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GEOLOGY AND GROUND-WATER RESOURCES
OF GLACIAL DEPOSITS IN THE FLANDREAU AREA,
BROOKINGS, MOODY, AND LAKE COUNTIES,
SOUTH DAKOTA

by

K. Y. Lee and J. E. Powell

ABSTRACT

The surficial deposits in the Flandreau area consist chiefly of
glacial drift deposited during the Cary, Tazewell (?) and Iowan (?) sub-
stages of the Wisconsin stage of glaciation. 1In addition, small deposits
of recent sediments occur in stream valleys and lake basins. The Iowan
(?) and Tazewell (?) Drifts have somewhat similar topographic expression,
but the Tazewell (?) Drift generally occurs at higher altitudes and lo-
cally is less oxidized than the Iowan (?) Drift. The Cary Drift is charac-
terized by a well-developed end moraine. It has a distinctive lithologic
composition and has undergone less leaching than the Iowan (?) and Taze-
well (?) Drifts.

Qutwash deposits of sand and gravel generally have high-porosity
ratios and are permeable. The total storage capacity of the outwash
deposits (assuming total saturation) is approximately 260,000 acre-feet
of water. The amount of ground water in transient storage in the out-
wash deposits during the summer of 1958 was about 140,000 acre-feet,
nearly 60 percent of which was stored in the outwash deposits in the
Big Sioux River valley.

When irrigation wells are constructed in the outwash deposits,
care should be taken to locate the wells where the saturated thickness
is sufficient to assure sustained yields during periods of subnormal
precipitation. Some water produced from the outwash deposits is unfit
for human consumption because of the high concentrations of nitrate,
sulfate, and iron, but it is generally suitable for irrigation.

Small supplies of water may be obtained from sand lenses in the
glacial till. However, the chemical character of the water should be
carefully considered before it is used for human consumption or for ir-
rigation.

Reserves of sand and gravel in the outwash deposits in the Flan-
dreau area approximate 1,700,000,000 cubic yards. About 60 percent of
this total, or 1,000,000,000 cubic yards, is in the Big Sioux River val-
ley.



INTRODUCTION

Purpose and Scope of the Investigation

This report is based on a study of the geology, ground water re-
sour ces, and sand and gravel resources of the Flandreau area made during
the summers of 1958 and 1959. The investigation is one of a series being
made by the South Dakota State Geological Survey in cooperation with the
U. S. Geological Survey. The purpose of this investigation is to study
the surface and subsurface geology and to determine the quantity and
quality of ground water available for irrigation, municipal, domestic,
and industrial use.

Special emphasis has been placed on the occurrence of ground water
in the outwash deposits because they are the most important aguifers
in the Flandreau area. This report also includes a description of the
physical characteristics of the sand and gravel deposits that compose
the outwash.

Location and General Features of the Area

The Flandreau area, named for the city of Flandreau, includes about
508 square miles near the eastern border of the State (fig. 1). It is
served from the north and south by U. S. Highway 77 and State Route 13,
and from the east and west by State Route 34. In addition, the area is
served by the main lines of four railroads.

The area has a continental climate--warm summers and cold winters.
The average annual precipitation recorded from 1935 to 1959 at the U. S.
Weather Bureau station in Flandreau was about 23 inches. The mean an-
nual temperature for the same period was about 45°F (fig. 2).

Flandreau, population 2,193 (1950 census), in the southeastern part
of the report area, is the largest city. Residents depend primarily
upon agriculture as a source of livelihood. The main c¢rops are corn
and wheat, and the principal livestock, cattle and hogs.

Physiographic¢ Features

The Flandreau area is in the southeastern part of the Coteau des
Prairies (Prairie Hills) section of the Central Lowlands physiographic
province (Rothrock, 1943, p. 12) (fig. 1). Regional topographic fea-
tures consist of gently sloping glacial outwash and undulating glacial
moraine. The surface of the moraine is irregular and is dotted by both
small and broad depressions. The topography of the eastern half of the
area is much dissected by the valleys of the Big Sioux River and its
tributaries. Maximum relief in the area is about 230 feet, altitudes
ranging from 1,744 feet in the extreme western part to 1,513 feet in the
southeastern part.

A distinct outwash plain near the city of Elkton, in the north-
eastern part of the area, has local topographic relief of about 5 feet
and a general southwesterly slope of about 7 feet per mile.

Valley-train outwash occurs in the valleys of the Big Sioux River
and its tributaries. The surface of the outwash has an altitude of about
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1,580 feet at the northern border of the area, and an altitude of 1,513
feet at 1ts southern border. The average slope of the deposits is about
5 feet per mile southward.

Outwash terraces occur locally along the flanks of the Big Sioux
River valley and of the tributary valleys of Spring, Flandreau, and Battle
Creeks. The terrace deposits are along the edges of the valleys, 20 to
30 feet higher than the existing streambeds. The surfaces of the ter-
races are flat except where they have been modified by slope wash and ice-
block depressions.

Methods and Procedures

The outwash deposits were mapped by planetable, at a scale of
1:31,680; the geology of the area was plotted on aerial photographs.

The thickness of the outwash deposits and the configuration of
the surface of the underlying till were determined principally by means
of 61 test holes (see table 1 and plate 1) drilled with a jeep-mounted
auger owned by the State Geological Survey. Additional information was
obtained from logs of existing wells. Resistivity measurements were
used to augment test-hole information in drawing the sections shown on
Plate 2.

In this report, references to substages of the Wisconsin stage
that are earlier than the Cary substage are qualified by question marks,
because only the Cary deposits have been studied regionally by the South
Dakota State Geological Survey, and because the earlier deposits have
not been dated by the carbon-14 method.

The differentiation of the glacial drift was determined by topo-
graphic expression, pebble composition, stratigraphic sequence, and de-
gree of weathering. Additional information was obtained from an examina-
tion of road cuts and stream banks. A hand auger, 5 inches in diameter,
was used to determine the depth of leaching on the upland where the sur-
face 1s least altered by slope wash.

Records of 1,011 wells and test holes are included in Table 2 and
their locations are shown on Plate 1. All measured water levels were
determined by the wetted~tape method. Reported depths to water are listed
if the wells could not be measured.

Water sanples from 18 wells in the area were collected for chemical
analysis. The analyses were made by the State Chemical Laboratory at
Vermillion, and the South Dakota Department of Health at Pierre.

Estimates of reserves of sand and gravel in the Flandreau area
were determined as follows: test holes, resistivity surveys, and logs
and measurements of existing wells were used to calculate the volumes
of the deposits for each section and partial section of land in the four
principal outwash areas. The volumes of outwash materials in the indi-
vidual sections were then added to obtain the total volume of sand and
gravel for each area.

Estimates of the storage capacity of the outwash deposits and of
the amount of water in transient storage were based upon water levels
measured during the summer of 1958. Cumulative curves were used to esti-
mate the average porosities of the outwash materials. The porosities,
aquifer volumes, and saturated thicknesses were used to estimate storage
capacities and amounts of water in transient storage.

The physical properties of the glacial drift were determined by
field studies, and by laboratory studies made at facilities of the U. S.
Bureau of Reclamaticn in Huron.



Well-Numbering System

The well-numbering system used in this report is illustrated on
Figure 3, and is based upon the land subdivisions made by the U. S. Bu-
reau of Land Management. The first numeral of a well designation indi-
cates the township north of the base line; the second, the range west of
the principal meridiany and the third, the section of the township in which
the well is situated. The letters a, b, ¢, and d identify the quarter
sections in a counterclockwise order and indicate the location of the
well within the section: the first letter denotes the 160-acre tract;
the second, the 40-acre tract; the third, the 10-acre tract, and the
fourth, the 2%-acre tract. Consecutive numerals are added if there is
more than one well within a given tract. Thus, well 108-49-10cda is
in the NEfSE}SWg of section 10, T. 108 N., R. 49 W., and well 108-49-
10cda2 would be the second well in this 10-acre tract.

Previous Investigations

Todd (1899) included a description of the topography of the Flan-
dreau area as part of his study of the moraines of southeastern South
Dakota. Leverett (1932) described general glacial features in the area,
and Flint (1955) included the Flandreau area in his study of the Pleis-
tocene geology of eastern South Dakota.

Acknowledgments

This project was under the supervision of A. F. Agnew, State Geolo~-
gist and Director of the South Dakota State Geological Survey, and P. E.
LaMoreaux, Chief of the Ground Water Branch, Water Resources Division,
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Spencer Brooks, and resistivity measurements were made by Daniel Lum
and Robert Benson, all of the South Dakota State Geological Survey. The
cooperation of residents of the Flandreau area was a great aid during
the field investigation. The U., S. Bureau of Reclamation in Huron, help-
fully provided laboratory facilities for mechanical analysis of outwash
sediments.

GENERAL GEOLOGY

Late Quaternary Geologic History

During the Wisconsin stage of the Pleistocene glacial epoch, ice
moved into the Flandreau area in three substages. The three substages,
which appear to be represented in the report area by surficial deposits
of glacial drift, are the Iowan (?), Tazewell (?) and Cary (see pl. 2).

The Iowan (?) Drift is the oldest glacial deposit mapped. Stria-
tions on the surface of the Precambrian Sioux Quartzite and granite bed-~
rock east of the area indicate that the general direction of the Iowan (?)
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ice movement locally was from the northeast to the southwest. During
the retreat of Iowan (?) ice, 1 to 6 feet of loess was deposited on the
surface of the drift. The fact that only the upper 1 to 2 feet of the
drift is leached indicates that post-Iowan (?) deglaciation was short-
lived. The Tazewell (?) Drift also moved into the area from the north-
east and was deposited by the western part of the Des Moines lobe, which
covered the lowland in Minnesota, South Dakota, and Iowa drained by the
Des Moines River (Flint, 1959, p. 95, 133).

During the Cary substage, ice moved into the area mainly from the
northwest and the drift was deposited from the eastern part of the James
lobe, which covered the James River lowland in eastern South Dakota (Flint,
1955, p. 95, 133). The Cary outwash in the Big Sioux River valley was
deposited primarily by meltwater derived from the ice of the James lobe
in the western part of the area (Flint, 1955, p. 164). The Elkton-plain
outwash, however, originated from the Des Moines ice lobe, to the east.

According to Flint (1955, p. 152), the Big Sioux River is located
along the line of outwash between the James and Des Moines lobes and
originated not later than the beginning of the Wisconsin stage of gla-
ciation. Spring and Flandreau Creeks originate in the Cary end moraine
of the Des Moines lobe in Minnesota, and Battle Creek rises in the Cary
end moraine of the James lobe west of the Flandreau area. Mud Creek,
however, heads in Iowan (?) Drift in the northeastern part of the re-
port area. Therefore, it is possible that Mud Creek existed late in
Iowan (?) time, whereas Spring, Flandreau, and Battle Creeks originated
during Cary time.

Stratigraphic Relations

Stratigraphic information was obtained from a study of samples
from 61 shallow test holes drilled in the area, from logs of deep wells
drilled in and near the area, and from published material. The strati-
graphic nomenclature used in this report conforms generally to that used
by Flint in U. S. Geological Survey Professional Paper 262 published in
1955.

The stratigraphic section for the Flandreau area i1s summarized
in the following tables

Cenozoic
Quaternary system
Recent series:
Alluvium
Lake deposits
Pleistocene series:
Wisconsin stage
Cary substage
Tazewell (?) substage
Iowan (?) substage
Mesozoic
Cretaceous system
Upper Cretaceous series:
Pierre Shale
Niobrara Formation

(continued on next page)



Stratigraphic section for the Flandreau area--continued

Upper Cretaceous series--continued
Carlile Shale
Greenhorn Limestone
Dakota Sandstone
Precambrian
Sioux Quartzite

A generalized section of the surficial geology is shown in Table 3
and the distribution of the units is shown on Plate 2.

Recent Deposits

The so0il zone is composed principally of dark-brown sandy loam that
is calcareous locally. The topsoil is silty, especially in the till
areas, and ranges in texture from light to heavy. The subsoil is gray
to brownish black, contains scattered caliche, and is less pemmeable
than the topsoil. In the outwash areas the topsoil and subsoil are silty
and sandy. Generally, the soil zone is more permeable in the outwash
area than in the till area.

Recent deposits of alluvium and slope wash in the valleys of the
Big Sioux River and its tributaries are composed primarily of clay, silt,
and sand, but include varying amounts of fine gravel at some locations.
The deposits range from 3 to 25 feet in thickness. Recent lake deposits
in closed basins at scattered locations throughout the area consist pri-
marily of clay and silt, and exhibit the fine laminations characteristic
of quiet-water deposition. In places the lake deposits are mingled with
thin deposits of alluvium.

Deposits of the Wisconsin Stage of the Pleistocene Glacial Epoch

The surficial deposits consist primarily of glacial drift that was
deposited during the last, or Wisconsin stage, of the Pleistocene glacial
epoch. On the basis of Flint's chronological classification for eastern
South Dakota (1955, p. 77-80), the Cary, Tazewell (?), and Iowan (?)
substages of the Wisconsin stage may be represented in the deposits of
the Flandreau area. The Wisconsin Drift consists mainly of unstratified
glacial till and stratified glacial outwash.

Deposits of glacial till cover about 80 percent of the area. Till
is composed of heterogeneous materials that range in size from clay par-
ticles to boulders; clay is the predominant constituent. . The till was de-
posited directly from the melting glacial ice or was pushed out along the
margins of the advancing glacier. In either method of deposition, glacial
till is subjected to little or no sorting or stratification during or
after deposition. The voids between the larger particles, therefore, are
usually filled with fine materials.

Two types of glacial moraines, ground moraine and end moraine,
are found in the area. Both types are composed primarily of glacial
till but they differ in origin and topographic form. Ground moraines
were deposited from the main body of the ice and in this area are char-
acterized by gentle slopes and moderately rolling surfaces. End mor-
aines were deposited at the margins of the glacier and in this area are
characterized by steep slopes, hummocks, and closed depressions.
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Table 3.--Generalized section of surficial geology

System

Series

Stage

Substage

Lithology and water-yielding
characteristics

Thickness
(feet)

Quaternary

Recent

Alluvium: clay, silt, and
sand with some gravel;
yields little or no
water to wells.

Lake deposits: clay and silt;
chiefly confined to till
area; yield little or no
water to wells.

3 to 25

4 to 20

Pleistocene

Wisconsin

Cary

Outwash deposits forming
plains, terraces, and val-
ley trains; sand and grav-
el with silt and clay at
top; yield moderate to
large supplies of water.

4 to 85

Till: boulder clay with
rock fragments in a sand-
rich matrix. Gray to
brownish and greenish
gray when moists; light
gray to buff when dry;
overlain by patches of
loessy contains strati-
field sand lenses which
lecally yield small sup-
plies of water to wells.

20 to 45

Tazewell (?)

Outwash deposits in terraces;
sand and gravel with clay
and silt on top; locally
yield small supplies of
water.

5 to 20

Tills: boulder clay, gray to
buff and brownish-gray;
less oxidized than Iowan
(?); contains stratified
sand lenses which locally
yield small supplies of
water to wells.

15 to 50

Iowan (?)

Till: pebble clay, gray to
brownish-gray; somewhat
bluish-gray, compact,
mostly oxidized; overlain
by 1 to 6 feet of loess;
contains stratified sand
lenses which locally yield
small supplies of water to
wells.

20 to 60




Three types of glacial-outwash deposits occur in the Flandreau
area: plain, valley-train, and terrace. An outwash plain is formed
from sediments that are transported by meltwater from the margins of a
glacier and deposited near the moraine. Valley-train outwash is deposited
in preexisting stream channels and generally is a narrow elongate de-
posit that extends for many miles from the point of origin of the outwash
materials. An outwash terrace may have been deposited originally as a
plain or a valley train; however, subsequent deepening of a valley or
basin by erosion caused the terrace to be higher topographically than
the present surface of the drainage system. All outwash terraces in the
Flandreau area are in stream valleys and were probably deposited originally
as valley trains.

Deposits of the Cary substage.--The Cary Drift consists of till,
which contains stratified sand lenses at scattered locations, and out-
wash deposits of sand and gravel. This drift comprises the surface de-
posits in more than half the Flandreau area, and is well exposed in the
western, southwestern, and northwestern parts. It is also extensive in
the Big Sioux River valley, in the valleys of Flandreau and Spring Creeks,
and near the city of Elkton in the extreme northeastern part of the area.
Generally, except in the immediate vicinity of the Big Sioux River and
its larger tributaries, the surficial deposits of the Cary Drift are
poorly drained and form a large number of closed basins and depressions.

Extensive deposits of the Cary ground moraine occupy about 135
square miles in the western half of the area.* (See pl. 2). The surface
* In the Chester and Dell Rapids quadrangles, which adjoin the southern
border of the Flandreau area, Tipton (1959a, 1959b) has mapped as end
moraine the southern extension of part of the ground moraine of this
report.
of this moraine is characterized by swells and swales, gentle slopes
and closed depressions, but local relief is akout 20 feet in areas that
have been modified by stream dissection. Ponds and marshes are common
along the contact of the Cary ground and end moraines.

The Cary end moraine covers about 80 square miles in the western
part of the area where it is a stony discontinuous ridge that has steep
slopes, hummocks, and closed depressions. The highest altitude in the
report area (1,744 feet) is on the Cary end moraine. The maximum relief
on the surface of the moraine is about 30 feet.

The Cary Till is gray to brownish-green sandy, pebbly clay that
has blue-gray streaks. Where it is exposed, the till is weathered to
a light gray-buff color. Rock fragments in the Cary Till are mainly
limestone and dolomite, and in lesser amounts, igneous and sedimentary
rocks. Exposures of the till in the report area range from 20 to 45
feet in thickness.

The soil that overlies the Cary Till is sandier than that developed
on the Iowan (?) and Tazewell (?) Tills, and is leached to a depth of
about 1 foot. Locally, in areas of relatively low topographic position,
the till is overlain by deposits of loess (wind-deposited silt, clay, and
find sand) that range from 1 to 6 feet in thi ckness.

Cary Outwash occurs as plain, terrace, and valley-train deposits
and constitutes the surface of approximately 18 percent of the Flandreau
area. The deposits are as much as 44 feet thick and are generally com-
posed of sand, gravel, and small amounts of silt and clay. The gravel
consists of approximately equal proportions of carbonate, igneous, and
metamorphic rock fragments, and of lesser amounts of shale, sandstone,
clay ironstone, and chert. The sand is mostly quartz grains and small
amounts of accessory minerals, which include feldspar, tourmaline, mica,
aragonite, and iron oxide.

11
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Outwash-plain deposits that originated during the Cary substage
occupy about 26 square miles of the northeastern part of the area in
the vicinity of the city of Elkton. ILocally this region is krmown as the
Elkton plain. At the sites of 11 test holes (table 1) drilled in the
outwash plain, sand and gravel deposits range from 1 to 26 feet and aver-
age 12 feet in thickness.

The sand and gravel are overlain by a soil zone that ranges from
3 to 45 inches in thickness. The soll that overlies the outwash plain
is generally dark and leached at high altitudes and grades into clay,
silt, and fine sand at low altitudes. The silt shows fine laminations
that are characteristic of glacial-lake deposits. These indicate that
ponded meltwater occupied the low places for long periods of time.

Deposits of outwash terrace that originated during the Cary sub-
stage are well developed along the edges of the valleys of the Big Sioux
River and Battle Creek. Less extensive deposits occur along the edges
of Spring and Flandreau Creeks.

Additional Cary Outwash deposits occur as valley train in two major
pre-outwash channels. The larger channel marks the course of Battle Creek
and extends from the northeast corner of Sec. 25, T. 109 N., R. 50 W.,
to the southwest about 14 miles, where it narrows and curves to the north-
west for an additional 7 miles. A smaller outwash channel extends about
3 miles westward from the west edge of Lake Campbell.

Collapsed-outwash deposits occur near the south edge of Lake Camp-
bell and near Mud and Milwaukee Lakes (see pl. 2). The irregular surface
of the deposits results from their original deposition on ice that later
melted and caused the material to slump (Flint, 1955, p. 66).

Deposits of the Tazewell (?) substage.--The Tazewell (?) Drift con-
sists principally of ground moraine and covers a relatively small area
of about 4 square miles near the city of Ward and about 2 square miles
in the northeast corner of the area (see pl. 2). In contrast to the
Cary Drift, the surface of the Tazewell (?) Drift has a well-integrated
drainage system and foxms no closed basins in this areaj; generally, its
surface is gently rolling.

The Tazewell (?) till is gray to brown and yellow-gray pebbly clay
that has bluish-gray streaks and patches. The pebbles are mainly frag-
ments of limestone and dolomite, but also include lesser amounts of crys-
talline and clastic rocks. The till is leached to depths of 1 to 2 feet,
and locally contains stratified deposits of sand and gravel. In its
exposed sections the Tazewell (?) Till ranges in thickness from 15 to 50
feet and is somewhat fissile.

The Tazewell (?) Outwash occurs as terrace deposits that consist
of stratified sand, gravel, and boulders. The terraces, which are rem-
nants of more extensive terraces, are narrow, elongate deposits along
the edges of creek valleys about 3 miles north-northwest of Elkton. The
rock fragments in the terrace deposits are chiefly limestone and dolomite
but include some crystalline and clastic rocks. The thickness of the
outwash ranges from 5 to 20 feet.

Deposits of the Iowan (?) substage.--The Iowan (?) Drift consists
entirely of till deposited as ground moraine in the eastern and central
parts of the report area, where it covers approximately 190 sqguare miles.
At most locations the drift is covered with deposits of loess that range
in thickness from 1 to 6 feet.




The topography of the Iowan (?) Drift consists of gently rolling
swells and low, broad depressions. Its surface is drained by a well
integrated system that is tributary to the Big Sioux River.

The Iowan (?) Till is brown to green-gray pebbly clay that is more
oxidized than the Tazewell (?) Tilly it is predominantly clay and includes
small amounts of igneous, metamorphic, and sedimentary rock fragments.
The average percentage distribution of pebble-size rock fragments in
four samples of the Iowan (?) Till is as follows: 58 percent limestone
and dolomite, 30 percent igneous and metamorphic rocks, and 12 percent
shale, clay-ironstone, and sandstone. The exposed thickness of the Iowan
(?) Till in the Flandreau area ranges from 20 to 60 feet; it is leached
only to a depth of 1 to 2 feet.

Subsurface Rocks

Information concerning the depth to and composition of the bed-
rock was obtained from records of private wells drilled in the area,
and from published well logs. In the western and northwestern parts
of the area the bedrock is Pierre Shale of Late Cretaceous age, but east
of the Lake-Moody County line the bedrock may be the Niobrara Formation
or the Carlile Shale. In the western part of the area the complete se-
quence of Upper Cretaceous formations from the Dakota Sandstone of Late
Cretaceous age to the Pierre Shale probably occurs between the Precam-
brian Sioux Quartzite and the glacial drift. To the east and south,
however, the Dakota Sandstone and overlying Cretaceous shales pinch out
in turn against the rising surface of the Sioux Quartzite. Along the
east edge and in the southeast corner of the area the Sioux Quartzite
may constitute the bedrock immediately below the glacial drift. No ac~
curate data are available regarding the thickness of the Cretaceous for-
mations or of the Sioux Quartzite in the report area.

Structure

In scutheastern South Dakota the Precambrian Sioux Quartzite forms
an eastward-trending subsurface structure known as the Sioux Ridge. A
northward-trending spur of this ridge underlies the eastern part of the
Flandreau area but has no surface expression; its irregular surface has
a northwesterly slope of about 7 feet per mile. The Dakota Sandstone
and the Plerre Shale apparently are relatively flat and dip slightly
toward the northwest.

ECONOMIC GEOLOGY

Occurrence of Ground Water

Practically all ground water is derived from precipitation. Rain
and meltwater from snow enters the ground by direct percolation or by
percolation fwom streams and lakes that lie above the general water table.
Greund water generally moves downward and laterally from areas of recharge
to areas of natural discharge.
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Ground water is discharged through transpiration by plants and
evaporation from the soil in areas where the ground water level is near
the land surface, by seepage into surface-water bodies, by pumping from
wells, and through springs.

Any rock formation or stratum that will yield water in sufficient
quantity to be important as a source of supply is called an aquifer (Mein-
zer, 1923, p. 52). Water moving in an aquifer from recharge areas to
discharge areas may be considered to be in transient storage.

The amount of water that a rock can hold is determined by its porcs-
ity. Unconsolidated materials, such as clay, sand, and gravel, generally
are more porous than consolidated rocks, such as sandstone and limestoney
however, some consolidated rocks are very porous. .

The ability of an aquifer to yield water by gravity drainage may be
much less than is indicated by its porosity because part of the water
is held in the pore spaces by molecular attraction between the water
and the rock particles; the smaller the pores, the greater the proportion
of water that will be held. The amount of water, expressed as a fraction
of a cubic foot, that will drain by gravity from 1 cubic foot of an aquifer,
is called the specific vield of an aquifer.

If the water in an aquifer is not confined by an overlying imper-
meable stratum, the water is said to be under water-table conditions.
Under these conditions, the water can be obtained from the aquifer by
gravity drainage--that is, by lowering the water level, as by pumping
from a well.

Water is said to be under artesian conditions if it is confined
in the aquifer by an overlying impermeable stratum. Under artesian con-
ditions, hydrostatic pressure will raise the water in a well, or other
conduit that penetrates the aquifer, above the top of the aquifer, and
water is yielded by the aquifer as the water level in the well is lowered.
However, the aquifer remains saturated as the water is yielded because
the water expands and because the aquifer is compressed as the head is
decreased. Gravity drainage does not occur under normal artesian con-
ditions. The water-yielding ability of an artesian aquifer is called
the coefficient of storage, and 1s generally much smaller than the spe~
cific yield of the same material under water-table conditions. The co-
efficient of storage of an aquifer is the volume of water it releases
from or takes into storage per unit surface area of the aquifer per unit
change in the component of head normal te that surface.

The water released from or taken into storage in a water-table
aquifer in response to a change in head is attributed partly to gravity
drainage or refilling of the zone through which the water moves, and
partly to compressibility of the water and of the material in the satur-
ated zone. However, the volume of water attributable to compressibility
is a negligible part of the total volume of water released from or taken
into storage and can be disregarded. Thus, for a water-table aquifer,
the coefficient of storage is essentially equal to the specific yield.

The fricticnal resistance to the movement of water through pore
spaces that are relatively large, such as those in coarse gravel, is not
great and the material is said to be highly permeable. However, the re-
sistance to the movement of water through small pore spaces, such as those
in clay or shale,may be very great and the material is said to be rela-
tively impermeable or to have low permeability. The coefficient of per-
meability is expressed quantitatively for field use as the number of




gallons of water per day that will pass through a cross-sectional area
of 1 square foot under unit hydraulic gradient at the local temperature
of ground water.

The coefficient of transmissibility is convenient to use in ground
water studies because it indicates a characteristic of the whole aquifer
rather than of a small part. It is-the average field permeability of
the aquifer multiplied by its thickness, in feet.

The suitability of an aquifer as a source of water is governed by
its permeability, its volume, and its capacity to store and ability to
release water. Recharge to the aquifer must be adequate if the water-
supply development is to continue indefinitely, because even a small

rate of withdrawal will ultimately deplete the water in storage unless

there is equal or greater recharge. Aquifers that are highly permeable
but small in areal extent, and surrounded by relatively impermeable ma-
terial such as glacial till, can be pumped dry in a comparatively short
time. The high initial yield of a well may give the erroneous impression
that a large volume of water is available indefinitely from the aquifer.
Thus, before any substantial ground water development is made, suffi-
cient test drilling, aquifer tests, and related studies should be made
to determine the physical characteristics of, and the available recharge
to, the aquifer. :

Ground Water in the Glacial Outwash Deposits

Water-bearing glacial outwash deposits of sand and gravel occur
in about 20 percent of the Flandreau area and occupy a total surface
area of about 60,000 acres (see table 4). At the sites of 61 test holes,
the deposits range in thickness from 1 to 45 feet and average about 17
feet. During the summer of 1958 the saturated thickness of the deposits
ranged from 1 to 38 feet and averaged 12 feet. Estimates based on grain-
size analyses and water-level data from wells and test holes indicate
that in August, 1958, approximately 140,000 acre-feet of water was in
transient storage in outwash deposits in the Flandreau area.

Table 4 lists the four principal localities in which outwash deposits
of sand and gravel occur in the Flandreau area. The Big Sioux River valley,
which is the largest, contains about half the surface area (30,000 acres)
and about 60 percent of the volume of outwash deposits. Plate 3 shows
the extent of the outwash deposits and their thickness at selected cross
sections in the Big Sioux River valley. At the sites of 41 test holes
drilled in the Big Sioux valley, deposits of outwash sand and gravel
range in thickness from 6 to 45 feet, and average about 20 feet. In
July, 19958, the water-saturated part of the deposits ranged in thickness
from 3 to 38 feet and averaged about 13 feet. About 80,000 acre-feet of
water is estimated to have been in transient storage in the outwash de-
posits in the Big Sioux River valley in the Flandreau area during the
summer of 1958.

The topsoil that overlies the outwash deposits is generally suffi-
ciently permeable to permit effective recharge to the deposits by rain
and melted snow. Additional small amounts of water probably percolate into
the outwash from the glacial till at the valley edges. Essentially, how-
ever, the amount of water available from the deposits is directly de-
pendent upon the amount of precipitation in a given year.
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The regional movement of ground water in the Flandreau area is
southeastward in the direction of the main surface drainage. When water
levels are high, the valley outwash probably contributes large amounts
of water to the Big Sioux River and its tributaries; when water levels
are low, the outwash probably receives some recharge from the streams.

The outwash deposits furnish public water supplies for the cities
of Flandreau, Elkton, and Egan (pl. 2). The city of Flandreau is sup-
plied by three wells, two of which are used at standby wells. Well 3
(107-48-27bab3), which produces most of the water, is 33 feet deep, 60
inches in diameter, and penetrates 20 feet of outwash deposits of sand
and gravel in the Big Sioux River valley. The well is pumped at a rate
of about 320 gpm (gallons per minute) and supplies a total of about
71,000,000 gallons of water per year. City officials report that suffi-
cient water for their needs is obtained without difficulty.

The city of Elkton is supplied by two wells; Well 1 (109-47-21chd)
is 28 feet deep, 60 inches in diameter, and is pumped at a rate of 160
gpm; well 2 (109-47-21bdd) is 44 feet deep, 21 inches in diameter, and
is pumped at a rate of about 100 gpm. Production from both wells, which
penetrate glacial outwash deposits of the Elkton plain, is reported to
be adequate to meet municipal requirements.

The city of Egan, near the southern boundary of the area, also
obtains its municipal supply from outwash deposits in the Big Sioux Riv-
er valley. The Egan well (106-48-7cbb) is 10 feet in diameter and pene-
trates about 24 feet of outwash deposits of sand and gravel. The well
is equipped with two centrifugal pumps that have a combined capacity
of about 550 gpm. City officials report that the well draws down only
1 foot when pumped for prolonged pericds at that rate, and that the well
was unaffected by the drought during the period 1931 to 1940,

At the present time (1959) ground water in the outwash deposits
in the Flandreau area is not used extensively for irrigation. Where
irrigation is carried on, it is common practice to employ a series of
sand-point wells that are moved as the screen openings become clogged
with fine materials.

The outwash deposits generally thin toward the edges of the stream
valleys and are narrow; hence, there is a definite possibility that in
periods of scant precipitation, water levels at those localities would
decline to the extent that water for large-scale irrigation would not
be available. It would be advisable, therefore, to construct permanent
wells only where the outwash sand and gravel is thickest and has the
greatest areal extent, rather than where the deposits are thin and nar-
row or are near the edges of the valleys.

Size analyses indicate that the outwash materials become coarser
and more uniform with depth; therefore, the deposits probably are more
permeable and capable of yielding the most water from the bottom third
of their thickness. Consequently, wells should be constructed to pene-
trate the entire thickness of the sand and gravel deposits. Values for
the coefficients of transmissibility, permeability, and storage for the
outwash deposits are not available because it was not possible to run
an aquifer test when the field investigation was made. However, such
tests should be made before substantial ground-water irrigation is at-
tempted with water from the outwash deposits.,
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Ground Water in the Glacial Till

Glacial till occurs throughout the Flandreau area; 1t underlies
the glacial outwash deposits in the river valleys and constitutes most
0of the surface deposits on the uplands. Aquifers in the glacial till
supply many of the farm wells in the Flandreau area. Generally such
wells produce only small quantities of water (1 to 10 gpm) but are ade-
quate for farm and domestic needs. The water-yielding ability of the
till 1s greatest where it contains large proportions of sand and gravel,
and least where it 1s composed principally of clay.

A few wells in the area produce water from sand and gravel lenses
that are completely surrounded by till. Generally these deposits have
no surface expression and can be located only by chance, by test drilling,
or by geophysical means. Deposits of this type vary considerably in
thickness and in areal extent. The yields of wells that penetrate such
deposits depend upon the volume of the individual lenses and upon the
permeability of the till that surrounds them. Locally the initial yield
of wells that penetrate sand lenses in the glacial till is large and
gives the impression that a large volume of water will be available in-
definitely. However, recharge to these aquifers through the surrounding
dense till is slow and the aquifers are often dewatered by sustained
pumping. Before significant investments are made in wells that will
produce from sand lenses in the till, aquifer tests should be run to
determine the capabilities of the aquifers. ,

The municipal-supply well (106-51-9cabl) in the city of Wentworth
in Lake County, adjacent to the west edge of the report area, may pene-
trate a sand lens of the type described above. The Wentworth well is
400 feet deep, 8 inches in diameter, and has a reported static-water
level of 100 feet below land surface. The well produces about 10 gpm
of rather highly mineralized water, barely enough for municipal needs.
A second municipal well (106-51-9cab2) is a dug well 20 feet deep and
20 feet in diameter, which penetrates glacial till. Water from this
well, however, is unsafe for human consumption.

At locations where the glacial till will not yield an adequate
amount of water, drilling is usually continued through the till and the
underlying Cretaceous shales into the Dakota Sandstone, where an ade-
quate supply can usually be obtained.

Quality of the Ground Water

Ground water dissolves a part of the soluble mineral constituents
of the rock particles as it moves into and through an aquifer. The amount
of dissolved solids depends principally on the amount and type of sol-
uble materials in the aquifer and the length of time that the water is
in contact with them. Therefore, water that has been stored underground
for a long period of time in an aquifer or that has traveled a long dis-
tance from the recharge area, 1s more highly mineralized than water that
has been stored a short time and recovered relatively near the recharge
area.



The U. S. Public Health Service (1946) has established standards
for drinking water used on common carriers in interstate traffic. Listed
below are the recommended maximum concentrations of some of the chemical
constituents commonly present in drinking water:

Chemical Recommended maximum
constituent (ppm)
Iron (Fe) plus manganese (Mn) 0.3
Magnesium (Mg) 125
Sulfate (S0,4) 250
Chloride (Cl1) 250
Fluoride (F) 1.5 3/
Dissolved solids 500 L/

3/ Maximum permissible.
Q/ 1,000 ppm permissible if water of better quality is not available.

The chemical quality of ground water in the Flandreau area was de-
termined from the results of the analyses of water from 18 wells. Fif-
teen of the wells produce water from deposits of glacial outwash and three
produce from sand lenses or sandy zones in the glacial till (table 5).

The chemical data (table ) show that ground water in the Flan-
dreau area is moderately to highly mineralized (the dissolved solids con-
tent ranges from 356 to 3,530 ppm). Recommended maximum limits of iron,
sulfate, and nitrate are exceeded in water from some of the wells sam-
pled, and the recommended maximum concentration of dissolved solids is
exceeded in water from most of the wells sampled. However, water that
contains more than the recommended limits of certain chemical constituents
has been used in some areas of South Dakota for many years without notice-
able ill effects.

Nearly all ground water contalns some minerals that cause hardness.
Hardness of water is caused principally by calcium and magnesium and to a
lesser extent by iron, aluminum, strontium, barium, zinc, and free acid.
Hard water 1s undesirable, especially when used for laundering, because
it causes increased soap consumption as well as soap scum. Hardness of
water of about 100 ppm as CaCO3 is generally considered to be moderate;
hardness of water of about 200 ppm or more is considered to be excessive.
Water from all wells listed in Table 5 is very hard and would require
softening to be satisfactory for most uses. Hardness of water from most
of the wells sampled ranged from about 300 to 850 ppm as CaCO3; hardness
of water from two wells, however, was 1,098 and 1,980.

Nitrate salts (or compounds) in ground water may be due to decaying
organic matter in the well, in the aquifer, or on the ground surface in
the vicinity of the well and thus may be an indication of pollution. Ex-
cess nitrate may also be due toc inorganic material such as mineral fer-
tilizers. Water that contains more than about 44 ppm of nitrate may cause
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cyanosis in infants when used in feeding formulas and for drinking (Comly,
1945; Silverman, 1949). Water from four of the wells sampled had a nitrate
content in excess of 44 ppm (see table 5).

Water that contains fluoride in cencentrations of about 1 ppm, con-
sumed by children during calcification of their teeth, reportedly lessens
the incidence of tooth decay. However, the consumption of water having
more than 1.5 ppm may cause mottling of tooth enamel (Dean, 1936). Fluo-
ride in excess of the permissible limit was not present in any of the
seven water samples for which fluoride determinmations were made.

In general, ground water in the report area may be used for most
domestic needs but would require softening to avoid excessive soap con-
sumption when used for laundering. Samples of water from new or unused
wells should be submitted to the State Departiment of Health for bacterio-
logical analysis before it is used for drinking.

Water that is satisfactory for certain domestic and industrial uses,
such as laundering, may be unsatisfactory for irrigating crops. Irrigating
with water that has a high dissolved-solids content may cause salts to
accumulate in the root zone of the soil and may eventually cause the soil
to become unproductive. The specific conductance of water is directly
proportional to its dissclved-solids content and thus is a measure of the
soluble salts that the water contains. According to the U.S. Salinity
Laboratory Staff (1954, p. 70), "Nearly all irrigation waters that have
been used successfully for a considerable time have conductivity values

[Specific conductance] of less than 2,250 micromhos per centimeter [Equiva-
lent to a dissolved-solids content of about 1,500 ppi}. Waters of higher
conductivity are used occasionally, but crop production, except in unusual
situations, has not been satisfactory." Although the specific conductance
is not given in Table 5, it can be approximated by dividing the dissolved-
solids content by 0.65. For most of the samples the approximation probably
would be accurate within 10 percent.

Field determinations of specific conductance were made for 223 wells
in the Flandreau area (see table 2). These determinations show that, in
general, water from the glacial till or from sand and gravel lenses in
the till has slightly higher specific conductance and hence is slightly
more saline than water from the glacial outwash. According to the field
determinations, the average specific conductance of water from wells in
glacial till was 2,560 micromhos per centimeter.

Irrigating with water that has a high percent sodium may cause the
soil to become impermeable. The percent sodium is calculated as follows;

Percent sodium = Na x 100
Ca + Mg + Na + K

where all concentrations are in equivalents per million. The continued
use of irrigation water in which the percent sodium is in excess of 50
may cause damage to the soil. However, the amount of damage to soil that
will result from the continued use of a particular type of water also
depends on other factors, such as salinity of the water, porosity of the
soil, drainage, irrigation practices, and crop management. In general,
the higher the percent sodium, the less suitable the water for irrigation
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The results of the detailed chemical analyses listed in Table 5
indicate that water from the 12 wells in outwash deposits is of suitable
quality for irrigation because the parcent sodium was less than 20 and the
specific conductance (computed) was less than 1,600 micromhos per centimeter
at 25°C. Water from the glacial till is highly variable in compositiong
two of the three wells sampled produce water that cannot be used success-
fully for irrigation for continued periods because the specific conduc-
tance is too high. Inasmuch as the suitability of the water for irriga-
tion depends not only on its chemical quality but also on the soil type
and drainage, analyses should be made of both soil and water before irriga-
tion is begun.

Sand and Gravel Resources

Sand and gravel deposits underlie the soil zone in about 18 percent,
or approximately 60,000 acres, of the Flandreau area. About 60 percent
of the deposits are in the Big Sioux River valley, and the balance is
distributed throughout the remaining three outwash areas. Estimated re-
serves of sand and gravel in the whole report area total approximately
1,750,000,000 cubic yards.

In areas where samples were gathered, the coarse fraction of the
sand and gravel deposits contains individual rock fragments that range
in size from pebbles to cobbles (see table 6). The compositicn of the
coarse material is about 50 percent limestone and dolomite and some chert,
40 percent igneous and metamorphic rocks, and 10 percent sandstone, shale,
and clay ironstone (see table 7). The granule fraction consists mainly
of fragments of limestone, dolomite, and igneous and metamorphic rocks.
The sand and silt fractions are rounded to subangular quartz grains, and
include a small percentage of rock fragments and accessory detrital min-
erals. Lenticular patches of ferric iron oxide cement occur locally.

The principal mineral constituents of the outwash sand and gravel
deposits (coarse, granule, and sand and silt fractions combined) are
quartz, approximately 85 percent; limestone, dolomite, and metamorphic
rocks, 10 percent; accessory detrital silicate minerals, 2 percent; and
impurities such as sand filler and quartz-grain coating, 3 percent.

SUMMARY OF CROUND WATER CONDITIONS

Deposits of glacial outwash contain the most important aquifers
and compose the surface deposits in about 18 percent of the Flandreau
area. They range in thickness from 1 to 45 feet and average 17 feet.
Their saturated thickness during the summer of 1998 ranged from 1 to 38
feet and averaged 12 feet. The glacial outwash is in four separate parts
of the area, the largest of which is the Big Sicux River valley. Estimates
of saturated thickness based upon water-level measurements made in August
1998 indicate that about 140,000 acre-feet of water was in transient storage
in the four outwash areas; of this total, 80,000 acre-feet was in the Big
Sioux River valley.



Table 6.--Wentworth's particle-size classification

Grade limits

Classification
Diameter, in Diameter, in
millimeters inches
256 and above 10 and above Boulder
256 to 128 10 -5 Large cobble
128 to 64 5 - 2.5 Small cobble
64 to 32 2.5 - 1.25 Very large pebble
32 to 16 1.25 - .62 Large pebble
16 to 8 62 - .31 Medium pebble
8 to 4 .31 - .15 Small pebble
4 to 2 15 - .078 Granule
2 to 1 078 - .039 Very coarse sand
1t 1/2 .039 - .019 Coarse sand
1/2 to 1/4 .019 - .009 Medium sand
1/4 to 1/8 .009 - .004 Fine sand
1/8 to 1/16 .004 - .0024 Very fine sand
1/16 and below .0024 and below Silt and clay

23



00T 00T 00T 00T 00T jusoxad TeIOL

06 6t 197 of v SY20I |UTITTEISAID Tel0l

ov-T1 oc- 4 T T T ssToub

0c*¢c - 0t~ 8 [4 4 G 4 1STYDS

ov°¢ oc* ¢l 0c 1T 9T 3 21BTS

06°¢ oc 17 T € e z 81T7Z7IeNnb
sTydIowel sy

00°¢ oe- 9 € T L 1TES®E]

06°1 op* 1 € 4 Z 91TIOTP

ov*€ - 0T°0 Al 0z €T 4 T 93 TuUeIb
snosuby

€ c 91 1T 91 S300I PO3BIDOSSE

pue 513seTo TB30L
ogte - 0ot~ [4 T G L e 2U03SUOIT ABTH
0G°T oc* T T 01 4 0T STeYS

08° ov* T T T 4 umoaq

09°0 - 0¢°0 T T Aexb
auo}spueg

Ly (514 187 97 09 SY00I POIBTO0SSE

pue snosIesTes TeIOL
0T°T oc- T c 4 4 T 3I9YD

09°¢ oc* 1% [ 9 6 L (3oe1q) MIEP

0G°T - 0T* S 9 L 11 0T Aexb

oL*T - 0€" 12 0Z 81 LT 144 Aexb-1yb1T
2U01SaWTT

08°¢ o¢* 1T cl € 4 6 umoLq

0Z*Z - 0£°0 G 9 S 4 6 Ae1b
931tTwotod

(ssyout) qee6c-8v-L01 pPqeL-87-901 Pae9C-1G6-801 qee/,-0G6-80T PPeLT-LP-60T 2dA1 ooy
sbuex

1878WETq sTdwes Jo UCT3ED07] i

24

(3ybTem Aq jueored) esae nesIpueli oYy} Ut
SUOT1BNO0T peldaTas 1k siTsodep ysemino AIen oyl url T[eAeIb jo uoTiTsodwod oTOOTOYRTT--°L OTqEL




Irrigation wells in the outwash deposits should be located where
the deposits are thickest and of greatest extent. If practical, it is
also advisable to locate the wells near the centers of the valleys where
the deposits are usually thickest and most extensive.

Glacial till occurs throughout the Flandreau area and suppllies water
to many farm and ranch wells. Generally the wells produce only small
amounts (1 to 10 gpm) of water but supplies are usually adequate for do-
mestic needs and for cattle. The water-yielding ability of the till is
greatest where it contains large proportions of sand and gravel and least
where it is composed principally of clay.

Results of the chemical analyses of water from 18 wells in the Flan-
dreau area show that the ground water is moderate to high in dissolved
solids content. Recommended maximum limits of iron, sulfate, and nitrate
are exceeded in some of the samples and recommended maximum concentration
of dissolved solids is exceeded in most of the samples. Consequently,
samples of water from new or unused wells should be submitted to the State
Department of Health for bacteriological analyses before the water is
used for drinking.

The analyses of water from 15 wells that produce from outwash de-
posits indicate that the water is suitable for irrigation. However, inas-
much as the suitability of water for irrigation depends not only on its
chemical quality, but also on soil type and drainage, both soil and water
should be analyzed before irrigation is begun.
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APPENDIX A

Table 1. --Logs of test holes
(by well -numbering system)

107-48-5dbc
Test hole 35

Unit Material
Cary outwash deposits:
Soil, dark-brown, Siltycecsesoovccuscceccscos
S§ilt and clay, black to grayeeeeecoosvscssas
Sand, mediumMes.eeeeessesceescsnssscosscsssces
Sand and gravel.i.c.cecsceccocseccocosscccacas
Iowan(?) till:
pebble clay, grayeececeeecsene cesssaosossecs
107-48-5dcc
Test hole 34
Cary outwash deposits:
Soil, dark-brown, silty, sandy.ceccecccsscsos
Sand and gravel....... cecescccsssecvecstencnn
Iowan(?) till:

Pebble Clay’ bluish-gray.ooooe-o.ooooaoo.ooo

27

Thickness Depth
(feet) {feet)

4 4

5 9

5 14

13 27

7 34

7 7

37 44

10 54
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Table l.--Logs of test holes -- Continued

107-48-9bdd
Test hole 38

Unit Material Thickness

Depth

(feet)

Cary outwash deposits:

Scil, dark-brown, silty, sandy, calcareous

Sand, medium to very coarse, rounded,

granules and pebbles of limestone,

dolomite, slate, granite, and shale,

accessory minerals include feldspar,

iron oxides, tourmaline, and hornblende.. S
Sand, medium to very coarse, rounded;

gravel, granules and pebbles of lime-

stone, dolomite, slate, schist, granite,

shale, and ironstone} acgessory

minerals include feldspar, tourmaline,

iron oxides, and chert............ coenenes 15
Sand, medium to very coarse, rounded, small

fragments of limestone, dolomite, granite,

schist, slate, and shale; accessory

minerals include tourmaline, feldspar,

iron oxides, pyrite, and chert........ .ee 5

(feet)

24

29



Table l.--Logs of test holes -- Continued

107-48-9bdd-~-Cont inued
Test hole 38

Unit Material

Cary outwash ‘deposits (Continued):

Sand, medium to very coarse, rounded;
gravel, granules and pebbles of limestone,
dolomite, granite, slate, shale, and
gneiss; accessory minerals include chert,
feldspar, mica, epidote, pyrite, iron
oxides, tourmaline, and othersS...c.c.o00000

Iowan(?) till:

Clay,vbiuish-gfay to gray, silty, some
oxidiééd streaks, granules and pebbles of
rock fragmentS...........cce0.0nn ceeecnn oo

107-48-10ccc
Test hole 39
Cary outwash deposits:

Soil, dark-brown, silty......cco0evececss s

Silt and clay, dark-gray.......ccec0 cecesass

Sand, very coarse to coarse; some pebbles...

Iowan(?) till;

Pebble clay, bluish-gray.......... ceasosoen oo

Thickness Depth
(feet) (feet)

12 41

3 44

4 4

5 9

10 19

5 24

29
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Table l.--Logs of test holes -- Conti

107-48-14ddd
Test hole 42
Unit Material Thickness
(feet)
Recent alluvium:
Soil, dark-gray, Silty..ccvevecerserconecsnons 4
Clay and silt, dark to brownish-gray; very
fine sand....... et e eteessecetseascetacoeye b
Sand, brownish-gray, very fine, rounded;
silt and clay....... ceecennans cescesesasane 5

Sand, very fine to fine, rounded; granules of
rock fragments; accessory minerals........,

Sand, fine to coarse, rounded; gravel,
granules)and pebbles of limestone, granite,
slate, and shale; accessory minerals in-
clude feldspar, tourmaline, iron oxides,
pyrite, and chert......civvieennannn cossne

Iowan(?) till:
Clay, gray to brownish-gray; scattered

pebbles and cobbles near DaBE. . trrrennanns

nued

14

19

25

29



Table l.--Logs of test holes -- Continued

107-48-15baa

Test hole 40
Unit Material Thickness Depth
{(feet) {feet)
Cary outwash deposits:
Soil, dark-brown, silty.......c.uivveeivnans . 4 4
Silt and clay, black to gray.........cccicenn 5 9
Sand, medium O COATBE...cvverreeenesonencons 10 19
Gravel.....iiieeeieiiiitnnriannnas Ceeereiene 9 28
Iowan(?) till;
Pebble clay, bluish-gray.......veeusecerances 6 34
107-48-23daa
Test hole 43
Cary outwash deposits:
Soil, dark-brown, sandy.....ceccieescoccocons 4 4
Sand, Mmeditm. covcerrterrnrenervsocrsonssnscnse o 5 9
Sand and gravel.......iiiiiieeercacoronnonans 9 18
Iowan{?) till:
Pebble clay, bluish-gray........ccoeceucencs . 6 24

31
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Table l.--Logs of test holes -- Continued

107-48-26baa
Test hole 60

Unit Material Thickness Depth
(feet) (feet)

Recent alluvium:

Soil, dark-brown, brownish-gray near base;

SiltYeereociaencenacorionananonean crecsee 4 4
Silt; some clay........ etsesearannnas cene 5 9
Sand, medium........... cieerecacnne crereene .o 12 21

Iowan(?) till:

Pebble clay, bluish-gray....c.ccevvessess eees 3 24

107-48-27aac
Test hole 45

Cary outwash deposits:

Soil, dark-brown, Silty....c.ceeverencnnanans 4 4
Clay and Silt....ciiiinreerinennenonneronnennn S 9
Sand, MediUm. ... .veereeeeeeonseenconacsasnans 5 14
Sand and gravel.......coevevevenercsnnennnnne 8 22

Iowan(?) till:

Pebble clay, bluish=gray........ceveeveencass 7 29



Table l.--Logs of test holes -- Continued

33

107-48-29%aba
Test hole 46
Unit Material Thickness Depth
(feet) (feet)
Cary outwash deposits?
Soil, dark-brown, sandy........ccce0encenn, .o 1 1
Sand and gravel....cccoeecennas thececaatanaan 19 20
Towan(?) till:
Pebble clay, bluish-gray...........ccii0e.s - 4 24
107-48-29bab
Test hole 47
Cary outwash deposits:
Soil, dark-brown, silty, sandy.....ccce.c.n .o 4 4
Sand and gravel.....se0cveinncnns serbtetitaeas 5 9
Sand, medium O COArSE.. .. cvvvieirrnovenans 20 29
Gravel.....covcveneeeccoocnacannaoas PN 1 30
Iowan(?) till"
Clay.ee e oo nannns ceeaneans cecetsassseane 1 31



Table l.--Logs of test holes -- Continued
107-48-32bab
Test hole 61

Unit Material Thickness Depth
{feet) {feet)

Cary outwash deposits.

Soil, dark-brown, sandy....ccicviencnennn N &4 4
Sand, medium €0 CORTSE. . v vivivrnenecceonnnn 15 19
Bravel. . vt ivininereenoeroecosennnnaseneaanas 5 24

Towan(?) till:
Pebble clay, bluish-gray..................... 5 29
107-48-32cda
Test hole 55
Cary outwash deposits:
Soil, dark-brown, silty....... e iiinnann 4 4
Sand, Medium. .« vt it iietenneeeneeeresoonoanns 8 12
Towan(?) till:
Pebble clay, bluish-gray.............cci.ut0e 7 19
107-51-3abb
Test hole 85

Cary outwash deposits:

Soil, dark-brown, sandy........coiveeiiinennn 2 2
Sand and gravel...... ... . .ttt etierans 17 19
Cary till:

Boulder clay, bluish-gray to brownish-gray... 10 29



Table 1.--Logs of test holes -~ Continued

107-51-3cbe
Test hole 84
Unit Material
Cary outwash depesits:
Soil, dark-brown, sandy........... ceeneas N
Sand and gravel........ beosanecens cesesassoas
Cary till:
Boulder clay, bluish-gray to brownish-gray...
107-51-18cdd
Test hole 82
Cary outwash deposits:
Soil, dark-brown, silty, sandy....... .
Sand and gravel........ .. ittt ienrrtanionnn .
Cary till:
Boulder clay, bluish-gray to brownish-gray...
107-51-19bbb
Test hole 80
Cary outwash deposits:
Soil, dark-brown, sandy........ciiiiiiiionnn,
Sand and gravel.............covuutruns oesannn
Cary till;

Boulder clay, bluish-gray to brown.......... .

Thickness Depth
(feet) (feet)
1 1
13 14
10 24
4 4
5 9
5 14
1 1
6 7
2 9

35
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Table 1l.~-Logs of test holes -- Continued

107-51-20bbb
Test hole 83
Unit Material
Cary outwash deposits:
Soil, dark-brown, silty.....cccecvevevenen coe
Sand and gravel.....ccoevveennssss ececosercns

Cary tilli
Boulder clay, bluish-gray to brownish-gray...
107-52-23aad
Test hole 81
Cary outwash deposits:
Soil, dark-brown, silty, sandy........... cees
Sand and gravel......cceecvecsnncnss csescecss .
Cary till:
Boulder clay, bluish-gray to brown.......... .
108-47-8aba
Test hole 62
Cary outwash deposits:?
Soil, dark-brown, silty........ccevveenns cses
Sand and gravel..........iiiivvrennencasannns
Iowan(?) till;

Pebble clay, bluish-gray...................c..

Thickness Denth
(feet) {feet)

4 &

7 11

3 14

2 Z

6 8

6 14

4 &

5 9

5 14



Tabie l1.~-Logs of test hcoles--Continued
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108-47-9abb
Test hole 63
Unit Material Thickness Depth
(feet) (feet)
Cary outwash deposits:
Soil, dark-brown, sandy......c.cictiivecocnannn. 1 1
Sand and gravel........i.iiiieiiirecnearnanos 8 9
Iowan(?) till;
Pebble clay, bluish-gray........ccoeveeiesns . 10 19
108-47-10abb
Test hole 64
Cary outwash deposits:
Soil, dark-brown, sandy.......ciiieciircennnn 3 3
Sand and gravel....... . ottt iiiniininnnnes . 6 9
Towan{(?) till;
Pebble clay, bluish-gray.......... ... oo, 10 19
108-48-29bbc
Test hole 29
Cary outwash deposits!
Soil, dark-brown, sandy........cvviereianannas 4 4
Sand, medium. ... c. ittt it etiiarreraannnas 10 14
Bravel.....viiniiieretnssnnsantaseanacnans 9 23
Iowan(?) till:
Pebble clay, bluish-gray.........cvveivivennn 6 29
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Table l.--Logs of test holes--Continued

108-48-32bcc
Test hole 32

Unit Material

Cary outwash deposits’

Soil, dark-brown, silty.........cc0.0c.0
Sand and gravel....... ... iiiiiiiiienn.n

Sand, COArSE...turceesnennasosonsononens

Iowan(?) till:®

Pebble clay, bluish-gray................

108-48-32bda
Test hole 31

Cary outwash deposits.

Soil, dark-brown, silty, sandy..........
Sand, medium tO COArsSE€.......ccciuiennnan

Gravel. .. .. ittt i et e ittt e e

Iowan(?) till:

Pebble clay, bluish-gray................

108-49-5bdd
Test hole 13

Cary outwash deposits:

Soil, dark-brown, sandy.................
Sand and gravel....... ... i

Sand, medium...c.vie et ereninenenenne
Gravel.. .. .v it it nennrocanannanannoes

Towan(?) till:

Pebble clay, bluish-gray................

Thickness Depth
(feet) (feet)
4 4
20 24
4 28
6 34
4 4
15 19
12 31
8 39
1 1
8 9
10 19
5 24
5 29



Table 1l.~-Logs of test holes--Continued

108-49=-5¢ced
Test hole 14

Unit Material

Cary outwash deposits’

Soil, dark-brown, sandy...........c. . i
Sand and gravel.......cciiiiioniinnnnennn

Sand, medium...... .0ttt iiinnacaannans

Iowan(?) till:

Pebble clay, bluish-gray..........cocue..

108-49-5ded
Test hole 15

Cary outwash deposits:

Soil, dark-brown, sandy.................
Sand and gravel...........ciiieiinnnnnn.

Sand, COATSE.icierneccrcaacsacnccssoeaancass

Iowan{?) till:

Pebble clay, bluish-gray.........c.c..onn..

108-49-6add
Test hole 11

Cary outwash deposits:?

Soil, dark-brown, silty, sandy..........

Sand and gravel..... ... ..o,

Iowan(?) till:

Pebble clay, bluish-gray................

39

Thickness Depth
{feet) {feet)

4 4

10 14

3 17

7 24

3 3

6 9

7 16

8 24

2 2

6 3

6 14
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Table 1.-~Logs of test holes--Continued

108-49-6bdc
Test hole 12

Unit Material

Cary outwash deposits ¢

Soil, dark-brown, silty............c.....
Sand, fine tomedium..........c.civree.n

Gravel........ e s ereecersrerercor s nens

Iowan(?) till;

Pebble clay, bluish-gray...................

108-49-8dda
Test hole 19

Cary outwash deposits:

Soil, dark-brown, silty, sandy..........

Sand and gravel... ... ...t iiiiininnnnnn

Towan(?) till:

Pebble clay, bluish-gray................

108-49-9baa
Test hole 16

Cary outwash deposits:

Soil, dark-brown, silty, sandy..........
Clay, brownish-gray.....................
Sand, fine.... ... ...ttt i e

Gravel. ...ttt it ittt ettt rnranaenness

Iowan{?) till:

Pebble clay, bluish-gray

Thickness Depth
(feet) (feet)
1 1
13 14
15 29
5 34
4 4
10 14
10 24
4 4
5 9
10 19
13 32
7 39



Table 1.--Logs of test holes--Continued

108-49-9dbd
Test hole 17

Unit Material

Cary outwash deposits;

Soil, brownish-gray, silty, sandy.........
Sand, fine to CoOarse...vvve v ernconnnns

Sand and gravel...........oeiiiieann,

Iowan(?) till:

Pebble clay, bluish-gray................

108-49-10cda
Test hole 18

Cary outwash deposits:

Soil, dark-brown, silty, sandy..........

Sand and gravel......... ... ..o,

Towan(?) till;

Pebble clay, bluish-gray....................

108-49-21baa
Test hole 20

Cary outwash deposits:

Sand, medium tO €COATrS@. ...t rerencennnn

Iowan(?) till?

Pebble c¢lay, bluish-gray...........c....

a1

Thickness Depth
(feet) (feet)

4 4

19

24

29

2

28

6 34

4

14

29

34



Table 1.--Logs of test holes--Continued

108-49-22abb
Test hole 22

Unit Material

Cary outwash deposits:

Soil, dark-brown, sandy.......coiiiiea...

Sand and gravel....... .ottt

Iowan(?) till:

Pebble clay, bluish-gray................

108-49-22bbb
Test hole 21

Cary outwash deposits:

Soil, dark-brown, sandy.................
Sand and gravel....... ... ... o il

S:ind, medium. .. .... ittt it eaaa.

Iowan(?) till:

Pebble clay, bluish-gray................

108-49-23cac
Test hole 24

Cary outwash deposits:’

Soil, dark-brown, sandy.................
53V0 o Lo B oTo Y- 8 of = <

Sand and gravel..... ..ot eininnneennann

Iowan(?) tillg

Pebble clay, bluish-gray................

Thickness
(feet)

Depth
(feet)

12

19

13

19

11

19



Table 1.--Logs of test holes--Continued

108-49-~23dcd
Test hole 23

Unit Material Thickness

43

Depth

{feet)

Cary outwash deposits!

Soil, dark-brown, sandy.....cccvceceoiecen oo &
Sand and gravel....c.viieeecrrecrosncacanson . 5
Sand, COATSR. ..cveeeesessosossnssossnosonnssnscs 5
Gravel.......viveeeinreececscosassonnanes seen 4

Iowan{?) till;
Pebble clay, bluish-gray......cccveuvees ceeee 6

108-49- 24cbe
Test hole 25

Cary outwash deposits!
Soil, dark-brown, sandy..eeccocecnsecenns eeen 4
Sand, COATSE...cvetesesssososossssscnsosonaee 10
Towan(?) till:
Pebble clay, bluish-gray........cveiiccnnnses 5

108-49-24ccc
Test hole 26

Cary outwash deposits:

S0il, dark-brown, sandy.....cccceovoccnccacne 4
SaANd; LINEic.evececornecnconeenesnconnnoasssnns 5
Sand and gravel......coiiiiiiererroronannaons . 8

Iowan{?) till:

Pebble clay, bluish-gray....... .. voccuvcocennn 7

{feet)

14

18

24

14

19

17

24
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Table 1.--Logs of test holes--Continued

108-49-25aaa
Test hole 28

Unit Material Thickness
(feet)

Cary outwash deposits:
Soil, dark-brown, silty, sandy....ccco0vvvee . A
Sand and gravel.......cccoeveeescecconccccns oss 20
Iowan(?) till:

Pebble clay, bluish=gray...c.cocvececesecooss 10

Depth
{feet)

24



Table 1.-- Logs of test holes--Continued

108=50=12ab
Teat hole 1

Unit Material Thickness Depth
(feet) {feet)

Cary outwash deposits:

Soil, dark-brown, silty, grading downward te

gray, calcareous sand.cccccccccoccosscosccan 4 4
Sand, medium to coarse, rounded to subrounded;

some fragments of shale, slate, and granite;

accessory minerals include feldspar, tourma-

line, hornblende, mica, and iron oxide8ccoso 10 14
Sand, medium to very coarse, rounded; gravel,

small pebbles of shale, granite, and slate;

accessory minerals include mica, iron oxides,

chert, hornblende, and tourmalinec.ceccoscoso 10 24
Gravel, granules and pebbles of limestone,

granite, slate, schist, and dolomite; coarse

to very coarse, rounded to subrounded sand;

accessory minerals include feldspar, chert,

hornblende, tourmaline, mica, and irom

0Xide8cocccocsnsoconncssconcssvscccoocasoeas 10 34
Sand, medium to very coarse, subrounded;

gravel, granules, and pebbles of limestone,

dolomite, granite, shale, and slate;

accessory minerals include feldspar, chert,

mica, epldote, pyrite, iron oxides, and

toumﬂlinEOonucwsqqxeaooaumoeo@eoaseueoaaeocs S 39
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Table 1.-- Logs of test heles--Continued

108-50-1aab--Continued

Unit Material Thickness Depth
(feet) (feet)
Cary outwash deposits--Continued:
Sand, medium to very coarse, rounded; gravel,
granules,and pebbles of limestone, dolomite,
slate, shale, schist, and granite.
accessory minerals include feldspar, tourma-
line, iron oxides, and chert........ccveve. . 10 49
Iowan(?) till:
Clay, bluish-gray, silty, some brown oxidized
streaks; scattered granules and pebbles of
rock fragments.......c.cveveiiiinieitiaans ceee 10 59



Table l.--Logs of test holes--Continued

47

108-50-6cbc
Test hole 89
Unit Material Thickness Depth
(feet) (feet)
Cary outwash deposits:
Soil, dark-brown, sandy.......ceceieuueans cou 4 4
Sand and gravel.......cccevuvereen ceeeeenuon . 3 7
Cary till:
Boulder clay, bluish-gray to brownish-gray... 7 14
108-51-26aad
Test hole 87
Cary outwash deposits!
Soil, dark-brown, sandy............. Ceerean ‘e 4 4
Sand and gravel........c.oiiiiecnrnnne cesenen 17 21
Cary till:
Boulder clay, bluish-gray to brownish-gray... 3 24
108-51-35bab
Test hole 86
Cary outwash deposits:
Soil, dark-brown, sandy......... ceccoeaccnva .o 4 4
Sand and gravel.... .. iiiioninrereanaasons 24 28
Cary till;
Boulder clay, bluish-gray to brownish-gray... 6 34
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Table 1.--Logs of test holes--Continued

109-47-9baa
Test hole 76

Unit Material

Cary outwash deposits:

Soil, dark-brown, sandy.....ccieveene

Sand and gravel........itieennancacns

Iowan{?) till:

Pebble clay, bluish-gray...............

109-47-17ddb
Test hole 74

Cary outwash deposits

Soil, dark-brown, sandy...cceceecesse

Sand and gravel......cciioeiecencanan

Iowan{?) till}

Pebble clay, bluish-gray.............

109-47-20ada
Test hole 79

Cary outwash deposits:

Seil, dark-brown, sandy..............
Sand, medium......... it ioananns

Gravel......ceeiveeconneasnocaanacanse

Iowan(?) till:

Pebble clay, bluish-gray.............

Thickness Depth

{feet) {feet)
........ 4 4
........ 13 17
..... 7 24
........ 1 1
....... . 5 6
........ 8 14
...... . 4 4
........ 5 9
cecsasan 5 14
...... .o 5 19



Table l.-- Logs of test holes--Continued

109-47-22bbb
Test hole 77

Unit Material Thickness Depth
(feet) (feet)

Cary outwash depositsi
Scil, dark-brown, silty, sandy......cvcvees oo 4 4
Sand and gravel.......cccitinenrinnrcrrronsens 9 13
Iowan(?) till!
Pebble clay, bluish-gray.........vecvvucran. 6 19
109-47-27cdc
Test hole 71
Cary outwash deposits:
Soil, dark-brown, sandy........cc0vvevvcecsne &4 4
Sand and gravel.......iiiveviieneeennonnnnnns 1 5
Iowan(?) till:
Pebble clay, bluish-gray, brownish-gray...... 9 14
109-47-31ddd
Test hole 68

Cary outwash deposits:

Soil, dark-brown, silty, sandy......... cessen 4 4
Sand, fine........cciviiiiiiiaeninn, cteosasaee 5 9
Sand and gravel........iii.icivocnnscacrsnos oo 20 29

Iowan(?) till:

Pebble clay, bluish-gray........coeeveecercas 10 39
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Table 1.,-- Logs of test holes--Continued

109-47-32abb
Test hole 69

Unit Material Thickness Depth
(feet) (feet)
Cary outwash deposits:s
Soil, dark-brown, sandy.........c.cecvionnes s 3 3
Sand and gravel........c.cioiivenannnnnns ceene 26 29
Iowan(?) till:
Pebble clay, bluish-gray.......ceievvnceroas . 5 34
109-47-32ddd
Test hole 67
Cary outwash deposits?
Soil, dark-brown, sandy.....eeeecrevcssennas . 4 4
Sand and gravel........civvuerenass ceeesane .o 22 26
Iowan(?) till;
Pebble clay, bluish-gray........cccovviininnen 3 29
109-49-31cbb
Test hole 4
Cary outwash deposits:
Soil, dark-brown, silty, sandy.......... ceeon 9 9
Sand and gravel......c.oveeiiiereronnncnronnns 13 22
Towan(?) till:
Pebble clay, bluish-gray.......ccveveeveen.. oo 7 29



‘Table 1.-- Logs of test hbles~-Cohtimued

109-49-31dcc
Test hole 3
QQ;E "fMatéfial
Cary outwash deposits:
éoil9 dark-brown, silty,’sandy@,,.b ........ ;v,
S;'md and gravelo........... cooimers0 00 0 e
Sénd, COAT S o v v o voceenonnesosenenss ceaenes e
Towan{?) till:
Pebble clay, bluish-gray.................. ;,e
109-49-31ddd
Test hole 2
Cary outwash deposits:
gbil, dark-brown, silty, sandy,........; .....
S;nd aﬁd gravel...... ...ttt tesae
Gravel, pebble........ ...t onnconen oo

Iowan(?) till:’
Pebble‘ciay, bluish-gray, oxidized streaks...
109-50-25bcc
Test hole 6
Cary outwash deposits:
Soil, dark~brown, silty, sandy.a.,_.,; aaaaaaa
Sand and gravel....c.......,.....,....,.cg,.;
Iowan{?) till:

Pebble clay, blulsh-gray......cccccvvoennonss

Thickness

Depth

{ feet) {feet)
5 5
9 14
5 19

10 29
4 4
10 14
15 29
15 &4
3 3
9 12
7 19

51
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Table 1.--Logs of test holes--Continued

109-50-35ded
Test hole 10

Unit Material Thickness
(feet)

Cary outwash deposits:

Soil, dark-brown, silty, sandy.; ........ ceeea 4
Sand, fine to coarse........ creeaanes cesesnne 25
Gravel, pebble........ Ctetiercaseaceccernsnne 10

Iowan(?) till:

Pebble clay, bluish-gray...... eceascaees ceen 10

109-50-36baa
Test hole 5

Cary outwash deposits:

Soil, dark-brown, silty, sandy......... RN 4
Sand and gravel.......... Ceececansanas cecesene 10
Gravel.......oovunne st etertetatearsecannan e 5

Iowan(?) till:

Pebble clay, bluish-gray................. ceee 10

109-50-36bchb
Test hole 7

Cary outwash deposits:

Soil, dark-brown, silty, sandy.......... ceane 3
Sand, €OArsS@....coeveses e tiecnaenanns ceeens 6
Sand and gravel........... Creriassees ceceansee 30

Iowan(?) till:

Pebble clay, bluish-gray.......... ceesaansans b

29

39

49

14
19

29

39
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