 648,773 acres. There~
fore, during the period 1967 to 1972, the maximum annual precipi-
tation was 1,291,096 acre-feet in 1972 and minimum was 927,773
acre~-feet in 1970. Assuming that the yearly average is 1.79 feet,
Day County then receives an average of 1,161,338 acre-feet of
water per year from precipitation.

Evapotranapiration

Evapotranspiration is defined as the sum of water loss by eva-
poration from open water surfaces and that lost by transpiration
through the stomata of plants. Evapotranspiration is also called
comsumptive use by some authors (Veihmeyer, 1964).

Evapotranspiration rates are directly proportional to the
amount of moisture in the root zone. Using this relationship,
Thornthwaite (1948) suggested the term "potential
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evapotranspiration™ to define the evapotranspiration that would
gcecur if the so0il moisture supply were adequate at all times to
meet maximum demands. The actual amount of evapotranspiration
seldom equals potential evapotranspiration because soil moisture
is normally not at field capacity except in water-logged areas or
fields which have recently undergone heavy irrigation.

Pengra (1961) has developed a table of monthly potential eva-
potranspiration figures for South Dakota for the months of March
through October for each degree of temperature from 32 to 102
degrees Fahrenheit. These data are reproduced for this report in
table 4. Pengra's data were computed from basie data taken at
Redfield, South Dakota, approximately 60 miles southwest of Web-
ster, in Spink County. The climatic conditions at Redfield differ
only slightly from those in Day County and the computed figures
at Redfield should be applicable to Day County.

To use the figures of Pengra for calculating the potential
evapotranspiration for any one day, take the daily mean tempera-
ture and find the column representing the month in which the day
oceurs. The figure at that point is the potential evapotranspira-
tion in inches for that day.

Approximate values of average monthly potential evapotranspi-
ration in Day County were calculated from the average monthly
temperatures and are shown in table 5. The yearly potential eva-
potranspiration is slightly greater than the yearly precipita-
tion. Fortunately, this amount of evapotranspiration never occcurs
because the top few inches of s0il are seldom if ever fully satuw
rated.

Actual evaporation measurements were made at Redfield during
the period, 1967 to 1972, by the U.S. Weather Bureau. These meas~
urements represent total evaporation from a U.3. Weather Bureau
Class A pan and are presented in table 6 by the symbol Ep. 1In
order to calculate actual evaporation from a large body of water
such as a lake, the Ep values were multipled by the standard pan
coefficient of 0.7. The resulting actual lake evaporation values
are tabulated as EL. During the period 1967 to 1972, evaporation
measurements were generally only made from May through September.
Before and after this period the water surfaces are often frozen
and evaporation is significantly less than during the warmer
months. Kohler, Nordenson, and Baker (1959) state that in Day
County the average May-to-October evaporation is 82 percent of
the annual total. Therefore, the annual totals listed in table 6
have been calculated using this factor.

Table 6 shows that the greatest evaporation takes place during

the month of July with the average lake evaporation for this
month being 6.2 inches or 0.5 foot. .
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TABLE 4. Potential evépotranspiration figures for South Dakota
(from Pengra, 1961)

' Potential evapotranspiration figures
{in hundredths of inches)

2 —— 0 R S W o, o S e Gl o e G A O MG M S WS D VI G A S G N G M AR e R e et D S .

T

E

M S

P E

E P 0
R A T c
A M A U E T
T A R J J G M 0
U R P M U U U B B
R c I A N L S E E
E H L Y E Y T R R
(1) (2} (3) (4) (5) (6) (7) (8) (9)
32 00 00 - - - -—— — ——
33 00 0o - - - - - 00
3k 00 01 01 - - - - 00
35 01 01 01 _ - - - 01
36 01 02 02 - - 01 01 01
37 01 02 02 - - 01 01 01
38 02 02 02 02 02 02 02 02
39 02 02 02 02 02 02 02 02
40 02 02 03 03 03 03 02 02
41 03 03 03 03 03 03 02 02
42 03 03 03 03 03 03 03 02
43 03 0l 03 04 03 03 03 03
Ty 0k ol ol 04 0l 0l 03 03
45 ol 0l 0l 0l 0l 0l 03 0k
16 0l ol 05 05 05 04 0l o4
7 05 05 05 05 05 05 ol 0l
48 05 05 06 06 06 05 05 oy
19 05 06 06 06 06 06 05 05
50 06 06 06 06 06 06 05 05
51 06 06 07 07 07 07 06 06
52 06 07 07 07 07 07 06 06
53 06 07 08 08 08 08 07 06
51 07 08 08 09 09 08 07 06
55 07 08 09 09 09 09 07 07
56 08 09 09 10 09 09 08 07
57 08 09 10 10 10 09 08 07
58 08 09 10 11 10 10 09 08
59 09 10 11 11 11 10 09 08
60 09 10 11 12 12 11 10 09
61 10 11 12 12 12 11 10 09
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62 10 11 12 13 13 12 10 09
63 10 12 13 13 13 12 11 10
64 11 12 13 14 14 13 11 10
65 11 13 14 14 14 13 12 10
66 12 13 14 15 15 13 12 11
67 12 13 15 15 15 14 12 11
68 12 14 15 16 16 14 13 12
69 13 14 16 16 16 15 13 12
70 13 15 16 17 17 15 14 12
71 14 15 17 18 17 16 14 13
72 T4 16 17 18 18 16 15 13
73 15 16 18 19 18 17 15 T4
T4 15 17 19 19 19 18 16 14
75 16 18 19 20 20 18 16 14
76 16 18 20 20 20 19 i 15
T 16 19 20 21 21 19 17 15
78 17 19 21 22 21 20 18 16
79 17 20 21 22 22 20 18 16
80 18 20 22 23 23 21 19 16
81 - —— 22 23 23 21 19 7
82 - - 23 24 24 22 20 17
83 -- —- 24 24 24 23 20 18
84 - - 24 25 25 24 21 19
85 - —- 25 25 26 24 21 20
86 - - 25 26 27 25 22 -
87 v - 26 27 27 25 22 -
88 - - 27 28 28 26 23 -
89 - - 28 29 28 26 23 -—
90 - - 29 29 29 26 24 -=
91 -- —- -: 30 29 27 25 -
92 - - - 30 30 27 26 —-
93 -- -~ - 31 30 28 27 --
9 - — - 31 31 28 28 -
95 -- — - 32 32 29 - --
9% =  —=  -= 33 33 .l o -
97 e
98  am = == == 3B e am -
99 == e= == == 35 e e e
100 - - - — 36 -- - --
101 _— — - - 36 — - -
102 - -- - — 37 - -- --
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Runoff

Runoff is equal to precipitation minus the water retained on
the surface and that which infiltrates inte the soil. Runoff val-
ues estimated by the U.S. Department of Agriculture Soil Conser-
vation Service are mapped in U.S.D.A. (1966), and are reproduced
in this report in figure 33. In this figure are shown four
drainage areas. Area A comprises the gentle slopes and lake plain
west of the foot of the Coteau des Prairies escarpment. Area B
ineludes the steep slopes of the Coteau escarpment. Runoff from
these two areas goes into tributaries of the James River. Area C
is a region of internal drainage in which runoff drains into the
many lakes and sloughs which dot the County. Area D is a small
area of 6 square miles surrounding Lonesome Lake in the extreme
southeastern corner of the County. It drains into Lonesome Lake
and thence into the headwaters of the Big Sioux River during
periods of high water. Normally the runoff in area D goes into
Lonescome Lake and evaporates or adds to ground-water recharge.

By multiplying the acreage of each drainage area by its runorf
in feet (fig. 33) the annual runoff of each area in acre-feet is
calculated. Therefore, area A has a runoff between 1,840 and
3,690 acre-feet per year. Area B yields 5,240 to 6,980 acre-feet
per year and the combined areas C and D drain 0 to 1,880 acre-
feet yearly internally into closed basins. In addition, there is
some interchange of runoff to and from area C from similar areas
in Clark, Codington, and Marshall Counties through intermittent
streams. The drainage density and stream gradients are about
equal for streams flowing into and out of area C and any net gain
or loss of water in area C through them is probably negligible. A
small amount of runoff from Grant and Roberts Counties also
enters Day County through intermittent streams along its eastern
border. This runoff is also probably negligible due fo the number
of closed depressions in the westward sloping drainage areas of
these counties which tend to collect and retain most of the water
before it can reach the streams.

SURFACE-WATER HYDROLOGY
Streams

The major streams in Day County flow down the western slope of
the Coteau des Prairies and drain inte the James River. The most
important streams are Antelope, Mud and Pickerel Creeks (fig. 5).

Smaller streams occur co¢n the Coteau des Prairies and usually
connect two or three potholes or lakes. All streams in the County
are Intermittent and have no persistent base flow because ground-
water discharge is not sufficient to maintain it.

Streams in Day County contribute little to the available water
supply in the County except where they are dammed or where dug-
outs are constructed in their beds for stock-watering purposes.
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A few dugouts can be found in the major western streams and also
in the small ones on the surface of the Coteau. Only two streams
are dammed; Amsden Lake is an artificial reservoir in the valley
of Pickerel Creek and Pierpont Lake is formed behind a dam in the
Mud Creek valley. Other storage facilities could also be provided
to retain flood waters accompanying occasional storms and snow
melt. ‘

Lakes

The surface of Day County is dotted with hundreds of depres-
sions ranging from potholes a few scores of feet in diameter to
lakes with a diameter of a few miles. Approximately 43,400 acres,
or 6 percent of the surface area of the County, is covered by
lakes. Of this area approximately 22,800 acres belong to inter-
mittent or minor lakes and approximately 20,600 acres are dis-
tributed among the major lakes in the eastern part of the County.

Major Lakes

Major lakes whose combined water surface areas total 20,600
acres include Pickerel, Enemy Swim, NE Waubay Lake, SW Waubay
Lake, Minnewasta, Spring, Rush, Blue Dog, and Bitter Lakes. Table
7 is a compendium of physical statistics of the major lakes gath-
ered from the records of the United States Geological Survey in
Huron, the South Dakota Geological Survey in Vermillion, and the
South Dakota Department of Game, Fish, and Parks 1in Webster,
South Dakota.

Total volume of water stored in the major lakes is approxi-
mately 165,000 acre-feet with the Waubay Lakes containing the
maximum, nearly 82,900 acre-feet. Blue Dog Lake contains the
smallest volume of water of all the major lakes holding in stor-
age approximately 6,000 acre-feet.

The major lakes are at their highest water levels in May and
lowest in November or December even though the greatest amount of
precipitation occurs in June. The reason for this relationship is
that evaporation and transpiration by shore-line vegetation is
greatest in July and exceeds precipitation from May through Sep-
tember. During this period each of the large lakes lose approxi-
mately 2 feet of water to evapotranspiration or a combined total
of 41,700 acre-feet. During this period they receive an average
of 1.16 feet of precipitation directly on the 1lakes. Inflow to
the lakes to make up the difference between evaporation and pre-
cipitation must come from direct precipitation on the surrounding
drainage areas, and ground-water inflow. The yearly 1loss of
water by evaporation 1is approximately 52,000 acre-feet from the’
major lakes. No attempts have been made to suppress evaporation
from free water surfaces, but this could be adopted as a water
management procedure during periods of extreme drought.
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The major lakes act as important sources and sinks for ground-
water flow. The map showing the recharge and discharge areas for
the Pierre and Basal aquifer System, hereafter referred to as the
Basal System (fig. 34) shows that Pickerel and Enemy Swim Lakes
are recharge areas and the remaining major lakes with the excep-
tion of the southwestern part of Waubay Lake act as discharge
areas for the Basal System and Pierre aquifer and shallower aqui-
fers in the vieinity of the lakes.

There is a ground- and surface-water circulation pattern
between the major lakes. Interchange of water from one lake to
another takes place through surface streams, surficial outwash
and probably through underlying deeper tills. Figure 35 shows
the ecirculation pattern that has been defined between the major
lakes., ;

The southern extremity of Enemy Swim Lake, c¢alled Campbell's
Slough, possesses the highest water level of all the major lakes,
1,854 feet above sea level (1970 measurement). This body of water
drains northward through surface connections into the main body
of Enemy Swim Lake. To the south, Campbell's Slough drains to
Blue Dog Lake through both a surface stream and a surface deposit
of sand and gravel.

The main body of Enemy Swim Lake drains westward into Spring
Lake through seeps located in a low trough which connects the two
lakes in secs. 16 and 20, T. 123 N., R. 53 W. Enemy Swim Lake
also probably discharges through tills and deeply buried sand and
gravel lenses into Pickerel Lake to the north.

Pickerel Lake has only one discharge stream which leaves its
west side in see. 22, T. 124 N., R. 53 W, This small stream runs
west for about 3 1/2 miles and dralns into a series of sloughs
and swampy areas. The drainage from these sloughs and swamps is
south to NE Waubay Lake through small intermittent streams. Thus,
drainage from Pickerel Lake eventually reaches Waubay Lake minus
a certain amount lost to evaporation, transpiration, and perhaps
ground-water recharge to deeper aqui