
Ground-Water Resources of the Ellendale Area
Dickey County, North Dakota

North Dakota Ground-Water Studies
No. 75

By

Charles E. Naplin

Graund-Water Geologist

Published By

North Dakota State Water Commission

State Office Building

900 Boulevard

Bismarck, North Dakota 58501

-1973-

HYDROLOGIC CYCLE.-

•



GROUND-WATER RESOURCES OF THE ELLENDALE AREA

DICKEY COUNTY, NORTH DAKOTA
SWC Project No. 750

By
Charles E. Naplin, Ground-Water Geologist

North Dakota State Water Commission

NORTH DAKOTA GROUND-WATER STUDIES NO. 75

Publ ished By
North Dakota State Water Commission

State Office Building
900 Boulevard

Bismarck, North Dakota 58501

-1973-



CONTENTS

Introduction

Purpose and Scope

Location and General Features

Well-Numbering System.

Present Water Supply.

Previous Investigations

Geology and Ground-Water Conditions.

Bedrock •

Glacial Drift

Till and associated sand and gravel deposits

Outwash.

Hydrology.

Dakota Artesian System.

Dry Branch Outwash Deposit.

Ellendale Aquifer

Water Qua 1ity.

Summary and Conclusions.

References

Page

2

2

6

6

6

12

12

12

16

17

17

20

26
31

128



Plate

ILLUSTRAT IONS

Page

Map of the Ellendale area showing location of wells,
test holes, and geologic cross sections .•• (in pocket)

Figure

2

3

4

5
6

Map of North Dakota showing physiographic provinces
and location of the Ellendale area •••••••••••

System of numbering wells, test holes, and springs.

Geologic cross section A-AI · · · · . . . .
Geologic cross section B-BI · · · · .
Geologic cross section C-CI · · · · .
Outwash deposits along Dry Branch Creek . . . .

3

4

8

9
10

14

7 Location and thickness of Ellendale aquifer ••• 15

8 I,j'ater-levelfluctuations in Dry Branch outwash deposit
and precipitation at Ellendale during 1969 •• 19

9 Water-level Fluctuations in Ellendale aquifer and pre-
cipitation at Ellendale for 1969 ••••• 21

10 \-later levels in Ellendale aquifer July 1970 •• 23

11 Apparent drawdown after 5 days pumping of test well at
310 gpm .•••••.••••••• 24

12 [Jrawdown and recovery of selected observation wells 25

i i



Table

2

3

4

TABLES

Stratigraphic column of the Ellendale area

Chemical analyses .•....•...

Water levels in observation wells.

Logs of test holes •.••••••

i i i

Page

7
27

33

45



GROUND-WATER RESOURCES OF THE ELLENDALE AREA

DICKEY COUNTY, NORTH DAKOTA

INTRODUCTION

PURPOSE AND SCOPE

In the spring of 1968 the Ellendale City Council requested the North

Dakota State Water Commission conduct a ground-water survey for the city.

As a result this study was undertaken to determine the potential of the

existing municipal water supply (1968), and to further investigate ground-

water avai1abi1 ity in the Ellendale area.

Field work consisted of subsurface exploration by test drill ing, col-

lection of selected water samples for chemical analyses, the periodic measure-

ment of water levels in observation wells, and an aquifer test. The drilling

and associate:d field work were under direct supervision of the author. Lewis

Knutson and Hugh Jacobson accomp1 ished the test drilling using a hydrau1ic-

rotary drill ing machine. Chemical analyses were performed by Garvin Muri,

State Water Commission chemist, at the North Dakota State Laboratories Depart-

ment. The aquifer test was conducted under the supervision of R. W. Schmid,

ground-water hydrologist, with assistance from Robert McAdoo. Special acknow-

ledgement is extended to former Mayor Earl H. Redlin, Mayor Art Raymond, and

city water plant manager, Mr. Art Schlenker, for information concerning city

wells and water facilities.

LOCATION AND GENERAL FEATURES

The Ellendale area described in this report consists of 198 square miles

including all or portions ofTps. 129 and 130 N., Rs. 61,62 and 63 W. The

study area is located in south-central Dickey County and is within the Central



Lowland physiographic province of North Dakota (fig. 1). Relief in the

area is gently roll ing with surface elevations ranging from 1,359 feet to

1,520 feet above sea level. The regional slope is toward the east.

The average annual temperature at Ellendale is 42.60 F. based on a 71-year

period of record (U. S. Department of Commerce, 1969). The average annual

precipitation for the same period of record is 19.11 inches.

Ellendale, (1970 population 1,517), is essentially an agricultural com-

munity. It is served by branch lines of the Burl ington Northern Railroad.

Motor transportation to the city is provided by State Highway 11 and U. S.

Highway 281.

WELL-NUMBERING SYSTEM

The well-numbering system used in this report, as illustrated in figure 2,

is based upon the location of the well in the Federal system of rectangular

surveys of pub1 ic lands. The first number denotes the township north of the

base 1 ine that passes laterally through the middle of Arkansas; the second

number denotes the range west of the fifth principal meridian; the third number

denotes the section in which the well is located. The letters a, b, c, and d

designate, respectively, the northeast, northwest, southwest, and southeast

quarter section, quarter-quarter section, and quarter-quarter-quarter section

(10-acre tract). Consecutive terminal numerals are added if more than one

well is located in a 10-acre tract. Thus well 130-63-15daa is in the NEi,NEi,SEi,

sec. 15, T. 130 N., R. 63 W.

PRESENT WATER SUPPLY

The city of Ellendale derives its water supply from three wells (pl. 1).

City well 1 (129-62-18bbbl) was drilled in 1957 and is 30 feet deep. City
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well 2 (129-62-18bbc) is 29 feet in depth and was drilled in 1959. Both

wells are 12 inches in diameter and are completed in the lower 10 feet with

V-slot well screen. Both are located in a discontinuous sand and gravel

deposit on the east side of Dry Branch Creek. Water is chlorinated at the

well sites and pumped to a treatment plant for removal of iron and manganese.

City well 3 (129-63-12cba), completed in an aquifer of the Dakota artesian

system, is 1,083 feet in depth and is located within the city limits. Ordin-

arily city well 3 is used only for emergencies. During the fall of 1970 city

wells 1 and 2 were pumped at a combined rate of 100 gpm (gallons per minute)

and this water was then mixed with water from city well 3, also being pumped

at a rate of 100 gpm (Art Schlenker, oral communication, 1970).

Average annual water consumption in 1964 was about 123,000 gpd (gallons

per day), but during certain times of the year consumption would be as high

as 200,000 gpd (Lindvig, 1965). Using 123,000 gpd as the average daily con-

sumption, this would approximate 140 acre-feet per year. However, the city

is now using more water and daily consumption is probably 160,000 gpd, and

may exceed 300,000 gpd during periods in the summer months when demand is

great (Art Schlenker, oral communication, 1970). At 160,000 gpd the average

annual consumption is about 180 acre-feet per year.

Because of low water levels in city wells 1 and 2 in 1959, a clay core

was constructed across Dry Branch Creek in the southern part of sec. 24,

T. 129 N., R" 63 w. (pl. 1). The purpose of the clay core was to prevent

the downstream movement of ground water and, thereby, cause the water table

along Dry Branch Creek to rise. A rise in the water table did not occur,

and in 1961 a dam was completed on top of the clay core in order to estab-

lish a reservoir. With a spillway elevation of 1,412 feet the reservoir

5



has a storage capacity of 246 acre-feet. The clay core and dam were

financed JOIntly by the North Dakota State Water Commission and the city
of Ellendale.

PREVIOUS INVESTIGATIONS

An unpubl ished ground-water survey for the city was conducted by

the North Dakota State Water Commission in cooperation with the U. S.

Geological Survey in 1957. The investigation consisted of test drilling,

installation of observation wells, collection of water samples, and a

pumping test conducted on a well located in the vicinity of city weIll.

The North Dakota State Water Commission conducted an additional ground-

water investigation of the Ellendale area under the supervision of Milton

O. Lindvig (1965).

GEOLOGY AND GROUND-WATER CONDITIONS

The occurrence of ground water in any area is directly related to

the physical structure of underlying rocks. In the Ellendale area more

than a thousand feet of sedimentary rocks underlie the mantle of glacial

drift. These rocks consist of 1imestone, sandstone, and shale (table 1).

Shale is the predominant bedrock 1 ithology.

BEDROCK

Test drill ing during this investigation encountered the Pierre

Formation below the glacial drift in about the western half of the study

area, while the Niobrara Formation was found to underlie the remainder

(fig' s. 3, 4, and 5).
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Table I -- STRATIGRAPHIC COLUMN OF THE ELLENDALE AREA

Killions of Years
Ago

Present
2-3

70

Era

u
o
No
t:
Ql
U

System

Quaternary

Tertiary

Group Formation

Glacial Drift

li thology

Boulder clay (till),
sand and gravel,
cobbles, boulders

135

u
o
No
C/l
Ql
~

Montana Pierre

Niobrara
Carlile

Cretaceous Colorado
Greenhorn
Belle Fourche
Mowry
Newcastle

Dakota Skull Creek
Fall River-
Lakota

Sha 1e
calcareous
shale
Shale
Calareous shale,
1imestone
Sha 1e. benton ite
Sha 1e. benton ite
Sandstone
Shale

sandstone. shale

500

5000

u
o
No
Ql

.~
o
No
.j.J

Cl.

,~

Ordovician

precambrian

Biq Horn

Winnipeg

7

Red River
~~~~~!~~~-~---
Icebox?
Black Island

Limestone. dolomite
Sandstone
Shale
Sandstone

Igneous and meta-
morphic crystalline
rocks

(Revised from Strassberg,
1954 )
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Drill cuttings of the Pierre Formation indicated a hard medium-dark-

gray to grayish-black,noncalcareous shale. Samples of the Niobrara Formation

show a moderately hard,grayish-brown,sl ightly calcareous to calcareous shale

containing numerous small white specks. Shale of either formation is con-

sidered relatively impermeable and will not readily yield water to wells.

However, in some areas the Pierre Formation may be fractured to a depth of

several feet in its upper horizon and will yield small quantities of water

to large-dfameter wells. In the Pheasant lake area seven miles west of Ellen-

dale, for nstance, there are several wells completed in the Pierre Formation.

The PIerre Formation was encountered at elevations ranging from 1,291

feet above mean sea level in test hole 5117 (129-62-8ddd) to 1,452 feet in

test hole ~)114 (130-63-32aaa). Mean sea level elevations to the top of the

Niobrara Formation ranged from 1,055 feet in test hole 5140 (129-62-22aab) to

1,181 feet in test hole 5630 (130-62-15bbb).

Formations of the Colorado and Dakota Groups, all of Cretaceous age, under-

lie the Niobrara (table 1). The Colorado Group consists primarily of relatively

impermeable shales, whereas, the Dakota Group is comprised of several permeable

sandstones that are capable of yielding water to wells. Several formations

of Ordovician age underlie the Cretaceous system in this area. Formations of

the Big Horn and Winnipeg Groups consist of sandstone, limestone, dolomite,

and shale. The more permeable sandstones and limestones will yield water to

wells. However, all permeable formations of the Cretaceous and Ordovician

systems commonly contain waters that are highly mineralized.
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GLAC IAL DR I FT

Glacial drift refers to stratified or unstratified material deposited

directly or indirectly by glacial action. The surface of the glacial drift

in the Ellendale area is ground moraine, which is a landform of low relief and

gently undulating topography. It is entrenched in places by Maple River, Dry

Branch and Sewer Branch Creeks, and their intermittent tributaries.

Till and associated sand and gravel deposits

Most glacial drift in the Ellendale area is composed of till. Till is

an unconsol idated, unstratified, heterogeneous mixture of clay, silt, sand,

gravel, cobbles, and boulders. Glacial deposition of these materials occurred

with little or no transportation by water. Till is colloquially termed IIblue

clay" when it is encountered below the water table. When it occurs above

the water table it becomes weathered by the processes of leaching and oxi-

dation and is commonly referred to as lIyellow clay.1I Till in the Ellendale

area ranges in thickness from 32 feet in test hole 5114 (130-63-32aaa) to

329 feet in test hole 5642 (129-61-29bbb).

Clay and silt, the two predominant constituents of till, are extremely

fine grained, relatively impermeable, and will not readily yield water to

wells. Numerous thin lenses of sand and gravel commonly are associated with

till, however. These lenses characteristically are local in areal extent

and yield small quantities of water to wells.

Outwash

Sand and gravel deposited by melt water streams beyond active glacial

ice is termed outwash. Deposits of this type occur along Sewer Branch and

Dry Branch Creeks and the Maple River.
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Test drilling suggests the surficial outwash deposits along Dry Branch

Creek are not continuous (fig. 6). The sand and gravel deposit in which city

wells and 2 are completed varies considerably in thickness and extends over

an area of approximately 26 acres. Known thicknesses of sand and gravel range

from 10 feet in test hole 5173 (129-62-18bbb3) to 24 feet in test hole 5172

(129-62-18bbb4), but as much as 26 feet of gravel was reported at city well

(129-62-18bbbl)'

Subsurface data indicate a buried outwash deposit exists east of the

Maple,River in the Ellendale area. Test drill ing indicates it extends over

an area of about 17 square miles in portions of Tps. 129 and 130 N., Rs.

61 and 62 W" (fig. 7). However, the deposit probably extends over a much

larger area than indicated in this report. Figures 3, 4, and 5 illustrate

the buried outwash stratigraphically in cross section.

Sand and gravel encountered during test drill ing ranges in thickness

from 5 feet in test hole 5630 (130-62-15bbb) to 58 feet in test hole 5637

(129-61-17bbb). Test hole 5147 (130-62-26dcc) penetrated several small inter-

vals of sand and a thick sequence of silty and sandy clay before gravel was

encoun te red.

The grain size of water-bearing materials ranges from silt to very coarse-

grained sand to coarse sandy gravel. Grain-size distribution varies considerably

from one loc:ation to another but generally materials become more fine grained

toward the flanks of the deposit. Materials are moderately to well sorted

and the degree of roundness of individual grains ranges from angular to
rounded.

13
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HYDROLOGY
Ground water occurs in rocks at various depths in the upper zone of the

earth1s mantle. The original source of all ground water is precipitation.

Some of the precipitation which falls to the surface of the earth is absorbed

into the ground and percolates downward by gravity to a zone of saturation.

A large percentage, however, is retained for a short time by the soil and then

returned to the atmosphere by evaporation and transpiration.

Various types of sedimentary rock, fractured igneous and metamorphic

rocks, and deposits of sand and gravel possess the abil ity to store ground

water within their porous structure. These deposits are called aquifers when

they will yield water to wells in sufficient quantity to be of importance

as a source of water supply. Ground water moves through a porous media

under the influence of gravity at a very slow rate that is usually only a

few feet per year. However, the rate of ground-water movement is greatly

accelerated in the immediate vicinity of a well that is being pumped.

Artesian aquifers are confined by relatively impermeable beds.

Ground water contained within these aquifers is under pressure due to the

weight of water at higher levels of recharge in the aquifer and to the weight

of overlying rocks. The water level in a well completed in an artesian

aquifer will be higher than the top' of the aquifer.

When water in an aquifer is not confined by impermeable material

such as clay or shale, it is called a water-table aquifer. The shape of

the upper surface of the zone of saturation is called the water table. It

is controlled by gravity and topographic rel ief.
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Water enters an aquifer (recharge) by the direct absorption of

precipitation. Water leaves an aquifer (discharge) by evaporation from

soils, lakes, ponds, and streams, by seepage to streams, and by springs.

Discharge also occurs through transpiration of plants and by the pumping

of wells. Fluctuation in water levels corresponds to recharging or

discharging conditions. A rise in the water level of a well indicates the

rate of recharge is greater than the rate of discharge. Consequently, a

decline in water level suggests that the rate of discharge exceeds the

rate of recharge.

DAKOTA ARTESIAN SYSTEM

In the Ellendale area sandstone formations of the Dakota Group comprise

an artesian aquifer system that provides a source of water to many farm wells

and city well 3. Ground water contained in the Dakota Group aquifers is under

considerable hydrostatic pressure. In many cases the pressure is high enough

to lift a column of water in a well above the land surface resulting in a

flowing well. In 1908 a well was drilled to a depth of 1,363 feet for the city

of Ellendale and reportedly flowed at a rate of 800 gpm. A gage pressure of

about 196 psi (pounds per square inch) was registered at land surface (Simpson,

1929). Theoretically this artesian pressure was of sufficient magnitude to lift

a column of water about 452 feet above land surface. Over a period of many years

the original artesian head in this area has been largely depleted. Wells no

longer flow at their original rate and several have ceased to flow.

DRY BRANCH OUTWASH DEPOSIT

The outwash deposits located along Dry Branch Creek are discontinuous and,

therefore, are not hydraulically connected (fig. 6). Test drilling indicates

that the deposit of sand and gravel in which city wells 1 and 2 are completed

occupies an area of about 26 acres, but does not extend under the creekbed.

Therefore, recharge to this deposit occurs only from direct precipitation
17



on the aquifer and when the level of Dry Branch Creek is high enough for

water to enter the outwash body. Periods of recharge are irregular and

occur primarily during the annual spring thaw and sporadically throughout

the summer months from heavy rainfall. The median annual runoff over the

28-square-mile drainage area of Dry Branch Creek is approximately 10 acre-

feet per square mile (Glover, 1964). Recharge to the Dry Branch outwash

is but a small percentage of the average median runoff of 280 acre-feet because

much water is lost to evaporation, seepage, transpiration, and low flows.

Figure 9 shows a typical yearly fluctuation in the water table of the Dry

Branch outwash in which the city well field is located. From late March to early

May the rate of recharge exceeds the rate of discharge and the water table rises.

However, as soon as the period of spring runoff is over the water table begins a

continuous decline, with the lowest level occurring in March prior to the spring

thaw. Even during periods of moderate to heavy precipitation in the months of May,

June and July, water levels indicate the removal of water by pumping exceeds the

influx of water by precipitation and runoff.

The volume of available ground water in the Dry Branch sand and gravel depo-

sit can be calculated by multiplying the 26 acres of areal extent times a 20-foot

average saturated thickness times the average specific yield estimated to be 0.06

(26 x 20 x 0.06 = 31.2 acre-feet). It should be emphasized that 31.2 acre-feet

is only an average figure and is subject to wide variation depending upon the

amount of seasonal precipitation and the degree and duration of pumping. The

annual water requirement for Ellendale in 1971 is estimated at 180 acre-feet,

therefore, the Dry Branch outwash is not capable of providing enough water to

the city without continuous recharge.
The numerous small outwash deposits shown in figure 6 all have a very

1imited ground-water storage capacity. Therefore, only small yields can be
expected from the Dry Branch outwash deposits. An individual outwash body would

only yield a sufficient quantity of water to domestic or stock wells.
18
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ELLENDALE AQUIFER

The buried outwash deposit east of the Maple River is here named the

Ellendale aquifer. Figure 7 shows the thickness and areal extent of the

Ellendale aquifer as defined by test drilling. Ground water contained in the

aquifer is under artesian pressure.

Water-level elevations in the Ellendale aquifer range from about 1,395

to 1,397 feet above mean sea level. Flows can be expected at elevations

below 1.395 feet mean sea level. Test hole 5147 (130-62-26dcc) was originally

completed as an observation well and flowed at a rate of approximately 30 gpm

at an elevation of 1,390 feet mean sea level. The well was plugged and aban-

doned after a water sample had been recovered.

Figure 9 indicates very little annual fluctuation in water levels through-

out the aquifer. A small increase in water level occurs in late spring and

early summer indicating the aquifer is receiving some recharge through the

surrounding till and probably from deposits outside the study area. This

hydrograph suggests that the aquifer acheives a state of hydrologic equillibrium

in fall and winter months when recharge is about equal to discharge. It also

indicates the aquifer extends over a relatively large area and is not readily

affected by periods of below normal precipitation.

An aquifer test was conducted during July 1970 using an 8-inch-diameter

well located 6 miles east and I mile north of Ellendale (130-62-36ccb3). The

well was completed from 59 to 99 feet below land surface with a 6-inch-diameter,

0.012-inch V-slot well screen. The test was started July 23 and a pumping

rate of 310 gpm was maintained for 5 days. Water levels were measured in

23 observation wells and the test well. Drawdown ranged from 0.03 foot in obser-

vation well 5629 (130-62-10ddd) to 44.38 feet in the test well (130-62-36ccb3).

20



(\J r<l <:t to (!) I'-- ro en 0 (\J r<l <:t
(\J 0 en

CDen
a:...
CD a::to ::;

0 ... 0
0 ~ l.L0

UJ..Ja: <t...
r<l

CD 0::; Z0 ...
> UJ0 0
z .-J..J

W
a:: ~... <t<:t CD
0

(!) t-
U Z0 0

0
~

a: t:!...
CD

ro ::; Q.....<:t t-

o a. U...
(f) UJa::Q.
t- O

<:t (f) Z:l
~ '" <t:l
(\J ..

a::
UJ

.0 -0
U l.L

0 -0 U U
-0 -0 U u ::l

-0 en >-

to (!) (!) c: ..J a
to :l <t

(\J (\J (\J
(\J (\J

-,

I
I I I

(\J
(\J (\J

UJ
(\J .-J

(!) (!) (!) (!)

I I I I
<t0

0 0 0 0 ro ... Z
r<l r<l r<l r<l r<l

z
~ UJ

<i ..J..J
W

Z
(!) >-
r<l ..

::; en<i z
0
~
<t

..J ~
en ii ~
~ a. U.. ~

.-J
LL.

.-J
J: UJ

<:t u >a:
r<l .. UJa ::;

..J
I

a::
UJ

0 ~
to

~

(j)

<:t UJ
0 a::.....: ::>

(!)

(\J r<l <:t to (!) I'-- ro en (\J r<l <:t to <:t r<l (\J 0 l.L

e:lD jJns PUDI MOleq ~eef U! 'J e~ DM o~ 4~dea se4:lUI UI 'uoq D~Idl:leJd

21



Figure 10 shows static water-level conditions in the aquifer before

pumping was started. Water-level decl ine monitored in observation wells after

5 days of pumping are shown in figure 11. Ground-water movement was toward

the test well site and occurred as the hydraulic pressure was reduced in the

aquifer by pumping the test well. Figure 12 graphically illustrates drawdown

and recovery for selected observation wells versus time.

Interpretation of aquifer-test data indicates a coefficient of trans-

missibil ity of 25,000 gpd/ft. (gallons per day per foot of aquifer width under

a hydraulic gradient of 100 percent~ A coefficient of storage of 0.0004

can be expected for an average section of aquifer.

The specific capacity of a well, discharge divided by the drawdown,

is controlled by hydrologic characteristics of the aquifer and well construction,

but is primarily determined by grain size and the permeabil ity of aquifer

materials. The specific capacity of the test well was determined to be 6.98
gpm/foot of drawdown. The production well was completed in predominantly

fine-to medium-grained sand that contained a large percentage of silty clay.

Clay lenses and interstitial clay in aquifer bodies reduce premeability and

will adversely affect the specific capacity of a well.
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A specific capacity of about 7 gpm./ft. of drawdown for the production

well is fair, considering the fine-grained sand and silty clay present in

the screened aquifer section. Test drill ing indicates coarser grained material

and better permeability are characteristic of the Ellendale aquifer under-

lying the st sec. 25 and Nt sec. 36, T. 130 N., R. 62 W. Properly constructed

wells completed in this portion of the aquifer should obtain larger specific

capacities than the test well constructed for this investigation. The decline

in water levels throughout the aquifer during the pumping period indicates

good hydraul ic continuity within the aquifer.

Based on an area of 17 square miles, an average saturated thickness

of 25 feet, and average porosity of 30 percent, the aquifer contains about

81,600 acre-feet of ground water in storage.

WATER QUALITY

All water occurring on the earth's surface or underground contains

dissolved solids. Water begins to dissolve mineral material as it falls

to the surface as precipitation and continues to do so as it in-

filtrates into the ground. Dissolved constituents in ground water vary

in type and concentration depending primarily upon the composition of rocks

with which ground water comes into contact. However, other factors such

as the duration of contact with rock material, temperature, pressure, and

gases in solution also determine the nature and concentration of dissolved

material.

Sixty-five water analyses are listed in table 2. Sixteen of these are

from past investigations at Ellendale and 49 were collected for chemical

analysis during the present investigation.
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The following summary gives the significance of selected constituents of

water for a domestic or municipal water supply in North Dakota (Schmid, 1965):

S i I ica (S i07)

Silica has no physiological or esthetic significance.

Iron (Fe)

Over 0.3 ppm (parts per mi II ion) iron may cause sta ining of laundry

fixtures, and over 0.5 ppm may be tasted by persons unaccustomed to water

with a high iron content. Iron removal systems are available.

Manganese (Mn)

Manganese produces black staining when present in amounts exceeding
0.05 ppm.

Calcium (Ca) and Magnesium (Mg)

Calcium and Magnesium are the primary causes of hardness. Over

125 ppm magnesium may have a laxative effect on persons unaccustomed
to this type of water.

Sodium (Na)

No physiological or esthetic significance results from the presence

of sodium except for persons on salt-free diets. It does have an effect
on irrigation usage of water.

Potassium (K)

Small amounts of potassium are essential to plant and animal nutri-
tion.



Sulfate (S04)

A 250 ppm 1 imit for sulfate is set by the U. S. Publ ic Health

Service, however, a survey by the North Dakota State Health Department

indicates no laxative effect is noticed until sulfates reach 600 ppm.

Over 750 ppm, there is generally a laxative effect. The following is

a classification establ ished by the North Dakota State Department of

Health:

o - 300 ppm

300 - 700 ppm

Over 700 ppm

Low

High

Very high

Chloride (el)

Over 250 ppm chloride may have a salty taste to persons unaccustomed

to high concentrations. Humans and animals may become accustomed to

high concentrations.

Flouride (F)

Flouride is bel ieved to prevent decay in children's teeth within

the 1 imits of 0.9 to 1.5 ppm in North Dakota. Higher concentrations

may cause mottled teeth.

Nitrate (N03)

Over 45 ppm nitrate can be toxic to infants, much larger contentra-

tions can be tolerated by adults. Nitrate in excess of 200 ppm may have

a deleterious effect on livestock health.

Boron (S)

Boron has no physiological or esthetic significance.
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Total Dissolved Sol ids

A I imit of 500 to 1,000 ppm of total dissolved sol ids is set by

the U. S. Public Health Service, but persons may become accustomed to

water containing 2,000 ppm or more total dissolved solids. The following

is a classification estab1 ished by the North Dakota State Department

of Health Survey:

o - 500 ppm

500 - 1 ,400 ppm

1,400 - 2,500 ppm

Over 2,500 ppm

Low
Average

High

Very high

Hardness

Hardness increases soap consumption but can be removed by a water-

softening system. The following is a general hardness scale established

by the North Dakota State Department of Health:

o - 200 ppm (as CaC03) Low

200 - 300 ppm Average

300 - 450 ppm High

Over 450 ppm Very high

Should be between 6.0 and 9.0 for domestic consumption.

Percent Sodium; Sodium Adsorption Ratio, Specific Conductance

Are all factors used in determining irrigation feasibil ity.

Ground water in sandstones of the Dakota Group is generally described

as being sal ine. Water from city well 3 is a sodium-chloride type which con-

tains 2,777 ppm total dissolved sol ids, 993 ppm sodium and potassium, and

939 ppm chloride.
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Iron content is 0.50 ppm but the water is treated to reduce this concentration.

Dakota water can be treated through a process of desalinization to remove most

of the dissolved solids, but present desal inization costs are high.

The quality of ground water in the Dry Branch surficial outwash varies

considerably throughout the year. Concentrations of dissolved minerals are

greater in the fall and winter months because of the migration of poorer

quality water from surrounding glacial till into the deposit. In the spring

and summer, ground water in the outwash deposit becomes diluted when surface

runoff infiltrates into the porous material and the concentration of dissolved

minerals is diminished accordingly.
Water in the Dry Branch outwash is a calcium-sodium-sulfate type water.

Total dissolved solids range from 940 to 5,220 ppm and averaged 1,811 ppm.

Sulfate and hardness averaged 710 ppm and 969 ppm, respectively. The dissolved

iron content ranged from 0.12 to 8.80 ppm and manganese concentrations are

substantial enough to require treatment and removal.

Ground water in the Ellendale aquifer is of the sodium-sulfate-bicar-

bonate type. Total dissolved solids ranged from 554 to 1,300 ppm and averaged

1,033 ppm. Sulfate ranged from 141 to 568 ppm. Hardness averaged 472 ppm

as calcium carbonate. Dissolved iron ranged from a to 1.60 ppm and manganese

ranged from 0.02 to 1.90 ppm.

SUMMARY AND CONCLUSIONS
The Ellendale area studied during this investigation consists of 198

square miles in south-central Dickey County and is situated within the Central

Lowland physiographic province of the Interior Plains. The average annual

precipitation is 19.11 inches and the average temperature is 42.60 F. Maximum
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rel ief is about 160 feet. Drainage occurs through south-flowing Sewer Branch
and Dry Branch Creeks and Maple River.

Greater than 1.000 feet of sedimentary rocks underl ie the area with

the predominant Iithology being shale. Sandstones of the Dakota and Winnipeg

Groups yield highly mineral ized water to wells. Outwash deposits of sand

and gravel occur at random along Dry Branch Creek, but are not significant
aquifers.

The Ellendale aquifer is a buried outwash deposit of sand and gravel that

extends over a known area of 17 square miles. This deposit is capable of

yielding over 300 gpm to an individual well completed in an average section

of the aquifer. Recharge to the aquifer occurs through surrounding till and

probably from deposits outside the study area. The Ellendale aquifer contains

about 81,600 acre-feet of ground water in storage. based on an average poro-

sity of 30 percent. and an average saturated thickness of 25 feet. Water

quality does not change appreciably and is of the sodium-su1fate-bicarbonate

type. Dissolved iron does not exceed accepted standards in most cases. but
treatment for manganese may be required.

This investigation has shown that the Dry Branch outwash deposits do not

have sufficient areal extent or the recharge capabil ity necessary to provide

the city of Ellendale with an adequate supply of water. Water from the Dakota

artesian system is highly mineral ized and would require costly treatment to

enhance its qual ity. Subsurface data. an aquifer test. and water qual ity

suggest that the Ellendale aquifer is more than capable of providing the
city with an adequate supply of good qual ity water.
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TABLE 3 - WATER LEVELS IN OBSERVATION WELLS
Depth to water, in feet below or

(+) above land surface

Date

May 13, 1970
July 23

August 3
December 11

Date

May 13, 1970

July 23

December 11

Date

May 13, 1970

July 23

August 3
December 11

Test hole 5635

Test hole 5637

Test hole 5634

33

129-61-6cbb

129-61-17bbb

129-62-lbaa

Water Level

9.59
9.06
9.79
9.18

Water Level

42.88
41.91
42.02

Wate r level

5.61

6.36

7.06
6.42



Depth to water, in feet below or (+) above land surface

Date

July 23, 1970

August 3

Date

May 13, 1970

July 23

December II

Date

September 3, 1968

December 10

December 11

January 14, 1969

February 13

March 5

March 27

Apri I 10

May 5

Test hole 5650

Test hole 5636

Test hole 5151

34

129-62-lbbb

129-62-12dda

129-62-18bba

Water Level

+ 0.44

+ 0.21

Water Level

6.51

7.10

7.30

Water Level

12.04

14.03

14.02

14.35

14.48

14.96

15.42

9.42
3.10



Depth to water, in feet below or (+) above land surface

Date

Ju 1y 1, 1969

July 31

August 27

October 14

November 18

Apri I 24, 1970

May 19

December 11

Date

September 5, 1968

December 10

December 11

January 14, 1969
March 3

March 27

Apr i1 10

May 5

Apri 1 24, 1970

May 19

Test hole 5151

Test hole 5173

35

129-62-18bba (Continued)

Water Level

4.54

5.48

7.90
9.15

10.31

9. 15

7.40

9.50

129-62-18bbb3

Water Level

10.05

11.74

11.75

12.56

13.65

14.35

8.05

0.56
4.05

4. 10



Depth to water, in feet below or (+) above land surface

Date

September 5. 1968
December 10
December 11
January I, 1969

February 13

March 3

March 27
Apri 1 10

May 5
July
July 31

August 27
October 14
November 18
Janua ry I, 1970
February 26
April 24
May 19
December 11

Date

September 5, 1968

Test hole 5172

Test hole 5133

36

129-62-18bbb4

129-63-13dab

Water Level

12.65
13.92
13.87
14.01
15.40
16.17
17.20

9.70
3.20
4.24
5.41
8.31

10.53
11. 37

10.69
10.67
6.20

8.30
8.40

Water Level

10.00



Depth to water, in feet below or (+) above land surface

Date

September 5, 1968
December 10
January 14, 1969
February 13
July
July 31
August 27
October 14
November 18
April 24, 1~t70

Date

May 13, 1970
July 23
August 3
December 11

Date

May 13, 1970

Test hole 5166

Test hole 5627

Test hole 5626

37

129-63-24cdal

130-61-17ccc

130-61-29bbb

Water Level

5.50
4.43
4.93
5. 13

2.00
3.22
4.33
4.96
4.80
1.83

Water level

17.17
17.20
17.46
17.65

Water Level

17.06



Depth to water, in feet below or (+) above land surface

Date

Ju 1y 23, 1970

August 3

December 11

Date

May 13, 1970

July 23

December 11

Date

May 13, 1970

July 23

August 3

December 11

Date

May 13, 1970

Test hole 5626

Test hole 5625

Test hole 5624

Test hole 5629

38

130-61-29bbb (Continued)

Water Level

17.32

17.67

17.70

130-61-30bbb

Water Level

8.88
9.53
8.00

130-61-31bbb

Water Level

9.19

9.65

10.30

9.90

130-62-10ddd

Water Level

19.12



Depth to water, in feet below or (+) above land surface

Date

Ju1y 23, 19:70
August 3
December 11

Date

May 13, 1970
July 23
August 3
December 11

Date

May 13, 1970
July 23
August 3

Date

July 23, 1970

Test hole 5629

Test hole 5628

Test hole 5631

Test hole 5646

39

130-62-10ddd (Continued)

Water Level

19.35
19.46
19.65

130-62-12ddd

Water Level

16.19
16.40
16.58
16.80

130-62-23ddc

Water Level

10.79
11.15
11.82

130-62-25ccd

Water Level

5.08



Depth to water, in feet below or (+) above land surface

Date

August 3, 1970
December 11

Date

December 11, 1968
January 14, 1969
February 13
March 3
Apri 1 10
July
July 31
August 27
October 14
November 18
April 24, 1970
May 13
July 23
August 3
December 11

Test hole 5646

Test hole 5261

40

130-62-25ccd (Continued)

Water Level

5.77
6.40

130-62-25dab

Water Level

4.00
3.90
3.96
3.88
3.57
3.17
3.28
3.38
3.60
3.73
3.75
3.79
4.12
4.71
4.45



Depth to water, in feet below or (+) above land surface

Date

December 11, 1968
January 14, 1969
February 13
Apri 1 10
July
July 31
August 27
October 14
November 18
April 24, 1970
May 13
July 23
August 3
December 11

Date

July 23, 1910

August 3
December 11

Test hole 5256

Test hole 5645

41

130-62-25dcc

130-62-25dcd

Water Level

13.08
12.85
12.90

12.55
12.10
12.00
12.36
12.54
12.70
12.60
12.52
13.20
13.86
13.45

Water Level

8.03
8.73

8.31



Depth to water, in feet below or (+) above land surface

Date

December 11, 1968
January 14, 1969
February 13
March 3
March 27
Apri 1 10
July
July 31
August 27
October 14
November 18
Apri 1 24, 1970
May 13
July 23
August 3
December 11

Date

August 30, 1968
December 11
January 14, 1969

Test hole 5255

Test hole 5148

42

130-62-26ccc

130-62-26ddd

Water Level

9.32
9.25
9.30
9.25
9.25
8.84
8.80
8.90
8.92
9.05
9. 15

9.10
9.24

10.35
10.34
9.80

Water Level

7.30
7.08
7.10



Depth to water, in feet below or (+) above land surface

Date

February 13
March 3
Apri 1 10
July
July 31
August 27
October 14
November 18
Ap ri1 24, 1970
May 13

July 23

August 3
December 11

Date

Ju1y 23, 197'0
August 3

Test hole 5148

Test hole 5647

43

130-62-26ddd (Continued)

Water Level

7.30
7.05
5.94
6.44
6.50
6.59
6.78
6.85
6.85
6.96
7.40
8.11
7.60

130-62-36ccbl

Water Level

4.25
4.87



Depth to water, in feet below or (+) above land surface

Date

July 23, 1970
August 3

Date

Ju 1y 23, 1970
August 3

Date

May 13, 1970
July 23
August 3
December 11

Test hole 5649

Test hole 5648

Test hole 5622

44

130-62-36ccb2

130-62-36ccd

130-62-36ddd

Water level

4.19
4.73

Water level

4.92
5.53

Water level

8.14

9.39
10.13

9.59



TABLE 4 - LOGS OF TEST HOLES

The following test hole logs are a summary of data from the driller's

logs, geologist's sample descriptions, and the resistivity and potential

electric logs.

Grain-size classification is C. K. Wentworth's scale from Pettijohn

(1957).

Elevations are based on mean sea level datum as represented on and

interpreted from the Ellendale, Ellendale South, Savo Northwest, and Silver-

leaf, U. S. Geological Survey topographic maps.

Test holes are called observation wells when they have been completed

as wells with Ii: inch diameter plastic casing. Well depth and the screened

aquifer interval are so designated.

Explanation of Lithologic Symbols

:.:-.::.::,- .. .
',.e.

~

.
0" •
:I'o~:p...•

Gravel or sand and gravel

Ti 11

Silty clay

§ Shale

45



Thickness Depth
(feet)

Formation
Glacial Drift:

129-61-6cbb
Test Hole 5635

Elevation 1406 feet
Lithology

Topsoil, silty, clayey, pebbly,
brownish-black -------------------

Clay, silty, moderately sandy,
pebbly, cobbles, moderate
yellowish-brown, moderately
cohesive, moderately plastic,
oxidized (till) -------------------

Clay, silty, sl ightly sandy,
pebbly, cobbles, boulders,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------Sand, occasional thin clay lenses,
very fine-to medium-grained
(mostly fine-grained), subangular
to rounded, moderately we]l-
sorted ---------------------------Clay, silty, slightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

16

48

41

74

17

65

106

180

Observation well
Depth 100 feet
Screened interval 97-100 feet

129-61-8bbb
Test Hole 565]

Elevation 1420 feet

Glacial Drift:
TopsoiL silty, clayey, sandy,

brownish-black -------------------
Clay, silty, moderately sandy, pebbly,

cobbles, boulders, dusky yellow
to moderate yellowish-brown, mod-
erately cohesive, moderately plastic,
oxidized (till) ------------------ 18

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(ti]l) --------------------------- 2Gravel, clayey, fine to coarse,
angular to subrounded, poorly
sorted, oxidized ----------------- 3

Clay, silty, sl ightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
cohesive, sl ightly plastic, cal-
careous (till) ------------------- 91

Clay, very silty, sandy, 01 ive-gray,
occasional Iight olive-gray lam-
inations, cohesive, plastic,
calcareous (glaciofluvial sedi-
ment) ---------------------------- 30Clay, silty, slight]y sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 15

46

19

21

24

115

145

160



Thickness Depth
(feet)

G lac ia I Dr ift:

129-61-17aaa
Test Hole 5638

Elevation 1390 feet
L itholoqy

Topsoil, silty, sandy, pebbly,
brownish-black -------------------

Clay, silty, moderately sandy, pebbly,
cobbles, boulders, dusky-yellow to
moderate-yellowish-brown, slightly
cohesive, moderately plastic,
oxidized (till) ------------------ 23

Clay, silty, sl ightly sandy, pebbly,
cobbles, boulders, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 156

47

24

180



lOCATION: 129-61 -17bbb
ELEVATION: 1440
(FT, MSl)

TEST HOLE 5637
DATE DRillED: May 1970
DEPTH: 340

(FT)

128-331 Clay, si !ty, sl ightly sandy,
pebbly, cobbles, boulders,
occasional thin gravel lenses,
olive-gray, cohesive, mod-
erately plastic (till).

48

0-1

-33

33-45

45-70

70-83

83-119

119-128

DESCRIPTION OF DEPOSITS
Glacial Orift

Topsoil, silty, sandy pebbly,
brownish-black.

Clay, silty, moderately sandy,
pebbly, gravel lenses, cobbles,
boulders, dusky-yellow to
moderate-yellowish-brown,
moderately cohesive, moderately
plastic, oxidized (ti11).

Sand, moderately gravelly, fine-
to very coarse-grained, (mostly
coarse-grained), subangular
to rounded, fair sorting,
mostly quartz and carbonates,
some shale, oxidized.

Clay, silty, sandy, pebbly,
occasional gravel lenses,
cobbles, boulders, 01 ive-gray,
moderately cohesive, sl ightly
plastic, calcareous (till).

Gravel, moderately sandy, fine
to coarse, (mostly medium-to
coarse), some cobble-sized
material, angular to sub-
rounded, fair sorting, ap-
proximately 15-25 percent shale,
30-40 percent carbonates, 15-25
percent granitics, metamorphics,
slightly lignitic, taking water
rapidly.

Sand, slightly gravelly, fine-
to very coarse-grained, (mostly
medium-to very coarse-grained),
subangular to rounded, mod-
erately well sorted, approxi-
mately 20-30 percent shale,
remainder portion mostly quartz
and feldspar, very lignitic,
taking some water.

Gravel, moderately sandy, fine to
coarse, cobbles, angular to
rounded, moderately well-sorted,
taking some water.



lOCATION: 129-61-17bbb
ELEVATION: 1440
(FT, MSL)

TEST HOLE 5637 (cont.)
DATE DRillED: May 1970

DEPTH: 340
(FT)

POTENTIAL (MV) RESISTANCE (OHMS)

260

280

300

320

340

360

380

400

420

440

460

DESCRIPTION OF DEPOSITS

Niobrara Formation
331-340 Shale, siliceous, brownish-gray

to brownish-black, indurated,
occasional small white specks,
a few dark-brown concretions,
calcareous.

Observation well
Depth 110 feet
Screened interval 107-110 feet

480 49



lOCATION: 129-61-18ccc
ELEVATION: 1407
(FT, MSL)

TEST HOLE 5143
DATE DRILLED: August 1968
DEPTH: 160

(FT)

POTENTIAL (MV) RESISTANCE (OHMS)

180

200

220

50
240

DESCRIPTION OF DEPOSITS

Glacial Drift
0-1 Topsoil, silty, slightly sandy,

clayey, black.
1-14 Clay, silty, slightly sandy,

pebbly, moderate-yellowish-
brown, moderately cohesive,
plastic, oxidized (till).

14-87 Clay, silty, very slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous, occasional thin
sand lenses (ti11).

87-107 Sand, slightly silty, interbedded
with very silty clay, very
fine to medium-grained, angu-
lar to subrounded, moderately
well-sorted, predominantly
quartz with some shale and
carbonates.

107-120 Clay, very silty, thinly inter-
bedded with very fine to fine
grained sand, Olive-gray to
1ight-olive-gray, laminated,
calcareous (glaciofluvial
sediment).

120-160 Clay, silty, pebbly, olive-gray,
cohesive, slightly to moder-
ately plastic, calcareous
(t i 11) •



LOCATION: 129··61-29bbb

ELEVATION: 139B
(FT, MSL)

TEST HOLE 5642
DATE DRILLED: May 1970

DEPTH: 331
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift
0-4 Road fill, clay, silt, sand

pebbles, dusky-yellow to
dark-yellowish-brown.

4-21 Clay, silty, moderately sandy,
pebbly, dusky-yellow to mod-
erate-yellowish-brown, moder-
ately cohesive, moderately
plastic, oxidized (ti11).

21-325 Clay, silty, slightly sandy,
pebbly, cobbles, boulders,
occasional thin gravelly,
sand lenses, olive-gray,
cohesive, moderately plastic,
calcareous (till).

325-326 Boulder, granite, very hard.
326-329 Clay, silty, sl ightly sandy,

pebbly, cobbles, olive-gray,
cohesive, slightly plastic,
calcareous (till).



LOCATION: J 29-61 -29bbb
ELEVATION: 1398
(FT, MSL)

TEST HOLE 5642 (cont.)

DATE DRillED: May 1970
DEPTH: 331
(FT)

POTENTIAL (MV) RESISTANCE (OHMS)

340

360

380

400

420

440

460

52

480

DESCRIPTION OF DEPOSITS

Niobrara Formation
329-331 Shale, siliceous, grayish-black

to brownish-black indurated,
bedded, slightly calcareous,
a few small white specks.



129-62-1baa
Test Hole 5634

Elevation 1404 feet

Lithology Thickness Depth
(feet)

GIac iaID rift :
Topsoil, silty, sandy, pebbly,

brownish-black -------------------
Clay, silty, moderately sandy,

pebbly, cobbles, boulders, mod-
erate-yellowish-brown, moderately
cohesive, plastic, oxidized
(till) --------------------------- 13 ]4

Clay, silty, sl ightly sandy, pebbly,
a few cobbles and boulders, 01 ive-
gray, moderately cohesive, mod-
erately plastic, calcareous
(till) --------------------------- 40 54

Sand, occasional thin clay lenses,
very fine-to coarse-grained,
(mostly medium-grained), subangu-
lar to rounded, well-sorted, ap-
proximately 15-25 percent shale,
remaining portion mostly quartz
and feldspar, some carbonates,
slightly lignitic, "clean looking"
samples -------------------------- 43 97

Clay, very silty, gravelly, 01 ive-
gray, very plastic, sl ightly
cohesive, calcareous (glacio-
fluvial sediment) ---------------- 3 100

Sand, slightly clayey, very fine-to
medium-grained, subangular to
rounded, moderately well-sorted,
mostly quartz, some shale -------- 8 108

Clay, very silty, moderately sandy,
olive-gray, occasional-light
01 ive-gray laminations very plastic,
sl ightly cohesive, calcareous
(glaciofluvial sediment) --------- 11 119

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 35 154

Gravel, fine to coarse, angular to
subrounded, poorly sorted, mostly
carbonates, some shale and gran-
itics ---------------------------- 3 157

Clay, silty, pebbly, sl ightly sandy,
01 ive-gray, cohesive, plastic,

calcareous (till) ----------------- 3 160
Observation well
Depth 80 feet
Screened interval 77-80 feet

53



Thickness Depth
(feet)

Forma tion
Glacial Drift:

129-62-lbbb
Test Hole 5650

Elevation 1397 feet
Litholoqy

Topsoil, silty, sandy, pebbly,
boulders, brownish-black ---------

Clay, silty, moderately sandy,
pebbly, cobbles, boulders, dusky-
yellow to moderate-yellowish-
brown, moderately cohesive,
moderately plastic, oxidized
(till) ---------------------------Clay, silty, slightly sandy, pebbly,
cobbles, boulders, olive-gray,
cohesive, moderately plastic,
calcareous (till) ----------------

Sand, very fine-to medium-grained,
(mostly medium-grained), sub-
angular to rounded, well-sorted,
mostly quartz and feldspar,
approximately 15-25 percent
shale, some carbonates, lignitic -

Clay, very silty, sandy, olive-gray
a few I ight-ol ive-gray laminations
slightly cohesive, plastic,
calcareous (glaciofluvial sed-
iment) ---------------------------Sand, occasional thin silty, sandy,
clay lenses, very fine-to medium-
grained, subangular to rounded,
well-sorted, mostly quartz, some
shale, 1ignitic ------------------

Clay, silty, sl ightly sandy, pebbly
cobbles, boulders, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

15

51

25

4

25

19

16

67

92

96

121

140

Observation well
Depth 83 feet
Screened interval 77-83 feet

129-62-2bab
Test Hole 5257

Elevation 1400 feet
G Iac ia 1 Dr ift :

Topsoil, silty, slightly sandy,
clayey, brownish-black -----------

Clay, silty, slightly sandy,
pebbly, moderate-yellowish-
brown, moderately cohesive,
moderately plastic oxidized
(till) ---------------------------Clay, silty, very sl ightly sandy,
pebbly, a few cobbles~ 01 ive-
gray, moderately cohesive, modera-
tely plastic, calcareous (till) --

Clay, silty, numerous sand lenses,
gravelly, olive_gray, cohesive,
plastic, calcareous (till) -------

Clay, silty, sl ightly sandy,
pebbly, a few thin lenses of
sandy gravel, moderately cohe-
sive to cohesive, moderately
plastic, calcareous (till) -------

54

21

18

70

90

22

40

110

200



129-62-6baal
Test Hole 5159

Elevation 1432 feet

Li tholoClY Thickness Depth
(feet)

Glacial Drift:

Glacial Drift:

Glad aID rift:

Topsoil, silty, sl ightly sandy,
pebbly, brownish-black -----------

Clay, silty, slightly sandy,
pebbly, dusky-yellow to moder-
ate-yellowish-brown, moderately
cohesive, moderately plastic,
oxidized (till) ------------------

Clay, silty, very sl ightly sandy,
pebb 1y, 01 ive- gray, moderate 1y
cohesive to cohesive, moder-
ately plastic, calcareous
(till) ---------------------------

129-62-6baa2
Test Hole 5158

Elevation 1420 feet

Topsoil, silty, sandy, pebbly,
brownish-black -------------------

Clay, silty, slightly sandy,
moderate-yellowish-brown, mod-
erately cohesive, plastic,
oxidized (till) ------------------

Sand, slightly gravelly, medium to
very coarse-grained, angular to
subrounded, moderately well-sorted,
approximately 60-]0 percent quartz,
remainder mostly shale, carbonates
and granitics, oxidized upper 10
feet of section ------------------

Clay, silty, pebbly, 01 ive-gray,
moderately plastic, calcareous
(till) ---------------------------

129-62-6cac
Test Hole 5165

Elevation 1415 feet

Topsoil, silty, clayey, black ------
Clay, silty, slightly sandy,

pebbly, dusky-yellow to moderate-
yellowish-brown, moderately co-
hesive, moderately plastic,
oxidized (till) ------------------

Sand, slightly gravelly, fine to very
coarse-grai ned, angular to sub-
rounded, fair to moderate sort-
ing, approximately 60-]0 percent
quartz, remainder mostly carbon-
ates, shale and 1ignite ----------

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

55

14

45

3

15

21

]

]

25

15

60

4

19

40

8

15

40



Formation

Glacial Drift:

Litholo<w

129-62-6cadl
Test Hole 5163

Elevation 1428 feet

Thickness Depth
(feet)

Glacial Drift:

Topsoil, silty, pebbly, clayey, brown-
ish black ------------------------

Clay, silty, sl ightly sandy, pebbly, a
few cobbles, dusky-yellow to mod-
erate-yellowish-brown, moderately
cohesive, moderately plastic, ox-
idized (till) -------------------- 20

Clay, silty, sl ightly pebbly, 01 ive-
gray, cohesive, moderately, plas-
tic, calcareous (till) ----------- 19

I29-62-6cad2
Test Hole 5164

Elevation 1415 feet

21

40

Glacial Drift:

Topsoil, silty, clayey, black
Clay, s iIty, s 1 i gh t 1Y sandy,

pebbly, moderate-yellowish-
brown, moderately cohesive,
moderately plastic, oxidized
(till) ---------------------------

Sand, very fine to coarse-grained,
angular to subrounded, moderately
well-sorted, predominantly quartz
and shale, small percent carbon-
ates -----------------------------

Clay, silty, slightly sandy, pebbly,
01 ive-gray, very fine-grained sand
from 16-17 feet, moderately cohes-
ive, moderately plastic, calcar-
eous (till) ----------------------

Sand, silty, clayey, fine to medium-
grained, moderately well-sorted,
subangular to subrounded, mostly
carbonates and granitics ---------

Clay, silty, pebbly, 01 ive-gray, co-
hesive, plastic, calcareous
(till) ---------------------------

129-62-6ccc
Test Hole 5118

Elevation 1477 feet

fopsoil, sandy, silty, clayey,
brownish-black -------------------

Clay, sandy, silty, pebbly, moderate-
yellowish-brown, moderately co-
hesive, moderately plastic, ox-
idized (till) --------------------

56

4

4

17

3

11

19

5

9

26

29

40

20



Litholoqy

129-62-6ccc (cont.)
Test Hole 5118

Elevation 1447 feet
Thickness Depth

(feet)
Glacial Drift:

Clay, silty, pebbly, olive-gray to
medium-dark-gray, cohesive, plas-
tic to moderately plastic, cal-
careous (till) ------------------- 77

Sand, clayey, silty, medium-to coarse-
grained, poorly sorted, angular to
subrounded, mostly quartz and car-
bonates, moderate amount of detrital
Iignite -------------------------- 2

Clay, silty, pebbly, a few cobbles,
01 ive-gray, moderately cohesive to
cohesive, moderately plastic,
calcareous (till) ---------------- 41

97

99

140

Pierre Formation:
Shale, moderately siliceous, grayish-

black to black, moderately indur-
ated, noncalcareous, occasional
thin Iight-ol ive-gray bentonitic
laminations ----------------------

I29-62-6cddl
Test Hole 5162

tlevation 1418 feet

Glacial Drift:

20 160

Topsoil, sandy, silty, pebbly, brown-
Clay, sandy, silty, pebbly, dusky-

yellow to moderate-yellowish-
brown, moderately cohesive,
moderately plastic, oxidized
(till) --------------------------- 8t 9t

Gravel, sl ightly silty, sandy (approx-
imately 25-35 percent medium to
very coarse-grained, subangular
to sub rounded sand), fine to coarse
(mostly fine to medium), angular
to subrounded, fair sorting, mostly
limestone, dolostone and shale,
some light colored granitics and
chalcedony ----------------------- 7t 17

Clay, silty, pebbly, 01 ive-gray, mod-
erately cohesive, moderately
plastic, calcareous (till) ------- 23 40

57



Format ion
G 1ac iaID rift:

I29-62-6cdd2
Test Hole 5119

Elevation 1417 feet
Lithology Thickness Depth

(fee t)
Topsoil, silty, sandy, clayey, black-
Sand, slightly gravelly, fine to very

coarse-grained, angular to
subrounded, moderately well-
sorted, approximately 60-70
percent carbonates with some
quartz, shale, granitics,
oxidized to 5 feet ---------------

Clay, sl ightly sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
plastic (till) -------------------

Sand, very clayey, silty, slightly
gravelly, medium to very coarse-
grained, angular to subrounded,
poorly sorted, mostly carbon-
ates and shale -------------------

Clay, silty, slightly sandy, pebbly,
gravelly lower 15 to 20 feet of
section, olive-gray, moderately
cohesive, plastic, calcareous,
1ignitic (till) ------------------

Pierre Formation;
Shale, sl ightly sil iceous, medium-

dark-gray to grayish-black,
moderately indurated, non-
calcareous, occasional thin
Iight-ol ive-gray bentonitic
laminations, a few thin 1ime-
stone concretions lower 3 to
4 feet of section ----------------

I29-62-6dcd
Test Hole 750-5

Elevation 1425 feet
Glacial Drift:

Clay, silty, sandy, brownish-yellow,
oxidized, moderately cohesive,
sl ightly plastic, calcareous
(till) ---------------------------

Clay, sil ty, sandy, pebbly, a few
boulders, olive-gray, moderately
cohesive, sl ightly plastic, cal-
careous, Iignitic (till) ---------

Clay, as above with shale fragments,
cohesive, dark-ol ive-gray, non-
calcareous, Iimestone boulder
from 99 to ,103 feet (ti11) -------

Pierre Formation:
Shale, dark-greenish-gray, brittle,

fissile --------------------------

58

11

8

8

78

14

16

76

24

4

12

20

28

106

120

16

92

116

120



Thickness Depth
(feet)

Glaciial Drift:

I29-62-7acc
Test Hole 5121

Elevation 1432 feet
Li tho logy

Topsoil, sandy, silty, clayey, dark
yellowish-brown ------------------

Clay, silty, very sl ightly sandy,
pebbly, moderate-yellowish-
brown, moderately cohesive,
plastic, oxidized (till) ---------

Clay, silty, sl ightly sandy, pebbly,
occasional cobbles, 01 ive-gray,
moderately cohesive to cohesive,
moderately plastic, calcareous,
I ignitic (till) ------------------

15

107

16

123

Pierre Forma tion:
Shale, sl ightly siliceous, medium-dark-

gray to grayish-black, moderately
indurated, noncalcareous, occas-
ional light-olive-gray bentonitic
laminations ---------------------- 17

I29-62-7add
Test Hole 5122

Elevation 1430 feet

140

GIac iiaiD r if t:
Topsoil, sandy, silty, pebbly,

dark-yellowish-brown -------------
Clay, very sandy, silty, pebbly,

moderate-yellowish-brown,
moderately cohesive, moder-
ately plastic, oxidized (till)

Sand, silty, medium to coarse-
grained, angular to subrounded,
fair sorting, approximately 60-
70 percent quartz, remainder shale
and carbonates, oxidized ---------

Clay, moderately sandy, silty,
pebbly, moderate-yellowish-
brown, moderately cohesive,
plastic, oxidized (till) ---------

Clay, slightly sandy, silty,
pebbly, dark-yellowish-brown to
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

Sand, slightly gravelly, inter-
bedded with thin lenses of
olive-gray clay, medium to
coarse-grained, angular to
subrounded, moderately well-
sorted, predominantly shale
and lignite, some carbonates

Clay, silty, very sl ightly sandy,
pebbly, 01 ive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ----------------

59

2

3

12

13

4

47

3

6

18

31

35

82



Gravel, sandy (approximately 20-
30 percent medium to very coarse-
grained, subangular to sub-
rounded sand), fine to coarse,
angular to rounded, fair
sorting, predominantly shale
and 1 ignite, <5 to 10 percent
carbonates ----------------------- 3 85

Clay, slightly to moderately
sandy, silty, pebbly, 01 ive-
gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 4 89

Sand, gravelly, (approximately 30-
40 percent fine, angular to sub-
rounded shale gravel) fine to coarse-
grained, angular to subrounded,
moderately well-sorted, 50-60
percent quartz, remainder shale,
I ignite, I imestone and dolostone - 3 92

Clay, silty, pebbly, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous, a few cob-
bles (till) ---------------------- 22 114

Fo rmat ion

Glacial Drift:

Lithology

129-62-7add (cont.)
Test Hole 5122

Elevation 1430 feet

Thickness Depth
(feet)

Pierre Formation:
Shale, sl ightly sil iceous, medium-

dark-gray to grayish-black, non-
calcareous, non-fractured, mod-
erately indurated ----------------

I29-62-7bddl
Test Hole 5150

Elevation 1412 feet

Glacial Drift:
Topsoil, sandy, pebbly, silty, black
Clay, s1 ightly sandy, silty, pebbly

moderate-yellowish-brown, moder-
ately cohesive, moderately plas-
tic, oxidized (till) -------------

Gravel, slightly sandy, fine to
medium, angular to subrounded,
poorly sorted, mostly carbonates
and granitics, oxidized ----------

Clay, silty, sandy, pebbly, 01 ive-
gray, moderately cohesive, plas-
tic (till) -----------------------

Sand, medium to very coarse-grained,
subangular, subrounded, moderately
well-sorted, mostly quartz and
shale, some carbonates -----------

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
plastic, calcareous (till) -------

60

6

6

3

3

2

25

120

7

10

13

15

40



I29-62-7bdd2
Test Hole 5120

Elevation 1415 feet

Lithology Thickness Depth
(feet)

G 1 ac ia 1 Dr i ft:

Glacial Drift:

Topsoil, clayey, silty, slightly
sandy, black ---------------------

Gravel, slightly sandy, interbedded
with moderate-yellowish-brown
clay, fine to coarse, angular
to subrounded, fair sorting,
predominantly carbonates, some
granitics and shale --------------

Clay, moderately sandy, silty,
pebbly, moderate-yellowish-brown,
moderately cohesive, plastic,
oxidized (till) ------------------

Clay, silty, slightly sandy, pebbly,
olive-gray, cohesive to moder-
ately cohesive, plastic, calcar-
eous (till) ----------------------

Sand, very fine-to medium-grained,
angular to subrounded, fair
sorting, mostly quartz and
shale, some detrital 1ignite,
poor samples ---------------------

Clay,sl ightly sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
plastic, calcareous (till) -------

129-62-7cab
Test Hole 5149

Elevation 1415 feet

Topsoil, sandy, silty,clayey,
brownish-black -------------------

Clay, slightly sandy, silty, pebbly,
moderate-yellowish-brown, cohe-
sive, sl ightly plastic, oxidized
(till) ---------------------------

Gravel, slightly sandy, fine to
coarse, angular to subrounded,
poorly sorted, oxidized, mostly
carbonates and Iight colored
granitics, very little shale -----

Clay, silty, very sl ightly sandy,
pebbly, 01 ive-gray, moderately
cohesive, plastic, calcareous
(till) ---------------------------

61

5

5

2

9

6

3

30

6

11

69

71

80

7

10

40



Formation
G 1ac iaI Dr ift:

129-62-7cbb
Test Hole 5123

Elevation 1440 feet
Litholoqy Thickness Depth

(feet)

G Iac ia 1 Dr ift:

Topsoil, sandy, pebbly, silty,
dark yellowish-brown -------------

Clay, sandy, very sl ightly gravelly,
silty, moderate-yellowish-brown,
moderately cohesive, plastic,
oxidized (till) ------------------

Clay, silty, sl ightly sandy, pebbly,
olive-gray, moderately cohesive
to cohesive, plastic, calcareous
(till) ---------------------------Sand, slightly gravelly, fine to
coarse-grained, angular to sub-
rounded, moderately well-sorted,
approximately 50-60 percent quartz,
remainder shale and carbonates ---

Clay, silty, slightly sandy, pebbly,
01 ive-gray, cohesive, plastic
(till) ---------------------------

129-62-7cccl
Test Hole 750-2

Elevation 1415 feet

Topsoil, black ---------------------Clay, sil ty, sandy, brownish-yellow,
moderately cohesive, calcareous,
oxidized (till) --------------------. Clay, silty, sandy, pebbly, inter-
bedded with thin coarse-grained
sand lenses, 01 ive-gray, moder-
ately cohesive, moderately plas-
tic, sl ightly calcareous, lig-
nitic (till) ---------------------Clay, sandy, pebbly, 01 ive-gray, co-
hesive, moderately calcareous
(till) ---------------------------

Pierre Formation:
Shale, dark blackish-gray, indurated,

noncalcareous --------------------

129-62-7ccc2
Test Hole 1177

Elevation 1415 feet
G Iac iaI Dr ift:

Topsoil, black ---------------------
Clay, yellow -----------------------Gravel, fine to medium, much shale -
Gravel, coarse, much shale, some

cobbles --------------------------
Observation well
Depth 18 feet

62

20

44

3

12

13

77

18

11

1
4
6

7

21

65

68

80

14

91

109

120

I
5

11

18



Format ion

I29-62-7cdd
Test Hole 750-3

Elevation 1435 feet

Li thology Thickness Depth
(feet)

Glacial Dri ft:
Clay, sandy, occasional boulders,

brownish-yellow, sl ightly
cohesive, moderately plastic,
calcareous (till) ----------------

Clay, silty, sandy, a few boulders,
olive-gray, moderately cohesive,
sl ightly plastic, moderately
calcareous (till) ----------------Gravel, sandy, fine to coarse,
poorly sorted, subangular to
subrounded, mostly limestone,
shale and granitics --------------

Sand, interbedded with clay lenses
from 95 to 112 feet,medium to
very coarse-grained, moderately
well-sorted, subangular to sub-
rounded, mostly shale, grani-
tics and limestone, some lig-
nite -----------------------------Clay, silty, sandy, 01 ive-gray,
cohesive, moderately calcareous
(till) ---------------------------

23

58

2

29

19

23

81

83

112

131

Pierre Format ion:
Shale, dark-blackish-gray, indur-

ated, non-calcareous -------------
Observat ion well
Depth 83 feet

129-62-7dbb
Test Hole 1176

Elevation 1434 feet

G Iac iaiD r ift:
Topsoil, black ---------------------
Gravel, fine to coarse -------------
Clay, gray, gravelly (till) --------

Observation well
Depth 28 feet

129-62-7ddd
Test Hole 750-4

Elevation 1430 feet
Glacial C1rift:

9

2
26

2

140

2
28
30

Clay, silty to sandy, brownish-yellow,
moderately cohesive, oxidized
(till) --------------------------- 16

63

16



Thickness Depth
(fee t)

Format ion

Glacial Drift:

l29-62-7ddd (cont.)
Test Hole 750-4

Elevation 1430 feet

Litholoqy

Clay, silty, pebbly, 01 ive-gray,
moderately cohesive, plastic,
calcareous (till) ---------------- 30

Sand, gravelly, coarse-to very coarse-
grained, moderately well-sorted,
subangular, 50-60 percent shale,
remainder 1 imestone and granitics- 12

Clay, s i1ty, sandy, pebb 1y, 01 ive-
gray, moderately plastic, highly
calcareous, detrital shale frag-
ments from 93 to 137 feet (till) - 79

46

58

137

Pierre Formation:
Shale, dark-blackish-gray, indurated,

noncalcareous -------------------- 13

129-62-8bba
Test Hole 750-6

Elevation 1430 feet

Glacial Drift:

150

Topsoil, black ---------------------
Clay, silty, sandy, pebbly, brownish-

yellow, sl ightly cohesive, mod-
erately calcareous, a few boulders
(till) ---------------------------

Sand, gravelly, coarse-grained, mod-
erately sorted, subangular to sub-
rounded, mostly 1 imestone and
granitics, some shale, oxidized --

Clay, silty, olive-gray, moderately
cohesive, plastic, highly calcar-
eous (till) ----------------------

Gravel, sl ightly sandy, fine to med-
ium, subangu1ar to subrounded,

moderately sorted, mostly shale,
1 imestone and granitics ----------

Clay, si Ity, sandy, 01 ive-gray, mod-
erately cohesive, plastic, mod-
erately calcareous (till) --------

Gravel, slightly sandy, fine to med-
ium, subangu1ar to subrounded,
moderately sorted, approximately
50 percent shale, remainder
1 imestone and granitics ----------

Clay, silty, sandy, 01 ive-gray, mod-
erately cohesive, plastic, mod-
erately calcareous (till) --------

Sand, medium-to coarse-grained, mod-
erately sorted, subangular to sub-
rounded, mostly I imestone and
shale, some granitics ------------

Clay, sandy, 01 ive-gray, moderately
cohesive, slightly plastic, mod-
erately calcareous (till) --------

Pierre Formation:
Shale, dark-blackish-gray, indurated,

noncalcareous --------------------

64

20

13

7

2

30

7

38

7

21

41

46

51

53

83

90

128

135



129-62-8cdd
Tes t Ho Ie 51 16

Elevation 1422 feet

Litholoqy Thickness Depth
(feet)

G 1 ac; i a 1 Dr i ft:
Topsoil, sandy, silty, clayey,

brownish-black -------------------
Clay, silty, slightly sandy, pebbly,

moderate-yellowish-brown to dark-
yellowish-brown, cohesive to
moderately cohesive, moderately
plastic, oxidized (till) ---------

Clay, silty, very sl ightly sandy,
pebbly, olive-gray, moderately
cohesive to cohesive, moderately
plastic to plastic, calcareous
(till) ---------------------------

Gravel, sandy (approximately 20-30
percent medium-to very coarse-
grained, angular to subrounded
sand), fine to coarse, angular to
subrounded, fair sorting, mostly
carbonates, some shale and light
colored granitics ----------------

Clay, si Ity, pebbly, 01 ive-gray, co-
hesive to moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

Clay, silty, slightly gravelly, a
few cobbles, pebbly, 01 ive-gray,
cohesive to moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

129-62-8ddd
Test Hole 5117

Elevation 1417 feet

13

46

3

53

24

14

60

63

116

140

Glacial Drift:
Topsoil, silty, sandy, clayey, black-
Clay, slightly to moderately sandy,

pebbly, silty, dusky-yellow to mod-
erate - yellowish-brown, slightly to
moderately cohesive, plastic,
oxidized (till) ------------------ 14 15

Clay, slightly sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 62 77

Sand, medium-to coarse-grained, poorly
sorted, poor samples ------------- 78

Clay, silty, sl ightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 31 109

Gravel, sl ightly sandy, angular to
subrounded, poorly sorted, fine
to coarse, mostly carbonates,
some shale and lignite ----------- 2 111

Clay, silty, sandy, pebbly, 01 ive-
gray, moderately cohesive,
plastic, calcareous (till) ------- 15 126

65



Pierre Formation:
Shale, grayish-black to medium-dark-

gray, slightly siliceous, non-
calcareous, non-fractured, mod-
erately indurated ----------------

Thickness Depth
(feet)

Formation Litholoqy

129-62-8ddd (cont.)
Test Hole 5117

Elevation 1417 feet

129-62-10add
Test Hole 5138

Elevation 1379 feet

14 140

G 1aci a I Dr ift:
ropsoil, silty, slightly sandy, clayey,

black ----------------------------
Clay, sl ightly sandy, silty, pebbly,

moderaT~-yellowish-brown,to dark-
yellowish-brown, moderately cohes-
ive, pI as tic, ox id ized (t i11) 9

Gravel, sl ightly sandy, fine to medium,
angular to subrounded, poorly sorted,
mostly quartz and carbonates, some
shale and granitics -------------- 3

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
plastic, calcareous (till) ------- 20

Sand, fine-to medium-grained, mod-
erately well-sorted, mostly quartz,
some shale and carbonates --------- 3

Clay, s iIty, s 1 igh t1y sandy,
occasionally interbedded with
gravel lenses, 01 ive-gray,
moderately cohesive, plastic
to moderately plastic, calcar-
eous, 1 ignitic (till) ------------ 124

129-62-IOdcd
Test Hole 5136

Elevation 1378 feet

10

13

33

36

160

Glacial Drift:
Topsoil, silty, slightly sandy,

pebbly, black --------------------
Clay, very silty, moderately sandy,

pebbly, moderate-yellowish-
brown to dark-yellowish-brown,
sl ightly cohesive, moderately
plastic, oxidized (till) ---------

Sand, gravelly (approximately 15-
30 percent fine, angular to sub-
angular gravel), medium-to very
coarse-grained, angular to sub-
rounded, moderately well-sorted,
approximately 50-60 percent quartz,
remainder shale, I ight and dark
colored granitics and carbon-
ates -----------------------------

66

12

7

13

20



Formation----

129-62-10dcd (cont.)
Test Hole 5136

Elevation 1378 feet

Lithology Thickness ~ePth
(feet

Glclcial Drift:
Clay, silty, slightly sandy,

pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ----------------

Clay, silty, occasionally inter-
bedded with thin, poorly sorted
gravel lenses, pebbly, a few
cobbles, olive-gray, moderately
cohesive to cohesive, moder-
ately plastic, calcareous
(till) ---------------------------

Clay, silty, very slightly sandy,
pebbly, olive-gray, moderately
cohesive to cohesive, plastic,
calcareous (till) ----------------

Clay, silty, pebbly, thinly inter-
bedded with lenses of poorly
sorted clayey and silty medium-
grained sand, olive-gray, mod-
erately cohesive, moderately
plastic, calcareous (till) -------

40

20

120

106

60

80

200

306

Niobrara Formation:
Shale, grayish-brown with numerous

moderate-brown concretions, a
few white specks, slightly
siliceous, thinly laminated,
indurated, slightly calcareous

129-62-12bbb
Test Hole 5621

Elevation 1395 feet

G lac iaID 1- ift :
Topsoil, silty, sandy, clayey,

grayish-black --------------------
Clay, silty, slightly sandy, pebbly,

moderate-yellowish-brown, moder-
ately cohesive, moderately plastic,
oxidized (till) ------------------

Clay, silty, slightly sandy, pebbly,
a few cobbles, olive-gray, moder-
ately cohesive, plastic, calcareous
(till) ---------------------------

Gravel, very sandy, some cobbles,
fine to coarSe, angular to rounded,
mostly carbonates, some granitics-

Clay, silty, slightly sandy, pebbly,
numerous cobbles and boulders,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

Clay, same as above, but without
cobbles and boulders (till) ------

Clay, silty, very sandy, sand occurs
as lenses, olive-gray, cohesive,
very plastic, calcareous (till) --

67

14

18

38

22

55

20

320

19

57

58

80
135

155



Format ion
Glacial Drift:

129-62-12bbb (cont.)
Test Hole 5621

Elevation 1395 feet
Lithology Thickness ~ePth

(feet
Clay, silty, slightly sandy, pebbly

01 ive-gray, cohesive, plastic,
calcareous (till) ---------------- 8

Sand, fine-to medium-grained, sub-
angular to subrounded, fair sorting,
mostly quartz and carbonates ----- 3

Clay, silty, slightly sandy, pebbly,
a few cobbles and boulders, 01 ive-
gray, cohesive, moderately plastic,
calcareous (till) ---------------- 138

Gravel, cobbles and boulders, fine to
coarse, angular, poorly sorted,
mostly carbonates and shale, some
granitics ------------------------ 2

163

166

304

306
Niobrara Formation:

Shale, grayish-brown to brownish-
black, occasional small white
specks, slightly calcareous,
indurated ------------------------

129-62-12ccc
Test Hole 5641

Elevation 14DO feet
Glacial Orift:

14 320

Topsoil, silty, sandy, clayey,
brownish-black -------------------

Clay, silty, moderately sandy,
pebbly, a few cobbles, moderate-
yellowish-brown, slightly plastic,
moderately cohesive, oxidized
(till) --------------------------- 20

Clay, si Ity, sl ightly sandy, pebbly,
cobbles, boulders, olive-gray,
cohesive moderately plastic, cal-
careous (till) ------------------- 80

Gravel, moderately sandy, fine to
coa rse, (most1y fine to med ium) ,
angular to subangular, moderately
well-sorted, mostly quartz, granitics
and metamorphics, some shale and
carbonates, taking some water ---- 5

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 24

68

21

101

106

130



LOCATION: 1:i9-62-12dda
ELEVATION: 1Lf07
(FT, MSL)

POTENTIAL (MV)

TEST HOLE 5636

RESISTANCE (OHMS)

20

40

60

120

140

160

180

200

220

69
240

DATE DRILLED: May 1970

DEPTH: 160
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift
Topsoil, silty, sandy, brownish-

black.
Clay, silty, moderately sandy,

pebbly, moderate-yellowish-
brown, moderately cohesive,
plastic, oxidized (till).

Clay, silty, sl ightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

Gravel, slightly sandy, fine to
coarse, subangular to rounded,
fair sorting, mostly carbonates,
some shale and granitics.

Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (ti11).

Sand, very fine-to medium-grained,
subangular to rounded, well-
sorted, approximately 15-25
percent shale, remaining
portion mostly quartz and
feldspar, lignitic.

Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

Sand, fine-to coarse-grained,
(mostly fine-to medium-grained),
angular to rounded, moderately
well-sorted, mostly quartz and
feldspar, some shale.

Clay, silty, slightly sandy,
pebbly, cobbles, olive-gray,
cohesive, plastic, calcareous
(till).

131-135 Sand, fine-to coarse-grained,
moderately well-sorted, angular
to rounded, mostly quartz and
feldspar, some shale.

135-160 Clay, silty, moderately sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).
Observat ion we 11
Depth 90 feet
Screened interval 87-90 feet



LOCATION:
ELEVATION:
(FT, MSL)

129-62-13daa
1402

TEST HOLE 5142
DATE DRILLED: August 1968
DEPTH: 280

(FT)

DESCRI PTION OF DEPOSITS
Glacial Drift

0-1 Topsoil, silty, slightly sandy,
clayey, brownish-black.

1-14 Clay, silty, very slightly sandy,
pebbly, dusky-yellow to moder-
ate-yellowish-brown, moderately
cohesive, moderately plastic,
ox id ized (ti11)•

14-75 Clay, silty, slightly sandy,
pebbly, olive-gray, cohesive
to moderately cohesive, plastic,
calcareous, occasional cobbles
(till) •

75-76 Cobbles, mostly light colored
granitics.

76-82 Sand, very slightly gravelly,
medium to very coarse-grained,
subangular to subrounded, fair
sorting, predominantly quartz
and granitics, small percent
shale and lignite.

Clay, silty, pebbly, occasional
cobbles, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

86-87 Boulder, granite, reddish-to pink-
ish-white.

87-91 Clay, silty, pebbly, olive-gray,
cohesive, moderately plastic,
calcareous (till).

91-95 Sand, silty, clayey, fine-to
coarse-grained, subangular to
subrounded, fair sorting, mostly
quartz and shale, some carbon-
ates.

95-120 Clay, silty, pebbly, moderately
sandy, 01 ive-gray, cohesive to
moderately cohesive, plastic,
calcareous (till).

120-275 Clay, slightly to moderately
sandy, si lty, pebbly, olive-gray,
moderately cohesive to cohesive,
moderately plastic, calcareous,
occasional gravelly lenses
(till).



lOCATION: 129-62-13daa
ELEVATION: 1402
(FT, MSl)

TEST HOLE 5142 (cont.)
DATE DRillED: August 1968

DEPTH: 280
(FT)

POTENTIAL (MV) RESISTANCE (OHMS)

260

280

300

320

340

360

380

400

420

440

460

71
480

DESCRIPTION OF DEPOSITS

Niobrara Formation
275-280 Shale, grayish-brown with a few

white specks and moderate-brown
concretions, indurated, very
slightly calcareous, parting
visible.



Formation

G 1ac ia I Dr ift:

Lithology

129-62-14ccc
Test Hole 5141

Elevation 1381 feet

Thickness Depth
(feet)

Glacial Drift:

Topsoil, sandy, silty, clayey,
brownish-black -------------------

Clay, moderately sandy, silty,
pebbly, dusky-yellow to moderate-
yellowish-brown, sl ightly to mod-
erately cohesive, plastic, oxidized
(till) --------------------------- 7

Sand, silty, clayey, slightly gravelly,
fine-to very coarse-grained, angular
to subrounded, poorly sorted, oxidized,
mostly quartz and carbonates, some
shale ---------------------------- 3

Clay, sandy, silty, pebbly, dark-
yellowish-brown, moderately co-
hesive, moderately plastic, cal-
careous, oxidized (till) --------- 6

Clay, silty, sl ightly sandy, pebbly,
01 ive-gray, cohesive to moderately
cohesive, plastic, calcareous,
occasional thin gravel lenses ---- 48

Sand, very fine-to coarse-grained,
angular to rounded, well-sorted,
mostly quartz with moderate amount
of shale and carbonates ---------- 5

Clay, silty, sl ightly sandy, pebbly,
01 ive-gray, moderately cohesive,
plastic, calcareous (till) ------- 6

Sand, very fine-to medium-grained,
subangular to rounded, moderately
well-sorted, mostly quartz, some
shale and carbonates ------------- 2

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous,
a few cobbles (till) ------------- 82

129-62-15aab
Test Hole 5137

Elevation 1378 feet

Topsoil, sandy, sl ightly pebbly,
silty, brownish-black ------------

Clay, moderately sandy, silty, pebbly,
moderate-yellowish-brown to dark-
yellowish-brown, moderately cohesive,
moderately plastic, calcareous,
oxidized (till) ------------------ 6

Sand, sl ightlygravel Iy, medium-to
very coarse-grained, angular to
subrounded, poorly sorted, oxi-
dized, mostly quartz and carbon-
ates, some shale ----------------- 8

72

8

II

17

65

70

76

78

160

7

15



Clay, slightly sandy, silty, pebbly,
olive-gray, cohesive, moderately
plastic, calcareous (till) ------- 59 74

Clay, silty, interbedded with poorly
sorted sandy gravel, pebbly, 01 ive-
gray, moderately cohesive, moder-
ately plastic, calcareous (till) 142 216

Clay, silty, very sl ightly sandy,
pebbly, 01 ive-gray, moderately
cohesive to cohesive, plastic,
calcareous (till) ---------------- 74 290

Glacial Drift.:
Litho1oqy

129-62-15aab (cont.)
Test Hole 5137

Elevation 1378 feet
Thickness Depth

(feet)

Niobrara Formation:
Shale, grayish-brown with numerous

brown concretions, very sl ightly
siliceous, thinly laminated, slightly
calcareous, a few white specks, dark
brown film on drilling mud,
indurated ------------------------ 30 320

129-62-18bba
Test Hole 5151

Elevation 1420 feet

Glacial Drift:
Topsoil, silty, sandy, pebbly,

black ----------------------------
Clay, very sandy, silty, pebbly,

dusky-yellow to moderate-yellow-
ish-brown, moderately cohesive,
plastic, oxidized (till) --------- 2 3

Gravel, very clayey (clay occurs as
matrix material, could be classified
as gravelly till), fine to very coarse,
angular to subrounded, poorly sorted,
mostly carbonates and shale, some
light colored granitics ----------- I 10

Sand, interbedded with thin sand
lenses, very fine-to medium-grained,
subangular to subrounded, moderately
well-sorted, approximately 60-70
percent quartz, some shale and car-
bonates -------------------------- 10 20

Gravel, sl ightly sandy, fine to coarse,
angular to subrounded, fair sorting,
approximately 50 percent carbonates
and 50 percent shale and light
colored granitics ---------------- 2 22

Clay, silty, pebbly, 01 ive-gray, mod-
erately cohesive, moderately plastic,
calcareous (till) ---------------- 3 25

Sand, very fine-to medium-grained,
subangular to subrounded, moder-
ately well-sorted, mostly shale
with moderate amount of quartz --- 26

Clay, silty, slightly sandy, pebbly,
a few cobbles, olive-gray, sl ightly
to moderately cohesive, plastic,
calcareous (till) ---------------- 80 106

73



Formation Lithology

129-62-18bba (cont.)
Test Hole 5151

Elevation 1420 feet

Thickness )ePth
(feet

Pierre Formation:
Shale, medium-dark-gray to grayish-

black, moderately indurated, non-
calcareous, occasional 1ight-ol ive-
clay bentonitic laminations

Observation well
Depth 22 feet
Screened interval 19-22 feet

129-62-18bbb2
Test Hole 5152

Elevation 1415 feet

14 120

Glacial Drift:

Glacial Drift:

Topsoil, silty, clayey, sandy,
black ----------------------------Clay, silty, very slightly sandy,
pebbly, dusky-yellow to moderate-
yellowish-brown, moderately co-
hesive, moderately plastic
oxidized (till) ------------------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

129-62-18bbb3
Test Hole 5173

Elevation 1413 feet

Topsoil, silty, sandy, pebbly,
brownish-black -------------------Clay, silty, slightly sandy,
pebbly, dusky-yellow to moderate-
yellowish-brown, moderately co-
hesive, moderately plastic,
oxidized (till) ------------------

Gravel, sandy (approximately 20-
30 percent medium-to very coarse-
grained sand), fine to medium,
angular to subrounded, fair
sorting, mostly granitics and
carbonates with some shale -------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

Observation well
Depth 15 feet
Slotted interval 10-15 feet

74

7

32

4

10

25

8

40

5

15

40



Thickness Depth
(feet)

Glacial Drift:

129-62-18bbb4
Test Hole 5172

Elevation 1417 feet

LitholoCJY

Topsoil, gravelly, sandy, silty,
brown ----------------------------

Clay, silty, sl ightly sandy,
pebbly, dusky-yellow to mod-
erate-yellowish-brown, mod-
erately cohesive, moderately
plastic, oxidized (till) ---------

Sand, sl ightly gravelly, medium-
to very coarse-grained, angular
to subrounded, moderately well-
sorted, mostly quartz and 1ight
colored granitics, some carbon-
ates and shale -------------------

Clay, silty, pebbly, olive-gray, mod-
erately cohesive, moderately plas-
tic, calcareous (till) -----------

2

24

13

3

27

40

G1ac icd Dr if t:

GIaci aID rift:

Observation well
Depth 25 feet
Screened interval 22-25 feet

129-62-18bcb
Test Hole 5131

Elevation 1412 feet

Topsoil, silty, clayey, sandy,
brownish-black -------------------

Clay, slightly to moderately sandy,
silty, pebbly, dusky-yellow to
moderate-yellowish-brown, mod-
erately cohesive to cohesive,
plastic, oxidized (till) --------- 5

Gravel, sandy (approximately 35-
45 percent fine-to very coarse-
grained, angular to subrounded
shale sand), fine to medium,
angular to subrounded, moder-
ately well-sorted, approximately
50-60 percent shale, remainder
carbonates and granitics --------- 15

Clay, silty, sandy, pebbly, olive-
gray, moderately cohesive, plastic,
calcareous (till) ---------------- 39

129-62-18bcd
Test Hole 5125

Elevation 1428 feet

Topsoil, sandy, silty, clayey,
brownish-black -------------------

Clay, slightly to moderately
sandy, silty, pebbly, moderate-

75

6

21

60



Thickness Depth
(feet)

Formation

Gl aci al Dri ft:

Glacial Dri ft:

129-62-18bcd (cont.)
Test Hole 5125

Elevation 1428 feet

Litholoqy

yellowish-brown to dark-yellow-
ish brown, moderately cohesive,
plastic, oxidized (till) ---------

Clay, silty, sandy, pebbly, olive-
gray, moderately cohesive, mod-
erately plastic, calcareous
(till) ---------------------------

Sand, very fine-to medium-grained,
angular to rounded, well-sorted,
approximately 70-80 percent
quartz, remainder shale, car-
bonates and Ii gni te --------------

Clay, slightly sandy, silty,
pebbly, 01 ive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ----------------

Gravel, sl ightly sandy, fine to
coarse, angular to subrounded,
fair sorting, mostly shale and
carbonates, some 1 ight colored
granitics ------------------------

Clay, silty, sandy, pebbly, olive-
gray, cohesive, moderately
plastic, calcareous (till) -------

129-62-18dcc
Test Hole 750-7

Elevation 1431 feet

Topsoil, black ----------------------
Clay, silty, pebbly, a few boul-

ders, grayish-yellow, moder-
ately cohesive, moderately
plastic (till) -------------------

Clay, silty, sandy, pebbly, 01 ive-
gray, moderately cohesive,
sl ightly plastic, moderately
calcareous (till) ---------------

Clay, sil ty, sandy, pebbly, 01 ive-
gray, moderately cohesive,
plastic, moderately calcareous
(till) ---------------------------

Clay, very silty, very sandy, a
few boulders, 01 ive-gray, very
sl ightly cohesive, moderately
calcareous (till) ----------------

19

5

2

13

5

15

18

39

47

12

20

25

27

40

45

60

19

58

105

117

Pierre Formation:
Shale, greenish-gray, non-cal-

careous, indurated ---------------

76

13 130



129-62-21ddd
Test Hole 5144

Elevation 1385 feet

LitholoCJY
Glacial Drif1:;

Thickness Depth
(feet)

Topsoil, silty, sandy, clayey,
brownish-black -------------------

Clay, very silty, sandy, dusky-
yellow, poor samples -------------

Gravel, sl ightly to moderately
sandy, fine to coarse, angular
to subrounded, mostly shale and
carbonates, some granitics,
slightly oxidized ----------------

Clay, sl ightly sandy, si 1ty,
pebbly, 01 ive-gray, moderately
cohesive, plastic to moderately
plastic, calcareous, 1ignitic
(till) ---------------------------

129-62-22aab
Test Hole 5140

Elevation 1377 feet
Glacial Drift::

Topsoil, silty, clayey, slightly
sandy, black ---------------------

Clay, silty, sl ightly sandy,
pebbly, dusky-yellow to moderate-
yellowish-brown, moderately
cohesive, plastic, oxidized
(till) ---------------------------

Clay, silty, sl ightly sandy, pebbly,
occasionally interbedded with
thin lenses of poorly sorted,
fine to coarse, carbonate gravel,
01 ive-gray, moderately cohesive
to cohesive, moderately plastic,
calcareous (till) ----------------

Clay, silty, moderately sandy,a few
cobbles, interbedded occasionally
with medium to coarse, unsorted,
carbonate gravel, 01 ive-gray,
moderately cohesive, sl ightly to
moderately plastic, calcareous
(till) ---------------------------

Niobrara Formation:
Shale, moderately siliceous, I ight-

01 ive-gray to medium-gray, very
calcareous, indurated, numerous
white specks, laminated ----------

77

5

133

2

13

85

222

18

2

7

140

2

15

100

322

340



Thickness Depth
(feet)

Formation

Glaci a1 Dri ft:

I29-62-22baa
Test Hole 5139

Elevation 1378 feet

Lithology

Topsoil, silty, slightly sandy,
clayey, brownish-black -----------

Clay, sandy, silty, pebbly, moderate-
yellowish-brown to dark-yel10wish-
brown, n~derately cohesive, mod-
erately plastic, oxidized (till) - 12

Clay, slightly sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
plastic, calcareous (till) ------- 25

Sand, fine-to very coarse-grained,
angular to rounded, moderately
well-sorted, approximately 50-60
percent shale and 40-50 percent
quartz, small percent carbonates - 4

Clay, slightly sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 10

Sand, fine-to coarse-grained, angu-
lar to sub rounded, fair sorting,
mostly shale, some quartz, I ig-
nite and carbonates -------------- 3

Clay, si1 ty, sl ightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 100

Gravel, interbedded with clay, fine
to medium, angular to subrounded,
poorly sorted, mostly carbonates,
some granitics and shale --------- 2

Clay, silty, slightly gravelly,
sandy, olive-gray, moderately co-
hesive, moderately plastic, cal-
careous (till) ------------------- 23

129-62-28dcd
Test Hole 5145

Elevation 1382 feet

13

38

42

52

55

155

157

180

Glacial Drift:
Topsoil, silty, pebbly, clayey,

brownish-black -------------------
Clay, si Ity, sandy, gravelly, dusky-

yellow to moderate-yellowish-
brown, sl ightly to moderately
cohesive, plastic, oxidized
(till) ---------------------------

Gravel, sandy (approximately 25-35
percent medium-to very coarse-
grained, angular to subrounded
sand), fine to coarse, angular
to subrounded, poorly sorted,
interbedded with very silty
clay, mostly carbonates and
granitics, oxidizsd --------------

Clay, silty, slightly to ~derately
sandy, pebbly, 01 ive-gray, moder-
ately cohesive, plastic, calcar-
eous (till) ----------------------

78

8

65

2

10

75



Thickness Depth
(feet)

129-62-28dcd (cont.)
Test Hole 5145

Elevation 1382 feet
Litholoqy

Pierre Formation:
Shale, grayish-brown to dusky-

brown, occasional moderate-brown
concretions, indurated, non-
calcareous, a few white specks ---

129-62-29ccc
Test Hole 5146

Elevation 1409 feet
G 1 (lC iaID r i f t :

Topsoil, silty, sandy, clayey,
black ----------------------------Clay, silty, slightly sandy, pebbly,
dusky-yellow to moderate-yellow-
ish brown, moderately cohesive,
moderately plastic, oxidized
(till) ---------------------------Sand, very fine-to medium-grained,
subrounded, fair sorting, mostly
quartz, some shale ---------------

Clay, silty, sl ightly sandy, occas-
ional pebbles, olive-gray, mod-
erately cohesive, moderately
plastic, calcareous (till) -------

PiE!rre Formation:
Shale, grayish-black, indurated,

thinly interbedded with layers of
light-ol ive-gray bentonitic shale,
occasional thin yellowish-gray
1imestone concretions ------------

I29-63-2aaa
Test Hole 5115

Elevation 1450 feet
Glacial Drift:

Topsoil, slightly sandy, silty,
clayey, brownish-black -----------

Clay, slightly sandy, silty, clayey,
moderate-yellowish-brown, moder-
ately cohesive, moderately plas-
tic, oxidized (till) -------------

79

25

17

5

68

29

14

100

18

23

91

120

15



Thickness Depth
(feet)

Format ion

Gl aci al Dri ft:

129-63-2aaa (cont.)
Test Hole 5115

Elevation 1450 feet

Li tho 1oqy

Clay, silty, pebbly, olive-gray,
cohesive, plastic to moderately
plastic, calcareous (till) -------

Gravel, sl ightly sandy, fine to
coarse, angular to subrounded,
fair sorting, mostly carbonates,
some shale and granitics ---------

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately plastic,
cohesive, calcareous (till) ------

Gravel, fine to coarse, angular to
subrounded, fair sorting, mostly
carbonates, some shale and
granitics ------------------------

Clay, silty, pebbly, 01 ive-gray to
medium-dark-gray, cohesive,
moderately plastic, calcareous
(till) ---------------------------

81

5

2

12

96

97

102

104

116

Pierre Formation:
Shale, slightly siliceous, medium-

dark-gray to grayish-black,
moderately indurated, noncal-
careous, occasional thin 1 ight-
01 ive-gray bentonitic laminae ----

129-63-2dda
Test Hole 1175

Elevation 1450 feet

Glacial Dri ft:
Clay, yellow, fine to coarse

gravel (till) --------------------
Clay, sandy, gray (till) -----------
Clay, gray, fine to medium gravel,

lignitic (till) ------------------
Clay, gray, fine to medium shale

pebbles, I ignitic (till) --------
Sand, fine to coarse, some I ignite -
Clay, gravelly, pebbly, gray (till)-

Pierre Formation:
Shale ------------------------------

129-63-10dab
Test Hole 1174

Elevation 1462 feet

Glacial Drift:
Clay, brown ------------------------
Clay, gravelly, yellow (till) ------
Clay, gravelly, pebbly, gray (till)-

80

24

16
10

44
23
5

33

9

5
11
10

140

16
26
70

93
98

131

140

5
16
26



Thickness Depth
(feet)

129-63-10dab (cont.)
Test Hole 1174

Elevation 1462 feet

Li tho logy
G 1a<:iaID rift:

Sand, fine to coarse ---------------
Clay, sandy, gravelly, pebbly, gray

(till) ---------------------------Clay, gravelly, pebbly, gray (ti 11)-

Pierre Form,3tion:
Shale ------------------------------

129-63-lladd
Test Hole 1173

Elevation 1454 feet

Glao:ial Drift:
Topso iI, black ---------------------
Clay, gravelly, yellow (till) ------
Clay, blue -------------------------Sand, gravelly, coarse, mostly

shale, some lignite --------------
Clay, gravelly, pebbly, gray (till)-

129-63-11daa
Test Hole 1167

Elevation 1454 feet
Gladal Drift:

Earthfil I --------------------------
Clay, yellow -----------------------
Clay, gravelly, yellow (till) ------
Clay, gravelly, pebbly, gray (till)-
Sand, gravelly, fine-to medium-

grained --------------------------Clay, gravelly, pebbly, gray (till)-
Gravel, fine to medium, mostly

shale ----------------------------Clay, gravelly, pebbly, lignitic,
gray (till) ----------------------

Gravel, fine to coarse, lignitic ---
Clay, gravelly, lignitic, gray

(till) ---------------------------
Pierre Formation:

Shale ------------------------------

81

2

42
23

17

2
9
3

5
71

3
8
6
4

9
13

3

32
2

39

11

28

70
93

110

2
11
14

19
90

3
11
17
21

30
43

46

78
80

119

130



Thickness Depth
(feet)

Formation
Glacial Drift:

129-63-11dca
Test Hole 1168

Elevation 1443 feet
Lithology

Topsoil, black ---------------------
Clay, gravelly, yellow (till) ------
Gravel, sandy, fine to coarse ------
Clay, gravelly, gray (till) --------
Gravel, fine to coarse, 1ignitic ---
Clay, gravelly, pebbly, lignitic,

gray (till) ----------------------

2
9

13
37
4

48

2
11
24
61
65

113

Pierre Formation:
Shale ------------------------------

129-63-12cad
Test Hole 1166

Elevation 1453 feet
Glacial Drift:

Topsoil, black ---------------------
Clay, gravelly, yellow (till) ------
Clay, gravelly, pebbly, gray (til1)-
Sand, gravelly, fine-to coarse-

grained, some shale --------------
Clay, gravelly, pebbly, 1ignitic,

gray (till) ----------------------
Gravel, sandy, fine to medium ------
Clay, gravelly, gray (till) --------
Sand, fine-to medium-grained -------
Clay, gravelly, 1ignitic, gray

(till) ---------------------------
Pierre Formation:

Shale ------------------------------

129-63-12ccc
Test Hole 1169

Elevation 1451 feet
G lac ia I Dr ift:

Clay, gravelly, yellow -------------
Gravel, fine to coarse -------------
Clay, gravelly, gray (till) --------
Sand, fine-to coarse-grained,

abundant shale -------------------Clay, gravelly, pebbly, gray (till)-
Pierre Formation:

Shale ------------------------------

82

7

3
16
10

19

52
5

22
3

11

19

22
2

27

4
70

5

120

3
19
29
48

100
105
127
130

141

160

22
24
51

55
125

130



Li thology

129-63-12dbc
Test Hole 750-1

Elevation 1450 feet
Thickness )ePth

(feet
Gladal Drift:

Topsoil, black ---------------------Clay, silty, sandy, brownish-yellow,
moderately cohesive, slightly
plastic, oxidized (till) --------- 18

Clay, silty, sandy, pebbly, dark-
olive-gray, moderately cohesive,
slightly plastic (till) ---------- 20

Sand, gravelly, very coarse-grained,
subangular, moderately well-sorted,
mostly limestone and granitics,
small percent shale and lignite -- 18

Clay, very silty, 01 ive-gray, 51 ight-
ly cohesive, poor samples (till) - 50

Gravel, coarse, subrounded, poor
samples --------------------------Clay, silty, 01 ive-gray, poor samples
(till) --------------------------- 15Sand, very coarse-grained, poor
samples --------------------------Clay, silty, 01 ive-gray, poor samples
(till) --------------------------- 2Clay, silty, 01 ive-gray, 1ignitic
(till) --------------------------- 3Clay, silty, sandy, 01 ive-gray, cal-
careous (till) ------------------- 17

Sand, coarse-grained, subangular,
moderately well-sorted, mostly
1imestone and granitics ---------- 2

19

39

57

107
108

123
124
126
129
146

148

PiE!rre Formation:
Shale, very sl ightly silty, dark-gray,

slightly cohesive, very slightly
calcareous ----------------------- 12

Observation well
Depth 44 feet

129-63-13aad
Test Hole 5132

Elevation 1416 feet

Glacial Drift:
Topsoil, silty, clayey, black ------
Clay, silty, moderately sandy, pebbly,

moderate-yellowish-brown, moderately
cohesive, moderately oxidized
(till) --------------------------- 4Gravel, a few cobbles, very silty,
clayey, fine to coarse, angular to
subrounded, poorly sorted, mostly
carbonates and Iight-colored, very
small percent shale, oxidized ---- 3

Clay, sl ightly sandy, pebbly, 01 ive-
gray, moderately cohesive to co-
hesive, plastic (till) ----------- 12

Sand, silty, very fine-to coarse-
grained, subangular to subrounded,
moderately well-sorted, mostly
quartz, some shale and carbonates- 2

83

160

5

8

20

22



Formation

Glacial Drift:

129-63-13aad (cont.)
Test Hole 5132

Elevation 1416 feet

Li tholoqy Thickness Depth
(feet)

Glacial Drift:

Clay, si Ity, sandy, occasional
pebbles, 01 ive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ----------------

Gravel, sl ightly sandy, fine to
coarse, angular to rounded, poorly
sorted, mostly carbonates, some
light-colored granitics and shale,
small percent 1 ignite ------------

Clay, sl ightly sandy, sil ty, pebbly,
01 ive-gray, moderately cohesive,
plastic, calcareous (till) -------

Sand, silty, clayey, very fine-to
medium-grained, subangular, mod-
erately well-sorted, mostly qU3rtz
and carbonates -------------------

Clay, s iIty, sandy, pebb Iy, 01 ive-
gray, moderately cohesive, moder-
ately plastic, calcareous (till) -

129-63-13addl
Test Hole 5130

Elevation 1411 feet

10

3

13

4

8

32

35

48

52

60

Topsoil, silty, slightly sandy,
clayey, brownish-black -----------

Clay, moderately sandy, silty, pebbly,
moderate-yellowish-brown to dark-
yellowish-brown, moderately co-
hesive, moderately plastic, oxi-
dized (till) --------------------- 7

Clay, slightly sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 15

Sand, very fine-to coarse-grained,
angular to rounded, moderately
well-sorted, approximately 50-60
percent shale, remainder quartz
and carbonates ------------------- 3

Clay, moderately sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 6

Gravel, sandy (approximately 30-40
percent medium-to very coarse-
grained, angular to sub rounded
sand), fine to medium, angular
to subrounded, moderately well-
sorted, approximately 60-70 percent
shale, remainder carbonates and
I ight colored granitics ---------- 7

Clay, silty, slightly ~ndy, pebbly,
01 ive-gray, cohesive, plastic,
calcareous (till) ---------------- 21

84

8

23

26

32

39

60



Thickness Depth
(feet)

Glacial Drift;

129-63-]3add2
Test Ho]e 5]24

Elevation ]4]0 feet
Li thology

Topsoil, silty, sandy, black -------
Clay, slightly sandy, silty, pebbly,

moderate-yellowish-brown to dark-
yellowish-brown, moderately co-
hesive, plastic, oxidized (ti]l) - 2

Sand, very fine-to medium grained,
angular to subrounded, well-
sorted, approximately 70-80 percent
quartz, remainder shale, carbonates
and] ignite, oxidized to ]2 feet
bls -~---------------------------- 14Gravel, sandy, fine to medium, sub-
angular to subrounded, mostly
shale and carbonates, some] ight
colored granitics ---------------- 3

Clay, silty, pebbly, 0] ive-gray, co-
hesive, plastic (ti]]) ----------- 20

129-63-1 3bcc
Test Ho]e 1]70

Elevation ]453 feet

3

17

20

40

Gla,:ia] Drift:
Topsoi], black ---------------------
Clay, yellow -----------------------Clay, gravelly, ]ignitic, 0] ive-gray

(ti]]) ---------------------------

2
]4

] 07

2
]6

]23

Pierre Formation;
Shale ------------------------------

]29-63-1 3daa
Test Ho]e 5]29

E]evation 1412 feet
Glacial Drift;

Topsoi], silty, clayey, black ------
Clay, very silty, sl ightly sandy,

pebbly, moderate-yellowish-brown,
moderately cohesive, plastic,
oxidized (ti]])-------------------

Gravel, slightly sandy, silty, fine
to medium, poorly sorted, angular
to subrounded, mostly carbonates
some shale and granitics, oxidi-
zed ------------------------------Clay, si!ty, s]ightly sandy, pebbly,
0] ive-gray, moderately cohesive,
moderately plastic, calcareous
(ti 11)----------------------------

85

7

2

4

53

]30

3

7

60



Thickness Depth
(feet)Formation

Glacial Drift:

129-63-13dab
Test Hole 5133

Elevation 1415 feet
Lithology

Topsoil, silty, slightly sandy,
brownish-black -------------------

Clay, silty, slightly sandy, pebbly,
dusky-yellow to moderate yellow-
ish-brown, moderately cohesive,
moderately plastic, oxidized
(till) ---------------------------

Clay, silty, pebbly, olive-gray,
cohesive, moderately plastic,
calcareous (till) ----------------

Sand, very sl ightly gravelly, fine-
to very coarse-grained, angular
to subrounded, moderately well-
sorted, approximately 50-60
percent shale, remainder carbonates
and light-colored granitics ------

Clay, sl ightly to moderately sandy,
silty, pebbly, 01 ive-gray, mod-
erately cohesive, moderately
plastic, calcareous (till) -------

Sand, sl ightly gravelly, fine-to
very coarse-grained, angular to
subrounded, moderately well-
sorted, approximately 40-50 per-
cent shale, remainder carbonates
and Iight colored granitics,
small percent lignite, occasional
clay lenses lower 5-6 feet of
section --------------------------

Clay, silty, sl ightly sandy, pebbly,
01 ive-gray, moderately plastic,
calcareous (till) ----------------

13

4

4

4

13

21

14

18

22

26

39

60
Observation well
Depth 35 feet
Screened interval 32-35 feet

129-63-13dac
Test Hole 5134

Elevation 1413 feet

Glacial Dri ft:
Topsoil, silty, slightly sandy,

black ----------------------------Clay, silty, slightly sandy, mod-
erate-yellowish-brown to dusky-
yellow, sl ightly to moderately
cohesive, plastic, oxidized
(till) ---------------------------

Gravel, silty, slightly clayey,
sl ightly sandy, fine to coarse,
angular to subrounded, poorly
sorted, mostly carbonates, small
percent granitics, oxidized ------

Clay, silty, slightly sandy,
pebbly, olive-gray, cohesive,
plastic, calcareous (till) -------

86

2

16

13

3

19

32



129-63-13dac (cont.)
Test Hole 5134

Elevation 1413 feet

Li tho logy Thickness Depth
(feet)

Glacial Drift:

Glacial Drift:

Sand, very fine-to medium-grai ned,
angular to subrounded, moder-
ately well-sorted, mostly quartz
and shale ------------------------Clay, silty, pebbly, 01 ive-gray,
cohesive, plastic, calcareous
(till) ------.--------------------

129-63-13dad
Test Hole 5128

Elevation 1414 feet

Topsoil, silty, clayey, slightly
sandy, black ---------------------Clay, silty, slightly sandy, pebbly,
moderate-yellowish-brown to dark-
yellowish-brown, moderately co-
hesive, moderately plastic,
oxidized (till) ------------------

Clay, silty, very sl ightly sandy,
pebbly, 01 ive-gray, moderately
cohesive to cohesive, moderately
plastic, calcareous (till) -------

129-63-13dcc
Test Hole 1172

Elevation 1434 feet

4

24

11

48

36

60

12

60

Glacial Drift:
Topsoil, black --------------------- 1
Clay, gravelly, yellow (till) ------ 2
Sand, coarse, gravelly ------------- 14
Clay, gravelly, gray (till) -------- 6
Gravel, fine to medium, approximately

2/3 shale ------------------------ 7Clay, gravelly, gray, lignitic
(till) --------------------------- 66

1
3

17
23
30
96

Pie rre Format ion :
Shale ------------------------------

87

4 100



Formation

Glacial Drift:

129-63-13dda
Test Hole 5127

Elevation 1412 feet

LitholoCJY Thickness Depth
(feet)

Glacial Drift;

Topsoil, sandy, silty, brownish-
black ----------------------------

Clay, silty, slightly sandy,
pebbly, moderate-yellowish-
brown to dark-yellowish-brown,
moderately cohesive, moderately
plastic, calcareous, oxidized
(till) ---------------------------

Clay, silty, very slightly sandy,
pebbly, 01 ive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ---------------

Sand, very slightly gravelly,
medium-to coarse-grained, sub-
angular to subrounded, fair
sorting, approximately 50-60
percent shale, remainder quartz
and carbonates -------------------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

l29-63-13ddb
Test Hole 5135

Elevation 1412 feet

Topsoil, silty, clayey, sl ightly
sandy, black ---------------------

Gravel, si 1ty, clayey, fine to
coarse, poorly sorted, angular
to subangular, mostly carbon-
ates and granitics, oxidized -----

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

Sand, very fine-to fine-grained,
subangular to subrounded, moder-
ately well-sorted, mostly quartz
and shale, 1 ignitic --------------

Clay, silty,slightly sandy, pebbly,
01 ive-gray, cohesive, moderately
plastic, calcareous (till) -------

88

9

13

4

33

6

14

3

36

10

23

27

60

7

21

24

60



129-63-13ddc
Test Hole 5126

Elevation 1412 feet

LitholoCJY
Glacial Drift:

Thickness Depth
(feet)

Topsoil, sandy, silty, black -------
Clay, silty, sl ightly to moderately

sandy, pebbly, moderate-yellow-
ish-brown to dark-yellowish-brown,
moderately cohesive, moderately
plastic, oxidized (till) ---------

Clay, silty, very slightly sandy,
pebbly, 01 ive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ----------------

Gravel, very slightly sandy, fine to
coarse, angular to sub rounded,
moderately well-sorted, mostly
carbonates, some shale, granitics
and 1ignite ----------------------

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

Pierre Formation:
Shale, medium-dark-gray, to grayish-

black, indurated, nonca1careous,
non-fractured, occasional thin
1ight Olive-gray bentonitic lam-
inae -----------------------------

129-63-14baa
Test Hole 5153

Elevation 1440 feet
Glacial Drift:

Topsoil, silty, clayey, black ------
Clay, silty, slightly sandy, pebbly,

dusky-yellow to moderate-yellow-
ish-brown, moderately cohesive,
moderately plastic, oxidized
(till) ---------------------------

Sand, slightly gravelly, medium-to
very coarse-grained, angular to
subrounded, poorly sorted, mostly
quartz and shale, some carbonates,
1ignitic -------------------------

Clay, silty, sl ightly sandy, pebbly,
01 ive-gray, cohesive, moderately
plastic, calcareous (till) -------

I29-63-24aba
Test Hole 5171

Elevation 1416 feet
Glacial Drift::

Topsoil, silty, slightly sandy,
clayey, black --------------------

Clay, silty, sl ightly sandy, pebbly,
dusky yellow to moderate-yellow-
ish-brown, moderately cohesive.
moderately plastic, oxidized
(till) ---------------------------

89

3

76

3

20

17

7

4

28

6

4

80

83

103

120

8

12

40

7



Thickness Depth
(feet)Format ion

Glaci al Drift:

Glacial Drift:

G lac ia I Dr ift;

129-63-24aba (cont.)
Test Hole 5171

Elevation 1416 feet
Li thology

Sand, very fine-to medium-grained,
angular to subrounded, moderately
well-sorted, mostly quartz, some
carbonates, oxidized -------------

Clay, silty, pebbly, 01 ive-gray, mod-
erately cohesive, moderately
plastic, calcareous (till) -------

129-63-24abd
Test Hole 5157

Elevation 1416 feet

Topsoil, silty, clayey, brownish-
black ----------------------------

Clay, silty, pebbly, dusky-yellow to
moderate-yellowish-brown, moder-
ately cohesive, moderately plastic,
oxidized (till) ------------------

Gravel, sl ightly sandy, silty,
fine to coarse, angular to
subangular, poorly sorted,
mostly Iight colored granitics
and carbonates, oxidized ---------

Clay, silty, very sl ightly sandy,
pebbly, 01 ive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ----------------

129-63-24acd
Test Hole 5156

Elevation 1422 feet

Topsoil, si lty, clayey, pebbly,
dark-yellowish-brown -------------

Clay, silty, very slightly sandy,
pebbly, gravelly from 7-9 feet
bls, dusky-yellow to moderate-
yellowish-brown, slightly to
moderately cohesive, moder-
ately plastic, oxidized (till)

Clay, silty, pebbly, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

Gravel, sl ightly sandy, fine to
coarse, angular to subrounded,
poorly sorted, mostly carbonates
and shale, some lignite ----------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

90

3

30

9

2

28

13

6

8

12

10

40

10

12

40

14

20

28

40



129-63-24bbb
Test Hole 1171

Elevation 1458 feet

Lithology Thickness Depth
(feet)

Glacial Drift:
Clay, yellow -----------------------
Clay, gravelly, lignitic, brown

(till) ---------------------------Clay, gravelly, a few boulders,
gray (till) ----------------------

Pierre Formation:
Shale ------------------------------

I29-63-24bdd
Test Hole 51]0

Elevation 1425 feet

Glacial Drift:
Topsoil, silty, clayey, sl ightly

sandy, brownish-black ------------
Clay, silty, slightly sandy, pebbly,

numerous cobbles, dusky-yellow
to moderate-yellowish-brown,
moderately cohesive, moderately
plastic, oxidized (till) ---------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

Gravel, sandy (approximately 20-30
percent medium-to very coarse-
grained, angular to sub rounded
sand), fine to coarse, angular
to subrounded, fair sorting, mostly
carbonates and shale, some light
colored granitics ----------------

Clay, silty, pebbly, 01 ive-gray, mod-
erately cohesive, moderately plas-
tic, calcareous (till) -----------

Sand, sl ightly gravelly, medium-to
very coarse-grained, angular to
subrounded, fair sorting, predom-
inantly shale, some carbonates ---

Clay, silty, pebbly, olive-gray, mod-
erately cohesive, moderately plas-
tic, calcareous (till) -----------

129-63-24caa
Test Hole 5169

Elevation 1415 feet

14

8

103

5

14

6

8

10

6

15

14

22

125

130

15

21

29

39

45

60

Glacial Drift:
Topsoil, silty, slightly sandy,

brownish-black ------------------

91



Thickness Depth
(feet)

Format ion

Glacial Drift:

Glacial Drift:

129-63-24caa (cont.)
Test Hole 5169

Elevation 1415 feet

LitholoCJY

Clay, silty, slightly sandy, pebbly,
dusky-yellow to moderate-yellow-
ish-brown, sl ightly to moderately
cohesive, moderately plastic,
oxidized (till) ------------------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

Sand, sl ightly gravelly, medium-to
coarse-grained, angular to sub-
rounded, poorly sorted, mostly
granitics, quartz and carbonates -

Clay, silty, pebbly, Olive-gray,
moderately cohesive, plastic,
calcareous (till) ----------------

Sand, fine-to medium-grained, sub-
angular, fair sorting, mostly
shale and quartz, poor samples

Clay, silty, pebbly, Olive-gray,
moderately cohesive, plastic,
calcareous (till) ----------------

129-63-24cad
Test Hole 5168

Elevation 1416 feet

Topsoil, sandy, silty, pebbly,
brownish-black -------------------

Clay, silty, slightly sandy, pebbly,
dusky-yellow to moderate-yellow-
ish-brown, slightly to moderately
vohesive, semi-plastic, oxidized
(till) ---------------------------

Gravel, silty, clayey, fine to
coarse, angular, poorly sorted,
oxidized, predominantly carbon-
ates and 1 ight colored granitics -

Clay, silty, pebbly, dark-yellow-
ish-brown to 01 ive-gray, moder-
ately cohesive, moderately
plastic, cohesive, partially
oxidized (till) ------------------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, cohesive (till) ---------

Sand, sl ightly gravelly, medium-
to very coarse-grained, angular
to subrounded, moderately well-
sorted, mostly carbonates and
shale, some light colored
granitics and lignite ------------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

92

5

2

23

3

2

2

17

2

13

7 8

13

15

38

39

40

4

6

8

25

27

40



Glacial Drift:

I29-63-24cdal
Test Hole 5166

Elevation 1415 feet

Li tho logy Thickness Depth
(feet)

Topsoil, silty, clayey, slightly
sandy, black ---------------------

Grave J, s iIty, clayey, s I igh t Iy
sandy, fine to coarse, angular
to subangular, fair sorting,
mostly carbonates and light
colored granitics, some shale,
oxidized -------------------------

Sand, very fine-to coarse-grained,
angular to subrounded, well-
sorted, approximately 75-85 per-
cent quartz, remainder shale,
carbonates and lignite -----------

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

8

14

17

9

23

40

Observation wel I
Depth 20 feet
Screened interval 17-20 feet

12~-63-24cda2
Test Hole 5167

Elevation 1413 feet

Glacial Drift:

G lac ia I Dr ift:

Topsoil, silty, clayey, sandy, black
Clay, silty, very slightly sandy,

pebbly, dusky-yellow to moderate-
yellowish-brown, moderately co-
hesive, plastic, oxidized (till) -

Gravel, sl ightly sandy, si Ity, fine
to coarse, angular to sub rounded,
poorly sorted, oxidized, predom-
inantly carbonates and light
colored granitics, small percent
shale ----------------------------

Clay, silty, pebbly, olive-gray, mod-
erately cohesive, moderately plas-
tic, calcareous (till) -----------

J29-63-24cdd
Test Hole D.H. 19
Elevation 1414 feet

Topsoil ----------------------------
Clay, white ------------------------
Clay, reddish-yellow ---------------
Sand, gravelly ---------------------
Sand, fine-grained, gray -----------
Clay, gravelly, gray (till) --------

93

3

5

31

I
2
3
4
9
7

4

9

40

I
3
6

10
19
26



Format ion Lithology

129-63-24dbb
Test Hole 5155

Elevation 1418 feet
Thickness ~

(fee t)
Gl aci al Dri ft:

Glacial Drift:

Topsoil, silty, clayey, pebbly,
brownish-black -------------------

Clay, silty, sl ightly sandy, pebbly,
dusky-yellow to moderate-yellowish-
brown, moderately cohesive, mod-
erately plastic, oxidized (till) -

Gravel, clayey, silty fine to coarse
angular to subangu1ar, poorly
sorted, mostly granitics and car-
bonates, oxidized ----------------

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------

Sand, sl ightly to moderately silty,
very fine-to medium-grained,
angular to subrounded, moderately
well-sorted, approximately 50-60
percent quartz, remainder mostly
shale, small percent carbonates --

Clay, silty, pebbly, olive-gray,
cohesive, plastic (till) ---------

Sand, medium-to very coarse-grained,
angular to subangular, fair sort-
ing mostly carbonates and quartz,
some shale -----------------------

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

129-63-24dcb
Test Hole 5154

Elevation 1420 feet

Topsoil, silty, clayey, black ------
Clay, silty, pebbly, moderate-

yellowish-brown, moderately co-
hesive, moderately plastic,
oxidized (till) ------------------

Gravel, slightly sandy, silty, fine
to coarse, angular to subrounded,
poorly sorted, mostly granitics
and carbonates, ~ome shale,
oxidized -------------------------

Clay, silty, pebbly, 01 ive-gray, co-
hesive to moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

94

4

6

11

3

3

11

5

2

32

5

6

12

23
26

29

40

6

8

40



Thickness Depth
(feet)

I29-63-24dcc
Test Hole D.H. 15

Elevation 1412 feet

Lithology

Glac;ial Dri ft:
Topsoil ----------------------------
Clay, white ------------------------
Clay, yellow -----------------------
Sand and gravel --------------------
Clay, gravelly, gray (till) --------

I29-63-27cdc
Test Hole 5178

Elevation 1450 feet

G 1 a.; ia 1 Dr i f t :
Topsoil, silty, slightly sandy,

brownish-black -------------------
Clay, si 1ty, sl ightly sandy,

pebbly, moderate-yellowish-
brown, moderately cohesive,
moderately plastic, oxidized
(till) ---------------------------Clay, silty, pebbly, 01 ive-gray,
cohesive, plastic to moderately
plastic, calcareous (till) -------

Clay, very silty, Iight-ol ive-gray
to brownish-gray to 01 ive-gray,
sl ightly cohesive, slightly
plastic, calcareous, thinly
laminated (glaciofluvial
sediment) ------------------------

Pierre Formation:
Shale, medium-dark-gray to grayish-

black, indurated, noncalcareous,
non-fractured, occasional light
olive-gray bentonitic laminations-

129-63-27ddd
Test Hole 5177

Elevation 1432 feet

Glacial Dri ft:
Topsoil, silty, slightly sandy,

pebbly, brownish-black -----------
Gravel, silty, slightly sandy,

fine to coarse, angular to
subangular, fair sorting,
mostly carbonates and light
colored gran itics, some shale,
oxidized -------------------------Clay, silty, pebbly, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

Pierre Formation:
Shale, sl ightly siIiceous, medium

dark gray to grayish-black,
indurated, noncalcareous, non-
fractured ------------------------

95

I
1
I

11
10

10

20

15

7

62

10

1
2
3

14
24

11

105

125

140

8

70

80



Thickness Depth
(feet)

Formation

G 1ac iaID r if t:

G I ac ia I Dr i f t :

13 D-61-16bbb
Test Hole 5640

Elevation 1415 feet

Lithology

Topsoil, silty, clayey, sandy,
brownish-black -------------------

Clay, silty, moderately sandy, pebbly,
cobbles, boulders, moderate-yellow-
ish-brown, sl ightly plastic, moder-
ately cohesive, oxidized (till) -- 10

Clay, silty, slightly sandy, pebbly,
occasional thin sand lenses,
cobbles, olive-gray, moderately
cohesive, moderately plastic,
calcareous (til I) ---------------- 129

130-61-17ccc
Test Hole 5627

Elevation 1415 feet

Topsoil, sandy, silty, clayey,
brownish-black -------------------

Clay, sandy, silty, pebbly, moderate-
yellowish-brown, moderately cohe-
sive, moderately plastic, oxidized
(till) --------------------------- 25

Clay, silty, slightly sandy, pebbly,
sl ightly gravelly, 01 ive-gray,
moderately cohesive, moderately
pI astic, calcareolls (ti 11) ------- 19

Gravel, sandy, fine to coarse, sub-
rounded, fair sorting, mostly
carbonates and shale ------------- It

Clay, silty, sl ightly sandy, pebbly,
01 ive-gray, cohesive, moderately
plastic, calcareous (till) ------- lot

Sand, sl ightly gravelly, fine- to
coarse-grained, subangular to
rounded, mostly quartz -----------

Clay, silty, moderately sandy, pebbly,
thin gravel lenses, 01 ive-gray
(till) --------------------------- 2

Sand, fine-to coarse-grained, well-
sorted, subangular to rounded ---- 2

Clay, silty, moderately sandy, pebbly,
slightly gravelly, 01 ive-gray, mod-
erately cohesive, moderately plastic,
calcareous (till) ---------------- 10

Sand, slightly gravelly, very fine-
to very coarse-grained, (mostly
medium-to very coarse-grained),
subangular to rounded, well-sorted,
approximately 25-35 percent shale,
20-30 percent carbonates, remaining
portion mostly quartz, slightly
I ignitic, "clean-looking" samples- 14

96

II

140

26

45

57

58

60
62

72

86



Clay, very silty, sl ightly sandy,
olive-gray, slightly cohesive,
plastic, calcareous (glacio-
fluvial sediment) ---------------- 7 93

Sand, occasional thin clay lenses,
slightly gravelly (fine gravel),
very fine-to very coarse-grained,
(mostly medium-to coarse-grained),
subangular to rounded, well-sorted,
mostly quartz and shale, lignitic- 17 110

Clay, very silty, 01 ive-gray, occa--
s ionaIIi ght -0Iive-gray Iam inat ions,
slightly cohesive, plastic, cal-
careous (glaciofluvial sediment) - 12 122

Clay, silty, sl ightly sandy, pebbly,
gravelly, 01 ive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ---------------- 156 278

Gladal Drift:
Litho 10CJY

130-61-17ccc (cont.)
Test Hole 5627

Elevation 1415 feet
Thickness Depth

(feet)

Niobrara Formation:
Shale, brownish-black with occasional

reddish-brown concretions, indurated,
very slightly calcareous, laminated,
occasional small white specks 22 300

Observation well
Depth 103 feet
Screened interval 97-103 feet

130-61-28ccc
Test Hole 5639

Elevation 1405 feet

Glacial Drift:
Topsoil, silty, sandy, clayey,

brownish-black -------------------
Clay, silty, moderately sandy,

pebbly, moderate-yellowish-
brown, sl ightly plastic, mod-
erately cohesive, oxidized
(till) --------------------------- 13

Boulder, granite, very hard -------- I
Gravel, moderately sandy, fine to

medium, angular to rounded, fair
sorting, approximately 35-45 per-
cent carbonates, some shale,
granitics, metamorphics and other
sll iceous rocks, oxidized through-
out ------------------------------ 5

Clay, silty, slightly sandy, a few
thin gravel lenses, pebbly, cobbles,
boulders, 01 ive-gray, moderately
cohesive, moderately plastic, cal-
careous (till) ------------------- 65

Gravel, slightly sandy, fine to coarse,
angular to rounded, fair sorting,

97

14
15

20

85



Formation

Glacial Drift:

l3D-61-28ccc (cont.)
Test Hole 5639

Elevation 1405 feet

Li tholoqy Thickness Depth
(feet)

approximately 25-35 percent shale,
30-40 percent carbonates, remaining
portion mostly granitics, slightly
I ignitic, taking some water ------

Clay, sil ty, sl ightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
cohesive, plastic, calcareous
(till) ---------------------------

13D-6l-29bbb
Test Hole 5626

Elevation 1410 feet

5

70

90

160

G Iac ia I Dr i ft :
Topsoil, silty, sandy, pebbly,

brownish-black -------------------
Clay, silty, moderately sandy,

pebbly, sl ightly gravelly,
moderate-yellowish-brown, mod-
erately cohesive, plastic,
oxidized (till) ------------------ 25 26

Clay, silty, sl ightly sandy, pebbly,
01 ive-gray, cohesive, plastic,
calcareous (till) ---------------- 40 66

Sand, slightly gravelly (fine gravel),
very fine-to very coarse-grained,
(mostly medium-grained), sub-
angular to rounded, well-sorted,
approximately 25-40 percent shale,
10-20 percent carbonates, remaining
portion mostly quartz and feldspar,
sl ightly I ignitic, "clean-looking"
samples -------------------------- 27 93

Silt, moderately clayey, dark-gray,
sl ightly cohesive, very plastic,
(glaciofluvial sediment) --------- 7 100

Clay, silty, slightly sandy, pebbly,
slightly gravelly, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 60 160

Observation wel I
Depth 80 feet
Screened interval 77-80 feet

98



TEST HOLE 5625
lOCATION: 130-61-30bbb
ELEVATION: 1408
(FT,MSl)

DATE DRILLED: May 1970

DEPTH: 180
(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

0-1 Topsoil, silty, sandy, clayey,
brownish-black.

1-15 Clay, silty, moderately sandy,
pebbly, moderate-yellowish-
brown, slightly cohesive, mod-
erately plastic, oxidized
(till).

15-24 Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

24-35 Sand, moderately gravelly, fine-
to very coarse-grained, (mostly
medium-to coarse-grained),
subangular to subrounded, fair
sorting, approximately 25-35
percent shale, 20-30 percent
carbonates, remaining portion
mostly quartz and feldspar,
slightly 1ignitic.

Clay, silty, gravelly, moderately
sandy, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

Gravel, moderately clayey, mod-
erately sandy, fine to coarse,
angular to subrounded,fair
sorting, approximately 35-45
percent carbonates, 20-30 per-
cent shale, remaining portion
granitics, metamorphics, and
other siliceous rocks.

Clay, silty, moderately sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

Sand, slightly gravelly,very fine-
to very coarse-grained, (mostly
medium-to very coarse-grained),
subangular to rounded, well-
sorted, approximately 35-45
percent shale, remaining por-
tion mostly quartz and feldspar,
some carbonates, sl ightly
lignitic, "clean-looking" sam-
ples, taking water.

83-112 Clay, very silty, olive-gray,
occasional 1ight-ol ive-gray
laminations, very cohesive,
very plastic, calcareous
(glaciofluvial sediment).

112-180 Clay, silty, slightly sandy,
pebbly, occasional gravel
lenses, moderately cohesive,
plastic, calcareous (till).

180

160

140

-::.:;;
60

,Ii« 35-50

80

--- 50-53---
---
------ 100
---
------

53-57

120

57-83

POTENTIAL (MV)-

200

Observation well
Depth 80 feet
Screened interval 77-80 feet

220

240 99



lOCATION: 130-61-31bbb
ELEVATION: 1408
(FT, MSL)

TEST HOLE 5624

RESISTANCE (OHMS)

60

80

100

120

140

160

180

200

220

100
240

0-1
1-27

27-54

54-86

86-119

119-160

DATE DRILLED: May 1970
DEPTH: 160

(FT)

DESCRIPTION OF DEPOSITS
G 1ac ia I Dr ift

Topsoil, silty, sandy, clayey,
brownish-black.

Clay, silty, moderately sandy,
pebbly, dusky-yellow to mod-
erate-yellowish-brown, sl ightly
cohesive, moderately plastic,
ox id ized (tiII)•

Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

Sand, slightly gravelly, (ap-
proximately 10-25 percent fine
to coarse gravel), fine-to very
coarse-grained, (mostly medium-
to very coarse-grained), angular
to subrounded, moderately well-
sorted, approximately 25-45
percent shale, 5-15 percent
carbonates, remainirog portion
mostly quartz and feldspar,
taking some water.

Clay, very silty, olive-gray,
occasional light-olive-gray
laminations, very plastic,
cohesive, calcareous (glacio-
fluvial sediment).

Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).
Observation well
Depth 80 feet
Screened interval 77-80 feet



Thickness ~ePth
(feet

Formation
GlacL31 Drift:

130-61-31ddd
Test Hole 5623

Elevation 1418 feet
Li thology

Topsoil, silty, moderately sandy,
brownish-black -------------------

Clay, silty, moderately sandy, pebbly,
moderate-yellowish-brown, slightly
cohesive, plastic, oxidized
(till) --------------------------- 30Clay, silty, slightly sandy, pebbly,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 19

Sand, slightly clayey, fine-to coarse-
grained, (mostly fine-to medium-
grained), subangular to rounded,
moderately well-sorted, mostly quartz
and shale, some carbonates, lig-
nitic ---------------------------- 5

Clay, silty, slightly sandy, pebbly,
olive-gray, moderately cohesive,
plastic (till) ------------------- 10

Sand, clayey, very fine-to medium-
grained, fair sorting, subrounded,
very "dirty-looking" samples,
lignitic ------------------------- 4

Clay, silty, slightly sandy, pebbly,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 19

Sand, slightly gravelly, very fine-
to very coarse-grained, subangular
to rounded, moderately well-sorted,
mostly quartz and shale, lignitic- 4

Clay, very silty, olive-gray to
medium-dark-gray, occasional
1ight-olive-gray laminations,
very plastic, cohesive, calcareous
(glaciofluvial sediment) --------- 41

Clay, silty, sl ightly sandy, pebbly,
gravelly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ---------------- 144

31

50

55

65

69

88

92

133

277
Niobrara Formation:

Shale, silty, grayish-brown to
brownish-black, indurated,
occasional small white specks,
slightly calcareous -------------- 23

130-62-10ddd
Test Hole 5629

Elevation 1415 feet
Glacial Drift:

Topsoil, silty, sandy, clayey,
brownish-black -------------------

Clay, silty, moderately sandy, pebbly,
cobbles, boulders, moderate-yellowish-
brown, sl ightly cohesive, moderately
plastic, oxidized (till) --------- 23

101

300

24



Thickness ~ePth
(feet

Formation
Glacial Drift:

130-62-10ddd (cont.)
Test Hole 5629

Elevation 1415 feet
Lithology

Clay, silty, sl ightly sandy, occa-
sional thin gravel lenses, pebbly,
cobbles, boulders, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 50

Sand, clayey, fine-to medium-grained,
subangular to rounded, poorly
sorted --------------------------- 2

Clay, silty, moderately sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous,
(till) --------------------------- 8

Clay, silty, sandy, pebbly, numerous
gravelly, sand lenses, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 7

Sand, silty, clayey, very fine-to
coarse-grained, (mostly fine-to
medium-grained), subangular to
rounded, poorly to moderately well-
sorted, approximately 10-20 percent
shale, remaining portion mostly
quartz, lignitic ----------------- 15

Clay, silty, slightly sandy, pebbly,
occasional gravel lenses, a few
cobbles, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ---------------- 18

Gravel, sandy, fine to medium, angular
to subrounded, poorly sorted ----- 4

Clay, silty, slightly sandy, pebbly,
01 ive-gray, cohesive, moderately
plastic, calcareous (till) ------- 32

Observation well
Depth 100 feet
Screened interval 97-100 feet

102

74

76

84

91

106

124

128

160



LOCATION: 130-62-12ddd
ELEVATION: 1410
(FT,MSL)

POTENTIAL (MV)

TEST HOLE 5628

RESISTANCE (OHMS)

120

140

160

180

200

220

103

DATE DRILLED: May 1970

DEPTH: 160
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift
0-1 Topsoil, sandy, silty, clayey,

brownish-black.
1-19 Clay, silty, moderately sandy,

pebbly, mOderate-yellowish-
brown, moderately cohesive,
moderately plastic, oxidized
(t i11).

19-66 Clay, silty, slightly sandy,
occasional thin sand lenses,
pebbly, olive-gray, moderately
cohesive, plastic, calcareous
(t i11) •

66-108 Sand, slightly gravelly (fine
gravel), fine-to very coarse-
grained, (mostly medium-to
coarse-grained), subangular
to rounded, well-sorted,
approximately 25-35 percent
shale, remainder mostly quartz,
feldspar, and carbonates.

108-160 Clay, silty, slightly sandy,
pebbly, gravelly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till).

Observation well
Depth 100 feet
Screened interval 97-100 feet



Formation

Glacial Drift:

130-62-15bbb
Test Hole 5630

Elevation 1415 feet

Litholoqy Thickness Depth
(feet)

Topsoil, silty, sandy, brownish-
black ----------------------------

Clay, silty, moderately sandy, pebbly,
moderate-yellowish-brown, moderately
cohesive, moderately plastic,
oxidized (till) ------------------ 11 12

Clay, silty, sl ightly sandy, pebbly,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 66 78

Sand, very silty, clayey, very fine-
to medium-grained, (mostly fine-
grained), subangular to rounded,
fair sorting, mostly quartz and
shale, 1 ignitic ------------------ 5 83

Clay, silty, sl ightly sandy, pebbly,
occasional cobbles and boulders,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 151 234

Niobrara Formation:
Shale, sil iceous, brownish-black to

grayish-black, occasional small
white specks and brownish con-
cretions, moderately to slightly
calcareous, indurated, bedded ----

130-62-22ddd
Test Hole 5259

Elevation 1407 feet

Glacial Drift:

26 260

Topsoil, slightly sandy, silty,
clayey, brownish-black -----------

Clay, silty, slightly sandy,
pebbly, moderate-yellowish-
brown, moderately cohesive,
moderately plastic, oxidized
(till) --------------------------- 18 19

Clay, silty, sandy, pebbly, olive-
gray to medium-dark-gray, cohe-
sive, moderately plastic,
moderately calcareous (till) ----- 181 200

130-62-23ddc
Test Hole 5631

Elevation 1410 feet

Glacial Drift:
Topsoil, silty, clayey, sandy,

brownish-black -------------------
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Clay, silty, slightly to moderately
sandy, pebbly, moderate-yellowish-
brown, moderately cohesive, moder-
ately plastic, oxidized (till) --- l6i 17

Clay, silty, slightly sandy, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 53 70

Sand, moderately gravelly, very fine-
to coarse-grained, (mostly fine-to
medium-grained), subangular to rounded,
well-sorted, approximately 15-25
percent shale, remaining portion
mostly quartz and feldspar ------- 38 108

Clay, very silty, occasional thin
sand lenses, 01 ive-gray, occasional
light-olive-gray laminations, very
plastic, sl ightly cohesive, cal-
careous (glaciofluvial sediment)-- 31 139

Clay, silty, sl ightly sandy, pebbly,
gravelly, 01 ive-gray, cohesive,
moderately plastic, calcareous
(till) --------------------------- 41 180

Glacial Drift:

130-62-23ddc (cont.)
Test Hole 5631

Elevation 1410 feet

Li thology Thickness Depth
(feet)

G 1ac iaID r i f t :

Observation well
Depth 80 feet
Screened interval 77-80 feet

130-62-24cdd
Test Hole 5260

Elevation 1415 feet

Topsoil, silty, sandy, clayey,
brownish-black -------------------

Clay, silty, moderately sandy, pebbly,
dusky-yellow to moderate-yellowish-
brown, moderately cohesive, moder-
ately plastic, oxidized (till) --- 24 25

Gravel, slightly clayey, silty, sandy,
(approximately 25-45 percent fine-
to very coarse-grained, angular to
sub rounded sand), fine to coarse,
angular to subrounded, fair sorting,
approximately 20-30 percent shale,
30-45 percent carbonates, remainder
mostly light-colored granitics,
oxidized ------------------------- 30 55

Clay, silty, slightly sandy, pebbly,
a few cobbles, occasional thin gravel
lenses, olive-gray, moderately cohe-
sive, moderately plastic, calcareous
(till) --------------------------- 25 80

Silt, moderately sandy, olive-gray to
dark-greenish-gray, slightly cohesive,
plastic, calcareous, silt fraction
washing out, poor samples -------- 35 115

Clay, silty, sl ightly sandy, pebbly,
occasional thin gravel lenses, 01 ive-
gray, moderately cohesive, moderately
plastic, calcareous (till) ------- 85 200
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116-140 Clay, silty, slightly sandy,
pebbly, olive-gray, cohesive,
moderately plastic, calcareous
(t i 11) •

LOCATION: 130-62-25ccd
ELEVATION: 1401
(FT, MSL)

TEST HOLE 5646

RESISTANCE (OHMS)

80

100

120

140

160

180

200

220

0-1
1-16

16-37

37-39

39-60

60-116

DATE DRillED: May 1970
DEPTH: 140

(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

Topsoil, silty, sandy, pebbly,
brownish-black.

Clay, silty, moderately sandy,
pebbly, moderate-yel1owish-
brown, moderately cohesive,
moderately plastic, oxidized
(t i 11) •

Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (til1).

Sand, fine-to coarse-grained,
subangu1ar, moderately well-
sorted.

Clay, silty, moderately sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

Sand, very slightly gravelly,
occasional thin clay lenses
lower 30 feet of section, very
fine-to very coarse-grained,
(medium-to very coarse-grained
from 60-80 feet and fine-to
medium-grained from 80-116 feet\
subangular to rounded, we11-
sorted, approximately 15-20
percent shale, remaining por-
tion mostly quartz and feldspar,
sl ight1y 1ignitic, "clean-
looking" samples, taking some
water.

Observation well
Depth 70 feet
Screened interval 67-70 feet

240 106



Topsoil, sandy, silty, clayey, brown-
ish-black ------------------------

Clay, silty, moderately sandy, pebbly,
dusky-yellow to moderate-yellowish-
brown, moderately cohesive, plastic,
oxidized (till) ------------------ 14 15

Clay, silty, sandy, pebbly, olive-gray,
cohesive, moderately plastic, cal-
careous (till) ------------------- 25 40

Gravel, moderately sandy, slightly silty,
fine to medium, angular to subrounded,
fair sorting, mostly shale and car-
bonates, some granitics ---------- 2 42

Clay, silty, moderately sandy, pebbly,
01 ive-gray, moderately cohesive, mod-
erately plastic, calcareous (till)- 3 45

Sand, gravelly (approximately 15-30 per-
cent fine to medium, angular to sub-
rounded gravel), fine-to very coarse-
grained, moderately well-sorted, ap-
proximately 30-50 percent shale, 15-
20 percent carbonates, remainder quartz,
light colored granitics, chalcedony
and small percent lignite -------- 25 70

Gravel, sandy (approximately 25-45 per-
cent fine-to very coarse- grained, sub-
angular to subrounded sand), fine grading
to coarse, angular to rounded, fair
sorting, approximately 30-40 percent
shale, 20-30 percent light colored gran-
itics, remainder mostly carbonates,
small percent lignite ------------ 11 81

Clay, very silty, olive-gray to dark-
greenish-gray with light-olive-gray
laminations, very plastic, calcareous
(glaciofluvial sediment) --------- 29 110

Gravel, slightly sandy, fine to medium,
angular to subrounded, poorly sorted,
mostly carbonates and light colored
granitics, some shale ------------ 4 114

Clay, silty, slightly sandy, pebbly, olive-
gray, moderately cohesive, moderately
plastic, calcareous, occasional thin
gravel lenses -------------------- 86 200

G lac i031 Dr if t:

130-62-25dab
Test Hole 5261

Elevation 1396 feet

Li tholoCJY Thickness Depth
(feet)

Observation well
Depth 60 feet
Screened interval 57-60 feet
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lOCATION: 130-62-25dcc

ElEVAT ION: 1410
(FT, MSL)

TEST HOLE 5256

RESISTANCE (OHMS)

120

140

160

180

200

220

DATE DRillED: December 1968

DEPTH: 200
(FT)

DESCRIPTION OF DEPOSITS
Glacial Drift

0-1 Topsoil, slightly sandy, silty,
clayey, brownish-black.

1-12 Clay, silty, slightly sandy,
pebbly, very sl ightly gravelly,
moderate-yellowish-brown,
moderately cohesive, moderately
plastic, oxidized (till).

12-55 Clay, si lty, sl ightly sandy,
numerous pebbles, olive-gray
to medium dark-gray, moderately
cohesive, moderately plastic,
calcareous (till).

55-107 Sand, slightly silty, very
slightly gravelly, very fine-
to very coarse-grained, sub-
angular to rounded, moderately
well-sorted, approximately
30-40 percent shale, 40-50
percent quartz, remainder
mostly carbonates, taking
water.

107-114 Silt, sl ightly clayey, olive-gray
to dark-greenish-gray, slightly
cohesive, slightly plastic,
silt fraction washing out,
poor samples (glaciofluvial
sediment).

114-200 Clay, silty, slightly sandy,
pebbly, occasional thin gravel
lenses, olive-gray, cohesive,
slightly plastic, calcareous
(t i 11) •

Observation well
Depth 100 feet
Screened interval 97-100 feet

240 108



TEST HOLE 5645

LOCATION: 130-62-25dcd

ELEVATION: 1'+06
(FT, MSL)

DATE DRILLED: May 1970

DEPTH: 160
(FT)

Glacial Drift
Topsoil, silty, sandy, pebbly,

brownish-black.
Clay, silty, moderately sandy,

pebbly, dusky-yellow to mod-
erate-yellowish-brown, slightly
cohesive, moderately plastic,
ox id ized (t i11) •

Clay, silty, slightly sandy,
pebbly, cobbles, boulders, olive

-gray, moderately cohesive,
moderately plastic, calcareous
(t i 11) •

DESCRIPTION OF DEPOSITS

1-14

0-1

14-49

Gravel, sandy, fine to coarse,
(mostly fine to medium), sub-
angular to rounded, moderately
well-sorted, approximately
15-25 percent shale, 30-40
percent carbonates, remaining
portion granitics, metamorphics,
and other sil iceous rocks,
slightly lignitic, taking some
water.

58-85 Sand, slightly gravelly, fine-
to very coarse-grained, (mostly
medium-to very coarse-grained),
subangular to rounded, well-
sorted, approximately 20-30
percent shale, remaining
portion mostly quartz and
feldspar, some carbonates,
1igni tic, "clean-looking"
samples, taking some water.

85-108 Clay, very silty, moderately
sandy, olive-gray, occasional
1 ight-olive-gray laminations,
very plastic, slightly cohesive,
calcareous, (glaciofluvial
sediment).

108-118 Clay, silty, moderately sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

118-122 Sand, moderately gravelly, fine-
to very coarse-grained, (mostly
coarse-to very coarse-grained),
angular to sub rounded , moder-
ately well-sorted, mostly
quartz and carbonates, some
shale.

122-160 Clay, silty, slightly sandy,
pebbly, cobbles, boulders,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(t i 11) •

180

160

140

120

100

80

60

POTENTIAL. (MV)

200 Observation well
Depth 70 feet
Screened interval 67-70 feet

220

240 109



Topsoil, silty, clayey, slightly
sandy, brownish-black ------------

Clay, silty, sl ightly sandy, pebbly,
dusky-yellow to moderate-yellowish-
brown, moderately cohesive, moder-
ately plastic, oxidized (till) --- 13 14

Sand, very clayey, sl ightly, gravelly,
angular to subangular, fair sort-
ing, medium-to very coarse-
grained, mostly quartz and grani-
tics, some carbonates, oxidized -- 15

Clay, silty, slightly sandy, pebbly,
occasional thin gravel lenses, a
few cobbles, olive-gray, cohes-
ive to moderately cohesive, plas-
tic, moderately calcareous (till)- 135 150

Gravel, sandy (approximately 25-35
percent medium-to very coarse-
grained sand), a few clay lenses,
fine to medium, angular to rounded,
fair sorting, approximately 50-60
percent carbonates, remainder
mostly shale and 1 ight colored
granitics, a few conglomerate peb-
bles and 1 ignite, taking water --- 16 166

Clay, silty, slightly sandy, pebbly,
numerous thin gravel lenses, a
few cobbles, olive-gray, moder-
ately plastic, calcareous (till)-- 54 220

Formation

Glacial Drift:

130-62-26ccc
Test Hole 5255

Elevation 1405 feet

Li thol ogy Thickness Depth
(feet)

Observation well
Depth 160 feet
Screened interval 157-160 feet
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lOCATION: 130-62-26dcc

ELEVATION: 1390
(FT, MSL)

TEST HOLE 5147
DATE DRillED: August 1968

DEPTH: 300
(FT)

POTENTIAL (MV)

180

200

220

240 111

DESCRIPTION OF DEPOSITS

Glacial Drift
0-1 Topsoil, silty, slightly sandy,

pebbly, black.
1-3 Clay, very silty, moderately

sandy, moderate-yellowish-
brown to dark-yellowish-brown,
slightly cohesive, slightly
plastic, oxidized (till).

3-13 Sand, sl ightly gravelly, inter-
bedded with clay lenses, fine-
to very coarse-grained, angular
to subrounded, poorly sorted,
mostly shale and quartz.

13-50 Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till).

Sand, very silty, interbedded
with clay lenses, very fine-to
fine-grained, subangular to
subrounded, well-sorted, pre-
dominantly quartz and shale,
<20 percent carbonates.

Clay, extremely silty, slightly
sandy, olive-gray to medium-
dark-gray, slightly cohesive,
semi-plastic, very calcareous,
silt fraction washing out
(glaciofluvial sediment).

Sand, silty, thinly interbedded
with clay, very fine-to fine-
grained, subangular to rounded,
moderately well-sorted, mostly
quartz and shale, some car-
bonates, taking water.

Clay, very silty, moderately
sandy, brownish-gray, slightly
cohesive, semi-plastic, silt
fraction washing out (glacio-
fluvial sediment).

Sand, clayey, silty to extremely
silty, very fine-to medium-
grained, subangular to sub-
rounded, moderately well-sorted,
mostly shale and quartz, <30
percent carbonates.

Clay, extremely silty, inter-
bedded with very fine-to coarse-
grained sand throughout section,
olive-gray to medium-dark-gray,
slightly cohesive, samples
washing out (glaciofluvial
sediment).

Gravel, sandy, sl ightly silty,
slightly clayey, (approximately
25-35 percent medium-to very
coarse-grained, subangular to
subrounded sand), fine to coarse,
becomes more coarse with depth,
angular to subrounded, moderately
well-sorted, approximately 60-70
percent shale, remainder car-
bonates, granitics and lignite,
rapidly taking water.



LOCATION: 130-62-26dcc

ELEVATION: 1390
(FT, MSL)

TEST HOLE 5147 (cont.)

DATE DRILLED: August 1968

DEPTH: 300
(FT)

POT ENTIAL (MV) RESISTANCE (OHMS)

260

280

300

320

340

360

380

400

420

440

460

112
480

DESCRIPTION OF DEPOSITS
Glacial Drift (Cont.)

169-184 Gravel, sandy (approximately
20-30 percent coarse-to very
coarse-grained, angular to sub-
rounded sand), fine to coarse,
subangular to subrounded, well-
sorted, approximately 65-75
percent carbonates, remainder
shale and granitics, some
lignite, taking water.

184-265 Clay, silty, pebbly, 01 ive-gray,
moderately cohesive to cohesive,
moderately plastic, calcareous
(t i 11) •

Niobrara Formation
265-300 Shale, grayish-brown with numerous

moderate-brown concretions,
numerous white specks, sl ightly
calcareous, indurated, laminated.1

Observation well
Depth 180 feet
Screened interval 177-180 feet

Flowing well - plugged and
abandoned 9-6-68



LOCATION: 1]O-62-26ddd

ELEVATION: ]1f05
(FT, MSL)

TEST HOLE 5148
DATE DRillED: August 1968

DEPTH: 300
(FT)

POTENTIAL (MV)

20

40

I~ll::
100

DESCRIPTION OF DEPOSITS
Glacial Drift

0-1 Topsoil, silty, slightly sandy,
clayey, dark-yellowish-brown.

1-14 Clay, very silty, sandy, pebbly,
dusky-yellow to moderate-yellow-
ish-brown, slightly to moder-
ately cohesive, plastic, oxi-
d ized (t i11) •

14-16 Sand, silty, clayey, fine-to
coarse-grained, angular to
subrounded, fair sorting,
mostly shale and quartz, poor
samples.

16-59 Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
cohesive, moderately plastic,
calcareous (till).

59-72 Gravel, sandy, (approximately
25-35 percent medium-to very
coarse-grained subangular to
subrounded sand), fine to
coarse, angular to subrounded,
fair sorting, approximately
60-70 percent carbonates, re-
mainder shale and light colored
granitics, very small percent
1 ignite, taking water.

Gravel, sandy, interbedded with
lenses of silty clay, fine to
medium, poorly sorted, angular
to subangular, taking some water.

Silt, slightly clayey, interbedded
with lenses of very fine-to
medium-grained, subangular to
rounded, predominantly quartz
sand, taking some water, silt
and clay washed out, poor
samples (glaciofluvial sediment).

120-272 Clay, silty, pebbly, occasional
gravel lenses, olive-gray,
moderately cohesive to cohesive,
moderately plastic, calcareous
(t i 11) •



ELEVATION: 1405
(FT, MSL)

lOCATION: 130-62-26ddd

TEST HOLE 5148 (cont.)

DATE DRillED: Augus t 1968
DEPTH: 300

(FT)

DESCRI PTION OF DEPOSITS

Niobrara Formation
272-300 Shale, brownish-black to dusky-

brown with numerous moderate-
brown concretions, slightly
calcareous, indurated, laminated.
Observation well
Depth 70 feet

00 Screened interval 67-70 feet

320

340

360

380

400

420

440

460

480
114



Topsoil, silty, clayey, slightly
sandy, black ---------------- _

Clay, silty, sandy, pebbly, moderate-
yellowish-brown, moderately cohesive,
moderately plastic, oxidized
(till) --------------------------- 21 22

Sand, gravelly, fine-to very coarse-
grained, subangular, poorly sorted,
mostly carbonates, oxidized ------ 3 25

Clay, silty, sl ightly sandy, pebbly,
cobbles and boulders, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 102 127

Clay, silty, sandy, very gravelly,
numerous cobbles and boulders,
olive-gray, cohesive, moderately
plastic, calcareous (till) ------- 13 140

Formation

G' acial Drift:

130-62-27daa
Test Hole 5632

Elevation 1410 feet

Litholoqy Thickness Depth
(feet)

Glacial Drift:

Glccia1 Drift:

130-62-30ddc
Test Hole 5160

Elevation 1420 feet

Topsoil silty, pebbly, brownish-
black ------------------ _

Clay, silty, slightly sandy, pebbly,
dusky-yellow to moderate-yellowish-
brown, moderately cohesive, moder-
ately plastic, oxidized (till) --- 6 7

Sand, silty, clayey, fine-to coarse-
grained, angular to subrounded,
poorly sorted, mostly carbonates,
some granitics, oxidized --------- 2 9

Clay, silty, pebbly, dark-yellowish-
brown to olive-gray, moderately
cohesive, moderately plastic,
calcareous (till) ---------------- 5 14

Sand, very fine-to medium-grained,
angular to subrounded, moderately
well-sorted, mostly quartz and
shale, small percent carbonates
and 1 ignite ---------------------- 5 19

Clay, silty, pebbly, Olive-gray, mod-
erately cohesive, moderately
plastic, calcareous (till) ------- 21 40

130-62-30ddd
Test Hole 5161

Elevation 1418 feet

Topsoil, silty, slightly sandy, peb-
bly, brownish-black ------- _
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Formation

130-62-30ddd (cont.)
Test Hole 5161

Elevation 1418 feet

Litholoqy Thickness Depth
(feet)

Glacial Drift:

Glacial Drift:

Glacial Drift:

Clay, silty, slightly sandy, pebbly,
dusky-yellow to moderate-yellowish-
brown, moderately cohesive, moder-
ately plastic, oxidized (till) --- 6 7

Clay, silty, slightly sandy, pebbly,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) --------------------------- 53 60

130-62-34daa
Test Hole 5633

Elevation 1403 feet

Topsoil, silty, clayey, sandy, brownish-
black ---------------------------- 1

Clay, silty, moderately sandy, pebbly,
a few cobbles, moderate-yellowish-
brown, moderately cohesive, plastic,
oxidized (till) ------------------ 14 15

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
cohesive, plastic, calcareous
(till) --------------------------- 165 180

130-62-35dbd
Test Hole 5258

Elevation 1402 feet

Topsoil, sandy, silty, gravelly,
brownish-black -------------------

Gravel, sandy, clayey, silty (approx-
imately 35-45 percent fine-to
very coarse-grained, angular to
subrounded sand), fine to medium
angular to subrounded, approx-
imately 50-60 percent carbon-
ates, remainder light colored
granitics, shale and sandstone,
oxidized, stratified ------------- 19 20

Sand, gravelly, slightly clayey,
(approximately 20-30 percent fine
gravel), fine-to very coarse-
grained, angular to subrounded,
fair sorting, becomes more grav-
elly with depth, approximately 30-
40 percent shale, 40-50 percent
quartz, remainder mostly carbon-
ates and granitics --------------- 11 31

Gravel, sandy, very slightly silty
and clayey, approximately 15-35
percent sand with sand content
decreasing with depth, fine to
coarse, angular to subrounded,
fair sorting, approximately 60-70

116



percent shale, remainder mostly
carbonates and granitics --------- 11 42

Clay, silty, slightly sandy, pebbly,
a few cobbles, olive-gray, moder-
ately cohesive, moderately plastic,
calcareous (till) ---------------- 48 90

Silt, clayey, interbedded with very
fine-to medium-grained sand,
olive-gray to da!k greenish-gray,
calcareous, silt fraction washing
out (glaciofluvial sediment) ----- 59 149

Clay, silty, sl ightly to moderately
sandy, pebbly, occasional thin
gravelly lenses, olive-gray, co-
hesive, moderately plastic, mod-
erately calcareous (till) -------- 51 200

Formation----
G Iac i a I Dr ift:

130-62-35dbd (cont.)
Test Hole 5258

Elevation 1402 feet

Li thol oqy Thickness Depth
(feet)
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TEST HOLE 5647

lOCATION: 130-62-36ccbl
ELEVATION: 1399
(FT, MSl)

DATE DRillED: May 1970

DEPTH: 140
(FT)

RESISTANCE (OHMS) DESCRIPTION OF DEPOSITS
Glacial Drift

0-1 Topsoil, silty, sandy, clayey,
brown ish-b 1a_ck.

1-20 Clay, silty, moderately sandy,
pebbly, dusky-yellow to moder-
ate-yellowish-brown, moderately
cohesive, slightly plastic,
oxidized (ti 11).

Clay, silty, sl ightly sandy,
pebbly, cobbles, boulders, olive

-gray, moderately cohesive,
moderately plastic, calcareous
(t i 11) •

Gravel, moderately sandy, fine to
coarse, (mostly fine), angular
to subrounded, poorly sorted,
sl ightly oxidized, mostly
carbonates.

Clay, silty, slightly sandy,
pebbly, numerous cobbles and
boulders, olive-gray, cohesive,
moderately plastic, calcareous
(till).

Sand, very sl ightly gravelly,
(fine gravel), very fine-to very
coarse-grained, (mostly medium-
to coarse-grained), subangular
to rounded, well-sorted, approx-
imately 20-30 percent shale,
remaining portion mostly quartz
and feldspar, some carbonates,
very sl ightly 1 ignitic, taking
some water.

Clay, very silty, sandy, occa-
sional thin gravel lenses, olive

-gray, a few 1 ight-ol ive-gray
laminations, slightly cohesive,
plastic, calcareous, (glacio-
fluvial sediment).

Gravel, silty, occasional silty
clay lenses, fine to coarse,
subangular to rounded, moder-
ately well-sorted, mostly
carbonates, some shale and
granitics.

111-122 Clay, very silty, sandy, 01 ive-
gray, occasional 1 ight-ol ive-
gray laminations, moderately
cohesive, moderately plastic,
calcareous (glaciofluvial
sediment).

122-140 Clay, silty, slightly sandy,
pebbly, 01 ive-gray, cohesive,
moderately plastic, calcareous
(till) .

20

80

40

120

60

160

140

100

180

POTENTIAL (MV)

200

Observation well
Depth 80 feet
Screened interval 77-80 feet

220

240 118



Glacial Drift:

130-62-36ccb2
Test Hole 5649

Elevation 1401 feet

Li tholoqy Thickness Depth
(feet)

Topsoil, silty, sandy, clayey,
brownish-black -------------------

Clay, silty, moderately sandy,
pebbly, dusky-yellow to moderate-
yellowish-brown, moderately cohesive,
moderately plastic, oxidized
(till) --------------------------- 18 19

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 24 43

Sand, slightly gravelly, (mostly fine),
fine-to very coarse-grained, (mostly
coarse-to very coarse-grained), sub-
angular to rounded, moderately well-
sorted -----------~--------------- 3 46Clay, silty, slightly sandy, pebbly,
cobbles, boulders, olive-gray,
cohesive, sl ightly plastic cal-
careous (till) ------------------- 9 55

Sand, very fine-to very coarse-
grained, (mostly medium-to coarse-
grained), subangular to rounded,
well-sorted, approximately 20-30
percent shale, remaining portion
mostly quartz and carbonates,
lignitic ------------------------- 46 101

Clay, very silty, sandy, occasional
thin sandy, gravel lenses, olive-
gray, occasional light-olive-gray
laminations, plastic, sl ightly
cohesive, calcareous (glacio-
fluvial sediment) ---------------- 12 113

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 27 140

Observation well
Depth 83 feet
Screened interval 77-83 feet

130-62-36ccb3
Test Well

Elevation 1399 feet

Clay, (till) -----------------------
Sand, medium-to coarse-grained, (be-

comes finer with depth) ----------
Sand, occasional silty clay lamin-

ations, very fine-grained --------
Sand, occasional silty clay lenses,

fine-to coarse-grained, (mostly
medium-grained), rounded, well-
sorted ---------------------------

Clay, silty, 01 ive-gray ------------

119

58

13

17

13
2

58

71

88

101
103



Formation

130-62-36ccb3 (cont.)
Test Well

Elevation 1399 feet

Lithology Thickness Depth
(feet)

Glacial Drift:

Test well completed with 60 feet of
8-inch diameter steel casing and 40
feet of 6-inch diameter, #12 slot
screen. Screened interval from 60-100
feet below land surface. Casing and
screen pulled and well was abandoned
after test.

130-62-36ccd
Test Hole 5648

Elevation 1400 feet

Topsoil, silty, sandy, clayey,
brownish-black -------------------

Clay, silty, moderately sandy,
pebbly, dusky-yellow to moder-
ate-yellowish-brown, moderately
cohesive, moderately plastic,
oxidized (till) ------------------ 18 19

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, olive-gray, mod-
erately cohesive, moderately plastic,
calcareous (till) ---------------- 25 44

Gravel, slightly sandy, silty, fine
to coarse, subangular to rounded,
fair sorting, mostly carbonates,
some shale, granitics, metamorphics,
and si1 iceous rocks -------------- 3 47

Clay, silty, slightly sandy, pebbly,
numerous cobbles and boulders,
01 ive -gray, moderate 1y cohes ive,
moderately plastic calcareous
(till) --------------------------- 13 59

Sand, very sl ightly gravelly,
occasional silty, sandy, clay
lenses, very fine-to coarse-
grained (mostly medium-grained),
subangu1ar to rounded, moderately
well-sorted, approximately 25-35
percent shale, remaining portion
mostly quartz and feldspar, some
carbonates, lignitic ------------- 43 102

Clay, very silty, sandy, occasional
thin gravelly, sand lenses, olive-
gray, occasional light-01 ive-gray
laminations, cohesive, plastic,
(glaciofluvial sediment) --------- 10 112

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 28 140

Observation well
Depth 83 feet
Screened interval 77-83 feet
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TEST HOLE 5643
lOCATION: 130-62-36daa

1
ELEVATION: 14 0
(FT, MSl)

DATE DRillED: May 1970
DEPTH: 140

(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift
0-1 Topsoil, silty, sandy, clayey,

brownish-black.
1-17 Clay, silty, moderately sandy,

pebbly, cobbles, boulders,
moderate-yellowish-brown,
slightly cohesive, moderately
plastic, oxidized (till).

17-27 Clay, silty, slightly sandy,
pebbly, cobbles, boulders,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(t i 11) •

Sand, sl ightly gravelly, fine-to
very coarse-grained, angular to
subrounded, moderately well-
sorted, mostly quartz and shale.

Clay, silty, slightly sandy,
pebbly, olive-gray, moderately
plastic, moderately cohesive,
calcareous (till).

Gravel, moderately sandy, fine
to medium, (mostly fine),
angular to rounded, moderately
well-sorted, mostly carbonates
and shale.

Sand, occasional thin clay lenses,
very fine-to very coarse-
grained, (mostly medium-to
coarse-grained), subangular to
rounded, well-sorted, approxi-
mately 15-25 percent shale,
10-20 percent carbonates, re-
maining portion mostly quartz
and feldspar, 1ignitic.

Clay, very silty, olive-gray,
occasional 1ight-ol ive-gray
laminations, very plastic,
cohesive, calcareous (glacio-
fluvial sediment).

Clay, silty, slightly sandy,
pebbly, olive gray, moderately
cohesive, moderately plastic,
calcareous (till).

RESISTANCE (OHMS)

27-32

32-66

III 66-70
80

70-93
100

)
120

93-133

8r~q
140 133-140

POTENTIAL (MV)

Observat ion we 11
160 Depth 80 feet

Screened interval 77-80 feet

180

200

220

240 121



Formation

130-62-36daa2
Test Hole 5644

Elevation 1405 feet

Lithology Thickness Depth
(feet)

Glacial Drift:
Topsoil, silty, clayey, sandy,

brownish-black -------------------
Clay, silty, moderately sandy, pebbly,

moderate-yellowish-brown, slightly
cohesive, moderately plastic,
oxidized (till) ------------------ 13 14

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 15 29

Sand, moderately gravelly, (fine
to coarse gravel), fine-to very
coarse-grained, (mostly medium-
to very coarse-grained), angular
to subrounded, moderately well-
sorted, approximately 20-30 percent
shale, 15-20 percent carbonates,
remaining portion mostly quartz
and feldspar, taking some water -- 7 36

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) ------- 39 75

Clay, very silty, moderately sandy,
01 ive-gray, occasional light-
01 ive-gray laminations, very plastic,
slightly cohesive, calcareous
(glaciofluvial sediment) --------- 35 110

Clay, silty, slightly sandy, pebbly,
cobbles, boulders, 01 ive-gray,
cohesive, moderately plastic,
calcareous (till) ---------------- 50 160
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ELEVATION: 1406
(FT, MSl)

lOCATION: 130-62-36ddd

TEST HOLE 5622
DATE DRillED: May 1970
DEPTH: 160

(FT)

POTENTIAL (MV)

)

120

140

160

180

200

220

240 123

DESCRIPTION OF DEPOSITS

Glacial Drift
0-1 Topsoil, silty, slightly sandy,

brownish-black.
1-15 Clay, silty, slightly to moder-

ately sandy, pebbly, moderate-
yellowish-brown, slightly
cohesive, moderately plastic,
ox id ized (ti11)•

15-64 Clay, silty, slightly sandy,
pebbly, olive-gray, cohesive,
moderately plastic, calcareous
(t i 11) •

64-83 Sand, gravelly, fine-to very
coarse-grained, subangular
to subrounded, moderately well-
sorted, approximately 50-60
percent quartz, 10-20 percent
shale, 10-20 percent carbonates

siliceous rocks.

83-119 Clay, very silty, olive-gray,
occasionallight-olive-gray
laminations, cohesive, very
plastic, calcareous (glacio-
fluvial sediment).

119-160 Clay, silty, slightly sandy,
pebbly, olive-gray, cohesive,
moderately plastic, calcareous
(t i11).

Observation well
Depth 80 feet
Screened interval 77-80 feet



Formation

130-63-23aaa
Test Hole 5111

Elevation 1467 feet

Li thology Thickness Depth
(feet)

G 1ac ia I Dr ift:
Topsoil, clayey, sandy, silty,

brownish-black -------------------
Clay, moderately sandy, silty,

pebbly, moderate-yellowish-brown,
moderately cohesive, moderately
plastic, oxidized (till) --------- 14 15

Clay, silty, sl ightly sandy, pebbly,
olive-gray, cohesive to moderately
cohesive, plastic to moderately
plastic, calcareous (till) ------- 10Z 117

Pierre Formation:
Shale, medium-dark-gray to grayish-

black, very slightly siliceous,
indurated, noncalcareous, non-
fractured ------------------------

130-63-25bbb
Test Hole 5112

Elevation 1461 feet

Glacial Drift:
Topsoil, silty, clayey, sandy,

brownish-black -------------------
Clay, slightly sandy, silty, pebbly,

moderate-yellowish-brown, moder-
ately cohesive, plastic, oxidized
(till) ---------------------------

Clay, si lty, pebbly, 01 ive-gray,
moderately cohesive to cohesive,
moderately plastic, calcareous
(till) ---------------------------

Sand, very fine-to fine-grained,
subangular to subrounded, fair
sorting, mostly quartz, some
carbonates -----------------------

Clay, sl ightly sandy, silty, pebbly,
01 ive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

Sand, very fine-to fine-grained,
subangular to subrounded, fair
sorting, mostly quartz -----------

Clay, silty, very slightly sandy,
pebbly, 01 ive-gray, cohesive,
moderately plastic, calcareous
(till) ---------------------------

Pierre Formation:
Shale, slightly siliceous, medium-

dark-gray to grayish-black,
indurated, noncalcareous, non-
fractured, a few light-olive-gray
bentonitic laminations -----------

124

43

13

34

9

2

64

16

160

14

48

49

58

60

124

140



G 1 ac icd Dr if t :

130-63-32aaa
Test Hole 5114

Elevation 1484 feet

Litholoqy Thickness Depth
(feet)

Topsoil, sandy, clayey, silty, brown-
ish-black ---------- _

Clay, sl ightly sandy, silty, occas-
ional pebbles, moderate-yellowish-
brown to dark-yellowish-brown,
moderately cohesive, plastic,
oxidized (till) ------------------ 21 22

Clay, sandy, silty, pebbly, 01 ive-
gray, moderately cohesive, plastic
(till) ----------~---------------- 10 32

Pierre Formation:
Shale, slightly siliceous, medium-

dark-gray to grayish-black, mod-
erately indurated, noncalcareous,
occasional thin light-olive-gray
bentonitic laminations ----- _

130-63-35daal
Test Hole 5176

Elevation 1450 feet
Glacial Drift:

Topsoil, silty, sandy, pebbly,
brownish-black ------- _

Clay, silty, slightly sandy, dusky-
yellow to moderate-yellowish-
brown, slightly to moderately
cohesive, moderately plastic,
oxidized (till) ------- _

Clay, silty, pebbly, olive-gray,
cohesive, plastic, calcareous
(till) ----------- _

Gravel, fine to medium, angular to
subrounded, moderately well-
sorted, mostly carbonates and
granitics, some shale ------ _

Clay, silty, pebbly, 01 ive-gray,
cohesive, moderately plastic,
calcareous (till) ---------- _

130-63-35daa2
Test Hole 5174

Elevation 1455 feet

Gl aci a 1 Dri ft:
Topsoil, silty, sandy, pebbly,

brownish-black ------- _
Clay, silty, pebbly, sl ightly sandy,

dusky-yellow to mOderate-yellow-
ish-brown, moderately cohesive,
moderately plastic, oxidized
(till) ---------- _

125

48

8

10

3

18

14

80

9

19

22

40
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Formation

130-63-35daa2 (cont.)
Test Hole 5174

Elevation 1455 feet

Lithology Thickness Depth
(feet)

Glacial Drift:

Glacial Drift:

Glacial Drift:

Clay, silty, pebbly, olive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

Sand, very fine-to medium-grained,
angular to subrounded, well-
sorted, mostly quartz and shale

Gravel, slightly sandy, fine to
coarse, angular to sub rounded ,
fair sorting, taking water -------

Clay, silty, slightly sandy, pebbly,
olive-gray, cohesive, moderately
plastic, calcareous (till) -------

130-63-35dad
Test Hole 5175

Elevation 1452 feet

Topsoil, silty, sandy, clayey,
brownish-black -------------------

Clay, silty, slightly sandy, pebbly,
dusky-yellow to moderate-yellow-
ish-brown, moderately cohesive,
moderately plastic, calcareous,
oxidized (till) ------------------

Clay, silty, pebbly, 01 ive-gray,
moderately cohesive, moderately
plastic, calcareous (till) -------

Gravel, slightly sandy, fine to
coarse, angular to subrounded,
moderately well-sorted, mostly
carbonates, some shale and
granitics ------------------------

Clay, silty, sl ightly sandy, pebbly,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

130-63-36bbb
Test Hole 5113

Elevation 1457 feet

Topsoil, clayey, sandy, black ------
Clay, slightly sandy, silty, pebbly,

moderate-yellowish-brown, cohe-
sive to moderately cohesive, mod-
erately plastic, oxidized (till) -

Clay, silty, pebbly, olive-gray,
cohesive, moderately plastic,
calcareous (till) ----------------
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8

6
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Thickness Depth
(feet)

Formation
Glacial Drift:

130-63-36bbb (cont.)
Test Hole 5113

Elevation 1457 feet
Lithology

Sand, fine-to coarse-grained, angu-
lar to subrounded, moderately
well-sorted, mostly carbonates,
some shale and 1ignite -----------

Clay, silty, slightly sandy, pebbly,
olive-gray, moderately cohesive,
moderately plastic, calcareous
(till) ---------------------------

Gravel, silty, clayey, very slightly
sandy, fine to medium, angular to
subrounded, fair sorting, mostly
carbonates, some granitics and
shale, small percent lignite -----

Clay, silty, pebbly, olive-gray,
moderately cohesive to cohesive,
plastic to slightly plastic,
calcareous (till) ----------------

5

2

4

73

49

51

55

128

Pierre Formation:
Shale, slightly siliceous, medium-

dark gray to grayish-black,
indurated, noncalcareous, non-
fractured, a few 1ight-olive-
gray bentonitic laminations ------

127

12 140
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