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GROUNDWATERIN THECROSBY-MOHALLAREA,NORTHDAKOTA

By
G. A. LaRocque, Jr., H. A. Swenson,

and D. W. Greenman

ABSTRACT

The Fort Union Formation of Tertiary (Paleocene) age is the

principal bedrock aquifer in the Souris River drainage basin in

North Dakota. The lower part of the formation consists of two

members, which probably intertongue, the nonmarine Ludlow and the

marine Cannonball. The Ludlow underlies the western and central

parts of the area, and the Cannonball underlies much of the

eastern part. The upper part of the Fort Union is the nonmarine

Tongue River Member, which completely covers the Ludlow and much

of the Cannonball. Wells tapping the Fort Union may derive water

from nonmarine strata only, from both nonmarine and marine strata,

or from marine strata only.

The corn:position of water from the Cannonball Memberis similar

to that of ocean water although its average mineral content is

only one-tenth as gree.t. The water is used for watering livestock

but generally is too salty for humanconsumption. Twotypes

of water are present in the nonmarine members, one a hard calcium

sulfate water and the other a soft sodium bicarbonate water; the

hard water :1.sobtained more commonlyfrom the shallow wells and the
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soft water from deep wells •• Although both types are suitable for

most domestic:purposes, the water from the deeper wells is less

ra]a~able ancLcontains more fluoride than is considered desirable

in drinking ,rater, in someparts of the area. Noneof the water

from the Fort Union is suitable for irrigation.

Except near the outcrop of the Fort Union, the water in the

formation is under artesian pressure. In someplaces artesian

or gas pressure is sufficient to cause water to flow from wells.

Most of the wells that were not drilled deep enough to enter

the Fort Union Formation derive water from lenses and stringers

of sand and gravel in the glacial drift. Somewells tap bodies

of sand and gravel that are exposed at the land surface. The

water in the deposits of Quaternary age is extremely variable in

chemical quality. The least mineralized is that in the valley fill

of the Souris and Des Lacs Rivers, in the glacial outwash deposits

in the surficial melt-water channels, in surficial ice-contact

deposits, an.d in the sediments deposited in ancient Lake Souris.

Themost mineralized is that derived from glacial tilL The water

generally is: very hard and conmonlycontains sulfate as the prin-

cipal const:l.tuent.

Recharge to the unconsolidated deposits underlying the report

area is almost wholly from snowm.eltand rain. Under the natural

hydrologic :regtmen, in the area underlain by glacial drift, it is
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believed tha1:~about (J:) to 70 percent of the recharge is from water

that accumulELtesin numerous surface depressions, and about 30 to

40 percent il) from the direct infiltration of available surface

moisture on the upland areas tributary to the depressions. The

greatest perl::entage of recharge is through the undrained depressions.

Manyof the undrained depressions} plus the drained depressions,

account for about 70 to 80 percent of the natural ground-water

discharge from the glacial drift. In these sinks, ground water

is largely clischarged through evapotranspiration. Irrigated

areas maybe:comewaterlogged because the application of additional

water to thE~surface will augment recharge. In the depressions,

additional recharge will occur from (1) runoff from excessive

applicationl3 of irrigation water; and (2) water-wastage caused

by untimely and unavoidable deliveries of irrigation water in

excess of immediate demands. In the upland areas, a significant

quantity of additional recharge will occur from (1)precipitation,

after soil.-moisture requirements are satisfied by irri~tion water,

and (2) irrigation water in excess of crop requirements and soil-

moisture dE~ficiencies. Open-ditch or tile drains probably will

be an uneconomical means for the prevent10n of widespread water-

logging in areas underlain by glacial drift. However, if runoff to

the depressions were to be intercepted by a system of shallow drains

and conducted to surface drainage courses, total recharge to ground

water probably could be kept within the natural capacity of the

land to drain itself.
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INTRODUCTION

Purpose and scope of the investigation

The investigation upon which this report is based was made

between September 1945 and September 1951 by the U.S. Geological

Survey as part of the program of the Department of the Interior

for the development of the water resources of the Missouri River

basin. According to the original plan for develo:pment, a damwas

to be constructed on Big MuddyCreek, a tributary of the Missouri

River in nc)rtheastern Montana, and the water stored in the reservoir

created by the damwas to be used for irrigating several areas in

North Dako':ia(U.S. Congress, 1944). The largest of these proposed

areas, somt~t~es called the Crosby-Mohall area, is described in

this report. The area is almost wholly in the drainage basin

of the Souris River in North Dakota, which is outside the Missouri

River drainage basin. (See fig. 1.) Under the original plan for

develo:pment,about a million acres in the report area was to be

irrigated" Funds for completion of the investigation and for publica-

tion of the results were exhausted in 1953. In an effort to reduce

the publi(:ation costs, this report has been modified slightly and

some illu:3trations and tables have been removed.

The :purpose of the investigation was to collect and interpret

basic data concerning the occurrence and movementof ground water

and to determine measures whereby waterlogging, an anticipated

result of' recharge by infiltrating irrigation water, could be prevented.
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The investigation included a study of rock formations, the occur-

rence of ground water in them, and the chemical character of the

water. This report is an interpretation of basic data included

in an open-file companionreport (LaRocque, Swenson, and Greenman,

1963) available for inspection at the Water Resources Division

offices of the U.S. Geological Survey in North Dakota and Denver,

Colorado, emd in the office of the North Dakota State Water Con-

servation Commissionin Bieme.rck,N. Dak. The field work included

an inventory of about 6,700 wells, summarizedin table 1, the

periodic ml~asurementof the water level in about 570 wells, the

contracted drilling of 92 test holes and collection of lithologic

information on an additional 122 wells and test holes, the col-

lection of about 2,000 samples of ground water for chemical analysis,

and a deta,iled study of occurrence of shallow ground water in a

test area 3 miles square nea.r Flaxton in Burke County (figs. 1, 10).

5



R.90W .

T.
162N.

•

I Mile
I

l'z.
SCALE

14

1940

o
I

•

•observat ion we II
""""--- 19 40 _

Contour line drown on the
water table; contour interval
5 feet; da turn mean sea level.

Figure 10 --Map of the Flaxton test area, Burke County, N. Oak., showing
the configuration of the water table.



TABLE 1. --Distribution of wells and test holes by geologic formation, depth, and county, Crosby-Mohall area
(Detailed well records are given by LaRocque, Svenson, and Greelllll8l1,1963, table 2.)

6,7051,2421,1881,1111,230Total inventoried

Bottineau Burke Divide McHenry Renvllle Ward Total

Geologic source Depth of wells ~ ~i ~ ~ ~ e ~
(Range, in feet) J. ~tl J. J. II J. II J. ..... ~tl J. nI i i i i )1

J. ijl jl i jl
Undifferentiated o - 50 16 5.3 49 26.9 14 13·7 1 0.7 8 4.0 9 4.4 97 tl.6

50 - 100 62 25·9 48 53·3 32 45.1 24 17·7 4 6.0 44 25.9 214 27·5
100 - 150 76 51·2 19 63.7 17 61.8 67 65.2 6 9.0 26 38.5 211 46.1
150 - 200 62 71·8 31 80.8 11 72·5 35 90·1 4 10·9 40 58.0

l~l

62.3
200 - 250 19 78.1 10 86.3 3 75·5 6 ~.3 7 14.4 18 66.8 67.8

M.ore thIIn 250 66 100 25 100 25 100 8 100 172 100 68 100 364 100
Unlmawn 81 ..... 86 ..... 58 ..... 34 ..... 86 ..... 110 ..... 455 .....

,wt_.A._" 382 268 160 175 287 315 I ,587
LV •••••••

Quaternary
Glacial dr1tt 0-50 522 78.3 426 75·3 218 74.9 767 80.7 424 90.6 480 76.3 r,837 79.4

50 - 100 126 97·2 68 87.3 52 92.8 '175 99·1 32 97.4 118 95·1 571 95.4
100-- 150 9 98.5 26 91.9 3 93.8 6 99·7 1 97·6 15 97·5 60 97·1
150 - 200 6 97.4 35 98.1 6 95·9 2 99·9 4 98.5 11 99.2 64 98.9
200 - 250 13 99·9 7 99·3 3 96.9 1 100 3 99·1 1 99.4 18 99.4

"ore thIIn 250 1 100 4 100 9 100 0 100 4 100 4 100 22 100
UUknown 82 ..... 40 ..... 23 ..... 100 ..... 122 ..... 72 ..... 439 .....

Total 749 606 314 1,051 590 701 ,011
Tertiary 64 4.9Fort t.rA101lr_t1Oll 0-100 0 0 28.1 7 9·3 2 0 0 11 10.6 84 16.1

WIU.oIr 8D4 Toape R1ftl' 100 - 150 0 0 37 44.3 16 ~·7 20 53.7 0 0 18 27·9 91 33·6
MeIIber8,UD41ffel'atiated 150 - 200 1 14.3 50 66.2 6 38.7 15 90·2 3 4.5 17 44.2 92 51.2

200-~ 5 85.7 53 89.5 20 65.3 3 97.6 22 37·9 32 75·0 135 77.2
~-1aOO 1 100 16 96.5 20 92·0 1 100 28 80.3 18 92·3 84 93.3

M.orethan IaOO 0 100 8 100 6 100 0 100 13 100 8 100 35 100
Unlmawn 1 ..... 8 ..... 0 ..... 0 ..... 5 ..... 16 ..... ~ .....

Total 8 236 75 41 71 120 551
C~1te TOIlpe Rhll'-

Cumonball Members 0-100 0 0 0 0 0 0 1 2·9 1 2.9 0 0 2 1.8
100 - 150 0 0 0 0 0 0 15 47.1 0 2.9 1 3·2 16 16.4
150 - 200 1 10.0 0 0 0 0 10 76.5 1 5·9 5 19.4 17 31.8
200-~ 6 70.0 0 0 0 0 8 100 6 23.5 5 35·5 25 54.5
~ - IaOO 3 100 0 0 0 0 0 100 5 38.2 15 83.9 23 75.5

M.orethan 400 0 100 1 100 0 0 0 100 21 100 5 100 27 100
Unknown 0 ..... 0 ..... 0 ..... 0 ..... 10 ..... 1 ..... 11 .....

Total 10 1 0 34 44 32 121

ClUlI:IOIlballMember 0-100 0 0 0 0 0 0 4 5.0 0 0 0 0 4 1.1
100 - 150 0 0 0 0 0 0 18 27·5 0 0 1 1.4 19 6.1
150 - 200 4 5·5 0 0 0 0 32 67.5 5 3·3 13 19.2 54 20.3
200 - 300 25 39.7 0 0 0 0 22 95·0 23 18.3 29 58.9 99 46.4
300-400 37 50·7 0 0 0 0 4 100 56 54.9 18 83.6 115 76.8

.ore thIIn 400 7 100 0 0 0 0 0 100 69 100 12 100 88 100
Unknown 8 ..... 0 ..... 0 ..... 4 ..... 43 ..... 1 ..... 56 .....

Total 81 0 0 84 196 74 435



The Flaxton test area was selected by the U.S. Bureau of Reclamation
and the U.S. Ge:ological Survey for study of drainage problems because it
was conAidered to be representative of the soil type and topography of
that part of the report area west of the Des Lacs River. Small-diameter
observation wells, ranging in depth from 10 to 26 feet, were installed
on the section lines at intervals of a quarter of a mile and one well1/
was installed at the center of each section (fig. 10).- Measurements
of the water l,evel in these 97 wells were made periodically and water
samples for analysis were collected from many of them both in October

y
1949 and in July 1950·

11 Basic data for Flaxton test area given in tables 3, 4, 7, and 8 of
the companion open-file report (LaRocque, Swenson, and Greenman, 1963)·

Well-numbering system

The well ..numbers used in this report show the location of wells
according to the U.S. Bureau of Land Management's survey of the area.
The first numl~ral of a well number indicates the township, the second the
range, and the third the section in which the well is located. The lower-
cased letters following the section number show the position of the well
within the section. The first letter indicates the quarter section, the
second the quarter-quarter section, and the third the quarter-quarter-
quarter section (lO-acre tract). The letters are assigned in a counter-
clockwise direction, beginning in the northeast quarter of the section,
quarter secti.on, or quarter-quarter section. Where two or more wells are
located in the same tract) they are distinguished by serial numbers, be-
ginning with 1, added after the lowercased letters. (See fig. 2.)
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GEOGRAPHY

Location and extent of area

The area described in this report is in northwestern North Dakota

adjacent to the Canadian boundary. It is wholly north of the 48th par-
.00 .B.llel of latitude and 1.S between 100 25' and 103 30' west longJ.tude.

The area contains about 4,300 square miles, is about 130 miles long

in a southeast-northwest direction, and ranges in width from 15 to 65

miles. It comprises all of Renville County and parts of Bottineau,

Burke, Divide, McHenry, and Ward Counties. (See fig. 1.)

Agricultural and economic development

The agricultural economy of the area was established and developed

when the precipitation was above average. By 1920 most of the area had

been divided into homesteads of 160 acres. During the subsequent pro-

longed period of drought, many homesteads were sold or relinquished and

the population decreased to about one-fourth of its earlier total. Mean-

while, many homestea,ds were consolidated into larger holdings, some con-

sisting of several thousand acres. Since 1940, with the aid of labor-

saving machinery ancl several years of good crops, farming again has

become profitable.

Most of the area is dry farmed. Much of the sandy land in the south-

eastern part of the area and some of the rough and stony land elsewhere in

the area is used for pasture. Meadowlands in shallow valleys and in the

valleys of the Des lacs and Souris Rivers are used either for grazing or

for growing forage. Wheat and flax are the principal crops. Dairying

8



and the raising of beef cattle, hogs, sheep, turkeys, and chickens are

other important sou~ces of farm income.

Minot, which :f.s in the valley of the Souris River near the south

border of the area), is the principal city and has a population of about

20,000. No other town in the area has a population greater than 2,000.

Townsof more than 500 are Bowbells, Columbus, Crosby, Kenmare, Mohall,

Noonan, Portal, Tmmer, and Velva (fig. 2). These and several smaller

towns are supply points for the farmers and shipping points for grain

and livestock.

Lignite is mined extensively. Several large strip mines are in

operation near Noonanand Columbusin the western part of the area and

near Velva in the southeastern part. The overburden is as muchas

100 feet thick in someof the mines, but more generally it is less than

50 feet thick. Gravel from deposits in the Souris River valley was

used for concrete aggregate in the construction of Garrison Dam1n

central North Dakota.

Most of the roads in the area are on section lines. A few have been

hard surfaced or graveled, and manyof the dirt roads have been graded.

The latter dry qu:Lcklyafter summerrains but are muddyand rutted in

the thawing period. during March and April.

Every point w'1thin the report area is within about 15 miles of the

main or a branch line of either the Great Northern Railway or the Minne-

apolis, St. Paul and Sault Ste. Marie Railroad. The main lines of both

railroads pass through Minot.

9



Physiography

The report area is in the northwestern part of the Western lake
section of the Central Lowland physiographic province (Fenneman, 1931)

and lies almost wholly within the drainage basin of the Souris River,
which is !mown locally by its English equivalent, Mouse River. The Souris
River rises in Canada, flows southeastward across the boundary of the
United States into North Dakota, and at the town of Velva, McHenry County,
veers northeastward for about 35 miles and thence flows northwestward
back into Canada. Wi thin North Dakota the Souris River drains about
9,250 square m.iles. Its largest tributary, the Des Lac River, also flows
southeastward from Canada and drains the central part of the report area.
Another tributary, the Deep River, drains most of the Souris loop, which
is the part of'North Dakota enclosed by the Souris River.

The report area is an eastward-sloping, gently undulating plain,
which has been relatively unchanged by erosion since the melting of the
last great iCE!sheet. It is dissected by the deep, narrow valleys of the
Souris and Dee~Lacs Rivers and their principal tributaries, by the abandoned
channels of ice-marginal streams, and by the shallow channels of streams
that flowed off the melting ice sheet. Except in the eastern part of the
area, which wt:LSonce covered by ancient Lake Souris, oval or circular
depressions called kettles are common. Most of these depressions, generally
about 5 to 10 feet deep and about 100 to 300 yards across, were formed by
the melting of residual blocks of ice that were wholly or partly buried in
the glacial dE~posits. The altitude of the land surface ranges from nearly
2,300 feet at the west border to about 1,420 feet along the Souris River
at the east b()rder of the area.
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Climate

The climate of northwestern North Dakota is rigOrous. The winters

are characterized by strong winds, extremely low temperatures, and little

snowfall. Summerrains are frequent but are of short duration, and storms

of cloudburst proportion are not uncommon. Precipitation is uniform (see

figs. 3 and 4) and, as in manyother semiarid areas, the annual total

varies widely - - from about 40 to about 200 percent of the average. These

extreme departures generally are the result of wide variations in the fre-

quency and intensity of rainstorms. Because the arithmetic average of the

annual precip:i.tation recorded at a given station gives too muchweight to

tnfrequent extreme departures from average, the expected annual precipitation

based on freq1~ncy of occurrence also was calculated. (See fig. 5.) The

atl10untsof annual precipitation calculated by both methods checked closely.

The arithmetic: average of the annual precipitation at Bismarck.for the

period 1875-1947 was 16.3'-1-inches, and the expected annual precipitation,

based on fre~lency of occurrence, was 16.02 inches.

The cumulative departure from expected annual precipitation at Bis-

marck for the period 1875-1950 and the average cumulative departure from

the average of the expected precipitations at Crosby, Bottineau, Minot,

end 1<1008.11fea' the. peri.-ou 1905-50 a.I~ shmvn !on f1(,'ure 6. Both curves bBve

11
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been smoothed l,yusing 5-year moving averages. The rising parts of the
curves indicatE~ that actual precipitation exceeded the expected precip-
itation, and the declining parts indicate the opposite. Although many
references are made to the drought of the 1930's, inspection of the graph
shows that the drought period in this area actually began about 1916 and
continued with but slight break until 1940.

Because ~ne surficial earth materials do not freely transmit water
downward to the zone of saturation, and because such a large part of the
precipitation generally comes from storms of relatively short duration
rather than fram several successive days of rainfall, increases in the
amount of ground water in storage in this area probably are not related
directly to the amount of precipitation. Instead, the amount of rise and
the duration of the period of rise in ground-water levels are governed
largely by ho~'much water collects in the undrained depressions during
the period of snowmelt and spring rains and how long before all the water
either sinks into the ground or is evaporated.

The avers.ge growing season in the report area is about 110 days. In
general, about 77 percent of the annual average precipitation falls during
the growing season, and about 50 percent falls during May, June, and July.
As the economjr of the region is related closely to the wheat crop, a suc-
cession of dr;1ryears is disastrous to the prosperity of the whole area and
affects the entire population.

12



GEOLOGY

Prev10us investigations

Simpson (1999), in a report on the geology and ground-water resources

of North Dako1.a.,gave much information on ground water in the report area.

The glacial dE~posits in the western part of the area were described by

Alden (1932), and a somewhatmore detailed geologic description, as well

as information on the water supply in the western part of the area, was

presented in fl.D. unpublished report (Alpha, A. G., 1935, Geology and ground-

water resourCElSof Burke, Divide, Mountrail, and Williams Counties in North

Dakota: North Dakota Univ. M.S. thesis). Geologic information for much

of the report area is included in a comprehensive report on the Souris

River area by Lemke(1960) and in published quadrangle maps by Townsend

(1954a, b, c) .. Several reports of the North Dakota Geological Survey

(Abbott and Vc)edisch, 1938; Akin, 1947, 1951; Laird, 1941; and Simpson,

1932, 1935, 1937) contain well logs and other detailed information.

The principal deposits of lignite have been described in reports

by Andrews (1939), Brant (1953), Leonard and others (1925), and Lemke

(1960). A rel10rt on land use and erosion in the vicinity of Minot was

made by Ho1ovre.ychuckand Boatright (1938).
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SUI!ID1.aryof stratigraphy

Only rocl~s above the top of the Pierre Shale of Late Cretaceous age
are described in this report because drilling for water below this horizon
is considered to be infeasible. The Pierre is overlain, in ascending
order, by the Late Cretaceous Fox Hills Sandstone and Hell Creek Formation,
the Fort Union Formation of Tertiary age and glacial and alluvial deposits
of Quaternary age. The principal water-bearing formations are the Tertiary

Fort Union Formation and the Quaternary glacial deposits.
The Pierre Shale, a marine deposit, underlies the entire area and

probably nowhere in the area is its thickness less than 1,000 feet. The
log of the J. H. Kline well 1, in sec. 16, T. 157 N., R. 85 W., shows it
to be 1,200 feet thick and to consist of gray clay that contains bentonite
and ironstonE~ (Lemke, 1960, p. 11-19). The Pierre is too fine grained to
transmit significant quantities of water to wells, and the little water
it might yield probably would be too highly mineralized for use (Simpson,
1929, p. 39). Northeast of a line roughly paralleling and 2 to 8 miles
southwest of the Souris River in northern McHenry County and in Bottineau
County, the top of the Pierre is within about 35 to 50 feet of the land
surface. West and southwest of that line it is progressively deeper and
at the west end of the area it is estimated to be 1,500 feet or more be-

low the land. surface.
Except in the 2 to 8 mile wide band along the northeast border of

the area, the Pierre is overlain by the Fox Hills Sandstone, also of Late
Cretaceous e~ge. If the sandstone cropping out along the valley wall of
the Souris Eiver near Verendrye in McHenry County has been correctly
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identified, the Fox Hills is the oldest formation exposed in the report
area. Because the outcropping sandstone contains both marine fossils
and remains oj~land plants, the Fox Hills in this part of the area is
believed to ha.vebeen deposited close to the shoreline of a sea. Little
is known of its lithology and thickness in the report area because so
few holes ha~~ been drilled into or through it. Cuttings from the J. H.
Kline well 1, in which the Fox Hills was 235 feet thick, show it to be
composed of gray shale, siltstone, and fine-grained sandstone. The for-
mation thins 'watil it loses its identity along the northeastern limit of
its extent, and, judging from measured thicknesses in northeastern Mon-
tana (Swenson, 1955, p. 37), it is probably no more than 50 feet thick
at the western end of the report area. It probably would yield small
quantities of water to wells, but no wells in the area are known to be

sufficiently deep to tap it.
The Hell Creek Formation, the youngest fo~ation of Late Cretaceous

Age in the area, is believed to overlie the Fox Hills Sandstone through-
out the western part of the report area and the southwestern half of the
Souris loop. According to Lemke (1960, p. 24, 26), the Hell Creek pos-
sibly crops out in the valley wall of the Souris River near Verendrye.
The log of ~le J. H. Kline well 1 shows it to be 235 feet thick and to
consist of gray fine-grained sandstone, gray siltstone and mudstone, gray
silty shale, and greenish-gray silty bentonite. Like the Fox Hills Sand-
stone, it thins to a zero thickness along the northeastern limit of its
extent. Swenson (1955, p. 38) estimates a thickness of 130 to 150 feet
for the Hell Creek in northeastern Montana and the thickness of this
formation at the western end of the report area is assumed to be about
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the same or possibly a little greater. The Hell Creek is a source of

water supply :Lneastern Montana and, if tapped, probably would yield

water to welll3 in the report area also.

Except fo:r the exposure of Late Cretaceous rocks near Verendrye, the

Fort Union Fo:rmation of Tertiary (Paleocene) age is the only bedrock ex-

posed in the :report area. As shownon plate 2, bedrock crops out in many

places along the Des Lacs River south from central T. 161 N., R. 88 W.,

to its confluence with the Souris River, and thence along the Souris

River to the southeastern part of T. 154 N., R. 79 W. It also crops

out in manyplaces in eastern Divide County and western Burke County.

The Fort Union is an eastward-thinning wedge that extends beyond the

eastern limit of the Hell Creek Formation but not as far as the eastern

limit of the Fox Hills Sandstone. The Fort Union lies unconformably on

the underlying Cretaceous rocks which had been gently warped and beveled

by erosion before the Fort Union was deposited.

The Fort Union has been subdivided into three members -- the Cannon-

ball, which :Lsmarine, and the Ludlowand Tongue River Members,which

are continen1~al. The Cannonball and LudlowMemberscomposethe basal

part of the formation. They were deposited contemporaneously, at least

in part - - the Cannonball in a shallow sea and the Ludlow on a broad

plain bordering that sea. During Cannonball time the sea advanced from

the east and submerged the eastern part of the area. Because the ancient

sea probably advanced and receded several times before it finally with-

drew completely, the sediments of the Cannonball and LudlowMembersare

assumed to intertongue in the report area in the samemanner as they do

where exposed in the south"'centr$.l part of North Dakota. The members
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have not been. mapped in the subsurface, but on the basis of chemical

ana.lysis of 'water from many wells drilled into bedrock, it is believed

that the westernmost advance of the Cannonball sea was to a line almost

coinciding with the course of the Des Lacs River. After the final re-

Lreat of the sea, deposition of continental deposits extended over the

entire area and continued uninterrupted throughout Tongue River time,

which lasted to the end of the Paleocene Epoch.
The Cannl)nball Member is exposed on the walls of the Souris River

valley from a point about midway between Minot and Velva to a point

about 9 miles dmmstream from Velva. The Cannonball is well exposed

about 2 miles upstream from Velva in the SWft sec. 16, T. 153 N., R. 80 W.,

where the Souris River has undercut a l~O-foot bluff of grayish-black

sandy shale. In most exposures the Cannonball is composed mainly of

alternating thin beds of tan to brown sand and sandy shale. Small

gypsum (selenite) crystals are moderately abundant, and a few fairly

round, carbonate-rich concretions are present along some bedding planes.

The Ludlow Member is not exposed in the report area but underlies the

western and central parts. Numerous wells have been drilled into it.

Where the Ludlow Member is exposed in the valley of the Missouri River

near Bismar<~k, N. Dak., it consists of gray to brown fine-grained sand

interbedded with brown to black lignitic shale. The sand commonJ..v 1!J

silty to sru~ly and is crossbedded.

The Tongue River Member consists of generally light-colored inter-

bedded shal'=, clay, siltstone, sandstone, sand, and lignite beds. The

sediments were deposited in large part in swamps, lagoons, and shallow

lakes. The position and size of the shallow bodies of water gradually

17



shifted and changed during the accumulation of the sediments, causing
the resulting layers to be disconnected and uneven in thickness. Lush
vegetation grew in swamps and shallow lagoons, and, in places, accumu-
lations of organic matter were buried by subsequent sedimentary deposits.
By the end of the Paleocene Epoch, the aggregate thickness of these sed-
iments was about 1,000 feet in the western part of the area but may have
been somewhat less in the eastern part. The Tongue River Member crops
out in many places in the western part of the area and here and there
along the valley walls of the Des Lacs River and along the valley of the

Souris River between Burlington and Velva.
Because the nonmarine members have not been differentiated in the

subsurface, and also because they apparently share similar hydrologic
characteristics, they are treated in this report as a single hydrologic
unit, the Ludlow and Tongue River Members undifferentiated.

Between the end of the Paleocene and the beginning of the last glac-
iation of tilePleistocene Epoch the Fort Union Formation was gently warped.
Erosion removed much of the sediments of the Tongue River Member or the
area within the Souris loop and produced a badlands topography in part if
not throughout the entire area. The general configuration of the bedrock

surface thU:3produced is shown on plate 1-

During the Pleistocene Epoch glaciers moved southward over the area
at least three times and possibly four. The glaciers were heavily laden
with rock fragments which had been picked up and transported by the ice
as it advanced. Each successive advance of ice tended to smooth the
terrain by filling the valleys and abrading the hills. When the margin
of the glacier melted northward, the rock debris that had been transported
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_~thin'thej;ce --wasleft asa mantle on the surface overridden by the' -ice.

)USO, the mE~ltwaternowing out from and along the ice front deposited.

glacial debris in a network of channels. The frequent changes in the

ice front cE~usedold melt-water channels to be abandoned and new ones

to be formed. Turbulent streams flowing from the ice, or in crevasses

or esker streams, washed coarse rock material into mDundsand ridges.

At its highE!st level, Lake Souris, which was formed in front of the ice

margin during the retreat of the last ice sheet, inundated the east

half of the Souris loop. The present ground surface is essentia.lly as

the ice and melt water left it.

The gle,cial deposits consist Chiefly of ground and end moraine but

also include~ ice-contact, outwash, and glacial lake deposits. Test

drilling hae~revealed that the thickness of the glacia.l deposits ranges

from less than a foot near bedrock outcrops to at least 520 feet where

they fill a valley in the bedrock surface near Crosby, in Divide County.

(See p1. 1, this report, and LaRocque, Swenson, and Greenman, 1963,

table 3.)

Groundmoraine is not only the most widespread exposed deposit in

the report nrea but in most places underlies all the other exposed glacial

deposits. It consists mainly of till, which is a nearly impervious

mixture of (~lay, silt, sand, pebbles, and boulders. Its surface is a

gently undulating plain pockmarkedby numerousundrained saucer-shaped

depressions" or kettles, manyof which conta.in water. In some of the

depressions" slopewash and windblownmaterial have been deposited to a

thickness of several feet. Rising above the general surface of the mo-

raine are m~ocky areas of recessional moraines, consisting of till inter-

mixed with :lce-c~ntact deposits of silt, sand, and gravel. The finer-grained
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portion of the till was derived in part from the underlying bedrock.

The pebbles and boulders, however, are fragments of stratified, meta-

morphic, and igneous rock transported from Canadian sources. On drying,

the more cla~~y till cracks into vertical blocks baving a pronounced

prismatic structure.
Outwash from the wasting glacier not only carved a complex network

of channels j.nto the surface of the ground moraine but partially filled

the channels with marly clay, silt, sand, and gravel. In the b~oader

channels the thickness of these deposits is as much as 15 feet, but in

the narrower channels it generally is less than 5 feet. Although fair.ly

permeable, vertical and lateral drainage from these deposits is usually

poor because the underlying and surrounding ground moraine is nearly

impervious. The thin alluvial deposits in the Des Lacs and Souris River

valleys are 'xnderlain by glacial outwash deposits which extend to a

depth of as much as 150 feet in some places. As part of a study of

ground water in the Mohall area (Akin, 1951), several test holes were

drilled through the valley fill in the Souris River valley as well as

in the nearby melt-water channels. The logs of these test holes are

included in table 3 (LaRocque, Swenson, and Greenman, 1963). Glacial

outwash depcsits form terrace remnants along the valley walls.

The ice .-contact deposits consist for the most part of kames, eskers,

and crevasse fillings. Kames are mounds of poorly sorted silt, sand,

and gravel c:arried by glacial melt water and deposited in holes in-the

glacier or i.n re-entrants at the ice margin. A few of the kames stand

as much as tfo feet above the surrounding plain. The eskers are narrow,

sinuous ridges of material deposited by streams in the ice or at the
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base of the ice; crevasse fillings were deposited in cracks in the ice.
Although, in general, the ice-contact deposits are moderately to highly
permeable, they commonly are easily drained except where they are so
thin that the underlying ground moraine is close to the surface.

The lake sediments underlying the flat plain that is a part of the
bed of anci,ent Lake Souris consist of well-sorted clay, silt, sand, and
fine gravel. and range in thickness from 0 to about 30 feet. In general,
the deposits are coarsely textured in the southern half of the Souris
loop and along the western shoreline of the lake. Deltaic deposits
radiate from the points where streams of melt water entered the lake;
these depoE:its grade laterally into the more typical lake deposits. In
general, much of the area underlain by lake sediments is presently poorly

drained, but is drainable.
Except for the deposits of sand, silt, and clay of Recent age, which

form the valley floor of the Souris River and its larger tributaries,
the deposi,:;sof Quaternary age are late Wisconsin. It is not known
how much o:~the total thickness of unconsolidated deposits should be
attributed to the Wisconsin stage of glaciation, but it is believed
that possV~ly some of the buried layers of till and lenses of stratified
silt, sand, and gravel penetrated in the drilling of wells and test holes
may be associated with earlier glacial advances.

All av;ailable evidence indicates that the buried lenses and stringers
of stratified silt, sand, and gravel are scattered throughout the mass
of unconsolidated deposits without apparent system of orientation and
that few, if any, are of more than local extent. Consequently, drilling
a well in the hope of tapping one or more such layers within the zone of
saturation generally is a "hit-or-miss" proposition.
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The largl3 streams in the report area have deposited alluvium in
their valleys. The alluvium consists of fairly well sorted sand, silt,
and clay, and. cannot be readily distinguished from the glacial outwash
deposits that underlie it in most places, although generally it is
finer grained..

Windblown sand has accumulated in several places in the report
area. Most dunes are of local extent, but several areas of dune sand
are fairly large.

HYDROLOGIC PROPERTIES OF THE GLACIAL DEPOSITS

The hydrologic properties of the glacial deposits at 7 sites within
the report area were determined by aquifer tests. Six of the tests
were made as part of this investigation and one was made by consultants
engaged by the thermoelectric plant at Voltaire. The results of the
seven tests are summarized below. The specific conductance of water
samples collected from the pumped wells during four of the tests is
summarized :tntable 2, and the complete chemical analyses are given in
LaRoc que, S'wenson, and Greenman (1963, table 5) •.
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Results of aquifer tests

Pumped Thickness Coefficient Coefficient of Coefficient
well of of transmissibility of

aquifer storage (gallons per day permeability
(feet) per foot) (gallons per

day per
square foot)

Lake deposits

l57-75-3lca 0.16 75,000 .....
(McHenry County)
158-77-35ada .... .09 2,000 110
(McHenry County)

l59-80-35bbb 18.9 0.0003 10 0·5
(McHenry County)
162-90-l0cbc 12.8 .01 25 2.0
(Burke-County) .

l63-€b-19dda. 16.5 .01 60 3·5
(Bottineau Cou..'1.ty)
163-84-6ad 14.5 .003 8 ·5
(Renville County)

Outvmsh deposits

l53-79-3lca y 67 0.15 43,000 650
(McHenry County)

y Data obtedned from thermoelectric plant at Voltaire.

23



TABLE f:. - -Specific conductance of water from wells used in
aquifer tests

-------- Depth to Specific con-
Depth water in ductance of

Well number of Date of Time pumped well pumped water
well collection (feet below (micromhos a.t

(feet) land surface) 250 C)

9:20 a.m • ..... 615
158-77-35adn 27 8 -7-51 12:00 m ..... 577

4:00 p.m • ..... 627 f!:!

11:30 a.m. 8.00 1,230
159-80-35bb1) 25 8-16-51 2: 50 p.m. 15·40 1,300

4:10 p.m. 16.65 1,340

9:15 a.m. 9·5 13,900
10:10 a.m. 10.5 13,900

162-90-10cbe 22.5 8-28-51 11:20 a.m. 13·5 15,800
1: 50 p.m. 16.5 18,000
2: 50 p.m. 20·75 18,400

8- 1-51 7:00 p.m. 13.90 10,100
163-84-6ad 22 8- 2-51 12:30 a.m.,!?! 13·35 11,100

8- 2-51 3:05 a.m. 15·25 10,800

a/ Aquifer 'being recharged with water from pumped well.
~/ Pumping stopped 9:25 p.m., started 10:15 p.m. (8-1-51).

The coefficients of transmissibility and storage were computed from

the test data by the nonequi1ibrium method of Theis (1935), and the co-

efficients of permeability were obtained by dividing the coefficient of

transmissi'bi1ity by the thickness of the aquifer, in feet.

The p1c,t of ! (drawdown) versus '£.2/i (where'£. : distance of observation

well from Ilumpedwell, in feet, and i : time, in days) for the test in

which well 157-75-31ca was pumped is shown in figure 7. Because the

data curve matched the well-function type curve almost perfectly, the

computed rE~su1ts are considered to be reliable.
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During the later part of the test on well l58-77-35ada, the aquifer
was rechargl~d by water discharged from the pumped well. Accordingly,
plotted dati!'!.for that part of the test deviated from the type curve
El.nd the deviations when plotted, matched the type curve. (See fig. 8.)

The coefficients computed from both curves are nearly equal.
Of the tests made on wells tapping the ground moraine, only the

test on well l62-90-l0cbc gave data that in part could be matched
directly with the type curve. (See fig. 9.) As the coefficients com-
puted from the matched curves could not be checked by plotting deviation
curves, the coefficients are not considered to be mathematically pre-
cise. They are believed, however, to be of the correct order of mag-
nitude.

No part of the plotted data from the other tests on wells tapping
the ground moraine could be matched with the type curve, and it was
assumed, the:refore, that all the water-level data collected during the
tests reflected local boundary conditions.

The coefficients of transmissibility and storage of the valley fill
of the Sour:1.SRiver were determined at several points in and near Minot
(Akin, 1947). The weighted average of all values for the coefficient of
transmissibility was 250,000 gpd per foot, and the weighted average co-
efficient of storage was 0.00034.

The concentrations of dissolved salts in the water were higher at
the end of four of the aq\,lifertests than at the start. (See LaRocque,
Swenson, and Greenman, 1963, table 4.) However, the only significant
increase was in water from well l62-90-l0cbc, in which the principal
increases in concentration were in sodium, magnesium, and sulfate.
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OCCURRENCE OF GROUND WATER

Bedrock aquifers

The be~rock aquifers in the report area are recharged in part by
underflow from the south and southwest. Where overlain by unconsol-
idated deposits of Quaternary age, the bedrock aquifers are recharged
also by water percolating downward through the mantling sediments, and,
where they crop out, they are recharged by infiltrating precipitation.
Some water is withdrawn by pumping within the area or is discharged
by seepage into adjacent deposits of Quaternary age. The remainder
leaves the area by underflow to the north and northeast.

Less than one-fourth the total number of wells in the area tap bed-
rock. The water is yielded by sandstone strata or lignite beds; water
from the lignite beds commonly has the color of weak tea. The towns
of Ambrose;, Crosby, Noonan, Columbus, Flaxton, BowbellS, Sherwood, and
Norwich obtain all or part of their municipal supply from wells drilled

into bedroek.
In soml3parts of the area, the water in the bedrock is under suf-

ficient artesian or gas pressure to flow from wells; elsewhere the water
level in w,ells is higher than the producing zone but lower than the land
surface. 'Thewater level in the nonflowing wells tapping bedrock
fluctuates only slightly and the highest levels during the year generally

are recorded in the summer.
During the period 1911-21, Simpson (1929) collected data on the

flowing wells in the Souris River drainage basin. The locations of
those wells, most of which either no longer flow or are not now in
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existence, ,are shown on plate 1of this report. Also shown on the'
same plate are the locations of the wells that were flowing in the

period 1945-50.

Many more wells flowed in the Sherwood-Westhope-Glenburn area at
the time of Simpson I s study than in the 1945-50 period. The flow from
wells in this part of the Souris River drainage basin is due principally
to the rise of gas in the wells, and for this reason the wells are termed
"gas lifts." Generally the flow is of a jetting or sputtering char-
acter.

The flow from wells elsewhere in the Souris River drainage basin
is caused mainly by artesian pressure. Except along the Des Lacs River
between Kenmare and Carpio, a comparison of the locations of flowing
wells in the two periods of study indicates no appreciable decrease
in the area.s of artesian flow. The reason for the lack of flowing wells
in the 194~)-50 period along the Des Lacs River between Kenmare and Carpio
is not kno1.rn.

Several of the flowing wells in the vicinity of Crosby tap glacial
deposits tr~t fill a buried bedrock valley.
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Unconsolidated aquifers

More than 75 percent of the wells in the report area tap the un-
consolidated deposits of Quaternary age. Recharge to these deposits
is almost entirely from snowmelt and rain. In the area underlain by
glacial drift, about 60 to 70 percent of the recharge is estimated to
come from VI'aterthat accumulates in the numerous depressions. Water
in these depressions is discharged by evaporation or by slOw percol-
ation down through the fine-grained sediments lining them. At times
water penet.rates the soil zone of the upland, areas tributary to the
central parts of the depressions. A part of the water passing through
the soil zone eventually reaches the zone of saturation. The moisture
content ano. transmitting capacity of the soil during periods when water
is available are two of the factors that govern the amount of water that
will infiltrate beyond the reach of plant roots. The amount of water
passing to the zone of saturation undoubtedly is small in comparison
with the ao~unt of water per unit area that seeps through the floors
of the depressions. However, the gross area of the uplands is large in
comparison with the gross area of the floors of the depressions. Influent
seepage from streams and possible inflow from bedrock aquifers are sources
of recharge only locally. The water not withdra"W11from the unconsolidated
deposits b~rpumping from wells is discharged by flow from springs, by
seepage into surface drainage courses, by flow into contiguous deposits,
and by evapotranspiration. Although a large part of the recharge in the
area occurn through the undrained depressions when they contain excess
water from precipitation and runoff, during dry seasons, these same un-
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drainecL depress~()ns CO.1.J.l::::t.: I" ground-water discharge from the
glacial drift and act as centers of discharge. About 70 to
80 percent of the natural ground-water discharge from the
glacial drift is estimated to be lost by evapotranspiration
and runoff from the undrained and drained depressions.

In the area once covered by ancient Lake Souris, a
great many shallow wells tap the sediments that were de-
posi teeL in the lake. Such wells are far more numerous in the
southel~ part of the lake area and in the deltaic deposits
along :Ltswestern margin. In the northern part of the lake
area most of the wells have been drilled through the lake
sediments, which here are principally clay, into under-
lying aquifers. The water in the lake sediments moves
eastwa.:rdtoward the Souris River, and recharge into the
glacial outwash deposits and Recent aluvium in the valley
of the Souris River.

B'=cause the glacial outwash that underlies the valley
floor ·:)fthe Souris and Des Lacs Rivers is moderately to
highly permeable and is amply recharged by inflow from
adjacent strata and by infiltrating river water and snow-
melt, it is a source of plentiful ground-water supply.
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The municipal-supply wells of Minot (Akin, 1947), Velva, and Towner

tap the dep()sits in the Souris River valley, and manystock and do-

mestic welll3 tap the deposits in both valleys. The ground water

movesdownthe valley within the valley fill.

The terrace deposits along the Souris and Des Lacs Rivers, which

also are composedprincipally of glacial outwash, are above river

level and ~1filtrating snowmeltand precipitation are two of the

sources of recharge to them. They store only a small amount of

water because the water discharges freely through springs and seeps

along the terrace edges. Most of the springs are intermittent, but

a few are perennial and flow as muchas 2 to 3 gallons per minute.

Although gererally thin, the glacial outwash deposits that

partly fill the surficial melt-water channels on the upland are

moderately permeable and yield sufficient water for stock and

domestic use. The municipal-supply wells of Mohall tap glacial

outwash de~Qsits in Spring Coulee near its junction with the valley

of West Cut.Bank Creek northeast of town (Akin, 1951), and the

well of the~thermoelectric plant at Voltaire taps glacial outwash

deposits in the channel that heads at Velva. Although someof

the water in the melt-water-channel deposits may seep into under.•

lying and ELdjacentdeposits, the greater part by far moves down

the axis of the channels, and that not withdrawn through wells,

consumedb~rvegetation, or evaporated is discharged into one of

the surfacE~drainage courses. Manywells that tap the deposits

in the surficia.l channels in the upland fa.il during prolonged

droughts.
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Ice-crnltact deposits and recessional moraines collect and store

we.t.e1" from rainfall and snowmeltand are reliable sources of supply

where they extend below the general level of the upland plain. Some

water is lost from these deposits by evapotranspiration and by

seepage into the underlying fine-grained materials. Lateral move-

ment of wat.er from these deposits probably is negligible except

where their zone of saturation extends above the level of surround-

ing land, providing sufficient head for outward movement.

Burieclwithin the mass of glacial deposits other than lake

sediments and valley fill are innumerable lenses and stringers

of silt, sand, and gravel. Manyof these are within the ground

moraine (Of which there probably are two or more sheets), and

someare outwash deposits in melt-water channels nowburied be-

neath till. Individually, manyof the lenses and stringers of

silt, sand., and gravel are only locally insignificant waterbearing

bodies. But they are numerous, and have a high degree of hydraulic

interconne:ction, and as a group, they are a dependable and significant



source of water for stock and domestic use. Hundreds of stock and domes-
tic wells in ~~e report area tap one or more of these permeable lenses
and stringers. When water is withdrawn from them they are recharged by
water draining from surrounding glacial deposits; hence, the supply from
the wells tapping them generally is dependable although the yield ordin-

arily is small.
An area 3 miles square near Flaxton, Burke County, was selected as

the site of a detailed study of the occurrence of ground water in ground
moraine. Of 97 shallow test holes, drilled to an average depth of about
21 feet, 56 penetrated at least one layer of sand and several penetrated
more than one layer~ (See LaRocque, Swenson, and Greenman, 1963, table 4.)

The available evidence suggests that although the sand lenses are dis-
continuous, they are sufficiently numerous to provide a good degree of
hydraulic continuity. Nearly all the test holes were drilled several
feet into the zone of saturation and all were cased for use as water-
level observation wells. The water-level measurements made in these
wells are listed in table 2 of LaRocque, Swenson, and Greenman, (1963).

The altitude of the water level in 51 of the wells in the fall of 1949

is shown in figure 10 by contour lines. At the time the water levels
were measured, a water sample was collected for chemical analysis from
each of the 51 wells, and 83 samples were collected for chemical analysis
in July 1950. The results of these analyses are given in tables 7 and 8

of hydrologic data compiled in LaRocque, Swenson, and Greenman (1963).

The geologic and hydrologic data collected in the Flaxton test area
indicate that,the direction of water movement in the ground moraine is
devious. In the upper part of the zone of saturation, apparently, water
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principally moves vertically rather than laterally. In unpumped areas;
depression contO'l:lrS,such as those in the hachured areas in figure 13, can
be accounted for by: (1) a local high rate of evapotranspiration; (2) a
J ocal high rate e)flateral and vertical movement of water to adjacent or
underlying lensefl; and (3) a local low rate of recharge. Vertical movement
is substantiated in part by the irregular configuration of the water table;
if the principal component of movement was lateral, the water table should
be smoother. Lateral movement, however, occurs at depth, as is evidenced
by the fairly prompt decline of the water level in shallow wells after
a period of sign:ificant recharge. In places, ground water may move down-
ward until it rea.ches a bedrock layer that is sufficiently permeable to
transmit water laterally. In general, then, water not withdrawn from the
ground moraine bY'pumped wells, vegetation, or evaporation moves downward
until it enters laterally transmitting strata, either within or under-
lying the ground moraine, or until it reaches a layer so nearly imper-
meable that further movement can only be in a lateral direction.

Water in the deeply buried lenses of permeable material generally 16
under artesian :pressure. Although several of the wells tapping the thick
glacial deposits in the vicinity of Crosby and flowing wells, the water
levels in most s,rtesian wells are below the land surface and may be
either above or below the unconfined water table in the tmmediate vicinity.

The Recent cLeposits of alluvium and dune sand generally are above
the regional water table and therefore usually are not a source of water.
However, beCaUSE! they are fairly permeable, they readily absorb precip-
itation and sno,nnelt and transmit the water downward to the regional
zone of saturat:Lon.
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DISCHARGEOF GROUNDWATERINTOTHESOURISRIVER

The progress:lve downstream increase in the base flow of the Souris
I

River 1s due to the inflow of ground water. By taking into account the

amount of water :~lowingpast the six gaging stations along the rivery II
(fig. 11), the I~easured tributary inflow into the river, the amount of

gj 3/
precipitation on and of evaporation from the river, the changes in the

1:J
amount of water :In the river channel or stored behind the dams, and the

21
amount of evapot::-anspiration from the bottom-land areas, it was possible

to make est1matel3 of the increment to the base flow of the river in the

five stretches bE~tweensuccessive gaging stations. Estimates could be

made for only the period June through August because unmeasured tribu-

tary inflow then was negligible. The estimates for that period in the

years 1946 through 1950 are shown graphically in figure 12.

An attempt 'Wl3.S made to correlate the amount of ground-water discharge

into the various stretches of the Souris River with the average late-

summerposition of the water level in wells in the vicinity of those

stretches. However, no direct correlation was apparent.

y U.S. GeoL Survey Water-8upply Papers 1055, 1085, 1115, 1145, 1175.

gj U.S. Weather :BureauClimatological Data for period 1946-50.

'j/ Computedfrom data collected by U.S. Weather Bureau at Mandanand
Riverdale, N. Dak.

4/ Unpublished records collected by U.S. Geological Survey, Bisma.rck,
- N. Dak.

21 Computedfrom tables prepared by Lee (1942).
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The estimates indicate that ground-water inflow to the Souris River
per unit length of river is least in the stretch between Minot and
Verendrye, somewhat greater upstream from Minot, and considerably greater
downstream from Verendrye. The stretch downstream from Verendrye drains
ground water from almost the entire Souris loop. Ground water discharges
into the river only when the water table adjacent to the river slopes
toward the river. When the river level is the same as that of the water
table adjacent telthe river, no significant interchange of water occurs,
and when the river level is higher than that of the water table, river
water recharges the adjoining and underlying sediments.

Chemical analyses of water from the Souris River show that the concen-
tration of dissol~ed minerals may be less than 200 ppm (parts per million)
in the spring wh€~n the flow consists largely of surface runoff. In late
summer or fall, however, when the flow consists almost wholly of ground-
water discharge, the concentration is much greater and may exceed 900 ppm.
(See table 3.)

RELATION OF CHEMICAL CHARACTER OF GROUND WATER TO GEOLOGIC SOURCE

Nearly all tl~ minerals in the rocks of the earth's crust are soluble
to some degree in water, especially in water containing dissolved carbon
dioxide. While :Lnfiltrating to and then percolating laterally within the
zone of saturati::m, water partly dissolves the minerals with which it

comes in contact, and the minerals thus dissolved may remain in the water,
may be precipitated, or may take part in chemical reactions with other
minerals in the rocks. The extent to which water is mineralized and the
kinds of mineral constituents present determine its suitability for human
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conf\umpt.ionand. domestic use, as well as for stock watering, irrigation,
and many industrial processes.

The palatabtli ty of a drinking water is largely a matter of per-
sonal opinion. Persons who have become accustomed to drinking water
that contains lnore than 1,000 ppm of dissolved solids generally con-
sider water of low mineral content to be flat tasting. Small amounts
of iron or manganese or excessive amounts of magnesium, sulfate) or
chloride may impart an objectionable taste to water.

The U.S. Public Health Service (1946) has established standards
for drinking water on common carriers engaged in interstate traffic.
These standards are generally accepted as a basis for evaluating the
quality of drinking-water supplies. Listed below are the recommended
maximum concentrations of certain constituents specified in the stan-
dards.

Constituent
Maximum parts

per million

Iron and manganese together ------------
Magnes iUIIl-------------------------------
Sulfate -..-------------------------------
Chloride ..-------------------------------
Fluoride··-------------------------------
DissolvecL solids------------------------

0.3
125
250
250

1.5
500 ~/

~ 1,000 ppm may be permitted if water of better quality is not
available.

Much of the ground water in the report area, including some used
for public supply, contains concentrations of minerals in excess of
one or more ot'the above limits.
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The hardness of a water is an important factor in evaluating the

water for uses other than drinking. Calcium and magnesium, which cause

most of the hardness of water, cause the formation of scale in hot-water

pipes and boilers. Manywater-treatment plants in the United States

reduce the hardness of the water to about 80 ppm.

About 2,000 samples of ground water were collected for chemical

analysis during this investigation. (See LaRocque, Swenson, and Green-

man, 1963, tabV:~s 5-8.) The altitude of the bottom of each well was

compared with the altitude of the bedrock at the well site to determine

whether a given well was obtaining water principally from deposits of

Quaternary Age ::>rfrom the underlying bedrock. (See p1. 1.)

Waterbearing formations older than Fort Union

Only three deep wells 1.n T.• 162 N., R.•.87 W. tap deposita older

than the Fort Union Formation. Samples of water from these wells could

not be distinguished by their chemical characteristics from samples

knownto come from Tertiary rocks and the wells are considered to derive

water principally from the Tertiary rocks.

Fort Union Formation

In the northeastern part of the Souris loop, all the wells drilled

into bedrock probably tap the Cannonball Memberof the Fort Union For-

mation. In the, remainder of the area, east of the Des Lac6 River, bed-

rock wells tap either the Tongue River Memberalone or both the Cannon-

ball and TonguE~River Members. West of the Des Lacs River, all wells

drilled into bE~drocktap the Ludlmvand Tongue River Membersundifferent-

iated.



Sodium an<lchloride are the principal mineral constituents in water

from the Cannonball Member; sodium, bicarbonate, and sulfate are the

principal mineral constituents in water from Ludlow and Tongue River

Members. (See fig. 13.) Chloride exceeds 800 ppm in all samples from

wells known to tap the Cannonball alone and is less than 400 ppm in all

samples from wells known to tap the Ludlov.~and Tongue River Membersun-

differentiated, Water from wells deriving part of their water from the

Cannonball and the remainder from the Ludlow and Tongue River undiffer-

entiated is cha.racterized by sodium, bicarbonate, and chloride; the

concentration of chloride ranges from about the maximumin water from

the Ludlow and Tongue River Members to the minimumin water from the

Cannonball Meml)er. The maximum,average, and minimumspecific conduct-

ance (a measurE~of the electrolytes in water and, therefore, an indi-

cation of the rrlneral concentration) and for the concentration of chloride

in all samples from bedrock aquifers are as follows:

Specific conduc:tance
(micromhos per
centimeter a.t ~~50C):

Maximum--··- -- -- - - - -- --
Average- - ..- - -- - - -- -- --
Minimum- - .•- - - - - - - - _

Concentration of chloride
(parts per m:lllion):

Maximum-- ..-- - - -- - --- --
Average-- ..---- - --- -- --
Minimum--.-- ------- ----

Cannonball
Member

(442 saml?les)

12,800
5,820
3,270

Cazmonbe.ll-
Tongue
~iver.

(133 samples)

4,990
3,480
2,480

795617
407

Ludlow and
Tongue River

Members
undifferentiated

(432 samples)

6,730
2,640

131

400
105

.0
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The chlorj~de content of water in the Cannonball Member increases
in direct proportion to the specific conductance, but a similar re-
lationship could not be established for water in the Ludlow and Tongue

River Members. (See fig. 14.)
The average concentrations of the principal mineral constituents,

expressed belo'V1as percentages of the average dissolved solids, illus-
trate further the distinctive differences in the chemical character
of water in the Cannonball Member, the Cannonball-Tongue River, and

the Ludlow and Tongue River Members undifferentiated.
Ludlow and

Cannonball- Tongue River
Cannonball Tongue Members

Member River undifferentiated
(33 samples) (8 samples) (45 samples)

Silica (Sio2}--------------- 0.3 0.8 0.7
Iron (Fe) ---..--------------- .1 .4 .2

Calcium (Ca)..--------------- 1.0 2·9 1.6
Magnesium, (Mg)-------------- ·3 ·9 .6
Sodium (Na) -..--------------- 37.8 35.0 36.5
Potassium (K)--------------- .2 .4 .4
Carbonate (CO ) (includes

bicarbonatEl3as carbonate)- 8.7 22.5 33·5
Sulfate (S04) --------------- 1.1 4.6 19·2
Chloride (Cl) --------------- 50.4 32·3 7·1
Fluoride and nitrate (F + N03) .1 .2 .2

Total 100.0 100.0 100.0

The average c:o~centrat1onOf' dissolved solids in the samples of water
from the Camlonball Member was 3,640 ppmj from the Cannonball-Tongue
River, 2,090 ppm; and from the Ludlow and Tongue River Members undiffer-
entiated, 1,790 ppm.

38



.
•••••. tfIIM \.1iMI ••• _ •••••----,.,.UtI •• "'."''''.•...,..•••...-......••...

,
i
Ir-I i

• "oor ----+--

I : I
,_ t- ----+-,------~---~----+------+----+---+----

I
\

''''r-- t -------+-------r-

IOO~-+_.,+ -~--

---+-
I

i+-------'----

FIGUIl£ 14- RE~ATlON BETWEEN CHLORIDE CONCENTRATION AND SPECIFIC CONDUCTANCE CW WATER FROM WE~~S TAPPING BEOROCK IN THE CROSBY·MOHAL~ AREA



Cannonball Member

Although the average concentration of dissolved solids in water
frum the Cannonball Member (3,6~.0ppm) is only one-tenth that of ocean
water (33,000 to 37,000 ppm), based on analyses of samples collected by
the Challenger Expedition (Dittmar, 1884), the percentage compositions
are similar.

Cannonball
Member

(33 samples)
Calcium (Ca)-------------------
Magnesium (Mg)-----------------
Sodil~ (Na)--------------------
PotaElsium (K) ------------------
Carbonate (CO ) (includes bi-

carbonate a~ carbonate) ------
Sulfate (S04) ------------------
Chloride (Cl) -------:------------

Total---------------------

1.0

.3
37.8

.2

1.1

50.4
99.5

Ocean
(77 samples)

1.2

3·7
30.6

1.1

.2

7·7
55.3
99.8

In both ocean water and water from the Cannonball Member, the
percentage of c:hloride is greater than that of any other constituent.
In ocean water) however, the percentage of sulfate is greater than the
percentage of carbonate, whereas in water from the Cannonball Member;
the reverse is true. In both, the percentage of sodium is greater than
that of the other cations; but unlike the ground water, ocean water has
a greater percEmtage of magnesium than calcium. The presence of calcar-
eous material, particularly carbonate-rich concretions, in the Cannonball
Member probabl:r accounts for the prominence of the carbonate and bicar-
bonate in the ground water.
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The Cannc>nball Member is recharged, in part, by precipitation where
it crops out a.long the Souris River in the southern part of the Souris
loop, and the general direction of ground-water movement within this
member is nort.heast away from the area of outcrop. As a result, the
concentrations of chloride in the water in the Cannonball Member are
lower in the ~art of the Souris loop nearest the outcrop area. (See
fig. 15.) Also, movement of low-chloride water from other members of the
Fort Union Formation into the Cannonball Member may account for the lower
concentrations of chloride in the water in the Cannonball Member in the
area adjacent to the Cannonball-Tongue River overlap. Higher concen-
trations of chloride characterize water in the Cannonball Member at
points distant from the diluting effects of recharge either from the
L~ow and Tongue River Members undifferentiated or from precipitation.

Although, because of its high salt content, water in the Cannonball
Member generally is not considered suitable for human consumption, it
can be used for watering livestock. It is not suitable for irrigation
because of both high percent sodium and high mineral content. (The
percent sodium is the ratio' of sodium to the total concentration of
the principal cations-- sodium, potassium, calcium, and magnesium -- all
expressed as chemical equivalents, multiplied by 100.) Water from many
wells tapping the Cannonball Member in Bottineau and Renville Counties
was charged with natural gas and "bubbled" at the time the samples were
collected.
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Ludlow and Tongue River Membersundifferentiated

Water from the Ludlow and Tongue River Membersundifferentiated

may be classified conveniently into two distinct types -- a hard

calcium sulfat.e water, normally obtained from. shallow wells, and a

soft sodium b:i.carbonate water, normally obtained from the deeper wells.

The soft water tastes like a dilute solution of baking soda and, accord-

ing to a resi,ient of Noonan, "sounds and acts like Seltzer water."

The hardo.ess of the water from.45 wells tapping the nonmarine

beds in the Fort Union is shown in table 5, together with the depth

of the wells and the approximate tapped thickness of the aquifer.

Wells deeper than about 200 feet yield the softer water. The

average hardness of water from 26 wells, 204 to 426 feet deep, was

48 ppm. Although the shallower wells usually yield hard water, there

are many exce:ptions. The following tabulation summarizes the observed

relation of water hardness to well depth in the Ludlow and Tongue River

Membersundifferentiated:

Wells more
than 200
feet deep

Numberof wells------------------- 26

Range in hardness, as caC03-- ppm.- 14-138

Average hardness, as CaC03-- ppm-- 48

Median hardness, as CaC03-- ppm.-- 38

41

Wells less
than 200

feet deep

19
22-806

210
132



TABLE ~.--Hardness of ~ater in the L~d1ow and Tongue River Members undifferentiated

I
"Approximate Hardness Well No. Depth of Approximate Hardness

Well No. Depth of tapped thick- as CaCO tapped thick- as Ca C03(parts p~r wellwell ness of I (feet) ness of (parts per
(feet) aquifer million) aquifer million)

(feet) (feet)

Bottineau County Divide County
159-t32-31cb 270 50 43 162-95- q:-ac 265 215 14
160-82-31cc 265 50 94 14cc 122 52 430-. 145 48Burke County 96- 5dc1 320

163-95-32dd 61 41 220
161-89- 3dc1 94 44 324 96-13da 105 60 303

5dd1 97 62 51 97- 6cc1 264 ·.. 28
6da 70 55 36 6dc 242 17 81
8cb 102 72 403 31bc 250 ·.. 38
9bb2 190 155 409 98-17aa 216 ·.. 33

21da 100 55 33 McHenry County26dc 237 177 42
90-11cd 89 74 806 154-8o-28dc 318 228 24
91- 9aa 59 49 215 156-79-10aa2 121.0 28 22

162-88-36cc 308 253 35 Renville County89-18ad 200 70 132
31da 270 225 38 158-82- 7dd 345 155 30

91- 3dd2 360 230 23 17ab 250 45 62
27ac 106 61 42 84-28aa 326 76 16

93- 9ab1 100 70 29 159-86-33bc2 185 ·.. 34
15bd1 80 65 38 161-86- 6bc2 400 120 96

163-88-2&id 200 ... 58 87- 1bc 426 171 30
93- Bad1 204 129 38 17bc2 315 140 138

82.0 -29M 17 399 Ward County
32bd 270 230 20

94- 6cb 260 185 118 156-83-12dc 290 160 45
33ca1 270 235 90 159-87-25dd 410 205 16

160-87-24bc1 280 55 20
42



TABLE3.-~berIIl1cal analyses of water frOlll the Souris R1ver near Verendrye, MclIenry County

(Results 10 parts per milUon except •••• 1nd1cated)

D1••obe4 .olide JI8rdD•• as c.m3
Specific

IIIC- Potu- Blear- Car- nOlO-
Per- CODdIaCt-

Il&teof Bll1e& :boD Cales.. _1la Bodl_ .1_ =, bCDate BulAte CIalorlde dde 11tnte Boron B_1dWI 011 = eat auee 111

col~OII D1eell8q. (Btoe) (J'e ) (ea) (III) (k) (It) (003) (BOlo) (Cl) (J') (~) (B) Calc1_ \fonCar-.0- (alero-

(eta) 3 •••porat1on ••••••1_ boaate 41_ -::'or.~tat 1.l!o"C i=-
~ 228 216 611 8.1

.lUll'31••• 5.23 ...... 0.05 63 29 520 0 270 lie 0.5 6.0 ..... 951 1.29 0 1,310

AlII.28 ••• 8.21 ...... .20 11 38 126 52~ 0 13~ 36 .5 .1 ..... 698 .95 3~ 0 ~~ 950 8.0

8ept. 20•• 69.1 -i6··· .00 16 ~5 217 1168 30 199 1113 .6 3.0 ..... 963 1.31 315 0 56 1,3~ 8.3

Oct. 21 ••• 9.9 .~ 60 30 100 I 111 358 21 115 28 .2 1.0 0.30 558 .16 273 0 ~3 897 8.6

.We 20••• 85 13 .05 57 311 103 8.8 - 0 126 30 .2 12 .28 6111 .811 2812 0 ~3 9!JC! 8.0

1HZ.
Apr. 22••• 663 17 .Oii! lKI 21; ~ 2812 0 85 12 •2 .0 .11 ~ .61 198 0 III 8n 1.3

*722 •••• 310 11 .CR 36 11 50 190 12 71 10 .1 11.6 .09 30i1 .it.1 160 0 IlC 1196 A A

A•••• 28 ••• 300 1~ .CR 3~ 16 38 198 0 53 8.0 .1 11.2 .00 2812 .38 151 0 35 "7 7:8- . '""" 1!2 L 2~ 611 8.0 381
~'Z 7 ••••• 11 _nil 21 0 .2 3.1 .11 .52 191- 0 31 551 1.3..,,- :06'-us- 21t.••• 105 15 57 23 1" - 0 150 32 .5 2.3 .C3 6!18 .88 237 0 57 903 7.11

••..~ .... I
2~ 21 .CR 611 26 87 3I!e 0 131 23 .2 8.8 .15 555 .15 266 0 lie 815 8.0

Apr. 10••• 3,~30 6.8 .15 19 11.11 16 19 0 30 .7 .1 11.6 .05 1~3 .19 66 1 35 203 7.1

*7 U •••• 5& 13 .CR 51 22 61 211e 10 112 12 .1 3.3 ..... ~ .55 218 3 38 609 8.11

.Jla1l'26••• " 18 .CR 66 31 152 ~31 13 180 39 .2 5.2 ..... 132 1.00 292 0 53 1,100 8.11

Oct. 6 •••• 21 25 .CR 72 ~ 161 "9 29 160 67 .2 5.0 ..... 790 1.07 320 0 53 1,190 8.6

Dec. 19••• 55 18 .~ 58 21 11 299 0 125 29 .2 6.6 ..... 508 .69 256 11 39 7111 7.3

!.m I
"'b. 17••• dO 26 .08 71 30 11~ 385 0 1112 5~ .2 11 ..... 6lt2 .90 301 0 115 987 7.2

Apr. ,... 93 21 .~ 52 21 85 2812 0 113 31 .1 11 .20 5~ .69 217 0 116 1~ 7.2

•• 20 ••• 1,280 111 .... 23 6.5 23 1011 0 ~ 3.0 .2 3.9 .10 200 .21 ~ 0 38 278 7.0

.JuDe 9•••• ~ 1~ .~~5 20 1~ ~l 16 110 1~ .2 3.8 ..... ~32 .59 195 0 ~5 6115 8.6

~ 23 ••• 120 18 .~ 63 30 ll1e 0 193 26 .2 11.6 ..... 710 .97 281 0 52 1,070 7.8

.TlIl721 ••• 89 9.8 .CR ~ 22 f 312 0 112 211 .2 5.6 ..... 1180 .65 211 0 119 685 7.11

.lu&. 23 ••• a10 13 .~52 2~ 1~9 3111 0 168 ~ .2 1.3 ..... 6" .88 228 0 59 1,000 7.1

Sept. 28 •• 113 19 .CR 65 32 188 1166 0 178 89 1.0 8.~ .10 8I2~ 1.12 ~ 0 58 1,290 1.5

Oct. 28 ••• 31 1~ .CR 69 31 151 1168 0 190 III .11 2.1 .05 156 1.03 ~
0 ~

1,120 7.8

1oY. 30••• 1~ 20 .CR 52 2~ 71 296 0 110 16 .2 3.6 .05 1152 .61 0 687 1.11

Dec. 22 ••• 150 25 .CR 52 2~ 72 3CR 0 110 15 .2 11.0 .05 1156 .& 230 0 ~1 619 7.11

~ I
Jan. 19••• 1110 18 .~511 21 71 2911 0 103 16 .2 5.5 .10 1150 .61 222 0 III 6lt2 7.11

"b. 16••• 55 20 .~ 60 26 16 337 0 113 18 .2 5.3 .12 512 .10 258 0 39 7110 1.5

IIU'. 1T••• ~ 22 .~ 16 12 151 ~30 0 155 33 .1 6.9 .38 678 .92 238 0 58 1,020 7.7

Apr. 3•••• 690 ...... .... ....... ...... U ...... 2lt2 0 101 15 ..... ....... ..... ........... ..... ......... ....... 38 631 7.8

*79••••• 1,WO ...... .... ....... ...... ...... 218 0 87 11 ..... ....... ..... ..•........ ..... ...•.••.. ....... 35 533 1.3

.J\me T•••• 1,590 ...... .... ....... ...... 30 ...... lI!e 0 59 2.0 ..... ....... ..... ........... ..... ......... ....... 36 3511 7.3

JQne 23 ••• 318 ·i~···.... •.ij... ...... 711 ...... 301 0 111 111 ..... ....... ..... ····'3~····..... ......... ....... ~1 T28 7.9

Ju17 ~•••• 272 .10 22 68 216 0 106 13 .1 11.1 .12 .59 212 0 ~1 655 7.7

Alii.2~ •• ~6 ...... .... ....... ...... 19
\ ...... 336 0 110 18 ..... ....... ..... ........•.• ..... ......... ....... ~1 173 7.6

.Ja~l••• 112 ...... .... ....... ...... 68 312 0 110 17 ..... ....... ..... ........•.. ..... 2~ 0 38 736 7.3

leb. T•••• ~ ...... .... ....... ...... 611 307 0 101 18 ..... ....... ..... ........... ..... 2~3 0 ~ 719 1.6

IIILI'. , •••• 55 ...... .... ··i'··· ··;:6· t 9.1
3~ 0 131 31 ..... ....... ..... ........... ..... 293 0 933 1.~

Apr. 3•••• al,700 1.0 .12 17 80 0 ~ 11.0 .1 11.2 .03 150 .20 58 0 35 219 7.1

Apr. 11••• 630 11 .06 28 10 1~1 0 63 6.0 .1 11.1 .~ 250 .3~ 111 0 113 3812 7.5

:=-.19 ••• 26 38 •CR 69 35 166 ~ 5 161 66 .5 2.5 .28 79l! 1.08 315 0 53 1,210 8.2

8 • 11•• 18 2~ .01 & 28 137 399 0 165 " .5 5.1 .17 666 .91 268 0 53 1,030 7.6

a 11&11)'.- d1aell8qe.



Renick (1924) concluded from a microscopic examination of samples
!/

of the Tongue River Member in Rosebud County, Mont., that beidellite
is the principal mineral that effects the exchange of calcium and
ma.gne-situn for sodium. In addition to beidellite, which is plentiful
in the Ludlow and Tongue River Members, other hydrated aluminum sil-
icates, such as kaolin, feldspar, and mica, are capable of exchanging
all or part of their sodium and potassium for other bases. The re-
actions between the hardness-forming salts in the water and the base-
exchange silicates may be expressed as follows:

or

where X is a base-exchange silicate.
In the report area, ground water from the Ludlow and Tongue River

Members undifferentiated generally is suitable for most domestic pur-
poses. As a rule, however, the water from the deeper wells is less
palatable ancl commonly contains fluoride in excess of the desirable
limit specifjLed by the U.S. Public Health Service (1946) for drinking
water. Water from the Ludlow and Tongue River Members undifferentiated
is not consid.ered"to.be suitable for irrigation because Qf its g§!nera.lly
high mineral content and high percent sodium.

11 Renick referred to the material as leverrierite.
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Cannonball and Tongue River Members

In the a,reawhere the marine Cannonball is overlain by the non-
marine Tongue River Member (pl. 3), the water yielded by many of the
wells drilleo~ into bedrock is intermediate in chemical quality between
water from the Cannonball Member and water from the Ludlow and Tongue
River Members undifferentiated. Where the Cannonball is the principal
aquifer, chloride exceeds bicarbonate or sulfate in the mineral compo-
sition of the water; and where the Ludlow and Tongue River undiffer-
entiated is the principal aquifer, the reverse is true. The concen-
tration of cbloride in water from wells drawing from both the marine
and nonmarine: members ranges from about 400 to about 800 ppm. Although
water from scme of these wells is used for drinking, it generally con-
tains conside!rably more chloride than may be palatable in water for
human consum:ption. Because of its salinity and high percent sodium,
the water is also unsuitable for irrigation.

Deposits of Quaternary Age

Most wells tapping the unconsolidated deposits of Quaternary age
have been drj~lled through both glacial till and stratified fluvial or
lacustrine deposits; the till, however, generally yields little or no
water. Water from the Quaternary deposits is extremely variable in
chemical quality; a sample from well l56-77-2adl contained only 290
ppm of dissolved solids, whereas a sample from well l62-90-1dad con-
tained 24,400 ppm. However, the data. in tables 5 through 8 (LaRocque,
Swenson, and Greenman, 1963) are not exactly comparable because different
methods of wlalysis were used by the different agencies making the
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analyses. FC'):r example, in table 5 (for samples analyzed by the U.S.
Geological Su:~ey) concentrations of dissolved solids below 1,000 ppm
represent residue on evaporation at l80°c and those above 1,000 ppm
represent the sum of determined constituents, whereas in table 7 and 8

all concentrations of dissolved salids represent residue on evapor-
ation at 110oC. Because the value for the sum of determined consti t-
uents includes no water of hydration and because the value for res-
idue on evaporation at l80°c includes less water of hydration than
that at 110oC, concentrations of dissolved solids reported in table
5 are lower than those reported for water of similar quality in tables

7 and 8 (LaRocque, Swenson, and Greenman, 1963).
In general, the water yielded by wells tapping only surficial

medium- to coarse-grained sediments, such as glacial outwash, ice-
contact deposits, and lake deposits, is least mineralized; the water
yielded by we lls tapping sand and gravel lenses enclosed wi thin
glacial till is somewhat more mineralized, and the water yielded by
wells tapping only glacial till is highly mineralized. Tlierefore,
the degree of mineralization of ground water from deposits of Quater-
nary age seemingly is governed largely by the length of time the
water has beEm in direct contact with glacial till. Water from a
deep well would tend to be more mineralized than that from a shallow
well because it has passed through a greater thickneSS of glacial
till enroute to the permeable layer, or layers, that transmitted it
to the well. Exceptions to this general rule, such as water from
well 163-97-13cc, 457 feet deep, indicate that in some places even
the deepest 'Hater-producing zones in the Guaternary deposits are
recharged by water that has passed through little or no till or at
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least'iliaspa.flsed·thr'ougn t:ne~''t-illqu:lckly"o:r<'poss1tily'h~s.moved
ia-rerally out of the ··Fort·Union FO'I'In8)t:l;6l\., , .•

Water from wells tapping the Quaternary deposits generally is
extremely hard. The average hardness of 51 samples of water (collected
outside the Flaxton test area) was 591 ppm, and the maximum was
2,350 ppm. Sulfate, a principal mineral constituent in'some of the
samples, exceeded 500 ppm in about a third and 1,000 ppm in about a
tenth of the samples. Of the samples of water collected from 51
shallow obse,rvation wells in the Flaxton test area, 5 contained more
than 10,000 ppm of sulfate. Although none of the samples from wells
outside the Flaxton test area contained more than 1,000 ppm of sodium,
39 of the 134 samples collected from 87 wells in the Flaxton test
area contained more than 1,000 ppm, and 18 of the 39 contained more
than 2,000 l?pm. The maximum concentration of dissolved solids in
the samples collected from wells tapping Quaternary deposits outside
the Flaxton test area was 3,800 ppm, whereas more than half the
samples collected from wells inside the test area contained dissolved
solids in e:lCcessof 3,800 ppm and 27 of the 134 samples contained
more than 10,000 ppm. The samples collected in the Flaxton test area
indicate that the water from glacial till generally is much more
highly mineralized than water from the more permeable Quaternary de-
posits. (See laRocque, Swenson, and Greenman, 1963, tables 5, 7,
and 8.)

Wells tapping deltaic deposits along the western shoreline of
ancient Lake Souris and those tapping lake sediments in the southern
part of the lake area yield water that uniformly is only moderately
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mineralized. The water in these deposits obviously had not pre-
vious1y percolated through glacial till. Wells tapping glacial
deposits und~r1ying the lake beds in the northern part of the lake
area yield 'Tjiraterthat is much more highly mineralized than that
from wells tapping the lake sediments in the southern part.

RELATION OF QUALITY OF IRRIGATION WATER
TO LEACHING REQUIREMENTS

The chE~ica1 character and physical properties of irrigation
water to be applied to the report area cannot be accurately deter-
mined. The diverted irrigation water, regardless of source, will
undergo change in quality during transit because of increased con-
centration of soluble salts by evaporation. Return irrigation flows
will modify further the quality of the supply. Missouri River water
near Williston had an average dissolved-solids content in 1950-52 of
about 375 PJ;mJ. (specific conductance, about 560 micromhos per centi-
meter) according to concentrations weighted with streamflow. If the
irrigation '~ter is assumed to have approximately this concentration
initially, ;atwofold increase in mineralization could reasonably be
expected by the time the water reaches the area to be irrigated.

A detailed discussion of leaching requirements in the Souris
River basin is beyond the scope of this report. According to the
U.S. Salinity Laboratory Staff (1954), the leaching requirement is
defined as "the fraction of the irrigation water that must be leached
through the root zone to control soil salinity at any specified level."
This requirement will depend on the degree of mineralization of the
irrigation water and on the maximum permissible concentration in the
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soil solution. Under certain assumptions, such as unifonn areal
application of irrigation water, no rainfall, no removal of salt in
the harvestE~d crop, no precipitation of soluble salts in the soil,
and steady-ntate waterflow, the leaching requirement may be expressed
as a fraction or as a percentage from the following equation:

LR = Ddw : ECiw
Diw ECdw

where
LR is the leaching requirement,
Ddw is the depth of the drainage water,
Diw is depth of the irrigation water,
ECiw in specific conductance of the irrigation water,

and
ECdw iB specific conductance of the drainage water.
For example, if a field crop can tolerate a salinity (expressed

as specific conductance) of the soil solution of 8,000 micromhos and
the irrigat:lon water has a specific conductance of 800 micromhos,
then

LR 800 :
8,000

1/10; or 10 percent

In the above example, 10 percent of the applied irigation water
must be leac::hedthrough the root zone to control salinity.

Salt tolerances of crops that may be cultivated if irrigation
of the Sour:Ls River basin becomes a reality have not been studied by
the authors. The leaching requirement and its relation to quality
of the irrigation water must be given consideration to insure success-
ful water management in the report area.
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EFFECT OF IRRIGATION ON SUBSURFACE DRAINAGE

If the report area is developed for irrigation, as has been

proposed, irrigation water will becomea potential source of addition-

al recharge to the underlying porous earth materi~ Unless total

drainage is improved, somewaterlogging mayresult. The additional

recharge will result not only from the water applied to the crops

but also, and perhaps principally, from the excess irrigation water

that mayaceumulate in presently undrained depressions. Leakage from

canals and :~romdistribution laterals also will be a source of added

recharge.

In genl~ral, waterlogging maybe alleviated or prevented by

either one I:>ra combination of: (1) increasing the rate of flow of

water through and from the zone of saturation, or (2) reducing the

quantity of water available for recharge. The report area is not

underlain by aquifers sufficiently permeable to conduct water rapidly

enough to prevent waterlogging due to widespread irrigation. One

method for increasing the flow of water through the zone of saturation

is through utilization of open-ditch or tile drains. In general,

drains to removeexcess ground water would need to be deep and closely

spaced bece,use the~soil and subsoil are fine! textured and have low'

permeablittes. However, the cost per acre for the installation, oper-

ation and maintenance of open-ditch or tile drains would be great, and

the use of these types of drains probably should depend on the demon-

stration of a favorable cost-benefit ratio. Another method for in-

creasing the rate of flow through the zone of saturation is the lowering
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of water levels in areas of natural discharge. Facilities for the
lowering of water levels would have to be combined with facilities
for reducing the availability of water for natural recharge also.
The reduction in water available for natural recharge could be
accomplishe<i by means of a system of ditches that would drain the
depressions or intercept runoff from intense rainfall and excessive
or wasteful applications of irrigation water. Lining the canals and
d1tches might prove necessary if seepage from them caused mounding
of the water table to such an extent that waterlogging threatened

the adjacent land.

CONCLUSION

Although a tremendous amount of water is stored beneath the land
surface in the report area, large quantities of water can be with-
drawn throu.ghwells in only a small part of the area. In all parts
of the ares" however, adequate quantities for livestock and domestic
use can be obtained if wells are drilled SUfficiently deep into the

zone of saturation.
Much of the ground water available in the area is so highly

mineralize<i that its usefulness is limited. Water from the marine
Cannonball Member of the Fort Union Formation, tapped by the deeper
wells in ~le eastern part of the area, is soft but is so salty that
generally it is used only be livestock. Wells tapping the continental
Ludlow and Tongue River Members undifferentiated in the western part
of the area yield either a soft sodium bicarbonate water or a hard
calcium sulfate water. Both are used for domestic purposes, but the
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soft sodium bicarbonate water is less palatable and commonly contains
more fluoricle than is desirable in drinking water. In that part of
the area unc~rlain by both marine and nonmarine bedrock aquifers,
water from ,rells that tap both is of intermediate chemical quality.
Water from the Quaternary deposits is of extremely variable quality.
In general, water from medium- to coarse-grained surficial deposits
is the leas'[;mineralized and that from glacial till is highly min-

eralized.
As the zone of saturation extends to within a.few feet of the

land surfact~ throughout much of the area, an increase in the amount
of water ent.ering the ground eventually would result in extensive
waterlogging. In the report area, ground-water drains probably
would not be economically feasible for alleviating or preventing
widespread ·~terlogging because of a probable unfavorable cost-
to-benefit ratio. Therefore, if the area is developed for irrigation,
water should not be allowed to accumulate in depressions and then
sink into the ground, but should be conveyed through ditches as
rapidly as possible out of the area by'way of natural drainage ..

courses.
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MAP SHOWINGLOCATION OF FLOWING WELLS IN A PART
OF THE CROSBY-MOHALL AREA. NORTH DAKOTA
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