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INTRODUCTION
’ General statement

For many years the level and quality of Devils Lake have been matters of
concern in North Dakota. Historically this, "largest natural lake in North Dakota", has
fluctuated between an expansive fresh water reservoir famous for its recreational
opportunities to a shallow body of stagnant, brackish water. Recent high water levels of
Devils Lake have posed a flood threat to highways, agricultural lands, utilities,
recreational and residential cabins, the city of Devils Lake, and a National Guard camp.
Conversely, low water levels have and will continue to have adverse impacts on all

phases of life in the basin.

Purpose

Concerns over the level and quality of Devils Lake have prompted numerous
hydrologic investigations dating back to the late 1800's. None of these studies, however,
specifically investigated the complex relationship between Devils Lake and ground
water in the area. The primary purpose of this study was to investigate the interaction
between ground water and Devils Lake. Specific objectives were to:

1) Describe the geologic and hydrologic setting of the Devils Lake area.
2) Describe and interpret the quality of ground water in the area.

3) Develop a conceptual model of ground-water flow in the Devils Lake area.

Results from this ground-water investigation of Devils Lake will be used in the
cooperative water budget investigation between the North Dakota State Water
Commission (NDSWC) and the U. S. Geological Survey (USGS), (Wiche, 1992).



Description of Study Area

Location

The Devils Lake basin, located in northeastern North Dakota, is a 3,800 square
mile closed basin which is a noncontributing part of the Red River of the North
drainage (figs. 1 and 2). The northern, western, and eastern boundaries of the Devils
Lake basin are poorly defined drainage divides. The southern boundary of the basin is a

series of recessional moraines that lie between Devils Lake and the Sheyenne River.

Specifically, this ground-water investigation covers a 2124 square mile area
including segments of Ramsey, Benson, Eddy and Nelson Counties {Plate 1 and fig. 3).

The Sheyenne River is the southern boundary of the ground-water study area.

Topography and Drainage

Topographic relief of the study area is a result of glacial and alluvial processes
(Paulson, 1964, Bluemle, 1965, and 1973, Carlson, 1975 and Hobbs, 1987 ). Numerous
depressions, potholes, and small lakes occurring in the basin are connected by a poorly
integrated drainage system (figs. 2 and 3). During prolonged wet cycles or extreme
precipitation events, these areas can overflow and contribute water to Devils Lake.
Conversely, during prolonged dry cycles, these areas essentially contribute no water to
Devils Lake. Elevations range from 1,400 feet along the Sheyenne River to 1750 feet on
top of Sully's Hill (fig. 3 ).

The Devils Lake basin consists of two large "chains of lakes"; the Sweetwater
chain to the north (Sweetwater Lake, Morrison Lake, Cavanaugh Lake, Dry Lake, Mikes
Lake, Chain Lake, Lake Alice and Lake Irvine) and the Devils Lake chain to the south
(Devils Lake, East Devils Lake and Stump Lake) (figs. 1, 2 and 3). Runoff from the upper
subbasins first goes to filling up the Sweetwater chain. When the Sweetwater chain is
full, additional precipitation causes runoff into Devils Lake via Big Coulee (figs. 1 and
3). Since 1972, some water during high runoff periods is allowed to flow from Dry Lake
into 6 Mile Bay (Devils Lake) via Channel A (figs. 1 and 3). As discussed by Wiche,

1986B, runoff processes in the Devils Lake basin are complex and transient.



i

3
3
.S
A

ot
&
= Webhster E
Coulee <
Q Morrison ot
; Lake @6"‘
Cdv;—m:ugh 5
ake
e
g L2
Sweetwater
Lake
LAKE
East
Devils
Lake Stump
Lake
01 2 3 45 10 MILES
612345 10 KILOMETERS
"
///
///
//
I ‘ —
| DEVILS i
LAKE
BASIN

f SHEYENNE —> 3\ f\

RIVER o

QB0 100 MILES
e :

[ ] s0 100 K LOMETERS

FIGURE 1. Location of the Devils Lake Basin, North Dakota
(modified from Ryan and Wiche, 1988)

3



ESUBBASIN /
N

. DEVILS LAKE  \

MAUVAIS COULEE

\ BENSON CO. |

EXPLANATION

A Stream gaging sites

EDMORE ).,

\-.\ -.\..
\__CAVALIER co. 2‘
- ‘ RAMSEY CO. + \
\ s

COULEE l

SUBBASIN
-“-‘-
--d-——-—-/
—

SUBBASIN

SUBBASIN )

TOWNER CO.

SUBBASIN /‘\f[ co. (

-

Sy
/
»

—l\

L}
. ( 4
-,

~
I
|
k
I
ORI

_RAMSEY CO._
NELSON CO.

)

STUMP LAKE 1

| U___, susaAsm /
\-._\' \(SOUTH SLOPE) / 7 ‘ " I }
"N\, \ \ SUBBASIN l

o0

s 10 15 MILES Ap—— -
T ) (Enovs NS

10 1% KILOMEYERS

Figure 2. Major subasins and drainage in the Devils Lake Basin

(Modified from Wiche and Hoetzer, 1986)

4



V\
~a§——— OUTLINE OF BASIN

U
\ MAUVAIS COULEE 16050%

CALICO COULEE

STARKWEATHER
cou
1600

LITTLE COULEE >

1600
1500
N\%
1500 EDMORE COULEE

HURRICANE
LAKE

MORRISON
LAKE

SWEETWATER
LAKE

"
2
STUDY AREA  150053¢° 1700 1500
pELYS EAST ‘ 1’5/00
m Eﬂ\dj\‘1 500 v <>
X

EXPLANATION

/\/ LINE OF EQUAL ELEVATION (FEET)
5 10 MILES

R
Figure 3. Topographic map of the Devils Lake Basin

5

0



Hydrology of Devils Lake
Prehistoric Water Level Fluctuations

Before recorded history, the level of Devils Lake fluctuated within a wide range.
Aronow (1955 and 1957) after analyzing abandoned shorelines, lacustrine sand and
gravel containing buried soils, vertebrate remains and rooted stumps, concluded that
the water level of Devils Lake has fluctuated between the spill elevation of 1453 feet to a
low of about 1400 feet. Bluemle (1981) concluded that Devils Lake was 1400 feet above
sea level about 8,500 years ago. Callender (1968), after analyzing sediment samples
from Devils Lake stated that:

“The lake was dry during the latter part of the Hypsithermal interval. The level
rose and then declined several times between 6,000 and 2,500 years, after which a peat
was deposited in Creel Bay approximately 1,340 years ago. Several more lake-level
fluctuations culminated in a very saline, low-water stage at 500 years before present,
when oak trees grew on the dry surface sediment of East Stump Lake. The level
subsequently rose until 1800 A.D., declined to a low-water state in 1940 A.D., rose again
until 1951 A.D., and steadily declined from that time to the present. Comparison of the
Devils Lake chronology with those from other regions indicates that major climatic
changes which caused significant fluctuations in the lake level may have extended
beyond the northern Great Plains region."

Thus, Callender (1968) concluded that the water level of Devils Lake fluctuated mainly

in response to changing climatic conditions.
Historic Water Level Fluctuations

Upham (1895), using tree ring data, concluded that the level of Devils Lake was
1441 feet in 1830. Water levels were not recorded from 1830 to 1867. Sporadic water-
level data are available from 1867 to 1901. In 1867, Devils Lake reached an elevation of
1438 feet and covered an area of about 140 square miles (Wiche, 1986).

The U.S. Geological Survey established a gage on Devils Lake in 1901. From
1867 to 1940, the level of Devils Lake generally declined (fig. 4). In 1940, the lake
reached a low of 1400.9 feet and covered only about 10.2 square miles (N.D. State Eng.
1944). The level of Devils Lake generally increased from 1940 to 1956. From 1956 to
1968, the level of Devils Lake receded. Between 1968 and 1987, the level of Devils Lake
steadily increased. In the spring of 1987, Devils Lake rose to the highest water level of
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this century (1,428.9 feet). Between the spring of 1987 and the fall of 1989, the water
level of Devils Lake declined 3.83 feet to a stage of 1,425.07 feet ( fig. 4).

Seasonal Water Level Fluctuations

A complex sequence of events cause seasonal fluctuations in the level of Devils
Lake. Wiche (1986B) outlined a generalized annual hydrologic model for Devils Lake as

follows:

"1) During late fall, the water level in Devils Lake declines to a minimum and
remains relatively constant from freeze-up until spring thaw.

2) Snowmelt and rain in March through May produce runoff from the basin into
Devils Lake. The maximum water level occurs in April or May in drier years and June
or July in wetter years.

3) Sometime in April through July, outflow (primarily evaporation) exceeds the
inflow, and the water level starts to decline to a minimum in late fall or early winter.
Then the cycle is repeated.”

Previous Investigations

There are no previous studies that specifically investigated the complex
relationship between Devils Lake and ground water in the region. Numerous
investigations have, however, discussed ground water as part of basin or county-wide

water resources studies.

The first report to discuss the geology of the Devils Lake area was the classic
work on glacial Lake Agassiz by W. Upham (1895). Upham (1895) concluded that the
level of Devils Lake was controlled mainly by fluctuations in climate. He stated:

"...Devils Lake may many times have been raised to this beach by the periodic
variations in rainfall during the many centuries since the ice age....the high stage of
Devils Lake before mentioned was near the time of the highest known flood of the Red
River, in 1826, when its water rose 5 feet above the surface where Winnipeg is now built."

In reference to very low lake levels, Upham (1895) stated:

"...this prolonged epoch of comparative desiccation may have coincided with the
yet more arid conditions in the great Basin..."



E. J. Babcock (1902) discussed the water resources of the Devils Lake area.
Babcock reported that shale underlying the area is impermeable and thus prevents
subterranean drainage. Refuting Upham's climate theory, Babcock (1902) concluded
that the water level decline in Devils Lake:

"...is caused by the breaking of the prairie sod which in turn exposed the more
permeable soil.”

Thus, Babcock made the assumption that runoff prior to the late 1800's was
greater than runoff after the sod was broken. He inferred that recharge to the soil
increased because of the farming practices. Because of the lower runoff, evaporation
dominated the system, and lake levels declined.

Horton (1910) reiterated what Babcock reported:

"_..that the breaking of the prairie sod and soil cultivation had reduced surface
runoff.”

Simpson (1912) in his bench mark work on the physiography of Devils Lake-
Stump Lake region stated that:

"The present sources of water of Devils Lake are, therefore, three: 1) the rainfall
upon the surface of the lake, 2) the runoff from the small, uncertain and very irregular
area sloping toward and immediately surrounding the lake and, 3) the ground water
coming into the bed of the lake, chiefly in the form of seepage. No considerable springs
are known to feed the lake."

Simpscon (1912) observed that:

"No surface streams flow into either Devils Lake or Stump Lake except very
minor spring thaws and after extensive rains.”

Because of no significant stream flows and no visible outlet, Simpson (1912)
concluded that:

»_.the chief source of the water of Devils Lake is undoubtedly to be found in the
ground water. Water passes from the lake by 1) evaporation into the air; and 2) by
underground outflow in the form of ground water. The ground water level is in general
higher than the lake level and the lake is the lowest part of the great inland drainage
basin, so it is improbable the water actually flows out from the lake underneath any
part of the surrounding country...the escape of water from Devils Lake is almost
entirely by evaporation.”



Later, Simpson (1929), reiterated that ground water is the chief source of water to
Devils Lake while discharge is primarily from evaporation.

E. F. Chandler (written commun. 1931, from Wiche, 1986A), Dean of the College
of Engineering, University of North Dakota, after observing Devils Lake from 1903 to
1934 concluded that:

"Devils Lake has no surface outlet, and apparently its losses by seepage are
inappreciable or nothing. It rises or falls until its surface is large enough to dissipate by
surface evaporation the total inflow. At an elevation of 50 feet or thereabouts above the
present lake surface elevation it would have a surface outlet eastward to Stump Lake
and thence southward into the Sheyenne River, and the character of the forests near the
lake and the mineral content of the water seem to indicate that in very recent geologic
times, within a few hundred years, the lake had such an outlet. The changes in soil
conditions of the tributary drainage area within the past 50 years, consequent upon the
settlement of the region and cultivation of the soil,...by increasing the ability of the soil
to receive water and retain it for plant transpiration...have presumably increased the
local transpiration and evaporation by the very slight amount necessary to diminish
by a very large percentage the small remainder that constitutes the runoff. The inflow
into the lake having thus suffered so large a percentage decrease, the area of the lake
surface has tended to the same decrease."

Aronow and Dennis (1953A) described the geology and ground-water resources of
the Minnewaukan area. They documented that ground-water movement in the shallow

water table near Minnewaukan was very slow and generally towards Devils Lake.

Swenson and Colby (1955) described the quality of surface water in the Devils
Lake Basin. They refute earlier claims that agricultural practices caused the lake level
to decline, but rather they state that climatic changes are more likely the cause.
Concerning ground water, Swenson and Colby (1955) concluded:

"Ground-water inflow and changes in ground-water storage have generally been
disregarded, partly because ground-water movement is slow in much of Devils Lake
Basin and partly because information on ground-water movements at the shores of
Devils Lake does not seem to be available. In the computation of inflow to Devils Lake
by years, the assumption was made that changes in bank storage would amount to 5
percent of the changes in capacity of the lake."

Paulson and Akin (1964) described the ground-water resources of the Devils
Lake area. The primary purpose of their investigation was to determine whether or not
an adequate supply of potable water could be obtained from ground water in the region
to serve the city of Devils Lake. Concerning ground-water interaction with Devils Lake,
they made the brief statement:
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“There is probably some movement (ground water) northward from the northern
parts of the Tokio and Warwick outwash plains into the Devils Lake drainage basin."

Mitten and others (1968) continued the water quality work of Swenson and
Colby(1955) by describing the hydrology and chemistry of Devils Lake from 1952 to
1960. They stated that:

“The lakes of the Devils Lake chain probably receive ground water...Because lake
deposits and lake-modified glacial drift composed of laminated clay and silt underlie
the lakes in the chain and because these deposits are in turn underlain by boulder clay
and glacial till, ground-water movement is slow; therefore, no allowance is made for
ground-water movement or bank storage in the water budget calculations.”

In 1976, the Devils Lake Advisory Committee developed a basin wide water plan.
A very brief summary of the known geology and ground-water resources were included.
They stated that:

“The Lake chain also receives ground-water flows."

No attempt was made, however, to quantify the relationship between ground
water and Devils Lake.

The North Dakota State Water Commission (NDSWC), in cooperation with the
United States Geological Survey (USGS), the North Dakota Geological Survey (NDGS),
and various County Water Management Districts conducted ground-water surveys of
Benson and Pierce Counties, Ramsey County, Eddy and Foster County and Nelson and
Walsh Counties. The Part I's, Geology, are comprehensive investigations of the surficial
geology and general discussions of the subsurface geology (Bluemle, 1965, Bluemle,
1973, Carison, 1975 and Hobbs, 1987). The Part II's, Basic Data, include inventories of
test holes, well logs, water level measurements and chemical analyses (Downey, 1971,
Hutchinson, 1977, Randich, 1971 and Trapp, 1966). The Part III's, Ground-Water
Resources, present general evaluations of the water yielding potential and chemical
quality of major bedrock, glacial drift and alluvial aquifers in the various counties
(Downey, 1973, Hutchinson, 1980, Randich, 1977 and Trapp, 1968).

Concerning water levels in the Spiritwood aquifer in Benson county, Randich
(1977) stated:
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"The gradual rise in water levels (Spiritwood aquifer) during the period of record
indicates an increase in storage, which can be attributed to seepage from East Devils
Lake. East Devils Lake was dry in 1968. Overflow from Devils Lake and high runoff
during 1969 partly filled East Devils Lake, and lake levels continued to rise during the
period 1969-74."

Hutchinson, 1980, in his discussion of the Spiritwood aquifer in Ramsey county
stated:

"Discharge from the aquifer system (Spiritwood) southeast of the divide is by
pumping, evapotranspiration and movement (ground water) into the lakes that form
the Devils Lake chain. However, large extended ground-water withdrawals from the
aquifer system could reverse the hydraulic gradient and the lakes would become a
source of recharge to the aquifer system.” .

Parekh (1977) developed a watershed model for the Devils Lake Basin. Ground
water was accounted for by specifying soil infiltration capacities for the various types
of soils in the region. Parekh (1977) varied the soil infiltration in his model from 1.9
inches to 3.3 inches. No estimates were made, however, concerning ground-water
interaction with Devils Lake.

R. L. Whartman (1986) completed a draft report discussing the impact of
proposed discharge channels on ground-water levels in the Devils lake area. Whartman
(1986) stated:

"The lakes occupy the low points in the ground-water system and are, therefore,
ground-water discharge areas. Regionally, the lakes are not efficient discharge areas
and impose little impact on the water table over most of the basin.”

Wiche (1986A and B) described in detail the hydrology of Devils Lake with
special emphasis on factors affecting lake level fluctuations. Based on the work of
Paulson and Akin (1964), Wiche (1986A and B) assumed that ground-water
contributions to Devils Lake were negligible. Wiche (1986 A) concluded:

"In general, the water level of Devils Lake fluctuates in response to climate
variability, but the hydrologic characteristics of the Devils Lake basin distort the
hydrologic response. Potholes and lakes that eventually drain into Devils Lake have
the ability to retain a significant proportion of the runoff, especially in the drier years.
The upstream chain of lakes has enough storage capacity that they significantly
decrease the discharge that reaches Devils Lake. For example, 112,000 acre-feet of
water was stored in the upstream lakes during 1965-67. The timing and rate of
snowmelt also affect the relationship between winter precipitation and water-level
fluctuations of Devils Lake."
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Wiche (1986A) also substantiated his claim that climate dominates the water
level of Devils Lake by showing that water levels of other terminal lakes in North
America (eg. The Great Salt Lake) have fluctuated in a manner similar to Devils Lake.

Methods of Study

Hydrogeologic investigation of the Devils Lake study area was accomplished by
test drilling at 100 sites, installing 152 observation wells and measuring and recording
depth to water in 289 observation wells. Additional data collected included: (1)
measuring the level of Devils Lake, and (2) collecting surface water and ground-water

samples for chemical analyses.

Test holes were drilled with a Failing model 1250 forward hydraulic mud rotary
drill rig owned by the NDSWC. Observation wells were constructed using either 1 and
1/4-inch or 2-inch polyvinyl chloride (PVC) casing with 5 or 10 foot long PVC screens.

Nests of observation wells were constructed specifically for this investigation to
determine vertical hydraulic gradients in the area. Construction of the observation
well nests involved the drilling of an initial deep test hole to determine the number of
observation wells to be installed at a particular site. The initial deep test hole also
served as a hole for the deep observation wells. After drilling was completed, the
desired length of casing and screen were inserted into the test hole. Silica sand was
then placed around the screen using a tremie pipe. After sand packing, the tremie pipe
was lifted so that the bottom of the tremie pipe was above the top of the sand pack. Neat
cement grout was then injected down the tremie pipe and upward in the annular space. .
This process continued until the grout overflowed around the casing at land surface.
After the grout settled, additional grout was poured down the hole until the annular
space was filled to land surface. The grout was allowed to "set” and then the observation
wells were slugged with a small quantity of fresh water and pumped with air for
development. Observation wells screened in glacial till and/or lake clay were not,
however, slugged with fresh water. Instead, these observation wells were bailed
immediately after well construction. Subsequent observation wells were completed at
each nest site by moving the drilling rig ahead 15 to 20 feet and drilling the next hole.
As many as five observation wells were installed at various depths, at the same site,
using this technique. Numerous shallow water table wells were also constructed in the

area using the aforementioned techniques.
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Samples of drill cuttings were collected and visually analyzed on a continuous
basis throughout the drilling process. Resistivity and spontaneous potential logs were
run in most of the NDSWC test holes. Copies of the geophysical logs are available for
inspection in the office of the NDSWC. Locations of all test holes and observation wells
are presented on plate 1. Pertinent data at each test hole site are published in Pusc,
1992.

Water level measurements were recorded on a bimonthly or monthly basis in
289 observation wells throughout the study area (Pusc, 1992). Inclement weather, poor
road conditions and freezing up of observation wells prevented readings during most of
the winter months. Water levels were measured with steel tapes, electronic well

sounders, and one continuous recorder.

A continuous float type water level recorder was installed in October of 1976 on
a 4-inch diameter well (Spiritwood aquifer) located just north of Camp Grafton (plate
1). Plugging of the well screen, however, resulted in a loss of most of these data. The

well was successfully redeveloped in 1987, and the continuous recorder reinstalled.

Water level data collected for this study were coupled with the existing data to
evaluate: (1) the horizontal and/or vertical direction of ground-water movement, (2)
ground-water level response to natural recharge and/or discharge events, (3) ground-
water level response to height of Devils Lake, and (4) ground-water level response to

man-induced ground-water withdrawals.

Water samples for chemical analysis were collected from a majority of the
observation wells in the study area. The water sampling procedure involved the
collection of 500 milliliters (ml) of raw water, 500 ml of filtered water and 500 ml of
filtered and acidified (nitric acid) water. Selected wells were also sampled for trace
metals and nutrients. Field measurements of specific conductance and water
temperature were also made. Water temperature was, however, measured at land

surface and does not represent an in situ temperature. The pH was measured in the lab.
State Water Commission observation wells were sampled using two methods:

airlift and bailing. Airlift sampling was accomplished with a small diameter rubber
hose attached to a portable air compressor. Airlift sampling was used on a few of the
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older county study wells because frequently a bailer would not go down the smaller
diameter wells. Water samples were obtained from domestic and city supply wells by
using the existing pumps.

Sampling with a bailer involved the removal of at least three casing volumes of
water by airlift and/or bailing techniques to introduce formation water into the well.
After evacuating at least three casing volumes of water, a variable capacity PVC point
source bailer was lowered to just above the bottom of the well screen. Bailing continued
until enough water was secured for the sample. Water chemistry data are presented in
Pusc (1992).

Location Numbering System

Wells and test holes presented on plate 1 are numbered according to a system
based on the location in the public land classification of the United States Bureau of
Land Management (fig. 5). The first numeral denotes the township north of a base line,
the second numeral denotes the range west of the fifth principal meridian, and the third
numeral denotes the section in which the well is located. Letters A, B, C, and D
designate, respectively, the northeast, northwest, southwest, and southeast quarter
section, quarter-quarter section, and quarter-quarter-quarter section (10 acre tract).
For example, well 153-64-04ADD is in the SE1/4 SE1/4 NE1/4 Section 4, Township 153
North, Range 64 West (fig. 5). Consecutive terminal numerals are added if more than

one well is located in a 10-acre tract.
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153-064-4ADD

FIGURE 5. Location Numbering System

16



Acknowledgements

The collection of data for this report was made possible by the cooperation of
residents and officials of Ramsey, Benson, Eddy and Nelson Counties and the Fort
Totten Indian Reservation who furnished essential information on wells, allowed the
drilling of test holes on their property and permitted water level measurements and the
collection of water samples. Particular recognition is due the following personnel of
the North Dakota State Water Commission: C. E. Naplin, L. L. Froelich, D. P. Ripley, M.
O. Lindvig, R. W. Schmid, G. L. Sunderland, L. M. Knutson, L. D. Smith, and G. J.
Calheim for drilling and logging test holes and contributions to the understanding of
the stratigraphy; G. O. Muri for chemical analyses of water samples and to M. H. Hove,
K. K. Kunz, and M. B. Osborn for compiling the water level and quality files. Special
thanks to Chris Bader for developing the data base programs used for this report.
Appreciation is also expressed to M. O. Lindvig, R. B. Shaver, D. P. Ripley, and R. L. Cline
of the NDSWC and Tom Winter of the USGS for their critical review of the report.
Special thanks to the private drilling companies that furnished well logs and other
information used in this report. I am also indebted to Tom Winter of the USGS in
Denver, Colorado for contributing to the understanding of lake/ground-water
interaction and for assisting in site selection for test drilling. and observation well
installation. And, to my wife Collette for her support and encouragement throughout

the duration of this project.

17



GEOLOGIC SETTING
General Geology

Sediments occurring in the Devils Lake area are primarily a result of alluvial,
glaciofluvial and lacustrine processes (figs. 6, 7 and 8). Deposits of glacial origin are
classified under the broad term, glacial drift (fig. 6). Glacial drift mantles most of the
Devils Lake area and ranges in size from clay to boulder. Glacial drift composed of an
unsorted mixture of clay, silt, sand, gravel, and boulders is termed glacial till. Lenses of
sand and gravel of unknown lateral extent commonly occur within the glacial till (figs.
9-15).

Glacial drift in the area ranges in thickness from a few feet to over 400 feet (figs.
9-15). Thickest deposits of glacial drift occur in the area underlying the Devils Lake
chain of lakes. In this area, the drift commonly consists of 100 to 200 feet of till and
lake clays overlying 100 to 200 feet of sand and gravel(figs. 9-15). North and south of
Devils Lake, the glacial drift thins. Near the Sweetwater chain of lakes, the glacial
drift is less than 50 feet thick. In some areas along the Sheyenne River, the glacial drift

has been eroded away and outcrops of Pierre Shale occur (Paulson., 1964 ).

Major landforms occurring in the area include ground moraine, end moraine,
outwash deposits, eskers, kames, and lake deposits( fig. 6). Ground moraine deposits, as
shown in figure 6, are composed mainly of low permeability glacial till.
Topographically, the areas covered by ground moraine have rolling to low relief with
numerous potholes and a nonintegrated drainage. Ground moraine mantles a large
portion of the area north of Devils Lake. South of Devils Lake, ground moraine occurs

in scattered areas (fig. 6).

End moraine deposits, also composed mainly of glacial till, occur throughout
the area (fig. 6). Major end moraines in the study area include the North Viking
moraine, the Heimdal moraine, and the Sweetwater moraine. Topographically, end
moraines are areas of high relief with hummocky tops (knob and kettle). Bluemle
(1984) and Hobbs (1987) speculate that some of the isolated hills or hilly areas were
formed by glacial shear blocks.
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FIGURE 6. Generalized surficial geologic map of the Devils Lake area, Portions of Benson, Ramsey, Nelson and Eddy Counties
(Modified from Paulson, 1964, Biuemle, 1965, Bluemle, 1973, Carison, 1975, Clayton, 1980A & B, and Hobbs, 1987
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Figure 8. Generalized map of the Devils Lake area showing the main ‘geologic relationships. The
preglacial routes of the Cannonball River and some of its tributarles are shown along with
the extent of the Spiritwood Aquifer in the area (stippled pattern) and the route of the
Starkwoather Diversion Trench. Areas of ice-thrust topography are shown (lined
pattern), all immediately south of (downglacier from) the Spiritwood Aquifer.
(From Hobbs, 1987)
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