UY NORTH DAKOTA PRODUCTS'

| = ¥ ' 5 WL
| /HYDROLOGIC CYCLE RN

GROUND WATER IN THE FAIRMOUNT AREA,

RICHLAND COUNTY, NORTH DAKOTA,
AND
ADJACENT AREAS IN MINNESOTA

By

Quentin F, Paulson
Geologist, Geological Survey
United States Department of the Interior

NORTH DAKOTA GROUND WATER STUDIES
NO. 22

Prepared by the United States Geological Survey in cooperation with
the North Dakota State Water Conservation Commission, and the
North Dakota Geological Survey

PUBL ISHED BY
NORTH DAKOTA STATE WATER CONSERVATION COMMISSION

1301 STATE CAPITOL, BISMARCK, NORTH DAKOTA

\ Originally published - 1953 Republ ished - 1962

i‘ RAIN CLOUDS ’B \ ° - - it

DT
O ot e CLOUD FORMAT ION 3)
N e e, X
WHILE  “FALLING
PRECIPITATION FROM
' & FROM  FROM KES

l l FROM SOIL STREAMS VEGETATION

te 52 5 vc:)c‘_’;_t : e
AN OLA 5
&c:_-c ‘j..PERc Tlo

C 2 < < <> I'l«'_:" {2

——=— —  GROUND WATER vYy e == H a8 ‘



GROUND WATER IN THE FAIRMOUNT AREA,
RICHLAND COUNTY, NORTH DAKOTA
AND
ADJACENT AREAS: IN MINNESDTA

By
Quentin F. Paulson
Geologist, Geological Survey
United States Department of the Interior

NORTH DAKOTA GROUND WATER STUDIES
No. 22

Prepared by the United States Geological Survey in'cooperation with
the North Dakota State Jater Conservation Commission, and the
Morth Dakota Geological Survey

Published By
NORTH DAKOTA STATE WATER CONSERVATION COMMISSION
1301 State Capitolj Bismarck, .North Dakota

Originally published - 1953 Republished - 1962



CONTENTS

Abstract..O..........’...........‘.I.'....‘...l."...’l.'...‘..‘.‘...

lntroduction’.......'....‘........I.I......l....'...Q.O..l...........

Scope and Purpose of the InvestigatioN.,cecececccossccnsssoscces
Previous Investigations and AcknowledgmentS..eecocecscscscansess
Location and General Features of the Area@..ccceecvecccscccsscccns
Present Water Supply and Future NeedS..,eeescocecsccsssccsvncsocs

Wel I ~nunbering SyStem.ssosssqssnstnnnssasiisionponsibrniddnseohin
Geology and Occunence of Ground Water...eeesecescscoscsccscscssnsvsosne
Principles of Occurrence of Ground Yater,.ceeceecescsssocscssenes
General Stratigraphic RelationshipS.ececescscscoccosacsscecossse
WiscoNSin Stag€eeceescesescsoscnsasosascsvesssscsscsscssssncs

Hankats: DFITE s sassirannsadsamssnaidibhiasiniiidnssinns

Lake Agassiz DepoSitSeeecscscacscevsvsvosssossane

Till and Associated Deposits of Sand and Gravel..

Pre~Wisconsin(?) Stag€..eecscscsssscecesscsossocososssasces

Dlder DriftessinstvansigsiissinssabsbnivehbRbidsdebsdinn

Laké DepoSitSssunnisssuinsdssosEves s usRsssavEues

Buried Outwast(?) DepoSitSeeeessceasesccsscacosas

Till and Associated Deposits of Sand and Gravel,.

Benton Shale..c.cecescsscscocsvosessrsscocscavscocsnens

Dakota {7} SanteonBuyasus sssunsssssanisssnsnsssspaazas

Pre-Cambrian Granite..ssceesnssocscoccccescavasvoncsnes

Quality of Water and Chemical ANalyS€S.cecccecsscscrossccsosansasanne
SUNEATLY BN CONGE IUE PONE «nw v n monwe e mwmmoe e e e ens e s wwns s s wes s s o s
Records of Wells and Test HoleS.eeseacssssescscccecccssscocscscscanes
Logs of Wells and Test HoleS.vevessavsesocnnscsccsscsssnessnssnascnse

References.l....'.....l....'..l'..00ll...O............I......'..‘....

o . w W

~J

]
"
"
1
16
16
16
17
21
22
23
28
30
34
36
40
54



Plate

Figure

ILLUSTRAT IONS

Following
Page

Map showing aquifers and locations of wells

and test holes in the Fairmount ared..cececcesee 10
Geologic sections in the Fairmount ared.....cs.. 10

Map of North Dakota showing physiographic

divisions and location of Fairmount ared..sssee. 3
Sketch illustrating well-numbering system...ce.. 6



GROUND WATER IN THE FAIRMOUNT AREA,
RICHLAND COUNTY, NORTH DAKOTA
AND
ADJACENT AREAS IN MINNESOTA

By
Quentin F. Paulson
ABSTRACT

The Fairmount area is near the southern end of the gently north-sloping
basin formerly occupied by glacial Lake Agassiz. Beach sediments deposited
during the Campbell lake phase and consisting of low ridges of stratified sand
and gravel, are present in the area. The area is rather poorly drained by the
northward-flowing Bois de Sioux River and its tributary, the Rabbit River.

The sedimentary rocks in the area range in thickness from about 150 feet
at the southern end to about 280 feet at the northern end. They overlie pre-
Cambrian granite and are divided into the following units from the surface down:
Mankato drift, which is subdivided into (a) Lake Agassiz deposfts and (b) till
and associated deposits of sand and gravel; older drift, subdivided into lake
deposits, buried outwash (?) deposits; and till and associated deposits of sand
and gravel; the Benton shale; and the Dakota (?) sandstone.

Important aquifers occur in the buried outwash (?) deposits associated
with the older drift, and in the Dakota (?) sandstone. Relatively small aquifers
of lesser importance occur in the Lake Agassiz deposits and in the more or less
local deposits of sand and gravel! occurring both in the lower part of Mankato
and in the older drift.

Water in the buried outwash (?) deposits is of satisfactory chemical
quality. Dissolved solids in four samples taken from that source ranged from
260 to 1,000 parts per million. Hardness ranged from 210 to 250 parts per millio

Water in the Dakota (?) sandstone locally is of better quality than
ordinarily occurs in other parts of North Daskota. Sodium, chloride, and sulfate

are the predominant mineral constituents. The water is considerably softer than



that in the buried outwash (7) deposits.
Water in a shallow aquifer associated with the Mankato drift about 3 miles

west of Fairmount is highly mineralized and excessively hard.

INTRODUCT I ON

Scope and Purpose of the Investigation

A study of the geology and ground-water resources of Richland County, N.
Dak., is being made by the United States Geological Survey in cooperation with
the North Dakota State Water Conservation Commission and the North DakotaGeologi
Survey as part of a series of investigations in the State. The purpose of these
studies is to determine the occurrence, movement, discharge, and recharge of the
ground waters, and the quantity and quality of such water available for all
purposes, including municipal ,domestic, irrigation, and industrial. At present,
the most critical need is for adequate and perennial w ater supplies for many
towns and small cities throughout the State. For this reason the countywide
studies are started in the vicinity of those towns requesting the help of the
State Water Conservation Commission and the State Geologist in locating suitable
ground-water supplies. Progress reports, such as this one, are released before
the completion of the general studies so that the data may be made available for
use in connection with existing probiems.

The Fairmount area, the subject of this report, comprises about 72 square
miles. The village of Fairmount is approximately in the center of the area.

The field work done in the area during the present investigation consisted of
a study of the surface geology, an inventory of the wells, test drilling, and
collection of water samples.

The investigation was made under the general supervision of A. N, Sayre,
Chief, and P, D, Akin, District Engineer, Ground Water Branch, Water Resources
Division, U. S. Geological Survey. The test drilling with a State-owned rig
and other field work were done under the direct supervision of the author during

the 1951 field season.
-2
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Previous Investigations and Acknowledgements

A general survey of the geology and ground-water resources of Richland
County was made by Simpson (129, p. 208-214, 296), and several well records
and chemical analyses of ground waters in the Fairmount area are given in his
report. Abbott and Voedisch (1938, p. 94-95) made a study of the municipal
ground-water supplies of most of the larger villages and cities in North Dakota
and included in their report a chemical analysis of water obtained from a public-
supply well in Fairmount.

A study of the surficial geology of the area was first made by Upham (1895)
as part of his study of glacial Lake Agassiz, and later by Leverett (1932). The
ground-water resources of that part of the area which lies in Minnesota were
investigated by Allison (1932) :during a general study of the water resources
of northwestern Minnesota.

The present investigation was greatly facilitated by the willing cooper-
ation given by the residents of the Fairmount area and particularly by the
assistance given by Elmer Naggetz, Ear] Schouweiler, and C,.E; Thompson and
other membersof the village council. Valuable information concerning logs, depths
and performances of many wells in the Fairmount area was readily supplied by A,
Vorwick and P. Vorwick, well drillers in the Fairmount area. The writer is grate-
ful also to the Thein Well Drilling Co. of Clara City, Minn. for kindly furnishs«
ing the log of a test hole drilled for the village of Fairmount in the fall of

1951,
Location and General Features of the Area

The fairmount area of this report comprises about 72 square miles, of
which about 50 square miles is in Richland County, in the extreme southeastern
part of North Dakota, and about 22 square miles is in Wilkin and Traverse
Counties, Minn. (see fig. 1). The area includes all of T. 130 N. and parts of
Tps. 129 and 131 N., R. 47 W.; and parts of Tps. 129, 130, and 131 N., R. 48 w.

The village of Féirmount, the only community in the area, is in the

central part, U. S. Highway 81 and State Highway 11 cross the area from north
-3-



to south and east to west, respectively, and intersect at Fairmount, State High-
way 11 becomes State Hlghway 55 east of the Bois de Sioux River, the State line.
The Chicago, Milwaukee, St. Paul, and Pacific Railway and the Minneapolis, St.
Paul, and Sault Ste., Marie Railway traverse the area similarly and also intersect
at Fairmount. The Great Northern Railway crosses the area laterally about half a
mile north of the Minneapolis, St. Paul, and Sault Ste, Marie line,

Fairmount (1950 pop. 705) serves as a shopping and trading center for the
people living in the surrounding farm area. Farming is =~ the chief occupation in
the area; wheat, flax, and corn are the major crops.

The average annual precipitation, based on a 59-year record by the U. S.
Weather Bureau at Wahpeton, 13 miles north of Fairmount, is 20.67.inches. The
average annual temperature, also based on the 59-year record at Wahpeton, is
L2.1°F,

The area is in the Western Young Drift section of the Central Lowlands
physiographic province(Fenneman, 1938, p. 559) and it is a part of the Red River
Valley area as described by Simpson (1929, p 4-7).

The Red River Valley is a broad, flat glacial-lake plain, With the
exception of the beaches and deltas of glacial Lake Agassiz, the plain is prac-
tically featureless.

The Fairmount area [s near the southern end of the lake plain., Beach ridgzs,
probably formed during the Campbell beach phase of Lake Agassiz, extend north-
westward across the western part of the area, and northeastward across the eastern
part. They converge southward to the lake's outlet, the northern end of which is
Jocated south of the Fairmount area, approximately at the latitude of the North
Dakota-South Dakota boundary.

The area isdrained rather poorly by the Bois de Sioux River and its
tributary, the Rabbit River. Although in recent years the channel of the Bois de
Sioux River has been dredged and straightened, aerial photographs clearly show

the former meandering course of the channel,
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Present Water Supply and Future Needs

At the present time, ground water is used by practically all residents
in the area for most purposes including municipal, industrial, and farm-domestic
and stock. Some residents near the Bois de Sioux or Rabbit River obtain water
from those streams for watering stock.

Data were obtained on most of the existing wells in the area and are
tabulated on pages 36 to 39. The locations of the wells are shown in plate 1.

Fairmount has a municipal water-distribution system, The system is
supplied by a single well located about three-quarters of a mile east of the
village. The water is transported to the village by means of a pipeline extending
from the well to an elevated reservoir tank, from which the water is distributed
to the various mains in thevillage.

The village supply weil (130-47-21dba2) is 113 feet deep’ and has a dia-
meter of 8 inches. The well is finished with 10 feet of screen at the bottom and
Is gravel packed, The well is reported to have yielded originally more than 100
gallons a minute, but in 1951 it was ylelding only about 30 gallons a minute, It
seems 1ikely that the decrease in yield is due to some fault of the well, possibly
incrustation of the screen, rather than to depletion of the local ground-water
supply. In the fall and winter of 1951 a new well, shown In plate 2 as the Thein
test hole (130-47-21dbal), was drilled a short distance east of the village supply
well, It Is reported that the well has been completed and is now being pumped in
service at a rate of about 100 gallons a minute.

Several unused publicly owned wells, ranging in depth from 120 to 135 feet,
are located west of the village supply well. These wells were formerly used as
village supply wells but were abandoned because of the danger of contamination
from a nearby sewer.

The Cudahy Meat Packing Co. in Fairmount has a well 231 feet deep
(130-47-20dbcl). Part of the company's water-supply requirement is supplied by

this well but the larger part is obtained from the village water-supply system.
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There are several other private wells in the village from which domestic water
supplies were obtained prior to the installation of the municipal water-supply
system., These wells are not being used at the present time.

Currently, about 50,000 gallons of water per day Is used by the village for
domestic and industrial purposes. It is estimated that requirements in the
foreseeable future may be about twice this amount, or about 100,000 gallons per
day.

Well-Numbering System

The well-numbering system in this report is based upon the location of
the well with respect to the land-survey divisions used in North Dakota and
western Minnesota. The first number is the township north of the base line
which extends laterally across the middle of Arkansas. The second number is
the range west of the 5th principal meridian. The third number is the section
within the designated township., The letter a, b, ¢, and d designate, respec-
tively, the northeast, northwest, southwest, and southeast quarter sections,
the quarter-quarter sections and, the quarter-quarter-quarter sections (10-acre
tracts). |If more than one well occurs within a 10-acre tract, consecutive
numbers are given to them as they are scheduled, This number follows the letters,
Thus well 129-47-8aaa (see USGS test 482, pl. 1) is in T. 129 N., R. 47 V.,
sec. 8, It is in the northeast quarter of the northeast quarter of the north-
east quarter of the section. Similarly, well 130-47-22cabl (see USGS test 471,
pl.1) is In T, 130 N., R. 47 W., sec. 22, It is In the northwest quarter of the
northeast quarter of the southwest quarter of the section and is the first of a
number of wells scheduled in that 10-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 2 I1lustrates how the number system is applied.

-6e
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The test holes drilled by the U. S. Geological Survey were given serial
numbers in the field. These serial numbers have been retained in the report

for purposes of reference and for ease of recognition by the local people.

GEOLOGY AND OCCURENCE OF GROUND WATER

Principles of Occurrence of Ground Water

The solid materials in the earth's crust may be hard like granite or
slate, soft like shale or clay, consolidated 1ike sandstone, or unconsolidated
like loose sand and gravel. In the Fairmount area the rocks that form the
earth's crust are of two kinds: the sedimentary rocks, which overlie the
granite, and the granite itself which is of igneous origin.

The sedimentary rocks of the area were formed by the deposition of small
fragments of rock materials followed by a minor amount of chemical action which
caused partial cementation or consol idation of some of the materials.Because
of the shapes and sizes of the individual rock particles, a considerable amount
of open space occurs in the sedimentary rocks. The rocks are, therefore, said
to be porous and the quantitative measure of the open space with respect to the
whole volume of the rock is called its porosity. The sedimentary rocks were
deposited on the eroded surface of the granite, which had been formed by
igneous action long before.

Below the water table, under natural conditions, the open or pore spaces
in the sedimentary rocks are filled with water, The porosity of a rock material
is, therefore, a measure of its capacity to store water when saturated.However,
the capacity of a rock to yield water to wells by gravity drainage may be much
less than would be indicated by its porosity because part or all of the water
may be held in the pore spaces by molecular attraction between the water and
the rock material. |[f the pore spaces are large, as in coarse gravel,practic-
ally all the water stored in thepore spaces may be removed by gravity drainage.

-7~



If the individual particles composing the rock are small, as in clay or shales,
the porosity of the rock mey be considerable but practically none of the stored
water can be removed by gravity drainage. The volume of water, expressed as a
percentage, that will drain by gravity from a unit volume of the saturated rock
material is called its specific yield.

Another characteristic of a rock material that is important, insofar as
water supply is concerned, is the difficulty or ease with which water may move
through the material. If the porespaces are relatively large, as in coarse
gravel or sand and gravel, the resistance to the movement of water through the
material is not great and the rock is said to be permeable. However, if the pore
spaces are small, as in clay or shale, the resistance to the movement of water
may become very great and therock is said to be impermeable or to have a low
permeability.

Any rock formation that will yield water towells in sufficient quantity

to be of importance as a source of supply is called an aquifer (Meinzer, 1923,
p. 52). The sedimentary rocks of the Fairmount area that are composed mainly of
sand, or sand and gravel, would constitute the most productive aquifers, whereas
those composed mainly of clay or shale might not yield sufficient quantities of
water to be called aquifers,

If water in an aquifer is not confined by impervious strata above, the
water is said to occur under water-table conditions. In this case, water may be
obtained from storage in the aquifer by causing a lavering of the water table,
as in the vicinity of a pumping well, which resul ts In gravity drainage of the
rock material.

If the water is confined in the aquifer by an overlying impermeable stratum,
however, so that the water in a well penetrating the aquifer rises above the top
of the aquifer under hydraulic pressure, the water is said to occur under artesian
conditions. It is not necessary that the well flow for it to be classed as arte-

sian under this definition. In this case, water is yielded as the water level in
-8-



in the well is lowered, but the aquifer remains saturated and the water is
yielded, at least temporarily, because of its own expansion and the compres-
sion of the aquifer due to lowered pressure, rather than by gravity drainage.
The water-yielding capacity is called the coefficient of storage and generally
is very much smaller than the specific yield of the same material when drained
by gravity.

In the Falrmount area, both artesian and water-table aquifers occur in the
sedimentary formations but the artesian aquifers are of much greater importance
because of their larger areal extent.

it is evident from the foregoing discussion that the sultability of an
aquifer to furnish a water supply for any given purpose will depend upon the
permeability of the materials composing the aquifer and upon its volume or
capacity to store water. In addition, there must be adequate recharge to the
aquifer if the water-supply development is to last indefinitely, for it is
apparent that even a small draft will eventually deplete the water In storage
unless there is adequate recharge. There have been instances In North Dakota,as
in other States, where aquifers composed of materials having rather high per-
meability but havingonly small areal extent and being completely surrounded by
impermeable material have been pumped nearly dry in a comparatively short period
of time, to the disappointment of those concerned., The rather high initial yielu
of the wells gave the erroneous impression that a great volume of water would
be available from the aquifer indefinitely.

Recharge to the various aquifers in the Fairmount area is discussed in the
sections dealing with the various formations.

The granite, which underlies the sedimentary rocks in the area, is not
porous in the same sense that the term is used in connection with the sedi-
mentary rocks., The upper part of the granite is weathered and there is secon-
dary porosity in this weathered zone. However, the products of weathering in

this area are mostly clay and of no great importance as an aquifer, There
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doubtless are fractures in the unweathered granite that would yield small
supplies of water. However, the probability of obtaining water supplies from
wells sufficient for even meager domestic and farm use appears to be too small
to warrant drilling very far into the granite. Also, only the upper part of

the granite is likely to contain openings that would yield water.

General Stratigraphic Relationships

information concerning the stratigraphy in the Fairmount area was obtained
in part from a study of the samples obtained from 16 test holes drilled in the
area. The test holes were drilled with the use of a hydraulic-rotary drilling
machine and ranged in depth from 159 to 280 feet. All the test holes were
drilled to granite, The locations of the test holes are shown in plate I and
their logs are given on pages 40 to 53. Geologic sections compiled from the
test holes and from several privately owned wells are shown in plate 2.

The following is the strategraphic section for the Fairmount area:

Cenozoic era

Quaternary system
Pleistocene series .
Wisconsin stage
Mankato drift
Lake Agassiz deposits
till and associated deposits of sand and gravel
Pre-Wisconsin (7) stage
older drift
lake deposits
buried outwash (?) deposits
til)l and associated deposits of sand and gravel

Mesozoic era
Cretaceous system
Upper Cretaceous series
Benton shale
Dakota (?) sandstone

Pre-Cambrian
Granite
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GEOLOGIC SECTIONS IN THE FAIRMOUNT AREA.

{LOCATION OF SECTIONS SHOWN ON PLATE I)




Wisconsin Stage

Mankato drift

Glacial drift, deposited during the Mankato substage of the glacial epoch,
forms the surficial deposits over the entire area. The .upper part of the drift
consists of lake deposits formed in glacial Lake Agassiz, which occupied the
Red River Valley during the last part of the Mankato substage, Till and assoc=~
jated deposits of sand and gravel underlie the Lake Agassiz deposits in the
area (formerly occupied by the lake) and crop out over broad areas adjacent to
the lake basin on the east and west.

The average thickness of the Mankota drift penetrated by 16 test holes
drilled in the Falrmount area is 72 feet. The maximum thickness penetrated is
97 feet and the minimum is 51 feet,

Lake Agassiz deposits:--Lake Agassiz deposits,consisting of sorted

and stratified deposits of clay, silt,sand and gravel, cover the Fairmount area.
In the test holes drilled under the supervision of the Geological Survey (USGS
test holes) they ranged in thickness from 3 to 18 feet, but they may be thicker
in some parts of the area where test drilling was not done. The coarser materiais
occur in shore or near-shore features such as beaches, spits, and bars and also,
in some places, at the bottom of the Lake Agassiz deposits. Clay and silt,
which constitute the major part of the deposits, form a thin cover over most
of the areas between the shore features. The maximum thickness of 18 feet was
penetrated by USGS test 472 (130-47-21daa).

With the exception of the materials penetrated in USGS test L72, the
Lake Agassiz deposits could not be divided readily into clay and silt units as
has been done in other parts of the lake basin where the deposits are much
thicker (Dennis, Akin, and Worts, 1949, p. 17-21; Paulson, 1951, p. 12-16).
In USGS test 472 the deposits consist of 12 feet of yellowish-brown silt under-
lain by 5 feet of bluish-gray clay which in turn is underlain by 1 foot of sand.

In all the other test holes the Lake Agassiz . deposits are principally silt or



sand of varying shades of tan, A small amount of gravel was found in some of the
test holes.

The Lake Agassiz deposits were laid down in a large proglacial lake which
Upham (1896, p. 5) named Lake Agassiz. The formation of the lake is believed
to have occurred during the last phases of the Wisconsin stage of Pleistocene
glaciation, The origin and history of glacial Lake Agassiz have been discussed
in detail in a considerable number of publications, of which the works of Upham
(1896) and Leverett (1932) are the most comprehensive. The origin and history
of the lake will be discussed here only insofar as they are pertinent to the
origin of the deposits present in the Fairmount area.

According to Leverett (1932, p. 121) Lake Agassiz had its beginning as a
small ice-marginal lake located near Milnor in southeastern North Dakota. The
lake, at this stage, formed a beach known as the Milnor beach, along its western
shoreline at an altitude about 25 feet higher than the Herman beach, which is
the highest beach extending more or less completely around the lake basin.
Because of recession of the ice front toward the north and downcutting of the
lake's outlet through the Minnesota River valley toward the south, the lake level
receded and a series of beaches were left at successively lower levels along
the former shorelines.

There is considerable evidence that when the lake receded to the level markc
by the lowest Campbell beaches, the southern outlet ceased to function and drain~
age was accomplished through some other outlet, probably extending northeast
through Minnesota, Whether the lake was completely drained at that time is not
definitely known, but the presence of soil zones, peat, tree trunks, and other
remnants of vegetation in various parts of the lake basin between lake clays at
a considerable depth below the present land surface seems to indicate that com-
plete drainage did occur. It is believed that a southward readvance of the ice
caused the formation of a second stage of the lake which rose only to the level

of the lower Campbell shoreline and, as it receded, left a series of successive-
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ly lower beaches,

The Fairmount area is near the southern end of the Lake Agassiz basin and
the beach ridges in the area converge rather sharply toward the south(see plate
1) in the direction of the former outlet. During the present investigation the
beaches in the Fairmount area were mapped with the aid of aerial photographs,
which made the beach locationsas shown on plate | more accurate than those
shown by the maps of Upham (1896, pl. XXIV) and Leverett (1932, fig. 18).

Leverett assigned all the beach ridges that he mapped in the Fairmount area
to the Campbell beaches. Upham, on the other hand, has shown several beaches
occurring within the Campbell beaches which he assigned to the McCauleyville
stages. Evidence of the inner beaches was not found during the present investi-
gation and the writer shares Leverett's opinion (1932, p. 139) that the
McCauleyville beaches do not extend into the area and that, consequently, Lake
Agassiz had no connection with the southern outlet during the McCauleyville
stage,

The beaches shown in plate 1, therefore, are assumed to belong to the
Campbell beaches,

Because the Lake Agassiz deposits are reldively thin over most of the area,
they do not form an aquifer of importance. Only two wells that were scheduled
in the area (129-48-12bcc and 130-48-13cbd) appear to be shallow enough to
derive their principal supply from these deposits. Even those two wells may
tap aquifers associated with the till rather than aquifers in the lake deposits.
Some of the other wells in the area that are 50 feet or less in depth may obtain
part of their water from an aquifer in the lake deposits but, on the whole, it
appears more likely that the aquifers are associated with the underlying till.

Because the deposits are exposed at the surface over the area, any aquifers
found in them would be well situated to receive seasonal recharge from local
rain and melting snow., However, in a series of dry years, any shallow aquifer

is likely to dry up entirely. In any event, any aquifer found in the lake
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deposits probably would not be suitable for meeting water requirements in ex-
cess of minor farm and domestic needs.

Till and associated deposits of sand and gravel :~-The Mankato drift is

composed (for the most part) of till and associated deposits of sand and gravel.
The till is light gray in the unweathered part and yellowish brown in the
weathered upper 5 to 10 feet. It consists of varying proportions of rock frag-
ments ranging in size from clay to boulders. and is rather highly calcareous.
Clay and silt usually are the predominant constituents and form the matrix
throughout which sand, gravel, and boulders are scattered. The whole mass has a
conspicuous lack of sorting. Fragments of calcitic and dolomitic limestone and
of metamorphic and igneous rocks are common., The till Is relatively impermeablc
and does not yield water to wells in any practical amount.

Associated with the till are deposits of more or less sorted and strati-
fied sand and gravel, Except for the lack of shale detritus, these deposits
are composed of the same rock materials that occur in the till,

Where the deposits of sand and gravel occur within the zone of ground-
water saturation they generally form good aquifers., The value of one of these
aquifers to the ground=water economy of the area depends largely on its areal
extent, the thickness of its saturated part, its porosity and permeability,
and its accessibility to recharge.

Twenty-eight feet of water-bearing sand was penetrated in USGS test 477
(130-48-24cbb) from 48 to 76 feet below the land surface. The sand is loose,
medium to coarse textured, and comparatively well sorted, At the present time,
the aquifer is being utilized by several farms in the area north of USGS test
477 ( see pl. 1). In order to evaluate the productivity and areal extent of
the aquifer, a test well should be constructed and pumped, and additional
exploratory test holes should be drilled,

A water sample was obtained from USGS test 477 and was analyzed for

chemical content, the results of which are given on page 53 . The sample
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contained 2,660 parts per million of dissolved solids and the hardness was
1,440 parts per million.

In USGS test 483 (130-47-17daa), drilled a mile north of Fairmount along-
side U. S. Highway 81, 31 feet of very coarse sand and fine to medium gravel
were penetrated from 28 to 59 feet below the land surface, Little is known
concerning the areal extent of these deposits but they probably are confined
to a rather local area. It is doubtful that they would be connected with the
deposits penetrated in USGS test 477.

Only about a dozen wells in the area tap aquifers in the Mankato drift,
and most, if not all, of these are in sand and gravel deposits within the till,
That most of the wells in the area tap aquifers below the Mankato drift is fair
evidence that the Mankato drift does not contain aquifers of any great importance.
The aquifers tapped probably are discontinuous and of relatively small areal
extent,

Where the sand and gravel deposits occur in sufficient numbers and com-
plexity, they may be Interconnected to such a degree as to make the entire
formation a weak aquifer; this may be especially true where a rather thick and
long deposit of sand and gravel occurs in such a way that smaller deposits are
intercepted along its edges.

Recharge to the aquifers is principally through downward percolation of
precipitation on the land surface in the immedlate vicinity of the aquifers
and, perhaps; . from the water that may move laterally through the till from
adjacent areas, The amount of water that may be received by the Individual
aquifers is dependent largely upon surface conditions (poor surface drainage,
so that water would have ample opportunity to percolate downward), and upen the
permeability of the overlying and surrounding till. It is impossible to deter-
mine just how much recharge can reach a given aquifer without records of water
level fluctuations over a considerable length of time. However, the opportunity

for receiving recharge is greater for the larger aquifers and for those nearer
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the land surface. Some of the aquifers in the area doubtless are nearly or com-
pletely surrounded by relatively impermeable materials so that they can receive
recharge only at a very low rate.

Pre-Wisconsin (?) Stage
Older drift

Older drift, consisting of lake clay, possible buried outwash deposits, and
till and associated deposits of sand and gravel, underlie the Mankato drift in
most of the Fairmount area. At least one of these units was penetrated by each
of the USGS test holes drilled in the area, The total thickness of the older
drift penetrated in the USGS test holes ranges from 57 to 176 feet. The average
thickness is 116 feet, which is more than 1% times the average thickness of the
Mankato drift,

The age of the older drift is not definitely known. The clay and silt in
the outwash deposits, and in some places the upper 5 to 10 feet of the till, is
tan or yellowish brown, indicating a period of weathering prior to late Wisconsin
glaciation.

The older drift is probably correlative to the ''old gray' drift which
Allison states underlies the ''young gray'' or Mankato drift over most of north-
western Minnesota (1932, p. 8). The 'old gray' drift is believed to be of
Kansan age (Allison, 1932, p. 8), but the possibility that it may include
Wisconsin drift, younger than Mankato, is recognized.

Lake deposits:-- Relatively uniform deposits of clay and silt, thought to be

lake sediments formed in a glacial lake ancestral to Lake Agassiz, occur at or
near the top of the older drift over much of the area. These older lake deposits
consist of dark-gray calcareous clay and silt which is moderately well indurated
and contains only minor amounts of sand or gravel. As shown in plate 2, the
thickest lake deposits occur in the northern part of the area. In USGS test

48L (130-47-8caa) and 485(130-47-6dda), 72 and 63 feet ofuthé’older lake deposits
were penetrated, respectively.

.



There is conclusive evidence of multiple glaciation in the Red River Valley,
and it seems likely that this older glacial lake had much the same history as
did Lake Agassiz. That is to say, glacial melt water and northward-flowing drain-
age probably were ponded in the RedRiver Valley along the southern margins of an
ice sheet that existed prior to the Mankato ice sheet, That the lake may have had
a considerable areal extent is indicated by the presence of possible correlative
lake clays in the Fargo area (Dennis, Akin, and Worts, 1949, p. 26-25) about 60
miles north of Fairmount, and the probable existence of such deposits in the
Wyndmere area (Dennis, Akin, and Jones, 1949, p. 25),more than 20 miles west-
northwest of Fairmount.

The older lake deposits, for practical consideration, are very nearly im=-
permeable and no wells in the area are know: to obtain water from them.

Buried outwash(7) deposits:-- Deposits of sand and gravel, thought to be

buried glacial outwash, occur in the upper part of the older drift over most of
the area south and east of Fairmount. The probable extent of these deposits in
the Fairmount area is shown in plate 1 as the "area in which most wells are be-
tween 80 and 110 feet deep and end in buried outwash(?) deposits.' The deposits
were penetrated in most of the test holes drilled south and east of Fairmount at
depths usually ranging from 80 to 100 feet. The known thickness of the deposits
ranges from 9 to 18 feet and averages 14 feet.

The buried outwash :(?) deposits consist mostly of fine clayey sand in the
upper part and fine to medium gravel in the lower part. The coarser and probably
more permeable deposits were penetrated in the test holes drilled south of
Fairmount.

That these deposits are glacial outwash is suggested by their associaticn
with glacial till, their widespread areal extent, and their fairly uniform thick-
ness. However, the presence of oxidized clay and silt, numerous shell fragments,
and carbonaceous material in the upper part of the deposits in some places suggest

interglacial modification of that part of the deposits, at least. There is, of
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course, a distinct possibility that all the buried outwash(?) deposits were
actually formed during an interglacial period. This view is somewhat supported
by the presence of oxidized till beneath the deposits in several places, indi-
cating a period of weathering prior to their deposition. At present little sub-
surface information is available for adjacent areas that would throw much light
on the matter.

The buried outwash(?) deposits are water bearing and constitute an important
aquifer in the area. Many farm supplies and the Fairmount municipal supply are
obtained from these deposits. The aquifer was not penetrated by any of the test
holes drilled west of Fairmount, and it is believed that the western edge of the
area in which most wells are between 80 and 110 feet deep, as shown in plate 1,
roughly approximates the western edge of the aquifer, The aquifer may extend
farther north than the area outlined on the basis of well depths, however,
inasmuch as it may have been penetrated by the wells in that part of the area
but was not utilized because of the desire for softer water available from the
Dakota(?) sandstone at greater depths. At any rate, the aquifer doubtless
extends east and south of the Fairmount area, possibly the greater part of it
lying in Minnesota. Upham (1896, p. 550-555) and Allison (1932, p. 226-227, 238-
239) listed a considerable number of flowing wells having comparable depths in
nearby areas in Wilkin and Traverse counties, Minn. The chemical quality of the
waters from the wells listed by Allison is similar to that of the water in the
buried outwash(?) deposits in the Fairmount area.

The water in the buried outwash(?) deposits occurs under artesian conditions,
so that, although the deposits lie 80 to 110 feet below the land surface, the
water rises in wells to within only a few feet of the land surface, or in low spot:
flows at the land surface. Artesian conditions are made possible by (1) confine~
ment of the water-bearing beds in the buried outwash(?) deposits between overlying
deposits of relatively impervious till of the Mankato drift and underlying deposit:

of older till and lake clay, also relatively impervious, and (2) recharge of the
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deposits in an area of higher elevation to the east or northeast,

The aquifer appears to rise in elevation toward the east or northeast. The
section of the aquifer drilled east of Fairmount rises toward the east at the
rate of about 10 feet per mile. The aquifer apparently 'pinches out" toward
the west in the Fairmount area indicating an''artesian slope'' type of structure
as defined by Simpson (1929, p. 50).

Because the buried outwash(?) deposits are overlain by the relatively
impermeable Mankato drift in the Fairmount area and because a large proportion
of the wells flow, it is reasonably certain that the deposits receive no recharge
from sources within the Fairmount area. Probably the principal recharge area
occurs in the higher morainic area adjacent to the Lake Agassiz basin in Minnesotea
east of the Fairmount area. In the morainic area, water from rain and melted
snow collects in the numerous kettles and 'potholes' that have no surface
drainage. The part of this water that escapes evaporation and transpiration
by plants seeps into the ground and then moves laterally very slowly to lower
elevations. The buried outwash(?) deposits themselves may not extend into the
moraihic areas but they may connect with some of the sand and gravel deposits
associated with the overlying and possibly the underlying till adjacent to them
on the east, so that pressures from the higher morainic area could be readily
transmitted  to the lake-basin area without the actual movement of a great deal
of water,

Some recharge may be derived from higher areas within the lake basin itself
where the till is exposed at the surface and may be somewhat more sandy, and,
therefore, more permeable, than it is in general. Allison (1932, p. 235-236)
reports that ''an extensive area of lake-washed sandy till occurs west and eouthwes:
of Lawndale and Rothsay' in Wilkin County, Minn.. The central part of this area
of lake-washed till is about 25 miles northeast of Fairmount and the southern
tip of 'the area is about 15 miles from Fairmount,
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Present data are inadequate either to determine the amount of re-
charge that reaches the buried outwash (7) deposits or to determine quantita-
tively the permeability of the deposits at any locality or in general, Because
the deposits cover a relatively large area and contain a considerable amount of
water in storage, they constitute the most important aquifer in the area in
which they occur,

The village ofFairmount is the largest single user of water from the
buried outwash(?) deposits. Since 1947 a municipal supply well (130-47-21dba2)
has yielded about 30 gallons a minute, However, during the fall and winter of
1951 a newvell (130-47-21dbal) was drilled, and it is reported that this well
is yielding about 100 gallons a minute at present. The well is said to have
a maximum capacity of 200 gallons a minute, but it is not known how much draw=- .
down occurs in the well at that rate.

Results of the test drilling indicate that the buried outwash(?) de-
posits underlying the area south of Falrmount probably are more permeable than
that part of the deposits east of the village from which water is now obtained.
USGS test 480 (130-L7-32aaa), 481 (129-L7-5aaa), and 4B2 (129- 47-8aaa), drilled
1, 2, and 3 miles south of Fairmount, respectively, penetrated thin but
apparently extensive and interconnected deposits of gravel at depths ranging
from 85 to 93 feet. These deposits occur at the bottom of the buried outwash(?)
deposits and appear to have good permeability. It seems probable that, if
additional ground-water supplies for the village of Fairmount will be necessary,
this area warrants careful consideration.

The quality of the water occurring in the buried outwash (7) deposits
generally is better than that of any other known source in the Fairmount area,
Chemical analyses of the water from four wells ending in the buried outwash (?)
deposits are shown on page 33 ., The water generallycontains less dissolved
solids (260 to 1,000 ppm in the four samples) than water from the Dakota (?)
sandstone {1,200 to 3,380 in three samples) but is considerably harder, All
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the samples contained excessive amounts of iron.

Till and associated deposits of sand and gravel:--The till of the

older drift bears considerable resemblance to that of the Mankato drift
and in some of the test holes where the buried outwash(?) deposits were
absent difficulty was experienced in placing the contact between the two
drifts. The older drift usually can be distinguished from the Mankato by
its greater induration and usually darker shades of gray. Like the till of
the Mankato drift it is calcareous and contains a large proportion of 1ime-
stone detritus,

It seems likely that the darker color of the older till and lake
clay is due to the presence of considerable amounts of detritus derived
from the underlying Benton shale, which is usually dark gray to nearly
black. However, i n some parts of the area (see logs USGS test L73 and L77)
the till of the older drift is light gray and contai ns large amounts of
rounded quartzose sand grains derived from the Dakota (?) sandstone in
places where the Benton shale had been stripped off,

Ordinarily the till is not water bearing but in places where it is
composed largely of reworked Dakota (?) sandstone it may be a weak aquifer
or may form a hydrologic connection between aquifers in the Dakota (?) sand-
stone and deposits of sand or gravel associated with the till.

As in the Mankato drift, deposits of sand and gravel occur within
the older drift, In USGS test 477 (130-48-2Lcbb), 52 feet of fine clayey
sand was penetrated from 140 to 192 feet below the land surfece. These de-
posits apparently form an aquifer of local areal extent near the base of the
drift. As indicated by the well inventory, this aquifer furnishes water for
a faw farm wells in the area. The probable extent of the aquifer is shown
on plate | by the symbol for the 'area in which most wells end in glacial
drift at varying depths less than 200 feet.'' Another local aquifer in sand
and gravel deposits in the older drift occurs in the southeastern part of
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the area and furnishes water to four farm wells in that area. The probable
extent of the aquifer is shown by the same symbol as that used for the first
mentioned aquifer. A few other thin beds of sand occurring in the older
till were found in the test holes, However, because of their local areal
extent, none of these is likely to be of importance as a source of water
supply for other than the small demands for domestic and farm uses. The
aquifers probably cannot receive any large amount of recharge because of
the relatively impermeable materials surrounding them. However, some of
the aquifers may be hydrologically connected with the extensive Dakota (7)
sandstone and thus may receive recharge from that source. Such aquifers
probably would produce dependable supplies for larger farm requirements or
for small industrial or municipal supplies.

The water in deeper aquifers associated with the older drift probably
is similar to that of the Dakota (?) sandstone, although less mineralized,

Sodium, chloride, and sulfate presumably are the principal constituents.

Benton Shale

Cretaceous shale underlies the older drift throughout most of the
Fairmount area with the exception of the southeastern part. Because of
its lithology and position directly overlying the Dakota (7) sandstone,
the shale is believed to be part of the Benton shale of Late Cretaceous Age.

Where penetrated by test drilling the Benton shale ranges in thick-
ness from a few feet to a maximum of 7k feet in USGS test 485 (130-L47-6dda),
the northermost test hole drilled in the area. |t consists largely of
plastic clay ranging in color from light gray in the upper part to dark gray
or nearly black in the lower part. Pyrite is common in the form of crystals
and as replacement of fossils.

A core of the shale containing fish bones, scales, and a small fauna
of Foraminifera was obtained from USGS test 485, Shark teeth and tooth



fragments were fairly common in the drill cuttings. Some of the fossils
were identified by paleontologists of the U, S. National Museum and the
U. S. Geological Survey.

Fish scales were identified as 'probably pertaining to either Halopteryx(?)

insculptus Cope, from thefupper.Cretacedus}of New Jersey,or Pelpcorapis berycinus

Cope, from the Benton of Kansas' (Ruth Todd, personal communication, Feb.
1952).

The shark teeth were identified as belonging to fsurus appendicul atus

(Agassiz), a shark ranging from the Upper Cretaceous to the Miocene. This
species had been previously recognized in the Cretaceous of Minnesota (David
Dunkle, personal communication, Feb, 1952).

The following genera of Foraminifera were identified: Pelosina (7),

Haplophragmoides, Ammobaculities, Gaudrynia (?), Lenticulina (5), Gumbelitria(?)

and éﬁmbeling.

Concerning the environment of deposition of the Foraminifera, M. Ruth Todd,
(personal communication, Feb. 1952) U. S. Geological Survey, made the following
statements:

"The extremely small size of the forms and the lack of many of the normal
constituents of Cretaceous faunas suggest that this fauna was deposited under
abnormal conditions, probably brackish, shallow, and without access to oceanic
water, and probably cooler than conditions under which Cretaceous faunas lived »
in the southern part of the continent.'

Because of its extremely low permeability, the Benton shale probably

would not yield enough water to be considered an aquifer in the Fairmount area.

Dakota(?) Sandstone
Except in the southeastern part of the Fairmount area the lowest sedimen-
tary materials are thin but persistent deposits of sand or gravel at depths

ranging from 200 to 280 feet below the land surface, lying below the Benton
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shale where It is present, or below the older glacial drift. These deposits
11e directly on the weathered surface of the preCambrian granite and are be-
lieved to be an eastward extension of the Dakota sandstone, the famous artesian
aquifer described in areas farther west in North Dakota (Wenzel and Sand, 1942).

It is possible that the deposits assigned to the Dakota (?) sandstone in
this report are not true Dakota of Late Cretaceous age but rather, may be cor-
relative with the Fall River sandstone which occurs in the Black Hills region
and is of Early Cretaﬁeous age (Rubey, 1931, p. 4-5). At present there is
little conclusive evidence regarding the age of the deposits with the exception
that they probably are Cretaceous. Consequently, the term Dakota (7) sandstone
is retained, although questionably, for use in this report.

The thickness of the Dakota (?) sandstone, where penetrated by test drill-
ing, ranges from only a few feet in some parts of the area to a maximum of 49
feet in USGS test L84 (130-47-8caa). A thickness of about 15 feet is most
common. As shown in the geologic sections (pl.2) the deposits, like the Benton
shale, become thicker toward the north,

The Dakota(?) sandstone consists largely of very fine to fine sand but in
places contains beds of gray clay or shale. in some of the test holes a thin
basal layer of very coarse sand and gravel was penetrated. In USGS tests 48k
and 485 several feet of lignite or other carbonaceous material was penetrated
at the base of the Dakota (?) sandstone.

Most of the sand grains are quartz and are well rounded, except for the
larger grains which are angular. Muscovite and pyrite are common in the sand.
The samples obtained from the uncased rotary test holes drilled under the
supervision of the U. S, Geological Survey contained large amounts of clay.
However, well drillers in the area, using cable-tool drilling methods and cased
holes, generally describe it as consisting of unconsolidated deposits of clean
white sand.
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The depsoits are not present everywhere in the area because of local
protuberances in the underlying granite which form "islands' in the deposits
of Cretaceous age. Generally, the granite is higher in the southeastern part
than elsewhere. A'high' in the granite was reached by test holes and wells
drilled one-half to three-quarters of a mile east of Fairmount (see pl. 2).
The high areas in the granite probably never were covered by Cretaceous sedi-
ments but, rather, were source areas for thosesediments.

The Dakota (7?) sandstone is the most extensive aquifer in the area. As
shown in plate 1, considerably more than half the wells in the area end in
this formation. The wells range in depth from 200 to 280 feet, the deepest
wells being in the northern part of the area. All are drilled or jetted and
are 1¥ to 5 inches in diameter. Because of the fineness of the water-bearing
sands, most of the wells are equipped with screens.

Although artesian conditions prevail in the Dakota (?) sandstone, flowing
wells are not obtained, According to reports, flows never were obtained in
the Dakota(?) sandstone in the Fairmount area, even during the early years of
development, ‘Yater levels were measured in a few of the wells in the area
during the course of the investigation and these, along with most reported
water levels, ranged between 15 and 30 feet below the land surface. Probably
flows are not obtained from the Dakota (?) sandstone in the Fairmount area
because of natural discharge of water from the aquifer at lower elevations
in the Red River Valley to the north and in the Minnesota River valley to the
south with consequent pressure-lowering effects In adjacent areas.

Little quantitative information is available at present concerning the
permeability of the water-bearing sands in the Dakota(?) sandstone, or the
yields that may be expected from them. Probably the largest single user of
water from this source in the Fairmount area is the Cudahy Packing Co. About
20 gallons a minute is withdrawn from a well 231 féet deep. It is not known

how much sand was penetrated in the well.However,in USGS test 474 (130-47-20dbb),



which was drilled sbout a quarter of a mile north of the Cudahy well, 5 feet of .
very coarse sand was penetrated from 229 to 234 feet below the land surface.

In 1950, at a time when the Cudahy well was temporarily out of commission
owing to mechanical breakdown of the pump, it is reported that the water level
in the well rose from 112 feet to 90 feet below the land surface during a
period of 3 weeks. WUater levels in most wells ending in the Dakota (7?) sand-
stone generally are less than 30 feet below land surface. The fact that the
water in the Cudahy well recovered only to a depth of 90 feet after a period
of 3 weeks suggests that the transmisibility of the aquifer in that area is
quite low and that the head has been drawn down over a sizable area by the
pumping from that well,

The Dakota sandstone or its equivalent underlies most of the Great Plains
and the Dakota sandstone itself is exposed in relatively narrow bands along the
flanks of the Rocky Mountains and the Black Hills. It is in these areas of
exposure, which are at an altitude several thousand feet higher than the
Great Plains, that most of the recharge occurs. Widely scattered outcrops of
sand, sandstone, and gravel assigned to the Dakota sandstone have been noted
in southern Minnesota (Thiel,. 194k, p., 76-77) but, because of their restricted
areas and low altitudes, they are more likely to be areas where natural dis-
charge occurs rather than areas in which significant recharge occurs.

Water, derived from precipitation and by seepage from streams filowing over
outcrops, enters the more permeable zones of the formation, Percolating slowly
downward, and laterally, through the interstices between the sand grains, and
through crevices the water may eventually travel hundreds of miles through the
formatlonbefore it is intercepted by wells or discharges naturally,

Because of the difference in altitude between the relatively high areas
of recharge and the altitude of the Dakota sandstone as it occurs in North
Dakota, the water in the sandstone is under hydrostatic pressure which in the

early years of development was very great, Pressures great enough to raise
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the water more than 100 feet above the land surface were not uncommon in the
Ellendale-Jamestown area (Wenzel and Sand, 1942, p. 31).

In the Fairmount area no reports were obtained of original high pressures
in wells in the Dakota (?) sand stone. However, because of extensive preglacial
erosion of the Cretaceous formations in the Fairmount area, much of the protec-
tive shale cover may have been removed from the Dakota(?)sandstone in places,
thus permitting large-scale leakage and loss of pressure to overlying beds.This
is strongly suggested by the similarity in chemical quality of the water in the
Dakota(?) sandstone and that in the deeper drift aquifers.

As would be expected, because of the great distance the water in the
Dakota sandstone has moved from the recharge areas, and because of the long
period of time necessary for the movement, comparatively large amounts of dis-
solved mineral matter are present in the water, Chemical analyses of the
water taken from three wells ending in the Dakota (?) sandstone in the Fair=
mount area are given on page 33 . Although all three analyses show rela-
tively high mineralization, waters from two of the wells (129-47-20dbc] and
130-48-1ddc) are less mineralized than is generally common in waters obtained
from the Dakota sandstone. Aéain, this condition may be due to lack of suf-
ficient confinement of the aquifer, so as to permit intermixing with waters
from the glacial drift. Such intermixing would most likely result in the dilu-
tion of the water from the Dakota(?) sandstone.

The remaining water, obtained from well 131-48-36ccb, is very highly
mineralized (3,380 ppm) and seems to be typical of the average water from
the Dakota sandstone (Simpson, 129, p. 41), although somewhat softer.

All three analyses show large amounts of sodium, chloride, and sulfate.
The water from well 131-48-36cbb was perceptibly salty to the taste. The waters
contained relatively small amounts of calcium and magnesium and are the softest
of any of the ground waters in the area, For this reason they should be satis-

factory for laundry use. However, the low content of calcium and magnesium,
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which means & high percentage of sodium, indicates that the water would not be
well suited for irrigation.

As is typical with most water from the Dakota sandstone, the samples con-
tained significant amounts of fluoride. Excessive fluoride may cause mottling
of the enamel of the teeth of children: the limit recommended by t he Public

Health Service is 1.5 parts per million.

Pre-Cambrian Granite

The pre~Cambrian granite was reached in all the test holes drilled in the
area, at depths ranging from 150 to 270 feet. As shown in plate 2, the highest
occurrence of granite in the area ( probably the highest known occurrence in
North Dakota) was reached by USGS test hole 482 (129-47-8aaa) at a depth of 159
feet below the land surface, near the southern edge of the area. From this
location the surface of the granite slopes gently northward or nothwestward,
the slope becoming more pronounced in the northern part of the area.

The surface of the granite as shown in section B-B' of plate 2, from west
to east, exhibits more local relief than that shown in the north-south section
(A-A'). Whether this may indicate the presence of northward-trending ridges
in the granite cannot be proved because of lack of subsurface data, A ridge, or
some other form of topographic 'high', was reached by test holes and wells
drilled a short distance east of Fairmount,

In most places where the granite is overlain by deposits of Cretaceous age,
its uppermost part consists largely of decomposition products of granite-forming
minerals, This decomposition of the granite occurred during the great period
of time preceding Cretaceous sedimentation when the granite was exposed to
weathering. The thickness of the decomposition zone in the granite probably
varies considerably because of the original variation in depth of weathering
and because of glacial erosion which in some places caused the removal of all
the decomposed zone, IN USGS tests 472 (130-47-21daa) and 473 (130-L47-21cbb)
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12 feet and 19 feet, respectively, of decomposed granite was penetrated, It
is believed that the decomposed zone was completely penetrated in each of these
test holes, inasmuch as the drill reached very hard rock. However, no samples
of the hard, unaltered rock were obtained. In places in the southern part of
the area, where the Cretaceous rocks are not present, there is no decomposed
zone at the top of the granite.

A sample from a core obtained in USGS test 475 (130-47-20cbb) between 220
and 230 feet was examined by means of an electron microscope by members of the
U. . Geological Survey. It was determined that the sample consisted mainly
of kaolin-group clay minerals and traces of quartz and feldspar. Corcerning
the identification of the clay mineral or minerals, it was reported: ''Sharp-
ness of lines suggests nacrite, dickite, or kaolinite. Electron-microscope
pictures taken by E. J. Dwornik show that the clay is composed principally of
both large and small flakes of irregular shape, but a few seem to have crude

hexagonal outlines suggestive of kaolinite. A few poorly defined tubular
crystals of halloysite are present. Hence it is concluded that the clay is
principally kaolinite and a small amount of halloysite.! (F. A. Hildebrand,
personal communication, Sept., 1952),

In some places the top of the decomposed zone is marked by a layer of red
or brown clay but more often the clay is white, grading downward into light
green, The decomposed granite grades transitionally into the fresh, unaltered
granite, which extends downward to unknown depths.

Neither the decomposed nor the unaltered granite is known to be water
bearing in the Fairmount area, It is possible that in places the hard, un-
altered granite contains joints or other openings in which ground water may
collect, However, it is doubtful that water supplies of any importances

could be developed from the granite.
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QUALITY OF WATER AND CHEMICAL ANALYSES

In order that the reader may more easily understand the significance of
the chemical analyses, the following partial list of chemical standards pro-
mulgated by the U. S, Public Health Service for drinking water used on inter-

state carriets is given:

Chemical Maximum concentration

constituent permitted (parts per million)

Dissolved solids 500 (1,000 permitted if
necessary)

Chioride (C1) 250

Sulfate (S0y) 250

Magnesium (Mg) 125

Fluoride (F) 1.5

lron (Fe) and manganese (Mn)
together 0.3

The presence of excessive amounts of nitrate in ground water may indicate
organic contamination. Also, water containing more than about L5 parts per
million nitrate as NO3 (Comly, 145, Silverman, 1949) may be injurious to
infants,

The analyses of samples taken from eight wells in the Fairmount are are
given on page 33 , Four of the samples were obtained from wells ending in
the buried cutwash (7) deposits, three from wells ending in the Dakota (?)
sandstone, and one from an uncased test hole ending in a shallow acquifer in
the Mankato drift.

The water in the buried outwash (?) deposits probably has the best quatity
of the various ground waters in the area. The four samples (129-47-5cbb,
129-47-5ddd, 130-47-21dba2, and 130-47-26-aba) contained 670, 1,000, 550, and
260 parts per million of dissolved solids respectively. Total hardness of
the four samples was 250, 210, 250 and 250 parts per million. Only minute
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quantities of sulfate were found in the samples, with the exception of 129-47-
5chbb which contained 66 parts per million of sulfate. On the other hand, the
samples contained rather large amounts of bicardonate,a relationship which has
been noted in the literature on ground waters associated with hydrocarbons
(Stabler, 1931, p. 51-53; Renick, 192&, p. 681-683).

It has been postulated that hydrocarbons or substances containing hydro-
carbons such as methane, lignite and carbonaceous clay or sand, may react with
the sulfate ions present in the ground water to form carbonate, bicarbonate,
and hydrogen sulfide, Carbonaceous clay and sand were found in some of the
samples of the buried outwash (?) deposits and their presence in the deposits
would at least lend support to the theory.

Also, certain types of bacteria are believed to be responsible for the
reduction of sulfate and precipitation of sulfide (most commonly in the form
of pyrite). However, no evidence of sulfide minerals was found in the samples
obtained from the buried outwash (?) deposits.

It has been suggested that, assuming that the buried outwash (7) deposits
are of interglacial origin, or at least were weathered during an integlacial
period, the sulfate-bearing materials may have been leached out when the
deposits were exposed. However, this supposition in order to account for
the low sulfate content of the water occurring in the buried outwash (?)
deposits, necessarily implies that recharge water now reaching the aquifer
must - also contain very small amounts of sulfate, The recharge water presum-
ably is derived from the morainic areas east of the glacial Lake Agassiz basin
and probably must pass through deposits that are likely to contain significant
amounts of sulfate before entering the buried outwash (?) deposits. If so,
the sulfate-reducing process, whatever it is, must be continuing.

The water from the Dakota (?) sandstone, in all three of the samples
analyzed, was more highly mineralized than is desirable for most domestic uses.
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Samples 129-47-20dbcl, 130-48-1ddc, and 131-48-36-ccb contained 1,570, 1,200
and 3,380 parts per million of dissolved solids, respectively, The samples
contained excessive amounts of sodium, chloride, and sulfate. Fluoride was
present in all the samples, although not in excessive amounts. The water is
considerably softer than the water in the buried outwash(?) deposits, or in
other drift aquifers, and for that reason is more satisfactory for laundry
and boiler use., However, because of the low calcium and magnesium content
and the high percentage of sodium, the water probably is not suitable for
irrigation purposes (Wilcox, 1943).

Sample 130-48-2Lcbb was obtained from USGS test 477 which ended in a
sand deposit associated with the Mankato drift. The water was highly
mineralized, containing 2,660 parts per million of dissolved solids, and the

hardness was 1,440 parts per million,
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Analyses made by North Dakota State Department of Health,

CHEMICAL ANALYSES OF GROUND WATERS FROM
(parts per

Bismarck, N. Dak.

(T), trace amount present

Dissolved solids is sum of determined constituents only

g 2 i
vl - qé‘m %tﬁ’a 3 =
Mg ) > ~ i g~ 3
o 0 c O~ < o o w o~
Q08 8 & o e 3 [ 0o
Q o e O v o - =0
e a< ) < o
(=T (&)
129-47-5¢cbb C. A, KRutzer 8-20-52 926 BO 1.9 53
129-47-5ddd W. R, Taylor 8-20-52 96 BO 1.7 21
130-47-20dbcl Cudahy Packing Co. 8-23-51 231 D .3 15
130-47-21dba2 Village of Fairmount 8-23-51 113 BO .5 54
130-47-26aba J., E., Waite 8-20-52 714 BO 1.1 43
130-48-1ddc Tom Bertelison 5-22-52 270 D 8 26
130-48=24¢bb USGS test 477 5-23=52 76 G 8.2 300
131-48-36cch Harry Ehlers 5=22-52 280 D 1.6 37
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THE FAIRMOUNT AREA, N. DAK., AND MINN.

million)

BO, buried outwash(?) deposits

D, Dakota(?) sandstone

G, till and associated deposits of sand

and gravel
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28 170 0 570 66 56 53 11 670 250 59
38 330 0 1,010 (D) 90 2 17 1,000 210 76
10 550 0 400 360 390 1.3 43 1,570 80 94
28 130 0 600 (T) 27 .1 9 550 250 52
35 (T) 1L 280 (T) 16 .1 9 260 250 -
11 410 0 450 300 230 ) 4 1,200 110 88
170 270 0 200 1,790 30 () 4 2,660 1,440 28
16 1,170 22 250 . 920 1,080 1.0 9 3,380 160 94
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SUMMARY AND CONCLUS IONS

information obtained by test drilling and from data on existing
wells indicates the presence in the Fairmount area of two aquifers of
comparatively large areal extent. Also, several smaller aquifers of
considerable thickness but probably of rather local extent are present
in the area. The approximate locations and areal extent of these
aquifers are shown in plate 1.

The most extensive aquifer in the area is the Dakota (?) sandstone.
This formation underlies most of the area at depths ranging from 200 to
280 feet except in the southeastern part where it is not present, In
the northern part of the area the formation consists of 15 feet, or
more, of sand and yields adequate amounts of potable water to suit
practically all domestic and farm needs,

However, inthe immediate vicinity of Fairmount the Dakota (%)

sandstone is quite thin; probably, it is not much more than 5 feet
thick. For this reason it seems doubtful that the formation in this
locality could yield water in large enough amounts from a single well
to meet the domestic and industrial needs of the village. The Cudahy
Meat Packing Co. well, which is 231 feet deep , is believed to end in
the Dakota (7) sandstone. The well is 6 inches in diameter, and it is re-
ported that it will not yield more than about 20 gallons per minute. However,
a large-diameter well or a battery of several wells might yield enough water
for the needs of the village. A properly planned and executed pumping test
on one or more of the wells in the Dakota (7?) sandstone in Fairmount would
throw much light on the feasibility of such a project.

The next largest aquifer in the area is the buried outwash (7) deposits.
This aquifer underlies most of the area south and east of Fairmount and

is reached by wells generally ranging in depth from 80 to 110 feet, East of
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Fairmount, where the village supply wells are located, the aquifer Is com-
posed of sand which in some places contains considerable clay and silt, The
clay and silt tend to reduce the permeabiiity of the aquifer and, consequent-
ly, the amount of water yielded by the aquifer in those places, However,
beginning about a mile south of Fairmount and continuing as far south as

was investigated by test drilling, a thin but apparently continuous bed

of gravel occurs at the bottom of the aquifer. The gravel as obtained in
the drill cuttings is coarse and relatively free of clay and silt, and it
seems likely that those deposits would yield water in adequate amounts for
the municipal needs of Fairmount or for comparable industrial or agricultural
needs.

The presence of several other aquifers in the area was disclosed by
test drilling and existing well data, Although these aquifers may be some-
what local in areal extent, where penetrated by test drilling they were
sufficiently thick and permeable to merit consideration as possible sources
for municipal or other moderately large scale use.

The aquifer, penetrated between 43 and 76 feet in USGS test 477 (130-48-
2Lcbb), about 2% miles west of Fairmount, appears to be capable of yielding
comparatively large amounts of water, The same may be said of the aquifer
penetrated between 28 and 59 feet in USGS test 483 (130-47-17daa), about a
mile north of Fairmount. The value of these and other local aquifers should
be further investigated by means of additional test drilling and by test
pumping.

For most purposes for which water is required in the Fairmount area,
the water in the buried outwash (?) deposits has the best chemical quality

of all the ground waters obtainable in the area.
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RECORDS OF WELLS AND TEST HOLES IN THE

Type of well: B, bored; Dr, drilled; Du. dug; J. jetted

Depth of well, and depth to water: Measurements given
to tenths are measured well depths or water levels,
as the case may be. Those given in whole numbers are
reported.

Location Owner or Depth of Diameter Type Date Depth to
number name well (feet) (inches) completed water
(feet)
129-47
2bcd C., A, Tuttle 112 2 Dr 1950 cemae
3add John Dorgeloos 110 3 Dr 1900 12
4abb A, V, Gajer 93 s Dr 1898 Flow
Saaa USGS test 481 183 5 Dr 1951 s ws
S5cbb C. A, Kutzer 96 3 Dr 1950 15
5ddd W. R. Taylor 96 3 Dr 1900 Flow
6dba Frank Grundysen 100 2 Dr seas 20
7dda G. W, Williams 108 2 Dr R 10-12
8aaa USGS test 482 160 5 Dr 1951 PP
9bdc E. F. Rydell 110 3 Dr 1939 35
10aab Walter Beyer 195 5 Dr 1945 BEs e
10cdc Wm. Marquardt 160 3 Dr 1926 10
10dcb Herman Beyer 175 2 Dr 1905 13
11bab Frank Propp 165 3 Dr — 15
12aaa G. A. Propp 105 1% Dr 1933 1.5
12acc H., Larson 45 5 Dr R R
12c¢bbl Fred Aupperle 40 3 Dr sens 1
12Cbb2 -.o-dO--loo.o 40 2: Dr TR ’lﬁ
12ddb Earl McAloney 120 see .o cess aesees
129-48
2abdb Vacant farm i wig Dr aeee 10.3
1ladd L. W, Lien 180 2 J 1949 15-17
11ddd Roy Snyder 180 4 J 1946 sesas
12bcc M. Leinen 16 48 D —— essas
12ccc John Snyder 205 2 Dr 1942 10
130-47
2ad F. Schillinger 240 3-2 J 1926 10
2bdd Gus Voss 248 3 J ssoe evene
2cab Edward Bucholz 245 3-2 J . 8
ded Re SChillinger 240 3"'2 J sesns sooes
4cad Ed .Omeara 185 3 Dr seee enves
5aaa A, J. Matheson 250 3 Dr eses 15
5ddd Peter Wawers 240 3 Dr R ceses
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FAIRMOUNT AREA, N. DAK. AND MINN,

Use of water: D, domestic; S, stock; PS, public supply
U, unused; I, industrial.

Geologic horizon: BO, buried outwash (?) deposits:
D, Dakota(?) sandstone: G, till and associated deposits of

sand and gravel.

Date of Use Description of Geologic Remarks
measurement water-bearing horizon
material

kv ERES D,S Fine sand BO Water reported hard. Farm located
on beach ridge; formerly had
several shaléow dug wells.

cessone D,S T T T T I BO Water reported hard.

6-22-51 S T L L T G Water soft.

cssseee U eassesensesren % Hole refilled. See log.

cosemse D Gravel BO Water reported medium hard. See
chemical analysis.

6-28-51 D,S Fine sand BO Water reported hard; weak flow,.
See chemical analysis.

ceseona D,s Fine blue sand BO Water reported hard.

eevsese D,S se s 0000t T ORI BO DO,

cunsone W e e .o Hole refilled. See log.

essanse D,S White sand B Water reported medium hard.

cesssons D,S Gravel D Water reported soft.

cessnee D,S Sand G Water reported soft.

P D,S Coarse gravel G Water reported soft. Several un-
used shallow wells on farm.

cssanne D,S Sand G Water reported soft.

6-10-51 D,S Sand from 98 to BO Water reported hard; excessive

108 feet iron.

sessens D,S Gravel G

evesses D Coarse sand G Water reported medium hard.

seesese S oo e O0 5 55 ¥ % @i G Do.

vesaass D,S cessssevsensas 58 Reported inadequate.

6'29"51 U Pese0s0ces 00 e

esessee D,S Coarse gray sand D Water reported soft.

#0808 000 D,S 2 06608808900ty D Do‘

snsvees D,S sscsrspsseseense e Water reported hard.

sessaas D,S Gravel Farm buildings located on Lake
Agassiz beach ridge.Formerly had
30' dug well,but water reported
not potable.

ssssene D,S Fine blue sand D Water reported medium hard.

cscssee D,S csecscencnesss D Water reported soft.,

socesnsve D,S ecevssosssssvesn D Do.

sesnone D,S Fine sand D Do.

sessess D,S Sand .o Do.

sasssns D,s Fine white sand D Water reported soft, sand reporte
at 130 feet, but water reported
too hard.

secsene D,S Fine white sand D Water reported soft.

~36b-



RECORDS 'OF WELLS AND TEST HOLES IN THE

Location Owner or Depth of  Diameter Type Date Depth to
number name well (feet) (inches) completed water
(feet)
130-47 =Continued
fabd Lloyd Rubish 277 3 J 1949 csson
6baa E., W, Nelson 266 3 to 2% J 1949 .
6dda USGS test 485 280 5 Dr 1951 savse
6ddc Stephen Campbell 335(?) 2 Dr sses 20
7ada Amos Penn 35 2 Dr esee saces e
7edb Martin Sikorsky 262.3 5 Dr cens 26.6
7dce W. H, Newby 199 2% Dr 1900 cevece
8caa USGS test 484 260 5 Dr 1951 esess
8dca Joe Rassier 235 3 Dr o e
9bcb Clarence Kutzer 260 3 Dr T sraes
9cbb George Gast 240 3 Dr coun -
9ddc Herman Muehler ess 3 Dr ecee TEX L
IObbb JOhn Herding 140 3 Dr esee essee
10ddb Harry Scheidegger 218 2 Dr 1922 10
11bab August Voss 100 2 Dr 1900 seess
12aab Olaf Trovatten 275 3 J R 75
12c¢cch Leonard Sethke 200 2 J 1940 6
13ccc William Krause 1004 .o Dr 1900 Flow
14add Herb. Rutzer 228 3 J 1919 soee
1l4baa August Miller 275 2 Dr cose 15
14cdd Vacant farm 100.6 3~2=1 Dr whE Flow
15bbb H., M, Griffith 220 2 J oens seses
16bcb August Colburg 240 3 J 1930 20
16Cbb Ed. Smith 130 2 Dr cose sesase
17CCb W, SChroeder s e 2 J eess eso s e
17daa USGS test 483 210 5 Dr 1951 o v ks
17ddc Chet Meade 90 3 J sese conee
18aab Bessie Parkle 155 2 Dr vews sreee
18bab CGrant Peterson 2004 4 e chih 26,77
18dcd Earl Schouweiler 241 4 Dx 1950 12
19becc USGS test 476 250 5 Dr 1951 P
19¢cc Clarence Swanson 150 4 Dr 1931 40
20acc E. H. Whetstein 80 3 J soe® sesssse
20cbb USGS test 475 230 5 Dr 1951 coess
ZOdbb USGS test 474 240 5 Dr 1951 TEEX
20dbcl Cudahy Packing Co.231 6 Dr 1930 90
20dbc2 Dakota Locker Co. 240 4 Dr cese esese
20dca Bill Simpson 225 5 Dr 1917 ceces
Zlbbc F. A. & E. J. 160 [ ] J ean o0 aes00
Matheson
21cbb USGS test 473 217% 5 Dr 1951 savee
21daa USGS test 472 189 5 Dr 1951 soees
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FAIRMOUNT AREA, N, DAK. AND MINN,.-~Continued

Date of Use Description of Geologic Remarks

measure= water~bearing horizon

ment material

seveses D,S Fine white sand D Water reported soft. See log.

vessesss D,S Tonish-gray sand D Water reported soft.

essacas sevecvrscessonae s Hole refilled. See log.

eves00e D’S IERENEEREENE R E NS EN] LN

eesssss D,8 Gravel G Farm on Lake Agassiz beach. Water
reported hard.

6=-20=51 D,S ssesssvseseescnsa D Water reported soft.

ssesoee D,S Fine white sand D Do.

ssvesee U vsececsoeessssssene X Hole refilled. See 108.

esseses D,S Fine sand D Water reported soft.

cesesss D,S White sand D Do.

veessse D,S5 Whitish gray sand D Do.

ecesess D,S ssecesrecossoroee e Water reported hard.

eseseve D,S S&nd P

sesesss D,8 Fine sand D Water reported soft.

escssone D,S tescesvco0cs e BO Water reported hard.

wsssens Dy Send D Water reported soft; adeguate for 60
head of cattle and 140 hogs.

soacdee D,S Fine sand . £+ 0680060600000 0000000000000000

6=-12-51 D,S encs0annecsBeO S '3 Water reported soft,

[EE SR N 21 D’S (E R R EE ERE NN NS E N D Do.

esvssen DS secavscvsasnnee D Do.

6=12-51 U  <cessesesscassss BO Water flows weakly from 1 inch orifice
2.0 feet above land surface.

sessees D, Fine sand D Water reported soft.

evsesss D,3 Fine blue sand D Water reported soft., Formerly had well
130 feet deep, but water was too hard

eessese D,S Coarse sand from BO Water reported hard.

126 to 130 feet.

sssesoe D,S essvecessvsena oe Water reported soft.

esessoee U ssensessosssnod e Hole r3f1113d. See 108.

essesss S tesssesssssanas we Water reported unfit for human con-
sumption, very hard and poor tasting.

esscene D,S eesessssseesense e Water reported soft.

6-20’51 D,S sesnesseessases D Do.

esseses D,S White "sugar'sand D Water reported soft. See log.

from 236-241 ft,

seesvos 1] esssvo0sssossEe .o Hole refilled. See log.

essoese D,s seeacesvessncee o Water reported hard.

sevsves S essesssssessons .o Water reported hard; not used for
domestic purposes.

esseses U etsessescsesnce oo Hole refilled. See log.

[ N N ] U [ EEEEEFEEE N EN NN/ s e DO.

«sssess I Coarse gravel D See chemical analysis. Reported to
pump 20 GPM.

esesese u Sand D

esssses D Coarse sand D Water reported soft,

PEeORPODS D’S [ NN N W N I N N * e l

sescsee U sescesssscoscsese ess Hole refilled, See 108.

ssecnss U evescscsnncsonse es Do.
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RECORDS OF WELLS AND TEST HOLES IN THE

Location Owner or Depth of Diameter Type Date Depth-fa
number name well (feet)  (inches) completed water
(feet)
130-47 -Continued
21dbal Village of 115 26-16 Dr 11=-51 TR
Fairmount
21dba2 Village of 113 8 Dr 1947 30
Farimount
Zldbbl ..-.do....‘ 135 8 Dr *9 08 20
Zldbbz O.'.dooonoo 120 6 DI' BN R ] 18.9
chabl USGS test 471 230 5 Dr 1951 esevo
22cab2 Vacant farm 88.3 4 Dr esee 4,13
22dbd USGS test 470 230 5 Dr 1951 saiae
23CCC K. West 100 3 Dr ese 0 YRR
24ada Weibe Bros. 180(?) .o Dr isne Flow
24bbb James Clarey 106 3 Dr 1900 Flow
26aba J. E, Waite 74 2% Dr 1890's Flow
26baa Donald Weatherby 80 oo Dr sees Flow
26ddd V- Zatecka .85 ee Dr sees Intﬁr-
nittent
Flow
27addl Mrs.F.A. Ostrich 120 .o Dr 1900 6
27add2 condoooo-ocoonuo 120 ve Dr eess 6
28abb Paul Pinkney 95 3 Dr 1936 11.5
28bbdb Mrs. C. Pinkney 83 3 Dr 1914 .
28ccbl Rurdelbrink Bros. 95 K] Dr cese -
28ccb2 ooodO-..n-oo-tooo 95 3 Dr soes 5
29aaa USGS test 479 210 5 Dr 1951 senee
2%aba Carl Swanson 220 5=3% Dr isEs 80
29chel R. S. Branson 200 2 J 1937 25
29¢bce2 vos Q0 wnsans 205 4 Dr 1950 20
30abb Glenn Swanson 225 4 J snes ceess
30decd H. Bertelson 222 2}2 Dr cenn esees
31labb Branson 228 3 Dr wEdd 10
31baa Henry Schmitt 230 3 Dr vawe 25
31ddd Thad Branson 90 3 Dr o cesse
32aaa USGS test 480 210 5 Dr 1951 Svaen
32add J. A. Barner 90 5 Dr 1890 20
33bbb Burt Kurtz 90 5 Dr 1915 7
33cchbl A, J. Gajer 98 3 Dr 1924 Flow
33ccb2 eeesd0scces 104 2 Dr 1904 Flow
34aaa V. Stueve 90 6 Dr SENE Flow
35che Darrell Weinkauf 90 3 Dr cone Flow
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FATRMOUNT AREA, N, DAK, AND MINN.--Continued

Date of Use Description of Geologic Remarks

measure- water=bearing Horizon

ment material

sesseea PS Fine to medium BO Presently pumped at 100 GPM. Same

sand from 99 to location as Thein test hole drilled
115 feet to 170 feet. See log.
eesssss PS Sand from 92 to BO See chemical analysis., Presently
103 feet, pumped at 30 GPM, but originally
pumped at 135 GPM.

esscsse U Sand BO Several unused public supply wells at
this location.

6= 7=51 U esd04ee BO

evssese U sesesecvsesnense ) Hole refilled. See 108.

6= 7=51 U Sand BO Water reported to have originally
flowed.

esoseees U svessssesssense X Hole refilled. See log.

sevscee D,S Sand BO

6=-13-51 D,S cconvsncscsccee os Reported medium hard.

6=12-51 D,S eessesesERcess BO Water reported medium hard; flows
about 10 GPM,

6~12-51 D,S Sand BO Water flows about 10 GPM. See . .
chemical analysis,

6-12-51 D,S Sand BO Water flows from 1 inch orifice 3.3
feet above land surface.. Reported
hard; turns enamel brown.

seesses D,5 ,.d0.e. BO Water reported hard.

ssseses D s Lo T BO Do,

sseseees S ved04es BO Do,

6- 6‘51 D,S uodcato BO DO.

sessess D eed0ess BO Water reported excessively hard; use
rain water as much as possible.

¢esceess D ee@0ces BO Water reported hard.

sessess S esdOese BO Water reported hard; used to flow.

esssess U tessBncsavossene .o Hole refilled. See 108.

eeseses D,S Coarse gravel D Water reported soft. Noticable intere
ferance from Cudahy's well.

sesssses S seevsecsseceses D Water reported soft.

ssesese D White sand D Do.

sessess D,5 Coarse gravel D Do.

esessss D,8 Fine white sand D Water reported soft.

ceveovne D,S s00930cesccesce D Do.

seessee D,S Gray sand D Do,

cessesoe D,S sse0sveseerenss BO Water reported medium soft,

sesessse U cesevssevssvscoes .e Hole refilled. See 103.

eesssess D,8 Sand BO Water reported medium hard; adequate
for 25 head of cattle and 100 sheep.

seseecee D,S oodO.o.ono.-o.‘ BO Water repotted hard; flowed before
Fairmount municipal walls were put in,

6-22-51 D Fine Sand BO Water reported hard. Weak flow.

6=22=-51 S oo-dOo.ooooooco BO Do.

6=14-51 D,S Sand BO Water reported soft.

6=14=51 S Sand BO Water flows intermittently; not used

_38b-

for drinking becguse of contamina-
tion



RECORDS OF WELLS AND TEST HOLES IN THE

Location Owner or Depth of Diameter Type Date Depth of
number name well (feet) (inches) completed water
(feet)
130-47 -Continued
35dad Marvin Evenson 90 e Dr .y 0-1
36bbbl Ray Ready 83 2 Dr 1900 Flow
36bbb2 o;o.dO.aoonoa 85 3 Dr sesoe 0
130-48
lecd M. Christianson 270 3 Dr o e 22.3
1ddc T. Bertelson 270 W Dr . 18
2aaa Albert Steffens 270 3 J 1928 12
2dcd Albert Gast 260 3 J e 20
11bbb Wm. J. Mahler 240 3 J 1943 12
llcdc Carl Mahler 240 3-2 Dr 1914 18
12adel Vacant farm 240 2 Dr dui 29.8
12adc R . [ S 23.0 40 B e 4,95
13aaa A, Arnold 155.1 4 Dr n— 34.1
13cbd Vacant farm 13.7 48 B A 4.49
14add Fred Kingdom 55 2 Dr — #3.25
l4cda John A Founder 238 3 Dr 1926 18
23aadl M. Schmit 50 2 Dxr cese 20
23aad2 sssd0ssssvnnen 50 4 Dr e 20
23aad3 esel@0ccacacess 160 2 Dr SEEE 40
23bce USGS test 478 230 5 Dr cves cevee
23cde G. Schmit 2004 3 Dr SEE 20,97
23ddc E. Schmit 85 3 J 1951 8.7
24aad J. E. Ohearn 165 oo Dr esee esess
24Cbb USGS test 477 257 5 Dr sene sseee
24¢cde Arden Eide e - J 1944 p—
24ddc H. Nelson 146 5 Dr 1919 11
25abb M. Schmit 140 2 Dr 1910 25
25Cbb Mrs. Lou Abbott 200 K] J coss essse
26adb W. J. Campbell 330(?) 6 Dr o 20
Z26dabl Art Speer 40 4 Dr e 5.9
26dab2 sssssd0nsnnesne 90 o Dr _— I
35bbc Sidney Johnson 70.0 6 Dr cens 16,2
35daa Henry Bassier 32 Py Dr ss e essos
131-47
32ddd Henry Witzke 280 2% Dr 1919 15(1939)
34bdd August SChrOEder 270 3 J eons evene
34cab Phillip BOll 271 3 Dr se0 e avssne
353801 Vacant farm e e 3 Dr X 7.47
36ccc Peter Moenbach 233 3-2 Dr sess 10
131-48
35add John Dozak 150 3 Dr cose npp—
35daa Ed Dozak 280 3 Dx soee senes
36add Art Gast 240 3 J 1921 8
36cchb Harry Ehlers 280 3 J 1931 16.9

=-39a~



FAIRMOUNT AREA, N, DAK, AND MINN,~~Continued

Date of

measure-

ment

Description of Geologic Remarks

water-bearing  horizon

6-14-51

6-14=51

e 0000

6-25-51
6-29-51
6-29-51
6-28-51
6-29-51
6-29-51
6-26-51
6-51

[N E RN

ss e o
[ EE NN
[ R R NN N
2e9es0o

[(EE R NN N

6-27-51
6-27-51

6-21-51

20080900
L3

[ RN EE ]

6-26-51

Fine sand

[EEEENFE RN N ENE N
2o B8NP OEOESOGERSOOED
YRR R EEEE R

(P EEREENEEERE R NS

Fine gray sand
Fine gray sand

(PR = I =2 = B = i~

[ RN ENE R NN RS

cs OB OB OOODOOODS

Gray sand

TR RN IR B

Fine gray sand

e MU Q-

-

PR T A B BB

AR EEEEE N RN NS

INE R EEE R RN RSN

DO .

[EEEEREENREEEEE S

.
.

e 90080 OBOSEONDN S
Gray sand
'EE R N NI S

CE NI IE I I AR A I X I

Gray sand at

QOO

[ R R EEE RN EE R RS

[EEEEERE NN RS RN

(P N> W]

[EEE R R E RN E NN

Fine gray sand

ooodO.ooooooo'

ocoo

Fine sand from D
225 to 233 feet

IPEREENRES RN ER]
IEEFENNEEERE SCNZ

sPeaOOSOOOOEBSSRE

Water reported hard; flows intermit~
tently.

Water reported hard.
Do.

Water reported soft.
See chemical analysis.
Water reported medium hard, salty.
Water reported soft, salty.
Water reported soft.
Water reported soft.
Do.
Water reported hard,
Water reported soft,

Water flows at land surface.
Water reported soft.
Water reported hard.
Do.
Water reported soft.
Hole refilled., See log.

Water reported hard.

Water reported soft.

Hole refilled,” Bee-log,
chemical analysis.

Water reported soft.

Do,
Do.
Do.

Water reported soft. Casing perforate#
at 196 feet and water believed to be
entering from that level.

Water reported hard,

Water reported hard.
Do.

Water reported hard.
Do.

Water reported medium soft.

Water reported hard.

Water reported soft, salty.
Do.

See chemical analysis.



10GS OF WELLS AND TEST HOLES IN THE FATRMOUNT AREA

Formation

Mankato drift:

older drift:

129-47-5888
USGS test 481

Material

Clay and Silt’ tan....l'.‘..l'.‘l‘llol
Till, tan.l.'.'...'....‘....‘...'.‘...

Till, 1igh't-g:‘ay, Bémyi.ooonnﬂonooooo

Sand, fine to medium. Clay,
yellowish-'brownu.....n.-....-......-
Sand and gravel, possibly cemented.
Numercus shell fragmentSecscesecssss
TiJ-l’ yenWiSh-brMocoooooooooooo-..
Till, d.ark-gray-u.o..u_..............
Clay’ dark-@'ay, Sﬂty‘u..............
Sarld., fine, Clayeyc-onnncncaonoauo-cop
Till, light-grayn.......u.-..u.-...

granite unaltered:

Manksto drift:

older drift:

Hard rOCk, DO SaNMpPlEesesscovcacsscsene

129-47-8aaa
USGS test 482

Silt and Clay, t8Neassssssssasesccanne
Till, tan.‘....‘..-'.‘.‘.....".'.‘...‘
Ti11, light=graysaseeacnscecsesccsscscee

Gravelessessessossscsssscsssssccssesce

Chy, dark-gray, induratedeceseccacsae
Sand, fine to medium, clayeyescuscesse
Sand and gravel, possibly cementede...
Till’ dark-gray, hardescssscsesssescce

granite unaltered:

Hard rOCk’ NO SAMPLlEssesssssscsssssans

Vs
2447,

77

Thickness Depth

lfeet 5

3
10

66

16
33

=

767

feet)

5
15
81

93

10k
120

153
158
182

183

159
160

72k

Pre



LOGS OF WELLS AND TEST HOLES IN THE FAIRMOUNT AREA--Continued

130-47-6abb
Lloyd Rubish

(Log furnished by Phil Vorwick, well driller, Tyler, N. Dak. )

Formation Material

glacial drift, undifferentiated:
Clay, yellcw, gravelly,..........u..
Rocks and gl.avelOQQOOCQQCOQOO..O‘O..O
Clay, gray, 8andYecssssncsscccscsccns
Clay, gray, sandy, very hard.essscese

Shale, blue, e]&yey...~..“.‘.........
Shale, black, hard layers, Numerous
shells near bottOMesesssccscceacse
Dakote(?) sandstone:
Sand., fine, white (water)............

Benton shale:

Thickness Depth

50 50

5 59
95 150
20 170
50 220
4o 260
17 277



LOGS OF WELLS AND TEST HOLES IN THE FAIRMOUNT AREA--Continued

130-47-6dda q
USGS test L85

Cogr
Y

Formation Material

Mankato drift: Clay, Silt, and SaNJeeencavcosinavsacne
Clay and silt, grayish-orangC.ccesscess
Till, grEYiSh-orangeo--on.;’o...o-tcocc
Till’ ligh.t'w.oooo..oq.a‘-.o..t.oo¢¢
sam, fine...."‘...'.'...".‘.....‘..'
Till, light-gray..u.-......u.........
older drift:
Clay, dark.@ay, Induratedessescecccaces
Clay, dark-gray, indurated. Smsll
amounts of sand and gravelescecessss
Till, 1ight-gray‘, sandyoo.oooooooootooo
Sand’ mEdim, clayey‘...‘...........'..
Till, light-gl:‘ay, Sandy.....quctcooooao
Beunton shale:
Shale, ligh'b-gray.......u.u...u..u.
Shale, grayish-black, clayey. Core
from 200-210 feet, consists of
dark-gray to black, clayey-shale
with thin seams of silt and very
fine sand, contains fish scales
and foraminfera-"o.-;o-ocooooqoooooo
Dakota(?) sandstone:
Sand, fine to medium, rounded,
quartzose, may be interbedded
with clay or shale. Numerous
shell fragmentBecscessscescscsosscensn
Sand, very coarse, angular (or
conglomera‘be).."..u...............
Lignite or other carbonaceous
materialecececcsassesacsosccssoconse
granite, decomposed:
Clay, DrOWNesseessncnssessccssssssssnes

-he-

Thickness Depth

(feet) T(Teel)
5 -
5 10
8 18

13 31
3 34
24 58
22 80
41 121
5 126
14 140
37 177
13 196
61 251
15 266
3 269
1 270
10 280



LOGS OF WELLS AND TEST HOLES IN THE FATRMOUNT AREA=--Continued

130-47-8caa
USGS test 48k

Formstion Material

Mankato drift:
Sand, fine to mediuMeessceoscsssosssens
Clay, tan, 811tV esecesssssecccccvsccas
T™il, grayish-‘ban.......-o.....u......
ﬁll, yay.‘...‘.'.‘.'..‘......‘.'....

older drift:
Clay, yellowish-brown and gray, silty.
Smell amounts of sand and gravel...
Till, ligh’b-gray, sandycaoococo-qnoono
Benton shale:
Shale, medium light-gray to dark-
gray, ClBYyEe esosscnrsscscnsscosensve
Dakota (? )sandstone:
Send, very fine to fine, possibly
interbedded with clay or shgless...
Shale, dark-gray, clayey. Numerous
shell fragnents.........-.....-uu
Shale and thin beds of lignite or
other carbonaceous material at
bottom..‘..‘l.!I...‘..IC..Q.."‘.".
granite, decomposed:
Clay, orange and whit€esvacoesronsoccee

Thickness

lfeet S

v

30

39

29
14

Depth
feet)

10

17
66

138
168

207

236
250

256
260



LOGS OF WELLS AND TEST HOLES IN THE FATRMOUNT AREA--Continued

Formation

Mankato drift:

older drift:

Benton shale:

130-47-17daa
USGS test 483

Material

Silt and 01&}', taNesscessscossesscsnnse
Till, light-‘brown......n..............
Till, light"grayoooo-qaoooo-‘oo--ooonoco
Sand, coarse to VEery CO8rsS€ecessscncsoce
Gravel, TinCesecssccevsnsssnssssncencncs
Gravel fragments (probably cemented

gavel)..‘....‘.".......‘....‘.....

Clay, dark-gray, induratedecccececasces
Till, dark-gray, indurated.ececcecccsces

Clay, EXBYasecsosvsacsonsenscsscsscosnce
Till, gray, bouldery.n..u............

&ale, g‘ayish-black.......’."......'ﬁ..
Shale and fine sand. ShellSssecocccoes

granite, decomposed:

CJ-ay, white.....'...'0‘.‘.“..."....0.

130-47-18dcd
" Earl Schouweiler
(Log furnished by Mr. Schouweiler)

glacial drift, undifferentiated:

S01leecscecsscscocvscssnosscsssssnacscans
Clay, 8800 escoos0ensccssscassassccsses
Clﬁy, sandy and gravelly (till)-ooo-coc
Sand,fine, and gravelao.cc-oo.o;oouooo.
Clay, blUCesscssessaesevrssccannseensasns

Sand.‘.ltti.l.'..‘.‘..QOI"..O.'I'..Q‘.

Mixed boulders and gravel (till)escssee

Dakota (?) sandstone:

Sand, fine, sugary texture (water)eces.

Thickness Depth
(feet) nget )
12 12
6 18
10 28
12 ko
10 50
9 59
39 98
52 150
17 167
29 196
6 202
4 206
4 210
2 2
6 8
91 99
60 159
7 166
11 177
58 235
6 241



LOGS OF WELLS AND TEST HOLES IN THE FAIRMOUNT AREA--Continued

Formation

Mankato drift:

older drift:

Benton shale:

130-47-19bcec
USGS test 476

Material

Silt, light-tan, Small amounts of
sand and gravele.sssscesascscocssvcecs

Till, light-tan........................

Till, light-grayoononnooooooooo-looo-oo

Clay, gray, moderately well indurated..
Some sand and gravelesssseccoscscscce
Ti11,yellowish-brown and grayseesscssoce
Sam, very coarse...........‘_.0....0‘.0
Clay and silt, dark-gray, well
induratedecesassceccncsssescsesssscse
Till, dark-gray, clayey, grading
downward into light-gray, very
Sandy til]-'......l.llDQCDIOQOOOIO0.0

Shale, grayish-black, clayey. Found
one shark toOthecssesscccesscaccssses

Dakota(? )sandstone:

Sand, quartz, very coarse, Oor con=
glomerate, probably interbedded
with dark-gray shalCessesccsccccssse

granite,decomposed :

Clay, Whit€esesocescosnssscescscesances

- L5 -

Thickness Depth
(feet)  T(Feet)
10 10
5 15
39 Sk
16 T0
7 7
3 80
52 132
7 209
21 230
16 246
L 250



LOGS OF WELLS AND TEST HOLES IN THE FAIRMOUNT AREA~--Continued

130-L47-20cbb
USGS test U475

Formation Material

Mankato drift:
Clay and Silt, t8Recesscvssnceasccsncans
Till, tONseessscssscesnccssoscnsscccsne
Till, light=grayseccssecssscececscoceses
Sanldecesscesceescsosssssssssssesssescnce
Till, light-gray................n.....
older drift:
Till, grayish=taNescsscccssosscsscocsssca
Till, darkegrayescoesscesescsscccscnsce
Clﬂy, dﬂrk-gray.....‘.a.‘ooloongoc.oQO
Till, dark-gray, hard, grading
dovnward into light-gray, sandy
till..."........"........‘......’.
Benton shale:
Clay or shale, darke-gray. Shark
teeth....‘............"..Q“".'..‘
granite, decomposed:
Clay, vwhite and pink, ksolinitic,
Core obtained, 11 feet of recovery

130-47-20dbb
USGS test 4TL

Mankato drift:
Clay and Silt, grayish-taNesececosccosse
Till, tan.“.‘Q......Q.......Q".‘..'..
Till, light-gray.................-.u..
older drift:
Clay and 8ilt, grayecececesccsscscsscse
Till, dark-gray, hardessesacececscsoces

Bandeeecsesencscssssassascsncsansesssns

Till, light-gray, very sandy....-.-n..
Benton shale:

Shale, grayish-blacKkeseesscscecscesssses
Dakota (?) sandstone:

Clay, white. Iarge amount of very

coerse, quartz sNdecsssssccosscssssoes
granite, decomposed:

Clay, white, green at bottOMessveeccess

- 46 -

Thickness
eet

v Xwobw

10

10

5
16
32
19

88

Depth
feet)

18
27

60

(&)
17

215

220

230

15
51

T0

136
139

229

234
240



10GS OF WELLS AND TEST HOLES IN THE FAIRMOUNT AREA--Continued

130-47-21cbb
USGS test 473

Formation Materiasl

Mankato drift:
Silt and Sand, grayish—tan....uuu.-
Till, light-grayecscscesessccccossccssca
older drift:
Till, dark-w, hardocotonoloooocouco
Boulderse.ceesesesscosssenccscscsnsocsce
Till, dark-gray..........n..u---....
5810 ceenssssssncsscasscsssssscscessane
Till, Y8y sa0scrseseseesccceccscncscne
Till, light-gray, consists largely of
fine to medium quartz sand, prob-
ably derived from Dakota(?)
8andetoNCccessesvsssosssnnscccccccsne
granite, decomposed:
Clay, green, Quartz grainSecsccocscsse
granite, unaltered:
Hard rOCk, no Sample..........u......

130-47-21daa
USGS test 472

Mankato drift:
8ilt, yellowish-brown, a small
amount Of gravelesscescccescccnccee
CJ.ay, bluiSh"gray, 8mMOOtheseoeoncasese
S8NA.ecscccscsssnscscscsessscncessescsosne
Till, lightegrayecesocessscccscccsansses
Sand, fine'............"..........‘...
Till, light=grayecssacsssccocecncoconss
older drift:
Clay and Silt, Er8Yeseanscosccacesessee
Till, dark-g'ay, hardesessesnesscocvesns
Benton shale:
Shale, grayish-black, numerous shell
fragnents.qvgo‘o'o.ooncoo‘-oo.oo.oo'
granite, decomposed:
Clay, green, QUArtZesscssasessssscnne
granite, unaltered:
Bard rock, no cuttingSesscescscscncces

- b7 -

Thickness
ee

b
65

54
2
10
6

7

49
19

o

AP ow@rub

o

198
217

2173

17
18
81

10k
160
176
188
189



1OGS OF WELLS AND TEST HOLES IN THE FAIRMOUNT AREA--Continued

130-47-21dbal
Thein test hole
(Log furnished by Thein Well Drilling Co,, Clara City, Minn. )

Formation Material Thickness h
{Teet) feet)

Mankato drift:

Soil’ bMCK‘...............‘*.......'.. h !+

Clay, yellw........."...“.........'. lh 18

Clay, blue, Soft.‘..'..‘.."........'.. 'Z 25

Till, blue, sendy, hard layersececcscsce TS 99
older drift:

Sand, fine to mediuMessossssosnascanccs 16 115

Till, blue, grading downward into

gray, very Sandy tilleeeccceosnessses 35 150

Hardpan (till)onv--.ooo-o-coooo.-col‘ac 15 165
Benton shale:

Clay, dark bluish-gray to blackieecseses 5 170
granite:

Hard rOCK, no sample.......u....u.... 170

& 48 -



LOGS OF WELLS AND TEST HOLES IN THE FATRMOUNT AREA--Continued

130-47-22¢cabl
USGS test 471

Formation Material

Mankato drift:
Clay and silt, light-tan, small
amolmts Of sand.“’..‘........‘l.‘.l
Sand, Very CO8rs€eseesscesccsscecnscass
Till, light-gray......................-
older drift:
Sand, very fine to fine. Clsy and
Sil_tll.“‘..l...ll.l."‘!......ll......
Sard, medium to coarse. Gravel,
fine, roundelecscesssssssesccsccnscs
Till, tan and gray. One piece of
partly carbonized wood and some
carbomceous clay"....-‘...‘...“..‘.
Sand, CO8YS8Csenceevcnssoessssecesncsesasne
Till, dark-gray, hard, boulderyecscecses
Sam.....l....O‘...OQUOOGOQCQ.I.QOOO..'
Benton shale:
Sh&le, clﬂyey, @'ayish-blacko eessassaee
Dakota (?)sandstone:
Send, very coarse (or conglomerate),
composed predominantly of angu-
lar quartz. A few shark teeth
and teeth framentsonooooooco¢ctz.‘..
Sand, angular,quartz. Much black
clay or shale which may be ca&vesssse
granite, decomposed: _
Clay, White, kaolinitiCeisessescoscssass
Clay, white and green, with
imbedded quartz (some euhedral
crystals)....-.......................

- 49 -

Thickness Depth

(feet) (Feet)
10 10
4 1L
83 74
100
6 106
- 12 18
L 122
31 153
1 154
k1 195
5 200
10 210
5 215
15 230



10GS OF WELLS AND TEST HOLES IN THE FAIRMOUNT AREA--Continued

Formation

Mankato drift:

older drift:

Benton shale:

130~-47=-22dbd
USGS test 4TO

Material

Topsoil, blacKessossssasacssssecsescane
Clay and Silt, light-tanp-cocs.oootoncc
SanNdeessscenescscssavsecasancccssvocecs

Till, light"grayoooq-oo.oonot‘uooo.o..o
Sand, very fine to fine, with tan

clay and silt. Shell fragmentS.....
Till, dark-gray, hard, bouldery.eccecese

Shale, clayey, grayish-black.scccecsocee

granite, decomposed:

Mankato drift:

older drift:

Clay, white, keolinitic. Euhedral

quar‘bZ.u...................-.......

130-L47-29aaa
USGS test 479

Silt, grayish-yellow. Small amounts
of sand and gravel..sesececccscsacss

Till, grayish-yellow......-.-..........

Till, gray, Sandy....nu....-.u......

Clay, brown and gray. Some brown,
carbonaceous 88N cevscensscsscnasossne

Ti11, dark-gray, clayey, grading
downward into light-gray, sandy

tilll.‘.C......‘.‘...0..‘....."..‘..

granite, decomposed:

Clay, WhitCeeseossossssncsnsesascsnsccnss
Clay, Gre€Necscscssescscssssssccscscacne

- 50 -

Thickness Depth
(feet) (feet)
2 2
9 1n
g 16
65 81
13 Oh
86 180
39 219
11 230
10 10
8 18
T2 90
30 120
83 203
2 205
5 210



10GS OF WELLIS AND TEST HOLES IN THE FAIRMOUNT AREA-~Continued

Formation

Mankato drift:

older drift:

130-4T7~32aaa
USGS test 480

Material

S8ilt and clay, some graveleescscecescss
Till, light-brown...-...........-.u...
Till, light=grayeesevecacsssoccecssssse

Clay, gray, hatdeeeesscsssesesesssssnses
Sand, fine, clayey. Some brownish-
bl&Ck, carbonacecus Clayesesecsceess
Gravel, fine to mediuMesssseccscnsesnes
Clay, dark-gray, induratedececsscscscss
Till, light-gray, sandy. Samples
largely composed of fine to
medium, well-rounded quartz,
probably derived from Dakota(?)
sandstonCescesscscasvsssssosnsascececs

Dakota(?) sandstone:

Shale, dark-gray. Sand, very coars€...

granite, decomposed:

Chy, whitel.‘....“......'...'..'..‘..
Clay, gre€Nesscocsssosccssvsocccctsesnses

- B w

Thickness

(feet)

Depth
Teet)

10
20
65
13
85

108

19k
198

200
210



LOGS OF WELLS AND TEST HOLES IN THE FATRMOUNT AREA~-Continued

130-48-23bce
USGS test 478

Formation Material

Menkato drift:
S&nﬂ, mediuleccooneancssconssssescocss
ﬁll’ yayish‘tan..'.'..'.....‘.......
Till’ light-gray, sandy............o..
Sand, very fine, clayeYesesesancosscce
Till, light-gray...-.....-......a.....

Graveleesseceasssessscccsencesssscosssse

older drift:
: Sand, very fine. Much yellowish=
Drown Cl8Yeesecscsssesssnsscccsrsccse
Sand, mostly very coarse, not so
clayey as 90“105....0.0o0.0-0ooo‘n'
Ti11, dark-gray, hard. Core from
130-140 feet, about T5% recovery.
Benton shale:
Shale, dark-gray, clayeYeesessssosssese
Dakota(?) sandstone:
Sand, very coarse, possibly cemented
granite, decomposed:
Clay, light-green........'.......-....
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Thickness

lfeet S

2
28

22
21
7
T

15
28
67
2k

Depth
(feet)

2
33
52
83
90

105
133
200
22k
229

230
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130-48-25¢bb
UsSGS test 47T

Formation Msterial

Mankato drift:

Silt, light‘tm..‘...‘.i.bbo..0-..‘..0'0‘

Till, li@t-tan‘litcO.Ql..(...’..“.'...

Till, light-gray, Sandyo..-oauonoocooc.o

Sand, medium to coarse, comparatively
well-sorted and clean. Probably
very pemable.o--o.»uoo-o-otooca-c‘oc

Till, light"grayoco-oooo-otoooocoan.ooo.

older drift:

Clay, dark-gray, indurated.cccescccassee

Tj.ll, gray, 8800 escccocarsscessccssscss

Sand, fine to medium, clayeyessssecccose

Benton shale:

Shale, dark grayish-black, clayey.

MuCh PyriteQCC....Dl‘.'.....'.‘......
Dakote(?) sandstone:

Sand, fine to medium, composed of
quartz and muscovite, probably
interbedded with gray shaleececsccsss

granite, decomposed:

Clay, WhitCeeeevnrscsscascosnesscccccscnrs
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Thickness Depth
(feet) (feet)

5 5
11 16
32 48
28 76

L 80
48 128
12 140
52 192
38 230
21 251

6 257
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