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ERRATA

Artesian water from glacial drift near Lehr, Logan

and Mcintosh Counties, North Dakota

North Dakota Ground-Water Studies No. 38

Attached are corrections for figure 3 (following page 6) and for
pages 14 through 21, They may be stapled over the original pages

of your copy(ies) of the report as appropriate.

U. S. Geological Survey
Groundwater Branch
Grand Forks, North Dakota
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ARTESIAN WATER FROM GLACIAL DRIFT NEAR LEHR

LOGAN AND McINTOSH COUNTIES, NORTH DAKOTA

By
D. G. Adolphson

Introduction

As a part of the cooperative ground-water investigations program,
the North Dskota State Water Conservation Commission, the North Dakota
Geological Survey, and the United States Geological Survey make studies
of the ground-water resources available for municipal use in various
parts of North Dekota. Investigations are made of small areas surround-
ing towns which have requested aid from the North Dakota State Water
Conservation Commission or the State Geologist. When adequate funds
become aveilable, 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 studies.



The field work for this investigation wes done in 1956 and date
from the test drilling and the analysis of a quality-of -water sample
were relessed to the North Dakota State Water Conservation Commission
at that time. The plan at that time was to publish the deta with
results from en areal ground-water investigation of a larger region.
However, ss a more comprehensive regilonal study has not been initiated,
this report was prepared in 1960. The field work consisted of test
drilling with a rig owned by the State Water Conservation Commission.
A total of 17 test holes were drilled to depths ranging from 100 to
450 feet and aversging 175 feet. Samples of the formations were taken
from each 5-foot interval. A sample of ground water was obtained from
one test hole, and & chemicel analysis was made by the North Dakota

State Laboratories Department.



Location and Extent of Area

Lehr, which has a population of 381 (1960 cehsus), is at the
northern edge of McIntosh and the southern edge of Logan Counties
in south-centrel North Dakota. It is served by the Minnespolis, St.
Paul Sault Ste. Marie Railroad and State Highways 30 end 13. Approximately
16 square miles, parts of T. 133 N., Rs. 69 and 70 W., end 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 moresinic 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 numerous undrained depressions, trends southeastward
across North Dakota. The undrained depressions in the Lehr sarea are
occupied by swemps, but after heavy precipitation these may become
intermittent lekes or ponds. The average esnnual precipitation in

the Lehr ares is sbout 163 inches.
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Well-Numbering Systenm

The well-numbering system used in this report, illustrated in
figure 2, is based upon the location of the well in the federsl 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 principel 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, querter-quarter sections, and quarter-
quaerter-quarter sections (10-acre tracts). Consecutive terminal
numerals are added if more than one well is shown in a 1O-acre tract.

Thus, well 132-69-5bed is in the SE%NE%NW% sec. 5, T. 132 N., R. 69 W.
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Geology and Ground Weter

The surface of the Lehr area is covered by unconsolidated deposits
of glacial drift consisting primarily of till. Ordinerily 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 lemses 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.



Sand and gravel deposits underlie till or fine-grained glacial
material in a shallow valley or depression 1 mile west of Lehr. The
sand and gravel deposits, which are saturated with ground water under
artesian pressure, are surrounded by relatively impervious till.

They were probably laid down by glacial melt water and they may extend
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 end delineate at least part of this aquifer.
(See figs. 3 and 4, sec. D-D'.) The aquifer has 18 feet of medium to
cosrse saturated sand and 9 feet of fine to coarse saturated gravel

in test hole 1108 (tsble 2), from which water flowed at the land
surfece. Probsbly the esquifer contains sufficient ground water for

a municipal supply adequate to meet Lehr's present (1961) needs.
Additionsal test drilling and one or more aquifer tests would be
necessary to determine the hydrologic characteristics and to find

the boundaries of the deposits.

An eanalysis of the chemical quality of ground water from test hole
1108 (132-70-1ada) is given in table 1. The sempled water is very hard
and hes an iron content that is substentially higher than generally
sccepted standards. From studies of the State, however, in neighboring
sreas, it is apparent that the quelity of ground water from glacial

drift ranges considersbly in charscter.
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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 42 feet and averages 153
feet. The Pierre is not a source of water to wells or springs in

the ares.

Conclusion

Water-yielding deposits in the Lehr area occur as isolated sand
and gravel lenses within 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 by what may be a relatively large saturated sand and
gravel lens within the till; the aquifer in this lens may yield
enough ground water to meet Lehr's present (1961) demends. For &
more complete gppraisal of the quantity and quality of ground water

in the area, additional hydrologic and geologic dats are needed.
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TABLE 1.--Chemical Analysis of Ground Water

Results in parts per million except as indicated
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From Artesian Test Well Near Lehr, North Dskota

Analysis by North Dakota State Laboratories Departm:
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Formation

Glacial drift:

TABLE 2.--Logs of Test Holes

Pierre(?) Shale:

Glacial drift:

Pierre Shale:

132-69-5bad
Test hole 1100
Material Thickness Depth
-__' (feet) (feet)
Topsoil, Dlack.essescrsossossancnsosnes 1 1
Clay, sandy, yelloWeeseoosooroscssncans 2 3
Clay, sandy; Tine to medium gravel; and
shale PebbleS.csessccsscaccassscsnscs 11 1L
Clay, smooth, gray...sseecceossssscvcons 5 19
Clay, smooth, yelloW.seesaseessnsocancs hl 60
Clay, smooth, Eray.ecessessssscesasnass 16 76
Till, clayey, gray; fine to medium
gravel; lignite fragments; and shale
DEDDLES e essessssosssssssssassnnsasses 10k 180
Cley, sandy, y€llOWeesseecsscscsnccsons 15 195
Till, clayey, gray; fine to medium
gravel; and shale pebbleS.eccecossesee 60 255
Clay, smooth, Dlue-grayecessscsceseccss 10 265
Clay, sandy, blue-gray.eccecescsessossss L5 310
132-69-5bba
Test hole 1105
Topsoil, DlacK.esssssscessssarsasscncee 2 2
Clay, smooth, DIrOWN.ssececcsscsscaccocse 3 5
Clay, yellow; fine to medium gravel; and
shale PebbleS.eescccesssasssensscsacss 18 23
Till; clayey, grey; fine to medium
srevel; and shale pebbleS.sececcssces 11 81
Till; calyey, gray; fine to medium
gravel; and shale pebblesS.ceveeescses 1k 95
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.cecsecccans 10 105
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.sscsocscses 27 132
Shale, Grayesssesessssscessssscsssacnse 18 150

-9 -



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

132-69-5bbe
Test hole 1115

Formation Material Thickness Depth

(feet) (feet)
Glacial drift:

Topsoil, blacKeeseseseossssocaannsesnes 1 1
Clay, Bl8Y eoossassssasossassssscssasase 1 2
Clay, yellow; fine to medium gravel;

and shale pebbles................... 1 3
Gravel, fine to medium; clay, yellow.. 1 L
Clay, smooth, yelloWeeesseoovocacscsse 10 1k
Clay, smooth, DroWNissecesesossessacass 10 2L
Sand, fine to coarse; fine to medium

gravel; and shale pebbleScecesasecsss 9 33
Clay, yellow; fine to medium gravel;

end shale PebbleS.srrsusvasasssssns 21 5h
Till; clayey, gray; fine to medium

gravel; and shale pebbleSceseessccss 8 62
Sand, fine to coarse; fine to medium

ravel ; and shale pebbleSssecececosos 9 T1
Cley, santl,; EPafessssssssnnsssspssises 69 1ko
Till; clayey, gray; fine to medium

gravel; and shale pebbleSeeeessesoces 36 176

Pierre(?) Shale:

Cley, SaNAY, Er8Yeeesccccscscsssonssae 14 190

- 10 -



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

132-69-6bca

Formetion Material Thickness Depth
(feet) (feet)

Glacial drift:
Cley, yellow; fine to coarse gravel;

an(‘l Sha]-e pe‘b‘bles.'...0.....0.0'...... 7 7
Till; clayey, gray; fine to coarse

gravel; and shale pebbleS.sssscsesccss 26 33
Sand, medium to coarse; fine to medium

gravel; and shale PebbleS.esvesacssess 12 45
Till; clayey, grey; fine to medium

gravel; and shale pebbleSecessscosscos 10 55

Pierre(?) Shele:

Clay;, Sandy, Bl eeesscovesesssccccsaces ’4‘5 100

132-69-6bdd
Test hole 1107

Glacial drift:

TOpSOil, blaCKkessseosscscscocrnsnsossonss 2 2
Clayjj gray-I".'l.QDQOQOUOC.II...'.I....O l 3
Clay, yellow, fine to medium gravel..... L 7
Sand, fine to coarse; fine to medium

gravels and shale pebbles.......-..... ’-l' 11
Clay, yellow; fine to medium gravel; and

shale PebbleSoo.-on.oc-ncooocoooooo-oo 5 16
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale

pebbles-.............................. 30 h‘6
Clay;; Sandy, Erayoesescscsacsasecesescssoce 13 59
Till; clayey, gray; fine to medium

gravel; and shale pebbleB.scescssocccs 10 69
Clay, grey, 5anQY¥.esssecccosssscsnsossss 54 123
Till; clayey, gray; fine to medium

gr&VEl; and shale peb'bles.........n.. 6 129

Pierre(?) Shale:

Clay; 88ndy; EraY scssssssncassnvevnsans 31 160

=TT w



TABLE 2.--Logs of Test Holes ~- Continued
132-69-6daa
Test hole 1106

Formation Material Thickness Depth

T (feet)  (feet)

Glaecial drift:

TOPSC)il’ blackl...l'....i.....‘.....'.‘ l l
Clay, smooth, YellOWeesesosessooecccncss 3 4
Clay, yellow; fine to medium gravel;
and shale pebbleSssseevsscccscccescce 27 31
Send, fine to coarse; medium gravel;
and shale PEbbleSeecesecessssssrscoscs 13 Ll
Clay, smooth, yelloWsseeesessosesscovas 9 53
Clay, smoOth, Grayeeesseeccssssssssosss 6 59
Till; clayey, grey; fine to medium
gravel; and shale pebbleS.sesccsessss 38 o7
Clay, sandy,; Erayssesesscssccscssasscse 5 102
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.ececcsscsssss 20 122
Clay, sandy, Zrayecscssecsscsscccncssces 35 157
Sand, fine to coarse; fine gravel; and
shale PebbleSeeesssossvscssaassvascss 11 168
Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
PEDD1EScecsacssseocssscscsossncnscance 153 321
Sand, medium to coarse; fine gravel;
and shale pebbleScececccsescscssscves 12 333
Till; clayey, gray; fine to medium
gravel; end shale pebbleSeeceecsecsss 13 346
Pierre(?) Shale:
Shale, SraYeesesscssesacsssssscccsacces 14 360
132-69-6444d
Test hole 111l
Glacial drift:
TOpSOil, blaCKesoossssassssocssncssvrcsoss 2 2
Cla}r, Smooth, ErBYeosreevoncscsscscnvcse 2 h—
Clay, smooth, YEllOW.eesssoosevsaneasss 14 18
Clay, sandy, blue-grayeescccecccscssccs 52 T0
Pierre(?) Shale:
Clay, sandy, grayesessccccscocscescnsen 30 100

- 12 =



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

132-T70-1ada
Test hole 1108

Formation Material Thickness Depth
(feet) (feet)

Glacial drift:

Clay, sandy, GraYe.csseeccccscssassccse 2 2
Sand, fine to coarse; medium to coarse

gravel; and shale pebbleS.cesccccess 3 5
Clay, yellow; fine to medium gravel;

and shale pebbleS,ccccevesscsccasnes 5 10
Till, clayey, gray; fine to medium

gravel; and shale pebbleS.ciesoceces 11 21
Send, medium to coarse; fine gravel;

and shale pebbleSesessesescacccccses 3 2h
Till, clayey, grey; fine to medium

gravel; and shale pebbleS.cecececess L 28
Sand, medium to coarse; fine to medium

gravel; and shale pebbleS.seecescssss 18 L6
Clay, sandy,; Er&Ysscescssesssssssssess 10 56
Till, gravel, fine to medium; clay,

gray, and shale pebbleS.eieeesccessss 18 Th
Gravel, fine to medium; and shale

PEDD1eSesscovsssssncscsncesssasscsne 9 83

Pierre(?) Shale:

Cley, sandy, GreYevecscccsssassscssens 67 150

= 1%



Formstion

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

132-T70-1ada
Test hole 1108

Material

Glacial drift:

Clay, sandy, gr8Yecsscecsceccscossccss
Sand, fine to coarse; medium to coarse
gravel; and shale pebbleS.eeeccecescs
Clay, yellow; fine to medium gravel;
and shale pebbleS.sesccsocsccscsaces
Till, clayey, gray; fine to medium
gravel; and shale pebbleS.ceveieccese
Sand, medium to coarse; fine gravel;
and shale pebbléeS.sessccecscoscsccse
Till, clayey, gray; fine to medium
gravel; and shale pebbleS.ceececsccs
Send, medium to coerse; fine to medium
gravel; and shale pebbleScsseccscscse
Clay, sandy, grayecessvcsccsssescosscas
Till, gravel, fine to medium; clay,
gray, and shale pebbleS.seccecccscssnscs
Gravel, fine to medium; and shale
PELDLLlEScescosscscsscscssssrsancenves

Pierre(?) Shale:

Clay, sandy, Sroyesccecsscscscscasescs

-v13-

Thickness Depth
(feet) {feet)
2 2

3 p

5 10

11 21

3 2L

L 28

18 L6

10 56
18 Th

9 83

67 150



Formation

Glacial drift:

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

Pierre(?) Shale:

Glacizl drift:

Pierre(?) Shale:

132-70-1dbd
Test hole 1109
Material Thickness Depth
(feet) (feet)

Topsoil, blackescescssosressccscesvsnss 1 1
Clay, gray; fine to medium gravel; and

shale PebbleSIQUOOOQOOC.OC..l.....l.. 2 3
Clay, yellow; fine to medium gravel;

and shale pebbleS.ceccsssssscossssnes 3 6
Sand, fine to coarse; gravel, fine to

mefdium; and shale pebbleSOQ'OOQ.DQIQA 9 15
Till; cleyey, gray; fine to medium

gravel; and shale pebbleS..eevecsssse 30 L5
Sand, medium to coarse; fine to medium

gravel; and shale pebbleS.cssecescces 3 48
Till; clayey, gray; fine to medium

gravel; and shale pebbleS.cessssscess 37 85
Clay', Sandy, Er8Y eevsevecsncsscososscsescs 15 100

133-69-27ccc
Test hole 1113

Topsoil, blaCKessesssssosessscscsssccss 2 2
Cley, sandy; LYoMcssssesssssnsnsnunnnos L 6
Cley, yellow; fine to medium gravel;

and shale pebbles.-.............-.... 17 23
Sand, fine to medium; medium to coarse

gravel; cobblestones; and shale

pe"bbles.............................. 7 30
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale

pe'bbleS........-.....-.............-. 63 93
Gravel, fine to medium; and shale

pe:bbles...oo.-...o........‘.......--. 2 95
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale

pebbles..QQO.Q...Iu.0.‘...0......".. 39 l3ll‘
Clay', Sandy, Er8Y eses0essv0s0sasnnnsnce 16 150

-1k -



Formation

Glacial drift:

» . nd

TABLE 2,~-Logs of Test Holes -~ Continued

132-70-1dbd
Test hole 1109

Material

TOPSOil, bla.CK.....o...........-..-....
Clay, gray; fine to medium gravel; and
shale PebbleSo.ocoanooonoooooootoooto
Clay, yellow; fine to medium gravel;
and shale PEbbleBssennsvsvenvsnnavnvs
Send, fine to coarse; gravel, fine to
medium; and shale PebbleSq-o-ocoooooo
Till; clayey, gray; fine to medium
gravel; and shale pebbleSceccestccsos
Sand, medium to coarse; fine to medium
gravel; and shale pebbleS.secevascess
Till; cleyey, gray; fine to medium
gravel; and shale pebbleS.cececcccsss

Pierre(?) Shale:

Glacisl drift:

Clay, san.dy, EX8Y esvesoco0csosccncvscnsos

133-69-29¢cce
Test hole 1113

Topsoil, DletKesssvavessnenasssnowsnnss
Cla:br, Sandy, brown‘..........ll."".’.
Clay, yellow; fine to medium gravel;
and shale Pebbles...-.-.:.-onoooo;coo
Sand, fine to medium; medium to coarse.
gravel; cobblestones; and shale
pe:bbles..l.0...OOIOIQQ....O..".‘.O..
Till; cleyey, gray; fine to medium
gravel; lignite fragments; and shale
PE’bbleS.‘o.......0.0.'.000‘00.l......
Gravel, fine to medium; and shale
pelbbles.......00‘0.....0..0'.0.'00..'
Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
pe’b‘bles..lOOI..O.l'l..‘..l".l".‘l..

Pierre(?) Shale:

Clay‘, Sa-ndy, Er8Yossseocaseseescccssccs

-1k -

Thickness Depth
(feet) (feet)
1 i

2 3

3 6

9 15

30 L5

3 48

37 85

15 100

2 2

b 6

17 23

T 30

63 93

2 95

39 13k

16 150



TABLE 2.--Logs of Test Holes -- Continued
133-69-32dcd
Test hole 1104

Formation Material Thickness Depth
(feet) (feet)

Glacial drift:

Topsoil, blacKkeessssoeossesssssssoscscs 1l 1
Clay, smooth, dark~gray.cecccesesssscees 1 2
Clay, gray; fine to medium gravel..sse. 2 L
Sand, fine to coarse; fine to medium

gravel; and shale pebbleS.eeeesccsaes 6 10

Till; clayey, gray; fine to medium

gravel; lignite fragments; and

shale pPebbleSessscsrecssescsvarsccses 9 19
Till; clayey, gray; fine to medium

gravel; lignite fragments; and shale

PEDDLES caassvococsassssserssssnsasnes 51 70
Till; clayey, gray; fine to medium
gravel; and shale pebbleSecescesssene 2L oL
Pierre Shale:
Shale, Erayesssssssessescssvesnnavecsse 26 120

- 15 -



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

133-69-31dbd
Test hole 111k

Formation Material Thickness Depth
(feet) (feet)
Glacial drift:
TO:QSOil, black........-............... 2 2
IRy, BRI s e o o 50 5 5 o 6 R 1 3
Clay, yellow; Iine to medium gravel;
end shale PebDleSeseeecescscsncecnss 3 6
Sand, medium to coarse; fine to medium
grevel; and shale DPEbDleS.eeeesessss 2 8
Clay, yellow; fine to medium gravel;
aild shale PEebDLeS.vereeeresncosnness 6 1k
Till; clayey, gray; fine to medium
gravel; and shale DPebDleSeececsceses 20 3L
Clay, yellow; fine to medium gravel;
end shale PebDleS.seeeeserscccssesss 3 37
Till; clayey, gray; fine to medium
gravel; and shale PebbleS.eeeecoesses L b1
Sand, fine to coarse; fine to medium
gravel; and shale DPebbleS..eeeecsees 3 Ll
Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
PEOLLEE e s wn s nme ks s sbenensmesssssssis 66 110
Gravel, fine to medium; and shale
PEDDleBueencacassosseraransescoseses 13 123
Pierre(?) Shale:
Clay, sandy, Er8Yececssccccsscsosessss T 130

-]5..



Formation

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

133-69-33dbd
Test hole 111k

Materisl

Glacial drift:

TCipSOil, black....Q.QOD.I........'00..
CLEF, Brafvesuss sssiissammanness sessss
Clay, yellow; fine to medium gravel;
and shale pPebbleS.cesececcscnncocess
Sand, medium to coarse; fine to medium
gravel; and shale pebbleS.eeeeesssse
Clay, yellow; fine to medium gravel;
and shale PebbleS.esiscccescassccsas
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.eeeeescses
Clsy, yellow; fine to medium gravel;
and shale pPebbleS.veenesescoscoscsss
Till; clayey, gray; fine to medium
gravel; and shale PebbleS.eeecececses
Sand, fine to coarse; fine to medium
gravel; and shale pebbleS.ceveescees
Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
PEULLES v a vumiw e m s 45 5555580 2nnn e ewns
Gravel, fine to medium; and shale
PEULLEB exwnannnuvawasssssssiseninnmns

Pierre(?) Shale:

Clay, Sandy, gl"ay.o.0.0.0.000.000-...'

Thickness Depth
(feet) (feet)
2 e

1 3

3 6

2 8

6 1

20 3k

3 -3

L L1

3 Ll

66 110
13 123

T 130



Formation

Glacial drift:

Pierre Shale:

- -

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

133-69-31dcd
Test hole 1103

Material

TOPSOil, blacKkeeeoescesosssosssesonssseens
Clay, dark-gray; fine to medium gravel.
Clay, yellow; fine to medium gravel....
Clay, smooth, yellOWsieeaseocsssaseccnns
Gravel, fine to medium; shale pebbles..
Clay, yellow; fine to medium gravel;
and shale PebbleSco.-ooonno-coono"oo
Till; clayey, gray; Tine to medium
gravel; lignite fragments; and shale
PE?bbleSoao.-ccoucooccoootooboo.cﬂooo.
Till; gravel, fine to medium; clay,
gray; and shale pebbleSsesecccssssves
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.essessssess

Sha]—e, gray‘l..0...‘..l.'.‘..l.'l...l.l

- 16 -

Thickness  Depth
(feet) (feet)
1 1

2 3

L 7

6 13

L 17

¥ 2h

43 67

18 85

21 106

2L 130



Formation

Glacigl drift:

Pierre Shale:

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

133-69-33dcd
Test hole 1103

Mggerial

TOPSOil, blacKessssoesosssnsssssasssonsse
Clay, dark-gray; fine to medium gravel.
Clay, yellow; fine to medium gravel....
Clay, smooth, yellOWescsesasovassceanse
Cravel, fine to medium; shale pebbles..
Clay, yellow; fine to medium gravel;
and shale DEbbleScsarrseecssescessens
Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
pebbles.....-....au..-.......'......
Till; gravel, fine to medium; clay,
gray; and shale pebbleS.eeeecssscecces
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.eceessvcccce

Shale, gY8Ysessevecscsscossosassssscocns

Thickness Depth
(feet) (feet)
L 1

2 3

L 7

6 13

L 17

T 2k

L3 67

18 85
21 106

2k 130



TABLE 2.--Logs of Test Holes -- Continued
133-69-31ddc
Test hole 1101

Formation Material Thickness Depth
(feet) (feet)

Glacial drift:

TOPSOil, blaCk.nuouoocc-toqo-oo-ooocoo "l' ’4‘
Clay, yellow; fine to medium gravel;

and shale pebbleSseececesacssceasans 2 6
Sand, fine to coarse; fine gravel; and

shale pebbleScesscsnsseavassssasssis 9 15
Sand, fine to medium; fine gravel, and

hale PebbleSenuwensssunsavssssuosvs T 22

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

ghale pebbleScussssssssasossennsnons 35 57
Sand, fine to coarse; fine to medium

gravel; and shale pebbleSeececessecss 8 65
Gravel, fine; fine to coarse sand; and

Bhale pebbleBsunsnsnconsnsnvepssnens 19 8l

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

S]lale Pebbles.0'..00...000...0.-...0 38 122
Gravel, fine to medium, and shale
p‘ab‘bles........l...ll..‘..‘.l......‘ 18 ll!‘o

-17-



Formation

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

Glacial drift:

133-69-33dde
Test hole 1101
Material Thickness Depth
(feet) (feet)

Topenll, Dl wansnsusxsnnnsannsenesn L 4
Clay, yellow; fine to medium gravel;

and shale pPEbDleSesescscssascsssnnss 2 6
Sand, fine to coarse; fine gravel; and

shale pPebbleSiesescessncsscossencess 9 15
Sand, fine to medium; fine gravel, and

shale pebbleSississssssssssssvsssanss T 22
Till; gravel, fine to medium; gray clay

(Large proportion of gravel); and

shale pebbleS.ceeetassscsosossscncsnas 35 57
Sand, fine to coarse; fine to medium

gravel; and shale pebbleS.evececocss 8 65
Gravel, fine; fine to coarse sand; and

shale pehblefeessovssunssasanssonsss 19 8l
Till; gravel, fine to medium; gray clay

(Large proportion of gravel); and

Shele pebbleSssssisssssassasiessssss 38 122
Gravel, fine to medium, end shale

DTS w5505 0 0 0 18 140



FPormation

Glacial drift:

Pierre Shale:

i, © &

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

133-69-32bce
Test hole 1102

Material

TOPSOil, blaeKssisvansssdspasisdepanei
Clay, smooth, dark-grayeesesescecesnce
Clay, gray; fine to medium gravel; and
shale pebbleSecececcscscesccssncssnce
Clay, smooth, grayeccecsssscescascases
Sand, fine to coarse; fine to medium
gravel; and shale pebbleSccecccssess
Gravel, fine to medium; and shale
pebbles.......-.....................
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.cecossssse
Sand, medium to coarse; fine to medium

gravelco‘!o.-o...c..u...o...'....cot

Till; clay, gray, fine to medium gravel;

and shale pebbleSisessecsscesssssnse
Till; gravel, fine to medium; gray

clay (large proportion of gravel);

and shale pebbleSeecsssccsoscsscscsne

Shale’ gray.---......noo-noooooo;ooouo

-18 -

Thickness Depth
(Teet) (feet)
1l 1

2 3

b T

12 19

7 26

y 30

30 60

2 62

68 130
15 L5
15 160



Formation

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

133-69-3'sbee
Test hole 1102

Material

Glacial drift:

Pierre Shale:

Topsoil, blacKescssrvoscnnosssnsssssas
Clay, smooth, dark-gray.esceescescssace
Clay, gray; fine to medium gravel; and
shale pebbleSsisesicssssssscsassscons
Clay, smooth, gray.scsccecssocsaseases
Sand, fine to coarse; fine to medium
gravel; and shale pebbleS.cecessasse
Gravel, fine to medium; and shale
PebhleSsnanss s oiis o vens eORRRES ¢ 5.6 ¥
Till; clayey, gray; fine to medium
gravel; and shale pebbleéS.iesaceccnss
Sand, medium to coarse; fine to medium
EPOVE L ssumvnnsnsanavonvsssmsnasvannen

Till; clay, gray, fine to medium gravel;

and shale pebbleSisvscesesscesnssnns
Till; gravel, fine to medium; gray

clay (large proportion of gravel);

and shale pebbleS.secsscscssosccenssne

S].’lale’ gray-..-...--.-.---.o-ooo-.....

- 19 -

Thickness Depth
(feet) (feet)
1 1

2 3

L 7

12 19

7 26

L 30

30 60

2 62

68 130
15 1h5
15 160



Formation

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

133-69-32¢cch
Test hole 1099

Glacial drift:

Pierre Shale:

Material Thickness Depth
(feet) (feet)

Topsoil, blackecsesssossscssscscecnsss 1 1
Clay, SMOOth, Eray.ecsescesccsssssccnss 3 L
Sand, fine to coarse; gravel; and

shale PebbleS.eescceccscssncnnssossne 12 16
Sand, fineseececveceecavescansscsssnas 5 21
Sand, fine to cosarse; fine gravel; gray

clay; and shale pebbleS.cesceccannss 11 32
Gravel, fine to medium; gray clay; and

floe pendsessvssscsssnsumnannsnnnsei 18 50
Till; clayey, gray, fine to medium

gravel; and shale pebbleS.cesseccsss 10 60
Till; clayey, gray; fine gravel (large

proportion of gravel); and shale

pebbles................-........--.. 5 65
Till; clayey, gray; fine to medium

gravel; and shale pebbleSeseceassses 16 81
Clay, s5andy,; Erayecsscccosscescssssses 7 88
Till; gravel, fine to medium; gray

clay (large proportion of gravel)... L7 135
Till; gravel, fine to medium; gray

clay; lignite fragments; and shale

pebbles (large proportion of gravel) 115 250
Till; clayey, gray; fine to medium

gravel; lignite fragments; and

shale PebbleS.essscscscsscassssasnss 30 280
Till; clayey, smooth, gray; fine to

medium gravel; lignite fragments; and

shale pebbles (proportion of clay in

samples increases in depth).ecessess 110 390
Till; clayey, blue-grey; fine to medium

gravel; lignite fragments; and shale

pebbles...O.Q.l..'.'.l....l...‘.‘.l' 52 )“'h'a
Shale, Br8Yevrescseseassoncsovcsscascces 8 h-SO

- 19 =



Formation

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

Glacial drift:

Pierre Shale:

133-69-3)cch
Test hole 1099
Material Thickness Depth
(feet) {feet)

Topsoil, blacKeessssescoacsscsscncssse 1 1
Clay, smoOth, Eray.cessccccsscssscscss 3 3
Sand, fine to coarse; gravel; and

shale PEbbleSieesseccncscsssassscans 12 16
Sand, finC.eecsececstescossssscsccsans 5 21
Sand, fine to coarse; fine gravel; gray

clay; and shale pebbleScceecsccescsese 11 32
Gravel, fine to medium; gray clay; and

fine S5and.esscscseccacacssssscsosenns 18 50
Till; clayey, gray, fine to medium

gravel; and shale pebbleS.secessessee 10 60
Till; clayey, gray; fine gravel (Large

proportion of gravel); and shale

PEODLES coeucassecsscnsscsssncarsnnnsse 5 65
Till; clayey, gray; fine to medium

gravel; and shale pebbleSeeecscessse 16 81
Clay, sandy, Grayeceesecsssssecesscnss T 88
Till; gravel, fine to medium; gray

clay (large proportion of gravel)... L7 135
Till; gravel, fine to medium; gray

clay; lignite fragments; and shale

pebbles (lerge proportion of gravel) 115 250
Till; clayey, gray; fine to medium

gravel; lignite fragments; and

shale pPebbleS.eeesesssvssscsscssesnss 30 280
Till; clayey, smooth, gray; fine to

medium gravel; lignite fragments; and

shale pebbles (proportion of clay in

semples increases in depth).ceeesecss 110 390
Till; clayey, blue-gray; fine to medium

gravel; lignite fragments; and shale

PEDDLESceessssaseascssassassssansasase 52 Lh2
Shale, Erayesecssecscscesesscesccsnses 8 450

-QC-



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

Formation

133-69-33cce
Test hole 1112

Material

Glacial drift:

Clay, sandy, brown; fine to medium
;ravel......................-.......
Cleay, sandy, yellow; fine to medium
ErEVELesnnmmuvsasmuoenunewnsessscens
Sand, fine to coearse; fine to medium
gravel; and shale pebbleSesesssessce
Gravel, fine to medium; and shale
pebbles.............................
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.sctesscese
Sand, fine to coarse; fine gravel; and
shale PebDleSeccsvssossovcconessocons
Gravel, fine to medium; and shale
pebbles.....-...«...............-.--
Till; clayey, gray; fine to medium
gravel; and shale pebbleSceceacesess
Till; clayey, gray; medium to coarse
sand; fine to medium gravel, and
slhale pebblest..‘.l.QOO.CO........'.
Till; clayey, gray; fine to medium
gravel; lignite fragments; and
shale pebbles.....-...n............

Pierre(?) Shale:

Claly, Sandy, gray.....'."......l.l".

- 20 -

Thickness Depth
(feet) (feet)
1 1

e 3

10 13

6 19

12 31

3 3h

L 37

69 106
11 117

59 176

1k 190



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

Formation

133-69-35¢cce
Test hole 1112

Material

Glacial drift:

Clay, sandy, brown; fine to medium
Eravel.ceecsesossassecsssccesssscsnns
Clay, sandy, yellow; fine to medium
Eroavel.ecseecscsessaccssasscocrsrsccs
Sand, fine to coarse; fine to medium
gravel; and shale pebbleSceececacscs
Gravel, fine to medium; end shale
PEbDlEScecessesscrsassosascssvessssncs
Till; clayey, gray; fine to medlum
gravel; and shale pebbleS.eccesssess
Sand, fine to coarse; fine gravel; and
shale pebbleSsessesvsccccsosasscccs
Gravel, fine to medium; and shale
Pe’obles..o....."'l't!.l..o..l.....’
Till; clayey, gray; fine to medium
gravel; and shale pebbleS.scescecess
Till; clayey, gray; medium to coarse
sand; fine to medium gravel, and
shale pDebbleSeeccessncccssscasansons
Till; clayey, gray; fine to medium
gravel; lignite fregments; and
shale pebhleScscercrsnscvscccsccanesne

Pierre(?) Shale:

Clay, sandy, Zrafessesccocscscsccccsss

- 21 -

Thickness Depth
(feet) (feet)
1 1

2 3

10 13

6 19

12 31

3 3k

3 37

69 106
11 117

5 176

1L 130



TABLE 2,--Logs of Test Holes -~ Continued

133~70-36dcd
Test hole 110k
Formation Meaterial Thickness Depth
(feet) {feet)
Glacial drift:
Topsoil, black..t..’..l.-....00.'.0."0 l l
Clay', SmOO‘th, d.ark"gray.o--oco'.onoo.oo l 2
Clay, gray; fine to medium gravel..e.s. 2 L
Sand., fine to coarse; fine to medium
gravel; and shale pebbleS.ecessesrcss 6 10
Till; clayey, gray; fine to medium
gravel; lignite fragments; and
shale pebbles...........--........... 9 19
Till; clayey, gray; fine to medium
gravel; lignite fragments; and shale
pebbles..0"0'Q.O.l‘o'..'a.no..llooo‘ 51 70
Till; clayey, gray; fine to medium
gravel; and shale pebbleSessseccesces 24 ol
Pierre Shale:
Sha]-e’ gray’.l"l...l.l‘.‘.'.""'.l.‘. 26 120

- 21 -
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