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GROUND WATER NEAR HOOPLE, WALSH AND

PEMBINA COUNTIES, NORTH DAKOTA

By
H. M, Jensen and Edwerd Bradley

Introduetion

As a part of the cooperative ground-water investigations program
in North Dakota, the United States Geological Survey, North Dakota
State Water Conservation Commission, and North Dakota Geological Survey
meke studies of ground-water resources available for municipal use in
various perts of the State. Investigations are made of small areas
surrounding towns that have requested aid from either the State Water
Conservetion Commission or the State Geologist. As adequate funds be-
come available, more comprehensive investigations are made on larger
areas, such ss counties. Reports on the large investigations may in-
clude all or some of the results of the smaller municipal water-supply
studies.

The present investigation, which began in 1959, was mede at the
request of the city council of Hoople. It included test drilling,
inventory of selected wells (table 1), evaluation of available geologic

and hydrologic deta, and preparation of this report.



The well-numbering system, illustrated in figure 1, is based on
the Federal system of rectangular surveys of public lands. The first
numeral denotes the township north of the base line which extends lat-
erally across the middle of Arkansas, and the second numeral denotes
the range west of the fifth principal meridian; the third numeral de-
notes the section in which the well is located. The letters a, b, c,
and 4 designate respectively the northeast, northwest, southwest and
southeast quarter sections, quarter-quarter sections, and quarter-
quarter-quarter sections (10-acre tracts). Consecutive terminsal
numerals are added if more than one well, test hole or spring is shown
in & given 10-acre tract or quarter-quarter section. Thus, a well
numbered 158-55-15das (fig. 1) would be in the northeast quarter of the

northeast quarter of the southeast quarter, sec. 15, T. 158 N., R. 55 W.

Geography

The Hoople area is in the Red River Valley, which is a relatively
flat-lying glacial-lake plain that slopes gently toward the Red River.
(See fig. 2.) The report ares includes 10k square miles surrounding
and largely west of Hoople, which had a population of 334 in 1960.
Beaches and other shoreline deposits, which mark successive stages of
glacial Lake Agassiz, cross the Hoople area in a north-south direction.
The most prominent of these features are those west of the McCauleyville
Beach, about 6 miles west of Hoople. From the McCauleyville Beach
eastward, the shoreline festures are minor undulating swells that sel-~
dom are more than a few feet above the lake plain. The climate in the
Hoople area is sub-humid. The average annual precipitation is about

20 inches.
-2 -
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FIGURE | --SYSTEM OF NUMBERING SPRINGS, WELLS, AND TEST HOLES.
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Surface drainage, which is intemmittent, is through the Middle
Branch and North Branch of the Park River and through Cart Creek. (See
fig. 3.) The channel of the Middle Brench of the Park River west of
the McCauleyville Beach is deeply incised in glaciel drift and cen
carry & large smount of runoff from spring snowmelt and heavy rains;
however, all the stream channels east of the McCauleyville Beach are
narrow and shallow. Heavy runoff often overflows these channels and
floods the surrounding lake plain. During most of the year, however,

the channels are dry or contain only small ponds and marshes.

Geology and Ground-Water Conditions

In the Hoople area ground water occurs in Recent alluvium,
Pleistocene glacisl drift, and bedrock. The glacial drift is divided
into deposits of glacial Laeke Agassiz and till end associated sand
and gravel. The Lake Agassiz deposits may be subdivided into beach
deposits and silt and clay. The youngest bedrock in the area is com-
posed of shale and sand of Cretaceous age. Study of available geologic,
hydrologic, and quality-of-water information prior to test drilling
showed that water of suitable quality for municipal use would most
likely be found in aquifers in the beach or shore deposits; therefore,
many of the test holes were located on or near the beach ridges. (See

Figs %)
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Recent alluvium

Recent aslluvial deposits occupy the principal dreinage channels
in the area. The deposits renge in thickness from O to sbout 5 feet
and contain thin beds of silt, clay, and small amounts of fine sand.
Because the deposits are small in areal extent and relatively imper-

meable, they yield little water to wells.

Pleistocene glacial drift

Deposits of glacial Lake Agessiz.--Beach or shore deposits overlie

deposits of lacustrine silt and clay and till and associated sand and
gravel. The deposits consist of variable concentrations of send and
grevel and (or) silt or clay. Test hole 1611 (158-56~11a8a) penetrated
30 feet of sand and gravel; lesser thicknesses were penetrated in other
test holes west of the Campbell Beach (fig. 3 and table 2). Test
drilling showed that east of the Campbell Beach the deposits are com-
posed primarily of silt and clay.

The more permeable sand and (or) gravel sections of the beach or
shore deposits generally yield sufficient water to wells for domestic
and fam use. Springs located about 8 miles west of Hoople in sec. 1,
T. 158 N., R. 56 W. discharge from permeable deposits of the Tintah
Beach and perhaps other beach ridges west of the Tinteh Beach. The
discharge of several springs forms a run or small stream that flows
eastward beyond the Campbell Beach. In 1959 et one location the dis-

cherge was 120 gpm (gallons per minute) on April 22, 27 gpm on August 19,

« § =



and 86 gpm on November 3. These measurements show the seasonal vari-
ation in the discharge and thus the probable fluctuation of the quan-
tity of water availeble to wells from the beach deposits.

Probebly a single well in the beach or shore deposits would not
yield enough water for municipal needs; further investigation, however,
might locate an area where a series of wells with a collection system
could furnish enough water for a small town. The area of springs
located in sec. 1, T. 158 N., R. 56 W. warrents further study as a
possible source of supply for Hoople.

The silt and clay deposits of Lake Agassiz are generally lamin- -
ated; some layers contain thin stringers of sand. Test hole 1602
(158-54-4ddd2) penetrated 131 feet of the deposits (fig. 4). Thicker
deposits probably occur eastward towerd the axis of the Red River
Valley. The material as a whole is relatively impermeeble and does

not ordinarily yield enough water for withdrawal by wells.

Ti1l end associated sand and gravel deposits.--Till and assoc-

iated sand and gravel deposits were penetrated in most of the test
holes (table 2). Two test holes, 1608 and 1610, (158-55-licce and
158-56-12a8a) penetrated 158 feet of the deposits. The till is an
unstratified, heterogeneous mixture of clay, sand, gravel, and
boulders. Because it is composed of unsorted material and because

the spaces between the larger particles are filled with finer materials,

+ill does not ordinarily yield water readily to wells.



IN FEET

ALTITUDE,

12004

1100

1000

900

800

700+

6004

Deposits of glacial Lake Agossiz

o

TILL

....1607
\\\ ................... I§OGI60
= < S a5
\\\\\ 1602
— e 1603
~ -~ Deposits of qlaciol Laoke Agassiz
Till and associoted sand and gravel deposits h T~ -7
_________ ?__ \\\\‘ p—
Bedrock TR e Ef .
e SRS 1 T
— ’
-
all

EXPLANATION

[] =

SAND GRAVEL CLAY SHALE AND/OR SANDSTONE
I % 0 1 2 Miles
P ™ o —t

FIGURE 4--GEOLOGIC SECTION IN THE HOOPLE AREA

- 1200

PN
wmilA%A%

1000

900

—- 800

- 700

— 600



Stratified sand and gravel deposits associated with the till were
formed as alluvial deposits by local melt water of gleclal streams.
The deposits are not exposed aﬁd can be found only by test drilling.
Test halkes 1608 and 1602 penetrated stratified sand and gravel deposits
10 and 17 feet thick respectively. Many of the stratified deposits
contain ground water and are small isolated aquifers; but, because
they are completely surrounded by till, they are replenished relatively
slowly. The deposits yield only small quantities of water -- generally

enough for domestic and farm use.

Bedrock formetions

Rocks of Cretaceous and Paleozoic age underlie the glacial drift
in the Hoople area. The Dakota(?) Sandstone of Early Cretaceous age
contains one or more aquifers and lies between 200 end 500 feet below
the land surface in the report area. The formation yields small
quantities of water to wells, and, although it has a high dissolved-
solids content (ordinarily more than 3,000 parts per million), it is
used for general domestic and farm uses at some places. Paleozoic
rocks, which contain water with a high dissolved-solids content, are
tapped by a well at Grafton, about 15 miles southeast of Hoople
(Simpson, 1929, p. 246). These rocks probebly underlie the Dakota( ?)
Sendstone in the Hoople area, but they are not known to be penetrated

by wells.



Quality of Water

An enalysis of water collected from a spring located in the SW%
of the SE% of sec. 1, T. 158 N., R. 56 W. is reported as follows by

the State Laboratories Department, Bismarck, N. Dak.:

Concentration
(ppm)
Iron (Fe)=--e-mmmmemmmmmmme e e .22
Calcium (C@)==--=r=mmmemmmm—m oo e 56
Magnesium (Mg)-=======m=m==mcmsmmommom-- 30
Sodium (Na)-=-=-=escmmmmmmmmemeom - 20
Potassium (K)-=m-==mmmmmmmmmmmme oo 3.5
Bicarbonate (HCOB) ....................... 254
Carbonste (003) ------------------------- 1k
Sulfate (80))=--=n--n=smmm=snmmomnnnsam== Th
Boron (B)e=--=c=m=mmmmmmm—mmm o 0.2
Chloride (Cl)---r--mmmmmmmmmonm e ————— 11
Fluoride (F)---=e=mmmmmmcmmommcmmeaa———- 0.3
Nitrate (NOg)--===-====v==mms=smmmmmsn=- 1.6
Dissolved Solids
Residue 8t 1009C-mmmmmmemmumamma——-— 103
Residue after ignition-~-===w=-==--- 33k

Drilled and dug wells st numerous farmsteads in the area obtain
water of reported similar quality from the aquifers in the beach or

ghore deposits.



Aquifers im the till and associated sand eand gravel deposits end
in the bedrock generally yield water that has a higher dissolved-solids
content than the water of beach or shore deposits; therefore, it is

less sultable for domestic or public supply use.

Summery end Conclusions

Deposits of Recent alluvium found in the drainage channels in the
Hoople area consist primerily of silt and clay. The deposits are rel-
atively impermeable and are not a good source of water for wells.

Glecial drift in the area consists of deposits of Lake Agassiz
and till and asssociated sand end gravel. Leke Agassiz deposits include
(1) veach or shore deposits end (2) silt and clay deposits., The
lacystrine deposits are relatively impermesble and are not generally
sources of ground water. Beach or shore deposits contain smell quan-
tities of ground water at shallow depths from which numerous farm wells
obtein enough water for general domestic and farm use. Springs about
8 miles west of Hoople discharge water from the deposits, but the yield
fluctuates seasonally. The feasibility of installing a series of shal-
low wells with a collection system in this spring area should be con-
sidered as a possible municipal supply for Hoople. The quality of

water from beach or shore deposits is satisfactory for most uses.



Lenticular send and gravel deposits associated with the glacial
till generally are aquifers. The deposits yield sufficient water for
domestic or farm supplies, but the water has & high dissolved-solids
content (gererally more than 2,000 ppm). Deposits capable of supplying
enough water for Hoople were not located by the test drilling.

Smell supplies of water may be obtained from the Dakota(?) Sand-
stone of Cretaceous age. The water from this formation, however, has
a high dissclved-solids content and would be of very poor quality Tor
municipal use. Paleozoic rocks, although not penetrated by test holes,
probably are present in the area and would also yield water with a

high dissolved-solids content.



TABLE 1.--Records of wells,
Depth of well and depth to water: Measured depths are
given in feet, tenths, end (or) hundredths; reported
depths are given in feet.

Type of well: Dr, drilled; Du, dug; Sp, spring or springs.

Location Owner Depth Diemeter Type Date
No. or neme of well or size completed
(feet) (inches)

158-54

3ddc Test hole 1603 105 5 Dr 9-2L-59
haddl E. T. Odegard 11.93 38 DU eeesvns
Lhaada2 Test hole 1602 210 5 Dr §-23-59
l6saa Unknown 17.58 L8 Du ——
19aad H. R. Hart 21.59 L8 Du cvesvtses
28baa Otto Paulson 200 + 3 Dr PO
28bbb Test hole 160k 52,5 5 Dr  9-24-59
158-55

2dcd Test hole 1606 63 5 Dr 9-21-59
2ddc Test hole 1605 63 5 Dr 9-24-59
3dcdl Fedje 265 2 Dr 1957
3dcd2 s Lo J Lo 2 Dr 1955
had Rose Moore 50 36 Du NT—
heas Carleton Rinde 300 Ly Dr 1939
Lcee Test hole 1608 1783 5 Dr  9-25-59
hadd Test hole 1607 63 5 Dr 9-2L-59
Scce Test hole 1609 105 5 Dr 9-25-59
6cdbl K. B. Rollefstad 50 20 Dr 1939
6cdb2 eslCsene 15 L8 Du 1909
Tbdel Tillie Holms 22 2h Dr RP—
Tbdce?2 « B0 sse 23 2L Dr PP
Tde BErickson Bros. 8 8 Dr cesenae
12bdb Thelmer Johnson 18 48 Du 1939
15adb G. Langrud 28 42 DU eereens
15bba H. Ostenrud 12 2L Du R
15bdb Alma Olson : 16 2L Dr 1949
15¢bbl  F. H. Berg 12 2l DU eesenss
15cbb2 < [ g 9 30 Du GEEP R
15dbl P. H. Borge 17 28 Dr o G
15d4b2 ee@0soas 38 28 Dr 1923
17cbd Rustgard sisters 20 2h Dr .
18abbl Albert Anderson 17 8 Dr 1939
18s8bb2 . P 1k 2l Dr cerenes

- 10a -



test holes, end springs

Use of water: D, domestic; S, stock; N, none; T,
test hole.

Remarks: Adequate supply means quantity reported
sufficient for use indicated.

Depth *o Date of Use Aquifer Remarks
water below measure- of
land surface ment water

(feet)

LR R BN AN e s 00 9 0 a U BN AN O A 4 See log L)
7.24 9-16-59 Sand Adequate supply.
a9 s &0 ® 9o u 8 p e 2 LI 3N B BN BN See log L]

8.76 9-16-59
11.56 9-16-59
Flow 9-16-59

e s e 00

..30.. Alkaline.
ee00.. Adequate supply.

EROROROR =R ON ]

I e e e e 00 see s a0 See lOg-
ee s s es 00 e ceve v coo-DOnoto
*es o0 s ess0es s e0co0 o..oDOuoa'

35 Ceeeeee
25 cexaaid

30 Ceenens

..86... Adequate supply.
Clay Inadequate supply.
wee s Adequate supply.

GRON SR

2
4]

22 R S Sand o o D0ws s
PP wiw i e s T Rp T See log.

e S % ek W T 5 @ d RN [
L EERE P T v o sisel0swun

L8 e
13 I

&

S Clay Adequate supply.
L Od-o e e LI A 4 ODO. LI BN
Sand e e 0 ODOQ L )

se s e seseaon e

nogwn

seese sseneos Y« o PR eessDOcons
7 PP D,S «.do.. esesDOsenn
9 cesuoas D,S8 .30 P b o PP
8 e s hds N S teesDOiiae
6 3% mmnn D,8 ¢ w0l e T, JEpepae
T eesrens D,S8 s To TN JRR ) (o PRPRIS
10 LmmE e D Y o o JAN seseDOcene
T e 8 S o le T eeesDOssne
12 e e g D ..d0.. PN [ T
o nwnn Sen e S Clay SRERPEIN ) [ N

Sand esssll0vens
Gravel ceseDOeese
Sa.nd '.l.DOl'll

10 eses o e
lu tees s
ll se e o e

wo
w0

- 10b -~



TABLE l.~-Records of wells,

Location Owner Depth Diameter Type Date
No. or name of well or size completed
(feet) (inches)
158-55 (Cont.)
18cbd Tilvert Peterson 50 36 Dr 192k
18dc Henry Langrud 1h 36 Dr L9855
19aabl Joseph Lindell 20 36 Du 1027
192ab2 v .d0. ... 23 36 DU eesenes
1%baal Floyd Greenwood 18 120 Du 1950
19baa2 .d0.... 11 36 Du 195k
19dad Norman Monsebroten 20 2k Dr 1957
2Lbbe John Roholt 33 48 Du RERPR—
2544 Theodore Holt 63 3 Dr TEEES &b
26aaa Unknown 27.51 18 Du ceenees
29bba, Emil Halgard 16 32 Du 1938
2%9cdl B. A. Larson 20 36 Du cesenas
29bca2 Y i fo TP 22 36 Du YT
29cdd Edwin Olson 12 36 Du 1958
158-56
lde Edward Moe eeeta .o Sp w o wn
ldce Test hole 1612 63 5 Dr 9-28-59
ldde Edward Moe 25.85 2h Dr 1956
3baal Ralph Rustan 2L 2k Dr 1929
3baal S Te DR 30 2L Dr S EE R
llaaa Test hole 1611 63 5 Dr 9-26-59
11lbde Alfred Moe 21 8 Du 1952
1ldebl John Sveen 19 12 Dr A
1ldeb2 T < [ 20 12 Dr tessane
12a8s Test hole 1610 189 5 Dr 9-26-59
1l2ccc Mrs. Charles Folson 13 2L Du ey
12ddbl Charley Bernaas 7 6 Dr i
12d4dv2 s o000 8 6 Dr 1939
13acel G. W. Laithwaite 22 18 Du cesaens
13acc2 s odOis e 20 36 Du 1017
13acc3 NPT T — 2h 36 e 1909
13bba Kenneth Folson 10 36 Du 1953
13cce John E. Evenson 23 30 Dr 1957
1hdaa Test hole 1614 135 5 Dr 9-28-59

- lla -



test holes, and springs

-~ Continued

Depth %o Date of Use Aquifer Remarks
water below measure- of
land surface ment water
(feet)
5 5 o soE e S Sand Adequate supply.
10 TIIr D,S ..30.. cosslOwene

«Hww seessee D Gravel eeeeDOsass

§e @i REEE A S o800 RSN, b SRR,

6 ceesses PS8, D,8 Sand Adequate supply; sells
water to people in the
community.

7 D .00, Adeguate supply.

o cessans D,8 ..do.. ceesDOcens

18 ceseses D,S T Inadequate supply.

10 T D,8 Gravel Adequate supply.

15.21 NETE— S . Sand Alkaline.

12 PR D Gravel Adequate supply.

cowe SER— D Sand FESUINS ) o R

P seeuw e S «do.. seesDOcess

" covvese D eos0.e ceesDOesne

ceane coeveses ... Sand, gravel See chemical analysis.

AE— SRR T - See log.

6.95 9-1L-59 D,S Grevel Adequate supply.

By b AP D Send REVININ ) o PR

20 I 8 .o PRI o TS

PRRET SR T P See log.

19 sasiene D Gravel Adequate supply.

15 S D < To JA Adequate supply; springs
in the erea.

16 .y hmmdd S - - Adequate supply.

seesa Semewae T R See log.

o e D < T T Adequate supply.

3 oy D Sand eeesDOsesns

3 TrIRIL S «eQ04 4 SN 1l o I

18 ceerans D «e80. . PRI, . T

17 cosEunE S eedpe o Adequate supply; springs
in the aresa.

18 cowenns D o0, . Adequate supply.

TTLL vecevese D,S N fo TN esssDOcone

16 A D s o T PRI 5 o SR

sas e sessnce T poes See log.

- 11b -



TABLE 1.--Records of wells, test

Location Owner Depth Diameter Type Date
No. or name of well or size completed
(feet) (inches)
158-56 (Cont.)
15dc Burvett Branvold 15 12 Du 1958
22cce V. Brevik 2k 48 Du S
23aas Test hole 1615 63 5 Dr 9-29-59
23bab Adolph Folson 1h 36 Du o m o
23dcel L. M. Byars 22 o Dr 1954
23dce? ee@Ocene 20 2L Dr (TS
27aca, Aaron Isakson T0 16 Dr 1912
27cbb Frarnk Skylud 100 6 Dr 1939
2744 Jacob Peterson 80 6 Dr I
159-5k
21dde Unknown 25.76 24 Dr cesesan
28bbe Y Lo 35 L8 Du PP
28bece Allan Moulton 15 48 Du ceseens
33aaa Test hole 1616 63 <) Dr 9-29-59
159~-55
1%aa E. G. Russum 25 L8 Du PEPTRp—
19bbs, Unknown 11.87 48 Du R
2ladd Allan Reilly 28.71 L8 Du RO R,
23add Urknown 32.56 30 Dr o h R
28bba « #830 v « 11.93 36 Du ceeneee
28dzaa, G Lo TP 17.98 2h Du R G
30daa Leonard Estad 27 30 Du v s
3laaa Unknown 7 1 L8 Du R
32bbe L. Windingland 27 u8 Du T
32444 Unknown 16.71 18 Du caveaes
35cch Burton Harvey 17.15 18 Du TITTT
159-55
22cdd Johnson 16 60 Du 1956
22444 Myrdel 16 50 Du T
2heee Joha Gudmundson 11.21 L8 Du SRS g
25abb Johnson 150 3 Dr ceevens
25ddd Oliver Olson 110 3 Dr S
26aza John Gudmundson 13 60 Du i
26bba John Myrdal 12.31 48 o T
27aab [ T g 11.57 60 Du ceesonve
3hdce Unknown 9.35 L8 Du v
35444 Test hole 1613 63 5 Dr 9-28-59
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holes, and springs -- Continued

Depth to . Date of Use Aquifer Remarks
water below measure- of
land surface ment water
(feet)
14 . mybr D,S Sand Adequate supply.
sesne veseens D,S Y [ 190 seesDOcoss
PR o g i PERpR— See log.
9 e e D,S Gravel Adequate supply.
12 T L D Y s To JO eeeeDOsecs
10 e S s T eseelOconn
66 SEEEEET D,S Sand 55 o vD0= w6 x
90 vosunen D,S T T eseeDOcees
coswse cossnns D,S ee@0.e esseDOcace
17.62 9-15-59 N cxaniis
20 O 3] «d0. .
12 e S « 30, eessDOcers
- ceessas T R See log.
1k ceereee D,S [ -
8.7k 9-14-59 S ¢« 0w
19.6L 9-15-59 D,S ..do..
17.58 9-15-59 D,S e
10.10 9-15-59 N ee@Oos
10.18 9-15-59 D,S secees Alkaline.
15 S uee D,S ee@04 Adequate supply.
11.98 9-14-59 S o0,
1k cevseons D,S a 0w
T.59 9-15-59 D,S «+G0. .
11.25 9-15-59 S « Q0. seeeD0sowe
7 e . D,S W [o ON eseeDOcoes
T TLEEY L D,S s (o I Inadequate supply.
6.31 9-14-59 s Gravel Open well.
- 5 N Sand
50 id BwTER S ..d0.. Adequate supply.
ceeas cacaven D,S ..do..
8.31 9-14-59 S Cravel Inadequate supply.
85,12 9-1h-59 D,S 5 5kl Adequate supply.
7.24 9-11-59 N «d0o..
—— veemuws T RPRp— See log.
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TABLE 2.--Logs of test holes

158-5h-3ddc
Test hole 1603

- 13 =

Formation Material Thickness Depth
(feet) (feet)
Deposits of glacial Lake Agassiz:
Topsoil, blackee===m=m=c-mmmemmmonaem=—- L b
Clay, silty, yellow to light-brown;
oxXidized--eremcmmm e e ———— 11 15
Clay, silty, light-gray; calcareous----- 16 31
Clay, smooth, dark-gray; calcareocus----- 21 52
Clay, smooth, gray; calecaredus~=-<«s=m=r= 53 105
158-54-hdda2
Test hole 1602
Deposits of glacial Lake Agassiz:
Topsoil, 8ilty, black--=eem-m-—m-smmesmes 2 2
Clay, silty, gray to light-gray--------- 3 5
Clay, silty, mottled, yellow-buff to
gray; oxidized-----c-s-mmmmmemomoonaa- 6 11
Cley, silty, ollve-gray-----==-===-==--- 25 36
Clay, shaly, light-gray; brittle-------- 95 131
Till and essociated sand and gravel deposits:
Gravel, Tine to medium; sand, fine to
COATSE mmmmrm o mm - L 135
Sand, fine to coarse with a gray-clay
PLINAET —m~mecmmmmmm——— e nem—————————— 13 148
Clay, somewhat sandy and shaly, light-
e 9 157
Clsy, sandy, light-gray--==-------<----= 12 169
Bedrock (Dakota(?) Sandstone):
Sand, silty, very fine, gray and white-- Ml 210
158-54-28bbb
Test hole 160k
Deposits of glacisl Lake Agassiz:
Topsoil, silty, black---=-=m=mememaaean- L L
Clay, silty, yellow-gray; oxidized------ T 11
Clay, silty, yellow-brown-=--=====~--==- 5 16
Cley, silty, light-gray-------=--======-= 363 524



TABLE 2.--Logs of test holes -- Continued

158-55-2dcd
Test heole 1606

Formation Mggprial Thickness  Depth
B (feet) (feet)
Deposits of glacial Lake Agassiz:
Topsoil, silty, dark-brown-------ewee--- 3 3
Clay, silty, brown-buff to yellow-buff- 12 15
Clay, silty, light-gray--------=-s--=== L2 57
Till and associated sand and gravel deposits:
Cley, light-gray; fine gravel; shale
pebbles ($ill)-=mmmmmmmmccmmaccae e 6 63
158-55-2dde
Test hole 1605
Deposits of glacial Lake Agassiz:
Topsoil, blacke--=mm-mmescom e came— 3 3
Clay, silty, yellow to buff; oxidized-- 13 16
Clay, silty, light-gray-----==-==c-==-- 45 61
Till and associated sand and gravel deposits:
Clay, gray; gravel, fine to medium
(till) mmmomm e e 2 63

'..ll}.'.



TABLE 2.--Logs of test holes -- Continued

158-55-keee
Test hole 1608
Formation Material Thickness Depth
"“ (feet) (feet)
Till and associated sand and gravel deposits:
Topsoil, silty, black-=-------mwmwea-—- 3 3
Clay, yellow, oxidized; gravel, fine to
medium; sand, coarse; shale pebbles
(Bill) ~mmemmmmmmmmmmmmm e e s c e m e 13 16
Clay, light-gray; sand, coarse; gravel,
fine to medium; shale pebbles and
lignite fragments (till)---=-====-=-= 5 2l
Sand, fine to coarse; shale pebbles---- 5 26
Gravel, fine; shale pebbles----=====-=- 5 31
Clay, sandy and silty, light-gray to
olive-drab (till)-mewem--mmmommamm——- 11 L2
Silt and clay, gravelly, light-gray;
shele pebbles (till)~==--=cemamemem=- 15 57
Clay, silty, light-gray (till?)-------- 18 75
Silt and clay, gray; gravel, fine to
medium; shale pebbles; lignite
fragments (till)--=-m---cessemmmme-—- 83 158
Bedrock:
Shale, dark-gray to dark-bluish-gray--- 203 1768%
158-55-kdda
Test hole 1607
Deposits of glacial Lake Agassiz:
Topsoil, black-=w=wemmmmrmemesen e a——— 3 3
Clay, silty, yellow to buff; oxidized-- i2 15
Clay, silty, gray------=---==mmem=oc==- 11 26
Till and associated sand and gravel deposits:
Clay, silty, light-gray; gravel, fine
to medium; shale pebbles (till)------ 37 63
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TABLE 2.--Logs of test holes -~ Continued

158-55-5¢cce
Test hole 1609

Formation Material Thickuness  Depth
(feet) (feet)

Till and associated sand and gravel deposits:

Topsoil, black--wemmcoommmmccnrnmcmanne 3 3
Clay, silty, mottled, oxidized; some

fine gravel (till)----ecmmmmcooccaaax 3 6
Clay, silty, light-gray; some fine

gravel (fill)---scmcommome e 25 31
Ciey, gray; gravel, fine to medium;

shale pebbles (till)-=-wmmmmmceecuam- Th 105

158-56-1dce

Test hole 1612

Deposits of glacial Lake Agassiz:

Sand; silty, brown---=-----cs-ceecaaann 5 5
Sand, fine to coarse; some fine gravel;
shale pebbles; lignite fragments---- T 12

Till and associated sand and gravel deposits:
Cley, sandy, light-gray; fine to medium
gravel; shale pebbles; lignite frag-
ments (till)-s--emecmmmem e cm——aaaa 51 63

158-56-11laaa
Test hole 1611

Deposits of glacial Leke Agassiz:

Topsoil, sandy, black--------=--=eoveu- B 2
Sand, fine to medium; shale pebbles~-- 19 21
Gravel, fine to coarse------=mem=-=--- 9 30

Till and assoclated sand and gravel deposits:
Clay, gray; gravel, fine to medium;
shale pebbles (till)-=----=-cummeon- 33 63
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TABLE 2.--Logs of test holes -~ Continued

158-56-12aaa
Test hole 1610

Formation Material Thickness Depth
T (feet) (feet)
Till and associated sand and gravel deposits:
Topsoil, black--=-c=memcmmresmemennenm- 1 1
Clay, oxidized, mottled, yellow to
buff; fine gravel (till)--------~=--- 11 12
Clay, gray; gravel, fine to medium,
shale pebbles and cobblestones (till)  1ho 158
Bedrock:
Shale, dark-gray to black----==-=--=-=- 31 189
158-56-1kdda
Test hole 1614
Deposits of glacial Lake Agassiz:
Topsoil, sandy, browns-==-======-wc==-=- 2 2
Sand, fine to medium------s==eemmea——-- 4 6
Gravel, fine to medium, rounded and
elongated-=-~--~-=mmmmmmmmen e 7 13
Till and associated sand and gravel deposits:
Silt and clay, olive-gray; gravel,
fine to medium (till)----c--meumum-- 21 3h
Silt and clay, light-gray; gravel, fine;
shale pebbles (fill)----=---c=mmmena- 8 L2
Silt and clay, gray; gravel, fine to
medium; shale pebbles (till)--=---=-- 93 135
158-56-238aa
Test hole 1615
Deposits of glacial Lake Agassiz:
Topsoil, sandy and silty, dark-browm-- 3 3
Sand, fine to coarse; meny limestone
graing-------ssmmmememcmsesma - 7 10
Till and associated sand and gravel deposits:
Silt and clay, oxidized, mottled,
yellow-buff; gravel, fine to medium;
shale pebbles (till)----==eememn--a- L 14
S8ilt and clay, light-gray; gravel,
fine to medium; shale pebbles (till) L9 63

W i



TABLE 2.--Logs of test holes -~ Continued

159-5k-33aaa
Test hole 1616

Formation Material Thickness  Depth
(feet) (feet)

Deposits of glacial Lake Agassiz:

Topsoil, black--=-e=cmomccccmmmmcccnnn 2 2
Clay, silty, yellow to buff-----c----- 19 21
Clay, silty, light-gray-~-----c-c-=--- 21 L2
Clay, smooth, dark-gray--=-===----=---- 21 63

159-56-35ddd
Test hole 1613

Till and associated sand and gravel deposits:

Topsoil, black-=ewm-mememceam o cmc——— b L
Sand, fine to medium; shale pebbles--- T 11
Clay, gray; gravel, fine to medium;

shale pebbles (till)=-m--ememmmcmmuan 52 63
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