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RECONNAISSANCE OF GEOLOGY AND GROUND WATER OF SELECTED
AREAS IN NORTH DAKOTA

By
J.W,. Brookhart
and
J.E. Powell

ABSTRACT

This report describes reconnaissance investigations in six areas
of North Dakota. The areas lie within the Red River Valley, the Drift
Prairie, and the Missouri Plateau physiographic regions of the State
of North Dakota,

GCround-water conditions in these report areas were studied by means
of test drilling and of geoiogic and ground-water reconnaissance. The
initial study of each area was begun at the request of municipalities
seeking a water supply or Seeking to augment their present water supply.
Data contained in this report are being made available to satisfy
current needs; later these data will be used in the preparation of county-
wide reports.

The investigations disclosed the primary sources of water for domestic,
municipal, and farm use are (1) glacial till, where the sand-clay ratio
of till within the vicinity of the well assures moderate permeability, (2)
saturated sand and gravel lenses completely surrounded by till, (3) sandy
zones that are at or near the top of the bedrock and that derive their
water from the till or bedrock aquifers, and (4) bedrock aquifers that
supply large quantities of highly mineralized water, some that is suite-
able for human consumption and some that is not.
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The Rolla-St. John and Mylo areas in the Drift Prairie physiographic
regiom of Rolette County obtain water from glacial till, sand and
gravel lenses within the till, and from a sandy zone in the upper part
of the Pierre shale of Late Cretaceous age which is the bedrock of the
area. No important aquifer was located by test drilling.

The Minto-Forest River areas in Walsh County obtain water from
sediments of glacial Lake Agassiz, sand and gravel lenses in the glacial
drift, and from older sandstones beneath the glacial drift. No exten~
sive aquifer was located for municipal use in these areas.

The Powers Lake area in Burke County obtains water from sand deposits
in the glacial drift. Moderately to highly mineralized water from the
Fort Union formation of Paleocene age, which is bedrock in the area, is
the only source or aquifer capable of supplying municipalities. The
area lies in the Missouri Plateau physiographic region of the State.

The Maddock area in Benson County is in the Drift Prairie physiograph-
ic region of the State, The region's water supply is obtained from
alluvial sand and gravel, from sand and gravel lenses in the drift, and
sandstone immediately above the Pierre shale. Test holes penetrated a
large saturated alluvial sand and gravel deposit which has since been
developed as the municipal water supply for the town of Maddock.,

The Hunter area in Cass County is in the Red River Valley physiograph-

ic region of the State. Most of the water for domestic and farm use is

obtained from sand and gravel deposits in the glacial drift; however,water
which is highly mineralized and suitable only for stock and laundering

is obtained from a sandstone underlying the till., This water has

quality characteristics similar to those of samples from the Dakota

sandstone elsewhere in the State.
-2 =



The report contains tables of chemical analyses of ground water of
the report areas. Maps show area locations, test hole locations, and
geologic cross=-sections, and are accompanied by records of wells and
test holes and by logs of test holes drilled within the area of inves-

tigation.
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INTRODUCTION

During the last 14 year§ the U.S. Geological Survey in cooperation
with the North Dakota Water Conservation Commission and the North Dakota
Geological Survey, in response to requests by a number of towns in North
Dakota which were short of water, has made a series of reconnaissance
investigations of availability of water.

It is the aim of the cooperative ground water program in North
Dakota to increase the scope of these investigations until county-wifde
reports can be published. In the meantime, however, it is felt that
data gathered in the reconnaissance investigations should be published.
Included in this report are records of wells and test holes, chemical
analyses of some of the ground water, location. maps, cross-section of
materials penetrated by test drilling, and a brief discussion of the

geology and occurrence of ground water in six areas of North Dakota.

Location of the Areas

Because of their proximity, the Rolla and St. John areas in north-
eastern Rolette County have been combined and treated as a single area
in this report; the Minto and Forest River areas in central Walsh
County have been combined for the same reason. However, because they
are not continuous, the four are shown as separate areas on figure 1
but are grouped as above and are treated as two areas in this report.

Figure 1 shows the location of the six areas.
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Well-Numbering System

The well-numbering system used in this report is illustrated in
figure 2 and is based upon the location of the well within the grid
established by the U, S. Bureau of Land Management's survey of the
area. The first numeral denotes the township north of the base line
which extends laterally across the middle of Arkansas; 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, ¢, and d, designate, respectively, the northeast,
northwest, southwest, and southeast quarter sections, quarter=-quarter
sections, and quarter-quarter-quarter sections (l10-acre tracts). Con-
secutive terminal numerals are added when more than one well is located
within a given 10+acre tract. Thus, well 155-53-3lccc is in the
SWhSWiSWY of sec. 31, T. 155 N., R, 53 W. Similarly, well 162-69-8ddc2
is the second well located in the SWYSE}SE% of sec. 8, T. 162 N., R

69 W.
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GEOLOGY AND GROUND WATER

Rolla-St. John Areas, Rolette County

The Rolla-St. John areas are in northeastern Rolette County in
north-central North Dakota. They are a part of the Western Young Drift
Section of the Central Lowland Province of Fenneman (1938, p. 559) and
are in the Drift Prairie as designated by Simpson (1929, p. 4). The
areas covered by this investigation consist of 69 square miles on the
eastern margin of the Turtle Mountains and include: secs. 11 through
14, 23, and 24, T. 162 N., R. 70 W,, secs. 7 through 24, T. 162 N.,

R. 69 W., all of T. 163 N., R. 70 W., secs. 31 through 36 and parts of
secs. 25 through 30, T. 164 N., R. 70 W. The topography consists of
gently rolling prairie dotted with numerous potholes, swales, and small
depressions. Shallow coulees are interconnected in a generally south-
easterly trending drainage pattern which eventually reaches Mauvais
.Coulee and the Devils Lake drainage system.

The average annual precipitation recorded at the United States
Weather Bureau station at Rolla is 20.09 inches based upon data _
gathered during the period 1937 to 1959. The mean annual temperature
for the same period was 37.4 degrees.

surface deposits throughout the areas consist of glacial drift in
the form of ground moraines. GClacial till constitutes the great bulk of

\ the drift deposits. However, there are other glacial deposits in the
areas such as the eskers or low gravel ridges which were mapped in the
vicinity of Rolla. (See Fig. 3) Samples from the test drilling indicate
that the till is approximately 55 percent. clay and 45 percant sand,
gravel and boulders. 1In 27 test holes known to have penetrated it
completely, the average thickness of the deposits of glacial drift is

.173 feet.
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Twelve of the test holes drilled in the areas penetrated a formation
that was not positively identified from the drill samples. Ten of these
test holes were drilled in a small area in the vicinity of Rolla.

(See fig. 3.) Possibly this zone, which is classed as undifferentiated,
is an older till; however, it is more likely that it is an outlier of

the Fort Union formation which crops out in the Turtle Mountains 4 miles
to the west (Simpson, 1929, p. 214). The similarity of the main constite
uents of the undifferentiated zone to the materials that make up the

Fort Union formation (clay, shale, sand, and gravel) further suggest that
they may be the same formation. In the St, John area also the un-
differentiated material is penetrated,

The Piérre shale is the bedrock in the entire region. It was
penetrated by all test holes that were drilled completely through the
glacial drift and through the undifferentiated zone. According to the
log of the Sun 0il Co. Wm, Wayne No., 1 (162-69-20ac) the thickness of the
Piérre shale at the well is 896 feet. (Oral communication, 1956, S. B.
Anderson, North Dakota Geological Survey.)

Aquifers contained within the glacial till supply most of the wells
in the Rolla=-St. John areas., Generally, the wells produce only small
quahtitiea of water (1 to 6 gpm) but are adequate for farm and domestic
needs, The production of wells of this type is controlled by the sand-
clay ratio of the till in the wvicinity of the well site; where the
t1ll is sandy, it will yield more water than where it is composed
primarily of clay.

A few wells produce water from sand and gravel lenses that are
completely surrounded by glacial till. These deposits differ consider=~
ably in thickness and in lateral extent. Generally they have no surface

expression and can be located only by test drilling. Wells of rather

-7 =



high initial yield might be developed in the sand and gravel deposits of
the glacial till; however, the yield of wells that penetrate aquifers
completely surrounded by till will decrease rapidly as the aquifers
become unwatered. Recharge through the glacial till to such aquifers is
quite slow and pumping rates must not exceed recharge if production is to
be maintained., The older wells that supply the city of Rolla are believed
to obtain water from deposits of this type.

At many locations in the areas, the till is composed mainly of clay
and will not yield sufficient water to supply individual farms. Where
this situation occurs, the wells are continued through the till and water
is obtained from sandy zones at or near the bedrock surface.

Sixteen samples of water were collected from wells in the Rolla=-St.
John areas; analyses of the samples are listed in table 1. Generally
ground water in the areas is moderately to highly mineralized and is
quite hard, Alkaline earths and alkali sulfates are the prominent
disselved minerals.

The iron content of water from all of the wells sampled exceeded the
maximum concentration (0.3 ppm) specified by the U, S. Public Health
Service in Drinking Water Standards (1946) for drinking water used on
interstate carriers. Iron concentrations in water samples ranged from
0.37 to 7.8 ppm and averaged abeut 3.0 ppw, Thus, sufficient iron is
present in water from most of the wells to cause staining of laundry and

of plumbing fixtures and to impart to the water an objectionable taste.



TABLE 1,-~-CHEMICAL ANALYSES OF GROUND WATER

Analyses by State Laboratories, Bismarck, N. Dak.,
Results in parts per million
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9¢bel F. Gelpheus 87 10- 4-51 .6 74 60 4.8 378
11lcbe Marlin Kyle 120 12- 4-50 .6 19 43 2853 540
16bce Test hole 468 ... 12-30-52 2.6 120 cese 499 564
16bda Bruce Theel 57 10~ 4-51 1.6 183 78 119 273
17aab4 Test hole 165 P 1-20-50 4.8 68 43 282 322
17ada Rolla Creamery 83 10~ 4-51 3.6 185 92 244 405
17daal G. Jorgenson 22 3-16-51 4.4 206 121 124 520
17daa2 Jorgenson &

Keegan 78 12-30-52 3.4 163 108 94 551
163-70
10ded Test hole 463 247 2-27-52 4.8 172 98 255 261
15aca2 Mrs. P; LeBeau 62 10~ 4-51 7.7 484 182 127 540
15acbl City of St.John 72 10- 4=51 7.8 122 126 154 125
15baa C. Guedesse 12 3-29-51 A 276 288 152 718
15bde Mrs. R, Byrnes 142 10~ 4-51 3.2 254 95 cumn 304
15bdd2 St. John School 160  ...000 1.2 290 110 154 490
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IN THE ROLLA-ST. JOHN AREAS, ROLETTE COUNTY

Hardness as

a o i
gf\ 3’:? g 3 3’\ gm C8C03 « g
(-] [ Mo ot~ omd o~ o o - g § (==
00O Y4 0 Mo .9 "ol O i 3 B8 - @ ol e o}
L 0O N (e Iy & O W o = @ o=t - 9 O & (3 0 ] =9
o o) N e ol w 0 O el J o M O
(-] (7] £ vt -4 i D ~ 000 o e U @
&) [} <7 (=] o Gy O O A

O =g Z 0
L2 N LI I A M N 2 87 513 430 236 0 8.4
17 518 0 69 .2 174 706 530 284 0 8.5
19 118 4 s N 658 430 98 2.5 8.4
e 130 114 2 4.3 1,140 224 x e 74 7.6
«ss 845 28 np— 2.1 2,060 300 I 80 7.2
o 745 20 P 4.3 1,420 780 556 26 8
v 664 12 o i 8.6 1,410 360 96 64 . 8.1
- 960 30 e 8.6 1,930 841 508 40 8
. 798 18 . e 2.1 1,790 1,010 580 22 7
- 546 22 ol o . 2.1 1,490 850 398 20 7.3
ees 1,000 26 o 130 1,820 832 618 41 7.9
ees 1,710 18 S i 3,070 1,960 1,520 13 8.2
ere 987 16 vue 4.3 1,540 820 718 29 8
ese 1,480 29 b 34 1,880 2,980 1,290 16 7.7
v 688 4 - 2.1 1,400 102 Ty 0. 7.9
eeo 1,050 11 Pww 2.1 2,110 1,180 774 23 7.6

- 9b ~



TABLE 2.--RECORDS OF WELLS AND TEST HOLES
Depth of well and depth to water: Measured depths

given in feet and tenths or hundredths; reported
depths given in feet.

Type of well: Dr, drilled; Du, dug; Dv, driven

Location Owner or Depth Diameter Type Date or
No. name (feet) or size year
(inches) completed
162-69
8caa Test hole 445 130 5 Dr 7=12~51
8dbe Test hole 447 30 5 Dr 7«16~51
8dccl J. Jolliffe 8 40 Du .
8dcc2 M. D. Ferris 12 36 Du 1949
8dce3 Louis Betrube 18 i Du 1946
8dcdl " Mrs.C. Jolliffe 35 36 Du 1939
8dcd2 Paul Wilkie 20 4 - Dr sevese e
8dcd3 Sidney Harris 30 .o Du evescee
8dcd4 Test hole 446 60 S br 7-13-51
8dcd5 Test hole 450 40 5 Dr 7-21=-51
8dcd6b Tom Haggar 18 48 Du I
8dcd? Test hole 453 130 5 Dr 7-28-51
g8ddal Rolla test R 1 24 e .o 1927
8dda2 Otto Yepson 25 48 Du 1923
8dda3 Helen Dressler 11 18 Du cenenss
8ddas J. MacKinnon 14 36 Du 1937
8ddcl Test hole 439 30 5 Dr 7- 2-51
8ddc2 Test hole 443 170 5 Dr 7= 6=-51
8ddc3 Oliver Olson 13 42 Du i b
8ddcé4 L. G. Nerpel 24 8 Dr vesevad
8ddc5 Wm. Mayo 25 22 Du 1929
8ddcé Rolla test R 2 o - 5 1927
8ddce? V. Boucher 20 42 Du 1948
8ddc8 Jack Laird 16 36 Du 1910
9ddc9 Ed lLentz 25 12 Du sooeees
8ddc10 Ce Plante 14 2.5 DV ssesnse

- 10a -



IN THE ROLLA-ST. JOHN AREAS, ROLETTE COUNTY

Date of measurement:

Date given is date water

level was measured for measured depths to
water; it is the date of report for reported

depths to water,

Use of water: D, domestic; FP, fire protection;

Ind, industrial;

Irr, irrigation; N, none;

Obs, observation well; PS, public supply;
S, stock; T, test hole.

Depth to Date Use Aquifer Altitude Remarks

water below of of land

land surface measure- surface

(feet) ment (feet)
soucs seevoass T sesnol 1,828 See log.
essese seeesesae T YR 1,820 Do.
3.10 7‘10-51 S ssooes s0 00
3.56 7-10-51 D  Gravel o Water adequate, hard.
sevas coessnes D Gravel T Water hard, good for
drinking.

28.73 7~10-51 D Gravel —y Water adequate, hard,
good for drinking,see
chemical analysis.

18.56 7-10-51 N . w 2% & @5 Abandoned.

sesee eevsesoe ] eses e seses Water adequate for 25
head of cattle.

eseas essesose vse ssooese TEEE See 103.

eveee ensceneye ses ecense TR Do

14 7-10-51 D Gravel  ..... Low water level in 1949,
see chemical analysis

P Ve P cacoss 1,816 See log.

I Sensbiis D Gravel e Water hard,

6.43 7- 9-51 D casssse L Water hard,

10 7- 9-51 D Gravel ceses Water medium hard.

cenes R B o cresen 1,810 See log.

esess e sceecsn s eon sesess 1,845 Do

7.85 7= 9-51 voe Gravel R Water adequate, hard.

L N rE R RN RN ] D 200808 [ N R N Do

11.25 7- 9=-51 S wuw e ceoes Water adequate, medium
hard.

17.5 7- 9-51 D Gravel A Water adequate, hard.

10 7~ 9-51 D Gravel i TR Water medium hard.

eenee ssesescs coe Gravel e s Water reported very good,
hard,

seses eonsses D Gravel ssvee Water adequate, medium,

- 10b =~
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TABLE 2,--RECORDS OF WELLS

AND TEST HOLES

Location Owner or Depth Diameter  Type Date or
No. name (feet) or size year
(inches) completed
162-69~-~-Continued
8dddl John Halone 15.7 4.5 Dr ok oda
9ddd2 G. Albrecht 14 12 Du 1948
8ddd3 J. Jensen v.0) 6 Dr,Dv 1930
8ddd4 Henry Disrud 14 24 Dr 1930
8ddd5 Raymond Jones 12 - Dv 1947
9bab Ed LaFrance 17 8 Dr PSP
9cba Test hole 442 40 5 Dr 7- 5-51
9cbel F. Gelpheus 87 1.25 Dv Geam e
9cbce2 Do 20 . Du o s BED
9¢bd Test hole 441 40 5 Dr 7« 4-51
9ccb Test hole 440 150 5 Dr 7= 3-51
9cdc Test hole 167 135 5 Dr 7-20-49
10bbC - . o A o 65 l'v Dr sesco s
llcbe Marlin Kyle 120 4 Dr 1915
12bca Sam Johnson 35 3 Du 1906
12c¢cchb Geo. Johnson 211 .o Dx 1949
13aaa Test hole 170 210 5 Dr 7=27-49
13becd Floyd Drewry 105 5 Dr essvvase
15aaa Test hole 169 210 5 Dr 7-25-49
15bcb R. Mundy 23 36 Du e
15ccc Test hole 168 200 5 Dr 7-21-49
15ddc G. Fagerlund 50 4 Dr e
16acl city of Rolla 106 8 Dr 1940
16ac2 City of Rolla test 105 8 Dr 1940
hole
16ac3 City of Rolla test 105 8 Dr 1940
C)
16bbb Test hole 166 130 5 Dr 7-19-49
16bcc Test hole 468 100 5 Dr 9-18~51
16bcd Test hole 469 95 5 Dr 9~19-51
16bda Bruce Theel 57 4 Dr esssvee

- lla =



IN THE ROLLA-ST, JOHN AREAS, ROLETTE--Continued

Depth to Date of Use Aquifer Altitude Remarks
water below measurement of land
land surface surface
(feet) (feet)
12.42 7-10-51 - 6 S Water adequate, hard.
5 7-10-51 D Gravel,sand ..... Water adequate, medium
nard.
12 7-10-51 D Gravel - Water adequate, hard.
10.72 6-26-51 D Gravel,sand ..... Water reported good
taste, hard.
seves TrELIL D Gravel - Water adequate, medium
hard.
9.38 7= 6=51 S vinies o 8 veens
seces cvesoes see SR 1,813 See log.
seses e see Gravel,sand ..... See chemical analysis.
sesss TSILLE np—— Gravel cecse Water adequate.
soves . e $dEE TP 1,819 See log.
——— Ewnnmms - srasee 1,811 Do
cvens & B4 B e 3 s T 1,802 Do
31.06 6~ 3-50 A o mieda SREBS
40 7- 3-51 D,S Sand eveos Water adequate, hard.
17 7-. 3=51 D,S Gravel I Water hard, See chemica
analys is,
& %l PP “um Sand,gravel ..... See log.
P b E e % R 1,756 Do
Flows - D cesvee e Water adequate, hard,
flows occasionally.
o wimins o vessees cos R 1,797 See log.
12.72 7-25-51 D,S R R Water hard, adequate.
- b e & -y IpTpp 1,807 See log.
29,83 7~25-51 ] 5owe s E e Water adequate.
7 1940 v s Sand,gravel ..... Drawdown 8 feet when
pumping 150 gpm.
See log.
5 4=20-49 FP Sand,gravel ..... Water adequate, hard,
unfit for drinking.
7 1940 FP Sand,gravel ..... See log,Water adequate,
hard, unfit for
drinking.
seses veessva e T 1,807 See log.
evsoe cevecsa s g e e T Do, see chemical
analysis.
¢ 0 a0 *Seeaoee e a0 ® 40098 s 800 Do
11 7-10-51 D,S SpT— ewwme Water adequate for 100

- 11b -

head of cattle, hard.
See chemical analysis



TABLE 2.--RECORDS OF WELLS AND TEST HOLES

Location Owner or Depth Diameter Type Date or
No. name (feet) or size year
(inches) completed
162 -69-Continued
17aal Ccity of Rolla 70 8 Dr 1940
17‘32 Do 90 s o eose
17aa3 Do 34 240 Du B
17aaa L. H. Marcotte 15 1% Dv 1950
17aabl B. Vindedhal 18 8 Du 1947
17aab2 Rolla test S 5 70 - Dr 1940
17aab3 Rolla test R 3 107 10 Dr 1927
17aab4 Test hole 165 130 5 Dr 7-18-49
17abal city of Rolla 35 240 Du 1935
17aba2 Test hole 451 40 5 Dr 7-23=-51
17abal Test hole 452 40 5 Dr 7-25=51
17abbl . Test hole 164 140 5 Dr 7=15«49
17abb2 _ Rolla test S 2 70 oo - 1940
17abdl Rolla test S 1 b4 ve o 1940
17abd2 Rolla test § 3 158 T - 1940
17ac City of Rolla 70 - Dr 1940
17aca Rolla test R 5 42 oo .e 1927
17acd Test hole 444 140 5 Dr 7-10-~51
17ad Rolla test &4 wie Dr 1940
17ada Rolla Creamery 83 6 Dr 1946
17adb Rolla 011 Co. 14 30 Du 1950
17add Galbrechts Service 24 4 Y cosvsse
17bad D O O D D G 8D 18 8 Dr (A EZE N2
17dal J. J. Keegan 22 .o Du saseses
17da2 Rolla test S 4 77 aid pr 1940
17daal G. Jorgenson 78 4 Dr 1951
17daa2 Jorgenson and Keegan 22 . .o essscce
17dab1 Do 21 30 x 30 Du P YYE N R
17dab2 Do 68 4 Dr 1932
18aaa Test hole 160 150 5 Dr 7= 6=45
18ddd Test hole 171 210 5 Dr 7=29=49
20aba Test hole 448 140 5 Dr 7-17=51
20acd Test hole 449 40 5 Dr 7-20-51
20baa Bill Wayne 21 48 Du covsvee
20¢bb crrrsannnsaes 300 as Dr seoeves

- 12a -



IN THE ROLLA-ST. JOHN AREAS, ROLETTE COUNTY=--Continued

Depth to

Date of
water below measure~

land surface ment

(feet)

Use Aquifer

Altitude of Remarks
land surface

(feet)

21.87

o080

L B

so800
[ N XN
(R R 2 =2
so eo
L IR
soose
so000
sapesse
so0 00
e oo
svse R0

16
12,03
11.23
8.53
15.3

10

IR X B R J

15.3
15.91

IR RS N
see e
sesee
(NN NN

19.7

4-20~49

esseo s

LI I B 2

IR R =]
[ A
LN B
20006000
es OGN O
(AR R R BN
[ R R R
e e peso
TR RN B I
2000
PR R

ev o0 el

7- 8-46
7-11-51
7-10-51
7-10-51
4-20-49

1940

emo 0o e

7-27-51

E R B B K A

seoenee
o0 s o e
sons0se
[ B RN R N

so a0 ObO

7= 5-51

e e

PS

o0

L

e e

PS
Obs
Obs

Ind
D,Ind

oes

se
L 2

D,S

LB
[ R
s a0
o

.00

DI A
seo s 00

LR A

Gravel
Gravel

TR E XN

LR N 2

Gravel
Gravel
[ F N R RN
200000
(RN N ]
FEE NN N
a0 e Rs
s e PO
S0 9800
se 0000

Sand,gravel
Sand,clay

Sand,gravel

Sand,gravel

Sand

(AR RN
esee o
TR I NN 4
s0 000

- 12b -

0 0w
¢ o0 0@
senece
vecee

s0esa

1,809
1,813
1,811
1,809

1,807

em 08P

es e e

L
o9 oo

L

L A

1,825
1,836
1,884
1,803

See log
Abandoned.
Water adequate, hard.
Do
Water adequate, hard,
can be pumped dry.
Well filled,See log.
Insufficient water, well
abandoned. See log.
See log;chemical malysic
See log of test holed5l
See log.
Do
Do
Do
- Do
Do
Do
Do
Do
Do
See chemical analysis
Water inadequate.
Water adequate, hard.

Water very hard, unfit
for drinking.

Drawdown 5 feet after
5 hours pumping 18gpm
See log.

See chemical analysis.
Do

Water hard,rusty
inadequate. Abanonded.

Produced 400 gph until
plugged, water hard,
Tusty.

See log.
Do

See log.
Do

Pumps dry in half a
day, hard.

Farm vacant.



TARLE 2.-~-RECORDS OF WELLS AND TEST HOLES

Location . Cwiner or Depth Diameter Type Date or
No. name (feet) or size year
(inches}) completed

162-69 = Continued

22c¢cch M. Fagerlund 160 4 Dr B PR
23aab B. Mac Dorald 30 4.5 Dr jeewaE
23bbd Mutize 44 4 Dr vessocs
162-70

11bab Lewis Wilkie 50 30 Du 1930

12¢bbl Joe Dionne 8 - Du - b B8R
12cbb2 Charles McCloud 11 . Du 1934

12ccc Test hole 162 290 5 Dr 7= 949
12444 Test hole 161 320 5 Dr 7= 7-49
13add Wm. Schindler 90 4 Dr 1935

l4ac Alex Martin 26 36 Du 1934

14bbb Test hole 163 240 5 Dr 7-12-49
14dcb J. B. Sangrait 20 s Dr cesnsns
23aab J. Laurdeore 137 o g Du 1925

23cab Ernest Jeanotte 6 .o Du R ——
24aad John Genard 120 4 Dr 1925

24ada J. W. Jeanotte 120 .o Dr 1936

24dda Pat Jeanotte 115 - Dr 1912

163-70

lddc Herman Garceau 2 - Dr e g Ed
2bda 0, Mathiason 10 i Du 1919

2dda Mrs, Pete Lebeau 23 .o Du 1930

3ddc M. Tingolest 40 i Dr 1920

bac W. Lassonde 36 24 Dr 1908

bacd vemmmm—— cemmn- 25 - Du 1941

5bbd Marcus Bryant 12 30 Du cvesosns
S5cec A. Turcotte 218 4 Dr 1850

ﬁcdd Anton Sundin 50 4 Dr senceace
7abd R. Johnston 218 4 Dr 1948

7cbd H. W. Hileman 8 48 Du 1949

8aadl James Ward 30 42 Du P
Baad? Do 10 42 Du 1933

8c db 3race Haas 14 36 Du s e
8cdb2 Do 10 44,5 Du 1948

- 13a =~



IN THE ROLLA-ST, JOHN AREAS, ROLETTE COUNTY-~Continued

Depth to Date of Use Aquifer Altitude of Remarks
water below measure- land surface
lend surface ment (feet)
(feet) ’
13 7- 5-51 D,S Sand EsmEw Water adequate.
€.58 7- 3-51 D,S - www Water hard.
12,33 7- 3-51 ?é ceenen & v Water rusty color.
3.5 7-25-51 S yEwmsn AP Water hard.
4 6~24~51 N v -
€ 7-24=51 D,S vevane PP Water medium,hard,adequate.
RORSPRTAE @ o EEegEs 1,910 See log.
sessee YR Ex R sesesa 1,848 Do
32.73 7-23-51 D,S cocnns TTLT Water hard, adequate.
20 6-24-51 - cosees conos Community well,
eosene R T caesen 1,949 See log.
50 7-24-51 D,S Gravel ..... Water medium hard,adequate.
75 6- -49 D,s senene suasw Water unfit for drinking.
3 6- -49 =8 casees R Water hard.
95 7- =51 D,S s wamne pEERE Water hard,rusty,adequate.
100 7- =51 D,S PR nwmne Water medium hard.
60 7- =51 D,S e d @ Water hard.
14 6=~ =49 S RO FREE Water hard, unfit for
drinking.
5 7- =49 D,S creees sawem water medium hard,adequate.
13 6- =49 D seerne T water adequate.
cevsns isevEeH D,S cEsen iew v Water medium,soft,adequate.
11.4 7-18-51 e — p— Water hard, adequate.
19 7- =51 D,S Sand P Do
10.96 7-18-51 S e T Not used for drinking.
118 7- =51 D,S e swEvs Water hard, adequate.
40 7- =51 D saeans veons Water hard, inadequate.
100 7~ =51 D,8 Gravel  ..... Water hard, adequate.
Flows 7- =51 S Clay veoes
5 7- =51 S A, R Water hard, adequate,
reported poor for drink-
ing.
Flows 7- =51 D Gravel P Water hard, adequate.
sessses evaqons D,S Gravel . Do
4,34 7-18-51 S Gravel oo Do
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TABLE 2,--RECORDS OF WELLS AND TEST HOLES

Location Owner or Depth Diameter  Type Date or
No. name (feet) or size year
(inches) completed

. 163-70 -- Continued

9abc John Billgren 18 18 Du 1936
9abd Do 60 4 Dr 1940
9bdb Ed Johnson 60 .o Dr 1929
9ddd Jack Caries 90 e Dr Ty
10cdd Test hole 462 232 5 Dr 8-28-51
10dcd Test hole 463 247 5 Dr 8~31-51
1ldcc Test hole 467 162 5 Dr 9-15-51
12cd E. Mathiason 65 . Dr e
13bbd Cs Christianson 10 .s Du eeeseoe
13dbd Emile Foussard 16 . Du 1889
14bbb Amie DesRoches 37 - ~ Du 1937
l4cchb W. DesRoches 99 - Du 1928
15aaa Mrs. A Slater 8 40 Du & & o W
15aacl Ed Davis 9 48 Du csesssas
15aac2 Warren Kane 13 36 Du .
15abe Alex Langen 13 36 Du cesseae
15abd Louis Guilbert 15 36 Du soesocne
15acal Test hole 460 280 5 Dr §-17=-51
15aca2 Mrs. P. LeBeau 62 - Dr T
15acbl City of St, John 72 4 Du 1935
15acb2 Howard James 23 36 Du 1950
15acb3 H. Anderson 11 48 x 48 Du AP p
15aché Do 7 48 x 48 Du v R
15acb5 Mrs. J. S. Carey 14 . Du 1949
15acd Great Northern 108 6 Dr isaaE
Railroad
15adal Test hole 461 203 5 Dr 8~22-51
15ada2 Test hole 465 140 5 Dr 9.11-51
15adb Test hole 464 200 5 Dr 9-10=51
15ba E. G, Byrnes 100 ¢ - Dr 9-10-51
15baa C. Guedesse 12 42 Du 1945
15bad E. S. Marcil 57 36 Du 1938
15bdc Mrs. R. Byrnes 142 6 Dr coeseve
15badl Test hole 172 300 5 Dr 8- 1=49
15bdd2 St. John School 160 4 Dr 1933

- lb4a -



IN THE ROLLA-ST., JOHN AREAS, ROLETTE COUNTY--Continued

Depth to Date of Use Aquifer Altitude of Remarks
water below measure= land surface
land surface ment (feet)
(feet)
15 7- =51 D Sand .v... Water hard, adequate, good
drinking.
19 7- =51 S Gravel ..... Water hard, adequate.
30 7- =51 D,S ceceve vv... Water medium hard,adequate.
20 6- =49 S ceesse ..... Water hard, adequate, iron
taste.
pmnmn PPTTT _— 38 1,929 See log.
ceeas cevcese i o cavees 1,873 See log, chemical analysis.
IR R RN sesceon s e 0 ssvos e 1,839 Do
10 6~ =49 D,S vecaes vo... Water hard,rusty,unfit for
drinking.
seses sassese S cosena ve... Water hard,unfit for drinking
10 6~ =49 D,S seeeeve w.ees Water hard, adequate.
27 6- <49 D,S PTTL vvess Water hard,adequate,rusty.
36 6- ~49 .ss Gravel wn e
5.68 7-12-51 D “wwmne vesss Water hard.
3.75 7-21-51 S PR essse
5.37 7-12-51 oo snsas ve... Water unfit for drinking.
5.55 7-11-51 D Gravel veo.. Water hard, adequate.
9.24 7-11-51 S .d .
e cssoncs . cevons 1,930 See log.
38 7- =51 D Gravel vesos Water hard,adequate, see
sand chemical analysis.
37.70 7-11-51 D evenas v.... Water not used for drinking.
See chemical analysis.
11.29 7-21-51 D Sand ve... Water hard,not used for
drinking.
5.72 7-21-51 IEY  eoasee ..... Watering garden.
6.64 7-21~51 & on e ve.ss Well abandoned.
7.5 4-=22-49 D,S 5 &AM veess Water hard, adequate.
35.37 7-11-51 S e ves.. Used by stockyards.
seasss esessnn o0 esosee 1,901 See log,
20000 ssseese e eewooe 1,891 Do
o 6w o dd e e 1,916 Do
wsess semnamew e - ..... Water very hard, adequate,
1 4-22-49 D,S Gravel ..... Water adequate. See chemical
analysis.
27 7= =51 D,S Gravel vee.s'» Water hard, adequate.
34.19 7-11-51 D Sand vee.. Water hard, inadequate, pumps
dry. See chemical analysis
v & wim » SEa e e P 1,951 See log.
60 4- -49 e d G vu... Water hard, adequate. See

14b -

chemical analysis.



TABLE 2.--RECORDS OF WELLS AND TEST HOLES

T

=158 =-

Location Owner or Depth Diameter Type Date or
No. name (feet) or size year
(inches) completed
163-70 - Continued
1 5cab Test hole 457 205 5 Dr 8- 8-51
15cadl Mrs. M. Richard 30 40 Du sononde
15cad2 Test hole 459 180 5 Dr 8-16~51
15dab E. DesRoches 39 “e Du 1939
15dbb Pat Torttin 190 4 Dr saswene
. 15dcd Test hole 466 230 5 Dr 9-12-51
16aaa Test hole 173 305 5 Dr 8= 4=49
168(:3 C. B. Puffer 20 36 Du sesesee
168d Do 20 ee Du sevseee
16daal Test hole 458 280 5 br 8~13-51
16daa2 Vernon Albertson 10 .o Du 1947
16ddb Harmon Dillon 12 - Du 1951
17cdb Clarence Evenden 10 40 Du 1947
18ddd Phillip Belgarde 25 es o escenes
19ba W. Hillgardner 50 18 Dr esecene
22add Harvey James 192 4 Dr 1941
22daal A. Belgarde 190 4 Dr seeseoe
22d882 Do 240 ') Dr ecsevene
24ddd John Coghlen 45 30 Bu 1929
26acd Peter Lo 116 4 Dr 1928
26dac Jacob Urschel 101 4 Dr 1916
28daa J. St. Germaine 15 48 Du GEssEvE
30aba Jerome Wilke 4 24 Du cesowes
30c¢bb Bill Vivier 190 8 Dr sesevus
30das Martin Vivier 190 8 Dr epeosse
33cce Albert Allick 20 48 Du 1947
33dd Bernard Dolan 8 e Du 1944
34cac Mrs. E. Bittner 15 i Du 1937
35dac Edward Bittner 16 36 Du seescecoe
36bce A. T. Disrud 150 4 Dr 1921
36bcd 0. A. Knutson 150 0s Dr 1929
164-70 |
25daal U.S., Immigration and 29 30 Du 1932
) Custom office
25daa2 George Marcil 40 4 Dr cesvnce
31bdc C. M, Bryant 365 i® Dr 1910
34aa Paul Leblance 23 32 x 32 Du PEER e
34bdl John MceGillis 11 - Du 1941
34bd2 A. Baudoin 9 Dy
36ccd ——eeeimam———- 3 36 o 1700
= 4 f2000e



IN THE ROLLA-ST. JOHN AREAS, ROLETTE COUNTY --Continued

Depth to Date of Use Aquifer Altitude of Remarks
water below measure-~ land surface
land surface ment (feet)
(feet)
TILY. TPTET, e emnens L9103 See log.
7.67 7-12-51 D Gravel ..... Water hard, adequate.
conee 10 0 ) cas coesas 1,953  See log.
21.69 7-20-51 S seeses seess Water hard, adequate.
sesss. sesoces S i saEEE dd PR Water hard.
S ik oo wew eseses 1,963 See log.
SR W CPTINT T seswee 2,023 Do
18.30 7-20=51 D,S Clay .vess Water hard, adequate.
5 6- =49 D,s seEses  wewes Do
cenae. id iy SR cesess 2,013 See log.
6 6- =49 S R —— Water hard.
10 7- <51 D Clay eeosss Water hard, inadequate.
seeoes eoassen D c18y sesine Do
conne- seseses e sEnEss  wRenw Water hard, unused.
6 7- =51 D,S <etees oesss Water hard, adequate.
45 7- ~50 D,S Gravel ..... Water hard,adequate, rusty.
45 7- -51 L eseses oesss Water hard, rusty, unused.
100 ' 6- =49 D,s seeves esses Water hard, adequate, rust-
20 6- <49 D,S EEEEsE  BEEew Water hard, adequate.
70 : 6- =49 D,s BREERE eewEE Do
75 6- =49 BB wsnwan  saswn Do
13.48 6-19-51 S seesss sesees Water hard,
3.33 7-20-51 D cessss ossee Water hard, adequate,
cesen secsena N, (vonnnn wecens
40 7- =51 S eessee +s... Water adequate for 70 head df
sheep, Hard rusty.
Flows 7- =51 D,S Gravel ..... Water adequate.
o 6- =49 S vEsEEE R EEE Water unfit for drlnking,supply

adequate, hard. ‘
1.5 6~ =49 D FERTNE  wREE Community well,hard, adequate,
s - '

4.08 7-19-51 Gravel ,.... Water hard, adequate.
E L B AN N ) S o090 D,S e %00 00 L ] Do
eones AR D,S SEFaead  EnEee Water mrd, adequate, rusty.

9.9 7-13-51 D Gravel .....
wev e i misie e - easess ssuss Water soft,individuvals in St.
s John get water here.
28.7 cesesns D,S <e.eee +ec.. Water hard, adequate for- 20
head of cattle. o
7.4 7-28-49 DyS  sesecs seens
4 6~ =49 e esesas sesss Water soft, adequate. £
2 6- =49 D,S essese +esess Water medium hard, adequate.
2.59 7-12-51 S pebid  SEEEE
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TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA-ST, JOHN AREAS

ROLETTE COUNTY

162-69-8¢caa
Teét hole 445
Pormation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Topsoil, DYOWN..cscesossvescossssasassosss % ¥
Sand, very coarse, gray-brown and coarse
gravel, clayey...ccoeecesisccsvocnace 2% 3
Gravel, fine to coarse, and fine sand..... 30 33
Clay, gray, and fine to medium gravel..... 40 73
Clay, gray, and fine gravel...ccecoecececs 33 106
Sand, medium, gray, and fine gravel, clayey 12 118
Pierre shale
Shale, gray..ceseeososcescecsssccensnccvccs 12 130
162-69-8dbc
Test hole 447
Till and associated sand and gravel deposits
Topsoil, black.cssesaesssccscscscssescocns 2 2
Sand, very fine to coarse, light-brown,
ClayeyY.esecesoosascsansscssssescacnsce 3 5
Gravel, medium to CO8FSCisaccesccsrcscsssses 13 18
Clay, light-brown, and fine to medium gravel 1 19
Clay, gray, and fine gravel....cesevocecce 11 30
162-69-8dcd4
Test hole 446
Till and associated sand and gravel deposits
Road fill‘o.c.o.c...oooco....l.'o'tnolbv.o 2 2
Sand, very fine to very coarse, light~
brown, clayey.cecececeoscsscccsscssces 8 10
Sand, medium to very coarse, brown, and
fine gravel, clayey.ceceevoccrcaoccocs 15 25
Gravel, very fine to medium, and shale
pPebblesS.cssececveserosnsncscscocncsce 13 38
Clay, gray, and fine to medium gravel, and
shale pebblesS.s.cesceossesccssscceens 18 56
Clay, light-brown, and fine to medium gravel,
and shale PebbleSo--.‘opo-ouooouocooc- 4 60

- 16 -



TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA-ST. JORN AREAS

ROLETTE COUNTY -~ Continued

162~-69-8dcd5
Test hole 450

Formation Material

Till and associated sand and gravel deposits
TOPSOil, blaCk-ooonc-ocoo.’o--ooco.ooooun
Sand, fine to coarse, light-brown, clayey
Gravel, fine to medium...ccocecoacosccccsse
Sand, very coarse, and fine graveleseseoe

Clay, gray, and fine to medium gravel,.and
Shale pebbleSccoouoootooooooov.c..-- )

162~-69-8dcd7
Tegt hole 453

Till and associated sand and gravel deposits

Sand, fine to coarse, light=brown........

Sand, fine to very coarse, light~-brown,
and fine gravel...ecvsocscsncenscccas

Gravel, fine to medium, and very coarse
angular sand, and shale pebbles.eees

Clay, gray, and fine to medium gravel,
and shale pebbles.cceesscasecovcccene

162~-69~-8ddcl
Test hole 439

Ti11 and associated sand and gravel deposits

Topsoil’ black..l...........l............i

Gravel, fine to coarse..ccesceccccscvaces

Gravel, fine to medium, and medium to
very coarse sand, slightly clayey...

Clay, gray, and fine to medium gravel,
and shale pebbleS.csccscercscacosece

162-69-8ddc2
Test hole 443

Till and associated sand and gravel deposits
Sand, coarse, silty, gray-brown, and
medium gravel, very clayéy.ceccoescee
Gravel, fine to medium and coarse sand...
Clay, gray, and fine to medium gravel....
Sand, very coarse, gray-brown, and fine
gravel, and shale pebbleScccecosccss
Sand, very coarse, gray, and fine gravel,
and shale pebbles..a.......o........
Clay, sandy, gray, and shale pebbles..c..
Undifferentiated
Sha].e, gray-brown.....................-..
Pierre shale
» Shale, gr8YQooooooo.ooooon-coooooooooooo.

- 17 -

Thickness Depth

(feet) (feet)
2 2
2 4
4 8
9 17
23 40
3 3
6 9
7 16
14 30
' -
bk 5
15 20
10 30
3 3
43 46
32 78
13 91
24 115
13 128
36 164
6 170



TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS
ROLETTE COUNTY == Continued

162-69~-9cba
Test hole 442

Formation Material Thickness Depth
(feet) (feet)

Till and associated sand and gravel deposits
Gravel, fine to coarse, and very
fine to very coarse sand; clay, light-

brown in the last 2 feetscoesececcoros. 7 7
Gravel, fine to coarse, light-brown, and

medium to very coarse sand, clayey..... 13 20
Clay, light-brown, and coarse gravel, and

shale pebbles...esuvececsccccccccscceae 6 26
Clay, gray, and fine to coarse gravel, and

shale pebbleS..scccveccossscncoccoosces 14 40

162-69-9chd

Test hole 441

Till and associated sand and gravel deposits

Topsoil brown...ccecevsosescscocscrscsncss 1 1
Sand, gray, and fine gravel, very clayey. 2 3
Gravel, fine to COArS@iveecncsescssccsase 24 27
Clay, gray, and fine to medium gravel,
and shale pebbleS..cecescsccccscscecanns 13 40
162-69-9cchb

Test hole 440

Till and associated sand and gravel deposits
Gravel, fine to coarse, and very coarse

$8NA.scssssosssssscsssssssssscssvsossan 15 15
Clay, sandy, gray-brown, and fine to
medium gravel, and shale pebbles....... 77 92
Undifferentiated
Shale, gray-brown...seseeeesescssassscass 29 121
Pierre shale
Shale, Bra8y..ecccosveosccescsscvoossssosns 29 150

- 18 -



TABLE 3,--LOGS OF TEST HOLES IN THE ROLLA-ST, JOHN AREAS

Formation

ROLETTE COUNTY =-- Continued

162-69-9cdc
Test hole 167

Material

Till and associated sand and gravel deposits

Topsoil, black....eievececvsccccscesncs,
Clay, light-brown, and fine to medium
gravel, and fragmental gypsum...e.....
Clay, gray, and fine to medium gravel,
and shale pebbleS.c.csecooesconsscsccs
Sand, medium to very coarse, and fine to
medium gravel, and shale pebbles......
Gravel, fine to coarse, and medium sand,
and shale pebbleS...cecsscoesssscncces
Clay, gray-brown, and fine to medium
gravel, and shale pebbles..ecescccscey
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles..ceccecsceace
sand, very coarse, gray, and fine gravel,
and shale pebbles..ccevsessrecsccccces
Clay, sandy, gray, and fine to medium
gravel, and shale pebblesS..ccescercene

Undifferentiated

Pierre shale

Shale, light-brown.u-.,............-..,

Shale, gray-'.-...00.0!.0090,0000000'000

162-69-13aaa
Test hole 170

Till and associated sand and gravel deposits
Topsoil, blackl...0..0...0......‘....'.0 S 2

Pierre shale

Sand, very fine to very coarse, silty,
gray, clayey.ceeseencosnccoscsnescense
Clay, light-brown, and fine to medium
gravel.cacecocoscscnsssrscccecscscannae
Clay, gray, and fine to medium gravel...
Sand, very coarse, gray, and fine to
medium gravel, clayey..ccececescssscss
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles.cceceevosces
Clay, sandy, gray, and coarse gravel,
and shale pebbleScecsseesscvsvscvccccns
Sand, very coarse, gray, and fine gravel,
and shale pebbleB..secccsssorcocsccsssns

Shale’ 8raYO..0000ll...t.ol.o..on'.Ol...

- 19 -~

Thickness Depth
(feet) (feet)
. .2
14 16
46 62
8 70
15 85
5 90
4 94
7 101
15 116
10 126
9 135

2

1 3
19 22
92 114
5 119
11 130
46 176
21 197
13 210



TABLE 3,~--LOGS OF TEST HOLES IN ROLLA-ST. JOHN AREAS

Formation

ROLETTE COUNTY -~ Continued

162-69~15aaa
Test hbole 169

Material

Till and associated sand and gravel deposits

Pierre shale

Topsoil, black...cevenecosccssscscconnne
Clay, light-brown, and fine to medium
gravel.ce.osvccococsnrssssssesocsansans
Clay, gray, and fine to medium gravel...
Clay, very silty, sandy and pebbly, gray;
probably till but may be in part - =
lacustrine depositsS..ecooevccosacsoacs
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles.......ec0v...
Sand, very coarse, gray, and fine gravel,
and shale pebbles...cconcaanscssscscss
Clay, gray, and fine to medium gravel,
and shale pebbles...coscesesscsvceanss

Shale, gray.....------n.-o........-...a.

162-69-15cce
Test hole 168

Till and associated sand and gravel deposits

Pierre shale

Topsoil, black...esesevoserasssccccocecse
Clay, sandy, light-brown, and fine to
medium gravel....cececesscceccsscacess
Clay, sandy, gray, and coarse gravel....
Clay, sandy, gray-brown, and fine to
medium gravel.,..coceeevecccecosscasoes
Clay, gray, and fine to medium gravel,
and shale pebbleS...cecsesaveocoscacce
Sand, very coarse, and fine to medium
gravel, and shale pebbles....eceescess
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles.....cceccese
Sand, coarse to very coarse, and fine to
medium gravel, and shale pebbles......

Shale’ gray.......l..‘..l..’.."'.l.ll.-

- 20 -

Thickness Depth
(feet) (feet)
1 1
16 17
69 86
14 100
54 154
9 163
10 173
o 210
1 1
14 15
41 56
17 73
6 79
6 85
39 124
57 181
19 200



TABLE 3,-~LOGS OF TEST HOLES IN THE ROLLA-ST., JOHN AREAS

ROLETTE COUNTY == Continued

162-69~-1€£bbb
Test hole 166

Formation Material

Till and associated sand and gravel deposits
Clay, sandy, light-brown, and fine to
medium gravel..ceocecosecsrcorronsccacas
Sand, medium to very coarse, light-brown,
and fine to medium gravel and shale
pebbleS.sceevsrscovsosccorvrocnscssssacses
Clay, gray, and fine to medium gravel,
and shale pebbleS.scevesccccoscecncoces
Clay, gray-brown, and fine to medium
gravel, and shale pebbles...ccececccsse
Clay, gray, and medium gravel, and shale
pebbleSesesecessvesssvsssccsscsccansons
Undifferentiated
Shale, light-brown.cessececsvecscrcsscosse
Pierre shale
Shale, 8ray.ceescsecovosvsoosccccsvcsceccas

162-69-16bcc
Test hole 468

Till and associated sand and gravel deposits
Topsoil, blackt.l‘..l‘.......‘.l..’ll..‘.

Clay, sandy, light-brown, and fine to
medium gravel....ll.'....l......l.l.‘.'
Sand, very coarse, gray, and fine gravel,
and shale pebbles.ccescccrocecsrcccooes
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles...ecevercsces
Gravel, fine to medium, gray, and coarse
sand, and shale pebbleS..cceccccsoscses
Sand, very coarse, gray, and fine gravel,
and Shale pebbles.ﬂ.'..".C‘.'.O‘......l

162-69-16bcd
Test hole 469

Till and associated sand and gravel deposits

TOpSOil, black'...Qonoooo.-l.l.ot..ol.ooo

Clay, sandy, light-brown, and fine gravel

Clay, sandy, gray, and fine to medium
gravel, and shale pebbles...cveccecasss

Sand, medium to very coarse, gray, and
fine gravel, clayey, and the coarser
fraction consisting of shale fragments

Sand, medium to very coarse, gray, and
fine to medium gravel, clayey, and the
coarser fraction consisting of shale
fragments#..‘..-..#...I.ll’l.....‘..'.l

Sand, very coarse, and fine to medium
gravel, and the coarser fraction
consisting of shale fragmentS..cccece.s

Gravel, medium tO COBYSCiecssvoscssscsene

¥ -

Thickness Depth
(feet) (feet)
12 12
12 24
31 55
5 60
51 111
i1 122
8 130
1 1
11 12
18 30
21 51
31 82
18 100
1 1
13 14
6 20
29 49
21 70
22 92
3 95



TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS

ROLETTE COUNTY --- Continued

162-69-17aab4
Test hole 165
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Topsoil, black...csesvnccecesscocssceccss 2 2
Clay, light-brown, and medium to very
coarse sand, and very fine gravel, and
shale pebbleS...cecescoversossssacacese 3 5
Sand, medium to very coarse, light-brown,
and fine gravel, and shale pebbles..... 10 15
Gravel, fine to medium, and medium sand,
and shale pebblesS.cececovevscsccacoosass 6 21
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles....ceoescscss 20 41
Clay, gray-brown, and fine to medium
gravel, and shale pebbles..cececcccsces 11 52
Clay, gray, and fine to medium gravel,
and shale pebbleS...cecoesvcvcoscssncss 55 107
Undifferentiated
Shale, light-brown..ececoeccesvsscecscace 10 117
Pierre shale
Shale, gray..ecececvcsvocasossesccccesace 13 130
162-69-17aba2
Test hole 451
Till and associated sand and gravel deposits
F’load fill...I..QI...II.OOI’I."..0.0I-O.' 3 3
Topsoil, black..seecscssssscscsccssasonce 1 4
Sand, medium to very coarse, brown, and
fine gravel, clayey, and the coarser
fraction consists of shale fragments... 13 17
Clay, sandy, gray, and fine to medium
gravel, and shale pebblesS.ccvccsccsacss 10 27
Gravel, fine to medium, and very few shale
fragmentsS.ceosccosecesasssssnsssscscencs 7 34
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.cecvecsccrese 6 40

- 22 -



TABLE 3.--L0GS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS

ROLETTE COUNTY =-- Continued

162-69-17aba3l
Test hole 452

Formation Material

Till and associated sand and gravel deposits
Topsoil, black.sscesecscsosscoccccocscss
Clay, sandy, light-brown, and fine to
medium gravel.ceecescoscssesoccocacass
Sand, medium to coarse, brown, and fine
gravel, slightly clayeyeevcecessscesns
Sand, very fine to very coarse, light-
brown, very clayey.ccecceccsssecccccoss
Clay, sandy, gray, and fine gravel, and
shale pebbles............n..-.........
Sand, medium to very coarse, gray,and
fine to coarse gravel, clayey, and the
coarser fraction consisting.of shale
fragmentsS.cceeveessscsssscsecececsonce
Clay, sandy, gray, and fine gravel, and
shale pebbleS.ceceesssescssccacocscssnns
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbles......

162-69-17abbl
Test hole 164

Till and associated sand and gravel deposits
Topsoil, black.sccesssecocoscessnscorcoacs
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbles......
Sand, medium to coarse, light-brown, and
fine gravel, and the coarser fraction
consisting of shale fragments.....eeee
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.sceeecccesss
Clay, sandy, gray-brown, and fine to
medium gravel and shale pebbles.......
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.sccevecseses
Sand, coarse, gray, and fine gravel,
clayey, and the coarser fraction
consisting of shale fragmentS..eccosee
Clay, sandy, gray, and fine to medium
gravel, and shale pebblesS.ecccecesacscss
Undifferentiated
Shale, light=brown..ccecsesveaccssccnsecs
Pierre shale
Shale, gray..ccessvcoccscececcccsasscscce

- 2% =

Thickness Depth
(feet) (feet)
2 2
2 4
3 7
7 14
7 21
7 28
11 39
1 40
1 1
3 4
15 19
30 49
8 57
48 105
2 107
5 112
10 122
18 140



TABLE 3,--LOGS OF TEST HOLES IN THE ROLLA-ST, JOHN AREAS
ROLETITE COUNTY -- Continued

162-69-17acd
Test hole 444
Formation Materials Thickness Depth
(feet) (feet)

Till and associated sand and gravel deposits
Cravel, fine to coarse, and very coarse

sand, clayey..'.....’...‘.‘.........‘.. 14 14
Clay, gray, and fine to medium gravel, and
shale PebbleSQooooucooooooo-uco.ono'ooo 23 37

Gravel, fine to medium, gray, clayey, and
the coarser fraction consists of shale

fragmenta............................u 11 48
Clay, gray-brown, and fine to medium

8rave]., and shale pehbles.......i!..... 6 54
Clay, sandy, gray, and fine to medium

gravel, and shale pebblesoccvacncoocoou 48 102

Gravel, fine, gray, very clayey, and the
coarser fraction consists of shale

fragments-.....-.........uu.......... 18 120
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.csecssveseess 11 131
Pierre shale
Shale, Br3Yesscesevcecossnceosssecsscnnsse 9 140
162-69-18aaa

Test hole 160

Till and associated sand and gravel deposits

TOPSOil, blackecsesecosscassossesesncnsses 1 1
Clay, light-brown, and fine to medium

gravel, and shale pebbles-oncooooqocooo 11 12
Clay, gray, and fine to medium gravel,

and shale pebbleS.ccocevecsssscsasssose 2 14

Sand, very coarse, gray, and medium
gravel, clayey, and the coarser fraction

consists of shale fragments......-..... L 19
Clay, sandy, gray, and fine to medium

8:3‘731, and shale pebbles.....‘........ 20 39
Clay, gray-brown, and fine gravel, and

shale pebbles......u..u.........-.... 31 70
Clay, sandy, gray, and fine to medium

8rave1, and shale pebbles.....oooo.ooo. 20 90
Clay, gray, and fine to medium gravel,

and shale Pebblesooo.oo'nn.c.oooooocooo 23 113

Undifferentiated

Sand, very fine, silty, gray; probably
drift but may be in part Pierre shale
or other bedrock.ccesosscencescecsccosns 20 133
Pierre shale
smle’ grayﬂic...l..‘.l.......ll.'.ll.ll' 17 150
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TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS

ROLETTE COUNTY =-- Continued

162-69-18ddd
Test hole 171

Formation Material

Till and associated sand and gravel deposits
TOPSOil, black...............-.....--...-.-
Clay, sandy, light-brown, and fine to
medium gravel......u....................
Sand, medium to very coarse, and fine
gravel, and the coarser fraction consists
of shale fragment8..ecesseecsescccanconce
Clay, sandy, gray, and fine to medium
graVEI, and shale pebbles...........-....
Clay, sandy, gray-brown, and fine to
medium gravel, and Bhale pebbles....-....
Clay, gray, and fine to medium gravel,
and shale pebbles........................
Clay, gray-brown, and medium gravel, and
shale pebbleSiseesssessersseccasnovancans
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS,cssesssccscsnss
Clay, gray, and fine to medium gravel, and
Shﬂle pebbleSQQ..O.Q...‘.G..........C....
Silt, sandy and pebbly; probably till but
may be in part lacustrine deposit8...ece.
Clay, sandy, gray, and fine to medium
8:8‘781, and shale Pebbleso.uoo.'ocnavocc-
Pierre shale
Shale, Br8Yececocsos0csovscsensossssnsnnes

162-69-20aba
Test hole 448

Till and associated sand and gravel deposits
TOPBOil, black0......QO...'..'O....O.'.'..O

Sand, coarse, light-brown, and fine to
medium gravel'.l.‘.....0.0..........C.'.‘.

Sand, very coarse, and fine to coarse
ang\llar graveloo‘.O.'.....OOIOOII.....OOO

Clay, gray, and medium gravel, and shale
peb es......l..‘.....'OD’OI.O...0..‘...‘

Sand, very coarse, gray, and fine to
coarse gravel, and the finer fraction

consists of shale fragmentS..cocescceaves.

Sand, very coarse, gray, and fine gravel,
clayey, and the coarser fraction consists
of shale fragmentSe.ssesecssosvecssscsneas

Clay, gray, and fine gravel, and shale

pebblesiﬂl..ldﬂ.Q'.l.........’.‘.'....'I.

Clay, sandy, gray, and fine to medium
81'3\731, and shale pebbles.............o..

Pierre shale
Shale, gray-ocooaonoooooso.ooooOcootoovoooc

w 05 -

Thickness Depth
(feet) (feet)
1 1
17 18
21 39
17 56
15 71
14 85
10 95
5 100
44 144
31 175
21 196
14 210
2 2
2 4
24 28
16 44
26 70
11 81
43 124
7 131
9 140



TABLE 3.,--LOGS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS
ROLETTE COUNTY == Continued

162-69~20acd
Test .hole 449

Formation Material Thickness Depth
sl il (feet) (feet)

Till and associated sand and gravel deposits
TOPSOil, blackll.0.0..0.."0"‘l.'....."l. 3 3
Sand, medium to Very COAr8€ccesssssssssasvee 5 8
Gravel, fine, and the finer fraction

consists of shale fragments.............. 15 23
Clay, gray, and fine to medium gravel, and
shale pebbles...............-............ 17 40
162-70~-12ccc

Test hole 162

Till and associated sand and gravel deposits

TOPBO‘I, black.ceessscsossseesssesnsasaccsee 1 1
Clay, silty, light-brown, and fine gravel 18 19
Clay, silty, gray, and fine gravel, and

shale pebbles.........oo...-............. 20 39
Sand, coarse, gray, and fine gravel,

Clayey, and shale pebbles.....-.......... 3 42
Clay, sandy, gray, and fine to medium

gravel, and shale pebbleSscescccccncscess 8 50
Clay, gray, and fine to medium gravel,

and shale pebbles........c............... 40 90
Clay, sandy, light-brown, and fine to

medium gravel, and shale pebbles.scccesse 8 98
Clay, sandy, gray, and fine to medium

8ravel, and shale pebbles..q........‘.... 14 112
Clay, sandy, light-brown, and fine to

medium gravel, and shale pebbleSs:cseveees 55 167
Clay, sandy, gray, and fine to medium

ngVEI, and shale PebbleSco.ooaooonooncuo 59 226
Clay, sandy, gray~brown, and fine to

medium gravel, and shale pebbleS.csececes 9 235

Undifferentiated

Clay, silty, gray-brown, sandy and pebbly;
probably till but may be in part

lacustrine dep031t50uao-co'ooooooonoooo-o 8 243
Clay, sandy, gray, and fine gravel, and
shale pebbles.......................-.... 30 273
Pierre shale
Shale, silty, Er8Yecececesccscecsssnssvenee 17 290
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TABLE 3.--~LOGS OF TEST HOLES IN THE ROLLA~ST, JOHN AREAS
ROLETTE COUNTY -- Continued

162~70-12ddd
Test hole 161

Formation Material Thickness Depth
(feet) (feet)

Till and associated sand and gravel deposits

Topsoil, blaCkoonooooooo-ooc.occoac-oooouoooo- 1 1
Clay, sandy, light-brown, and fine to medium
BTBVEl.eossccasossesasascacovcvososssssssace [ 8
Sand, medium to very coarse, light-brown, and
fine gravel, CIaera-o.oocoooa‘-oocccvocoto- 6 14

Sand, medium to very coarse, gray-brown, clayey
and the coarser fraction consists of shale
fragments......................-.-.......... 26 40
Sand, very coarse, gray-brown, and fine gravel
clayey, and the coarser fraction consists of

slwle framnts.....‘...........’.......‘...' 10 50
Clay, sandy, light-brown, and fine to medium

gravel, and shale pebbles....‘...--o........ 32 82
Clay, sandy, gray, and fine to medium gravel,

and shale Pebbles-.n-ooooolcoooo‘ooooocac--o 21 103

Gravel, fine to medium, and very coarse sand,
clayey, and the coarser fraction consists of

gshale fragmentsS...ccesceescsvcccsscssssccses 23 128
Clay, sandy, gray, and fine to medium gravel,
and shale pebbles............-o............- 13 141
Undifferentiated
Clay, sandy, gray-brown, and fine gravel; could
be either till or bedIOCR...........-.-..... 9 150
Clay, silty, gray, and very fine sand, and fine
gravel; could be either till or bedrock...,.. 30 180
Clay, silty and pebbly, gray, and very fine
sand’............'..........l.l....‘.......‘ 35 215
Clay, silty, gray, and fine sand, and fine
gravel; could be either till or bedrock..... 75 290
Pierre shale
Shale, gray........-.........-..-............. 30 320
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ROLETTE COUNTY «- Continued

162-70~14bbb
Test hole 163

Formation Material

Till and associated sand and gravel deposits

TOPSO’.I, black..sesesssccsvsssscssresevcocsns
Clay, sandy, light-gray, and fine to medium
gravel...........-............-..........
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbleS.,cscess.
Gravel, medium to coarse, and shale pebbles
Gravel, fine to medium, and very coarse
sand....l'..ll.llO..QOO.‘...‘0.00I.‘...O'
Clay, sandy, gray, and fine to medium
sraVGI, and shale pebbles......-.........
Clay, sandy, gray-brown, and fine to
medium gta‘vel, and shale pebbles.........
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleSi.ssescecoscocees

Undifferentiated

Clay, silty and sandy, light-brown and very
fine to fine gravel; could be either till
or bedrock.....-........uu......-....u

Clay, silty, gray, and very fine sand; could

be either till or bedrockicecsvesccosoosse

163-70-10cdd
Test hole 462

Till and associated sand and gravel deposits

Topsoil’ b black‘.'..C.O.UODC...’.Q.....OCOO
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbleS.cecsscese

Clay, sandy, gray, and fine to medium gravel,

and shale PebeQSOQCOOOo-aco.a-a-o.o..ac.
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbleS..cvecess
Clay, sandy, gray, and medium gravel, and
shale pebblescooo'oootoooooo'ooottcoo'--o
Gravel, fine to Mdi‘m, Clayey.oc.oocooa.o-
Clay, gray, and very coarse sand, and fine
gravel, and shale pebbleS..scecvescsococss

Undifferentiated
Clay, sandy, gray-brown and fine gravel, and

about one-~half the material consists of
shale fragments; could be either till or

bedrocK.eecssecscsecssserssassonssovoscsnsse

w 3B =

TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA~ST. JOHN AREAS

Thickness
(feet)

2
2
7
3
13

129
12

23

24
21
28

62

80

14

Depth
(feet)

2
4

11
14

27
156
168
175

217
240

25
46
74

136
138

218

232



ROLETTE COUNTY ~= Continued

163-70-13dcd
Test hole 463

Formation Material

Till and sssociated sand and gravel deposits

TOPSOil, blaCkos.o.cooo.ncoo-.co.o-otnol:o.
Clay, sandy, light-brown, and fine to
mediuvm gravel, and shale pebbles..coecece
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles..oooocnooo’aoo'
Gravel, fine to medium, and medium to very
coarse 88nd.ccesssssescnsovcresssssosrcane
Gravel, medium,.ccecssevsososrescossssrenvsone
Gravel, COAYB8Cocvnosvcovsscsssnssnssssencenses
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleSecsescccsessesses
Clay, sandy, gray, and fine to medium
gravel, and about one~half the material
congsists of shale fragmentB.cececocssvssss

Pierre shale

Shale, Er8Ycsecovesnsssonsacsscncssessnsses

163-70-11dcc
Test hole 467

Till and associated sand and gravel deposits

TOPSOil, blaCKkeseseesossscssscosocasrsaassnns
Sand, coarse, light-brown and fine gravel..
Clay, sandy, light~brown and fine to
medium gravel, and shale pebbleS.ccevcese
Clay, sandy, gray, and fine to medium
srﬂvel, and shale Pebbles.QUQQOQQQQOO-QQQ
Clay, sandy, light-brown, and medium gravel,
and shale pebble’uooctcaooa..oooooocooooo
Sand, coarse, light-brown, and fine gravel.
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.ccssecesscansss:

TABLE 3,--LOGS OF TEST HOLES IN THE ROLLAsST, JOHN AREAS

Clay, gray, and very coarse sand, and fine to

medium gravel, and abundant shale pebbles

- 29 -

Thickness Depth

(feet) (feet)
2 2
16 18
49 67
8 75
15 90
10 100
20 120
105 225
22 247
2 2
2 4
12 16
36 52
25 77
3 80
40 120
42 162



TABLE 3., --LOGS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS

ROLETTE COUNTY ~-- Continued

163-70~-15acal
Test hole 460

Formation Material

Till and associated sand and gravel deposits
Road filll‘..‘.l'..l....‘...’.l!.l......Ol.
Clay, sandy, light-brown, and fine gravel
Sand, fine to very coarse, light-brown,
Bilty.and CIaeroooocvooooooococuoo-cncu-
Sand, very coarse, gray, and fine gravel,
clayey, and the coarser fraction consists
of shale fragﬂents.-ooooooouooccoauoo-ooo
Clay, very sandy, gray, and fine to med{um
graVEI, and shale pebbles..........'u..o
Clay, sandy, gray-brown, and fine to medium
gravel, and shale pebbleS.cecesecrcvacoss
Clay, sandy, gray, and fine to medium gravel,
and shale pebbles.......,..o.............
Clay, sandy, gray-brown, and fine to medium
gravel, and shale pebbles..ceccersccccncee
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.ceccecscescocces
Clay, very sandy, gray, and fine gravel,
and shale pebbleS..........-...........-.
Pierre shale
Shale, grayecscesecccsscscssscescsocsccvnce

163-70-15adal
Test hole 461

Till and associated sand and gravel deposits

TOPSOil, black..............-..............

Sand, very fine to very coarse, light=bxown,
very clayeyltlctt..C.'..........l..‘..'.‘

Sand, medium to coarse, gray, silty and
CIayey...................................

Sand, medium to very coarse, gray, and fine
gravel, clayey, and the coarser fraction
consists of shale fragmentS..ecescceceocsce

Clay, sandy, gray, and fine gravel, and
shale pebbleScccssccccccscvecrccveacscccs

Gravel, fine, gray, and coarse sand, very
clayey, and the coarser fraction consists
of shale fragmentS........-.o.....’....-.

Clay, sandy, gray, and fine gravel, and
shale pebbles.......................-....

Clay, very sandy, gray, and fine to medium
gravel, and shale pebbleSccecscsscoceccre

Pierre shale
Shale, gray"..ll...i...0......’.0.‘00.""

- 30 =

Thickness Depth
(feet) (feet)
2 2
8 10
17 27
13 40
14 54
10 64
52 116
21 137
41 178
87 265
15 280
1 1
19 20
25 45
17 62
52 114
12 126
34 160
28 188
15 203



TABLE 3,--LOGS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS
ROLETTE COUNTY ~-=- Continued

163«70-15ada2
Test hole 465
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Topsoil, black,.ceeesesvovsnsscenrscsnnncs 1 1
Clay, very sandy, light-gray, and fine
Qravel . siesisennarses snsssunusnnnrennEes 3 4
Clay, sandy, light-brown and fine to medium
ETAVEl ssvosunnsssaspasssassnmespsnsnanee 9 13
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleSececocecsscesss 22 35
Clay, very sandy, gray and fine to medium
gravel, and shale pebbleS...cocscscssves 27 62

Sand, medium to very coarse, gray, and

fine, to medium gravel, clayey, and the

coarser fraction consists of shale

fragments....l..’...'..‘..O.l....l...'.. 8 70
Sand, very coarse, and fine gravel...cce.. 12 82
Sand, very coarse, gray, and fine gravel,

clayey, and the coarser fraction

consists of shale fragmentsS....eeosse00. 11 93
Gravel, fine, and very coarse sand, and

this material consists of about one-half

shale fragmentS....essevesscscoscasccses: 7 100
Clay, very sandy, gray, and fine gravel,

and shale pebbleS..sescseccevcscssscsces 5 105
Gravel, fine to coarse, and very few shale

fragmenttecssessvosssassescosonsassscscns 16 121
Clay, very sandy, gray, and fine to medium

gravel, and shale pebbleSscscececesscoces 19 140

163-70-15adb

Test hole 464

Till and associated sand and gravel deposits

Topsoil, blacK.essevocvsreosssssosccsscsnse 1 1
Clay, sandy, light-brown, and fine to ’

medium gravel, and shale pebbleS.sceccoes 21 22
Clay, sandy, gray, and fine to medium

gravel, and shale pebbleSeesscerescccese 56 78
Clay, sandy, gray-brown, and fine to medium

gravel, and shale pebbleS.c.cevvssccsces 10 88
Clay, sandy, gray, and fine to medium

gravel, and shale pebbles....ceccesvesee 17 105
Clay, sandy, light-brown, and fine to

medium gravel, and shale pebbleS.cececcs. 17 122
Clay, sandy, gray, and fine to medium

gravel, and shale pebbleS...ceceaccccsse 56 178

Pierre shale
Shale, gray".........I'.....l......ll.'.. 22 200

« 34 =



TABLE 3.--L0OGS OF TEST HOLES IN THE ROLLA-ST, JOHN AREAS

ROLETTE COUNTY =~ Continued

163~70~15bddl
Test hole 172

Formation .Material Thickness

Depth

Till and associated sand and gravel deposits
Topsoil, black..ecsecscecssssvesnsceascncns
Clay, sandy, light-brown, and fine gravel,
and shale pebbleS...cvecececocoscscvcosee
' Clay, sandy, gray, and fine to medium gravel,
and shale pebbleS,..ccocovercrccesncccnss
Sand, very coarse, gray, and fine gravel,
clayey, and the coarser fraction consists
of shale fragments..ceseeococoevcsccccscnse
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.cicecvencccsssne
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbles.........
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS.cceeccescscocss
Undifferentiated
Clay, gray, and very coarse sand, and fine
gravel, and abundant shale fragments;
could be either till or bedrock...ccevees

163-70-15cab
Test hole 457

Till and associated sand and gravel deposits
Clay, sandy, light-brown, and fine gravel,
and shale pebbles..cveccesscrcccscocnssssn
Clay, sandy, gray, and fine to medium
gravel, and shale pebblesS..c.ccecesccsecss
Sand, very coarse, gray, and fine gravel,
Clayey.eecsessacocessoscsvsosonsncssscoss
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles..cceeccecscasscs
Clay, sandy, light-brown, and fine to medium
gravel, and shale pebbles..cevvvrescnsces
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles..c.c.ccacceccsnss
Sand, medium to very coarse, gray, and fine
gravel, clayey, and the coarser fraction
consists of shale fragmentS...ceescnscers
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles..cuicevivecccans.
Sand, medium to very coarse, gray, and fine

gravel, clayey, and about one-half the
material consists of shale fragments......

Undifferentiated
Clay, sandy, gray-brown, and fine gravel,
and abundant shale fragments; could be
either till or bedrocK.ecessccsosssecscsces

- 32 =

(feet)
2
19

45

11
49
23

41

110

23

12

56
12

52

22

20

(feet)
2
21

66

77
126
149

190

300

23
35
37
93
105
157
161
183

185

205



TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA.ST. JOHN AREAS
ROLETTE COUNTY -~ Continued

163-70-15cadl
Test hole 459
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Topsoil, clack..is.eseosecocsscosocasancess 1 1
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbles........ 15 16
Clay, sandy, gray; and fine to medium
gravel, and shale pebbleS.cececcccseveas 51 67
Clay, sandy, light~brown, and fine to
medium gravel, and shale pebbles........ 17 84
Clay, sandy, gray, and fine to medium
gravel, and shale pebbleS...cesveocscees 54 138

Clay, very sandy, light-brown, and fine
gravel, and the material consists of

about one~half shale fragmentS..sececse. 18 156
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles..ccocecercccss 15 171
Pierre shale
Shale, BraY.eesecsecessvoscsccssecssscccns 9 180
163-70-15dcd

Test hole 466

Till and associated sand and gravel deposits

Topsoil, black.essesessasscescasocscccncae 2 2
Clay, very sandy, light~brown, and fine to

medium gravel, and shale pebbles........ 27 29
Clay, sandy, gray, and fine to medium

gravel, and shale pebbleS....scceccccsss 93 122
Clay, sandy, gray-brown, and fine gravel,

and shale pebbleS.,eccesssvssccesocccass 11 133
Clay, sandy, light-gray, and fine gravel,

and shale pebbleS..ceceveccesessccsscnscs- 1 134
Clay, sandy, gray-brown, and fine gravel,

and shale pebbleS..ccevecovcosecoscvscns 24 158
Clay, sandy, gray, and fine to medium

gravel, and shale pebbleS..cseccccorceecs 58 216

Pierre shale

Shale, graY.esecsceccosccscosascscsscrscns 14 230

e B =



TABLE 3.--LOGS OF TEST HOLES IN THE ROLLA-ST. JOHN AREAS
ROLETTE COUNTY -~ Continued

163-70~-16aaa
Test hole 173
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Topsoil, black...eessevcsccosvsncesssocces 2 2
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbleS.ssecae 33 35
Clay, sandy, gray, and fine to medium
gravels and shale pebbleSccsccecerececss 159 194
Clay, sandy, light-gray, and fine to medium
gravel, and shale pebbleS.cseccceccscoss 16 210
Undifferentiated
Clay, sandy, gray, and fine gravel, and
abundant shale fragments; could be
either till or bedrock.esecescesssavsase 80 290
Pierre shale
Shale, gray........-c.....-..-..oo........ 15 305
163-70~16daal
Test hole 458
Till and associated sand and gravel deposits
Topsoil, black.s.eiocsessocavosrosecscccnes 1 1
Clay, sandy, light-brown, and fine gravel,
and shale pebbles...cccvvevccnsscoscscns 26 27
Clay, sandy, gray, and fine to medium
gravel, and shale pebbles..eeeecccccsecs 100 127
Clay, sandy, light-brown, and fine to
medium gravel, and shale pebbles........ 31 158
Clay, sandy, gray, and fine to medium gravel,
and shale pebbleSisescrscsvcccccsccronsee 103 261
Undifferentiated
Clay, very sandy, gray, and fine gravel,
and abundant shale fragments; could be
either till or bedrock.csssescsccornsocen 19 280
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Mylo Area, Rclette County

The Mylo area is in the eastern part of Rolette County in north-
central North Dakota. It is a part of the Western Young Drift section
of the Central Lowland Province of Fenneman (1938, p. 559) and is in
the Drift Prairie as designated by Simpson (1929, p. 4). The area
covered by this investigation totals 2 square miles and includes: sec.
1, T. 159 N., R, 70 W., and sec. 31, T. 160 N., R 69 W.

The average annual precipitation recorded at the United States
Weather Bureau station at Rolla, approximately 12 miles north of Mylo,
is 20.09 inches based upon data gathered during the period 1937 to 1959.
The mean annual temperature for the same period was 37.4 degrees.

Surficial deposits in the Mylo area consist enti?ely of glacial
drift., These drift deposits resemble each other in appearance but
differ somewhat in texture and composition. They may be classified
into the following three groups: (1) till, a heterogeneous mixture of
unstratified material ranging in size from clay to boulders, with clay
the predominant constituent; (2) evenly laminated clay, silt, and
very fine sand; and (3) poorly bedded, poorly sorted sand and gravel.
These three types of deposits tend to grade into each other which makes
identification of test-hole cuttings and location of interfaces between
the materials very difficult. The mechanics of their deposition is not
kno;n other than that they are probably partly of ice-contact and partly
of glacio-lacustrine origin. The bed of an extinct glacial lake terminates
just north of the village of Mylo, but it does not have the smooth well
drained appearance of other glacial lake beds in North Dakota. This may
indicate that numerous stagnant ice masses occupied the lake basin during
parts of its lifetime and contributed to the glacial deposits in the

vicinity of Mylo.
e 35 =
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The Pierre shale constitutes the bedrock for the entire area.
Inasmuch as this formation does not yield water readily to wells, water-
well drilling is customarily terminated when the Pierre shale is penetrated.
At the locations of the 15 test holes drilled in the Mylo area (see fig. 4),
the shale occurs at an average depth of 101 feet below land surface. The
Pierre shale is gray and is poorly indurated. It is not known to crop o;t
in the Mylo area.
The majority of wells in the Mylo area are completed in the glacial
.drift. Inasmuch as the glacial drift is composed largely of till and
contains a large proportion of clay, only small supplies can be obtained
from individual wells. Only one well in the area is reported to obtain
water from the Pierre shale,
Chemical analyses of samples collected from 8 wells in the Mylo area
are listed on table 4, Water from wells in the area is generally hard
and is moderately to highly mineralized. All of the wells sampled, except
that supplying the village of Mylo, contained excessive iron concentrations.,
Water from only three of the wells had less than the recommended maximum
concentration of sulfate in drinking water according to U, S. Public Health
Service (1946) Standards, and water from two of the wells was found to have
excessive nitrate concentrations, Water containing more than about 40
ppm of nitrate may cause cyanosis ("blue baby" disease) in infants when
used in feeding formulas and for drinking (Comly, 1945).
Test drilling in the Mylo area did not reveal the presence of an
extensive aquifer and it is probable that any ground-water development in

the area will be limited to low=-capacity wells.
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TABLE 4.--CHEMICAL ANALYSES OF GROUND WATER

Analyses by State Laboratories, Bismarck, N, Dak.
Results in parts per million
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£ c + -~ o ~ = R =
Q ; Ot © s b0
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160-69
3lcabl  Arnold Boxstrom 40  1-30-52 0.4 271 108 15
31cacl Village of Mylo 37 9-17-51 .1 125 47 g
31cac2 Raymond Schell 40 9-17-51 12 70 16 4.8
31cac3 Everett Wielander 36 9-17-51 1.6 243 80 23
3lcacs Arnold Boxstrom 43 4-18-52 4.2 113 .98 34
3lccal Walter Wielander 82 4-18-52 3.8 46 170 780
31cdbl Ted Johnson 76 12~ 4«50 1.4 30 52 420
31cdb2 Everett Wielander 26. 9-17-51 1.8 74 21 P—
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IN THE MYLO AREA, ROLEITE COUNTY
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TABLE 5.--RECORDS OF WELLS AND TEST HOLES

Depth of well and depth to water: Measured depths are given in feet,
and tenths or hundreths;reported depths are given in feet.

Type: Dr, drilled

Location Owner or Depth Diameter Type Date or
No. name (feet) or size year
(inches) completed
159-70
laaa Test hole 174 100 5 Dr 1949
160-69
31lcaa Test hole 429 120 5 Dr 1951
3lcabl Arnold Boxstrom 39.5 24 Dr 1920 ?
31cab2 Test hole 428 110 5 Dr 1951
3lcacl Village of Mylo 37 8 Dr 1946
3lcac2 Raymond Schell 40 9 Dr 1948
31lcac3 Everett Wielander 36.4 24 Dr 1910 ?
3lcach Arnold Boxstrom 42.8 24 Dr 1950
31cac5 Village of Mylo 24.6 24 Dr 1928
31cacéh Do 19.7 12 Dr 1910 ?
3lcac? Raymond Schell 49.5 8 Dr -
31cac8 Test hole 425 120 5 Dr 1951
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IN THE MYLO AREA, ROLETTE COUNTY

Date of measurement: Date given is date measured
for measured depths to water; it is the date of
report for reported depths to water.

Use of water: D, domestic; PS, public supply, S, stock;
T, test hole.

Depth to Date of Use Remarks
water below measure-
land surface ment

(feet)

.o wwa R p— T Hole refilled. Shale at 82 feet. See log.

seves ¥ o T Hole refilled., Shale at 113 feet. See log.

28.50 6=11-51 S Supply reported inadequate; aquifer in
drift: Measuring point, top of wood curb~
ing,.8 feet above land surface., See
chemical analysis.

sesse cesceves T Hole refilled. Shale at 103 feet.See log.

evece smwe e PS Aquifer in drift,sand. Sece chemical analysis

19,20 6-13-51 S Supply reported inadequate; aquifer in

drift. Measuring point, plank under pump
base, .25 feet above land surface. See
chemical analysis.

16.49 6~ 8-51 D Aquifer in drift; measuring point, top wood
curbing, .8 feet above land surface. See
chemical analysis.

24,69 6- 8-51 D Aquifer in drift. Measuring point, top wood
curbing .7 feet above land surface. See .
chemical analysis.

18.89 6~ 8-51 R Aquifer in drift: Measuring point, edge of
hole in concrete slab above well at land
surface,

18.82 6~21-51 o Aquifer in drift. Measuring point, edge

: galvanized curbing at land surface.

20,74 6-13-51 S Water reported hard; aquifer in drift,

Measuring point, top galvanized curbing
at land surface.
PRvp— Iy T Hole refilled. Shale at 106 feet.
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TABLE 5.=-<RECORDS OF WELLS AND TEST HOLES

Location Owner or Depth Diameter Type Date or
No. name (feet) or size year
(inches) completed

160~69 - Continued

3lcac9 Mylo Implement Co. 39 6 Dr 1951
3lcacl0 Test hole 430 120 5 pr 1951
31cadl Test hole 431 110 5 Dr 1951
31cad2 Test hole 437 120 5 Dr 1951
31cad3 Test hole 436 100 5 Dr 1951
31cba Test hole 434 110 5 Dr 1951
3lcbel Frank Bauck 39.4 40 Dr 1915 ?
31lcbe2 Test hole 435 110 5 Dr 1951
31lccal Walter Wielander 82.3 24 Dx 1941
31cca2 Test hole 433 100 5 Dr 1951
3lcda Test hole 438 100 5 Dr 1951
31ledbl Ted Johnson 76 24 Dr 1915
31cdb2 Everett Wielander 25.5 24 Dr 1925 ?
31cdb3 Test hole 426 110 5 Dr 1951
31cdc Test hole 427 100 5 Dr 1951
31dch Test hole 432 100 5 Dr 1951
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IN THE MYLO AREA, ROLETTE COUNTY -~ Continued
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Aquifer in drift., Water reported similar to
that from 160-69~31lcacl.

Hole refilled. Shale at 112 feet.

Hole refilled, Shale at 106 feet. See log.
Hole refilled. Shale at 112 feet. See log.

Hole refilled. Shale at 94 feet. See log.

Hole refilled. Shale at 100 feet. See log.

Water reported soft. Measuring point, top
galvanized curbing, at land surface.

Hole refilled. Shale at 102 feet. See log.
Aquifer in drift. Measuring point, top wood
curbing, 1.9 feet above land surface. See

chemical analysis. Depth reported as 85 ft.

Hole refilled. Shale at 94 feet. See log.
Hole refilled. Shale at 94 feet. See log.
Aquifer may be in Pierre shale. Well reported
deeper when drilled. Measuring point, top
wood curbing, .7 feet above land surface,
See chemical analysis. Well reported to
have been 120 feet deep when drilled.
Aquifer in drift., Measuring point, edge hole
in concrete slab above well, 1.3 feet above
land surface. See chemical analysis.
Hole refilled. Shale at 104 feet. See log.
Hole refilled. Shale at 95 feet., See log.
Hole refilled. Shale at 93 feet, See log.
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TABLE 6.--LOGS OF TEST HOLES IN THE MYLO AREA, ROLETTE COUNTY

159-70~1aaa
Test hole 174
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Topsoil, black.sssesecsssscosssssasccssncencs -1 1
Silt, sandy, and pebbly, clayey, light-brown;
probably till but may be in part lacustrine
depositBecscesssssscasccassnsscrasnsesssnss 15 16
Silt, sandy and pebbly, clayey, gray;
probably till but may be in part lacustrine
dep051tSno..o....o.ca-o.oooaooaooo.o---ocoo 14 30
Clay, sandy, gray, and fine to medium gravel,
and shale pebbleS.c.esecescososncnccrccnnns 52 82
Pierre shale
Shale’ grayC....OI.Q'...C.....I'O......‘O...C 18 100
160«69=31caa
Test hole 429
Till and associated sand and gravel deposits
Topsoil’ blaCk-.C.'.Q.OQOO...l..ﬂ....l..’.‘h. 1 1
Silt, sandy and pebbly, clayey, light~brown;
probably till but may be in part
lacustrine deposits........................ 18 19
Silt, sandy and pebbly, clayey, gray; probably
till but may be in part lacustrine deposits 15 34
Clay, sandy, gray, and fine to medium gravel,
and shale pebbles..........-.....-........- 79 113
Pierre shale
shale’ grayt...o.....0...0.0.0.0‘...0‘.l.'..‘ 7 120
160-63=~31cab2
Test hole 428
Till and associated sand and gravel deposits
TopSOil, blackeseoesossssossoscscscsscossccnccse 2 2
Clay, sandy, light-brown and fine gravel..... 1 3
Sand, very coarse, light-brown, and fine gravel,
CIayey.....‘ODOO'...ODOOOOOCOOUOOCOOOGQOOQG‘ 1 4
Clay, sandy, light-brown, and fine to medium
gravel, and shale pebbleSccceccessncscrccse 20 24
Clay, sandy, gray, and fine to medium gravel
and shale pebbleS.ccesescccscssecsscecsncse 79 103
Pierre shale
Shale’ graYOQODCOQCOOQGO0.0..0‘...0.0....0‘.-‘ 7 110
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Formation

TABLE 6.--LOGS OF TEST HOLES IN THE MYLO AREA
ROLETTE COUNTY -~ Continued

160-69=31cac8
Test hole 425

Material Thickness

Depth

(feet)

Till and associated sand and gravel deposits

TOPSOiI, blackOIQOOOOQ....I.l...0.'.0....0.'. 1
Silt, sandy and pebbly, clayey, light-brown;

probably till but may be in part lacustrine

deposits................................... 11
Clay, very sandy and silty, light-brown and

fine to mdium sravel....‘.“......‘.itCICO 4
Sand, very fine to very coarse, and fine gravel,

clayey, and shale fragmentS.cecececocveecss 26
Gravel, fine to medium, and medium to very

coarse 8and.c.ceveccssccsssssscsssacvonrscce - 8
Clay, sandy, gray, and fine to medium gravel,

and shale pebbles-oo-oooo0000......0.:.-.oo 56

Pilerre shale

sm1e’ gray..‘l....ili'.;.....’...‘..l‘.l.." 14

160-69-31caclO
Test hole 430

Till and associated sand and gravel deposits

Silt, sandy and pebbly, clayey, light=brown;
probably till but may be in part lacustrine
deposit8........‘.............-.......-.... 26

Silt, sandy and pebbly, clayey, gray;
probably till but may be in part lacustrine
depoaits..-......q...-..................... 19

Clay, sandy, gray, and fine to medium gravel,
and shale pebbleS.cccccscocrcosvcscosscccnse 67

Pierre shale

shale, gtayC..Q..'.l...'...l......l..ll'...0. 8

160-69-31cadl
Test hole 431

Till and associated sand and gravel deposits

TOpBOil, blackecssosososossosnssssscncecnscsnes 2
Silt, sandy and pebbly, clayey, light-brown;
probably till but may be in part lacustrine
deposita.........-......................... 17
Clay, sandy and silty, gray, and fine to
medium gravel, and shale pebbleS.ccececsce. 87

Pierre shale

Shale, BLAYovosevscoseescssecacserocsssesacss 4

- 4] -

(feet)

12
16
42
50
106

120

26

45
112
120

19
106
110



TABLE 6.--LOGS OF TFST HOLES IN THE MYLO AREA
ROLETTE COUNTY == Continued

160-69~31cad2
Test hole 436

Formation Material Thickness

Denth

(feet)
Till and associated sand and gravel deposits
TOPSOil, blacksssssssnsssssssssarsarassenssns 2
Silt, sandy and pebbly, clayey, light-brown;
probably till but may be in part lacustrine
depc’SitS.O.UC.O.'OQ'I..'.........‘..I..O". 20
Silt, sandy and pebbly, clayey, gray; probably
till but may be in part lacustrine deposits 16
Clay, sandy, gray, and fine to medium gravel,
and shale pEbeESaoo-o-oocoo-o.oooo---ln..o 56
Plerre shale
Shale, gray..OO..‘..!l.l..."'..'.'l..l...‘.l 6

160-69=31cad3
Test hole 437

Till and associated sand and gravel deposits
Silt, sandy and pebbly, clayey, light=-brown;
probably till but may be in part lacustrine
dep051t5aoo.-o.-oo--co-.o.oo-toooaoooo--o-o 27
Silt, sandy and pebbly, clayey, gray;
probably till but may be in part lacustrine
depOSitS..ocoool-oooo-ou..cnooonn.ouqoooco- 15
Clay, sandy, gray, and fine to medium gravel
and shale pEbeGSuoovnoc-ocoooo--ooc-oco-cu 70
Pierre shale
Shale, gray....l."...I.'......l.......ll.... 8

160-69=31cba
Test hole 434

Till and associated sand and gravel deposits
TOpSOil, blaCkc.oocoo-oooo-.nooo.ooooo-uooaoo 1
Silt, sandy and pebbly, clayey, light=brown;
probably till but may be in part lacustrine
depOSitSQQIQO‘.l..O.'O‘I..Q0.00."QI.I.'l.‘ 22
Clay, sandy, gray, and fine to medium gravel,
and shale pebbles........‘..—..ll'.......... 77
Pierre shale
Shale gray"C'....‘...O..........'..'.0"0... 10

s 47 =

(feet)

22
38
9%

100

27

42
112

120

23
100

110



TABLE 6.=-~ LOGS OF TEST HOLES IN THE MYLO AREA
ROLETTE COUNTY =-- Continued

. B -

160-69=-31cbc2
Test hole 435
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
TOPSOil, blacK..sesascossossssscsossssssancssns 1 1
Clay, very sandy, light-brown and fine gravel 3 4
Silt, sandy and pebbly, clayey, light~brown;
probably till but may be in part lacustrine
dep‘JSits.'.l......IOODDOOQQ...‘..DOC..C.Q.l‘ 13 17
Silt, sandy and pebbly, clayey, gray; probably
till but may be in part lacustrine deposits 48 65
Clay, sandy, gray and fine to medium gravel,
shale pEbblea..........--o-......-........a 37 102
Pierre shale
Shale, BrAYesessccscossccvasessesssrssonsaces 8 110
160-69-31cca2
Test hole 433
Till and associated sand and gravel deposits
Topsoll, blackseseescecsnscesconsesscccsscnco 1 1
Clay, very sandy, light-brown, and fine
gravel, and shale pebbleS.eesseccsosccsasss 17 18
Clay, sandy, gray, and fine to medium gravel
and shale pebbleS..secssecsscsscscssssssese 16 94
Pierre shale
Shale,graYececscccoscesvcsscsssssssecssascons 6 100
160-69=31cda
Test hole 438
. Ti11 and -associated sand and gravel deposits
Topsoil’ black...".Ol..'.....l....‘.l.t..0.“ 2 2
Clay, silty, light-brown, and very fine sand 3 5
Silt, sandy and pebbly, clayey, light-brown;
probably till but may be in part lacustrine
deposits.....-..........o....-.......-....« 9 14
Silt, sandy and pebbly, clayey, gray; probably
till but may be in part lacustrine deposits 14 28
Clay, sandy, gray, and fine to medium gravel,
and shale pebbleS.sccecccssscssovccsnconses 66 94
Pierre shale
Shale, BTAYseecssvsccevronssncoscsccncsesoonson 6 100



TABLE 6.--LOGS OF TEST HOLES IN THE MYLO AREA
ROLETTE COUNTY -~ Continued

160-69=31cdb3
Test hole 426

Formatior. Material. ! Thickness Depth
(feet) (feet)

Till and associated sand and graveli deposits
Topsoil, blackisseececrocssceccosovscsocanense? 1 1
Silt, sandy and pebbly, clayey, light-brown;
probably till but may be in part lacustrine

deposits.....--............................ 16 17
Clay, sandy, gray, and fine to medium gravel,
and shale pebbles............-oo.-......... 87 104
Pierre shale
Sha]Le, gray.lD'..l.l..'.'...I....‘...t.....l‘ 6 110

160-69-31lcdc °
Test hole 427

Till and associated sand and gravel deposits
Topsoil, black.-'..-....-..-...-............. 1 1
Silt, sandy and pebbly, clayey, light-brown;
probably till but may be in part lacustrine

deposits.........c......o..o..-.--..-..-... 11 12
Clay, sandy, gray, and fine to medium gravel,
and shale pebbles.oovcloooo....-toooo-couoo 83 95
Pierre shale
Shale, 8SraYeccessscovsssssssosssscsssasannnsse 10 105
160-69-31dcb

Test hole 432

Till and associated sand and gravel deposits

Topsoil, black..-cooo.v-oo.ooo-o-oonuoa-vn-tn 1 1
Clay, very sandy, light-brown and coarse gravel 3 4
Silt, sandy and pebbly, clayey, light=-brown;

probably till but may be in part lacustrine

deposits.........-........-....-..........- 12 16
Silt, sandy and pebbly, clayey, gray; probably

till but may be in part lacustrine deposits 15 31
Clay, sandy, gray, and fine to medium gravel,

and shale pebbles.......................... 62 93

Pierre shale

Shale, EroY¥ecssessasccsoessensoscovaosssossess 7 100
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Minto~Forest River Areas, Walsh County

The Mintoe-Forest River areas are in southeastern Walsh County in
northeastern North Dakota. They are a part of the Western Young Drift
section of the Central Lowland Province of Fenneman (1938, p.55%2) and
are in the Red River Valley area as designated by Simpson (1929, p. 4).
The areas of investigation total about 7% square miles.

The average annual precipitation recorded at the United States
Weather Bureau station at Grafton, about 10 miles north of Minto, is 21.06
inches based upon data gathered during the period 1891 to 1959. The mean
annual temperature for the same period was 37,5 degrees.

The areas covered in this investigation lie entirely within the basin
of glacial Lake Agassiz which covered the Red River Valley. Upham (1896)
mapped the extent of glacial Lake Agassiz in the United States and
southern Manitoba. His monograph includes maps and descriptions of the
physiographic and geologic features in the vicinity of Minto and Forest
River. The areas have little relief and the major topographic features
are the youthful stream valleys cut in the glacial Lake Agassiz sediments.
Clay and silt are the predominant constituents of the lake deposits; they
overlie glacial till throughout the areas. The till is a hetrogeneous
mixture of clay, silt, sand and gravel; clay is the major constituent,
Under the till are much older sandstones and shales of Cretaceous or
Paleozoic age.

Small quantities of ground water are obtained from dug or bored wells
in the sediments of glacial Lake Agassiz and somewhat larger amounts are
obtained from wells penetrating the sand and gravel lenses in the glacial
drift. Very highly mineralized water may be obtained from wells

penetrating the older sandstones under the glacial drift.
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Thirteen test holes were drilled near Minto and nine near Forest
River in an attempt to find an aquifer that would be suitable for a
municipal supply for the city of Grafton. Figure 5 shows the location
of these test holes and cross sections of the material penetrated. Some
sand and gravel were present in each section; however, they did not form
a large enough aquifer to yield a municipal water supply.

Chemical analyses of water from test holes 704, 705, and 707 are
shown on table 7. Theiron content was much in excess of the recommended
maximum for drinking water in 3ll of the samples analysed and the water
was very hard. These samples were all obtained from wells penetrating

alluvial deposits.
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TABLE 7.--CHEMICAL ANALYSES OF GROUND WATER

Analyses by State Laboratories, Bismarck, N. Dak.
Results in parts per million
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155-52-6bcb Test hole 704 o3 8~11~53 7 63 51 117 376
155-52=-6bbc Test hole 705 25 5-22~53 6 203 76 7 527
156=53=36ddd Test hole 707 26 5-22-53 10 155 66 30 565
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IN MINTO-FOREST RIVER AREAS, WALSH COUNTY
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TABLE 8.--LOGS OF TEST HOLES IN THE MINTO-FOREST RIVER AREAS

WALSH COUNTY

155-52=6bbe
Test hole 705

Formation Material

Alluvium
Silt, Bray.eccecessessscoscnssosnsccsrosccs
Sand, fine to medium, and abundant Recent
snail shellS.eseecessvecasscssscanscccce
Lake Agassiz Deposits
Clay, medium=gray.scecoseoessccccscscssce

155=52-6bcb
Test hole 704

Alluvium
Clay, silty, light-brownesececsccccssrcee
Sand, fine tO COArSE€.ssccesssscsvocsvscscs
Lake Agassiz deposits
Clay, medium=gray.csesssccsscsscccosccccs

155-52«6bcc
Test hole 703

Lake Agassiz deposits
Silt, sandy light-gray; may be in part

alluvium.-.....oooo000000000000-000.00.‘

Clay, mEdiUM‘gray.-..o-..o---oo-....-o--.

155-52=-6¢cbb
Test hole 702

Lake Agassiz deposits
§ilt, clayey, yellowish-gray.cecececevescs
Clay, medium-graYI.lﬁlo."..‘O........l..

155~52=6¢cbe
Test hole 701

Lake Agassiz deposits
Topsoil, silty, dark=grayeeecescencceccce
Silt, light-yelloW..ccccecsconcccosncaces
Clay, medium=gray..eceoecevesocccrccononce

155-53=~1aaa
Test hole 706

Alluvium
Silt, light=gray.cscececcosccscoccocscecce
Sand, fine to COBTS5€..cecescnscsacsvanses
Lake Agassiz deposits
Clay, medium=gray.eccecececscesscccscecacs

« LR =

Thickness Depth
(feet) (feet)
18 18
7 25
25 50
16 16
7 23
27 50
20 20
30 50
15 15
35 50
2 2
13 15
35 50
17 17
6 23
27 50



TABLE 8.-- LOGS OF TEST HOLES IN THE MINTO-FOREST RIVER AREAS
WALSH COUNTY ~~- Continued

155~53-31bba
Test hole 722

Formation Material Thickness Depth
(feet) (feet)

Alluvium
Sand, very coarse, and fine gravel....... 5 5
Gravel, fine, clayey, dark=-gray...csecee. 5 10
Clay, dark-gray, and coarse sand......... 5 15
Lake Agassiz deposits

Clay, mediun"gray.............--o...-.... 20 35
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine gravel. 15 50
155-53-31cbe
Test hole 716
Alluvium
' Sand, very coarse,and fine gravel...c.cce. 10 10
Lake Agassiz deposits
Clay, silty, medium~gray..ceeesseevocsoes . 20 30
Till and associated sand and gravel deposits
Clay, silty, light-gray, and fine gravel. 20 50
155-53-31cch

.Test hole 715

Lake Agassiz deposits

Silt, sandy, light~brown.sceseececesscse 10 10
Clay, sandy, medium=gray.esesesssvcesoss 25 35
Till and associated sand and gravel deposits
Clay, light-gray, and fine gravel....... 15 50
155=53-31cce
Test hole 714
Alluvium
Gravel.covsenccocssssccsccoscssesesnsnsse 5 5
Sand, fiHE.ooaooc-o-oooooooaocouoo-ou-n-; 5 10
Lake Agassiz deposits
Clay, medium"gray.o-oooo'ooooooooaao-o.a 15 25
Silt, clayey, light-gray..ceoscecescsses 15 40
Till and associated sand and gravel deposits
Clay, light-gray, and fine gravel....... 10 50



TABLE 8.--LOCGS OF TEST HOLES IN THE MINTO-FOREST RIVER AREAS
WALSH COUNTY ~- .Continued

155-54~-36aaa
Test hole 721
Formation Material Thickness Depth
(feet) (feet)
Lake Ajzassiz deposits
Silt, yellowish=gray...eeeeoceccscsoscsnse 10 10
Clay, medium=gray..eveccssecesccsoscssess 20 30
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine gravel. 20 50
155-54-36ada
Test hole 720
Alluvium
Silt, dark=brown...eecessesccccssccvsases 5 5
Gravel, fin€.cisesesvcosssoncnssscccnsccce 5 10
Gravel, mediumM..oseseecccssvscosvccccences 5 15
Lake Agassiz deposits
Clay, medium=-gray..ccececoescencscscavcoss 20 35
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine gravel. 15 50
155-54~36add
Test hole 719
Alluvium
Silt, sandy, interbedded.ccvecsccesccsss. 5 5
Sand, coarse O Very COArS€.escsssccscsss 5 10
Gravel, mediumM.ssaseesescsososcssansncase 5 15

Lake Agassiz deposts
Clay, medium to dark-gray; some
carbonaceous material...evecosscencaces 15 30
Till and associated sand and gravel deposits
Clay, silty, light-gray, and fine to

medium gravel..ccevecosescserssssnccecs 20 50
155~54-36daal
Test hole 717
Alluvium
Clay, silty, and gravelly, blackicessose.. 10 10
Lake Agassiz deposits
Clay, medium-gray.......-.........-...... 20 30
Till and associated sand and gravel deposits
Clay, silty, light-gray, and fine gravel. 20 50
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TABLE 8.--L0GS OF TEST HOLES IN THE MINTO=-FOREST RIVER AREAS
WALSH COUNTY -~ Continued

155~54~-36daa2
Test hole 718
Formation Material Thickness Depth
(feet) (feet)
Alluvium
Soil, sandy, dark-brown.ecceesseecocccsces 5 5
Sand, medium to coarse, and fine gravel.. 5 10
Gravel, finCesvsvenvssenssecsssansscsscns 5 15
Lake Agassiz deposits
Clay, Silty, light-gray.................. 5 20
Till and associated sand and gravel deposits
Clay, silty, light-gray, and fine to medium
gravel; highly calcareouScsceccccccecee 30 50
156=52=31bch
Test hole 713
Lake Agassiz deposits
Silt, yellowish=gray.ecesoecoscsocassscecs 15 15
Clay, medium-gray......-.....g........... 35 50
156=52=31bcc
Test hole 712
Lake Agassiz deposits
Silt, yelloWiSh-gray..........-o.n...... 10 10
Clay, medium-gray........................ 40 50
156-52=31cbbl
Test hole 710
Lake Agassiz deposits
Topsoil, silty, dark-grayesececccccoccccse 5 5
Silt, light yellowish-grayeseccoccoescese 15 20
Clay, mEdium~gr8y..-.....-..............- 30 50
156=52=31cbb2
Test hole 711
Lake. Agassiz deposits
Silt, yellowish=gray.ecscescoscccsoosccccs 15 15
Clay, medium=gray.ceceesecsscsececavcocace 15 30
Clay, yellowish-gray............-........ 5 35
Clay, medium=gray.eesccscesscecscsscsanes 15 50
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TABLE 8.--LOGS OF TEST HOLES IN THE MINTO~FOREST RIVER AREAS
WALSH COUNTY =~ Continued

156=53=-36dad
Test hole 709
Formation Material Thickness Depth
(feet) (feet)
Alluvium
Silt, B8V essecsscossscssosoenncsscccnososes 10 10
Silt, Sandy, blackesoesscoessascsssccccns 5 15
Sand, silty, some carbonaceous material.. 10 25
Lake Agassiz deposits
Clay, medium~gray.s.csvesooecsesssscscssss 25 50
156-53-36dda
Test hole 708
Alluvium
Silt, gray and brown..esceesssssessssaces 12 12
Sand, clayey.eceocoesosssosossccsccccsans 3 15
Sand, fine to coarse, and fine grave, and
some Recent snail shellS....eecs0s0s000 7 22
Lake Agassiz deposits
Clay’ medium-gray............-........... 28 50
156-53-36ddd
Test hole 707
Alluvium
Silt, light-brown and gray.ecescessocscess 15 15
Sand, medium to coarse, and some Recent
snall shellS..cecevesesosconsosccsessns 11 26
Lake Agassiz deposits
Clay, medium=~gray.eseececsesscccessccscscs 24 50
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Powers Lake Area, Burke County

Powers Lake is in southwestern Burke County in northwestern North
pakota. It is a part of the Westerm Young Drift section of the Central
Lowland Province of Fenneman (1938, p. 559) and is in the Missouri
Plateau region as designated by Simpson (1929, p. 4). The area covered
during the investigation included parts of secs. 25, 26, 35, and 36, T.
159 N., R 93 W. The investigation consisted of test drilling and
collection of water samples for chemical analysis and was limited to the
confines of the city of Powers Lake. Six test holes were drilled and
water samples were collected from three of them. Logs of test holes
are included in table 10 and results of water analyses are shown in table
9., Locations of test holes are shown on figure 6.

The average annual precipitation recorded by the United States
Weather Bureau at Bowbells, about 30 miles nottheast of Powers Lake, is
17.60 inches based upon data gathered during the period 1925 to 1959.
The mean annual temperature for the same period was 38.1 degrees.

Surface deposits in the Powers Lake area consist of glacial till of
Pleistocene age. The till is composed of clay, sand, and gravel in
varying amounts; clay is the predominant constituent.

The bedrock in the area is the Fort Union formation of Paleocene age
which consists of interbedded clay, sand, gravel, shale, and lignite.
Because it was not possible to distinguish between the glacial till and
the bedrock in the drill cuttings, the contact between till and bedrock
is not delineated. As a consequence, formation names are not included
in logs of test holes.

No extensive aquifer was located as a result of the test drilling

in the Powers Lake area. Small to moderate supplies of ground water are
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available from sand deposits in the glacial drift. However, since the drift
aquifers are discontinuous and small in areal extent, it is doubtful that
permanent supplies of any magnitude can be obtained from them,

Larger permanent supplies of moderately to highlymineralized but
generally soft water are available from the Fort Union formation. Water-
bearing zones in this formation consist of beds of sand, gravel, and lignite.
The lignite beds probably cover a wide area but the beds of sandstone or
sand and gravel are discontinuous and gradational. Throughout a broad area,
however, they may be hydraulically connected. Although the permeability
of the Fort Union formation as a whole is limited by the presence of clay
in its component beds, it is the only water-bearing material in the area
capable of yielding water in amounts sufficient for a municipal supply.

Chemical analyses on four samples from three test holes drilled in the
area indicate relatively soft water with fairly high sulfate, sodium, and

becarbonate concentrations.
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TABLE 9.--CHEMICAL ANALYSES OF GROUND WATER

Analyses by State Laboratories, Bismarck, N. Dak.
Results in parts per million

g wa§ 0] g

'3 ) ° t') i & g -3 ~ g g

85 Eug 23 iz 12 83 ig

L 27 s& §° 3& 3E

§ - 8% § &7 ¢

159-93

26dda Test hole 780 1/ 8-53 1.1 0 60 450 14

26ddc Test hole 784 2/ 8«53 2 24 92 720 15
Do Do 3/  8-53 .6 18 9 740 16

26ddd Test hole 785 &/ 8-53 .8 25 148 362 12

1/ sample from 112 to 126 feet.

2/ Sample taken after short period of pumping, depth from 82 to -
126 feet.

3/ sample taken after considerable periodof pumping, depth from
82 to 126 feet.

4/ Sample from 82 to 106 feet.
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IN THE POWERS LAKE AREA, BURKE COUNTY
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TABLE 10.--LOGS OF TEST HOLES IN THE POWERS LAKE AREA, BURKE COUNTY

159-93-26dab
Test hole 781

Material

Topsoil, sandy, black.ieieceeeeescoceresvocescovsonsns
Sand, fine to coarse, and fine gravel.eseecoscssvceocs
Clay, very sandy, light greenigsh-gray, and fine to
medium gravel, and shale pebbleS..cescescvccocasses
Clay, sandy, medium-gray, and streaks of light-gray..
Sand, coarse, clayey, and fine gravel, and the
coarser fraction consists of shale fragmentS.e...e.
Clay, sandy, gray, and fine to medium gravel..eceecee.

159-93-26dac
Test hole 782

Topsoil’ blacktoo.'.‘....».Qt.'...Q.'i......ll...“...
Sand, medium to coarse, and coarse gravel.cescecessecs
Clay, Sandy, light greenish-gray..........-......-...

159-93-26dda
Test hole 780

Topsoil, blackg-non.o-o.n-u-oo-’o-.ooonc-oaclooooco--
Sand, medium to coarse, and fine to medium gravel....
Clay, yellowish-gray, and fine to medium gravel, and
shale pebbleSsisissssaiissseissoimisnsbntsssssssonss
Clay, sandy, light greenish-gray, and medium gravel..
Clay, Sandy, dark-gray.o..--.-..q.--.-......-........
Sand, fine to medium, clayey, and fine gravel, and
the coarser fraction consists of shale fragments,..
Clay, very sandy, darkegray..ssenescoccosvecocoscsncss

159-93~26ddb
Test hole 783

Topsoil, black....ouoocc-a.n-ooco-ooo‘.-onooooco.ooo-
Sand, silty, and fine to medium gravel.scecescscscsces
Clay, yellowish-gray, and fine to medium gravel, and
shale pebblesococoa-.---o-ooo-ucaooo-ooovo-c--noo--
Clay, gray, and fine to medium gravel, and shale
pebbles....................--.u....-.-..-.......-..
Gravel, fine to mediuMeeseceocascvecoscsssacsnconssonsna
Clay, 118ht greenish‘graYoocon-ovoooootooooco-ooooo.-

Thickness Depth
(feet) (feet)
1 1
23 24
22 46
61 107
9 116
14 130
1 1
15 16
14 30
3 3
12 15
11 26
22 48
64 112
14 126
24 150
2 2
4 6
2 8
8 16
2 18
12 30



TABLE 10,-~LOGS OF TEST HOLES IN THE POWERS LAKE AREA

BURKE COUNTY ~-- Continued

159-93~26ddc
Test hole 784
Material
Topsoil’ black’..'l'l"‘..'.'l.t."‘.l.'..'..l."ll...

Sand, very coarse, and fine gravel...c.ecececvescccsss
Clay, gray, and fine to medium gravel, and shale
pebbleS.cscseesccssscvcansssssoscanscssoesssnovaacane
Sand, medium to coarse, and fine to medium gravel, and
the coarser fraction consists of shale fragments....
Clay, sandy, light-gray..ccececececsccsescccnseccvocse
Clay, sandy, medium=gray...ccecococovececssoccnscocnce
Clay, smooth, medium=gray..ccscecoeesoevsocscocoscncnce
Sand, fine, clayey.eeeseersncccccnrssrscscscosrossaccccs
Clay, sandy, medium=gray.sceeccoscscscesensccsscocccasns
Sand, fine to coarse, and fine gravel, and the coarser
fraction consists of shale fragmentS...esoeovcconcne
Sand, very coarse, and fine gravel, and the coarser
fraction consists of shale fragmentSeacessseveacssce
Clay, medium=gray..eseceeecssscoseccsssacscoansconsens

159-93-26ddd
Test hole 785

Topsoil, black..sessercocecnrersrervooranscnconnscnacss
Sand, fine to coarse, and fine to medium gravel,.....
Clay, sandy, light=gray..cceecsccscscoccesssvccosncans
Sand, fine, clayey.scesessocccssssscovocsoscncssnssses
Clay, hard, Bray...eecacecssocoscocsesssesscocescanscs
Sand, fine to coarse, clayey, and the coarser fraction

consists of shale fragmentS.sseseevsssesssreccccacces

Lignite.l..'....l.‘.....l.l...'l.l"".........'..0..'

Clay, gray.....O'.O......'CI...I.O.............'...l.. '.

Sand, fine tO COAYSE.scsssevocsososcsscssssrsnsacscsve
Clay, light=gray..cceseescssccescescssssrosccosocsccce
Sand, fine to mediumoooooonoo.oounononlo.ocooaoooccono
Clay, gray, and fine to medium gravel.eccsscsovsscsacsse
Sand, medium to coarse, and fine gravel; drills hard
as though it may be cemented..sesecsecccccscoscocese
Clay, gray, and fine to medium gravel..cecececcccceccs
Clay, hard, light°gray............-........-.........-
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Thickness Depth

(feet)

11
7

5
16
10
17

5
10

12

32
14

16
41

18

24
20

oy
nmunmppon

[
W~ N

(feet)

1
12

19

24
40
50
67
72
82

94

126
140

17
58
64
82

106
126
138
144
148
153
158

170
177
180



Maddock Area, Benson County

The Maddock area is in the south-central part of Benson County in north-
central North Dakota, It is a part of the Western Young Drift section
of the Central Lowland Province of Fenneman (1938, p. 559) and is in the
Drift Prairie as designated by Simpson (1929, p. 4). The report area
consists of 108 square miles and includes: secs. 7 through 36, T. 152 N.,
R. 69 W., secs. 1 through 24, T. 151 ¥,, R. 69 W., secs. 7 through 36, T.
152 N., R. 70 W., and secs 1 through 24, T. 151 N., R 70 W..

The average annual precipitation recorded at the United States Weather
Bureau station at the Agricultural School in Maddock is 12,43 inches based
upon data gathered during the period 1914 to 1959, and where the mean
annual temperature during the same period was 40,0 degrees. Most of the
precipitation falls during the growing season.

The topog;aphy of the Maddock area consists of gently rolling prairie
dotted with potholes and sm1l depressions. The surface rises gradually
northward, and drainage is effected by two major streams that flow south~
" ward into the Sheyenne River, which in turn flows eastward through the
southern part of the area.

The surface deposits of the Maddock area consist of glacial drift in
the form of ground moraines. Relief in the area is very moderate, generally
only about 30 feet. The glaciated surface has been only slightly modified
by stream erosion except where the Sheyenne River and its major tributaries
have incised comparatively deep valleys, The glacial drift is composed
lérgely of shale derived for the most part from the underlying Cretaceous
formations. The tendency of this material to slump and creep when it
becomes frost £rge has probably modified the hills to the extent of making
their slopes more gentle than they were when originally formed. The thick-

ness of the glacial drift deposits differs considerably throughout the area.
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At the locations of the test holes (see fig. 7), the thickness of these
deposits ranged from 25 feet to 139 feet and averaged 67 feet.

At the sites of test holes 7, 8, and 9 (see fig. 7), a formation
believed to be the Fort Union of Paleocene age was penetrated directly
beneath the deposits of glacial drift. The formation is composed of
interbedded sand, gravel, clay and lignite, with clay the predominant con~
stituent. One of these test holes is within the city limits of Maddock,
one is east and one is west of the city. As the Fort Union (?) formation
was not penetrated by test drilling in other parts of the area, it 1is
believed that the city of Maddock is situated on an erosinnal remnant of
that formation. Inasmuch as the test drilling pattern did not cover the
entire report area, it is not known whether the Fort Union formation is
present at other locationms.

The Pierre shale constitutes the bedrock throughout i the area, except
for the small part where the Fort Union formation is believed to be present.
At scattered points where it is exposed in road cuts, the Pierre shale is
blue gray, poorly indurated, and has a pronounced rectangular cleavage
which causes it to weather into blocks or sheets. Near the surface the
shale is discolored by limonitic stains and tends to fade to gray.
According to the log of the Shell 0il Company, Eilert Spidahl No. 1 oil-
test hole (152-69-21ad), the thickness of the Pierre shale 1% miles north-
east of Maddock is 850 feet (Carlson, 1955). As the Pierre shale is
relatively impermeable, water-well drilling in the area customarily is
terminated at its upper boundary.

The bulk of ground=water supplies in the Maddock area are obtained

from sand and gravel within the glacial till or at the base of -
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the till and immediately above the Pierre shale. Aquifers of this type
supply water in sufficient quantity for farm and domestic use except during
periods of prolonged drought. Wells penetrating such deposits range in
depth from about 12 to 250 feet. Larger supplies of ground water may be
obtained from the alluvial gravel deposits of the Sheyenne River valley and
the alluvial deposits in relatively deep tributary valleys. At some places
sand and gravel lenses in the till are absént and drilling is continued to
the top of the Pierre shale, where sandy layers may furnish moderate supplies
of rather highly mineralized but soft water,

The most favorable location for a ground-water development for the city
of Maddock is Big Coulee, approximately 2 miles west of the city., Test
holes 2, 3, and 4 were drilled across Big Coulee and each hole penetrated
alluvial deposits of sand and gravel. The respective thicknesses of sand
and gravel at the sites of these test holes were 59 feet, 16 feet, and 79
feet.

In 1947 the city of Maddock contracted for the installation of a well
in the vicinity of these test holes. In November of that year an aquifer
test was made at the city well. Calculations based upon data gathered
during the test indicated the coefficient of transmissibility to be 590,000
gallons per day per foot. This figure is very favorable for a sand and
gravel deposit of this type and indicates that the aquifer is quite permeable
and should yield water readily. This well has been the source of supply for

the city of Maddock since 1947.
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TABLE 11.--RECORDS OF WELLS AND TEST HOLES

Depth of well and depth to water: Measured depths
given in feet and tenths or hundredths; reported
depths given in feet.

Type of well: Dr, drilled; Du, dug; Dv, driven.

Location Owner or Depth Diameter Type Date
No. name (feet) (inches) completed

151-69

4aba L. T. Lommen 11.8 30 Du 1936
6ced Ole Albertson 62 % Dr 1916
8bbb Orin Tweten 24 48 Du ceen
11bbb M. Shaffer 16 48 Du 1905
11bbe J. R, Maddock 28 36 Du 1905
17bab Henry Wisness 26 60 Du 1918
20c¢bb Victor Hakanson 19.1 36 Du 1929
2lach L. T. Lommen 20 48 Du 1896
151-70

labb Phillip StrombErg 22 . Du eese
lada Anton Fosson 30.6 48 Du 1930
lcca Paul Wold 31.1 e Du 1906
2cadl Anton Green 33.3 - Du -
andz Do 26.6 " e Du se0e
2ddc Mr. Iverson 4 .o Du oo
11ddb N. Halvorson 53 4 Dr R
1lldca Anton Berqoust 16 .o Du 1939
13adc Erwin Petzke 63.6 o Dr g
23bbel Dahlstrom Bros. 24,6 30 Dr PR
23bbc2 Do 35.7 30 Dr 1937
23cce Roland Nelson 24 30 Dr T
24daa J. Hakanson 25 o - o
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IN THE MADDOCK AREA, BENSON COUNTY

Date of measurement:

Use of water:

Date given is date water

level was measured for measured depths to water
it is the date of report for reported depths to

water.

D, domestic; Ind, industrial, Irr,

irrigation; N. none; PS public supply; RR,

railroad; T, test hole;
Depth to Date of Use Aquifer Remarks
water below measure=-
land surface ment
(feet)
10.58 6=-19~46 D,5 Sand Water reported hard; potable but unfit
for drinking.
22 . S Sand Water reported hard.
3.5 Waw W D Sand - Water reported to be of poor quality.
12 BFE B N Sand Water unfit for use.
ceee cevenes D,S .... Water potable but hard.
7 P TTT S Sand Water too hard for domestic use. Has
high alkaline content.
8.4 R— S Sand Water reported hard, alkaline. Unfit
. for human consumption; quicksand
17-22 feet.
14 - D,S Sand Water reported good.
10 assweies D,S .... Water reported hard,
9.55 cssssee S Gravel Water reported hard.
3.3 v S Sand Do.
24,7 B BE S Gravel Do,
13.25 newwswe N Npn—
Flow e S eess Adequate supply.
15 crseene S Gravel Do.
5 seesens D,S Sand Water potable but hard.
27.85 sevesae S Sand Water reported hard,
14.55 e D Sand Water reported soft.
8.8 sEEEEEa D,5 Less Do. '
12.3 cecense S .ess Water reported hard; alkaline.
12 . D .ess Water reported hard.
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TABEL 11.-~RECORDS OF WELLS AND TEST HOLES

Location gwner or Depth Diameter Type Date
No. name (feet) (inches) completed
152-69

8cdc J. Pfeifer 95 4,5 Dr &%
15ach A. 0. Bakken 25 30 Du seee
16bcb B. Hawkinsted 55 4 Dr 1921
18abb P, Rangen 70 4 Dr o
19dcd Test hole 5 90 5 Dr 1946
19ddd1 Mrs. A. K. Gilbertson 40 24 Dr 1908
19ddd2 G. A. Neilson 56 15 Dr 1908
20aadl A, 0, Johnson 33.2 42 Du 1938
20aad? Do 150 4 Dr 1914
20aad3 Do 80 30 Dx 1936
20bcdl H. F. Legried 70 24 Dr 1930
20bcd2 Do 70 24 Dr 1930
20cab R. Bergsgaard 67 0% Dr 1928
20cbce Test hole 8 90 5 Dr 1946
20cdcl Louis Bratvold 20 6 Dr 1939
20cdc2 Do 58.3 24 pDr 1931
20dcd3 city of Maddock 20 120 Du 1900
20cdch Herman Nelson 21 30 Dr 1907
20dac E. B, Spidahl 13 30 Dr T
20dcal Agriculture School 30 72 Dr 1929
20dca2 Do 31 30 Dr 1913
20dcb E. M. Speidahl 10 48 Du coae
22ccc T. Tandeski 89.5 36 Dr 1929
22cddl Do 9.2 30 Du sees
22cdd2 Do 18.3 30 Du ——
22dcc Test hole 9 61 5 Dr 1946
23cce Wwilliam J. Maddock 135 2 Dr 1907
24ced Test hole 14 80 5 Dr 1946
26bba Test hole 10 140 5 Dr 1946
26¢ccb G. Ashford 40 5 Dr 1915
27achbl Northern Pacific RR 18 120 Du 1905
27ach2 Morris Jacobson 10 30 Du 1936
27bce Do 40 36 Du 1940
27ddal R. Scott 19.6 e Du coes



IN THE MADDOCK AREA, BENSON COUNTY -- Continued

Depth to Date of Use Aquifer Remarks
water below measure~
land surface ment
(feet)
o eseuese D,S Sand Water reported soft, inadequate for
domestic use.
12 6-20-46 S ..o Water reported hard, inadequate for
25 62046 g Sand domestic use.
cosas ceeosas D,S Gravel Water reported soft.
SewEe sessense T esss Hole refilled, See log.
29 6~ 6-46 S eess Water hard, unfit for domestic use.
22,87 6~ 6-46 D,S Sand, Water hard, inadequate supply.
gravel
11.76 6-21-46 S Sand Water unfit for human consumption.
19 6-21-46 N Sand Water reported hard.
25.3 6-21-46 D,S Gravel Do.
55 6-21-46 S esss Water unfit for human consumption.’
See log.
50 6-21-46 S .ses Water reported salty.
30 6= 7=46 b,S ..es Water reported not very hard.
eseee cuseEEe T vees Hole refilled. See log.
esves ecssess D,S seov See log.
15.3 6-19-46 S +sss Water unfit for drinking.
5,97 6~ 5-46 PS «ess Water unfit for domestic use.
10,92 6= 5-46 D,S Sand Water reported hard.
8.52 6~ 5-46 D o
19 6~ 5-46 PS Sand Water reported hard,
12,36 6~ 5-46 PS Sand Do.
8.75 6-19~46 S Sand Water unfit for drinking.
13.2 6-19-46 s Clay Water reported very hard.
5.1 6-19-46 N Sand Water reported hard.
9.15 6-19-46 S S Do.
vneoe N T e Hole refilled. See log.
eseee 5= 5-46 D,S .... Flowing well. Yields 1.7 gpm. See log.
FEEes TS T P Hole refilled. See log.
L ] » 50990009 T LR 2 3 ] Do.
sesee e D,S Sand, Water reported hard but potable.
gravel
7.57 5~16-46 RR Gravel Gravel reported to bottom.
5.26 5-16-46 S Sand Gravel and sand reported from 20to 10
feet,
sesse svoREss S eess 'Two feet of topsoil, 38 feet of till,
Water poor
10.85 6-19~46 S Gravel Water reported hard, unfit for drinking
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TABLE 11,--RECORDS OF WELLS AND TEST HOLES

Location Owner or Depth Diameter  Type Date
No. name {feet) (inches) completed

152-69 - Continued

27dda2 Do 28 30 Du TTL
28aab Test hole 6 99 5 Dr 194¢
28bba Test hole 7 91 5 Dr 194¢€
28dddl H. Sundet 75 24 Dr 1925
28ddd2° Do 100 6 Dr 1920
2%abb 1. Johnson 28 36 Du 1926
29bzal Maddocl: School 258 5 Nz 1918
29pza2 J. H., Johuson 15 &6 b 1940
29babl Maddock School 63 30 Dr 1922
29bab2 Do 43 5 Dr 1918
29bacl Mrs. Anna A. Olson 15 42 Du 1930
29bac2 C, O. Christianson 62 18 Dr N
29bbbl C. T. Madsen 90 24 Dr 1915
29bbb2 Do 22 36 Du 1915
29bbe Herman Rice 152 4 Dr 1913
29bbdl C. 0. Christianson 60 12 Dr 1220
29bbd2 V. Johnson 38 - Dr 1938
29bddl C. Westby 56 42 Du 1940
29bdd2 Do 214 6 Dr 1940
29bdd3 Do 60 48 Du 1916
30aaal S. R. Swenson 14 48 Du 1900
30aaa2 Do 12.5 42 Du 1910
31bab Herman Rice 41 42 Du 1930
32bab Leo Spriggs 35 24 Dr 1900
32cca M. RKnottarud 32 12 Dr 1928
34bce A. C. Sundet 85 6 Dr 1928
34cbb Do 96 6 Dr 1922
34daa Melvin Hagen 134 3 Dr 1941
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IN THE MADDOCK AREA, BENSON COUNTY -~ Continued

Depth to Date of Use Aquifer Remarks
water below measure~
land surface ment
(feet)
12.85 6-19-46 D,S Gravel Water potable but too hard for wash-
ing clothes.
csese ceeseas T wows Hole refilled. See log.
R eesesce T es s e Do.
30 6-19-46 S Sand Water unfit for domestic use.
csees eseasse D Sand  Water :feported ‘6oft, potable
12.6 6-19-46 D, Sand Water reported soft,
cesien vorssnse N “ss. Dry tesc hole;drilled in shale most of
way
8.96 6~ 6-46 N Sand Water unfit for drinking.
6.33 6~ 5-46 PS Sand Do.
12,96 6- 5-46 N ... Water supply inadequate but good
quality.
6.34 6~ 7-46 S vse» Water unfit for domestic use.
15.49 6= 5-46 Irr .... Water used for watering garden.
ok B ¥ e 0 N Sand Water supply inadequate. Blue clay
from surface to 90 feet, a little
sand at 90 feet
cenes »iim Ind Gravel Water reported hard,
30 6= 5-46 D «es. Water reported soft.
6.04 6~ 5-46 N s
" W D cees Water reported hard.
T PR S Gravel Water reported alkaline.
sesen esesone N «+«es Test hole, blue clay and till to
bottom.
46,14 6-21-46 S Sand Water unfit for domestic use.
9 6~ 6-46 S ce+s Water unfit for drinking, and quite
hard.
8.53 6~ 6-46 S sawe Do.
24.28 6- 5-46 S Sand Water reported good quality.
cesse ressnon D,S Sand Do.
24 6~ 19-46 D,S Sand
50 6-19-46 D,S Sand Water reported soft.
50 6-19-46 D,S Sand Do.
ienbae D,S Shale Water reported hard.

PO
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TABLE 11.--RECORDS OF WELLS AND TEST HOLES

Depth

Location Owner or Diameter Type Date
No. name (feet) (inches) completed

152-70

1laal C. BaCkStrom 12 .8 Py Du oo
llaa2 Do 89.4 - Dr cnEm
13abb Harry Hetler 75 3 Dr P
13dc T. T. Sabie 72 24 Dr 1920
23bc J. M. Hellesvig 72 24 Dr 1929
23dcce Ed Foss 19 24 Du 1935
23dcdl Test hole 3 100 5 Dr 1946
23dcd2 Test hole 4 120 5 Dr 1946
23ddc Test hole 2 61 5 Dr 1946
24aa P. Backstrom 70 6 Dr cena
24bb L. Hoberg 76 24 Dr esoe
24ccce Test hole 1 60 5 Dr 1946
25aabl Jens Neilson 80 6 Dr 1928
25aab2 Do 40 48 Du 1928
25bbb City of Maddock 63 10 Dr 1947
25dca Ed Westby 30 18 Dr 1900
26ada J. G. Georgeson 10 1.5 Dv 1939
26cac P, A. Sorlie 13 1.2 Dv 1916
26ddd B. Benson 26 36 Du 1936
26ddc Test hole 12 47 5 Dr 1946
35aba Test hole 13 81 5 Dr 1946
35dch A. Johansen 42 24 Dr cess
26bbb Test hole 11 41 5 Dr 1946
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IN THE MADDOCK AREA, BENSON COUNTY -~ Continued

Depth to Date of Use Aquifer Remarks
water below  measure-
land surface ment
(feet)
3.4 amEE . D Shale
34.4 seidsee D,S .... Water reported soft.
ssese wonenee S Cravel Water reported salty.
14.5 6~20~46 D,S Sand Water reported hard.
66 6-20-46 D,S Sand Do
15.74 6 =5-46 D,S Sand
§§oa @ R TT T S Hole refilled. See log.
cosse secssee T sees Do.
. s ET G T TPy Hole refilled. See log.
32,27 6-20-46 D,S ..o, Water reported soft.
20,78 6-20-46 D,S Sand Do.
veeves i REREEe T S— Hole refilled. See log.
vossae csrneas D,S Sand Water reported too hard for washing
clothes.
39 6-21-46 S I Do.
sesiee o i e PS TP
14.3 6- 6-~46 S Gravel Jater reported hard.
csuee ssssres D,S Gravel Gravel ffom surface -down to 9 feet.
10 6-20-46 D,S Sand, Water reported soft. -8and -and gravel
gravel - to bottom.
24 6-20~-46 D,S Gravel Do.
o cie e T ehes Hole refilled. See log.
P csesane T cons Do.
36 6-20~46 D,S .... Water reported hard. See log.
esvae sEaeuee T coes Hole refilled. See log.
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TABLE 12.--LOGS OF TEST HOLES IN THE MADDOCK AREA, BENSON COUNTY

152-69-19dcd
Test hole 5
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Sand, fine to medium, clayey DrOWD.essossvss 15 15
Gravel, fine to medium, and shale pebbles... 15 30
Sand, fine, angular, gypsiferous, clayey,
DI OWN. eeovossoseossnsssoososnsosonsssorsococs 5 35
Fort Union formation
Sand, fine, gypsiferous, clayey, graye.cec.ce. 55 90
152-69-20cbc
Test hole 8
T111 and associated sand and gravel deposits
Clay, very sandy, yellow, and fine to medium
Eravel..veacecocssoncecearesssecnnsoconoce 9 9
Clay, sandy, gray, and fine to medium gravel
and shale pebbleS..cceoeesssossarecrccccccs 16 25
Fort Union formation
Sand, fine, angular, gypsiferous, light-gray 65 90
Pierre shale
Shale, Bra8Y¥ececececssresessssoccocennccavnss 2 92
152-69-22dcc
Test hole 9
Till and associated sand and gravel deposits
Clay, silty, yellow, and fine to medium gravel 10 10
Clay, sandy, gray, and fine to medium gravel
and shale pebbleS.secaccccsecssccvasccnsce 50 60
Pierre shale
Shale, gray........-......-...-...........-. 1 61
152-69-24ccd
Test hole 14
Till and associated sand and gravel deposits
Clay, silty, yellow and fine to medium
BraVel.coesscvonoasssocnscocsasncannsnecve 7 7
Clay, sandy, gray, and fine to medium gravel 83 90
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TABLE 12,~-L0GS OF TEST HOLES IN THE MADDOCK
BENSON COUNTY == Continued

152~69=26bba
Test hole 10

Formation Material

Till and associated sand and gravel deposits
Clay, silty, yellow, and fine gravel.......
Clay, sandy, gray and fine to medium gravel,
and shale pebbles..svcceccvcesnceorcnnaes
Pierre shale’
Shale, gray..ccoeseecevsaceoscccorossannons

152=-69-28aab
Test hole 6

Till and associated sand and gravel deposits
Clay, silty, yellow, and fine gravel.......
Clay, sandy, gray and fine to medium gravel
and shale pebblesS.cscscossracscscscnsvess
Pierre shale
Shale, grayeececesossescocsvecscsscsacsossveoce

152-69-28bba
Test hole 7

Till and associated sand and gravel deposits
Clay, silty, light-gray, and fine gravel
highly calcareouS..ssecesessscesoncrcssss
Sand, poorly sorted, silty, brown..eeeeccese
Clay, sandy, gray, and fine gravel.........
Fort Union formation
Sand, fine, angular, gypsiferous, gray.....

152-70-23dcdl
Test hole 3

Till and associated sand and gravel deposits
Topsail, silty, light-brown..sesesceecescree
Gravel, fine, fairly well sorted, clayey,
B3V eesssecesvssvcscsssencserosssssscstscscse
Clay, light-gray, and fine to medium gravel
and shale pebbleS..sseseevcceccrsccecscse
Pierre shale
Shale, 8TraYeescecsosssscocscscsvenssaccnscas
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Thickness Depth
(feet) (feet)

11 i1

128 139

5 144

10 10

90 100

4 104

5 5

10 15

20 35

55 90

5 5

16 21

59 80

20 100



TABLE 12.-~LOGS OF TEST HOLES IN THE MADDOCK AREA
BENSON COUNTY -=- Continued

152-70-23dcd2
Test hole 4
Formation Material Thickness Depth
(feet) (feet)

Till and associated sand and gravel deposits
Clay, light=gray..ccesesacccccescoesossaccenens 5 5
Sand, medium to coarse, brown..,eeveceaccosccs 5
Sand, coarse, and fine gravel, and the

coarser fraction consists of shale fragments 10 20
Gravel, very coarse, clayey, brown....esoeeee 7 27
Gravel, fine, and coarse sand, light-brown... 6 33
Clay, silty, light-brown and fine gravel..... 7 40
Clay, silty, gray and fine gravel...ccoveeee. 19 59
Sand, fine to medium, Zrayv.ccecesscosssecovess 21 80
Gravel, fine to medium gray.e.veesesavessecess 30 110
152-70-23ddc
Test hole 2
Till and associated sand and gravel deposits
Gravel, poorly sorted, clayey, brown..,see... 10 10
Sand, medium to coarse, brown......ceececeeees 10 20
Gravel, fine to medium, brown...eeeoseceseee. 10 30
Gravel, medium to coarse, broWh.seseeceescsss 29 59
Pierre shale
Shale, Bray..cecoeencesscscscssscsosessscaccns 2 61
152-70~24ccc
Test hole 1
1)
Till and associated sand and gravel deposits
Sand, medium to coarse, brown...,eceeeeeccsevee 9 9
Pierre shale
Shale, gray..ceescecssessssscessssnssccssnsss Ol 60
152-70-26ddc

Test hole 12

Till and -associated sand and gravel deposits
Clay, sandy, DroWneseesscovsscaccosonsvseonscs 9
Sand, fine to medium, DYOWh.esssesvesesssoese D 14
Gravel, well sorted, angular, clean, brown... 21 35
Pierre shale
Shale, Erafusssssesvssneusnsuesanesennsnnpsnye Lo 47



TABLE 12,~-«LOGS OF TEST HOLES IN THE MADDOCK AREA
BENSON COUNTY =-= Continued

152-70-352ha
Test hole 13
Formation Material Thickness Depth
(feet) (feet)
Till and associated sand and gravel deposits
Sand, medium, silty, DroWwn.eessesccsccssss 20 20
Sand, medium, and fine gravel, and the
coarser fraction consists of shale......
EEANENE S connvunveommnwesssssesossssvans 15 35
Clay, silty, gray, and fineto medium
gravel, and shale pebbleS..vevscsssvnsss 33 68
Pierre shale
Shale, gYaYeeeesceoseosvoscossssnsssoscconse 13 81
152-7C~-36bbb
Test hole 11
Till and associated sand and gravel deposits
Topsoil, silty, gray, and fine gravel..... 5 5
Gravel, coarse, sandy ,broWwn.ccoecsesescsss 34 39
Pierre shale
Shale, grayiecscsesecccsscscsvosasscansons 2 41
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Hunter Area, Cass County

The Hunter area is in the north-central part of Cass County in south-
eastern North Dakota. It is a part of the Western Young Drift section of
the Central Lowland Province of Fenneman (1938, p. 559) and is in the Red
River Valley area as designated by Simpson (1929, p. 4). The area
studied during the investigation totals 72 square miles and includes; all
of T. 153 N, Rs. 51 and 52 W,

The average annual precipitation recorded at the United States
Weather Bureau station at Hillsboro, approximately 17 miles northeast of
Hunter is 20.56 inches based upon data gathered during the period 1905 to
1959, The mean annual temperature for the same period was 41.7 degrees.

The Red River Valley is a broad flat glacial-lake plain formerly
occupied by glacial Lake Agassiz. 1In the vicinity of the city of Hunter
the plain is flat. The only topographic features worthy of note are beach
ridges and the shallow valley of an intermittant stream. The two most
prominent beach ridges, Campbell and McCauleyville, trend in a northweste~
southeast direction and mark intermediate stages of Lake Agassiz., The
Herman Beach, which marks the highest stage reached by Lake Agassiz, 1s
approxima;ely 10 miles west of Hunter.

fhe gsurface deposits in the Hunter area are composed almost entirely
of lake clay and silt. In the small part of the surface area occupied
by beach ridges, surface deposits consist of fine silty sand. 1In the test
holes drilled in the area, the thickness of the clay and silt deposits
ranged from 3 feet to 94 feet and averaged 49 feet. A thin veneer of
clay and silt deposits covers the surface at all test hole locations., At

some locations the clay and silt extend to considerable depth, as in test
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hole 792 (see fig. 8), where the drill penetrated 163 feet of clay and

silt before passing into glacisl till, At test hole 789, 18 feet of clay
.was penetrated at the surface; below this the drill penetrated 2 feet of
till, 102 feet of igke clay and silt, and then glacial till again. A total
of 13 test holes (see table 15) penetrated two distinct clay and silt

units which were separated by deposits of glacial till. These facts
indicate that a glacial lake existed in the Red River Valley prior to

Lake Agassiz. No oxidized zone was observed in cuttings from the lower
till. It is probably, therefore that the area was ice free for only a
short time prior to the formation of the older lake. It would be difficult
in view of the evidence at hand-to place these events precisely in

geologic time. The older lake may have been formed prior to the Mankato
substage of the Wisconsin stage of Pleistocene glaciation,

The Benton shale of Cretaceous age is present in parts of the area,
Eleven test holes (see table 15) were drilled through the glacial drift
and into the shale. One test hole, 787, was drilled completely through

‘the shale which was 215 feet thick at that location (143-52-1l4ddd). The
Benton is a grayish-black poorly indurated shale containing numerous
shells and shell fragments. When dry the shale splits along very thin
bedding planes that are separated by a film of calcareous material.

An examination of the cross sections along section D~D' (see fig. 8)
reveals the presence of a valley in the Benton shale. Preceeding along
the section from west to east, the shale is present in test holes 789,
788, 787, 797 and 798, but is absent in test holes 799 and 796. Test hole
796 was drilled to a depth of 410 feet and penetrated what is apparently

valley alluvium in the form of poorly sorted sand between the depths of
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185 feet and 410 feet. The thick deposit of sand occurs below the bottom
of the older till. 1In view of this fact and the fact that pre-Pleistocene
deposits of Tertiary age do not occur in eastern North Dakota, it is
possible that this valley carried a considerable volume of water during
pre-Pleistocene time or during the Pleistocene epoch prior to the
Wisconsin stage of glaciation.

The Dakota Sandstone underlies the Benton shale at the site of te;t .
hole 787. At this location (143-52-14ddd), the formation is 17 feet in
thickness and - is composed of well-rounded grains of fine to medium white
quartozose sand. Records of wells and quality of water studies indicate
that the Dakota sandstone is probably present in a major part if not all
of the report area.

A deposit of white kaolinitic clay was reached in test hole 787 at
a depth of 478 feet below land surface. Drilling was continued in this
material for 22 feet to a depth of 500 feet. It is possible that the
kaolinitic clay represents weathered granite and it is probably that this
material underlies the entire report area.

The majority of wells in the Hunter area draw their supplies from
sand and gravel deposits of glacial drift. Some of these deposits may be
in the form of sand and gravel lenses, but usually they are sandy and/or

‘gravelly zones within the glacial till. Ground water obtained from the
drift aquifers is ordinarily limited in quantity and is hard. Generally
it is adequate for farm and domestic use. Wells of this type range in
depth from 10 to 250 feet.

Where it is not possible to obtain a suitable supply of water from
the glacial drift, drilling is continued to the Dakota sandstone in an

attempt to obtain a flowing well. Flowing wells are scattered throughout
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the report area and range in depth from 300 to 500 feet. The shallow
flowing wells from the glacial drift probably derive their hydrostatic

head from the Dakota sandstone at locations where the Benton shale is

u@ absent and the drift deposits are permeable. Water from all flowing':

wells sampled in the area exhibited the qualitative characteristics
associated with water from the Dakota sandstone. Water derived from this
aquifer in North Dakota has a high sodium, bicarbonage; sulfate, chloride,
and total dissolved solids content. This Qater is generallyhused only
for laundry and stock watering.

. Flouride in concentrations of about 1.0 ppm in water drunk by
children is generally believed to be beneficial in the reduction of tooth
decay. Concentrations in excess of 1.5 ppm may cause mottling of tooth‘
engmel (Dean, H. T., 1936). Water from two test holes sampled in the
Hunter area contained more than the recommended maximum concentration af
1.5 ppm of fluoride and, according to U, S, Public Health Service brink~
ing Water Standards (1946), would be undesireable for consumption by
- children., Nitrate concentrations in excess of that recommended safe for
: infant feeding (Maxcy, Kenneth F., 1950) were exceeded in water from two
wells in the Hunter area. | .

The best source of ground water in the Hunter area is the extensive
sand deposit penetrated by test hole 796 (143-52-24aaa). When_this
deposit was penetrated the test hole began to flow at an estimated rate .
of 25 gpm. The Benton shale is absent at this location and the water
unfortunately exhibits the poor chemical quality associated with waters
from the Dakota sandstone. The pressure head that results in flowing wells
at this location is due to upward leakage of water from the Dakota sand-
stone,

-72-



In the Hunter area the Benton shale and the Kaédlinitic clay do not
yield water to wells and are not considered to be aquifers.

There are a number of beach ridges in the Hunter area but only one,
the Campbell Beach, is a conspicuous topographic feature. A test hole
section was drilled across this beach about a mile northwest of Hunter.
Examination of the cuttings revealed that the beach consists largely of
clay, silt, and very fine sand. Because of the predominance of clay and
silt in the beach materials,it is doubtful that they would yield large

quantities of water.
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TABLE 13.-«CHEMICAL ANALYSES OF GROUND WATER

Analyses by State Laboratories, Bismarck, N. Dak.
Results in parts per million
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143-51
18daa B. R. Holes Sr. Sand 400 10-22-53 9 20 20 1,180
143-52
13bcc L. O, Lane Sand 124 10-22-53 .6 95 43 162
23aacl Test hole 908 Sand 40 12- 9=54 ... 61 29 92
23acc Art Rasmussen Sand 150 10-22-53 .6 60 31 122
24aaa Test hole 796 1/ Sand 200 1-13=-54 .5 40 17 940

Do Do Sand 410 1-13=54 .6 34 17 940
24abb Test hole 798 Sand 250 126-54 ... 133 58 700

and gravel

24ada Test hole 801 Sand 300 1-13-54 ... 73 25 780
24bac Test hole 910 Sand 120 12~ 9=54 .2 74 82 100
24bed Hunter Cre@mery Sand 364 10-22-53 .4 80 28 1,080
24bbd B. R. Holes Jr. Sand 32 10-22-53 4 274 206 58
24cbd Test hole 909 Gravel 120 12~ 9-54 3 165 110 52

1/ Two samples taken from test hole 796
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IN THE HUNTER AREA, CASS COUNTY
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16 295 . 1,330 761 2.5 39 3,520 133 94
7.8 266 “es 168 184 coe 2 790 415 45
7 306 8 115 53 .6 7 520 272 42
6 223 3 e 123 112 —_— 25 590 274 48
25 311 11 1,060 775 2,2 1.7 3,030 171 91
25 319 19 1,070 636 3.2 2.1 2,900 157 92
20 269 10 583 634 o7 13 2,280 570 72
35 285 coe 1,350 733 2 1.8 3,140 284 84
7 229 17 419 39 .5 6 860 522 29
29, 217 14. 1,340 736 1.3 63 3,500 317 87
9.2 403 ces 806 23 e 58 1,630 582 8
9.5 230 o 430 34 .2 o 910 865 11
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TABLE 14,.--RECORDS OF WELLS AND TEST HOLES

Depth of well and depth to water: Measured
depths are given in feet and tenths or
hundredths; reported depths given in feet.

Type: Dr, drilled; Du, dug

Location Owner Depth Diameter  Type Date
No. or name (feet) or size completed
(inches)
143-51
laaal Dean Ecker 75 4 Dr o
laag2 Do 68 4 Dr PR
labb R. K. Rosenau 135 3 Dr T
lddd L. G. Rodebough 150 4 Dr wvew
4bab Conrad Greisbach 300 3 Dr —
S5cee N. M. Pickett 260 3 Dx 1920
6ceb K. Dickson 400 2 Dr _—
7dcd C. D. McAuley 250 3 Dr R
8add Peter Griesthbak 350 3 Dr T
8ddb Mrs.Glenda Anderson 150 3 Dr ceae
10cbb Fred Hanson 32 4 Dr 1920
11dbd Haugen Bros., 270 3 Dr cose
12babl Ole Graalum 125 4 Dr 1952
12bab2 Do 380 3 Dr 1915
15ddd Curtiss Freeman 400 3 Dr enms
18daa B. R. Holes Sr. 400 3 Dr Syrpa.
19baa Test hole 800 300 5 Dr 10-3-53
19¢bb Murray Baldwin 370 4 Dr 1940
20bbb Test hole 911 318 5 Dr 6-18-54
2lcce Christ Hanson 58 48 Dr e
22aad Peter Holtse 96 3 Dr 1635
23baa Gust Johnson 475 2 Dr i @
29888 Thomas Buchanan 450 2 Dr 1924
30bchb A. Otteson 36 60 x 60 Du P
30ddd M. J. Lien 199 2 Dr 1948
32aad Harvey Madsen 45 36 x 36 Du o
32cba Lewis Sutton 398 2 Dr 1949
33dcc E. E. Simonson 396 3 Dr sese
34ddd W. V. Gathany 650 4 Dr cawe
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IN THE HUNTER AREA, CASS COUNTY
Date of measurement: Date given is date
measured for measured depths to water;
it is the date of report for reported
depths to water,

Use of water: D, domestic; Ind, industrial;
N, none: PS, public supply; S, stock
T, test hole

Depth to Date of Aquifer Temperature Altitude Use Remarks
water below measure- op (feet)
land surface ment

(feet)

10.0 7- 8-53  Sand 41 R D
15.61 7- 8-53 Sand 41 - S
12.0 7- 8-53 Sand T seses D,S
13.0 7- 8-53 Sand 41 coses DS
Flow 7- 8-53  Sand cos sy S
Do 6-26-53 Sand 41 v D
Do 6-26-53 ,... 43 .es.a D,8 Salty taste.
Do 6-25-53 - 40 sesse DS Do.
Do 6~24~53 e we e — 5 Do.
Do 6-24-53 ... ves sisss DB Do.
4,50 7- 8-33 ,... 42 A S Water very hard,
15.0 7- 8-53 .... 40 swwsw D8
20.0 7- 8-53 Sand 41 veees D,S
21,50 7- 8-53 .... ces wwwae N Well caved at 60 feet,
14.0 7~ 8=53 T 41 eeess D,8 Water has slightly
salty taste. See
chemical analysis
Flow 6-23~53 ..., 42 eesee D,5 Water very salty taste,
v VaEwReR e wue 947 T Hole refilled.See log.
Flow 7- 2-53 .... 44 «esss D,8 Water soft, salty,
forms rust,
coue 6~18-54 .... e % .941 T Hole refilled,See log.
20.54 7- 8-53 .... wme +eses D,S8 Adequate
14.0 7- 8-53 Sand 42 seees D,S8 Water hard and bitter
3.90 7- 8=-53  .... - essse D,5 Water is salty, con-
tains iron,
Flow 7- 8=53 .... 40 «vess» D,S Water soft and salty.
5.17 6-30-53 .... 42 S s Water is hard.
3.0 7- 1-53 Gravel 43 +esss D,8 Adequate.
14.30 7- 1-53 —— 42 ceves S Water reported hard
and alkaline.
Flow 7= 1=53 ..., 41 .eess D,S8 Water reported hard
and salty.
Do 7- 9-53 sece p— +eses D,8 Water soft and slightly
salty
10.0 7~ 8-53 v 41 essess D,S Adequate.
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TABLE 14,-=-RECO2DS OF WELLS AND TEST HOLES

Location Owner Depth Diameter Tynue Date

- No. or name (feet) or size - completed
143-52

lcbe Ferdinand Hanson 270 3 Dx 1925
2ddc Do 400 3 Dr oo m W
3dbd Clifford Ingnell 440 3 Dr -
4eddl Emma Stibbe 25 48 Du csea
4¢cdd2 Do 500 4 br 1945
7aaa Robert Schmuser 18 28 Du 1952
8add . Clyde Larson 20 48 x 96 Du S
9aac Carl Olson 25 48 x 48 Du 1940
9dcc Earl Amel 389 3 Dr —
10add Axel Rasmussen 496 3 Dr 1934
10dda Almen Sayer 150 30 Dr sens
11ddd - Irma McLaughlin 150 & Dr 1923
12cdd Victor R. Larson 96 2 Dr esue
12dcc Emil Borre 120 1% Dr vees
13bce L. 0. Lane 124 3 Dr sewe
l4acd Test hole 916 40 5 Dr 6-23-54
l4adc Test hole 917 40 5 Dr 7- 154
14add Test hole 906 190 5 Dr 6= 9-54
14bddl . Test hole 915 50 5 Dr 6=23~54
14bdd2 Test hole 918 40 5 Dr 7= 1=54
14bdd3 Ole Liedal 147 2 Dr cven.an
l4dce H. T. Anderson 22 30 Du cese
14ddd Test hole 787 500 5 Dr 8-22-53
16dcal Prete Bros, 457 2 Dr p—_—
16dca2 Do 153 3 Dr PR
18abb Stewart Budson 14 48 Du .
18ddd Roland Doe 20 36 Du evsve
19abb UnknOWn s 36 Du soe e
20abbl Chris Richtsmeier 220 3 Dr 1951
20abb2 Do 227 3 Dr 1951
2laaa Karl Schmuser 150 3 Dr 1941
22aad Earl Maker 175 3 Dr 1952
22abb Test hole 789 240 5 Dr 8-29-53
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IN THE HUNTER AREA, CASS COUNTY -~ Continued

Depth to Date of Aquifer Temperature Altitude Use Remarks

water below measure~ oF (feet)

lard surface ment

(feet)

Flow 6-23-53 Sand cos P— N Water salty,affects
bowels.

Do 6-23-53 Sand 43 seses D,S5 Flows 3/4 gpm.
Do 6~-23-53 Sand 40 T D,S Flows 1.2 gpm.

12.61 6~23~53  Sand - SRS D Inadequate,

10.0 6-23-53 v voe oy S Water salty, affects
bowels.

13.0 7- 8-53 Sand and ... «ese. D,S Water reported soft,

gravel good, adequate.
5.0 6-23-53  Laua 39 seee. D,8 Adequate.

10,67 7- 2-53 Sand 42 ceees S Located in Lake Agassiz
beach ridge. Supply is
inadequate, hard,
corrosive

6.65 7-23-53 Fian esees D,S Adequate, has slightly
salty taste.

Flow ’ 7- 2-53 .,.. ves ceses D,5 Water soft, salty taste.

34.79 6-23-53 ... 46 «sses D,S5 Adequate.

1.38 6-23-53 saes 41 seees D,S Do.
1.28 6~26~53 esss 39 esses D,S Adequate, slight salty
taste.

Flow 6-26-53 R 42 casuse N Adequate.

4.5 6-26-53 Sand 5w pEEEE D Adequate,See chemical
analysis

coee tsevsas csea ros 975 T Hole refilled.See log.

e e ss0ss0n sees ses 973 T Do.

seas L L P vimie 967 T Do.

cene O P P — 978 T Do.

e sesesee eenrse sas 988 T Do.

ssses sesessse sece 41 sesss S Adequate.

13.36 6-26-54  Sand - e D Well is in beach ridge,
Inadequate,

TR BB L ses 973 T Hole refilled., See log.

€.56 6-23=53 ... coa e S Inadequate., Water has
salty taste,

20 6-23~53 sand . seees D,S Adequate,

10 7- 7-53  Sand 43 esees D,S Do.

11.53 7- 8-53  Sand o w cenes ;8 Do.

Y.60 7= 7=53 ... —_— P wew

17 7- 8=53 Sand 41 REE G S § Adequate, water is soft,

27 7~ 8~-53 Sand 41 w xm e D Do.

8 7- 3-53  Sand 43 seses D,S

30 7~ 2-53 sees e cesee D,8 Adequate,

Pecee YRR esee ea e 1,004 Hole refilled' See 108
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TABLE 14.--RECORDS OF WELLS AND TEST HOLES

Location Owner Depth Diameter Type Date
No. or name (feet) or size completed

143-52 - Continued

23aacl Test hole 908 40 5 Dr 6-11-54
23aac2 Test hole 908a 120 5 Dr 6-15-54
233bd Test hole 791 180 5 Dr 9~ 3-53
23ace Art Rasmussen 150 2 Dr 1940
23addl Test hole 793 215 5 Dr 9~ 9=53
23add2 R. E. Thompson 20 48 Du 1913
23baa Test hole 788 230 5 Dr 8-28~53
23badl Dr. Waydeman 142 3 Dr 1953
23bad2 Test hole 790 225 5 Dr 9~ 1-53
23dcc Test hole 914 50 5 Dr 6-22-54
2344bl Emory N. Johnson 132 3 Dr ceoe
23ddb2 DO 360 3 Dr TR
23ddd Test hole 792 250 5 Dr 9- 5-=53
24aaa Test hole 796 410 5 Dr 9~14~53
24aab Test hole 799 250 5 Dr 10~ 1=53
24abb Test hole 798 250 5 Dr 9-26=53
24accl Test hole 795 190 5 Dr 9-11-~53
24acc2 K. Dickson 125 3 Dr 1943
24ada Test hole 801 300 5 Dr 10- 7~53
24ade Test hole 802 200 5 Dr 10-10-53
24bac Test hole 910 120 5 Dr 6=17=-54
24bba Test hole 797 180 5 Dr 9-25=-53
24bbd Bernard Holes Jr. 32 36 Du 1947
24bcbl Test hole 907 120 5 Dr 6-11-54
24bcb2 City of Hunter 300 3 Dr 1937
24bcd Hunter Creamery 364 4 Dr 1941
24bde Test hole 794 195 5 Dr 9-10~53
24chd Test hole 909 120 5 Dx 6~16~53
24cce Mrs. Sophie Otteson 20 52 x 52 Du e
25ccd J. W, Juliuson 300 4 Dx cess
26aba Test hole 912 60 5 Dr 6=22-54
26abb Art Rasumssen 170 3 Dr 1943
26baa Test hole 913 40 5 Dr 6-22=54
26bce Walter Leidal 150 3 Dr 1933
26ddb Ed Siegert 24 36 Du o e

]
~J
~I
[+
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IN THE HUNTER AREA, CASS COUNTY -- Continued

Depth to Date of Aquifer  Temperature Altitude Use Remarks
water below measure- op (feet)
land surface ment
(feet)
o SRR vEw g 978 T Hole refilled., See
chemical analysis.
eeee eneesoe sace R 978 T Do.
voee sesEs e Ty P 981 T Do.
12 1951 e - seese D Reported soft,adequate.
See chemical analysis
eeos e coen see T T Hole refilled., Sece log.
8 7-10-53  Sand on e - D Adequate.
seae eosssace XK con cesses T Hole refilled. Sce log.
4 7- 2-53 Sand N T D
P ¥R o o g8 T Hole refilled..See log,
sees o e saes .o 997 T Hole refilled. See log.
14,92 7- 2-53 p— - ue cease D Inadequate.
Flow 7- 2-53 iees 42 " E e S Water reported soft,
salty.
sess PPPTT W e cos 978 T Hole refilled, See log.
ceva csesense _— T . 950 T Hole refilled, See log,
chemical analysis.
esos (AR e s 955 T Hole refilled, See log.
ssece tes s seeve see 957 T Hole refilled. See 10"’:
chemical analysis.
eone cooe o sece s e 965 T Do.
5 7= 2-53 wwwn - I D Adequate,
reue e wawe . in e 952 T Hole refilled. See
chemical analysis.
sees FREEEEE wawa o e 956 T Hole refilled, See log.
seos vevesan coss ‘o 974 T Hole refilled. See log,
chemical analysis.
vees heesenn $5 S e 962 T Do.
8 7= 2=53  <eue 43 IR D Water reported very har
See chemical analysis
R seensua .wine ses 977 T Hole refilled. See log.
Flow 7- 8-33 S wew R PS Water is salty.
Do.s 7-30-53 Sand 47 P Ind. See chemical analysis.
voee sevsuns sane o 966 T Hole refilled. See log.
chemical analysis.
e & s LIE AR O A O LI R N 2 L N ] 970 T DO.
8 7= 2-53 g 39 ceseas D,S Adequate, hard.
Flow 7- 1-53 cess ese e § .Water i& salty.
sees sesensns cons eve 986 T Hole refilled. See log.
30 7- 2-53 Gravel 42 vas i S Adequate.
cons wwwm e coce & e . 1,001 T Hole refilled. See log.
15 7-2-53 - 41 . S
10 6=24-53 Clay 42 %4 g S  Inadequate
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TABLE 14.--RECORDS OF WELLS AND TEST HOLES

_Location Owner Depth Diameter Type Date
No. or name (feet) or size completed

143-52 - Continued

27bac Earl Maker 20 48 Du cese
27cbb Clarence Martin 450 4 Dr Geany
28aaa Bernard Hanson 280 2 Dr ceee
28cce L. D. Pawlison 198 3 Dr 1949
29dcd Carl Richtsmeier 200 3 Dr 1940
3laad D, Martin 176 3 Dr 1952
32¢bb Lynn Worsley 165 3 Dr 1937
32d4aal Wm. Peterson 205 3 Dr 1946
32(1332 Do 40 48 Du eeoe
33aba Ray Martin 32 36 Du R
33ccd Irving Bratholt 30 36 Du vess
33dcd Clyde Fisk 18 36 Du .
34aab Lyle Ramstad 475 4 Dr R
35add Lloyd Williams 150 3 Dr sens
36abb Fred Williams 300 3 Dr e

- 78a -



IN THE HUNTER AREA, CASS COUNIY ~- Continued

Depth to Date of Aquifer Tewmperature Altitude Use Remarks
water below measure-. “F (feet)
land surface ment
(feet)
10.C1 6-24-53 v 42 RPT S Water reported bitter,
inadequate.
Flow 7-29-53 wunnw 43 R S Water reported salty
10.03 6~-24-53 popge 41 reves S Reported very salty,
corrosive.
6 6-25=53 ... voe .esss D,S Adequate.
14 7- 8~533 ..., 41 .eees D,S Adequate.
30 7- 8-53 Sand 41 seses DS Do.
30 7- 8-53 Sand 44 seeee D,S Do.
Flow 7- 8-~53 « o 42 o D Do.
7.3 7- 8~53 55 B Wy o S Very hard.
10.23 6~25-53 Gravel 44 vese» D,S Adequate, hard.
8 6~24-53 I csn PP S Inadequate.
9.15 6-24-53 ... cuw i 8 W S Inadequate,hard.
35 6-24-53 ... 42 vesss D,S Water is hard, has

salty taste.
Adequate, soft.

30 7'1“53 se e 42 tsooe S
8 Adequate, soft, salty.

D
FlOW 7- ]-53 aos e 43 so 0 e D
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IN THE HUNTER AREA, CASS COUNIY ~-=- Continued

Depth to Date of Aquifer Temperature Altitude Use Remarks
water below measure-. oy (feet)
land surface ment
(feet)
10.C1 6-24~53 ..., 42 P S Water reported bitter,
inadequate,
Flow 7-29-53 T 43 e § Water reported salty
10.03 6-24-53 . 41 FUEEE S Reported very salty,
corrosive.
65 6~25-53  .... coe essee D,S Adequate.
14 7= 8=53  s.es 41 vesee D,8 Adequate.
30 7- 8-53 Sand 41 esess D,S Do.
30 7- 8-53  Sand 44 ssems D5 Do.
Flow 7- 8-53 T 42 — D Do,
7.3 7- 8=53 cese T & S Very hard.
10.23 6-~25-53 Gravel 44 .eess D,S5 Adequate, hard.
8 6-~24-~53 el v e w s S Inadequate,
9.15 6-24-53 cese 5w o e S  Inadequate,hard.
35 6-24-53 ... 42 vesss D,S Water is hard, has

salty taste.
Adequate, soft.

30 7-1”53 esace 42 'EERE R D
D Adequate, soft, salty.

FlOW 7" ]-53 ccee 43 eon e
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TABLE 15.-~LOGS OF TEST HOLES IN THE HUNTER AREA, CASS COUNTY

143+51«19baa
Test hole 800

Formation Material Thickness Depth
{feet) (feet)

Lake Agassiz deposits

Topsoil, black..cieeescoesscosscscassocesansns 2 2
Clay, smooth, yellowish-gray...eeeseccecccenscs 5 7
Till and associated sand and gravel deposits..
Clay, sandy, yellowishe-gray and fine to medium
Bravel.ceesesssoccsasssrsscscsssesnsnccsanse 20 27
Lacustrine deposits
Silt, yellowish-gray, and very fine sand...... 31 58
Clay, smooth, BraY..eeessseoveccssssscsccscess 8 66
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine gravel...... 4l 107
Gravel, fine to mediumMiceceeviecccccocrossnsan 5 112
Clay, medium-gray, and fine to medium gravel,
and shale pebbleS.essessecsscasosssressccsss 08 180
Clay, sandy, yellowish-gray (?), and fine
gravel, and shale pebbleS.cessceccceccacenane 5 185
Clay, sandy, medium-gray, and fine gravel, and
shale pebbles; sample of this material is
very poor, drilled easily.siscosscscceccrscs 115 300
143-51-20bbb
Test hole 911
Lake Agassiz deposits
Topsoil, blacKke.csesscesncsccserasssscsccasasns 3 3
Clay, smooth, yelloWw..cceeoeescosossccscsecsssns 24 27
Till and associated sand and gravel deposits
Clay, yellow, and fine to medium gravel....... 29 56
Lacustrine deposits
Clay, smooth, graY.eeceaseocsssososscossssoscs 8 64
Till and associated sand and gravel deposits
Clay, gray, and fine to medium gravel....eces. 9 73
Sand, fine to medium silty, and fine gravel... 2 75
Clay, sandy, gray, and fine to medium gravel,
and shale pebbleS..ceceecesscssssorsssascscs 243 318
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TABLE 15.--LOGS OF TEST HOLES IN THE HUNTER AREA

CASS COUNTY -- Continued

143~52-14acd
Test hole 916

Formation Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits
Topsoil, blacke.ceseeuscovesocnocrsconrensas 2 2
Clay, smooth, 8raYe.ceosecesscscecsasscacsans 4 6
Till and associated sand and gravel deposits
Clay, sandy, gray, and fine to medium gravel 12 18
Lacustrine deposits
Sand, fine, Silty..ceececescesosscascccccnse 6 24
Clay, sandy, grayeceseesesescsvccsesnccosoce 16 40
143-52-14adc
Test hole 917
Lake Agassiz deposits
Topsoil, black...eeescrsesescccosossocsccccs 2 2
Clay, carbonaceous, black.eceevecercescccces 4 6
Clay, sandy, yelleW.ceeaseescsvcococcosnaces 34 40
143-52-14add
Test hole %06
Lake Agassiz deposits
Topsoil, blacKe.eeesosssocssoscrcesscncrccsns 1 1
Clay, smooth, yellewish-gray...cececesccccss 3 4
Till and associated sand and gravel deposits
Clay, yellow, and fine gravel..ceccesasccces 23 27
Clay, sandy, gray, and fine to medium gravel
aﬂd Shale pebbles'..-0000‘."0...'...0.0.0 196 223
Benton shale
Shale, EAYYsves0ssss0rvovccnssssreccssccsencs 7 230
143-52-14bddl
Test hole 915
Lake Agassiz deposits
Topsoil, blackecesesesssvssosscesessascaceccs 2 2
Clay, sandy, bDrown.c.ecescessosccscsssocccone 1 3
Clay, light=gray.cecesececosevsscncccccccanss 3 6
Till and associated sand and gravel deposits
Clay, sandy, yellow, and fine gravel.ceecsecss 8 14
Lacustrine deposits
Clay, sandy, 8Ta@ye.ecececccccesocssssccoccncs 36 50
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TABLE 15,~--LOGS OF TEST HOLES IN THE HUNTER AREA

CASS COUNTY =-- Continued

143~-52-14bdd2
Test hole 918

Formation Matcrial

Lake Agassiz deposits
Topsoil; blacksssssscvvsssossssssonssansrnss
Sand, medium to coarse, and fine to medium
EraVel vonnsnnsnmessesseancnsews wnsrsssnE ey
Clay, smooth, light-gray..ceeececoceecccsscss
Till and associated sand and gravel deposits
Clay, light~gray, and fine gravel........ss.
Lacustrine deposits
Sand, fine, Silty, gray.seeceesccsssscssssea
Clay, BYaV.eeesoescascvsoossosssasscrncssancs

143-52-14ddd
Test hole 787

Till and associated sand and gravel deposits
Topsoidl, DIACK, censnnsvupensrmwnssrssssanann
Clay, yellowish-gray, and fine gravel,......
Lake Agassiz deposits
Clay, SraVesmenssanswsnsscssmossnnssnes oesse
Sand, fine to medium.esscessecssscsoccanssas
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine gravel,...
Lacustrine deposits
Clay, smooth, light-gray...eceeeeeccecccccoss
Silt, light-gray.icecoacesssssesscosscossvosns
Till and associated sand and gravel deposits
Clay, gray, and fine gravel...ceecosecascsss
Sand, COAYSCasscavessscsssesssosssesnssacens
Clay, gray, and fine to medium gravel,......
Sand ,medium to coarse, and fine gravel......
Clay, gray,and fine to medium gravel,.......
Sand, fine Lo COAYS@isssescsssasvanassanssss
Clay, gray, and fine to medium gravel, and
shale pebbleS.sesscssssorsssssasocssnnonna
Benton shale
Clay, very fine grained, grayish-black; core
from 250"260 feet.........................
Shale (?), sandy, 2Ya8Y.ecoesevevoscncsnconae
Clay; light=grayeesssvsisossneincssossssansones
Clay, grayish-brown and some lignite
EragmentsS.cenernscoossssesssassasesonsenses
Clay, dark=graysceccecssoesscsosssscsacssssas
Clay, grayish=blacke,eccececcecccsscsnssccss
Clay, varying shades of gray; poor samples
Dakota sandstone
Sand, fine to medium, quartzose; many well-
rounded grainS..eecsccsescsssssrsesvescccsa
Granite, decomposed
Clay, white; probably kaoliniticCessseescscss

Thickness Depth

(feet)
2

3
11

11

32
13

33
14

12
29

70

68
13

18
29

76

17

22

(feet)
2

5
16

22

26
40

14
27

38

70
83

116
118
132
144
173
176

246
314
327
334
352
381
385
461
478

500



TABLE 15.--L0GS OF TEST HOLES IN THE HUNTER AREA

CASS COUNTY -~ Continued

143-52-22abb
Test hole 789

Formation Material

Lake Agassiz deposits
TOpSOil, blacksssssnsasnaesanssnasessnmsesnmns
Clay, silty, yellowish=gray.cececscscccccescs
Till and associated sand and gravel deposits
Clay, yellowish-gray, and fine gravel...sc..
Lacustrine deposits
Clay, silty, yellowish=gray..esseveessccccss
Clay, silty, light-gray.ceececcssccesssccces
Till and associated sand and gravel deposits
Clay, lightegray to medium~gray, and fine to
medium gravel.....-.....-..-.......-...'..
Gravel, fine to medium...see0s000c00escssssce
Clay, light-gray, and fine gravel, and shale
pebbleSivecssscssreasssrosssoesessaccscans
Benton shale
Shale, fine grained, gray~black.ceceesecscscses

143-52-23aacl
Test hole 908

Lake Agassiz deposits
Topsoil, blackesseseesosanscscssssscossesces
Clay, Sandy, brown...........-......-.......
Sand, fine, Silty, graYAooonoonoooonooao-.no
Gravel, fine, S8iltY.esesssccsesosscoscscsces

143-+52~-23aac?2
Test hole 908A

Lake Agassiz deposits
TOpSOil, blaCkcn.-o..nooooo.c-cu--aooaoo-o--
Sand, fine broWhe.cseeevevecsseossonssvasans
Sand, fine, clayey.cceesosessssscsnacacccnses
Till and associated sand and gravel deposits
Clay, sandy, gray, and fine to medium gravel

- 82 =

Thickness Depth
(feet) (feet)
4 4
14 18
2 20
19 39
83 122
89 211
1 212
10 222
18 240
1 1
2 3
27 30
10 40
1 1
2 3
10 13
107 120



TABLE 15.--L0GS OF TEST HOLES IN THE HUNTER AREA
C£SS COUNTY == Continued

143-52-23abd
Test hole 791
Formation Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits
T095011, blackog...o‘o‘lo’o’ool‘t...oc.ocoot 1 1
Clay, lightegray to white..cecececcsccccceee 3 4
Sand, light-brown.........-................. 5 9
Sﬂnd, fiﬂe, light-gray...................... 17 26
Clay, Sandy, gray-o.aooono..aoo.o.---ooooooo 9 35
Clay, Smooth, gYr8Ysencssossssssserrconscoros 58 93
T111 and associated sand and gravel deposits
Clay, gray, and fine gravel  ceeessscocaccnss 20 113
Sand, medium to coarse, and fine gravel..... 3 116
Clay, gray, and fine gravel, and shale pebbles 11 127
Sand, Silty, clayey.....-................... 4 131
Clay, sandy, light-gray, and fine to medium
gravel, and shale pebbleSeseesseasscossvse 17 148
Cclay, gray, and fine to medium gravel, and
shale pebbles; hard drillingeescescecccesse 32 180
143-52-23add
Test hole 793
Lake Agassiz deposits
Clay, Silty, y3110w13h‘graYao..ooo-oooolo.ao- 7 7
Clay, light-gray-'-'!oooncuooo-oooooooooo-o. 29 36
Clay’ silty’ 1ight‘gray.l...O......’....l...' 51 87
Till and associeated sand and gravel deposits
Clay, sandy, gray, and fine gravel, and shale
pebbles..ooooooctulanlo.t...l..o..‘cn.o..c 35 122
Sand medium tO COArSECssesscccccssascssesssccs 2 124
Clay, sandy, light-gray, and fine to medium
gravel and shale pebblesooocoocc---oc-oo.o 83 207
Benton shale
Clay, dark grayiSh‘blaCk.ootaoooooooooooo--v 8 215
143-~52=23beaa
Test hole 788
Till and associated sand and gravel deposits
Topsoil, black.............................. 2 2
Clay, weathered, yellowish=-gray and fine gravel 16 18
Lake Agassiz deposits
Sand, very fine to finei.ccessscocesceccccnse 20 38
Clay, silty, light=grayscececccsescocsccccoss 72 110
Till and associated sand and gravel deposits
Clay, sandy, light=-gray, and fine gravel,
and shale pebbles...............-...-..... 105 215
Benton shale
Shale, clayey, very dark=gray.cscesecccccccece 15 230
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TABLE 15.--L0GS OF TEST HOLES IN THE HUNTER AREA

CASS COUNTY == Continued

143-52-23bad
Test hole 790

Formation Material

Till and associated sand and gravel deposits

Topsoil, BlaCKeaoesarsvovoossssssosasoassnsss

Clay, sandy, yellowish-gray, and fine gravel.
Lake Agassiz deposits

Sand, fiﬂe»uo..no.uonoco--von.a--o-otoooontnn

Clay, silty, 1ight-gray.cececacssoorrarcococcs

Clay, smooth, BraAYeveosssssasseconnasecaaoces
Ti1l and associated sand and gravel deposits

Clay, sandy, light-gray, and fine gravel,

and shale pebbleS.ecscearoosascvosoreosscns

Benton shale

Shale, clayey, dark-gray..ssseocascosaccvocse

143-52-23dcc
Test hole 914

Lake Agassiz deposits
Topsoil, black.....,.-...................-.--
Sand, fine to medium Siltysesescasscsscoscces
Clay, smooth, 1ight=gray.secsesscoccscccncocs
Sand, fine, Silty.seescveaoosnssccaoccasscone
Clay, sandy, BrAYeoessossscovsnonnacrosnsnccs

143-52-23ddd
Test hole 792

Lake Agassiz deposits
Topsoil, BlacKesessssossocssscssorscsvaosnccs
Sile, yellowish—gray.........................
Silt, Medium=graY.sossssccsssascnsnonseccsres
Clay, smooth, medium=grayeeessescsssscocccance
Till and associated sand and gravel deposits
Clay, light-gray, and fine gravel..eesecsceses
Lacustrine deposits
Clay, gray...................................
Sand, coarse, and fine gravel.cecesescesscocs
Till and associated sand and gravel deposits
Clay, sandy, light=-gray, and fine gravel.....
Gravel, FiNCossscosassssssssossasassssoescncs
Clay, sandy, 1ight=-gray, and fine gravel.....
Clay, gray, and fine to medium gravel, and
shale pebbles..............................
Sand, coarse, and fine gravel, and shale
pebbles....................................
Clay, gray, and fine to medium gravel, and
shale pebbles..............................
Benton shale '
Clay, grayish-black...................-......

Thickness

(feet)

1
7

38

54
14

111

DN
O o N

Depth
(feet)

46
100
114
225

230

11
40
50

70
94

110

124
129

137
139
152
163
165
246

250



TABLE 15.--L0GS OF TEST HOLES IN THE HUNTER AREA
CASS COUNTY -~ Continued

143-52«24a3a
Test hole 796

Form tion Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits A
Topsoil, black..eesesesscerasssovessossocnss 2 2
Clay, smooth, yellowish~gray..ececscenssoces 11 13
Till and associ&ted sand and gravel deposits
Clay, yellowish-gray, and fine gravel....... 3 16
Sand, fine to medium, and fine gravel....... 4 20
Lacustrine deposits ‘
Sand, fineieecssensesorsosscsscassorsssosaces 17 37
Clay, SmOoth, graY.ccosveoevessscscorssacsans 6 43
Barsl, PiMBcessssusnnssrmesnnnsnmnnsnesnnnsans Lo 57
Clay, smooth, gYay.scsseesscscecssoscsasacse 15 72
Till and associated sand and gravel deposits
Clay, gray, and fine graveliscecesvsccesenes 4 76
Sand, fine tO COAYSC.vescscosscoscsveconcnss 3 79
Clay, gray, and fine gravel, and shale
pebbles.....--..................;.--...... 13 92
Sand, medium to coarse, Silty¥.ececcssosscecs 5 97
Clay, sandy, and fine to medium gravel,
boulders, and shale pebbleS.seecocsceconss 75 172
Sand, fine to coarse, silty,and clayeyseee.e 13 185
Sand, fine to very coarse, poorly sorted.... 35 220
Sand, fine to medium, and boulders..cceeeses 65 285
Sand, fine to very coarse, clayey.cesoeossacs 55 340
Sand, fine to very coarse, and boulders..... 70 410
Note: The Benton shale was not encountered at
this site.
143-52-24aab
Test hole 799
Lake Agassiz deposits
Topsoil, black.ieecessoocescoossosccasconcosess 2 2
Clay, sandy, yellowish-gray, and a few gravel
fragmentS.ccesseercossssscvesscsccsnnssanss 24 26
Clay, Silty, light-gray.....-.....-....'.... 36 62
Till ancd associated sand and gravel deposits
Clay, sandy, light-gray, and fine gravel.... 52 114
Clay, silty, dark-gray, and fine sand....... 10 124
Clay, medium-gray, and fine to medium gravel,
and shale pebbleS.viecscrssscacsccssccssses 126 250



TABLE 15.-~-LOGS OF TEST HOLES IN THE HUNTER AREA

rASS COUNTY -~ Continued

143-52-24abb
Test hole 798

Formation Material Thickness Depth
(feet) (feet)
Lake Agassiz deposits
Topsoil, black.e.cesesvrceancecscescacccsssns 2 2
Clay, smooth, yellowish-grayececececocccccess 6 8
Till and associated sand and gravel deposits
Clay, weathered, yellowish-gray, and fine to
medium gravel...ccevevvosvcascscocsncssnnss 15 23
Lacustrine deposits
Clay, silty, light-gray..ccececoeeccsseveccscs 44 67
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine to medium
BYavel,...ceeasecococrsrsrsccossssscsscnnsosse 65 132
Sand, medium to coarse, clayey, and fine gravel 8 140
Sand, medium to coarse, clean, and fine gravel 5 145
Sand, medium to coarse, silty, and fine gravel 7 152
Clay, medium-gray, and fine to medium gravel;
POOY S2MPleS..eesosssssesssvccvocasssssoncs 36 188
Sand, fine, SiltYy.eceevnencocsossessossencres 7 195
Clay, medium-gray, and fine to medium gravel,
and chale pebbleS...eceeseccsccrscscesccnns 47 242
Benton shale
Shale, clayey, grayish-black; good bit sample 8 250
143-52-24acc
Test hole 795
Lake Agassiz deposits
Topsoil, BlacKeeesevessnosesscscscssssosccscnne 2 2
Clay, light~gray..ccecessevoccorsarascanssnnes 4 6
Till and associated sand and gravel deposits
Clay, yellowish-gray, and fine to medium
EYAVEl.eeessensccsssososcccacsonnesescncons 15 21
Lacustrine deposits
Sand, fine silty, and clayeYeecscoceososccons 3 24
S1lt, 2ray.cecccccoscessessvsocncsscsascasosssns 53 77
Clay, smooth, gray..cecceoscessccscoscncascss 12 89
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine to medium
gravel, and shale pebbleS.sieccesncascorceas 89 178
Benton shale
Clay, dark grayish-black.eeceveccsacsccccncss 12 190
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TABLE 15.--L0OGS OF TEST HOLES IN THE HUNTER AREA

CASS COUNTY -~ Continued

143-52-24ade
Test hole 801

Formation Material

Lake Agassiz deposits
Topsoil, black.seeesesoacsoocsscnsccssescese
Clay, smooth, yellowish~gray..ccecesescccecce
Till and associated sand and gravel deposits
Clay, sandy, yellowish-gray, and fine gravel

Lacustrine deposits
Silt, yellowish-gray, and very fine sand....
Clay, silty, light-gray...cceecevecocscacecs
Till and associated sand and gravel deposits
Clay, medium-gray, becoming dark-gray with
increasing depth, and fine gravel and
shale pebbles...ceeiercaasnsarsencsscscerss
Sand, mostly Very cCoars€..cecsveasnssecssovonns
Clay, sandy, medium-gray, and fine to medium-
gray; samples are mostly sand and gravel,
and probably are not representative of this
materiale.vescessensscoscssoscrsessceoconss

143-52-24adc
Test hole 802

Lake Agassiz deposits
Topsoil, black...e.essvevcsssescccoaccsrnece
Clay, sandy, grayish-orange..cceceecescssese
Sand, very fine to fine..ecvececoveccncccann
Clay, silty, light-gray...sceecececsccvcoccss
Clay, smooth, medium-gray.escevsccoccccasose
Till and associated sand and gravel deposits
Clay, sandy, light-gray, and fine to medium
8 1771 I E X X R R T R TR
Lacustrine deposits
Clay, silty, medium-gray...coccocecceccccnss
Till and associated sand and gravel deposits
Sand very coarse, and fine gravel...........
Clay, medium-gray, and fine to medium gravel,
and shale pebbleS.cscvecvrssscncscsvssnosne
Sand, medium~-coarse, and fine gravel........
Clay, medium-gray, and fine to medium gravel,
and shale pebbles..csvececcasscncccoonccen
Benton shale
Clay, very fine grained, dark-gray, nearly

blackooooaooncto...cOanon.clo'.ooulc-.o-o.

o B -

Thickness Depth
(feet) (feet)

1 1

6 7
11 18
26 44
29 73
135 208
11 219
81 300
2 2
19 21
6 27
36 63
9 72
51 123
12 135
8 143
40 183
2 185
10 195
5 200



TABLE 15.--LOGS OF TEST HOLES IN THE HUNTER AREA

CASS COUNTY -~ Continued

143-52-24bac
Test hole 910

Formation Material

Till and associated sand and gravel deposits
Topsoil, blackesesessescovsoscccocscsscveore
Clay, sandy, yellow, and fine gravel, and
shale PebbleS.ooooouo-.oooca-oooooooo-.no-
Lake Agassiz deposits
Sand, fine, Silty, BraYeooesssessccssscsvncve
Clay, Smooth, gray......-......-.........-..
T111 and associated sand and gravel deposits
Clay, gray, and fine to medium gravel, and
shale pebbleS.ecccssossncnvessscscnscnvsses

143-52-24bba
Test hole 797
Lake Agassiz deposits
TOPSOil, blackessoscsosssscecscsccasssessnence
Clay, Smocth, light-gray......-...-........o
Till and associated sand and gravel deposits
Clay, sandy, yellowish-gray, and fine gravel
Lacustrine deposits
Clay, Sandy, gray...........................
Sand, fine, Clayey-oo.nooo-uo.ooo-ooooocono‘
Clay, smooth,gray.......-....,..-......-....
Till and associated sand and gravel deposits
Clay, gray, and fine gravel, and shale
pebbles‘..'..Ol‘..I....'....l.ll'....l..'.
Sand, medium tO COATrSCecoveesscnsessesasnsce
Clay, gray, and fine to medium gravel, and
Sha]-e pebbles.‘.....'l'.......‘.I.I.'...‘..
Sand, silty, clayeyeeecsvsossnssescocsocercscs
Clay, gray, and fine to medium gravel and
boulders, and shale pebbleSscaceccccsccnss
Benton shale
Clay, grayish-blaCR......-...............-..

143=52-24bcbl
Test hole 907
Lake Agassiz deposits
TOPSOil, blackeessesssosscocssscsncsencsoncocns
Clay, sandy, ye].lOWoo..occo.ooao-‘u.-ot-.ott
Clay, sandy, becoming smooth with depth,gray
Till and assoclated sand and gravel deposits
Clay, gray, and fine to medium gravel, and
shale pebbleSononoou-ca--.c.'oo.ooooco-woa

- 88 -

Thickness Depth
(feet) (feet)
1 1
9 10
34 44
45 89
31 120
1 1
5 6
12 18
9 27
29 56
18 74
19 93
9 102
9 111
5 116
51 167
13 180
2 2
9 11
85 26
24 120



TABLE 15.--LOGS OF TEST HOLES IN THE HUNTER AREA

CASS COUNTY -~ Continued

143~52~24bde
Test hole 794
Formation Material

Lake Agassiz deposits
Topsoil, black.........-....................
Clay, sandy, yellowish-gray..cecececscececns
Sand, fine, yellowish-gray..cceacecoscccocce
Sand, fine, gray.cc.csoecescevvscoscovscsasce
Clay, smooth, g8ray.ccecesecssecccoccoccrcoss
Sand, clayey, grayccesseserccesscsssscsacses
Silt, clayey, g8ray.ceevecossecoscnscsossccss
Till and associated sand and gravel deposits
Clay, sandy, gray, and fine to medium gravel
and shale pebbleSno-o--tcon.oa-uoo-ooo-.ao
Gravel, fine to medium...esecocecsnsccsvness
Cclay, sandy, gray, and fine to medium
gravel, and shale pebbleS..ceccsccssvcccsss
Sand, fine to coarse, clayeyeseesescecsscscses
Clay, sandy, light-gray, and fine to medium
gravel, and shale pebbles.ccssscccceccesss
Benton shale
Clay, dark-grayish-blaCk....................

143-52-24¢cbd
Test hole 909

Lake Agassiz deposits
TOPSOil, black.ssseevsesocosssssescsscncsons
Clay, sandy, brown.eceosseececcovssasscscccosas
Clay, sandy, Er8Yeeccesvcoscossosssocescccsccs
Clay, sandy, dark-gray..cecscececcscsscconcs
Sand, fine, S1ltY.ceeossuscrconseracrsorscns
Clay, smooth,gra8yecececsosrcsscescceccnsccnee
Till and associated sand and gravel deposits
Clay, gray, and fine to medium gravel, and
shale pebbles..ceesccucscsscrscencsconcons

143-52-26aba
Test hole 912
Lake Agassiz deposits
Topsoil, black.eceeescorossocsrsccococssccns
Clay, sandy, light=gray...cceceveescocsccsse
Sand, fine to coarse, and fine gravel.......
Clay, smooth, yelloWeeesosoerosococraccvcnes
Till and associated sand and gravel deposits
Clay, yellow, and fine gravel, and shale
pehbles........-..........................
Lacustrine deposits
Clay, Sandy, light-gray...........-.........

~ 89 »

Thickness Depth
(feet) (feet)
2 2
11 13
3 16
10 26
2 28
8 36
36 72
27 99
3 102
4 106
4 110
78 188
7 195
1 1
2 3
2 5
4 9
16 25
59 84
36 120
1 1
2 3
2 5
7 12
4 16
44 60



TABLE 15.--L0GS OF TEST HOLES IN THE HUNTER AREA
CASS COUNTY ~~- Continued

143-52-26baa
Test hole 913

wormation Material Thickness Depth
’ (feet) (feet)

Lake Agassiz deposits

Topsoil, blackseseeecssocssssccesssecrasssscne 2 2
Clay, light~gray.ccesecevesssccnsossosssnvane 3 5
Clay, sandy, Yellow'ooooa-aoaoco'!oln‘.o-o.oc 4 9
Sand, fine, silty!i0..0.0IQCIOIOOIOCOOIOOl.OO 25 34
Clay, smooth, gray.ececesesscsncsonsssssassss 6 40
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