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GEOHYDROLOGY OF THE WASHBURN-WILTON AREA
BURLEIGH, McLEAN, AND OLIVER COUNTIES, NORTH DAKOTA

SWC Project Nos. 812 and 1596

By
Charles E. Nap1in, Ground-Water Geologist

INTRODUCTION

PURPOSE AND SCOPE

In the spring of 1973 the Washburn and Wilton City Councils passed

resolutions requesting that the North Dakota State Water Commission

conduct ground-water investigations for their respective cities. Requests

for the studies were approved for Wilton on March 30, 1973 and for

Washburn on September 5, 1973. The investigation consisted of data

collected in two phases. Initial field work was conducted for Wilton

during March and April, 1973 and additonal work was completed for Washburn

in October and November, 1973.
A geohydrologic investigation of the area was accomplished by test

drilling, installing observation wells, collecting water samples for

chemical analysis, measuring water levels, and inventorying selected

private wells. The basic data and information from additional sources

was compiled and evaluated during December 1973 and January 1974.

ACKNOWLEDGEMENT

The test drilling was accomplished by Lewis Knutson using the

state-owned hydraulic rotary drilling machine. All field work was under

direct supervision of the author. Chemical analyses were performed by
Garvin Muri, State Water Commission chemist, at the North Dakota State
Laboratories Department in Bismarck. Special acknowledgement is extended
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to Mayors James Stroup, Washburn, and Paul Bartholomew, Wilton, for

their cooperation and assistance during this investigation.

LOCATION AND GENERAL FEATURES

The study area is located in portions of northwestern Burleigh,

southern McLean, and northeastern Oliver Counties and is within the

Coteau Slope division of the Missouri plateau physiographic province of

North Dakota (fig. 1). Geohydrologic data collected during this study

and interpolated from previous investigations describe a 178 square mile

area that includes all or portions of Townships 142, 143, and 144 North,

Range 79, 80, 81, and 82 West (pl. 1).

Climatological data, based on a 32-year period of record at the

National Weather Service station located 25 miles south of Wilton at
oBismarck, shows the average annual temperature to be 42.2 F. Average

annual precipitation for the same period of r~cord was 15.15 inches

(National Weather Service, 1971).

The Washburn-Wilton area is characterized by well-drained hilly

topography. The major drainages in the study area are Turtle, Painted

Woods, and Yanktonai Creeks. All of these flow into the· Missouri River.

Surface elevations range from less than 1,650 feet near the Missouri

River to 2,230 feet southwest of Wilton.

Washburn (1970 population 804) and Wilton (1970 population 695) are

agricultural communities. U.S. Highway 83, State Highway 200-A, and a

branch line of the Soo Line Railroad serve the city of Washburn. Wilton

is served by u.S. Highway 83, State Highway 36, and branch lines of the

Soo Line and Burlington Northern railroads.
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PREVIOUS INVESTIGATIONS

The geolclgy and ground-water resources of Burleigh, McLean, and

Oliver Counties were described in general terms by Simpson (1929). His

report lists an inventory of typical private and municipal wells and a

few chemical ;analysE~s. Simpson concentrated on describing the bedrock

geology of the Fort Union Group and discusses several springs that issue

from lignite beds exposed along the Missouri Valley.
A more detailed ground-water study of the Wilton area was also

conducted for the city by Simpson in 1929 (written communication, 1929).

He discussed several wells which tap bedrock aquifers from depths of 40

to 60 feet anld from depths of 150 to 200 feet. The best qual ity water

found was assoicated with beds of lignite and sandstone which occur

above a depth of 200 feet. At that time Wilton was using five wells

located within the city limits and completed in a 25 to 30 foot bed of

sandstone. These wells ranged from 170 to 175 feet in depth and were

completed with 6-inch diameter open-end casing. Water levels in the

city wells w,ere mo're than 120-feet below the land surface and cylinder-

type pumps were required to lift water to the surface. Simpson reported

well yields of 3 to 3i gpm (gallons per minute) per well but the wells

had a tendency to pump sand and muddy water. They were not screened or

perforated.
Ground--water surveys of Burleigh, McLean, and 01 iver Counties have

been conducted on a cooperative basis with the North Dakota State Water

Commission, U.S. Geological Survey, and the North Dakota Geological
Survey. These reports consist of three parts each. Part 1, Geology is
a descriptil:>nof the bedrock and glacial geology. Part 2, Basic Data is
a tabulation of test hole and well logs, an inventory of wells, water-
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level measurements, and chemical analyses. Part 3, Ground-Water Resources

is an evaluation of the water-yielding potential and chemical quality of

major aquifers in the bedrock and glacial drift. These publications

provide gener'al analysis of the county ground-water resources and contain

much useful information which is beneficial to domestic, agricultural,

municipal, and industrial water users.

PRESENT WATER SUPPLIES

City of Washburn

The City of Wclshburn obtains its water supply from the Missouri

River. Water is treated and chlorinated at the pumping plant located

adjacent to the river on the west side of town. Washburn uses between

22.5 and 24.5 million gallons of water per year (Klausing, 1974).

Municipal pumping facilities are adequate at the present (1974)

time but future population growth may require expansion of the existing

plant. It has been reported that traces of sediment appear in the city

water during the spring when the Missouri is at a high level, indicating

that the municipal treatment facilities are not adequate. The North

Dakota State Health Department now requires that municipalities using

river water as a source of public supply employ adequate sedimentation

and filtration facilities. Therefore, the city of Washburn may find it

necessary to modernize their treatment plant or develop an alternate

source of water supply.
City of Wi 1ton

Wilton obtains its water supply (1974) from three wells located
about one-half mi h~ east of town. These wells are completed in a si lty,
fine-grained sandstone bed of the Sentinel Butte Formation (Fort Union
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Group) and have a combined yield of 37 gpm. It is estimated that the

city currently uses about 12.1 million gallons of water per year (Klausing,

1974).
The city·s original water supply was provided by several wells

located on thEl south side of town. These well s were comp 1eted in a

sandstone bed of thE! upper Tongue River Formation at depths ranging from

170 to 175 fel~t. BE~cause of diminished well yields and poor water

quality the old well field was abandoned in the early 1950's. In 1953,

three wells Wlere drilled east of town and in 1959 two additional wells

were added to the e;(isting well field. However, well construction

problems caused the latter two wells to pump an excessive amount of sand

and they were abandoned. Low well yields and an increasing demand for

water have made it necessary for the city to seek assistance in developing

an additional source of ground-water supply.

WELL-NUMBERING SYSTEM

The we111s and test holes 1isted in Table 3 are numbered according

to a system based c>n the location in the publ ic land classification of

the United States Bureau of Land Management (fig. 2). The first numeral

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

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

denotes the section in which the well is located. The letters A, B. C,

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

southeast quarter section, quarter-quarter section, and quarter-quarter-
quarter section (lO-acre tract). For example, well 144-81-15DAA is in
the NE-kNHSE-k Section 15, Township 144 North, Range 81 West. Consecutive

terminal numerals are added if more than one well is located in a 10-

acre tract.
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FIGURE 2--SYSTEM OF NUMBERING WELLS AND TEST HOLES.
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the movement of ground water in the zone of

DEFINITION OF TERMS

Aquifer -- a permeable deposit that contains sufficient saturated material

that will yield significant quantities of water to wells.

Artesian Aquifer -- an aquifer in which water is under sufficient pressure

to rise above the top of the aquifer.

Bedrock -- semiconsolidated rock underlying glacial and alluvial deposits

of pleistoncene and/or Holocene age.

Discharge -- the removal or loss of water from an aquifer or the flow

of water into a stream.

Evapotranspiration -- the process by which water is returned to the

atmosphere through direct evaporation from water or land surfaces

and by transpiration of vegetation.

Flowing well -- a well in an artesian aquifer having sufficient head to

discharge water at land surface.

Glaciofluvial deposits -- sediments deposited by streams flowing from a

glacier.

Ground water water in the zone saturation.

Ground-water movement

saturation.

Hydraulic gradient -- slope of water table or potentiometric surface in

either feet per foot or in feet per mile.

Infiltration -- the movement of water from the surface towards the zone

of saturation.

Lacustrine deposits -- sediments formed in a lake environment.
Observation well a well from which hydrologic data are measured and

recorded.
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Permeable rock -- a rock that has a texture permitting water to move

through It under ordinary pressure differential.

Potentiometric surfclce -- the imaginary horizon formed by the head in a

artesian aquifer.
Recharge -- the addition of water to the zone of saturation.

Storage -- th,e quant ity of water conta ined in open ings in the zone of

saturat i,on.
Under flow -- the d'ownstream movement of ground water through the

permeable deposits beneath a stream.
Water table -- the upper surface of the zone of saturation where the

hydrostcitic pressure is equal to atmospheric pressure. The

configuration of the water table coomonly is a subdued expression

of the land surface.
Zone of saturation -- the zone below the water table.

WATER QUALITY

All natural Wc!ter occuring on the earth1s surface or underground

contains dissolved minerals. As it falls to the earth1s surface, precipitation

begins to dissolve mineral matter. As it infiltrates, this water continues

to dissolve minerals. Dissolved minerals in ground water vary in type

and concentration depending upon the composition and solubility of rocks

encountered, the length of time the water is in contact with the rocks,

and the amoulnt of carbon dioxide and soil acids in the water. Water

which has bE~en underground for a long time, or which has travelled a

long distance from the recharge area, usually contains more dissolved

mineral matter theln water which has been underground for a short time or

Is wi thdrawll closE~ to a recharge area.
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Dissolved mineral constituents are reported in milligrams per liter

(mg/l). A milligram per liter is one thousandth (0.001) of a gram of

dissolved material per liter of solution. Hardness is usually reported

in milligrams per liter, but may be converted to grains per U. S. gallon

(gr/gal) by dividing milligrams per liter by 1].12.

Table 1 Ilists the various constituents of water for a domestic or

municipal watE~r supply in North Dakota. Results of chemical analyses

for wells in the study area are 1isted in Table 2.

BASIC HYDROLOGIC CONCEPTS
All ground watE~r of economic importance is derived from precipitation.

After the precipitation falls to the earth's surface, part is returned

to the atmosphere by evaporation, some runs into streams, and the remainder

percolates into the ground. Much of the water which sinks into the

ground is held temp()rarily in the soil and then is returned to the

atmosphere by evapotranspiration. The remainder percolates downward to

the zone of siituration to ground water.

Ground wiiter mc)ves under the influence of gravity from areas of

recharge to alreas of discharge. The movement of ground water is generally

very slow being only a few feet per year. The rate of movement is

governed by the permeability of the deposits through which the water

moves and by the hydraulic gradient. Gravel and well-sorted, medium to

coarse sand are usuiilly very permeable. Fine-grained materials such as

silt, clay and shah~ have low permeabil ities and act as confining barriers
restricting the freE~ movement of ground water into or out of more permeable

rocks.
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Table 1 __ Dissolved chemical constituents In water -- their effects
upon usability and recommended concentratIon limits for
domestic and municipal water supplies in North Dakota.

Suggested limits
Effects of dissolved for drinking wafer
constituents on water use In North Dakota

Constituent
or

Parameter
Silica
(SI02)

Iron
(Fe)

Manganese
(110)

Calclum(Ca)
and

Magnesium
(Mg)

Effects of dissolved
constituents on water use
No physiological
significance
Concentrations over 0.1
mg/I will cause stain-
ing of fixtures. Over
0.5 mg/I may Impart
taste and colors to
food and drink.
Produces black staining
when present In amounts
exceeding 0.05 mg/I
Calcium and magnesium are
the primary causes of
hardness. High concentra-
tions may have a laxatIve
effect on persons not-
accustomed to this
type of water.

Suggested limits
for drinking wafer
In North Dakota

U.S. Public Health
Service recommended
limits for drlnkln water2

0.3 mg/I

0.05 mg/l

Constituent
or

Parameter
Chloride

(cl)

Flourlde
(F)

Over 250 mg/l may Impart
a salty taste, greatly
excessive concentrations
may be physioiogicaiiy
harmful. Humans and
animals may adapt to
higher concentrations.
Flourlde helps prevent
tooth decay within spec-
Ified limits. Higher
concentrations cause
mottled teeth.
Over 45 mg/I can be
toxic to Infants.
larger Concentrations
can be tolerated by
adults. Hore than 200
mg/I may have a deleter-
Ious effect on livestock
hea Ith

limits of 0.9 mg/I
to 1.5 mg/I

U.S. Public Health
Service recommended
limits for drinkln water2

250 mg/l

Recommended Iimits depend on
average of dally temperatures.
limits range from 0.6 ~/l at
320C. to 1.7 mg/I at 10 C.

45 mg/I

Sodium
(Na)

Potassium
(K)

BIcarbonate
(HC03)
and

Carbonate
(C03)

Percent
Sodium and
Sodium Ad-
sorption
Rat 10 (SAR)

No physiologIcal sig-
nifIcance except for
people on salt-free diets.
Does have an effect on the
irrigation usage of water.
Small amounts of potassium
are essential to plant and
anImal nutrition.
No definite significance,
but high bicarbonate
content will Impart a
flat taste to water.

Combines with Calcium to
form scale. More than
500 mg/! tastes bitter
and may be a laxative
Indicate the sodium
hazard of irrigation
water.

0-30~ mg/l - low
300-700 mg/! - high
over-700 mg/I - very

high

250 mg/I

Boron
(B)

Total
dissolved
solids

Hardness
(as

CaC03)

pH

Specl flc
Conductance

No physiological signi-
ficance. Greater than
2.0 mg/l may be detri-
mental to many plants
Persons may become
accustomed to water
containing 2,000 mg/!
or more dissolved
solids.
Increases soap consump-
tion, but can be removed
by a water-softening
system.

Should be between 6.0
and 9.0 for domestIc
consumption
An electrical Indication
of total dissolved solIds
measured in mlcromhos per
Centimeter at 250C. Used
primarily for Irrigation
analyses.

0-500 mg/I - low 500 mg/I
500-1400 mg/l average
1400-2500 mg/I high
over 2500 mg/I very

high

0-200 mg/l - low
200-300 mg/I average
300-450 mg/I high
over 450 mg/I very

high

1. Schmid, R. W., 1965, Water QualIty Explanation: North Dakota State Water
Commission, unpublished report, File No. 989.2. U.S. Public Health Service, 1962. Public Health Service Drinking Water Standards:
U.S. Pub IIc Hea Ith ServIce. Pub. No. 956. 61 p.
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SURFACE WATER
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mr.-r.:. ";:.. •• r.J 144-82 -14COO 8 10-19-731 7.1 0.261 0.011 51 231 118 I 3.6 ••• 180 , 2 1.0 1.0 0.131 430 220 I 66 36 1.7 671 8.0 1660



J..
CJoI
I

TAILI '••'''WeAL AMALUE'
eAnalytic•••.•••••••oreIII••I""oml ,.,II'"_ept wiler. lndIcatedl

AQUIFERS De,lb Dat•• , !

~~
To'" tiona••••• Specific L••••"'_t .""-Owner or Locotion of ~~ SiOz (F.I (Mill (Cal (MgI (No I (KI (HC03) (C~ ($°4) ec I) (FI eN03 eBI SAR pH 11.__

Otaignollon Well CoII.clion Salidl Sodium CondUClonc.
(feell •• Cac03 1=::;'"

SENTINEL BUTTE FORMATION

T.H. 8611 142-80- 2 DOD, 82 8 11-3-13 22 1.1102.00 2111 94 U 6.9 1161 453 29 0.2 1.0 0.39 1110 .23 461 • 0.11 111110 7.9 2115

Clly of Wilton 2 143-80-311 DAA, 100 8 4-24-13 II o.oe 0.64 121 41 1.7 4.4 421 181 2 .• 0.1 1.0 ODe 1195 50. t80 2 0.1 67. 1.4 2165

City of Wilton 1 -35 DAD .2 1 4-23-88 18 0.11 10. 27 4.1 1.1 428 48 0.8 0.1 401 3811 14 1 0.1 159 7.1 21110

CIty of Wltlon I -35 DAD .2 8 ••.•23-13 18 1.00 0.80 104 18 4.4 1.5 4S1 8. 1.8 0.1 1.0 484 415 81 1 0.1 108 1.5 2180

If Whll. -36 BCC 110 '.11 1-1 -e' 8.1 118 III 1.1 I.a &41 10 2.4 8.1 206 203 6 I 0 393 8.1 2160
~.
City of W1t10ll3 -36C88 102 1.ll 4-23-6B 9.3 0.15 16 17 1.5 3.7 211 41 3.0 0.1 0.10 291 261 39 I 0 4 •• 1.9 2180

CIty of WIItOll3 -36 CBS 102 7 4-24-73 1 .• 0.0410.24 82 27 1.4 1.0 108 70 5.8 1.0 355 115 62 I 0 1165 7.8 2180

UPPER TONGUE RIVER FORMATION

T.H.8611 142-80- I cae 144 1 4-24-13 9.t 0.36 0.14 104 56 114 1.7 824 243 3 .• 0.1 1.0 0.34 861 492 33 2.2 1280 1.2 2120
Ill.8ackmon - 2 cee 255 8 4-24-13 13 1.10 0.20 164 .9 13· 9.1 181 280 3.4 0.1 1.0 021 1050 816 1111 16 1.1 1510 6 .• 2160

P. aorowald -12 eac 140 7 4-24-13 8.6 1.30 0.14 63 37 141 12 60. 116 2.6 0.1 4.6 0.21 6511 310 49 3.11 1050 1.3 2115

M. Ilockmon 143-19-30 eCA 80 7 4-24-13 8.4 0.36 0.40 233 116 115 12 111 102 5.2 4.6 0.26 1620 1060 412 19 1.5 2010 1.2 2080

A. Gr.goryk 143-80-21 CCC 120 1.5 4-24-13 II 2.00 0.28 158 811 loe 1.• 145 342 6.2 0.1 1.0 0.21 1080 144 133 23 1.1 11180 1.0 2035

A. Duma -32 ADA 80 8 4-24-13 8.3 0.32 OD2 53 21 209 6.4 546 265 4.4 0.1 4.4 0.64 804 243 64 5.8 1210 7.4 2030

T.H. 8605 -33 ADO 169 10.5 4-3-13 9.7 0.04 0.22 42 20 388 9.1 623 24 502 6.9 0.2 1.0 0.64 1320 18. 8 I 12 1930 8.11 20411-----

LOWER TONGUE RIVER FORMATION

M. Bockman 143-19 -30 CCA, 265 8 4-24-13 10 0.81 0.02 4.8 1.9 465 2.4 848 5 344 6.8 0.6 0.7 0.69 1290 20 98 45 1940 8.3 2080

G. Clev.land 143-80-11 ODD 220 8.5 1-1 -68 9.8 2.40 5.4 3.5 454 2.4 9112 7 180 17 0.1 0.41 1140 28 91 31 1180 8.3 1980

H. St.worf -34 ADO 210 10.11 7-2 -68 4.4 0.24 11.1 2.1 366 2.11 147 15 1811 1.6 0.11 0.34 93. 21 91 35 1460 8.3 2190

N.DuIIIO -34 CC. 300 8.5 4-25-13 13 0.14 0.05 3.8 0.6 431 1.8 a54 10 126 II 0.6 2.0 0.56 1080 12 98 55 1680 8.4 2100

CANNONBALL FORMATION

B. Holi I 144-80- 22 ADD 21'0 10 6-21-68 22 0.28 4,.8 I.a 110. 2.2 11140 II 10 111 0.5 1.0 2.10 1210 20 .8 49 2030 8.3 1860

HELL CREEK FORMATION

T. lC,ulh· 142-80 -I BOB 510 9 4-24-73 14 1.50 0.01 5.4 0.6 568 3.11 1310 21 134 0.1 1.0 1.0 1410 16 98 62 22110 8.1 2140
P. Patrick 143-80 -16 cee, 530 12.5 1-1 -68 8.6 0.38 4.6 1.6 1198 2 .• 1170 4.2 249 0.6 2.1 1420 18 98 61 2310 8.1 1980

L. Fronklond 143-81 -24 CDA 350 10.11 1-3 -68 8.1 0.08 4.8 1.9 630 a.4 1220 a.5 277 0.7 1.0 2.0 1540 20 98 62 2480 8.2 1820

FOX HILLS FORMATION

T.H. 1984 I 142-81 - 4 ABC I 435 8 - 62 12 10.1111 14 .• 2.2 161 2.1 1140 I 1 1.• 1511 12 .• 10.aI2.1 1810 21 99 12 3180 8.1 1666

T.H. 8610 143-80 -32 CCC 600 T 10 4-10-73 8.6 0.32 0.08\4 .• 2.2 651 2.8 1240 25 '.a n6 11.0 1.0 2.4 1680 21 .8 62 2160 8.5 19511



The water level in a well fluctuates in response to recharge to and

discharge from the aquifer. Land surface loadings and atmospheric

pressure changes cause minor water level fluctuations in confined
aquifer. Pumping a well causes the water level to decline. The water

level surface surrou,nding the well will resemble a cone and is referred

to as the "cone of dlepression". Water-level drawdown is the difference

between static: and pumping levels. The degree of drawdown is controlled

by the hydrau'lic prc)perties of the aquifer, the physical characteristics

of the well, and tho rate and duration of pumping. Continuous withdrawal

of water from an aquifer by pumping will cause a decrease in the rate of

natural discharge, an increase in the rate of recharge, and/or a reduction

of the volume of water in storage.

GEOLOGY
PREGLACIAL ROCKS

The Washburn-Wilton area is located on the eastern side of the

Williston Basoin and is underlain by more than 8,000 feet of sedimentary

rock ranging from C:ambrian to Tertiary in age (Bluemle, 1971). All

bedrock for~ltions have a regional westerly dip and thicken in that

direction. These sedimentary rocks consist of alternating beds of

claystones, $i1tstc>ne, sandstones, shales, 1imestones, and evaporites

which were deposited millions of years ago. This investigation is

concerned only with the Upper Cretaceous and Tertiary rocks which underlie

the study area.
Data compiled from test drilling, surface geology, and topographic

maps were used to construct the generalized bedrock map of the Washburn-
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Wilton area (fig. 3). The bedrock surface is shown on this map as it

would appear if all the overlying glacial drift were removed. There are

two prominent features on the map. The first is the outlier of the

Sentinel Butte: Formation. This out1 ier underl ies a topographic high.

The second is the nalrrow band of the Hell Creek Formation. This band is

located in a preglacial valley of the Knife River which was entrenched

into the uppel' Hell Creek Formation.
The Fox Hills Formation is a marine sequence of interbedded claystone,

siltstone, and sandstone as substantiated by test holes 8610 (142-80-

32CCC) and 1984 (142-81-4ADC). The top of the Fox Hills at Wilton is

about 750 feet be 1O\'I the land surface (1,400 feet mean sea level). Four

1ithologic un'its within the formation are identifiable at Wi lton. They

correspond to beds defined by Kume and Hanson (1965) in Burleigh County

(pl. 2). A bl!d of very fine- to fine-grained, semi-consol idated, bluish-

gray sandston.! OCCUI~S in the upper part of the formation. This bed is

probably the iColgatl!member of the Fox Hills Formation which underlies

much of western North Dakota. In the Wilton area this sandstone bed is

about 30 feet thick. A lower bed of sandstone and interbedded claystone

can also be identified in the Fox Hills. This bed is more than 50 feet

thick and is probably equivalent to the Timber Lake Member which crops

out in Emmons County (Feldman, 1972). Total thickness of the Fox Hills

in the study area may exceed 300 feet.
The Hell Creek Formation directly overlies the Fox Hills and is

slightly more than 200 feet in thickness. Alternating beds of brownish-
to greenish-gray claystone, sandstone, and shale comprise the formation.

The sandstone beds are thin and may be discontinous.
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Hedium- to brownish-gray, sandy claystones of the Cannonball Formation

overl ie the HE~11 Cre:ek. The Cannonba 11 is a mar ine un it wh ich conta ins

numerous 1ime~;tone c:oncretions and thin beds of 1imey, highly calcareous

sandstone. The Cannonball is more than 200 feet thick in the study

area.
Continental deposits of the Tongue River Formation directly overlie

the Cannonball. It consists of a basal, fine-grained sandstone unit

overlain by interbedded claystone, siltstone, sandstone, and lignite.

Near Wilton the basal sandstone has an average thickness of about 30
feet and can be easily distinguished in the subsurface (pl. 2). Subsurface

data indicate that the formation exceeds 200 feet in thickness near

Wilton where erosion has not altered the original section.
Test drilling for this study and correlation of geologic maps of

Mclean County, indicate that in the southeast portion of the study area

an outl ier of the Sentinel Butte Formation overl i'es the Tongue River

(fig. 3). Previous authors (Royse, 1967 and Carlson, 1973) used three

criteria to define the Tongue River-Sentinel Butte contact: (1) color,

(2) a 1ignitE~ hori~:on in the uppermost portion of the Tongue River, and

(3) the presence of a basal sandstone in the Sentinel Butte. The first

two criteria could not be determined from subsurface data, but a basal

sandstone unit could be traced on electric logs and identified from

drill cuttinlgs. The basal sandstone is silty and very fine- to medium-

grained. It is semi-consolidated, fossilliferous, and bluish-gray in

co lor.
Siltstone, sandy claystone, and lignite beds constitute the upper

Sentinel Butte Formation near Wilton. A la-foot bed of lignite was
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penetrated in test hole 8614 (142-80-1AAB) located about one mile east

of Wilton and south of the abandoned coal mine. This lignite is probably

an extension elf the coal bed which was mined in this vicinity during the

early 1900·s. The Sientinal Butte Formation ranges in thickness from

about 25 feet to mor"e than 100 feet.

GLACIAL DEPOSITS

During the Pleistocene Epoch, the Washburn-Wilton area was subjected

to several periods c)f glaciation: the deposits laid down by this activity

are as much as 282 feet thick. The thickest section of glacial drift

occurs in the pregl,acial Knife River valley located east of Washburn

(pl. 2). Ground moraine, characterized by gently rolling topography, is

the predominant glacial landform in the area. However, along the Missouri

River valley the glacial drift is thin or has been removed by erosion.

Glacial drift in the study area consists of till and glaciofluvial

deposits. Till, an unsorted mixture of clay, silt, sand, pebbles,

cobb 1es, and bou 1de,rs was depos ited by direct ab 1at ion and was t ing of

glacial ice '1lithlittle or no sorting action by water. Above the water

table it is yellowish-brown in color, indicating that the clay minerals

have been ox'idized by chemcial weathering. Below the water table it is

generally olive gray in color. About 70 percent of the land surface in

the Washburn-Wilton area is till. Till usually has thin, lenticular,

discontinuous depo~iits of sand or gravel associated with it.
Glaciofluvial deposits overlie about 20 percent of the study area.

These consist generally of sand and gravel which have been sorted and

stratified by glacial melt water. The valleys of the Missouri River,
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Painted Woods, Yanktonai Creeks, and the preglacial Knife River are

partially filled with glaciofluvial sand and gravel deposits. Those

deposits constitute glacial drift aquifers (fig 4).

The glaciofluvial deposits which were presented by test holes in

the valleys of the Missouri River and its tributaries are generally

overlain by cilluviailclays and silts of post-glacial origin. These

alluvial sediments are thin and generally unsaturated in the study area.

GROUND WATER IN THE BEDROCK

AQUIFERS IN THE UPPER CRETACEOUS ROCKS

The Fox Hills and Hell Creek Formations are important bedrock

aquifers in most of western North Dakota. Both formations underlie the

Washburn-Wilton are:a, but relatively few wells have been completed in

the sandstonE! beds of these units. Chemical analyses of water from

selected wells in the study area are listed in Table 2.

Fox Hills Formation

Thickness ancl Lithc~ - Dri 11 cuttings indicated that the Fox Hi Ils

consisted of 55 fee:t of fine- to medium-grained, greenish-gray, glauconitic

sandstone (pl. 2). An observation well was completed to a depth of 435

feet and repclrted1y had a flow rate of 50 gpm.

Drill cuttings and electric and gamma ray logs taken from test

holes 8610 (143-80-32-CCC) indicate that the Fox Hills Formation consists

of 184 feet of interbedded sandstone, claystone, and siltstone (pl. 2).

Twenty-eight feet elf very flne- to fine-grained, bluish-gray sandstone

was penetratE!d from at depth of 576 to 604 feet. An observation well

was completed to a depth of 600 feet in this section. Test hole 8610
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penetrated alSID 56 feet of sandstone interbedded with claystone from a

depth of 660 to 716 feet. The upper and lower sandstones encountered in

test hole 8610 are probably the Colgate and Timber Lake members of the

Fox Hills.
Hydraulic Properties. - Data on the potentiometric surface of the Fox

Hills aquifer in McLean County indicate that the hydraulic gradient

slopes to the east (Klausing, 1974). The interpolation of water-level

data indicates that the elevation of the potentiometric surface of the

Fox Hills aquifer at Wilton would be about 1,720 feet. Therefore,

assum ing a surface 4~ 1evat ion of 2150 feet, the stat ic water 1eve 1 in an

800 foot well at Wilton would be more than 400 feet below land surface.

Wells completed in the Fox Hills Formation at Washburn at elevations

below 1760 feet may flow.
Well yie:lds from the Fox Hills are generally low. Specific capacities

for Fox Hills; wells in Mercer and Oliver Counties (Croft, 1970) range

from less theln 0.1 to 0.6 gpm per foot of drawdown. An average specific

capacity for the aCluifer would be about 0.25 gpm per foot. Therefore,
the drawdown in a SO gpm well at Wilton would be about 200 feet resulting

in a 600 feet pumping water level.
Water Qua1it~ Watl~r from wells at 143-80-32CCC and 142-81-4ADC is a

very soft, sodium bicarbonate type which contains dissolved solids of

1680 and 1870 mg/l (milligrams per liter). Flouride content may exceed

the 1imits recommended by the U.S. Publ ic Health Service (table 1). The

high sodium concentration makes this water undesirable for watering

lawns or gardens.
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Hell Creek Formation

Thickness and Lithol~ -Test holes 1984 (142-81-4ADC) and 8610 (143-80-

32CCC) penetrated 235 feet and 206 feet of Hell Creek, respectively.

The formation consists of interbedded claystone, siltstone, sandstone,

and shale. Se:veral beds of clayey, fine-grained, greenish-gray, glauconitic

sandstone were: encountered but no observation wells were installed. The

thickest sands.tone bed was penetrated between 424 and 448 feet in test

hole 8610. The top of the Hell Creek at Wilton is about 1,625 feet

above mean seel 1eve 1.
Hydraul ic Properties~ Reported water levels from domestic wells completed

in the Hell Cr'eek at: 143-80-16CC8 and 143-81-24CDA indicate a potentiometric

surface elevation of about 1,780 feet. The potentiometric surface for

the Hell Creek at Wilton would be approximately 1,760 feet.

Well yie11ds in the Hell Creek are simi lar to those of the Fox

Hills. Domestic wells completed in the formation commonly yield a few

gallons per m:inute, but fully penetrating, properly constructed wells

will have higher yields.
Water Qual ity ThreE~ water samples from the Hell Creek in the study area

indicate a sodium biicarbonate water very similar in quality to Fox

Hills. Dissolved solids ranged from 1,420 to 1,540 mg/l and the water

is very soft. Floudde is within recommended 1imits. A high sodium

content makes the W'3ter undesirable for irrigation.

AQUIFERS IN TERTIARY ROCKS

Wilton's city wells and numerous domestic and stock wells tap

sandstones of the Sl~ntinel Butte and Tongue River Formation. The
Sentinel Butte underlies only a small portion of the area and is a minor
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aquifer. The Tongue River underlies about 50 percent of the study area

and is an important bedrock aquifer.

Cannonball Formation

With the exception of test hole 1984 (142-81-4ADC) which penetrated

about 80 feet of very fine-grained, clayey sandstone. Test drilling and

well inventory data did not indicate any significant sandstone beds in

the Cannonballl Formcltion. However, existing data indicates that the

Cannonball is not a significant aquifer in this area. A well at 144-80-

22ADD taps thl~ Cann(>nba11 Format ion at a depth e 1evat ion of 220 feet and

y ie 1ds a sod ium b icclrbonate type water wh ich has tota 1 d isso 1ved soli ds

concentration of 1210 mg/l.

Tongue River Formation

Thickness and Litho~ Test drilling indicates the Tongue River

Formation at\fli1ton contains both upper and lower sandstone beds which

can be distinguished as separate hydrologic units by differences in

water levels and chemical quality. The basal sandstone is common to the

Tongue River Formation in most of western North Dakota. In the Washburn-

Wilton area it can be recognized from drill cuttings and on electric

logs. The sandstone is clayey, very fine- to fine-grained, and light-

gray to bluish-gray in color. It ranges in thickness from a few feet to

as much as 5El feet in test hole 8608 (143-79-31AAA). The basal sandstone

crops out ab()ut six miles west of Wilton along the Missouri Valley.
The upper Tongue River sandstone is lenticular and variable in

thickness. It is generally clayey, very fine- to fine-grained, carbonaceous,

lignitic, and may be fossilferous. The sandstone is bluish-gray to
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brownish-gray in cc)lor. It ranges in thickness from a few feet to as

much as 50 feet in test hole 8610 (143-80-32CCC).

Hydraulic Prl)perti~~s Water levels in observation wells completed in the

upper and 101'ler Tongue River sandstone indicate that ground water movement

is downward through the Formation. Data also suggests that the potentiometric

surfaces of both the upper and lower aquifers slope eastward and westward

from the topc>graphk bedrock high at Wilton.

Well yi~!lds are low, due to the fine-grained material and to interstitial

clay and silt which substantially reduce permeability. A 4-inch diameter

observation ~iell at: 142-80-1CBB was completed in the upper Tongue River

sandstone. The well was screened from 139 to 144 feet with 5 feet of 3-

inch diameter" No. €I slot (0.008 inch) screen which has sandpacked. It

was pumped wi'th a s;ubmersible pump at about 6 gpm. The specific capacity

was estimated at about 0.1 gpm per foot of drawdown. Anticipated yields

for properly constr'ucted wells in the Tongue River sandstones at Wilton

will probably not e:xceed 20 gpm per well.

Water Qual i t'( Wate:r samples from four wells completed in the basal

sandstone indicate the water is a sodium bicarbonate type which averages

1,112 mg/l dissolved solids. It is high in sodium and very soft.

Concentrations of boron and flouride are high.

Seven walter samples from wells in the upper Tongue River sandstone

indicate that the water may be either a calcium-magnesium bicarbonate or

a sodium bicarbonate type. The water is generally quite hard and

contains variable concentrations of iron and sulfate.

Sentinel Butte Formation
Thickness and Litho~ Data from 17 test holes indicate that in the

Wilton area the Sentinel Butte Formation consist of interbedded claystone,



siltstone
t

sandstone, and lignite. The basal sandstone is usually

interbedded with claystone, and ranges in thickness from four feet in

test holes 8627 (143-80-35AOC) to 52 feet in test hole 8613 (142-80-

IBBB). The sandstone is silty and clayey. It is very fine- to medium-

grained and semi-consolidated to loose. Its color is light-gray to
bluish-gray. Often a sandy, greenish-gray, bentonitic claystone directly

overlies the sandstone bed.
Hydraulic Properties - Wilton's city wells are completed in the basal

Sentinel Butte at depths ranging from 92 to 102 feet. The combined

pumping rate of three wells used by the city is 37 gpm. Drill cuttings

and electric logs show the basal sandstone in the vicinity of the city

well field to be very lenticular and interbedded with claystone. About

one mile southeast of Wilton the Sentinel Butte sandstone is less clayey,

coarser-grained, and not as interbedded with claystone. However, anticipated

well yields in this area probably would not exceed 15 to 20 gpm per

well.
Water level data show that basal Sentinel Butte aquifer is recharged

primarily by precipitation. The overlying glacial drift is very sandy

permitting the rapid infiltration of snowmelt and rainfall.
Water Quality Seven water samples from the Sentinel Butte aquifer show

the water to be generally of good quality and of the calcium bicarbonate

type. Dissolved solids range from 206 to 1,170 mg/l averaging 497 mg/1.

The water is hard. Iron and manganese concentrations are within accepted

limits, except for a water sample at 142-80-2000 which indicated 1.50

mg/1 iron and 2.0 mg/1 manganese.
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GROUND WATER IN THE GLACIAL DRIFT

Glaciofluvial deposits of sand and gravel which partially fill

buried valleys of the Missouri River and the preglacial Knife River are

important glacial drift aquifers in the Washburn-Wilton area. Data

obtained during this investigation and interpolated from existing reports

and maps (Klausing, 1974) were used to evaluate the geohydrologic characteristics

of the Lost Lake and Missouri River aquifers.

Glaciofluvial deposits which underlie the Missouri River floodplain

have been called the Painted Woods aquifer by Klausing (1974), and the

Missouri River aquifer by Croft (1973). Missouri River aquifer will be

used in this report due to the geographical proximity to the Missouri

River and because of the similar water quality and hydrologic characteristics

of the flood plain deposits.

Figure 4 shows the location, thickness, and estimated potential

yield of the Lost Lake and Missouri River aquifers. The direction of

ground-water movement is indicated on figure 5. Geologic sections of

the Lost Lake and Missouri River aquifers are represented on plate 2.

Lost Lake Aquifer

Thickness and Lithology The Lost Lake aquifer is a buried preglacial

river channel which underlies about 7 square miles of the study area

(fig. 4). The aquifer consists of interbedded clay, silt, sand, gravel,

and till. Water-bearing sand and gravel ranges in cumulative thickness

from 21 feet in test hole 8936 (143-81-3CBB) to 153 feet in test hole

8932 (143-81-4ADD). The clastic materials range in size from fine sand
to coarse gravel and are generally well-sorted. Fine to coarse, clayey
gravel is commonly found overlying the bedrock surface in the buried
valley (pl. 2). Loss of circulation during test drilling indicates that

permeabilities are high.

-26-



r )42.1'1

T 143 N

R 79 '/I

R 7!i"

7

6

12

MODIFIEDAFTEH ~~AUSIHG, 1974
R80W

-,

I
1 r

_~ 7'

/1
12.

36 L"\..;3-'
I ::....,-"\.J-~.r----r-- t-, -- ( \

I Ie 'l.,
I ,~

\

\

/

R 81W

Mc~EAI'I CO-------
BURLEIGH CO

EXPLANATION

*ESTIMATED WATER- LEVEL ELEVATION.

CONTROL POINT AND WATER-LEVEL ELEVATION IN FEET,

ARROWS INQlCATE DIRECTION OF GROUND -WATER
MOVEMENT, T [43 '"

POTENTIOMETRIC CONTOUR INTERVAL 10 FEET, DASHED
WHERE INfERRED --WITH SUPPLEMENTAL 5 FOOT
CONTOURS WHERE APPLICABLE.

DATUM IS MEAN SEA LEVEL.

1655•

T 141!. N

I
N
--.l
I

1/2 0
SCALE 1 62,500

I Z 4 MILES

I Ill' 0 3 5 ~llOMETERS

FIGURE 5- - MAP SHOWINGDIRECTION OF GROUND-WATER MOVEMENT IN THE LOST LAKE AND MISSOURI RIVER AQUIFERS



Geologic sections 6-61, C-C', and 0-01 show cross-sectional views

drawn at right angles to the horizontal axis of the aquifer. Southwest

of Lost Lake a large, lenticular-shaped body of silty clay divides the

aquifer into an upper and a lower unit. Water-level and water quality

data show that the clay body forms a semi-impermeable boundary between

aquifer units. However, to the northeast, in the vicinity of test holes

4110 (144-80-19A6A), and north of the Painted Woods Lake area in the

Missouri River valley the aquifer consists of only one unit (E-E1 on pl.

2).
Hydraulic Properties Water levels in observation wells range from above

the land surface (flowing wells) to more than 48 feet below the land

surface. Aquifer materials in the buried valley are under artesian

pressure, but southwest of Lost Lake localized water-table conditions

may exist in the upper aquifer unit. The general direction of ground-

water movement is toward the Missouri River valley (fig. 5).
The Lost Lake aquifer is recharged by infiltration through surrounding

glacial drift and by upward seepage through underlying bedrock. Discharge

from the aquifer occurs as leakage into adjacent bedrock, glacial drift,

and the Missouri River aquifer. The upper unit may discharge locally

into Painted Woods Creek.
Aquifer test data are not available on the Lost Lake aquifer,

however, based on the grain-size and the thickness of clastic materials

yields exceeding 1000 gpm may be possible from a properly constructed

well.
Water Quality - Nineteen water samples from the Lost Lake aquifer indicate
that the water may be either a sodium bicarbonate or a calcium bicarbonate

type. Generally, wells completed in the lower aquifer unit will yield
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sodium bicarbonate water and wells tapping the upper unit will yield

calcium bicarbonate water. There appears to be a mixing of waters

between the lost lake and Missouri River aquifers north of Painted Woods

lake where these deposits overlie each other and are hydraulically
connected.

Dissolved solids ranged from 367 mg/l to 1650 mg/l and averaged

1065 mg/l. The water is soft to very hard. Concentrations of iron and

manganese usually exceed recommended limits and will require treatment

to remove them for municipal or domestic use. locally, sulfate exceeds

the 250 mg/l limit set by the U.S. Public Health Service (table 1).

Water quality in the upper unit of the aquifer is superior to that

of the lower unit, and is best in Secs. 2 and 3, Township 143 North,

Range 81 West. Good quality water in this area is partially due to the

rapid infiltration of precipitation down through surficial sands and

gravel. Water quality is also influenced by the previously mentioned

lenticular body of silty clay, which functions as a confining bed and

prevents the upward migration of poorer quality water from the lower

aquifer unit. Water from the upper unit of the lost lake aquifer is

very similar in quality to the Missouri River water at Washburn and

water in the Sentinel Butte Formation at Wilton (table 2).

Missouri River Aquifer

Thickness and lithology In the study area the Missouri River aquifer

underlies about 6 square miles of the Missouri valley. The aquifer

consists of interbedded glaciofluvial clay, silt, sand, and gravel
thinly overlain by alluvial clays and silts. Sand and gravel comprising
the aquifer ranges in thickness from 28 feet in test hole 8943 (144-82-
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16AOA) to 198 feet in test hole 3729 (144-82-23000). Clastic materials

range in size from fine sand to very coarse gravel. They are highly

permeable.
The deposit is thickest across the Missouri River southwest of

Washburn. This is due to the influence of the buried preglacial Knife

River valley which underlies the surficial floodplain deposits of the

Missouri River. Subsurface data indicate that the aquifer consists of

nearly 200 feet of sand and gravel in this area.
Hydraulic Properties Water levels in the Missouri River aquifer are

generally within 10 feet of land surface. They fluctuate in response to

changes in the stage of the Missouri River and in the amount of annual

precipitation (Klausing, 1974)
The aquifer is recharged by the infiltration of precipitation,

underflow from the Lost Lake aquifer, and leakage from surrounding

bedrock. Ground water is discharged by underflow to the Missouri River,

evapotranspiration and by pumping. The general direction of ground

water movement is toward the Missouri River (fig. 5).
Aquifer test data for a well (143-81-29BBB1) located outside the

study area on the Missouri floodplain shows the aquifer to be highly

premeable and capable of yields exceeding 1000 gpm from an individual

well (Klausing, 1974). This well, owned by the South McLean Mutual Aid

Association, is 107 feet in depth, 12 inches in diameter, and screened

from 82 to 107 feet. It was pumped at a rate of 1,180 gpm had a specific

capacity of 106 gpm per foot of drawdown.
Water Quality ~issolved solids for six water samples ranged from 585
mg/l to 2,070 mg/1. The water is very hard, generally high in sulfate,
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and a sodium bicarbonate type. Concentrations of iron and manganese
exceed recommended limits.

Minor Drift Aquifers

Thickness and Lithology Deposits of sand and gravel. in the valleys of

Painted Woods and Yanktonai Creeks. and lenses of sand and gravel.

associated with till. constitute aquifers which are capable of providing

small quantities of ground water to domestic and stock wells in the

study area. Permeable materials range in saturated thickness from a few

feet to as much as 33 feet in test hole 4105 (143-81-24DDA). Sand and

gravel deposits in Painted Woods and Yanktonai Creeks are highly variable

in thickness and may. in places. be discontinuous.

Hydraulic Properties Water levels generally fluctuate in response to

the amount and frequency of precipitation and surface runoff along

Painted Woods and Yanktonai Creeks. Ground-water movement is downstream

toward the Lost Lake area. Evaluation of water-level data indicates

that these deposits are not hydraulically connected to the Lost Lake
aquifer.

Water Quality - Five water samples indicate a calcium or sodium sulfate

type water ranging from 1.250 mg/l to 2.410 mg/l dissolved solids.

Dissolved iron and manganese concentrations may exceed limits recommended
by the U.S. Public Health Service.

SUMMARY AND CONCLUSIONS

Data collected and evaluated during this investigation describe a
178 square mile area surrounding the cities of Washburn and Wilton
including portions of Burleigh. McLean. and Oliver Counties. The area

is situated within the Coteau Slope division of the Missouri Plateau
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physiographic province of North Dakota. The average temperature is

42.4°F. and the average annual precipitation is 15.15 inches.
The Washburn-Wilton area is located on the eastern side of the

Williston Basin and is underlain by more than 8,000 feet of sedimentary

rocks. This investigation was concerned only with upper Cretaceous and

Teritary rocks which are potential aquifers in this area. These bedrock

aquifers are: 1) Fox Hills, 2) Hell Creek, 3) Tongue River, 4) Sentinel

Butte Formations.
The Fox Hills and Hell Creek Formations consist of interbedded

claystone, siltstone, sandstone, and shale. Wells tapping sandstone

beds of up to 56 feet in thickness will yield small quantities of water.

The predominantly sodium bicarbonate type water contained in sandstones

of both the Fox Hills and Hell Creek Formations is very similar. Dissolved

solids content ranged from 1,680 to 1,870 mg/1 in the Fox Hills and from

1,420 to 1,540 mg/1 in the Hell Creek. Properly constructed wells

tapping sandstones of the Fox Hills and Hell Creek may yield as much as

50 gpm.
The Tongue River and Sentinel Butte Formations consist of interbedded

claystone, siltstone, sandstone, shale, and lignite. Two sandstone beds

in the Tongue River Formation are important aquifers in the study area.

A basal sandstone bed in the Sentinel Butte Formation yields water to

municipal wells at Wilton. Sandstones of the Tongue River and Sentinel

Butte contain sodium and calcium bicarbonate type water. Dissolved

solids content ranged from 655 to 1,620 mg/1 in the Tongue River and 206
to 1.170 mg/l in the Sentinel Butte. Properly constructed wells tapping

these sandstones may yield as much as 20 gpm.
Glaciofluvial deposits of sand and gravel have the greatest potential

for ground-water development in the Washburn-Wilton area. The Lost Lake
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and Missouri River aquifers occupy buried valleys and are capable of

yielding more than 1000 gpm to properly constructed, fully penetrating

wells.
The Lost Lake aquifer consists of interbedded clay, silt, sand and

gravel which may exceed 150 feet in thickness. Southwest of Lost Lake

the aquifer consists of an upper and a lower unit which are differentiated

according to water-level and chemcial quality data.
Water from the Lost Lake aquifer is generally of the sodium bicarbonate

type. However, in Sections 2 and 3, Township 143 North, Range 81 West

calcium bicarbonate water is found assoicated with the deposits of the

upper aquifer unit. Dissolved solids range from 367 to 1,650 mg/1 and

the water is generally hard. Dissolved iron and manganese usually

exceed recommended limits and the treatment for the removal of these

constituents will be required.
Deposits of the Missouri River aquifer consist of interbedded clay,

silt, sand, and gravel which may exceed 190 feet in thickness. The

aquifer is generally confined by alluvium and is under artesian pressure.

An aquifer test using an existing irrigation well (143-81-29BBB1) has

shown that this aquifer is capable of yielding more than 100 gpm.

The water is a sodium bicarbonate type with a dissolved solids

range from 585 to 2,070 mg/1. Concentrations of sulfate, iron, and

manganese generally exceed recommended limits.
Minor drift aquifers in the study area are associated with Painted

Woods and Yanktonai Creeks or occur as isolated lenses of sand and

gravel within the till. They are capable of yielding small quantities
of water to domestic and stock wells. Dissolved solids may exceed 2,000

mg/l. The water is generally of the calcium sulfate type.
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The results of this study show that Wilton has two possible alternatives

for solving their water supply problem.
The first alternative is to drill additional wells about one mile

southeast of the city into sandstones of either the Sentinel Butte or

Tongue River Formations where subsurface data indicates greater aquifer

thickness. However, due to the low permeabilities of the sandstones, at

least five wells would be required to provide the city with an additional

100 gpm supply. Future population growth and increased demand would

require the installation of additional wells.
Secondly, the city could develop a well field in the upper Lost

Lake aquifer located in Sections 2 or 3, Township 143 North, Range 81

West, about 8 miles northwest of town. A single well completed in this

aquifer could produce 200 gpm satisfying the city's present and future

water requirements. It would be advisable to install two wells in the

Lost Lake aquifer, then one well can be maintained for emergencies on a

standby basis. Water quality in the upper unit of the Lost Lake aquifer

is very similar to that of the city·s present water supply, but facilities

for the treatment to remove dissolved iron and manganese would be required.

Washburn's water supply facilities are adequate at the present

time. However, new surface water treatment and filtration requirements

set by the North Dakota State Department of Health may require modification

of the city's existing water facilities.
As an alternative to a surface water treatment plant, the city

could develop a well field in the upper Lost Lake aquifer located about

five miles southeast of town. Water quality in the upper Lost Lake
aquifer is essentially equivalent to that of the Missouri River water
currently being used by the city, but iron removal facilities would be

required.
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TABLE 3 -- LOGS OF TEST HOLES

The following logs of test holes and wells are summaries of data

from driller's logs, geologist's sample description, resistivity,

spontaneous potential, and gamma ray logs. Color descriptions are of

wet samples and are based upon color standards of the National Research

Council (Goddard and others, 1948). Grand-size classification is C.K.

Wentworth's scale from Pettijohn (1957).
Test holes are called observation wells when they have been completed

with It-inch or 4-inch diameter plastic casing and screened at the

bottom. Well depths, screened intervals (S. I.), and water levels, with

date of measurement, are so designated. Water levels are in feet below

land surface. Elevations, based on mean sea level datum, were interpolated

from topographic maps published by the U.S. Geological Survey.

The test holes listed in table 3 with numbers between 8604 and 8952

were drilled as part of this investigation. The other numbered test

holes were drilled by the North Dakota State Water Commission prior to

this study. Logs of unnumbered test holes and wells were provided by

the individual or agency shown in the heading of the log.
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TABLE 3 -- Explanation of Lithologic Symbols

Clay

Ti I I

~

O.'····N·.. ~:;~.
: Q"~':-:':~

S i 1 t

Sand

Gravel

B-, <)
<) ••- .
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Shale
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Limestone

Ligni te
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NU:;'I-H.. 00 I '+

LOCATION: 142-80-1 AAB DATE DRillED: Apri 1, 1973

ELEVATlON: 2155
(FT, MSL)

DEPTH: 180
(FT)

Sandstone, clayey, very fine to
fine, light-bluish-gray.

Siltstone, siliceous, clayey,
medium-light-gray, some brownish-
gray beddinq, a few thin lignite
stringers.

Sandstone, silty, very fine to
medium, light-bluish-gray, non-
calcareous.

Claystone, silty, brownish-gray.

Tongue River Formation

Siltstone, siliceous, clayey,
medium gray with dark-greenish-
gray mottling, slightly calcar-
eous.

Sandstone, very clayey, very fine
to fine, medium-light-gray.

Sentinel Butte Formation

Glacial Drift

Siltstone, siliceous, clayey,
medium-light-gray, some greenish-
gray bentonitic clay.

Lignite, black, brittle, some
thin, brownish-gray, carbonaceous
shale bedding.

DESCRIPTION OF DEPOSITS

Siltstone, sil iceous, clayey,
dark-greenish-gray, noncalcareous.

Sandstone, very fine to medium,
medium-bluish-gray, subangular,
semi-consolidated.

Claystone, silty, grayish-yellow,
calcareous, partially oxidized,
a few thin 1igni te stringers.

0-7 Clay, silty, very sandy, pebbly,
yellowish-brown, oxidized (till).

7-45

74-103

47-64

45-47

Re:S;STANCE (OHMS)
~ .

./

80

60

40

20

100

103-114

114-118
120 118-123

123-145

140

145-150

160 150-180

?
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LOCATION: 142-80-1 BBB

ELE:VATION: 2150
(FT, MSL)

POTENTIAL (~'V)~

NDSWC 8613

RESISTANCE (OHMS)
~.

40

60

80

100

-38-

0-26

26-78

78-100

DATE DRILLED: Apr iI, 1973

DEPTH: 100
(FT)

DESCRlPTION OF DEPOSITS

Glacial Drift

Clay, silty, sandy, pebbly, yel-
lowish-bro\-Jn, oxidized (till).

Sentinel Butte Formation

Sandstone, silty, some clay, very
fine to fine, yellowish-brown,
loose, subangular to subrounded,
oxidized, lignitic.

Siltstone, siliceous, medium-
light-gray, some thin, brownish-
gray carbonaceous shale bedding,
calcareous.

Observation vfell
Depth 76 feet
S. I. 73-76 feet
Water level 67.43 feet

• 11' 11 I. ~ ..••



NDSI4( 8617
LOCATlON: 142-80-1C66 DATE DRILLED: April, 1973

EL~VATlON: 2120
(FT, MSL)

DEPTH: 200
(FT)

Observation 'Wells
South 'Well

Claystone, medium gray to light-
brownish-gray.

Tonoue River Formation

Sandstone, clayey, very fine to
fine, brownish-gray, consolidated.

Sandstone, about 30 percent clay
and silt, very fine to medium,
medium-bluish-gray, semi-consoli-
dated to loose, subangular,
micaceous, fossil shells.

Siltstone, siliceous, medium-
light-gray, calcareous.

Claystone, silty, brownish-gray.

Claystone, silty, brownish-gray,
thin lignite stringers.

Sandstone, sllty, clayey, fine,
medium-light-gray.

Glacial Drift

Sandstone, very clayey, very fine
to fine, light-brownish-gray,
foss iI shells.

Sentinel Butte Formation
Claystone, silty, medium gray,
lignite stringers, calcareous.
Sandstone, about 30 percent clay,
very fine to fine, light-brownish-
gray, subangular, consolidated.

Sand, silty, clayey, fine to
medium, dark-yellowish-bro .•.,",
oxidized.

Silt, clayey, sandy, olive gray,
soft, highly calcareous.

Clay, silty, sandy, pebbly,
yellowish-brown, oxidized (till).
Silt. clayey, yellowish-brown,
oxidized.

DESCRIPTION OF DE:POSITS

0-27

27- 32

North 'We11

----=-==-

40-48

r . 48-63

~L;,
(
~ c-.-~

~ .88-126

~126-148

~"-156___ S
--~~ 156-162

~~ 162-172

~

..r-

172-177

177-200

200

RESISTANCE (OHMS)
•

160

180

140

80

100

120

40

60

)
I.....•
(
I;,

./
/

)

?
l<.

\.

POTENTlAL ()IV)..

"-- .-J

'Well diameter 4 inches
Depth 144 feet
5.1. 139-144 feet
'Water level 73.43 feet
Measured 11-14-73

'Well diameter I~ inches
Depth 144 feet
5.1.138-144 feet
Water level 71-97 feet
Measured 11-14-73



NOSWC 8630
LOCATION: 142-80- J COO

ELEVATION: 2140
(FT, MSL)

DATE DRILLED: May, 1973

D£PTH: 200
(FT)

Glacial Drift

-~---- ---

D£SCRIPTION OF DEPOSITS

Sand, slightly clayey, fine to
medium, oxidized.

Clay, silty, sandy, pebbly,
yellowish-brown, oxidized (till).

Tongue River Formation

Sentinel Butte For~ation

Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (til-l).

Sandstone, slightly clayey, very
fine to medium, medium-bluish-
gray, loose, friable.

Sand, clayey, fine to ~edium,
oxidized.

Siltstone, clayey, sandy, yel-
lowish-brown, oxidized.

Siltstone, siliceous, medium-
light-gray, brownish-gray to
dark brown shale bedding, thin
lignite stringers.

Claystone, silty, brownish-gray,
thin, dark brown carbonaceous
shale bedding.

Siltstone, medium-ligh:-gray, so"-'e
thin brownish-gray carbonaceous
shale beds, calcareous.

Siltstone, slightly sandy, clayey,
medium-light-gray, thin 1 ignite
stringers.

Sandstone, clayey, silty, very
fine to fine, medium-light-gray
to light-bluish-gray, semi-
consolidated, a few thin clay-
stone beds and I ignite stringers.

2-10

0-2

32-50

26-32

94-100

100-132

132-170

170-200

~
___ ~ 10-26 Clay, silty, pebbly, yellowish-

~- brown, oxidized (till).,..
~

20

RESiSTAHa (OHMS)
•

60

40

80

100 50-62
,---

t
62-76

120 76-94

140

200

160

180

POTENTIAL (MV)•
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142-80-2ABB
City of Wilton Test well I

(Log by C. A. Simpson and Son)

Geologic
source Material

Topsoil ------------------------------- _
Brown clay and rock -------------------- _
Yellow clay -------------------------- _
Blue clay ----------------------- _
Hardpan and rock ------------------------- _
Slightly gravelly clay ------------------ _
Sandy clay ----------------------- _
Coal ----------------------------- _
Sandy gray clay ----------------------- _
Fine loose sand -------------------- _
Soft gray clay ------------------- _
Coal and brown clay ------------------- _
Blue shale ------------------------- _
Coal ---------------------------- _
Gray shale -------------------------- _
Dark shale with Iittle coal -----------------

NDSWC 8633
LOCATION: 142-80-2DCD

ELEVATION: 2120
(FT, MSL)

Thickness Depth
(feet) (feet)

I 1
6 7

20 27
25 52

5 57
23 80
22 102

5 107
I 108
5 113

29 142
3 145

17 162
I 163

40 203
17 220

DATE DRILLED: May, 1973

oe:PTH: 140
(FT)

RESISTANCE (OHMS)..

0-38

38-55

100

120

..... , ...

~-'

~~i '''0-41 -

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, sandy, pebbly,
yellowish-brown, oxidized (till).

Silt, very sandy, gravelly sand
lenses, yellowish-brown, oxidized.

Sentinel Butte Formatior

Claystone, siliceous, sandy,
medium gray to greenish-gray.
bentonitic, calcareous.

Sandstone, clayey, silty, very
fine to fine, medium-bluish-gray,
fossiliferous, semi-consol idated.

Tongue River Formation

Siltstone, siliceous, clayey,
light gray, highly calcareous.

Sandstone, clayey, silty, very
fine to fine, light-bluiSh-gray,
conso I ida ted .

Siltstone, clayey, medium gray,
thin brownish-gray, carbonaceous
shale bedding.



LOCATION: 142-80-2000

ELEVATION: 21 J 5
(FT, MSL)

POTENTIAL (MY)•

60

80

100

120

NDSWC 8611

0-1

1-35

35-53

82-90

90-98

98-108

DATE DRILLED: Apr iI, 1973

DEPTH: 160
(FT)

DESCRIPTION OF DEPOSITS

Glacial Dri ft

Topsoil, sand, pebbly loam,
grayish-black.

Clay, sandy, silty, pebbly,
yellowish-brown, oxidized (til J).

Sand, very clayey, fine to coarse,
well-oxidized, moderately wel 1-
sorted.

Sentinel 8utte For~ation

Claystone, silty, sandy, medium-
dark-gray with dark-yellowish-
brown mottling, partially oxi-
d ized.

Sandstone, slightly clayey, very
fine to medium, dark-greenish-
gray, semi-conso] idated to loose,
friable, lignitic.

Sandstone, silty, clayey, very
fine to fine, medium-light-gray,
consolidated, friable, calcareous.

Tonque River Formation

Siltstone, clayey, siT iceous,
medium-light-gray, highly cal-
careous.

Sandstone, silty, clayey, very
fine, medium-light-gray, consoli-
dated lignitic, calcareous.

swc 'ORM. 233 •

-42~

108-150

150-160

Sandstone, slightly clayey, very
fine to fine, medium-bluish-gray,
semi-consolidated to loose,
friable, taking water.

Claystone, silty, 1 ight-brownish-
gray, occasional thin I ignite
stringers, carbonaceous.

Observation Well
Depth 82 feet
S.I. 77-82 feet
Water level 43.53 feet
Measured 11-14-73



142-8o-3AAA
NDSWC 1985

Elevation: 2170.9 feet

Geologic
source Material

Glacial drift:
Till, moderate-yel10wish-brown, lignite frag-

ments, highly-calcareous, oxidized --------

Thickness
(fee t)

7

Depth
(fee t)

7

Sentinel Butte Formation:
Clay, moderate-yellowish-brown, silty,

cohesive, oxidized ------------------------
Clay, dusky-yellow, silty, cohesive, cal-

careous -----------------------------------
Clay, dusky-ye110wish-brown, silty, cohesive,

oxidized ----------------------------------
Lignite, hard, sharp fragments --------------
Clay, medium-b1uish-gray, silty, indurated,

lignite smears ----------------------------
Sand, medium-bluish-gray, very fine, silty,

lignite and mica flakes -------------------
Clay, medium-bluish-gray, silty, cohesive,

lignite flecks, highly-calcareous ---------
Lignite, hard -------------------------------
Clay, light-bluish-gray, silty, minor lignite

flecks ------------------------------------
Lignite, hard -------------------------------
Clay, pale-blue-green, slightly-silty -------
Clay, light-olive-gray, silty, cohesive,

highly-calcareous -------------------------
Silt, brownish-black, cohesive, abundant

lignite fragments, highly-calcareous ------
Clay, dark-greenish-gray, silty, indurated,

calcareous --------------------------------
Clay, greenish-gray, silty, indurated, white

calcareous layers -------------------------
Lignite -------------------------------------
Silt, light-olive-gray, clayey, lignite

flecks, calcareous ------------------------
Sandstone, olive-gray, very hard, indurated,

calcareous --------------------------------

4 11
7 18

4 22
4 26

11 37
14 51

8 59
3 62
3 65
t 65t

H 73
2 75
6 81

16 97
9 106
1 107

11 118
119

Tongue River Formation:
Silt, olive-gray, clayey, very fossil iferous,

calcareous --------------------------------
Lignite -------------------------------------
Silt, 01 ive-black; sand, very fine ----------
Silt, grayish-blue-green, clayey, occasional

1 ignite chips -----------------------------
Sand, very fine, clayey, calcareous ---------
Clay, light-olive-gray, silty, lignite

fragments, calcareous ---------------------
Lignite -------------------------------------
Sand, 1 ight-olive-gray, lignitic ------------
Silt, olive-gray to olive-black, very

clayey -------------------------------------43-

19
1
6

7
4

7
1

58

3

138
139
145

152
156

163
164
222

225



Geologic
source

Glacial

142-80-IIADD
NDS\·/C 8632

Elevation 2095 feet
Drilled Hay, 1973

Hater ia I

drift:
Clay, sandy, pebbly, yellowish-brown,

oxidized (till) ---------------------------
Clay, silty, pebbly, olive gray, (till)
Sand, clayey, thin layers of olive gray

laminated silt, very fine to coarse,
well-sorted, very lignitic, gravelly
lower 3 feet ------------------------------

Thickness
(feet)

33
11

18

Depth
(feet)

3344

62
Tongue River Formation:

Claystone, si lty, medium-light-gray, cal-
careous -----------------------------------

Limestone, dark gray, hard ------------------
Siltstone, clayey, thin bluish-gray sand-

stone interbeds, lignite stringers, highly
calcareous --------------------------------

Sandstone, silty, very fine to fine, medium-
1 ight-gray, consolidated ------------------

Siltstone, siliceous, clayey, medium-l ight-
gray, lignite stringers -------------------
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3

49

5

23

80
83

132

137

160



NDSI,.JC 863 I

LOCATION: 142-80-12AAD

ELEVATION: 2130
(Fi, ~JSL)

DATE DRILLED: Hay, 1973

DEPTH: 180
(FT)

Lignite, black, brittle.

Sentinel Butte Formation

Glacial. Drift

Tongue River Formation

Claystone, silty, medium-l ight-
gray with brownish-gray, carbon-
aceous shale bedding, calcareous.

Siltstone, siliceous, medium-
light-gray, thin sandstone bed-
ding and a few thin lignite
stringers.

Sandstone, clayey, very fine to
medium, greenish-gray to medium-
bluish-gray, semi-consol idated to
loose.

Siltstone, brownish-gray with
dark brown, carbonaceous shale
bedding, thin 1 ignite stringers.

Siltstone, siliceous, medium-
light-gray, calcareous.

Sand, silty, clayey, fine to
coarse, well-sorted, light brown,
oxidized.

Clay, sandy, silty, pebbly, yel-
lowish-brown, oxidized (till).

DESCRIPTION OF DEPOSITS

88-108

62-88

108-11 0

110-180

160

RESlSTANCE (OHMS)
~ ..

160

140

120

80

100

60

0-23

20
23-34

~

~

40
34-48

POTENTIAL (,..~V)
••



NDSWC 8612

LOCATION: 142-80-12CCD

ELEVATION: 2070
(FT, MSL)

DATE DRILLED: Apr iI, J 973

DEPTH: 220
(FT)

River ForfTlation

Glacial Drift

DESCRIPTION OF DEPOSITS

Siltstone and claystone, brownish-
gray to medium gray, liqht-
brownish-gray sandstone interbeds,
light brown Iimestone concretions,
noncalcareous.

Sandstone, clayey, very fine to
medium, medium-bluish-gray, semi-
consol idated to consol idated,
cemented from 170-172 feet.

Siltstone, sil iceous, medium-
light-gray, fossi liferous, some
greenish-gray bentonitic clay
beddinq, sl ightly calcareous .

Lignite, black, brittle.

Lignite, black, brittle

Claystone, silty, brownish-gray,
thin 1 ignite stringers, carbon-
aceous.

Claystone, silty, medium-dark-
gray to brownish-gray, occasional
thin 1 igni te stringers.

Siltstone, sil iceous, medium
I ight gray. highly calcareous.

Claystone, silty, brownish-gray,
carbonaceous.

Silt, clayey, 01 ive gray, thin
sand lenses, highly calcareous.

Sand, silty, medium to very
coarse, oxidized.
Silt, clayey, yellowish-brown,
oxidized.

> Tongue..-r--~
<-~-

-----:-

0-5

125-155

105-125

5-15

~
_?-::::-

~46 Gravel, sandy, sl ightly clayey,
-- _--- fine to coarse, oxidized ..t. ~

~

RESISTANCE (OHMS)
•

80

20

155-188

180

;: 188-220

200

~( ~
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60
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~ ~-
'"--->
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100 -=---.

0::
120~

~ 80-85
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:::::::;:;::::::
::::::::::::::::160••...................•..........
.................•................•............
.:-:-:.:.:.:.: ................
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142-81-4ADC
NDSWC #1984

Elevation: 1666.3 feet

Geologic
Source Material

Glacial Drift:
Clay, yellowish-orange, sandy, oxidized
Gravel, fine to medium, sandy, oxidized

Cannonball Formation:
Sand, very fine to fine, silty to clayey,

lignite fragments, oxidized ---------------
Sand, fine, silty to clayey, lignite

fragments ---------------------------------
Sandstone, friable, highly-calcareous -------
Sand, fine, silty to clayey, unsorted,

abundant I igni te and mica, (glauconi tic)
Sand, greenish-black, silty, (glauconitic)
Silt, Olive-gray, sandy, lignite and mica

flakes, slightly-calcareous ---------------
Limestone, olive-gray, sandy ----------------
Silt, olive-gray, clayey to sandy, harder

than above, slightly-calcareous -----------
Sand, olive-gray, abundant Iignite and green

specks (glauconitic) ----------------------
Limestone, sandy, very hard -----------------
Silt, olive-gray, sandy, mica flakes --------
Sand, grayish-blue-green, very fine to fine,

(abundant glauconite) ---------------------
Hell Creek Formation:

Sand, olive-gray, very silty, lignite and
mica flakes -------------------------------

Silt, 01 ive-black, clayey, lignite and
mica flakes -------------------------------

Silt, olive-black, pyrites ------------------
Silt, light-olive-gray pyrite, mica, and

lignite -----------------------------------
Sand, grayish-blue-green, very fine to

medium-angular, abundant green grains
(glauconitic) -----------------------------

Silt, olive-gray, sandy ---------------------
Sand, light-olive-gray, very fine to medium,

green grains, (glauconitic) ---------------
Shale, greenish-gray, sandy to clayey,

lignitic ----------------------------------
Sand, olive-black, very fine to fine, abun-

dant green grains (glauconite) ------------
Sand, clayey, mostly quartz, some mica and

greenish grains ---------------------------
Limestone, sandy ----------------------------
Sand, olive-gray, very fine to medium,

clayey ------------------------------------
Shale, dark-greenish-gray; sand, very fine;

mica and lignite flakes, abundant 1ight-
bluish to greenish grains -----------------

Sand, very fine to fine, silty, black and
green grains ------------------------------

Lignite -------------------------------------
Shale, olive-gray, silty --------------------
Shale, greenish-gray, silty to sandy,

(glauconitic) -----------------------------

Thickness Depth
(feet) J fee tl

4 4
3 7

33 40

13 53
5 58

5 63
25 88

I 89
2 91

26 117

2 119
4 123

13 136

9 145

17 162

8 170
18 188

9 197

12 209
6 215

19 234

16 250

13 263

5 268
3 271

16 287

47 334

14 348
5 353

11 364

16 380
Fox Hills Fo~mation:

Sand, greenish-gray, fine to medium.
abundant green and black grains
(glauconitic) -----------------------------Sand, greenish-gray, fine to medium
clayey, (glauconitic) ---------------------

Sand, greenish-gray, fine to medium, clayey
(glauconitic) -----------------------------

Observation Well
Depth 435 feet
Perforated from 415-435 feet
Flow

-47-

15

5

35

395

400

435



0-10 Clay, silty, pebbly, yellowish-
brown, oxidized (till).

LOCATION: 143-79-3IAAA

ELEVATION: 2060
(FT, MSL)

POTENTIAL (MV)..

NDSI/C 8608

RESISTANce (OHMS)
•

20

40

60

80

100

120

140

160

-48-

64-93

93-101

101-136

192-200

DATE DRILLED: Apr i J, J 973

DEPTH: 200
(FT)

DESCRIPTION OF DEPOSITS

G J ac ia lOr if t

Tongue River Formation

Sandstone, fine, yellowish-brown.
th ins i1ts tone bedd ing, Iign i te
stringers, calcareous.

Siltstone, clayey, yellowish-
brown, sandstone interbeds,
oxidized.

-_._~
Lignite, black brittle.

Siltstone, clayey, medium-l ight-
gray, thin sandstone bedding,
calcareous.

Sandstone, clayey, silty, very
fine to fine, medium-light-gray,
thin claystone bedding.

Claystone, siliceous, medium gray,
brownish-gray carbonaceous shale
interbeds, fossil iferous.

Sandstone, silty, fine, medium-
bluish-gray, consolidated.

Clays tone, s iIty, s i I iceous ,
medium-I ight-gray, brownish-
gray, carbonaceous shale inter-
beds, lignite stringers from
130-135 feet.

Sandstone, slightly clayey, fine
to medium, medium-bluish-gray,
loose to consol idated, friable,
I igni tic.

Cannonball Formation

Si Itstone, si I iceous, brownish-
gray, noncalcareous.



LOC:4TION: 143-79-31DCC D.'~n:: OHtLlEO: r\f>:-i I, 1373

ELE\/~\T10,'.j: 2120
(:=T, r;1SL)

DEPTH: 1110
(FT)

3-12 Claystone, silty, y~llowish-
brm·m to dusky yel1o~', oxidized.

Sentinel Butte Fornation

Gl~cinl Drift

Claystone, silty, medium gray,
lignite stringers, calcareous.

Siltstone, siliceous, medium gray,
brownish-gray shale bedding,
slightly calcareous.

Tongue River Formation

Siltstone, medium gray to 1ight-
brownish-gray, cal~areous

Sandstone, clayey, very fine to
fine, light-brownish-gray, con-
sol idated.

Claystone, sIliceous, greenish-
gray, thin lignite stringers.

Siltstone, siliceous, medium-
light-gray, brownish-gray mottling,
calcareous.

Claystone, greenish-gray, bentoni-
tic.

[}E:SC;:{IPTION Or DEPOSITS

Sandstone, very clayey, very fine
.to fine, med ium-l igh t-g ray to

light-brownish-gray, subangular,
thin claystone bedding.

Lignite, black, brittle, fractured,
tak ing \'/a ter.

Clay, silty, sandy, pebbly,
ye llm'/ish-brm'fn, (till) .

0-3

48-66

40-48

27-40

12-20

20-27

RESISTANCE (OH;\iS)
>

100

d
(5 120

83-123

~123-135

--

~ ~

~
140

135-140

-49-
Observation well
Depth 20 feet
S.I. 17-20 feet
Water level 10.45 feet
Measured 11-14-73



143-80-2CC8
NOSWC 3894

Elevation: 1914 feet

Geologic
source Material

G Iac ia 1 dr ift:
Topsoil, si Ity, black -----------------------
Silt, clayey, yellowish-gray ----------------
Clay, silty, yellowish-gray to 01 ive-brown;

scattered sand and gravel (till) ----------
Clay, silty, sandy, 01 ive-gray; scattered

pebbles (till) ----------------------------

Thickness Depth
(feet) (feet)

1 I
2 3

16 19

13 32

Tongue River Formation:
Shale, sandy, carbonaceous, variegated gray,

green, and brown; interbedded with fine
greenish-gray sand and 1ignite ------------ 28 60

NDS\~C 3895
LOCAnON: 143-80-8AAA

ELEVAnON: 1890
(FT, MSL)

DATE DRillED: Novembe r, 1969

DEPTH: 100
(FT)

20

Glacial Drift

D£SCRIPTION OF DEPOSITS

Clay, yellowish-brown

Clay, sandy, black (topsoi 1).

Sand, fine, silty, yellowish-gray.

Clay, sandy, pebbly, olive-gray;
s i1t and sand lenses (t ill) .

Gravel, fine to medium, sub-
rounded.

Clay, silty, sandy, pebbly, olive-
gray (ti 11).

~

Gravel, fine to medium, sandy,
subangular to subrounded.

0-1

1-5

5-10

2-72 Clay, silty, sandy, pebbly, olive-
gray (t i II ) .

72-87

R£S1STANCE (OHMS)
•

80

40

60

100

~
---,'

-- -~

~--~-"--.

POTENnAL (MV)..

Tongue River Formation

87-100 Sand, very fine to fine, clayey,
micaceous, noncalcareous, green-
ish-gray.

-50-
Observation well
Depth 80 feet
5.1.77-80 feet
Water level 24.91 feet
Measured 11-30-70



NOSWC 8609
LOCAT10N: 143-80-22000
ELEVAT1ON: 2060
(FT, MSL)

DATE DRILLED: Apr iI, 1973

DEPTH: 200
(FT)

0-14 Clay, sandy, pebbly, yel1owish-
brown, oxidized (ti 11).

Tongue River Formation

Glacial Drift

DESCRIPTION OF DEPOSITS

Clay, sandy, s iIty, pebb Iy, 0 live
gray, some reworked bedrock
bou 1ders (t i11) .

Gravel, fine to coarse, poorly
sorted, loose.

Sandstone, very fine, medium gray,
cemented, highly calcareous,
I igni tic.

Siltstone, sil iceous, medium-
light-gray, highly calcareous.

Sandstone, clayey, very fine to
medium, medium-bluish-gray, thin
siltstone beds, lignitic.

Sandstone, fine, brownish-gray,
lignitic, consolidated.

Claystone, sil iceous, medium gray,
medium-light-gray siltstone and
brownish-gray shale interbeds,
thin 1 ignite stringers and thin
sandstone beds.

Sandstone, claystone interbeds,
clayey, very fine to medium,
medium-bluish-gray, loose to
consolidated, lignitic, micaceous.

Claystone, silty, sandy, medium-
light-gray to brownish-gray, lime-
stone concretions.

Shale, slightly sandy, dark brown,
.carbonaceous.

14-46

60-64

147-164

164-186

186-190

190-200

~1:!-60

-51-

~
~

82-147

o

RESISTAHC£ (OHMS)
•?

20

40

80

60

100

120

.- 200

POTENT1AL (MV)•



NDSWC 8616
LOCA110N: 143-80-26CCC
ELEVA11ON: 2105
(FT, MSL)

DATE DRILLED: Apr iI, 1973

DEPTH: 160
(FT)

R£S1STANC£ (OHMS)

~ Glacial Drift

DESCRIPTION OF DEPOSITS

Siltstone, siliceous, clayey,
medium-light-gray, calcareous.

Sandstone, clayey, very fine to
fine, light-bluish-gray, semi-
consolidated, friable, calcareous.

Sentinel Butte Formation

Tongue River Formation

Sandstone, clayey, light-bluish-
gray, very fine to fine, consol i-
dated, friable, cemented from
32-34 feet.

Siltstone, siliceous, medium-
light-gray, highly calcareous.

Siltstone, clayey, si liceous,
medium-l ight-gray to greenish-
gray, bentonitic, highly calcar-
eous.

Claystone, silty, yel1owish-
brown, oxidized.

Sand, clayey, gravelly, fine to
coarse, reworked bedrock sand,
1 ign itic, ox id ized.

Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

5-18

72-109

44-54

32-44

18-22

22-32

140

160

120

80

loe

40

20

-60

POTEN11AL (MY)•

109-156 Sandstone, slightly clayey, very
fine to medium, medium-bluish-
gray, semi-consol idated, friable,
lignitic, taking water rapidly.

156-160 Siltstone, siliceous, medium gray.

-52-

Observation well
Depth 154 feet
S.I. 148-154 feet
Water level 101.47 feet
Measured 11-14-73



143-80-26DAD
NDSWC 8615

Elevation. 2155 feet

Geologic
source

Glacial

Sentinel

Material

dr i ft:
Clay, si lty, sandy, pebbly, yellowish-

brown, oxidized (ti II) --------------------
Sand, silty, clayey, medium to coarse,

moderate brown, oxidized ------------------
Clay, silty, pebbly, yellowish-brown,

oxidized (till) ---------------------------
Butte Formation:

Claystone, si lty, yellowish-brown to dusky
yellow, oxidized --------------------------

lignite, black to dark-brownish-black,
brittle, fractured, taking water rapidly --

Claystone, silty, medium-] ight-gray, calcar-
eous, lost circulation, abandoned hole ----

143-80-32AAA
NDSWC 8604

Thickness
(fee tl

2

2

4

11

7

14

Depth
(feet)

2

4

8

19

26
40

Elevation: 2010 feet

Glacial drift:
Gravel, sandy, clayey, fine to coarse,

loose, oxidized ---------------------------
Clay, very sandy, gravelly, yellowish-

brown, well-oxidized (till) ---------------
Clay, silty, pebbly, olive gray, calcareous

(till) ------------------------------------
Tongue River Formation:

Siltstone, clayey, sandy, light-gray, non-
calcareous --------------------------------

Sandstone, clayey, silty, very fine to
fine, medium-bluish-gray, consol idated ----

Siltstone, siliceous, medium gray, non-
calcareous --------------------------------

Sandstone, very fine to medium, dark-
greenish-gray, semi-consolidated to
loose, friable ----------------------------

Claystone, silty, brownish-gray, noncal-
careous -----------------------------------

Sandstone, fine to medium, light-bluish-gray,
semi-consolidated, lignitic, micaceous ----

lignite, black, brittle, fractured, taking
water rapidly -----------------------------

Shale, silty, sandy, brownish-gray, lignite
stringers, noncalcareous ------------------

Claystone, very sandy, silty, medium-
dark-gray to brownish-gray, noncalcar-
eous --------------------------------------Sandstone, clayey, fine, dark-greenish-gray,
noncalcareous, conso! idated, subangular ---

Cannonbal I Formation:
Claystone, silty to sandy, medium-dark-gray,

to brownish-gray, thin si ltstone and dark
brown carbonaceous shale interbeds, 1 ignitic,
noncalcareous -----------------------------Claystone, siliceous, dark gray, hard,
noncalcareous -----------------------------

4

16

55

5

6

20

8

12

17

3

4

35
15

182

8

4

20

75

80
86

106

114

126

143

146

150

185

200

382

390

Observation well
Depth 138 feet

-53-
5.1. 132-138 feet
Water level 97.71 feet
Measured 11-14-73



---~--

LOCATION: _'j):..6o.:12c.cc..... _
ELEVATION: __ 1..255 _
(FT, MSL)

NDSWC 8610

(OHMS]

5-12

12-19

19-23
23-28

28-36

36-46
46-96

96-152

152-175

175-205

205-335

335-370

DATEDRILLED:~!:.i...!~J.~L__

DEPTH: _7.2JL _
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Road fill.

Tongue River Formation

Claystone, sandy, si lty, yellowish-
brown, oxidized.

Claystone, silty, medium-llght-
gray, calcareous.

Lignite, black, claystone bedding.

Claystone, sandy, medium gray.

Sands tone, fine to med iurn,rnedium-
bluish-gray, consolidated.

Claystone, clayey, medium gray.

Sandstone, fine to medium, bluish-
gray, thin lignite stringers and
claystone bedding.

Claystone, sandy, brownish-gray,
dark brown, carbonaceous shale
bedding, lignite stringers.

Sandstone, clayey, very fine to
fine, bluish-gray, consol idated,
micaceous.

Cannonball Formation

Claystone, sandy, medium gray with
brownish-gray mottling, yel10wish-
gray limestone concretions.

Claystone, silty, sandy, brownish-
gray, limestone concretions and
sandstone layers.

Claystone, very sandy, medium gray
to brownish-gray, generally non-
calcareous.



NDSWC 8610 (Continued)
LOCATION:_-L4J:.£<l:32c..cc... ------

ELEVATION:_2255 --------
(FT, MSU

DATE DRILLED:~e!:l..!.1..1.:lD _

DEPTH:.l60 _

(FT)

---'-

-~~-:---~:...{... - -
I: --.

SWC FOR M •• Z33A

-55-

370-424

424-448

448-482

482-498

498-510

510-518

518-576

576-604

604-660

660-716

716-736

736-750

750-760

DESCRIPTION OF DEPOSITS

Hell Creek Formation

Claystone, silty, brownish-gray
to medium gray, I ignitic.

Sandstone, fine, dark greenish-
gray, consolidated, glauconitic,
ca Ica reous ,

Shale, brownish-black, carbon-
aceous, waxy, some thin light-
brownish-gray claystone bedding,

Sandstone, fine to medium, green-
ish-gray, glauconitic, micaceous.

Shale, sandy, light-brownish-
gray, noncalcareous.

Sandstone, fine to medium, bluish-
gray, slightly glauconitic.

Shale, sl ightly sandy, si lty,
brownish-black wi th 1ight-brownish-
gray siltstone bedding, carbon-
aceous, waxy.

Fox Hills Formation

Sandstone, very fine to fine,
medium-bluish-gray to brownish-
gray, micaceous, semi-consolidated,
friable.

Claystone, silty, light-brownish-
gray, thin brownish-black, car-
bonaceous sha 1e beds, th in 1 igh t-
bluish-gray sandstone interbeds.

Sandstone, very fine to medium,
medium-bluish-gray, glauconitic,
micaceous, conso! idated, occasion-
al sandy, brownish-gray claystone
interbeds.

Claystone, siliceous, medium gray
to dark gray, angular quartz
grains, noncalcareous.

Siltstone, sandy, medium gray,
quartz grains, noncalcareous.

Siltstone, siliceous, grayish-
black, hard, brittle, noncalcar-
eous, angular quartz grains.

Observation well
Depth 600 feet
5.1. 588-600 feet
Water level 206.26 feet
Measured 11-14-73



LOCATION: 143-80- 33ADD

ELEVATION: 2045
(FT, MSL)

POTENTIAL (MY)
-1

$We I"OMI. 233 81

NOSWC 8605

160

180 ~

~
200

-56-

13-24

24-35

35-38

38-68

68-120

120-126

126-140

140-170

170-200

DATE DRILLED: Ma rch, 1973

DEPTH: 200
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, sandy, pebbly, yellowish-
brown, oxidized (till).

Gravel, cobbles, clayey, fine to
coarse, poorly sorted, loose,
oxidized.

Clay, sandy, pebbly, yellowish-
brown, ox id ized (t i11) .

Sand, silty, clayey, medium to
coarse, subrounded, oxidized.

Clay, very silty, pebbly, olive
gray, calcareous (till).

Sand, silty, very fine to medium,
lignitlc, subroun~e~.

Silt, clayey, very sandy, a few
pebbles, dark-yellowish-brown
with olive gray mottl ing, partial-
1y ox id ized (s i1till) .

Tongue River Formation

Claystone, siliceous, medium-
light-gray to medium gray, dark
brown, carbonaceous shale bedding
and yellowish-gray, 1 imestone
concretions.

Shale, dark brown, lignite string-
ers, carbonaceous.

Claystone, siliceous, areenish-
gray to brownish-gray, bentonitic,
noncalcareous.

Sandstone, slightly clayey, very
fine to medium, 1 ignitic, mica-
ceous, dark-greenish-gray, con-
solidated.

Claystone, silty, brownish-gray
to medium-dark-gray, noncalcar-
eous.

Observation well
Depth 169 feet
5.1. 163-169 feet
Water level 107-06 feet
Measured 11-14-73



LOCATION: 143-80- 35ADC

ELEVATION: 2150
(FT, ~.lSL)

NDSWC 8627

RESiSTANCE (OH:\;S)

~.

4~

160

-57-

0-20

20-26

26-46

46-54

54-58

58-74

74-84

84-90

90-105

105-109

109-150

150-160

DATE DRILLED: Apri I, 1973

DEPTH: 160
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

Sand, silty, clayey, very fine to
medium, oxidized.

Sentinel Butte Formation

Claystone, silty, sandy, pale-
yellowish-brown to medium gray,
th in I ign ite s t r inge rs, pa rt ia 11 y
oxidized.

Sandstone, very clayey, silty,
very fine to fine, yello'ltish-
brown, I ignitic, oxidized.

Claystone, sil iceous, greenish-
gray, bento~itic.

Sandstone, very clayey, silty,
very fine to fine, dark-yellowish
brown, consolidated, oxidized.

Claystone, silty, siliceous,
greenish-gray, bentonitic.

Sandstone, very clayey, very fir.e
to fine, subangular.

Siltstone, sil iceous, medium-
light-gray, thin lignite stringer
calcareous.

Sandstone, silty, clayey, very
fine to fine, medium-bluish-gray,
micaceous, lignitic.

Tongue River Formation

Siltstone, clayey, siliceous,
medium-light~gray to medium-gray,
thin brownish-gray shale bedding
and thin sandstone layers,
slightly calcareous.

Sandstone, very fine to fine,
medium-light-gray, consol idated.



NDSI·:C 8626

LOCATlOi'J: 143-80-35ADD DATE DRlLLED: Ji.pr j 1, 1973

ELEVATION: 2160
(FT, ~v~SL)

DEPTH: 160
(FT)

Siltstone, clayey, medium-light-
gray, calcareous.

Sandstone, clayey, very fine to
fine, 1 ight-brownish-gray, semi-
consolidated, partially oxidized.

Tongue River Formation

Sandstone, silty, slightly clayey
medium-b1uish-gray, micaceous,
lignitic.

Claystone, silty, sandy, dark-
yellowish-brown with 1 ight-
brownish-gray mottling, slightly
calcareous, partially oxidized.

Sandstone, clayey, very fine to
fine, light-brownish-gray, semi-
consolidated to loose, partially
oxidized.

Claystone, sandy, yellowish-brown
to dusky yellow, oxidized.

Lignite, black, brittle, fracturec
taking water.

Sentinel Butte Formation

D£SCRIPTION OF DEPOSITS

Glacial Drift

4-12 Claystone, silty, yel1owish-
brown, oxidized.

0-4 Clay, silty, pebbly, yellowish-
bro\-Jn,oxidized (till)

98-112

70-90

90-98

16-40

12-16

60-70

40-60

160

140

RESISTANCE (OHMS)
p

80

120

100

20

40

60

POTENTlAL nJV)
of

-58- 112-160 Siltstone, clayey, siliceous,
medium-light-gray, lignite
stringers.



NDSWC 8629
LOCAnON: 143-80-3SDAAI
ELEVAllON: 2145
(FT, MSL)

DATE DRILLED: Apr iI, 1973

DEPTH: 200
(FT)

DESCRIPTION OF DEPOSITS

G lac ia I Dr ift

Sandstone, slightly clayey, very
fine to fine, medium-bluish-gray,
consolidated, 1 ignitic, micaceous.

Sentinel Butte Formation

Claystone, sandy, medium gray,
thin sandstone layers and dark
brown carbonaceous shale beds,
thin lignite stringers.

S iIts tone, s i I iceous, 1 igh t-
brownish-gray, 1 ignite stringers,
dark brown, carbonaceous shale
bedding.

Sandstone, very clayey, silty,
very fine to fine, ~edium-light-
gray, calcareous, consol idated.

Si ltstone, sil iceous, medium-
light-gray.

Tongue River Formation

Sandstone, very fine to fine,
semi-consolidated to loose, mediu~
bluish-gray, micaceous, Jignitic.

Siltstone, sandy, clayey, _pale-
yellowish-brown, fossiliferous.

Sandstone, slightly clayey, fine
to medium, yel Jowish-brown, loose
to consolidated, lignitic, oxi-
dized.

Gravel, sandy, fine to coarse,
yellowish-brown, oxidized.

5-17 Silt, clayey, pale-yeJlowish-
brown, oxidized.

0-5 Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

98-105

88-98

48-80

20-48

80-88

17-20

176-200

142-176

105-142

RESlSTANC£ (OHMS)•

20

POTENnAL (MY)•

-59-
Observa t ion we II
Depth 103 feet
S. I. 97-103 feet
Water level 71.92 feet
Measured 11-14-73



LOCATION: 143-80- 3S0AA2

ELEVATION: 2140
(FT, MSL)

NOSWC 4104

DATE DRILLED: Augus t, 1970

DEPTH: 400
(FT)

RESISTANCE: (OHMS)•

SWCFORM· 2" •

20

40

60

80

100

120

140

160

180

200

220

DESCRIPTION OF DEPOSITS

Glad a lOr i f t

'----~~ S i1t, sandy, clayey, ye 11ow ish-____ ~ gray (till).
<

~aY, silty, sandy, pebbly, 01 ive
~ brown, (till).

~ Sentinel Butte Formation

/.>

Sandstone, silty, clayey, very
fine to fine, dusky·yellow,
oxidized.

Siltstone, sandy, dusky yellow,
oxidized.

Sandstone, silty, clayey, very
fine to fine, yellowish-gray,
oxidized.

Claystone, silty, sandy, yellow·
ish-gray with medium-dark-gray
mottling, partially oxidized.

Sandstone, clayey, silty, very
fine to fine, dark gray, fossili-
ferous, 1 igni tic.



NDSWC 4104 (Continued)
LOCATION: 143-80-35DAA2

ELEVATION: 2140
(F1~MSL)

DATE DRILLED: Augus t, J 970

DEPTH: 400
(FT)

POTENTIAL (MV)...

Elevation: 2165 feet

RESISTANCE (OHMS)~
~

;>

~-133
260 _

133-161

161-206

206-224

224-262

262-292

292-400

143-80-35DAA3
City of Wilton Well 2

(Log from C. A. Simpson & Son)

DESCRIPTION OF DEPOSITS

Tongue River Formation

Siltstone, clayey, medium gray,
thin, brownish-gr~y, carbonaceous
shale beds.

Sandstone, slightly clayey, silty,
very fine to fine, greenish-gray,
subangular.

Siltstone, sandy to clayey,
brownish-gray, noncalcareous.

Sandstone, clayey, silty, very
fine to fine, ~edium gray, mica-
ceous.

Claystone, silty, medium gray,
slightly calcareous, siltstone
interbeds.

Sandstone, clayey, silty, fine,
medium-bluish-gray to greenish-
gray, micaceous, lignitic.

Cannonball Formation

Shale, silty to sandy, noncalcar-

eous, dark gray to brown.

Geologic
source Material

Topsoil -------------------------------------
Clay, gray ----------------------------------
Clay, yellow, hard --------------------------
Sandstone -----------------------------------
Sand and brown clay -------------------------
Clay, gray, sandy ---------------------------

-61-

Thickness
(feed

2
7

66
2
7

16

Depth
(feet)

2
9

75
77
84

100



143-80-35DAA4
City of Wilton Well 4

(Log from Layne-Minnesota Co.)

Elevation: 2165 feet

Topsoil, clay-gravel ------------------------
Clay, sandy ---------------------------------
Sand ----------------------------------------
Clay, sandy ---------------------------------

l43-80-35DAA5
City of \Ji1ton We 11 5

(Log from Layne-Minnesota Co.)

Elevation: 2170 feet

Topsoil, gravelly clay ----------------------
Coal and clay -------------------------------
Clay, soft ----------------------------------
Sandstone, hard -----------------------------
Sand ----------------------------------------
Clay, sandy ---------------------------------

143-80-35DAD
City of Wilton WeIll

(Log from C. A. Simpson & Son)

Elevation: 2160 feet

Topsoil -------------------------------------
Clay, yellow --------------------------------
Clay, yellow, hard --------------------------
Sand, clay, hard ----------------------------
Sand and coal -------------------------------
Clay, gray, coal ----------------------------

-62-

20
15
50
17

15
10
13
2

50
13

1
29
46
8
4

40

20
35
85

102

15
25
38
40
90

103

1
30
76
84
88

128



.05\IC 8606

LOCAl1OH: I\J-80- lloeo OATf ORILLf.O: I~..,c". I,)]

fLIVAl1OH: 2'15
(fT.W51.1

fut

"'Iddl ••••• 11
Oecun leD '!tet
5.1. 171-181) feet
V.ater level 10~.J5
"'cuuf'cd t 1-1-'-13

Obs.rvatlon .«Ils

Claystone. "lIty to und •••• medlu",
gr •••• to brow"lsh-gr • .,.. foulll-
fcrous, nonc.1 c.are~us.

S.andHone. cl.a.,.ey, f1" •• medi\olr
blul'S"'-gr.av, 100". to seml-
consolIdated. fri.bl •• 119"ltlc.

fut

S.ndstone. (.1.".'1. Vef'V fine to
fin •• IMd I urn-I ignt-gf'ay. consol;-
dated. highly c..al~f'eoul •

hndstonc. clayeY. very fine to
flnc, llqhC-blui sk-9,.av, eo"·
solldated.

Siltstone .and C1.,,"tO"8, rnedlutl'l
gny to brO'lolnl"hegr-.av. foull ie

'.rout, rtOttCa I carcoul.

llt:SCIlIPTION OF llt:PQSlTS

Claystone. ,ilty, tI'ledll.lll'l gr • ..,.
tMHtcalc.,..ous.

Sh.l •• d.rk bro...n. e.rbo".ceouS.
1t 9"' te stri nqers.

S.ndstone. very silty .nd c:.lavev,
very fl,.c= to fine. ",_!Iowi,,.-
br"Ooln. Qxldl.:efJ.

Claystone, ,."dv, medium gr •.",
fouiliferol.ls .

Sentinel Butte F'o,.•••,ltinn

C1.vuo",., silty, darlt.·vello .•.•; ••h-
brQ'-n, yell"""i\h-gr<li" lllM!.to"e
concretions. QlI.lalzsd.

CI~y. vftry ,iltv. pebol.,. Yellow~
I~h·brow". o.ldlud (till).

Tontlu. Rlv." For1"'.ulo" (Continued)

l05-J20

278-J05

A£9STAHC£~

C
0-J8

20

l8-50

40
J<

~ 50-63

'-
60 .?268-80

~--, ...•.•
80 ~~ 80-'10

l-

e '10-118
100

118-122

120

~ 122-160

140 ~

'60

•80

200

_,":. f

.~.-.,~
"C.-<-'t.~-------~~-.

!-lU well
~'eet
S. I. 71-80 fut
WUter level 5&.22 fut
"euured 11-1"-73

-63-



LOCAnON: 14]-60-]6AA8

£LEVAnOH: 2135
(FT, MSL)

POTENnAL (MY)..

NO~\JC 6607

A£S1STAHCE; (OHMS)
. ..----....

DATE DRILLED: Apr II, 1973

DEPTH: 300
(FT)

DESCRIPTION OF DEPOSlTS

/
300 r'

I
I
I
r..c

-64-

20 3-18

18-38

60-71

246-292

292-300

Glacial Drift

Road fr 11.

Clay, sandy, p~bbly, cobbl~s,
y~llowlsh-brown, oxrdiz~J (:i Ill.

S~ntrn~1 8utte For~ation

Claystone, silty, light-9rav with
yellowish-gray ""'ttling, li<;nite
stringers, oxidized.

Siltstone, greenish-gray, bentoni-
tic:.

Sandstone, silty, very fine.
bluish-gray, consolidated, ~ica-
eous.

Toneu. River Formation

Siltstone, sandy, ~edium-l i~~t-
gray to dark brown, lignite
strIngers, carbonaceous.

Claystone, silIceous, light-gray,
lenticular, brownish concretio~s,
nonc:alcareous.

Sandstone, clayey, bluish-gray to
browniSh-gray, consolidated,
micaceous, lignftic, claysto~e
Interbeds.

Claystone and siltstone, inter-
bedded, medium gray to brownish-
gray, bentonitic:. fossiliferous.

Sandstone. clayey, very fi~~ tJ

medium, bluish-gray to oreenisn-
gray, loose to consol id~ted,
friable.

Cannonball Formation

ct~ystone, silIceous, 9rayl~h-
brown, shaly.

ObliC rv., t r nn w~ 11
Depth 293 rc.t
S. I. 287-293 r~.t
\.I.)t~r Icv~1 /57.09 feet
MC<J'iured II-J~-73



143-80-36C66
City of Wilton Well 3

(Log from C. A. Simpson & Son)

ElevatIon: 2180 feet

Geologic
source Material

Topsoil -------------------------------------Clay, sandy·, yellow -------------------------
Sand, dirty, clay lenses --------------------
Shale, brown --------------------------------

Thickness Depth
(feed (fee d

8 8
83 91
13 104

4 108

NDS\oIC8625
DATE DRILLEO: ~p r ii, l'ji3LOCATlON: 143-80- 36C6C

ELEVATION: 2150
(FT, MSL)

O£PTH:
(FT)

180

fine

Clay, sandy, si Ity, pebbly,
cobbles. yellowish-bro,·m.
oxidized (till).

Sandstone, clayey, very
fine, bluish-gray.

Claystone, si lty, greenish-
gray, bentonitic •

Glacial Drift
O£SCRIPTION OF DEPOSITS

0- 38

Sent i ne I But te Format ion

80-86

86-102 Si Itstone, medium gray,
lignite stringers, brownish-
gray, carbonaceous shale
beds, calcareous.

118-130 Sandstone, clayey. ve.ry fine,
light gray consolidated.

130-160 Siltstone, siliceous, medium
gray to light-brownish-gray,
calcareous.

160-168 Sandstone, clayey, very fine,
light-gray, consol idated.

168-180 Siltstone, clayey, light-
brownish-gray, calcareous.

108-118 Siltstone, light gray.
ca Ica reou S •

Tonque River Formation
102-108 Sandstone, bluish-gray,

consolidated.

1
i

l
~
-_.-' 38-70 Sands tone, clayey, ve ry

~ to fine, loose to semi-
------, consoiidated, yellowisn-

~b'~". o,;d;"d.

RESISTANCE (OHMS)
•

20

40

60

160

80

ISO

/'
~"

100 ~

120

..
..0:.
'.'It .

··0:'.t>
o(}.

):>.0
.•..0'..•

:':g:
~~~...

.... ;»i; ..
~-

POTENTIAL (MY)•



tlOS'.:C L, liJ::;

DATE DR:LLEO: i,u~u:.t 1)/0

EL E\./.-\Ti (.~~~:
(FT, ~.:3U

1839 DEPTH:
(FT)

1/ i')

Sand, very fine to fine,
si lty, sub rounded.

Clay, silty, sandy, pebbly,
olive-gray; scattered ligni te
and isolated sand lenses (til I)

Cannonball Formation

DC:SCRl?T10N O? DEPOSITS

~ G I dC i()1 d r i f t

2-5 Si It, clayey, sandy, pebbly,
yello\'Jish-gray (ti II).

5-18 Clay, si Ity, sandy, pebbly,
moderate-olive-brown (ti II).

80-112

0-2 Clay, si Ity, black (topsoi 1).

112-140 5i ltstone, micaceous, carbona-
ceous, light-gray; interbedded
with greenish-gray sandstone.

18-80

80

R;::SlSTMlCt: (OH~,';S)
---;po

60

40

20

POTEiTIlAl (MV)
--'fl

-66-



NOS\oIC 4107

LOCATION: 143-81-2BBB I

ELEVATION: 1710
(FT, MSl..)

DATE DRILLED: August 1970

DEPTH: 280
(FT)

DESCRIPTION OF OEPOSlTS

Hell Creek Formation

black (top-

1-16 Gravel, fine to coarse,
sandy, subangular to sub-
rounded.

16-30 Clay, silty, sandy, pebbly,
Iight-ol ive-gray (ti 11).

34-42 Gravel, fine to medium,
sandy, subrounded.

30-34 Clay, stiff, olive-green.

42-61 Clay, silty, sandy. pebbly,
Iigni tic, olive-gray; gravelly
from 44-48 ft. (ti II).

94-110 Sand, very fine to Fine,
si Ity, IIgnitic, dark-gray.

61-94 Clay, silty, plastic, olive-
gray, laminated (fluvial?).

110-124 Clay, si Ity, olive-gray.
laminated; interbedded'with
silty clay.

124-131 Sand, very fine to fine,
silty,lignitic.

264-276 Sandstone. fine, clayey,
greenish-gray.

276-280 Sandstone, fine, dar~-
greenish-gray.

131-134 Clay, si lty, plastic, olive-
gray.

257-264 Sandstone, fine, calcareous,
dark-gray.

134-257 Sand. very fine to fine,
s i 1 ty.

240

RESlSTANC£ (OHMS)
•

220

200

160

260

280

140

180

POTENTIAL (MVI•

-67-



143-81-26662
NDSWC 8949

ElevatIon: 1715 feet
Geologic

source Material
Glacial drlft:

Clay, sandy, pebbly, yellowish-brown,
oxidized (ti11) ---------------------------

Gravel, fine to medium, sandy, oxidized -----
Clay, silty, pebbly, olive gray (till) ------
Sand, fine to coarse ------------------------
Clay, si lty, pebbly, 01 ive gray, (ti11) -----
Gravel, about 20 percent sand, fine to

coarse, clay layers, loose ----------------
Clay, silty, pebbly, olive gray (till) ------

Observation well
Depth 40 feet
5.1.37-40 feet
Water level 35.96 feet
Measured 11-14-73

143-81-26CCI
ND5WC 3897

Elevation: 1710 feet
Glacial drift:

Sand, medium to coarse, gravelly ------------
Silt, clayey, sandy, dark-brown -------------
Clay, si Ity, light-gray to bluiSh-gray ------
Sand, clayey, dark-brownish-Qrav ------------
Clay, silty, plastic, fossiliferous,

variegated gray and brown -----------------
Sand, fine to very coarse; interbedded with

fine to medium gravel ---------------------
Sand, fine to coarse ------------------------
Silt, olive-gray; interbedded with fine

sand and clay -----------------------------Gravel, fine to coarse, sandy, subangular
to subrounded -----------------------------

Thickness Depth
(feed (feet)

5 5
10 15
13 28
2 30
5 35

10 45
15 60

5 5
3 8
7 15
2 17

10 27
38 65
44 109

140 249
29 278

Hell Creek Formation:
Shale, silty, sandy, hard, carbonaceous,

noncalcareous to slightly calcareous,
variegated gray, green, and brown ---------
Observation well
Depth 258 feet
S.I. 252-258 feet
Water level + 0.36 feet
Measured 10-29-73

143-81-26CC2
NDSWC 3898

Elevation: 1710 feet

22 300

Geologic
source Material

Glacl a 1 dr 1ft:
Sand, medium to very coarse, gravelly -------
Clay, silt, and fine sand, fossilIferous,

variegated brown, gray, green, and blue;
Interbedded -------------------------------

Sand, medium to coarse, gravelly ------------

Thickness Depth
(feed (feed

5 5

28 33
7 40



NDSl,.iC 8950
LOClIT10N: 143-81-3ADB DATE DRILLED: tJovember, 1973

ELEVATlON: 1700
(FTJ MSL)

DEPTH: 100
(FT)

DESCRIPTION OF DEPOSITS

Silt, sandy, grayish-black to
black, carbonaceous, noncalcar-
eous.

-") G 1ac ia 1 Dr ift

8-24 Sand, silty, very fine to very
coarse, about 20 percent gravel,
partially oxidized .

0-8 Clay, silty, sandy, pebbly, yel-
lowish-brown, oxidized (till).

24-48

-------~~--- ---
<

-RESt STANCE (OHMS)
»

80

20

100

(:)0'

:f:~.W....••...........
~t?~~;:.::.:.~:

~~1~

..• •....•..
~~}(:
:::-;:: .•..::- ..;~:

ii~~:.JQ'."

~~;::/:;
- OO:-~·

00'
0°'0

, 00
••• 0••o () •,...
~.o 0

-~~~

--------- -

POTENllAL (~,;W)
"

f

48-67 Sand, very fine to very coarse,
mostly medium, fair sorting,
1ign itic.

67-73
73-80

Silt, clayey, medium gray, soft,

Sand, very fine to very coarse,
about 30 percent gravel, dark
gray, taking water, subrounded.

80-100 Gravel, fine to coarse, about 40
percent sand, subrounded, fair
sorting, Itgnitic, loose, taking
water.

-69-
Observation well
Depth 83 feet
S. I. 77-83 feet
Water level 7.91 feet
Measured 11-14-73



LOCAT1~: 143-81-3BAA

ELEVAT1ON: 1703
(FT, MSL)

..., ..·.,.. -,....
0"
• o'

• Q .'·'..

-70-

t
100

120

140

160

180

200

220

240

260

NDSWC 8939

0-5

5-21

21-35

35-38

38-44

44-98

98-104

104-128

128-131

131-200

200-208

208-220

220-247

247-260

DATE DRILLED: October, 1973

DEP1W 260
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, sandy, pebbly, yellowlsh-
brown, oxidized (till).

Gravel, fine to medium, sandy,
dark-yellowish-brown, loose,
caving, takinq water.

Clay, silty, pebbly, olive gray
(t 111) •

Gravel, fine to coarse, cobbles,
clayey.

Sand, fine to very coarse, clayey,
subrounded.

Silt, sandy, medium gray, soft.

Gravel, fine to coarse, cobbles,
boulders, loose, caving, taking
water rapidly.

Sand, very fine to coarse, mostly
medium, subrounded, well-sorted,
thin clay layers, lignltic

Clay, sandy, medium gray, soft.

Sand, very fine to very coarse,
mostly medium to coarse, about
20 percent Qravel. subrounded,
moderately well-sorted, liQnitic,
a few clay layers.

Clay, silty, olive gray, soft.

Sand, fine to very coarse, thin
clay layers, subrounded, Iignltic.

Gravel, fine to coarse, cobbles,
angular to well-rounded, fair
sorting, some brownish-coiored
sillcates,lignitic.

Hell Creek Formation

Claystone, sandy, browniSh-gray
with greenish-gray mottl lng, non-
calcareous.

Observation well
Depth 163 feet
5.1. 157-163 feet
Water level 36.25 feet
Measured 11-14-73



LOCATION: 1~3-81'36BB

ELEVATION: 1]10
(FT, MSLl

POTENTIAL (W)• :-0-

·f?;}
:',:;:::.......
=::'::.:....................•
~t~··~·i-
'0-:..'~,.
~.f/:::j

.• --'
•.•• -_4

_-!; 'r

-71-

NOS\JC 8933

R£S1STAHC£ (OHMS).

20

260

280

DATE DRILLED: NovelT.ber 1973

DEPTH: 280
(FT)

__ -=DE-=--SCR~IPTIONOF DEPOSITS

--~
.->- --.- Glacial Drift

>

Clay, sandy, pebbly, yellowlsh-
brown, oxidized (till).

Sand, fine to very coarse, gravel-
ly, oxIdized, fair sorting, loose,
taking water.

Gravel, fine to coarse, about 20
percent sand, fair sorting, par-
tially oxidized, taking water.

Clay, silty, pebbly, olive gray,
(t i11).

Sand, fine to coarse, subangular.

Clay, silty, pebbly, olive gray
(t ill) .

Clay, very silty, olive gray;

Silt, very sandy, mediulT. gray,
thin sand layers, soft, detrital
lIgnIte chips, highly calcareous.

Sand, very fine to medium, clayey,
subrounded, Iign it ic.

Clay, silty, sandy, a few Debbles,
olive gray, soft, highly calcar-
eous.
Sand, fine to IT.edium subangular.
Iignltic, well-sorted.

Clay, silty, sandy, brownish-gray.

Hell Creek >ormation

Claystone. sandy, brownish-gray
to greenish-gray, limestone, con-
cretIons, noncalarecus.

Observation well
Depth 42 feet
5.1. 39-42 feet
Water level 21.96 feet
Measured 11-14-73



NDSWC 8936
LOCATION: 143-81-3C88

EL.EVATlON: 1720
(FT, MSL)

DATE DRILLED: October, 1973

DEPTH: 220
(FT)

0-3 Clay, sandy, pebbly, gravelly,
dusky yellow, oxidized (till).

(-~
__.--r----G ~a 1 Dr if t

DESCRIPTION OF DEPOSITS

Silt, clayey, sandy, olive gray.

Silt, sandy, olive gray, laminated,
soft.

Sand, fine to very coarse, gravel-
ly, stained yellowish-brown, loose,
takinq water, oxidized.

Silt, sandy, yellowish-brown, soft,
oxidized.

Cannonball Formation

Sand, very fine to coarse, sub-
rounded, clayey, I ign itic.

Claystone, silty, medium gray,
highly calcareous.

Clay, silty, pebbly, gravelly,
olive gray (ti 11).

Gravel, sandy, fine to medium,
subangular, poorly sorted

Gravel, fine to coarse, cobbles,
sandy, angular to well-rounded,
some brownish-colored silicates.

Sand, very fine to coarse, mostly
coarse, subroundcd, well-sorted.

------ ---

3-24

24-50

78-84

50-78

84-150

155-195

150-155

195-200

200-205

205-220

RESISTANCE (OHMS)

~--

40

20

)----..c;,
r-
J
\
\

?
80 -'1

!
5

100 ~
>

220

-72-

POTENTIAL (MY)
• t r)7~.:

j __r ~~ll.~
.-.....
.:.;;:.::.



143-81-3CCB
NDSI,./C 8935

Elevation: 1705 feet

Geologic
source

Glacial

Material

drift:
Sand, gravelly, fine to very coarse,

dark brown, subrounded, oxidized ----------
Silt, sandy, dark-yellowish-brown,

oxidized ----------------------------------
Silt, pebbly, sandy, olive gray (till) ------

Thickness
(f ee t)

34

2
9

Depth
(feet)

34

36
45

Cannonball Formation:
Claystone, sandy, medium gray, calcareous ---

143-81-4AAD
NDSWC 8937

Elevation: 1728 feet

Glacial drift:
Sand, fine to very coarse, gravelly,

yellowish-brown, oxidized, loose,
taking water rapidly ----------------------

Silt, sandy, dusky yellow, oxidized ---------
Silt, sandy, medium gray, soft --------------
Clay, pebbly, 01 ive gray, lost circulation,

abandoned (till) --------------------------

l43-8l-4ADA
NDSWC 8938

Elevation: 1725 feet

Glacial drift:
Sand, fine to very coarse, gravelly,

oxidized, loose, taking water rapidly,
caving ------------------------------------

Silt, yellowish-brown, soft, oxidized -------
Silt, olive gray, soft, lost circulation,

abandoned ---------------------------------

15

28
10

2

60

100

28
38

40



NDSWC 8932
LOCATION: 143-81-4ADD

ELEVATION: 1720
(FT, MSL)

DATE DRILLED: October, 1973

D£PTH: 300
(FT)

20

R£SlSTAHa (OHMS)
r

S i1t, sandy, olive gray, soft .

5 i1t, sandy, medium gray, lamin-
ated, soft.

Clay, pebbly, 01 ive gray, (t i11) .

OE:SCRIPTION OF DEPOSITS

,
c_

Gravel, fine to coarse, sandy,
clay layers, cobbles, angular to
well-rounded, fair sorting, some
brownish silicates, taking water.

G Iad aID rift

Sand, very fine to medium, oxi-
dized.

Sand, fine to very coarse, dark-
yellowish-brown. well-sorted.
oxidized.

Silt, sandy, yellowish-brown, soft,
oxidized.

(
S
)
I

.J----~
"~

Gravel, fine to coarse, sandy,
subangular to rounded, oxidized,
taking "later.

Clay, sandy, pebbly, dusky yellow,
oxidized (till).

Silt, sandy, yellowish-brown,
oxidized.

39-43

43-60

37-39

27-35

60-75

35-37

60

160

180

40

-74-
240

200

220

r
~

~~r '-2)

~:>

~SO\,
100 ~~

(.
I"

/,-,/

, '----:?
120 -S

~
'~

~-115

--~
14~ ~ 115-138

,

POTENTIAL (MY)

"'.

$We FORM· 233 8



EL::V;'.TiC';"J: 1720
VT, ~,:3~)

D:,T E DRiLLED: Oc tol;(:!. 1973

DEPTH: 300
(FT)

POTENTI/\L (r.W)

~ -~
r\:::S:STA~JC£ (OH:JS)--->-

280

~... =.;.- 300

138-152

152-269

269-282

282-300

DESCRIPTION OF DEPOSITS

\------~ ~

Glacial Drift (Continued)
Silt, sand layers, medium gray,
laminated, soft.
Sand, very fine to very coarse,
mostly fine to medium, subrounde
well-sorted, a fe"'l thin clay
layers, 1ignitic, taking water.
Gravel, fine to coarse, about 3(
percent sand, cobbles, fair sor'
ing, angular to well-rounded,
brownish-colored silicates, 100
caving slightly, taking water.

Hell Creek Formation
Claystone, silty, brownish-gray
thin greenish-gray sandstone be
ding, noncalcareous.

Observation wells

North we 11
Depth 173 feet
5. I. 167 -17 3 feet
Water level 48.18 feet
Measured 11-14-73

-75-

South we 11
Depth 263 feet
5.1.257-263 feet
Water level 47.44 feet
Measured 11-14-73



LOCATlON: 143-81-4BOA

ELEVATlON: 1680
(FT, MSl)

POTENTlAL (MY)..

NOSWC 2695

RESISTANCE (OHMS)•

180
[

-76-

0-1

1-16

16-18

18-36

36-64

64-74

174-190

DATE DRILLED: July 1967

DEPTH: 190
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Clay, silty, sandy, grayish-black
(topsoil).

Clay, silty, sandy, light-brown
(till) .

Clay, sandy, silty, pebbly, olive-
gray (t i11) .

Gravel, fine to medium, clayey.

Clay, silty, bluish-gray to olive-
brown (lacustrine).

Sand, very fine to fine, angular
to subangular.

Clay, silty, lignitic, dark-gray
to brownish-black (lacustrine).

Sand, fine to medium, an9u1ar to
subrounded; clay lenses 104-106
and 139-145 feet.

Cannonball Formation

Sandstone, fine, calcareous,
greenish-gray; interbedded with
noncalcareous olive-gray shale.

Observation well
Depth 160 feet
5.1. 157-160 feet
Water level 8.86 feet
Measured 11-14-73



143-81-4C88
(Log from U.S. Bureau of Reclamation)

Elevation: 1662.7 feet

Geologic
source Material Thickness

(feet)
Depth
(fee tl

Glacial drift:
Clay, silty. brown; slightly plastic --- _
Sand, very fine, silty, loose, brown --- _
Clay, silty, gray to brown, very plastic _
Sand, very fine, loose, gray ------- _
Silt, gray, compact -------- _
Sand, medium, some gravel, gray; small clay

seam at 25 feet --------------- _
Sand, fine, I ignltic, loose, gray ---- _
Sand, medium, clean, loose, some gravel,gray ------------------ _
Sand, fine to medium, gravelly, loose, gray;

some lignite slack ------------- _
Sand and gravel, gray ------------ _
Clay, firm, gray; silt lenses throughout _

4.4
10.6
2.5
2.5
2.3
7.5
5.2

12.6

52.1
1.5

18.8

4.4
15
17.5
20
22.3
29.8
35

47.6
99.7

101.2
120

NDSWC 8940
lOCAnON: 143-81-5AAD

ELEVAnON: 1665
(FT, MSl)

DATE DRILLED: October, 1973

DEPTH: 100
eFT)

AIluvfu~ and qlacial drift undifrerentiated

Cannonball Formation

DESCRIPTION OF DEPOSITS

Sand, fine to very coarse, mostly
medium to coarse, subrounded,
well-sorted, taking water, Iig-
nit ic.

Silt, clayey, sandy, olive gray,
soft.

Gravel, fine to coarse, sandy,
angular to well-rounded, loose,
caving.

Clay, silty, olive gray, plastic,
highly calcareous.

Claystone, sandy, medium gray
with brownish-gray and dark-
greenish-gray mottling, calcar-
eous.

.- .... =->_r

72-100

'>----,
~

------'\.0-8 Clay, very silty, yelloWish-brol-m,
"'-- soft, oxidized.-----------

RESISTANCE (OHMS)
•

20

40 8-20

20-36

60

<; 36-40(::~
40-]2

-77-
Observation well
Depth 40 feet
S. I. 37-40 feet
Water level 8.54 feet
Measured 11-1-73



NDS\.IC 8941
LOCAnON: 143-8J-5ADD

ELEVAnON: 1666
(FT, MSl)

DATE DRILLED: Oc tober, 1973

DEPTH: 240
(FT)

Format ion

Sand, clayey silt layers, very
fine to coarse, mostly fine to
medium, well-sorted, uniform,
taking water.

Observation wells
East well
Depth 183 feet
S. I. 177-183 feet
Water level 11.15 feet
Mecsured 12-11-73

Claystone, silty, brownish-gray,
noncalcareous, limestone concre-
tion from 231-232 feet.

DESCRIPTION OF DEPOSITS

Silt, clayey, yellowiSh-brown,
soft, oxidized.

West we II
Depth 83 feet
5.1.77-83 feet
Water lev~l 6135 feetMeasured 12-1 -;3

Silt, sandy, clayey, olive gray.
soft, highly calcareous.

Sand, thin clayey silt layers,
very fine to medium, nostly fine,
subrounded, well-sorted, lignitic.

Sand, clayey silt layers, very
fine to very coarse, mostly medium,
subrounded, well-sorted lignitic,
taking water.

Gravel, fine to coarse, sandy,
subangular to rounded, fair sort-
ing.

Sil~, sandy, clayey, olive gray,
soft, detrital lignite.

•..
(

t'~

.~
'-"-.,

s

~~
<-~

.-

10-20

20-40

40-98

98-102

102-163

163-225

)---- Alluvium and glacial drift undifferentiated

~ 0-10

c-~

~-

RESISTANCE (OHMS)
•

/40

120

POTENnAL (MY)..

!We ,.OMI. 23'38



NOSWC8942
LOCATION: 143-81-5006

ELEVATION: 1660
(FT, MSl)

DATE DRILLED: October, 1973

OE:PTH: 120
(FT)

Obse rvat ion We11
Depth 80 fee t
S. I. 77-80 feet
Water level 9.75 feet
Measured 11-2-73

DESCRIPTION OF DEPOSITS

Sand, thin clayey silt layers,
very fine to very coarse, sub-
rounded, well-sorted, lignitic.

Gravel, fine to coarse, sandy,
subanQular to wel I-rounded, fair
sorti~g, much detrital lignite,
loose, caving .

Claystone, sandy, medium-gray,
calcareous.

104-120

RE9STAHa: (OHMS)..
---~---:>

~- Alluvium and glacial drift
<- . undifferentiated,r=>

.~ 0-8 Silt, sandy, dark yellowish-
~ brown, soft, oxidized.

? 8-13 Sand, silty, very fine to
~ medium, sub rounded.

~----.,.
~ Silt, sandy, clayey, olive-
/--" gray, 50ft.

~
~--. 18-93•.••...:,

<~ ;>
~

5>
l 93-104

~ ..-:::;

~== Cannonball F'ormatiolo

20

40

60

80

100

143-81-8AC6
(Log from U.S. 6ureau of Reclamation)

Elevation: 1665 feet

Geologic
source Material

Glacial drift:
Clay, very silty, gray, slightly plastic--
Sand, very fine, silty, loose, gray -------
Sand, fine to medium, gravelly from 25-30

feet, lignitic 30-36 feet, gray to
brown ----------------------- _

Sand and gravel, gray to brown; medium sand
and fine to medium gravel ---------------

Sand, fine, clayey, gray --------------- _
Sand and gravel, silty and lignitic, gray;

fine sand and medium to coarse gravel ---
Sand, fine to medium, lignitic, gravelly,

loose, gray ------------------------- _
Clay, firm, silty, gray ---------------- _

Thickness Depth
(feec) (fee tl

5 5
14.8 19.8

20.5 40.3

3.4 43.7
1.3 45

25 70

14.9 84.9
2 86.9

-79-



143-81-8CCCI
(Log from U. S. oureau of Reclamation)

Elevation: 1668 feet

G 1 ac ia I d r if t :
Sand, fine, silty, olive-brown; trace of

clay ------------------------------------
Sand, fine, silty, olive-brovm; silt

decreases with depth --------------------
Sand, fine, clayey, gray ------------------
Sand, fine, gray; trace of silt -----------
Grave 1, sandy, s i1ty, loose ---------------
Gravel, trace of coarse sand; boulder at

51. feet ---------------------------------
Boulder -----------------------------------
Sand, medium, loose, gray to brown --------

13

10
7
5

15

13
I
6

13

23
30
35
50
63
64
70

l43-81-8CCC2
(Log from U. S. Bureau of Reclamation)

Elevation: 1666 feet

Glacial drift:
Clay, silty, buff -------------------------
Silt, sandy, buff -------------------------
Sand, fine to medium, silty, 9ray ---------
Sand, fine to medium, lignitic, loose,

gray ------------------------------------Sand, medium to coarse, gravelly, lignitic,
loose, brown ----------------------------

Sand and gravel, gray; medium sand, medium
to coarse gravel ------------------------

Sand, fine, silty, loose, gray ------------
Sand and gravel, gray; sand coarse, gravel

fine, thin lignitic layers at 73.6 feet
and 93.5 feet -~-------------------------

Clay, silty, firm, gray -------------------
l43-8l-10DAD
NDSWC 3896

Elevation: 1770 feet

5 5
10 15
9. 1 24.1

14.6 38.7

11.3 50

10 60
10 70

30 100
7.7 107.7

Geologic
source Material

Thickness
(fee t)

Depth
(feet)

G Iaci al dri ft::
Topsoil, pebbly, dark-brownish-black -----
Silt, clayey, sandy, pebbly, yellowish-

gray to dusky-yellow (till) ------------
ClclY, silty, sandy, pebbly, olive-brown

(til I) ---------------------------------Clay, silty, sandy, pebbly, olive-gray
(till) ---------------------------------

9

36

16

10

46
62

Cannonball Formation:
Shale, silty, micaceous, brittle, light-

to medium-gray --------------------------80- 18 80



143-81-118[,;8
tW S~~C II! 06

Elevation: 1768 feet

Glacial driFt:
Topsoi I, sandy, black --------------------
Sand, ~edium to coarse, subangular to

subrounded, reddish-brown ------------~-
Cannonball Formation:

Shale, silty, sandy, hard, carbonaceous,
dark-gray ------------------------------

Shale, noncalcareous, hard, light-gray ---

l43-81-14C
(Log from U.S. Bureau of Reclamation)

Elevation: 1663 feet

Glacial drift:
Clay, brown; moderately plastic, sand lenses
Clay, silty, gray, very plastic -----------
Silt, clayey, brown, slightly plastic -----
Sand, fine to medium, loose, poorly graded,

gray; clay lenses throughout ------------
Sand, medium, loose, poorly graded, gray;

some gravel -----------------------------
Sand, fine, silty, loose, gray ------------
Sand and gravel, buff; fine to medium sand

and fine to medium gravel ---------------
Cannonball Formation:

Shale, soft to firm, gray -----------------

143-81-150813
(Log from u.s. Bureau of Reclamation)

Elevation: 1713 feet

25

35
19

5
10
8

17

8
6

7.7

10.2

26

61
80

5
15
23
40

48
54

61.7

71.9

Geo log ic
source Material

G 1ac iaId r if t :
Silt, clayey, gray to brown --------------
Clay, very silty, sandy, gray to brown,

slightly plastic -------~---------------
Clay, plastic, gypsiferous, gray to brown,

fine sand and silt lenses throughout

Cannonball Formation:
Shale, sandy, firm, gray -----------------

-81-

Thickness Depth
(feet) (feet)

4.6 4.6

11.4 16

20.5 36 .5

9.2 45.7



143-81-15CCC
(Log from U.S. Bureau of ?eclemation)

Elevation: 1728 feet

Glacial drift:
Silt, clayey, gray ----------------------- 5
Clay, silty, plastic, gray-brown --------- 5
Silt, loose, gray ------------------------ 2
Gravel, medium, clayey, buff ------------- 1
Clay, silty, sandy, gray ----------------- 3
Clay, firm, plastic, gray-bro\'m; silt lenses

throughout ----------------------------- 24.6

5
10
12
13
16

40.6

Cannonball Formation:
Shale, sandy, firm, plastic, gray -------- 20.1 60.7

143-81-16CCC
(Log from U.S. Bureau of Reclamation)

Elevation: 1661 feet

Glacial drift:
Clay, silty, plastic, brown --------------
Silt, little clay, plastic, brown --------
Sand, fine, loose, buff ------------------
Sand, fine to medium, brown; some fine

gravel ---------------------------------
Sand, fine, ~rown, lignite fragments at

42 feet --------------------------------Sand and gravel, medium, loose, brown ----
Clay, silty, gravelly, gray --------------
Sand and gravel, coarse, silty -----------
Sand, fine, silty, gray; some lignite

slack ----------------------------------
Sand, fine to mediUm, buff, some fine

gravel -------------.-------------------
Sand, very fine, gray; streaks of silt

and lignite slack ----------------------
Sand, medium, gravelly, gray; streaks of

clay -----------------------------------Sand and gravel, silty, loose, gray;
rnedium sand, fine to medium gravel -----

Silt, gravelly, gray ---------------------
Clay, silty, firm, gray ------------------

-82-

4 4
10.7 14.7
10.3 25

10 35

13 48
4.8 . 52.8
1 .2 54.0
1.3 55.3

8.1 63.4

21.6 85

5 90

7.6 97.6

26. 1 123.7
1.3 125

20 145



143-81-16066
NoS ••••C 2694

Elevation: 1661 feet

Geologic
source

Alluvium

Mated a!

and glacial drift, undifferentiated:
Clay, silty, sandy, moderate-yellowish-

brown ----------------------------------Clay, silty, sandy, calcareous, grayish-
olive to olive-gray; scattered pebbles -

Sand, fine to medium, gravelly, subangular
to rounded -----------------------------

Thickness
(feetl

14

6

Depth
(feetl

14

20

54

Cannonball Formation:
Shale, noncalcareous, medium-light-gray to

moderate-oj ive-brown; thin sandstone
interbeds from 75 to 80 feet -----------

Observation well
Depth 50 fee t
S. I. 47-50 feet
Water level 13.41 feet
Measured 12-11-73

143-81-24ooAI
NOGS auger hole 51

Elevat ion: 1780 feet

Glacia! drift:
Silt, sandy, mottled brown ---------------
Sand, silty, pebbly ----------------------
Sand, coarse, gravelly -------------------
No sample --------------------------------

Observat ion we 11
Depth 17 feet
Water level 5 feet
Measured 10-67

143-81-240oA2
NoSWC 4105

E levat ion: 1780 feet

G Iaci a I d r if t :
Topsoil, sandy, black --------------------
Gravel, fine to medium, subrounded, black-
Sand, medium to very coarse, subangular to

subrounded, dark-gray ------------------
Gravel, fine to medium, subrounded -------
Clay, plastic, dark-gray; scattered sand-
Gravel, fine to medium, sandy, subangular

to subrounded; isolated clay lenses ----

Tongue River Formation:
Shale, si lty, sandy, carbonaceous, dark-

gray -----------------------------------Shale, silty, hard, noncalcareous, light-
gray -----------------------------------

Observation well
Depth 38 feet
Water level 5 feet
Measured 8-70

26

I
3
2
II

2
4

14
4
2

14

22

18

80

1
4
6

17

2
6

20
24
26
40

62
80



143-81-28BAB
(Log from U.S. Bureau of Reclamation)

Elevation: 1657.8 feet

Geologic
source Haterial

G Iac ia I d rift :
Clay, silty, slightly plastic, brown ------
Sand, sll ty, loose, brown -------------- __ -
Sand, fine, loose, gray -------------------
Sand and gravel, bro~m; rredium sand and

fine to rredium gravel -------------------
Clay, sandy, plastic, gray ----------------
Boulder -------------------------------- _
Sand and gravel, rredium, silty, buff ------
Clay, gravelly, plastic, gray; boulders ---
Sand, fine, clayey, brown ------------ _
Sand, fine, clayey, gray ------------- _

Cannonbal I Formation(?):
Clay (shale), silty, firm, plastic ---- _
Sand, very fine, s i 1ty, gray -------- _
Clay (shale), silty, firm, very plastic,

gray ----------------------------- _

144-79-29CCB
NDSWC 2050

Thickness Depth
(fee t) (feet)

6.5 6.5
8. I 14.6

25 39.6

4.1 43.7
1.3 45
I 46
4 50
6 56
4 60
7.4 67.4

2.6 70
5.6 75.6

10.4 86

Glacial dri ft:
Clay, silty, sandy, light-olive-gray ------
Gravel, fine to coarse, stained black,

unsorted -------------------------- _
Grave 1, sandy, fine to coarse, unsorted ---

Cannonball Formation:
Siltstone, greenish-gray, mica flakes,

lignitic, slightly calcareous -----------

144-80-15DAD
NDSWC 3890

Elevation: 1795 feet

Glacial drift:
Topso iI, s iIty, black ---------------------
Gravel, fine, sandy; interbedded with

moderate-yellowish-brown clayey till ----
Clay, silty, very sandy, plastic, olive-

gray, scattered pebbles (till) ----------

Cannonball Formation:
Sand, ve ry fine, clayey, carbonaceous,

green -----------------------------------Shale, silty, brittle, medium-] ight-gray --

-84-

5

5
10

10

2

15

48

5
10

5

10
20

30

2

17

65

70
80



NoSWC 4109

LOCATION: 144-80-18ccc

ELEVATION: 1770
(FT, MSL)

DATE DRILLED: August 1970

DEPTH: 260
(FT)

DESCRIPTION OF DEPOSITS

Silt, clayey, sandy, pebbly,
yellowish-gray (t i I J),

Clay, s I 1ty, sandy, pebb 1y ,
olive-brown (t ill).

Clay, plastic, olive-green.

Clay, s i I t y, 0 live -g ray,
laminated (fluvial 1)

lay, s i I ty, 01 ive-gray;
I nte rbedded wi th th in i so I ated

sand and s j I t lenses (t ill).

1-7

7-24

31-55

24-31

55-132 Clay, silty, sandy, pebbly,
llgn i tic, 0 I i ve-g ray (t ill) •

132-152 Clay, plastic, olive-gray; with
black oily orQanic clay l~min-
ations.

152-154 Sand, fine, subrounded.

154-156 lay, silty, plastic, olive-gray,

~Glacial Drift

~ 0-1 Silt, pebbly, black (top-
soi J) •

REStSTANa (OHMS)
•

160

~
200~

~_'----2~On8~-~22aSand, coarse, gravelly angular
~o sub roun ded.

~)

220 ~
__OS

~~
~z~o

180

POTENTIAL (W)..

Hell Creek Formation
260

228-232 Sandstone, fine, clayey,
dark-greeniSh-gray.

-85- 232-238 Sandstone, very fine,
clayey, silty. greenish-
gray,

238-260 Shale silty sandy.
carbo~aceous: noncc1' careous ,
varic~~[cJ gray. green,
and b rO\'in •



144-80- I 9A6A
fJDS\·fC 111 10

Elevation: 1765 feet
Geologic

source Material Thickness
(fee t)

Depth
(fee d

Glacial d ri f t :

Sand, fine to coarse, subrounded, yellow-ish-gray; dry -------- _
Clay, silty, sandy, dusky-yeIIO\\! (till) _
Sand, ~edium to coarse, subrounded, light-gray ------------- _
Clay, silty, sandy, pebbly, light-olive-gray (till) -------- _
Clay, silty, sandy, pebbly, 01 ive-gray;

lensed with fine to medium ligniticsand (till) ------- _
Clay, silty, olive-gray; contains light-

gray laminations alternating with blackorganic material ------ _
Gravel, fine to medium, sandy, angular tosubrounded --------- _

4
7

4

12

28

1 17

100

4
I I

15

27

55

172

272
Hell Creek Formation(?):

Shale, silty, hard, noncalcareous, medium-gray ---------------- _

Observation well
Depth 268 feet
Slotted 238-268 feet
Water level 2 feet
Measured 8-70

144-80-266861
NDGS auger hole 49

Elevation: 1770 feet

28 300

G1ac iaId r if t :
Sand, coarse, gravelly

Observation well
Depth 15 feet
Water level 5 feet
Measured 10-67

--------------------

-86-

6.5 6.5



l44-8o-2611BB2
t.JD S \·JC 3891

Elevation: 1770 feet

G1ac i aId r i f t :
Gravel, fine to coarse, sandy; cobbles and

boulders --------------------------------
Sand, coarse, gravelly, subrounded --------
Clay, silty, olive-gray; scattered sand

and pebbles (till) ----------------------
Gravel, fine to rr.edium, sandy, angular to

subrounded ------------------------------

Cannonball Formation:
Sh ale, ca rbon aceous, med i um-g ray to brown-

ish-gray; interbedded with silt and sand-

l44-80-26BCB
Test hole 8952

Elevation: 1785 feet

17
6

24

4

29

17
23
47
51

80

Geologic
source

Glacial

Material

drift:
Gravel ,fine to coarse, about 30 percent

sand, stained ye110",tish-brown, loose,
caving, taking water rapidly ----------

C1clY, silty, pebbly, olive gray (till) --

Thickness
(feet)

21
39

Depth
(feet)

21
60

Cannonball Formation:
C1C1ystone, sandy, med i um gray, ca 1careous

144-80-268CC
NDSWC 3892

E1evat i on: 1795 feet

Glacial drift::
Grclvel, fine to medium, sandy, angular to

sub rounded ----------------------------
CI clY, s i I ty, sandy, mode rate -0 1 i ve-b rown ;

scattered pebbles (till) --------------
Clay, silty, sandy, olive-gray; scattered

pebbles (till) ------------------------

Cannonball Formation:
Shcl1e, silty, carbonaceous, brittle,

medium- to dark-gray ------------------

-87-

20

8

16

94

22

80

8

24

118

140



l44-80-26CCC
tWSWC 3893

Elev<ltion: 1835 feet

Glacial drift:
Silt, clayey, sandy, yellowish-gray to

dusky-yel low; scattered pebbl~s -------
Clay, silty, dusky-yellow; scattered

sand and pebb les (t ill) ---------------
Clay, very sandy, silty, olive-gray;

scattered pebbles (ti 11) --------------
Clay, silty, olive-gray; interbedded

with very fine to fine loose sand -----
Gravel, fine to medium, subangular to

sub rounded ----------------------------
Clay, silty, plastic, olive-gray to

dark-olive-gray -----------------------
Clay, very sandy, plastic, olive-gray;

scattered pebbles (till) --------------

Cannonball Formation:
Shale, very sandy, brittle, medium-gray

to dark-greenish-gray -----------------
Sand, ·very fine, clayey, light-olive-gray
. to light-greenish-gray ----------------

144-81-13AAB
NDS\lC 3903

Elevation: 1865 feet

8

24

37

26
9

4

36

7

9

8

32

69
95

104

108
144

151

160

Geologic
source

Glacial

Material

dri ft :
Road fill --------------------------------Gravel, fine to very coarse, cobbles,

boulders, sandy, silty clay layers,
yellowish-brown, oxidized, loose,
caving ---------------------------------

Thickness
(feet)

4

39

Depth
(feet)

4

43

Tongue River Formation:
Sandstone, clayey, very fine to fine,

greenish-gray, br~~nish-black,
carbonaceous shale bedding, friable,
micaceous, noncalcareous ---------------

-88-

27 70



111 Lf - G 1 - 1 3C ~ C
IHiS\!C 3)0 I

Elcvuti0n: 1265 feet

G 1ac i aId r i f t :
Clay, silty, sandy, 9ray -----------------
Gravel, fine to n~c1ium, sandy; intcrbedl!ed

with silt and clay ---------------------
Clay. silty, sandy, olive-sray; scattered

p~bb les (t ill) -------------------------

Tongue River For~ation:
Sand, very fine to fine, clayey,

mi caceous. green ish-gray ---------------

144-81-160DD
UDS\~C 3902

Elevation: 1740 feet

G1ac i a 1 d r if t :
Topsoi 1, pebbly, dark-brO'.'in --------------
Clay, silty, sandy, dusky-yellow;

scattered pebbles (till) ---------------
Clay, silty, sandy, plastic, moderate-

olive-bro\.m; scattered pebbles (till) --
Clay, silty, sandy, plastic, olive-gray;

scattered pebbles (till) ---------------

Cannonball Formation:
Sand, very fine to fine, clayey, micaceous,

carbonaceous, noncalcareous, greenish-
gray -----------------------------------

7

7

6

20

7

26
4

22

7

20

40

8

34

38

60



l44-81-25AM
tlDS\oJC 28G4

E 1e va t ion : 1715 fee t

Geologic
sou rce

Glacial

Mate ri a 1

d ri ft :
Topsoil, silty, sandy, grayish-black ------
Clay, silty, sandy, dark-gray to dark-

greenish-gray ---------------------------
Gravel, fine to coarse, angular to sub-

rounded ---------------------------------
Clay, silty, sandy, calcareous, medium-

gray ------------------------------------Gravel, fine to coarse, sandy, angular to
rounded ---------------------------------

Clay, silty, calcareous, 01 ive-gray -------
Clay, silty, sandy, calcareous, olive-gray

to medium-dark-gray; scattered pebbles
(till) ----------------------------------

Gravel, fine to coarse, sandy, angular to
rounded ---------------------------------

Sand, clayey, silty, olive-gray -----------

144-81-25ADA
NDGS auger hole 64

Th i ckness
(fee tl

4

4

11

16
29

22

5
8

Depth
(feet)

5

9

20

36
65

87

92
100

Elevation: 1715 feet

Glacial drift:
Sand, silty -------------------------------
Sand, medium to coarse, silty, gravelly ---
No sample ---------------------------------

Obse rvat ion we 11
Depth 18 feet
Water level 4.04 feet
Measured 11-30-70

144-81-26CC8
NDS\~C 3900

Elevation: 1700 feet

2.5
12.5
10

2.5
15
25

Alluvium:
Clay, silt, and clayey sand, gray; inter-

bedded ----------------------------------Gravel, fine to medium; interbedded vJith
clay and silt ---------------------------

5

7

5

12

Cannonball Formation:
Shale, silty, sandy, micaceous, carbo-

naceous, noncalcareous, variegated gray,
and green --------------------------------90-

28 40



ELEVATION: 1665
(FT, ~;iSL)

;", •. I :: "f ••• ~"~, :,: :..)

DATE DRiLLED: J~dl I~G7

DEPTH: Ion
(FT)

1-19 Clay, silty, yellowish-brown.

0-1 Clay, si Ity, grayish-black
(topsoi I) .

POTEHTlAL (tN)
~

Fl;::S;STM';CE (OHMS)
>

19-32

32-49

49-53

80 68-88.-- ••...

-- --
88-100

-- 100

-91-

D~SCF?lPTION OF O:;:POS1TS

Alluvium ()nd glacial drift,
undifferentiated

Clay, silty, sandy, olive-
gray to greenish-gray.

Sand, fine to medium,
angular to rounded.

Clay, silty, olive-gray
(lacustrine) .

Sand, coarse, clayey,
angular to sub rounded.

Cannonball Formation

Shale, noncalcareous,
mode rate-b rO'.m.

Shale, calcareous, medlum-
gray.



144-81-30060
NOSWC 8948

Elevation: 1665

Geologic
source Material

Alluvium:
Sand, very silty, very fine to fine,

subrounded, dark brown -----------------
Sand, clay layers, very fine to medium,

subangular, lignitic -------------------
Cannonbal I Formation:

Sandstone, clayey, fine, yel Jowish-brown
with medium gray mottling --------------

Sandstone, fine, medium gray, siltstone
bedding ------------------------ _

144-81-30000
NOSWC 8947

Elevation: 1665

Alluvium:
Silt, very sandy, clayey, dark-yellowish-

brown, oxidized ------------------------
Sand, silty, very fine to fine, subangular

Cannonball Formation:
Claystone, sandy, silty, medium-light-gray,

calcareous -----------------------------

144-81-326CO
NDSWC 8946

Elevation: 1660

Alluvium and glacial drift undifferentiated:

Silt, very sandy, clayey, dark-yellowish-
brown, oxidized ------------------------

Silt, sandy, clayey, olive-gray, soft ----
Sand, clayey silt layers, very fine to

coarse, mostly fine to medium, subroun-
ded, well-sorted -----------------------

Sand, fine to very coarse, gravelly,
sub rounded , well-sorted, taking water --

Gravel, fine to coarse, sandy, a few clay
layers, subangular to wel I-rounded, loose,
caving, taking water -------------------

Cannonball Formation:
Claystone, sandy, silty, medium-light-

gray, calcareous -----------------------
Obse rvat ion we 11
Depth 50 fee t
S. I. 47-50 feet
Water level -92-
Measured

Thickness
(feet)

20

9

9

22

10
6

24

12
7

9

7

30

15

Depth
(fee t)

20

29

38
60

10
16

40

12
19

28
35

65

80



L.OCAllON: 144-81-34C66

ELEVAllON: 1745
(FT, MSL)

NOSWC 8934
DATE DRILLED: Octobe r, 1973

DEPTH: 120
(FT)

------.
POTENllAL (MY)...

Elevation: 1714 feet

RESISTANCE (OHMS) •

20

120

144-81-35C66
NOSWC 3899

0-36

36-39

39-66

66-120

DESCRIPTION OF DEPOSITS
Glad a I 0 ri ft
---- "--

Gravel, fine to coarse, about
30 percent sand, subangular to
rounded, yellowish-brown
staining, oxidized, loose,
caving, taking water.

Clay, very silty, yellowish-
brown, oxidized.

Clay, very silty, olive-gray
with dark-green ish-gray ~ttl ing,
a few sand grains, highly
ca 1ca reous (t i 11) .

Cannonball For~ation

Claystone, sandy, si Ity,'
medium gray ~tith brownish-gray
IlOttling.

Geologic
source

Glacial

Materi al

d ri ft:
Gravel, fine to medium, sandy, angular

to sub rounded; inte rbedded with
moderate-olive-brown silt and
clayey sand --------------------------

Clay, silty, plastic, moderate-olive-
brown --------------------------------Gravel, fine to medium, subangular to
sub rounded ---------------------------

Thickness
(feet)

16

8

15

Depth
(feed

16

24

39

Cannonball Formation:
Sand, fine, clayey, yellowish-green ----
Sand, fine, micaceous, carbonaceous,

noncalcareous, greenish-gray ---------
Shale, silty, sandy, carbonaceous,

variegated gray, green, and brown ----

-93-

3

9

29

42

51

80



r~oS\~C 8951

LOCATION: 144-81-35COO DATE DRILLED: iIover.:ber,1973

ELEVATION: 1707
eFT, ,.,iSL)

DEPTH: 160
eFT)

G lac i aID rif t

Silt, very sandy, clayey,
medium gray, soft, thin sand
layers, .calcareous.

Silt, sandy, clayey, yellowish-
brown, oxidized.
Sand, fine to coarse, subrounded,
oxidized.

DESCRiPTION OF DEPOSITS

10 -160

RcStSTANCE (OHMS),.

160

80

140

120

60

40

100

20

POTENTIAL (i\1V)..• -~-+-----

-94-



TEST HOLE 8943

ELEVATION: 1665
(FT, MSl)

DATE DR!LlED: Octobe r, 1973

DEPTH: 60
(FT)

->~ Alluvium and glacial
. ~ drift undifferentiated

~ 0-36 Sand, silty, very fine to
~ coarse, roostly medium, sub-

, ~ rounded, dark-yellowish-brown,
~well-sorted, oxidized, taking watE:

POTENT1AL (MV).. ~..:.. ~.•. ..•.. .....•.......•........
::~.:.j.~~
.'" ••• eo......••...... .

:;:;:.:
~:~~~~~.

P.£SlSTANCE (OHMS)
>

20

40

60

36-38

38-60

DESCRIPTION OF DEPOSITS

Silt, sandy, olive-gray, soft.

Cannonball Formation

Sandstone, fine, medium-gray with
light-gray bedding, limey, highly
calcareous.

Observation well
Depth 30 feet
5.1. - 2]-30 feet
Water level 8.06 feet
Measured 12-11-]3

Elevation: 1,670 feet

1~4-82-17AADl
tWSWC 2697

Geologic
source

Alluvium

Materi a 1

and glacial drift, undifferentiated:
Clay, silty, sandy, calcareous, moderate-

yellowish-brown ------------------------
Sand, fine to medium, lignitic -----------
Gravel, fine to medium, angular to sub-

rounded --------------------------------

Thickness
(feet)

6
28

8

Depth
(feet)

6
34

42
Cannonball Formation:

Shale, noncalcareous, medium-light-gray --

Observation well
Depth 41 feet -95-
5.1. 38-41 feet
Water level 6 feet
Measured 8-67

18 60



LOCAT10l'f

ELEVATION:
(FT, MSL)

14ll-82-17AAD2

1660

DATE DRilLED: October, 1973

DEPTH: 60
(FT)

POTENTIAL (MV).,~._------J.
~

RC:SlSTAMCE (OHMS)
>------.•

20

40

60

-96-

0-33

46-60

DESCRIPTION OF DEPOSITS

Alluvium and glacial drift
und i He ren t i ated

Sand, slightly clayey, very
fine to very coarse, well-
sorted, subrounded, dark~
yellowish-brovJn staining,
taking water.

Gravel, fine to coarse, about
30 percent sand, subangular
to rounded, well-sorted,
tak ing water, loose.

Cannonball Formation

Sandstone, clayey, very fine,
light gray, highly calcareous,
conso 1 idated.

Observation well
Depth 40 feet
S. I. 37-40 feet
Water level 7.53 feet
Measured 12-11-73



NDSWC 8945
L.OCATlON: 144-82-22AAB
ELEVATION: 1665
(FT, MSL)

DATE DRILLED: October, 1973

DEPTH: 210
eFT)

/
c::--
<- -,

_~"-"'r-f~_ ~B-84 Gravel, fine to coarse, about
c:::::_ .•. 20 percent sand, moderately

~'well-sorted, subangular to
~ well-rounded, taking water,

<:_-,-_.-- much detrital lignite.

RESISTANC£ (OHMS)
•

West we II
Depth 70 feet
S. I. 67-70 fee t
Water level 5.14 feet
Measured 11-14-73

Clay, sandy, silty, dark-
yellowish-brown, oxidized.

DESCRIPTION OF DEPOSITS

Sand, clayey silt layers,
very fine to coarse, mostly
medi urn to coa rse, sub roun ded ,
we II-sorted, light brown.
taking water, oxidized.

Cannonball Formation

Sand, clay layers, very fine
to very coarse, mostly medium
to coarse, subrounded, we! 1-
sorted, much lignite.

Silt, very sandy, clayey, light-
olive-gray, soft, highly calcar-
eous.

Sand, clayey silt layers, very
fine to coarse, subrounded, wel 1-
sorted, some lignite.

Sandstone, light-olive-gray,
fine, cemented, highly calcareous.

Alluvium and atacial drift
undi fferentiated

Observation wells

134-162

162-200

200-210

<~
-'---

East well
Depth 183 feet
5.1.177-183 feet
Water level 7.B5 feet
Measured 11-14-73

-97-

40

80

60

100

140

120

200

160

180

-------S--

<\ 0-10
20 C

~10-5a

-'-----..



I.OCATlON: 144-82-22ACC

I~LEVATlON: 1670
(FT, MSL)

POTENTlAL (MY)..

swc: 1"0.• • 23'3 8

NDSWC 3731

RESlSTAHCf (OHMS)
I

~ ---------.,
~ 0-8

20

40

60

80

100

120

DATE ORILLEO: July. 1969

DEPTH: 240
(FT)

DESCRIPTION OF DEPOSITS

Alluvium

Clay, s i 1ty, ye II owish -g ray.

Sand, fine- to coarse-grained,
silty, lignitic, carbonaceous,
gray.

Glacial dri ft

and gravel, lignitic.

Sand, fine- to coarse-grained;
contains a few thin beds of
detrital lignite and gravel.

Clay, silty, olive-gray.
Sand and grave 1.

Cannonball Formation

Claystone and siltstone, sandy.
light-olive-gray.



144-82- 2386B1
NDSWC 2688

Elevation: 1665 feet

Geologic
Source Material

Alluvium:

Sand, very fine- to medium-grained, clayey,
dark-yellowish-brown ---------------------

Glacial Drift:
Sand, fine- to very coarse-grained, pebbly,

lignitic, dark-greenish-gray -------------

Cannonball Formation:
Sandstone, hard ----------------------------
Claystone, sandy, silty, dark-greenish-gray-

Observation well
Depth 38 feet
Water level 12 feet
Measured 8-67
Well destroyed 9-67

144-82-23BBB2
NDSWC 2901

Elevation: 1665 feet

Alluvium:

Topsoil, sandy, gravelly, brownish-black ---
Clay, very sandy, silty, moderate-

yellowish-brown --------------------------

Glacial Drift:
Sand, very fine- to medium-grained ---------
Sand, fine- to coarse-grained, pebbly ------

Cannonball Formation:
Shale, sandy, calcareous, medium-bluish-

gray -------------------------------------
Observation well
Depth 51 feet
5.1. 48-51 feet
Water level 10.22 feet
Measured 12-15-66 -99-

Thickness
(feet)

25

24

2
19

.5
5.5

38
10

6

Depth
(feet)

25

49

51
70

.5
6

44
54

60



NOSWC 3729

LOCATION: 144-82-23000

ELEVATION: 1670
(FT, MSl)

DATE DRILLED: J u Iy, 1969

DEPTH: 240
(FT)

Glacial drift

Sand, medium- to coarse-
g ra ine d, I i <11'1itic, Iigh t -0 live -
gray _

DESCRIPTION OF D€POSITS

Sand, fine- to medium-grained,
silty, clayey, organic,
yellowish-gray_

AI J uvi um

Clay, sandy, silty,
carbonaceous •

Cannonball Formation

Obse rvat ion we II
Depth 203 feet
5.1. 197-203 feet
Water level 4 feet
Measured 8-69

Sand and gravel, fine- ~o
coarse-grained, I ignitic .

Sand, medium- to coarse-
grained, pebbly, lignitic;
thin beds of gravel.

Claystone, silty, sandy,
calcareous, gray.

0-18

70-78

214-240

RESlSTAHC£ (OHMS)
•

40

60

100

120

140

160

200

180

240
-100-

.--
.••• 0 •
;::;00
:":::0 •

:~.~..:::

:{~~f~:
••..• 0

....;:..~,.
•;::~ 0

'.~:..'"

Iii

POTENTIAL (MY)..

SWC '"0'•••• 233 •
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