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GEOLOGY AND GROUND-WATER SUPPLIES
IN SANBORN COUNTY, SOUTH DAKOTA

by
Fred V. Steece, S.D,G.S.,. and Lewis Howells, U,S.G.S,

Prepared in cooperation with the
United States Geological Survey

ABSTRACT

Sanborn Courty is in the central part of eastern South Dakota, in the
James Basin division of the Central Lowland physiographic province. The
area occupies 571 square miles and is drained by the James Basin.

Pleistocene glacial drift of early and late Wisconsin age and Recent
sediments are the surficial deposits in the area. Cretaceous sedimentary
rocks as much as 900 feet thick overlie the Precambrian Sioux Quartzite,
the main basement rock of Sanborn County. The Cretaceous rocks are the
Pierre Shale, the Niobrara Marl, the Carlile Shale, the Greenhorn Lime-
stone, the Graneros Shale, and the Dakota Group.

A magnetometer survey revealed three anomalies inthe county: a 500-
gamma high in the northwestern part, a 400-gamma high in the south-
central part, and an 800-gamma high in the central part. A magnetic low
was mapped in the northeastern part of the county. The first two anom-
alies probably reflect undulations on the Precambrian surface; whereas
the 800-gamma anomaly may be due to variation in the lithology of the
basement rock. The remainder of the county has a magnetic intensity of
approximately 300 gammas, which is normal for this part of South Dakota.

Ground water, sand and gravel, and rock comprise the mineral resources
of the county.

An estimated 2,200,000 acre-feet of water is stored in two glacial-
arift aquifers in western and northern Sanborn County. Although somewhat
mineralized, the water has been successfully used for irrigation at three
places. More than20,000 acre-feet of water could be withdrawn annually
from the two aquifers without exceeding average recharge. The Warren
aquifer, which is recharged within and outside the county, contains water
under water-table conditions where it is exposedandunderartesian condi-
tions where it is buried, The Floyd aquifer contains water under artesian
conditions and probably receives recharge from the Coteau des Prairies
east of Sanborn County.,

The Niobrara Marl and Codell Sandstone Member of the Carlile Shale,
the Carlile Shale. the Greenhorn Limestone, and the Dakota Group con-
tain water under artesian pressure andare heavily developed for stock and
domestic use. The Niobrara and Codell contain the most widely developed
bedrock aquifer and supply water to more than 600 wells. Sandy zones
in the Carlile Shale below the Codell Sandstone Member vield water to a
few wells. The Greenhorn Limestone supplies water to 89 flowing wells.
The Dakota Group discharges more than 4,500 acre-feet of water per year
to nearly 600 flowing wells in Sanborn County.



More than 5,500 acre-feet of water per year is discharged by wells
that penetrate bedrock aquifers. All bedrock aquifers discharge water to
overlying aquifers either by natural hydraulic connections or through cor-
roded well casings. The sources or areas of recharge of the bedrock aqui-
fers are unknown.

Artesian pressures in bedrock aquifers have declined significantly
since 1885 when pressure was high enough to cause most wells to flow.
By 1961 wells penetrating the aquifer in the Niobrara and Codell flowed
only in the lowest areas of the county. Wells that tap the Carlile Shale
and Greenhorn Limestone flow in most of the county, but have very low
pressures, Artesian pressure inthe Dakota Group at Woonsocket decreased
from 250 psi (pounds per square inch) in 1890 to 24 psi in 1961.

Rapid declines of artesian pressure and waste of water have resulted
from the unrestricted flow of wells. More than 70 percent of the 5,500
acre-feet of water discharged by wells in 1961 from bedrock aquifers was
wasted.

The quality of the ground water ranges from very poor to good. The
poorest quality water is obtained from till or from very clayey drift, and
the best quality water is obtained from clean sand in surface outwash.
Water from the bedrock aquifers is generally poorer in quality than water
from the major outwash aquifers.

The general range of quality of water inaquifers in Sanborn County may
be summarized as follows:

Aquifer or Total
water-bearing dissolved Hardness Boron Percent
unit solids (ppm)g/ (ppm) (ppm) sodium
Warren aquifer 670-2,000 50-886 0.07-0.67 17-70
Floyd aquifer 1,400-1,800 300-800 0,65-1.8 42-60
Niobrara Marl and
Codell Sandstone Mem- 1,250-1,800 34-138 2,2-4.,3 86-97
ber of Carlile Shale

a/
Greenhorn Limestone 1,500-1,860 68-1,030 0.79-6.,2 23-98
Dakota Group 2,000-2,200 86-1,100 0,54-1.5 35-90

a/ Total range
b/ Parts per million

All aquifers yield water suitable for domestic and stock use, although
the concentrations of some constituents may exceedthe limits recommended
by the U, S, Public Health Service for drinking water., The constituents
most frequently in excess of recommended limits are total dissolved solids,
chloride, fluoride, iron, and sulfate.



Only the Warren and Floyd aquifers yield water suitable for irrigation.
Even this water should be used with care--salt tolerant crops should be
grown and soil salinity control practiced.

Water from bedrock aquifers is unsuitable for irrigation because of high
salinity, sodium, and boron.



INTRODUCTION

Purpose and Scope

During the decade 1952 to 1962, ground-water irrigation of conven-
tional crops and sugar beets has increased in eastern South Dakota. The
increase in irrigation has been accompanied by a growing need for infor-
mation on shallow ground-water supplies. In addition, many towns and
cities throughout the State need to expand existing water supplies or to
obtain supplies of better quality.

The investigation of Sanborn County is the first in a series of studies
conducted and financed jointly by the South Dakota State Geological Sur-
vey and the U. S. Geological Survey to determine the occurrence ;. quantity,
and quality of ground water available for irrigation, industrial, domestic,
and municipal supplies.

The gquality of ground water was studied to determine the kinds and
guantities of dissolved solids, to determine the relation between water
guality and geology, to aid in understanding the hydrology of the aquifers,
and to evaluate the suitability of the water for domestic, agricultural, and
industrial uses.

Location and Extent

Sanborn County includes approximately 571 square miles near the cen-
ter of the eastern half of South Dakota as shown on figure 1, The county
is bordered on the north by Beadie County, on the northeast by Kingsbury
County, on the east by Miner County, on the south by Hanson and Davi~
son Counties, and on the west by Aurora and Jerauld Counties. Sanborn
County is about 24 miles square. {(See fig, 2.)

Previous Investigation

Sanborn County has been included in many geologic reports of regional
scope. Chamberlin (1883) described the major morainic systems of South
Dakota. The earliest investigations of ground-water resources that in~-
cluded Sanborn County were made by Nettleton (1892} and Darton {1896},
Todd (1899) published a general description of the moraines of southeastern
South Dakota, and later {Todd, 1903, 1904; Todd and Hall, 1903, 1904a}
made geologic studies of four 30-minute quadrangles that included San-
born County. Todd and Hall (1904b} studied the geology and water re~
sources of part of the lower James River valley. Darton (1209} inciuded
Sanborn County in his general report on the geology and ground-water
resources of South Dakota. The South Dakota State Planning Board {1937a)
made an inventory of the water resources of the James River drainage basin
and (1937b) a study of artesian well flow in South Dakota. Rothrock {1943,
1944) included Sanborn County in his general account of the geology and
mineral resources of South Dakota, and in 1946 included Sanbocrn County
in his reconnaissance study of the James Basin. Sanborn County was
included in the area discussed by Gwynne {1951) in his description of



GREAT CENTRAL
PLAINS LOWLAND
4 T

Tt ]

!

|

| TTTT N

| | P N
| | S0\ JAMES |
1 '| ‘q;\l)?lVERh

\ _ HIGHLANDS

2

Sanborn County Q2 50miles

Figure |. Index map of eastern South Dakota showing physiographic
divisions and the location of Sanborn County. (after
Rothrock 1943 and Flint 1955.)




R. 62 W. R. 61 W. R. 60 W. R.59 w.
@q'%\f:cng‘(\ (
FLOYD / T
AFTON .. :
08
Rifle i
] Lake " N.
’ A %
?.. B 0{‘?;.- (/Wf
\ \ “'Callihan] // q”:
SILVER Lake i
WOONSOCKET _ CREEK ONEIDA@
CHICAGO V%—C)j; 0\\\""\6
Woonsocket ps k !
Ui ) BENEDICT
TWIN Forestburg ST, PAUL a PACIFIC R.R.
LAKE Long D=
Lake Artesian
,9/ (UQ‘/Q\ T.
Cuthbert S UNION 95)’\' 0(\/ |06
{? Twin LOGAN N < | N
Qd Lakes DIANA |
\\ N &=
A\ ~
3 ““ ETCHER Vs .
/i Nl:‘ercher 6{’? |d5
ELLIOT N = RAVE NNA N.
Xﬁ 4 BUTLER
® =
& >
~F » Farwell
2 -4
Scale
O | 2 3 4 5MLES
[ 1 T 13 | N
|
Figure 2. Map showing major cultural features and streams.




minor moraines in South Dakota and Minnesota, Barkley {1953} inves-
tigated artesian conditions on the flanks of the Sioux Ridge., Flint (1955)
made a reconnaissance study of the glacial geology of eastern South Dakota.

Methods and Procedures

Geologic mapping was done in the summers of 1959 and 1960. Out-
crop information was plotted on air photos {scale about 1:63,000) and
was transferred to a base map of about the same scale. Qutcrops were
examined to obtain supplementary data. Surficial deposits were differ-
entiated on the basis of topographic expression and lithology.

The thickness and lithology of the surficial deposits and the lithology
of the bedrock were determined by studies of sample cuttings from 153
test holes; 33 of these were drilled with the South Dakota State Geological
Survey's jeep-mounted auger primarily in the outwash deposits; 67 holes
were drilled with the U, S, Geological Survey's truck-mounted auger for
information on the glacial drift and bedrock; 36 rotary holes were drilled
to bedrock by dritlers under contract to the U, S. Geological Survey; and
17 holes were drilled at township corners by the South Dakota State Geo-
logical Survey's rotary rig to obtain bedrock information. Electric and
gamma ray logs of some holes were made with the South Dakota State Geo-
logical Survey's electric logger. Samples of cuttings from the 36 contract
test holes were collected at 5-foot intervals and bedrock cuttings were
obtained from 16 of the South Dakota State Geological Survey holes. The
samples were washed in the laboratory, examined with a binocular micro-
scope, and described in detail.

The geology section of the report was written by F, V, Steece of the
South Dakota State Geological Survey, and the hydrology section was writ-
ten by Lewis Howells of the U, S. Geological Swvey. Magnetic obser-
vations were made by B, C, Petsch of the South Dakota State Geological
Survey. The quality-of-water section was written by Lewis Howells and
R. L. Kilzer of the U, S, Geological Survey.

Ground magnetometer observations were made with a Schmidt type ver-
tical ground magnetometer at intervals of 5 miles; closer spacing was
used in an area just east of Forestburg. This network of observations
probably outlines the major magnetic features in the county.

The diurnal (daily) magnetic variation was taken from repeated obser-
vations at a base station, and from daily magnetograms supplied by the
Tucson Magnetic Observatory of the U, S, Coast and Geodetic Survey.
All magnetic observations were made ir fields or pastures, away from
power lines, fences, and other possibly magnetic objects., The observa-
tions were plotted, and lines of equal magnetic intensity {isogams) were
drawn on a map,

Information on water use, water levels, and artesian pressures was
obtained by making a complete inventory of all rural and public water-
supply wells. The inventory also provided information for selection of lo-
cations for test holes. Samples of water from 1,369 wells were tested in
the field for specific conductance,; hardness, and chloride, and samples
from 93 wells andtest holes were collected for complete laboratory analysis.



Aquifer discharge to flowing wells was estimated from well inventory
data. Estimates of water use for pumped wells were based on the type
of water system, number and kind of livestock, and number of people in
a family, Per capita consumption of water was estimated as 70 gpd (gal-
lons per day) in homes with inside plumbing and pressure systems, and
35 gpd in homes without inside plumbing and no pressure system., Live-
stock needs were estimatedon the basis of maximum summer requirements
as follows:

Chickens ........... 6 gpd per 100 birds
Cattle .............. 15 gpd per head
Hogs ..oo v viv v o 2 gpd per head
Sheep .............. 1 gpd per head

The quantity of water stored in glacial outwash aquifers was esti-
mated from the map of water-saturated sand thickness using a specific
vield value of 0.25. The specific yield estimate was based on the ob-
served size composition of the outwash material.

Recharge to the Warren aquifer was estimated from weather records,
stream-gauge readings at Huron and Forestburg, and from field observa-
tions of infiltration during heavy rainstorms,

Aguifer tests were made of five high-capacity wells--two irrigation
wells in the Warren aquifer, and one irrigation well and two test wells
in the Floyd aquifer, The aquifer tests were made by pumping the wells
at a constant rate for 24 to 49 hours and observing the drawdown. After
pumping stopped, observations were made of the recovery of water levels
in the pumped wells and in two to four observation wells for each pumped
well. The data on each test were analyzed to determine the coefficient of
transmissibility and coefficient of storage of the aguifer, Pumping curves
were drawn for each well,

Most laboratory analyses were made according to the methods des-
cribed by Rainwater and Thatcher (1960). Field analyses were made with
colorimetric test kits and resistance bridges.,

Many technical terms commonly used in geology and hydrology are
defined in the glossary, which begins on page 106,
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Well-Numbering System

Wells and test holes in this report are numbered in accordance with
the U. S. Bureau of Land Management's system of land subdivision. The
first numeral of a well designation indicates the township, the second the
rar.ge, and the third the section., Lowercase letters after the section num-
ber indicate the position of the well within the section, the first letter
indicates the 160-acre tract, the second the 40-acre tract, the third the
10-acre tract, and the fourth the 2%+-acre tract. The letters a, b, ¢, and
d are assigned to the tracts i: a counterclockwise direction beginning in
the northeast corner of each tract. For example, well 106-60-15da is in
the NExSEx sec. 15, T. 106 N., R. 60 W. as shown in figure 3. If two or
more wells are within the same tract, consecutive numbers begirning with
1 are added as suffixes to designate the order in which the wells are listed
(such as 106-60-15dagy}.

GEOGRAPHY

Physiography

Sanborrs County is near the center of the James Basir division of the
Central Lowland physiographic province (fig, 1). Although the total relief
is only about 165 feet, a wide variety of topographic features are present
ir the county.

The James River trench, the outstanding topographic feature in the
county, has an average width of half a mile and an average depth of 80






feet. (See pl. 1.) The James River enters Sanborn County from the north
atan altitude of about 1,230 feetabove sealevel, and crosses the southern
border at an altitude of about 1,210 feet. Thus the river falls only about
20 feet in its 40-mile traverse of the county.

Two terraces occur within the James River trench in Sanborn County.
The lower terrace is partially eroded and is 10 feet above the flood plain,
in secs. 7, 17, 18, 19, and 20, T. 107 N., R. 60 W. The upper terrace
is fairly level and is about 60 feet above the flood plain in secs. 23, 24,
and 25, T. 108 N., R. 61 W, and in sec. 30, T, 108 N., R. 60 W,

Although they are not major topographic features, the valleys of Sand,
Marsh, Morris, Redstone, Jim, and Dry Run Creeks are conspicuous on
the relatively flat uplands.

Except for two outwash plains, much of the northern three-fourths of
the countyis rollingtohilly and has internal drainage. The most prominent
range of hills isthe Pony Hills, which extend northwest from near Cuthbert
into Jerauld County.

A broad flat plain occupies about 50 sguare miles north and east of
Woonsocket. Near Forestburgthis plain islocally overlain by sand dunes,
reaching a height of 50 feet at John Brown's Mound (known also as Belcher's
Mound--Judy and Robinson, 1953, p. 105). A second relatively flat plain
adjacent to Morris Creek extends from southeastern Jerauld County to about
5 miles south of Cuthbert, where it merges with the narrow valley of Morris
Creek. Two other small relatively flat areas are in the eastern partof the
county--near Rifle and Callihan Lakes, and near Artesian.

The southern one-fourth of the county is nearly level to very gently
undulating and is poorly drained. The surface is particularly flat south
of Letcher where level terrain is visible for several miles.

Sanborn County is drained by the James River and its tributaries. The
major tributaries, Sand, Morris, Marsh, Redstone, Jim, and Dry Run Creeks,
areintermittent, Much of the end moraine area has poorly developed drain-
age; numerous small swales and potholes contain water during wet periods.
Larger permanent bodies of water are recharged by artesian wells and are
maintained for recreation. These include Twin Lakes, 7 miles southwest
of Woonsocket, Rifle and Callihan Lakes, 8 miles northeast of Forest-
burg, Lake Prior at Woonsocket, and the lake at Letcher.

Climate

The climate of Sanborn County is subhumid and is characterized by
long, cold winters and short, hot summers, For the period 1931 to 1955,
the mean annual temperature at Forestburg was 46.4 degrees Fahrenheit.
The highest temperature recorded was 116 degrees in 1934, and the lowest
was -45 degrees in 1912. The growing season (consecutive days with the
temperature above 32 degrees) is about 130 days, between May 15 and
September 21 (Potas and Skow, 1959).

Most precipitation occurs as rain during the late spring and summer.
The average annual precipitation at Forestburg for the period 1931 to 1955
was 20.31 inches. (See fig. 4.) The maximum precipitation was 36.4
inches in 1914, and the minimum was 11.77 inches in 1925.

11
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History of County and Population

Sanborn County was settled as early as 1873, but was not organized
until 1883. Woonsocket has been the county seat since 1884,

As many as 15 small settlements existed during the early days of the
county, but most of these have long since been abandoned. Communities
remaining are Woonsocket, Letcher, Artesian, Forestburg, Cuthbert, and
Farwell; the last three are unincorporated.

The following table shows the populations of the communities in the
county.

Population (1960 census)

WOoONSOCKET & .ttt e ettt e e 1,035
ArteSIaN. ot s i it i e e i e e e e e 330
Letcher ... it et e e et 296
a/
FOresthbUrg. o vt e it st i ii e e it o s 150
b/
Farwell .o i e e e e e e 7
</
Cuthbert o i i ittt e et eineans 2

a/ 1950 census
b/ Census by Lewis Howells, June 1962
¢/ Census by County Treasurer, March 1962
In 1890 the population of Sanborn County was 4,610, There was a
slight decline in the following decade, then a sharp rise to an all time

high of 7,877 in 1920, Since 1920 the number of residents has decreased
steadily tothe present population of 4,641 as shown in the following table,

Year Population
1890 4,610
1900 4,464
1810 6,607
1920 7,877
1930 7,326
1940 5,754
1850 5,142a/
1260 4,641

Source: Potas and Skow, 1859

a/ White, 1861
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Transportation

Hard-surfaced, all-weather highways in Sanborn County include the
cast-west State Route 34 and the north-south State Route 37. State High-
way 32 in the northwest part of the county connects State Route 34 with
Alpena in Jerauld County to the west. A hard-surfaced county road con-
nects Woonsocket with Mount Vernon {Davison County) 25 miles to the
south, and a similar county road passes through Letcher and connects the
Woonsocket-Mount Vernon road with State Route 37, 5mileseastof Letcher.
Graded gravel roads supplement these primary roads on most sectionlines,
except near the James River, The river is bridged nine times in its tra-
verse of the county.

Two lines of the Chicago, Milwaukee, St. Paul, and Pacific Railroad
intersect at Woonsocket and provide rail service forthe county. Commer-
cial bus service is provided by the Jack Rabbit Lines. Several major truck
lines serve Sanborn County, and small truckers handle local hauling and
cattle marketing.

Agriculture and Soils

Agriculture is the principal industry in the county., The maincrops are
corn, oats, and alfalfa, and the chief livestock raised are cattie, hogs,
sheep, and poultry., Seventy-eight percent of the cash farm income from
1952 to 1956 was from livestock and livestock products. The remaining
22 percent was Ifrom corn (12 percent), wheat {Z percent), and other crops
(8 percent). These data are compared to the cash farm income for the
State in the following table.

Sanborn County  South Dakota

(percent) {percent)
Cattle and calves . ........... 37 35
Hogs vivi e i i e 28 18
Other livestock and live-
stock products............ 13 16
Corn. .o e e e 12 9
Wheat ..., .. . e 2 10
Other Crops. ... cvvs i 8 12
100 100

Source: Potas and Skow, 1959

Sanborn County production for 1959 and 1960 is shownin the following
table.



Harvested (acres)| Yield (bu,/acre) Value {dollars)
Product
- 1959 1960 1959 1960 1959 1960
Corn 68.800166,900 16,0 24.0 1,122,8001 1,364,800
All wheat 2,130 2,720 6.9 19.9 28,800 100,600
Winter wheat 40 150 6.0 26.5 -- 3,980
Durum wheat 190 70 6.5 19,5 -- ~-=
Springwheat| 1,190| 2,500 7.0 19.5 -= --
Oats 21,900134,600 | 11.0 33.5 142,100 614,300
Barley 1,500 2,500 ;12,0 30.0 15,100 57,000
Rye 2.2001 3,300 10,0 23.0 21,800 63,000
Flaxseed 150 40 4.0 10,0 1,800 1,100
Soybeans 150 130 ]110.0 11.0 2.900 2,700
Sorghum 5,4001 3,700 |23.5 32.5 99,000 81,800
All hay 68,600]61,200 0 73§/ 1,178/ 1,025,0001{1,114,400
Alfalfa hay 132,400131,500 00952/ 1660-@/ 30,800 50,400
Wild hay 26.100127,400 0,508/ 0.702/ 13,100 19,200
Irrigated
corn 60 170 | 67.0 69.0 - ~=
T 30 20 | 2.7% | 4.0/ -- --
Source: Potas, 1961

a/ Hay given in tons per acre,

15
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In 1959, the land in Sanborn County was classified as follows: crop-
land, 60.2 percent; pasture, 36.2 percent; and other land, 3.6 percent.
The following table shows these data.

Acres Percent
Urban and built-up 5,123 1.4
Ponds, lakes, etc, 2,348 0.6
Forest and woodland 2,206 0.6
Other non-farm use 1,025 0,3
Cropland, including alfalfa
pasture 219,962 60,2
Pasture and range 132,185 36,2
Al]l other 2,591 0.7
Total land area 365,440 100.0

Source: Maurice Van Walleghen, U. S. Dept. Agricul-
ture, Soil Conserv. Service, Woonsocket, per-
sonal communication, 1961.

Livestock population in Sanborn County for January 1960 and 1961 is
given in the following table.

All cattle

Milk cows

Beef cows

Hogs

Sheep and lambs
Al]l chickens

Source: Potas,

January 1, 1960

Number
41,000
1,800
16,700
23,800
22,500
117,000

1961

Value
(dollars) Number

5,544,800 42,100
355,400 1,700
2,688,700 17,300
523,600 22,800
382,500 21,600

98,300 110,000

January 1, 1961

Value
(dollars)

6,166,300
342,100
3,010,200
736,400
339,900

125,400



The average value of farm land and buildings in Sanborn County from
1910 to 1959 is shown in the following table.

a/ b/
Value per acre Total value
Year (dollars) (dollars)
1910 ’ 47,10 15,360,219
1915 57.00 -=
1920 112.00 36,652,230
1925 57.50 19,565,810
1930 49,60 17,197,742
1935 22.30 7,132,520
1940 15.20 5,183,226
1945 22.80 8,271,148
1950 37.00 13,048,224
1954 46,20 16,291,104
c/
1959 64.50 21,919,917

a/ Potas, 1961
b/ Potas and Skow, 1959
¢/ Calculated

The soils of Sanborn County are classified as follows: (1} black and
very dark, grayish~brown loams and clay loams of the subhumid grass-
lands, {2) sandy soils of the subhumid grasslands, and (3) soils from allu-
vium (Westin and Buntley, 1962}, In the first category the soils are deep,
friable to firm, well-drained loams, light clay loams, and clay loams in
association with clay pan soils on nearly level, to gently undulating,
glacial drift piain. The soil series of this group include Bonilla, Houdek,
Vienna, Cresbard, Cavour, Tetonka, Miranda, and Beadle. In the second
category the soils aredeep, friable to loose, excessively drained to some-
what poorly drained, sandy loams, loamy sands of glacial outwash plains,
and wet sandy soils of the Hecla, Hamar, and Maddock series. The scils
of the third category are poorly drained loams and silt loams of bottom-
lands and low terraces along the James River., TFigure 5 shows the distri-
bution of these groups as modified after Westin and Buntley (1962).

A critical factor of agriculture in Sanborn County is insufficient mois-
ture. Prolonged drought or, as in 1959, lack of rainfall at critical times

17
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during the growing season, may damage crops or severely reduce yields.

Many farmers are becoming interested in irrigation to supplement rain-
fall and thus save crops that otherwise might be lost.

The following table summarizes land capability and potential suit-
ability for irrigation.

Land class | Acreage Description
IIc 96 748 Deep soil, medium textured, moderately per-
! meable substratum.
Ile 83,332 Same as IIc except slopes may be as much as
‘ 4 percent.
IIw 1,079 Same as Ilc except for occasional flooding.
IIIe 376 Similar to Class II soils but has slopes from
4 to 8 percent,
IIIs 67,896 Shallow, sandy soils with till at 30 inches or
2 less; moderate salinity hazard.
Deep, silty, medium textured soils overlying
Isg 11,683 gravel at 20-36 inches below land surface;
seveare salinity hazard.
IVw 39,794 Deep, moderately heavy soil, poorly drained.
v 38.524 | Land subjected to flooding or high water table;
) slough bottoms.
Land has steep slopes (over 9 percent); extreme
V1 17,598 salinity hazard; sandy soil too permeable to
retain water.
Total 357,030
Source: R. Stone and R, Pasco, U. S. Soil Conservation Service, and

U. S. Bureau of Reclamation, Huron, personal communications,

1961.
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Only land in Classes II and III can be considered as potentially irri~
gable land., Land in Class IV presents severe drainage problems, Most
of Class V land is slough bottoms that are covered with water most of the
summer, Class VI includes land that has slopes greater than 9 percent
(some slopes exceed 19 percent), land that has excessive salinity hazard
and, in Sanborn County, about 8,000 acres of sandy soil so permeable
that its water-retaining ability is too low to permit good plant growth,

The total irrigable land in Sanborn County is 261,733 acres., If Class
IV land could be economically drained, this total would be increased to
301,527 acres.

GEOLOGY
by Fred V. Steece

Stratigraphic Relations

Information on the stratigraphy of Sanborn County was obtained from a
study of samples from shallow test holes, from electric and driller's logs
of wells in and near the county, and from published material.

The stratigraphic nomenclature in this report conforms to that used by
the South Dakota State Geological Survey. The classification and nomen-
clature of the rock units accord, for the most part, with that of the U, S.
Geological Survey. The stratigraphic section for Sanborn County is sum-
marized as follows:

Quaternary System
Recent Series
Alluvium
Dune sand
Pleistocene Series
Wisconsin Glaciation
Late Wisconsin
Early Wisconsin
Cretaceous System
Upper Cretaceous Series
Pierre Shale
Niobrara Marl
Carlile Shale
Greenhorn Limestone
Graneros Shale
Upper and Lower Cretaceous Series
Dakota Group
Precambrian System
Sioux Quartzite
Older rocks

A generalized section of the surficial deposits is shown in table 1 and
their distribution is shown on plate 1.



Table 1,--Generalized geologic section of the surficial deposits
of Sanborn County.

Thick-
ness
Age Deposit (feet) Description
Dark, deep, well-drained, friable
loams and clay loams; some claypan
Mainly solils; developed on nearly level to
o Chernozem 0.5-21 gently undulating glacial till and out-
S soils wash plains; and dark, poorly drained
° loams and silt loams developed on
. alluvium,
Black humic clay; contains minor
Alluvium 0-10 amounts of sand, silt, and gravel,
stratified,
5 o | Dune sand 0-50 Well-sorted fine to medium wind-
o gg g blown sand; local dune topography.
o S0
a&.). o O £ |Loess 0-1 Buff silt to very fine sand; patchy.
Local deposits of sand, silt, clay
Lake deposits| 0-10 and marl; commonly gray and fos~-
siliferous.
James River .
_ trench valley | 0-40 Isréiffeigged sand, silt, and clay,
Of o fill ' )
2l Poorly sorted to fairly well-sorted
g D =i Surface 0-75 stratified sand and gravel; locally
0T outwash very fine sand and silt; averages
SO about 30 feet,
a | £ Olive-brown to olive-gray boulder
E @ Till 0-95 | clay; locally includes sand and gravel
a9 beds; averages 40 feet,
0 Boulder clay, sand and gravel; recog-
£ .| Buried nized by oxidation zones and strati-
~| outwash 0-115 graphljc po;1_t10n below late Wisconsin
Q1 and till depos;ts; till may be as much as 90
feet thick; outwash may be as much as
115 feet thick.
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Surficial deposits: Quaternary System

Recent Series
Alluvium

The flood plains of the major streams and the beds of most lakes and
ponds in Sanborn County are covered wholly or partly by alluvium. Alluvium
averages 6 to 8 feet thick in the James River flood plain, but only 2 to 3
feet thick in the smaller stream valleys. As much as 10 feet of alluvium
underlies what may be two ancient lake beds--one broad, flat tract near
Rifle and Callihan Lakes, the other near Artesian (pl. 1). The alluvium is
generally dark-colored, humic, clay-rich material that contains some silt
and sand, and locally, gravel. As much as 5 feet of alluvium underlies
the beds of small lakes and ponds throughout the county,

Dune sand

Wind-blown sand, derived from material composing the Woonsocket out-
wash, covers about 45 square miles of central Sanborn County. The sand
is composed primarily of slightly frosted, well-rounded, fine to medium
quartz grains. The sand deposit is thinthroughout most of the area, com-
monly ranges from 2 to 29 feet in thickness, and averages about 15 feet.
Near Forestburg, however, the wind-blown sand is thicker and has devel-
oped a dune topography. At John Brown's Mound, 2% miles northeast of
Forestburg, it is as much as 50 feet thick., Wind-blown sand is brown to
vellow when oxidized and grayish when unoxidized. 1In areas where the
sand is thickest it is oxidized to an average depth of about 12 feet.

The distribution of the dune sand shown on the geologic map (pl. 1)
differs in detail from that shown by Todd and Hall (1903 Geologic map,
1904a Geologic map) and by Flint (1955, pl. 1). The discrepancies arise
because of the more detailed nature of the present report as compared with
the earlier studies.

Wind-blown sand occurs in small scattered areas of the Woonsocket
outwash plain, producing a gently undulating topography. The deposits
are thin and difficult to delineate, and, therefore, are not shown on the
geologic map (pl. 1). Near the mouth of Redstone Creek on the east side
of the James River, isolated wind-blown sand areas are not shown on the
map because of their sporadic distribution. Todd (1904, Geologic map)
mapped "old stream deposits" along the east bluff of the James River trench
in Sanborn County. Thin (1% to 2 feet) scattered deposits of wind-blown
sand and some loess were found in this area, but the deposits are too
small to show on plate 1.

An interesting phenomenon is present in the dune-sand area several
miles northwest of Forestburg where boulders occur on the surface of the
wind-blown sand. The boulders may have been deposited by ice rafting
during outwash deposition and later exposed by deflation of the surrounding
finer grained material, or frostaction may have brought the boulders to the
surface, Some of these boulders show slight desert polish on the north-
western side.



Fleistocene Series

Nomenclature and age determination

Present knowledge of Fleistocene stratigraphy reveals four major periods
of glaciation that occurred on the North American Continent, beginning
as long ago perhaps as 1.5 million years {Ericson. and others. 1964},
These ¢glacial periods, from oldest to youngest, the Nebraskan. Kansan,
illinoian, and Wisconsin, were separated by interglaciations consisting
of long. relativvely warm periods of weathering, soil development. and
nonglacial deposition. The three major interglaciations beginning with
the oldest are the Aftonian, Yarmouth, and Sangamon,

Deposits of the Wisconsin Glaciation have long been known and studied
by glacial geologists. Leverett {1929' recognized eariy, middie. and late
Wisconsin deposits, Leighton {1933, believed there were four subdivi-
sions of the Wisccnsin, andaccordingly he assigned them the names Iowan,
Tazewell, Cary, and Mankato., Later Leighton and Willman {1950; added
the Farmdale substage below the fowan as earliest Wisconsin. Thwaites
11943} introduced the name Valders as the sixth Wisconsin substage. The
Cochrane has been proposed as a seventh substage by Antevs {1925},
Leighton {1960° proposed names for the periods of deglaciation or inter-
stages between the Wisconsin substages as foliows: TFarm Creek, Gar-
dena, St. Charles, Bowmanville, and Two Creeks,

Flint 11955) mapped the Pleistocene deposits of eastern South Dakota
according to Leighton's {1933} subdivisions. He traced moraines and

rift sheets of Carv and Mankato age into the James lobe of South Dakota
from the Des Moines lobe of western Minnesota. However. Zumberge and
Wright {1956 demonstrated that the drift at the Mankato type iocality is
older then the Two Creeks forest bed of Wisconsin and is probably of Cary
age. Radiocarpon dates in the Des Moines lobe show that the lobe was
at its maximum extent about 14,000 years ago and had retreated by about
11 \,,\800,5'%/ yvears ago leaving only 2,200 vears for the ice to expandtoits
outer moraine {Bemis moraine, designated as Cary age by Fiint!, retreat
into Canada, and readvance to the second moraine {Altamont moraine, des-
ignated as Mankato age by Flint:, Thus, it appears that the Altamont,
Gary, Antelope {see figuwe 6;. and all moraines behind the Bemis are but
recessionals of the Bemis ice sheet. These facts coupied with the fact
that no deposits representing significant time breaks have been found in
the Des Moines or fames lobes between the above-mentioned morainai
deposits suggest that one age of drift was deposited by anice sheet which
built muitiple recessional moraines. However, the identification of this
drift sheet becomes complicated by radiocarbon dates frem Cary drift in
I1linois {the type locality’ . which indicate that the Cary is oider in the
Lake Michigan lcbe in illinois than it is in the Des Moines and Tames
lobes in South Dakota., Consequently, the drift of the fames and Des
Moines lobes may not correlate with the Cary drift of the Lake Michigan

a/ Age of Two Creeks forest bed according to Broecker and Farrand, 1963.
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lobe but may be a younger drift, To refer to this younger drift as Mankato
would be ambiguous because this term has been used to denote both post-
Two Creeks (Horberg, 1955) and pre-Two Creeks (Fries, Wright, and Rubin,
1961) events, Yet to refer to it as Valders also may be incorrect because
Wright {1955) and Elson (1957) are of the opinion that the Valders never
crossed the international boundary in the vicinity of western Minnesota.

Even in Leverett's day {(1932), the break between Iowan drift and later
Wisconsin deposits was recognized as a significantone, In easternSouth
Dakota, the lowan drift surface (Flint, 1955) resembles the Illinoian sur-
face more closelythan it does any of the later Wisconsin deposits (Steece,
Tipton, and Agnew, 1960). A radiocarbon date in the Iowan drift area near
Brookings (sample W-115, from 180 feet deep in a well) (see figure 7) is
older than 30,000 radiocarbon years (Rubin and Suess, 1955, p., 484),.
Thus it may be older than the Iowan of Iowa and comparable in age with
the "early Wisconsin" in Ohio (Goldthwait, 1958); it certainly is not as
old as the Illinoian of southeastern South Dakota (Steece, 1959a, b, and
Tipton, 1959a, b).

In South Dakota therefore, the drift enclosed by the Bemis and Alta-
mont moraines is designated as late Wisconsin age. The deposits between
the Bemis moraine and the Illinoian drift border are referred to as early
Wisconsin age. The terms early and late Wisconsin as used here do not
necessarily have the same meaning as "early" and "late" Wisconsin of
Leverett (1929) or "early Wisconsin" of Goldthwait (1958).

The Bemis moraine of the Des Moines lobe and the Altamont moraine
of the Jameslobe each, and in places together, are terminal moraines that
mark the farthest advance of ice associated with the two lobes. Radio-
carbondates from drift inthe James lobe (fig. 7) indicate that the drift (Cary,
of Flint, 1955) in southeastern South Dakota (samples v-4521, v-5952, and
W-11893) is approximately the same age as that (Mankato of Flint, 1955)
in central eastern South Dakota (samples W-8014 and W-98795); all five
dates are between 12,050 and 12,760 radiocarbon yvears. Therefore, it is
probable that the whole of the James lobe drift was deposited only shortly
before Two Creeks time, that is, during the latter part of the Wisconsin
Glaciation.

Barendsen, Deevey, and Gralenski, 1957, p. 913.

Deevey, Gralenski, and Hoffren, 1959, p, 150.

Ives, Levin, Robinson, and Rubin, 1964, p. 48.

Rubin and Alexander, 1960.

Ives, Levin, Robinson, and Rubin, 1964, p. 48; wood from this same
locality collected 9 years after sample W-987 was dated at 10,350+300
years B, P. (Sample W-983, Ives, Levin, Robinson, and Rubin, 1964,
p. 48). Both samples were dated the same year., The anomaly probably
arises due to the 9 years exposure of the wood in the well to different
chemical conditions thus altering the original carbon content.

Ul W DN
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Pleistocene and Recent

Late Wisconsin lake deposits.—--Deposits of sand, silt, clay, andmarl,
which are too small to be shown at the scale of the geologic map (pl. 1),
are scattered throughout the area of the Woonsocket Qutwash Plain, Lacus-
trine materials also are found in a few low places such as swales on the
till upland away from the outwash, commonly below 1 to 4 feet of black
alluvial or colluvial fill, The lake deposits are locally fossiliferous, but
in the absence of fossils these sediments are judged to be lacustrine
because of their lithology.

Fossiliferous . light-gray, marly clay 1 foot in thickness, containing
many Mullusca, Ostracoda, and Charophyta, overlies the Woonsocket Qut-
wash Plain in SW4SEL sec. 3, T. 107N., R. 62 W. The marly clay occurs
below 13 feet of brownish-gray sandy clay and above at least 1 foot of dark
olive-gray, iron-stained clay whose base is concealed. The types and
relative abundance of the fossils found in the marly clay are shown in
table 2.

Fossil-bearing lake sediments were found in road cuts at the center
of the north line of sec. 36, T, 108 N., R. 61 W., and in the SW% SW%
sec. 36, T, 107 N., R, 61 W,; in test hole 107-62-35aaaa] at a depth of
2 to 3 feet; and in test hole 105-62-3cbbb in light, olive-gray silt at a
depth of 2 to 5 feet and in yellowish-brown, silty clay at a depth of 5 to
10 feet.

Nonfossiliferous lake sediments were found in a hand auger boring in
the NE—};NE%_ sec, 16, T, 107N.,R. 62 W., 4 feet deep; a roadcut between
secs. 31, and 32, T, 108 N., R, 62 W,; and hand auger borings at the cen-
ter of the north line and in the northwestern corner of sec, 28, T. 107 N.,
R, 62 W,, 2 to 4 feet deep.

The large alluvial flats near Rifle and Callihan Lakes andon Jim Creek
in the vicinity of Artesian (pl. 1) contain late Wisconsin lake sediments.
Alluvium in these areas was depositedeither in ice-block basins orinseg-
ments of pre-existing drainage inthe endmoraine. This alluvium probably
correlates with Recent alluvium and colluvium in numerous small closed
depressions which dot the end moraine surface.

James River trench valley fill.--The valley fill of the James River trench
is composed of about 75 feet of interbedded gravel, sand, silt, and clay.
The uppermost 1 to 8 feet probably represents Recent alluvium and collu-
vium, and consists of black to dark-brown humic clay with sand and silt.
The remainder is stratified brown to gray gravel, sand, silt, and clay,
which is probably late Wisconsin in age.

Several small remnants of valleytrain outwash thatoccupied the trench
prior to its removal by escaping waters from glacial Lake Dakota occur
as terraces in the northern part of the county (pl. 1). Other remnants of
this former outwash are found locally beneath the younger valley fill. (See
logs of test holes 105—60—250<:cd2, 105-60-35ddbb, and 107-60-30baab,
Appendix A,)
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Table 2.--Fossils from lacustrine marl in SW%SE+ sec. 3, T. 107 N.,
R. 62 W, (S. Dak, Geol. Survey Paleo., sample (1) 20-9, Woon-
socket north; U.S,G.S., Radiocarbon date sample W-1033; dated
10.,060+300 years B, P. by Meyer Rubin, U,S.G.S.,, Washing-
ton; Ives, Levin, Robinson, and Rubin, 1964, p. 48.

Abundant Common Rare
(75-85%) (15-20%) (0-5%)

Gastropoda: (Snails)

Valvata sincera (Say) X

V. tricarinata (Say) X

Amnicola limosa (Say) X
Fossaria dalli (Baker) X

E. obrussa (Say) X

Stagnicola exilis (Lea) X

Helisoma anceps (Menke) X
Planorbula armigera (Say) X

Gyraulus circumstriatus (Tryon) X

G. crista (Linne) X

G. parvis (Say) X

Apiexa sp., X
Physa sp. X

Pelecypoda: (Clams)

*Musculium sp. X

Pisidium casertanum (Poli) X
Ostracoda (Crustaceans) X
Charophyta (Algae) X
Fish tooth X

* Only embryonic {?) valves.



Wisconsin Glaciation

Late Wisconsin,--The surficial deposits of Wisconsin age in Sanborn
County are till and outwash. The till is an unsorted unstratified mixture
of rock fragments of various sizes in a clay-rich matrix; it is calcareous
and yellowish~-brown where oxidized (locally called yellow clay), and gray
to olive-gray where unoxidized (locally called blue clay). Thetillis usu-
ally calcareous except where it is overlain by sandy soil, in which case
it may be wholly or partly leached to a depth of several feet, The till in
Sanborn County ranges from 12 to 85 feet, and averages about 40 feet in
thickness,

Till results from the deposition of material that the ice erodes from
the land surface, The material is carried on and incorporated into the ice;
mostof it is deposited whenthe rate of melting equals the rate of advance.
In this case, the debris will form end moraines around the margin of the
ice, Where the ice ceases its forward motion and becomes stagnant, the
debris will form dead-ice moraine. If the ice has an active retreat and
therefore does not stagnate, the debris is deposited in @ more or less uni-
form blanket which constitutes ground moraine.

The area mapped as end moraine on plate 1 is part of a broad belt of
recessional moraine formed by minor retreats and readvances of the ice
as it occupied the center of the James lobe; it is therefore an end-moraine
system (Flint, 1957, p. 131).

Todd {1903, 1904) and Todd and Hall (1803, 1904a) mapped the Gary
moraine in nearly the same position as the end moraine border is shown
on plate 1. In the same publications, Todd and Hall mapped the Antelope
moraine through the northern part of Sanborn County.

End moraine mapped in Sanborn County probably represents a complex
system of terminal moraines associated with the lateral moraines of late
Wisconsin (Mankato of Flint, 1955, p. 118-119, and fig. 31) ice in the
James lobe., The ice built lateral moraines, as it advanced down the James
River basin, pushing against the Coteau des Prairies to the east and the
Coteau du Missouri to the west. The terminal margin of the ice, unre-
stricted by the Coteau blockades, built endmoraines at successive minor
readvances., All of these minor retreats and readvances are not recorded
in the lateral moraine systems because the ice was more or less continu-
ously forced against the two Coteaux, whereas the ice terminus was free
to fluctuate north and south with climatic changes, This resulted in gen-
erally north-south lateral moraines along the two Coteaux, and many minor
ridges or subiinear masses of glacial drift representing end moraines; the
latter are essentially arcuate and more or less perpendicular to the direc-
tion of ice movement. Because of this complexity, no attempt was made
in this study to trace individual moraines, such as the Gary and Antelope,
in Sanboin County,

End moraine, generally of low relief, constitutes the surface of about
50 percent of the northern three-quarters of Sanborn County; it is char-
acterized by roiling to semirugged hummocky topography (photo 1), and by
having internal drainage. The most prominent end moraine is the Pony
Hills in the western part of the county (photo 2),
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The margin of the end moraine ig easilytraced in all except the south-
eastern part of the county iphoto 3;. Aithough there is no thick accumula-
tion of drift at the end moraine sorder east of the James River, the margin
can be delineated {1} by the abundant smail closed depressions on the end-
moraine surface, and {2: by the subiineation of elongated depressions and
small interdepression ridges thatroughlv paraliel the end-moraine margin.
This lineation is perpendiculiartc the direction of fiow of the ice, which in
this area was principaily from the north-northwest, and is characteristic
of the remainder of the end moraine in the county,

The ground moraine, which covers most of the southern guarter of the
county, is characterized by an extremely flat surface that has relatively
few closed depressions as compared to the end moraine. Local relief of
the ground-moraine surface is less than 20 feet and is usually about 5 to
10 feet. The ground moraineis dissected by the James River, Morris Creek,
and two smaller creeks, which fiow southward out of the county.

Gwynne (1951 described features in extreme northwestern Sanborn
County thatresemble minor moraines . althcughthey are less well developed
than similar features south of Mitchell. Minor moraines in northwestern
Sanborn County (secs. 6 and 7. T. 108 N., R. 62 W.} have northwest-
southeast lineation. {Steece, 1963 . in preparation.j

Topographic features left by the meiting ice include ice-marginal melt-
water channels, which probably resulted frcm streams flowing in ice cre-
vasses near the ice margin iphoto 3;, and subaligned depressions and
interdepression ridges formed by pericdic oscillations of the glacial ter-
minus. The ice-marginal meitwater channeis are shallow linear topographic
lows several hundred feet wide that range in length from 23 to 73 miles.

There are extensive deposits of glacial outwash in Sanborn County;
they consist of pooriy sorted to fairiy well sorted sand and gravel with
minor amounts of silt and clay. Usually outwash deposits are sorted and
stratified by meltwater action; the suspended material is carried down-
stream and the coarser paiticles, mainly sand and gravel, are deposited
near their source. inSanborn County, the outwash deposits are predomin-
antly fine to coarse sand with local gravel accumulations. However, fine
sand, silt, and ciay occur locally and probhably represent accumulation in
shallow lakes during the last stages of ice melting. Locally. the outwash
is mantled by thin coarse locess as much as i3 feet thick.

The outwash material has a wide range in mineral composition, The
finer partis composed of guartz sand with minor amounts of other minerals
and rock fragments. The coarser part is composad chiefly of igneousrock
fragments with lesser amounts of limestone, dciomite, and locally derived
marl and shale pebbles. The depth ot oxidation in the surface outwash
averages about 13 feet and ranges from 10 to 25 feet., Surface-outwash
deposits range from 0 to 75 feetr in thickness . and average about 30 feet.

The surface of the Woonsocket Cutwash Plain {called "The Forestburg-
Woonsocket Qutwash" by Rothrock . 1946. ¢, 19} . in the northwest quarter
of the county, contrasts strongiy with that of the nearby end moraine, (See
photos1landZ.} The plain. apout iZ miles long in Sanborn County, ranges
in width from 1% to 8% miles,

The northern border of the Wconsocket Cutwash Plain 1s defined partly
by the shallow fiood plain of Sand Creeck and partly by the flank of the end
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moraine in the northern part of the county, The western edge of the out-
wash plain is well defined except near Woonsocket, Near Long Lake, the
plain is easily distinguished from the bordering till, but grades impercep-
tibly into the alluvial flat that extends southward from Long Lake (pl. 1).
The eastern boundary of the outwash plain is partly obscured near Forest-
burg by windblown sand deposits, which are thicker in this area than far-
ther north. Several outliers of till, probably end moraine remnants, stand
as knobs above the outwash plain, These knobs are as much as 20 feet
above the surrounding plain and occupy less than half a square mile in
area (pl. 1),

In a few places, the Woonsocket Outwash is relatively thin which
probably indicatesthe presence of buriedmorainalridges. Figure 8, based
mainly on drill-hole information, shows the inferred positions of these
buried ridges. The till outliers shown in figure 8 and plate 1 represent
the tops of these buried ridges that are not covered by the outwash.

A buried morainal ridge northeast of Woonsocket (fig. 8) may account
for the fan shape of the northern half of the Woonsocket Outwash Plain,
This ridge could have actedas a dam for the meltwater, backing it up over
a wide area to the north and thus causing the deposition of silt, clay, and
mar] in low areas on the outwash plain; some of these deposits are fos—
siliferous. (See p. 28.) When the water became deeper, it flowed over
the moraine dam and drained southward,

The Cuthbert OQutwash Plain (Rothrock, 1946, p. 19), in the south-
western part of the county, about 12 miles long within the county, ranges
from one-half to 3 miles in width. This outwash is less extensive but
nearly aslevel as the Woonsocket Qutwash Plain; its borders are generally
well defined.,

The Cuthbert Outwash is divided into two parts by a buried oxidized
zone., In this report the upper part is hereinafter referred to as Cuthbert
Outwash-2 and the lower partas Cuthbert Outwash-1, Cuthbert Qutwash-2
may be considerably younger than the late Wisconsin surface drift sur-
rounding it, for the depth of oxidation of the sands in test hole 106-62-
33aaaa is only 10 feet as compared with the average depth ofoxidation of
the till of 20 feet, It would seem that if the outwash and till were of the
same age, the sandwould be oxidized to a greater depth than the till owing
to the higher permeability of the sand. Additional evidence for a younger
age of Cuthbert Outwash-2 is provided by test hole 106-62-21aaad, which
shows 20 feetof sand and gravel presumably of late Wisconsin age (Cuth-
bert Outwash-1) which is oxidized to a depth of 15 feet, This lies on an
unoxidized till presumed to be early Wisconsin age from information obtained
from test hole 106-62-15cbbb about half a mile north of test hole 106-62-
2laaad. Test hole 106-62-15cbbb shows oxidized late Wisconsin out-
wash (Cuthbert Outwash-2) overlying unoxidized late Wisconsin till, The
late Wisconsin till is separated from the underlying early Wisconsin till
by a S5-foot thick oxidized zone. Unoxidized basal early Wisconsin till
overlies 60 feet of an older outwash of which the upper 15 feet is oxi-
dized, Cross section D-D' (pl., 2) shows that the early Wisconsin till of
test hole 106-62-15cbbb has been cut by ocutwash that is of late Wiscon-
sin age (Cuthbert Outwash~1). The deeperoxidation of Cuthbert Qutwash-1
may. however, indicate that it is early rather than late Wisconsin in age,
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Geomorphic evidence also indicates that the Cuthbert Outwashes-1
and -2 were deposited at different times. In cross section D-D' (pl. 2)
Cuthbert Qutwash-1 was depositedin a valley that was widened by as much
as 1tol% miles. It is interestingto note that the early Wisconsinoutwash
underlying the Cuthbert Outwash {cross section D-D') seems to have been
deposited in the same general area, indicating perhaps that this marked
the location of a significant stream course during all of the Wisconsin
Glaciation,

The Woonsocket Outwash may also be divisible into upper and lower
parts., Snails from lacustrine marloverlying the Woonsocket outwash sand
and gravel have been dated at 10,060+3002/ years B, P, (sample W-1033
dated by Meyer Rubin, U, S. Geological Survey; unpub., in files of S,
Dak. Geol. Survey). This radiocarbon date may serve to date the Cuthbert
Outwash~-2 {and its equivalent of the Woonsocket Outwash) as late Wis-
consin, probably post-Two Creeks age, The Cuthbert Outwash-1 (and its
equivalent of the Woonsocket Outwash) is probably late Wisconsin (pre-
Two Creeks) in age,

Early Wisconsin.,~-Lithologicinformation from 25 wells and test borings
in Sanborn County disclosed two drifts older than late Wisconsin age. The
two buried drift sheet deposits probably are early Wisconsin age but may
be older.

Early and late Wisconsin deposits were penetrated by several test
borings (pl. 3). In test boring 108-61-17aacc (Appendix A), the sequence
of deposits from the surface downward includes late Wisconsin till, two
early Wisconsin tills, and two early Wisconsin outwash deposits. All
these are separated by oxidized zones except the lowest outwash and
lowest till. A similar stratigraphic sequence is present in test hole 106-
62-15cbbb in which late Wisconsin outwash and till, and early Wisconsin
till andoutwash lie in succession from the surface downward. Many other
test holes and wells in the county penetrated similar stratigraphic se-
guences. (See Appendix A,)

In general, the early Wisconsin tills and outwash deposits appear to
have about the same composition as those of the late Wisconsin deposits.
The thicknesses of the early Wisconsin drifts vary greatly; therefore the
average thicknesses of the deposits are unknown,

Buried outwash deposits.-—-About 80 percentof Sanborn County is under-
lain by buried outwash deposits, 90 percent of which is more than 10 feet
thick., (See pl. 4 and fig. 9.} Several layers of buried outwash occur as
shown in plate 2. Thelargest and most extensive buried outwash directly
overlies the erosional surface on the Niobrara Marl and the Pierre Shale in
most places in the northeasternhalf of the county (cross sections A-A' and
E-E'), Many smaller outwash deposits are scattered throughout the county
(pl. 2).

a/ Thedate of this material may be anomalous as the shells were washed
by the author with a solution containing sodium carbonate, which may
have caused contamination of the carbon content of the shells.
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The buried outwash deposits are composed predominantly of coarse
sand to medium gravel and are similar in composition to surface outwash
materials. The buried outwashes range in thickness from a few feet to
about 100 feet, and average about 30 feet (pl. 3). The drift that overlies
the buried outwash deposits has an average thickness of about 60 feet,
although the range is from 13 to 140 feet.

The early and late phases of the Wisconsin Glaciation are represented
by the buried outwash deposits. (See discussion of early Wisconsin drift,
p. 36.) The thick extensive buried outwash in the northeastern half of the
county, and several small sand and gravel beds, all in the lower and middle
part of the surficial deposits, probably are early Wisconsin in age. The
small sand and gravel stringers in the upper part of the drift are local and
probably are interbedded with late Wisconsin till,

Bedrock
Cretaceous System

Cretaceous rocks consisting of sandstone, limestone, shale, and marl
underlie Sanborn County. Although there are no bedrock outcrops, the
entire Cretaceous sequence (fig. 10) has been penetrated by many wells,
The general stratigraphic relations of the Cretaceous rocks are shown on
plate 5. Most of the county is underlain by Niobrara Marl (pl. 6); how-
ever, a small area inthe northeastern part is underlain by Pierre Shale and
a small area in the southeast is underlain by the Codell Sandstone Member
of the Carlile Shale.

The topographic high on the bedrock surface in the northeastern part
of the county (pl. 6) corresponds generally to the area underlain by the
Pierre Shale. This rise in the bedrock surface to the northeast reflects the
core of the Coteau des Prairies, the western escarpment of which begins
about 30 miles eastof Sanborn County (fig, 1). A series of low elevations
on the bedrock surface from south to north through the central part of the
county appears to indicate an ancient (preglacial?) wvalley (pl. 6). The
maximum relief on the bedrock surface is 250 feet.

Pierre Shale

The Pierre Shale is present only in the northeastern part of Sanborn
County (pl. 6), where it consists of light to dark-gray fissile bentonitic
clay-shale. The electric-log characteristics of the Pierre Shale are not
always distinguishable from those of the overlying glacial drift, but are
significantly different from the underlying Niobrara Marl. The Pierreranges
in thickness from 0 to 90 feet.

Along the Missouri River about 60 miles west of Sanborn County, the
Pierre has been divided into members (Searight, 1937) but none of these
members has been identified in this county.
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Niobrara Marl

The Niobrara Marl underlies the drift in most of Sanborn County, (See
pl. 6.) The formation consists chiefly of marl of various shades of gray,
and becomes sandy south of the county near the Sioux Ridge. It contains
a luxuriant microfauna consisting mostly of Foraminifera, In wells in San-
born County the Niobrara is as much as 80 feet thick, and averages about
40 feet, It is easily recognizable in drill cuttings as gray marl that con-
tains shells of Foraminifera, giving it a white-speckled appearance. The
formation gives a characteristic electric-log curve that is usually easyto
differentiate from the overlying and underlying shale (fig. 10). Elsewhere
in southeastern South Dakota, Bolin (1952) has divided the Niobrara into
upper (Smoky Hill) and lower (Fort Hays) members, on the basis of Foram-
inifera. These members have not been identified in Sanborn County.

Carlile Shale

The Carlile Shale underlies all of Sanborn County. It consists mostly
of light-graytoblack shale interbedded with silt or sand layers. The char-
acter of the Carlile on electric logs is typical of marine shale. (See fig.
10.) The Carlile ranges in thickness from 90 feet in well 105-58-19bbba
to 312 feet in well 105-61-1ddbb.

Locally, the Carlile includes the Codell Sandstone Member near its
top. In test hole 105-60-15dddd; the Codell is 38 feet thick and consists
of light-gray, moderately hard, medium sandstone. In test hole 105-60-
31dddd it is 43 feet thick and consists of cemented fine sandstone. The
Codell forms the bedrock in the southeastern part of the county and crops
out along Firesteel Creek, about 5 miles south of Sanborn County. It
ranges in thickness from 0 to 120 feet and averages about 45 feet (pl. 6).
The Codell Sandstone Member is recorded on the resistivity scale of the
electric log as a strong deflection to the right.

Greenhorn Limestone

The Greenhorn Limestone underlies all of Sanborn County and consists
of 5 to 40 feet of marl or chalky shale that is locally interbedded with vari-
able thicknesses of hard fragmental limestone. The formation is easily
recognized in cuttings and on the electric log, where both the self poten-
tial and the resistivity curves show significant deviations at the top and
bottom of the formation (fig, 10), The gamma-ray log also shows a dis-
tinctive curve for the Greenhorn Limestone.

The limestone contains abundant fragments of pelecypod shells which
are easily identified with the aidof a microscope; the marlisnormally gray
and speckled with white microfossil shells.

Graneros Shale

The Graneros Shale, as discussed in this report, includes the shale
sequence below the Greenhorn Limestone and above the Dakota Group. In
Sanborn County the Graneros Shale is a light-gray to dark-gray clay-shale



and sandy shale containing some hard layers, probably iron-sulfide or
calcium carbonate-cemented sandstone. The Graneros ranges inthickness
from z4 feetin well 105-58-19bbba to 260 feet in well 105-61-7addc, The
Graneros thickens rapidly to the northand west, reflecting the northwest-
ward drop of the Precambrian surface, (See p., 42.)

Dakota Group

The Dakota Group {Hansen, 1955, p. 17), used in this report as des-
cribed by Steece (1958, p. 11), is a "thick sequence of Cretaceous sand,
shale,., and coal in extreme eastern South Dakota" which is between the
Graneros Shale {above) and the Precambrian (below). In many wells it is
difficult to distinguish the Dakota Group from the overlying Graneros Shale
as both formations consist of interbedded sand and shale. An arbitrary
rule for differentiating the Graneros and Dakota in Sanborn County is that
the predominantly shale lithology below the Greenhorn Limestone consti-
tutes the Granercs Shale and the predominantly sandstone lithology below
the Graneros constitutes the Dakota Group.

in Sanborn County the Dakota Group is composed of white to gray
guartzose sandstone cemented with pyrite and calcite and unconsolidated
quartz sand. The gquartz grains are usuaily very well rounded and very
well sorted; accessory minerals and rock grains make up less than 5 per-
cent of the rocks of this group. The sandstones and sands are interbedded
with gray fissile shales of variablethickness., A very fine-grained, light-
gray, quartzose sandstone was cored at a depth of about 698 feet in well
106-59-8ccch; this sandstone is very dense and tightly cemented with
calcite, A core from the Dakota Group was recovered in well 107-60-
3adaay at a depth of 625to 627 feet, The sandstone fromthis well is like~
wise a very fine quartzose light-gray and calcite-cemented dense rock, A
small piece of core from the same well consists of dense noncalcareous
gray shale, presumably interbedded with the sandstone. On the electric
log the Dakota Group is recorded as a series of sharp outward deflec-
tions representing sandstone and by inward deflections representing shales
which are usually thinner than the sandstone lavers.

The Dakota Group is as much as 335 feet thick in well 107-60-3adday,
7279 feet thick in well 106-62-30bbcd, 187 feet thick in well 105-61-7addc,
and 9 feet thick in well 108-59-21labaa. In contrast, as mentioned above,
the total Graneros-Dakota sequence occupies only 115 feet of section
between the Greenhorn Limestone and the Sioux Quartzite in well 105-58~-
19bbba, The average thickness of the Dakota is probably about 220 feet,
Ncne cf the first three wells citedabcove completely penetrated the Dakota
Group, so the thicknesses are not maximum, It is apparent, then, that
the rocks of the Dakota Group are thinner in the southeastern and north-
eastern parts of the ccunty, refiecting buried Precambrian hills.
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Precambrian System

Sioux Quartzite

The SiouxQuartzite {White, 1870; forms a prominent buried ridge {Sioux
Ridge, Steece, 1962} that extends westward from southwestern Minnesota
and southeastern South Dakota to central South Dakota; it constitutes most
of the Precambrian basement rocks under Sanborn County. The topography
developed on the formation in Sanborn County is uneven ifig. 11}, and is
the result of erosion during much of geologic time. The Sioux Quartzite
is unconformably overlain by Cretaceous strata.

The Sioux is a hard, massive, pink, siliceous orthoquartzite that is
bedded, crossbedded, and jointed. At the outcrop and in several wells
in eastern South Dakota the quartzite is interbedded with pink to red silt-
stone and pink to pale-orange sericitic claystone known as pipestone, or
catlinite. The Sioux locally may include coarse silica~cemented con-
glomerate of vein quartz, jasper, chert, and rock fragments.

The Sioux Quartzite is locally overlain by unconsolidated, somewhat
weathered sand called "granite wash" or "quartzite wash" by drillers. The
Sioux Quartzite is knownto be more than 3,700 feet thick in south-central
South Dakota {Bolin and Petsch, 1954},

Older rocks

The Sioux Quartzite overlies igneous rocks in parts of Sanborn County.
In well 108-59~21abaa, rhyolite porphyry was penetrated at a depthof 675
feet (fig. 11); in well 108-59-22ccccy, about 1% miles to the southeast,
schistand dark porphyry were penetratedata depthof 680 feet, Lee (1958}
examineda core of the rock recovered in the first well and identified it as
"altered rhyolitic rock, "

Structure

The structural geology of Sanborn County is fairly simple, as the county
is located inthe Stable Interior of North America, The structural relation-
ships of the subsurface formations are shown on figure 12,

The Precambrian basement rocks control the geologic structure. In the
southeastern and south-central parts of the county the Precambrian Sioux
Quartzite reaches an altitude of 980 feet in well 105~59-15dddd and 902
feet in well 105-60-17cccd {no logs available, fig, 11}, The Precambrian
surface slopes gently northward for about 5 miles and then drops to less
than 607 feet above sea level in well 106-59-9babc, which did not pene-
trate the basement rocks. The altitude of the Precambrian surface is less
than 381 feet in well 107-60-26bcca, which likewise did nct penetrate
the basement rocks, In well 108-59-22ccccq the Precambrian surface is
porphyry atan altitude of 669 feet, In well 108-60-13aaab3 {nolog avail-
able) the Precambrian surface is below an altitude of 229 feet, the lowest
altitude in the county reached by weils that didnot penetrate the Precam-
brian.
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The structure of the Greenhorn Limestone {fig. 13) generally conforms
to the structure of the Precambrian basement (fig. 11) in Sanborn County.
The Greenhorn is high in the southeastern corner of the county and low in
the southwestern and northern parts of the county. The Codell Sandstone
Member of the Carlile Shale likewise rises to the southeast in Sanborn
County.

Geologic History

Geologists for several decades have accepted the fact that the Sioux
Quartzite lies on granitic rocks in eastern South Dakota and adjacent parts
of Minnesota and Iowa. This age relationship has been verified recently
by age determinations of Goldich and others (1959, 1961), who (1961,
p. 146} have shown that the granite at Milbank, South Dakota (northeastern
part of the State) is approximately 2,0 billion years old, and that pipe-
stone in the Sioux Quartzite at Pipestone, Minnesota, is 1.2 billion years
old (1959, p. 660). They believe that the date of 1,2 billion years is, in
fact, the minimum age for the Sioux Quartzite, and that this date may actu-
ally indicate a time of folding rather than deposition. Further evidence
that the Sioux Quartzite is underlain by older rocks is furnished by an age
of 1.64+0.09 billion yearsl/determined from a rhyolite porphyry core from
well 108-59-2labaa (W. R. Muehlburger, University of Texas, written
communication, 1963).

A relatively short period of geologic time (see the table "Geologic
time scale" belowj is represented in the sedimentary strata of Sanborn
County. The events that occurred during the time between the late Pre-
cambrian and the Cretaceous (approximately 1 billion years!) must there-
fore remain unknown. Itcan onlybe inferred from evidence in surrounding
areas that the Sioux Ridge was a positive area, and therefore subject to
extensive erosion throughout most of this time.

Cretaceous seas probably occupied the land in much the same manner
as the late Precambrian seas and must have been characterized by similar
ecological conditions, for much of the Dakota Group consists of quartzose
sandstone apparently deposited in a near-shore stable-shelf environment.
Gries (1962, fig. 2} shows that sandstone of the Dakota Group is thickest
in the central part of South Dakota adjacent to the Sioux Ridge, and thins
westward where it interfingers with other lithologic units. The thick sand
of the Dakota was deposited contemporaneously with shales and thin beds
of sand west of Sanborn County. The interbedded shale of the Dakota
Group in Sanborn County indicates that the Cretaceous seas were repeatedly

1/ "The radiometric age date is the result of a cooperative dating program
on buried basement rocks between the Crustal Studies Laboratory, the
University of Texas, and the Isotope Geology Branch, U. S, Geological
Survey. The grant to the University of Texas supporting this work is
contract No, AF 49(638)-1115 of the Air Force Office of Scientific Re-
search as part of the Advanced Research Projects Agency Project VELA
UNIFORM, "
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Geologic time scale (after Kulp, 1961, p, 1,111)

Beginning of
interval
Era Period Epoch (million years ago)
a/
Quaternary 1
Cenozoic
Tertiary 63
Late 90
Cretaceous
Mesorzoic Early 135
Jurassic 181
Triassic 230
Permian 280
X .
35 Pennsvylvanian 310
d O
0H Migsissippian 345
Paleozoic Devonian 405
Silurian 425
COrdovician 500
Cambrian 600
Precambrian

g/ Emiliani, 1955, gives beginning of Pleistocene Epoch as about 600,000
years ago; Ericson, Ewing and Woolin, 1964, date beginning of Pleisto-
cene Epoch at 1.5 million years ago.,
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transgressive and regressive, The shifting of the strand line continued
during the deposition of the Graneros. resulting in similar interbedding of
shallow and deep water sediments with shale being predominant,

Stable conditions prevailed during the deposition of the Greenhorn,
when fragmental limestone and foraminiferal marl were laid down on the
gently subsiding stable shelf.

Early during the deposition of the Carlile Shale. the sea inundated
the land and gray shale was deposited. Late during the period of Carlile
deposition, the sea was again regressive and deposited the Codell Sand-
stone Member,

The foraminiteral chalk and marl of the Niobrara Marl show the return
of a gently subsiding stable-shelf environment tothe Sanborn County area.,
The seas then deposited the Pierre Shale, which underwent considerable
sculpturing during the remainder of the Cretaceous and all of the Tertiary
Periods, and much of the Pleistocene Epoch. A great unconformity. repre-
senting a gap of about 80 million years, is apparent between the Creta-
ceous deposits and the glacial drift in Sanborn County,

The first gigantic continental ice sheet to advance over the northern
Great Plains was that of the Nebraskan Glaciation, which ushered in the
Pleistocene Epoch., The Kansan, illinoian, and Wisconsin ice sheets fol-
lowed the Nebraskan. Each ice advance was interrupted by long periods
of weathering, erosion, and deposition called interglaciations which are,
from oldest to youngest, the Aftonian, Yarmouth, and Sangamon. Whether
Sanborn County was the scene of glaciation during all four of the ice ages
is not known, but ice may have occupied Sanborn County during Nebraskan
and Kansan times (Flint, 1955, p. 143),

Illinoian ice probably overrode Sanborn County, as the age of the pres-
ent MissouriRiver istentatively assigned by Warren (1952) and Flint {1955,
p. 143) as Illinoian. There is no evidence of Illinoian drift remaining in
Sanborn County, except for the possibility that the early Wisconsin drift
(p. 36) may be Illinocian, The absence of pre-Wisconsin drift in Sanborn
County may be due to the devastation of the pre-Wisconsin landscape by
the thick Wisconsin ice sheets,

Early Wisconsin ice deposited till and thick outwash in Sanborn County.
The thick early Wisconsin outwash, now buried, was dissected after its
deposition by a stream flowing northward thrcugh Sanborn County. This
newly cut trenchwas later filledwith fine-grained aliuvium causing a per-—
meability barrier between the two outwash bodies east and west of the
trench. Re-expansion of the eariy Wisconsin ice deposited more drift that
covered the ancient channel, Large areas of early Wisconsin drift are
preserved beneath the late Wisconsin drift surface in the county. Many
of the features of the present-day drift surface, aside from Recent modi~
fications, probably resulted from stillstands of the late Wisconsin ice in
Sanborn County dwuring the retreat of the ice to the north. Ice-marginal
meltwater channels in the central and south-central parts of the county
suggest temporary halts of this ice., The ice front receded to the northern
partof the county, whereits last stationary position is marked by the upper
reaches of Sand Creek, west of the James River, and Redstone Creek, east
of the river. The Wocnsocket Outwash Plain was built by meltwater flowing
southward from this ice front into a low area, which was blocked on the



south by older moraines in the vicinity of Long Lake and by a morainal
ridge east of Woonsocket. The waters that were ponded in this outwash
plain cut through the morainal dam and flowed southward in the channel
from Long Lake to Morris Creek, 3% miles west of Letcher. In the waning
stages of the melting ice sheet, water moving slowly southward carried
fine sand, silt, and clay onto the outwash plains, and deposited (about
8,110 B, C,, Ives and others, 1964) stratified fossiliferous sediments in
several small glacial lakes.

Dune topography was developed in the area near Forestburg as winds
from the northwest sweptacross the newly deposited Woonsocket Outwash
Plain, carrying fine materials to the east and depositing them as a sand
blanket on the drift. Meanwhile, the late Wisconsin ice retreated farther
tothe north, andits meltwaters carried fine silts into glacial Lake Dakota.
When the lake drained the lake waters flowed southward through Sanborn
County, ultimately entering the Missouri River. The resultant flooding
deposited local, fine-grained, fluvial material adjacent to the trench in
Sanborn County. and more extensively in Beadle County (Hedges, in pre-
paration), The James River deepened its trench to as much as 120 feet into
the glacial drift, The torrent cut through the valley-train outwash that had
previously been deposited in the valley, leaving only small remnants of
sand and gravel as terraces in the northern part of the James River trench,
and in places leaving sand and gravel in the bottom of the trench. Sedi-
ments were carried out of the Lake Dakota plain, and as much as 45 feet
of this material was laid down in the trench of the James River in Sanborn
County.

The present land surface of the county is the result of Recent erosion
and deposition. Alluvial andcolluvial materials have been deposited in the
drainageways and in closed depressions, lakes, and ponds. The present-
day surface features are being modified by wind and water.

Mineral Resources

Sand and Gravel

The Woonsocket Qutwash Plain has an area of approximately 28,000
acres., The averagethickness of the outwash depositsis about 30 feet; thus
the volume of sand and gravel in this outwash plain is about 1,300,000,000
cubic yvards. The Cuthbert outwash deposits have an area of about 16,200
acres, average about 35 feet in thickness, and contain about 900,000,000
cubic vards of sandand gravel. Two small terrace deposits alongtheJames
River valley have a total area of 730 acres, average 20 feet in thickness,
and contain about 20 million cubic yards of sand and gravel. In addition,
there is a vast amount of glacial sand and gravel in the buried outwashes
in the county. The buried outwash is as much as 115 feet thick, but is
not considered a potential economic source for sand and gravel because
it is buried in most places beneath an average of 60 feet of glacial drift.
The outwash deposits are mostly fine to coarse sand with some gravel,
silt, and clay. The sandandgravel generally includes excessive amounts
of locallyderived rock fragments suchas shale, chalk, and clay ironstone,
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making it unsuitable as concrete aggregate or for use as construction ma-
terial, It may be used satisfactorily, however, as road metal and bitu-
minous aggregate. In addition, some of the sandmight be suitable as fine
aggregate in concrete and plaster.

A small deposit of sand and gravel on a gravelly knoll in sec. 32,
T, 108 N., R. 61 W,, and another deposit in a part of the ice-marginal
channel east of Forestburg, contain fairly good material that may be suit-
able for use as road metal and bituminous aggregate,

Much fine to medium well-sorted sand may be obtained from the area
shown as dune sand on plate 1., The deposit has an area of about 28,000
acres, an average thickness of about 10 feet, and contains about 430,000,000
cubic vards of sand. The sand is cleaner where it 1s thickest, and could
be used for mortar or plaster sand.

Rock
Boulders and cobbles characteristically litter the surface of many ridges
of end moraine in the county, On the Pony Hills, boulders are abundant,
andcould be removed from the top few feet of the surface for use as riprap.,
0il and Gas
Qil and gas have not been found in commercial quantities in eastern
South Dakota, despite the fact that many water wells and several oil tests

penetrated the complete sedimentary sequence andreached the Precambrian
basement,

Magnetometer Survey

by Bruno C. Petsch

The magnetometer survey of Sanborn County was made in July 1960, as
part of the continuing study of the entire state of South Dakota.

Principles of Magnetometer Surveying

Theoretically, the earth itself is a natural magnet. The forces set up
between the north and south magnetic poles are made up of four compo-
nents: declination, inclination, horizontal intensity, and vertical inten-
sity. The vertical component is the most satisfactory to measure because
of ease andaccuracy; its magnitude is a resultant of all forces that influ-
ence the magnetic field emanating from the crust of the earth, These forces
are caused by paramagnetic, diamagnetic, and nonmagnetic substances
in the Precambrian basement rocks, in overlying rocks, and at the ground
surface.

In addition to changes in the earth’s magnetic field caused by rock
types and geologic structures, there is a gradual increase in the magnetic
intensity toward the north magnetic pole. In South Dakota the vertical
intensity increases about 8,7 gammas per mile north latitude, and 3.6



gammas per mile east longitude (Jordan and Rothrock, 1940}, The appli-
cation of this regional correction to a survey tends to result in a constant
magnetic surface. Therefore an anomaly on this surface should reflect a
geologic feature,

The vertical intensity of the terrestrial magnetic field is illustrated by
contour lines (isogams} which connect points of equal value, Variations of
intensity are recognized as positive and negative forces commonly known
as magnetic highs and lows, or anomalies, The composite effect of the
earthas a greatmagnetand the local variations in intensity that are caused
by geologic features, determine the size and shape of anomalies. Mag-
netic anomalies are generally important when prospecting for oil and min-
eral deposits.

Magnetic surveys are made to discover general trends, whichmay then
be investigated with more exact geological and geophysical surveys.

Possible causes of magnetic anomalies are: (1) differences in litho-
logic composition of the Precambrian basement rocks; (2} concentration of
magnetic minerals in the overlying sedimentary rocks and the "granite
wash,” or conglomerate overlying the basement rocks; (3) deep-seated
magnetic iron-bearing body; (4) changes in thickness of "red-bed" sec-
tions; (5; structure of the sedimentary formations; and (6) differences in
depth and relief of the Precambrian surface.

It is advantageous to make magnetic surveys over areas where the
geology is unknown. The solution of a magnetic problem is aided when
comparison canbe made with a problem that has been correctly interpreted
in another area.

Magnetic Anomalies in Sanborn County

The arbitrary vertical magnetic intensity base selected for South Dakota
is 500 gammas (Jordan and Rothrock, 1940, p. 10), as the true readings of
55,000-58.000 gammas are unwieldy in calculations. A low readingof
136 gammas was observed by Tullis {1942) 1 mile north of the northeast
corner of Sanborn County (NE corner sec. 36, T, 109 N,, R. 59 W. , Beadle
County). The readings in Sanborn County range from 174 gammas in the
low mentioned above, to a high of 838 gammas, 4 miles east of Forestburg
(fig. 14).

The outstanding anomaly in the county is the magnetic high 4 miles

east of Forestburg., The summit is in the NE corner sec, 34, T, 107 N, ,

R. 60 W. The anomaly slopes abruptly downward from the summit of 838
to a low of 292 gammas in 1 mile tothe east, and from the summit to a low
of 283 gammas in 2 miles to the west.

Two moderate highs with readings of 390 and 423 gammas trend north-
east and northwest, respectively, and join in T. 106 N., R. 61 W,, south-
west of Forestburg., A high with a 543-gamma reading is about 6 miles
northwest of Forestburg {fig. 14).

Geologic Interpretation
The slope of magnetic intensities apparently does not conform to the

topography of the Precambrian surface, which slopes in a northwest direc-
tion across the county.
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The magnetic high 4 miles east of Forestburg could be caused by a
mafic igneous mass intruded into a granite or quartzite, or by mafic dikes
and sills intruded into sedimentary rocks, Near the Forestburg magnetic
high, the glacial drift and sedimentary rocks are only 700 to 900 feet thick,
which is notenoughcover to shield any material that might be causingthe
magnetic high,

GROUND-WATER HYDROLOGY
by Lewis Howells

Occurrence of Ground Water

Principles of Occurrence of Ground Water

Principles that govern the occurrence of ground water have been dis-
cussed by many authors. Leopold and Langbein (1960) provide a simpli-
fied explanation; reports by Meinzer (1923a, b, 1949, p. 385-477), Tolman
(1937), and Todd (1959) are more detailed.

Practically all ground water is derived from precipitation. Rain and
meltwater from snow enter the ground by direct infiltration or by infiltra-
tion from streams and lakes. Ground water generally moves downward and
laterally from areas of recharge to areas of discharge.

Ground-water discharge occurs by evapotranspiration, by seepage into
surface-water bodies, and by discharge from wells or springs.

Any formation or stratum that will yield water in sufficient quantity to
be important as a source of supply is calledan aquifer. An aquifer is both
adistribution system for transmission of water anda reservoir for storage.
Water in an aquifer is in constant motion from areas of recharge to areas
of discharge and is in transient storage.

The suitability of an aquifer as a source of water is governed by its
permeability and volume and its capacity to store and ability to release
water,

The amount of water that is stored in an aquifer is determined by the
area and thickness of the aquifer, and by the porosities of the materials
that form the aquifer. Porosity is the percent of open spaces in the ma-
terial and is dependent upon several factors such as size, shape, degree
of sorting, cementation, and compaction of the grains, and the number,
size, and distribution of joints and fractures in the rock. Unconsolidated
material such as clay, sand, and gravel is generally more porous than
consolidated rocks such as sandstone and limestone,

The amount of water that an aquifer yields by gravity drainage may be
much less than its porosity because part of the water is held in the pore
spaces by molecular attraction between the water and the rock particles
and some of the pores may not be connected. Small pores retain a greater
proportion of the water than large pores. The volume 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 yield of the aquifer,

If the water in an aquifer is not confined by overlying impervious strata
it is said to be under water-table conditions (fig. 15, well A), TUnder
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water-table conditions water can be obtained from storage in an aquifer
by gravity drainage --that is, by lowering the water level as by pumping
from a well, The water table may be defined as the surface at which water
will stand in a well that penetrates an unconfined aquifer,

The ability of a material totransmit water under pressure is called its
permeability, Frictional resistance to the movement of water through ma-
terial with relatively large pore spaces, such as coarse gravel, is not
greatand the materialis said to be highly permeable. However, the resis-
tance 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, A bedor formation of relatively impermeable material
is called an aquiclude. Permeability is quantitatively expressed as the
coefficient of permeability and is defined, 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 the
ground water,

Water is under artesian conditions if it is confined in an aquifer by
overlying and underlying strata that are relatively less permeable than the
aquifer (fig. 15, well B). Water in a well that penetrates an artesian aqui-
fer will be raised by pressure to a level above the top of the aquifer. As
in water-table aquifers, water can be obtained from artesian aquifers if
the water level is lowered by pumping or if the hydrostatic pressure is
lowered by natural flow, When water under artesian conditions is released
from storage the aquifer remains saturated.

In most artesian aqguifers, pressure is exerted on the water confined
in the aquifer because the altitude of the area of recharge is above the top
of the aquifer. Some artesian aquifers may derive part of their artesian
head from the weight of overlying rock and yield some water from storage
by expansion of the water; some water may be yielded by compression of
the aquifer as the head is decreased.

The coefficient of storage (S) of an aquifer is the volume of water
released from or taken into storage per unit surface area of aquifer per
unit change in the component of head normal to that surface,

The coefficientof storage of a water-table aquifer is essentially equal
to the specific vield; however, for an artesian aquifer the coefficient of
storage is generally much smaller than the specific yvield. The gquantity
of water released from storage in a water-table aquifer in response to a
change in head is attributed partly to gravity drainage and partly to com-
pressibility of the water and of the material in the saturated zone.

The relation of the coefficient of permeability to porosity and to the
rate of movement of ground water was illustrated by Wenzel and Fishel
(1942, p. 11):

"The material with the coefficient of permeability of 0,0002 con-
sisted of 21 percent of clay, 44 percent of silt, and 35 percent
of coarser grained material, but it had a porosity of 58.2 per-
cent., Under a gradient of 10 feet to the mile the rate of move-
ment of water through this clayey silt would be about 0.0004 inch
a year or 1 foot in about 30,000 years. In the material witha co-
efficient of permeability of 90,000 about 90 percent of the grains
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were larger than 2 millimeters, The porosity was 38 percent,
The rate of movement of water through this coarse material under
a hydraulic gradient of 10 feet to the mile would be about 60 feet
a day, or 1 mile in about 3 months, Under higher gradients the
velocities through both the fine and coarse materials would be
proportionally greater. . .most formations that are sufficiently
water-bearing to be utilized by wells have coefficients that are
whole numbers of two or more figures when expressed in Meinzer’s
units--that is, about 10. The vields of wells depend, of course,
not only on the permeability of the formations they tap but also
on the thickness of the formations, the draw-down of the water
level, and the diameter and construction of the wells. For many
places in the United Statesthe physical and economic conditions
are such that wells with moderate to high yields--100 gallons a
minute or more--generally penetrate materials with coefficients
of permeability of 100 or more, "

Meinzer {1949, p. 449) noted that the naturalrate of movement of water
in aquifers generally is not greater than 5 feet a day and not less than 5
feet a year.

In glacial material similar to that in Sanborn County, Koopman (1957,
p. 16) found coefficients of permeability ranging from 0,03 gpd per square
foot for sandy and gravelly clay to 6 gpd per square foot for sandy clay,
0.3 to 15 gpd per square foot for very fine sand, and 380 gpd per square
foot for gravelly sand,

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

The coefficients of transmissibility and permeability and the coeffi-
cient of storage may be determined by aquifer tests., An aquifer test may
be made by pumping a well at a constant rate and measuring the drop in
water level, or drawdown, in the pumped well and in nearby observation
wells, The duration of pumping may vary from several hours to weeks
depending upon the particular situation. When pumping stops, the recov~
ery of the water level in the pumped well and observation wells is also
measured, The data are analyzed and graphed and the coefficients of
transmissibility {T} and storage (S) determined. As T and S largely deter-
mine the ability of the aquifer to store and transmit water, they can, when
combined with other data under stated conditions, be used to predict water
levels, to determine optimum well yvields, and to design well fields. For
an extended discussion of aquifer tests, see Ferris and others (1962).

Aquifers should be managed the same as surface-water reservoirs--
inflow or recharge must balance outflow or natural discharge plus con-
sumption over a periodof time. Ifan aquifer isbeing used toits capacity,
any increase in consumption must be balanced by a decrease in natural
discharge, an increase in recharge, or both, Discharge of water through
wells may reduce natural discharge in two ways-~by lowering the water—
table or piezometric surface and thus reducing evapotranspiration, or by
intercepting water moving toward areas of natural discharge. Recharge to



the aquifer must be adeguate if the water supply is to last indefinitely
because even a small rate of withdrawal will ultimately deplete the water
in storage unless there is equal or greater recharge. Agqguifers that are
highly permeable but smallin volume and that are surrounded by relatively
impermeable material can be drained in a comparatively short time. High
initial yield from a well may give the erroneous impression that a great
volume of water is indefinitely available from an aquifer. Therefore, suf-
ficient test drilling, aquifer tests, and related studies should be made to
determine the physical characteristics of the aquifer before any substan-
tial ground-water development is attempted.

Water-bearing Units of Quaternary Age

The aquifers in Sanborn County having the greatest potential are in
deposits of Quaternary age, Two of these aquifers underlie more thanhalf
of the county. Locally significantaquifers are found in scattered deposits
of permeable material in the drift and in the alluvium. Most of the poten-
tial forfuture development, however, lies inthe Warren and Floydaquifers.

Alluvium

Deposits of alluvium in Sanborn County generally are too thin or too
clayey to serve as sources of ground water. Locally, however, the allu-
vium might supply some water for stock, particularly in the James River
trench,

Glacial drift

The first wells in Sanborn County obtained water from aquifers in gla-
cial drift. However, use of these aquifers decreased after residents learned
that deep bedrock wells vield abundant flows of water, and by 1961 most
wells tapped aquifers in the bedrock.

In Sanborn County the aquifers in glacial drift (fig. 16) are composed
of hydraulically connected remnants of outwash and other glaciofluvial
deposits from two or more glacial stades. Although the glaciofluvial ma-
terial contains a high proportion of silt, fine sand, and clay, it also in-
cludes extensive amounts of coarse sand and gravel. Plate 1 shows the
areas where deposits of outwash and dune sand are at the surface in San-
born County. The geologic cross sections (pl. 2) show the thickness and
extent of outwash deposits that are buried beneath a variable thickness
of till; these deposits have no surface expression.

Figure 16 differs from figure 9 and plate 4 because it shows the total
thickness of saturated sandand gravel, whereas figure 9 and plate 4 show
the thickness of buried outwash.

The Floyd aquifer and the buried part of the Warren aquifer probably
formed a single hydrologic unit at the time of deposition. Division of this
unit into two parts may be the result of interstadial erosion by an "ances-
tral James River," continued by erosion of outwash deposits and deposi-
tion of till during the last glacial stade, and completed by erosion of the
James River trench since the end of the last stade (p. 48).
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Outwash extending under the James River north of Forestburg between
the Floyd and Warren aquifers contains a high proportion of silt and clay
and has very low permeability.

Warren aquifer.--The Warren aquifer occupies parts of Beadle, Jerauld,
and Sanborn Counties and underlies about 190 square miles of western
Sanborn County. The aquifer is composed of buried outwash deposits and
the Woonsocket and Cuthbert surface outwash deposits. Visual examina-
tion of material recovered from 65 test holes indicates that about 40 per-
cent of the material in the aquifer is mixed silt to medium sand, about 25
percent silt and fine sand to gravel, and about 35 percent medium sand to
gravel. The Warren aquifer has a maximum known thickness of 85 feet
(test hole 108-62-21cccce).

In 1961 the Warren aquifer contained an estimated 1,200,000 acre-
feet of water intransient storage. Water levels in the aquifer ranged from
3 to 12 feet below land surface in most of the area south of Sand Creek.
North of Sand Creek water levels in the aquifer ranged from 12 to 65 feet
below land surface. The depth to water was greatest near the junction of
Sand Creek and the James River.

Inthe fall of 1962 aquifer tests were made at two irrigation wells com-
pleted inthe Warren aquifer. The aquifer-test data are summarized below:

Coef. of
Depth to  Pump- trans- Coef.
top of ing missi- of
Well aquifer rate bility (T) storage
location (ft) (gpm) Material (gpd/ft) (s)
107-62-1dba 40 215 Poorly sorted; ranges 22,500 2.0x10™%
from coarse gravel to
silt,
108-61-17aacc 71 485 C(Clean, well-sorted 50,000 197x10_'5

medium to fine sand
(42 feet thick).

The values obtained for coefficient of storage {S) indicate that the
water in the aguifer is under artesianhead. Under water-table conditions
S would probably be between 0,1 and 0.3. The effect of variations in the
value of T may be seen by comparing the drawdown in each well after 10
days of pumping at 500 gpm. (See figs. 17 and 18.) In well 107-62-1dba,
for example, the drawdown would be 51.0 feet but in well 108~-61-17aacc
it would be only 25,6 feet.

The aquifer data from the test at irrigation well 107-62-1dba are sum-
marized in figure 17, a drawdown curve, which shows the drop in water
level in the well, at pumping rates of 250 and 500 gpm (gallons per minute)
for pumping durations of as much as 95 days. Drawdown for pumping rates
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other than those shown may be determined easily, as drawdown is pro-
portional to pumping rate--for example, if the pumping rate is doubled,
the drawdown is doubled.

Figure 18, a pumping curve for well 108-61-17aacc, shows the drop
in water level in the aquifer within 1,500 feet of the well, at pumping
rates of 500 and 1,000 gpm, for pumping durations of as many as 1,000

days. Drawdowns for other rates of pumping are determined as discussed
for figure 18.

Floyd aquifer.--The Floyd aquifer underlies more than 180 square miles
of northeasternSanborn County. The first drilled well in the county pene-
trated this aquifer at the town of Diana (now Artesian) in 1886. It obtained
a large flow of water from a sand and gravel layer 100 feet below the land
surface at the base of the glacial drift. In the decade after 1886, many
settlers drilled wells to obtain water from this aquifer.

The Floyd aquifer contains a greater proportion of coarse material than
does the Warren aquifer, Visualexamination of samples from 46 wells and
test holes indicates that about 25 percent of the aquifer is silt to medium
sand, about 30 percent silt to gravel, and about 45 percent medium sand
to gravel, The aquifer is covered by 25t0 100 feet of till and has a maxi-
mum known thickness of 83 feet,

A thin permeable zone at the top of the Niobrara Marl contains water
from the Floyd aquifer throughout much of the area where this aquifer and
the Niobrara are in contact. Wells that top the Floyd are often drilled and
cased several feet into underlying permeable bedrock to prevent sand and
silt in the outwash from entering the well; inthis way, thetop of the bed~
rock acts as a screen. If a well were drilled and cased 10 to 50 feet
deeper into the bedrock, water would come from an aquifer in the Niobrara
Marl and Codell Sandstone Member of the Carlile Shale and would differ
greatly in quality from water in the Floyd aquifer. In this area, the Floyd
aquifer is separated from the aquifer in the Nicbrara and Codell by a few
feet of impermeable chalky shale.

The artesian head in the Floyd aquifer is high enough to cause water
to flow from wells in parts of six townships (fig. 16)., Earlier studies
(Todd, 1899, p. 125, 1903, 1904; Todd and Hall, 1903, 1904a, b) noted
that the pressure at the land surface was low (about 53 psi at Artesian)
but yields often were large (as much as 150 gpm). Heavy demandandrapid
withdrawals by the early settlers, aggravated by several severe droughts,
resulted in a decrease of artesian head and a significant decline in yields
tfrom flowing wells. During this investigation, the highest artesian pres-
sure measured was 5 psi, but for mostwells it was lessthan 2 psi. Yields
from flowing wells ranged (1961) from less than 0.1 to 60 gpm and aver-
aged 2.8 gpm. Most of the flowing wells were stock wells and had unre-
strained flows.

The Floyd aquifer is filled to capacity in Sanborn County and is esti-
mated to contain more than 1,000,000 acre-feet of recoverable water in
transient storage; specific yield is assumed to be 0.25. In 1961 depths
to water in areas where wells in the aquifer did not flow ranged from land
surface to 45 feet below land surface,



In 1962 aquifer tests were made at two test wells and one irrigation
well tapping the Floyd aquifer. Aquifer test data are summarized below
and in figures 19, 20, and 21.

Coef. of
Depth to Pump- trans- Coef.
top of ing missi- of
aquifer rate bility {T} storage
Location (ft) (gpm) Material (gpd/ft) {S)
108-59-29bbab 62 302 Well-sorted layers 59,000 5.8;><10-4
of fine gravel to
medium sand (42
feet thick).
107-58-7cbd 45 796  Well-sorted layers 62,000 3.9;><10—4
of fine gravel to
coarse sand (53
feet thick!.
106-59-13ddca 91 613 Coarse gravel to 233,000 4, 6;><10_3

coarse sand (9
feet thickj.

The large coefficient of transmissibility (T; determined in the test at
well 106-59-13ddca is especially noteworthy as the aquifer is only § feet
thick at the well.

Local sand deposits.--Small lenses or beds of sand and gravel in the
glacial drift occur locally inSanborn County. These small sand andgravel
bodies vary in thickness and area and are often in hydraulic contact with
the underlying aquifer in the Niobrara and Codell.

Till.--The composition and hydrologic properties of till in Sanborn
County are much like those of its main source rock, the Pierre Shale. The
till, which contains a high proportion of clay. is relatively impermeable
and is an aquiclude.

Water-bearing units of Cretaceous age

Cretaceous rock units that underlie Sanborn County and contain one or
more aquifers are the Niobrara Marl, Carlile Shale, Greenhorn Limestone,
and Dakota Group. The remaining two units. the Pierre Shale and Graneros
Shale, locally may furnish meager supplies of highly mineralized water
from sandy or fractured zones elsewhere in South Dakota, but they are
not aquifers in Sanborn County. The stratigraphic relations of the water-
bearing units are shown in figure 22.
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Niobrara Marl and Codell Sandstone Member of Carlile Shale

In Sanborn County the Codell Sandstone Member of the Carlile Shale
and a permeable zone at or near the base of the Niobrara Marl are a single
hydrologic unit. In the southern part of the county the Codell Sandstone
Member is in contact with a porous, permeable zone near the base of the
Niobrara. Elsewhere inthe county a light-blue to black shale zone in the
Carlile separates the Codell and Niobrara.

The aquifer in the Niobrara and Codell contains water that is under
artesian pressure. Seventy years ago most wells completed in this aqui-
fer flowed and had high pressures. Records of wells drilled in the 1880°'s
and 1890's reveal that many wells had initial flows of 100 to 300 gpm and
pressures as high as 35psi. In1961, however, wells in the aquifer flowed
only in the James River trench, Sand Creek and Morris Creek valleys, and
parts of T. 106 N,, R. 62 W_, and T. 105 N,, R, 62 W. Elsewhere in the
county, water levels in the aquifer ranged from 2 to 60 feet below land
surface, The greatest depths to water were near the trench of the James
River north of Forestburg.,

Carlile Shale

In the interval between the base of the Codell Sandstone Member and
the top of the Greenhorn Limestone, the Carlile Shale may contain one or
more zones of water-bearing sandstone or very sandy shale. These zones
are more numerous and are thickest in the southern half of Sanborn County.

Greenhorn Limestone

The Greenhorn Limestone underlies all of Sanborn County and supplies
water to flowing artesian wells. According to drillers' reports the aqui-
fer, locally known as the "mud flow," is a porous calcareous or sandy
shale zone near the middle of the formation. Unpublished information in
the files of the U. S. Geological Survey indicates that artesian pressure
in the aquifer is low and has decreased since 1890,

Dakota Group

The Dakota Group underlies all of Sanborn County and is an important
artesian aquifer. Its sandstones yield water to flowing wells everywhere
in the county except for small areas in the northeastern and southeastern
parts, where the Precambrian basement rock is close to the land surface.

Well logs and water analyses indicate that the Dakota may contain
three aquifers. The first, or shallowest aquifer, and the third, or deepest
aquifer, contain dissimilar types of water. The second aquifer contains
water intermediate in character., Wells completed in the topmost aquifer
yvield small to moderate flows of water at low pressure; thoseinthe inter-
mediate one yield somewhat larger flows of water at higher pressure; and
those in the lowest aquifer yield moderate to large flows of water at high
pressure. The upper aquifer occupies an increasingly thicker section of
the Dakota Group north of Woonsocket and supplies muchof the water from



the Dakota in the northern part of the county, The third aquifer occupies
an increasingly thicker section of the Dakota south of Woonsocket, and
may supply most of the water from the Dakota Group in the southern part
of the county,

The sandstone beds of the Dakota in Sanborn County are composed of
very fineto coarse quartz sand cemented with calcium carbonate. Tightly
cemented zones have low permeability, but uncemented or loosely cemented
zones may be very permeable. Meinzer (1929, p., 163} reported coeffici-
ents of permeability of 57, 69, and 81 gpd per square foot for the Dakota
Group at Canton, South Dakota, 100 miles east-southeast of Woonsocket.

Artesian pressures in the Dakota have declined rapidly since 1890. At
Woonsocket, initial pressures of both the first and second aquifers were
reported to have been 250 psi at land surface; by 1892 pressure in the
first aquifer had dropped to 130 psi and in the second had decreased to
180 psi. Near Letcher, pressures in the first aquifer were reported to
have decreased 10 to 30 psi from 1890 to 1892, 1In 1961 artesian pres-
sures in the Dakota in Sanborn County ranged from about 3 to 33 psi,

Pressure measurements have been made on several wells in Woon-
socket during the last 70 years., TFigure 23 shows the decrease in pres-
sure in 5 closely spaced wells since 1888, All wells tapped the same
sandstone and were the same depth. The change in slope of the pressure
time curve at about the year 1925 may indicate a change of major hydro-
logic significance; perhaps the decline in pressure had been enough to
permit compaction of the aquifer and the dewatering of the confining and
contained shale beds.

A rapid decrease in artesian pressure and an accompanying decrease
in productionhas been caused by unrestricted and uncontrolled flows from
wells that tap the Dakota.

Seventy vyears ago many flowing wells had vields of several hundred
to a thousand gallons per minute, but few new wells today flow as much
as 100 gpm and most flow less than 50 gpm. A Woonsocket city well (fig,
24j drilled in 1890 reportedly had an initial flow of 2,750 gpm. In 1961 a
well within 500 feet of the site of the original well and of the same depth
and diameter, had a flow of only 130 gpm., In 1891 a well near Letcher
had a measured initial flow of 4,000 gpm. New wells in the Letcher area
have initial flows of 5 to 60 gpm. Artesian pressures probably will con—~
tinue to decrease and wells that tap the Dakota Group eventually may stop
flowing,

Water-bearing Units of Precambrian Age

In some parts of South Dakota the Precambrian Sioux Quartzite vields
water to wells from fractures or joints, lenses of porous sand, or small
deposits of "granite wash.” No wells in Sanborn County receive water
from this source.
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Figure 24. Artesian Well at Woonsocket, 1909. (Photo by N. H. Darton)
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Recharge

Aquifers in Glacial Drift

Aquifers in glacial drift, where they are exposed, are recharged by
infiltration of precipitation. The Warren aquifer has two areas of recharge
in Sanborn County--the outwash plain and dune sand areas south of Sand
Creek between Woonsocket and Forestburg, and the outwash plain along
Morris Creek west of Cuthbert, (See pl. 1.) When recharge is great, as
it is in years of above-normal precipitation, the water table may reach the
land surface where the aquifer is exposed in the Woonsocket and Cuthbert
outwash plains.

The Floyd aquifer does not receive recharge from infiltration of pre-
cipitation within Sanborn County. The recharge area probably is to the
northeast or east.

Both the Warren and Floyd aquifers receive recharge from aquifers in
the bedrock by water leaking into the permeable parts of the glacial drift
through corroded casings of hundreds of wells completed in the bedrock.

Contamination of the Warren aquifer by leakage from aquifers in the
bedrockis a serious and widespread problem. In additionto leakage through
corroded casings of deep artesian wells andinfiltration of water discharged
onto the land surface by unrestricted flowing wells, much saline artesian
water may be discharged into the outwash where it is directly underlain
by the aguifer in the Niobrara and Codell. The aquifer in the Niobrara
and Codell is at the buried bedrock surface in central-northwestern San-
born County and in most of the southern quarter of the county. Natural
recharge to the Warren aquifer from the aquifer in the Niobrara and Codell
occurs mostly in the northwestern quarter of the county. In the southern
part of the county, the Warren is either absent or is separated from the
bedrock by a layer of till which has low permeability.

Local sand and gravel lenses and beds in the glacial drift in southern
Sanborn County may receive most of their recharge from the aquifer in the
Niobrara and Codell,

Aqguifers in Bedrock

Water from aquifers in bedrock may be furnished by one or more of the
following processes: (1} recharge at areas of outcrop; (2) recharge from
overlying or underlying aquifers; (3) expansion of the water and compac~
tion of the aquifer, resulting from the release of artesian pressure; or (4)
dewatering of confining and contained shale beds by compaction resulting
from the release of artesian pressure.

The major source of recharge to the aquifer in the Niobrara and Codell
is not known. Recharge may occur as water is released by compaction of
the Codell Sandstone Member and the shale of the Carlile. Outcrops of
the Niobrara Marl and the Codell Sandstone Member of the Carlile Shale
probably are not areas of recharge., In exposures in the Black Hills the
Niobrara Marl and the equivalents of the Codell Sandstone Member of the
Carlile Shale have low permeability and the outcrops are small and poorly
situated with respect to surface drainage. It is evident that the outcrop



of the Niobrara Marl in the Missouri River trench is not a major recharge
area because the piezometric surface of water inthe aquifer in some nearby
areas of eastern South Dakota is above the ievel of the river.

The aquifer in the Niobrara and Codell probably is not recharged by
overlying aquifers. East, west, and locally tothe north of Sanborn County,
it is overlain by the Pierre Shale, which serves as a barrier to downward
movement of water. The recharge area could not be to the south because
the piezometric surface of water in the aquifer is higher than the land
surface south of Sanborn County.

The aquifer inthe Niobrara and Codell receives some artificial recharge
from the Greenhorn Limestone and Dakota Group in Sanborn County and
adjacent areas. Casings of hundreds of deep wells have corroded and
permitted water from the Greenhorn and Dakota to flow into the Niobrara
and Codell.

Water analyses and well logs indicate that the aquifer in the Niobrara
and Codell receives some natural recharge from the aquifer in the Dakota
Group where the two aquifers are hydraulicaily connected along the slope
and crest of the buried Sioux Ridge south of Sanborn County.

Quality-of-water data indicate that the sandy zones in the Carlile
Shale below the Codell Sandstone Member are recharged by the Greenhorn
Limestone or Dakota Group. (See table 3 and Appendix B.)

The Greenhorn Limestone may yield water by compaction and dewatering
of the confining shale peds, butin southeastern Sanborn County it receives
recharge from the third or lowest aquifer in the Dakota Group. Well logs
and water analyses show that the Greenhorn and Dakota merge near the
crest of the Sioux Ridge and that they merge or are in hydraulic contact
over other highs on the Precambrian surface. (See figs. 11 and 12.) In
northeastern Sanborn County and in other areas of South Dakota to the
north, the Greenhorn may receive recharge from the topmost aquifer in
the Dakota Group,

The Dakota Group may vield water by compaction of the aquifer, by
dewatering of confining and contained shale beds. or by recharge from
deeper aquifers where they contain water under greater artesian pressure
than the Dakota.

Discharge
We.l Discharge

Discharge of water by wells in Sanborn County in 1961 is summarized
in the following tables.
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Estimated production

Million gallons Acre-feet

Type of well No. of wells per day per vear
Flowing 840 4,39 4,910
Nonflowing artesian 729 1.48 1,660
Water-table 27 0.02 17
TOTAL 1,596 5.89 6,587

Estimated production

Million gallons Acre-feet

Water-bearing unit No. of wells per day per vear
Dakota Group 593 4,03 4,514
Greenhorn Limestone 89 ‘0 .21 234
Carlile Shale 4 0.02 17
Niobrara Marl and Codell
Sandstone Member of 616 0.70 780
Carlile Shale
Glacial drift - flowing 102 0.61 681
Glacial drift - nonflowing 109 0,26 291
Undetermined 83 0.06 70
TOTAL 1,596 5.89 6,587

About 230,000 gpd or 260 acre-feet of water was discharged by wells

that produced from the Warren aquifer in 1961,
216 acre~feet, was pumped from irrigation well 108-61-17aacc.

Eighty percent of this, or

Most of

the 43 wells that tapped this aquifer were stock or emergency wells and

had only seasonal or intermittent use.

A second irrigation well {107-62-

1dba) was drilled in 1962 and produced about 55 acre-feet of water during

the year,




During 1961, 160 wells in the Floyd aquifer discharged about 630,000
gpd or 710 acre-feet of water. Ninety~-six percent {605,000 gpd) of the
total discharge came from the 102 flowing welis that tapped the aquifer.
In1962, a newly completed irrigation well {106-59-13ddca) produced about
60 acre-feet of water.

The aquifer in the Niobrara and Codell supplied an estimated 700,000
gpd or 780 acre-feet of water to more than 600 wells in 1961, One of the
major reasons the aqguifer is the most heavily developed in Sanborn County
is the desire for soft water for domestic use, More than 50 percent of the
domestic supplies are obtained from the aquifer inthe Niobrara and Codell,

The permeable zones in the Carlile Shale below the Codell Sandstone
Member and the Greenhorn Limestone are minor aquifers in Sanborn County.,
In 1961 the permeable zones in the Carlile supplied about 15,500 gpd or
17.4 acre-feet of water from four flowing wells and the Greenhorn sup-
plied about 209,000 gpd or 234 acre-feet from 89 flowing wells.

In Sanborn County, the Dakota Group yields more water to wells than
all other aquifers combined. In 1961 the 593 wells that tapped the Dakota
flowed about 4,030,000 gpd or 4,500 acre-feet of water.

Leakage and Natural Discharge

Evaporation and transpiration account for most of the natural ground-
water discharge from the Warren aquifer. Except in spring, when a high-
water table may result in numerous temporary seeps and springs, discharge
to lakes and springs is slight and there is no base flow in streams; in
years of low rainfall even the James River has no flow. Only two small
perennial springs (NEZSW$NE4SW%, sec. 12, T, 106 N,, R, 61 W., and
SW%SEZNEINE%, sec. ¢, T. 108 N., R. 61 W.;, both discharging water
from the Warren aquifer, were observed during the field investigation.

The Floyd aquifer apparently has little natural surface discharge in
Sanborn County. The 25 to 100 feet of relatively impermeable till that
covers the aquifer reduces evapotranspiration to a small amount and the
well inventory disclosed no permanent springs or seeps.,

Natural discharge from the aquifer in the Niobrara and Codell occurs
primarily in northwestern and southern Sanborn County. The aquiferappar-
ently crops out in a buried wvalley in the bedrock surface in the northwest
and central parts of the county; thus water from the aquifer in the Nio-
brara and Codell may be discharged to the overlying Warren aguifer, In
much of the southern quarter of Sanborn County the aquifer in the Niobrara
and Codell is in contact with drift and locally may discharge water into
sand beds and lenses in the till,

The Carlile Shale and Greenhorn Limestone have no known natural
discharge in Sanborn County. The Greenhorn discharges water into over-
lying aquifers by leakage through hundreds of corroded well casings.

The aquifers in the Dakota Group discharge water to overlying aqui-
fers in southeastern Sanborn County and adjacent areas, where they merge
with or are hydraulically connected to overlying aquifers onthe slope and
crest of the Sioux Ridge. The Dakota also discharges water to overlying
aquifers through hundreds of corroded well casings.
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Aquifer Potential

Aquifers in Glacial Drift

Aquifers in Quaternary deposits underlie more than 70 percent, or 400
square miles, of Sanborn County and have a much greater potential for
future development than aquifers in bedrock. The Warren and Floyd aqui-
fers not only contain more water in transient storage than the other aqui-
fers {an estimated 2,200,000 acre-feetj, but also contain the only water
that is of suitable quality for irrigation. The Warren might support annual
withdrawals of as much as 15,000 acre-feet, or as much water as would
be supplied by about 70 wells equal in capacity to irrigation well 108-61-
17aacc (850 gpm).,

Potential sustained yields of wells in the Tloyd aquifer cannot be
determined without additional investigation, GGreater development of the
Floyd aquifer would result in a decrease in artesian pressure and wells
that now flow would have to be pumped. Unless the artesian head is
lowered considerably, however, the aquifer will remain essentially sat-
urated and will continue to vield water to pumped wells,

Irrigation wells or other high-capacity wells can be developed in the
glacial drift if they are favorably located and carefully constructed, Test
holes should be drilled at the site of a proposed well to determine the
thickness and texture of the aquifer. Samples of water should be col-
lected from each test hole and analyzed to determine whether the water is
of suitable chemical quality for the proposed use. When a high-capacity
well is installed, careful construction and proper development are neces-
sary to prevent the well screen from plugging or the aquifer from sealing
with fine material near the well screen.

Local sand lenses and beds in the glacial drift may be an important
future source of stock and domestic water, but the water they contain is
unsuitable for irrigation,

Aquifers in Bedrock

Water yielded to wells by aquifers in bedrock may be permanently lost
from storage. As a group, these aquifers mayreceive little or no recharge,
and extensive withdrawal of water might constitute "mining” of the supply.

The aquifer in the Niobrara and Codell could supply much more water
for domestic and stock needs than it did in 1961, There is little large-
scale waste of this water because the wells usually do not flow, Con-
tinued or increased development may gradually lower the artesian head in
the aquifer and result in increased pumping lifts, Also, substantial with-
drawal may change the water quality by inducing greater recharge from
other aquifers.

Although the Greenhorn Limestone has small potential, it could supply
more water to wells than it did in 1961. Water from the Greenhorn often
contains much suspended clay and is, therefore, unsuitable for either
domestic or stock supply. Many residents prefer to drill deeper wells to
the Dakota Group.



The Dakota Group could furnish all the stock and domestic water sup-
plies of Sanborn County for many years if the water were not wasted. In
1961 the total estimated consumption of water from all aquifers for domes-
tic and stock use in Sanborn County was 940,000 gpd (1,100 acre-feet),
about one~-fourth the discharge of the Dakota in the county (p. 73).

Management

Proper management of ground-water resources is necessary for fullest
realization of an aquifer's potential, and for maintenance and conserva-
tion of existing water supplies. The procedures of proper management
may differ for different aquifers. In general, however, information is re-
quired about the recharge, discharge, storage, and physical characteris-
tics of the aquifer, and on the chemical characteristics and intended use
of the water. Some aquifers resemble surface reservoirs in that outflow
(water yielded by the aquifer) is replaced by inflow (infiltration of pre-
cipitation). Other aquifers resemble coal mines or oil pools in that dis-
charged water is replaced very slowly, if at all, and is "mined." The
water in such an aquifer is a dwindling resource.

The Warren aquifer resembles a reservoir that has been filled with
sand and gravel. The walls, floor, and dam of the reservoir are imper-
meable till or shale and streambeds and draws function as spillways when
the water table is high. Most ground-water recharge occurs from Novem-
ber to May as a result of infiltration of rain and snow melt where the aqui-
fer is exposed. As the ground-water reservoir fills, the water table rises
to the land surface and water discharges into spillways through many tem-
porary seeps and springs. Average runoff into the James River from the
area underlain by the Warren aquifer is estimated to be more than 3,000
acre-feet per year for the period 1950-59 (Wells, 1960).

Good management of the Warren aquifer would entail lowering the water
table so that the depth to water is greater during the summer. Although
no more water should be removed in periods of great demand than could
be replaced by recharge, a drop in watertable during times of high demand
would increase the amount of space available to store water in the spring,
and some of the water now discharged to the James River could be sal-
vaged. A second result of lowering the water table would be a reduction
in evapotranspiration, which constitutes most of the natural discharge
from the shallow watertable. A thirdpossible result of lowering the water
table is an increase in value of land now water-logged because of high
ground-water levels during the planting season.

The Floyd aquifer, which resembles a roofed or covered reservoir,
presents a different management problem. Evapotranspiration losses from
it are low because of the 25 to 100 feet of overlying till. Estimates of
the potential sustainedyield of this aquifer wouldrequire additional inves-
tigation in adjacent Miner and Kingsbury Counties to locate the recharge
area and to determine the rate of recharge to the aquifer.

The aquifers in Cretaceous rocks may not be subsurface reservoirs
with constantly renewed supplies of water, but may resemble mines or oil
pools in that water is "mined" or removed from storage more rapidly than
it is replaced. "Mined" aquifers represent a diminishing resource and
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their potential is very limited. The quantity of water in storage in the
bedrock aquifers is large, however, and if properly managed, could last
for many years. Good management of a depletable or vanishing resource
makes the maximum use compatible with the least waste.

More than 70 percent of the 5,500 acre-feet of water discharged to
wells in 1961 by aquifers in Cretaceous rocks was wasted by unrestricted
flow from wells. Almost 3,700 acre-feet (93 percent) of the wasted water
was discharged from the Dakota Group. About 50 percent of the well dis-
charge from the Greenhorn Limestone was wasted, Needless waste of
water since 1885 has resulted in rapid decline of artesian pressure and
decreased vyield from wells and, if continued, eventually may result in
cessation of flow, In 1961 the total discharge of all wells in Sanborn
County tapping the Dakota was 2,800 gpm--oniy 50 gpm more than the
discharge of one well at Woonsocket in 1890 and 1,200 gpm less than the
initial flow of a well at Letcher in 1890,

Poor construction of wells that tap artesian aquifers may result in
uncontrolled flow with consequent waste of water and contamination of
other aquifers by leakage. Poor well construction and its results were
reported by Nettleton (1892, p. 58-59) for the Woonsocket city well:

"*¥%*large quantities of sand, shale, and a tough, tenaceous clay
were thrown out of the well, It is estimated that at least 100 car
loads~-~-say 2,000 cubic yards—--of this material were brought up
with the water before the flow couid be shut off. ***The bore is
cased to what is commonly called the cap rock, 680 feet below
the surface, **%, **%* The casing is open at its lower end, and
rests upon a stratum of hard rock only 4 feet thick, #**=*Similar
discharge of large guantities of sandand shale occurred from the
nearby mill well which was drilled to the second flow."

Davis, Dyer, and Powell (1961) reported on many other poorly constructed
or wild wells in eastern South Dakota,

Public Supplies

The towns inSanborn County that have public water supplies are Woon-
socket, Forestburg, Artesian, and Letcher. Sanborn County and the South
Dakota Department of Game . Fish, and Parks also have public wells. The
wells furnishing the public water supplies are described below. Addi-
tional information on the gquality of public supplies is included in table 3.

Woonsocket

Two wells within the city limits on the west side of Lake Prior are
completed in the Dakota Group and are used to maintain the level of the
lake. Well 107-62-21dcac at the bathhouse is 775 feet deep, penetrates
the second aquifer, and yields about 15 gpm. Well 107-62~21dcdb about
100 yvards to the south, is 735 feet deep, taps the first aquifer, and yields
about 130 gpm. Lake Prior is used for recreation and as an emergency
fire-fighting supply.-



Woonsocket, which chlorinates its water, is the only town in the
county that furnishes treated water to its residents. The municipal water
system is supplied by two wells, each 163 feet deep, which produce from
the aquifer in the Niobrara and Codell. The North Well (107-62-28aabay)
has an 8-inch casing and is equipped with a 200 gpm turbine pump. The
South Well (107-62-28aacb), used on a standby basis, has a 6-inch casing
and is equipped with a 150 gpm turbine pump. The water is treated by
a gas-feed chlorinator and is stored in a 60,000-gallon elevated tank.

Metered consumption of water for the years 1958-60 was as follows:

1958 ... i e, 11,970,000 gallons
1959 . e e 14,380,000 gallons
1960 ... i i i i 14,110,000 gallons

Most residents supplement the public supply with water from private
wells that produce from the aquifer in the Niobrara and Codell.

A fifth city well (107-61-21dccd) was drilled in 1958 to supply the
public school. The well, which was capped in 1960, taps the aquifer in
the Niobrara and Codell at a depth of 160 feet.

Forestburg

Forestburg has two public supply wells. Well 106-61-1bbccy is 140
feet deep and is cased with 3- and 2-inch diameter pipe; it tapsthe aqui-
fer in the Niobrara and Codell and furnishes water to the public school.
Well 106-61-1bbccy is 705 feet deep, has 4- and 2%-inch casing, and
flows 60 gpm of water from the Dakota Group. The well in the Dakota
provides 33 families with water for domestic use and also is used for fire
protection. Many other private wells in Forestburg tap the aquifer in the
Niobrara and Codell.

Artesian

The city of Artesian has three public wells. The school well (106-
59-9bdba) taps an aquifer in the Dakota Group at a depth of 760 feet.
The well is equipped with a pump to supply additional water when the 3
gpm flow is not sufficient to supply the school's needs. A pumped well
(106-59-4cdca) furnishes about 400,000 gallons of water per year to the
municipal swimming pool and is reported to be 275 feet deep. This well
taps the aquifer in the Niobrara and Codell and can be pumped at 75 gpm
for extended periods. The third well (106-59-9bada) is 850 feet deep,
taps an aquifer in the Dakota Group, has 4- to 23-inch casing, and is
reported to flow 20 gpm. Water from this well supplies a 35,000-gallon
storage tank, which is used for fire protection. All domestic water sup-
plies are obtained from individual or cooperative wells that tap either the
aqguifer in the Niobrara and Codell or the Dakota Group.
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Letcher

The town of Letcher has three public wells which produce from aqui-
fers in the Dakota Group. The school well (105-61-15dcdc) is 700 feet
deep, has 3-inch casing, and flows an estimated 15 gpm. The swimming
pool well (105-61-15dbd)is reported to be 806 feet deep, has 3- to 2-inch
casing, flows 18 gpm and is used for fire fighting as well as for recreation.
The well at the city hall (105-61-15dcaa) is 780 feet deep, has 3- to 2-
inch casing, and is reported to flow 3 gpm. Domestic water supplies are
obtained from private wells completed in the aquifer in the Nicbrara and
Codell or the Dakota Group.

Sanborn County

Sanborn County has two wells, both of which supply county facilities
and are completed in the aquifer in the Niobrara and Codell, Well 107-
62-28abab, north of the courthouse in Woonsocket, is 158 feet deep, is
equipped with a piston pump and is used as an emergency supply for the
courthouse, Well 107-62-28aaa, about 160 feet deep, supplies water for
the county maintenance shop.

South Dakota Department of Game, Fish, and Parks

The Department of Game, Fish, and Parks has four wells in Sanborn
County. Well 107-61-35cdad is 140 feet deep and furnishes drinking water
at the roadside park near Forestburg; it is equipped with a hand-operated
cylinder pump and obtains water from the aquifer in the Niobrara and Co-
dell. Well 107-61-35cddd, 300 yards to the south, is 25 feet deep and
vields water of very poor quality from the Warren aquifer; this water is
not used for drinking. The remaining two wells (106-62-30bd and 106-
62-30bbcd) of the Department are at Twin Lakes and are used to maintain
the water level of the lakes. Both wells tap aquifers in the Dakota Group,
are 760 and 945 feet deep, and flow 50 and 67 gpm respectively. The
shut-in pressure on the 945-foot well was 18,2 psi in April 1961.

Summary of Ground-Water Conditions

Aquifers in the glacial drift underlie more than 70 percent of Sanborn
County. They average about 45 feet in thickness and are estimated to
contain more than 2,300,000 acre-feet of water in storage. 1In general,
these aquifers have a high proportion of fine-grained material, but locally
they are sufficiently permeable to yield large amounts of water to wells.
Aquifers in the glacial drift are recharged by infiltration of precipitation
in Sanborn County and adjacent areas. Natural discharge to lakes, rivers,
or streams is small. The Warren aquifer, however, discharges much water
by evapotranspiration.

The till in Sanborn County is relatively impermeable and is not an
aquifer. Alluvium in stream valleys and drainageways is too thin or too
fine—-grained to serve as an aquifer except locally in the JTames Rivertrench.



Artesian aquifers in rocks of Cretaceous age underlie the entire county.
The aguifer in the Niobrara Marl and Codell Sandstone Member of the Car-
lile Shale of Late Cretaceous age, however, has been removed by glacial
erosion from small areas in the south. Aqguifers in Cretaceous rocks prob-
ably do not receive much recharge but yield water from storage.,

The first aquifer in bedrock below the glacial drift is in the Niobrara
and Codell. Although the artesian head has declined since 1885, water
levels in wells that penetrate the aquifer range from land surface to a
depth of 65 feet, Wells that tap the aquifer in the Niobrara and Codell
may flow in the James River trench and in other low areas of the county.
In northwestern and southern Sanborn County, the aguifer discharges water
into the overlying glacial drift.

Sandy zones in the Carlile Shale below the Codell Sandstone Member
may yield water to wells in some parts of the county. These zones prob-
ably receive recharge from the Greenhorn Limestone or Dakota Group.

The aquifer in the Greenhorn Limestone receives recharge from aqui-
fers of the Dakota Group. Wells completed in the Greenhorn yield small
flows of water at low pressure and some of them may discharge water to
overlying aquifers through corroded well casings.

The Dakota Group contains three or more zones of permeable sand-
stone that yield water to wells. Natural discharge from aquifers of the
Dakota Group may be an important source of recharge for overlying agqui-
fers in southeastern Sanborn County., The Dakota also discharges water
to overlying aquifers through hundreds of corroded well casings. Yield
and artesian pressure of wells completed in the Dakota Group have greatly
decreased in the last 70 years .

CHEMICAL QUALITY OF WATER
by Lewis Howells and R, L, Kilzer

Ground water is never pure. It may contain dissolved organic and
inorganic substances, dissolved gases, colloids, sediment, and bacteria
and other organisms ., The ability of groundwater to dissolve various sub-
stances usually depends upon the acidity of the water; acidity mainly
depends upon the amount of carbon dioxide dissolved in the water. In
general, the more acid the water, the greater its ability to dissolve ma-
terial. Other factors that may determine the chemical content of ground
water are temperature, pressure, chemical composition of rocks through
which the water moves, amount of water available, rate of movement of
the water, and geologic environment.

The chemical quality of ground water in Sanborn County was studied
by analyzing water samples from wells that tap the principal aquifers.
Laboratory analyses were made of 93 water samples, and an additional
1,183 water samples were tested in the field. The following table shows
the number and types of analyses made of samples of water from each
aquifer.
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Chemical Analvses

Aquifer or water-bearing unit Complete Partial Field Total
Till or mixed till and outwash 1 0 0 1
Warren aquifer 17 10 33 60
Floyd aquifer 12 1 128 141
Other glacial drift and alluvium 1 0 5 6
Niobrara Marl and Codell Sandstone

Member of Carlile Shale 20 1 375 396
Permeable zone in Carlile Shale

below Codell Sandstone Member 1 0 3 4
Greenhorn Limestone S 0 74 79
Dakota Group 20 4 518 542
Undetermined 0 0 47 47
TOTAL 77 16 1,183 1,276

Field analyses included measurement of specific conductance with a
resistance bridge and determination of hardness, chloride, and pH with
colorimetric tests.

The results of laboratory analyses are given in table 3 and the sample
locations are shown in figure 25,

Temperature, concentration of dissolved matter_ specific conductance,
hardness . percent sodium, sodium-adsorption ratio, and water type are
some of the properties of water that determine its suitability for various
uses

Temperature is an important characteristic of water, Water tempera-
ture probably reflects aquifer temperature if a well flows more than 1.5
gpm or is pumped at a rate of at least 3 gpm for 5 minutes prior to meas-
urement

Concentrations of dissolved matter in water are expressedas parts per
million (ppm) or as equivalents per million (epm). A "part per million" is a
unit used to express the concentration by weight of a substance, usually
as grams of constituents per million grams of solution. An "equivalent per
million" is a unitused to express the concentration of a substance interms
of the unit chemical combining weight (atomic weight divided by valence);
one epm of positive ions (cations) will react with one epm of negative ions
(anions). Parts per million are converted to equivalents per million by
multiplying by the following factors:
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Geologic unit in which well is finished
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Figure 25. Map of Sanborn County showing locations of wells
sampled for complete quality of water analysis.
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Constituent Factor Constituent Factor
Calcium {Ca) v.e'vun.n. 0.04990 Carbonate (CO3) ..... 0.03333
Magnesium (Mg) ...... 0.08224 Sulfate (SO4) ........ 0.02082
Sodium (Na) .......... 0.04350 Chloride (Cl) ........ 0.02820
Potassium (Kj ......... 0.02558 Fluoride (F) ......... 0.05263
Bicarbonate (HCO3) ... 0 01639 Nitrate (NO3) ........ 0.01613

Parts per million are converted to grains per gallon (gpg) by dividing
parts per million by the factor 17.1.

Specific conductance is a measure of the ability of a unit cube of
water to conduct an electric current and is expressed in micromhos per
centimeter (umhos/cm) at 25° Celcius (centigrade). Although the specific
conductance of water depends uponthe amounts and types of ions in solu-
tion, and varies with temvperature, it can be used to estimate the total
concentration of dissolved solids. The following factors, determined from
the ratio of total solids to specific conductance in complete chemical
analyses from each aquifer, were used to convert specific conductance to
total dissolved solids:

Aquifer or water—-bearing unit Factor
Warren aquifer ...... .. v vt ieesenas... 0,68
Flovd aquifer ..... e e et eesee e 0.74
Niobrara Marl and Codell Sandstone
Member of Carlile Shale........... cecsiec. 0065
Greenhorn Limestone . ... oo veiinivvennne. oo 0,70
Dakota Group
Istzone ....ovvviiii i 0,71
2d ZONE ...t e 0,77
3d zone .. C s eaiiauaeeasaeeaaeas. 0.88

Hardness is reported as parts per million of CaCO3 and includes con-
centrations of all hardness-causing constituents in the sample.

Percent sodium (% Na) and sodium-adsorption ratio (SAR) of water are
of great importance in determining the suitability of water for irrigation.
Percent sodium is the ratio of sodium to total cations (calcium, magne-
sium, sodium, and potassium) in epm expressed as a percentage. The
SAR is an empirical value (U. S. Salinity Laboratory Staff, 1954) used to



determine and compare the sodium hazard of irrigation waters and is based
upon the base exchange reactions and sodium adsorption of soils. The
SAR is determined by the following relation where ion concentrations are
expressed in epm:

Nat

SAR =

Catt + Mgttt
2

Water type indicates the cation and anion having concentrations in
excess of 50 percent of the total cation and anion concentrations, respec-
tively. For example, water from well 106-60-26adad (table 3) contains
500 ppm sodium and 699 ppm sulfate, 91 and 56 percent of the cations
and anions, respectively, andis, therefore, calleda sodium sulfate water.
Waters in which one cation and anion do not predominate are considered
mixed types and identified by the names of all the important cations and
anions.

In any aquifer local conditions may cause the guality of water from
some wells to differ greatly from the quality of water usually obtained
from the aquifer. Such conditions include contamination by surface pol-
lution and leakage from another aquifer through the corroded casing of
a nearby well. About 15 percent of the chemical analyses appear to be
affected by such conditions. The 85 percent range, or the range in con-
centration of a chemical constituent based on the 85 percent of the analy-
ses closest to the mean, probably represents the actual water guality in
the aquifer.

Aquifers and Water-bearing Units of Quaternary Age

Water temperatures, measured at the well head, ranged from 44° to
53°F. Almost all wells deeper than 25 feet had water temperatures of 490
to 50°F, slightly higher than the mean annual temperature of 46 4CF.

Although the till in Sanborn County is not an aquifer, a sample of
water from till was obtained from test hole 108-62-34cccc. The water
was very saline (13,500 ppm total dissolved solids) and was not suitable
for domestic or agricultural use.

Although the well inventory disclosed no wells that obtained water
from alluvium, a water sample was taken for analysis from test hole 105~
60-2Sccedg, which penetrated 39 feet of alluvium in the James River flood
plain, The water contained 1,260 ppm total dissolved solids and had a
hardness of 470 ppm. Water from a properly constructed well probably
would be of better gquality than is indicated by the analysis because the
sample contained some clay in suspension.

Quality of water from the Floyd and Warren aquifers is summarized in
the following table and in figure 26,
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Figure 26. Diagram comparing water quality in the Floyd and Warren aquifers.




Total range 85 percent range
Property ‘Warren Floyd ‘Warren Floyd
Specific conductance 214-5,180 1,600-5,700 980-2,870 1,900-2,030
(umhos,/cm)
Total dissolved solids
(ppm):
Laboratory 136-5,510 1,540-3,700 136-2,670 1,540-1,750
1/

Estimated 145-3,510 1,100-3,770 670-2,000 1,400-1,800
Hardness (ppm) 50-~3,090 120-1,600 50-886 300~800
Boron (ppm) 0.07-1.8 0.65-2.5 0.07-0.67 0.65-1.8
Percent sodium 9-95 42-74 17-70 42-60

1/ Estimated from specific conductance. See p. 85.

The quality of water varies widely in the Warren aquifer. Shallow
wells completed in clean dune sand yvield water of good quality but wells
completed in clayey parts of the aquifer may vyield water of very poor
quality. Some wells completed a few feet above the bedrock surface in
central and northwestern Sanborn County yield water similar in character
to water from the aquifer in the Niobrara and Codell, suggesting recharge
of the Warren by the aquifer in the Nicbrara and Codell.

Water in local sand and gravel deposits in till strongly resembles
water from the aquifer in the Niobrara and Codell in its chemical char-
acteristics. The water is soft to moderately hard, saline, and of the
sodium sulfate type

Water-bearing Units of Cretaceous Age

The gquality of water from wells completed in the major aquifers in
bedrock is summarized in the following table and in figure 27.

Water temperature, measured at the well head during the field inves-
tigation, generally increased with aquifer depth. In flowing wells com-
pletedat the same depth, temperatures tended to increase withan increase
in the rate of flow up to about 10 gpm.
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Although water from the aqguifer in the Niobrara and Codell is relatively
uniform in quality throughout much of Sanborn County (fig, 28), there are
several significant variations in quality (Howells, 1965a, b); (1) in the
southeastern corner of the county the aquifer yields hard to very hard
water, similar to water from the lowest part of the Dakota Group; {(2) in
the northeastern and northwestern corners of the countythe aguifer yields
water high in chloride and total solids: and {3) on the southern and eastern
sides of the buried bedrock wvalleys in central and northwestern Sanborn
County (pl, 6) the aquifer yields hard to very hard water,

Wells that tap permeable zones of the Carlile Shale yield soft saline
water, except in southeastern Sanborn County where the water is very
hard.

The Greenhorn Limestone yields soft to moderately hard, saline, low-
chloride, sodium sulfate water exceptinthe southeastern part of the county
where it yields hard to very hard water similar to that fromthe lowest part
of the Dakota Group. Because water from the Greenhorn frequently con-
tains clay in suspension, the aquifer locally is known as the "mud flow."

The Dakota Group vields water of both the sodium sulfate and calcium
sulfate types; the total dissolved solids, sulfate, chloride, and fluoride
concentrations are fairly uniform throughout the county, but the concen-
trations of other constituents vary widely. Three kinds of water in the
Dakota are. (1) soft to moderately hard, high-boron, sodium sulfate water
whose specific conductance generally is greater than 2,700 pmhos/cm;
(2) very hard {more than 800 ppm), low-boron, calcium sulfate water whose
specific conductance generally isless than 2,500 pmhos/cm; and (3) water
intermediate in quality to the other two types.

Permeable sandstone at or near the top of the Dakota may yield water
of the soft, sodium sulfate type, particularly in the northern part of the
county. The lowest sandstone of the Dakota yields very hard water of the
calcium sulfate type in the northern part of the county, but all permeable
sandstone inthe Dakota may vield water of thistype in southernmost San-
born County. Water of intermediate guality occurs in permeable sand-
stone near the middle of the Dakota Group in northern Sanborn County,
but occurs in permeable sandstone at the top of the Dakota in the south-
central part of the county.

Water Quality and Use

Domestic Use

Water for domestic use should be free not only of harmful bacteria, but
also of objectionable taste and odor. Standards for drinking water have
been established by the U, S. Public Health Service (1962) and adopted
by the American Water Works Association as criteria of gquality for all
public water supplies in the United States. Almost all of the public water
supplies in South Dakota exceed the standards., The State Department of
Health has recommended modified standards for South Dakota.
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The standards that pertain to chemical constituents are as follows:

U.S. Public Health S. Dak., Dept., of
Servicerecommended Health Standards
maximum concentrationé‘/ modified for S. Dak.2
Constituent (ppm) (ppm)
Chloride........... e 250 250
</
Fluoride .. ... .o vv v ve . 1.3 0.6-1.7
Iron ..o iis v 0.3 0.3
Manganese .....ovusne.s 0.05 0.05
4/

Nitrate . c v esvinee v . 45 45
Sulfate | ..o v corcan. 250 500
Total dissolved solids ... 500 1,000

a/ Should not be exceeded where other more suitable supplies are or
can be made available.

b/ Written communication, Feb. 5, 1962.

¢/ For Sanborn County; limit varies for different parts of the United
States,

d/ In areas in which the nitrate content of water is known to be in
excess of the listed concentration, the public should be warned of
the potential dangers of using the water for infant feeding.

Total dissolved solids

Only five water samples, all from the Warren aquifer, met the U, S.
Public Health standards for total dissolved solids. All other samples ex-
ceeded the recommended limit, High dissolved-solids content of water
is not in itself necessarily harmful; any effects dependupon the individual
constituents that comprise the dissolved solids, Some dissolved mineral
matter is desirable, otherwise the water would have the flat taste char-
acteristic of distilled water.

Chloride

The recommended limit of chloride concentration of 250 ppm was ex-—
ceeded in 103 water samples--97 from the aquifer in the Niobrara and
Codell (all from the northern part of the county), four from the Dakota



Group, and one each from the till and a permeable zone in the Carlile
Shale. High concentration of chloride may impart an undesirable taste to
the water.

Fluoride

Concentrations of fluoride ranged from 0.1 to 3.6 ppm, Fluoride con-
centrations were less than the recommended maximum of 1.3 ppm in water
from the aquifers in the Quaternary rocks and in most water from the aqui-
fer in the Niobrara and Codell. Most samples of water from the Dakota
Group and the Greenhorn Limestone, however, contained more than 1,3
ppm fluoride. Concentrations of fluoride in excess of 1.3 ppm in drinking
water may cause dental fluorosis or "mottled enamel” in children's teeth
(Smith and others, 1931).

Iron

Most of the water samples, except those from the aqguifer in the Nio-
brara and Codell, contained more than the 0.3 ppm maximum concentration
recommended for iron. A high concentration of iron is undesirable because
it will cause yellow or reddish-brown stains on laundry and plumbing fix-
tures, form deposits on food during cooking, and impart an unpleasant
taste to water.

Manganese

Some water samples from each aquifer contained manganese in excess
of the recommended limit of 0.05 ppm. Higher concentrations of manga-
nese may cause gray or black stains on porcelain, enamel, and fabrics.

Nitrate

Three samples, all from wells in the glacial drift, contained more than
the recommended 45 ppm limit of nitrate; all three wells are shallow and
probably are contaminated by barnyard seepage. Nitrate is an end product
of decomposition of barnyard seepage or other organic substance; conse-
quently, significant concentrations of nitrate may indicate contamination
by seepage from such material, or from organic fertilizer. Water con-
taining a high concentration of nitrate, if used for preparing infant feeding
formulas, may cause methemoglobinemia, a disease characterized by cer-
tain blood changes and cyanosis (Welsh and Thomas, 1960),

Sulfate

Nine water samples, four from the Warren aquifer and five from the
aguifer in the Niobrara and Codell, contain less than the 250 ppm maxi-
mum for sulfate. High concentrations of sulfate have cathartic effects on
some people; however, many people who drink water with high sulfate
content develop a toleranceto it. Sulfate concentrations as highas 1,000
ppm are considered harmless by some investigators (Moore, 1950).
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Hardness

Hardness usually is related to the soap~-consuming power of water
and ordinarily is considered undesirable, It results in formation of scum
when soap is added, causes an excessive consumption of soap, and may
cause deposition of scale in water pipes, heaters, and boilers. Calcium
and magnesium are the constituents that are usually responsible for hard-
ness of water. The U. S. Geological Survey has adopted the following
hardness standard:

Hardness
as CaCOs3
(ppm) Rating Evaluation
0- 60 Soft .............. Suitable for many uses with no
treatment
61-120 Moderately hard.... Usable except in some indus-
tries
121-180 Hard ........... .. Softening required by laundries
181+ Very hard ........ Requires softening for most
uses

Municipal Use

Forestburgand Woonsocket were the only communities in Sanborn County -
that had public water-supply systems in 1961. Water from well 106-61-
1bbbdy at Forestburg is very hard and contains concentrations of sulfate,
iron, fluoride, and dissolved solids that exceed U, S. Public Health Ser-
vice standards. Water from wells 107-62-28aaba and 107-62-28aacb at
Woonsocket, contains concentrations of sulfate and dissolved solids that
exceed the standards, but the water is soft to moderately hard.

Agricultural Use
Livestock

Water used for livestock consumption is subject to the same general
quality limitations as that used for human consumption., Livestock, how-
ever, can tolerate a greater amount of dissolved solids than humans. The
following maximum tolerances of some farm animals to dissolved solids
have been published (Officials of the Department of Agriculture, 1950).



Maximum dissolved

Animal solids {ppm)
Poultry..... b e e e a e e o u e 2,860
Pigs ....c0nu.n. e s e e e e 4,290
Horses....... b nae e ac e s 6.435
Cattle (dairy) vovveenovevencnn 7,150
Cattle (beef) . v vnsveuneoneas 10,000
Adult sheep...vvvvnevnaeans 12,900

Except for water from the till, almost all samples of water from San-
born County were satisfactory for consumption by livestock.

Irrigation

Characteristics that determine the suitability of water for irrigation
are: (1) The total dissolved-solid content: (2) the amount of boron: (3) the
relative amounts of certain dissolved constituents; and (4) the chemical
changes that may take place in the soil and water after the water has been
applied.

High concentrations of dissolved solids in irrigation water may ad-
versely affect plant growth. The tolerances of common crops tothe amount
of dissolved solids in water are shown in table 4 (U. S. Salinity Labora-
tory Staff, 1954, p. 67).

Boron.--Boron is essential to proper plant growth and nutrition, but a
small excess over the needed amount is toxic to some plants., Plants are
classified as sensitive, semitolerant, and tolerant to boron. Scofield
(1936) stated that irrigation water should containlessthan 1,00 ppm boron
if used on sensitive crops, less than 2.00 ppm if used on semitolerant
crops, and less than 3,00 ppm if used on tolerantcrops. Borontolerances
of some common crops are listed in table 5 {(U. S. Salinity Laboratory
Staff, 1954. p. 67).

Sodium hazard,-- The proportion of sodium relative to calcium and
magnesium in the water (sodium hazard) may be of critical importance in
determining the suitability of water for irrigation. If soil that contains
exchangeable calcium or magnesium ions is irrigated with water in which
sodium ions greatly outnumber the other cations, the calcium and magne~
sium of the soil will tend to be replaced with sodium. Soil that has a
high content of exchangeable sodium is undesirable for agriculture as it
tends to deflocculate or "puddle,” develop a hard crust, and become nearly
impermeable to water. If irrigation is continued long enough, the tilth
and permeability of the soil may be seriously impaired. The effect becomes
important when the percent sodium rises considerably above 50 (Wilcox,
1948),

Sodium Carbonate.~-"Black alkali” or sodium carbonate may form in
soils by evaporation of some types of water, The pH of “alkali" soils is
high and has a serious effect on soil fertility by causing many plant nu-
trients to form insoluble compounds and, hence, to be unavailable for
absorption by crops.
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Table 4,-~Relative tolerance of crop plants to amount of
total dissolved solids,

(Within each group the least tolerant plants are placed at the top of the
column.)

Sensgitive Moderately tolerant Tolerant
Fruit crops
Stawberry Cantaloupe
Peach Grape
Apricot
Almond
Plum
Prune
Apple
Pear
Vegetable crops
Green beans Cucumber Spinach
Celery Squash Asparagus
Radish Peas Kale
Onions Garden beet
Carrot
Potato
Sweet corn
Lettuce
Cauliflower
Bell pepper
Cabbage
Broccoli
Tomato

Forage crops

Ladino clover

Red clover

Alsike clover
Meadow foxtail
White Dutch clover

Sour clover

Tall meadow catgrass
Smooth brome

Big trefoil

Reed canary

Blue gamma
Orchardgrass

Oats (hay)

Wheat (hay)

Birdsfoot trefoil
Barley (hay)
Western wheat grass
Canada wildrye
Saltgrass

Alkali sacaton



Table 4.--continued
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Sensitive

Moderately tolerant

Tolerant

Forage crops—-continued

Rye (hay)

Alfalfa

sSudan grass

Dallis grass
Strawberry clover
Perennial ryegrass
Yellow sweet clover
White sweet clover

Field crops

Field bean

Castorbean
Sunflower

Flax

Corn (field)
Sorghum (grain)
Oats (grain)
Wheat (grain)
Rye (grain)

Rape
Sugar beet
Barley (grain)
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Table 5.--Relative tolerance of crop plants to boron,

(The least tolerant plants are placed at the top of the columns.)

Sensitive Semitolerant Tolerant
Thornless blackberry Lima bean Carrot
Apricot Bell pepper Lettuce
Peach Pumpkin Cabbage
Cherry Zinnia Turnip
Persimmon Oats Onion
Apple Milo Broadbean
Pear Corn Gladiolus
Plum Wheat Alfalfa
American elm Barley Garden beet
Navy bean Field pea Sugar beet
English walnut Radish Asparagus
Black walnut Sweet pea

Tomato

Potato

Sunflower (native)




Residual sodium carbonate is the amount of carbonate and bicarbonate,
expressed in epm, that would remain in solution if all the calcium and
magnesium were precipitated as carbonate. Eaton (1950 concluded that
carbonate and bicarbonate concentration must exceed calcium and mag-
nesium concentration by more than 1.25 epm before soil structure will
deteriorate.

Classification.--Ground water is classified as to its suitability for
irrigation on the basis of four properties (U, S. Salinity Laboratory Staff,
1954, p. 76-82)., These are salinity hazard {total dissolved solids}, so-
dium hazard, boron concentration, and residual sodium carbonate.

A diagram for classifying irrigation waters accordingto salinity hazard
and sodium hazard is shown in figure 29, Salinity-hazard and sodium-
hazard classes are indicated by the letters "C" and "S'", respectively,
and a subscript of 1 to 4; the higher the sodium hazard, the higher the
subscript. Thus, water classified as Cy1-5;, under average conditions,
is more suitable for irrigation than water classified as C4-34.

Water from aquifers in rocks of Cretaceous age is unsuitable for irri-
gation because it has a high or very high salinity hazard and much of it
has a very high sodium hazard, high residual sodium carbonate, or high
boron content.

Irrigation ratings of water from aquifers in glacial drift are summarized
in table 6.

Industrial

No nonagricultural industrial use is made of water in Sanborn County;
howewver, abundant supplies of water are available for use by industry,

Conclusions

Ground water in Sanborn County generally contains from1,000to 2,500
ppm dissolved solids, of which sulfateis the major constituent. All aqui-
fers supply water that is suitable for domestic use, although the limits
recommended by the U, S, Public Health Service for total dissolved solids,
sulfate, and fluoride are exceeded by water from many wells, Exceptin
the southeastern part of the county, the aquifer in the Niobrara Marl and
Codell Sandstone Member of the Carlile Shale, and the aquifer in the
Greenhorn Limestone yield soft water. The top aquifer in the Dakota Group
vields soft water in some parts of the county. The lower aquifers in the
Dakota Group and the Warren and Floyd aquifers generally vield very hard
water,

None of the aquifers in bedrock vields water that is suitable for irri-
gation owing to high salinity, high sodium hazard, high residual sodium
carbonate, or high boron content. Water from the Warren and Floyd aqui-
fers has been used successfully for irrigation, although it may be con-
sidered borderline in quality. The Floydaquifer contains more saline water
than the Warren, but if considerable care is used in application, if salt-
tolerant crops are grown, and if soil salinity control practices are used,
the water from both aquifers car be used for irrigation.
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Residual sodium carbonate is the amount of carbonate and bicarbonate,
expressed in epm, that would remain in solution if all the calcium and
magnesium were precipitated as carbonate, Eaton (1950} concluded that
carbonate and bicarbonate concentration must exceed calcium and mag-
nesium concentration by more than 1.25 epm before soil structure will
deteriorate,

Classification.--Ground water is classified as to its suitability for
irrigation on the basis of four properties {U, S, Salinity Laboratory Staff,
1954, p. 76-82). These are salinity hazard {total dissolved solids), so-
dium hazard, boron concentration, and residual sodium carbonate.

A diagram for classifying irrigation waters according to salinity hazard
and sodium hazard is shown in figure 28. Salinity-hazard and sodium-
hazard classes are indicated by the letters "C" and "S", respectively,
and a subscript of 1 to 4; the higher the sodium hazard, the higher the
subscript. Thus, water classified as C;-S1, under average conditions,
is more suitable for irrigation than water classified as C4-S4.

Water from aquifers in rocks of Cretaceous age is unsuitable for irri-
gation because it has a high or very high salinity hazard and much of it
has a very high sodium hazard, high residual sodium carbonate, or high
boron content,

Irrigation ratings of water from aquifers in glacial drift are summarized
in table 6.

Industrial

No nonagricultural industrial use is made of water in Sanborn County;
however, abundant supplies of water are available for use by industry,

Conclusions

Ground water inSanborn County generally contains from1,000to 2,500
ppm dissolved solids, cof which sulfateis the major constituent, All agui-
fers supply water that is suitable for domestic use, although the limits
recommended by the U, S, Public Health Service for total dissolved solids,
sulfate, and fluoride are exceeded by water from many wells. Exceptin
the southeastern part of the county, the aquifer in the Niobrara Marl and
Codell Sandstone Member of the Carlile Shale, and the aquifer in the
Greenhorn Limestone yield soft water. The top aquifer in the Dakota Group
yvields soft water in some parts of the county. The lower aquifers in the
Dakota Group and the Warren and Floyd aquifers generally yield very hard
water.

None of the aquifers in bedrock vields water that is suitable for irri-
gation owing to high salinity, high sodium hazard, high residual sodium
carbonate, or high boron content. Water from the Warren and Floyd aqui-
fers has been used successfully for irrigation, although it may be con-
sidered borderline in quality. The Floydaquifer contains more saline water
than the Warren, but if considerable care is used in application, if salt-
tolerant crops are grown, and if soil salinity control practices are used,
the water from both aquifers car: be used for irrigation.
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Table 6.--Classification for irrigation of water from aquifers
and water-bearing units of Quaternary age.

Well location

Salinity and
sodium hazards
(U.S. Salinity

Laboratory Staff,

1954)

Boron rating for
semitolerant

crops (Scofield,

1936)

Residual sodium
carbonate
(Eaton, 1950)

105-60-25cccdy

106-59-1ccha
106-59-23ddd
106-60-1ccab
107-59-11labaa
107-59-17addd
107-59-33bbbc
107-60-10bcac
108-59-22cccc
108-59-29bbab
108-60-4addc
108-60-27cccc
108-60-29daby
108-60-33ccch

108-60-35dddc

106-61-1cccc
106-61-12caca

107-61-6bbbb

Alluvium along James River

C3 - Sy

Floyd aguifer

Caq - 59
C3 - 82
Cq4 - S99
Cq4 - So
Cyq - S2
C3 ~ S92
Cq4 - S3
Cyq - S3
C4 - 59
C3 - 82
Caq - S92
Ca

C3 - 89
C4 - So

Good
Excellent
Good
Permissible
Permissible
Good
Permissible
Unsuitable
Doubtful

Doubtful

ey oae

Good

Permissible

Warren aquifer

Cop - 51
C3 - 951

C3 -85

Excellent

Excellent

1.60
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Table 6.--continued

Well location

Salinity and
sodium hazards
(U.S, Salinity
Laboratory Staff,
1954)

Boron rating for
semitolerant
crops (Scofield,
1936)

Residual sodium
carbonate
(Eaton, 1950)

107-61-6dddd
107-61-35cddd
107~-62-11ddady
107-62-25aaaay
108-61-4bcba
108-61-4ccd
108-61-5cdddy
108-61~5dcd
108-61-6ddcd
108~61~7babb)
108~61-17aaccy
108-61~-17addd
108~61-32cccc
108-62-1ccecy
108-62-8baabo
108-62-9dcd
108-62-13bccc
108-62~15aaddy
108-62-18aab

108-62-33cccc

Warren aquifer--continued

C3 - 857
Cq - 59
Cyq - S9
C1 - 981
Cz -85
C3 - 89
C3 - 89
Cyq - S3
C3 - 83
C3-351
C3 - 352
C3 - 852
C3 - 82
Cq-81
Cq = 81
C4 - 57
Cq4 - 81
Cy - So
C3 - 59

Excellent
Excellent
Excellent

Excellent

»»»»»»»

Excellent

vy et o

Excellent
Good

Excellent

::::::::

4.99
5.07

0.60

8.67
1.30

2.60
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Table 6.--continued

Salinity and

sodium hazards Boron rating for

(U.S. Salinity semitolerant  Residual sodium

Laboratory Staff, crops (Scofield, carbonate
Well location 1954) 1936) (Eaton, 1950)

Warren aguifer--continued

108-62-34ddaa C3-84 ... 9.69
108-62-36adaa C3 - 51 Excellent 0

108-62~36cccec Csz - 81 0
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GLOSSARY OF GEOLOGIC AND HYDROLOGIC TERMS

Acre-foot.--A unit for measuring the volume of water; is equal tothe quan-
tity of water required to cover 1 acre to a depth of 1 foot and is equal
to 43,560 cubic feet or 325,851 gallons. The term commonly is used
in measuring volumes of water used or stored.

Altitude.--The vertical distance between a point and a datum surface,
such as sea level.

Andesite.--A volcanic rock composed essentially of andesine and one or
more dark-colored minerals such as pyroxene, hornblende, or biotite.

Aquiclude.~=~A bed or formation of relatively low permeability that serves
as a barrier to the movement of ground water.

Aguifer.--A formation, group of formations, or part of a formation that can
serve as a useful source of water.

Aragonite.--A mineral composed of calcium carbonate; similar to the min-
eral calcite.

Artesian.--Refers to ground water under sufficient pressure to rise above
the top of the aquifer containing it.

Artesian head.--Artesian pressure, expressed as the height above the base
of the overlying confining bed, to which water from an artesian agqui-
fer would rise in a tightly cased well that had no discharge. May
sometimes be given with reference to some datum, as "artesian head
of 10 feet above land surface".

Basin.--The drainage or catchment area of a stream or lake.

Bedrock.--Any solid rock underlying the looser materials of the earth's
surface.

Bentonite.--A clay formed by the decomposition of volcanic ash and largely
composed of the clay minerals montmorillonite and beidellite,

Calcite.--A mineral composed of calcium carbonate; similar to aragonite;
a very common mineral; the principal constituent of limestone.

Chalk.--A very soft, white to light-gray, porous, friable limestone com-
posed of the shells of floating microorganisms and some bottom dwel-
ling forms in a mass of microscopic calcite crystals.

Charophyta.--A class of nonmarine aquatic plants of phylum Thallophyta;

stonewarts.

Chernozem soils.--(Tschernosem) A very black soil, rich in humus and
carbonates, that forms under cool and temperate, semiarid climatic
conditions.

Chert.--A compact form of silica composed of chalcedonic or opaline silica;
of organic or precipitated origin; hornstone.

Clay ironstone.--A clayey carbonate of iron; heavy, compact and fine
grained; occurs in nodules or concretions.

Claystone.--A rock composed largely of clay; sometimes bound together
by iron carbonate; hardened clay similar to shale but having no fis-
sility.

Coefficient of permeability.--The number of gallons of water per day that
will pass through a cross-sectional area of 1 square foot of material
under a unit hydraulic gradient at a temperature of 60° F. The field
coefficient of permeability is the same, except that it is given at the
local temperature of ground water.




Loess.--A homogeneous, nonstratified, unconsolidated deposit consisting
predominantly of silt with small amounts of very fine sand and/or
clay; eolian in origin.

Magnetic anomaly.--Any departure from the normal magnetic field of the
earth as a whole, May be high or low, subcircular, ridge- or valley-
like, or linear or dikelike,

Magnetometer ,--An instrument used for measuring magnetic intensity; in
ground magnetic prospecting usually an instrument for measuring the
vertical intensity.

Marcasite.--A mineral, iron sulfide, similar to pyrite; white iron pyrites.

Marl,--A calcareous clay, or intimate mixture of clay and particles of
calcite or dolomite, usually fragments of shells. Also calcareous
deposits of lakes which contain 30 to 90 percent of calcium carbonate,

Mollusca.~-The phylum of invertebrate (having no backbone) animals that
includes the gastropods (snails), pelecypods {oysters, clams), and
cephalopods (squids, octopuses).,

Orthoguartzite ,--Aclastic sedimentary rock composed of silica-cemented
quartz sand.

Ostracoda.--A subclass of the Crustacea in the phylum Arthropoda; popu-
larly called Ostracods.

Ostracods.-~-Minute crustaceans, inhabiting both fresh and salt water,
with bean-shaped bivalve shells completely enclosing the body. Shells
are molted several times as individuals grow,

QOutlier,-~An isolated mass or remnant of rock detached from the main body
of rock by erosion,

Oxidation.--Process of combining with oxygen; an increase in positive
valence or decrease in negative valence,

Oxidized zone.~-That portion of a deposit which has been subjected to
the action of surface waters carrying oxygen, carbon dioxide, etc,

Paramagnetic.~-Pertaining to materials that are attracted by a magnetic
field.

Permeability.-~The property of soil or rock to permita fluid to pass through
it. This depends not only on the number and volume of the openings
and pores, but also on how these openings are connected one to an-
other.

Physiographv.--The study of the surface of the earth--its physical form
and the processes and forces that mold and change that surface,
Piezometric surface.--Animaginary surface that coincides everywhere with
the static level of water in the aguifer, It is the surface to which

water from a given aquifer will rise under its full head.

Pipestone (Catlinite) ,--1ndurated sericitic claystones and siltstones; de-
posits in southeastern South Dakota, southwestern Minnesota, and
northwestern lowa are interbedded with Sioux Quartzite, Used by the
Dakota Indians for making pipes, tools, and ornaments.

Porosity.~-The amount of voids or peres in rock or soil, Porosity is usu-
ally expressed as the percentof pore space in the total volume of the
material.

Porphyry. --Rock that contains conspicuous, large crystals in a fine-~grained
groundmass or matrix,
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Positive,--An arch, or high area, of a craton (a relatively stable portion
of the earth's crust) that persistently tends to stand higher than sur-
rounding areas,

Pyrite,--A mineral, iron sulfide, similar to marcasite. Cubic crystals;
brass-yellow; hardness 6 to 6%; ore of sulfur; called fool's gold,
Quartz,--A mineral, silicon dioxide (silica), having hexagonal crystals

and a Mohs hardness of 7; most abundant mineral in earth's crust.

Quartzite.-~1. A granulose metamorphic rock consisting essentially of
quartz. 2. Sandstone cemented by silica which has grown in opti-
cal continuity around each fragment.

Quartzose.--A term applied to sands, sandstones, and grits composed
mainly of quartz, and in which the component particles are distinct,

Radiocarbon dating.~-Determination of the age of a material by measuring
the proportion of the isotope cl4 (radiocarbon) in the carbon it con-
tains., The method is suitable for the determination of ages of as
much as 30,000 years,

Recharge.--Addition of water to the zone of saturation or to an aquifer;
also, the quantity of water added to an aquifer,

Rhyolite.--A rock whichis the extrusive equivalentof a granite; composed
mainly of quartz and alkalic feldspar,

Riprap.-~Rock or broken rock used for protection of bluffs or structures
exposed to wave action,

Saline water,--Water containing morethan 1,000 ppm of dissolved solids,
For the purpose of comparison, sea water has about 35,000 ppm of
dissolved solids.,

Salinity,--The concentration in waterof dissclved solids in parts per mil-
lion or parts perthousand. Nodistinction is made as tothe composi-
tion of the dissolved solids.

Salinity hazard.--The injury-causing potential (to soil or crops) of the
total dissolved solids in water. The four classes of salinity hazard
are based upon the specific conductance of water,

Sandstone.-~A cemented or otherwise compacted detrital sedimentary rock
composed predominantly of sand-size quartz grains.

Schist.--A medium or coarse-grained metamorphic rock with sub-parallel
orientation of the micaceous minerals which dominate its composition.

Sericite,=-A fine~grained variety of mica; occurs in small scales, especi-
ally in schists,

Series.~-A time-stratigraphic unit ranked next below a system.,

Shale .--A laminated sedimentary rock, in which the constituent particles
are predominantly of the clay grade.

Siliceous.--Of or pertaining to silica; containing silica, or partaking of
its nature.

Siltstone.--A very fine~grained consolidated fragmental sedimentary rock
composed predominantly of particles of silt grade,

Sodium hazard.--~The injury-causing potential {to soil or crops) of the so-
dium ions dissolved in water. The four classes of hazard are based
upon the sodium-adsorption ratio (SAR).

Soft water,-~Water with hardness less than 60 ppm (about 3% grains per
gallon} reported as CaCO3.




Soil association.~-The principal soil mapping unit; a groupof defined and
named taxonomic soil units occurring together in an individual and
characteristic pattern over a geographic region.

Soil series.--A group of soils having soil horizons similar in character-
istics and arrangement in the soil profile, and developed from a par-
ticular type of parent material.

Solodization.--Process of change from Solonetz to Soloth soils by leaching.

Solonchak. -- Light-colored, flocculated, salty soils; lack prismatic or
blocky structures.

Solonetz.--Deflocculated, jelly-like, strongly alkaline soils; have defi-
nite columnar structure when dry, column tops usually rounded.
Specific conductance.--The electrical current conducted by 1 cubic centi-

meter of a substance at a specified temperature.

Specific yield.--The ratio of the volume of water that will drain by gravity
from a saturated rock to the total volume of the rock.

Stade.--A climatic episode within a glaciation during which a secondary
advance of glaciers took place.

Strand.--A beach; the portion of the shore between high and low water.

Stratification.--Layering of rock produced by deposition of sediments in
beds or layers (strata), laminae, and other essentially tabular units.

Surficial,--Characteristic of, pertaining to, formed on, situated at, or
occurring on the earth's surface; especially alluvial or glacial de-
posits lying on the bedrock.

Svstem.--The fundamental unit of world-wide time-stratigraphic classi-
fication of Phanerozoic rocks; contains strata deposited during the
corresponding geologic period.

Terrace. --A relatively flat, horizontal or gently inclined surface, usually
long andnarrow, that is bounded by a steeper ascending slope on one
side and by a steeper descending slope on the opposite side; when
typically developed is steplike in character.

Texture,--Geometric aspects of the component particles of a rock, in-
cluding size, shape, and arrangement.

Topography.--The physical features of the land surface, especially the
relief and contour.

Transmissibility.--See coefficient of.

Unconformity. ——A surface of erosion or nondeposition that separates younger
strata from older rocks,

Uncontrolled. --When applied to a flowing well, the term means that the
well is flowing out of control and that it could not easily be brought
under control., The term "uncontrolled” is used exclusively to refer to
cratered wells having no visible casing or to wells in which water is
rising outside, as well as inside, the casing.

Unrestrained --When applied to a flowing well, the term means that the
well is flowing at full capacity but that the flow might be restricted
by the addition of a valve at the well head.

Valley --An elongate depression in the earth's surface, usually with an
outlet, ordinarily occupied by a stream or river.

Water table.--The upper surface of the zone of saturation, except where
that surface is formed by an impermeable boundary.

Weathering.--The group of processes whereby rocks on exposure to the
weather change in character, decay, and finally crumble into soil.
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APPENDIX A,--LOGS OF WELLS AND TEST HOLES IN SANBORN
COUNTY, AND VICINITY

Well or test hole location: See page 9.

Drilled: Letter before year: a, about; b, before. Letter after year desig-

nates source of data and well driller as follows: A, South Dakota
State Geological Survey jeep-mounted auger; B, South Dakota State
Geological Survey rotary drill; C, South Dakota Water Resources Com-
mission; D, U. S, Geological Survey truck-mounted auger; E, U, S,
Geological Survey contractrotary drilling; F, U, S, Bureau of Reclama-
tion; G, Commercial well driller; s, samples taken at 5-foot intervals.

Elevation: To the nearest foot; obtained by instrument or from U, S, Geo-

logical Survey New Series Topographic Quadrangle Maps, or U, S,
Bureau of Reclamation reconnaissance topographic maps (5-foot con-
tour interval).

Geologic unit: Qu, Pleistocene and Recent undifferentiated; Qal, allu-

vium; Qds, dune sand; Qld, lake deposit; Qwl, late Wisconsin drift;
Qwe, early Wisconsin drift; Kp, Pierre Shale; Kn, Niobrara Marl; Kc,
Carlile Shale; Kcc, Codell Sandstone Member of Carlile Shale; Kg,
Greenhorn Limestone; Kgs, Graneros Shale; Kd, Dakota Group; p€s,
Precambrian Sioux Quartzite; p€u, Precambrian undifferentiated.

Location of wells and test holes shown on Plate 7.
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HANSON COUNTY

Test hole 104-59-1aaaa Elevation 1,311 feet
Drilled 1960, B

Geologic Depth below
unit Material land surface (feet}
Qu Clay, buff, sandy .....cececooncoseosen 0- 16

Clay, gray, Sandy .. .oococoeeen e e e e 16-110
Gravel, fine tomedium . ... v v i v e e wsosn 110~-147
Kn Marl, very light-gray (N8} to light olive-
gray (5Y 6/1}, silty, highly calcareous,
foraminiferal .. ...t h it coanors e 147-150 T.D.

DAVISON COUNTY

Test hole 104-62~-6aaaa Elevation 1,353 feet
Drilled 1954, F
Qu Silt, clayey, sandy....... Wee o s h e e e 0- 8
Till, silty clay, oxidized .. .o ooucooconon 8- 35
Till, silty clay to clayey silt, unox1d12ed 35- 55
Sand, fine, and silt, . ....cc0verenoconos 55- 60
Till, clayey silt..... e s o e e o e e ne o 60- 7S
Sand, fine and silt,......... Wo e e ot ane e 79- 85
Till, clayey silt..... e eee e 85-119
Sand, fine and silt......0c.vaoeo co e e 119~-126
Till, silty clay v i v e ven s cocooanae 126-133
Kn Chalkstone, light-gray .. .....ccvo0.. cene 133-135 T,D,.

MINER COUNTY

Well 105-58~19bbba Elevation 1,320 feet
Drilled 1952, G

Electric Log tops {(below 148 feet) and some
information from Driller on field copy of
Electric Log (from 0 to 148 feet):

Qu Glacial drift {probably till fromE-Log) ..... 0~104
Qwe Gravel containing coal ..........c...... 104-146
Kc Carlile Shale (no Codell Sandstone Mem—

ber present) . ..ot e it o a e as 146~236
Kg Greenhorn Limestone \cored z35 to 240} ... 236-250
Kgs Graneros Shale .., c.v e isonsoenonnonss 250-274
Kd Dakota Group (cored 300 to 305) e h e e 274-350

Sand, pink {quartzite wash} ... ..cc0vu.sn 350-365

p€s Top Sioux Quartzite . .....c0s 0o e e 365 T.D,



SANBORN COUNTY

Well 105-59~17aabb Elevation 1,309 feet

Drilled 1958, G

Geologic Depth below
unit Material land surface (feet)
Unreported. o v ii i vttt ettt e neonanes e 0-155
Kce o T= 1o X 155-205
Ke Shale, sticky ...ttt it ie it i oisennann 205-344
Sand, hard. ... ..t in oo rennennnos 344-350
Kg Shale; contains sandstreaks and shells ... 350-370
Kgs Shale; sand at bottom .. ...t eveenenoenoo 370-390
Sand; contains shells; shale at bottom. ... 390-430
Shale; sand at bottom ... v v v o ecooensss 430-440
Shale; sand @t tOD v o v v vttt o coeoenonosoe 440-496
Kd RS = 2 e 496-539 T.D,
SANBORN COUNTY
Well 105-60-4adaay® Elevation 1,296 feet
Drilled 1959, G
Qu Clay, velloW, .. vt ittt ienoennenonoanns 0- 21
Clay, blue. ..ottt tenioonoeeeenonnns 21-112
Kn Chalk rock; top part soft. .. veeneoenen 112-180
Kece Sand and sandrock ... ii i i s intco e 180-230
Ke Shale . ittt eennenesocoeoncnoonnnos 230-345
Kg Rock, hard; caprock; "dirty flow" ........ 345-350
Shale; shells. ..ot et ioroonconceanens 350-502
ROCK, RArd. ev oot eronneonnennnnn 502-502%
Shale uveitnienneenenonnaoneannneas 5025~610
Kd Sand; flowed 4 gpm at 627 feet; 6 gpm at
632 feel i in i it ici i et oo 610-634
Shale ...t ieiiiineneeeonconnenons 634-672
Sand rock; flowed 40 gpm v . veveovoonnnnn 672-680 T,D,

* Log is a composite of two wells, one drilled in 1889 and the other in

1959.

119



120

SANBORN COUNTY

Test hole 105-60-15dddd; Elevation 1,295 feet
Drilled 1954, T
Geologic Depth below
unit Material land surface (feet)
Qu Soil zone, silty clay . ..cvvviiiivnennn. 0- 3
Till, silty clay, oxidized; sandy zone
10toll feet L. enievnonenennnens. 3- 35%
Till, sandy silt and clay, oxidized...... 354- 37
Till, very silty and sandy, oxidized..... 37- 38
Till, clayey silt, oxidized ............. 38- 40
Till, silty clay, unoxidized; sandy
96 to 98 feet ... it i i et e 40-122
Kce Sandstone, light-gray, medium grained,
moderately cemented to friable; very
hard 1475 t0 150 feet o v vreuonvnenenon.. 122-150

Wash sample: Too hard to core; used
rock bit; driller reported shale at 156
LY 150-160
Kc Shale, gray, with thin silt lenses ..,..... 160-165 T.D.

SANBORN COUNTY

Test hole 105-60-25cccdy Elevation 1,211 feet
Drilled 1860, D
Qal SOLl Lot eovinnnososocosasossonsosososs 0- 1
Clay, dark-gray; wet below 7 feet....... 1- 17
Sand, very fine,to silt; very easy
Arilling v ove e oo eeeooneconaensana 17~ 35
Sand and silt, slightly coarser; easy
dArilling ..o ccveveceoonoooonooeananoonancs 35~ 37
Qwl Gravel..,ooeieceooososoooassssoananss 37- 39
Kc Shale, light-gray to blue-gray; abundant
grains and pebbles of marcasite; some
rounded quartz grainsS. co..eeeocscoscs oo 39-112

No sample. Very easy drilling; sand(?) .. 112-117 T.D,



SANBORN COUNTY

Test hole 105-60-31dddd
Drilled 1954, F

Till, silty clay, oxidized, humified
to 2 feet; concentration of salts at
4 to 6% feet; partly unoxidized from

28to 3l feet v i ittt i e i iaa

Till, silty clay, unoxidized; sandy
till from 37 to 85 feet; water-laid
sand from 42 to 43 feet; coal from
64 to 65 feet; water-laid silt from
82 to 85, 105 to 106, 109 to 110,
and 113 to 115 feet; thin oxidized
zone at 61 feet; very pebbly from

121 t0 1255 feet viin e v eonennns

Geologic
unit Material
Qu
Kce

Sandstone, fine, cemented, contains

marcasite {(as cement?) . ...t e oo

Clay, light-gray to black, laminated

with fine sand and silt. ... ¢v.voeoeon

Summary of Stratigraphy:
Pleistocene

Late Wisconsin till ... v eveenn

Oxidized zone of early and

late Wisconsin tills .. ... .
Early Wisconsin till ,........
Carlile Shal€.cvieveeevneeoonvees

SANBORN COUNTY

Test hole 105-60-35ddad
Drilled 1962, F

Qal

Qwl (?)

Clay, dark-brown to black, soft,

Wetl L. e et i e oo
Clay, dark-brown, soft, wet ........
Clay, gray, soft ... e vronnonans
Sand, grayish-brown, fine ..........

Sand, and gravel, brown; large

boulders 43 to 45 feet ... ..o nocons

121

Elevation 1,301 feet

Depth below
land surface (feet)

0- 31

. 31-125%
... 125%-130

130-135 T.D,

0- 61

- 61
ce 61-125%
... 1254-135

Elevation 1,215 feet

- 0- 10
- 10- 20
- 20- 33
e 33- 39%

e 391- 45 T,D,
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SANBORN COUNTY

Test hole 105-60-35ddbb Elevation 1,215 feet
Drilled 1962, F
Geologic Depth below
unit Material land surface (feet)
Qal Clay, grayish-black, soft . ... eoenn 0- 10
Clay, blue-green; soft .. ...cotvonouencs 10- 20
Clay, gray, soft, sandy layers .......... 20- 30
. Clay, gray, soft.. ... cenieercoonnnnaaes 30- 44
Qwl (?) (Valley fill?), sand, fine, gray....ooee.. 44- 60 T,D,

SANBORN COUNTY

Test hole 105-60-36dddd Elevation 1,301 feet
Drilled 1961
Qu Soil, dark brownish-black clay ....000.c0. 0- 2
Till, yellowish-brown oxidized clay...... 2- 18
Till, medium to dark blue-gray clay ...... 18- 47
Sand, coarse, gravel, medium; some
shale pebbles and lignite .. v o vevoocoose 47- 62
Till, medium-gray, Sandy...cooceeocasao 62-135
Gravel ... iioooocsooosooocooacnssccoes 135-140
Kc Clay and shale, dark to medium olive-

gray, silty, some has speckled appear-
ance; some brown fine cemented sand-
stone chips (KCC?) v i v e vveneanensss 140-160 T.D.



SANBORN COUNTY

Well 105-61-1ddbb
Drilled 1961, B

Geologic
unit

Material

Qu
Kn
Kc
Kce
Kc

Kg

Kgs

Kd

Drift s i i i eneteeioroscernonenconso

Shale; sand streaks
Shale, sticky
Shale
Shale, sticky; hard shells at 475 and

L = Y= A

Shale; sand streaks; a few shells ....
Shale; hard shells. ..o vivoeoaonns

Shale; hard shells at 575 feet; sand
streaks at top

Shale; sand streaks

SANd .. e it ac oo aaoe

oooooooooooooo

SANBORN COUNTY

Test hole 105-61-3dddd
Drilled 1961, D

Qu

Kn

Till{?), sandy silt, yellow-brown.,..
Till, very sandy; little clay, yellow-

DrOWIN o ievooeoeneenononnoaonaeas
Till, more clay, dark yellow-brown...
Till, sandy and silty, dark-brown ...,
Till, dark=gray .ouueieoeeonorooooaan
Till, darker ... cvi i et eeeneconcons

Till, little material coarser than clay;

very hard drilling below 20 feet......
Shale, light-gray; harder drilling.....

ooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooo
----------------
oooooooooooooooooooooo

ooooooooooooooooooooooooooooo

ooooooooooooooooooooo

Shale; hard shells at 588 feet........

oooooooooooooooo

Elevation 1,301 feet

Depth below
land surface (feet)

v 0-132
ce 132-158
v 158-205
e 205-250
oo 250-390
ceo 390-400
o 400-430
o ae 430-470

470-490
490-500
500-510
510-570

ceo 570-580
oes 580-590
ceo £90-600
ce 600-610
o 610-620
ce 620-633
oo 633-640
e 640-650
ceo 650-657 T,D,

Elevation 1,290 feet

0- 5
5- 10
10- 15
15- 20
20- 40
40- 55
55-145
145-152 T.D,
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SANBORN COUNTY

Well 105-61-7addc Elevation 1,288 feet
Drilled 1957, G
Geologic Depth below
unit Material land surface (feet)
Qu Drift . ..oocevoceoosoocooooosocosansans 0-125
Kn Chalk ..cievosunncococsanoaonossonans 125-160
Kc Shale; some sand . ..ccoeovooscoccconaa 160-210
Shale, sticky.eeniioeiovonocaonoeosonss 210-350
Kg Shale, sticky; hard shells. .. eeeeoeecon 350-360
Limestone. . v.oeoeeorocoonosnaoannassooa 360-370
Kgs Shale, sticky.. ..o riocooooonsasason 370-410
Shale; afew shells. .. ..o ooooocoass 410-490
Shale, brittle, ... cvecvivvoevoovoooosoa 490-500
Shale...veoceorevoocccoconcosoonsoasse 500-550
Sand; hard shells ......cccocoenoocsonn 550-565
Shale...cccorocronosoocaa csesocanc s o 565-630
Kd SANA v oseeosooeooosenncccocaoacaconoe 630-635
Shale, ..o eeoeoononnecoonoonsosasossas 635-650
Sand . ..0 000 ® 0 e v 00c0cecasioooeaacnoa 650-655
Shale; sand streaks .o.eocoeonooossoonos 655-678
Sand .. .cceocoaacoeccoccoesoonaoea b e 678-682
Shale; sand streaks o .eoeeocevenccocoso 682-698
Sand ..o a0 @ s oo e oo coocaaaessconno 698-710
Shale; some sand .....coceoonnosaosans 710-720
Shale? ..iveecensocoss Wseoeaesooanaaa 720-730
Shale., . ..covevoacne 730-757
Sand .cccenoos s oo scesuoaa 757-774
Shale, sticky..e.cionoeeoonooonoooren 774~-790

SANd . . s ecoo0o0essocaccsanocesasoooonao 790-817 T,D,



SANBORN COUNTY

Well 10&-61-14ccha
Drilled b1903

Elevation 1,295 feet

Depth below
land surface (feet)

Geologic
unit Material
Qu Soil, clay, and yellow till . ....ccvveeen
Sand and gravel. ... .ot renrcvevons
Till, blue i e v ei i eoioonnnooonnssonnca
Gravel. .. vcvieeoeeveacooseooecroanoons
Kn and Kc Chalk ....... h e e e s i oo v ceeno oo o vaeess
Kg(?) Sandstone:; flow (also reported as lime-
stone) ,...... b e et o e e e ceee e
Kgs(?) Shale. ... . it ivereeennnocnocoas
Kd Sandstone, hard; some shale; slight

flow from 505-506 feet and 514 feet .....
Shale, hard; (also reported as soap-
stone lignite and sandstone).......co.v.
Sandstone, hard; some shale; strong
flow of 70 gpm...... .
Sandstone; water

ooooooooooooooooo

----------------------

SANBORN COUNTY

Well 105-61-23bbb
Drilled 1894, G

Qu Topsoil .ot ionoevonoocecnonooocssosas
Clay, vellow .t e vveaveevovonnconnonas
Clay, blue .. vivievnnnononnececncenans
Sand and gravel, water ....oeooeoessoas
Kn Chalk ...t ineiieieconseonenccos
Sand, with water. .. ... eeoeenoeaecns
Chalk ...0cieiinieeneneanereeoncaoncn
Kcc Sandstone. .o veceonoconoroneeacnesoas
Kc Shale with pyrite. . i et i v i it envooernoe
Kg SANAStONE. . vt veoasveveoaeonsoosacoans
Kgs Shale with pyrite. . i v vo e v veooesuvoosos
Kd CaproCK . cevrvconovecnnovonanncsnons
Sandstone; 125 gpm flow .. e e evor e
Unreported . ...ccveeoveesononnovnasaos

0- 30
30- 52
52-147

147-148
148-323

323-330
330-505

505-514
514-551

551-577

577-578 T.D.,

140%—170?
170%—197?
1975-297¢
2977-313%
313?—513?
§133-5217
5213-562

562 -580 T.D,

125



126

SANBORN COUNTY

Test hole 105-61-31cccce Flevation 1,308 feet
Drilled 1961, B

Geologic Depth below
unit Material land surface (feet)
Qu Till, buff, sandy clay .... .o vasorooees 0- 22

Till, gray, sandy clay ... ..o ivvnonnonsn 22- 88
Kn Marl, light-gray (N7}, siity, sandy,
contains foraminifers; strongly cal-
careous:; bentonitic.......... e s e e e 88-100 T.D,
SANBORN COUNTY
Test hole 105-61-32dddd Elevation 1,308 feet

Drilled 1954, F

Qu Till, clayey silt, oxidized; contains thin
layers of water-laid silt from 2-3 feet;
concentration of salts from 3 to 5 feet;
mostly unoxidized from 32 to 35 feet..... 0~ 35
Till, clay silt to silty clay, unoxidized;
very sandy from 87 to 90 feet........ o no 35- 99
Kn Chalkstone, gray to light-gray ..... ce o 99-105T.D,
SANBORN COUNTY
Test hole 105-61-35bbbb FElevation 1,305 feet
Drilled 1960, D
Qu Soil . ...... 0- 2
Till, silty and sandy ... .. veeovoaoseas 2- 40
Silt, sand, and gravel ... . e b e e mo e 40- 44
Ti]-]-~ Si]-tY‘ﬁ51"»015‘0~<r‘»tuc';ef- aaaaaaaaaaa 44_ 87 TcDo
SANBORN COUNTY
Test hole 105-61-36c¢cccece Elevation 1,307 feet

Drilled 1960. D

Qu

Till, vellow-brown, oxidized......% ... 0- 18
Till. blue~gray. unoxidized . ... somaee o 18- 60 T.D,



Test hole 105-61~-36dadd

SANBORN COUNTY

Drilled 1961. B
Geologic Depth below
unit Material land surface {feet}
Qu {(Till} clay, buff, sandy and pebbly......., 0- 23
(Till} clay. gray, sandy and pebbly ...... 23~ 87
Gravel, medium .. ... covsocencceovansoo 87- 92
(Till) clay. gray. sandy ... ..eoeuecsonne 92-110
(Tillj clay, gray, very snty and sandy ,,,,, 110-137
Kcc Siltstone, medium-gray {N5) and very

Test hole 105-62-3cbbb

Elevation 1,312 feet

fine sandstone, medium-gray {N5};

weakly calcareous, micaceous.... C e 137-160 T.D,

SANBCRN COUNTY

Drilled 1960, Es

Qu
Qld

Qwl

Kn

Soil, slightly sandy silt, brownish-
gray(SiRél/l°1eached.,“,wo”,”um 0- 2
Silt. light olive~gray {5Y 6/1}, calcar-

eous; snail shells Valvata tricarinata

(Say), Helisoma anceps (Menke} ....... . Z2- 5
Silt, yellowish~gray {5Y 7/2}, highly

calcareous, loess-like; unidentified

snail shell fragments ... .c.0cenenocnons 5- 15
Till, sandy silt, light ollve gray

(5Y 6/1}, unoxidized, highly cal-

CArCOUS . L s vnurscovansosos o e s onooe s 15- 71
Sand, coarse, and gravel flnec fe e aan e 71- 79
Till, sandy snt light olive-gray

(5¢ 6/1%, UnOXidized. . v vnesrnnanennn. 79-102

Siltstone. medium light- grav ‘N6) to
medium-gray (N5}, caicareous: abun-

dant foraminifers, Drills much harder.... 102-107 T,D,

Remarks: The bit sample was composed
of light-gray iN7;, highly calcareous
marl. containing abundant foraminifers.

Elevation 1,296 feet
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SANBORN COUNTY

Test hole 105-62-3cccce Elevation 1,300 feet
Drilled 1960, Es
Geologic Depth below
unit Material land surface (feet)
Qu Till, light olive-gray (5Y 6/1),
oxidized, silty, calcareous .....ccs0e0. 0- 5
Till, yellowish-gray (5Y 7/2), silty ..... 5- 18
Till, dark olive-gray, unoxidized ....... 18- 35
Till, dark olive-gray, unoxidized;
gravel and coarse Sand . oeeoeecroesaeas 35- 80

Till, dark olive-gray, unoxidized;
gravel and coarse sand; thin layers

of fine gravel and coarse sand ., ...c.ce0 .. 80- 95
Till, dark-gray, unoxidized .......o.... 95-100
Kn Siltstone, medium- to dark-gray;
JYDSUINM ¢ o 000 s06esoososoonsonscsoosooess 100-105
Siltstone, light-gray; Foraminifera...... 105-120 T.D,

SANBORN COUNTY

Test hole 105-62-10bccc Elevation 1,310 feet
Drilled 1960, Es
Qu Soil, and till, yellowish-gray
(5Y 7/2), oxidized, calcareous ......... 0- 13
Gravel and sand .. .. ccoooocenoonencaaas 13- 15
Till, olive-gray, unoxidized, silty,
highly calcareous; gravel and sand...... 15- 45
Till, unoxidized .......¢.vooeocccasens 45-100
Kn Shale, dark-gray, highly calcareous..... 100-110

Shale, light-gray to medium-gray (N7
to N6), highly calcareous; Foraminifera
(bit sample) oo vvvveroeooeccooeaeoncons 110-120 T.D.



Test hole 105-62-10cccc

SANBORN COUNTY

Drilled 1960, Es

Soil; oxidized, yellowish-gray

{5Y 7/2, sandy till, highly calcareous. ..

Sand, coarse to very fine:; gravel
Till, oxidized, yellowish-gray {5Y 7/2;,
highly calcareous
Gravel and sand
Till, oxidized; unox1dlzed till
Till, unoxidized; oxidized till
Sand and gravel mixed with some olive-
gray unoxidized, silty till
Till, unoxidized; sand and gravel
Till, unoxidized; sand and gravel; dark-
gray shale particles; more sand and

gravel from 85 to 100 feet

Till, unoxidized; sand and gravel. black

shale fragments. Drilling much harder

Geologic
unit Material
Qu
at 10Z feet
Kn

Clay, medium-gray, calcareous some
sand and black shale particles; marl

particles containing Foraminifera........

Remarks: Little marl present in samples.
Drilling stopped when drilling mud changed

from medium~gray to very light-gray and
light-gray cuttings began to show,

Elevation 1,302 feet

Depth below
land surface {feet}

2 06 0 00 @ o

@ 0o 5 5 00 000500000003 06 D0 O

e o 0 2 0 ¢ 99 60 0500 000 a9 60 0 0

2 e ko 00 a2 0 00

"6 2o ac° 0 00 90

@ 2 90 8 2 uec 9 009 0 a

aaaaaaaaaa

5 n 32 006 0 0 60 0 00

» 8 006 80 & 20 90 8 2 9 M 0 03 a0 00 0 6 Q0 0

0- 12
12- 15
15- 17
17- 18
18- 25
25- 30
30— 55
55- 75
75-100

100-105

105-115 T,D,
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SANBORN COUNTY

Test hole 105-62-16daad Elevation 1,302 feet
Drilled 1960, Es
Geologic Depth below
unit Material land surface (feet)
Qu Soil; oxidized, yellowish-gray (5Y 7/2)
L0 0- 5
Till, oxidized, light olive-gray (5Y6/1);
some gravel from 7 to 8% feet............ 5- 20
Till, medium olive-gray (5Y 5/1),
UNOXIdizZed., i v ot vt ettt e et 20- 85
Till, medium olive-gray (5Y 5/1), unoxi-
dized, gravel and sand, dark-gray to
black shale particles. Drilling harder
below 90 feet ...ttt ii i i enens 85- 95
Till, unoxidized, and light-gray shale;
abundant rounded fine gravel and
coarse sand and chips of calcite.
Drilling much harder ....ccove e 95-100
Kn Shale, light-gray (N6), highly cal-
careous; Foraminifera ,.....ocevevueens 100-110 T.D,
SANBORN COUNTY
Test hole 105-62-21aaaa Elevation 1,301 feet
Drilled 1954, F
Qu Clay, silt, and sand; probably water-
laid; impermeable. . .... ... 0- 4
Till, silty clay, oxidized: very sandy
from9tol0feet.. ..o mennenacnns 4- 15
Till, silty clay, unoxidized ......vv.ov.o. 15- 76
Silt; some clay; water-laid;
impermeable .. ...ttt io oo 76— 80
Till, silty clay, unoxidized; very
sandy from 87 to 88 and 98 to 100 feet.... 80-105
Sand, fine; much silt and clay; water-
laid; slightly permeable ........cvivvon. 105-111
Kn Clay, silt, and sand, fine....v.cveoveno 111-115

Shale, gray, soft; some silt............. 115-125T.D,
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SANBORN COUNTY

Test hole 105-62-28aada Elevation 1,313 feet
Drilled 1961, D
Geologic Depth below
unit Material land surface (feet)
Qu Till, vellow~brown, oxidized ........... 0- 15
Till, dark-gray, unoxidized, sandy ...... 15- 80
Sand, fine; some clav.....vovovoeeoonss 80- 90
Tille e ittt i ie i it v ennenonnonsoncnanans 90-117
Ancient Silt, dark-gray to black, sandy; con-
alluvium? tains some clay; noncalcareous; gra-
velly zone from 117 to 122 feet, .o vevvvnn 117-152 T,D,

SANBORN COUNTY

Test hole 105-62-31ccedy Elevation 1,354 feet
Drilled 1961, B
Qu Clay, buff, sandy .o veveveerooonncocens 0- 22
Clay, gray, silty and sandy .......ocee. 22— 70
Sand, COAISE ..ososonososcsosoeecaasnns 70—~ 72
Clay, gray, sandy and pebbly........... 72-105
Clay, gray, very sandy; many coal
fragments ....vviitiiitnnennnannennans 105-131
Kn Clay, light-gray (N7), foraminiferal,

strongly calcareous, sandy, silty; few

fragments of speckled marl; sand and

gravel cavings; some coal fragments

and pyrite. . i iiiee i oo 131-140 T,D,
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SANBORN COUNTY

Test hole 105-62-34ccccy Elevation 1,329 feet

Drilled 1954, F

Geologic Depth below
unit Material land surface (feet)
Qu Till, clayey silt, oxidized; much

water-laid silt, clay, and "rock
flour" in top 10 feet; humified from

Dto2feel tooieevocesnasscononassacsns 0 - 20
Till, clayey silt, unoxidized ........... 20 - 30
Sand, medium to coarse, and gravel ..... 30 - 331
Till, clayey silt to silty clay .. .ovveonee 33%1- 50

Silt, and sand, fine to medium; water-

laid; permeable; oxidized from 50 to 53

feet; very silty from &3 to 54% feet ...... 50 - 60
Till, silty clay, unoxidized; clay and

silt, water-laid from 67% to 705, 74

to 75, 90 to 91, and 94 to 95 feet;

sand from 82 to 83 feet . ... ...t voeocnn 60 —104%
Kn Chalkstone, light-gray, argilla-

CEOUS v v o veveoeeonsanoeesanossssaness 104%—110 T.D,

Summary of Stratigraphy:
Late Wisconsin till. ... vnvveeennn. 0 - 50
Oxidized zone of early and late

Wisconsin tills. ..o vi oot oeneons 50 - 33

QOutwash of early Wisconsin till..... 53 - 60
Early Wisconsin till . oo cve v e oo e vs 60 —104%

Niobrara Marl . .vueveoseononooesas 104%-110 T.D.



MINER COUNTY

Test hole 106-58-31cccce
Drilled 1961, E

Elevation 1,343 feet

Geologic Depth below
unit Material land surface (feet)
Qu Soil, clayey, dark—brown .....ceeovee.e 0- 2
Qwl Till, silty, oxidized. ... oot eanennns 2—- 4

Till, yellowish-brown, oxidized;

calcium carbonate zone from 4 to 5

feet;rock at 10 feet ... v v i v i 4- 15

Till, clayey, gray, unoxidized.......... 15- 20

Till, sandY, gray, unoxidized;

rock at 735 feet. . ittt e it 20- 75

Till, sandy, gray; some sand, coarse.... 75- 95
Qwe Till, sandy, brown to gray; some

SAnd, COAISE i oo vennornnsosnssosasonsse 95-100

Till, sandy, gray, unoxidized .......... 100-115

Till, gray, unoxidized; much sand,

medium tO COAISE v v v vt v e tovooennoans 115-135

Sand, fine to gravel, medium; abun-

dant rounded shale pebbles; coal

fragments; some clay, light-grav........ 135-145
Kn Siltstone, light olive-gray, weakly

calcareous; shale, silty, light-gray,
fissile, slightly calcareous; coal,

no foraminifers ......cieeeeetoecann

145-150T.D,
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SANBORN COUNTY

Well 106-59-8ccch Elevation 1,308 feet
Drilled 1960, G
Geologic Depth below
unit Material land surface (feet)
Qu Clay, vellow (till) v.vieverennvoonnoans 0- 25
Clay, dark, soft; (till), rock at 60 feet .. 25- 96
5= o L« 96-108
Clay (t1ll) v s it e i i e et e e i connaonns 108-134
Kn Chalk L.ttt i ieeeneoncoconooononnanes 134-195
Kc Clay, QUMIMY « oo vt oooooeoencnooconanss 195-230
Kcce Sandstone; very hard from 234 to 235
LS 230-240
Kc Shale., .. cni i et i iiioecnianenonsons 240-252
SANdStONE . v et v ot eneoocoorconoesonas 252-267
Shale and sandstone streaks............ 267-270
Shale. . ... oeieeeieceoiansnoanonassns 270-290
Shale, gUMMY ...t s et ioeoeooncononas 290-450
Kg and Kgs Shale (seep of water at 540 feet); some
hard shells from 526 to 567 feet. .. o0 oo, 450-605
Kd SANd ...t et i roo i et ceocorec s ac e nons 605-612
Shale. ..t ittt i iieionnenoas e oean 612-616
SaANdStONE . . v er et n e aesonoaroans 616-617
Clay, gummy; some hard shells ......... 617-640
Shale; hard shell at 666 feet. .o vivouenn.s 640-670
(Sandstone) rock, very hard; cored ...... 670-677
Sandstone; flow 6 gpm . ...ovh e ve v onn e 677-700 T, D,

MINER COUNTY

Well 106-59-9babc Elevation 1,315 feet
Drilled 1902, G
Qu Soil and yellow Clay., o vo v e erneeneennns 0- 13
Clay, blue ittt cenonncneeanaannn 13- 63
(Till?) shale, dark:; hard water at 123
£ A 63-123
Kp (?) Shale, dark; contains pyrite ...oeeeev. .o 123-154
Kn (?) 1imesStONe . e v cvrenooconososnsocooonoos 154-159
Shale. . iiaetieiiooeoneneocanconasnnas 159-197
LimestOone. .o s eotonoasocsosasossooacs 197-204
Kc (?) Shale, dark; contains pyrite «...vueen. .. 204-238
Kce (?) Limestone; SOft Water. ... oevoooencoeccn 238-242
Ke (?) Shale, dark; contains pyrite .......ov... 242-250
Kc, Kg, &Kgs Shale, dark ,....cieinuineonnnanennoonss 250-675
Kd Sandstone; 50 gpm flow at 675 to 680

feet; 120 gpm flow at 708 feet ..o veeno.. 675-708 T.D,
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MINER COUNTY

Test hole 106~59-12aaaa Elevation 1,315 feet
Drilled 1961, E
Geologic Depth below
unit Material land surface (feet)
Qu SOl thvivsvooseconcoacsnocscoocnanna 0- 5
Till, oxidized. .. oo enceesoccaanonoanan 5- 15
Till, sandy, coarse, oxidized.....oc0o.. 15- 25
Till, sandy, gray, unoxidized..,.....o00% 25- 64
S5 o Y 64- 75
Sand, COArse ....voeonorococonosnoosss 75— 80
SANde. et evceoconansococsconcsansanoo 80-105
Kn Marl, medium light-gray (N6) to llght
olive-gray (5Y 6/1), speckled, cal-
careous; some sand CAVINGS .onuvosooosa 105-140 T,D,
SANBORN COUNTY
Test hole 106-59-13dddd Elevation 1,318 feet
Drilled 1961, D
Qu SOOIl v i eeesecocoocnosnsososcasoancosas 0- 1
Till, sandy (coarse to medium); dark-
brown, red-brown below 3 feet....c..... 1- 5
Till, gravelly, dark-brown., . ....ceeeeoeee 5- 8
Sand, coarse, gravel, medium, clayey,
dark red=brOWh. « oo erooennennnonn. voe 8- 10
Sand, fine to gravel, fine, yellow- brown
poorly sorted, poorly rounded mostly
COArse SANA v . eowonsscsaoooessoaonosos 10- 15
Till, clay to very sandy clay, dark-
QYBY « e cosos0006cuascssonacoscsonassoos 15- 95
Sand, fine to medium; gravel....cveeeon. 95-125

Kn Shale, light-gray, calcareouS.....o.o... 125-152 T,D,
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SANBORN COUNTY

Well 106-59-17aaa, Elevation 1,318 feet
Drilled al894, G
Geologic Depth below
unit Material land surface (feet)
Qu Glacial drift o. et e in i ettt oneennns 0-130
Kn Chalk ittt i ittt e e it eisneonnoeonnnas 130-140
] = 1 140-190
Kcc SANASIONE vttt ettt sttt ettt 190-235
Ko, Kg, &Kgs Shale viin ittt tistnseneenoenneannos 235-530(?)
Flow at 530 4 it i vttt ei et i i it e ti i tennnns 530(?)-(?)
Kgs SRALE ittt e e e e (?)-630
Kd Sandstone, flow @it et iiiienveeereeees 630-635
o o= = 635-690
Rock, drilled 3/4 inch perhour .......... 690-692' 4" T,D.

SANBORN COUNTY

Well 106—59—18aaad1 Elevation 1,312 feet
Drilled 1960, G
Qu Clay, velloW. c et i vi it iii it et i tennens 0- 20
Clay, gravelly vovue ettt veneneononnss 20- 35
Clay, dark; blasted rock at 120.......... 35-130
Kp Shale, sandy, orclay oo vievnivnennnn 130-144
Kn Chalkrock ..t ini ittt iet e iennnns 144-205
Ke O = 205-240
Kcc = o X 240-252
SaNndroCk ..ttt it e e it c oo 252-259
Shale it i i i i i e e 259-264
Unreported. i vt ettt i it it i eo e eneennns 264-268
Soft sandrock ... ittt it i e e 268-272
Sand streaks and shale .. .....vvivivnen. 272-280
Kc Clay, blue. .ttt iiit i iin e s i onnannns 280-420
KgandKgs Shale containing hard shells .....c00v... 420-611
Kd SANArOCK iyttt iv e e s en e 611-628
Shale ittt ittt e e e o e oo 628-662
SandroCK v vt ine ittt ittt et 662-669
Shale .ottt iiie oo nnconennoennnnss 669-688
Sandrock, hard ... v it ittt ieceeennnn 688-695
1 1o L 695-699

Shale ... vi i i e e i 699-745T.D.



SANBORN COUNTY

Well 106-59-24cbby
Drilled 1958, G

Geologic

unit Material

Qu I
Unreported . v v v i vttt it i et eeon

Kn Chalk ..ttt i i e et e e e

Kc Unreported . v e v vt it ittt ve e

Kcc Sand .. e e e e

Kc Shale, sticky...ovei i i iiin .

Kg (?) SaANd Lt i e e e i e

Kgs Shale, hard, sticky ..............

Kd Sand, good. i .iiit ittt i e e e

SANBORN COUNTY

Well 106-61-1cccc
Drilled 1957, C

Qu

Gravel. . ettt it it iie oo

-----

ooooo

-----

ooooo

ooooo

Elevation 1,328 feet

Depth below
land surface (feet)

0-135
135~140
140-200
200-210
210-26%5
265-435
435-440
440-567
567-610 T,D,

Elevation 1,278 feet

..... 0~ 7
..... 7-17

17-20 T.D,

137
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SANBORN COUNTY

Test hole 106-61-3dddd Elevation 1,284 feet
Drilled 1961, Es
Geologic Depth below
unit Material land surface (feet)
Qds SO1l, SANAY v it i ie ittt ittt 0- 2
Qwl Clay, sand, andgravel .. ..ot evnonn. 2- 5
Till, very sandy, oxidized; some gravel.. 5- 18
Till, gray, unoxidized; some gravel ..... 18- 25
Qwe Gravel. . it it it i i i e e 25- 77
SANA 4ttt e e e 27~ 29%
ClAY vttt ittt e e 29%— 30%
Sand, very finetomedium. ......ovvvv. 305- 38
Till, blue-gray, unoxidized .......0.... 38- 80
Clay, sand, and gravel interlayered..... 80- 85
ClaY vt ittt i i e e e e e 85- 87
Sandandgravel.. ...ttt eeans 87- 89
Clay; sand and gravel streaks .......... ' 89-100
Till, blue-gray, unoxidized ............ 100-105
Clay; sand and gravel streaks .......... 105-122
ST 1o Y 122-124
Kn Marl, very light-gray (N8), highly cal-
careous; clay, silty, light olive-gray
(5Y 6/1), calcareous; foraminifers....... 124-130 T.D.

SANBORN COUNTY

Well 106-61-10dddd Elevation 1,283 feet
Drilled 1959, G
Qu R = 1o (O 0- 15
Clay viewoeeoeeoeoonncanceaesocssosesna 15-126
Kn Chalkrock; first 20 feet very soft........ 126-170
Kc Shale. ...ttt eoronroooonaooneas 170-220
Kcc Sandrock. .ot o et enoenoa 220-230
Shale. ittt iiet i tiierecneeannes 230-356
Kg (?) SANArOCK . vt v v vttt st ettt 356-372
Kgs Shale. . ..ceeeieoriennnnscnneanssseansno 372-540
Kd Sand; flow 15 gPM. v o vt voeeeecoconcass 540-556

Shale. . oo eiioonnonnononoroeonoeeean 556-558 T.D.



SANBORN COUNTY

Well 106-61-11lacdd
Drilled 1959, G

Geologic

unit Material

Qu Clay v it eeroooonnonoosoonnoe oo no
Sand; blasted rock at 20 feet . ...00 .o
Clay vouvsornoecoeosononacaonoosoos

Kn Chalk rock .o ievenovovoocoonanans

Kc Shale., .ioveeeveroceeooanonnononons

Kcce Sand rock, soOft ... ieeveeerooonooens

Ke Shale. ..oevavocossosoanocssosans oo

Kg Sand rock; slight flow ... ceeeooecanos

Kgs Shale and hard shells.,.....co00e.oo

Kd Sand; flow 15 gpm. ..o eoooooonsas

SANBORN COUNTY

Test hole 106-61-23bbbb
Drilled 1961, Es

Qds
Qwl

Kn

Sand ...cceccoercecnnoroocooos oo
Clay, sandy. cveoeoscooecscoocensceos
Sand ....... 0 e voeonacoaneaaanoaa o
Clay, sand, andgravel . ...cccoooooo
Clay, s@ndy...cevovoocccocose o s enan
Clay, less sandy ... .. oo s oasaasc s
Till, blue-gray, unoxidized ....0..0 .
Till, sandy, blue-gray, unoxidized...

Till, less sandy, blue-gray, unoxi-

Till, gravelly and sandy, blue-gray,

unoxidized . ..ccoco0oaco0coaooocancs
Clay, very sandy, gravellV...ccev oo
Till, sandy, unoxidized. . .ocoooeosoo
SANA ¢ ocvooreooooaocsecooacoooo s o oo

Till, light olive-gray (5Y 6/1},

unoxidized .. onceoscosoosooosoconeoe

Marl, slightly silty, light-gray (N7},
highly calcareous; some chalk, ben-
tonitic, white (N9}, calcareous;

foraminifers . ..o eoceoccroocooncoose

Elevation 1,277 feet

Depth below
land surface (feet)

oo 0- 21
cos 21- 35
oo 35-150
. 150-210
ceo 210-240
. 240-270
oo 270-385
. o 385-392
oo 392-577
oo 577-590 T.D,

<o 0- 7
oo 7- 9
oo 9- 14
oo 14- 17
oo 17- 20
s on 20- 39
o 39- 55
oo 55- 60
oas 60- 70
oo n 70- 75
cee 75- 86
oo 86— 95
ce 95-110
oo 110-122
con 122-129
. 129-130

130-142 T.D.
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SANBORN COUNTY

Test hole 106-61-27dddd Elevation 1,290 feet
Drilled 1961, D
Geologic Depth below
unit Material land surface (feet)
Qu Till, sandy, vellow-brown......eeovu. 0- 5
Till, sandy, dark-brown «¢.covvooenn.s 5~ 25
Till, sandy, dark-gray. c c e vveeeeuonon. 25- 30
Till, slightly sandy, dark blue-gray.... 30- 95
Sand, coarse; gravel « v o e vveosoooeoecss 95-108
Till (?); hard drilling..eeeee v o onnons 108-120
Kn Shale, light-gray, calcareous ......... 120-152 T, D,

SANBORN COUNTY

Test hole 106-62~10cbbc Elevation 1,296 feet
Drilled 1960, Es
Qu Till, sandy silt, vellowish-gray
(5Y 7/2) to grayish-yellow (5Y 8/4),
oxidized ...ttt it i ie it 0~ 15
Till, sandy silt, light olive-gray
(5Y 6/1), unoxidized. . ... ..o.vveuuunn. 15- 20
Sand, fine to medium, and gravel, fine;
silty; calcareous; some till. oo oo 20~ 25
Till, sandy silt, light olive-gray
(5Y 6/1), unoxidized. « v v evveoreceenenn 25-%85
Sand, fine to medium: gravel.«coeeveen. 85-100
Till, sandy silt, light olive-gray
(5Y 6/1), unoxidized. « c e v vevvneeneneonn 100~-110
Sand, medium to coarse; gravel: some
15 110~120
Till, sandy silt, light olive~gray
(5Y 6/1), unoxidized...on v eunnnns 120-140
Kn Marl, light-gray (N7), speckled:;

abundant foraminifers........oiev .. 140~-155 T, D,
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SANBORN COUNTY

Test hole 106-62-15cbbb Elevation 1,294 feet
Drilled 1961, Es
Geologic Depth below
unit Material land surface (feet)
Qwl Sand, very fine, to gravel, fine to
medium; yellowish-gray (5Y 7/2),
oxidized o ovvreii ittt it or oo 0- 20
Till, sandy silt, light olive-gray
(5Y 6/1), unoxidized; pebbly....... ceren 20~ 35
Qwe Till, sandy silt, yellowish-gray
(5Y 7/2) to light olive-gray,
oxidized; pebbly ...t i io e 35- 40
Till, sandy silt, light olive-gray,
unoxidized ... ieeriv it cnssenrosasen 40- 90
Sand, and gravel, coarse; some till......, 90~ 95
Sand, and gravel, coarse; color
becoming more yellowish......... ceaens 95-100
Sand and gravel, gray...coceovoeceacnens 100-130
Sand, fine to medium; some gravel ,,,,,,, 130-150
* Probable top of Niobrara Marl ......... 135
Kn Marl, light-gray, speckled.,........v.0. 150-155T.D.

* Based on loss of circulation from 135 to 145 feet,

SANBORN COUNTY

Test hole 106-62~-16aaad Flevation 1,304 feet
Drilled 1960, Es
Qwl Till, sandy clay, yellowish-gray,
(5Y 7/2), oxidized, calcareous; some
coarse material ... o. oot oonnccncoens 0- 10

Till, sandy clay, grayish-orange

(10YR 7/4) to yellowish-gray (5Y 7/2),

oxidized, calcareous; some coarse
material..oeeescerereoccneooconooannesos 10- 20
Till, sandy silt, light olive-gray

(5Y 6/1), unoxidized, calcareous;

some coarse material ... .ot et ir oo 20- 30
Qwe Sand, fine to medium, and gravel, silty,

gray; some till ... i et i i eaa 30- 45

Till, sandy silt, light clive-gray

(5Y 6/1), unoxidized, calcareous ........ 45-140

Kn Clay, very light-gray (N8); some till ..... 140-145 T,.D.
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SANBORN COUNTY

Well 106-62-19dddd Elevation 1,312 feet
Drilled 1961, G
Geologic Depth below
unit Material land surface (feet)
Qwl (Till); clay, gravelly, yellow: loose
rocks i iie e et e oo o e 0- 20
(Till); clay, dark v uvseweneoeonnnnnenns 20~ 39
(Till); clay, dark, SOft v voeerooonnscnsas 39- 79
Qwe (Till); clay, sandy, light-colored........ 79-111
Sand........ et eoeenan et 111-123
(Till?); soft MUd. o i vt ittt ienenneenn 123-132
Kn Shale, saNdY .. vier it innreonorcaosensos 132-138
Chalk ittt ittt i it ettt earneonnneeas 138-160 T,D.

SANBORN COUNTY

Well 106-62-21aaad Flevation 1,289 feet
Drilled 1960, Es

QQwl Sand, fine to coarse, silty, yellowish-
(Cuthbert gray (5Y 7/2) to pale yellowish-brown
outwash-2) (10YR 6/2), oxidized, calcareous; some

coarse material.............. s e 0- 15
Sand, fine to coarse, silty, light olive-
gray (5Y 7/2); gravel v vve e einn i iennnn. 15- 20
(Cuthbert Sand, medium to coarse, brownish-gray,
outwash-1) oxidized, clean, quartzose; rock at
S Y= A 20- 25
Sand, medium to coarse, brownish-gray,
oxidized, clean, quartzose; gravel....... 25- 45
Sand, medium to coarse, silty, gray,
unoxidized, clean, guartzose; gravel..... 45- 75
Qwe Till, light olive-gray (5Y 6/1), unoxi-
dized, calcareous; sand and gravel....... 75- 90
Sand, fine to coarse, clayey, silty;
abundant shale pebbles. .......cccv..... 90-135
Kn Marl, light-gray (N8) to medium light-

gray (N6), calcareous, speckled;
foraminifers. ...t iei et tineeenens 135-140 T,D.
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SANBORN COUNTY

Test hole 106-62-27cbbb Elevation 1,291 feet
Drilled 1960, Es
Geologic Depth below
unit Material land surface (feet)
Qld Silt, sandy, vellowish-gray
(5Y 7/2), oxidized, calcareous ......... 0- 14
Qwl Sand, coarse, to gravel, silty,
(Cuthbert light olive-gray (5Y 6/1), unoxi-
outwash-27?) dized, calcareoUsS. ... ov vt vn e ennconn 14- 20

Sand, medium to coarse, silty,
light olive-gray (5Y 6/1), unoxi-

dized. .ottt et e e e 20- 30
Sand, coarse, and gravel, fine;
Sy vt i ittt e e e e e cee e 30~ 40
(Cuthbert Gravel, fine to medium,
OUtWaSsSh=172) Silty v vttt it ittt ittt tneneoeennnenns 40- 70
Qwe Till, silty, light-gray (N7);
gravel o eii i i i i et et e 70- 85
Sand, coarse, and gravel, fine;
some till. ..o s ittt e it i et i 85-110
Till, sandy, light-gray (N7), unoxi-
dized, calcareoUs. . v it ee v eorennnnnn 110-125
Kn Marl, light olive-gray (5Y 6/1),

speckled....... G h e e i e e e e e 125-128 T.D.
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SANBORN COUNTY

Well 106-62~-30bbed
Drilled 1959, G

Geologic
unit

Material

Qu

Kn
Kce

Ke

Kg

Kgs

Kd

Clay, vellow . ...ttt ernnncans
Clay, blue, andsand.....ccveoc...
Clay, blue; pebbles . .....c ceen...
Clay, blue, and sand; rocky ........
Sand; gravelly below 120 feet.......

Chalk, dark to white

Shale, sandy .... ot vviiienecens.s
Shale; sand stre@ks. .o e eevcevcons
Shale, sticky; rock at 315 feet......
Shale, hard. . ... e cvit et nnenanon
Shale, gray...c.iocoooensoceoonsas
Shale, black, hard ........ccccv...
Shale; sand streaks. ... cncnns

Limestone (electric log-420 to 430

SR<1< 19 SN
Shale, black, sticky. v eveoeveoenn
Shale; sand streaksS. o v e vt veoovnons
Shale ..o iiiseieconnoeaconansss
Shale, gray; sand streaks ..... oo

Shale, sticky; sand streaks between
590 and 610 feet
(Electric log top at 666 feet)

Shale, hard; sand streaks ......cc..
Sandstone .. ..o ioicertosccacosoons
Shale i v ievieerioeerooneenoonaneo

Shale; sand streaks., . oo oeeooeoooven
Sandstone; thin shale bands ........

---------------

Sand, white ... ii et it eneonsns

Sand and shale, interlayered........
Shale, blue. .. ... it iiiennnnn

oooooooooooooooooo

Elevation 1,320 feet

Depth below
land surface (feet)

see 0- 20
oeon 20- 40
cee 40- 60
oen 60- 80
Cee 80-137
e 137-176
ceo 176-190
owes 190-200
ceae 200-245
oo 245-260
conn 260-270
cvo 270-290
ceo 290-330
owen 330-350
ceo 350-370
cenn 370-390
oo 390-425

425-450
450-490
490-510
510-530
530-550

550-630

e 630-740
vees 740-760
v 760-770
ce e 770-780
cens 780-786
ce e 786-800
“e e 800-860
o 860-945 T.D.



SANBORN COUNTY

Test hole 106-62-33aaaa
Drilled 13960, Es

Geologic
unit Material
Qu Soil, sandy silt, dark~brown to black ...
(Cuthbert Sand, fine to coarse, silty, pale
outwash) vellowish~brown (10YR 6/2} ....vu....
Silt, sandy, yellowish-gray (5Y 7/2,,
calcareous .........................
Sand, very fine, 51lty light olive-
gray (5Y 6/1}, CAlCAreoUS « v enrnnnn.
Sand, coarse, silty, light olive-
gray (5Y 6/1), slightly calcareous.....
Silt, sandy, light olive-gray (5Y6/1),
sllghtly CalcareouUs., .. crnuensoonnonas
Sand, silty, light olive- gray (5v 6/1),
slightly calcareous........ccovevoso .o
Till, sandy silt, light ollve gray,
calcareous aaaaaaaaaaaaaaaaaaaaaaaaa
Sand, silty, llght ollve gray: gravel. -
Kn Marl, medium light-gray (N6),

speckled, highly calcareous

SANBORN COUNTY

Test hole 106-62-33addd
Drilled 1960, Es

Qu

Kn

Soil; sand, light olive-gray (5Y 6/1) to
pale yellowish~brown (10YR6/2},

c e 3 5 % 20 o 00

Elevation 1,288 feet

Depth below
land surface (feet)

.. 0- 23

.. 23~ 5

.. 5- 13

. 13- 25

. 25- 40

. 40- 45

. 45- 50

.. 50- 90

. 90-121

.. 121-124 T.D

Elevation 1,288 feet

calcareous; gravel .. ....ceo000000as0es 0- 5
Till, sandy clay-silt, pale yellow1sh—

brown {10YR 6/2), CAlCareousS. . .....o... 5- 16
SANd L. e et s oo e 16— 19
Till, blue- gray unox1dlzed ,,,,,,,,,,,, 19- 22
Sand, fine to coarse, gray; gravel;

some till. o oniensvoncncacaocoooosonns 22— 25
Sand, fine to coarse clayey 51lty, coal. 25~ 40
Till, sandy clay-silt, light olive-

GTAY (57 6/1) 4 e rsee it et 40~ 60
Sand, fine to coarse and gravel, fine;

some till. ... .. s v e nanonos a0 60~ 83
Till, sandy clay -silt, llght olive-

gray (5Y 6/1) oot cn i e veconosnocens . 83-104
Marl. sandy, medium llght gray (N6) to

greenish~gray {(5G 6/1}, calcareous;
foraminifers . ... .o vovcnocsoncacos

104~108 T.D.
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Test hole 106-62-33dddd

SANBORN COUNTY

Drilled 1960, Es

Elevation 1,

291 feet

Geologic Depth below
unit Material land surface (feet)
Qu Soil; silt, pale yellowish-brown
(10YR 6/2), weakly calcareous .......... 0- 2 (?)
Till, sandy silt, yellowish-gray (5Y 7/2)
to light olive-gray (5Y 6/1), oxidized,
highly calcareous. ... et iieennennn 2 (- 13
Till, sandy clay-~silt, light olive-
gray (5Y 6/1), unoxidized, calcare-
ous; sandy and gravelly . ..v. e 13- 20
Till, sandy clay-silt, slightly darker than
light olive-gray (5Y 6/1), unoxidized,
calcareous; gravelly from 20 to 21 feet ..... 20- 90
Sand, fine to coarse; gravel; some till...... 90-100

Kn Siltstone, sandy, light olive-gray
(5Y 6/1) to light-gray (N7); cal-
careous; foraminifers. .. .coeveeecrerennn 100-112 T.D.

SANBORN COUNTY
Well 106—62—3400cd1 Elevation 1,290 feet
Drilled 1956, G

Unreported. o o v ittt ittt e ieeeaeeennans 0-120

Kn Chalkstone . ..v.veeeeenenonoencononnacs 120-160

Kc Shale ...t ittt ii it itiaeroesnncons . 160-220
Shale; sand streaks ... o iiiiiecnnocans 220-300

Kc Shale, sticky ... . iiiiierinnnen. see e o 300-350
Unreported. o vvcsveivcanooocsocacososes 350-380

Kg Greenhorn Limestone; hard shell at
7 Y 380-390

Kgs Unreported; hard shell at 488 feet........ 390-490
Shale; hard shell at 492 feet ............ 490-495
= o X 495-500
Shale, sticky it e ittt i neennon 500-550
Shale, sticky; sandy between 555 and
R ST =T 550-560
Unreported. .... O, N 560-630

Kd DS 1o 630-650 T.,D.



MINER COUNTY

Test hole 107-58-6¢cccec Flevation 1,343 feet
Drilled 1961, Es

Geologic Depth below
unit Material land surface (feet)
Qu Till, light-brown, oxidized ...... so e aa e 0- 10

Till, light-brown, oxidized; gravel....... 10- 15
Till, oxidized; till, dark blue-gray,
unoxidized. ... it i i i i oo e b ae e e 15- 20
Till, unoxidized .. ... cv v evanesevooconse 20- 23
Sand . ... i il e W et e enea s e s e 23— 25
Till, unoxidized ... v vt in i tooervonnnsos 25— 48
Clayand sand. . ..o vivoeecosonoooeonnss 48- 50
Clay, sand, andgravel......ccoevococos 50- 64
Sand and gravel ......ceveroeeeocoseocens 64-104
SAnd ... ..o rornroncoacsas o eocaa 104-115
Kp Shale, medium olive-gray (5Y 5/1), mod-
erately calcareous; marcasite .....c...... 115-129 T.D,
MINER COUNTY

Test hole 107-58~7cbd; Elevation 1,328 feet

Drilled 1962, E
Qal Clay, silty, dark-brown ......ccveeeeeoe 0- 13

Sand, fine to coarse, and gravel, fine

to coarse; brown; clayey....vuereocenoos 13- 19
Qwl (Till); clay, sandy and gravelly; dark-

brown, oxidized, soft .. .covevovvoononon 19- 22

(Till); clay, sandy and gravelly, gray,

unoxidized, soft.......cs0iocescocoroon 22— 44

Sand, fine to coarse, clayey v.uvevococs s 44- 52

Sand, medium to coarse, and gravel, fine. .. 52- 59

Sand, fine to coarse, and gravel, fine;

clean ..... st e s e e o s eecseeaee e 59- 62

Gravel, fine to coarse, clean .....ccce00. 62~ 65

Sand, medium to coarse, and gravel,

fine to coarse; clean ... .oueveeneonces s 65- 67

Gravel, fine tO COArse. . v veovreooncooss 67- 70

Sand, coarse tO Very COaIS ... v vonenoon 70—~ 72

Gravel, fine to coarse; cobbles from 74

to 77 feet, and 79 to 80 feet ... ... 0o 72~ 80

Sand, gravelly, clavey .. .. covooeosoocoeo 80~ 84

Gravel, fine to very Coarse ....ceeveocoo 84~ 87

Sand, fine, clayey...vievcooonasooconcss 87- 89

Sand, very coarse, and gravel, medium... 89- 97 (?)
Kp Shale, black, waxy, bentonite, non-

CAlCAreoUS. . suoocoovosossnoseannceseos 97-117 T.D.

147



148

MINER COUNTY

Test hole 107-58-18cccc
Drilled 1961, Es

Elevation 1,337 feet

Geologic Depth below
unit Material land surface {feet)
Qu SOIL vt i v vn et v a s enacoonceooanaas 0- 2

Till, light- brown ox1dlzed s e nes s Z2- 15

Till, oxidized; tlll, dark-gray to blue-

gray, unoxidized . ... ... .0veenococon oo 15- 20

Till, unox1dlzed sandy streaks ... 0uo s 20- 53

Clay ?), {very few cuttings) . ..o esenn.. 53~ 60

Sand, \fery fine to coarse; clay: gravel e 60~ 81

Sand, medium to CoOarse ... .vevosensouss 81— 85

Sand, medium tO Very COarSe€. ..o ecoos oo 85~ 94

Sandandgravel , ... vsennbonocasoncs we s 94~-100

Sand, medium to very coarse, and

gravel .......... 100-110

Sand and gravel ,,,,,,,,,,,,,,,,,,,,,,, 110-125

Sand and gravel, clayey, coal ........... 125-130
Kp Shale, slightly silty, light-gray \N7)

medium light-gray {N6). fissile, very

slightly calcareous. highly bentonitic,

some with dull sheen; light bluish-gray

montmorillonite; selenite; prismatic

calcite. Sand streaks from 140 to 145

feet oo s e e seernoaca 130-155 T,D,

SANBORN COUNTY

Well 107-59-7aadd

Drilled 1961,

Qwl
Qwe

Kn

Elevation 1,310 feet

G

(Till}; clay, soft; rock at 43 feet ........ 0- 44
(Till}; Clay, QUMY oot v e s von e ovonenons 44~ 75
(Till}; clay, sandy. light- cololed,

oxidized ,......0 0o b e eaeaane 75— 85
1S5 L 85- 98

Shale, sandy s soft ..... Wi e nc o e s as . 98-122 T.D,



149

SANBORN COUNTY

Well 107-59-20bbbb Elevation 1,306 feet
Drilled 1855, G
Geologic Depth below
unit Material land surface (feet)
Unreported .. .ot iieeereoranneoaseson 0-250
Kce B = o K 250-280
Ke Shale, sticky vttt ittt ieiiienncansn 280-295
SANA. ittt ittt e v s e neroonecnasas oo 295-300
Shale; sand streaks; shells . .oeoveveee.. 300-320
Shale............ G et et aso e 320-460
Shale, soft .. it ieeneronnoenceeeonnss 460-500
Kg Shale, sandy ....vveuee.. e rcraeoaae s 500-520
Kgs Shale, soft ... ittt ittt iiaiinonnens 520-660
Shale, hard, brittle. ... cvev vt ivnerronn 660-700
Kd Shale, sandy ...t it ereneanneeoeooan 700-710
Sand, good ... it i i e o cees e nana 710-730
Shale, hard, sticky......ciceiiieeean. 730-750
Sand rock .l i i e e e ca e 750-760
Sand rock; shale stringers ..........c... 760-770
Sand roCk it i i e e et e e 770-790
Shale; hard shells .. vt i i ittt i i ie e vnnn 790-810
Shale; sand streaks. ... v iooerenns 810-860
Shale, sticky . v it ittt ineanan 860-870
Sand rock .. it ittt e e e e e 870-880
Rock, hard ... ittt it ieenens 880-890

Sand roCK ittt it st et i et e a0 890-930 T.D,
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SANBORN COUNTY

Test hole 107-59-25dddd Elevation 1,330 feet
Drilled 1961, Es
Geologic Depth below
unit Material land surface (feet}
Qu SOIL Lttt e s e 0- 33
Till, light- to medlum orown ox1dlzed
gritty below 4 feet. .. ... .00 s orvons P 33— 10
Till, oxidized; till, dark blue- gray,
unoxidized; seleni*e crystals ..... e oeaae 10- 15
Till, unoxidized, gritty ......... s ae s e 15- 29
Gravel .. s iiovonacrossnoocosanonnss 29- 32
Sand,,.c,ﬁnl ,,,,,,, S e e o crsas e ae oo 32- 34
Till, unox1dlzed..o,n,{,.,,t.m nnnnn 34- 55
Clay sand stredks ... h s s nanassces o e 55~ 64
Gravel s . 64—~ 65
Sand, coarse and gra el llgmte tlll 65~ 80
Sand, medium to coarse, and gravel;
clay, lignite., ... .usu s nvsoonassveocsos 80- 85
Sand, fine to coarse, and gravel:
clay, 11gmte..w.~.gw-,,w,,a,,,,M nnnnn 85- 95
Sand, coarse, and gravel, fine.......... 95-100
Sand, fine to coarse, and gravel, clay;
lignite ,...... o e s e aae 100-120
Sand, fine to coarse clav ngmte e s eeana 120-124
Kp Clay: sand, fine to coarse, and gravel;
lignite: probably Pierre Shale ........... 124-130
Driils like shale; sand, coarse, and
gravel CAVINGS...ocoanoonsoocsoeanaocss 130-135
Few cuttings; sand, fine; ca- /’ll’lgb s e s e 135-150
Kn Marl, light olive~gray {(5Y 6/1

speckled, clay, white (N9}, ,:)'evntoniticu .o 150-160 T,D,



Well 107-60-3adday

SANBORN COUNTY

Elevation 1,301 feet

Drilled 1961, Gs
Geologic Depth below
unit Material land surface (feet)
Qu Soil |, . SN 0- 1
SANd. ..t ceo st o acocansaanns 1- 20
Clay, sand, and gravel . ... ..c00cco0000 . 26- 52
Clay and gravel COATSE . v roveass oo o ca e 52= 55
Clay, gravelly and sandy.c..eooocvonsss 55~ 83
Sand and gravel; lignite ..., .. 00000 oo0-. 83-118
Kn Clay, light-gray ....caeeccosoossennsos 118-120
Shale, chalky, light-gray ...... 2000005 120-165
Kc Shale, blue. ... .vooeoscooconesosnoocos i65-193
Kce Sand, fine; rock.. ... 0o soovoconnaovoens 193-225
Kc Shale, sandy, blue gray to dark- blue
pyritic; shell fragments . ... o eanenesnae 225-417
Gravel, lignitic .. ... o0 cooonesencosass 417-419
Kg Shale, sandy light- to dark~gray;
calcite; shell fragments . .o covvecooooecs 419-430
Kgs Shale, sandy, silvery to light-gray,
calcareous; lignite; pyrite; mud flow
reported, 0.9 gpm measured about 450
feet L i e s st e e e s e s 430-490
Shale, safdy hght to dark gray pyrl—
tic; ligmte calcite; shell fragments ..... 490-527
SANnd. ... . i n e oo e s s an e o 527-529
Shale, very soft ....... W a s e bosen e 528-555
Shale, sandy, light- to dark gray
1ignite shell fragments ....ccocvos00s60 555-595
Kd Sandstone laminae, hard (... enoso0s . 595-600
SANA L 2 e s ee e e e e e 600-612
Shale, light- to medium-gray, non-
calcareous some fossils L ... iv000scnoons 612-685
Sand. ... vsse 685-704
Shale dark grayt, EEEEE 704-845
SANG .t e e voe e P 845-846
Shale, sandy, bluiSh-gray. ... .......... 846-882%
57 Do e N G O 8822-930 T,D.
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SANBORN COUNTY

Well 107-60-26bcca Elevation 1,305 feet
Drilled 1955, G
Geologic Depth below
unit Material land surface (feet)
QuandKn No comment in driller's log .. ..0oeeoeo.s 0-220
Kcc Sand ......... s e ce e o 220-280
Kc Shale (.o iseonenoeseoeneanasncoososes 280~-300
o= oo 300-317
Shale, sticky ..... s o000 ceseecceo0o0 s e 317-450
Kg Shale; sand streaks . v i oo veoesoononcoonon 450-460
Kgs Shale, sOft ..o vienenorncanenanoen 460-550
Shale; sandy ¢ veseeoecrvcocoooanos 550-560
Shale; many hard shell spots ....... a0 0o 560-620
Shale, sand top, sand streaks,..... saso 620-640
Shale; sand top; some shells . ... oo es.s 640-710
Kd Sand rock. . v veveoo cannoons 6 eroo0aae s 710-735
Mostly shale. .. ... 0cvoncrencon ce oo 735-750
Shale . vivieioicenenesssoosoonancoeans 750-760
Sand rock. . veeeovosooocoonaosocosoonas 760-780
Shale; sand bottom....... o cosocavecoaas 780-820
Sand; shale bottom ... ve e onanaoenns 820-840
Shale; sand bottom ... oo vsvooveocvosson 840-870
Shale; sandy streaks .....cvoeceosoeecns 870-885
0o = o Y« 885~895
Shale..... 6 s e o0 0n e nscasaeeecoecassacs oo 895-905

Sand . ... iieseeoccos v s eie e aeo e 905-924 T,D,



SANBORN COUNTY

Well 107-60-27ddad

Drilled 1961,

Geologic
unit

G

Material

Qu

Kn
Kcce
Kc

Kgs

Kd

Soil, 5aNdY v ev i vr oo raoe oo ns
(Till?), clay, gravelly yellow cee
(Till?), clay, dark; rocks .........
(Till?), clay, gummy, soft...... Ve
Sandandgravel. .......ccvvienrns
Sandrock, hard; blasted rock at

149 feet ......... sh s oo e st e e o oo
Unreported . ..o eivsonnneencscsso
Chalk ... ittt i enenn
Sand; hard shells; some clay nnnnnn
Clay t it i et e e st s s .

Shale ..... s e s oo s b0 e st e eeanno e oo
Shale; hard shells at 440 feet; mud

flowat 484, 1 gpm .. coeveesnoenas
Shale; hard shells........ W e e aco
Sandstone; 2 gpm flow e s cen e e
Shale, hard shells. ..ot v e e o s
Sandstone; 3 gpm flow v, oo oo v anes
Shale. ... eeenen et ionnnoonens

SANBORN COUNTY

Test hole 107-60-30baab

Drilled 1961,

Qal

Qwl (?)

E

Soil, dark-brown to black, and allu-
vium; clay, silt, and some sand ...
Clay, sandy and silty, black......
Clay, slightly sandy, tan-gray ....
Sand, fine, well-sorted...........
Sand, medium to gravel ...........
Sand, fineto coarse, ....cvecs oo
Till (?), SANAY 4 it e s oo s

Elevation 1,294 feet

Depth below
land surface (feet)

ooooo 125-145

o eo e 145-146
o oo e 146-151
ccccc 151-197
aaaaa 197-232
cee s 232-245
nnnnn 245-269
,,,,, 269-275
vee o 275-285
,,,,, 285-380
ooooo 380-440

aaaaa 440-484
,,,,, 484-609
,,,,, 609-617
..... 617-712
ooooo 712-718
..... 718-726
..... 726-728
..... 728-805
..... 805-845
,,,,, 845-860
,,,,, 860-864 T,D,

Elevation 1,229 feet

..... 0- 5
..... S- 10
,,,,, 10- 35
..... 35- 40
,,,,, 40- 49
..... 49~ 75
,,,,, 75- 87 T.D,
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SANBORN COUNTY

Test hole 107-61-6bbbb Elevation 1,288 feet
Drilled 1960, D

Geologic Depth below
unit Material land surface (feet)
Qu Soil, sanNdy v vv vt it it ettt e e e 0- 3

Sand, fine to medium; gravel ........... 3- 7

Till, very sandy, oxidized ............. 7- 9

Till, unoxidized; gravel. .. .. oo, 9- 13

Till, unoxidized . ... ie i in .. 13- 15

Clay, and silt, sandy, interlayered ..... 15- 20

Till, silty, and silt, sandy, inter- '

layered; medium to coarse sand below

B8 feet L. i e e e e 20- 72

Till, tough, dense ....... ... 72- 77 T.D,
SANBORN COUNTY

Test hole 107-61-23bbbb Elevation 1,290 feet

Drilled 1961, Es
Qu S 1 0- 1

Sand, very fine to medium, brown to
black; till, oxidized....... v, 1- 17
Sand and gravel. ... .. it 17- 19
Till, gray, unoxidized; sand and
gravel streaks .. ... . i i e 19~ 42
Sand and gravel., . ... i i e 42- 44
Till, gray, unoxidized ........vvvenno.. 44~ 63+
Gravel {to 3-inch diameter)............. 635— 64
Till, blue-gray, unoxidized; gravel;
angular shale fragments................ 64- 70
Gravel; boulders(?) .. ... 70- 75
Till, blue-gray, unoxidized ............ 75- 78
Gravel. . oo e e e e e e e 78- 80
Sand, very fine to very coarse;
lignite. ..ottt i e ittt a e 80~ 83
Gravel..... e e et 83- 84
Sand and gravel; tlllt’h lavers . ovvevnnns 84- 98
Gravel; hard drilling. ... .o i v i i i v e e 98-100
Kn Marl, light-gray (N7), speckled

strongly calcareous; foraminifers........ 100-118 T.D.



SANBORN COUNTY

Test hole 107-61-28aaaa
Drilled 1960, D

Silt to sand, medium, brown, well-

sorted, well-rounded, frosted .......

Silt to sand, medium, gray, well-

sorted, well-rounded, frosted .......
Silt to sand, medium; clay ..........

(Till?), clay, sandy, silty, brown,
oxidized; olive-gray, unoxidized

Geologic
unit Material
Qds
Qwl
below 42 feet
Qwe

Silt to sand, medium, clayey, gray...
Silt to sand, fine, olive~-gray........
Till(?), sandy silt; hard drilling .....
Rocks: could not penetrate with auger..

SANBORN COUNTY

Test hole 107-61-35bcc
Drilled 1961, Es

Qu

Kn

Sand, fine to medium; shale frag-

ments from 10 to 25 feet ... ... ......
Sand, fine to medium; clay, gray.....
Till, sandy, gray, unoxidized .......

Till, sandy, gray, unoxidized; gravel....

Till, sandy, and gravelly, blue-gray,

unoxidized . ... .. it i et o o
Till, blue~gray, unoxidized .........
Till, very sandy, blue-gray,

unoxidized . ... i e e
Sand and gravel........ et iennn.
Till, blue-gray, unoxidized .........
Sand and gravel. ... ..ot eoen
Till, blue-gray, unoxidized .........
Sand ..o e i e i i e e e
Till, blue-gray, unoxidized .........

Till, very sandy and gravelly, blue-

gray, unoxidized., .........c. v,

Marl, light olive-gray (5Y 6/1);
speckled, strongly calcareous; shell

fragments; coal ... ... . . i i,

......................

Flevation 1,288 feet

Depth below
land surface (feet)

0~ 8
8~ 18
18~ 22
22~ 47
47~ 57
57~ 67
67~ 74
74~ 77 T,D,

Elevation 1,283 feet

ce 0- 25
ce 25~ 29
e 29- 35

35- 40
cee 40~ 55
ce 55- 665
ce 65- 75
ca 75- 84
ce 84- 90
c o 90- 93
ce 93- 89
ce 99-101
ce 101-105
ce 1056-11%

[@a]
(@]
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SANBORN COUNTY

Test hole 107-62-2dddd
Drilled 1860, D

Geologic
unit Material
Qwl SOOIl vt e e e e e e e

Sand, dark reddish-brown
Sand, medium, to gravel, fine,
yvellow-brown
Silt to sand, coarse, brown, inter-

layered with silty, sandy graytill ...
Till, gray, unoxidized; tough drilling ....

SANBORN COUNTY

Test hole 107-62-12cccc
Drilled 1960, D

Qwl

Sand, very fine to medium; silt......
Sand, finetocoarse ...,

Sand, very fine to medium, gray; silt
and clay

Till, gray, unoxidized; silt and sand
Till, gray, unoxidized, tough; hard

Arilling ..oy en it i s et

SANBORN COUNTY

Well 107-62~-21dbdb
Drilled 1890, G

Qu

QuandXKn
Kn andKc

Kg (?)
Kgs

Kd

---------------------

.........................

Silt to sand, medium; interbedded with
unoxidized till ., .. v et i i s i it et a e

Elevation 1,292 feet

Depth below
land surface (feet)

0- 1
1- 7
7- 12
12- 60
60~ 70 T, D,

0- 7
7- 17
17- 22
22- 49
49- 65
65- 70 T.D,

Elevation 1,308 feet

(Till), clay, velloW. .. v 't ir s v enoennenn 0- 25
Till, blue .. it it it i et 25~ 45
S 10 Y 45- 58
Hardpan. . oo oo v o oeronnrseoonnenaeonns 58- 6%
Sand.....c.v..es e b e e s et o e e 65- 95
Hardpan and gravel; soft water at

160 feet. ittt it 95-165
Shale; pyrite. ... ittt et et aeeennns 165-412
Sandstone ...ttt e i e e 412-436
Shale; pyrite. ii it in i it s it iecennnns 436-637
Limestone .. ... ittt it e i et it 637-645
Shale; flow near top v v et s v v et voonn 645-690
Hardrock ... it iii et i eennenannens 690-692
Shale . .......... et e et e e s 692-697
Sandstone; flows at top and middle ...... 697-775 T.D,
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SANBORN COUNTY

Test hole 107-62-23aaaa Elevation 1,294 feet
Drilled 1960, D
Geolocic ‘ Depth below
unit Material land surface (feet)
Qu Soil, Silty it en et it esr e nneonooens 0- 3
Till, silty, gray-brown, oxidized ....... 3- 15
Till, silty, gray-brown to gray;
unoxidized . ..o ot i i it i et a e o 15- 35
Till, gray, unoxidized .. ....0cvevovoeso 35- 40
Till, silty, gray, unoxidized ........... 40- 53
Sand, very fine to medium, silty; clay..... S3- 77
Till, gray, unoxidized « e v e v vt vt aceennn 77- 84 T.D.

SANBORN COUNTY

Test hole 107~62-26aaaa Elevation 1,294 feet
Drilled 1960, D
Qu S0 1 O 0- 2
Till, sandy silt, yellow-brown,
oxidized ...t i i in oo coaoeaean 2- 15
Till, sandy silt, oxidized .....cvoveoens 15- 22
Till, sandy silt, gray, unoxidized....... 22— 472
Clay, silt, and sand .......cvevevenenn 42- 47
Silt and sand, very fine to coarse ....... 47- 57
Till, silty, gray, unoxidized ........... 57- 70
Silt and sand, very fine to very coarse... 70- 83
Till, unoxidized; hard drilling . ...cvove. 83-117 T.D,

SANBORN COUNTY

Test hole 107—62—35aaaa1 Elevation 1,287 feet
Drilled 1960, D
Qu S 1 0- 1
Qld Clay, light-tan to cream, soft, many
small snail shells...... ..ttt iononesas 1- 5
Qwl Till, sandy silt, oxidized......ccvcv... 5- 17
Till, sandy silt, gray, uncxidized....... 17- 20
Qwe Sand, medium, Silty.....0' i varcnennns 20- 27
Till, sandy silt, gray, unoxidized....... 27- 61
Sand, very fine to coarse, silty; thin
clay layers. .o v i vt o s i ontonsanns 61- 73

Till, unoxidized, tough; hard drilling .... 73- 75 T.D.



158

SANBORN COUNTY

Test hole 107-62-36c¢cccc Elevation 1,287 feet
Drilled 1960, D
Geologic Depth below
unit Material land surface {feet)
Qu o 5 1 0- 2
Qwl Till, sandy s11t brown, ox1d1.zed ,,,,,,,, 2- 5
Sand, fine to very coarse, brown:
gray-brown below @ feet, ... ... v oo, 5- 17

Silt and sand, very fine to coarse; inter-
bedded with till, sandy silt, gray,

unoxidized . ... i cens et rbaneaoo s 17~ 24
Till, sandy. gray, unoxidized; hard
drllllng s e e e s e e e e s aacna e s ee o 24- 49
Qwe Silt and sand, very flne to coarse:
brownish-gray, oxidized ........ so oo oo 49- 68
Till, sandy-gravelly clay, gray,
unoxidized; very hard drilling ........... 68- 75 T.D.

MINER COUNTY

Test hole 108-58-30cccce Elevation 1,333 feet
Drilled 1961, Es
Qu o 5 0- 4
SANd. .. csncroconsossncnaseasonoacoaeons 4- 9
ROCK. ..o ieorinvneconoocaososnsnnsoas 9~ 10
SANA. e s vooccoaonctssnnonsosonacsoan 10~ 13
ClaV.aenooeseonoseoanoooascnanoononsas 13- 15
Clay and sand mterbeddedn oo sanon oo 15- 37
Sand, coarse, Clayey . ..o vconsnnnonooos 37- 60
Sand, fine: llgmte clay and sand
layers from 67 to 70 feet ,.,...... e e o0 e 60~ 85
Sand, fine to coarse; lignite ... ... 000 85—~ 92
Kp Shale, silty, medium dark~gray \N4},

bentonitic, noncalcareous: montmoril-
lonite., medium bluish~gray (5B 5/1};
coal, pyrite; prismatic calcite ,.....c00.. 92-105T,D,



SANBORN COUNTY

Test hole 108-538~-7cccce
Drilled 1961, Es

Geologic

unit Material

Qu Till, vellowish-brown, oxidized .....
Till, oxidized: sand, coarse.........
Till, gray, unoxidized ... ...vo o0 snso
Sand, fine to coarse, clavey ........
Clay, gray; sand. .., ... .envueoconnsos
Sand, fine to medlum grav’el e e e e
Sand, fine to medium, clavev....... .
Sand, fine to medlum; fairly well-
sorted . .. . e s a e s e e e

Kn Clay, light-gray \N7, , hlghly calcare‘-

ous, bentonitic: foraminifers ,.......

159

Elevation 1,321 feet

Depth below
land surface {feet)

0- 5
S Z2
22~ 25
25- 72
72- 75
75- 80
80-105
105-117
117-120 T.D,

Remarks: 0 to 60 feet from first hole, aban-
doned because of caving sand. 60 to 120

feet from second hole nearby,

SANBORN COUNTY

Test hole 108-5%-9cccc
Drilled 1961, Es

Elevation 1,319 feet

Qu Sand, fine to medium, clayey, brown.. .. 0- 11
Till, brown. oxidized; rockatlzfeet ,.... 11~ 13
Till, gray, unoxidized ... ..cocccvcnsonoo 13- 18
Clay, silty, dark blue-gray ...--0uccco 18- 20
Till, gray. unoxidized. 0w b N 20~ 40
Till, gray, unoxidized; sand coarse , . 40- 45
Sand, coarse, and gravel; t11], lignite
below 50 feet, ... i i i i it can s . 45~ 59
Sand, fine to coarse, and gravel tlll
lignite. ..o i i vn i v s s e oo oo soss 59- 60
Sand, coarse, and gravel; rocks fr'om
B4 to 85 feet .. ... i e e 60-100
Sand and gravel medlum. e v e 100-105
Kn Clay. silty, light-gray {N7}, highly
calcareous, bentonitic: foramlmfers ve s e 105-110 T.D,



160

SANBORN COUNTY

Test hole 108-59-10ddddy Elevation 1,351 feet
Drilled 1961, Es
Geologic Depth below
unit Material land surface (feet)
Qwl Till, yellow-brown, oxidized ........... 0- 18%
Till, gray, unoxidized ...,..c.ccvennsun 183- 30
Till, gray, unoxidized, sandy ........... 30- 35
Qwe Sand, coarse, and gravel; clay.....c..... 35- 40
Till, unoxidized; sand and gravel........ 40- 55
Sand, gravel, and till. . ... ..ot 55~ 72
Sand, fine, and gravel; lignite .......... 72— 75
Sand and gravel, coarse; lignite.,........ 75- 85
Sand and gravel, coarse; lignite; some
clayey, fine sandy till{?} .......cc0ve... 85- 95
Till, dark-gray, unoxidized; sand ...... . 95-127
Kn Shale, light-gray, calcareous......c-..: 127-129 T.D.

SANBORN COUNTY

Test hole 108-59-12aaab Elevation 1,363 feet
Drilled 1961, Es
Qwl Till, yellow-brown, oxidized ........... 0- 18
Qwe Sand, COAISe ...t vivensnoecnesocnsnsos 18- 20
Till, gray, unoxidized, and sand,
COAISE . v vosoceoncceoncoa e e e 20~ 25
Sand, medium; till,......... 25- 30
Clay and silt, gray ... veoeeevooconasaos 30- 35
Sand and till. .. i en s ncoonennoccnonnsne 35- 40
Till, gray, unoxidized; sand and gravel .. 40~ 52
Kp Shale, silty, medium dark-gray (N4),

fissile, noncalcareous: montmorll—
lonite, light bluish-gray (5B 7/1);
pyrite, .. ... ..., b e e e e o e e e e 52- 59 T.D.



Test hole 108-59-13dddd

SANBORN COUNTY

Drilled 1961, Es

Geologic Depth below
unit Material land surface (feet)
Qu Till, clayey, brown, oxidized .......... 0- 24

Till, gray, unoxidized; some sand....... 24- 46

Sand, medium to coarse; lignite......... 46- 70

Sand, coarse, and gravel, fine ......... 70- 75

Sand, very coarse; gravel from 80 to

Bl feet ...t c ittt 75- 81

Sand, fine to medlum .................. 81-105
Kp Shale bentonitic, medium llght gray

Well 108-89-

Elevation 1,368 feet

(N6) to light olive-gray (5Y 6/1), non-

Drilled 1956, G

Qu

Kn
Kc
Kcce

Kc
Kg
Kgs
Kd
p&eu

Well 108-59-

Drilled 1982, G

Kc
Kg
Kgs and Kd

CAlCAreOUS . vt et veooenencnconaconnns 105-107 T.D.
SANBORN COUNTY
2labaa Elevation 1,343 feet
Electric log tops:
Glacial drift(?); (surface casing from ﬁ
Dto 136 feet)en i it cnorenennooennces 0-110(7?)
Niobrara Marl .., et ce s ovornonenenanas 110(?)-188
Carlile Shale ..... G h e s et e e et ae e e 188-224
Codell Sandstone Member of Carlile
Shale. . ..o cnvaeensoononeasonnsnonas 224-324
Carlile Shale .. i i e e s s cvesnnncanans 324-424
Greenhorn Limestone . .. oo vvennnecesns 424-439
Graneros Shale .. ...t ivmrnmnnennen 439-583
Dakota Group. . ..o o ovonerceensoonas 583-67%
Altered rhyolite ., ... v i nn e iveaonsens 675-730 T,D.
SANBORN COUNTY
22cceey Elevation 1,349 feet
Electric log tops:
Surface Casing. « v v vt v v v et i 0-417
Carlile Shale .. ..o vi e vs vt s neennn e e 417-426
Greenhorn Limestone ... .ot ev e e venenns 426-438
Graneros Shaleand Dakota Group......... 438-660 T.D.
An older well nearby records the following:
Top Precambrianrocks ..o v v vvncewan se e 680
Chlorite schist, cored . ......... f e ea e e 740

Dark porphyry, cored . ... it enenens 776 T.D.
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SANBORN COUNTY

Aquifer test well 108-59-29bbab Elevation 1,311 feet
Drilled 1962, E
Geologic ) Depth below
unit Material land surface (feet)
Qu 573 5 PR 0- 2%
Qwl Sand, medlum to gravel, medlum
’brown’9) to rusty, 0xidized. e ersnennnn. 22—~ 6
{Till), silty-sandy clay, yellow-brown
to light-brown, oxidized .......cc0vesun b- 12
(Till), sandy-gravelly clay, medium-
to blue-gray, unoxidized .....cooooo0naso 12- 17

(Till}, silty-sandy clay, medium blue-

gray, unoxidized .., ... covenoonocononos 17- 23
Qwe (Till), silty-sandy clay, medium- brown
to brownish-gray, oxidized; some
pebbles .. ...t iocoocnconocccannooo e 23- 30
(Tili}, silty-sandy clay, medium blue-
gray, unoxidized; some pebbles......... 30- 34
Sand and gravel, clayvey{?} ..o vooonen 34- 37
{Till), silty-sandy clay, medium to dark
blue-gray, unoxidized; some pebbles .... 37— 62
Sand, fine to gravel, fine, brown,
oxidized; coarse from 80 to 99 feet ...... 62-104
Kn Shale, light-gray. highly calcareous..... 104-105 T,D,
SANBORN COUNTY
Test hole 108-60-8dddd Elevation 1,323 feet
Drilled 1961, Es
Qu Soil and till, brown, oxidized, .....0 .05 - 0- &
Till, brown, oxidized . ... 7 v s0ceos e e o S- 25
Till, gray, and sand, coarse........ e e e 25- 40
Till, dark bluish-gray, and silt ., ....... 40~ 45
Till, gray; sand, coarse; Silt . ... 000 eoo 45—~ 50
Till, gray; silt ... v couconeon i e a e o e noaso 50- 60
Sand, fine to coarse; Clay . v ccooroeons s 60- 74
Boulder ....c.uoeovooencsonsosasoaosons 74~ 75
Sand, fine to coarse, and gravel clay;
boulder at S8 feet .. ... .o escnsons 75-110
Till; some sand ......s:ccoconococceooss 110-115
Kn Shale, light-gray (N7}, calcareous

foraminifers ........ .. e e oeseesea0n e 115-130 T.D,



SANBORN COUNTY

Test hole 108-60-10dddd Flevation 1,324 feet

Drilled 1961, Es

Geologic Depth below
unit Material land surface (feet)
Qu Soil and till, brown, oxidized .......... 0- 5

Till, vellowish-brown, oxidized ........ 5- 10

Till, yellowish-brown, oxidized; sand,

flnetomedium. . v v it in i aneeneenns 10- 20

Sand, fine to coarse; clay, boulders

from 25to 30 feet . ... . s ienen. . 20- 30

Till, gray, unoxidized; sand and gravel . 30- 50

Till, gray, unoxidized; clay, silty,

dark=Qray « .o vvvoeeronnnoeceronoeronas 50- 60

Sand, coarse, and gravel, fine; lignite .. 60-105

Sand, fine tovery coarse .......ce0n0e.e 105-124
Kn Shale, slightly silty, light-gray (N7),

strongly calcareous; foraminifers........ 124-129 T.D.

SANBORN COUNTY

Well 108-60-21dddc Flevation 1,308 feet

Drilled 1961, G
Qu (Till) clay, VelloW v v evrnnononoeonas 0- 20

(Till) clay, blue, gravelly,....... e 20- 84
ST U () 84- 97
(Till) ClaY . e v e s e vronnnnncnnoonss 97-102
Sand ...t i e o s et o a oo e . 102-116
Kn Shale, sandy mixed with chalk (prob-
able top of Niobrara Marl at 125 feet;
losing circulation below 125 feet) ....... 116-140
KnandKc Chalk, white; rock 8 inches thick at
265 feet (top of Carlile Shale at approxi-
mately 210(?) feet, by interpolation) .... 140-265
Kcc SANA ..ttt or it et oo oo 265-298
Ke Shale; rock 2 1nches thick at 325 feet. 298-360
KecandKg Shale, hard; rocks at 400, 442, and
445 feet; Greenhorn Limestone prob—
ably about 420 to 445 feet. .. v ee v iaens 360-445
Kgs Shale, soft; rocks at 552, 582, 595,
610, 620, and 627 feet . ... eocecan 445-702
Kd Sand; flow 6 gpm..,.... e e e e ance e 702-734
Shale. .. ...t cinnecoononoasenos 734-735 T,D,
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SANBORN COUNTY

Test hole 108-60-27ccccy Elevation 1,300 feet
Drilled 1960, D
Geologic Depth below
unit Material land surface {feet)
Qu Soil tieevnennneos s e e ccee s e e en e 0- 2
Till, oxidized. ... iseeeroreooeeoonoonne 2—- 12
Till, unoxidized. ... ereeocoooecenrann 12- 32
Sand, fine tO COArse .o it v eneerenoeans 32- 50
(Till), sandy-silty clay . v.veerernnnnn.. 50- 60
Till, unoxidized. ... it iiinnoerrean 60- 65
Silt; clayand sand .....cveveeeerencacs 65- 70
Till, unoxidized. .. .ot i it orenononn 70— 90
Silt, to sand, coarse .....cioeovcoencoss 90-1172
Till, tough; hard drilling ....c.0vereeoo. 112-117 T,D.

SANBORN COUNTY

Test hole 108-60~32cddd Elevation 1,291 feet -
Drilled 1961, B
Qwl Clay, sandy, buff .. ... ... 00t ceceonn 0- 15
Clay, sandy, gray..ceeencoscessossscon 15- 31
Qwe Gravel, medium .. c v v ot eooncconoooanoss 31- 35
Clay, sandy, gray...c.oeeececocoesesns 35- 39
Sand, coarse, and gravel, medium...,.... 39- 60 T,D.

SANBORN COUNTY

Well 108-60-35dddc Elevation 1,299 feet
Drilled 1959, G
Qu (Till), clay ..o c... . 0- 47
Sand.... S s et ececenoasacenaeasnoooas 47- 48
(Till}, clay ..... s oo e s c e e eneceananaos 48- 95
SANd. v enevnnosanocsassacsansescsonona 95-103

Kn Chalkrock .. v i o cecooesooeoaonroonononss 103-122 T,D,



SANBORN COUNTY

Test hole 108-61-7cccc Flevation 1,302 feet
Drilled 1961, Es
Geologic Depth below
unit Material land surface {feet)
Owl Till, brown, oxidized ..o e vveoon. oo 0- 12
Till, gray, unoxidized........ioeoaeoosno 12- 14
Qwe Clay, Orange—brOWN. .« cnooconecoessonans 14- 15

Till, gray, unoxidized; sand, fine, gray
at 23 feet; sand stringers from 25 to

30 feet it innnnoononrascnoooeoncenaa 15- 30
Sand, coarse, and clay....c.ccooooccocas 30— 35
Till, gray, unoxidized; some sand, very

coarse, and gravel, .. coeocosconconnoeas 35- 58
Sand, fme o n e e e s e ae e0nsoaanoen a0 o 58- 87
Sand, coarse; llgmte boulder at 91 feet .. 87- 95
Sand, fine; lignite . v oo nvoconcovonvooos 95-108%
Sand, COAISE. ... iearasoonreoncacoacsnss 105-128

Kn (?) Shale, silty, bentomtlc noncalcareous o 128-130 T.D,

SANBORN COUNTY

Test hole 108-61-10addd Elevation 1,283 feet
Drilled 1961, Es
Qu Soil and till, sandy, brown, oxidized .... 0- &S
Till, clayey, brown, oxidized........... 5- 10
Till, brown, oxidized; sand ., ......cc.c.co 10- 25
Till, light-gray, unoxidized.,......ccc00. 25- 30
Till, dark-gray. unoxidized; gravel near
bottom of interval....oscos00rcoccososso 30- 60
Till, dark-gray, unoxidized; sand........ 60- 65
Sand medium to coarse, and gravel...... 65— 70
Sand .. .conttvnnnonosenoccaecsoan a0 70- 75
Clay, sand, and gravel ................. 75- 80
Sand, very fine to coarse, and gravel
LEGIITE Lt et et et e e e en e o e e eneecn. 80-110
Kn Marl, medium llght gray, speckled,

highly calcareous; foraminifers. Non-
bentonitic; negative reaction to ben-
zidine test. ., .. it ieonenonnncononnoasos 110-124 T.D.
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SANBORN COUNTY

Test hole 108-61-10cddd
Drilled 1961, D

Geologic

unit Material

Qu T 1

Qal Silt to sand, fine, dark-brown; some
clay and sand, medium. ... vvevvevn.
Silt to sand, fine, brownish-gray to
grayish-black........ .. civeiovn

Qwl Till, silty, medium-gray .......«....

Qwe Till, clay, chalky, brownish-gray...

Kn (?) Shale(?) vt ionennonnenns

Kn Shale(?), brownish-gray ........ -
Shale(?), light-gray, tough.........

SANBORN COUNTY

Test hole 108-61-13aaba
Drilled 1961, Es

Qu

Kn

Elevation 1,227 feet

Depth below
land surface (feet)

0- 3
3- 12
12- 26
26- 40
40- 46(?)
co.. 46(?)- 74
74- 81
8l1- 87 T.D

Soil and till, brown, oxidized........... 0- 5
Till, clayey, brown, oxidized........... 5- 28
Till, gray, unoxidized .., ... v oo recen 28- 30
Till, dark bluish-gray, unoxidized....... 30- 60
Till, dark bluish-gray, unoxidized,

SOME SANA. ¢ o v v vt ooeorsenoooanoosccaos 60- 86
S = o L 86- 90
Sand and gravel; Clay...eee e eooneosoo 90-100
Clay, sand, fine to coarse, and gravel;

boulderat 108 feet ... iieneocoonns 100-110
Sand, coarse, and gravel, coarse ....... 110-115
Sand, medium(?), and gravel ........... 115-125
Sand, fine to COArse ., cvvioeerenoacrnane 125-130
Sand, very coarse, and gravel ......v00.. 130-140
Sand and gravel, COarse. ... .v.veeeoonvocon. 140-155
Marl, speckled, calcareous; foramifers;

lignite; pyrite. s e e e et v v nionorvnornecoons 155-158 T.D,

Remarks: Even though the fragments of marl
are few, the top of the Niobrara Marl is

believed to be at 155 feet,



Well 108-61-17aaccy

SANBORN COUNTY

Drilled 1962, D

Geologic
unit

Qu

Material land surface (feet)

Elevation 1,300 feet

Depth below

Soil, silty-sandy clay, medium-

DrOWIl v e ettt et e et cosoanosanecnnsas
(Till), silty-sandy clay, medium-

DI OWI vttt it ce e e s e tonan o
Sand, fine to very coarse, clayey,
Medium-—browWIl & ..o e e neencrononooconss
(Till), silty-sandy clay, medium-

DIOWIl 4 vt ot e seocsonneoncnoosannscnonss
Sand, fine to medium, silty, medlum—

1o light-brown ...... .. vtevomooenronos
(Till), silty-sandy clay, medium-

DrOWIN v vovenoeccseeoonasoens f e eco e s
Sand, clayey, medium grayish-brown....
(Till), silty-sandy clay, medium-gray,
unoxidized ...t ittt it e oo e e
Sand, fine to medium, clayey, medium
grayish-brown, oxidized(?) .....oocou..
(Till), silty-sandy clay, medium-gray ..
Sand, fine to medium, gravish-brown....
(Till?), clay and sand interbedded ......
Sand, fine to medium, clean, well-
sorted well-rounded, dark-brown,

Remarks: Niobrara Marl penetrated at 142
feet in well 78 feet south-southeast of this
well,

0- 1
1- 10
10- 12
12- 22
22— 27
27- 37
37- 40
40- 47
47- 52
52- 63
63- 65
65~ 71
71-113
113-127 T.D.
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SANBORN COUNTY

Test hole 108-61-26bbbb Elevation 1,301 feet
Drilled 1961, D
Geologic Depth below
unit Material land surface (feet)
Qu Soil, brownish-black ...... .o ens. 0- 2
Till, yellowish-brown, oxidized; dark-
brown below 7 feet and grayish-brown
below 23 feet ... ... it renonenreaces 2- 34
Till, medium- to dark-gray, unox1dlzed
very hard drilling. . v v i o v v et s v s nnvasns 34- 83
Till, silty, medium- to dark- gray,
unoxidized ... vt o e 83-101
Silt to sand, very coarse ............... 101-124
Sand, medium togravel ....... 00t cec.s 124-135
Kn Shale, medium tannish-gray, calcareous . 135-152 T.,D,
SANBORN COUNTY
Well 108-61-27dcdcy Elevation 1,309 feet
Drilled 1952, G
Electric log tops (not logged below 674 feet):
Surface casing ... ..ot eevecncosaconnans 0-176
Kn Niobrara Marl. ... v e vsvooeooceocennns 160(?)-232
Kc Carlile Shale .. ...ttt ietecnnenooos 232-252
Kce (?) Codell Sandstone Member of Carllle
Shale..... s e s e o e casuiacesuacoa oo 252-290
Kc Carlile Shale .. ..ot tiirvnoeeson 290-438
Kg Greenhorn Limestone. v v v v e coooonooeesas 438-460
KgsandKd Graneros Shale and Dakota Group ........ 460-950 T.D.
SANBORN COUNTY
Well 108-61-31ddcd Elevation 1,280 feet
Drilled 1961, G
Qu (Ti11), clay o eecv o onnsca came e 0- 32
Sand. .. vt ieoc et ca e s e e e a 32- 48
(Till), clay, SOt i er e v iienenoncnoonn .o 48-160
Kn Shale, sandy .....voenonvenn.n 160-170

Chalk........ et esiinioscoocec o e e as 170-206 T.D.
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SANBORN COUNTY

Test hole 108-61-32cccc Elevation 1,275 feet
Drilled 1960, D
Geologic Depth below
unit Material land surface (feet)
Qal SANA Lttt e i e et it e o 0- 3
Qwl Till, silty and sandy, oxidized ......... 3- 6
Till, unoxidized; hard drilling .......... 6- 30
Qwe Sand, fine to medium; some silt......... 30- 57
Sand, mediumand gravel., .. .. ..ot ven. 57- 62
Sand, medilum .. ivve ittt teneeeannens 62- 65
Sand, medium to coarse and gravel...... 65— 66
Sand, medium to coarse; stopped by
boulder.....iiiiiiiiiiicirrenconannns 66- 95 T.D.

Remarks: Rocky zone from 3 to 7 feet.

SANBORN COUNTY

Test hole 108-61-33cccc Elevation 1,292 feet
Drilled 1960, D
Qu e 1 0- 1
Till, sandy-gravelly clay ....ovveeeeen. 1- 38
Siltand sand .. ...t iteeionennneaonss 38- 68
Till it et i it i e e e aaneos 68- 75 T,D.

SANBORN COUNTY

Test hole 108-61-33dddd Elevation 1,299 feet
Drilled 1960, D
Qu SO1l, SiltyY vvvn it e ie i ii i i ienocannenas 0- 3
Till, Silty.e i i i it tincneoenenonnans 3- 14

1 14- 60 T.D.
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SANBORN COUNTY

Test hole 108-61-35cccc
Drilled 1961, D

Elevation 1,290 feet

Geologic Depth below
unit Material land surface (feet)
Qu Soil, brownish-black ........covvvv.n 0- 1

Till, yellowish-brown, oxidized......... 1- 20
Sand, medium, light-brown; clay and

fine sand. . vt e e i i inoneerenonnenans 20— 34
Clay, siltyand sandy...cceeeeonneeoeen. 34- 37
Till, silty, medium-gray, unoxidized .... 37-100
Sand, medium to coarse; gravel .. ....c.. 100-104
Till, unoxidized; hard drilling. .. ...« .... 104-141

Kn (?) Bedrock; NO sample v v e e eneoneaonens 141-142 T,D.

SANBORN COUNTY

Test hole 108-62-11cccc
Drilled 1961, D

Qal Sand, medium to gravel, red-brown to

gray=browWn & v . v et eoenoooonocaons
QOwl and Till, sandy and gravelly, gray-brown

Qwe to black; dark-gray to blue-gray below
20 feet. . ii i ioonovoncosonacaananas

Qwe Sand and gravel .. ...t ionveonnoooss
SANd. . v et cnoneacenoaroonaroeaos
Till, gravelly,. calcareous; hard
drilling

ooooooooooooooooooooooooooo

SANBORN COUNTY

Test hole 108-62-16bbbb
Drilled 1961, D

Qu Soil, sandy silt, black....c.iveeenn.s
Qld Silt, slightly sandy, yellow; yellow-
brown below S5 feet .....neccveeeenns
Qwl Till(?), clayey-sandy silt, yellow-
PrOWIN, 4 oo v vt e e scacoacasnnaaneas
Qwe Sand, fine to gravel, clayey, yellow-

brown; gray, more clay below 19 feet ...

Till, s@ndy, Gra8V..oceeooeeecoooenoaos
Kn Shale, dark gray-black, calcareous...

Flevation 1,300 feet

0- 17

17-105
105-117
117-130

130-152 T,D.

Elevation 1,312 feet

0- 2
2- 7
7- 15

. 15- 69
69-141
141-152 T.D.
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SANBORN COUNTY

Test hole 108-62-23aaaa Elevation 1,293 feet
Drilled 1960, D
Geologic Depth below
unit Material land surface (feet)
Qu o 1 N 0- 2
Sand, finetomedium ...cieeecsvsoooonc 2- 5
Clay, sand, and gravel, medium-brown .. 5- 9
Till, medium- to dark-brown, oxidized... 9- 15
(Till), clay, very sandy, light-gray,
unoxidized . ... eier i it naeaa e 15- 35
Till, silty and sandy, unoxidized,....... 35~ 41
Till, unoxidized........... b e e e o 41- 72 T.D,

SANBORN COUNTY

Test hole 108-62-23dddd Elevation 1,294 feet
Drilled 1960, D
Qu e 1 0- 3
Till, Silty vt s ittt c i i i ceeneoneaannnas 3- 14
Silt to sand, medium, light-brown....... 14- 17
Till, gray, unoxidized ....... s oeeonsn 17- 87 T,D,

SANBORN COUNTY

Test hole 108-62-31cccce Elevation 1,326 feet
Drilled 1960, D
Qu SOIL v s ee s esoamoreeenanns e 0- 1
Till, slightly silty and sandy from 35
to4d2 feel .o itie e onoonss ee e e s e 1- 75

Till, tough; hard Grilling .........ve.... 75— 77 T.D.
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SANBORN COUNTY

Test hole 108~62-32¢cccc Elevation 1,312 feet
Drilled 1960, D

Geologic Depth below
unit Material land surface (feet)
Qu Soil, fine to medium sandy silt ......... 0- 7

Gravel, Very COBISE v v vv v e s vnvosonnnses 7- 9
Sand, fine; gravel. . i it i ettt vens 9- 12
Sand, medium ....ver ittt et 12- 15
Sand, medium to coarse; boulders....... 15- 30
Sand, medium to gravel, fine........... 30- 48
) o < 48- 51
Sand, fine 10 COaISe. v v v v et e vnonsen 51- 66
Sand, very fine, silty ... v vn o, 66— 73
Sand, fine to medium, very silty ........ 73- 83
Sand, very fine to fine, very silty....... 83- 90
0 o ¥ o 90- 89 T.D.,
Remarks: Rocky zone from 15 to 30 feet and
below 98 feet.

SANBORN COUNTY

Test hole 108-62-33cccc Elevation 1,305 feet

Drilled 1960, D
Qu Soil vvvivev o e ee e a e 0- 3

Sand, very fine to coarse; some silt

and gravel ... i i i et i e 3- 12

Silt to sand, fine; some thin clay layers;

medium to very coarse sand near bottom

ofinterval . ... i, e e e 12- 73

Till, tough; hard drilling . ..o v v v e v v 73- 75 T.D
SANBORN COUNTY

Test hole 108-62-34cccce Elevation 1,305 feet

Drilled 1960, D
Qu S s e 0- 2

Till, oxidized ... v en.nn e e 2- 13
Till, unoxidized; boulders from 23 to

25 feel L. i i i i e e 13- 25
Siltand sand ... i ittt cntenoeeaennens 25- 70
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SANBORN COUNTY

Test hole 108-62~-34dddd Elevation 1,303 feet
Drilled 1960, D
Geologic Depth below
unit Material land surface (feet)
Qu S 1 e 0- 2
Sand, fine to medium; silt and some
gravel from 5 to 7 feet ... vinroeennn 2- 7
(Till), silty=5andy Clay e vuevr e v eeennnnos 7- 17
Sand, fine to medium; some silt......... 17- 21
(Till), silty-5andy Clay v eoovcoeons 21- 28
Silt and sand, fine to medium; some
clay....... f e ae e et e et e 28~ 38
(Till), Silty Clay v et in vt eorrconanonnn 38- 42
Silt and sand, fine; some clay ... eeoooo. 42—~ 70 T,D,

SANBORN COUNTY

Test hole 108-62-35aaaa Elevation 1,297 feet
Drilled 1960, D
Qwl Soil, silty and sandy; sand increasing
AOWNWAIT 4, et iavoneonosocaaecsosoosas 0- 4
Sand, very fine to medium, brown ....... 4- 12
Sand and clay, gray, unoxidized ........ 12- 20
Till, gray, unoxidized ....c.vvvoencecos 20- 28
Till, very silty, unoxidized.......vev0o. 28- 35
Till, silty and sandy, unoxidized........ 35- 45
Till, silty and sandy, unoxidized; easy
drilling v veoeceoncocoosssosaoossssooass 45- 54
Qwe Till, gray-brown, oxidized; harddrilling.. 54- 77 T.D.

SANBORN COUNTY

Test hole 108-62-36cccce Elevation 1,295 feet
Drilled 1960, D
Qu @ 0- 2
Till, sandy Clav. .. v v voveenoces 0 eeoeo 2- 3
Sand, fine to coarse .. .coeocsoceos e 3- 27
Silt; some clay and fine sand .. ..ccacoo. 27- 35
Silt, sand, and gravel .....cceceoseoecs 35- 39
Silt and sand, very fine to medium;
clayey below 65 feet. .. v i iiceeereneenn 39- 86
Till, o eivievaoononaens e e aa e 86- 87 T.D,
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JERAULD COUNTY

Test hole 108-63-1aadd

Drilled 1961, B

Geologic

unit Material

Qwl (Till) , sandy clay, buff, oxidized.....

Qwe Sand, coarse to Very COarse..........
(Till), very sandy clay. gray,
UNOXIdizZed v c v e vt oo e oo oneeeoonsonaa

Kn Clay. silty, sandy, light-gray (N7),
highly calcareous; foraminifers.......

JERAULD COUNTY

Well 108-63~-1laca

Drilled 1961, G

Electric log tops:

Surface casing....«voo.. be e e
Qu Glacial drifte e e v oo cocenoocesasonson
Kn Niobrara Marle«..oeeeoo s e 6o o a0 c e e e
Kc Carlile Shale .. e v e cenenonnens
Kce Codell Sandstone Member of Carlile

Shale s cvo o ooroenoeeoonneooenneseas
Kc Carlile Shale. .. v ieeee v ennooneonns
Kg Greenhorn Limestone. .. coeeoceneenas
Kgs Graneros Shale. oo v i vt ennneenncennn.
Kd Dakota Groupe s ceocncocoosooas c e

JERAULD COUNTY

Test hole 108-63-12dddd

Drilled 1961, D

Elevation 1,343 feet

Depth below
land surface (feet)

0~ 25
25- 39
39-132

132-140 T.D.

Elevation 1,322 feet

0-150
0-165
165-245
245-265

265-295

295-435

435-460

460-660(?)
660(?)-986(?) T.D,

Elevation 1,306 feet

Qu Soil, sandy, silt, black.....cccccaen.s 0- 2
Sand, silty, brown:; clay...cececoeoeos 2- b6
Till, gravelly and sandy, dark-brown
dark blue-gray below 9 feet........ ... 6- 58
Sand, very fine to medium, well-sorted,
QLAY s - 5 e o ot s o v coocoononoosoonsnonas 58~ 94
Till(?): harder drilling than sand...... 94-108
Sand(?). e e e e e 108~124
Sand(?) and gravel. .. c.oeconenoanan 124-140

Sand, fine to very coarse, subangular
to subrounded; gravel. .. oo vt aos o

140-152 T.D.
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JERAULD COUNTY

Test hole 108-63-26adds Elevation 1,320 feet
Drilled 1960, Ds
Geologic Depth below
unit Material land surface (feet)
Qu ST 1 0- 3
Qwl Till, yellowish-brown, oxidized......... 3- 13
Sand, medium-brown.........e.v.. Cen e 13- 16
Till, brown, oxidized .. ...vevsvevscaeas 16- 19
Till, medium-gray, unoxidized .......... 19- 40
Qwe Soil zone (?); clay, dark reddish-brown .. 40- 42
Till, yellowish-brown to brown,
oxidized .., ...t iiio oo aoanoaone 42— 44
Till, dark-gray to blue-gray, unoxidized . 44- 47 T,D,

Remarks: Wood fragments found between 41
and 43 feet; U, S, Geological Survey radio-
carbon sample number W-983 dated at
10,350+300 yr., B.P,; sample W~387 dated
at 12,530+350 yr. B.P., was wood from a
well drilled in 1951, 1% feet south of this

hole.
BEADLE COUNTY
Test hole 109-59-36dddd Elevation 1,371 feet
Drilled 1961, D
Qu SOl i o v s e n e a e s o e 0- 1
Till, sandy clay,“,”.,.,_ .............. 1- 13
Sand, medium tO COAIrSE .. v cotcooceonosoo 13- 15
Till, gravelly clay..:cceoosocaoocn 15- 25
Till, very sandy Clay «..oeeoccoconcaocns 25- 50
Till, sandy clay. . c.cvcoonsneocneooans 50- 56
Kp Shale blue-black to black, noncalcare-

ous; very hard drilling . ... coooncnvonssos 56- 70 T.D,
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APPENDIX B.-~RECORD OF SELECTED WELLS AND TEST HOLES

Well location: See figure 3,

Owner: SDGFP, South Dakota Department of Game, Fish, and Parks; SDGS,
South Dakota Geological Survey; SDWRC, South Dakota Water Re-
sources Commission; USBR, U, S, Bureau of Reclamation; USGS, U, S,
Geological Survey.

Year drilled: a, about; b, before.

Aquifer or water-bearing unit: Qf, Floyd; Qw, Warren; Knc, Niobrara Marl
and Codell Sandstone Member of Carlile Shale; Kc, lower part of Car-
lile Shale; Kg, Greenhorn Limestone; Kd, Dakota Group.

Method of lift: C, centrifugal pump; P, piston pump; Cy, cylinder pump;
T, jet pump; T, turbine pump. Yield: F, natural flow in gallons per
minute; Fs, slight flow; Fu, undetermined flow; e, estimated; m, meas-
ured; r, reported; >, more than; <, less than.

Use of water: D, domestic; S, stock; I, irrigation; PS, public supply; T,
test hole; O, observation well; N, none.

Remarks: Fx, formerly flowed at land surface; Fs, flowed slightly,

Location of wells and test holes shown on Plate 7,
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