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GEOLCGY AND GROUND WATER RESOURCES
OF THE MINNEWAUKAN AREA
BENSON COUNTY, NORTH DAKOTA
by

Saul Aronow, P. E. Dennis, and P. D. Akin

ABSTRACT

This is a progress report on the study of the geology and ground water resources
of Benson County, N. Dak., being made by the United States Geological Survey in co-
operation with the North Dakota State Water Conservation Commission and the North
Dakota State Geological Survey. The area discussed in this report comprises about
150 square miles around the city of Minnewaukan.

The geologic formations underlying the area are the glacial drift of Pleistocene
age, stream and lake deposits of Recent age, the Pierre shale, Niobrara formation,
and Benton shale, all of late Cretaceous age, and the formations collectively re-
ferred to as the "TDakota sandstone.” They were studied at their surface exposures
and additional data regarding them were obtained from test holes and private wells,
as well as from samples cbtained from a deep artesian well in the city of Devils Iake.
Drill cuttings that may be from an outlier of the Fort Union formation or from Cre-
taceous formations above the Pierre shale were obtained from one test hole.

The principal surface features in the area are cf glacial and lacustrine origin.
They include two groups of end moraines (a northern unnamed group and the southern
North Viking moraine) which were deposited by ice advancing from the north or north-
east. Between the two moraines in the western part of the area is a ground-moraine
plain, the relief of which is locally enhanced by washboard morainic topography and
by a series of northward-striking ridges, mainly of ice-contact origin. The eastern
part of the area between the moraines is occupied by part of the dry bed of Devils
lake, which is circumscribed by two well-defined shore lines; the lower, the "K"
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shore, has an altitude of about 1,445 feet and the upper, the "J", about 1,452 feet.

The North Viking moraine is bisected by a northeast-trending kettle chain (re-
ferred to as the Long Iake depression), which probably drained Devils Iake in Pleis-
tocene time. South of the North Viking moraine is an outwash apron which, farther
south, gives way to a ground-moraine plain. Numerous small ice-contact features also
are present throughout the area.

Among the most recent features in the area are a youthful drainage system and
ice ramparts in the Long lake depression.

The glacial, lake, and stream features and their constituent materials generally
form poor aquifers because of the clayey composition of the till and the paucity of
coarse, sorted material. Among the few deposits that can be considered possible
sources of municipal or industrial water supplies are the ocutwash in the southwester:
part of the area and those in the bedrock "low" beneath the dry lake bed east of
Minnewaukan, ©Some deposits in the ground moraine or in the ice-contact deposits wes.
of Minnewaukan may yield supplies large enough to be used for minimum needs cof a
small comunity such as Minnewaukan.

The outwash contains at least 30 million gallons of water per square mile in
each foot of saturated sand and gravel. The outwash material probably will not sup-
port wells having capacities greater than about 50 to 100 gpm (gallons per minute).

The "low" under the lake basin east of Minnewaukan is the first definite evidenc
discovered so far to indicate that Devils Lake may occupy a preglacial stream valley.
The aquifers founc in this "low" may be capable of producing water at a rate of
several hundred to more than 1,000 gpm.

The gquality of water derived from the drift in the Minnewaukan area generally
is very poor, as the water contains objectionable amounts of dissolved solids and is
hard. In 21 water samples analyzed, dissolved solids ranged from 220 to 10,200 ppm

(parts per million) and hardness from 90 to 3,540 ppm. Most of the samples containc”
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objectionable amounts of sulfate and iron.

The Pierre shale, which probably underlies all the glacial drift in the area, is
water bearing in its upper hundred feet or more and is capable of supplying less than
10 gpm to individual wells.

A sample of water was taken from one well (153-67-15dab) that is believed to tap
aquifers in the Pierre shale. This water contained 5,520 ppm dissolved solids and
270 ppm hardness, The predominant cation was sodium and the predominant anion was
chloride. The water contained 2,060 and 2,890 ppm of these elements, respectively.

The "Dakota sandstone" in the Minnewaukan area probably can be tapped at depths
between 1,410 and 1,590 feet. In the nearby city of Devils Lake, wells in the
"Dakota sandstone" yield more than 300 gpm. The water from the "Dakota sandstone"

is very highly mineralized and is not potable,

INTRODUCTION

General studies of the geology and ground water resources of different counties
in North Dakota are being made by the United States Geological Survey in cooperation
with the State Water Conservation Commission and the State Geological Survey. These
studies are made to determine the occurrence, movement, discharge, and recharge of
the ground water, and the quantity and quality of such water available for all pur-
poses, including municipal, domestic, irrigation, and industrial. However, the most
critical need at present is for adequate and perennial supplies for numerocus towns
and small cities that are constructing municipal water-supply systems for the first
time. For this reason, the county studies are being started in the vicinity of those
towns that have reguested the help of the State Water Conservation Commission and
the State Geoclogist. Progress reports are being released as soon as possible in or-
der that the preliminary data may be available for use in the solution of water-

supply problems before the general studies can be completed.
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Purpose and Scope of the Investigation

The study described in this report is one of the series of county investigations
and relates chiefly to that part of Benson County that may be of interest to the city
of Minnewaukan in its search for sources of municipal water supply. The investiga-
tion was made under the general supervision of A. N. Sayre, chief of the Ground
Water Branch, Water Resources Division, of the U. S. Geological Survey. The field
work and test drilling were done under the direct supervision of P, E. Dennis, for-
mer district geologist, and later under P. D. Akin, district engineer.

Field work in the area was done chiefly in June, July, August, and September,
1946, April and September 1948, and May 1952. It consisted of the following: (1)
gathering information on many of the existing wells, including measurements of
depths and water levels where possible, (2) mapping geologic features on aerial
photographs and topographic maps, }/ (3) ascertaining altitudes of some test holes
and lake strand lines, (4) drilling 53 test holes ranging in depth from 2L to 324
feet, for a total of 4,852 feet, and taking ditch samples and cores of the earth
materials, (5) collecting and submitting for chemical analysis samples of water
from water-bearing beds penetrated by test holes and existing wells, (6) test pump-
ing of holes and exsmination of some cuttings from test holes drilled by the city o
Minnewaukan.,

Iaboratory and office work in comnection with the investigation was done chiefl:;
in 1947 end during the winters of 1948-49 and 1949-50, and the summer of 1952. It
included the following: (1) examination and analysis of the cuttings and cores from
the test holes, (2) correlation of well logs, (3) laboratory determination of per-
meability of some sand samples, (L4) interpretation of the chemical analyses of the
I/ Topographic coverage for the geologically unmapped parts of the area was

available for only the eastern half of the area. This was the portion in the
Grahams Island topographic sheet (see fig. 1).
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water, (5) compilation of well, test-hole, and other data, and (6) preparation of
illustrations and writing of a report on the investigation.

A number of guestions concerning the geoloegy of the area have been touched on
only briefly, if at all, in this report. Among these questions are the origin of
Devils lake, the origin and antiquity of the high strand lines that circumsecribe thc
lake, the possibility of strand lines higher than those discussed in this report,
and causes of the recent desiccation of the lake. These questions will be discussed
in a later report on a larger investigation now being made in the Devils lake area.

Possible alternative hypotheses, not discussed in this report, regarding the
origin of certain glacial features in the area will be considered in detail in the

report on the Devils lake investigation.

Previous Investigations and Acknowledgments

The geology and ground water resources of the Devils Iake region have been
treated very generally by Upham (1896), 2/ Bebecock (1902), and Simpson (1912, 1929).

The North Dakota Geological Survey has recently published geologic reports and
maps of the Flora, Oberon, and Tokio quadrangles, which are all or partly in the
Devils Lake region (Branch, 1947, Tetrick, 1949, and Easker, 1949). (See figs. 1
and 6.) The southern part of the Minnewaukan area overlaps the areas mapped by
Branch and Tetrick, and their work has been used freely in the preparation of the
present report, Their mapping in some places has been revised as a result of addi-
tional field work and interpretations made from aerial photographs.

The present study was facilitated by the ready cooperation of the townspeople
and farmers. Thanis are due especielly those who permitted measurement of water
levels in their wells and test-drilling operations on their land, and to Sigrid
Solheim, the local well driller, for information concerning the many wells he has

put down in the vicinity.

2/ See references at end of report
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The North Dakota State Department of Health and the State Laboratories Depart-
ment ran chemical analyses on samples of ground water from the area, and their
assistance is gratefully acknowledged.

Location and General Features of the Minnewaukan Ares

The Minnewaukan area (see fig. 2) is in the part of the Central lowland physio-
graphic province (Fenneman, 1938, pp. 559-588) that has been called the Drift Prairi.
by Simpson (1929, p. 5). Most of West Bay, of the former and greater Devils lake,
which occupied the south-central portion of the Devils lake interior drainage basin
in historic time, is included in the northeastern part of the area. The Devils Iake
basin includes an area of gbout 3,500 square miles (Simpson, p. 9) and lies between
the drainage basin of the Red River of the North on the north, east, and south, and
the Souris River basin on the west ( U. S. Weather Bureau, 1949). Not all the in-
terior drainage basin drains into Devils lake. The poorly developed post-glacial
drainage lacks sufficient integration for this to cccur, and actually many small in-
dividual basins are included in the area between the two river basins,

The more or less distinct physiographic units that make up the principal fea-
tures of the Minnewaukan area are shown in figure 6. Most prominent of these is the
rough, elevated end moraine which crosses the area from the southeast. This was
named the North Viking moraine by Branch (1947, p. 6). An unnamed end-moroine group
in the northern part of the area, less rugged and less continuous, subparallels the
North Viking moraine. The two end moraines are separated by a rolling ground-moraine
plain on the west and the dry bed of West Bay on the east. Southwest of the North
Viking moraine is a gently undulating outwash plain which gives way to another
ground-moraine plain in the extreme southwestern part of the area. In the eastern
part of the central ground-moraine plain is a series of northward-striking ridges,
generally of ice-contact origin.

The central ground-moraine area and the northeastern parts of the North Viking

- 6 -



end moraine are marked by a series of linear and subparallel ridges. The ridges are
composed largely of till and grade into and alternate with conspicuous morainal
ridges. They give the ground moraine a subdued carrugated appearance and are called
"washhoard moraines" in this report.

The North Vikiag end moraine is divided by a southwest-trending chain of kettles
occupied by lakes. This kettle chain is referred to hereafter as the "Long lake
depression.”

The following climatic data for the Minnewaukan area were assembled from sum-
mary tables for the Devils lake weather station with some interpolation from
accompanying maps (Bavendick, 1946), The mean annual average temperature for the
area is about 37° F. The annual average temperature ranges from 27° to 48° F. The
average annual precipitation is about 17 inches. The growing season averages about
120 days in length, during which time most of the precipitation occurs.

The principal occupation of the area is farming. The main crops are wheat,
flax, and hsay.

The largest community in the area is the city of Minnewaukan, population 521
(1950 census), which is in the south-central part of Benson County about 21 miles
west of the city of Devils Iake. It is the county seat and is the principal trading,
shipping, and banking center for the area. The city is served by two important
highways, State Highway 19 from the east and west, and U, S. Highway 281 from the
north and south. It is located on the branch of the Northern Pacific Railway that

connects Jamestown and Leeds.

Present Water Supply and Future Needs

By far the greatest use of ground water in the Minnewaukan area is for farm
supplies. Practically all those supplies are obtained from wells in the glacial
drift which range in depth from 12 to 200 feet. Most of the water is highly mineral-

ized but is more or less satisfactory for general purposes.
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The city of Minnewaukan has no public water-supply system at the present time.
Small supplies of highly mineralized water are obtained from wells in deposits of
sand and gravel in the till and from aquifers in the Pierre shale. Because of its
high mineralization (see pp.65-68 ), the water from these wells is seldom used for
drinking and culinary purposes, the principal use being for flushing toilets in
private sanitary systems. Occasionally, the well water is used for irrigating lawns
and gardens.

Rain water caught from the roofs of buildings and stored in cisterns is used
for many domestic purposes, and a considerable amount of water for drinking and
culinary use is hauled into the city by private tank truck from a well north of
Maddock, N. Dak.

In the future, water supplies for municipal, industrial, and irrigation purposcs
may be needed in the area. At present, however, the only pressing demand is for an
adequate water supply for the city of Minnewaukan. It is estimated that about
50,000 gallons of water a day would be required for a satisfactory municipal water

supply for the city, although the present use of water is much less than that amount.

Well-Numbering System

The well-numbering system used in this report is based upon the lccation of the
well with respect o the land-survey divisions used in North Dakota. The first
number is the township north of the base line. The second number is the range west
of the fifth principal meridian. The third number is the section within the desig-
nated township. The letters a, b, ¢, and d designate, respectively, the northeast,
northwest, southwest, and southeast quarter sections, the gquarter-quarter sections,
and the quarter-quarter-quarter sections (1O-acre tracts). If more than one well
occurs within a lO-acre tract, consecutive numbers are given to them as they are

scheduled. This number follows the letters. Thus, well 152-68-8dcc is in T. 152
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N., R. 68 W., sec. 8, It is in the southwest quarter of the southwest quarter of
the southeast quarter. Similarly, well 153-67-3a8b2 is in the northwest quarter of
the northeast quarter of the northeast quarter of sec. 3, T. 153 N., R. 67 W., and
is the second well scheduled in that 1O0-acre tract. Numbers for wells not accurately
located within the section may contain only one or two letters after the section
number, indicating that the location of such wells is accurate only to the quarter
or quarter-quarter section, respectively.

Figure 3 illustrates how the numbering system is applied.

The test holes were given serial numbers in the field. Test holes drilled by
the Geological Survey in 1946 and 1948 were designated USGS tests 16-45, inclusive.
Those drilled by the Geological Survey in 1952 were designated USGS tests 506-528,
inclusive. Test holes drilled for the city of Minnewaukan by Sigrid Solheim, the
local driller, were designated Minnewaukan tests 1-9, inclusive. Test holes drilled
for the city by the Iayne-Minnescta Company were designated Minnewaukan tests 10-16,
inclusive., These serial numbers have been retained in the report for purposes of

reference and for ease of recognition by local people.

GEOLCGY
The geologic formations provide the framework for the water resocurces of an
area. A fairly good understanding of the geoclogy of an area can furnish many clues
concerning the presence and amount of available ground water. The surface formations
themselves may locally be water bearing or mey suggest the location of deeper aqui-
fers. The glacial and associated lake features and formations of the Minnewaukan
area are therefore discussed in some detail in this report because of their relation

to the hydrology and the occurrence of ground water.

Stratigraphic Units

Information on the stratigraphic units in the area was cobtained from the test
holes drilled by the U. S. Geological Survey, from test holes drilled by the city of
oy -



Minnewaukan, from private wells, and from surface exposures. For the formations be-
low the Pierre shale, data were obtained from the logs of artesian wells in the com-
munities of Devils Iake (laird, 1941, pp. 25-27) and leeds (Simpson, 1929, p. 73).
The log of the Devils Iake well was compiled from samples by Virginia H. Kline, while
employed by the North Dakota Geological Survey, and the description of these samples
and their correlation may be considered accurate. The materials penetrated by the
Leeds well are known only from the driller's log. Both Devils Iake and Leeds are
about 20 miles from Minnewaukan (see fig. 2). Locations of the test holes are shown
in figure 6 and the geologic sections in figure 8; the logs are given on pages T8
to 101.

The following is the stratigraphic section for the Minnewaukan area;

Cenozoic
Quaternary system
Recent series
Deposits of intermittent streams
Lecustrine clay, silt, sand, and gravel
Pleistocene series
Wisceonsin stage
Mankato substage
Till and associated glacioaqueous deposits
Cenozoic or Mesozoic (7)
Cretaceous or Tertiary system(?)
Mesozoie
Cretacecus system
Upper Cretaceous series
Pierre chale
Niobrara formation
Benton shale
Lower Cretaceous cgeries
( Dakota (?) or Fall River (?) sandstone
"Dakota sandstone"- Fuson shale
( Lakota sandstone

The three surface units in the Minnewaukan area are the glacial drift of the
Pleistocene series, lake deposits of Recent corigin, and thin, patchy stream deposits,
also of Recent origin. In the absence of evidence indicating an earlier age, the

drift is considered to belong to the Mankato substage of the Wisconsin stage.
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The immediately underlying bedrock in practically all places is the Pierre shale
of Cretaceous age. A clay from a stratigraphically higher formation was penetrated
in USGS test 19 (152-68-35bbe). This material may be of Upper Cretacecus or Tertiary
age.

In the lower part of the section, the Dakota sandstone or Fall River sandstone
or both, the Fuson shale, and the Lakota sandstone ccnstitute collectively the aqui-
fer generally referred to in North Dakota and possibly elsewhere as the "Dakota sand-
stone." 1In this area, neither the total thickness of the "Dakota sandstone” nor the
character of the formations below it is known.

Although only the glacial drift, the Pierre shale, and the "Dakota sandstone"
are of interest as aguifers in this area, the pages immediately following contain
litholegic information on all the units listed in the stratigraphic section. Detaile”

information on the units as aquifers is given in the hydrology section of the report.

Glacial Drift 3/

The material deposited by glacial ice and its meltwaters is called drift and is
derived largely from the local bedrock. It is subdivided into (a) till and (b)
stratified drift.

In this area the Pierre shale is the bedrock from which most of the drift is
derived. The shale, when weathered or abraded by running water or by glacial ice,
breaks down into brittle pebbles and a calcareous clay.

The color cf the drift in fresh well cuttings changes from a yellow brown to a
blue gray at about 10 to 20 feet below the surface. The depth of the yellow-brown

zone at each test hcle is indicated in the sections as the bottom of the oxidized

3/ As discussed later in some detail (p.20), the break between the Recent lake sedi-
ments ard the glacial lake sediments is not clear. Insofar as can be determined from
the results of the test drilling and field work, these two units are more or less
continuous. For purposes of discussion, therefore, the Recent lake material is con-
sidered in this section as part of the glacial drift. The Recent stream deposits

are discussed in the section on drainage.
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zone (see fig. 8). In desiccated samples, such as are examined in the laboratory,
the change is from a dull brown or buff to a light or dark gray. The brown is due to
oxidation and hydration of the iron-bearing minerals in the drift. The gray is the
color of the original Pierre shale.
7111

Till is an unstratified heterogeneous mixture of clay, silt, sand, gravel, and
boulders. The till seen at or near the surface in road cuts (see fig. 4) or other
exposures in the Mirmewaukan area, and in cuttings from test holes, may have some or
all of the following characteristics. It may:

Be composed largely of gritty clay and of other materials of all sizes.

Have an over-all color of yellow brown in the oxidized zone near the surface
and gray below,

Have a rough, blocky fracture, tending to flakiness when dry.
Be highly calcareous and effervesce in dilute hydrochloric acid.

Contain boulders and pebbles of limestone and dolomite, as well as of shale,
granite, and gneiss, which may fall apart at the touch.

Have tiny, distinct red-orange rust flecks.

Contain platy ecrystals of gypsum, generally less than a quarter of am inch in
longest dimension.

Local variations and absence of any of the above characteristics result from parti-
cular hydrologic conditions and the lack of certain materials.
The till generally does not yield water to wells, but functions as a confining

bed for water contained in associated deposits of sand and gravel.

Stratified drift

Stratified drift is a term applied to material that is layered and, to some ex-
tent, sorted. This layering and sorting is due to the action of water. Glacial
stream deposits consisting of sorted sand and gravel generally are better aquifers

than the glacial-lake deposits, which generally consist of well-sorted silt and clay,
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but which may contain some sand and gravel. The stratified drift is irregularly dis-
tributed and highly variable in its water-transmitting properties, but in the aggre-

gate it constitutes the most important aquifers in the area. (See fig. 5.)

Bedrock

An unidentified deposit of gray gypsiferous, sandy clay about 19 feet thick was
penetrated above the Pierre shale in USGS test 19 (see fig. 7). The likelihood of
up-hole contamination of the drill cuttings from this test hole renders definite
classification of the material difficult, and the material may be till. About the
only definite statement that can be made concerning the age of this material is that
it may be Upper Cretacecus or Tertiary. Similar well cuttings were obtained from
test holes near the villasge of Maddock, which is 8 miles west of the Minnewaukan ares .
This material is not water bearing.

The total thickness of the Pierre shale, Niobrara formation and Benton shale in
the Devils lake well is about 1,270 feet. The total thickness in the lLeeds well is
about 1,640 feet (see p. 10'. In the Minnewaukan area it is probably somewhere be-
tween these two figures. However, in the absence of detailed correlations for the
Lleeds well, the thicknesses given in the discussion below are taken, without any in-
terpolation, from the log of the Devils Iake well.

The Pierre shale, a marine deposit, is about 560 feet thick and immediately
underlies practically all the drift in this area. As found ic the USGS test holes,
the shale is a gray compact fissile rock containing occasional thin layers of cal-
careous material. Bentonitic beds from a few inches to a few feet in thickness were
penetrated in some test holes and this may be the material described by local driller:
as "soapstone." The log of the Devils Lake well (pp.98-100 ) indicates that, in the
portions not penetrated by the USGS test holes, the shale is tan in places and con-

tains varying amounts of sand, lignite, gypsum, and sulfur.
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The bulk of the shale is not water bearing, but some farm water supplies are
obtained from the upper 100 feet or more of the formation in this area as well as
in other parts of North Dakota.

The Niobrara formation in this area is about 120 feet thick. It is gray or tan
and contains small amounts of gypsum and lignite. It is not an aquifer.

The Benton shale in this area is about 590 feet thick. It is gray and contains
varying amounts of pyrite, gypsum, and sulfur. It is not an aquifer.

The Leeds well is thought to have penetrated about 370 feet of the units known
as the "Dakota sandstone," the Devils Lake well about 180 feet. The following de-
scriptions and thicknesses given for these units are taken from Kline's log of the
Devils Lake well (Laird, 1941).

The Dakota sandstone is about 50 feet thick and consists mainly of gray shale
with some sand in its upper and lower portions. It also contains varying amounts of
sulfur, pyrite, and gypsum.

The Fuscon shale is about 40 feet thick, is gray, and contains varying amounts
of gypsum and sulfur,

The Lakota sandstone is about 100 feet thick and contains considerable amounts
of shale in the upper part, and varying amounts of pyrite, sulfur, and gypsum
throughout.

Simpson (1929, p. 40) notes that, for convenience in his report, "the entire
group of water=bearing sandstone beds below the Benton, with the intervening shaly
or calcareous beds, is called Dakota sandstone, though it may include earlier Creta-
ceous rocks, especially in the western part of the State." The Dakota sandstone
proper he describes (pp.40O-41) as "a gray ferruginous sandstone, very poorly cemented
and interbedded with thin layers of clay and shsle. In places it includes beds of
fine incoherent nearﬂy white sand,"

It seems likely that what has been divided into the Dakota (?), Fuson(?), and
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Lakota(?) in the log of the Devils Lake well is the Dakota sandstone as used by
Simpson in the broad sense,.

The screen and gravel packing in the Devils Lake well are so set that the well
cannot obtain water from any formation above 1,410 feet-=that is, from any formation
other than the one called the Lakota.

From Simpson's account (p.73) it is not clear at what depth in the Leeds well
the principal water-bearing formation in the "Dakota sandstone" occurs, but it would
appear to be at a depth below 1,640 feet.

The land=surface elevation at the Devils Lake well is about 1,460 feet, and at
the Leeds well between 1,500 and 1,510 feet, above sea level. Minnewaukan is about
1,460 feet above sea level. Using these data together with the depths to the "Dakot:
sandstone" at Devils Lake and Leeds, a simple computation indicates that the water-

bearing part of the "Dakota sandstone'" in the Minnewaukan area lies somewhere betwee:

1,410 and 1,590 feet below the land surface.

Lake Features

The lakes in the Devils Lake=Stump Lake region are shown in figure 1. The
outlines of the lakes shown on this map are those of 1883, the year of the first
land survey, from which most subsequent geographic maps have been compiled.

The chain of lakes north of Devils Lake drain one into the other from east to
west=-that is, from Sweetwater Lake through intermediate lakes to Lake Irvine., Lake
Irvine in turn drains into Devils Lake by way of the lower part of Mauvais Coulee,
which is a large intermittent stream extending almost to the Canadian border. Ther
is no surface drainage from Devils Lake at the present time, but, perhaps within
historic time, water from Devils Lake drained through Jerusalem outlet into Stump
Lake. Prehistorically, water from Stump Lake drained through Big Stony Coulee into

the Sheyenne River.
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Devils Iake itself is divided into several large bays and arms whose relations
are also shown in figure 1. Since the 1883 survey, the water level of the lake has
undergone a progressive lowering which has caused West and ILamoreaux Bays to dry up,
while Main and East Bays have become separated, as have the East and West Bays of
Stump ILake. Occasionally in the spring, parts of the various bays of the lake have
been filled up to the old 1883 level, temporarily, until the water has drained to
the lower portion of the lake. Since about 1940 the lakes have partly refilled but
have not approached the 1883 stage.

West Bay of Devils Lake, most of which is in the Minnewaukan area has been more
or less dry since about 1910, It generally floods briefly in the spring, but by
early summer many of the marshy spots disappear. The extensive but stunted grass
cover provides grazing for cattle and sheep, and occasionally crops of flax are growt
in the bay area.

Two well-developed strand lines, higher than the 1883 stage, circumscribe the
dry lake bed. The strand lines below these are poorly marked and merge into spits,
bars, and anomalous irregularities. All of these features are fringed with or are

completely covered with trees and brush.

Strand Iines of West Bay

According to Flint (1948, p. 163) a strand line may be defined as "the line
traced on shore rocks, elther firm or unconsolidated,by erosional or depositional
shore features developed at mean sea level or at the level of a lake, whether or not
the line is now at mean sea level or lake level." Among the commonest forms developed
by stands of water are (1) wave-cut scarps and terraces and (2) beaches.

Wave-cut scarps and terraces are steplike notches, which around West Bay are
generally less than 10 feet high (see fig. 7). The scarp is the riser and the terrace

is the step. This form is the most prevalent at the two higher strand lines ("J" and
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Figure 7.--The "J" strand line, N¥& sec. 2, T, 153 N., R. 67 W,
(looking northeast).



"K") shown on the map (fig. 6). These small scarps are cut into the glacial drift,
mgstly till, which surrounds and underlies the lake depression. The area between
these two strand lines for the most part is underlain by slightly reworked drift and
is practically indistibguisheble from the drift outside the lake area., The contact
between the lake deposits and the surrounding drift is shown at the base of the "K"
strand line where a s3loping terrace of sand and gravel was built in some places.

This contact is not everywhere correctly represented but is satisfactory for a
reconnaissance map., Most of the locations for the two upper strand lines were deter-
mined from aerial photographs with the aid of a steroscope and topographic maps.

They were spot-checked in the field and are believed fairly accurate except for those
places indicated with a question mark.

The lower strand lines are developed mostly as beaches and in some places are
difficult to distinguish from spits and bars that originated when the water was high
enough to carve the upper strand lines,

Partly because the clay till stands up much better than does the lacustrine sand
and gravel, the higher strand lines are better developed and preserved than are the
lower beaches, Also, the gentle slopes on which the lower beaches rest did not per-
mit waves of sufficient strength to do much cutting.

Simpson (1912) believed that the two upper strand lines were related to the
carly post-Pleistocene history of Devils Lake and Stump Lake and proposed & theory
as to their origin. Simpson's hypothesis depends on the similarity of altitudes of
the two upper strand lines to those of certain outlet channels from Devils Lake and
Stump Iake. Because (1) the altitudes of Simpson's upper strand lines and those con-
sidered in this report are at variance and (2) the area does not include any of the
key outlet channels, the reader is referred tc Simpson's paper for further details.
The two upper strandl lines were the ones chiefly studied for this report. Because

there apparently is some dispute in regard to their altitudes, & short summary of the
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literature follows,

Upham (1896, pp. 595-597) leveled the three upper strand lines near Minnewaukan
and the city of Devils lake and recorded their altitudes as 1,451 feet, 1,446 feet,
and 1,439 feet above sea level, respectively,

Simpson (1912, pp. 144-148, 152) leveled the strand lines on Devils lake in
two places, near the city of Devils lake and near Chataugua. Although he did con-
siderable additional leveling, these places are the nearest points to West Bay for
which he determined altitudes. He recorded the two upper strand lines at 1,460 feet
and 1,453.5 feet respectively.

Easker (1949, pp. 29-30) found three strand lines in the northern part of the
Tokio quadrangle. The upper ones were fairly well developed and recognizable at
about 1,460 feet and 1,440 feet, respectively. A third, not so well defined as the
others, was found 10 to 15 feet below the 1,440-foot strand line. It should be noted
that Easker had no cpportunity to do any instrumental leveling. His map shows the
two upper strand lines on the 1,460-foot and 1,4L40-foot contour lines, respectively.

Tetrick (1949, p. 12) says, "The highest water mark for Devils lake is approx-
imately 1,475 feet, as evidenced by wave-cut morainic knobs surrounding the part of
‘evils Iake In the Cberon quadrangle. The highest remaining beach level is about
1,460." Tetrick, like Easker, did no instrumental leveling. No clear-cut evidence
‘or Tetrick's 1,475-foot Lake level was found in the Minnewaukan area by the authors,
“hough certain obscure features may possibly indicate the previous existence of the
lake at approximately this high level.

The authors' leveling around West Bay was confined to the upper strand lines at
yoints along and nesr Highway 19 from the northeast corner of the area to Minnewaukan,
e rod was held at the break in slope at the base of the scarp. The lower strand

ines were considered too indistinct for leveling. The leveling indicated the upper-

08t one, the "J" strand line, to be between 1,451 and 1,452 feet, and the lower one,
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the "K" 4/ strand line, between 1,iil and 1,445 feet. These are just about the
elevations Upham obtained. Simpson did not level strand lines arcund West Bay and
hence the authors' results cannot be directly correlated with his. However, the
results of Upham's leveling around the city of Devils lake, where presumably Simpson
also leveled, showed strand lines at the same altitudes as those around Minnewaukan.
Simpson, in his report, gave no precise locations of his leveling and it is somewhat
difficult to know exactly to what he refers. Subsequently, the authors did some
leveling south of the city of Devils lake which indicated strand-line altitudes abou®
the same as those around West Bay.

Probably the discrepancy between Simpson's results and the authors' may be ex-

plained by Simpson's using bench marke whose elevations were inaccurate.

Sediments of the Lake Basin

The term "lake basin" as used here refers to both the topographic depression
formerly occupied by West Bay of Devils Lake and the "low" in the bedrock under the
dry bed of West Bay.

Upham (1896, p. 170) and Simpson (1929, p. 190) thought that Devils Lake -
occupied the site of a preglacial river channel. The test drilling has confirmed
“he existence of a bedrock "low" under West Bay (see fig. 8). Because the extent of
glacial deepening of the bedrock "low" is not known it would be difficult to corre-
late this "low" with other bedrock depressions on the basis of elevations. If not
fortuitous, the lesser slope angle on the west side of the "low" suggests that it
may extend in a north-northwesterly direction, if it is really a symmetrical channel.,

On the basis of well cuttings, it was not possible to make clear distinctions

among the Recent and glacial-lake sediments and the drift of other possible

L/ These letters were used to avoid confusion with Simpson's use of the
first letters of the alphabet to designate his strand lines.
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origins 5/ upon which they rest. For purposes of discussion, distinction is made
here between only "surficial" and "underlying" sediments. The section on the sur-
ficial sediments includes a description of the more or less shallow lacustrine
materials and their surface forms, whereas that on underlying sediments includes a
discussion of some deeper, possibly glacial-lake, materials and the underlying and
adjacent drift.

Surficial sediments

The surficial sediments and their topographic forms were not studied in any
great detail in the field. The principal forms, other than the "J" and "K" strand
lines, are shown on the map (fig. 6) in dotted ocutline. Many smaller ones, some of
which contain pits, have been omitted.

A number of factors complicating the geology of the dry lake bed should be notec

(a) The initial uneven drift surface.

(b) Regressive strand-line deposits which have been reworked and merged into

spits and bars deposited originally in relation to higher strand lines.

(c) Probable deepening of West Bay by wind erosion in times of drought.

(d) The annual flooding of West Bay.

Because of these factors no extensive discussion of the significance of the ma-
terials and their areal positions will be attempted in this report. Also, there is
uncertainty of identification of the uppermost material in USGS tests 38, 39, and 42
(see logs), because stratified coarse and fine material is churned in rotary drilling
so that, in some cases, the samples obtained resemble those from till.

The Recent lake sediments are the surficial materials that cover most of the

dry bed of West Bay below the "J" strand line (see p.16). The age of the"J" strand

5/ The general term "glacioaquecus" is used in the cross sections (fig.8)

or water-sorted material associated with glaciation. Included under it
are ice-contact, glacial-stream, glacial-lake, and outwash deposits. It is
generally impossible to infer definite origins for much of the subsurface
glacial material from an examination of well cuttings.
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line is not known; it may date back to the Pleistocene, though this is not likely.

Tn the geologic sections across the dry lake bed (see fig. 8) there is no "dis-
contimuity" in the lake silt and clay that definitely marke the end of the Pleistocene
and the beginning of the Recent. Probably sedimentation in the lake bed was con-
tinuous from the time the last ice disappeared from the site of the lake bed to the
present, although at a diminishing rate. At the present time sedimentation occurs
chiefly during brief spring flooding. Therefore, the silt and clay unit in the sec-
tions includes glacial-lake sediments below grading into Recent sediments above.

These sediments are shown in figure 8, cross section B-B', to be as much as 50
feet thick., Theoretically, the stratigraphically lower lake sediments should con-
tain a generous amount of ice-rafted material deposited when the ice was near the
lake, and the higher beds, deposited when the ice front had withdrawn a considerable
distance from the lake, should be relatively free of ice-rafted material. However,
examination of the rotary-drill samples did not indicate the presence of these two
types of sediments. It is possible that both types do not occur in this area. How-
ever, the uppermost lake beds contain coarse material, presumably reworked from spits
and bars. Perhaps this upper coarse material became mixed with the cuttings from the
beds free of ice-rafted material during the drilling, rendering the samples from
these beds practically indistinguishable from those obtained from the lower beds
which contained considerable ice-rafted material. This would likely be the case if
the beds free of ice-rafted or other coarse material were only a few feet thick.
Identification of beds free of ice-rafted material probably could be made from un-
disturbed cores.

The flat areas of the lake bed seem to be underlain generally bve silt, clay,
and reworked till. Almost the only good exposures of these finer lake sediments
vere observed in the lower channel of Stream IT where it has incised the lake bed

(figs. 9 and 12). As much as 7 feet of laminated clay, silt, and fine sand is
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exposed. The laminations do not appear to be sufficiently distinct and regular to
be varves, In a few other faces of the stream cut are stratigraphically higher
intermittent stream deposits like those described in the following section on
drainage.

Another exposure, on the east side of U. S. Highway 281 and about 0.6 mile
north along the highway from the southern line of sec. 36, T. 153 N., R. 66 W., also
shows laminated silt and clay. It 4s not clear, however, whether the exposed ma-
terial is of lake or kame-ter-race (ice-contact) origin. This uncertainty applies
to the pit north of USGS test 24 as well as to other sand and gravel deposits ex-
posed in road cuts in the immediate vicinity.

Sand and gravel are associated generally with definite topographic forms such
as spits, bars, and beaches, but some deposits of these coarse materials occur near
the surface of the lake bed and are not associated with recognizable topographic
features of this kind. Several small pits have been opened in this material (see
fig. 6). The principal difference between the comtents of these pits and those in
ice-contact deposits is the lack of clay and silt, which gives the lacustrine sand
end gravel a cleaner, whiter appearance. There is also some diminution of shale
content.

No pebble counts were made but the cursorily observed variations of shale
percentages and sizes among the lacustrine pits suggest a residual origin for some
of the material. For example, the pit near USGS test 41 (about half a mile west of
Grahems Island) contained shale boulders up to 9% inches in diameter, which disin-
tegrated upon removal from the sides of the pit. This disintegration is prcbably
due to the dry condition of the shale. However, shale is a fragile and easily
rounded material which ordiparily will not withstand extensive abrasion and trans-
portation., In the till or ice-contact deposits such large pieces of shale are rare.
It is possible that the shale that formed the boulders was incorporated in the gla-
cial ice and deposited by icebergs directly into the lake water without an extensive

-%‘



intermediate reworking by glacial movement. The subsequent immersion in the water
may have leasened the tendency to break along planes of weakness and have acCentuated
the rounding effects initiated by the ice,

The locations of the twc north-south bars east of Minnewaukan seem to be con-
trolled to some extent by an initial irregularity in the drift or bedrock surface.
The westernmost one (north of USGS test 38), has a number of large boulders, some as
mich as 3 feet in diameter, scattered around its flanks. A local driller's log (see
Minnewaukan test 7, p. 84 ) for a test hole at the north end of the bar shows 6 feet
of clayey sand and gravel which may be till below the top 2 feet of sand and gravel.
The material below that is almost certainly till. The bar may have been deposited on
a ridge or mound of till which was the starting point for sediment accumulation. The
large boulders may be residual from this till "high"or may even have been deposited
by stranded icebergs from a nearby ice front.

Similar considerations probably hold true for the bar to the east, near USGS
test 39. The "J" strand line in that feature was not visited, but it is fairly
certain that it is cut in till. USGS test 39 shows a rise in the bedrock, which
also may be a factor in the origin of the feature.

Numerous boulders residual from the till and formerly concentrated as ice ram-
parts (see p. 44 ) are found in many places at the bases of the "J" and "K" strand
lines. A particularly large accumulation was seen in the SE} sec 8 and the NE} sec.
17, T. 152N., R. 66 W.

Underlying sediments

A full discussion of the underlying sediments in the lake basin is given in the
hydrology section. Some of the strictly geologic implications of these sediments are
noted briefly in this section.

In USGS tests 4O, 43, bk, and 45 (see figs. 6 and 8) there are two zones of till

separated by sorted meterials. In USGS test 42, in which the upper till is missing,
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and in USGS test LO the lower till is underlain by sorted material which rests upon
the bedrock. The presence of two till zones suggests two glacial advances. The
first may have been preceded by an apron of meltwater which deposited the sorted
material found in the bottoms of USGS tests 42 and 4O. The sorted material between
the till sheets may be outwash or other glacial-stream deposits or glacial-lake
deposits. Obvious limitations on these speculations are imposed by the fact that
neither the glacisl scouring of the bedrock nor the amount of drift subsequently
eroded is known.

One layer of till enclosed in sorted material in USGS tests 34, 31, and 33 (see
fig. 8) may be continuous with the till in the A-A' cross section. This may be
associated with the possible deposition of the eastern portion of the northern
moraine in the waters of Iake Minnewaukan (the Pleistocene equivalent of Devils Lak~
Simpson, 1912, p. 140).

The possibility that the deeper till zone is pre-Mankato in age has, of course,
occurred to the authors. However, the well cuttings showed no evidence of buried
soils or oxidized zones. In the absence ol this kind of evidence it is assumed that
the burial of the till zone was an event in Mankato time involving a minor fluctua-

tion of the ice front.
(Glacial Features

Glacial geologists use two classifications of glacial features simultaneocusly :
(a) lithology, or of what they are made, and (b) topographic expression, or how they
appear. The general lithology of glacial materials has been discussed in the sectic:
"Stratigraphic Units." The various and combined topographic expressions of these
features will be discussed here.

End Moraine

End moraines are tracts of rough, elevated, and usually pitted topography and

on a regional scale are linear in ground plan. The term "knob-and-kettle topography "

commonly describes such surfaces because of the juxtaposition of steep-sided hills
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and depressions. The hills may be rounded and the depressions circular, elliptical,
or irregular.

An end moraine marks a place where the glacier halted. This does not mean that
it ceased moving, but rather that its edge was melting as fast as the ice was advane-
ing. All sorts of debris picked up by the ice as it moved forward was dumped at the
terminus when there was no longer ice to carry the material beyond that point. The
longer the edge remained stationary, and the more debris carried by the ice, the
more debris was deposited. An advance of the ice front caused a ridging up and over-
riding of previously deposited debris much as would occur in front of a bulldozer.

If the debris was deposited by the ice with little or no water action, till was the
result (see fig. 4). However, if considerable meltwater was formed, the deposits
became more or less sorted and layered. As the ice front oscillated there was a
continuous destruction, disturbance, or burial of meltwater channels and ice-contact
features, which produced the complex and more or less confused topography and lith-
ology assoclated with end moraines.

The locations of the end moraines in the Minnewaukan area are shown in figure
6. They may be classified as well developed or typical where they form a more or les:
continuous, pitted topographic "high," or as poorly developed or modified 1nlrher'e the
steep-sided hills are present but no conspicuous steep-sided depressions. Repre=-
sentative of the first type is the North Viking morainal belt, which crosses the
area from the southeast corner to the west-central margin., The portions of the
moraine that contain knob-and-kettle topography are indicated in figure 6 by a spe-
cial symbol., Along the southern limit of this moraine, where it fromts on the out-
wash plain, are ridges which parallel the edge of the moraine, and in some cases
form the edge. These ridges are steep sided, and are similar to eskers in appearance.
However, the steep sides seem to be due mainly to the numerous boulders that make up
most of the materials of these ridges. A very good exsmple can be seen in the SE
sec. 24, T. 152 N., R. 68 W. This ridge contains a small gravel pit (see fig. 6).
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Sorted material is believed to be a minor component of the ridge, however.

An example of the poorly developed end moraine is an unnamed one in the northern
part of the area. The total relief there is approximately 75 feet. This moraine,
or group of moraines, is a more or less discontinuous topographic "high". Its
eastern parts as well as the eastern limit of the western part are roughly bounded
by the "J" strand line of the former Devils Lake (see p.16 ). The southern boundary
of the western part is roughly the southern limit of large isolated hills and rough
tracts., This southern boundary is sharply contrasted with boundaries of the eastern
part in that it is gradational. A similar contrast is also evident between this
southern boundary and the southern boundary of the North Viking moraine.

In general, there are only a few steep-sided depressions in this moraine. About
the only conspicuous ones are those in secs. 26,27,3% énd 35,T.154 N., R 67 W., and
in secs. 25 and 26, T. 154 N., R. 68 W. The appearance of this region suggests a
rather halting advence and retreat of the glacier, which paused in no single place
on a broad front long enough to build up a conmtinuous moraine. It is also possible
that this morainal area is what is left of a better developed moraine that was over-
ridden during a subsequent advance of the ice.

The northern moraine is collinear with Grahams Island, the western edge of
vhich is included in the Minnewaukan area (sece fig.l). Grahams Island is a similar
topographic high, bounded by lake sediments end without a distinctive morainic
character.

Both in the eastern portion of the northern moraine and on Grahams Island the
land surface may have been modified by lake waters when the former Devils lake was
possible higher than the "J" strand line (see pp.16-19 ). The smoothing of the sur-
face by wave erosion and the deposition of thin, patchy, now unrecognizable lake
sediments may have contributed to the lack of typical morainal appearance. Another

possible explanation is that at least this eastern portion of the moraine and Grqhams

- 26 -



Island may have been deposited in lake water. Whether these hypotheses can be
applied to the western portion of the moraine can be decided only by further inves-
tigation, when the western part of the area has been mapped topographically.

Because this moraine has no knob-and-kettle topography it might be thought to
be nothing more than a bedrock "high" thinly mantled with drift. However, figure 8
shows that Grahams Island is not necessarily the reflection of a bedrock high. Also,
well data indicate a thickness of drift of more than 150 feet in the northeastern
part of the moraine. USGS tests 31-34 immediately west of this part (see fig. 8,
geologic section B-B') show the drift to be as much as 185 feet thick.

The morainal belts of the Devils Lake-Stump Lake region were first mapped by
Upham (1896, pp. 1€2, 169-172, 175, 176). The moraines from his plate XVIII are
shown in figure 1. The names he used were derived from the presumed correlatives of
the morainal belts in Minnesota. Their status as interstate correlations has been
revised by later work (Leverett, 1932, pp. 67-78), but they present a fairly accurate
picture of the broader relations of the moraines, and are here used in the absence
of detailed quadrargle mapping. The recent work by the North Dakota State Geological
Survey has given rise to the name "North Viking" for the southern area, and it seems
very likely that this name will be retained (Branch, 1947). Because of the indis-
tinet boundaries, the northern morainal group will not be named now,.

A cursory comparison of the moraines as shown by Upham ( see fig. 1) and in
this report (see fig. 6) will reveal several differences. The chief changes made
in this report are (1) the addition of the "subdued" northern morainal area, (2) the
interpretation of Upham's moraine just west of Minnewaukan as a series of ice-con-
tact features, and (3) the designation of his two elliptical ground-moraine patches
in the southeastern part of the area as end moraine. Upham's interpretation, under
(2) above, has some validity, as can be seen from the knob-and-kettle topography

indicated in figure 6, but the authors prefer to follow Branch's and Tetrick's later
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quadrangle mapping.

Upham's map does convey, however, the correct impression of the complexity of
‘the moraines in the Devils lake region. As an experimental start toward determining
their relationships, it is thought that indicating the clearly knob-and-kettle type
on a map would be of aid. This has been attempted in figure 6, mainly on the basis
of data taken from aerial photographs. However, the area described in this report

is not large enough for significant general relationships to be recognized.

Ground Moraine and Washboard Moraines

The ground moraine in the Minnewaukan area is shown in figure 6. Topographically
it is a flat or gently rolling area, the relief generally not exceeding 30 feet.

Ground moraine may originate from (1) drift overridden and plastered down by
moving ice, or (2) rock debris let down from the surface and body of the glacier as
the ice thins and melts back. The latter process results in what is called "sbla-
tion moraine" and accounts for the sorted material present at or near the surface
because of the abundance of meltwater accompanying the wasting of the glacier.
Ablation moraine is difficult to identify, except locally. The bulk of the ground
moraine is probably of class (1).

Hills in the ground-moraine area are numerous but generally are neither large
aor steep sided. Locally, the relief is enhanced by associated ice-contact features
and washboard moraines.

The ground moraine may consist of only a thin layer of drift overlying bedrock
or it may consist of a very thick layer. For example, in secs., 18 and 20, T. 153 N.,
3. 67 W., there is a bedrock "low" more than 180 feet deep as indicated by wells that
:nd in the drift at those depths. This low has been filled, or partly filled, with
irift by the ice that formed the ground moraine. The lower part may have been filled

)y an earlier ice sheet.
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Lithologically, ground moraine is largely till with pockets and lenses of washed
+111 (till with most of the clay fines removed), silt, sand, and gravel.

The central ground-moraine area and the northeastern parts of the North Viking
end moraine are marked by a series of linear and subparallel ridges, very plainly
seen on aerial photographs but rather inconspicuocus to an observer on the ground.
They are composed largely of till and grade into and alternate with conspicuous
morainal ridges. The ridges strike approximately northwest. These give the ground
moraine a subdued corrugated appearance, which led Upham to include part of them in
his end-moraine area west of Minnewaukan. Because of their low relief they have not
been designated as end moraine in this report. In the North Viking moraine their
occurrence is less systematic and their relief increases as they grade into the
better developed perts of the mocraine.

Such features have been referred to in the literature as "annmual moraines.”
However, the authors prefer to call them by Mawdsley's (1936) noncommittal term
"washboard moraines." On the aerial photographs they show up as white-topped ridges
and black swales. The color of the ridge tops is probably due to the partial un-
covering of the calcium carbonate-enriched zone by wind and slopewash, but it may be
due to a change in the soil type (see Gwynne and Simonson, 1942). Individual ridges
are generally less than a mile long. As expcsed in road cuts, the ridges exhibit a
lithology similar to that of ground moraines; that is, they are made up largely of
till, with minor amounts of silt, sand, and gravel, and a few scattered boulders.
The relief of these features is generally less than 20 feet.

Similar features have been identified in Finland, Sweden, Canada, and Iowa
(see Flint, 1947, p. 130). The ones in Iowa described by Gwynne (1942) seem most
like those in the Minnewaukan area. Gwynne identified them from aerial photographs,
and mapped them in the way they are mapped here. On a regional scale, in Iowa, they

subparalleled the margin of what was then considered the latest Wisconsin (Mankato)
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ice lobe and seem to mark minor oscillations in the regionmal retreat of the ice £fom
the area. Gwynne's concept of their origin is that the material was originally laid
dowvn in a period of summer melting and ridged up by winter readvances. He thus im-
plies that the ridges are annual.

On the basis of his observations in Canada, Norman (1938) thinks them to be
annual and deposited in the water of proglaclal lakes. Mawdsley (1936) believes
they are in the nature of crevasse fillings, reflecting a fracture pattern in the
ice that was parallel to the ice front. The work done in the Minnewaukan area did
not throw any light upontheir probable mode of origin. They are present in other
parts of the Devils lake region.

Their location in the central ground-moraine area and farther north suggests
the possibility that this area was the site of a proglacial lake possibly part of
Ieke Minnewaukan (the Pleistocene equivalent of Devils lLake; Simpson 1912, p.1L40).

They will be discussed further in the section "Ice-Contact Features."”

Ice-Contact Features
Ice-contact features are those formed by meltwater around, in, and under
cavernous and fissured ice that temporarily or permanently stopped moving. Ice-
contact sediments are distinguished from other types of stratified drift, according
to Flint (1947, p. 143), by "extreme range and frequent and abrupt changes in grain
size; intimate association with till; and deformation,"  The specific types of ice-
contact features are identified by their shape, lithology, and relation to other

features.

The principal types of ice-contact features may be defined as follows: Eskers
are sinuous steep-sided ridges deposited generally in tunnels at the base of glaciers.

Crevasse fillings are even-crested ridges formed between blocks of ice. Kames are

ideally conical, but may be short ridges, flat-topped or wedge-shaped. They may

originate as alluvial fans down a steep ice face, or as deposits in openings in the
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ice. Kame terraces are formed by material deposited between an ice block and a

valley wall. In all these, after the retaining walls of ice have melted, the
deposits collapse and the materials assume the arngle of repose consistent with their
size distribution. Most of the above types will be referred to in this section of
the report} the kame terraces will be discussed in the section on the Long lake
depression.

Jce-contact deposits contain sorted material such as gravel, sand, ard silt
because they are deposited by or in water.

The most prominent group of ice-contact features in the Minnewaukan area is
located about a mile =nd a quarter west of Minnewaukan (see fig 6)., This group is
a series of elongate hills and ridges about L4 miles long that generally strike north.
The individual ridges in the southern part of the group can be traced for longer
distances and have a greater degree of parallelism than those in the northern part.
The main trend of the group cuts across the general strike of the washboard moraines.

The highest point for which level data are avallable is the site of USGS test
526, which is 1,517 fee..t above gea level. The local relief there is about 25 feet
(see fig. 8, section H-H'). The local relief near USGS tests 510 and 516 is much
greater, about 45 feet (see fig. 8, s. A-A' and F-F'), but the absolute elevations
are lower: USGS test 510 is 1,499 feet above sea level and USGS test 516 is 1,503
feet,

The materials in this group were exposed in gravel pits and road cuts. Geologic
sections were drilled across the northern part of the group in four places (see figs.
6 and 8).

The material exposed in gravel pits in the northern part of the group is
generally poorly sorted gravel with much sand, silt, and clay. The material in the
pits at the southern terminus consists largely of gravel with very little silt and

clay and only minor quantities of sand and boulders. Here the sorting and bedding
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Mgure 10,--Sediments in large ice-contact feature west of Minnewaukan
Note dis-

in gravel pit in the NW} sec. 34, T. 153 N., R, 57 ¥,
turbed and discontinuous bedding and rapid lithologic changes.

Material in lower left of B is sand. Uppermost material in both
pictures is spoil.



range from poor to excellent, These deposits show disturbed bedding characteristic
of ice-contact materials (see fig. 10). The dip of some of the beds indicates that
the depositing water flowed to the southeast. There is little or no till cover at

the sites of the gravel pits. Most, if not all, of the material in the pits could

have been deposited only by flowing water.

Two road cuts disclosed material entirely different in character arnd origin
from that seen in the pits. Where one of the ridges is crossed by State Highway 19,
about 12 feet of silt, clay, and fine sand is exposed. The nature of some of these
beds indicates that they were deposited in glacial lakes. In the other road cut,
in the northeast corner of sec. 16 and across the road in sec. 15, silt and very
fine sand and washed till are exposed in an east-trending ridge.

The locations of four sections drilled across the group are indicated on
figure 6, and the geologic sections are shown on figure 8. From north to south
these are; F-F', G-G', the west end of section A-A', and H-H'. A north-south
section, E-E', was also constructed.

The unravelling of the relationship among the various sorted materials and the
till is complicated by the character of the material brought up as drill cuttings
from a number of the test holes. §/ The principal difficulty has been in distin-
guishing between a pebbly, clayey, very fine sand and silt that was easily recognized
in road cuts because of its bedded or laminated character and & silty and sandy till
that may have been partly reworked by running water. In the logs at the end of the
report (pp. .78-101) the alternative interpretations are given, the more likely one
given first. The more likely one is shown also in the geologic sections.

In some of the sections the drilling disclosed a complex relationship among
the materials composing the ridges, underlying the ridges, and underlying the flank-
ing lower topograrhy. It was found in some test holes (a) that the sorted material

under the ridges (that is, below the total relief of the ridges) was interbedded with

6/ This difficulty was encountered, as noted previously, in the examination of the
cuttings from the uppermost parts of test holes drilled across the dry lake bed east
of Minnewaukan.



till. In adjacent test holes the sorted material in the ridges was continuous with
that underlying the ridges. This relationship may be seen in section F-F' in USGS
tests 509, 510, and 511. It was also discovered that (b) the sorted material is not
confined to the ridges but also immediately underlies the surface of some of the
flatter adjacent topography, as in section F-F', USGS test 512, and in section G-G',
UsSGS tests 508, 29, 521, and 522. (c) Subsurface sorted material in these flatter
areas, separated from the surface sorted material by interbedded till, is probably
coextensive with sorted material under the ice-contact ridges. A suggestion of this
is shown in section F-F', USGS tests 511 and 512. A more definite example occurs in
section A-A', USGS tests 516, 517, and 518.

Sorted material composed of very fine sand and silt was found in many test holes
in the group and in the flanking lower topography. Wherever found, it is the
stratigraphically highest material. In USGS tests 510, 516, 512, and 526 it is the
material that makes up the highest parts of the ice-comtact ridges. It underlies the
flatter topography at the sites of USGS tests 29 and 522. In USGS test 513, about
4 feet of surface clay overlies 4 feet of this sorted material. In the ridges it
Las a central or "axial" position, goes to depths below the total relief of the
ridge, and is flanked, as shown in adjacent test holes, by coarser sorted material
or till (see secs. A-A', E-E', F-F', and H-H').

The relation of the very fine sand and silt to the coarser material in the
ridge in section F-F' is rather unusual. USGS tests 509, 510, and 511 penetrated
gravel and sand arranged in what seems to be a channel above the lowest till. USGS
test 511 passed through the axis of the channel and USGS tests 509 and 511, the
marginal parts of the channel. The gravel and sand deposits at USGS tests 509 and
511 are overlain by till which in turn is overlain by sorted material. The middle
test hole, 511, penetrated mostly very fine sand and silt above the gravel and sand.

Any discussion of the genesis of this group of ice-contact features, in view of
the detailed test-hole data, is likely to be lengthy. The following remarks con-
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cerning the origin are offered only as tentative suggestions; a more complete dis-
cussion will be given in a report on the Devils lLake area.

The group of ice-contact features will be considered from two points of view.
The first point of view (a) is the conventional cne: that eskers and related features
ave formed more or less in stagnant masses of ice. The second (b) is that the re-
lation of the group to the washboard moraines suggests that the ice was in some kind
of periodiec motion. Both views are partly correct.

(a) The variety of the constituent materials in the group indicates a series
of changing conditions at a time when the ice was cavernous and perhaps fissured
with crevasses open to the sky.

In the northern part of the group, where the test drilling was done, the coarser
sorted material, in general, is stratigraphically below and at lower elevations than
the finer sorted material. This would indicate that the initial material was de-
posited by more rapidly moving water than the later, finer material. It suggests
that the final episodes in the formation of the northern part of the group must have
involved ponded or sluggishly moving water in which the fine material was deposited.
The interbedded till, as in section F-F', USGS tests 509 and 511, may be the result
of the collapse of ice walls and roofs of the drainageways.

The highest elevation of the very fine sand and silt was found at the site of
USGS test 526, This does not mean that the water drained away from this point and
toward the north where the material was found at lower elevations. The bedding in
the southern part of the group shows that drainage must have been toward the south.
Two suggestions may be made regarding the different elevations: (1) The ponds in
which the fine material was deposited did not exist simultaneously. (2) The slowly
moving water actually may have drained toward the south but the surface of the
deposits had no relation to the water levels. The different elevations may be due to

subsequent collapse of the material or to deposition in different depths of water.
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There is considerable evidence, much of which is outside the Minnewaukan area,
that these ice-contact deposits are related to the existence of a large proglacial
lake whose waters partly submerged large masses of stagnant ice. The presence of
this lake may likewise explain the occurrence of the sand and gravel deposits under
the adjacent lower topography.

The southern part of the group contains the most distinctly sinuous forms and
the coarsest material. This part probably represents a series of true eskers, which
may have been deposited in a group of ice tunnels or as a series of deltas or
alluvial fans built up against a wall of collapsing, retreating ice.

The relation between the northern and southern parts of the group, which in-
volves two different modes of deposition, is not clear. The whole group may not have
been deposited contemporanecusly: that is, the ponding in the northern part may not
have been simultaneous with the rapid flow of water in the southern part. The eskers
in the southern part may have been formed at the same time as the stratigraphically
lower, coarser material of the northern part. The ponding and deposition of the fine
material probably were the last events in the history of the group.

(b) The relation of the group of ice-contact features to the washboard moraines
presents some supplementary ideas regarding the origin of the group. The varied
orientations of the individual ridges making up the northern part of the group may
be the result of disturbance by an oscillatory motion of the ice, a condition pre-
sumably necessary to the formation of washboard moraines under Gwynne's (1942)
hypothesis. The linear persistence of the main trend of the group would require a
north-striking fracture system in the ice which was periodically distorted and re-
adjusted as the ice front oscillated. The maintenance of the fracture system in the
face of movement would necessitate the continual fluctuating of the thickness of ice
around the critical value requisite for movement. It may be noted that the area

discussed in Normen's paper (1938) has a similar arrangement of ice-contact features
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and washboard moraines., The reader is referred to this paper for further discussion.

The interbedding of the till with the sorted material may be partly explained
as the result of deposition by moving ice rather than by the collapse of ice walls.
The sorted materials underlying the adjacent lower topography may likewise be ice-
contact deposits that have been smeared by the oscillating ice.

It is likely that the history of the group of ice-contact features can be
written partly in terms of periodic stagnation, during which time the ice-contact
features formed, and partly in terms of periodic movement during which some were
preserved and some obliterated.

In the southern part of sec. 3, T. 153 N., R. 67 W., are three hills which are
probably kames. They lie about in line with the group of ice-contact features and
possibly represent a continuation of the group via the north-south ridge in the
northern part of sec. 10 (see fig. 6).

The group trends toward the Long Lake depregsion, the nearest topographic "low,"
and presumably the water that deposited the ice-contact features drained into the
depression,

The other ice-contact features in the Minnewaukan area, with a few exceptions,
are small in size, only locally conspicuous, and intermediate in form between the
"ideal" ice-contact features defined at the beginning of this section. These were
found in the SEf sec. 29, T. 153 N., R. 67 W., in the SWt sec 35, T. 153 N., R. 67 W.,
in the NEj sec, 35, T. 153 N., R. 67 W., in the SE: sec. 13, T. 153 N., R. 68 W., in
the NEL sec. 24, T, 153 N., R. 68 W., in the NE: sec. 25, T. 153 N., R. 68 W., and
in the SE} sec. 25, T. 154 N., R. 68 W.

In all the ice-contact deposits there is but a small proportion of coarse
material of cobble size and larger. Even those that resemble eskers have a paucity
of coarse material and thus differ from the usual concept of typical eskers. The

absence of coarse material may indicate the absence of swiftly flowing water duriﬁg
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the formation of the features. There would have been little, if any, swiftly flowing
water if the period of stagnation had been long and the retreat of ihe ice slow and
oscillatory. Another factor, believed to be of greater importance in causing a
scarcity of coarse material in the ice-contact deposits, may have been the compara-
tive absence of coarse material in the ice. The shale yields very few cobbles and
few if any boulders. The coarse material is generally composed of granite, granite
pegmatite, gneiss, limestone, and dolomite, a good part of which may have been
dropped nearer its source in Canada.

The general absence of these hard rocks is reflected in all deposits of sorted
material, regardless of origin, in the Minnewaukan area. The stratified drift, there.
fore, is not as permeable as it would otherwise be, for sand and gravel deposits
composed largely of shale fragments usually contain considerable silt ‘and clay derived

from the disintegrstion of the shale particles.

Outwash

The smooth and gently southward sloping outwash plain (see fig. 6) in the
southern part of the area abuts rather sharply against the steep front of the North
Viking end moraine. The outwash is composed chiefly of sand and gravel, in part
interbedded with and covered by considerable amounts of silt and clay, all deposited
by meltwater issuing from the glacial fromt. Branch (1947, pp. 19-22) has an ex~-
cellent discussion of the outwash, from which the following quotations are taken.
The outwash plain averages "from one to one and one-half miles in width and dividing
in the south into a number of distributary channels flowing into the Sheyenne River.
Near the surface this belt is composed of fine to coarse send . . . « From data ob-
tained by drilling and augering it was found that the fine sand commonly gives way
to very coarse sand and small pebbles at depths of less than six feet near the axes
of the outwash drainage. However, observations made in . . . . sand pits in glacial

channels indicate that the fine sand, in places, reaches depths of at least twenty
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feet. Undoubtedly, the stratification within the outwash will reflect the varying

conditions of sedimentation commonly associated with a retreating glacial front."

Long Lake Depression

The term "Long lLake depression" is used here to refer to the whole depression
occupied in part by Round Iake, Long lake, and Stony lake, as well as to indicate
the general shape of the depression. The lakes occupy steep-sided elongate depres-
sions which cut across the North Viking moraine (see fig. 6). The channels connect-
ing the lakes are narrow and more or less V-shaped and, therefore, probably are
youthful and fairly recent in origin. The channel between Stony lake and Long Lake
is blocked at the southern end by a ridge, which probably is a beach. According to
Branch (1947, p. 24), it is composed of a "finely sorted beach sand with no evidence
of gravel or coarse sand on the surface or to a depth of six feet." The channel at
the south end of Stony lake is tortuous and at its terminus in the moraine 1t still
slopes northwestward.

Aerial photographs show traces of several individual subbasins within some of
the larger depressions. These are indicated on the map (fig. 6) by lake and swamp
symbols. Deposits of sorted material are found in and near the depression. They
are indicated on the map by gravel-pit symbols.

Parts of the depression are paralleled by linear patches of knob-and-kettle
topography and groups of morainal ridges, which in some places rise above the general
ievel of the area surrourding the depressions. Particularly outstanding is the group
in secs. 8, 9, and 17, T. 152.N., R. 67 W.

Water flows intermittently from Long lake to Round Iake, and a dam has been
constructed at the north end of Round Lake to prevent outflow. There appears to be
no overflow from Stony lake at the present time.

There is little, if any, indication of strand lines higher than those almost

immediately above the present water level. The shores of all the lakes are lined
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with numerous boulders, which are presumably residual from the till that
eroded from the shores. However, the floor of Stony lake is covered by ¢
concentration of boulders, and it seéms doubtful that these are all resid

The many ice ramparts found along the shores of the lakes in the depresrsionwill
be discussed in a later section of the report.

The origin of the Round Lake depression involves two questions which may or may
not be related to one another, namely, Does the depression occupy a sag or "low"

I/ in the shale bedrock? and What is the glacial history of the long Lake depression?

In regard to the first question, Branch (1947, pp. 24-25) considered the de-
pression to be the surface reflection of a bedrock "low": "It is interesting to
note that the pebble count showing the high percentage of shale was taken on the east
valley top of the Stony lake spillway (SEl sec 8, T. 152 N., R. 67 W.) and that rotary
drilling (by the U. S. Geological Survey )in the outwash just south of the mouth of
the spillway in the outwash belt shows a high count of shale pebbles. This might
indicate the presence of the Pierre shale close to the surface and possibly the
existence of a preglacial north-south valley now occupied by a chain of lakes or
dried lake beds. On the examination of areas to the east of this quadrangle, similar
physiographic features appear and indicate that the chain of lakes is a recurring
regional phenomenon."

The test drilling done by the U. S. Geological Survey did not give conclusive
evidence for or against the Long Lake depression being in a bedrock "low." USGS test
iole 24 at the north end of the depression (see fig. 6) penetrated 147 feet of drift,
vhich may indicate the presence of a "low." A possible side of the "low" was en-
countered in three USGS test holes, 25, 26, and 27, which were drilled just east of
USGS test 24, and in which the drift averages only about 50 feet in thickness. These

lata do not prove the existence of a "low" but do not exclude the possibility of such

7/ The informal term “"Jow" 1s used here instead of "channel" or some other
iore definite term in order to avoid a commitment as to the exact nature
of the bedrock depression, if such a depression does exist,
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an occurrence. Unfortunately, no cross secticn was drilled in this area. Cross
section D-D' was made, however, in the outwash area south of the depression, in hopes
of finding thicker: cutwash material in the presumed southwestward extension of the
"low" (see figs. 6 and 8). The thickest outwash found was at USGS test 20 and
totaled only 4O feet. There is a possibility that the location of the moraine is

due to the presence of an underlying bedrock ridge and that the thick drift found in
USGS test 24 indicates a sag in the ridge or the edge of the ridge. It is also
possible that the shallower drift in USGS tests 25, 26, and 27 represents a local,
isolated bedrock "high."

In regard to the glacial history of the Long lLake depression, an early phase is
suggested by the elevated morainal patches and ridges that flank it. Of interest
are those at the northern end of the depression and in secs. 8, 9, and 17, T. 152 N.,
R. 67 W. Three hypotheses regarding them have been considered:

(1) Assuming the existence of a bedrock "low" thinly mantled with drift, this
depression may have been entered by the keel of a narrow tongue of active ice which
overrode any previcusly existing stagnant ice in the depression. This occupation
may have taken place after the main mass of ice that built the North Viking moraine
had either become stagnant or disappeared from the immediate viecinity. This tongue
may have had enough lateral movement to build up the various morainal masses surround-
ing the depression.

(2) A variant of the first hypothesis is the possibility of a single lobe
overriding the depression and forming the higher deposits as local end moraines.

The continued existence of the depression under this set of circumstances may be
explained by its being filled with ice previous to the postulated overriding. Upon
the removal of the postulated lobe, the ice melted and exposed the preserved de-
pression.

(3) Without assuming the presence of a bedrock "low," the depression and

surrounding high or rough area may be the result of the near confluence of two lobes,
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one from the north and one from the northeast. Because it is certain that the de-
pression itself was at one time filled with ice (see below), this bilobation must have
occurred after the southern parts of the North Viking moraine were built and the
active front had retreated somewhere to the north, leaving the area strewn with large
masses of stagnant ice which were surrounded by the two lobes in a pincerlike move-
ment. The details of these hypotheses are not clear and can be settled only by fur-
ther field work.

Concerning the later phases of the glacial history, Branch (1947, pp. 23-25)
believed that this and other similar depressions were glacial spillways "running
through the morainic knobs into their respective outwash belts to the south” and,
further, "that these channels were glacial spillways through which outwash material
was carried, after the ice had retreated a considerable distance to the north and
that they were probably flowing at a time somewhat later than that during which the
main deposits in their respective terminal outwash belts were laid down. This is most
forcefully indicated in the case of the Stony lake spillway which possesses a valley
of considerable width and depth."

The gravel pits around the edges of the depression probebly are in kame terraces.
Their presence implies that the valley was at one time occupied by ice blocks which
were more or less detached from the main mass of ice. Melting of the last remmants
of the blocks may have formed the subbasins in the larger depressions., It seems
likely that the large amounts of water postulated by Branch to have passed through
the valleys would have carved broader channels than the narrow ones observed. There
are no notches on the valley walls or other evidence indicating that broed, flat
channels existed at higher levels. It appears probable that if any considerable
amount of water passed through the depression it was while it was still partly
occupied by ice and the water flowed on or in the ice, or both. When the depression

was used as a spillway is not clear. However, the sharp change in the outwash from
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fine to coarse material can be explained, as Branch implies, by assuming that the
earlier and coarser material was deposited by short, comparatively steep streams
heading in the moraine and that the later and finer material was deposited by water
from a proglacial Devils lLake when the ice front stood some distance back of the
moraine. The proglacial lake would have acted as a settling basin which removed all
but the fine sand, silt, and clay.

The depression was probably the recipient of other drainage, as indicated by the
fact that the group of ice-contact features seems to be alined with it. BStream IV
(see section on Drainage and fig. 6) drains into the depression through a deeply

incised channel and may have been active while ice occupied the depression.

Recent Features

Drainage

Most of the drainage afforded by an integrated stream system in the Minnewaukan
area is confined to the western half of the area north of the North Viking end moraine
because of the lack of continuous morainic topography there and the general regional
slope toward the dry bed of West Bay. The actual area dissected and drained by
streams is quite small, but, judging from the state of development of the stream and
drainage pattern at the present time, considerably more drainage of the entire area
will occur in a geologically short time,

All the streams are intermittent and flow only after the snow melts in the spring
or after a heavy rain. They are all physiographically young, their channels being
neither broad nor deep. None have cut their own channels over their entire lengths;
rather, they have formed them by joining various depressions. The drainage is mostly
of post-Pleistocene origin. Some segments of some of the streams may have beeen melt-
water channels, though apparently they did not carry any large volume of water for

any great length of time.



A. The channel of stream II, sec. 2, T. 153 N., R. 67 W., looking
goutheast. Note boulders in channel below car.

B, Undercut bank of stream I, looking mortheast, SW sec. 35, T.
154 N., R. 67 W. Water present in channel because of dam downstream.

Tigure 11.--Recent stream erosion in dry bed of West Bay. Plctures
taken October 1348,



That the channels are mainly the result of Recent cutting is indicated by:

(a) the V-shaped valleys and (b) the presence in them of large boulders residual from
the drift that was removed from the valleys. These boculders, incidentally, are the
cause of some rather intricate meanders in the courses of the streams. The cut
channels in the Minnewaukan area, outside the lake bed, are as much as 25 or 30 feet
deep and may be 30 to 50 feet wide. Good examples of the V-shaped valley, partial
boulder fill, and meanders were observed in stream I, §/ in secs. 29 and 30, T. 154 N.,
R. 67 W.

The making of deep V-shaped valleys is the most pronounced activity of the
streams before they enter the dry lake bed. However, streams I, IT, &nd III also have
incised channels into the lake bed. Streams I and II, observed in greater detail,
have cut channels as much as 30 feet wide and 7 feet deep. When visited in the fall
of 1948, the channel of stream II contained blocks of lake sediment topped with turf
20 feet or more in length and 4 feet or less in width and thickness (see fig. 11).
This channel widening can be expected to continue for a long time if the lake does
not refill., It is doubtful if much deepening in the lake-bed area will occur, for the
streams are flowing near their base level in the lake bed. It can be expected, how-
ever, that in a geologically short time, barring a refilling of the lake, a stream-
drainage net will be developed over a considerable part of the dry lake bed.

The only feature resembling a nickpoint is the development in stream IV of a
rather deeply incised channel, about 25 or 30 feet deep, within a mile of where it
enters the Long lLake depression. Upstream the channel is broader and shallower,
suggesting a spillway in appearance, but it is not associated with a clearly marked
higher terrace level.

Fluvial sediments consist mainly of boulders and pocketlike accumulations of
gravel between the boulders. However, very recent erosion in some places, along
streams I and II where the channels have been artificially constricted by bridges,

8/ Tne unnamed streams have been numbered consecutively from north to south.
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A, Stream I, NWt sec. 34, T. 154 N., R. 67 W., downstream side
of bridge.

B. Stream II, NW& sec. 5, T. 153 N., R. 67 W., downstream side
of bridge.

Figure 12.--Stream cuts showing typical intermittent stream deposits
of intercalated sand and gravel and fine-grained dark swamp and
slope-wash material.



A. Northeast shore of Round Leske, NE* sec, 35, T. 153 N., R. 67 W,
This rampart consists of turf and boulders. When visited, this
feature was in a good state of preservation., It probably was
formed in the spring of 1948, Picture was taken in October 1948,
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B. Southeast shore of Long Lake, NE} sec. 8, T, 152 N., R. 67 W
A very olé rampart with interstitial material removed.

Fipure 13,-~Ice ramparts.



culverts, and dam spillways or in the dry lake bed, has exposed intermittent stream
deposits typical of this part of North Pakota. They show alternating layers, less
than 6 inches thick, of sand and gravel and dark peaty material (see fig. 12). The
sand and gravel presumably are deposited during the times the channels carry water.
The peaty material may accumilate from vegetation growing in swampy areas along the
stream or from slopewash corsisting of soil and associated organic matter. Some of
the better exposures were observed (1) under the bridge on the north-south roed be-
tween secs., 33 and 34, T. 154 N., R. 67 W., (2) at the dam spillway in the NW} sec.3i
T. 154 N., R.67 W., and (3) under the bridge between secs. 5 and 6, T. 153 N., R. 67V

Three test holes in or near the stream channels yielded meager evidence so far
as fluvial sediments were concerned. The upper 5 feet of USGS test 35, drilled in
the lower reaches of stream II, ylelded a yellow sandy and silty till which probz=bly
included an extremely thin layer of churned-up fluvial fill. USGS test 30, in a
depression near a swamp tributary to stream II, contained little that could be inter-
preted as fluvial fill. In USGS test 29, in stream IIT Jjust west of Minmnewaukan, the
upper 20 feet was sand and gravel that might be fluvial. The stream Lere, however,
is little more than a crease in the topogrephy, and hence it may be that this sorted
material was deposited during the formation of the ice-contact features to the west
and may be continuous with them. On the other hand, the sorted material may have
been deposited as a beach or spit. This latter possibility may mean that the "J"
.strand line should be shown on figure 6 to enclose tke area around the test hole,

The stream deposits cannot be mapped on the scale of the geologic map (fig. 6)

and hence are not shown.

Ice Ramparts in the Long Lake Depression
On the shores of Round and Long lakes there are rough ridges made up of boulders,
disturbed and up-ended masses of turf, and mixtures of turf and boulders, gecnerally

less than 3 feet in height (see fig. 13). A cursury examination showed that these
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features are limited to the southeastern shores. They probably are the result of
ice-jams in the lakes (Scott, 1921, pp. 56-61) during the late.winter or early spring.
After stretches of open water appear with the melting of the ice on the lake, a storm
may pile up the ice on one shore and force the shore materials into these ridges.

The weather station at Devils lake records a prevailing wind from the northwest,
which 1s almost at right angles to these ice ramparts, and this may explain their

areal localization.

Summary of Pleistocene and Recent History

From the scanty information available on the relief of the bedrock, it seems
likely that the preglacial land surface was in the stage of early maturity. This is
inferred from the rather rough topography indicated by the test-hole and well data,

The area was covered by deposits from an unknown number of glaciations before
the last glacial ice moved over the region from the northeast.

The area was last covered with ice which extended probably into South Dakota
(Flint, 1947, p. 252). The region south of the Minnewaukan area was uncovered until
the ice reached the site of the North Viking moraine. Actually, the front may have
retreated to a position indicated by the possible areas of overridden moraine north o
of West Bay and then readvanced southward to the site of the North Viking moraine.

At any rate, the ice maintained an oscillatory front on the site of the North Viking
moraine which it built.

Short, deep streams heading in the glacier and draining into the Sheyenne River
deposited the stratigraphically lower parts of the outwash apron south of the moraine.
The ice then slowly thinned and its front retreated to the north. A readvance of the
ice in the form of one or two small lobes may have made the Long Lake depression on
a éormer rather featureless surface or by modifying an already existing "low" in the
bedrock. The ice may have maintained a broad proglacial lake (Lake Minnewaukan)
north of the present southern shore of Devils Lake and possibly extending west to
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the part of the arem on which rest the washboard moraines and the north-south alined
ice-contact features. During this period of slow retreat water was freed from the
mass of ice through the opening marked by the group of ice-contact features. This
water, together with water from Lake Minnewaukan, probably drained into the partly
ice filled Long Iake depression, and deposited the cover of fine-grained materials
over the outwash south of the North Viking moraine. Stream IV may have been supplied
with water from isolated masses of ice in the North Viking moraine as well as by the
parts of the ice front close to it. The ice may have retreated and thinned more
slowly in the northern part of the area, as suggested by the more discontinuous
morainal deposits there. Perhaps the eastern parts of this northern moraine were
deposited in the waters of lake Mimnewaukan. The ice front probably retreated to
the northwest. Subsequent to the retreat of the ice front, the proglacial Lakes
Minnewaukan and Wamduska 2/ may have filled to a level from which they drained at

the extreme eastern end into the Sheyenne River. At & later time, when large volumes
of water were lacking, only the connection between Devils lake and Stump lake re-
mained open. Since that time streams I, II, III, and V have connected and integrated

the low places, and stream IV has deepened the lower part of its valley.
HYDROLOGY

General Princ igles

Essentially all ground water is derived from precipitation. The water enters
the ground by direct penetration from rain or melting snow, or by percolation from
surface-water bodies such as streams and lakes where such bodies are naturally higher
than the general water table. In most areas there is lateral movement of ground
water from areas of recharge to lower areas of natural discharge.

The amount of water that a rock can hold is determined by ites porosity. Un-
consolidated material such as clay, sand, and gravel is generally more porous than

g/ Pleistocene equivalent of Stump Iake (Simpson, 1912, p. 140).
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consolidated material such as clay, sand, and gravel is generally more porous than
consolidated rocks, such as sandstone and limestone, although in some areas the con-—
solidated rocks are highly porous.

If the pore spaces are large and interconnected, as they commonly are in sand
and gravel, the water is transmitted freely and the rock is said to be permeable.
Where the pore spaces are very small, as in clay, the water is transmitted very
slowly or not at all and the rock is said to be impermesble. Furthermore, a deposit
of uniformly sized, well-rounded material may be more porous and permeable than a
variously sized material because in the latter the smaller particles occupy the
interstices between the larger ones.

At various depths in different regions, depending on local conditions, spaces
in the rocks are filled with water, and the rocks are said to be saturated. This
is true of clay as well as of sand and gravel, but, because of the difference in per-
meability, it is possible to develop successful wells only in the coarser materials.

Where some part of the water-tramsmitting bed (aquifer) is exposed at the sur-
face or comes in contact with another aquifer so exposed, the water discharged
paturally or through wells can be replenished periocdically. Where the aquifer is
more or less completely surrounded by clay or other relatively impermeable materials,
natural recharge may be very slow, and the water taken by wells from storage in the
aquifer may not be fully replenished each year. The initial yield of wells in aqui-
fers that are virtually cut off from natural recharge mey be as large as that of
wells in aquifers having adequate recharge areas, thereby giving an erroneocus im-
pression that an abundant perennial water supply is available.

As ground water moves through an aquifer, it dissolves a part of the more
soluble mineral constituents of the rock particles. The amount of mineral matter
dissolved is determined by the amount of the soluble materials present and the length

of time the water is in contact with them. Therefore, in rocks of homogeneous
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mineral composition, the water that has been underground longest or that has traveled
the greatest distance is more highly mineralized than that which is relatively near

the recharge area.

Drift Aquifers

The term "drift aquifers" refers to all the water-bearing meterial found in the
unconsolidated glacial and lake material above the bedrock. The discussion here is
divided, for the sake of convenience, into the aquifers found in areas occupied by
the principal glacial and lake features as discussed previously in the sections on
geology. The aquifers are considered from the point of view of their origin, topo-

graphic expression, if any, and location.

Aquif&s in Ground- and End-Moraine Areas

Most of the wells in the Minnewaukan area obtain their water from aquifers
associlated with the till in the ground-moraine and end-moraine areas. The wells
range in depth from less than 20 feet to as much as 180 feet. Most of them are
drilled, but a few are dug. All the wells furnish only relatively small supplies
of water for farm or domestic use and many are considered imadequate even for these
small demands.,

The action of the ice during the formation of the end-moraine areas is believed
to have been too chaotic to have permitted the general survival of sorted materials
in more than discontimious pockets. However, in some places the sorted materials
of large ice=-contact features, outwash deposits, or chamnel fillings have been buried
or partly buried and therefore preserved. These deposits may form important aquifers
Where covered by the relatively impermeable till, they generally are not apparent
from an examination of the surface and can be discovered only through a study of
well records, by test drilling, or by other methods of exploring the subsurface.
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No large aquifers of this type are known to exist in the ground and end moraines
in the Minnewaukan area. It is believed that most of the wells obtain their water
from small bodies of sand and gravel which may be more or less isolated from each
other. Because the till is not entirely impermeeble, these small bodies of sorted
material may occur in certain areas in sufficient number to make the entire till
sheet function as & weak aquifer.

In the poorly drained morainic areas, water from precipitation collects in the
kettles, where it is disposed of through evaporation or by percolation into the
ground. This is the principal source of recharge to the aquifers in the till but
the amount of recharge probably is not great because of the relatively impermeable
nature of the kettle bottoms.

Except for the detailed testing that was done in the area just west of
Minnewaukan, only three test holes were drilled in the ground-and end-moraine areas
because the well inventory did not disclose the presence of significant aquifers
there. USGS test 23 was drilled in a sag in the North Viking moraine (see fig. 6)
which appeared, on the surface, to be a cutof{ remmant of a glacial spillway.
However, the Pierre shale bedrock, which was encountered at 75 feet, was overlain by
45 feet of till and about 30 feet of poorly sorted, clayey shale gravel, which would
make a poor aquifer. USGS tests 30 and 35 reached shale without penetrating sorted
materials in sufficient thickness or depth to yleld more than small supplies of water.
The detailed drilling in the area just west of Minnewaukan is described in the

following pages.

Aquifers in Ice-Contact and Associated Deposits
The sand and gravel in the group of ice-contact deposits just west of
Minnewauksn and the send and gravel deposits associated with them in the flanking

lower topography constitute the only aquifer to be discussed under this section that
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appéara to offer any possibility of producing a large amount of water. Judging from
the size of the ice-contact features alone, one may expect this aquifer to supply
sufficient water for a small town.

Four sections were drilled by the Geological Survey across the group of ice-
contact features and the déposits associated with it. The locations of these sec-
tions are shown on figure 6 and the geologic sections are shown on figure 8, From
north to south the sections are F-F', G-G', the west end of section A-A', and H-H'.
A north-south section E-E' was also constructed.

For yielding water, section F-F' contained the best sorted material found.

This material was penetrated in USGS tests 509, 510, and 511. The sand and gravel
deposits in these tests are 15, 23, and 10 feet thick, respectively, and extended
from 22 to 37 feet, 46 to 69 feet, and 26 to 36 feet, respectively. The deposits,
in general, are fairly free of clay and consist of a fine to coarse gravel, with
some sand, The gravel is about one-third shale. The arrangement of the deposits in
USGS tests 509, 510, and 511 suggests the outline of a channel.

USGS test 512 penetrated 23 feet of very fine sand and silt and 9 feet of till.
The lowest material above the shale is a very clayey and silty sand, 14 feet thick,
from 32 to 46 feet.

With the exception of the lower sorted material in USGS tests 509, 510, and 511,
the material found in the test holes in this section probably would yield water only
very slowly.

Section G-G' was drilled along the sag in the group of ice-contact features
through which stresm III flows. In USGS test 506, 11 feet of slightly clayey sand
and some fine gravel were penetrated from 13 to 24 feet. In USGS test 29, 10 feet
of slightly clayey sand and gravel were penetrated from 10 to 20 feet. In both of
these the sand and gravel had a high shale content, Sand and gravel deposits also

were found in USGS tests 507, 508, 521, and 522, but all were very clayey. It is
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likely that all the sand and gravel deposits found in this section are interconnected
to some extent, at least hydrologically, so as to form a single aquifer. Tentative
correlations are shown on the section.

The west end of section A-A' contains two USGS tests, 515 and 518, in which
fairly clean water-bearing materials were found. USGS test 515 penetrated about 25
feet of sorted material that was fairly free of clay. Sand, and some gravel, 19
feet thick was found from 3 to 22 feet. Below this, 6 feet of gravel and sand, from
22 to 28 feet was found. In USGS test 518, 8 feet of a clayey sand was penetrated
from 8 to 16 feet. USGS tests 516 and 517 also penetrated sorted material that waa
either too fine or too clayey to yield much water. USGS tests 519, 520, and 523
penetrated no water-bearing materials of apprecisble thickness. The sorted material
in USGS tests 515, 516, 517, and 518 is probably more or less continuous, as suge
gested in the section.

In section H-H' all the test holes contained sorted material which was either
too fine, too clayey, or too thin to yield much water.

Section E-E! includes two test holes associated with the group of ice-contact
features that were not shown in the other sections: USGS tests 513 and 51k, At
USGS test 51k, a very thin layer of clayey sand and gravel was found at the surface.
The drift in the rest of the test hole was till. USGS test 513 penetrated 17 feet
of very silty sand and gravel from 9 to 26 feet, which would yield water at a very
low rate. Below this, 11 feet of sand and gravel, from 26 to 37 feet, was found.
The upper part was fairly free of clay but the clay content increased toward the
base, It is likely that the coarser sorted materials in USGS tests 512 and 513 are
connected. There was no comnection between these and the sorted material at USGS
test 29, as indicated by the lack of subsurface sorted material in USGS test 51k,

A connection may exist, however, outside the plane of the section.
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The city of Minnewaukan drilled seven test holes (Minnewaukan tests
the lower topography east of the group of ice=contact features. No sampl
retained for study by the Geological Survey and hence no first-hand infor
cerning the materials penetrated is available. A report rendered to the city by the
Layne-Minnesota Co., which did the drilling, indicated that the most permeable
material was found in Minvewaukan test 12. Other possible water-bearing materials
not quite as good, were reported to have been penetrated in Minnewaukan tests 14 and
15.

In general the test drilling by both the Geclogical Swrvey and the city of
Minnewsukan has indicated that much of the area west and southwest of Minnewaukan is
upnderlain by numerous thin beds of various types of sorted material. Possible
correlations of some of these materials are shown on the sections. The drilling by
the Geological Survey was more or less perpendicular to the major strike of the
group of ice-contact features, so that little is known about the actual subsurface
continuity of materials parallel to the major strike. The extent of surface con-
tinuity is, of course, apparent from the orientation and length of the ridges (see
fig. 6). However, in view of the mode of origin of these materials, the north-south
subsurface continuity is undoubtedly greater than the east-west continuity. The
kind of subsurface configuration of the sorted materials might be most simply
pictured in terms of the arrangement that would result if the entire group of ice~
contact ridges were buried under tens of feet of till and other material. This
picture would indicate that connections between the sorted materials are more likely
to be found in the direction perpendicular rather than parallel to the plane of the
sections. For this reason east-west correlations on the sections must be of a very
tentative nature.

The actual amount of contact that one water-bearing deposit has with another in

this area probably does not vary too much from place to place. This means that a
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well tapping one deposit would probably eventually draw water from all the neighbor-
ing deposits, if not all the deposits in the area. The problem, then, devolves upon
locating the well or wells in deposits of the coarsest and "cleanest" material in
order to make possible the most rapid rate of infiltration from contiguous deposits.
The deposits which contained clay-free, if not coarse, materials were those found in
USGS tests 30, 509, 510, 511, and 515.

The total volume of water in storage in these deposits and availsble to wells
can only be guessed at. The total footage of saturated materials considered to be of
a water-bearing nature is 152 feet in USGS tests 29 and 506 through 518, inclusive.
This is an average of a little more than 10 feet of saturated water-bearing material
for each test hole. It seems reasonable to assume that this average figure would
be applicable to the entire eastern half of section 16, T, 153 N., R. 67 W. If the
average effective porosity of the weter-bearing materials is sbout 20 percent, then
nearly T00 acre-feet of water is probably in underground storage in the eastern half
of this section.

It would not be possible to reccver this entire amount of water through wells.
However, the estimated need of 50,000 gpd for the city of Minnewaukan amounts to
about 55 acre-feet a year, or only about 8 percent of the estimated water in storage-

Probably the principal recharge to the aguifer occurs from downward percolation
of water from the melting snow in the spring and from heavy rains, especially in the
fall of the year when evaporation and transpiration losses are at a minimum. Tight
rains during the summer probably contribute little if any water to the aquifer.

Although the average amount of recharge reaching the aquifer annually is not
known, 1 inch is considered to be a conservative figure. One inch of water over the
320 acres in the esstern half of section 16 would amount to about 27 acre-feet of
water, or about half the amount estimated to be needed annually by the village of
Minnewaukan.
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Stream III drains a considerable area (probably about 4 square miles) west of
the group of ice-contact features. The south branch of this stream follows the
western flank of the group for about a mile in the area just west and southwest of
Minnewaukan. The stream then crosses the group in the vicinity of section G-G'
(see fig. 6).

Nearly every spring when the accumilated winter snows melt, there is flow of
surface water in this stream. Present ground-water levels in the ice-contact de-
posits are at or a little below the level of the bottom of the stresm. It seems
likely that at the present time considerable recharge to the aquifer occurs during
the period of surface runoff and that additicnal infiltration might be induced if
the water levels were lowered by pumping from wells.

Water-level measurements were made in most of the USGS test holes west of
Minnewaukan in May 1952, The test holes were uncased and allowed to £ill with water
for a few days before measurements were made.

A contour map (fig. 14) of the ground-water surface west of Minnewaukan was
drawvn from these water-level measurements.lgf The map shows that the water surface
slopes to the east and north and that the natural movement of the ground water is
to the lake-basin area. The parallelism of the 1,L450-foot water-level contour and
the "K" strand line probably is an indication that the thick impermeable lake clay
and silt near the "K" strand line (see USGS tests 36 and 28, section A-A', fig. 8)
forms a barrier to the movement of ground water toward the lake basin. In relation
to the group of ice-contact features the water surface slopes north. It seems to be

steepest in the vicinity of the group and flatter to the east under the [latter

topography .

10 7 Water-level measurements in the village of Minnewaukan could not be used
in the preparation of this map because (a) the elevations of the wells were not
available and (b) most of the measurements were made in 1946,
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Probably the nature of the water surface varies from place to place. In some
placés it may be a biezdmetric surface and in other places, a water table. This
depends on whether sorted material is present above the water level. Where sorted
material is present above the water level, water-table conditions exist. Where the
subsurface sorted material is overlain by till or more fine-grained sorted material,
artesian conditions exist. No doubt in some places where several thin deposits are
separated by layers of till, the water level in the test hole is the composite resul:
of artesian conditions and drainage into the hole from"perched" water tables.

The deposits containing the best sorted material, in USGS tests 30, 506, 509, .
510 , 511, and 515 are all, with one exception, saturated. In USGS test 515, the
better sorted material is found between 3 and 28 feet., The lower part of the materis.
is coarser than the upper. The water level in this hole is about 22 feet below land
surface, so that only the lower, coarser part of the sorted material is saturated.

If the city of Minnewaukan should decide to develop this aquifer for a municipal
supply, it is likely that more than one well would be required eventually, although
it is quite possible that one well could supply the demand for water for at least
several years. Such a well probably could be cbtained in the locality of USGS tests
509, 510, and 511.

Aquifers in Outwash Deposits

The outwash deposits in the southern part of the area comstitute the most
extensive single aquifer known in the area. At the present time, only wells for
individual domestic and farm supplies are found in this outwash area. Adequate
supplies for these purposes generally are cbtained from shallow dug or bored wells.

Seven test holes were drilled in the ocutwash area and the results of this drill-
ing are shown graphically in section D-D' (see figs. 6 and 8). Sufficient gravel to
be important as an aquifer was found in only three USGS test holes, 20, 21, and 22.

This gravel, ranging in thickness from 16 to 30 feet, is somewhat clayey and contains
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a large percentage of shale, as is common in the ocutwash gravels in this part of
North Dekota.

The entire area of outwash is underlain with sand or sandy materials, so that
there is excellent opportunity for water to percolate into the grourd from the sur-
face and recharge the ground-water body. Probably the principal source of recharge
is from the infiltration of water from melting snow during the spring and from the
heavier rains in the spring and fall when evaporation and transpiration losses are
low. The infiltration of water along the drainage channels during periods of surface
flow is another important source of recharge, though it appears that such recharge
would be more local than that from rainfall and meltwater. In view of the large sizc
of the North Viking moraipe and the stezep gradient from the moraine to the head of
the outwaeh, it appears likely that a considerable amount of water may enter the o -
wash by underflow from the moraine.

Much of the water recharging the aquifer is lost through evaporation amd trans-
piration and part is lost by underflow out of the area along the stream channels that
are tributary to the Sheyenne River to the south.

The amount of water in transient storage in the outwash is great. It is con-
gervatively estimated that at least 30 million gallons (or about 90 acre-feet) of
wvater is stored in each equare mile for every foot of saturated sand and gravel.

It is reported (Branch, 1947, p. 33) that the wells in the outwash have yielded
gsufficient water for farm purposes during dry years, although the water levels did
drop to some extent.

Considering the aresl extent of the outwash, its large storage capacity, the
thickness of grevels, ani the excellent possibilities for receiving recharge, it
appears very likely that satisfactory small to moderately large industrisl or munic?-
pal supplies could be obtained from this aquifer. There are no data in regard to the

transmissibility of this aquifer, but, because of the rather clayey character of the

-56-



gravel found in USGS testes 20, 21, and 22, it seems unlikely that drilled wells
would yield more than about 50 to 100 gpm.

This outwash area, because of its permeable subsocil and the widespread occur-
rence of sorted material, might be of interest as a possible site of small
irrigation projects using well water. Should such small-scale projects be desired,

this area would be worth investigation in greater detail.

Aquifers in the lake-Basin Area

None of the surficial lacustrine deposits of sand and gravel, such as the
beaches, spits, and bars, is believed to have sufficient extent or thickmess to be
of importance as aquifers in the Minnewaukan area. In some places where they do
not rest on the relatively impermeable lake silt or clay, they may act as recharge
conduits to deeper sands and gravels. A good example of such an occurrence is at
USGS test 41 where sorted materials extend from the surface to a depth of more than
100 feet (see figs. 6 and 8).

The deeper aquifers found by test drilling in the lake-basin area cannot, as a
group, be ascribed to any particular glacial origin. They may be channel fillings,
outwash, glacial-lake deposits, or ice-contact deposits, and some may have been
modified or partly destroyed by glaclal action after deposition. In some places,
part of their sorted constituents mey have been moved short distances and then re-
deposited as a very gravelly till. The aquifers are in or associated with till and
probably are of the same type as those found in the ground- and end-moraine areas.

Three sections were drilled in the dry bed of West Bay (see fig. 6 for loca-
tions). Section A-A' was drilled east of Minnewaukan between the west shore of the
dry bed of West Bay and Grahams Island. Section B-B' was drilled across an arm of
the dry lake bed north-northeast of Minnewaukan. Section C-C' was drilled across a

small reentrant of the lake bed southeast of Minnewaukan.
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Eleven test holes were drilled in the laske-basin area in section A-A' (see
fig. 8). No aquifers were penetrated in the three test holes (USGS tests 36, 28,
and 38) nearest Minnewaukan. Sand was encountered between 8 and 20 feet in USGS
test 37, but it is not an aquifer of great importance. About 30 feet of sand and
gravel was found in USGS test 39; the Pierre shale bedrock was reached at a depth
of 50 feet. The aquifer at this test hole is the nearest one to Minnewaukan that
was found in this section to offer any possibility of producing sufficient water for
municipal or light industrial use. The upper part of the sand and gravel is quite
"dirty" but the lower part is cleaner. It seems likely, however, that a water supply
of 25 to 50 gpm could be obtained at this location. The areal extent of the aquifex
cannot be determined from present data but it is possible that the sand and gravel
deposits in this hole are in some way connected with those found in USGS tests L2 a
and 40. Adequate pumping tests on a well constructed at the location of USGS test
39 would help to ascertain whether the aquifer is only local in extent. No sample
of the water from this aguifer was obtained for chemical analysis.

Considerable amounts of sand and gravel were found in USGS tests 40, 42, and
43, and it is likely that water supplies satisfactory in quantity for municipal and
light industrial purposes could be obtained at these locations. A sample of water
for chemical analysis was obtained from the upper aquifer in USGS test 42 (see
chemical analyses, p. 68).

The most productive aquifer found im all the test drilling in the Minnewaukan
area is that in USGS test 41, where sand and gravel extends from the surface to a
depth of more than 100 feet. This hole was cased with approximately 60 feet of
5-inch standard pipe, the lower section of which was slotted with a torch. On
August 1%, 1948, the hole was pumped for about 6 hours at a rate of about 42 gpm.
The initial water level was T7.02 feet below the land surface and the maximum draw-

down during this period was 0.90 foot. The well subsequently was pumped for a short
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time at a rate of about 85 gpm with a maximum drawdown of 2,72 feet. Within 3
minutes after the pump was turned off, the water level had recovered to 7.09
feet below the land surface, or to within 0,07 foot of the water level before
pumping began.

In September 1948 the well was again pumped at a rate of about 42 gpm for a
period of 24 hours. At this time, the water level before pumping was 4,55 feet
below the land surface. The lcwest water level recorded was 5.78 feet, which
would indicate a drawdown of 1.23 feet. However, 5 minutes after pumping stopped
the water level was L4.42 feet below the land surface, or 0.13 foot higher than
before pumping began. Approximately 8 hours after pumping stopped the water level
was 4.19 feet below the land surface. These water levels, which were higher after
pumping than before, probably indicete a patural rise due to recharge. It is
believed that the greater part of the drawdown during these pumping periods was
due to hydraulic losses from the water entering the well casing from the aquifer
rather than to loss in head in the aquifer itself. It is believed that a well
capable of producing several hundred to more than 1,000 gpm could be developed
at this location. Chemical analyses of two samples of water from this well are
given in the table, page 68.

Aquifers of less importance were penetrated by USGS tests 44 and 45, east of
USGS test k41,

A fluvial origin of the gravel in USGS test 41 is suggested by the lack of
clay in the material., That neither USGS test 43 nor L4 shows & similar amount
of gravel suggests an elongation of the deposits, perhaps at right angles to the
plane ef the section.

The surface of the lake basin is underlain by a relatively impermeable layer
of silt or clay and possibly by some till. USGS test 41 is the only one in which

the coarser, sorted material persists to the surface. Thus the surface recharge
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in the area immediately surrrounding the test hole is good. The lake basin as

a whole collects water in large amounts from direct precipitation, surface runoff,
and ground-water inflow from the contiguous high areas. The surface water that
does penetrate the relatively impermeable cover enters sorted materials, which

in this section are more or less interconnected.

The amount of water in storage in the lake basin as a whole is probably
great and, through the probable interconnection of the various aquifers, a good
porition of this water would eventually be available to wells near USGS tests
42, 4o, 43, 41, and possibly others.

All the holes in section B-B' are below the "J" strand line. The easternmost
test hole, USGS test 32, penetrated 120 feet of till above the bedrock. The
uppermost material in USGS test 31, 33, and 34 is a relatively impermeable lake
silt and clay, which renges in thickness from about 30 to 50 feet. All these
test holes penetrated significant aquifers beneath the cover of lake sediments.
The following aquifers seem to be the best: (a) 43 feet of shale gravel above
the bedrock in USGS test 31, (b) 79 feet of poorly sorted but clean sand and
gravel, from 57 to 136 feet, in USGS test 33, and (c) 63 feet of coarse gravel,
from 70 to 133 feet in USGS test 34. All these aquifers are probably inter-
connected, as they all occur at about the same altitudes in the test holes (see
fig. 8).

Direct surface recharge to these aquifers, as to those in section A-A', must
penetrate the fairly impermeable lake sediment cover, ILarge amounts of water
flow over the area in the spring as runoff from adjacent areas and as overflow
drainage from Mauvais Coulee (see fig. 1). More permeable portions of the
aquifers may crop out north of the test holes but the northern extent and
altitudes of the aquifers are not known. The western extent of the sorted
material likewise is not known but it may be surmised that there is a nearby
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western till boundary similar to the one at the eastern side (see fig. 8).
Recharge, both surface and subsurface, from adjacent areas probably is small.

The agquifers may be connected with the ones penetrated by Minnewaukan
tests 2 and 9 and with those found in section A-A', If this is so, then the
movement of ground water probably is toward the southeast because of the
bedrock gradient. There is a difference in altitude of about 100 feet between
the deepest bedrock in section B-B' and that in section A-A'.

The depth to shale in USGS tests 25, 26, and 27 in section C-C' ranges from
about 50 to 60 feet. The surface material in USGS tests 25 and 26 is a
comparatively permeable sand. USGS test 25 penetrated 51 feet of sorted material
from the land surface to the bedrock. USGS test 27 has 12 feet of till at the
surface and below that, 27 feet of sorted material. The sorted materials in
USGS tests 25 and 27 should make fairly good aquifers but their areal extent is
not knowm.

The reentrant in which section C-C! was drilled captures a small amount of
surface drainage. The gradient from the top of the moraine to the bedrock "low"
in the center of the lake basin is fairly steep. Movement of water and recharge
should be fairly rapid there if any interconnecting aguifers exist between the
moraine and the "low."

In an attempt to locate an adequate supply of water nearer the city than
the significant aquifers encountered in the USGS test drilling in the eastern
part of the area, the city of Minnewaukan subsequently drilled nine test holes
in the lake-basin area, Their locations are shown on figure 6, and logs of all
but Mimnewaukan test 1 are given at the end of the report. Only a few of the
samples from these test holes were examined by Geological Survey personnel;
the rest were logged by the driller. No log of Minnewaukan test 1 is available,
but it was reported to be a "dry" hole--that is, one penetrating little or no

permesble water-bearing material.
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A thin aquifer was penctrated between 68 and Tl feet in Minnewaukan test 2.
The well was cased with L-inch pipe and a pumping test was made by the U. S,
Geological Survey. Computations based on the pumping test data indicated the
coefficient of transmissibility to be about 600 gallons a day per foot, and the
coefficient of storage was estimated to be about 0.01. 11/ Iater, Minnewaukan
test 9 was drilled about 40 feet south of test 2. The well was cased, and
another pumping test was made. Although the aquifer in test O was thinner than
in test 2, the pumping test indicated a coefficient of transmissibility of
about 1,400 gallons a day per foot. The coefficient of storage was estimated
as about 0,004,

Because of the probably restricted areal extent of these aquifers, it is
believed they would not serve as sources for a municipal supply or for even
lignt industrial use. However, if these aquifers were connected in some manner
with a much larger aquifer nearby, it is possible that they would yield as much
as 10,000 to 20,000 gpd.

Stream Channels

Three test holes (USGS tests 29, 30, and 35) were drilled in Recent stream
channels., None of these penetrated any aquifers of fluvial origin that can be
considered of importance even for farm supplies. USGS test 29 penetrated 20
feet of sorted raterial in its upper part, but it is believed that the material

is of ice-contact origin.

11/ As used here, the "coefficient of transmissibility" is defined as the
number of gallons of water that will pass in 1 day through a vertical strip of
the aquifer 1 foot wide under a unit hydraulic gradient (1 foot per foot); or,
through a cross section 1 mile wide under a gradient of 1 foot per mile.

The "coefficient of storage" is defined as the amount of water, expressed
as a fraction of a cubic foot, that will be released from storage in each
vertical column of the aquifer having & base of 1 square foot when the water
level falls 1 foot.
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Bedrock Aquifers

The only bedrock units that yield water in the Minnewaukan area are the
Pierre shale and the "Dakota sandstone" as considered in the broad sense (see
pp. 13 - 15.)

Pierre Shale

The water-bearing parts of the Pierre shale are restricted to approximately
the upper 100 fee: of the unit. Some farm wells in this area, as well as in
other areas of North Dakota, obtain water from this part of the shale. It is
probable that the wells in the village of Minnewaukan that are more than 50 feet
deep end in Pierre shale.

Only a few farm wells are listed as obtaining water from the Pierre shale.
However, some of the deeper wells for which no aguifer is listed probably also
obtain water from the shale., The test drilling in the Minnewaukan area failed
to disclose how the water occurs in this formation. Records of well depths and
reports of local drillers in other areas indicate that there are several aquifers
in the shale, which occur at specific depths and apparently have an areal extent
of several square miles. The presence of brittle calcareous zones in the shale
suggests that linear and interconnected solution voids may have developed along
fractures. Small solution channels would be extremely difficult to identify by
rotary drilling and coring. Local drillers emphasize the fact that water in
the shale is founi only in the "hardest" shale. This suggests that the openings
may be fractures or solution cracks rather than interstices in sand beds. At
any rate, the aguifers in the shale seem to be confined to definite zones.

Wells in these aquifers generally yield less than 10 gpm. The yields are
large enough for most farm and domestic purposes but probably would be unsatis-

factory for municipal supplies.
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QUALITY OF WATER AND CHEMICAL ANALYSES
In order that the reader mey more easily understand the significance of
the chemlcal analyses, following is a partial list of chemical standards

established by the U, S, Public Health Service for drinking water on interstate

carriers;

Chemical Maximum concentration

constituent permitted (parts per million)

Dissolved solids 500 (1,000 permitted if
necessary)

Chloride (C1) 250

Sulfate (SOy) 250

Magnesium (Mg) 125

Fluoride (F) 1.5

Iron and manganese (Fe & Mn) 0.3

The presence of excessive amounts of nitrate in ground water may indicate
organic contamination. Water containing more than about 10 ppm of nitrate
nitrogen (about 45 ppm of nitrate, as listed in the table of chemical analyses,
Comly, 1945; Silverman, 1949) should not be used for feeding infante, because
of the danger of contributing to infant cyanosis ("blue baby"). The presence
of fluoride in drinking water in excess of 1.5 ppm may cause permanent mottling
of the enamel of the teeth when the water is used continually by young children,
but fluoride in lesser concentrations, up to 1.0 ppm, may be beneficial in the
prevention of tooth decay.

Chemical aralyses of 22 samples of water from 19 wells and test holes in
the Minnewaukan area are given in the table following this discussion. These
analyses include 12 from USGS and Minnewaukan test holes, 5 from wells in the
city of Minnewaukan, and 5 from domestic and stock wells on farms in the
Minnewaukan area. Locations of wells and test holes in Minnewaukan and the
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immediate vicinity are shown in figure 15. Wells and test holes from which
water samples were obtained for chemical analysis are indicated.

Only one of the wells sampled(153-67-15deb) is believed to yield water
from the Pierre shale. Three other (153-67-15dbbl, 15dbb2, and 25cab) may
tap either drift or shale aquifers but are believed to yield water from the
drift. The rest of the wells sampled tap drift aquifers.

The dissolved solids in thesesamples range from 220 to 10,200 ppm and
bardness ranges from 90 to 3,540 ppm.

Although there is some similarity in the mineral content of a few of the
samples, most of the samples show great divergence elther in the degree of
mineralization or in the kind of minerals present. If there is any systematic
relationship between the location and depth of aquifers and the degree and type
of mineralization of the water, the analyses available are not sufficient in
number to distinguish it.

Water samples from test holes in the lake-basin area yielded water of several
diferent types and degrees of mineralization. USGS tests L1 and 42 yielded
relatively hard water (470 to 640 ppm), In the samples from these test holes,
the predominant cation is sodium and the predominant anion is sulfate. However,
there is sufficient calcium and magnesium present to make a very hard water.

The water cobtained from Minnewaukan tests 2 and 9 is relatively soft (90
and 110 ppm). Sodium is the predominent cation. The water contains less sulfate
and more chloride than that obtained from USGS tests 41 and 42.

The water obtained from USGS test 33 is very hard (about 360 ppm) but is
intermediate in hardness when compared with other supplies in the area. Sulfate
is the predcminant anion.

All these waters are too highly mineralized to make satisfactory municipal
supplies but they could be used for general purposes if no better water were

sl -



available. The harder waters obtained frem USGS tests Ll and 42 could be
used for irrigation of lawns and hedges although the percentage of sodium 1s
greater than is desirable for general irrigation.

Water samples from two dug wells in the lake-basin area, the Ward well
(153-66-833d ) and the Knowlton well (153-67-13caa), are considerably different
in degree of mineralization. The Ward well yields water containing 2,270 ppm
of dissolved solids, and the Knowlton well 730 ppm of dissolved solids., Also,
the water from the Ward well is much harder and contains more than 4 times as
mich sulfate as the water from the Knowlton well. These two wells are similar
in depth. The Johmnson well (153-67-25cab), on the periphery of the lake basin,
is more than twice as deep as either of these two and yields water remarkably
similar to that from the Knowlton well. The N. Zacher well (153-67-3dcd), also
on the periphery of the lake basin, ylelds water intermediate in mineralization
between that from the Ward well and that from the Knowlton well.

The drift aquifers at Minnewaukan and in the ice-contact and associated
deposits just west of Minnewaukan yield water that varies greatly both in
mineral composition and in degree of mineralization. The most highly mineralized
sample obtained in the area was taken from USGS test 522, on the western edge
of Minnewaukan. This sample contained 10,200 ppm of dissolved solids and the
hardness was 3,540 ppm. The water contains a high percentage of sodium and the
anions are principally sulfate.

The least mineralized water sampled in the area was from USGS test 511 in
the ice-contact deposits northwest of Minnewaukan.

The B. M. Knowlton well (153-67-15dab) yields water of a distinctly different
character than the other wells sampled and, for that reason, is believed to tap
a shale aquifer. The water from this wellcontains 5,520 ppm dissolved solids
and is moderately hard (270 ppm) as compared to other supplies in the area. It

contains 2,060 ppm sodium and 2,890 ppm chloride.
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CHEMICAL ANALYSES OF GROUND WATER

(parts per
D, glacieal drift; P, Pierre shale
wed B B
o]

§E ° o o oS 9 0@ ,5,

48 5§ 4 B4 g4 BT g@ oa

03 = 3 e g 38 o )

]° I3 2 a8 e o e - 38
153-66-8ddd R. D. Ward D 22 9- 1-46 A 1.0 250
153-66-20bab USGS test 42 D 239 5- 4-48 B .4 110
153-66-21aab 1/ USGS test 41 D 103 8-17-48 B 1.2 110
153-66-21aab 2/ ....dO...... D 103 8-17-48 B 1.9 140
153-67-2dca 3/ Minnewaukan test 2 D 72 6-12-47 B 0 25
153-67-2dca 4/ .....do..... D 72 6-12-47 B 0 25
153-67-2dcb2 Minnewaukan test 9 D 73  9-30-49 B 2 26
153-67-3ded N. Zacher D 96 9- 1-46 A 43 140
153-67~13caa B. M. Knowlton D 18" 9--1-45% A 2.0 130
153-67-15bdad  Minnewaukan test 11 D 98  9-24-51 B 4 130
153-67-15cab USGS test 522 D 50 5-14-52 B .2 280
153-67-15dab B. M. Knowlton P? 114 7-12-46 A 9.6 73
153-67-15dba2 H. S. Herman D 22 7-12-46 A 2.1 440
153-67-15dbb2 City of Minnewaukan D? 40 7-12-46 A 1.2 420
153-67-15dbd1l Courthouse D? 60 7-12-46 A 2.8 420
153-67-15dccl J. Hager D 25 7-12-46 A 4 430
153-67~16abb USGS test 511 D 50 5= 6-52 B 4.1 54
153-67-19aaa N. Wentz D 20 9- 1-46 A 2.0 180
153-67-21laaa USGS test 517 D 50 5~ 9-52 B .7 95
153-67-25cab A. Johnson D? 48 9- 1-46 A 1.1 114
154-67-36bcec 5/ USGS test 33 D 200 5- 4-48 B 3.5 95
154-67-36bcc 6/ .....do...ss D 200 5- 4-48 B 2.3 93

1/ Sample taken after 23 minutes of pumping.

I~
S

Sample taken after 6 hours of pumping.

jw
-

Sample taken after 18 hours of pumping.

I~
~

Sample taken after 6 hours of pumping.

wn
S

Sample taken after 3 hours of pumping with small air compressor.

lo
T

Sample taken after 5 hours of pumping with small air compressor.
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IN THE MINNEWAUKAN AREA, N. DAK.

million)
A, State Laboratories Department, Bismarck
B, North Dakota State Department of Health,Bismarck
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SUMMARY OF GROUND-WATER CONDITICNS

Most of the wells in the Minnewsukan srea are in the ground- and end-
morailne areas. These wells range in depth from less than 20 feet to as much as
180 feet. The wells obtain water from sand and grevel lenses or beds situated
in and generally completely surrounded by till. The sand and gravel lenses may
represent ice-contact or out-wash deposits or channel fillings that were overridden
and disturbed by glacial ice and subsequently buried under deposits of till., Where
of sufficient areal extent, these sand and gravel deposits may form important
aquifers, but no very large deposits of this type are known to occur in the ground
and end moraines in the Minnewaukan area (except for surficial ice-contact deposits
which are considered separately in this report). The wells furnish only relatively
small supplies of water for farm and domestic use, and many yileld inadequate
supplies for even these small demands,

The principal recharge to the sand and gravel lenses in the till probably is
from surface water that collects in the undrained kettles and "potholes" and a
part of which percolates into the ground, The rate of recharge probably is not
very great because of the relatively impermeable mature of the kettle bottoms and
the till itself. Movement of the ground water from the ground- and end-moraine
areas 1is to the lower lake-basin and outwash areas.

A large group of ilce~contact deposits alined in a northe-south trend oceurs
in the ground-morsine area west of the city of Minnewaukan, The north end of
the group is about half a mile north and sbout a mile west of the city of Minnewaukan
and it extends nearly L miles south from there, The deposits in the ice-contact
features and in the adjacent flanking topography contain considerable amounts of
water-bearing sand and gravel. Only one or two places where it is believed that
wells of moderate capacity (say 25 to 50 gpm) could be developed were found by test

drilling. However, because of the apparent areal extent of the sand and gravel
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deposits, it is believed that a water supply adequate for the minimum needs of a
emall city such as Minnewaukan, or for light industrial use, could be developed
from them, Probably three or more wells would be required to supply as much as
30,000 to 40,000 gpd; and they would need to be spaced far enough apart to drew
water effectively from a rather large area.

Probably the principal recharge to the deposits is from downward and lateral
percolation of water from melting snow and rain in the spring and from heavy
rains in the fall. Considerable recharge may also occur through percclation of
wvater from an intermittent stream that flows along the west flank of the group of
ice-contact features and crosses it west of Minnewaukan.

The outwash depcsits in the southern part of the area comstitute the most
extensive single aquifer known in the area. At the present time, only wells for
individual domestic and farm supplies bave been constructed in the area. Adequate
supplies for these purposes generally are obtained from shallow dug or bored wells.

There is a large amount of water in storage in the outwash deposits. It has
been conservatively estimated that at least G0 acre-feet of water is stored in
each square mile for every foot vertically that is saturated. Also, there is
excellent opportunity for recharge from downward percolation of rain and water
from melting snow. Moreover, it is likely that considerable amounts of water are
contributed to the outwash by lateral percolation of water from the adjacent
North Viking ernd-moraine area.

Because of the rather clayeycharacter of the cutwash deposits, however, it
may not be possible to dewtlop drilled wells of very large capacity in the area,
More information is needed in order to evaluate the prospects of obtaining wells
of sizable yields.

Inthe lake-basin area, the only aquifers of importance are in or associated

with the till underlying the lake deposits. These aquifers are of the same type
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as those found in the till of the ground- and end-moraine areas. In the lake-
basin area, however, test drilling disclosed the presence of relatively thick
andt“éxtensive deposits of water-bearing sand and gravel. There is little or no
development of water from these aquifers at the present time but it appears likely
that relatively large supplies of water might be produced from them.

The only bedrock aquifers in the area are the upper part of the Pierre shale
and the "Dakota sandstone." The upper part of the Pierre shale yields water
that is too highly mineralized to be suitable for general purposes and the yields
of wells tapping the shale generally are less than 10 gpm.

It is estimated that the "Dakota sandstone" would be reached between 1,410 and
1,590 feet belcw the land surface at Minnewaukan. This aquifer doubtless could
furnish supplies on the order of 500,000 to 1,000,000 gpd from several wells for
an indefinite period of time. However, ;l:he water from this source is highly
mineralized and is unsuitable, or at least undesirable, for most purposes.

The chemical quelity of water from the drift aquifers varies greatly. The
least mineralized sample cbtained was from the ice-contact deposits northwest of
Minnewaukan. This semple contained 220 ppm dissolved solids and the hardness was
240 ppm (calculated as 03003).

Samples of water from the more productive aquifers in the lake-basin area
contained 1,630 to 1,960 ppm of dissolved solids and the hardness ranged from

350 to 640 ppm.
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Depth to water:

Depths given to hundredths or

tenths are measured; those given in upits only

are reported.

RECORDS OF WELLS AND TEST HOLES

Location Owner or Depth of Diameter Date
number name well (inches) Type completed
(feet)

152‘67-8dcc G- Eback 17 » 1 30 D‘lg RN
152-67-9baa Criffith 22.0 36 ..do.. 1945
152-67-13dcc USGS test 23 90 5 Drilled 1946
152-67-20cbb E. Wallace 70 48 Dug e
152-6?"21ch1 L- Ni.518en 37 30 - adO- . EEN]
152'67-21d0d2 " e -dﬂ. SRR 48 48 . .dD- . .

152"6?"29bb Wg T- Nelaon ?0 48 .ndan aes s
152-67-29cdd USGS test 21 130 5 Drilled 1946
152"67-29dcc Eo Wallace 40 48 Dug RN
152-67-30abb M. Christianson 28 48 .«d0.. 1930
152-67~32aba USGS test 22 24 5 Drilled 1946
152-68-10dcd Ole Johnson 50 36 Dug seine
152-68-11ddd Ole Hovde 30 48 W [ T 1910
152-68-13acc Hans Hovde 40 36 ..do.., 1917
152-68-14b Lunde 40 36 ..do.. 1926
152-68-25cddl USGS test 20 100 5 Drilled 1946
152-68-25cdd2 E. May 12 60 Dug -
152-68-26sdd L. Hegland 17.8 30 Bored S
152-68-27add E. Peterson 12 48 Dug .
152-68-27ccd Henry Holey 51 48 ..do.. caes
152-68-27cdd USGS test 16 60 5 Drilled 1946
152-68-27dce USGS test 17 61 5 ..do,. 1946
152-68-27dde USGS test 18 105 5 ..do.. 1946
152-68-34baa H. Lysne 14 36 Dug 1916
152'68"3533 W. Hﬂkenson 28 36 . -do- . sewe
152-68-35bbe USGS test 19 61 5 Drilled 1946
153-66-8ddd R. D. Ward 22 30 Dug dani
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IN MINNEWAUKAN AREA, N, DAK.

Date of measurement: For measured depths to water.
For reported depths to water this is date of report,
not of measurement.

Use of water: D, domestic; O, observation; S, stock;

U, unused,
Depth to
water (feet Date of Ilae Remarks
. below land measure- of water
surface) ment
11.55 7= 5«46 D,S Water reported good, hard.
11.54 7= 5-46 D,S Water reported hard, quantity inadequate;
aquifer, blue clay.
e — “aee i) See log. Well refilled.
55 7-19-46 D,S Water reported good, hard.
35.38 7-19-46 D Water reported hard, quantity inadequate.
31.73 7-19-46 S Water reported soft, quantity inadequate;
aquifer, quicksand.
45,98 7-19-46 D,S Water reported good, hard; aquifer, gravel.
vesee iaamaa U See log. Well refilled.
38 7-19-46 D,S Water reported hard; aquifer, gravel.
23.62 ‘ 7=-19-46 D,S Water reported very good, hard; aquifer,
gravel,
cesnn csevens U See log. Well refilled.
cesns vesssas S Water reported good, hard; aquifer, clay.
22 8-23-46 S Water reported good, hard; aquifer, coarse
gravel,
18 8-23-46 D,S Water reported good, hard; aquifer, fine
sand,
13 8-23-46 S Water reported hard; aquifer, clay and
gravel,
e i U See log. Well refilled.
5.48 7=19=46 D,s Water reported hard; aquifer, quicksand.
12.08 7-10-46 D,S Water reported hard; aquifer, sand.
9.11 7-19-46 S Aquifer, sand and gravel.
2 7-19-46 D,S Water reported good, hard.
e LT U See log. Well refilled.
LR LR BN B B U DOC
LR L B B B ) U DO.
1 7=19-46 S Water reported hard, salty, unfit for drink-

ing; aquifer sand.
4.8 7-10-46 D,S Water reported hard.
See log. Well refilled.
See chemical analysis.

LG R LU ]

12.36 9-12-46
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RECORDS OF WELLS AND TEST HOLES IN

Location Owner or Depth of Diameter Type Date
number name - well (inches) collected
(feet)

153-66-15dce USGS test 45 146 5 Drilled 1948
153-66-19bbb USGS test 39 66 5 ..do.. 1946
153-66-21aab USGS test 41 103 5 ..do.. 1948
153-66=21bab USGS test 43 230 5 . [ T 1946
153-66-21bbb USGS test 40 324 5 «odo.. 1946
153-66-22bab USGS test 44 130 5 ..do.. 1946
153-67-2dca Minnewaukan test 2 72 4 +.do.. 1947
153-67-2dcbl Minnewaukan test 8 90 4 R < [ A 1949
153-67~-2dcb2 Minnewaukan test 9 73 4 +.do.. 1949
153-67-3aaal G. D. LaGrare 30 6 ..do.. 1917
153'67‘3&&&2 lu-odOooclo.n 180 6 oudOo. 1917
153-67-3abb W. Hahn 50 42 Dug 1928
153«67-3add USGS test 35 65 5 Drilled 1946
153-67-3dcd N. Zacher 96 4 ..do.. 1943
153-67=-4baa P. Tofsrud 80 6 ..do..

153-67=4cdc E. Fowler 36 36 Dug

153-67-10abd Minnewaukan test & 94 4 Drilled 1948
153-67-10bbb USGS test 30 70 5 ..do.. 1946
153-67-10dce innewvaukan test 5 100 4 .»do.. 1948
153-67-11bdc Minnewaukan test 6 79 4 o sl06e 1948
153-67-12cdd Minnewaukan test 7 129 4 ..do.. e
153-67-13caa B. M. Knowlton 18 36 Dug 1926
153-67-14bca Minnewaukan test 3 83 4 Drilled 1948
153-67-15ach W. Palmer 19 36 Dug 1939
153-67-15acdl A. Lindstrom 28 24 ..do.. 1943
153'67‘1530d2 Gas Station e R TEEE L] EER
153-67-15ada Fairgrounds 20 48 Dug 1935
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MINNEWAUKAN AREA, N, DAK,---Continued

Depth to

water (feet Date of Use

below land measure- of water Remarks

surface) ment

sesns cssevne U See 108. Well refilled.

TR sensnna U Do.

csses cescnnns U See log and chemical analysis.

7.02 8-14-48 0 Do.

seces cessase U See log. Well refilled.

dasnn LA LB O A ) U Do.

cssss csssena U Do.

5.38 6-13-47 1] See log and chemical analysis. Well
abandoned.

esece corenns U See log. Well abandoned.

cenes vl e U See log and chemical analysis. Well
abandoned.

covan o D Water reported hard, quantity inadequate.

ceves cessnne S Water reported salty, alkaline.

P ceesine D,S Water reported soft, quantity inadequate.

W Cada e U See log. Well refilled.

seens seasess D,S See chemical analysis. Water reported good,
hard; aquifer in drift.

30 7- 3=46 S Water reported hard; quantity inadequate.

7.77 7- 3-46 S Water reported hard, salty, unfit for drink=-

. ing; aquifer, blue clay.

veane seesane U Water reported salty. See log. Well
abandoned.

crene sesauee U See log. Well refilled.

ceves e u See log. Well abandoned.

L L BN 3 LG B I U Do.

LR NN | * % e 8 e ne Do.

13.60 7= 3=46 D,S See chemical analysis. Water reported hard,
quantity inadequate in dry years; aquifer,
gravel; well bottomed in shale (7).

sanna sesscee Li] See log. Well abandoned.

14 7- 3-46 D Water reported hard, alkaline, not used for
drinking; aquifer, sand.

10 7= 3-46 D Reported unfit for drinking, used only for
flushing toilets; aquifer reported as blue
clay.

8.4 7- 3-46 U
7.95 7= 3~46 S Water reported hard, quantity inadequate,

unfit for drinking; aquifer, gravel.

~73b=-



RECORDS OF WELLS AND TEST HOLES IN

Diameter  Type

Location Owner or Depth of Date
number name well (inches) collected
(feet)
153-67-15ade¢ €. F. Plummer 120 8 Drilled 1921
153-67-15bad  A. R. Foss 14 : Dug 1862
153-67-15bcb  USGS test 514 50 5 Drilled 1952
153=-67-15bcec  Minnewaukan test 16 57 vieie ..do.. 1951
153-67-15bed Minnewaukan test 15 63 Vi ..do.. 1951
153-67-15bdal J. H. Archer 25 36 Dug saee
153'67"15bd32 H. Plu-met 15 30 . odo . Tes e
153-67-15bda3 Minnewaukan test 11 98 g Drilled 1951
153-67-15bda4 Minnewaukan test 12 64 I ..do.. 1951
153-67-15bde  Minnewaukan test 14 58 i + 6005 1951
153-67-15bddl R. B. Hoffman 22 48 Dug 1928
153-67-15bdd2 ..n.dO-Q.hl.i 22 24 Otdo.. 1923
153"67‘15!’“3 t-o.dooonoo.. 22 24 ..do.n 1923
153-67~15bdd4 Minnewaukan test 13 58 i Drilled 1951
153-67-15caa H. Hanson 26 18 Dug 1910
153-67-15cab USGS test 522 50 5 Drilled 1952
153-67-15¢cbb USGS test 29 56 5 ..do.. 1946
153-67-155&1) BI Mo KIlOW].tOB 114 6 . ‘dOO ™ 1914
153-67-15dbal Lysne Hotel 50 48 Dug 1936
153'67"15db82 H. S . Heman 22 30 - adO. . 1939
153"'67-15db83 F. Risins 25 30 odo. L] LR R N ]
153-67-15dbbl H. Bily 40 14 .do. 1916
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MINNEWAUKAN AREA, N. DAK, -~ Continued

Depth to

water (feet Date of Use

below land measure=- of water Remarks

surface) ment

sseen coussen D Water reported hard, quantity inadequate,
unfit for drinking or washing, used for
flushing toilets.

5.15 1= 2-46 8 Reported good supply, hard, not used for
drinking.

9.6 5«20-52 i See log. Well refilled.

adsnw L LU U i u Do.

[ A NN N LB L U DO.

6.98 7= 2=46 D,S Water reported hard; quantity inadequate;
aquifer, blue clay with a little gravel.

7.65 7= 2-46 ] Reported good supply but hard, unfit for
drinking.,

cvase cesases U See log and chemical analysis. Well re-
filled.

sseace sssrews i) See 103. Well refilled.

LN N L B N U Do.

6.85 7= 2-46 S Water reported hard, quantity inadequate,

: unfit for drinking; aquifer, blue clay

with a little gravel.

*"s 8 en s 8880 s no.

6.55 7= 2-46 u Do.

cseas seraaey U See log. Well refilled.

6,23 7= 2=46 S Reported hard, quantity inadequate but fit
for drinking; aquifer, blue clay.

9.8 5-20-52 U See log and chemical analysis. Well
refilled.

8.0 5-20-52 U Seae log. Well refilled.

sarRee LN B U Dol

2,77 7= 346 D,S See chemical analysis, Water reported hard,
quantity inadequate.

7.40 7- 3=46 U Water reported hard, quantity inadequate,
unfit for drinking or washing.

14.43 7= 3=-46 D See chemical analysis. Water reported hard,
quantity inadequate, unfit for drinking.

9.73 7= 3-46 D Water reported hard, quantity inadequate;
see log.

7.71 7= 3-46 D Water reported hard, quantity inadequate,

unfit for drinking, used for irrigating
lawn.

b -



RECORDS OF WELLS AND TEST HOLES IN

ek T

Location Owner or Depth of Diameter Type Date
number name well (inches) collected
(feet)

153-67-15dbb2 City of Minnewaukan 40 10 sesecnss cese
153-67-15dbb3 Minnewaukan test 10 96 @ Drilled 1951
153"67"15(113(11 Courthouse 60 e «sdo.. seas
153-6?"15dbd2 o.och'- IR 200 6 ..do.. 1936
153-67-15dbd3 G| Di(’.kinson. Jl‘. 20 so e - .do. . 1919
153-67-15dca F. Johlmson 20 36 Bored 1900
153-67-15dccl J. Hager 25 36 Dug 1936
153-67-15dcc2 USGS test 523 50 5 Drilled 1952
153-67-15dcd S, L, Burgess 25 30 Dug 1900
153-67-15ddec  Johmson 28 36 Bored 1926
153-67-15ddb W. D. Humphrey 52 24 Dug 1912
153-67-16aaa USGS test 512 60 5 Drilled 1952
153-67-16aad USGS test 513 50 5 ..do.. 1952
153-67-16abb USGS test 511 50 5 .edo.. 1952
153-67-16baa2 USGS test 510 .120 S s+d0. . 1952
153-67~16caa J, Hoffart 50 36 Dug coee
153-67-16daa USGS test 508 50 5 Drilled 1952
153-67-16dba USGS test 507 120 5 ..do,. 1952
153-67-16dbb USGS test 506 50 5 .«do. . 1952
153-67-16ded USGS test 515 50 5 ..do.. 1952
153=67=-17cec Ore White 156 4 .ed0., S
153'6?'19&3&1 N. Wentz 20 30 Bored EE
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MINNEWAUKAN AREA, N, DAK, - = Continued

Depth to

water (feet Date of Use

below land measure- of water Remarks

surface) ment

8.30 7- 3-46 D See chemical analysis. Water reported
fairly good supply, hard; aquifer, blue
clay.

seeee emssanee U See log. Well refilled.

11.4 7= 1-46 D See chemical analysis. Water reported hard,
unfit for drinking, used for flushing
toilets.

e T TE—— D Water reported hard, unfit for drinking,
used for flushing toilets.

12,0 7- 3-46 D Water reported hard, quantity inadequate,
unfit for drinking, used for irrigating
lawn; aquifer, blue clay.

7.60 7- 3-46 D,S Water reported hard, quantity inadequate;

; aquifer, sand.

10,27 7= 2-46 D,S See chemical analysis. Water reported hard,
quantity inadequate; aquifer, gravel.
10.9 5=-20-52 U See log. Well refilled.

9.15 7= 2-46 S Water reported hard, quantity inadequate;

aquifer, blue clay with a little sand.
10.45 7- 2-46 D,S Water reported hard, quantity inadequate;
aquifer, blue clay and sand.

9.00 7- 3-46 D Water reported hard, quantity inadequate,
unfit for washing; aquifer, sand.

14.8 5-20-52 U See log. Well refilled.

5.6 5-20-52 U Do.

17.7 5-20~52 U See log and chemical analysis. Well re-
filled.

conse Ceenense u See log. Well refilled.

16.0 5= 6-52 U Do.

25.95 7- 3-46 D,S Water reported good, hard; aquifer quick=-
sand.

4.3 5-20-52 U See log. Well refilled.

14.9 5-20-52 U Do.
3.8 5-20=52 U Do.
22.2 5-20-52 U Do.
126 7- 4-46 S Water reported inadequate in quantity, salty,
unfit for drinking; aquifer, quicksand.
5 7= 4=46 D,S See chemical analysis. Water reported good,

hard.

=75b=



RECORDS OF WELLS AND TEST HOLES IN

Location Owner or Depth of Diameter  Type Date
number pame well (inches) collected
(feet)
153-67-20abc T. Sollin 180 5 Drilled 1935
153-67-20ach ST L Lo PP 20 24 Dug 1929
153-67-21aaa USGS test 517 50 5 Drilled 1952
153-67-21aab USGS test 516 140 5 «+d0.e 1952
153-67-21cdd USGS test 524 50 5 ..do.. 1952
153-67-21dcc F. Anderson 35 24 Bored 1939
153-67-21ddc USGS test 526 158 5 Drilled 1952
153-67-21ddd USGS test 527 50 5 vedoys 1952
153-67=22baa USGS test 520 50 5 «0d0.. 1952
153-67-22bbb USGS test 518 50 5 ..do.. 1952
153-67-22¢ccd USGS test 528 50 5 «sdo.. 1952
153-67-23aaa USGS test 28 59 5 wadOis 1946
153-67~23bab USGS test 36 80 5 ..do.. 1946
153-67-23bdd D. Burgess 22 36 Dug eoue
153-67-23dbbl R. Newcomb 14 60 ..do.. 1937
153-67"23dbb2 aw .dO- 'EE R R 12 24 " ndO- . 1937
153-67-24abb USGS test 37 86 5 Drilled 1946
153-67-24bab USGS test 38 75 5 I« (s S 1946
153-67-25cab A. Johnson 48 36 Dug s aw
153-67-27ccel P. Schmid 30 48 .edo,. 1929
153-67‘2?CCC‘.2 'R .dO ----- .s 30 s ew . tdO- . 1938
153-67-28aba USGS test 525 50 5 Drilled 1952
153-67-28bbb H, Anderson 35 24 Bored 1934
153-67"29853 ve e odot assans 23 24 . .do. . 19“3
153-67"34dcc E; J. NOttestad 48 N D‘Jg se w8
153-67=-35aac USGS test 24 164 5 Drilled 1946
153-67-35dbb L. Rickansrude 100 6 ..do.. 1926
153-67-36aabl USGS test 26 68 5 ..do.. 1946
153-67-36aba USGS test 27 49 5 ..do.. 1946
154-66-31dda 0. Solheim 145 4 ss80¢ 1948
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MINNEWAUKAN AREA, N. DAK. ~ =~ Continued

Depth to
water (feet Date of Use
below land mneasure- of water Remarks
surface) ment
suase e e U Water reported hard, salty, unfit for
drinking; aquifer, quicksand.
11.99 T= 3-46 D,S Water reported hard, quantity inadequate
in dry weather.
12.9 $H-20-52 U See log and chemical analysis. Well re-
filled.
31.3 5-20-52 U See log. Well refilled.
8.4 5=-20-52 U Do.
18.00 1= 4-46 D,S§ Water reported hard, quantity inadequate.
7.6 5=17=52 u See log. Well refilled.
14.4 5-20-52 i} Do.
8.5 3-20-52 U Do.
4.1 5-20-52 U Do.
4.4 3=20-52 U Do.
16.8 5=-20-52 U Do.
P oE e U Do.
seene sraesnns U Do.
15.75 7= 5-46 D,S Water reported hard, quantity inadequate;
aquifer, sand.
7.9 7= 5-46 5 Water reported hard, quantity inadequate,
unfit for drinking; aquifer, gravel.
6.74 7= 5-46 D Water reported hard, quantity inadequate.
canen SRR e i} See log. Well refilled.
seeee vaesanas U Do.
24.55 7= 5-46 D,S See chemical analysis,
15.02 7= 5-46 D,S Water reported hard, quantity adequate for
farm use; aquifer, quicksand.
14.74 7- 5<46 D,S Do.
5.3 5=20-52 U See log. Well refilled.
18.07 7= 4<46 S Water reported hard, quantity inadequate;
unfit for drinking; aquifer, gravel.
15.21 7= 4-46 S Water reported suitable for drinking, but
quantity inadequate; aquifer, gravel.
19.40 7= 5-46 D,S Water reported hard.
e T U See log. Well refilled.
seene Bessanies S Water reported salty.
A vEay Aae Li] See log. Well refilled.
N EEE) seesene e U Do.
seses essssennn U Do.
— R, D,S Aquifer in drift.
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RECORDS OF WELLS AND TEST HOLES IN

Location Owner or Depth of Diameter Type Date
number name well (inches) collected
(feet)
154-67-35addl USGS test 34 140 5 Drilled 1946
154-67-35add2 USGS test 31 150 5 «.do.. 1946
154-67-36bcc USGS test 33 200 5 ..do.. 1946
154-67-36daa USGS test 32 126 5 sedo.s 1946
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MINNEWAUKAN AREA, N. DAK, - - Continued

Depth to

water(feet Date of Use

below land weasure - of water Remarks
surface) ment

cunee Ceie e u See log. Well refilled.
seane tmesvane u Do.
ceces cecessos U See log and chemical analysis. Well re-
filled.
U

Ll N N LN I N

See log. Well refilled.
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LOGS (F WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK,

152=67=13dce
USGS test 23

Material Thickness
lfeet f

Till, tht-gray, 8aNdYsceessssessccsssssssccnstecs
Till, gr&y, Baﬂﬂy-.--o.-------o....--:.--co-o..-0--
Sand and grEVEl, Er8Yeesesssscsscesssnsescssvnatone
Till, gray, Sandy................-.............----
Gravel, coarse, angular, mostly shal€ceeecsccscsncse

Pilerre sh8le.cessesscssssscasscscssscssosncsnnnasses

152=-67-29cdd
USGS test 21

Sand, brown, medium to coarse, well=sortedssscsscee
Gravel, gray, medium to coarse, many shale pebbles,
Till’ gray, Bilty and sandYeeescsesssnscssescessssses

San-d’ finEIIOOIiI.I"OI.l..l....Ill"l..l..‘..ll..'
Pierre shaleol.l....-.ﬂiltlltlll-.l‘.l.l.l.‘.ll'l"

152-67-32aba
USGS test 22

Sand, brown, medium to ccarse:, well=sortedeccescces
Gravel, brown, medium to coarse, well-scrtedssssses

152-68-25cdd1
USGS test 20

Sand, brcwn, medium to coarse, Blltyeeevoccoccances

Gr&VEl, gray, ﬂhﬂlﬂ, angﬂl&r-.......-..-...--...-..

Till, gray, sandy and Siltyessseececcscsceccccsccce

Plerre 8hAle.ssessscseesssncascssssessnsssnsssscnasse

-7 -

12
6

i
20

30

15

26

10
25

10
30
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20

)
12

18
25
L5
72
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105
130

10
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100



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK., =~ - Continued

152-68-27cdd
USGS test 16
Material Thickness Depth
(feet) (feet)
Topsoil, light-brown, silty and sandy....ccevceeces 5 5
Gravel, fine, brown, and medium to coarse brown
8&“&-.;0-4-----oto-o--c.-a-o.noc-o-oo-ocotoooan.- 15 20
Till’ gray'.l!'l..l.Ill......I'.....'.‘.....'.....l 40 60
152-68~-27dcc
USGS test 17
Sand, brown, medium tO COAYSE«:sstesesscrcennssnons 9 9
Gravel, gray, coarse, angular, with shale pebbles.. 6 15
Till, gray, silty, 8andy....c.cccceeecscoccrsncccnnns 25 40
PiErre BhalelOloIaooioo.lol.o.o.--o--n-on-..u.vncao 21 61
152-68-27ddc
USGS test 18
Sand, light-brown, silty, and limestone pebbles.... 5 5
Gravel, brown, fairly welle=sorted....c.viveuroceaas 10 15
Till’ gray, Bilty and aandy.l.....l...'...I......I. 70 85
Sand, fine.l...'.ll.It'.l.‘I.‘I.I‘I.‘I.....-..‘.I.l 5 90
PRATYE ShAYE .« oo v vieaie e oo s se smse s sueessmeoes 15 105
152-68-35bbe
USGS test 19
Sand, brown, medium to coarse, well-sorted......... 10 10
Silt, light-brown, and limestone pebbles........... 16 26
Till, gray, silty and sandy..ccccieancnracsncasceas 9 35
Cretaceous or Teriary clay, sandy and
BYPSiferousS..cesvarcccreactssecttisesasistacrsanas 19 54
Pierre shale...cesssassnssssasssnscasscsssssssanssan 7 61
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LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK. - - Continued

153-66-15dce
USGS test 45

Material Thickness Depth
(feet) (feet)
Silt, gray’ sandy......I'-.II.‘I.Il."l.'..'-...... ? 7
Silt, light-brown, clayey.creceecccesccossscscconns 12 19
Silt, brown"gray, Clayey-...-......-........uo-.aa 11 30
Till, gray, many shale pebbleS..sesscassssnnassscss 37 67
Gravel and sand, gray, clayey, with shale and
limestone“dolomite Pebbles..‘I..Ql.l.lll.'.l.l.'. 18 85
Till’ gray'....COCOOOOCODOQOOU-OIGll‘l.lll.!ll'l.i‘ 50 135
Pleira BB8le v evivivuananieydanrvsivnds ebussoein 11 146
153-66-19bbb
USGS test 39
Clay, light-brown, silty, (till?)....ccevvececcoens 21 21
Gravel B.nd Sa'nd, gray’ BhalevltIo-.illooo.'.l.l.l-. 30 51
Pierre shaleoau---.-a-..n-l;s--..-c-r-v.---.o--n-.c 15 66
153-66=-20bab
USGS test 42
8ilt and clay, gray, pebbly (till?)....cceccssocccs 28 28
Sand, gray, fine to medium, well-sorted....ceeeescs 29 57
Gravel, gray, fine to medium, with coal and shale
pebbles...l'....l..ll.....I......l"-.....'.’.'l‘. 35 92

clay and silt’ gray‘ LB BN B B B R B B N BN BN R BN R BN OB RERE BN B R A B 35 127
Till, gray’ Biltyﬁ LI BN O BN B R B B O BN B BN B BN BN BN B B BN N B B B B DR I 53 180
Gravel, gray, fine to mediun, with shale pebbles... 22 202

Sand and gravel, gray, S8halei..ci-coeecvssvasescnses 7 209
Gravel, gray, fine to medium...eievsessscscscansons 18 227
Gravel, Sray, COATBCeictessssssncsssssssstsnaonssans 9 236
Pierre shalel.II-.l‘..-'--..-l.......‘I..l.l..'-.-. 3 239
153-66-21aab
USGS test 41
Sand, brown, medium to coarse, well-sorted........s 5 5
Gravel and sand, gray, angular.....ecovecesscsavsss 6 11

Gravel, gray, coarse, angular, with many large
shale pebbl.ea-..l.‘...IIl....-.t..-....-....-.-.- 92 103

-80-



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = - Continued

153-66=21bab
USGS test 43

Material Thickness pepth
(feet)  (feet)
Clay and silt, Iight«pray.cccrescansus ssnsssvsnpss 26 26
Sand, brown, medium tO COATS€.sveevsrstvsssansnnans 12 38
Gravel, fine to coarse, with shale pebbles........ 3 41
TI11, gray, 8llty usivesisisosrnniaies et sannsnesns 65 106
Gravel, gray, fine to coarse, with angular shale
FRABMBOL O o s memrios cvnsontss o EEREH S FUR TN G5 0EE 4 110
Gravel, gray, medium to coarse, angular, clayey... 20 130
Till, gray, 8llGVicsinivssvonvinsinins vassainssoes 92 222
Pierre shale..si.coesvsecrcersccsocncensssccnnscnnse 8 230
153-66-21bbb
USGS test 40
Clay and silt, light-brown.scececcsnssssscicasannss 22 22
Caly and 81lt, BraY..ivevvwsanvinvoneeuevowasin o 29 51
ThlY, BTV esisinisneavaansenionasieiseibiossnas iy 11 62
Gravel, gray, Shale.-.............o...........o...- 28 90
PRLIL ;. EYAY s cnmvmns smmn mamsrenanvns snme ws s is vesmae 112
Gravel, gray, very coarse, many shale pebbles...... 36 148
Sand and gravel, gray, clayey, with coal and
shale pebbles.......-...........-............-..o 35 183
Till or clay, gray.eeesesecsscessnssssssscsascccans 97 280
Sand and gravel, gray, clayey, with cocal and
ghale pebbleéBiisesrsiivesoinsasaserininvosisessvon 39 319
Plerre shale...csissisissnesnsasonssansanisnivansons 5 324
153-66-22bab

USGS test 44

Clay and silt, light=brovmnecesseserescsnnsasscsssoan 4

Clay and silt, gray-brown....cevecvesccicecsocsansass 8 12

Sand, £ray, Claye¥iiissseuwivesi sonasaawes ssenee ies 5 17

Till, gray, with shale and limestone-dolomite
pebbleS.ceccserscssnscnencnnssssesnssssanssseness 29

Sand and gravel, gray, clayey...ccccvevioncccnsoanne 9

Gravel, gray, coarse, angular, with shale and

46
55

limestone-dolomite pebblesS...civciervonrenecsrons 13 68
Till, gray..-.‘...l‘.l..'-....'..'....'.'.......I.‘ M 112
Plerre Bhalesuas iassiis wavosisawins e dolieionsaessnms 18 130



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK. - - Continued

153=67-2dca
Minnewaukan test 2

Material "~ Thickness Depth
(feet) (feet)

Till, yellow, Bandy....-...........-.............. 7 7
Till, light-brown, 8andy.scceccecssocscassssacsses 27 34
Gravel, light-brown, coarse, with limestone and

granite pebbles somewhat rounded:.escecececceccne
Till, gray...-......-.............o--..-..........
Sand, brown, coarse, with a few pebbleB...ccsssaas
Till, Bray..cccecssrassoonsaasssavsacasrsnsnanssosen 3
Sand, gray, shale..ccscancsssssoscsasrsascrsansacas
Plerre shale...ceevessssconsnsnessncssnsacnsannsase

35
36
38
68
71
72

HWONM

153-67-2dcbl
Minnewaukan test 8

C!Ey, yellow........:a..-no.-oo.-uo.........-..-.-a 14 14

Gravel; contained some Water...eeeevcessescessscns 2 16
Clay, gray (till?).cecseceveccconcnannnsesnsnnanes 65 81
Sand, gravel, some coal, water-bearing.....ec.e0.s 2 83
Gravel, Shale,..ccieevovrosssresancssdssannsssassns 5 88
Pierre shale....vieeveessaccveccsssrsssasacasansas 2 90

153-67-2dcb2
Minnewaukan test 9

Clay, yellow, s8andy...eceecesssscncssascsanssonnns
Clay, gr&y..............-..............-......-..-
Sand, COBLB@....casvuecssssnssssgssatssasssnnssncs
Quicksand...eceversesassessnssscsancasssrannsnenss
Clay, gray, sandy (till?).....ccecvceevacesscsnacssd
Sand’ Water-bearing........................--.....
Clay, gray (till?)..iececesoccenasccnsorssonsranes
Gravel..ovieescssnonsonsrsssossssssancstsascrnarnae
Clay, gray, and sand (till?)....coveevnvccarancnsne
PebbleS..cescavsonsarsessannssensssscencssasssvsne
Clay, gray, and sand (till?)...c.cuieaninnccannnns
Sand, 8haly..cviecrucroassancccasstvaseasnssrvennan

13
15

nN
OO OUN~NN P~

49
51
57
58
69
73

(=]



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK., - - Continued

153-67-3add
USGS test 35

Material Thickness Depth
(feet) (feet)

Till, light-brown, sandy and 8ilt¥.eeceseovecsscoss 5 5
TEEL; BYAY s s wosamns soveie vve e/s o WV G008 ©e 580 COE 40 45
Gravel, gray, clayey, mostly shale....v.cavevocnss 5 50
Plerre shala..civsnvsiniasnssisssnassesvassnconnie 15 65

153-37-10abd
Minnewaukan test &

Clay, sand, and gravel, mixture of, brown (till?). 24 24

BADd .« es s vsas e eiaees SERESETVET LR GOV SRS Ve e e 7 31
Clay; Bray..:eiviuvisdsavees Svvsnsserevias s viive 11 42
Clay, gray, and Sand....eesesecevsscsscssssssasese 9 51
Hardpan (t1l17)..eecceensvocernasesnesvscscscssasse 1 52
1 4 T L T ype— 2 54
Clay, blue, pebbly (EIl12).iseseusuesvensissunrove 37 91
Plerre Shaleco---oa-o.o.o..nnn---c-..-nna.--vc.t.a 3 94

153-67-10bbb
USGS test 30

Till, light-brom, silty‘.-no.otoncaoo-ooo-aooouot 12 12
Till, gray, silty, with angular shale pebbles..... 38 50
Pierre BMALE. .. ussnnmaivevnisaes ieesnen iviveens 20 70

153-67-10dcc
Minnewaukan test 5

Clay, yellow, pebbly (till?)....vevvcvccanassnanes 16 16
CLaY BLAY wuimiwwie a womn mowsnise i 5065 06 e 50 as ew e 13 29
BENG i wiie e i v aee oo 6 S e e e e e e 8 37
Clay, blue, pebbly (E11l1?)iiicinisvisiasaisnisises 42 79
Plexre shaleiiisiiciaiiiiniivenssbisisssotmbaiaisni 21 100



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N. DAK, = = Continued

153=67=11bdc
Minnewaukan test 6

Material Thickness Depth
- “(feet)  T(Feet)

Clay, yellow, 81lbyecssesscecoccsncccsscsccsnesansee 1k 14

Clﬁy, gray, Blltyescssccescsnsscncssecsssssccnnss 18 32
Till’ Erfyerssscscrccssnsensoscsasessresssssnscnss 26 58
Pierre shale.l.l.'ltl!...l.lll..‘.ll.lll.....Ill. 21 79

Note: Depths from driller; samples examined
by U. S. Geological Survey

153-67=12cdd
Minnewaukan test T

Sand and gravelsececcsssssesssccccsssssnscavinsona
Clay, brcwn, pEbbly (till?).t.oooooo.noo.ao.o.ooc
Till, Er8Yesssssnsssscsnasesscsnsasesssssvsscsees
CIBY, gray, 8lltYeeevecesesrsecscsnssncnsssnssnce
Sand, gray, very fincessecesessvsnsasssnsscncnsee
Gravel, gray, mostly coarse, subrounded, sil¥ecs.
Limestone bouldereecesssssvsesssssscssvssssnssnaves
Sand, gray, fine to coarse, some small quartz
and shale pebbleSecscssscesscsesconsccsccancane
Sanﬂ, gray, mﬂstly coarse, Silty-................
Till, BrBYescccsnssssccnvesssesasessnsseconssnsos
Sand, gray, mostly fiNCesccnsvvsssssssscescecnsce
Sand, gray, very fine to coarse, scme shale
ETraVElessecsossssssssesssssnsssenncscscsassesss
Sand and gravel, gray sha8l€.eescsscsssssesscncncs
Gravel, gray, coarse, very Claye¥fescsssvcocassssn
Shalﬁ, Br8Ysescssoncessrsnssssnasossseossssscsncens

n £

i\ kiEQP‘F' FJFJESCDCD(hrD
8

Note: Depths from driller; samples from 8 feet
to 119 feet examined by U, S. Geological Survey.



10GS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK.- - Continued

153-67-1k4bea .
Minnewaukan test 3

Material Thickness Depth
feet (Teet)

Clﬂy’ brm.;-au.ctlcno.l-ltlln.oln..o.o-clcoo- 25 25
Sandesassscsssconcnsssssssssscsssssssnsnssansas 1l 26
c:l.ﬂ.}", El8Yesacsesssnsescsscccaccscsvsansssrssncnss 23 l"'9
Sand_. medium tO COAYrSEesecssnsssvesessnscesscns 1 50

Clay, bluesivasanssisssnansnpavessesbicstviiuee 11 61
Cl&y, blue, and coarse gravel ('till?)-otooo-o-o 13 7""
Plerre Bhalel‘l-.....l...l...lll.ll.l.."..ll.-. 9 83

153-67=15bcb
USGS test 514

Topaoil, blacKeesesssensscnssssecesasoscsassoses
Clay, sandy and grave:l-ly’ EX8Yessvsessnsssssense
Sand and gravel, very c:.ﬂyey, Er8Yesesssvccesas
Till, ligh‘t“bl'M...to.-t.-.--c-c.o-.--.oo-.acc

Till, Er8Yeesencssecccnsssncscssnssnssesssoncsnsse
Plerre Shale, ET8Yecessssescssvssscccscsosnssssosns

o
ERBrvrl
=

153=6T7=-15bce
Minnewauksn test 16

Topsoil.IIII...I..II.I..I.I...‘l.l.l.ll......‘.

Gray Clﬂy.-.co-uc--ooou--.-u-ouoo...--.a-qlcoco

Yellow 3andy Clﬂ}'.-lo.t.nto.-..--.-.ncoo-oco-.-
Blue s8andy CloYeeessssccscsssscssssnsassssssnncs
SaNdsesecesacnscesssssssscscsasassssscsnscrssncnsnse
Blue ClAYessesencescnsescsessosssonsssassssssce

SaNAesaesessssssssssssscssssossessssessgsssnsan
Blue ﬂﬂﬂdy CIay.i.l..l..Il.ll.l’.ll’l.."‘......
Blue 013'}' (Shﬂle?)nouoaooooooo---oono.oc-...tc.

.‘ -
\ommﬁmmmwp
v W no

~N O mgr\n e

o B e
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10GS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = = Continued

153-67-15badk
Minnewaukan test 13

Material Thickness Depth

(feet) feet)

Yellow clay.........--..-...-...‘.-..-.o--.-- 13
Blue Eandy ClBYeessocesasvecncansnssonnnssene 16
88D0esrevcesacesssnscecescaccsenccsncssncsese 18
Blue Baﬂﬂy 01EYo-o.ooo.o-Ol¢-o.n-oc-o-o-.louo 26
Sand and gravelicessseccscoscccsssscscacegscee 28
Blue Sandy clﬂy-.-go....-..........-.....--.. L6
Blue clay (Pierre BhBIE?).....-....-..-o..--. 58

k5E;IO connuués

153-67-15cab
USGS test 522

Tﬂpsoil’ blaCEQ-o.ooonoo-..oo.-ouuo.ooooc...l
Clay, sandy and gravellYecessceccssscccnssasse
Silt and very fine sand, clayey ard gravelly,
light-brown (till?)-.ou.c-olt.ocoo-otnotoca
Silt and very fine sand, clayey and gravelly,
gr-.ay (tiJ-l?)...lil..'....ll..ll..'..‘.l.l..
Tiu, g‘ay-.-............l.l..l.l....l’...ll‘l
Sand, fine to very coarse, very clayey, gray;
some of coarser material, sh8l€ceesecsesssse

Till, El@Ysecessessssnencesssnsssnsnsossassnsss
Pierre Bhale, Br8Yeensssssscescssissssnsesess

1b

20
28

34
46
50

&P oo B me

153=67=15cba
USGS test 521

TUPSOil, blacK.secssonsrossnsasscsssenroncsea
Sand, very fine to very coarse, clayey, light-
Tili, silty, light-brown, or silt and very fine
Sand, clayey and gravellyessssssseasssssssse
Till, Bl seensenscsssnccsnssnacesnscnscscocsnnense
Sand, very coarse, and gravel, fine, very silty
and CIEyey, Er8Yseesscscscsssscsnssscnssssnse
Till, Er8Y s esesssesncsavssssnsssssoncesnssnences
Pierre Bhale, Er8Yevsssssssessscsasessssnsencas

7

26
L6

50

FO0 Fo & B

& 87 =



LOGS OF WELIS AND TEST HOLES IN MINNEWAUKAN AREA, N. DAK, = = Continued

153-67-15cbb
USGS test 29

Material Thickness Depth
(Tfeet) (Teet)

Silt, 1ight-brm’ with shale Pbelesgcal..t-.ooo.l 10 10
Sand and gravel, gray, with angular shale pebbles.. 10 20
Till, ErOYecesccnsvesccoccacascscnsesscescscnsscans 5 25
Pierre shaleesscecessassnscseesscssossescassacssnese 31 56

153-67-15dba3
F. Rising

TOPSO1lissscononcsvcssossssssvosssnscosncscssnsssnse?
c:.ﬂy, YelloWenoeasensensscssesosssscsssssssssosssne

Clay’ .b:!-uel.tﬂl...l..liﬁill.lll.l'l.......'.l..“..

10
22
25

Grﬂvel t T e BN 0000000000000 ERsesOROBNRRERERS

mf\_:;\ol-'

153-67-15dbb3
Minnewaukan test 10

TopSOllseseessesesssevcscosecssssssensscsncscnssansse

2
Samycm.liI.ll.l..lIl.I..ll..l.l'....l.....-l.". 26 28
Sand ami gx‘aveltv....ll...t..'G..il.ll....l...‘..lll 1 29

Blue ClﬂY With rockBicescsssscsssssvvscensosssssces 22 51
Blue me, sticky (Pierre Bha]-E?)....tn---o..t.o.to ho 91
Sb.ale, hard.ecsencencssscsvescsnscncsssnvcsnsssnsce 5 96

153-67=15dcc2
USGS test 523

TOPBOil, DPlacK,sesrasssnaseassseusssscesetssssnsess

Clay, Sﬂndy anf grave]-ly, Er8Ysvescocassnssacsccnnns
Till, Bil‘by, light-brm............-.-uu."u.u

Sand, medium to very coarse, and gravel, fine,
clayey’ g‘a’y-olilll........l..l...ll..i..l....-..

Ti]_'l., gl'ay.-c.-..ltoool.oa.lt.l...lll'..t...o-..o.i
Pierre Bha]-e, g!.ay.‘-.ll..-.......‘l.l.'..‘..ﬂ....‘

16

18
L

50

O‘\%')\I'O t"mw



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N. DAK,-- Continued

153-67-16aaa
USGS test 512

Material Thickness Depth
(feet) T(feet)

511t and very fine sand, clayey and gravelly,

li@t-brmtﬁoiﬂ...‘..I.ll.......‘...‘.—’.l... 11 n
8ilt and very fine sand, clayey and gravelly,

g‘w'.'.‘....ll...‘.ll...l-...............l... 12 23
Till, Er8Y sesssssesavssscsnssesoscacesssssencsosens 9 32
Sand, very fine to medium, very clayey and

silty, gray; coarser material, shal€.sesceses 14 L6

Pierre Bhale, Er8Ysssecsessesssncsssssasssnsssses lh 60

153~67-16aad
USGS test 513

Topsoil’ bl.ack..l.......l.lﬂ.l'.’l..lll.....'.‘.
Clay, sandy and gravelly, Sr@Yessssescesccessas
S5ilt and very fine sand, clayey and gravelly,
light-brm.ooﬁ...'l..t.‘l.lll.....l..".."l.
Send and gravel, very silty, gray (or very
B&ndy and gravelly till)..llatooaooluo-l.toc. 17 26
Sand, medium to very coarse, and gravel, fine,
fairly free of clay at top, more clayey toward
bottom, gray; about one-fourth shal€eececsses
Pierre Shale, gz‘ay“..l..........Q....l........

.
v VR

&FE

50

153-67-16abb
USGS test 511

TUPSUil, blacKkesssscsssscscnsasassncassssacansesne
Sand, medium tc very cocarse, and gravel, fine
to medium, very clayey, light-broWlesecssscses
Till, light-brown......-..........-..........-.
Till, Er8Yscescsenscsnccscccsssonsncsssssscsane
Gravel, fine tc coarse, and some sand; very
1little clay; finer gravel, shalCesvesssnasnas

Till’ @ay.‘...I....................‘...".I LR BN

=5 Bvo =
o
(0))



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN ARFA, N, DAK.= = Continmed

153-67-16baal
USGS test 509

Material Thickness th
(feet) feet)

Sand, fine to very coarse, light-brown, clayey... 5 5
Till, silty, ligat-brown, or silt and sand, very
fine, chyey and a‘avem‘..'.-..“.......'I.'. 3'2 17

Till’ Band.y and g:ra‘v‘elly, Er8Yesscescneesssassnesne 5 22
Gravel, fine to medium, and some sand, very
little c-lay; about one-third shaleeeessscescene 15 37

Till, 81‘93-.'....C.....l..I............l...‘.'l‘.. 13 50

153-67~16baa2
USGS test 510

TOPBOil, light-brown to blaek, B8lltYecescasssscnsn
CJ.ay and Bil‘t, pEbbly, light-brm-.-.-....-...-.
Sand, very fine to medium, and silt, light-brown,

clwey...'..'.-..Cl'Ill..'.'.....l.l.l....l'.l.
Sand, very fine to fine, light=broWNessssssesssss
S5ilt and very fine sand, gravelly and clayey,

lightﬂbrm, OF tllleseeecsoscsssesssscnsacenen 16 35
S5ilt and sand, very fine, gravelly and clayey,

g‘&y, (tiu?)............I‘..........O.l.lll.l‘ n l+6
Gravel, fine to medium, and some sand, very

coarse, fairly free of clay, gray; about one-

~0 PR
BF wr

Till, Er8Yesensssscassssosnsennrsosccsnesssonannssa 8 o
Pierre Ehﬂle, B8 escsssssssssoscsvcssesvssvossncse 11-3 120
153-67~164a
USGS test 508
TOIJBOil, b1a0k¢&llollo.l.ltl--.oa!lnnnouonccu.-.!c 3 3
Sand and gravel, very clayey, light-browh..... e 3 6
Ti]_'l, light-brmm, Sﬂnd.y and gravelly.-uuu.... 3 9
Till’ Bl essensnesennscsccsncsssecnsnanossvensssnen 18 27
Plerre Bhale..on---tooo---c-on.-.-no--ocont.--.o- 23 50



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = = Continued

153-67-16dba
USGS test 507
Material Thickness Depth
= =S Y (feet) (feet)
Ibpsoil, dark‘brm..l.....!..QI.....’I.I.C.I...“ 2 2
Sand and gravel, very clayey, light=broWheeseecses 2 L
Till, ligh‘t-broml..........-......-...u.nuun 8 12
Gravel, fine to medium and sand, very coarse,
very clayey, light-brown; about one half shale. L 16
Gravel, fine to medium, and sand, very coarse,
very clayey, gray; about one~half sholeeesssses 11l 27
Till’ gx.ayllI..l.-...ll..l...l.’..".....l’..l’.... 19 l‘-6
Pierre Shale, my.'..‘..C..'III..Q........I..... 7,.'. 320
153=67=16dbb
USGS test 506
Topsoil’ black.I..‘.-I..l...l.I..ll..l'..-.l....l 2 2
Ti].l, gI‘ay.-........l.....l....l...'.....'.l..I'. 2 }+
I‘iu’ li@t-brm.ﬂ.0-...........0.......l.I..l‘.. h 8
Till’ Er8Yeessesccessccsosncsscosssssasesnsnsssonans 5 13
Sand, medium to very coarse, and some fine gravel,
slightly clayey, gray; coarser material, shale. 11 2k
Till’ yayﬁﬂliﬁttﬂi....'l.ll.l..l'..'.........l.. lT J+l
Pierre Bha.le, E,I'aYnu-o.-aonnn-n-..--aoao.’tnao-'v 9 50
153-67=16dcd
USGS test 515
S11t, cley and sand, very fine, light-brcWhesees. 3 3

Sand, fine to very coarse, and some gravel, fine

to coarse, 3lightly c:l.ayey, light'*brm. sesesss 19 22
Gravel, fine to medium, and sand, medium to very

coarse, slightly clayey, gray; gravel about

one=third mue..-.-cuc-..a..co..oc..on-olccle- 6 28
Sand, medium to very coarse, and gravel, fine to

medium, very clayey, gray; coarse material 1is

Shale.ll'.........I.....ll.l..!l...l.ll...l.l.l 8 36

Ti-ll_’ g‘ay.l...-.l...O...i.l..-l.....ll....."!.... 11“ 50

w0 =



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = « Contimued

153-67-21aaa
USGS test 517

Material Thickness Depth
(feet) (feet)

7111, silty, light-brown, or silt and sand, very

finae, c]ayey and gravem.ooto-oo-o-.-taoto--t! 15 15
Sand, medium to very coarse and some gravel,

fine, very clayey, gray; sbout one-third shale. 5 20
Till, g‘ay'iilllil.l..."ll.."."ll.Iﬁ..l!..’l... 18 38
Pierre Shﬂle, my.'..l......0..!..'.’.....0..!.. 1-2 50

153-67~21aab
" UEES test 516

511t and very fine sand, clayey and gravelly,
ligh‘t-brcwrl.a-to|.--¢.ac.|o--o-oooootoo-oa--.-.i 25 25
511t and very fine sand, clayey and gravelly,
gray; mcre gravel toward botiOMesecessscsscsscce Lo 65
Till, gray, sandy and gravelly, or very clayey

sand and. EravVelecssssevesessscessossansnsassass 7 72
Pierre Bhale, El8Yssecvsssssncessossssssosnsnsssns 68 1’"’0
153-67-21cdd

USGS test 52k
Clay, sanﬁ.y and gravelly, Er8Y ecvcessscsnssvsencsns L 5

Till, silty, light-brown, or silt and sand, very

finﬁ, cjﬂyeyand-graveuy-oaooo.--.oo.-o.--oaoc 10 15
Sand, very fine to mﬁdim, c1ayey, Er8Yasessessace 10 25
Till, grabrloI.tti.oOQ..tcli.u'..tt.lo......o.l... 25 50



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = - Continued

153=67=21ddc
USGS test 526

Material Thickness Depth
“(feet)  T(Feet)

Topsoil' blackocnot.ul.t.‘l...lol..lll...l...ll 1 l
Silt and very fine sand, clayey and gravelly,
ligh'l‘.-brown....................uu.-..-.u-u 18 19
511t and very fine sand, clayey and gravelly,
Br8Ysssesssesnsssesssssasnsesnncsscscnsssases
Sand, very coarse, and gravel, fine, very clayey,
g‘ay; Mﬂtly shalecoonl.Olid-.I..I-tltttnl-'.
Till, Er8Yessesssseassssssnssssscssssncsacsssss
Gravel, fine, and sand, very coarse, very clayey,
gray; m()stly BhalCsvecscovnssccssccsscssccnns

Till, Er8) ssencsessssesossvsvscsessssnsscecscscnse
Plerre Shﬂle, Brayecesceescevacecssenossensssvone

8B B o
U
=

153=-67-2144d
USGS test 527

Topsoﬂ, .bhck'..lll.ll.....'...lt....l.t.-.!ll
Clay, ﬂanﬂy and gravell}f, EroYfessvecscccssnvscns
Ti]l, 1ig:ht-brmm0ll..l..'I.t.'.l'.t.'.'.‘...l.
Sand, fine to very coarse, very clayey, light=-

brc‘m.-.l........ﬂ.l..l".llIIII..‘I....!..I.

v omw
SH Hew

Tiu, Er8Y eecsessssesessessssessspgnccsssvssssnssss

153-67-22baa
USGS test 520

TOPBOil, blacKkeeseesssssesosesssvssccseresscces
Clay, Barlﬂy and m’velly, Er8Yeceessasssevssnvens
Till, Jif',llt-brown.unu.u-".....u-.uu..u

Tiu, Q‘EW....‘..lll“......'O.‘ll..ll.ll.....'

Pierre Bhale, gray (till?)-.--o-a-c-uoc.ltcctoo

BRorH
SBEmr

-93..



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N. DAK, = = Continued

153=-67=-22bab

USGS test 519

Material Thickness Depth

(feet) feet)
Topsoil, lightebrc¥Neseecsccssesscsnsassscssccssss 1 1
Clay‘, gand and @Wﬁll}’, ETr8Y essescnssscssnessnesve 1 2
Till, Bilty’ 1ight-brm.oolttuo-loo.o.n'l-.o-lo.. 10 12
Ti].l, Er8Yecsoacsvsasecsnscnsssssnsovsssnsncencssnscase 2k 36
Plerre shﬂlE, B8 eesvescesesvvscsnsncsosssccsasssne lh' 50

153-67~22bbb
USGS test 518

TOPEOil, EX8Yseeococsnccsscncsossnscsnssssencscsssnsanne

Till, silty, light-brown or silt and sand, very
fine, gravelly and clayeYeessssesssssccccnsssssse

Sand, fine to coarse, clayey, gray; mostly shal€...

Till, Br8Y aseacesssocnasecosssascsssssensssonccnnssne
Plerre Ehale, Br8Yesesessscnsncsncssnsnncssncssansone

=

FRBo~ =
3ot

153-67=22ccd
USGS test 528

TOPBOil, blaCKesassessescscscasscsssssnsescsssssnsse
C:l.ﬁy, Sandy and gravem, B8 esssoncasssnsssnsseene
Til.l., light-brm.c.oaoc.-oonocctc.-..o.aun.o.on-ot
Till, silty, egray, or silt and sand, very fine,
clayey and gravellyeesssccessssscsecassosccascane
Sand, medium to very coarse, and gravel, fine,
very c:ﬂ:fey, gray mOS”th BholEecosanssasoassnnses
ml, gray, Banﬂy, and gravellyeecscccccscscssssaas

B = Hrw
n
o

153-67-23aa8

USGS test 28
Silt’ limt-brm....C.l.Cli.......0.-..0.&........ 10 lo
Clay, gray, with fresh-water gastropod.ssccccsccces 15 25
Till’ li@t-brMQliolll.tlll.ll‘.tﬂ......'..ln..nn 30 55
Pierre shale.l........llI..I...ll.l'.l.......l.l... ]'I' 59

- o4 -



L0GS (F WELIS AND TEST HOIES IN MINNEWAUKAN AREA, N, DAK, = = Continued

153=67=23bab

USGS test 36
Material Thickness

(feet) eet )

Silt, 1igh't-brm--..oan-.-l.o.t.-ococo-ooo'o-. 18 18
Silt, B8 eosscscscessascsessscsssssosasnenssssne 27 hs
Pierre Shﬂle..-;nn-.oo.cn..-o-o-ooo-o-o.oco-a-. 35 80

153-67-24abb

USGS test 37
Silt and clﬂy, 1i@‘t-brm...nlt..luoo'o-ooooo 8 8
Sanﬂ, brown, fine to mﬁdiﬂﬂb well=scortedessecse 12 20
Ti]l, gray, many ghale PEbbleS....ootoaoooolcot 50 70
Plerre sh8lessccescssscsessssscncecrssseanssnasnae 16 86

153=-67=2lbab
USGS test 38

Clay and silt, light-brown (ti11?)eeccecacscccs 23 23
Till, gray, silty, with shale pebbleSseesesccss L5 68
Plerre sholeesssstsovsccenssesscnnsesnssnnsasess 7 75

153-67=28aba
USGS test 525

TOPBOﬂ, DlaCKeeeessssesessssasossnsesscnssescas
CJ.&Y’ sandy and mem, EXr8Yyoeeesesessensssse
Till, silty, light-brown, or silt and very fine
Banﬂ., c:layey and grave:.ly.oocn.u--a-‘-acaooloo
Till, silty, gray, or silt and very fine sand,

Vi

BEw &= wn

clayey and gravellyescevcccsoscsesccssonsscsnasns 1k
Till, sandy and gravelly, @rayecssscsssscessses 25
Till, Er8Yecescsscossnessscsscssorsssssessascse 50

- 95 -



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = - Continued

153-67-358ac
USGS test 24

Material Thickness Depth
~ (feet) T(feet)

Silt, gray...'...‘.‘.‘.-....l..................... 5 5
Silt’ light-brown..O....l.......'...‘..l.......... lo 15
Silt, gray...ll..ll.l...'.l..l.................... 15 30
Till, gray, silty, with some limestone pebbles.... 117 147
Plerre shBleussccerssssssssssnosenssannsssssssscas -17 1611'

153-6T-36aabl
USGS test 26

Sand’ brown'ill.'.-.l..l"...."l.ll.ll.l‘....l...

Till, light-brm, sandy and Silty’oono.-lo-toloon
Gravel, gray, coarse, angular, and shol€.cessecses
Till, Br8Yeeecesescconssvencsssonscoasenssscnessasss
Plerre BhﬁlE--..0-o.o.-.-uc-aoo-.-ooodcal.aooo-.a.

18
32
57
68

EREE~

153-6T=36aab2
USGS test 25

TOPBOil’ gray, 8lltYecencecnccsccctsnsenscensscenne
Sand, 1igh‘b-brdwn, B1ltYeessreevesvnssssensnsessns

Sanﬂ, gray, fine to medluMssssacasscsscnnsssnsnses

Gravel, gray, coarse, 8NZUl8Yscecssscsssssssssasass
Pierre Shﬂle.-nooo-ooooo..-o--'ucntnloao.l.lcl.nn-n

17
26

ol

&8 v b

153-67-36aba
USGS test 27

Till, 1igh't-‘brmm, Blltyessessesssccossenscsnsscse 12 12
Send and gravel, gray, fairly well sorted, with

shale pEbbleso.nolotannl-ooq-oaocutouttiotot.t-- 18 30
Sand and gravel, gray, poorly sorted, with some

weathered shalessescccecssccsnsscssssssssssnsanse 9 39

Shale...l.t.tl.ll.'...l..‘..l.ill..l.....l..'llll. lo hg



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = - Continued

154-67-35add1
USGS test 34

Material Thickness Depth
Teet !%eet)
Cley and Bilt, 1ight-br0wnooaacoﬁu.oon.'-oooooaiﬁi 14 14
plﬂy and Bilt, Eroyesesssscscsscsssnesscosscssasse®te 16 30
Till, gray..................--....-........o..--o- 17 h?
GTBVEI, gray, angular shal€sssesssessceecessssacss 23 70
Gravel, gray, very coarse; 8NgUlAressssscsssscs®es 20 90
GraVEl’ gxay, shale with some COBlescesssssssestee l"'3- 133
Pierre shole.escvecssvssncnassnccsesnanvsevscssones T 1ko

15h-67-35ad62

USGS test 31
Silt, very light-gray......-.-...........-.....co. | 5
Silt’ light-brdwnoa..n.-.on-cllouos..lo.tlototg.IQ 13 18
Clay and Bilt, Er8Yseseseeescenssesscsoscsasossnsas®ee 33 51
Send and gravel, gray, shaly, ClayCYesasevsnvensse 1k 65
Till, gray....-...-........................-...oo- 25 90
Clay, gray, BiltYaessceacssccsssscsovessssnnesacree 9 99
Gravel, gray, Bhale, angularsccecssosssssncsscnsss L2 lhl
Pierre shale.cssescssscconsscsssossscnonsscrsosrss 9 150

154-67=36bece

USGS test 33
S11t, light-brown with a few shale pebbleSsesssese 18 18
Silt’ gw...'........’...‘...'....'...........’... 22 ho
Till, gray, with shale pebbles..........-......-.. 5 h5
Gravel and s8ndesssssessssssscsssssesssssscasssenns 2 h?
Till, gray, with shale pebbleSscesscoscccnssassssse 10 5T

Sand and gravel, gray, clean, angular, poorly
Borted, with some shale pébbles-....-.-.-.-.oosn 9 136

GravEI, gray, Bhﬂle, with some CIByo-ooiootvooao.- 8 lhh
Gravel, gray, shale, coarse, rOUNdecsencosessanese 16 160
Sand and gravel, gray, with some shale pebbles and

coal, ClayeYeseessssseassssnsnssnsasccossssscncases 25 185
Plerre shalCeesesessesscsssesnsssscscocssscnsscnss 15 200

“« O =



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN ARFA, N, DAK, -~ = Continued

154-67-36daa

USGS test 32
Material Thickness Depth
(feet) feet)
Till, yellw, Biltygnonooooc.o-oo.onno--...aoo-o-t 8 8
Hll, W........'..l.............'...‘.I........ 112 ]'20
Pierre Bh31300t-¢|oooaantololn-.-a-aoo-o...o-.ovu. 6 126

Devils Lake Well

(from laird, 19h1, DPDe 25-27)
Formation Material

Thickness Depth

Pleistocene
Driftecessesesscssscosssssnssssvnnss 10 10
Coarse EAndesesecossnesssscsssstosses 10 20
Fine gravel.ecsessesccssosssscrcccnsss 30 50
Cretaceous
Pierre (chale)

Shale with silt and graveleecsessssse 20 70
Shale with sand and graveleesecsssccse 10 8o
Soft tan Bhelesesscaesesascnrsnssnnse 10 90
Sand and sh@lCeecesescscccocsccssavens 20 110
Soft gray shale with shell fragments

and EYPEUllgessscsscncsnssssessassnscs 80 190
Dark-gray shale, lignite with sul=-

Phur and EYPEUllle s svssesesscssennns 10 200
Light-gray shale with gypsum and

= 15T B < e R e P P P 100 300
Dark-gray shale with lignite, gypsum 20 320
Light-gray shale with lignit€svessee 10 330
Dark-gray shale with lignite, sul=-

phln‘, EVPEUMs sassesssnssencpsusanse 20 350
Light-gray shale with lignit€ssseese 10 360
Dark-gray sh8l€ssesssscscsccscscncse 10 370
Light-gray blocky shale, gypsum,

ligniteeeecssccsassscnsassscsvnnas 10 380
Light-gray shale and 1ignit€eeseoesee 10 390

Blocky and tan shale, little lig-

nite. Satinspar and prisms,

gypsum and spheruleSessssssssscsse 110 500
Dark-gray shale with selenit€esssses 10 510



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK., = = Continued

Devils Iake Well - - Continued

Formation Material Thickness Depth

Gray and tan shale, rare prisms

and selenitCecseccscscvcscessscncass 10 520
Gray and tan shale with gypsum and

mﬂph‘]r..!.....l........'lll..l..l’. 20 540
Gray and tan shale with gypsum,

sulphur rare, satixsparesccscesccss 10 550
Light and dark-gray shale with

selenite and satinspalesecsecccccsce ho 590

Light-gray to black shale with
abundant sulphur and gypsum,
Prisms rarceevcscsccesscssssscsscsa 10 600
Medium gray shalGeescssassssscscssace 10 610
Niobrara (formation)
Gray end tan shale with lignite,

selenite and abundant £0s851lSececoes 50 660
Soft gray shale, less fossils, much

msmllﬂilEl..‘..'...l.'.l..l..... 10 670
Dark and light-gray shalC.eecsececcess 10 680
Soft gray shale, some gypsum and

lig'ﬂitEQ-..o-.no--aonotoo.utcoo.ool 20 700
Dark-gray shale, sbundant selenite,

fosslls rarcececsessoesosscsccscssae 30 730

Benton (shale)

Soft light-gray shal€eseescensssscaee 130 860
Light to medium gray Sh8l€.eececesces Lo 900

Blocky medium gray shale with
abundant selenite, pyrite, fossils,

IOrCoeesssvccesassscssstssssscnsnsntd 20 %0
Flaky gray shale with granular
EYP8Ullsssesssssscnssscssnessscsssnnn? 60 980
Gray shale with sulphur and selenite. 10 990
Flaky gray shale with a little
pyrlte SeesOBeBIeRBBORRROILRIIBRRRSRT 1.0 13000
Flaky gray shale with selenite and
P}'riteocoo.conot.n..ocouooi-.n-.-:t 20 11020
Gray shale, abundant prisms and
SNPSUIE..-......-..o.-o--.-ao.----o- 10 1}030
Flaky medium gray shale, selenite,
f0881lSseacscnctovsscsassesssncaanne 50 11080
Medium gray shale, fossils, sulphur,
Priﬁmsoo----oououtn.oo-nunc-a.-tot' 20 13100
Flaky gray shale, prisms and fossils. 10 1,110

-



L0GS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = = Continued

Devils Iake Woll - = Continued

Formation Material

Thickness Depth

Gray shale with prisms, fossils,
PYTitCeicevssevecscscencssnssancennsa 30 1,1’4'0
Flaky gray shalCeseecscscscocscanss’ 20 1,160
Gray sholesscescoscscoscsssessosncsee 10 13170
Flaky gray shal@isessscsscscsscsnsna 50 1,220
I.ligb.t to dark-@'ay Bmlﬂ..-c.oootcla 10 1,230
FJ&IQ( gray Shﬂle, few fossilSeeasan 20 1,250
Gray 8halCeeesnsssssssscssssussscsss 10 1,260
Flaky gray 8halCesessescsccssscssces 10 1,270
Gray shale with priSIES..u.n..uu- 20 1,290
Flaky gray BhalCeasssarnsscnsccssnee 30 1,320
Dakota (sandstone)
er shale and coarse saNleecsessssas 10 1’330
TDarkegray shale, sulphur, selenite.. 10 1,340
Dark-gray shale and sand, pyrite€ecss 10 1,350
Gray sandy shale with gypsum and
Wlpmtn-co-.cunaooo---aa-o--..-- 20 1,370
Fuson (shale?)
Flaky gray shale with EZypsUlesecesse 30 1,400
Dark-gray shale, gypsum and sulphur,. 10 1,410
lakota (sandstone?)
Sand and shale with little gypsum
and pyriteessesccvcsvscascecansnse 10 1,""20
Sand and shale with BULPHCIeeeesesss 10 1,430
Coarse sand with mi‘te.....-..-.-.. BJ- l}su

=100 -



LOGS OF WELLS AND TEST HOLES IN MINNEWAUKAN AREA, N, DAK, = = Continued

Ieeds Well

(From Simpson, 1929, p.T73)

Material Thicknegs Depth
(feet) (feet)

mift....l.............-......l.....II.......... lm 100
Herd shale and streaks of 1imestonCececcesccccss 1,637 1,737
Sandrock streaks in shalC..ececcssecsssccssscree 25 1,792

Me..!ﬂil'...l’l.‘.."......'l..‘....l...ll'.' 30 1’

&nﬂ-stone, gow-iotll.l.l.lﬂl..ll.ll..‘l‘...t".. 10 11832
Shale.l..il-.ldﬂtﬂ....ll....‘.l.l’-....'...l..... 3 1,835
samstone.l-..I‘I..ll....ll......l.ll.l....‘..l.. 25 1,860

Soft gand and sh8lCecescsssssssssssssasesassancs 30 1’890
Strew Sarﬂstoneuun-u-u-...n.....-u..... 220 23110

Geologle interpretation of log by Simpson: is given below:

Pleistocene drift.csccccecssscsscesscsssncessses 100
Pierre, Niobrara, and Benton ehales

(U'pper CI'etaeeou.S)ocvt-ot-ooo.tluoacooos-o-oo- 1,637
Dakota gandstone (basal Upper Cretaceous)

and other bedSeesecscessesesscsssesssssensccse 373

2,110

- 101 -
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