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GEOLOGY AND SHALLOW GROUND WATER RESOURCES
OF THE

WATERTOWN-ESTELLINE AREA, SOUTH DAKOTA

ABSTRACT

The Watertown-Estelline area is in northeastern South
Dakota in the north-central part of the Coteau des Prairies of
the Central Lowlands Physiocgraphic Province. The area occupies
about 650 square miles and is drained by the Big Sioux River.

Precambrian granite and metamorphic rocks underlie the
entire area, and are overlain in part of the area by the Sioux
formation also of Precambrian age. About 200 to 1000 feet of
Cretaceous sedimentary rocks overlie the basement; in ascending
order, these are the Dakota Group, and the Graneros, Greenhorn,
Carlile, Niobrara, and Pierre Formations. Mantling the bedrock
are glacial deposits of Pleistocene age. The Wisconsin Stage
is represented by Iowan(?), Tazewell, and Cary drifts.

Shallow ground water is stored in the glacial outwash
sands and gravels. The principal source of recharge is precip-
itation, and the major discharge is through wells and through
evaporation and transpiration by plants. The calculated water
resources of the area are about 270 billion gallons. The volume
of sand and gravel in the glacial deposits is 7 3/4 billion
cubic yeards

In general, recharge exceeds discharge in the gravels and
the movement of the ground water is southward. The quality of
water for irrigetion is good to excellent, and thus the future
of irrigation and/or industrial use of water in the Watertown-
Estelline area is favorable.



INTRODUCTION

General Statement

The Watertown-Estelline area is in the Central Lowlands
Physiographic Province of mortheastern South Dakota (Fenneman,
1938) . The area is in the north-centrsl part of the Coteazu des
Prairies upland. It includes the Watertown, Hayti, and Estel-
line 15-minute quadrangles, and contains about 650 square miles
in parts of Codington, Hamlin, Kingsbury, Deuel, and Brookings
counties (fig. 1)

The climete in the Watertowm-Estelline area is characterized
by long, cold winters and short, hot summers, with rapid fluctu-
ations in temperature. The highest and lowest temperatures
recorded between 1904 and 1957 by the United States Weather
Bureau at Watertown are 1100 and -40° F., in 1934 and 1916

respectively, (fig. 2 and Table 5, Appendix). The maximum
annual precipitation between 1904 a2nd 1957 was 29.12 inches
(1953) and the minimum was 12.322 inches (1933). However, the

average annual rainfall was 20.93 inches (fig. 2 and Table 5,
Appendix) .

The rural population of the area is fairly dense, with
approximately 1.5 dwellings per square mile. The city of Water-
town (pop. 12,699, 1950 census) and the towns of Estelline (760),
Castlewood (498), Hayti (413), Lske Norden (373), and Dempster
(150), contain the remeinder of the population.

The Watertown-Estelline arez is served by U. S. Highways
77, 81, and 212, and by State Routes 20, 21, 22, 23, and 28. In
addition to the main routes, nearly every section line is marked
by gravel roads. The Great Northern, the Chicago and North
Western, and the Minneapolis and St. Louis railrosds serve the
area, converging in Watertown. Commercial air service to the
city of Watertown 1is provided by Breniff and North Central
Airlines.

Several soil types are recognizeble in the area. 1In gener-
al, the soil developed on the rough topography is dark clayey
meisture retzining material (clay and silty clay-loam), which
renges in thickness from two inches to three feet. A4 lighter,
more absorbant soil (silt and sandy loam) is present on the
"pottom-land". A third type of soil is present in areas covered
by recent stream a2lluvium. This soil is richer in humus than
the others and 1is locally so coarse that it conteins coarse
sand and pebbles. All the soils are productive where adequate
water is available. The major crowns grown in the area are
corn, wheat, berley, oats, sorghum, alfslfa, soybesns, and flax.
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The center of industry in the area is the city of Watertown
where meat packing, flax-straw processing, potato distributing,
gravel quarrying, and resorts are important industries. In
addition, dairy and beef cattle, hogs, sheep, and turkeys are
raised. ©Some tree farms =2rec meintsined in the ares.

Even though most of the land in the ares is cultivated,
mich 1s virgin soil, especially in the rugged terrsin. Hence,
wild grasses, flowers, shrubs, =nd weeds grow profusely. Trees
grow naturally only along major stresms.

Topography and Drainege

Three major types of topography are present in the Water-
town-Estelline area. The rugged, knob and kettle type is re-
stricted to the area west of the Big Sioux River; the gently
rolling well-drained topography east of the same river =nd in
2 narrow strip to the west; the third is the relatively level
"bottom~land" adjacent to the Big Sioux River and some of its
tributaries.

The meximum relief in the area is z2bout 320 feet, measured
by sltitudes of 1640 feet vhere the Sioux River leaves the
arez and 1960 feet in the north-centrel psrt of the Estelline
guadrangle. The loczal relief ranges widely:; in the knob and
kettle topography it is normally not more then 40 to 50 feet,
but may be as high as 175 feet. In the gently rolling area
the relief normally ranges from 10 to 30 feet, but reaches
a maximum of 146 feet. The local relief of the "bottom-land"
is less than ten feet, except in areas of collapsed outwash
where it reaches 40 feet in places.

The drainage in the Watertown-LEstelline area is controlled
solely by the Big Sioux River, which flows southerly through
the aree. Its mejor tributeries are Willow, Stray Horse, and
Hidewood Creeks.

Drainage is well developed in the aree of gently rolling
drift, and forms a pattern characteristic of late youth or early
maturity. In the knob =and kettle topography the drainage is very
poorly developed; consequently, there are many small lakes but
very few streams on its surface. The surface of the "bottom-
land" outwssh 1is, for the most part, well drained, owing to two
factors. First, most of the surface water which enters the
valley is cbsorbed directly by the porous soil. ©Second, =ny
runoff that does not so2k into the sands and greavels moves
directly to the Big Sioux River ond is cazrried downstream.
There 2re, however, several locclities where the surfece of the
outwash is covered by impermesble materizl, causing marshy
areas.



Previous Investigations

Chemberlin (1881) mode reconnsissence studies of the moraine
systems of eastern South Dakotz. Loter, Todd (1894, 1899)
wrote of the glacisl geology of this part of the Stete. The
glocisl geology of northezstern South Dekoto was mapped by
Leverett =nd Serdeson (1932) =s part of their study of Minnesota
znd adjscent Stotes. The following year, Rothrock (1933) studied
the water supplies of Laoke Kompeska (Wotertown quadrengle) and
mepped the geology in the vicinity of the loke. Detziled geo-
logic mopping of the =2rea considered in this report wes under-
taken in 1951 and 1952 by Bolin, Rothrock, and Dorzn, who pre-
pared manuscript maps of the three quedrengles andtheStill Lake,
and South Shore quadrangles, to the north and northeast (S. Dz2k.
Geological Survey, Vermillion). BErickson (1954, 1955) reported
on the artesisn conditions in that part of eastern South Dakota
which includes the Watertown-Estelline arez. The most recent
work was =ccomplished by Flint (1955) who prepared a reconnais-
sence map of the glaciasl geology of the eastern part of the
State.

Present Investigation

The geologic mopping was accomplished on air. photos in the
summer of 1957, and was supplemented by plene table surveys. A
hand auger was used to determine the character of the soil and
subsal so that the mergins of the various surface deposits could
be accurately plotted.

The thickness of outwash sands and gravels was determined
by 113 holes drilled with a jeep-mounted auger. Sixty-two resis-
tivity stations were occupied, but because of the anomalous re-
sults these were not used in the determination of outwash thick-
ness.

The materials in the surficial deposits were examined in the
laboratories of the State Geological Survey to determine the size
distribution and rock composition (Tebles 7, &, 9, and 10, Ap-
pendix.)
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GEOLOGY

Surficial Deposits

Pleistocene Series

Eastern South Dakota was glaciated 2t least four times during
the Pleistocene epoch. Deposits left by these four ice sheets
are, from oldest to youngest, the Nebrasken, Kensen, Illinoian,
and Wisconsin. The Wisconsin has been subdivided into four sub-
steges, in ascending order the Iowan, Tazewell, Cary, and Mankato
(see fig. 3)

No positive features of pre-Wisconsin glaciation are preserved
in the Watertown-Estelline area. However, wells that apparently
penetrated more than one till imply that pre-Wisconsin drift under-
lies the Wisconsin.

Little is known of the method of advance of the pre-Wisconsin
ice sheets. Glacial striae and other features in eastern South
Dekota and western Minnesota (Baldwin, 1951), cause the writer to
believe that these sheets entered South Dakota from the northeast.
At least one of the pre-Wisconsin (Illinoian) ice sheets crossed
the State s far as the present course of the Missouri River, and
Warren (1952) has shown that at least part of the Missouri River
in South Dakota is Illinoian in age. The Iowan has been mapped
(Flint, 1955) as extending even farther south and west.

Because deposits of Wisconsin age zare present at the surface
of most of eastern South Dakota, much more is known a2bout the
direction of movement of the Wisconsin ice. The Iowan ice = sheet
apparently followed the course of the pre-Wisconsin sheets across
the area. The succeeding Tazewell and Cary ice sheets entered the
Stete from the north and apparently split into two lobes at the apex
of the Coteau des Prairies (figs. 1, 3). As 2 result, the western-
most lobe passed west of the Coteau down the present James River
lowlend southward nearly to the present position of the Missouri
River. The eastern lobe passed around the esst side of the Coteau
and flowed southward in the Des Moines River lowland to south-
central Iowa.

Deposits of the Mankato ice were mapped by Flint (1955) far
south in the James lobe. Similerly, Ruhe (1950) has shown that
Mankato drift occupies much of the Des Moines lobe. Recent work,
however, shows that this extreme southward extent of Mankato
deposits in both lobes is questionable (Zumberge and Wright, 1956;
Steece, Tipton, and Agnew, In Preparstion).

The Watertown-Estelline area contains part of the eastern
edge of the James lobe, the western edge of the Des Moines lobe,
and the interlobate area between. Hence, deposits of Iowan(?),

Lt
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T;zewell, and Cary age have been recognized in this area (see Table
1).

Towan(?).--Deposits formerly mapped as Iowen in this erea
are here recognized only as being older than Tazewell. Because
they might be pre-Ilowan rather than Towan, however, they are termed
"Towen(?)". The Towon(?) glacial deposits are till (boulder clzay)
that is characterized by level to gently rolling topography, upon
vhich an intricate pattern of dendritic dreinage is developed.
The smooth surface of the till is due partly to a mantling of the
former rough topography with & variable thickness of loess, pre-
sumebly of Wisconsin age, and due partly to erosion after its
deposition. The relief is very low, normally not more than 10
to 30 feet, but reaches a2 maximum of 146 feet on Hidewood Creek.
The surface of the Iowan(?) drift is overlain by clay-loam or
silty cley-loam scil that averages two feet thick, ranging from
six inches to 33 feet. No outwash deposits of Iowan(?) =sge zre
recognized in the area.

Tazewell .~-Tazewell glacial deposits ere till and outwash
gravels. The till 1s typilcal boulder clsy characterized by a
more youthful topography than the Iowan(?). The Tazewell surface,
elthough not as level as the Iowan(?), is nonetheless well-drained:
however, it does not exhibit the intricate dendritic drainage
pattern that is developed on the Iowan(?) till. The Tazewell
surface is for the most part loess-mantled. The soil development
on the Tazewell till and/or on the loess covering the till ranges
from several inches to 2% feet in thickness. The thickness of the
Tazewell till is unknown, but at least 150 feet is preserved in
the extreme northeastern corner of the Estelline guedrangle.

Tazewell outwash occuples level terrace positions along the
Big Sioux River and its tributaries Willow Creek, Stray Horse
Creek, and Hidewood Creek. These terraces are remnants of former
Tazewell valley-fill material which wos dissected by post-Tazewell
streams. The terrasces are generally small and occupy less than
2 square mile in area. A striking exception to this is the terrace
northeast of Estelline, which covers about two square miles. The
terrace gravels range from severzl feet to more than 60 feet in
exposed thickness, but average about 15-20 feet.

The gravels have large percentages of carbonate and granitic
rocks. ©Smaller percentages of shale, chalk, szndstone, 2nd limonite
concretions comprise the remainder (Teble 7, Appendix). The gravels
range from clay to boulders several feet in diameter, with the
greatest percentage restricted to the £-8 mm size (Table &, Ap-
pendix). The Tazewell outwash has 2 saendy, silty soil (sendy loam)
on its surface, which ranges from several inches to several feet
in thickness.

Cary.--Till, outwash, and glacial l=ke sediments comprise
the Cary deposits in the Watertown-Estelline erea. The till is
similer in composition and texture (Tables 9, 10, Appendix) to
the Iowan(?) and Tezewell tills, but is differentiated from them



Tablel--Generalized Pleistocene Geologic Section,
Watertown-Estelline Area

AGE

ROCK
NAME

APPROX-
IMATE
THICKNESS

DESCRIPTION

RECENT

Alluvium

L4-2 0 feet

Fine to coarse detrital
material, containing
humic matter; black color

G UATERNARY

5 I N

CON

IS
TAZEWELL

W

CARY

Glaci=l
lake sedi-
ments

10-60 feet

Fine sand and silt; light-
colored, well-bedded; con-
tains fossils

Till

10-70 feet

Grayish to brownish boulder
clay, may be unleached,
and unoxidized; up to
3 feet of soil may be
present

Outwash

8-96 feet

Coarse to extremely fine
sand and gravel; unsorted,
covered with up to 2 feet
of sandy and silty soil.
Contains water

Till

150 + feet

Greyish to brownish boulder
clay, more or less un-
leached 2nd unoxidized.
May have soil and/or loess
cover up to 3 feet

Outwec

s
2
)

5-6 feet

Terraces only. Along Big
Sioux, Stray-Horse, Willow,
end Hidewood Creeks.
Poorly-sorted fine to
coarse sand and grevel.
No water

IOWAN?Y

146+ feet

Grayish to brownish boulder
clay, may oOor mey not be
leached and oxidiszed.
Covered with up to 3
of soil and may hevs
feet + loess overlying

fee
2




by topography, by the absence of loess on the Cary till, and by
the absence of well-developed drainage on the Cary surface. The
Cary till is characterized by knob and kettle topography thet
contains many small lake-filled depressions. The local relief
developed on the till differs markedly from ground to end moraine.
In end moraine areas the terrain is more rugged, with as much
as 80 to 100 feet of local relief. The ground moraine is also
rough, but has less local relief, ranging from several feet up
to 30 feet. The Cary till is 10 to 70 feet thick in exposures.
Normally the till has 2 poorly developed soil on its surface;
this soil is commonly less than six inches thick, a2lthough in
places it reaches several feet in thickness.

Cary outwash sediments are expressed =2s three topographic
types; valley train deposits, terrace remnants, znd collapsed
material. The more common valley trains are characterized by
level to very gently undulating topography; they cccupy low posi-
tions relative to the surrounding till uplands, and are confined
to valleys in which present streams flow. The materiel in these
is chiefly poorly sorted sand end gravel with carbonate rocks
being predominate. Valley train outwashes range from 20 to 95
feet in thickness and average about 50 feet. Abundant supplies
of shallow ground water are available from the valley train out-
washes.

Remnants of older Cary valley fills are preserved e&s terraces
along the Big Sioux River. These terraces zare thin deposits of
sand and gravel whose exposed thicknesses reange from 8 to 20 feet;
they are differentiated from Tezewell terresces on the basis of
geographic position. Tipton (1958) hzs traced the corresponding
older Cery terraces in the Still Lake quadrengle (directly north
of the Watertown quadrangle) westward to their source in the e=st-
ernmost (oldest) Cary morsine of the James ice lobe. The lower
valley treain outwash deposits can be trzced westward to the second
moraine system west of the Big Sioux, both in the 5till Lazke quad-
rangle and in the area of this report. Therefore, the terraces
are BEarly Cary in age and the valley outwash deposits are Middle
or Late Cary in age. This type of relationship holds for the Cary
valley outwash in the major tributaries on the east side of the
Big Sioux Valley where Tazewell rather then Early Cary terraces
occupy upper levels. These Tazewell terraces cen be troced north-
castward to their source in the Bemis morsine (fig. 3), and nearly
211 of the Cary outwash deposits can be followed eastward beyond,
to their sources in the Altamont morazine.

The third, or collazpsed type of Cary outwash is difficult to
distinguish from Cary till, for the surface of the former is rough
and undrained, much like that of the Cary end and ground moraine.
The surface of the collapsed outwash is closely underlain by sands
and gravels in most places, whereas the till is composed chiefly
of boulder clay, except where local knobs of sand occur in end
moraine. The composition of the collapsed outwash is not entirely
thet of sands and gravels, but is a2 heterogeneous mixture that
contains some till.

o



Cary glacial lake sediments are fine well-sorted (fig. 6)
sand, silt, and clay, generally gray or brown and are commonly
fossiliferous. These deposits are confined to topographicelly
low areas in which recent alluvium has been deposited. The sedi-
ments range in thickness from several feet to 70 feet.

Recent

Alluvium.--Alluvial deposits of recent age are present along
most of the streams in the Watertown-Estelline area, and are espe-
cially well preserved along the Big Sioux River and its mezjor
tributaries. Recent deposits occupy to a lesser extent the smaller
streams and lakes. Alluvium consists generally of a heterogeneous
mixture of gravel, sand, silt, and clay, with local sub-stratifi-
cation. The alluvium contains a large proportion of humic material,
which causes its dark color. These deposits range up to 20 feet
in thickness and average about three feet.

Ne



subsurface Rocks

No bedrock is exposed in the Watertown-Estelline area. How-
ever, data obtained from well logs in the vicinity revesl the
presence Of Precambrian rocks unconformably overlain by rocks of
Cretaceous age, beneath the surficiazl deposits.

Precembrisn System

Granite compareble with the Ortonville granite of the Milbank
area, metzmorphic rock (serpentine), and Sioux Formation, are
all Precambrian in age and comprise the bzsement rocks of this
area (fig. 4; also sce Steece, 1953a).

Ortonville (Milbesnk) granite.--About 40 miles northeast of
Watertown the Ortonville granite is exposed at the surface as roches
moutonees (sheep rocks) amid the glacial deposits. The rock is
deep-red biotite granite, composed mainly of orthoclase, micro-
cline, quartz, and biotite. Microscopic characteristics of the
rock are its microperthitic =nd myrmekitic textures (Steece, 1953b)
and Thiel and Dutton, 1935). What is a2ssumed to be this same rock
was found in southeastern Day County in the 0il Ventures #1 Naessig
0il test in NEzSE% sec. 32, T. 121 NW., R. 55 W,

Metamorphic rocks.--Metamorphicrock has been found at one
locality in this arez. The well at the U.S. Bureau of Reclama-
tion sub-station ezst of Watertown (SEf sec. 3, T. 116 N., R. 52
W.) recovered bottom-hole samnles of olive-green serpentine, mag-
netite, chlorite, biotite, 2nd muscovite (Erickson, 1954, p. 49).
Other metamorphic rocks have been discovered in wells both north
and south of the area of study. It is likely that these rocks
are confined to rather small aress of local Precambrian deformation.

Sioux Formation.--The Sioux Formation, of Precembrian age
and younger than the granite that it overlies, i1s commonly called
"Sioux Quartzite" (Baldwin, 1951). The Sioux Formation is a pink
to red herd silica cemented sandstone (orthoquartzite); it is
jointed, bedded and cross-bedded, and interbedded with red seri-
citic siltstone ("pipestone"), =nd conglomerate that is locally
cemented with silica. The Sioux Formation is present zs far north
as southern Codington County (fig. 4). The rock has a maximum
thickness of approximetely 3000 feet (Baldwin, 1951).

Cretaceous System

Erickson (1955) mapped exposures of Pierre Formation 85 miles
to the west, 100 miles to the northwest, ana 100 miles to the
north of Watertown, =long both sides of the Coteau des Prairies.
These =2re the nearest exposures to the area of study. Well logs
in 2nd around the Watertown-Estelline ares have revealed the
presence of the following Cretesceous rocks: Dakota Group and the
Graneros, Greenhorn, Car’ile, Niobrarzs, z2nd Pierre Formations,
arranged in ascending order.

10
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Dakots Group.--Even though three separete formations of Early
Cretaceous age have been recognized in the past, from oldest to
youngest the Lakota, Fuson, and Dakota, Gries (1954) has shown
evidence that the Lower Cretaceous sequence is rather complex.
The Lakota, Fuson, and Fzll River are recognizable units in western
South Dakota and can be traced with continuity into the central
part of the State. However, farther east they merge imperceptibly
into a thick sequence of sands, shales, and coals in extreme eastern
South Dakota, apparently losing their identity in the Dakota
massive sands. An added complication 1s the Newcastle sandstone,
which overlies and is separated from the Fall River sandstone
by the Skull Creek shale; traced eastward from the Williston Besin,
the Newcastle is a2lso lost in the Dakota Group.

Because these individual units cennot be identified in eastern
South Deakota, the terms Lakota, Fuson, and Dakots Formations have
been discarded in that pert of the State, and the sedimentary rocks
formerly assigned to these formations are now given the name Dakota
Group (A. F. Agnew, personal communication, May 1958).

The Dakota Group consists of cemented to unconsolidated,
coarse to fine, massive to bedded and cross-bedded, buff red and
white sands; massive varicolored bentonitic shales; and many lig-
nite zones. The shales contain nodules of goethite, commonly
termed '"Fuson pellets". The average thickness of the Dakota Group
in the area of study is about 150 feet.

Graneros Formation.--In the Watertown-Estelline area the
Graneros Formation is chiefly shale, but locally is sandy. The
thickness of Graneros Formation in the area averages 155 feet.

Greenhorn Formation.--The Greenhorn Formation is light- to
derk-gray fragmental limestone and light- to dark-gray marl and
marly shale. The limestone is dense and easily recognized both
in well cuttings and in exposures. The Greenhorn produces a charac- -
teristic limestone curve on the electric log, =rd thus the for-
mation is good structural datum. The thickness of the Greenhorn
in this area averages 31 feet.

Carlile Formation.--The Carlile Formation consists chiefly
of gray fissile shale; it has thin interbedded sands and impure
limestones. The Codell sandstone persists near the top of the
formation. The Carlile averages 196 feet in thickness, ranging
from 77 to 277 feet.

Niobrara Formation.--The Niobrara Formation is mainly light-
to dark-gray chalk and marl which weathers buff to white. The
formation contains thin impure bentonite beds and a luxuriant
microfauna (Bolin, 1952). The Niobrara is easily identified in
well cuttings and, like the greenhorn, gives a characteristic
curve on the electric log. The Niobrara ranges from 30 to 250
feet in thickness and averages 93 feet in the area of study.

11



Pierre Formation.--The Pierre Formation consists of light-
to dark-gray fissile shale with many thin bentonites and con-
cretionary layers of iron-manganese. The Pierre has been divided
into six members along the Missouri River in South Dakota. How-
ever, it is difficult to correlate these members in the subsurface
east of the Missouri River, because of the similarity of the rock
chips in well cuttings. The thickness of the Pierre Formation is
varilable; in the Watertown-Estelline area the average thickness
is 243 feet.

Structure

The Watertown-Estelline area 1s in the stable interior of the
United States, where evidence of tectonic activity is small. The
surface of the Precambrian (Steece, 1953a) shows an uneven topo-
graphy with a general slope to the west-northwest.

The Cretaceous strata are relatively flat in the Watertown-
Estelline area, as 1s shown by the altitude of the Greenhorn in
three wells. In the Milbank city well the Greenhorn is 875 feet
above sea level. It is present in the U. S. Bureau of Reclamation
well east of Watertown at the same altitude. 1In the 0il Ventures
#1 Naessig o1l test the altitude of the Greenhorn is 794 feet
above sea level. The dip of the Greenhorn is thus determined
as less than a half degree, to the N. 54° W.

The contact between the Cretaceous strata and the Precambrian

basement is unconformable, and in places a series of overlaps or
stratigraphic "traps" undoubtedly exist.

12



ECONOMIC GEOLOGY

Ground Water

General Statement

The most important economic mineral resource in the Watertown-
Estelline area is ground water. The monetary return from irri-
gating crops is, in most cases, sufficient to warrant the initial
expense 1n establishing an irrigation system. Small industries,
also, could find adequate water for their operations.

The pore spaces in the surficial deposits of the Watertown-
Estelline area are filled with water below the water table. Because
the outwash is mofe permeable than the surrounding till, and thus
permits the water to move through the pores, supplies of water
in them are available for use; the discussion is thus concerned
primarily with the outwash deposits.

The water table is a surface that has irregularities much
like the land surface, and it conforms roughly with the land sur-.
face. Where the land is high the water teble is higher than else-
where, although 1t does not reach the surface; where the land
is low, however, the water may rise above the land surface as
ponds and lekes. The average depth to the water tabhle in the
outwash gravels as determined by borings is twelve feet.

The surface of the outw=ssh deposits slopes to the south.
The water table surface should =2lso slope to the south. There
is thus a slow continuous movement of water through the sends
and gravels from north to south in the Watertown-Estelline area.
The rate of movement has not been determined.

Occurrence

Ground water in the Watertown-Estelline area occupies the
interstices of all the unconsolidated Pleistocene deposits.The
guantity of water in a particular deposit depends on several
factors, among which are porosity, permeability, and extent of the
materials.

In general, coarse-grained unconsolideted material is more
permeable than fine-grained material, depending on the arrangement
of the grains (fig. 5). Porosity, however, is dependent not on
grain size but on grein shape. The most permeable deposits in
the Watertown-Estelline area are the sands eand gravels of the

13
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outwash, for the tills are too poorly-sorted, and the lake devosits
and loess are too fine-grained to have high permeabilities (fig.
6). All the deposits probably are nearly equal in porosity, with
the lake deposits and loess having slightly higher porosities than
the tills and outwashes. Therefore, the outwash contains the
major shallow ground water resources in the area. The loess curve
(fig. 6) shows that this material is very fine-grained (increase
in Phi-f-values represents decrease in diameter of particles (Table
6, Appendix) and that it is fairly well-sorted, that is, most of
the grains fall within a narrow renge of sizes (About 50 percent
of the grains in the sample shown fall between two Phi units).
However, the grains are all smell in diemeter and whereas the
porosity mey be as high as 60 or 70 percent, the permeability
is low.

The leke sand curve shows that more than 75 percent of the
grains are restricted to two Phi units. This material has not
only a higher degree of sorting, but also is somewhat coarser
than the loess. Thus its permeebility is greater. The average
frequency-distribution of outwash grzvel samples from the Water-
town-Estelline area shows that it is a fairly well-sorted material
(50 percent of the grains fall between two Phi units). Even though
this material is not so well-sorted as the lake sand, it hes a
higher degree of permeability than the latter, because it is com-
posed of coarser material.

The tills in the Watertown-Estelline area are unsorted (only
about 20 percent of the grains fall within two Phi units). The
curve shows that the tills contsin some materiel that 1s coarser
than that in the lake sand end loess, but that they have about
the same median size as the outwash gravel. The tills have, how-
ever, a greater percentege of sand, silt, and cley that fill the
openings between the larger greains and the permeebility of the
tills is lower then the other deposits.

Probably the most important factor affecting the occurrence
of ground weter in this area is the extent of the outwash deposits
(pl. 1). The outwash sands and gravels cover approximately 168
square miles of the Watertown-Estelline area, and average 52 feet
in thickness, resulting in 7,750,000,000 cu.yd. of sand and gravel.
Much of this sand and grevel cannot be considered as 2 source of
irrigation water because 1t is collapsed materiel thet conteins
some till or because it is in unconfined terresces. Omitting the
areas of collapsed outwash and unconfined terrace deposits, the
remaining area of outwash sands and gravels is 112 square miles,
which contains approximately 5,850,000,000 cu. yd. The average
depth to water is 12 feet. By using the 40-foot thickness of
saturated outwash, the resulting volume of satursted sand and
gravel is 4,475,000,000 cu. yd. Using an average porosity of
30 percent for the outwash material, the total amount of available
water in the outwash is 832,000 acre-feet or 271,000,000,000 gal-
lons.

14
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Movement of Water

Recharge.--The principel means of rechzrge in this =zrea 1is
by direct absorption of precipitotion on the surface of the cutwash.
The average annual precipitation at Wetertown from 1504 to 1957 was
20.93 iInches. Most of this reinfall filters directly into the
outwash material through the absorbant soil, a2s only a small amount
is lost by runoff. Surface runoff from the slopes bordering the
outwash, however, contributes to its recharge, because the soil
developed on the tills is not as absorbant 25 thet on the outwash.
A small amount of recherge is accomplished by percolation downwerd
from streams flowing over the outwash deposits. This is especially
true during periods of great precipitation and flood, when the
surface of the outwash 1s covercd by water.

Recharge is also accomplished by underflow, slow percolation
of water through the outwash material from up-stresm areas.

Discharge.--Discherge is the removal of water from the out-
wash and 1s dependent on several factors, including the position
of the water table, the number of wells in the reservoir, and
the relationship of the streams to the outwash.

The greatest amount of discharge i he Watertown-Estelline
area 1s by wells, as more than 2 c wells draw water from
the outwssh of this areca. nge in depthn from eight
to 80 feet, cveraging 20-2 ¢ in most of the
wells stands within 10 or

Natural discharge by underflow from the outwssh down the
gradient accounts for some water loss. This discharge depends
on the amount of water in the stream, the rate of flow in both
stream and outwash, and the relation of the stream to the outwash;
however, this amount of discharge is believed to be insignificant
in the over-all ground water picture.

Transpiration of water by plants, a2nd direct eveporztion of
water to the atmosphere z2ccount for some loss of water from the
outwash reservoir. The exact amount is unknown, but the loss by
evapo-trenspiration is small in general aspects.

Recovery—-When a pump discharges water from a well the surface
of the water table 1s lowered around the well and a hydraulic
gredient 1s established from all directions toward the well, fommng
a cone of depression. As pumping continues this cone of depres-
sion increesses in diameter until discharge and recharge have reached
equilibrium. Wells which lie in the area influenced by the cone
of depression are affected markedly; their water levels decline
to correspond with the declining water table. When pumping ceases
the weter table recovers its normel level, and the wells which
were a2ffected by the lowered water table also return to normzl.



The rete of recovery depends on the permeability end the -mount
of water contributed &s rechaorge.

Guality of Weter

Water which falls as rain and snow is relatively pure. As
soon £S5 it reeches the land 1t begins to resct chemically with
the material with which it comes in contect. The amount and kind
of mineral mattecr that it dissolves depend on seversl factors,
including the chemical and physicel composition of the materisls
the water has contacted, the atmospheric temperature end pressure,
the duration of the wster-land contact, =nd the emount of miner:sls
alrezdy in solution.

In the Wetertown-Estelline arez the mineral content of tho
weter is derived from the gravels. Limestone dissolves and nro-
duces ions of Calcium (Cas and Carbonate (CO3) in the water.
Similarly, basic igneous rocks produce iron (Fe), =2nd mrgnesium
(Mg) ions end suspended silice (85i0,) particles in the water.
fodium (Na) end Potassium (K) 2re derived from the solution of
the feldspar minerals.

Teble 2 shows the analyses of selected water semples in the
Wetecrtown-Estelline a2rea. In generel the following constitucsnts
when found in excessive concentretions are considered deleterious
to its use in irrigation.

Boron.--Concentretions cof more than 0.4 ppm of boron are
considered toxic to most plants. According to the Stete Chemist,
nowever, South Dakota waters are so very low in this constitus=nt
thet it mey be neglected (Don Mitchell, Stete Chemigt, personol
communication, April, 1958).

@)

Sodium.--Waters containing high percentages of sodium hav
adverse effects on the physical structure of soil. Among thes
effects are: 1) soils become difficult to work, 2) water penctration
to the rootzone is retsrded, and 3) leaching of szlts from the
rootzone is impeded. Generally, e small amount of sodium is voler-

able.

[©]

Calcium, Magnesijum, and Potassium.--Waters high in calcium
are preferred to those high in either magnesium or sodium., Some
magnesium 1s essential to plant growth. Potassium is ususlly not
in sufficient concentration in naturzl weters to cause harmful
effects.

Carbonate and Bicarbonate.--The presence of carbonzte in
water indicates alkalinity and 1s an undesirable constituent.
As soils become more alkaline, phosphate becomes less avallable
and symptoms of chlorosis (blenching of green parts) is mors nrao-
valent. Bicsrbonate has a2n uncertain significeance in regord to
plant development but is not considered to be as toxic ¢s corbonste
or s chloride or sulfate.

16
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Sulfate and Chioride.--A smoll amount of sulfate is essenticl
to nlant growth, but few soils cre deficient in this constitucnt.
In general, higher concentrations of sulfote con be tolercted if
higher concentrotions of calcium @re present.

Chloride is not essential to plent development. In fact,
increase in chloride in the soil solution oand incresse in sulfete
above that required results in retordetion of plant growth.

During irrigeotion the waters concentroted in the soil aroun
the plant roots moy be threc to eight times 2s concentrot:d
the irrigation water, 2s 2 result of tP°n°“lf“ElOn by plents 2n
evaporstion to the atmosphere. The concentrotion of ions in the
rootzone thus exceeds by many times that in the irrigsotion wgtgr,
cs a2 result of insrdequate leaching of the rootzone by 1) insuf-
ficient volume of woter, 2) improper methods of cpplicrtion, 3)
impermcable soils, and 4) the presence of hard-pan layers 2t the
brse of the soils.

mn

o

Therefore, in evaluating the probable effects of witer unon
crops, consideration must be given to the fact that plonts sre

L
not subjected to the ionic concentrotions os they exist in the

water supply, but rather to the concentrations 2s they exist in
the soil solution of the rootzone. It is evident, then, thetf in
any clossification of water supply, genersl terms must be used

and the optimum limits of concentration rznges must be nrbitrory.
Table 3 1s such a classification.

The United States Public Herlth Service (1948) has est:
standards of wster used for humen consumption. Table 4 is
ul-tion of these data.

In addition to the limits set forth in Teble 4, the following
‘equirements should be met for chemicelly treated drinking wrtcer,
i.e., woter which is lime softened or softened with zeolites or
other ion-exchonge trestment: 1) phenolphthalein alkelinity (os
c:lcium corbonote) should not exceed 15 ppm plus 0.4 times the
total lk'linity; 2) the normal crrbonete 2lknlinity should not
exce cd 120 pom_ and 3) if alkalinity is produced by chemicsl troot-

ment the totsl alkalinity should not exceed the herdness by more
than 35 ppm (Cslculated 25 caolcium cerbonste).

Suggestions for Development of Irrigetion

Owing to high:r circulation rates of witer from the ressrvoir
to the soil ond back to the reservoir by percolstion in the num~ing
geeson, o grester dinger of salt zccumulation is imminent ~t this
time. Periodic snelyses of the water should be mrde and corractive
messures should be token to prevent excessive accumuls tion of

so1ts.

Becruse of the sendy ~nd silty nature of the soil develoned
on the outwash ssnd 2and gravel, water cin p2ss through it foirly
easily. This, plus the fecet that the lond on the outwssh is gon-
crolly level, would suggest the use of sprinkler rather then ditch

T
type 1rr1gitlon in the Wotertown-Estelline crea.

18
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L.--United Stites Public Herslth Service Standesrds

for Drinking Weter

Constituent

Copper (Cu)

Iron and Mangsnese
(Fe) rnd (Mn) together

Magnesium (Mg)
Zine (Zn)

Chloride (C1)
Sulfete (so4>

Lead (Pb)

Fluoride (F)
Nitrate (NO3)
Arsenic (As)
Selenium (Se¢)
Hexavolent Chromium (Cr)
Phenolic Compounds

Totel Solids

Standard Limits (pom)

3

0

.0

3

125

O

0

500%

.05
.05
.05
.001

*Total solids mey exceed 500 ppm to

2 meximum of

1000 ppm if the water having this concentration
is the only woter avoilable.



Eoch irrigstion well should be deep enough so thot it complete-

1y penetrates the sands z2nd grave 1s of the outwash. Becruse the
gravel thicknesses range up to 96 feet, the depth OL the wells

will ronge accordingly. The wells should be locate d gencrelly
in the body of the outwash and not nesr the till bordcrjq Normesily,
wells should not be located in arees of collopsed outwesh or in
unconfined terrace deposits, as these cannot be considered predict-
able =28 water sources.

‘J

cap Weter

Several subsurfece formaetions in most parts of the Ste
supply n~dequete guentities of water for most domestic uses. Inbsv
formations 1nclude the Dekota Group, the Codell sand member of the
Carlile Formation, the Niobrzrs ('"Chslkrock") Formstion, and the
Sioux Formstion. The waters from these formations V?ry widely
in chemicol gquelity and are unsuited for irrigation. Many wells
in the arca draw water from sand and grevel lenses in twll but
this water is usually very hard send the quantity is not glcat.

Although 1little information is avazilable on the subject,
the possibility of draving water from buried strezm channels has
been suggested. Flint (1955) hes mapped the course of several
of these in €=2stern South Dakote.

Sand and Gravel

Send 2and grevel 1s obtained from many pits throughout the

c f this washed 2nd groded meterial is used
concrete aggregate, and nesrly every secondary road in the
area is surfaced with gravel. 1In gcneral, the greavels 2re of
fairly good quulity for =ggregofte ond rosd metsl, except locally
vherce abundont chalk and shole ar ' in t e mrterinl, Table
7 shows the compos 1tlon of select =l ssmple

etn
h
1

G gret s from the wWater-
town-Estelline arez. An estimoted res erve of 7,750,000,000 cubic
yards of gravel 1is Dreaent in the Watertowm- Eatalllne area. The

aversge thickness of the deposits is A48 fect.

011 and Gzs Possgsibilities

Petroleum has not been found in commercizl dquantities in
eastern South Dakots. Several shows hove been reported in borings
south of Sioux Falls, but none in the northesstern part of the
Stote. The possibility exists thot the stretigraphic "traps!
formed by Cretsceous rocks lapping the Precambrien besement in
this =2rer could yield commercisl oil the conditions of migration
and ~2ccumulstion had been fulfilled in o geologic ages.

Clay

The tills in the Wetertown-Estelline sres ore composed of
from 40 To 60 percent of cley size perticles. Clays of similer
charzzter hﬁve been used successfully in the menufrcture of bricks
in vorious psrts of the State and could be used in the Watertown-
Estclline arca. Other sources of cle vy 2re loess =nd lake deposits,
z1though these =zre not so widespread s the tills




SUMMARY

The Watertown-Estelline area, in northeastern South Dakotz,
covers an erea of about 650 square miles in the northern part
of the Coteau des Freiries.

Pleistocene deposits of the Wisconsin glecial stage mantle
the surface of the area and are clessed 2s till, outwesh, lake
beds, and loess.

The till is chiefly clay; it is sendy and conteins rock freg-
ments up to boulder size. Loess zand lake bed deposits are like-
wise fine-grsined. The outwash consists of coarse and fine sand
and gravel, a2nd contains large quantities of water. The totzal
value of outwash sand and gravel in the area is 7,750,000,000 cu.
yd., containing 832,000 acre-feet or 271,000,000,000 gallons of
water.

The quality of the water in this area is generally good to
excellent for irrigation, but periodic anelyses should be carried
out during the pumping secason.

R2
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Table 5.--Temperature and Precipitation at Watertown
South Dakota from 1904-1957
(U, S. Weather Bureau)

Temperature (°C) Precipitation (inches)

Year Mean High Low Annual High Low

Annual Total
1904 39,8 95 =36 19.44 5,08 0.01
1905 41,3 93 =38
1906 41,6 93 =19 22,62 4,30 0,26
1907 39,6 91 =20 16,72 2,80 0,00
1908 43,8 96 =20 23,80 6,12 0,25
1909 42,1 95 =29 22,94 4,56 0,10
1910 44,3 98 =21 3,17 T
1911 42,21 100 =28 17.96 4,24 0,14
1912 40,4 96 =38 23,30 5,16 T
1913 42,4 98 =23 20,58 4,30 0,10
1914 42.1 93 =3 23,91 8,99 T
1915 41,8 90 =29 23,66 5,49 0,10
1916 38.9 97 =40 25,93 7.40 0,02
1917 38,1 108 =35 16,98 3.03 T
1918 42,3 94 =29 22,29 4,73 035
1919 43,3 99 =30 21,69 6,50 0,02
1920 43,2 95 =20 17,66 3,72 0.15
1921 46,3 97 =20 26,07 7,22 T
1922 43,9 99 =26 20,47 3.49 0,35
1923 44,3 94 =20 15,88 5,29 0,15
1924 41,3 20 =32 26,31 5.06 0,13
1925 3.1 97 =23 18,52 7,27 0,08
1926 42,0 101 =20 16,62 3.58 0,06
1927 41.4 94 -27 22.08 5. 11 0,16
1928 43,4 100 =32 16,41 4,41 0,18
1929 | Incomplete
193 44,7 105 =32 15,57 g 3,42 0,02
1931 48,7 107 =15 19,27 8,16 0,03
1932 43,5 101 =24 21.56 i 5,31 0,02
1933 46,0 108 =28 12,32 2.65 T
1034 46,6 110 =20 20,93 5.65 0,04
1935 43,8 101 =29 20,34 4,61 0. 17
1936 42,0 106 =36 14,56 3,06 0,3
1937 41,7 102 =23 21.44 4,62 0,36
1938 5.2 101 =22 20,64 4,05 0,12
1939 45,8 102 =26 20,93 6,11 0,02
1940 42,4 109 =28 21,52 5,40 0,12
1941 44,0 103 =23 18,88 8.88 0,09
1942 42.4 94 =29 25,84 5,80 0,02
1943 41,3 98 =33 27,32 5,65 T
1944 43,3 97 =20 18,71 3,21 0,11
1945 41.3 99 =20 21,66 5,22 0,32
1946 42,9 96 =20 26,32 5,00 0,07
1947 41,9 104 =20 20,03 4,18 0,03
1948 42,1 98 =31 24,54 5.63 0.06
1949 43,0 99 =26 17,82 4,55 0,01
1950 38,8 93 =27 18,21 6,14 0,03
1951 38.7 91 =31 22,06 5,00 0,08
1952 42,6 96 =28 14,55 5,10 T
1953 43,7 96 =20 29.12 8,15 0,12
1954 43,3 98 =30 18,04 3.74 _ 0,02
1955 42.4 39 =28 22,97 4,74 0,16
1956 41,7 98 =25 27,63 6,25 0,13
1957 42.5 99 =25 23,00 5,68 0.21

Te~=Trace of precipitation.



Tzble 6.--Conversion Units for Phi (@) Scale

- Wentworth's Limits Phi (¢) Units ALS.T.
(mm) Screen Siz
32-64 -5 1%
16-32 ~4 5/8
% 8-18 -3 5/16
| -8 2 # 5
| 22, 1 £10
| 1-2 0 #18
| 11 +1 #35
-3 +2 #60
1/8-1/4 +3 #120
1/16-1/8 +4 #230
| 1/32-1/16 +5
1/64-1/32 6
1/128-1/64 +7
1/256-1/128 +8
1/512-1/258 +9
1/1024-1/512 +10
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Table 10.--Textural Analyses
(weight -

of

Till Samples in W

percent)

‘Total
Location No, Diameters in Phi (@) Units ‘ weight
-5 | -4 -3 -2 -1 10 + +2 | +3 | +4 {+4 [percent

S+ corner sec.
3, T, 115 N.,| T-1
R, 52 %, Towan | 16,6111.1 19,3110,3112,3/15.5]16.1}| 6.9 1.9/100.0
Hamlin County 5 i : |
NW, NV sec, 16,
T. 114 N., R, T-2
53 W, Cary 6.5] 6.2 2.8, 8.2,13.0;20.6124.2|11.5 ¢ 4.21100.2
Hamlin County |
N NY sec. 36,
T. 113 N., T-3
R, 52 ¥, Cary 1.41 4.5 2507 8,4113,2i{21,2:27,1:13.3 @ D.&7 99.8
Hamlin County | |
SE,S" sec. 20,
T. 114 N, R. | T-4
52V, Cary 11.2 2,210 4.7 16,8 8,6112.4,18.4,22,1110.01 3.5| 99.9
Hamlin County * ‘ '
SE,SE sec. 4,
T. 115 N., R. | T-5
52 . Towan 11.5] 5.0] 4.6 4.2 6.4] 9,9/16.8125.,7112.4| 3.5/100.0
Codington Co, P -
NW NV sec. 26,
T. 116 N., T-6
R. B2 ¥, Towan 17.6) 8.3| 3.8 13.9] 5.4} 9.0]14.3(22,211.11 4.2] 99.8
Codinaton Co. '
S+ corner sec.
31, T. 118 N.,| T-7
R. 53 ¥, Towan 7.2 4.3 8.0 | 7.4} 8.5112.8|21.7122.0{ 6.4 1.2}100.2
Codington Co. 3 ' ' '
SW,S% sec., 6,
T. 114 N., T-8
R. 50 W, Towan 0.7 | 2.2| 4.4]10.5(22.4(37.817.7 | 4.4[100.1
Deuel County | )
SW,SE, sec.6, !
T. 114 N,, T-9 %
R, 50 W., l Lowan | 5.8 5,0 7.1 5.81 7.7]11.3(18.823.6|12.0} 3.2] 99.8
Deuel County
NV SH sec, 6,
T. 115 N., T-10
R, 49 W,, Tovan | 2.9, 4.8 16.0) 7.7/12.1121,5(26.6(14,2| 4,1| 99.9
Deuel County |
NE, sec. 6,
T, 114 N, T-11
R, 50 ., Towan 5.5 9.4 5.0 8,5]14.6122.,2123.6 9.5 4.9, 29,7
Deuel County

[
s




Teble 11.--Drill Hole Information, Wat

o
=
o
o)
=
S
|
1953
“
@
}_J
l_l
t_l
=
@]
5

Test Surfrce Thickness Depth Ovar-
ﬂgle Description flevation sznd&grovell to wotaer| burdon
No. 3 (fect) (fcct)
Till, sandy L1725 —-— —— ——
= |Gr-ovel, sandy, clovey 1715 70 16 7l
3 1Corrse, silty s2nd 1718 25 10 g
4 | Medium-cosnrse greovel
snd sand 1720 20+ - = 8
5 |Cloyey send cnd grovel 1730 16 + - s
6 |Fine-coorse cloyey s:=nd 1690 58 5 4
7 |Co rse scnd-fine greovel 1715 552 -
8 [Corrse s~nd-fine grevell 1713 58 12 D
9 |[Medium grovel, sondy 1721 13+ —— 2L
10 (Collapnsed outwesh 1706 17+ -- 350
11 |[Mecdium-cozrse gravel
snd sond and clay 1710 54 A 2
12 {Ti1l, sindy 1751 65 12 -
i3 |Medium-coarse sand
~nd _silt 1717 63 & L
14 |Medium-coarse sondy
gravel 1749 61l g
15 1T4iil, s-ndy 1763 37 ——
16 1T411 1782 37 -~ ]
17 | Medium sznd ond
coorss grrvel 1732 63 5
12 | Silty, sondy gravel 1859 615" 23 N
19 [ Fine-medium grevel ; 1795 6L 12
20 |Fine s"nd, silt, clay | 1796 30 25
- 21 'Corrse, sondy gravel 1747 84 12
22 (Co~rse, silty s-nd =and
grovel L1743 6L% 25 5
23 ICoarse send-medium '
graval 1720 LLE 13 5
24 811ty sond end grevel | 1719 Lhs 12 g
75 [Grovel ond till 1743 257+ - /
26 IFine to medium grovel 1787 B LS 11 5
27 |Fine silty graovel - 172 54% 6 5
28 | Fine grevel snd medium |
sond 1726 L& g v
29 | Fine to cousrse silty :
sond | 17C6 827 & 50
30 |Corrse grevel =nd '
medium sand 1750 50 5
51 [Tils 1305 0 - )
a7 | Till 1761 30 —— L.
33 1Grovel, silty 176 10 - -
34 | Till 17672 30 —— ——
35 1 Ti11 1803 2G -— i




CTest Surface Thickness Depth I Over-
' Hole Cescription Elevetion |sand&gravel to water, burden
. No. (feet) (feet) (inches)
36 IFine silts =2nd s=nd 1757 73 35 2L
37 Cozrsec sand ond gravel 1702 45% ) 7
38 |Fine to coarse gravel 1710 60 9 7
39 Medium sand to coarse
| gravel ] 3 16 24 56 S 48
L0 Coarse scnd-medium gravel 1708 63 35 Z 1
41 Coarse sand-medium gravel 1899 56 13 13
42 |Cosrse sond-medium gravel 1714 54 12 &
A3 Cozrse send 2nd grovel 17173 ey 13 56
44 [Fine to coarse silty
. sand 1758 70 40 9
45 1S5ond ond medium gravel 1744 a5 30 g
46 ibilty gravel 1745 15 — 36
47 1Coarse silty sand and
gravel 1721 92% 12 )
4% Medium sand-coarse grevel 1748 12 —— 26
49 |S5ilty, coarse s=nd 1752 19= 2 g
50 |Fine sand-mc¢dium gravel L747 62 3 36
51 |Sandy gravel 1750 65 —— S
_DSe. Medium sznd To gravel 1752 12 = 12
53 Fine to cosrse sand 1621 89= © 6
54 | Fine ssnd to fine gravel 1680 38+ 11 L
55 |Fine clayey 2nd silty
gravel 18694 61},%’ 12 4
56 |[Cocrse sand and very
| cosrse gravel 877 70 24 ——
57 |Sandy cosrse gravel 168674 75 © 4
58 15ilty cosrse s=nd 1682 65 27 120
59 | Fine sonds snd coaorse
gravel LGB 58 12 2 h
60 |Fine to cosrse gravel 1670 50 < -—
61 |Silty, sendy, grevel 1671 225 15 30
2 | 8ilty sznd 1655 72 10 56
63 |Corrse sond-medium gravel 1691 695 20 6
64 |Sendy, silty, medium
gravel 1697 60 20 60
65 |5ilty, sendy, fine gravel 1683 70 12 10
66 |Medium sznds cnd cosrse
gravel 7 1688 66 40 43
67 | Fine-cosrse sandy gravel 1885 392 42 g
68 |Silty coarse sand 1655 2 3 24
69 | Sondy fine gravel 1657 10 - - A
70 | Leke silts and clays
with shells 16 86 65 10 60
71 1Ti11 1711 35 - —
72 (Till 1706 35 - —=
73 | 5ilty, fine gravel 1674 3 206 A
74 1 Till 1696 35 - -
5 Till 1697 35 -= ==




Locriity H-2.--NWiNWi scc. 16, T. 114 N., R. 53 V., Text)
Homlin County
foil, brownish-black, leached.............. C s e N O )
Till, derk olive-brown, frisble, calcareous,
stroks of iron-oxide, profuse limonite
concretions, coliche Jjoint fillings....... S e ee...16.5
Locolity H-3.--NWZNWs sec. 36, T. 113 N., R. 52 W.,
Hemlin County
Soil, brownish-block, slightly colcareous......oe... ene. 1
Till, derk yellowish-brovn, rfrisble, calcareous,
abundont coliche, few limonite concretions,
SEOTSE PEDDLES .t vt s s e e s e Ce e e e ceee..12.5
Locelity E-1. , T. 114 N R. 50 W.,
s0il, brownish-bleck, slightly calcareous............ o 1
Loess, medium-yellow, clayey, calcsreous
discontinuous............ e e C e e iasaeaa 1.5
ipper 15 feet exposcd, dark orange-brown,
le, crlerreous, stresked with grey near
¢, =bundant limonite concretions, sparse
€5, werthered rock fragments...... e s e e e 22
Loc:lity E-2.--SW2SEZ sec. 6, T. 114 N., R. 50 W.,
Deuel County
Gravel, clesn, unsorted, fine to medium............ veee. 02
Till, d#rk orenge-brown to dark olive-brown,
czlc reous, sandy necr top, becoming clayey
2t bose, iron staining on close-set poorly
developsd joints, =2bundznt limonite concretions......... 10-15
T. 115 N., R. 49 W.,
Loess, yellowish-brown, calcoreoUsS.. ..o onrennan 0-2
Till, lower 41.5 fecet exposed, medium- to dark-
grry % sc grading to dark olive-brown ~bove,
slightly ceolcoreous, compact ¢t bose groding to
frirc top, iron strining on wide-scet
il joints...... G e e e ettt e o121






