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AR~:'ESIANWATERFROMGLACIALDRIFTNEARLEER

LOGANANDMcINTOSHCOUNTIES,NORTHDAKOTA

By
D. G. Adolphson

Introduction

As a part of the cooperative ground-water investigations program,

the North Dakota State Water Conservation Commission, the North Dakota

Geological Surve;y', and the United States Geological Survey make studies

of the ground-water resources available for municipal use in various

parts of North Dakota. Investigations are made of small areas surround-

ing to'WIlSwhich have requested aid from the North Dakota State Water

Conservation Commission or the State Geologist. "Then adequate funds

become available, more complete investigations will be made of larger

areas, such as counties. Reports on these larger areas will include

the results of the small municipal water-supply stu<lles.
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The field wo<rkfor this investigation was done in 1956 and data

from the test drilling and the analysis of a quality-of-water sample

were released to the North Dakota State Water Const3rvation Commission

at that time. I]he plan at that time was to publish the data with

results from an areal ground-water investigation of a larger region.

However, as a more comprehensive regional study has not been initiated,

this report was prepared in 1960. The field work consisted of test

drilling with a rig ownedby the State Water Conservation Commission.

A total of 17 tE~st holes were drilled to depths ranging from 100 to

450 feet and aVE~raging175 feet. Samples of the formations were taken

from each 5-foot interval. A sample of ground water was obtained from

one test hole, 19.Ilda. chemical analysis was made by the North Dakota

State Laborator:ies Department.

- 2 -



Location and Extent of Area

Lehr, which has a population of 381 (1960 census), is at the

northern edge of McIntosh and the southern edge of :LoganCounties

in south-central North Dakota. It is served by the Minneapolis, St.

Paul Sault Ste. Marie Railroad and State Highways30 and 13. Approximately

16 square miles J parts of T. 133 N.) Rs. 69 and 70 ·W., and T. 132 N.,

Rs. 69 and 70 W.;, are included in the area described in this report.

The area (fig. 1) is in the glaciated part of the Missouri Plateau

physiographic province of Simpson (1929, p. 10-11), which consists of

a broad belt of morainic ridges and hills (sometimes referred to as

the Altamont Moraine) formed by one of the advances of the Wisconsin

ice sheet in the Pleistocene Epoch. This belt of moraines, which is

characterized by numerousundrained depressions, trends southeastward

across North Dak()ta. The undrained depressions in the Lehr area are

occupied by swam;ps,but after heavy precipitation these may become

intermi ttent l~es or ponds. The average annual precipitation in

the Lehr area is about l~ inches.

- 3 -
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Well-NumberingSystem

The well-numbering system used in this report, illustrated in

figure 2, is based upon the location of the well in the federal system

of rectangular surveys of the public lands. The first numeral denotes

the township north of the base line, the second numeral denotes the

range west of the fifth principal meridian, and the third numeral

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 sections, quarter-quarter sections, and quarter-

quarter-quarter sections (lO-acre tracts). Consecutive terminal

numerals are added if more than one well is shownin a 10-acre tract.

Thus, well132-69-5bad is in the SE-t-NEt-NWksec. 5, T. 132 N., R. 69 w.
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Geology and Ground Water

The surface of the Lehr area is covered by unconsolidated deposits
of glacial drift consisting primarily of till. Ordinarily till is
composed of a heterogeneous mixture of rock material ranging in
size from clay to boulders. :Because openings or pore spaces between
the larger particles of the till are generally filled with fine
particles, the unit has low permeability and does not yield water
to wells readily. However: isolated deposits or lenses of stratified
sand and gravel occur at places within the till, and where these are
saturated, they provide a relatively productive source of ground water.
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Sand and gravel deposits underlie till or fine-grained glacial

material in a shal101-lvalley or depression 1 mile west of Lehr. The

sand and gravel deposits} whi.chare saturated with ground water under

artesian pressure, are surrounded by relatively impervious till.

Theywere probably laid downby glacial melt water and they mayextend

continuously along the length of the valley as well as across it;

if so, they constitute a relatively extensive aquifer. The sand and

gravel deposits penetrated by test holes 1107, 1108, 1109, and 1110

are probably interconnected and delineate at least part of this aquifer.

(See figs. 3 and 4, sec. D-D'.) The aquifer has 18 feet of mediumto

coarse saturated sand and 9 feet of fine to coarse saturated gravel

in test hole 1108 (table 2), from which water flowed at the land

surface. Probably the aquifer contains sufficient ground water for

a municipal supply adequate to meet Lehr's present (1961) needs.

Additional test drilling and one or more aquifer tests would be

necessary to determine the' hJrdrologic characteristics and to find

the boundaries of the deposits.

An analysis of the chemic:alquality of ground water from test hole

1108 (132-70-lada) is given i.n table 1. The sampled water is very hard

and has an iron content that is substantially higher than generally

accepted standards. From sttLdies of the State 1 hO'Wev~r,in neighboring

areas) it is apparent that the quality of ground water from glacial

drift ranges considerably in character.

- 6 -
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The Pierre Shale of Late Cretaceous age underlies the glacial

drift in the entire area. In the test holes penetrating bedrock,

the depth to thE~Pierre ranges from 55 to 442 feet and averages 153

feet. The Pierre is not a source of water to wells or springs in

the area.

Conclusion

Water-yielding deposits in the Lehr area occur as isolated sand

and gravel lensE!Bwithin the till. Ordinarily these lenses are not

connected and, therefore, are not sources of large ground-water

supplies. In a valley west of Lehr) fine -grained glacial deposits

are underlain b~rwhat maybe a relatively large saturated sand and

gravel lens within the till; the aquifer in this lens mayyield

enough ground water to meet Lehr Is present (1961) demands. For a

more complete appraisal of the quantity and quality of ground water

in the area, adcLitional hydrologic and geologic data are needed.
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TABLE1. --Chemical Analysis of Ground Water

Results in parts pE~rmillion except as indicated

... _-'_ .. ~"'---,..._. -"~-_ .... _- --.-- ---~ ..

1:1 1:10
...-I 0
i;l

...-I
~+> 0 H

~ ~-C) •••• 1 ~ C) +> H Q) 1:1- ...-I
0 •••• 1 o Q) Q) ~ o Q) '.-1- rJl- :a~r-! Il' r-! ..c:l+> ..-1 H~ C) m Q) l:lO

;3: Q)r-! +> al ~
H••....•.• r-!O 61.e 0.........

r-! 1;38 Pl~ al •.•...•.• tf.l
r-! Q) <t: 0 al
Q) A A :2:
~

132-70-lada Test hole 4-6-56 Flow Glacial 0.9 106 34 130
1108 drift

~/Includes bicarbonate (HC03) as carbonate (C03)
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From Artesian Test Well Near Lehr, North Dakota

Analysis by North Dakota State Laboratories Departmf

I tI.l
§ H .p tI.l(J) (J) (J) s:: cO.p .p (J)

~ ~ rO .p (J)'..-1 cO cO .p (J) s:: (J) tI.l (J) :;:$ CIl +>CIl s:: ••....•• s:: ••....•• cO ••..•.••or-f • ..-1 .p 0 ••..•.••:>OrO rO .p tI.l (Y') ~ §
CIl •••••••• o (Y') o (Y') G-I .::t M ••..•..•M cO ••..•.•• Mj!:l .-I '..-1 or-f (J)OcO~ .00 -eo .-10 0.-1 0 ••..•.••H (Y') 0 .........•.0.-1 G-IrO.p .a1i1 () • ..-1.p ...........tdfa :;:$Cf.) .-IQ ~~ .po j!:l CIl 0 o (J) tI.l MrO0 cO~ CI) .••.•.•.••• ..cl ..•...•.... '..-1 :<::i tI.l tI.l s:: s:: tdQ (J) 0ll.. ().........•. Q 0 rx. :<::i .••.•.•.••• '..-1 §'..-IO fJ.t CIl'..-1 A a () lJ:lj!:l l1.l

a/14 346 0 281 26 0 0.2 0.7 866 763- 404 40
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TABLE 2.--Logs of Test Holes

l32-69-5bad
Test hole 1100

Formation Material Thiclmess
(feet)

Depth
(feet)

Pierre( '?)

Glacial drift:
Topsoil, black ••.•••..••••• ·•·•···••·•·
Clay, sandy, yellow •••••••••••••••• ••••
Clay, sand:{; fine to medium gravel; and

shale pebbles •••••••••••••••••• ••••••
Clay, smooth, gray ••••••••••••• ••••••••
Clay, smooth, yellow •••••••••••••••••• •
Clay, smooth, gray •••••••••••••• •••••••
Till) clayey J gray; fine to medium

g~avel; lignite fragments; and shale
pebbles •.............. • . • • • .. • .... • ..

Cle.y, sandy, yellow •••••••••••••••••• ••
Till, clayey; gray; fine to medium

gravel; and shale pebbles ••••••••••••
ClsLYJ smooth, blue-gray ••••••••••••••••

Shale:
ClsLYi sandy, blue-gray •••••••••••••• •••

l32-69-5bba
Test hole 1105

1 1
2 3

11 14
5 19

41 60
16 76

104 180
15 195
60 255
10 265

45 310

Glacial drift:
T01?soil, black •••••••••••••••• •••••••••
Clay, smooth, brown ••••••••••••••• •••••
Clay, yellow; fine to medium gravel; and

Bhale pebbles •••••••••••••••••••• ••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles ••••••••••••
Till; calyey, gray; fine to medium

gravel; and shale pebbles ••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles ••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles ••••••••••••
Pierre Shale:

ShMe, gray ...•..•.••.•.• ··•····••····•

- 9 -
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TABLE 2.--Logs of Test Holes -- Continued

132-69-5lJbc
Test hole 1115

Cl~~, gray ...•.••.•..••.•••••••••..••.

Glacial drift:
Topsoil, black ••...•••••••••••••••••.•
Cl13.y,yellow; fine to medium gravel;

and shale pebbles •••••••••••••••••••
Gr13.vel,fine to medium; clay, yellow ••
Clay, smooth, yellow ••••••••••••••••••
Clay, smooth, brown •••••••••••••••••••
Sand, fine to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Clay, yellow; fine to medium gravel;

~md shale pebbles •••••••••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Sand, fine to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Clay, sand',gray ••••••••••••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Pierre (?) Shale:

Clay, sandy, gray •••••••••••••••••••••

Formation Material Thickness Depth
(feet) (feet)

1 1
1 2
1 3
1 4

10 14
10 24

9 33
21 54
8 62

9 71
69 140
36 176
14 190

- 10 -



TABLE2. --Logs of "est Holes -- Continued

l32-69-6bca

Formation Material Thickness
(feet)

Depth
(feet)

Glacial drift:
Clay;. yellow; fine to coarse gravel;

and. shale pebbles •••••••••••••••••••••
Till;i clayey, gray; fine to coarse

gravel; and shale pebbles •••••••••••••
Sand;. mediumto coarse; fine to medium

grEl,vel; and shale pebbles •••••••••••••
Till~i clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••••
Pierre(?) Shale:

Clay;. sandy, gray •••••••••••••••••••••••

l32-69-6bdd
Test hole 1107

7

26
12

10

45

7

33
45

55

100

Glacial drift:
Topsoil, black ••••••••••••••••••••••••••
Clay JI gray ••••••••••••••••••••••••••••••
Clay;, yellow, fine to mediumgraveL ••••
Sand;, fine to coarse; fine to medium

grEl,vel; and shale pebbles •••••••••••••
Clay;, yellow; fine to mediumgravel; and

shale pebbles •••••••••••••••••••••••••
Till;; clayey, gra;)"; fine to medium

gravel; lignite fra@Jlents; and shale
pel)bles •••••••••••••••••••••••••••••••

Clay;, sandy, gray •••••••••••••••••••••••
Till;; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••••
Clay;, gray, sandy•••••••••••••••••••••••
Till;; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••••
Pierre ( 1) Shale:

Clay;, sandy, gray •••••••••••••••••••••••

- 11 -
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1 3
4 7

4 11

5 16

30 46
13 59

10 69
54 123

6 129

31 160



TAE,LE 2.--Logs of Test Holes -- Continued

l32-69-6daa
Test hole 1106

Shale, gray ••••••••••••••••• •••••••••••

Thickness Depth
\feet) (feet)

1 1
3 4

27 31

13 44
9 53
6 59

38 97
5 102

20 122
35 157
11 168

153 321
12 333
13 346
14 360

Material

Pierre(?)

Glacial drift:
Topsoil, black •••••••••••••••••• •••••••
Clay~, smooth, yellow •••••••••••••••••••
Clay;, yellow; fine to medium gravel;

and. shale pebbles ••••••••••••••••••••
Sa."1d;1fine to coarse; medium gravel;

ancl shale pebbles ••••••••••••••••••••
Clay" smooth, yellow •••••••••••••••••• •
Clay., smooth, gray ••••••••••••••• ••••••
Till; clayey, gre,y; fine to medium

gravel; and shale pebbles ••••••••••••
Clay , sandy, gray ••••••••••••• •••••••••
Till; clayey, gray; fine to medium

gra.vel; and shale pebbles ••••••••••••
Clay, sandy, gray •••••••••••••••• ••••••
Sand, fine to coarse; fine gravel; and

shale pebbles ••••••••••••••••••••• •••
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale
pe'bbles ••••••.•••••• • .. • • • • • • • • • • • • • •

Sand, medium to coarse; fine gravel;
and shale pebbles ••••••••••••••••••••

Till; clayey, gray; fine to medium
gravel; and shale pebbles ••••••••••••

Shale:

Formation

l32-69-6ddd
Test hole 1111

Glacial drift:
Tope~oil,black ••.••.••..•.•..• •···•••·•
Cla:,r,smooth, gray •••••••••••••••••••••
Cla~r, smooth, yellow •••••••••••••••••••
Cla~r, sandy, blue-gray •••••••••••••••••

Pierre (?) Shale:
Clay, sandy, gray ••••••••••••• •••••••••

2
2

14
52

2
4

18
70

100

- 12 -



~~ABLE 2.--Logs of Test Holes -- Continued

132-70-lada
Test hole 1108

Clay, sandy, gray •••••••••••••••••••••
pebbles •••••••••••••.•••••••••••••••

Pierre (?) Shale:

Glacial drift:
Clay, sandy, gray •••••••••••••••••••••
Band, fine to coarse; medium to coarse

gravel; and shale pebbles •••••••••••
Clay, yellow; fine to medium gravel;

and shale pebbles •••••••••••••••••••
Till, clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Sand, medium to coarse; fine gravel;

and shale pebbles •••••••••••••••••••
Till, clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Band, medium to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Clay, sandy, gray •••••••••••••••••••••
~rill, gravel, fine to medium; clay,

gray, and shale pebbles •••••••••••••
Gravel, fine to medium; and shale

Formation ~laterial Thickness Depth
(feet) (feet)

2 2

3 5

5 10
11 21

3 21!-

4 28
18 46
10 56

18 74
9 83

67 150

• 13 -



1~LE 2.--Logs of Test Holes -- Continued

l32-70-lada
Test hole 1108

Clay, sandy, gray •••••••••••••••• •••••
pebbles ••••••••.•••••••••••••••••• ••

Pierre (?) Shale:

Glacial drift:
Clay, sandy, gray •••••••••••••••• •••••
Band, fine to coarse; medium to coarse

gravel; and shale pebbles •••••••••••
Clay, yellow; fine to medium gravel;

and shale pebbles •••••••••••••••••••
~rill,clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Sand, medium to coarse; fine gravel;

and shale pebbles •••••••••••••••••••
~[,ill,cl~ey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Sand, medium to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Clay, sandy, gray•...•.•......••• ·•···
crill, gravel, fine to medium; clay,

gray, and shale pebbles •••••••••••••
Gravel, fine to medium; and shale

Formation Material 'l'hickness Depth
(feet) (feet)

2 2

3 5
5 10

11 21

3 2f!-

4 28

18 46
10 56
18 74

9 83

67 150

... ] 3 -



T.ABLE2. --Logs of Test Holes -- Continued

l32-70-ldbd
Test hole 1109

Glacial drift:
Topsoil} black •••••••••••••••••••••••••
Clay, gray; fine to mediumgravel; and

shale pebbles ••••••••••••••••••••••••
Cl~', yellow; fine to mediumgravel;

and shale pebbles ••••••••••••••••••••
Sana!.,fine to coarse; gravel, fine to

me:dium;and shale pebbles ••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles ••••••••••••
Sana., mediumto coarse; fine to medium

gravel; and shale pebbles ••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles ••••••••••••
Pierre ( ?) Shale:

ClaJI",sandy, gray ••••••••••••••••••••••

Formation Mate:rial Thickness ('ePth
(feet) feet)

1 1

2 3

3 6

9 15
30 45

3 48

37 85

15 100

133-69-2'"(ccc
Test hole 1113

Glacial drift:
Topsoil, black •••••••••••••••••••••••••
Cla:~I"Jsandy, bro1m•••••••••••••••••••••
ClaJ", yellow; fine to mediumgravel;

8D~ shale pebbles ••••••••••••••••••••
Sana., fine to medium;mediu..'lUto coarse

gravel; cobblestones; and shale
pe·bbles ••••••••••••••••••••••••••••••

Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
pe·bbles ••••••.• If •••••••••••••••••••••

Gravel, fine to medium; and shale
pe:bbles ••••••••••••••••••••••••••••••

Till.; clayey, gra:y; fine to medium
gravel; lignite fragments; and shale
pebbles ••••••••••••••••••••••••••••••

Pierre(?) Shale:
Cla;y', sandyJ gray ••••••••••••••••••••••

- 14 -

2
4

17

7

63

2

39

16

2
6

23

30

93

95

134

150



TABLE2. --Logs of Test Holes -- Continued

l32-70-ldbd
Test hole 1109

Formation

Glacial drift:
TOpl30il, black .••.••.••••.•..••.•..•...
Cla;>" gray; fine to mediumgravel; and

shale pebbles ••••••••••••••••••••••••
Cl~f, yellow; fine to mediumgravel;

wld shale pebbles ••••••••••••••••••••
Sand, fine to coarse; gravel, fine to

medium; and shale pebbles ••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles ••••••••••••
Sand, mediumto coarse; fine to medium

gravel; and shale pebbles ••••••••••••
Till; clayey, gray; fine to medium

~~avel; and shale pebbles ••••••••••••
Pierre ( ?) Shale:

Cla~r, sandy, gray ••••••••••••••••••••••

l33-69-29ccc
Test hole 1113

Thickness fepth
(feet) feet)

1 1

2 3

3 6

9 15

30 45

3 48

37 85

15 100

Glacial drift:
Topeloil, black •••••••••••••••••••••••••
Cl~r, sandy, brown•••••••••••••••••••••
ClaJr, yellow; fine to mediumgravel;

and shale pebbles ••••••••••••••••••••
Sanel, fine to medium; mediumto coarse

gravel; cobblestones; and shale
pE~bbles••••••••••••••••••••••••••••••

Till; cla:yey, gray; fine to medium
gravel; lignite fragments; and shale
pE!bbles ••••••••••••••••••••••••••••••

Gravel, fine to medium; and shale
pe~bbles••••••••••••••••••••••••••••••

Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
pebbles ••••••••••••••••••••••••••••••

Pierre ( ?) Shale:
C1BJi',sandy, gray ••••••••••••••••••••••

- 14 -

2
4

17

7

63

2

39

16

2
6

23

93

95

134
150



TABLE 2.--Logs of Test Holes -- Continued

133-99- 32dcd
Test hole 1104

Thickness Depth
(feet) (feet)

1 1
1 2
2 4
6 10

9 19

51 70
24 94
26 120

Material

Tillj clayey) grayj fine to medium
gravel; and shale pebbles ••••••••••••

Sb.ale , gray ••••••••••••••••••••••••• • ••

Glacial drift:
Topsoil, black ...•............•........
Clay, smooth, dark-gray ••••••••••••••••
Clay, grayj fine to medium gravel ••••••
Sand) fine to coarsej fine to medium

gravelj and shale pebbles ••••••••••••
Tillj clayey, grayj fine to medium

gravelj lignite fragmentsj and
shale pebbles ••••••••••••••••••••••••

Tillj clayey, grayj fine to medium
gravelj lignite fragments; and shale
pebbles ••••••••••••••••••••••••••••••

Pierre Shale:

Formation

- .15 -



•

TABLE 2. --Logs of Test Holes -- Continued

133-69- 31dbd
Test hole 1114

Gravel, fine to medium; and shale

Cl~y, sandy, gray •••••••••••••••••••••
pebbles •••••••••••••••••••••.•••••••Pierre (?) Shale:

Glacial drift:
Topsoil, black ••••••••••••••••••••••••
Cli3.Y, gray •.•••...•.....•..•••••.•••••
Clay, yellmv; i:'ineto medium gravel;

and shale pebbles •••••••••••••••••••
Sand, medium to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Cla.y, yellm-T; fine to medium gravel;

~~~dshale pebbles •••••••••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Clay, yellow; fine to medium gravel;

e~d shale pebbles •••••••••••••••••••
Till; clayey, gray; fine to medium

§~avel; and shale pebbles •••••••••••
San.d, fine to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale
pebobles •.•.•••.•..••••••••••••••••.•

Thickness Depth
(feet) {feet)

2 2
1 3

3 6
2 8

6 14
20 34

3 37

4 41
3 44

66 110
13 123
7 130

MaterialFormation



TABLE 2. --Logs of Test Holes -- Continued

133-69-33dbd
Test hole 1114

]~ebbles•••••••••••••••••••••••••••••Pierre (?) Shale:

Glacial drift:
Topsoil, black ••••••••••••••••••••••••

Formation Material

Clay, gray ...•.....••.......•••••••..•
Clay, yellow'; fine to medium gravel;

and shale pebbles •••••••••••••••••••
Sand, medium to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Clay, yellO'\v;fine to medium gravel;

and shale pebbles •••••••••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Clay, yellow; fine to medium gravel;

and shale pebbles •••••••••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Sand, fine to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale
pebbles ••.••••••...•••.•••••••••••••

Gravel, fine to medium; and shale

Clay, sandy, gray •••••••••••••••••••••

- 16-

Thickness Depth
(feet) (feet)

2 2
1 3
3 6
2 8

6 14
20 34

3 37
l~ 41
3 44

66 110
13 123
7 130



TABLE 2.--Logs of Test Holes -- Continued

l33-69-3ldcd
Test hole 1103

Thickness Depth
(feet) (feet)

1 1
2 3
4 7
6 13
4 17

7 24

43 67
18 85
21 106
2~· 130

Material

ShaJ...e, gray ••.•••••.••••••••••••.•.• ·•·
Pierre Shale:

Till; gravel, fine to medium; clay,
gray; and shale pebbles ••••••••••••••

Till; clayey, gray; fine to mediura
gravel; and shale pebbles ••••••••••••

pe~bbles•••••••••••••••••••••• • • • • • •••

Glacial drift:
Topsoil, black •••••••••••••••••••••••••
Clay", dark-gray; fine to medium gravel.
Clay", yellow; fine to medium graveL •••
ClaJl",smooth, yellow •••••••••••••••••••
Gravel, fine to medium; shale pebbles ••
Clay, yellow; fine to medium gravel;

and shale pebbles •••.••••••••••••••••
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale

Formation

- 16 -



TABLE 2.--Logs of Test Holes -- Continued

l33-69-33dcd
Test hole 1103

Thickness Depth
(feet) (feet)

1 1
2 3
4 7
6 13
4 17

7 24

43 67
18 85

21 106
24 130

Material

SheLle, gray .••••.•...•..•••.••.....•.• ·
Pierre Shale:

Glacial drift:Topsoil, black ••••••••••••••••••••••• ••
Clay, dark-gray; fine to medium gravel.
Clay, yellow; fine to medium gravel ••••
Clay, smooth, yellow •••.••••••••••.••••
Gra~el, fine to merlium; shale pebbles ••
Clay, yellow; fine to medium gravel;

and shale pebbles ••••••••••••••••••••
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale
:pebbles ••••••••.••••.•••••••• • • • • • • . •

Till; gravel, fine to medium; clay,
€~ay; and shale pebbles ••••••••••••••

Till; clayey, gray; fine to medium
gravel; and shale pebbles ••••••••••••

Formation

- 17 -



..•

TABLE2. --Logs of Test Holes -- Continued

133-69-3lddc
Test hole 1101

Formation Material Thickness
(feet)

Depth
(feet)

Glacial drift:
Topsoil, black ••••••••••••••••••••••••
Clay",yellow; fine to mediumgravel;

and shale pebbles •••••••••••••••••••
Sand., fine to coarse; fine gravel; and

shale pebbles •••••••••••••••••••••••
Sand., fine to medium;fine gravel) and

shale pebbles •••••••••••••••••••••••
Till; gravel, fine to medium;gra::l clay

(large proportion of gravel); and
shale pebbles •••••••••••••••••••••••

Sanl:!.,fine to coarse; fine to medium
gravel; and shale pebbles •••••••••••

Gravel, fine; fine to coarse sand; and
shale pebbles •••••••••••••••••••••••

Till; gravel, fine to medium;gr8¥ clay
(large proportion of gravel); and
shale pebbles •••••••••••••••••••••••

Gravel, f'ine to medium,and shale
pE::bbles ••••••••••••.••••••••••••••••

- 17 -

4

2

9

7

35
8

19

38

18

4

6

15
22

57

65

122

lL:-O



TABLE 2.--Logs of Test Holes -- Continued

l33-69-33ddc
Test hole 1101

Formation MateriaJ. Thickness
(feet)

Dept.h
(feet)

Glacial drift:
Topsoil, black •••••••••.••••••••••••••
Clay, yellow; fine to medium gravel;

and shale pebbles ••••••••••••••••••.
Sand, fine to coarse; fine gravel; and

shale pebbles •••••••••••••••••••••••
Sand, fine to medium; fine gravel, and

shale pebbles •..••••••••.•••••••••••
Till; gravel, fine to medium; gray clay

(large proportion of gravel); and
shale pebbles ..••••••••••••••••••.••

Sand, fine to coarse; fine to medium
gravel; and shaJ.epebbles ••••••••••.

Gravel, fine; fine to coarse sand; and
shale pebbles ••.•.•••.•.••••..••••••

Till; gravel, fine to medium; gr8¥ clay
(large proportion of gravel); and
shale pebbles •••.••••••••••••.••••..

Gravel, fine to mediUI!l,and shaJ.e
pebbles ..••...•..••......•••.••••...

- 18 -

4

2

9

7

35
8

19

38

18

4

6

15
22

57

65

122



TAB:LE 2. --Logs of Test Holes -- Continued

133-69-32bcc
Test hole 1102

Formation Thickness
(feet)

Depth
(feet)

Glacial drift:
Topsoil, black ••••••••••••••••••••••••
Cla,y, smooth, dark-gray •••••••••••••••
Clay, gray; fine to medium gravel; and

shale pebbles •••••••••••••••••••••••
Cla,y, smooth, gray ••••••••••••••••••••
Sand., fine to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Gravel, fine to medium; and shale

pebbles •.•...•.•••..••.•..•.•.•••••.
Till; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Sand, medium to coarse; fine to medium

gravel ••••••••••••••••••••••••••••••
Till; clay, gray, fine to medium gravel;

and shale pebbles •••••••••••••••••••
Till; gravely fine to medium; gray

clay (large proportion of gravel);
and shale pebbles •••••••••••••••••••

Pierre Shale:
Shale, gray .••••••••••••••••••••••••••

- 18 -

1 1
2 3
4 7

12 19

7 26
4 30

30 60
2 62

68 130

15 1~·5
15 160
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TABLE 2. --Logs of Test Holes -- Continued

133-69- 31~bcc
Test hole 1102

Formation Material Thickness
(feet)

Depth
(f~et)

Glacial d:rift:
Topsoil, black ••••••••••••••••••••••••
Clay, smooth, dark-gray •••••••••••••••
Clay, gray; fine to medium gravel; and

shale pebbles ••••••••••••.••••••••••
Clay, smooth, gray ••••••••••••••••••••
Sand, fine to coarse; fine to medium

gravel; end shale pebbles •••••••••••
Gravel, fine to medium; and shale

pebbles •••••••••••..••••••••••••••••
Till; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
Sand, medium to coarse; fine to medium

g:ravel ••.•...•.••..•.••.••••••••••.•
T:Lll; clay, gray, fine to medium gravel;

and shale pebbles •••••••••••••••••••
T:i.ll;gravel, fine to medium; gray

clay (large proportion of gravel);
and shale pebbles •••••••••••••••••••

Pierre Shale:
S]1al.e, gra:'J' •••••••••••••••••••••••••••

- 19 -

1 1
2 3
4 7

12 19
7 26
4 30

30 60

2 62
68 130

15 145
15 160



•..

TABLE 2.--Logs of Test Holes -- Continued

l33-69-32ccb
Test hole 1099

Formation Ma:terial Thickness
(feet)

Depth
(feet)

Pierre Shale:

1 1
3 ~.

12 16
5 21

11 32
18 50
10 60

5 65
16 81
7 88

47 135

115 250

30 280

Glacial drift:
Topsoil, black ••••••••••••••••••••• •••
Clay, smooth, gray •••••••••••••• ••••••
Sand, fine to coarse; gravel; and

shale pebbles •••••••••••••••••••••••
Sand, fine ••••••••••••••••••.••• ••••••
Sand, fine to coarse; fine gravel; gray

clay; and shale pebbles •••••••••••••
Gravel, fine to medium; gray clay; and

fine sand ••••••••••••••••••••••• ••• •
Till; clayey, gray, fine to medium

gravel; and shale pebbles •••••••••••
Till; clayey, gray; fine gravel (large

proportion of gravel); and shale
pebbles .•...•...••.•..•.••••• ,.•..•. •

Till; clayey; gray; fine to medium
gravel; and shale pebbles •••••••••••

Clay, sandy, gray •••••••••••••••••••••
Till; gravel, fine to medium; gray

clay (large proportion of gravel) •••
Ti.ll; gravel) fine to medium; gray

clay; lignite fragments; and shale
pebbles (large proportion of gravel)

Till; clayey, gray; fine to medium
gravel; lignite fragments; and
shale pebbles •••••••••••••••••••••• •

T:lll; clayey, smooth, gray; fine to
medi.um gravel; lignite fragments; and
shale pebbles (proportion of clay in
samples increases in depth) •••••••••

Till; clayey, blue-gray; fine to medium
gravel; lignite fragments; and shale
pebbles •••••••••••••••••••••• •••••••

Shale, gray ••••••••••••••••• ••••••••••

- 19-

110

52

8

390

442



TJffi[E2.--Logs of Test Holes -- Continued

133-69-34.ccb
Test hole 1099

Formation Material Thickness
(feet)

Depth
(feet)

Pierre Shale:

1 1
3 4

12 16
5 21

11 32
18 50
10 60

5 65

16 81
7 88

47 135

115 250

30 280

Glacial drift:
Topsoil, black ••••••••••••••••••••• •••
Clay, smooth, gray ••••••••••••••••••• •
Sand, fine to coarse; gravel; and

shale pebbles .•••••••••••••••.••.•••
Slmd, fine .......•...•........ ····••··
Sand, fine to coarse; fine gravel; gray

clay; and shale pebbles •••••.•.••.••
Gravel) fine to medium; gray clay; and

fine SaIld••••••.•••.•..•..•••• • • •.•.
Till; clayey, gray, fine to medium

gravel; and shale pebbles ..••••••••.
Till; c1a;)rey,gray; fine gravel (large

proportion of gravel); and shale
pebbles .....•...•..•..•.••..........

Till; clayey, gray; fine to medium
gravel; and shale pebbles •••.•.•.•••

Clay, sandy, gray ••••••••••••••••••• ••
Till; gravel, fine to medium; gray

clay (large proportion of gravel) •••
Till; gravel, fine to medium; gray

clay; lignite fragments; and shale
pebbles (large proportion of gravel)

Till; clayey, gray; fine to medium
gravel; lignite fra€!fllcnts;and
shale pebbles •••••.••••••••••••••• ••

~ri11; clayey, smooth, gray; fine to
medium gravel; lignite fra€!fllents;and
shale pebbles (proportion of clay in
s~~p1es increases in depth) ..•.•....

'rill; clayey, blue-gray; fine to medium
gravel; lignite fragments; and shale
pebbles .......•...•.. '•. • .. • ....••...

Shale, gray .•...••.•.••••••• ·•••••·••·

- 2C -

110

52

8

390

442
450



TABLE 2.--Logs of Test Holes -- Continued

l33-69-33ccc
Test hole 1112

Formation Material Thickness
(feet)

Depth
(feet)

Glacial drift:
Cl~LY, sandy, brown; fine to medium

€~ravel••••••••••••••••••••••••••••••
Clay, sandy, yellow; fine to medium

e~ravel••••••••••••••••••••••••••••••
Sand, fine to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Gravel, fine to medium; and shale

L,ebbles •••.•••..••••••••••..•••••••••
Till.; clayey, gray; fine to medium

gravel; a~d shale pebbles •••••••••••
Sand, fine to coarse; fine gravel; and

shale pebbles •••••••••••••••••••••••
Gravel, fine to medium; and shale

:pebble s .••••••.•.•••••••••••••••••••
Till; clayey, gray; fine to medium

E~avel; and shale pebbles •••••••••••
Till; clayey, gray; medium to coarse

s:and; fine to medium gravel, and
shale pebbles •••••••••••••••••••••••

Till; clayey, gray; fine to medium
gravel; lignite fragments; and
shale pebbles •••••••••••••••••••••••

Pierre (?) Shale:
Cla~, sandy, gray •••••••••••••••••••••

- 20 -

1 1
2 3

10 13
6 19

12 31
3 3~-
3 37

69 106

11 117

59 176
14 190



TABLE 2.--Logs of Test Holes -- Continued

133-69- 35ccc
Test hole 1112

Formation Material Thickness
(feet)

(ePthfeet)

Glacial drift:
Clay, sandy, brown; fine to medium

gravel ....•........•...... · .. · .. · · ..
Clay, sandy, yellow; fine to medium

gravel •••••••••••••.••••• •••••••••••
Sand, fine to coarse; fine to medium

gravel; and shale pebbles •••••••••••
Gravel, fine to medium; and shale

pebbles •••••••••.•••••••••••••• •••••
~rill; clayey, gray; fine to medium

gravel; and shale pebbles ••.••••••••
Sand, fine to coarse; fine gravel; and

shale pebbles •••••••••••••••••••••••
Gravel, fine to medium; a..l1dshale

pebbles •••.•••.••••••••••••••• ••••••
~rill; clayey, gray; fine to medium

gravel; and shale pebbles •••••••••••
~rill; clayey, gray; medium to coarse

sand; fine to medium gravel, and
shale pebbles •••••••••..••••••••• ·••

'rill; clayey, gray; fine to medium
gravel; lignite fragments; and
shale pebbles •.••••••••••••••••••• ••

Pierre (? ) Shale:
Clay, sandy, gray •••••.••••.•••••• ••••

- 21 -

1 1
2 3

10 13
6 19

12 31

3 34

3 37
69 106

11 117

59 176
14 190
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TABLE 2.--Logs of Test Holes -- Continued

l33-70-36dcd
Test bole 1104

Thickness ~ePtb(feet) feet)

1 1.
1 2
2 4

6 10

9 19

51 70
24 94
26 120

Material

Shal.e, gray••.•...•••..•.•..•• ··•·••···
Pierre Shale:

Glacial drift:
Topsoil, black ••••••••••••••••••• ••••••
C1a;y·,smooth, dark-gray ••••••••••••••••
C1a;y·,gray; fine to medium graveL •••••
Sand., fine to coarse; fine to medium

gravel; and shale pebbles .•••••••••••
Till; clayey, gray; fine to medium

gravel; lignite fragments; and
shale pebbles ••••••••••••••••••••••••

Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
pe~bbles•••••••••••••••• ••• •••• •• ••• ••Till; clayey, gray; fine to medium
gravel; and shale pebbles ••••••••••••

Formation

- 21 -
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