Creek Formations, and the Tertiary Paleocene Fort Union Group
consisting of the Ludlow, Cannonball, and Tongue River Forma-
tions.

Major mineral resources in Burleigh County include sand and
gravel, lignite, and water. No commercial oil production has been
found.

INTRODUCTION

Scope and Purpose of Study

This is a general geological study of Burleigh County which
comprises 1648 square miles in south-central North Dakota. The
purpose is to provide a comprehensive investigation of the areal
geology and the occurrence of ground water. The geolqglcal in-
vestigation is part of a cooperative ground water project 1nv01\f1ng
three agencies: the North Dakota Geological Survey, the United
States Geological Survey, and the North Dakota State Water Con-
servation Commission. This report presents the results of a com-
prehensive study of the surficial geology and a general study of
the subsurface geology. The discussion of the surficial geology
is based on surface mapping and test hole drilling, and includes
a proposed physiographic classification, detailed descriptions of
the exposed bedrock, profiles and cross-sections, the glacial geology,
the drainage history, and the fossil molluscan fauna of Pleistocene
sediments. The discussion of the subsurface geology includes a
summary of petroleum exploratory drilling wells (tops of forma-
tions), cross-sections, and brief lithologic descriptions of the forma-
tions.

Methods of Study

The field work of the Burleigh County project began in Sep-
tember 1960 with the drilling of shallow test holes in the Long
Lake area. The samples from 28 test holes were described by
George E. Summers, Jr. and Jack Kume. In October 1960 approxi-
mately 100 square miles in southeastern Burleigh was mapped by
Kume. During the field season of 1961 and May 1962 Dan E.
Hansen mapped approximately 46 percent of Burleigh County in
the central, northern, and eastern part. The remainder of the county
was mapped by Kume during the field seasons of 1961 and 1962.
During 1961 and 1962, 114 shallow test holes were completed.
Most of the samples were described by Roger W. Schmid of the
North Dakota State Water Conservation Commission, but some were
described by Kume. In March 1963 four additional test holes were
drilled in the Driscoll area, and the samples were described by
Schmid. Electric logs were run in most of the test holes. Elevations
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were established for the test holes by the use of a United States
Geological Survey matthed set of altimeters.

The surficial geologic mapping was done on 1957 Burleigh
County highway maps, scale 1:63,360, prepared by the North
Dakota State Highway Department. Topographic maps including
the Bismarck, Menoken, McKenzie and Driscoll 15 minute series;
the Bismarck, Menoken SW, Mercer SW, Mercer SE, Horse Lake,
and Florence Lake 7.5 minute series were used for mapping.
Burleigh County (1952) aerial photo stereopairs, scale 1:63,360,
obtained from the Aero Service Corporation were used to accurately
place geologic contacts. The surficial mapping was done by driving
along all the section line roads and trails, and lithologic deter-
minations were recorded at each roadcut or exposure. Occasionally
it was necessary to walk into less accessible areas within the section.
In areas covered by shallow alluvium or wind-blown deposits, lith-
ologic information was obtained by use of a hand auger, shovel,
or a six foot post-hole auger mounted on a jeep. The color names
used in the lithologic descriptions are those given in the Rock
Color Chart (Goddard, and others, 1951).

The North Dakota State Water Conservation Commission pro-
vided a rotary rig for the drilling project. The United States Geo-
logical Survey provided a truck mounted auger capable of auger-
ing 100 feet for additional lithologic information.
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Previous Work
REGIONAL STUDIES

In 1883 Chamberlin presented a reconnaissance map of the
Missouri Coteau in “Terminal Moraines of the Second Glacial
Epoch.” Todd (1896) described in detail the moraines of the Missouri
Coteau. In Burleigh County, Todd mapped “the first, outer, or
Altamont Moraine” and named the “Long Lake Loop”. He dis-
cussed the preglacial drainage and thought that the Cannonball
and Heart Rivers probably once flowed through Long Lake valley.
Leonard (1916) described the “pre-Wisconsin drift” of North Dak-
ota. He placed the western boundary of the Wisconsin drift at
the front of the “Altamont Moraine.” Townsend and Jenke (1951)
named the “Max Moraine” for a portion of the vast area that was
previously referred to as the “Altamont Moraine.” They described
the “Max Moraine” as extending “from the vicinity of Bismarck”
northwestward for 800 miles. Colton and Lemke (1957) prepared
a glacial map of North Dakota. Lemke and Colton (1958) presented
a summary of the Pleistocene geology of North Dakota. In 1963,
Colton, Lemke, and Lindvall published a preliminary glacial map
of North Dakota. Their report and maps are an excellent source
of information concerning the glacial deposits of North Dakota.

LOCAL STUDIES

Leonard (1912a, 1912b) mapped and described in detail the
geology of the Bismarck quadrangle which included the south-
western part of Burleigh County, and parts of Morton, Emmons,
and Oliver Counties. To the west, Laird and Mitchell (1942) des-
cribed the geology of the southern part of Morton County. On
the south, Fisher (1952) mapped and described the geology of
Emmons County.

Hall (1958, unpublished Masters thesis) mapped the Cannon-
ball Formation in south-central North Dakota which included the
southwestern part of Burleigh County. Holland and Cvancara (1958)
described fossil crabs from the Cannonball Formation of southern
Burleigh and Morton Counties.

East of Burleigh County, Rau, Bakken, Chmelik, and Williams
(1962) mapped and described the glacial geology of Kidder County.
To the southeast, Clayton (1962) and Bonneville (1961, unpublished
Masters thesis) mapped and described the glacial geology of Logan

-and Mclntosh Counties. On the north, Sherrod and Gustavson (1963,
1964, unpublished Masters theses) have mapped and described the
glacial geology of Sheridan County. East of Kidder County, Winters
(1963) has described the geology of Stutsman County.

Summaries including lithologic descriptions of Burleigh County
petroleum exploration drilling cuttings have been published (Cald-
well, 1953a, 1953b, 1954; Smith, 1954; George, 1957; Eisenhard,
1958; Mendoza, 1959).

GEOGRAPHY
Location and Extent of Area

Burleigh County comprises 1648 square miles in Townships
137-144 North and Ranges 75-81 West in south-central North Dakota
(fig. 1). The county is bordered on the south by Emmons County,
on the east by Kidder County, on the north by Sheridan and
McLean Counties, and on the west by Oliver and Morton Counties.
The Missouri River forms most of the western county boundary.

Climate

Burleigh County is situated near the western boundary of the
dry subhumid climate and the eastern boundary of the semiarid
climate. The area is characterized by a wide temperature range,
scanty rainfall, and rigorous winters. The prevailing wind direction
is from the northwest. The coldest temperature recorded was -45°F
and the warmest temperature was 114°F. The average temperature
is 94°F in January and 70.9°F in July. The growing season
averages 140 days. Annual precipitation is 15.34 inches of which
over two-thirds falls between May and September. The average
date for the first killing frost is September 27 and that for the
last killing frost is May 10. These statistics are from records kept
from 1900-1940 by the U. S. Department of Agriculture (1941).
Trewartha (1954) has placed Burleigh County in the Humid
Microthermal Continental Climate, Cool Summers or the “spring
wheat” type of climate.

Culture
POPULATION

In 1960 Burleigh County had a population of 34,016 or about
21 people per square mile. Bismarck, the State Capitol and County
Seat, with a population of 27,670, had 81.3 percent of the county
population. The populations of the towns were as follows: Wilton
(105 in Burleigh, 634 in McLean), Wing (303) and Regan (104)
(U. S. Bureau of Census, 1960). Other unincorporated communities
%1011(111de Driscoll, Moffit, Sterling, Menoken, McKenzie, Arena, and

aldwin.

TRANSPORTATION

Burleigh County is served by the Northern Pacific Railroad
which crosses the county in an east-west direction and by the Minn-
eapolis, St. Paul, and Sault Ste. Marie Railroad which crosses in
a southeast-northwest direction. The Northern Pacific has a main

line from Driscoll to Bismarck and a branch line from Arena to
Wilton.

Two Federal highways are paved across the county. U. S.
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Highway 10 crosses in an east-west direction and U. S. Highway
83 crosses in a southeast-northwest direction. State Highway 41
along the northwest county border is paved. State Highway 14
from Sterling north across the county is an all weather partly
bituminous and partly graveled road. Many all weather graveled
roads and section line roads serve the county.

Airline service to Bismarck is provided by Northwest, Frontier
and North Central Airlines.

INDUSTRY

Agriculture is the main industry. On the basis of the type of
farming Kristjanson and Heltemes (1949) have placed Burleigh
County in the South-Central Livestock-Grain Area. In 1950 forty-
three percent of all farm land was worked by dryland methods.
That same year 92 percent of the farms raised cattle. Gravel pits
for construction and road metal are numerous. Lignite is mined
in the Wilton area.

Soil

The soils of Burleigh County are classified in the Chestnut
soil group, a dark brown soil of the cool and temperate, subhumid
to semiarid grasslands (U. S. Department of Agriculture, 1941).
The county can be divided into a southern and northwestern occur-
rence of dark brown soils separated by a northeastern, central
western, and adjacent to Missouri River occurrence of the hilly
and steep soils (Dept. of Soils, North Dakota State University and
U. S. Soil Conservation Service, 1962, p. 73). The dark brown soils
are loam and silt loam underlain by a light colored lime accumula-
tion. These areas are used for grazing and the production of small
grains, flax, corn, and forage. The hilly and steep soils on crests
of hills and on steep slopes have a black or very dark brown
surface layer but lack a subsoil, and the lime accumulation is
very shallow. These areas are used mostly for grazing, but also
for small grains and forage.

PHYSIOGRAPHIC UNITS AND LANDFORMS

Burleigh County, according to Fenneman’s physiographic class-
ification of the United States (1931, 1946 map), lies in the Interior
Plains major division, the Great Plains province, and the Glaciated
Missouri Plateau section. Fenneman (1931, p. 73-74) divided the
Glaciated Missouri Plateau section at the Missouri River into two
subdivisions and designated the morainic belt east of the river
as the Missouri Coteau. Lemke and Colton (1958, fig. 1) subdivided
the Glaciated Missouri Plateau section into four units, designating
two of these units as the Missouri River Trench and the Coteau
du Missouri. Clayton (1962, p. 14) has divided the Glaciated Mis-
souri Plateau section into three districts: the Glaciated Missouri
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Slope, Coteau Slope, and Missouri Coteau. In addition to_these
three districts a fourth district, the Missouri River Trench district
(fig. 1 and table 1), is added in this report. These districts represent
four distinct types of topography: (1) Missouri Coteau, the high
morainic belt with non-integrated drainage; (2) Coteau Slope, the
glaciated slope west of the Missouri Coteau, subject to active
erosion with mostly integrated drainage; (3) Missouri River Trench,
the floodplain, terraces, and dissecteg valley walls of the Missouri
River; and (4) Glaciated Missouri Slope, the glaciated strip of
dissected plateau west of the Missouri River subject to active
erosion with integrated drainage.

Missouri River Trench District

The Missouri River Trench district in Burleigh County is
characterized by a trench floor of variable width and valley walls
steeply dissected in bedrock (fig. 2). The till is thin or non-existent;
the alluvium and outwash are quite thick. Alluvial, outwash, and
bedrock terraces are present, and various levels have been assigned
to them (pl. 1 and fig. 2). The Missouri River flows southward
diagonally across the regional strike of the bedrock in Burleigh
County. North of Bismarck the gently curving stream meanders
are inclosed by steep valley walls in a youthful valley. South
of Bismarck the meanders broaden in a more mature valley which
suggests that it was part of a preexisting drainage system.

TRENCH FLOOR

The trench floor of the Missouri River bordering Burleigh
County varies in width from one mile (sec. 1 and 2, T. 141 N,
R. 81 W.) to seven miles (immediately south of Bismarck). The
constricted trench floor cuts across preglacial drainage divides
(pl. 7). Twenty-one test holes in the trench floor show the average
thickness of alluvium and outwash to be 100 to 115 feet thick,
but immediately south of Bismarck it is up to 155 feet thick
(pl. 5). The valley fill is composed mostly of sand and gravel,
with minor silty and sandy clay. The only occurrence of till was
reported in test hole 2057 which drilled through terrace 4 south
of Bismarck. This early (?) Wisconsin till is underlain and overlain
by outwash and alluvium. The till indicates early (?) Wisconsin
glaciation over a preexisting valley partly filled with outwash.

Four terraces, numbered from the lowest to the highest, are
recognized in the valley terrace complex (fig. 2). The highest
terrace is the site of the State Penitentiary and is here designated
the Penitentiary Terrace, or terrace 4. This outwash terrace is about
40 to 60 feet above the river level between the elevations of 1660 and
1680 feet. Terrace 4 probably represents a high fill and cut terrace.
South of Bismarck terrace 4 lies over the buried channel of the
ancestral Heart River. Here the depth to bedrock is 31 feet on
the south, 170 feet in the central part, and 47 feet in the northern
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TABLE 1.—Characteristics of the four districts of the Glaciated Missouri Plateau section in North Dakota.

Drainage
Streams
Topography
Age of Drift
Drift Thickness




part of the terrace. The second highest, upon which the site of
Fort Lincoln is located, is here designated the Fort Lincoln Terrace,
or terrace 3. This outwash terrace is about 20 to 40 feet above
the river level between the elevations of 1640 and 1660 feet.
Fort Lincoln Terrace slopes gently toward the northwest and is
marked by uneven cutting, A paired terrace, also designated terrace
3, on the west side of the river (fig. 2) has been cut into the
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Figure 2. Profiles and geologic sections of the Missouri River
Trench District.
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Cannonball Formation. The two lowest are alluvial terraces at
elevations between 1630 and 1640 feet and are here designated
Wachter Terrace, or terrace 2, and Prison Farm Terrace, or
terrace 1, for their development in the vicinity of the Wachter
Farm and the Prison Farm properties. Wachter Terrace is quite
featureless. The Prison Farm Terrace is a “bottom land” terrace
marked by meander scars, bar deposits, and channel fillings.
Separating terraces 1 and 2 is a low scarp which can easily
be distinguished on aerial photos and topographic maps. Wood
fragments collected by Rodger Schmid from an alluvial sand bed
at a depth of 21 to 80 feet in test hole 1949 on terrace 1 have
been radiocarbon dated at 210 4 200 years B. P. (W-1432) in SW1/4

NW1/4 NE1/4 sec. 24, T. 137 N., R. 80 W. by the U. S. Geological
Survey. Bedrock cut terraces 2 and 3, are covered by thin alluvium
along the valley walls in west-central Burleigh County.

The floodplain alluvium adjacent to and within the river
channel consists of channel and meander bars. These features,
formed and modified by the present stream, consist chiefly of
sand, silt, and clay.

Apple Creek floodplain, adjacent to and east of terraces 3
and 4, is included in the trench floor of the Missouri River Trench,
because the bedrock trench filled with outwash and alluvium ex-
tends beneath Apple Creek to the east valley wall. However, the
surface deposits of Apple Creek floodplain are composed of Re-
cent alluvium. Apple Creek has been deflected southward by
terrace 4 and has cut its floodplain below the level of terraces
3 and 4 (fig. 2).

DISSECTED VALLEY WALLS

The dissected valley walls of the Missouri River Trench are
steep and rugged (fig. 2). In northwestern Burleigh County the
walls rise to an elevation of 2200 feet, about 550 feet above the
floodplain. Generally, the walls are about 450 feet higher than
the floodplain. The bedrock valley walls are composed of the
Hell Creek Formation in southwestern Burleigh, the Cannonball
Formation in west-central Burleigh, and the Cannonball and Ton-
gue River Formations in northwestern Burleigh. The Hell Creek
and Cannonball Formations are easily eroded and form the lower
slopes, whereas the basal Tongue River Formation contains a
resistant limy sandstone and conglomerate bed which caps many
of the buttes, hills, and ridges (section 10-62, Appendix A). The
glacial drift on the dissected valley walls is generally thin or
non-existent and consists chiefly of scattered boulders, except along
the extreme northwestern border of the county where a thin sheet
of till is draped over the bedrock. Several minor outwash deposits
are also present. The till of the Napoleon Drift in some places
extends to the floodplain, which indicates that the till covered
area now included in the Missouri River Trench district was
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present prior to the early (?) Wisconsin Napoleon glaciation. It
also suggests that the glacier probably extended further west,
and at that time the Missouri River probably flowed through one
of the diversion channels.

Active intermittent and ephemeral streams are rapidly eroding
headward in the dissected valley wall. The top of the valley
wall forms a sharp boundary between the Missouri River Trench
district and the Burnt Creek subdistrict (fig. 2).

Along the dissected valley wall, above and adjacent to the
floodplain, are bedrock terraces covered with a veneer of alluvium.
These terraces, upstream extensions of terraces 2 and 3, are es-
pecially well-developed along the northwestern border of Burleigh
County. The terrace surfaces slope gently toward the floodplain.
The veneer consists of silt, probably partly reworked by wind.
underlain by sand and gravel, and occasionally by tll.

A prominent upland bench marks the upper boundary of the
dissected valley walls at elevations of 1900 to 1940 feet, about 300
feet above the floodplain. It is here designated Custer Terrace, or

terrace 5, because it is well-developed south of Mandan on Custer
Flats.

Coteau Slope District

The Coteau Slope district in Burleigh County is the glaciated
slope west of the Missouri Coteau district that is subject to active
erosion by nearly completely integrated drainage. The streams flow
westward to the Missouri River. The Coteau Slope district in
Burleigh County is divided into seven proposed subdistricts (fig.
3) and their characteristics are summarized in table 2. These pro-
posed physiographic subdivisions are given formal names for ease
of discussion in this report.

BURNT CREEK SUBDISTRICT

Burnt Creek subdistrict coincides with the drainage basin
of Burnt Creek and lies entirely within Burleigh County. This
subdistrict is characterized by steeply dissected valley walls and
uplands which, in part, contain a thin sheet of drift over bedrock.
TI};;e drainage is completely integrated with intermittent and ephem-
eral streams flowing southward to the Missouri River.

Dissected valley walls and uplands. — The southern half of
Burnt Creek subdistrict is highly dissected and the valley walls
rise to an elevation of 2000 feet, about 300 feet above the Bumnt
Creek floodplain. The uplands rise to an elevation of 2160 feet
at Keever Butte. Other prominent buttes in this subdistrict are
Burnt, Ball, and Coal Buttes (pl. 1). The Tongue River Formation
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caps most of the buttes, hills, and ridges, and the Cannonball Forma-
tion forms most of the slopes and valley walls. Glacial drift in this
area is thin to non-existent and consists mainly of scattered boulders
and scattered patches of till. This valley was in existence at the
time of early (?) Wisconsin glaciation as shown by patches of
till in some places on the valley sides as well as on the uplands.
Generally postglacial stream erosion has greatly modified the land
surface throughout the area.

The alluvial sand and gravel in Burnt Creek valley is nine
feet thick in test hole 1982 and fourteen feet thick in test hole 2004.

Moraine. — Moraines are landforms composed of accumulations

of drift, chiefly till, deposited directly from glacial ice and having
glacial constructional relief. Moraines have been classified into
three major types: end moraine, dead-ice moraine, and ground
moraine. In this study two additional minor types of moraines
have been recognized: subdued-end moraine and sheet moraine.
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Figure 3. Map of the physiographic subdivisions of the Coteau
Slopes district in Burleigh and Kidder Counties.
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TABLE 2. — Characteristics of the seven subdistricts of the Coteau Slope district in Burleigh County.

Age of Surface | Mostly
Drift Thickness | 25 to 80

Topography

Drainage
Streams
Undrained
Depressions
Dominant
Drift

ot
1S

Sheet moraine. — The northern half of Burnt Creek subdis-

trict has a thin discontinuous layer of drift, chiefly composed of till,
which is draped over stream-eroded bedrock topography. In this re-
port the term sheet moraine is proposed to refer to this accumula-
tion of drift. Sheet moraine is a landform composed of mappable,
blanket-like, thin accumulations of drift deposited directly from
glacial ice and having low glacial constructional relief. The general
lack of kettles is an integral part of its recognition. In places
this thin drift resembles ground moraine, but due to its thin nature,
and since it reflects the topography of the underlying bedrock,
it is not properly ground moraine (Flint, 1957, p. 131). In this
report the term drift sheet refers to the entire drift accumulation
related to a significant glacial advance. A drift sheet includes
the outwash plain, end moraine, dead-ice moraine, ground moraine,
and sheet moraine (fig, 4).

Sheet moraine in Burleigh County is generally found in
areas of moderate to high relief reflecting the topography of the
underlying bedrock. The sheet moraine in the Burnt Creek sub-
district is from 5 to 20 feet thick, overlying a stream-eroded
topography which has 80 to 100 feet of relief per square mile
and more in areas where the drainage is well-developed.

Meltwater channel. — Burnt Creek valley was a glacial melt-

water channel (pl. 8) during the Wisconsin glaciation. Meltwater
flowed southward to the Missouri River and deposited outwash
in the channel.

BADGER CREEK UPLANDS SUBDISTRICT

Badger Creek Uplands subdistrict lies within Emmons and
Burleigh Counties. In Burleigh County the subdistrict includes the
bedrock upland area south of Lake McKenzie Basin subdistrict.
In Emmons County this subdistrict includes the steeply dissected
drainage basin of the ephemeral Badger Creek. In Burleigh County
an up%and bedrock ridge marks the north drainage divide of
Badger Creek. North of this divide the land slopes toward Lake

DRIFT SHEET

SHEET MORAINE GROUND MORAINE OUTWASH END MORAINE
PLAIN DEAD-ICE MORAINE

Figure 4. Diagrammatic profile and cross-section of a drift sheet.
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McKenzie Basin. The drainage in this subdistrict is complete inte-
grated.

Stream-eroded bedrock topography. — Most of the subdistrict
has a stream-eroded bedrock topography. A few scattered patches of
till and common boulder erratics give evidence that the area has
been glaciated, but the surface shows only slight glacial modi-
fication. The highest uplands exceed 2200 feet in elevation, about
500 feet above McKenzie lake plain and Badger Creek. The Can-
nonball Formation caps most of the highest hills and ridges, where-
as the Hell Creek Formation forms the steep slopes.

Four test holes were drilled to bedrock in this subdistrict.
Test holes 1830 and 1868 encountered 19 and 20 feet of till
respectively, and test holes 1936 and 2047 encountered 7 and 5
feet of clay respectively.

Meltwater channel. — Badger Creek valley is a deep channel

of the ancestral Cannonball River system, which was cut into the
Cretaceous Pierre and Fox Hills Formations. It was a significant
meltwater channel during Wisconsin time (pl. 8) when the valley
was partly filled with outwash and alluvium. South of Long Lake
179 feet of fill was found in test hole 1938 in Badger Creek valley.

Dune sand. — Eolian sand deposits characterized by dunes

with numerous blowouts are present at three localities in*this sub-
district. The largest dune area, part of which is in Lake McKenzie
Basin subdistrict, covers about 14 square miles.

Individual dunes are usually low, but some attain 21 feet in
height, and they are aligned in a northwesterly direction, parallel-
ing the prevailing winds. The dunes are grass-covered and fairly
stable except in a few blowout areas where the wind is actively
removing the sand. The dunes are composed of a brown, fine-grain-
ed sand, mostly quartz, derived from glacial lake sediments and
from local bedrock, especially the Cannonball Formation.

LAKE McKENZIE BASIN SUBDISTRICT

Lake McKenzie Basin lies entirely within Burleigh County,
and it contains an extensive lake plain, a dune sand area, and
an outwash plain. The basin is surrounded by the hills of the
Long Lake moraine and the bedrock uplands of Badger Creek
and Apple Creek subdistricts. The lake plain is in an extensive
valley cut into the Fox Hills and Hell Creek Formations. Under-
lying the lake plain are buried channels of the ancestral Heart
River (pl. 7) filled with lake sediments and outwash. Glacial
Lake McKenzie was a proglacial and ice marginal lake during
Wisconsin time. The present drainage in this subdistrict is internal
and partly integrated.
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Lake plain. — The gently undulating lake plain contains ex-

tensive swamps, the largest of which is McKenzie Slough. Long
Lake is a permanent lake at the southeast boundary of the lake
plain. The swamp and lake areas serve as catchment basins for
the internal and partly integrated drainage. Apple, Random, and
Long Lake Creeks are among the several streams in the subdistrict.
The lake plain ranges from 1700 to 1730 feet Sfig. 5) in elevation
and slopes gently upward toward the outwash plain in the northern
part of the subdistrict. The lake plain is 500 feet below the
Badger Creek Uplands, 250 feet below the Long Lake end moraine,
and 400 feet below Apple Creek Uplands. The southwestern part
of the basin is confined to the narrow valley of Glencoe Channel
where several knobs of bedrock protrude through the lake plain.

Undrained depressions or potholes are common in the lake
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lain especially in the Menoken and McKenzie area. Tht_e depres-
Is.)ions aré)e%rqu;ntly 20 to 30 feet deep and are variable in ext%l,t.
One of the larger depressions, in sec. 31, T. 139 N., R. 78 W,
covers about a half a section. Test hole 1864, in this depression
encountered 145 feet of lacustrine clay and silt, and two feet o£
gravel above the bedrock (fig. 5, section DD-DD?). The walls }(1)

the depressions are frequently very steep, as is shown in the
depression immediately west of Menoken. Steep walled depres-
sions would be anomalous in a lake plain unless they were form-
ed as kettle holes. The kettles probably formed from individual
blocks of ice that had rafted from the ice front or stagnant }cg
from a previous glacial advance. The blocks of ice werelburiie

by lake sediments. When these blocks melted, steep walled de-
pressions were formed. The present depressions usually contain
some water in the spring and during wet years, but they ire
often dry during the summer and fall. Several permanent lakes
occur in shallow depressions in the McKenzie Slough area. Ducrlmg
times of abundant precipitation the overflow drains through Random
Creek into Apple Creek. Apple Creek has incised its floodplalﬁ
from 10 to 40 feet into the lake plain. Most of the Apple Cree

floodplain deposits are probably Recent alluvium.

Dune sand. — The southwestern part of the subdistrict is char-

O TN . . d-
acterized by sand dunes. The area is hummocky with low roun
ed, elongat)e,)d hills of sand. The dunes are ghgne'd in a north-
west-southeast direction parallel to the prevailing winds. Blowouts
are common in areas not covered by vegetation. The dune sand
is underlain mostly by lake sediments, but along the southern
border of the area, it is underlain by bedrock.

Outwash plain. — The northern and eastern part of the sub-
district is an outwash plain which has about 30 feet of local
relief. The thin outwash sand and gravel is underlain by a thick
sequence of clay and sand. Test hole 1953 encountered three feet
of surficial sand and gravel underlain by 101 feet of clay and
sand over bedrock. Test hole 2016, to the east, encountered claiy
and gravel over till. This outwash plain probably formed partly
from material carried in by Long Lake glacial meltwater. How-
ever, most of the outwash was carried in by Burnstad and Streeter
meltwater through Apple Creek Channel. Burnstad and Stre%ter
meltwater flowing by way of Random Creek.Channel throug 'ai
breach in the Long Lake end moraine, deposited coarse mat%rig
in Lake McKenzie forming an outwash plain, Test holes 1 >
1943, and 2028 indicate that a buried Valle){ underlies this outwas
and extends beneath the Long Lake moraine.

The outwash plain slopes gently toward the lake plain. The

elevation of the outwash plain ranges from 1730 feet at the lake
plain boundary to 1780 feet at the end moraine boundary.
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Sheet moraine. — A thin accumulation of till on lake sediments

and outwash occurs in the western part of Lake McKenzie Basin
adjacent to Apple Creek. An auger hole (center SW1/4, sec. 3, T.
138 N., R. 79 W.) encountered 30 feet of early (P) Wisconsin till
underlain by 70 feet of clay and sand. While this till was being
deposited, the ice dammed this outlet to Glacial Lake McKenzie,

forcing meltwater to flow through Glencoe and Badger Creek
Channels.

Bedrock valley. — The large valley cut into bedrock in Lake

McKenzie Basin is part of the ancestral Heart River system.
Various segments of this system in the Lake McKenzie Basin are
parts of the Glencoe Channel, Random Creek Channel, Apple
Creek Channel, and Heart River Channel (pl. 3 and 7). The alti-
tude of the bedrock valley ranges from about 1400 to 1650 feet,
but the floor is commonly at 1500 to 1550 feet. Lake sediments
over bedrock highs with 100 to 150 feet of relief above the valley
floor are shown by test holes 1945, 1954 and 2054. In the Glencoe
Clhannel, boulder covered bedrock knolls crop out of the lake
plain.

Forty-six test holes were drilled in the basin. Thickness of
the lake sediments and outwash material (pl. 5) is commonly 150
to 200 feet, but it ranges from about 60 to 230 feet (fig. 5). The
maximum fill was encountered in test hole 1940. The basin fill is
composed mostly of clay, silty and partly sandy, with variable
amounts of sand and gravel. The buried gravel is generally
confined to narrow elongate accumulations, or gravel trains, coin-
ciding with the deeper bedrock valleys of the basin. A signifi-
cant buried gravel train in the area southeast of McKenzie to
a mile beyond test hole 1939 (pl. 4, section I-I!), is joined from
the northeast by a buried gravel train beneath Random Creek.
The thickness of these two gravel trains amounts to 23 feet in
test hole 1939 and 51 feet in test hole 2023. Buried gravel trains
are also present in the other parts of the Heart River Channel
especially northwest of McKenzie and in Apple Creek valley.
Glencoe Channel also contains significant amounts of buried gravel
and an abundance of sand.

Buried till in the basin has been reported in test holes 1831,
1939, 2010, 2016, 2031, 2032, 2037, 2053, and 2054. Test holes 2016
and 2032 are adjacent to the Long Lake end moraine and the
till is probably part of the same drift. The till in test holes 1831
and 1939 has been reported as questionable by the well site
geologist. These two occurrences of till near the center of the
basin may be remnants of a till sheet over a partly filled basin.
Such may be the case in hole 2031 where the till is overlain by
134 feet of valley fill. The remaining four test holes containing
till are in the Menoken area. The tills suggest glacial activity in
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the basin while it was being filled. Nearly all of the till was
buried, but test hole 2054 encountered till on a bedrock drainage
divide bordering Apple Creek Channel.

The valley walls are cut into the Cretaceous Hell Creek Forma-
tion. The valley floor is also the Hell Creek Formation, except in
the deepest parts, where it is the Cretaceous Fox Hills Formation

(fig. 5).

LONG LAKE SUBDISTRICT

The Long Lake subdistrict lies within Burleigh, Logan, Em-
mons, and Kidder Counties. The two major drainages in this sub-
district are Long Lake Creek and Random Creek. Much minor
drainage on the western morainal slope flows into McKenzie
Slough and Apple Creek. In eastern Burleigh County the drain-
age is non-integrated in part, and probably could have been in-
cluded in the Misouri Coteau district, but this area includes part
of the Long Lake end moraine and therefore is placed in the
Long Lake subdistrict. The predominant landform is end moraine,
with elevations ranging from 1780 feet north of McKenzie to
2100 feet east of Apple Creek.

Glacial Landforms

End moraine. — Landforms composed of accumulations of drift,

chiefly till, deposited directly from an active glacier along its
margin and having glacial constructional relief are end moraines.
Linear trends are an integral part of their recognition. End mor-
aines in Burleigh County have moderate to high local relief.

Todd (1896, p. 15) named and described the Long Lake loop
of the Altamont moraine. The Long Lake end moraine lies with-
in eastern Burleigh County, northeastern Emmons County, north-
western Logan County, and southwestern Kidder County.

In this study three loops of the Long Lake end moraine in
eastern Burleigh County are recognized: the south, middle, and
north loops. The drift of all three was deposited on bedrock highs.
The south loop, breached by Long Lake, is characterized by an
arcuate linear ridgelike accumulation of till. Slopes are steep with
knobs and kettles. The local relief is about 40 to 60 feet with a
maxmium of 100 feet. Boulders are quite numerous on the sur-
face. The Cretaceous Fox Hills Formation is exposed in the south
loop where it is breached by Long Lake. A prominent interlobate
area that exists between the south and migdle loops (fig. 6) is
characterized by high local relief, prominent northeast-southwest
linear ridges, and abundant kettles. The town of Sterling is built
on the middle loop which is a rather wide, overall linear moraine
rather than a ridged moraine. Boulders are fairly numerous on the
surface of this gently sloping moraine on which the local relief
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is about 30 to 40 feet. The western slope has well-developed drain-
age. In contrast to the south loop, the middle loop has fewer
kettles, moderate slopes, and a subdued topography, except for
the southern part of the middle loop, where low till ridges re-
semble those of the south loop. The north loop is characterized
by steep slopes and hummocky drift with numerous boulders on
a southeast trending bedrock ridge. It is wide, has a few minor
ridges, and contains local relief of 40 to 60 feet with a maximum
of 100 feet. The western slope is well-drained, but the crest and
inner parts have interior drainage. On the proximal side, the north
loop grades into subdued end moraine. The north loop is over-
lapped at its northern boundary by dead-ice moraine and collapsed
outwash topography. This overlap, acording to Clayton (1962, -p.
30-31), represents a significant glacial readvance; however, it could
also be a minor readvance or adjustment of the Long Lake ice-
sheet. This correlation will be discussed in a later section with
the Long Lake and Burnstad Drifts.

Ground moraine. — Landforms composed of accumulations of
drift, chiefly of till, deposited directly from an active glacier be-
hind its margin and having glacial constructional relief are ground
moraines. Relative lower relief is an integral part of their recogni-
tion. Ground moraines in Burleigh County have low relief, and
they may contain minor linear elements.

The Long Lake ground moraine lies within eastern Burleigh
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County and western Kidder County on the proximal side of the
end moraine loops. A narrow strip of ground moraine fringes Long
Lake and is transitional with the south loop. Here the relief is
low to moderate except for an occasional area of higher relief
due to the underlying bedrock topography. Cretaceous Fox Hills
Formation outcrops are surrounded by this ground moraine in
Kidder County. Ground moraine on the proximal side of the mid-
dle loop is a till plain with about 5 to 20 feet of relief in the vicini-
ty of the town of Driscoll. A few large lakes and sloughs are pre-
sent, and surface boulders are fairly numerous. A small area of
ground moraine occurs on the proximal side of the north loop.
It is nearly flat with about five feet of relief. Because this ground
moraine has no integrated drainage it is included in the Missouri
Coteau district.

Collapsed outwash topography. — Landforms composed of hum-

mocky accumulations of drift, chiefly glaciofluvial, with abundant
kettles are defined as collapsed outwash topography. In Burleigh
County collapsed outwash topography has moderate to high relief.

Collapsed outwash topography occurs on the distal side of the
north loop of the Long Lake end moraine adjacent to the East
Branch of Apple Creek. The relief ranges from low to high with
a maximum of 50 feet. The outwash was deposited on disintegrat-
ing ice and collapsed when the ice melted.

A small area of collapsed outwash topography with local
relief of 30 to 40 feet lies between the north and middle loops.
The outwash surface is characterized by a series of random ridges
and scattered erratic boulders.

Ice-contact lacustrine topography. — A perched or elevated land-
form composed of accumulations of drift, chiefly glaciolacustrine,
deposited in an ice-walled lake is defined as ice-contact lacustrine
topography. The deposits are usually stratified and have steep ice-
contact faces.

Small ice-contact lacustrine deposits occur in the interlobate
area between the south and middle loops, capping three promi-
nent till highs whose local relief ranges from 80 to 100 feet above
the surrounding end moraine (fig. 6). The lake sediments are about
35 feet thick and consist of alternating dusky yellow and light
olive-gray laminated silts and clays. Test hole 2025 penetrated
153 feet of till beneath the perched lake sediments. The lake sedi-
ments are horizontally bedded, but the landforms are rounded,
probably due tc slumping of the steep ice-contact edges.

In another small area of ice-contact lacustrine deposits in
the north loop, the lake sediments have about 20 to 25 feet of
relief and slope into a large kettle.

Linear distintegration ridges. — Linear, narrow, boulder covered
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ridges composed of unsorted outwash and till are superimposed
on the Long Lake end moraine. These ridges are similar to eskers
or crevasse fillings, but differ from them in composition as they
are usually not composed of washed and bedded drift. Linear
disintegration ridges were formed during the disintegration of
stagnant glacial ice. Disintegration ridges are more numerous and
of greater variety in the dead-ice moraine of northern Burleigh
County, so a detailed description is presented with the discussion
of the Missouri Coteau district.

In the middle loop there are three occurrences of linear dis-
integration ridges: (1) A till ridge extending from sec. 18, T. 140
N, R. 75 W, into sec. 24, T. 140 N., R. 76 W. The relatively
straight boulder covered ridge is almost two miles in length with
local relief of 15 to 20 feet and a maximum of 30 feet; (2) A
ridge about half a mile long in secs. 5, 7, and 8, T. 140 N., R. 75
W., composed of washed drift with relief of 5 to 15 feet; and (3)
An east-west boulder covered ridge in secs. 31 and 32, T. 140 N.,
R. 75 W. and sec. 36, T. 140 N., R 76 W. This prominent narrow,
linear ridge has relief of up to 30 feet and is composed of till
and washed drift. In the north loop are two areas of linear dis-
integration ridges: (1) Several short ridges in the frontal part of
the north loop composed of till and unsorted gravel, with up to
10 feet of relief; and (2) A narrow till ridge about two miles long
in secs. 28 and 29, T. 142 N., R. 75 W. This ridge lies in an east-
west direction about three-fourths of a mile south of an area of
collapsed outwash topography. Relief of the ridge is 5 to 20 feet.

Kames. — Kames are prominent hills composed of outwash and
till deposited in contact with, or within glacial ice.

In the middle loop is a boulder covered kame in sec. 17, T.
141 N., R. 75 W. with relief of about 40 to 50 feet. A rather low
kame in the middle loop about a mile west of Sterling has been
breached by roadcuts on U. S. Highway 10. This kame is com-
posed of poorly sorted outwash and probably had less than 30
feet of relief. A low kamelike mound about a quarter of a mile
to the east of this kame has about 10 to 15 feet of relief. Another
kamelike mound js in sec. 15, T. 139 N., R. 76 W.

In the interlobate area between the middle and south loop
a prominent kame in secs. 18 and 19, T. 138 N., R. 75 W. has
about 30 feet of relief.

Partly buried channels and kettle chains. — Prominent channel

sags partly buried by drift, and channels marked by an align-
ment of numerous kettles are partly buried channels and kettle
chains.

A partly buried channel in the middle loop and the adjacent
ground moraine in secs. 1, 12, and 13, T. 140 N., R. 75 W., extends
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southeastward into Kidder County. Test holes penetrated as much
as 168 feet of till and gravel in the buried channel. In Burleigh
County this channel has about 35 feet of relief in the ground
moraine and 60 to 100 feet of relief in the end moraine. In Kidder
County this channel is competely buried by ground moraine.

In the south loop a kettle chain in secs. 12, 13, and 14, T.
138 N., R. 75 W. extends southwestward from Kidder County into
Burleigh County. The kettle chain has 40 to 60 feet of relief.
The southern end of the kettle chain joins a valley that extends
to Long Lake.

Proglacial Landforms

Outwash plains. — Gently undulating to nearly flat landforms

of generally stratified accumulations of drift, chiefly glaciofluvial
sediments, are outwash plains.

Outwash plains on the distal side of the three Long Lake
end moraine loops are composed of sand and gravel. The outwash
plains have low relief of about 5 to 10 feet, and they slope west-
ward into the sediments of the Lake McKenzie Basin. Several ir-
regular thin outwash deposits occur near the Long Lake breach
of the south loop, surrounding Cretaceous Fox Hills Formation
outcrops. Outwash merges into ground moraine on the distal side
of the south loop and in the interlobate area. An extensive out-
wash plain on the distal side of the middle loop has been discus-
sed in the section on Lake McKenzie Basin subdistrict. This slight-
ly pitted outwash plain furnished the sand and silt that was wind
deposited on the western edge of the middle loop.

Outwash valley floor. — A landform composed of accumula-

tions of drift, chiefly stratified glaciofluvial sediments in a valley,
is an outwash valley floor.

Outwash valley floor in a meltwater channel extends from
the ground moraine area on the proximal side of the middle loop
to Lake McKenzie Basin. It occurs in a shallow meltwater channel
from Kidder County to the middle loop. The channel, now oc-
cupied by Random Creek, breaches the middle loop southeast of
Sterling through a 60 foot cut. The fact that this channel is ex-
tremely shallow in the ground moraine, and that it breaches the
end moraine, suggests that meltwater was probably flowing in a
superglacial channel while the middle loop was being deposited.

Lake plain. — A lake plain lies in the Rice Lake area between
the middle and north loops. Lacustrine clays and silts are ex-
posed in road cuts along North Dakota Highway 14. The lake
plain merges with collapsed outwash topography to the west and
northwest. This general area was probably part of a pre-existing
valley which was partly filled with lake and outwash deposits.
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APPLE CREEK UPLANDS SUBDISTRICT

Apple Creek Uplands subdistrict is characterized by stream-
eroded bedrock topography extensively covered by sheet moraine.
The subdistrict nearly coincides with the drainage basin of Apple
Creek which is completely integrated. An extensive sand dune area
characterizes the southern part of this subdistrict.

Stream-eroded bedrock topography. — Much of the subdistrict
contains a glacially modified, stream-eroded bedrock topography.
Boulder erratics are common, and a thin layer of till covers much of
the area. Bedrock crops out throughout the subdistrict, and many
small areas were mapped as bedrock, because the till cover was thin
or non-existent except for scattered erratic boulders.

The highest uplands are at an elevation of over 2200 feet,
about 700 feet above the McKenzie lake plain. The local relief
is commonly over 100 feet per square mile, but may reach sev-
eral hundred feet in the butte areas. The Tongue River Formation
caps most of the highest uplands in the northern part of the sub-
district with the Cannonball Formation forming the lower slopes.
In the southern one-third of the subdistrict the Cannonball Forma-
tion caps the uplands and the Hell Creek Formation forms the
lower slopes. Generally, postglacial stream erosion has been ex-
tensive.

Sheet moraine. — The northern two-thirds of the subdistrict

has an extensive but discontinuous sheet moraine cover. Local
relief on the sheet moraine area is commonly over 100 feet per
square mile, but this is merely a reflection of the bedrock topo-
graphy. The sheet moraine contains a few scattered kettles, and
the drift is generally less than 10 feet thick.

Kames. — Kames, in groups of two or three, composed of

till, sand, and gravel are numerous in the northeastern part of
this subdistrict. Perhaps the most conspicuous kames are in secs.
10, 15, and 16, T. 141 N, R. 77 W. (fig. 7). Here, there are
three groups of kames on sheet moraine behind a high bedrock
ridge. The relief of the kames is approximately 50 to 75 feet.
Boulders are common and the bedding, though not well-developed,
is best seen in a gravel pit in sec. 10 (fig. 7). The next town-
ship to the east, T. 141 N., R. 76 W., has kames in secs. 7, 8,
17, and 18. The next township to the north, T. 142 N., R. 76 W,
has kames in secs. 5 and 6. Here, the kames have 10 to 30 feet
of local relief. Three adjoining kames with nearly flat bedding in
sec. 24, T. 142 N., R. 77 W. have about 30 feet of relief. Two
minor kames are in secs. 14 and 23, T. 141 N., R. 79 W.

Meltwater channels and outwash valley floor. — The streams

of this subdistrict are ephemeral except for the intermittent Apple
Creek. All of the major drainage valleys contain some outwash,
and during glaciation most of these channels carried meltwater.
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Figure 7. — Prominent kames in
Apple Creek Uplands subdistrict
(T. 144N., R. 77 W., Burleigh
County). Upper picture: Kame
complex in sec. 15. Lower two
pictures: Gravel exposures in a
kame in sec. 10. Note the bed-
ding and boulders.



In the northeastern part of this subdistrict several upper
branches of the East Branch of Apple Creek probably were signifi-
cant meltwater channels (pl. 8). One of these upper branches, ex-
tending southward from the village of Wing, follows along the
front of the Long Lake end moraine. This channel has made cuts
from 40 to 125 feet deep, with an average depth of 100 feet.
Test hole data indicate a valley fill thickness of about 57 feet.
Another upper branch meltwater channel extends southeastward
from Lake Canfield. This meltwater channel was superimposed
on a high bedrock drainage divide and joined the meltwater
channel from Wing. The relief of this channel ranges from about
30 feet in the northern part to about 150 feet where it passes
through the high bedrock area. Commonly, it has about 120 feet
of relief. Thirty feet of valley fill was encountered in one test
hole. Apparently these two upper branch channels carried melt-
water from the ablating Burnstad ice {(pl. 8).

The valley occupied by West Branch of Apple Creek contains
an outwash valley floor. The valley fill ranges from 4 to 20 feet
thick in three test holes. Apparently this channel carried melt-
water mostly from the ablating Napoleon ice.

Dune sand. — Eolian sand deposits are characterized by dunes

and blowouts southeast of Bismarck in two separate areas in this
subdistrict. South of Apple Creek the largest dune development
in Burleigh County covers about 21 square miles. The dune area is
in a broad upland valley between bedrock hills. The valley prob-
ably was a preglacial channel and a minor meltwater channel. As
shown by two auger holes, in secs. 20 and 19, T. 138 N., R.
79 W, respectively, the sand ranged from 1 to 3 feet thick. How-
ever, a sand thickness of 5 to 15 feet has been observed in
blowouts. The dunes are low, rounded and elongated mounds of
sand oriented in a northwesterly direction. A dune area is also
present along the Burleigh-Emmons County line.

LONG LAKE BASIN SUBDISTRICT

Long Lake Basin subdistrict lies mostly within Kidder County,
but it extends into southeastern Burleigh County at Long Lake.
In Kidder County this subdistrict is characterized by internal and
partly integrated drainage. Topographically, it is a broad basin
containing an extensive outwash and lake plain. Dune sand is
present in two separate areas. Surrounding much of the basin is
the high morainal belt of the Missouri Coteau which has non-
integrated drainage.

Outwash and lake plain. — The outwash and lake plain of

this subdistrict is nearly flat, but it slopes gently toward the center
of the basin. The elevation of the basin is about 1800 feet at the
edge and about 1700 feet at the center. The surface deposits
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are mostly sand, but clay deposits are common. Several large
aligned kettles, near the center of the basin, are in-a chain that
nearly marks the buried channel of the ancestral Cannonball River.
Here, the valley fill ranges from 124 to 168 feet thick in Burleigh
County and up to 300 feet thick in Kidder County. The fill is
composed of sand, clay, till, and gravel. The bedrock valley of
the ancestral Cannonball River is cut into the Cretaceous Pierre
and Fox Hills Formations.

Dune sand. — Sand dunes occur in two areas in the Long

Lake Basin subdistrict (Rau, and others, 1962). The largest dune
area, six miles south of the town of Dawson, covers about 25
square miles, and the other covers about three square miles near
the town of Tappen.

PAINTED WOODS CREEK SUBDISTRICT

Painted Woods Creek subdistrict lies within McLean and -

Burleigh Counties. The glacial topography of this subdistrict is
transitional from thin drift covered bedrock on the south to dead-
ice moraine in the northern part. The drainage basin of Painted
Woods Creek is the site of a large drift covered bedrock valley.
The predominant landform, dead-ice moraine, is due to drift ac-
cumulation by large-scale stagnation of continental glaciers. The
valley is cut into the Tongue River Formation in the southern
uplands and into the Cannonball Formation in the remainder of
the subdistrict. Elevations in Painted Woods Creek subdistrict
range from 1790 to 2100 feet.

Glacial Landforms

Dead-ice moraine. — Landforms composed chiefly of hum-
mocky accumulations of drift, chiefy till, with 20 to 60 feet of
relief extend from the Missouri Coteau district into the Painted
Woods Creek subdistrict. These landforms, which are called dead-
ice moraine, are deposited by stagnant glacial ice. A detailed dis-
cussion of dead-ice moraine is presented in the description of
the Missouri Coteau district. The dead-ice moraine in this sub-
district contains numerous sloughs, is notable for surface boulders,
and ranges from 25 to 80 feet thick. Elevations on the moraine
range from 1790 to 2000 feet.

An elongate area mapped as dead-ice moraine north of Grass
Lake may possibly be an end moraine without well-developed
ridges. However, the bedrock is at shallow depths in this area,
and the preglacial bedrock surface is reflected in the overlying
dead-ice moraine.

Collapsed outwash topography. — Hummocky outwash borders
the dead-ice moraine northwest of the town of Regan. The relief
of this collapsed outwash ranges from 10 to 30 feet and it lies
at elevations between 2020 and 2060 feet. The northern boundary
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between the outwash and the dead-ice moraine is marked by a
narrow disintegration ridge composed of till and gravel. Collapsed
outwash along the south valley wall of Painted Woods Creek in
sec. 25, T. 144 N., R. 79 W, and sec. 30, T. 144 N, R. 80 W.
merges into an outwash terrace which is probably stream-modified
collapsed outwash. Elevations on the collapsed outwash range
from 1840 to 1870 feet and the local relief is about 10 to 20 feet.

Linear disintegration ridges. — Several short gravel and sand
ridges with 10 to 30 feet of relief are along the valley wall of Paint-
ed Woods Creek in T. 144 N., R. 79 W. In sec. 29, one ridge extends
down on the valley floor. Scattered boulders are abundant on the
ridges. Two ridges, one composed of gravel and the other of till,
in the northern part of sec. 3 have from 5 to 15 feet of relief.

Sheet moraine. — The upland area south of the dead-ice moraine

contains sheet moraine. The topography is gently rolling with
from 10 to 100 feet of relief at elevations ranging between 2000
and 2200 feet. The Tongue River Formation crops out of the
drift which ranges in thickness from a veneer to about 40 feet.
Surface boulders on the drift are sporadically numerous, and
here kettles are more abundant than in the sheet moraine south
of this subdistrict.

Proglacial landforms

Meltwater channels and outwash valley floor, — Painted Woods

Creek flows in a meltwater channel which ranges from about a
quarter of a mile to two miles wide. The Cannonball Formation
crops out in three places in the channel. Outwash on the valley
floor composed of gravel, sand, and clay, ranges in thickness from
20 to 66 feet. Elevations in the channel range from 1790 feet
at the Burleigh-McLean County line to 1850 feet three miles south
of the Sheridan County line. Meltwater probably formed the chan-
nel during stagnation and ablation of the Burnstad ice, and much
of the valley floor outwash probably was deposited during the
ablation of the Streeter ice.

A shallow meltwater channel along the southern boundary
of the dead-ice moraine is marked by sloughs. Valley outwash
composed of sand and clay was deposited in the channel which
was probably formed by meltwater during the ablation of Burnstad
ice.

Nonglacial Landforms

Recent drainage. — Painted Woods Creek is an intermittent

stream in a meltwater channel. Well-developed tributaries to
Painted Woods Creek in the dead-ice moraine along the southern
part of the drainage basin have incised the drift as much as 80
feet.
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Missouri Coteau District

The Missouri Coteau district includes the northeastern part
of Burleigh County and is characterized by extensive areas of dead-
ice moraine and associated stagnant ice-disintegration features
such as: collapsed outwash topography, disintegration trenches, dis-
integration ridges, abundant kettles containing lakes and sloughs,
collapsed lacustrine topography, kames, and kame terraces. The pre-
dominant landform, dead-ice moraine, is due to drift accumulation
by large-scale stagnation of continental glaciers. This landform is
well-preserved in this district because the drainage is not integrated
and postglacial erosion is insignificant.

The Missouri Coteau district contains the highest glacial con-
structional relief and thickest till in Burleigh County. The drift
ranges from a feather edge near the bedrock outcrop areas to
a maximum thickness of 165 feet, with an average thickness of
about 60 feet. However, the topography along part of the western
boundary of the Missouri Coteau district reflects the till-covered
bedrock highs of the Fort Union Group. The Cannonball Forma-
tion crops out in several small exposures southwest and northwest
of Wing (pl. 1). The Tongue River Formation crops out in an
upland ridge northwest of Haystack Butte.

The Florence Lake loop of the Streeter end moraine is in
the Missouri Coteau district along the Burleigh-Sheridan County
line. Dead-ice moraine borders both sides of the Streeter end
moraine.

Glacial Landforms

Dead-ice moraine. — Landforms composed of hummocky ac-

cumulations of drift, chiefly till, deposited directly by stagnant
glacial ice and having glacial constructional relief are dead-ice
moraines. Generally dead-ice moraine lacks linear trends, contains
abundant knobs and kettles, high constructional relief, and non-
integrated drainage.

Dead-ice moraine in Burleigh County has high relief of 50
to 150 feet, and the maximum relief is due partly to underlying
bedrock highs. The dead-ice moraine lacks linear trends, contains
abundant kettles with small sloughs and lakes, and is composed
chiefly of till with minor accumulations of outwash and lacustrine
sediments. Surface boulders are abundant. The dead-ice moraine
}n Burleigh County occurs at elevations between 1900 and 2100
eet.

Associated with the dead-ice moraine are stagnant ice-dis-
integration features which will be discussed under separate head-
ings. Gravenor and Kupsch (1959, p. 48-64) have classified these
features in three groups: (1) controlled disintegration features which
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show the influence of the previous active ice; (2) uncontrolled
disintegration features which do not reveal the influence of former
ice flow; and (3) disintegration features which were superimposed
on active ice features. Using their classification the controlled
disintegration features in this district include linear disintegration
ridges and kettle chains. The uncontrolled disintegration features
include collapsed outwash topography, closed disintegration ridges,
collapsed lacustrine topography, kames, and kame terraces. Dis-
integration trenches are both controlled and uncontrolled disintegra-
tion features (Clayton, 1964, oral communication). The linear dis-
integration ridges on the end moraine in Long Lake subdistrict,
exemplify superimposed disintegration features.

The origin of morainal topography in the Missouri Coteau dis-
trict was suggested by Townsend and Jenke (1951, p. 857), who
thought that it “may have been deposited largely by ablation.”
They also suggested that the moraine “may be a special type more
nearly related in extent and mode of deposition to ground moraine
than to end moraine.” The terminology, origin, and usage of dead-
ice moraine has been discussed by various workers (Christiansen,
1956; Lemke and Colton, 1958; Gravenor and Kupsch, 1959; Rau,
and others, 1962; Clayton, 1962; and Winters, 1963). For a detailed
background on dead-ice moraine these works should be consulted
as only a brief discussion is presented here.

The dead-ice moraine in Burleigh County probably originated
in much the same manner as that in Logan and McIntosh Counties.
Clayton (1962, p. 34-38) discussed this origin and part of his inter
pretation was: (1) the high relief probably originated from “letting-
down of superglacial till from stagnant ice”; (2) most of the super-
glacial drift probably originated from marginal imbricate thrusting
of thin ice; (3) the ice was covered by an insulating blanket of
drift which resulted in slow melting and a wide band of stagnant
ice; and (4) dead-ice moraine is the result of large-scale glacial
stagnation.

The dead-ice moraine in Burleigh County reaches a maximum
thickness of 165 feet which is much thinner than the maximum of
500 feet in Logan and McIntosh Counties. The maximum relief is
similiar being about 100 feet in both areas.

Collapsed outwash topography. — Landforms composed chiefly
of hummocky accumulations of drift, chiefly glaciofluvial sediments
with abundant kettles, are included in collapsed outwash topo-
graphy. In Burleigh County, collapsed outwash topography has
moderate to high relief, similar to that of dead-ice moraine. Ice-
disintegration ridges are commonly associated with collapsed out-
wash.

In Burleigh County the collapsed outwash topography in T.
142 N., R. 75 W. is a westward continuation of an extensive out-
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wash area in Kidder County which was deposited by the Burnstad
advance (Clayton, 1962, p. 31 and 63). Elevations on the outwash
range between 1840 andp 1900 feet, and the local relief is about
10 to 50 feet. Kettles and ice-contact features are abundant. A
channel-like extension of collapsed outwash trends from Harriet
Lake northwest to Wing,.

North of Arena and Wing (pl. 1) are several minor areas of
collapsed outwash topography in the dead-ice moraine. The out-
wash is thin with moderate relief and hummocky topography. To
the north is a channel-like deposit of collapsed outwash composed
of numerous boulder covered low ridges that coalesce to form an
outwash sheet of moderate relief. The relief of the ridges is about
5 to 15 feet. Another area of boulder covered collapsed outwash
to the northwest has low to moderate relief. Four miles north of
Wing a relatively flat outwash surface is elevated 50 to 80 feet
above the surrounding topography. It is similar to the ice-restricted
lacustrine deposits of the “moraine plateaus” as described by Grave-
nor and Kupsch (1959, p. 51-52). West of Wing is an area of ice-
marginal collapsed outwash with relief of 5 to 20 feet.

The largest area of collapsed outwash topography occurs on
the distal side of the Streeter end moraine (pl. 1) and it is generally
less than 30 feet thick. The collapsed outwash is thicker near Bunce
Lake where 50 feet of gravel is exposed, and it is through this
layer of outwash gravel that the lake is recharged. Kettle lakes
are abundant in the outwash. The elevation of the outwash ranges
from 1930 to 2000 feet, and the relief is moderate.

East of Painted Woods Creek (pl. 1) is a small area of collapsed
outwash topography with relief of about 30 feet. To the east
the outwash merges with dead-ice moraine.

Another minor area of collapsed outwash topography along
the Burleigh-Sheridan County line, is at an elevation of 1950 feet
with 15 to 25 feet of relief.

Disintegration trenches. — Clayton (1962, p. 42) first recognized

and defined disintegration trenches as being “a trench or channel
formed by the inversion of topography on disintegrating stagnant
glacial ice and subsequent burial under outwash.”

Disintegration trenches in northern Burleigh County are re-
cognized on aerial photo stereopairs, but are difficult to identify
in the field. The trenches are short and have a random pattern.
These trenches, common in all of the areas of collapsed outwash
topography, are best developed southwest of Salt Lake.

Linear disintegration ridges. — Narrow ridges of drift, com-
posed chiefly of till, are common in the dead-ice moraine and
collapsed outwash topography in the Missouri Coteau district.
Gravenor and Kupsch (1959, p. 53-54) have defined linear disintegra-
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tion ridges as straight or slightly arcuate, linear ridges resulting
from controlled ice disintegration and composed chiefly of till which
may contain pockets of stratified material. They (p. 49) define con-
trolled ice disintegration as the process of ice separation along
fractures in a stagnant glacier.

Disintegration ridges in Burleigh County are narrow, straight
or arcuate, %inear ridges, are generally less than 30 feet high, are
less than a mile to several miles long, and are composed either of
till, outwash, or a mixture of the two. Surface boulders are a com-

mon feature of these ridges.

Three disintegration ridges occur in the collapsed outwash
topography in sec. 24, T. 142 N., R. 76 W. These till and gravel
ridges are 5 to 15 feet high and less than a quarter of a mile long.
Several other short disintegration ridges in and along a meltwater
channel southwest of Wing are 5 to 10 feet high and are composed
chiefly of gravel.

A series of short disintegration ridges in the dead-ice moraine
northwest of Arena are as much as 30 feet high. These boulder
covered ridges, aligned in a southeastward trend for about five
miles, extend from dead-ice moraine to collapsed outwash topog-
raghy. Two small kamelike mounds are associated with these
ridges.

A disintegration ridge about 5 miles long marks the boundary
between dead-ice moraine and the outwash plain on the distal
side of the Streeter end moraine. The boulder covered ridge is
up to 200 feet wide with 20 to 30 feet of relief.

Other disintegration ridges occur in the dead-ice moraine in
secs. 27 and 28, T. 144 N., R, 77 W. and in sec. 3, T. 144 N,,
R. 79 W. These ridges are generally less than a mile long.

Closed disintegration ridges. — Circular, oval, or irregularly

closed ridges of drift, composed chiefly of till, are common in
the dead-ice moraine in the Missouri Coteau district. Gravenor
and Kupsch (1959, p. 52-33) have defined closed disintegration
ridges as circular, oval, or irregularly closed ridges of glacial
material, chiefly till, resulting from uncontrolled ice disintegration.
They (p. 49) define uncontrolled ice disintegration as the breaking
g%) of an ice sheet equally in all directions into numerous small
ocks.

Closed disintegration ridges occur throughout the dead-ice
moraine of Burleigh County but less commonly than in many other
areas of the Missouri Coteau district. In Burleigh County the ridges
generally are 50 to 300 feet in diameter, less than 10 feet high,
and are rudely circular in plan. The ridges are composed chiefly
of till with pockets of washed drift. The more regular circular
ridges surround an obvious central depression and some of the
oval shaped ridges are breached at both ends. Closed disintegration
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ridges are difficult to observe in the field but are very noticeable
on aerial photos.

Collapsed lacustrine topography. — Very small areas of collaps-
ed lacustrine deposits occur along the rims of depressions and
kettles in the dead-ice moraine. The depressions are usually 5 to
10 feet deep, and rarely attain a depth of 20 feet. The rimmed
lacustrine deposits are slightly elevated above the depression
and are composed of clay and silt which appears to grade into
the surrounding till.

The collapsed lacustrine deposits are fossiliferous and collec-
tions have been made from a number of sites (see discussion of the
fossil molluscan fauna of Pleistocene sediments). The branchiate
molluscan fauna indicates that the enclosing sediments were deposit-
ed in permanent ponds, whereas the existing sloughs are ephemeral.

Kame terraces and kames. — A terracelike accumulation of
ice-contact stratified drift, composed chiefly of glaciofluvial mate-
rials, deposited between glacial ice and an adjacent valley wall
is a kame terrace.

A series of paired kame terraces occur about 30 feet above
an east-west meltwater channel in secs. 23 and 24, T. 143 N,
R. 76 W., adjacent to the Long Lake north loop boundary. The
terraces are composed of two to six feet of sand and gravel, have
about five feet of relief, and are partly covered by boulders. Streams
have modified these terraces.

A kame with 25 feet of relief occurs in sec. 25, T. 144 N., R.
75 W. In this area of dead-ice moraine only a few recognizable
kames are present. A kame occurs in sec. 36, T. 143 N., R. 77 W.

Kettle chains. — Northeast of Canfield Lake a kettle chain

in a drift covered drainage channel breaches a bedrock ridge in
secs. 10 and 16, T. 143 N., R. 77 W. The kettle chain is narrow
and has up to 40 feet of relief. Another kettle chain along the
Burleigh-Sheridan County line in secs. 1 and 2, T. 144 N., R. 79
W. is about half a mile wide, and has 30 to 40 feet of relief.

End moraine. — The only loop of the Streeter end moraine

in Burleigh County, here named the Florence Lake loop, occurs
along the Burleigh-Sheridan County line, The Streeter end moraine
is a prominent ridged accumulation of drift with several arcuate
looped segments.

The Florence Lake loop is a high till ridge with a gravel
ridged outer margin, and numerous parallel superimposed till
ridges. The loop has about 50 feet of relief with 2 maximum of
100 feet. The superimposed ridges are 10 to 50 feet high and
are from 700 to 2500 feet apart. A collapsed outer part of the
loop suggests that part of the end moraine was deposited on
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stagnant ice, and this part was mapped as collapsed end moraine.

Collapsed outwash topography occurs on the distal side of
the Florence Lake loop from Pelican Lake in Burleigh County to
the interlobate area with the West Woodhouse Lake loop in
Sheridan County. A breach in the loop northeast of Pelican Lake
in sec. 6, T. 144 N., R. 76 W. is now occupied by a collapsed
outwash train.

The distal side of the Florence Lake loop merges into dead-
ice moraine and collapsed outwash. The West Woodhouse Lake
loop in Sheridan County is fronted by an outwash plain that ex-
tends into northeastern Burleigh County.

Subdued-end moraine. — End moraine of a transitional nature

between end moraine and ground moraine was mapped as sub-
dued-end moraine in Townships 141 and 142 north.

Subdued-end moraine is defined as a subdued ridgelike ac-
cumulation of till with moderate relief of 20 to 40 feet per square
mile deposited along the margin of an active glacier.

The Long Lake subdued-end moraine is at elevations between
1900 and 2000 feet and has a knob and kettle topography in an over
all linear trend. The moraine slopes gently to the east with a
relief of 10 to 30 feet. The moraine resembles a collapsed moraine
formed after the deposition of the north loop of the Long Lake
end moraine. The subdued-end moraine is composed of till with
numerous boulders on the surface. The boundary with the ground
moraine is arbitrarily placed at an abrupt change in slope at the
end moraine contact.

Ground moraine. — A small area of ground moraine in T.

142 N., R. 75 W. has less than 10 feet of relief. Much of the
area contains small potholes floored by postglacial sediments.

Proglacial Landforms

Meltwater channels. — Three prominent channels draining

meltwater fromn the Burnstad ice breached bedrock divides near
the western margin of the Missouri Coteau district.

A meltwater channel in secs. 23 and 24, T. 142 N, R. 76 W.
has been discussed in the section on kame terraces. This channel
probably formed as an ice-marginal channel since its course lies be-
tween the dead-ice moraine and the north loop of the Long Lake
end moraine. The channel bottom is about 50 feet below the crest
of the end moraine and about 30 feet below the general level
of the dead-ice moraine. The deposits in the channel are com-
posed of outwash and alluvium. At its west end the bottom of
the channel is about 40 feet higher than that of a deep north-trend-
ing meltwater channel which heads near Wing, and forms the upper
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East Branch of Apple Creek. This channel was probably formed
by meltwater confined between walls of ice. South of Wing the
channel flows throuh dead-ice moraine for about three miles, then
it cuts through a ridge of the Cannonball Formation. The channel is
very narrow, especially in the dead-ice moraine,

East of Lake Canfield in T. 143 N., R. 77 W. a spillway cuts
through a ridge of the Tongue River Formation. The channel is
60 to 120 feet below the crest of the bedrock ridge and is floored
with sheetwash and alluvium. Beyond the bedrock ridge the
meltwater channel separates into two segments, a minor segment
trending southwest and a main segment trending through Lake Can-
field. South of Lake Canfield the two rejoin and flow into the East
Branch of Apple Creek. The main segment in the Lake Canfield
area is marked by large shallow kettles with 10 to 20 feet of relief.

Outwash plain. — East of Salt Lake is an outwash plain with
a few small kettles along the Burleigh-Sheridan County line. In
the Salt Lake area the outwash plain merges into collapsed outwash
on the distal side of the Florence Lake loop. The elevation of the
plain is near 1960 feet with about 10 feet of relief.

Painted Woods Creek meltwater channel contains an outwash
plain which extends from Johns Lake in Sheridan County south
for two miles into Burleigh County. The outwash plain merges
into outwash valley floor in Burleigh County, and in Sheridan
County it merges into collapsed outwash topography. The plain
has about 10 feet of relief, has surface elevations of 1850 to 1870
feet, and contains a few kettles.

Non-glacial Landforms

Lakes and drainage. — South and southeast of Arena numerous

saline lakes occur in collapsed outwash topography and ground
moraine. Harriet Lake is the largest saline lake in this area.
Numerous saline and fresh lakes in the dead-ice moraine are
Twin Lake, Horseshoe Lake, Lone Tree Lake, Obrien Lake, and
Canfield Lake. In the collapsed outwash topography on the distal
side of the Florence Lake loops are Florence Lake, Pelican Lake,
Bunce Lake, and Salt Lake.

This district is characterized by non-integrated drainage, with
short streams draining into lakes and kettles.

-CENERAL STRATIGRAPHY - SUBSURFACE BEDROCK
Precambrian Rocks

The oldest rocks in Burleigh County are Precambrian granites.
Five petroleum exploration wells have bottomed in pink to reddish-
brown or gray granite at depths of from 6,100 feet in southeastern
Burleigh County to 8,000 feet in the west.
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Paleozoic Rocks

CAMBRO-ORDOVICIAN ROCKS

The Deadwood Formation of Cambro-Ordovician age consists
of about 200 to 335 feet of glauconitic sandstones, limestones and
shale. The Deadwood unconformably overlies Precambrian rocks
and is unconformably overlain by Middle Ordovician rocks.

ORDOVICIAN ROCKS

Ordovician rocks are represented by, in ascending order: the
Winnipeg, Red River, Stony Mountain and Stonewall Formations.
The Winnipeg consists of a basal sandstone and an overlying shale.
The Red River consists of limestone and dolomite, and the Stony
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Mountain consists of limestone and shaly limestone. The Stone-
wall Formation, of Upper Ordovician to Silurian (?) age, consists
of limestone and dolomite. Ordovician rocks range in thickness
from about 975 to 1120 feet.

SILURIAN ROCKS

The Interlake Formation of Silurian age consists of from 50
to 240 feet of dolomite and limestone. The Interlake Formation
is unconformably overlain by rocks of Middle Devonian age.

DEVONIAN ROCKS

) The. Devonian rocks have been divided into seven forma-
tions which in ascending order are: Winnipegosis, Prairie, Dawson
Bay, Souris River, Duperow, Birdbear, and Three Forks Forma-
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tions. The Winnipegosis and Prairie Formations consist mainly
of limestone with some anhydrite. The Dawson Bay and Souris
River Formations .c¢onsist of limestone and dolomitic limestone.
The Duperow and Birdbear Formations are also mainly lime-
stones. The Three Forks Formation consists of siltstone and shale.
Devonian rocks thin somewhat southeastward due to deposition-
al thinning and to post-depositional erosion. Only the Birdbear,
Duperow, Souris River and Prairie Formations are present through-
out Burleigh County (S. B. Anderson, personal communication).
Devonian rocks range in thickness from about 200 to 600 feet.

MISSISSIPPIAN ROCKS

Mississippian rocks have been divided into the Bakken For-
mation, the Madison Group, and the Big Snowy Group. The
Bakken Formation consists of shale and limestone. Previously the
Madison Group was divided into the Lodgepole, Mission Canyon,
and Charles Formations, but now it is generally divided into five
marker bed defined intervals (Smith, 1960, p. 959). The Madison
Group consists mainly of limestone with some interbedded an-
hydrite. The Big Snowy Group is present only in the western
part of Burleigh County where the Kibbey Formation is repre-
sented by limestone and a little shale. Mississippian rocks thin
southeastward due mainly to pre-Pennsylvanian erosion. Missis-
sippian rocks range in thickness from about 880 to 1330 feet.

PENNSYLVANIAN ROCKS

Pennsylvanian rocks are divided into the Tyler, Amsden, and
Minnelusa Formations. The Tyler Formation, which occurs through-
out the county, consists of shale and sandstone. The Amsden Forma-
tion is composed of limestone, dolomite, and shale. The Minnelusa
Formation, which is present only in western Burleigh County, is
composed of sandstone and shale. Pennsylvanian rocks thin south-
eastward due to pre-Jurassic erosion and range from about 110 to

560 feet thick.

Mesozoic Rocks

JURASSIC ROCKS

Rocks of Jurassic age have been divided into the Piper, Rierdon
and Swift Formations. The limestones, shales, and anhydrites of
the Piper Formation at the base of the Jurassic are overlain by
the Rierdon Formation, which is composed mainly of shale. The
Swift Formation consists of shale, sandstone, and siltstone. Juras-
sic rocks range in thickness from 400 to 630 feet.

CRETACEOUS ROCKS

In Burleigh County, Cretaceous rocks which do not crop out
at the surface, or subcrop beneath glacial drift, have been divided
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