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ABSTRACT

McLean County, in west-central North Dakota on the east side of
the Williston Basin, is covered by 8,500 to 13,000 feet of Paleozoic,
Mesozoic, and Cenozoic focks, which dip to the west at low angles. The
Tertiary Tongue River aﬁd Sentinel Butte Formations are widely exposed
in McLean County, and the Tertiary Cannonball Formation is exposed in a
few places. Glacial drift, assigned to a new formation, the Coleharbor
Formation, occurs throughout the county and reaches a maximumtthickness
of at least 400 feet in certain preglacial valleys.

The eastern part of McLean County, part of the Missouri Coteau, is
dominéted by hilly topography on dead-ice moraine with associated lake
sediments, ice~-contact gravel deposits, and areas of collapsed outwash.
‘Much of the remainder of the county is part of the Coteau Slope and is
characterized by gently rolling topography on ground moraine. The
Missouri Trench, with steep bedrock slopes, forms the western boundary
of the county.

Glacial deposits of probable pre-Wisconsinan age were identified in‘
McLean County, but little is known of either their exact age or the
circumstances under which they were deposited. Glacial drift of probable
Early Wisconsinan age covers most of the area of the Coteau Slope and
Late Wisconsinan drift covers most of the Missouri Coteau. Both the
Early and Late Wisconsinan glaciers stagnated as they thinned and receded
from the area, resulting in hummocky areas of dead-ice moraine. The

modern route of the Missouri River did not become firmly established

ix




until the Late Wisconsinan glacier receded from the area. This modern

route of the river is a composite of several valley segments that range

in age from preglacial to Late Wisconsinan.




INTRODUCTION

Purpose

This report presents the results of an investigation of the
geology of McLean County, North Dakota. The main objectives of the
geological investigation were, 1) to map the glaciél and associlated
deposits to locate and define aéuifers; 2) to map the surficial bedrock
geology, and 3) to arrive at an understanding of the geologic history.
Parts of the report that are primarily descriptive include the dis-
cussions of the topography, rock, and sediment of the county. Parts of
the report that are primarily interpretive include the discussions of
the landforms and Quaternary history.

The descriptive material should be of value to anyone'interested
inAthe physical nature of the materials covering the county. Such
people may be water-well drillers or hydrologists interested in the
distribution of sediments that might produce usable ground water; civil
engineers and contractors interested in the gross characteristics of
possible sources of borrow material for concrete aggregate; industrial
concerns looking for pbssible sources of economic minerals; residents
interested in knowing more about their county, and geologists interested
in the physical evidence for the geologic interpretations. The inter-
pretive parts of the report are intended for those interested in the
geologic processes and sequence of events during Pleistocene time.

The material in this report constitutes the first of a three-part

North Dakota Geological Survey bulletin. The remaining two parts
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consist of a compilation of basic ground water data and a discussion of

the ground water resources of the county.

Methods of Study
About three-fourths of McLean County was mapped during the 1966
and 1967 field Seasoqs. The remaining omne-fourth of the area was

mapped during the 1966 field season by Jack Kume, formerly of the North

Dakota Geological Survey.

Déta’were plotted on McLean County highway maps, scale 1:63,360,
prepared by the North Dakota State Highway Department. In addition,
topographic maps of th; 7.5 minute series were available for much of
the remainder of the area. Air photos, scale 1:20,000, taken in 1958,
were used to accurately place geologic contacts. The surficial mapping
was done by driving along all section line roads and trails and
recording lithologies at all roadcuts or exposures. Less accessible
areas were covered on foot. A shovel and soil auger were used to
obtain lithologié information in areas of poor exposures. In addition,
about 100 holes were bored using the North Dakota Geological Survey
truck-mounted auger. This auger is capable of sampling to a maximum
depth of 150 feet.- Tﬁe North Dakota State Water Commission provided
rotary drilling equipment that was used during the 1967, 1969,Aand 1970

‘field seasons for about 40,000 feet of test drilling.

Surface Topography and Physiography
A topographic map of McLean County is shown on Figure 1. There are
four distinct physiographic areas in the county.
| 1) The extreme northeast corner of the county is part of the

relatively level Drift Prairie, which covers most of the northeast half

o
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Figure 1. Topographic and physiographic map of McLean County.
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of North Dakota. Drainage on this gently undulating glaciated plain

is fair te good although many shallow depressions retain water after
heavy rains. Streams of the Drift Prairie of McLean County and nearby
areas flow into the Sheyenne River, a tributary of the Red River of the
North, whose waters eventually reach Hudson Bay. Relief, which is
generally less than 20 feet in a mile, is‘due almost entirely to
irregularities on the surface of the ground moraine.

The edge of the Drift Prairie is marked by the Missouri Escarpment,
a relatively smooth but stream~dissected slope that rises to the
Missouri Coteau. Elevations rise from about 1,600 feet at the base of
the escarpment to over 2,000 feet at the top, a change of about 400
feet in a distance of about 5 miles.

2) The Missouri Coteaﬁ, which lies west of the Missouri Escarpment,
is an area with local relief averaging about 50 to 65 feet. This hilly
area extends from east-central South Dakota northwestward into western
- Saskatchewan. The Missouri Coteau covers approximately the northeast
half of McLean County and accounts for about 40 percent of the total
area of the county. A few short streams occur in the area, but none
transects it. The area is characterized by numerous sloughs, lakes,
and closely-spaced hills. The Missouri Coteau is the continental
divide between Gulf of Mexico and Hudson Bay drainage.

3) The Coteau Slope iies southwest of the Missouri Coteau. Relief
is moderate, generally less than 25 feet locally, but is greater near
some of the deeper valleys. Small intermittent streams flow south and
westward through these valleys over the Coteau Slope to the Missouri
River. Drainage is well developed and only a few lakes and sloughs

occur in the area. The Coteau Slope is characterized mainly by stream-




dissected bedrock with a veneer of glacial deposits. Elevations range
between about 2,000 feet near the Missouri River to over 2,400 feet in
the western part of the county.

4) The southwest boundary of McLean County is the Missouri River,
which flows in the Missouri Trench; Above Garrison Dam, in western
McLean County, the trench is generally 3 to 5 miles from rim to rim and
has a maximum relief of 200 to 250 feet (lake level to trench rim).
Below the dam it is 1 to 2 miles wide with a maximum relief of about
350 feet. The wider segment of the trench is flooded by Lake Sakakawea
and has sides consisting mainly of badlands on the Tertiary Sentinel
Butte Formation. There discontinuous glacigl drift occurs on the sides
of the trench down to the level of the lake. Below the dam the floor
of the trench is a broad floodplain. Some badlands occur on the sides

of the trench but generally the sides of the trench are relatively

smooth with terraces in some areas.




STRATIGRAPHY

General Statement

McLean County is on.fhe east flank of the Williston Basin, an
intracratonic, structural basin containing a thick sequence of
sedimentary rocks (Flg. 2). The Williston Basin had its beginning in
early Paleozoic time. Sedimentary rocks in western McLean County
probably reach a total thickness greaterAthan 13,000 feet, an estimate
based on dril%~hole'data and projection of rock units from wéllé in
adjacent areas. No test holes have yet‘been drilled that penetrate the

¢

entire sedimentary sequence. The rocks dip to the west at iow angles

in McLean County, from less than 23 feet in a mile in the Upper

Cretaceous rocks to over 50 feet in a mile in the Paleozoic rocks.

Precambrian Rocks
Preca@brian rocks range in depth from about 8,560 feet in north-
eastern McLean County to moré than 13,000 feet in the western part of
the county. No wells have éenetrated Precambrian rocks in McLean

County and their composition is unknown.

Paleozoic Rocks
Paleozoic rocks range in thickness f;om about 4,000 feet in
'ﬁortheastern McLean County to over 8,000 feet at the western edge of
the county. The Paleozoic rocks can be subdivided into four sequences
(Fig. 3). A sequence is defined as the preserved sedimentary rock

bounded by major regional unconformities (Sloss, 1963). The Paleozoic
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Figure 2. Regional map showing location of the Williston Basin and
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across the state. Modified from Carlson and Anderson, 1966, p. 1834.




SEQUENCE SYSTEM GROUP OR FORMATION DOMINANT LITHOLOGY
TEJAS QUATERNARY | Colcharbor Glacial Drift
] | WhiteRwer | Clay,Sud, Limestone
Golden Valley Clay, Sand, Silt
TERTIARY Fort Sentinel Butte Sandstone, Shale, Lignite
Union Tongue River Sandstone, Shale, Lignite
Group Cannonball, Tul~ Marine Sandstone,
N lock, Ludlow Shale
Hell Creek Sandstone, Shale and Lignite
Fox Hills Marine Sandstone
Montana = e Shale
Group . Niobrara Shale, calcareous
) Carlile Shale
ZUNI Colorado Greenhorn Shale, calcareous
CRETACEOUS | 9%¥P ™o i rourche | Shale
| I - . . Mowry Shale
Dakota Newcastle Sandsione )
Group Skull Creek Shale ;
Fall River Sandstone and Shale ;
Lakota Sandstone and Shale
Morrison Shale and Clay
JURASSIC Sundance - Shale, green & brown, Sandstone
Piper Limestone, Anhydrite, Salt and red shale
T T T triassic | Seearfish | Siltstone, Salt and Sandstone |
Minnekahta Limestone
ABSAROKA PERMIAN Opeche Shale, Siltstone and Salt
PENNSYL- Minnelusa Sandstone and Dolomite
VANIAN Amsden Limestone, dolomitic, Shale and Sandstone
—— i R e I
Snowy Otter ’ Sandstone T
MISSISSIPPIAN Group Kibbey Limestone
Madison Limestones and Evaporites
Bakken Siltstone and Shale |
Three Forks Shale, Siltstone and Dolomite ‘
KASKASKIA Birdbear Limestone
Duperow Dolomite and Limestone
DEVONIAN Souris River Dolomite and Limestone
Dawson Bay Dolomite and Limestone
! Prairie Halite
__Winnipegosis _Limestone and Dolomite . o
T T T siLumian | Imtedake | Dolomite
Stonewall Dolomite and Limestone
Stony Gunton Mbr. Dolomite and Limestone
N ‘ Mountain Stoughton
. | TIPPECANOE Fm. Member Argillacecous Limestone
; Red River Limestone and Dolomite ;
_ ORDOVICIAN Winnipeg | Roughlock Calcareous Shale & Siltstone |
, » : Group Ieebox Shale
— | DBlackldand | Samdstone ||
_sAuK CAMERIAN Deadwood __| Limestone, Shale and Sandstone 3
i PRE-CAMBRIAN]

Figure 3. Stratigraphic column of North Dakota. Dashed linesr

‘represent major regional unconformities. Modified from Carlson and
Anderson, 1966, p. 1835.




sequences recognized in McLean County are, in ascending order, the
Sauk, Tippecanoce, Kaskaskia, and Absaroka, with the Absaroka Sequence

extending to include Triassic rocks of the Mesozoic Era.

Sauk Sequence

The Sauk Sequence is represented in the Williston Basin by the
Deadwood Formation of late Cambrian to early Ordovician age. The
Deadwood is an onlap depositional sequence consisting primarily of a
basal sandstone overlain by shale and carbonate and then by another
sandstone. It thickens westward from a minimum of about 200 feet in

northeast McLean County to a maximum of about 700 feet in the northwest

part of the county. In the Vaughn-Hanson No. 1 well (Sec. 10, T. 146 N.,

R. 81 W.), 101 feet of limestone, shale, and sandstone of the Deadwood
Formation were penetrated. Fifty-eight feet of the Deadwood were
penetrated in the Stanolind-McLean No. 1 well (Sec. 28, T. 150 N.,

R. 80 W.).

Tippecanoe Sequence

The Williston Basin began to subside during deposition of the
Tippecanoce Sequence. This sequence is the result of a transgressive
event during which the seas invaded from the south and east, and the
Williston Basin became part of a much more extensive epicontinental
sea. The Tippecanoe Sequence is represented in the area by rocks of
middle Ordovician to Silurian age. The inigial deposits of the
sequence were the clastics of the Winnipeg Group. These were followed
by carbonates with minor amounts of evaporite ci the Red River, Stony

Mountain, Stonewall, and Interlake Formations. In McLean County the

thickness of the Tippecanoe ranges from about 1,300 feet in the east
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to about 2,200 feet in the west. The two previously mentiocned wells,
the Vaughn-Hanson No. 1 and the Stanolind-MceLean No., 1, are the only
two that have penetrated the Tippecanoe Sequence in McLean County. In

these wells the thicknesses are 1,442 feet and 1,437 feet, respectively.

Kaskaskia Sequence

During deposition of the Kaskaskia Sequence, the Williston Basin
was slightly more tectonically negative than during deposition of the
previous two sequences. The initial deposits of the Kaskaskia Sequence
represent a transgresgive sea that spread over the area from the north
and west during Devonian time.

Devonian formations that have been recognized in the Williston
Basin include, in ascending order, the Winnipegosis (mainly carbonate),
Prairie (mainly salt with some limestone and anhydrite), Dawson Bay
(limestone and dolomitic limestone), Souris River (alternating limestone
and thin argillaceous beds), Duperow (éyclieal carbonates and shale),
Birdbear (limestone), and Three Forks (shale, anhydrite, siltstone, and
dolomite). The overlying Mississippian rocks were deposited maiﬁly
during marine conditions. They include rocks of the Bakken Formation
(fine~grained cléstics), the Madison Group {carbonate), and Big Snowy
Group (shale, carbonate, and sandstone).

The Kaskaskia Sequence in McLean County ranges from about 2,000
feet thick in the southeast to about 4,100 feet thick in the northwest.
In addition to the two previously mentioned wells, six others have

penetrated the Kaskaskia Sequence to varying depths.

Absaroka Sequence

The Absaroka sea spread across the area from the west. Deposition
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began with nonmarine mudstone, followed by relatively thin marine
deposits and then predominantly clastic and evaporite redbed units.
Rocks of the Pennsylvanian and Permian Systems and the Spearfish
Formation of Permian-Triassic age are included in the Absaroka Sequence.
The formations include, in ascending order, the Amsden (dolomite and
limestone), Mimnelusa (clastics), Opeché (redbed clastics), Minnekahta
(dolomite and limestone), and Spearfish (redbed clastics). The
Absaroka Sequence in McLean County ranges from about 250 feet thick in
the northeast to about 1,100 feet thick in the southwest. Eight of the
ten oll exploration tests drilled to date in McLean County have

penetrated the Absarocka Sequence.

Mesozoic and Texrtiary Rocks
Mesozoic rocks range in thickness from about 3,900 feet in
northeastern McLean County to about 5,000 feet at the western edge of
the county. ALl of these rocks are part of the Zuni Sequence with the
exception of the previously discussed Spearfish Formation. The
‘Tertiary rocks of McLean County range in thickness from about 400 feet
in the northeast to more than 1,100 feet in the western part of the

county.

Zuni Sequence
Mesozoic rocks of the Zuni Sequence in the Williston Basin consist
mainly of clastic rocks that were deposited in widespread Jurassic and
Cretaceous seas. Jurassic strata range from about 600 to 1,000 feet
thick in McLean County and consist of evaporite, red shale and carbonate
; of the Piper Formation and fiﬁe-grained ciastics of the Sundance Group.

Cretaceous rocks include a sandstone in the Fall River-Lakota Interval
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and a poorly developed sandstone in the Newcastle Formation. The rest
of the Cretaceous rocks, below the Fox Hills’Formation, consist of gray
shale with some calcareous shale and some thin layers of bentonite;
they include the Skull Creek, Mowry, Belle Fourche, Greenhorn, Carlile,
Niobrara, and Pierre Formations.

The Fox Hills Formation conformably and gradationally overlies the
Pierre Formation. It is a marine sandstone and shale sequence that
ranges in thickness from about 350 to 450 feet in McLean County with
the greatest thicknesses in the northeastern part of the county. The
Hell Creek Formation, the youngest Cretaceous formation, conformably
overlies the Fox Hills Formation in McLean County. It is of continental
origin and consists of interbedded gray, greenish-gray and brown sand-
stone, mudstone, siltstone, carbonaceous shale, and thin lignite seams.
It is overlain by interbedded sandstone, shale, and lignite beds of the
Paleocene age Ludlow Formation. The Heil Creek and Ludlow Formations
have a combined thickness that ranges from about 100 feet in eastern
McLean County to about 500 feet in the western part of the county.

The Tertiary rocks of McLean County, in ascending order, are the
Cannonball, Tongue River, and Sentinel Butte Formations. These sediments

are all part of the Zuni Sequence and are late Paleocene in age. They

are represented in the Williston Basin by predominantly nonmarine
deposits derived from source areas to the west.

The Cannonball Formation, which laterally interfingers with the
Ludlow Formation, is probably a marine equivalent of the Ludlow. It
consists of olive black, carbonaceous and ligﬁitic siltstone and shale,

lignite, and friable, micaceous sandstone. These grade upward into

similarly colored noncalcareous siltstone and claystone and friable,
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glauconitic, noncalcareous sandstone.

The Cannonball Formation in the western and southern part of
McLean County 1s as much as 300 feet thick. It thins northeastward to
less than 100 feet thick. Exposures of the uppermost Cannonball beds
occur in Sectioms 22 and 23, T. 143 N., R. 81 W. in southern McLean
County and along the Missouri River south of Washburn in Sections 14,

23 and 24, T. 144 N., R. 82 W. The contact of the highly weathered,
brownish-black Cannonball shale with the overlying Tongue River sand-~

stone occurs at an elevation of about 1,680 feet in this area, a figure

that seems anomalously low in view o¢f the fact that the contact is at

about 1,700 feet across the river in Oliver County in a regiomally

downdip direction. It is probable that large blocks of material, ;i
including the Cannonball Formation shale, slid into the Missouri River
valley.

The Tongue River and Sentinel Butte Formations are of continental
origin and Paleocene in age. They directly underlie the glacial drifc, !
except in a small part of extreme southern McLean County where they are
absent and the Cannonball Formation underlies the drift, and in
northwestern McLean County where preglacial Pleistocene sand lies
between them and the overlying drift. Where the drift is absent they
are exposed; the best and most extensive exposures occur in and near
the Missouri River valley, where headward erosion has formed areas of
badlands topography. Maximum thickness of the two formations is about
800 feet in western McLean County.

Exposures of rocks of the Tongue River Formation, which underlies

the Sentinel Butte Formatiom, are confined to approximately the eastern i

third of the county; rocks of the Sentinel Butte Formation occur over
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the.remainder of the county (Hg. 4). ‘The‘cdntact between the two
formations is difficult to recognize in McLean County. Based on
tentative interpretations of several measured sections, the contact is
exposed in the vicinity of Garrison Dam at an elevation of about 1,900
feet. The contact between the Tongue River and Cannonball Formations

in this area is at about 1,500 feet, based on test-hole data to the
southwest in Mercer County; therefore, the Tongue River Formation should
be about 400 feet thick in fhe area. However, about 450 feet of
composite section was measured in the area. This footage includes about
120 feet of section that was poorly exposed due to slumping, so the
possibility for error is considerable.

The Tongue River Formation consists of buff to orange buff and gray
sand, silt, and clay that ranges from poorly to fairly well cemented.
The sand is commonly cross-bedded and in channels in places and has
local horizons of sandstone concretions. Some of the more indurated
sand horizons form prominent ledges that continue for several hundred
yvards. Fossils in the Tongue River Formation include gastropods,
pelecypods, ostracods, and plants.

The clay and silt beds of the Tongue River Formation form good
marker beds for correlative purposes. They are commonly 1ight gray with
orange bands due to iron oxide~rich beds. Commonly associated with the
clay and silt beds are lignitic zones and lignite beds. Most of the
lignite beds are less than a foot thick, and no commercially usable
lignite was found in the Tongue River Formation of McLean County.

About 200 feet of Sentinel Butte Formation section was.measured in

western McLean County. The lowermost part of the formation is too c

poorly exposed in the area to allow for accurate correlation with bedrock
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Figure 4. Subcrop map of Cannonball, Tongue River, and Sentinel Butte Formations in McLean
County. These three bedrock formations lie directly beneath the glacial drift except in
areas where glacial deposits are absent and in a small area of the northwestern corner
of the county where preglacial Quaternary (?) river sediments occur between the bedrock
and the drift,

ST
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exposures near Garrison Dam. In general, rocks of the Sentinel Butte
Formation in McLean County consist of light gray to brownish gray sand
and silt. Petrified wood, mainly Metasequoia, is common in the Sentinel
Butte Formation, although it occurs also in the Tongue River as well.

In some badland areas large stumps and logs occur, and small chips of
petrified wood cover the surface. Reddish scoria beds, formed when
burning 1ignite beds baked surrounding sediment, are common in both the
Tongue River and Sentinel Butte Formations. Their lateral continuity is
restricted to less than a few miles so they can be used onlyvfor local
correlations. Large, solid, cylindrical concretions are common in the
Sentinel Butte Formation. They are round to oval in cross-section and
they commonly stand on pedestals. They consist of cross-bedded sand
that is commonly coarser than the surrounding sediment.

Several beds of lignite averaging about 2 to 3 feet thick occur
and a few thicker beds were observed. Two strip mines operate in the
county. The Underwood Coal Company Mine, in Section 23, T. 146 N.,

R. 82 W., mines an 8- to 10-foot-thick bed of lignite. This lignite
ocecurs at an elevation of 1,950 feet to 1,960 feet, about 25 feet above
the presumed base of the Sentinel Butte Formation in that area. The
other mine is the B and W Coal Mine (Sec. 16, T. 148 N., R. 86 W.),
where two lignite beds are being mined. The lower 5-foot~thick bed is
separated from the upper 2-foot-thick bed by a 4-inch clay seam. The
lignite occurs at an elevation of about 1,915 to 1,925 feet, about 160
feet above the base of the Sentinel Butte Formation. Both of these
mines are relatively small operations.

LN

The single most important criterion for differentiating the Tongue

River and Sentinel Butte Formations 1s color. In western North Dakota,
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weathered exposures of the Tongue Rivgr Formation have light, buff-
yellow colors with considerable variations in texture and color between
individual beds, and, particularly when viewed from a distance, they
present a bright overall aspect. In contrast, the Sentinel Butte beds

are more gray and somber in color and rather uniform in both texture

and color.K\k

Preglacial Sediments

Quaternary Sediments

Description--In several test holes in T. 150 N., R. 88 W. in
extreme northwestern McLean County, fluvial sediment consisting of silt,
sand, and gravel was found beneath glacial deposits. The direction
from which the sediment was deposited could not be determined. The
deposits do not appear to follow a valley as they are not particularly
deep. The gravel and sand consists mainly of coarse, dark-brown chert,
limestone, dolomite, and fragments of lignite. Granite and other rock
types typical of the glacial drift are not present in the gravel. Silt:
and sand overlies the gravel, and it in turn is overlain by clay and
silt.

Origin--The lithologies of the fluvial sediments described above,
coupled with the lack of Canadian Shield rock types, suggest that they
were derived mainly from the Rocky_Mountains or Black Hills and that
they were deposited by rivers flowing northéastward in late Tertiary or
early Pleistocene time. If the sediments were deposited in a valley,
that valley has been destroyed and may even be a topographic high today.
Such a situation implies a long interval of time between deéosition of

the sediments and overriding by glaciers. During this interval, erosion

completely changed drainage patterns so that no evidence for any buried
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valley now exists. For this reason, it seems likely the sediment is
considerably older than fluvial sediment that is found in buried
valleys, perhaps pre-Pleistocene in age. The presence of what are
apparently lake deposits of Pleistocene age on top of the fluvial
sediment suggests that a lake formed when early Pleistocene ice blocked
the drainage;

Stratigraphic situations similar to the one described above occur
elsewhere in McLean County, but these are mainly in northeast-trending
preglacial valleys. Preglacial fluvial sediment may underlie the

glacial deposits in many of the preglacial valleys.

Coleharbor Formation

General Statement--Several surface glacial drift units have beenk
recognized and named in North Dakota. These are recognized on the
basis of environmental analysis, geomorphology, interpretations of
mineralogy, depositional structures and textures, and fossil faunas.
In North, Dakota most of the named drift units are thought to have been
deposited during single phases of activity of the glacier, and they can
be related to some event in the history of the glacier. 3Because the
drift units are recanized mainly on the basis of inferred geologic.
history or origin, they are highly interpretive and subject to change
as more knowledge beéomes available.

The surface drifts that have been named in North Dakota are, for
the most part, lithologically indistinguishable on a regional scale.
For this reason, and because of their inferential nature, it is
practical to include all of them in a single lithostratigraphic unit.

Lithostratigraphic units, or rock units, are bodies of rock identified

by objective lithologic criteria. They are delineated in vertical
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succession by surfaces representing changes in lithologic character or
breaks in the deposit%ﬂﬁgi continuity (Krumbein and Sloss, 1963,
p. 332). ’ \

Glacial sediment in North Dakota has been studied sufficiently to
adequately characterize and formally designate the Coleharbor Formation
entirely in lithostratigraphic terms without resort to inferred geolo-
gic history or origin. The Colecharbor Formation consists of thousands
of alternating beds but only three main facies: 1) interlayered bouldery,
cobbly, pebbly, sandy, silty clay; 2) sand>and gravel; and 3) silt and’
clay. These three facieé, taken- as a whole, form as uniform and
distinctive a ﬁnit as agy of the previously named formations in North
Dakota. The Coleharbor Formation ranges from 0 to 600 feet thick in
North Dakota and it is one of the most widespread geologié'units in the
state.

The Coleharbor Formation is named. for the town of Coleharbor in
McLean County, North Dakoté. It includes all bouldery, pebbly, sandy,
silty clay, sand and gravel, and silt and clay exposed in the type
section and in all comparable sections. The best exposures of the
Coleharbor Formation in North Dakota are located about 6 miles west of
Coleharbér along the shore.of Lake Sakakéwea in Secs. 14, 15, and 22,
T. 147 N R. 84 W. (101° 21' West Longitude, 47° 32' North Latitude);
this has been designated the type area (Fig. 5). Rapid erosion of the
lake shore by wave acfion has exposed as mﬁch as 85 feet of nearly
vertical section. The type section of the Coleharbor Formation is

located about 300 yards south of the mouth of Dead Man Coulee in the

NW%, NW%, NE%, Sec. 22, T. 147 N., R. 84 W., McLean County, North

Dakota (Figs. 6 and 7). The following is a description of the type
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Figure 5. View across bay of Dead Man Coulee showing the mbi i
type area of the Coleharbor Formation. Cliffs in the -~ '
distance are about 40 to 50 feet high. “>i

"
{
!
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Figure 6. Chunks of iron-cemented conglomerate lying
on a till surface (the exhumed upper surface of
the Dead Man till). Photo taken near the area of
the type section of the Coleharbor Formation.
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Figure 7.

Photo of type section of Coleharbor Formation along Lake Sakakaweza.
Total exposed section shown here is about 40 feet.
identify the lithologic units shown on the photo and correspond to the
numbers used in the section description.

Numbers on the diagram

L%
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section of the Coleharbor Formation (number 1 is the oldest unit,

number § the youngest):

8.

Clay; pebbly, sandy and silty; 15 to 20 feet thick;
brownish buff to gray; pebbles are mainly granite
and carbonate; chunky, unjointed and vaguely
layered; calcareous. (Napoleon till of probable
Early Wisconsinan age). ’

Gravel; 0 to 5 feet thick; medium-grained, sandy,
cross-bedded\ in places; some iron oxide staining

near base ;ﬁgunit; consists mainly of igneous and
carbonate bles. (Stream channel deposit).

Clay; sandy and pebbly with a few lignite chips and
pockets of silty, reddish brown, finely-divided
limonite; 25 feet thick; strong vertical jointing
results in almost vertical cliffs; appears to have
good vertical permeability. (Mercer till of
probable pre-Wisconsinan age).

Sand; 2 to 4 feet thick; fine to medium grained,
cross-bedded and loose; consists mainly of quartz
with much finely-divided lignite; lies above unit
4 in most places but appears to be laterally
equivalent to unit 4 in a few places. (Glacial -
outwash deposit). ) '

Gravel; 2 to 3 feet thick; coarse, sandy, highly
iron oxide-cemented into a conglomerate (Fig. 6);
chunks up to 10 feet long, but averaging 3 to 4
feet long, have fallen into the reservoir; consists
mainly of pebbles and cobbles with lithologies
typical of glacially-derived gravels from the
northeast in Canada (igneous and carbonate rocks).
(Glacial outwash deposit).

8ilt; 15 to 20 feet thick; wvery pebbly with sand
pockets up to 6 inches across; large inclusions of
lignite and lake sediments; a few large boulders
up to 15 feet in diameter; abundant lignite chips
and charcoalized wood fragments; fine fraction is
mottled gray and yellowish buff with lighter
shades overall than found in overlying clay units
(units 8 and 6); cliff surfaces are oxidized but
in the freshest cuts the unit is unoxidized at 10
to 15 feet below its upper surface; contains
relatively more carbonate pebbles than do the
overlying clay units; irregularly jointed with
selenite crystals and iron oxide and manganese
dioxide staining common on jeint faces; partially
lithified (breaks across pebbles in places);
massive; a few concretions; upper contact of this
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unit with the overlying gravel is very sharp and,
in places where gravel has been washed off by waves,
a relatively flat erosion surface has been exhumed.
(Dead Man till of probable pre-Wisconsinan age).

at water lewvel and is poorly exposed; brownish to
vellowis ray; has good horizontal banding that in
places has been highly contorted; appears to be
laterally equivalent to unit I in places. (Proglacial
lake deposit).

2, 8ilt; ClZiii; uniform texture; 3 feet thick; occurs
g

1. Gravel; 2 to 3 feet thick (poorly exposed at water
level); some iron oxide stains; mineralogy of
pebbles and cobbles is typical glacially-derived
assemblage (carbonate, granite, and metamorphic).
(Glacial-outwash deposit).
By designating a formal stratigraphic unit, the Coleharbor Forma-
tion, it becomes possible to avoid the common practice of treating
glacial deposits and bedrock in two entirely different ways. The

formal designation should also facilitate more convenient study of

'J comparable sediments over wide areas, not only in North Dakota, but in

surrounding areas as well.

Christiansen (1967, 1968) has recognized several different units
of glacial drift in the Saskatoon, Saskatchewan, area, He has divided
the drift, first of all, into the Sutherland and Saskatoon Groups on
the basis of carbonate content of tills, weathering zomes, and inter-

till stratified drift. ‘He has further subdivided the upper group, the

Saskatoon, into the Battleford and Floral Formations.

Subdividing the Coleharbor Formation in North Dakota on a litho=-
stratigraphic basis is not yet practical. Preliminary field work with
recognized drift units in North Dakota (see discussion of the Quaternary
History later in this report) suggests that Christiansen’s Battleford
Formation may be equivalent to the Lostwood Drift and perhaps to the

Napoleon Drift in North Dagkota. His Floral Formation may be equivalent
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to the Mercer and Dead Man Drifts. Further study may make it possible
to éubdivide the Coleharbor Formation into members, or it may become
necessary to elevate the Coleharbor Formation to group status. Possible
members may be found to coincide with different glacial stages, or they
may reflect predictable and mappable differences in till carBonate
content, degreerof weathering of feldspar particles,'claybcontent, or
some as yet unknown physical characteristics.

Distribuﬁion~-The Coleharbor Formation covers most of the north-
eastern two-thirds of North Dakota, eastern South Dakota, Saskatchewan,
Manitoba; northern Montana, and western and southerﬁ Minnesota. It
unconformably overlies rock of all ages and is overlain in many areas
by sediment of Holocene age.

The formation covers about 95 percent of McLean County (P1. 1). It
is more than 400 feet thick in at least one buried valley in western
McLean County (Sec. 32, T. 149 N., R. 87 W.) but it averages about 100
feet thick throughout the county. Near the Missouri River Trench and
over much of western McLean County, the formation averages less than 50
feet thick. The total volume of the Coleharbor Formation in McLean
County is about 40 cubic miles.

Boulder~-clay-~The Coleharbor Formation of McLean County consists of
about 70 percent bouldery, cobbly, pebbly,‘sandy, silty clay (boulder-
clay for short) by volume. The terms "boulder-clay" and "till" are
essentially synoﬁymous but, as used in this report, 'boulder-clay"
refers only to the nonsorted, terrigenous sediment that contains a
wide range of particle sizes. The term carries no genetic connotation

in this report. Another strictly lithologic term that might have been

used is "diamicton". In McLean County, all three terms (boulder-clay,




25
‘\
till, and diamicton) refer b essentially the same sediment. The term
"£i11," as uséd in this report, referé to glacial sediment  and has a
genetic connotation.

About 70 percent of the surface area of the county is covered by
boulder-clay but much of this area has only a venecer. The boulder-clay
facies of the Coleharbor Formation is a relatively uniform, unbedded
mixture of approximately equal parts of sand, silt, and clay-sized
sediment aloﬁg with a small amount of’pebbles, cobbles, aﬁd some
boulders as much as a few feet in diameter.

The boulder-clay is generally éark gray below the water table,
grayish brown above the water table. Colors commonly become darker
downward from more to less highl& weathered zones. Montmorillonite
and other clay minerals along with small amounts of carbonate, quartz,
and feldspar, are included in the clay-sized fraction of the boulder~
clay. The silt and sand fraction consists largely of quartz and
feldspar and some carbonate, shale, and lignite. Pebbles are varied
and consist of limestone, dolomite, shale, lignite, and various hard
metamorphic and igneous rock types. Most of the cobbles and boulders
are igneous and metamorphic rock types; a few are carbonate.

Because of its low permeability, the boulder-élay is generally not
a sétisfactory source of ground water. Any permeability that the |
boulder~clay has is due to vertical fracturing so that the permeability
is greater vertically than horizontally.

Sand and Gravel~-In McLean-County, the Coleharbor Formation consists

of about 25 percent sand and gravel by volume. About 20 percent of the

surface area of the county is sand-and gravel. The deposits occur both

as thin layers and lenses within the boulder~clay and as thick,




j 26

continuous sequences independent of the boulder-clay. The sand and
gravel facies is generally horizontally layered except in the hilly
areas in the eastern part of the county where the layering is commonly
tilted, faulted, or contorted. The sand and gravel ranges from sandy
gravel and gravelly sand that is relatively free of finer materials to
very dirty gravel with large amounts of silt and clay.

In general, the best sorted deposits cover the flat expanse ofvland
northwest and east of Turtle Lake and east of Washburn. This gravel
commonly has maximum grain sizes of less than 2 inches. Well-sorted
sand and gravel occurs also on valley terraces south of Ruso in north-
eastern McLean County. Much of the sand and gravel that occurs in
irregularly-shaped ridges an& mounds in the hilly areas of eastern
McLean County is poorly sorted and coarse-grained. It contains consid-
erable amounts of boulder-clay and boulders of all sizes and is generally
of little or no economic value.

The sand and gravel facies of the Coleharbor Formation has a
mineralogic composition similar to the boulder-clay. The mineralogy
indicates that it was ultimately derived from the northeast in Canada
where igneous and metamorphic rocks of the Canadian Shield are widely
exposed. The sand-sized fraction is largely quartz and feldspar with
minor amounts of shale and carbonate. The gravel-sized fraction is
compésed largely of granite and metamorphic rock types, limestone, and
dolomite. Some of the gravel has a high percentage of shale. Near the
surface, caliche, CaCO3, coats the undersides of pebbles and cobbles.

Generally, the sand and gravel is loose, but in some places it is

cemented with iron oxide and forms a conglomerate. Exposures of irom

oxide-cemented conglomerate are particularly common along the shore of
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A Lake Sakakawea ig\the mouths of Snake Creek and Dead Man Coulee

(T. 147 N., R. 84 W.). 1In areas where the sand and gravel is loose and
uncemented, it is also highly permeable. The sand and gravel is
generally the largest and most dependable source of high-quality ground
water in the county.

Silt and Clay--~ Approximately 5 percent of the Coleharbor Formation
in McLean County consists of layers and leunses of silt and clay. Only
about 2 percent of the surface area is silt and clay, but considerable
thicknesses of it occur in buried valleys throughout the county. It
commonly has horizontal layering a fraction of an inch in thickness.
Sand is uncommon in the silt and clay facies and pebbles are scarce.
The silt and clay facies has the same mineralogy as the silt and clay
fraction of the boulder~-clay: montmorillonite and other clay minerals,
carbonate, quartz, and feldspar. Its permeability is about the samé as
that of the boulder-clay.

Where the facies is exposed at the surface in McLean County, silt
is commonly more abundant than clay, but there are exceptions. The
same 1s true to a lesser extent of the subsurface deposits.

Age and Origin--The Coleharbor Formation was deposited during the
Pleistocene Epoch from several hundred thousand to about 9,000 years
ago. The boulder-clay facies of the formation is mainly glacial till
consisting of sediment eroded by glaciers from areas north of MéLean
County as well as 1oca11§. Part of the boulder-clay was subsequently
deposited directly from the moving ice, and the remainder slid, slumpe&,
and flowed to its present position when the ice melted.

The sand and gravel of the Coleharbor Formation was deposited by

rivers and streams during glacial times. Some of these rivers and
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streams must have been fed by meltwater from the glaciers but probably

large amounts of sand and gravel werekdepositea by nonglacial rivers
12,000 to 9,000 years ago when precipitation amounts were high and
runoff was much greater than it is today (Clayton, 1967, p. 33). Some
of the sand and gravel was deposited on beaches of'lakes.

The Coleharbor silt and clay exposed at the surface in eastern
McLean County was deposited in lakes that were at least in part
enclosed by glacial ice. Part éf the surface silt and clay in western
McLean County may have formed in the same way, but most of it was
deposited in still-existing lake basins thatvéontain lakes in years of
above average precipitation. The subsurface silt and clay that is
confined to buried valleys was probably deposited in larée lakes that

formed when easterly~-flowing rivers were dammed by advancing ice.

Postglacial Sediment

Holocene sediment has been deposited since the Pleistocene Epoch
throughout McLean County, especially as river and stream valley
floodplains (P1. 1), on slough floors, and in sporadic occurrences of
sand dunes.

Fluvial Sediment«~Fluvial sediment occurs along stream and river
channels throughOutVMcLean County. It ranges from a few feet thick
along some of the smaller streams to over 100 feet thick in places
beneath the Missouri River floodplain. It is sometimes difficult to
distinguish modern fluvial deposits from the underlying fluvial énd
lacustrine sediments of glaciai origin,

The fluvial sediment consists mainl& of clay, silt, sand, and

gravel. 8ilt and clay commonly make up about 90 percent of the sediment,

sand and.gravel the remaining 10 percent. Distinet and separate
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horizontal beds of dark brown sand, silt, and clay are common in the
alluvium. The fluvial silt and clay differs from silt and clay of the
Coleharbor Formation in that the fluvial materials are commonly sandy
with a high organic conteﬁt in places. The sand and gravel is similar
to that in the Coleharbor Formation, but it is much less extensive and
occurs as sﬁall lenses within the silt and clay.

Slough Sedimené—~fhe sediment in the bottoms of sloughs is a few
tens of feet thick and gonsists‘of very dark brown and black clay with
a high organic contenté Most of the slough sediment is located in the
hilly eastern and noréheastern parts of MclLean County. It consists of
sediment washed into the‘lower areas from édjacent hillslopes by runoff
water. Individual deposits are too small to map, and although many
hundreds of sloughs containing clay exist, they are not all shown on
Plate 1.

Eolian Sediment--Deposits of siit a few feet thick are common on
and adjacent to sand and gravel deposits. These are loess deposits that
accunulated during dry periods throughout the past 9,000 years. The
silt is generally of uniform teiture, massive, and blocky. Most
exposures are buff colored. Windblown silt deposits occur in southern
McLean County in Tps. 143 and 144 N., Rs. 80 and 81 W. and in Tps. 146
and 147 N., Rs. 83 and 84 W. near Garrison Dam. The deposits in
southern McLean County were not mapped, because they are very discon-
tinuous. The silt deposits near the Garrison Dam, which are about 15
to 20 feet thick, are well-exposed in the steep bluffs north of the dam.
At least two paleosols occur in the loess in this area. The lower

paleosol is persistent and is truncated by modern valleys so it must be

older than the valleys. The upper paleosol, which becomes multiple in




30

few places, follows modern topography. The stratigraphy of this
loess has been tentatively worked out by Clayton and Moran (1971).
Windblown-sand deposits occur throughout McLean County. Most of
these deposits are small and imnsignificant but in Sec. 13, T. 145 N.,
R. 84 W., and Sec. 18, T. 145 N., R. 13 W. large sand dunes occur.
These dune deposits average about 20 feet thick and consist mainly of
brownish, fine~graiﬂedisand, mainly quartz. A few cobbles can be found
in the area, but'it seems likely they were carried there, probably by

Indians, for anchoring tepees.

Glacial Landforms

Erosional Forms

Although erosional forms are common in some areas, only a few such
landforms were recognized in MeLean County. Small drumlin-like ridges
that occur in extreme northeastern McLean County apparently formed
during the last southeastward movemenﬁ of ice northeast of the Missouri
Coteau. The ridges are of erosional or depositional origin and were
formed when ice moving over the. fluvial deposits in the area reshaped
the gravel into linear forms. The ridges are'composed of the same
gravel as the under}ying fluvial deposits plus some clay and silt.
Exposures through the ridges reveal a fgbric thaﬁ is superficially
similar to till that contains a higher percentage of clay. Sand and
gravel constitute the matrix material instead of silt or clay in these

exposures.

Depositional Forms

Nearly all the landforms in McLean County that were formed as a

direct result of glacial action are depositional. Included in this




catagory are the various types of moraine. Fluvial and colluvial
processes have played an important role in determining the final
characteristics of the various depositional forms.

End Moraines--An end moraine is a linear deposit of glacial drift
formed at or near the terminus of an ice sheet during a standstill of
the glacier terminus. Most end moraines result from a process of
dumping of superglaéiai till that hasg been brought into the ice by
shearing at the edge of the glacier and then concentrated on the surface
by ablation. A pfocesg of ice shove, similar to a bulldozing effect at’
the terminus, has beeé suggested as an important mechanism in the
formation of some end moraines. Another t§pe of end moraine, the shear
moraine, is a special type of dump moraine. This is a smaller, disolated
ridge of till that is seemingly unrelsted to any major standstill of the
glacier. It is produced by shearing either at the zone separating the
active ice from the inactive ice, or at sites of bedrock highs. Many
washboard moraines probably form in this way.

The glacial drift is comménly significantly thicker beneath an end
moraine than it is beneath the adjacent ground moraine. This is not a
necessary requirement i1f the end moraine marks an ice-marginal position
thgt persisted for some time. The most important characteristic of an
end moraine is its linearity, either an overall linearity of the end
moraine as a unit, or linearity expressed by the alignment of depres-
sions and ridges within the moraine. On the Missouri Coteau, end
moraines are best distinguished from the surrounding dead-ice mo;aine
by the presence of such lineations, which parallel the long axis of the

end moraine. Commonly the boundaries between dead-ice moraine and end

moraine are obscured by the collapse and obliteration of the linear
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ridges. In McLean County, no end moraines were recognized on the

Missouri Coteau,

The Blue Mountain End Moraine occurs on the Coteau Slope of
. western McLean County. It has a maximum local relief of about 60 feet
and elevations ranging between 2,000 and 2,200 feet. In addition to
numerous small ridges that parallel the overall norﬁheast—southwest
trend of the featﬁre, abundant small disintegration features more
characteristic of dead-ice moraine occur over most of the Blue Mountain
End Moraine. The glacial drift beneath the end moraine averages over
60 feet thick, based on about a dozen test holes. This comparesvwith
an average thickness of about 25 feet for the drift ahead of the end
moraine and less than 20 feet for the drift behind it, although the
ground moraine behind the end moraine becomes thicker farther northwest.
Areas of high bedrock associated with the Blue Mountain End Moraine,
particularly in front of it, appear to have been important in causing
the deposition of the end moraine. |

Ground Moraine and Sheet Moraine--Much of the western and southern
part of McLean County is covered by ground morain; and sheet moraine
(P1. 1). Areas of sheet moraine are characterized by a thin, discontin-
uous layer of glacial drift, chiefly till, draped over nonglacial
topography. Sheet moraine is a mappable, blanket-like, veneer of drift-
that was deposited directly from glacial ice (Kume, 1965, p. 164). It
has low, constructional relief with few ketties. Its overall shape is
the same as that of the landscape over which it is'drapeé; it has
inherited a pre-existing shape. Sheet moraine forms when the thin

glacier drops its load as it loses the ability to carry it.

In McLean County, most of the sheet moraine consists of Napoleon
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‘Drift of probable Early Wisconsinan age. It is discontinuous near the
Missouri River Trench of western McLean County, where headward erosion
- i1s removing it, and near some of the larger streams.

Ground moraine is a landform composed of a drift accumulation,
chiefly till, that was deposited from a moving glacier behind its mar-
gin. - It has relatively low constructioﬁal relief and few disintegration
markings. The ground méraine of McLlean County occurs mainly northwest of
the Blue Mountain End Moraine and was(deposited by the same glacier that
deposited the end moraine. It is characterized by irregular to gently
rolling topography with relief tﬁat averages iess than 20 feet in a
mile except near streams where it is greater.

Dead~Ice Moraine--Most of the dead-ice moraine in McLean County is
on the Missouri Coteau (Fig. 1). However, another band of relatively
subdued dead-ice moraine occurs in the Underwood area to the west of the
Coteau. The area of dead~ice moraine is characterized by knob and
kettle topography, non-integrated drainage with numerous small ponds and
sioughs, and a bouldery surface. The relief of the dead-ice moraine in
eastern aﬁ& northern McLean County ranges up to 100 feet locally, but it
is only about 20 to 25 feet in a mile on dead-ice moraine in the Under-
wood area (P1. l).‘ Relief may differ greatly within short distances,
and boundaries of differing degrees of ?elief are difficult to delineate.
Areas of high relief are differentiated from areas of low relief on
Plate 1.

In the area east of Falkirk in southeastern McLean County (T. 145 N.,
R. 81 W.), it was possible to accurately map several small, east-west
treﬁding, drift-filled valleys i; the bedrock by noting the presence or

absence of dead-ice moraine of. low relief.. These valleys, which are too
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small to show on either Plates 1 or 3, have no surface expression, but
they can be traced as strips pf low reiief dead-ice moraine on air
photos. Augering in the strips of dead-ice moraine showed that the
glacial drift is about 40 to 530 feet thick whereas the glacial drift
-adjacent to the dead-ice moraine is less than 15 feet thick. Apparently
the development of disintegration features required a certain minimum
thickness of glacial drift, somewhat greater than 15kfeet.

Disintegration ridges are perhaps the most diagnostic characteris-
tic of déad-ice moraine. They are rectilinear or circular ridges of
glacial drift that were deposited between, around, or within depressions
in blocks of glacial ice, through the proceés of mass movement from
above or squeezing from below or both. Such features are abundant on
the dead-ice moraine of eastern McLean County.

Closed disintegration ridges are the most common type of disinte-
gration ridge found in McLean County. .They are not easily seen in the
field,vbut they are obvious on air photos. Closed disintegration ridges
average about 500 feet in diameter, but they are as large as % mile
across. They average about 15 feet in height and have circular to
irregular shapes. Many of the closed disintegration ridges are breached
at both énds, forming features tkat are easily recognized on air photos.

Kettle Chains--Kettle chains may be defined aéglihear areas with
high concentrations of kettles or potholes. Most of the.kettlé chains
in McLean County occur in areas of dead-ice moraine (Pl; 1). Many of
the kettles contain sloughs or lakes. The kettles commonly follow a

poorly defined valley or otherwise topographically low area. Some

kettle chains overlie valleys that became filled with glacial ice and

others may represent areas where particularly large pieces of ice
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became incorporated in the drift. The‘longer kettle chains are likely
to overlie gravel-filled wvalleys, and test drilling for water might be
ﬁseful in these areas.

Large Glacial Erratics~-~Dogden Butte in northeastern McLean County
(T. 150 N., R. 79 W.) is apparently a large glacial erratic. North
Dakota State Water Commission test hole 4079 shows a sequence of 100
feet of glacial till ané fluvial deposits overlying 212 feet of bedrock
(Tongue River Formation){ which in turn overlies 44 feet of till and
fluvial deposits. Simiiar large glacial erratics composed mainly of
bedrock have been obse%ved in Ransom and Nelson Counties, North Dakota.
To the east in Sheridan County, several dozén similar abrupt and
prominent hills were mapped in 1969 (Bluemle, 1970). 1In that area a
depression is located up-ice from each hill. Although no obvious
depression is associated with Dogden Butte, it seems likely the butte
formed in the same way as did the Sheridan County hills and that any
assoclated depression was subsequently filled with glacial drift by
later glacial action.

In Sheridan County, which is .also near the Missouri Escarpment, it
was concluded that normal local ground water flow systems may have
interacted with the regiomal ground water flow systems introduced by the
glacier, resulting in greatly increased ground water discharge and
accompanying high hydrodynamic pressures in the subsurface between the
glacier and the Missouri Escarpment. These high pressures helped to
force large blocks of material, including bedrock and glacial drifct,
upward into the advancing glacier. These materials were subsequently
deposited by the glacier on top of the Missouri Coteau, resulting in

high relief dead-ice moraine that developed when large~scale glacial
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stagnation occurred. When the glacier melted from the area, hydraulic
conditions were essentially identical to those that had existed when
the glacier advanced. Because the ice margin was fluctuating, but
generally receding, newly formed blocks of material were moved only
short distances and the adjacent depressions were left essentially

undisturbed.

Glaciofluvial Landforms

Streams flowing on or from the melting glaclers were responsible
for most of the landforms that have an indirect relationship to glacial
action. Most of these forms are mainly constructional, but meltwater
trenches and terxaces are at least partly erosional landforms. All the
landforms in this category indirectly require the presence of ice in or
near the area, but ice was not necessarily the primary mechanism
responsible for determining the Ilocationm, extent; or shape of the

features.

Depositional Forms

Alluvial Plains~-Areas covered by gravel and sand are shown in
yellow on Plate 1. Some of the gravel and sand is undoubtedly glacial
outwash and some of the sediment was deposited by rivers and streams
that were fed by the increased precipitation that pccurred in eafly
postglacial time (9,000 to 12,500 B. P.) (Clayton, 1967, p. 33). The
relative percentages of glacial outwash sediment and postglacial
alluvium are not known and, for purposes of discussion, the deposits
will be referred to here simply as alluvial plains. The locations of
these alluvial plains are shown on Plate 1.

The alluvial plains are relatively flat areas with local relief of
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10 to 20 feet in a mile. Relief is greatest in areas where sand dunes
have developed. Channel and meander scars, noﬁe‘of which continues
for appreciable distances, are common. They are most easily seen on
air photos. Boulders are rare on the surface.

The alluvial plains of western and southern McLean County are
covered by sand and gravel that is generally less than 10 feet thick,
but in the Turtle Lake area over 100 feet of gravel and sand covers the
alluvial plain in places. It is unlikely, howevé?, that the deeper
sediments in these areas are related to the surficial alluvial plains;
they probably were,deposited during events that occurred prior to the
deposition of the materials on the alluvial plains.

Collapsed Alluvial Sediment--~Hilly areas of gravel and sand are
collépsed alluvial sediment. Such areas consist of collapsed sediments
of formeriy £lat alluvial plains that were deposited on stagnant glacial
ice. When the stagnant ice melted, collapse of the overlying alluvium
occurred. In general, these areas are characterized by hilly topography
with abundant undrained depressions, faulted bedding and other collépse
structures that can be observed in cuts. Maximum relief is about 75
feet in a square mile.

In McLean County, numerous small linear bodies of collapsed
alluvium occur on the Missouri Coteaul(Pl.-l). These are collapsed
valley trains that were deposited in valleys on the stagnant glacier.

A larger area of collapsed alluviu; occurs in T. 147 N., Rs. 79 and
80 W. This area overlies a deep preglacial valley (Pl.‘3) that
apparently became filled with stagnant ice thaf was later covere@ by
fluvial deposits. | |

Small, circular or semi-circular,. isolated, elevated areas of
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collapsed alluvium are known as Kames. Kames are ''mounds composed of

gravel or sand, whose form haé resulted from original deposition
modified by any slumping incident to later melting of glacial ice against
or upon which the deposit accumulated" (Holmes, 1947, p. 248). In areas
of dead-ice moraine, only conspicuous hills of sand and gravel that are
more prominent than the surrounding hills should be considered to be
kames. Numerous kames were mapped within the area of dead-ice moraine
in McLean County, and a few were mapped in the area of ground moraine in
the western part of the county (Pl. 1). The most prominent kames are in
western'McLean County, where local relief is generaily low. A good
example is Paint Hill (SW%, Sec. 28, T. 149 N., R. 88 W.). This kame i; ‘
about 50 feet high and about a quarter mile across at the base. It has
few surface boulders, less than the surrounding area, and contains well
sorted sand and gravel, some till, and a layer of silt. |

Eskers are ridges of gravel or sand that were deposited by water
flowing in tunnels or valleys on the stagnant glacial landscape. When
the stagnant ice melted, the resulting glacial deposits remained as’
esker ridges. The largest esker in McLean County (Fig. 8) occurs in
T. 150 N., R. 82 W. and extends froﬁ Section 7 to Section 33, a distance
of about 6 miles. It has two branches on the north and‘gradgs into
collapsed outwash on the souﬁh. The esker rises a maximum of about 50
feet above the surrounding dead-ice moraine. Notable'esker ri@ges occur
also in T, 147 N., R. 80 W. northeas; of Turtle Lake and in T. 147 N.,
R. 79 W. |

Flat Lake Topography--In western McLean County, a relatively flat

area of about 10 square miles occurs in T. 150 N., R. 86 W. This area,

along with a similar slightly smaller area about 4 miles to the southwest,
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Figure 8. Esker between Benedict and Max in north-central .
McLean County (Sec. 21, T. 150 N., R. 82 W.). Relief )
on this esker is about 50 feet. Numerous small pits '
in the esker expose generally coarse, poorly sorted wi)
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gravel and sand. '
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is covered by bedded siit gnd clay that is sandy in places. Relief in
the two areas is generally less than 5 feet in a mile. These areas

- formed when the glacier that had deposited the Blue Mountain End Moraine
melted back a short distance and meltwater frém the glacier was dammed
between the ice and the end moraine.

Undulating Lake Topography--Silt and silty sand that was deposited
in lakes on stagnant ice later éollapsed resulting in undulating lake
topography. When the ice melted, the sediment became folded and con-
torted, and the surface, which had been flat, became undulating. Plate
1 shows several areas of collapsed lake deposits, all closely associated
with dead-ice moraine. Some of the deposits are elevated slightly above
the surrounding landscape and are rather flat. Apparently, the lakes in
whicﬁ this silt and fine sand accumulated were surrounded by, but were
not on, stagnant ice so that when the ice melted, surrowmding areas
collapsed and the lake topography was left intact. A few of these flat
deposits have till rims at the edge indicating that debris slid from the
adjacent ice into the lakes, On air photos the areas of collapsed lakel
topography are easily recognized as cultivated patches of ground of
relatively low relief surrounded by uncdltivated dead~ice moraine of

higher relief.

Erosional Forms

Meltwater Trenches--Meltwater trenches are channels that were cut
by water flowing Zfrom melting ice sheets. Probably a significant amount
of water that flowed through these channels was derived from iocal
precipitation as’well.

Many of the meltwater trenches on the Missouri Coteau of eastern

McLean County are poorly defined because the stagnant ice over and
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through which they were cut later melted, obscuring their original
courses. Some of the areas shown as cbllapsed alluvial topography on
Plate 1 are confined in places to fairly well~defined valleys that are
probably segments of meltwater trenches.

One of the largest meltwater trenches in the area of dead-ice
moraine trends southward from the Ruso area into the alluvial plain in
T. 147 N., R. 81 W. Thié trench gas a gravel floor and a single terrace
level that grades to an upper, partially collapsed level within the
alluvial plain. Its floor grades to the lower, uncollapsed portion of
the alluvial plain. Néarly paralleling this meltwater trench is another
narrower, but equally deep trench in Tps. 148 and 149 N., R. 80 W,
Strawberry Lake, Long Lake, and Crooked Lake all occur within the trench.
This trench must have been cut while stagnant ice was still present.
When the ice melted, the trench was blocked in places due to collapse as
the original gradient was destroyed.

Another meltwater trench is the middle branch of Douglas Creek,
which trends southward from the Ward County line to the Missouri River
through T. 85 W. @®1. 1). This trench is also parallel to the edge of
the Late Wisconsinan dead~-ice moraine and may have been initiated as an
ice~marginal feature. The tfenchAis about a mile wide where it nears
the Missouri River Valley A(Fig.9f\and about 150 feet deep. It is cut
mainly in bedrock. f ;

Turtle Creek flows through a deep, south-trenaing valley ®1. 1).
The position of this trench, parallel to the edge of the ;ate Wisconsinan
dead-ice moraine, suggests that it was initiated as an ice-marginal
feature. It beginswnear thé toﬁn of Turtle Lake at the southern edge of

the alluvial plain already referred to. The trench is cut mainly in
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Figure 9. Middle branch of Douglas Creek meltwater
trench in T. 148 N., R. 85 W. View is north from
State Highway 37 in section 7.
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Figure 10. Turtle Creek valley east of Washburn
(T. 144 N., R. 81 W.). View is north over terraces
along the meltwater trench.
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bedrock and has highly dissected walls with badlands topography in
places (Fig. 10). | '

The largest meltwater trench in the area is ﬁhe valley of the
Missouri River. The Missouri River Valley will be discussed in the part
of this paper dealing with drainage development. Some segments of the
Missouril River Valley are §f preglacial origin, whereas others were cut
by meltwater during glaciatién, élthough the entire trench served as a
meltwater route.

Erosion Surfaces-~-Relatively flat, pediment-like surfaces that cut
across both Early Wisconsinan glaqial drift and Tertiary bedrock occur
in Tps. 144 to 145 N., Rs. 83 to 84 wW. (Fig, 11). The surfaces occur at
elevations that range from 1;800 to 2,000 feet and they slope southeast-~
ward. In a few places the erosion surfaces are covered by séveral feet
of sandy gravel, but in most areas only a thin soil covers the bedrock
or glacial drift. Boulders are commén‘on the surfaces except in the
gravel-covered areas. On air photos the erosion sﬁrfaces look smooth
and lack the morainic markings typical of the surrounding areas.

The 'erosion surfaces apparently wére cut by water that flowed
southeastward from the Riverdale area when east-trending drainage was
blocked and the southmtrending segment of the Missouri River had not yet
been cut. By projecting the 310p€s on the erosion’éurfaces southeastward
to the center of the Missouri Trench in the area west of Washburn, a
- figure of about 1,740 feet is arrived at for the elevation of the base
of the Missouri Trench at the time the surfaces were cut. The present
floor of the trench is at about 1,670 feet, so the valley today is about

70 feet deeper than it was in Late Wisconsinan time.

Terraces--Many of the larger meltwater trenches have a single
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Figure 11. View south over the flat profile of a remnant
of an erosion surface (Secs. 25 and 26, T. 145 N.,
R. 84 W.). The low area in the foreground is the
Missouri River floodplain.
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terrace level developed on the valley walls. These terraces are cut on
either bedrock or till and have a covering of gravel that is generally
less than 5 feet thick.

Except for low, local terrace levels that are generally less than

15 feet above river level, and considered to belcng.to the modern
floodplain, three terrace levels_can be recognized within the Missouri
Trench. The lowest of these is about 40 to 50 feet above the river
level at elevations that range from about 1,730 feet mnear Riverdale to
less than 1,700 feet at the Burleigh County line. Upstream from
Riverdale any low terraces that may have been present are now flooded by
Lake Sakakawea. The lowest terrace level is covered mainly by gravel
and is a fill and cut terrace. It probably corresponds to terrace 4 in
Burleigh County (Kume and Hansen, 1965, p. 8).

The middle terrace level is generally about 90 feet above the river
level at elevations that range from about 1,790 feet in the Riverdale
area down to about 1,735 feet near Washburn. This terrace level is cut
across bedrock and till of probable Early Wisconsinan age and is covered
by gravel that is cowmonly less than 10 feet thick. The middle terrace
ig fairly continuous all the way from Riverdale to the Burleigh County
line. Because this terrace level was cut after the modern route of the
river was established, the Ilevel of the river has been lowered at least
90 feet since the route was establishéd, presumably when Late Wisconsinan
glaciers reached their maximum extent.

The uppermost terrace level ranges from over 1,900 feet south of
Garrison to about 1,770 feet near Washburn. This is a cut terrace with

little alluvial material on the surface. It is apparently related to

the cubtting of the north~south segment of the trench south of Riverdale




because pediments that were cut before the trench existed occur at

about the same level.

Nonglacial Landforms

Nonglacial landforms include features that were shaped or are
being shaped by nonglacial processes. In contrast to glacial and
glaciofluvial landforms, which are mainly relict forms that have not
changed significantly since they were formed, the nonglacial landforms
are still being formed today. In McLean County only a few landforms
are unrelated to glacial action and even these can be indirectly tied to
glaciation. The Missouri River floodplain, for example, is a modern
feature but its distribution is controlled by its position in the
Missouri River Trench, which is, in part at least, of glacial origin.
Similarly, the location of the McLean County badlands is controlled by

the fact that they occur primarily in the Missouri River Trench.

Depositional Forms

River Floodplains--Most of the modern streams in McLean County have
floodplains that are only a few hundred feet wide and covered by thin
alluvium. The exception is the Missouri River floodplain, which is as
much as 4 miles wide. It gonsists of channel bars and meander scars
that are continually being modified by present river action. Topography
on the floodplain is generally smooth and level. Oxbow lakes, such as
Painted Woods Lake in Secs. 9 and 16, T. 143 N., R. 80 W., occur in
some of the older meander scars. The Missouri River floodplain is
characterized by thick woods. Cottonwood trees are particularly common.

Sloughs~-~Sloughs oceur throughout McLean County, particularly in

the areas of dead-ice moraine. Some of them become moderate-sized lakes
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during wet years, but normally they are areas of marshland. Most of
the smaller sloughs occur in the bottoms of kettle depressions, but
some, such as Weller Slough, tSecs. 1, 2, and 12, T, 145 N., R. 83 W.)
and others in the Falkirk area, occur in broad depressions that may
mark buried valleys.

Dunes--Sand‘dunes occur in Sec. 13, T. 145 N., R. 84 W. and Sec. 18,
T. 145 N., R. 83 W. The source of the sand is the fluvial deposits on
tefraces of the Missouri River Trench to the northwest. The dunes
cover an area of about 1 square mile. They have local relief of about
10 feet between dune crests and adjacent~depressioﬁs. A few blowouts
occur in the dune area, but for the most part, the dunes are stable

with a grass and brush cover.

Erosional Forms

Eroded Topograp£y~~Areas of eroded topography occur'along the
larger stream valleys in the area of the’Napoleon driff where the§
éoincide, approximgtely, with the areas of.bedrock expOSuges (P1. D).
Little erosion has occurred on areas mantled by substantial thicknessés
of glacial drift. The most extensive areas of eroded topography occur
" within the Missouri River Trench. In Rs. 87 to 90 W. and in Tps. 144 to
145 N., R. 84 W., the trench is characterized by badlands topography.
These areas have sloﬁés that range from 2d0 to 65° with locally higﬁ
relief. Badlands are found on exposures of Tongue River and Sentinel
Butte Formation rocks. A few buttes that are présent in the badlands
areas are capped by glacial drift oyerlfing a resistant sandstone or
siliceous bedrock layer. Erosion of the badlands topography has

resulted in knife~like ridges with intervening arroyos and slopes that

are almost devoid of wvegetation.




GEOLOGIC HISTORY

Praeglacial History

McLean County is located in the eastern part of the central
Williston Basin, the center of which is located séutheast of Williston,
North Dakota. Seas invaded this part of the Williston Basin at least
four times during Paleozoic time and deposited carborate, sandstone,
shale, and evaporite beds. During times the area was emergent, parts
of these deposits were removed by erosion. The area was emergent
during early to middie Ordovician, middle Silurian to middle Devonian,
late Mississippian to early Pennsylvanian, and during Triassic time.

Marine deposition continued during the Mesozoic from middle to
late Jurassic time when emergence with nonmarine deposition occurred.
This nonmarine deposition continued into Cretaceous time until the
early Cretaceous seas invaded the area and thick accumulations of fine
grained clastics were deposited. The last phase qf marine Cretaceous
deposition is represented by fine grained clastics of the Fox Hills
Formation.

A change to nonmarine deposition began in late Cretaceous time
with the deposition of the Hell Creek Formation. This continued into
the Paleocene with the deposition of the Ludlow Formation. Theulast
marine invasion of the area resulted in the deposition of the Cannonball
Formation. This was followed by depoéition of the nonmarine Tongue
River Formation and the Sentinel Butte Formation, both of Paleocene age.

The Golden Valley Formation of Paleocene to Eocene age is present in

48
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Mercer County directly south of McLean‘County, and the presence of the
Oligocene White River Formation in the Killdeer Mountains of Dunn
County suggests that these two formations may have extended into McLean
County, but if they were ever present, they were removed from the area
during the post~0ligocene erosional episode.-

During post-Eocene Tertiary time, the predominant process was
erosion of the then existing landscape. The topography of the area was
probably similar to the present tdpography in areas of thin glacial

drift.

Topography on the Preglaéial Surface

The topography of the preglacial surface under the glacial drift in
McLean County is sﬁown on Plate 3. This generalized map is based largely
on subsurface test-hole data and is therefore highly conjectural.

The preglacial surface, which was developed on the Tertiary
Cannonball, Tongue River, and Sgnﬁinel Butte Formations, was a mbéerately
rolling plain dominated by three northeast-trending valleys. The largest
river valley trended egstward along tﬁe éOuthern edge of McLean County
through T. 147-N.; Rs. 84 to 90 W. and continued eastward through
T. 148 N., Rs. 79 to 83 W. (P1. 3). ’The part of the valley in the
western half qf the county coincides with the modern Missouri River
Valley, but the eastérﬁ part of the valley is buried beneath glacial
drift.

The preglacial Knife River, which today joins the Missouri River
about 10 miles south of Riverdale, continued northeastward to the
valley described in the last paragraph in T. 148 N., R. 81 W. This

northeast extension of the Knife River Valley is today buried beneath

glacial drife,




The third major preglacial valley shown on Plate 3 coincides with

the Missouri River Valley east of Washburn in T. 144 N., Rs. 82 to
84 W. and continues northeastward beneath the glacial drift to T. 148 N.,
R. 79 W., where it joins the first river valley.

In addition to the three preglacial valleys mentioned above,
several rather narrow but deep meltwater trenches are shown on Plate 3.
These trenches formed when drainage was diverted by the glaciers. 1In
some placeé, the meltwater trenches may have been ice marginal.

Modern erosion has cut into the bedrock surface in some areas of
thin glacial_drift. This is particularly common along fhe edge of the
Missouri River Trench in western McLean County where rather extensive
areas of Sentinel Butte Formation sand and silt are exposed at fhe

surface.

Development of Drainagé During the Quaternary

The map of the bedrock surface iﬁ McLean County (Pl. 3) shows
several rather deep valleys that cross the area. Some of ﬁhese were in
existence bgfo;e the area was glaciafed, and others were cut as glacial
diversion trenches during the glacial epochs. In general, prior to
glaciation, the area was relatively flat with elevations on the uplands
ranging from about 1,900 feet in the northeaét to about 2,200 feet in
the southwest. Valléys that trended generally east and northeast were
cut about 300 feet into the upland surface and were: about 4 to 6 miles

wide.

Preglacial Drainage
Figure 12 shows a probable drainage pattern shortly before ‘

glaciation. These generally northeast-trending valleys contain fluvial
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Figure 12. Map showing major preglacial drainages and glacial diversion treanches in McLean County.
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sand and gravel of western derivation overlain by glacial deposits,

which comprise most of the valley fill. The preglacial valleys were an
important factor in establishing the modern course of the Missouri

River, which marks the southwestern boundary of McLean County.

rainage Development During Glaciation

Those parts of the east-trending preglacial valleys not completely
filled with glacial deposits again carried rivers during glacial times.
Due to increased precipitation during glacial times, these rivers were
much larger than the original preglacial rivers and, as a result, narrow
trenches were cut within the wide‘valleys. Parts of the original pre-
glacial valleys became blocked by giacial deposits and, where this
happened, narrow diversion trenches were cut without regard to the
regional slope. The modern Missouri River Valley from Riverdale to a
point about 12 miles south of Riverdale, is an example of such a diver-
sion trench. This relatively young segment df the Missouri River Valley
is much narrower than east-trending segments of the valley that apparently
carried preglacial drainage.

Many diversion trenches, now deeply buried under glacial deposits
in eastern and central North Dakota, were cut when northeast-flowing
NG é streams became blocked by advancing glaciers and were diverted south-
eastward. As later giaciers advanced, they overrode ice-marginal

trenches that had formed earlier. Eastern and northern areas of North

Dakota are characterized by a myriad of channels now deeply buried

beneath the drift and traceable only through test drilling. Examples of
//i such buried diversion trenches in McLean County include the one that

trends southeastward from T. 149 N., R. 90 W. to T. 147 N., R. 85 W.

This trench is as much as 300 fecet deep and has no surface expression.

FENIINET SUPRIEE SROIH L
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The vast array of buried valleys in McLean County as well as
throughout eastern and northern Nortthakota shows that drainage
followed many routes during the various glaciations and the intervening
interglacial stages. Because so many buried valleys have been found, it
is difficult to pin down the drainage pattern that may have existed at
any particular time prior to the present.

Some of the buried meltwater trenches in eastern North Dakota are
both wide and deep, and it seems ﬁrobable that they served as river
valleys for long périods of time, perhaps for entire interglacial stages,
carrying drainage from an area comparable in size to that drained by the
modern upper Missouri River. Certainly during the pre-Wisconsinan
glaciations drainagé must have been 'southward around the ice sheets just
as it was during Wisconsinan time. Some of tﬁe‘preglacial valleys were
again used after each glaciation gnd some remained permanently blocked
by glacial drift.

Regional evidence indicates that the modern Missouri River route
did not exist in mid-Wisconsinanvtime,downstream from a point near
Riverdale.. Instead, the main drainage flowed through the preglacial
valleyAthat trends eastward from Riverdale (Fig. 12). South of Waéhburn,
terraces of till-co&ered bedrock occﬁr within thé relatively narrow
Missouri River Valley. The till is Early Wisconsinan (?) iﬁ age so this
segment of the valley must have been cut as a glécial diversion feature
sometime prior to the Early Wisconsinan. Because the valley south of
Washburn is relatively narrow, the river probably has not flowed in it
for very long. It seéms probable’ that this part of the trench was first

cut during pre-Wisconsinan glaciations and then abandoned in favor of

earlier, better established drainage farther east when the ice receded.
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The present route of the Missouri River from Riverdale southward

was establlshed during Late Wisconsinan time. TLarge erosion surfaces
were cut in the area southeast of Riverdale as the water flowed overland
until a distinct trench was cut. When a trench was established it was
rapidly cut to a depth of about 300 feet. In contrast to the 4~ to 6-
mile-wide, till-draped valley upstream from Riverdale, the trench south
of Riverdale is only about 1% miles wide in places and is free of
glacial drift,

Somewhere east of Washburn the preglacial drainage was again
blocked by ice in Late Wisconsinan time and was again diverted southward
from near Washburn through the trench that had been cut earlier. The
modern route ofkthe Missouri River was thus finally established in Late
Wisconginan time.

Small valleys Sucﬁ as those of Douglas Creek and Turtle Creek also
formed during this time, although some.of them tend to follow older,
drift-lined valleys. Modern drainage over McLean County is poorly

developed, particularly in the areas covered by Late Wisconsinan drift.

Glacial Drift
On the preceding pages the Coleharbor Formation was described and
the lithostratigraphic terminology necessary to characterize the
formation was introdﬁced. Each of the glacial drift units in McLean

County is based on inferred geologic history or origin. TFor interpre=~

tive purposes, such inferential units are more useful than are litho-
stratigraphic untis, which are based on lithology.
L - Along. the shore of Lake Sakakawea in McLean County, three glacial

drifts are exposed in several places. The oldest of these, the Dead

EIPPRIE S

Man Drift, (named for Dead Man Coulee where it was first observed) was
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deposited by pre-Wisconsinan (?) ice. The till of the Dead Man Drift is

similar to till found in eastern North Dakota in Minuteman Missile site
excavations. The presence of well~deveioped erosion surfaces, buried
oxidized zones, and buried soil profiles on top of these tills suggests
that they are pre-Wisconsinan in age. Pre-Wisconginan (?7) drift has
also been tentatively identifiea by Clayton (1970) in Dunn County and in
an area to the southeast of there (Fig. 13). This, the Dunn Drift,
consists mainly of surface‘boulderé.. The Dead Man Drift of McLean
County is overlain by fluvial sediment and by a second drift, referred
to here as the Mercer Drift because it is widely exposed in Mercer
County to the southwest of McLean County. fhe Mercer Drift has many of
the same characteristics as the Dead Man Drift and is also considered

to be of probable pre~-Wisconsinan age. Leonard (1916) discussed what he
considered to be pre-Wisconsinan till in western North Dakota. He
apparently dealt collectively with the two lower tills exposed along
Lake Sakakawea and the boulders discussed by Clayton (1970).

Glacial drift with characteristics similar to the Napoieon Drift of
Logan and McIntosh Counties (Clayton, 1§62) overlies the Mercer Drift in
the Lake Sakakawea exposurés of McLean County. The Napoleon Drift'was

Vtentafively dated as Early Wisconsinan (?):by Clayton. It is exposed

over a broad area of west central North Dakota (Fig. 13). The Lostwood

Drift (named for Lostwood Lake in Mountrail County where it is well
exposed) is the youngest glacial drift in McLean County. It covers much
of eastern and northern North Dakota where it has been studied in

considerable detail and broken down into minor components.

Pre-Wisconsinan (?) Drift

Dead Man Drift--The pre-Wisconsinan (?) Dead Man Drift is well.

L
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exposed along the shore of Lake Sakakawea in Secs. 14, 15, 22, 23, 24,
and 27, T. 147 N., R. 84 W. It was also observed in the NE%, SEX,

Sec. 21, T. 144 N., R. 83 W., on the north side of the Missouri River
Trench. 1Its lower contact is submerged in most places, but it overlies
bedrock in one exposure in Sec. 27, T. 147 N., R. 84»W.

The Dead Man Drift consists of at least two distinct facies. The
lowermost of these consists of 5 to 10 feet of iron oxide~stained and
poorly cemented gravel that grades to bedded silt in places and occurs
in what appears to be a channel cut into the bedrock {(Sec. 27, T. 147 N.,
R. 84 W.). It was not possible to determine the exact relationship ; g

: ;
between the silt deposit and the gravel. The gravel is a mixed assem-

blage of western lithologic types (quartz, chert, chalcedony, agate, and

scoria) and glacially transported types (carbonate, granite, and varied
metamorphic rock types).

The upper facies of the Dead Man Drift is mainly a silty to clayey
till, 20 to 30 feet thick, that i; weathered in most places to yellowish
buff with irregular gray mottling. In a few deep wave cuts the till is
unoxidized at 15 to 20 feet below its upper surface. The oxidized-
unoxidized boundary is very irregular. The till has conspicuous straight

and irregular joints that have closely associated heavy accumulations of

i iron and manganese oxides,

The till of the Dead Man Drift is harder and more compact than
nearby overlying drifts. It is almost lithified in places; commonly
fractures through the drift cut across and through the contained pebbles.
Fresh fracture faces of till make single surfaces of a conglomerate.
MostApebbles in the till are~soun&,‘but some of the igneous pebbles are

rotted to shells. Vertical c¢liffs and horizontal ledges are common in

i
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exposures of the Dead Man till (Fig. 14). Qverlying drifts have been
washed away by waves leaving a clean surface either on the more resistant
Dead Man till or the gravel conglomerate of the overlying lower facies

of the Mercer Drift.

The Dead Man till contains some sandy lenses as mgch as 2 feet
across, but generally it is a uniform, pebbly, silty clay. It contains
abundant chips, grains, and chunks of lignite up to several inches in
diameter. Large metamorphic and carbonate boulders, 15 feet 6r more in
diameter, aré common in the till. Many of them have grooves and
striations. In places, large chunks of bedded silt occur within the
till (Fig. 15). Without exception, the bedding is distorted. These

silt masses were apparently picked up from a lake deposit and transported

. to their present location by the glacier that deposited the Dead Man

Drift. It is possible the silt is the lowermost facies of the Dead Man
Drift.

The upper surface of the Dead Man till is today being exhumed by
wave action of Lake Sakakawea. In places, pieces of the till that have
broken away from the cliffs are being worn to rounded cobbles (Fig. 16).
In a few places, the upper few feet of the Dead Man till is a paleosol
with caliche accumulations on ped surfaces‘(Figs. 17 and 18). The A
horizon is absent and, if it ever existed, it was apparently eroded away
before the overlying gravel was deposited.

Mercer Drift--The Mercer Drift overlies the till of the Dead Man

Drift and consists of three facies, a lower fluvial deposit, a middle

till deposit, and an upper fluvial deposit. The Mercer Drift is exposed

in most of the same areas as the Dead Man Drift in McLean County, but it

is widely exposed southwest of the Missouri River Trench in Mercer County.
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Figure 1l4. Nearly vertical exposure of Figure 15. Inclusion of banded silts
the Dead Man till showing wave- (lake sediments) in the Dead Man
weathered joint faces. till. Exposure is about 30 feet high.

e
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BESRE ta U, T s T A
Figure 16. Cobbles composed of the Dead Man till.
In many places along Lake Sakakawea the beaches |
are covered by such rounded, water-worn pieces
of till.

Figure 17. Caliche (?) accumulations near the top of
the Dead Man till. This is apparently a paleosol.
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Figure 18. Till (above shovel) of unit 3 in the description
of the type section of the Coleharbor Formation. Black
pieces are lignite and areas of white are fresh,
carbonate-covered joint faces. Light area on the right
below the shovel is silt (unit 2) and the area below
and to the left of the shovel is a sandy gravel that
was reworked when it was overridden by a glacier.
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In all exposures in McLean County, it is separated from the overlying
Early Wisconsinan drift by a sharp erosional contact. Its lower contact

with the till of the Dead Man Drift is also sharp in most places (Fig. 6).

The lowermost facies of the M;rcér Drift is a discontinuous sandy
gravel that forms a sharp coﬂtact with the underlying till. It averages
about 3 to 4 feet thick. The gravelkis highly iron oxide-cemented in a
few places and several chunks of the resulting conglomerate that have
fallen into the reservoir are over 10 feet long. The iron oxidé staining
and cementation, such as is found in the gra&el, is apparently a result
of local ground water conditions. It has been suggested that iron
staining and cementation are eviaence of an unusually old deposit, but
similar conditions have been observed in gravels of Late Wisconsinan age
in Pembina County, North Dakota.

The iron oxide-cemented gravel is apparenﬁly equivalent to gravel
that has been informally called the Four Bears Conglomerate {Clayton, in
preparation). The Four Bears Conglomerate is best exposed in the
Sakakawea shore bluffs 1 mile northwest of the Four Beérs Bridge in
Mountrail County, North Dakota. |

The middle facies of the Mercer Drift is a brownish gray, saﬁdy,
pebbly till with a few chips of lignite and pqckets of reddish brown,
finely divided limonite; It has'strong vertical jointing that results
in almost vertical cliffs (Fig. 19). The Mercer till is about 25 feet
‘thick, and, when viewed froé'a distance, it haé a distinctive overall
grayish aspeet that makes it easy to distinguish from the underlying

_Dead Man Drift and the overlying Napoleoﬁ'Drift. Tﬁe till is partially

oxidized throughout its thickness.

In some areas, the Mercer till contains abundant inclusions of sand
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Figure 19. Contact between till and fluvial facies of
the Mercer drift. Sand is loose and washes out
easily leaving overhanging cliffs of Mercer till
that tend to break off as large chunks and fall
into the reservoir.
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and gravel. As mentioned above, the underlying gravel is iron oxide-
cemented in some lccations where it is in place, but none of the
inclusions that was found within the Mercer till was cemented. If the

inclusions consisgt of the same sand and gravel as the underlying

‘materials, it is likely that the cementing occurred after the gravel was

"

s
buried beneath the Mercer till.

The gravel that overlies the Mercer till is up to 5 feet thick,
sandy, cross~bedded in some areas, and has some iron oxide staining near
the base. It is discontinuocus and looks 1ike stréam sediment that was
deposited in a channel that was eroded into the surface of the till. If
this is so, the gravel could be as o;d as the Mercer till or as young as

the overlying Napoleon till.

Early Wisconsinan Drift

Napoleon Drift~-Napoleon Drift of probable Early Wisconsinan age,
covers a wide area'of southern and western MclLean County (Fig. 20). It
is bounded on the north and east by younger drift. The Napoleon Drift
averages about 15 feet thick over western McLean County to about 25 feet
thick in the southern part of the county. It is probably considerably
thicker in some of the buried tréenches, but it is not kn&wn whether the
glacial sand and silt it ovérlies in these trenches is part of the
Napoleon Drift or older drifts. Over ﬁost of western Mclean County, the
Napoleon Drift has little’or no morainic topoéraphy, but rather it
consists of a thin layer of till with almost completely integrated
drainage. In.the southern part'of'the county, subdued morainic topog-
raphy is developed on the Napoleon Drift in places, and only partially
integrated drainage exists. These areas are subdued dead~ice moraine

and ground moraine.
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Till is the only sedimentary type in nearly’all the surface
exposures of Napoleon Drift in Mclean County. Small lenses of sand and
gravel were seen in the till, but they are of limited extent. 1In
general, the till of the Napoleon Drift is silty to sandy but still
rather cohesive. In all surface exposures, it is oxidized to shades of
yellowish brown to dusky yellow. The till is lignitic, although lignite
particles tend to be smaller than those of the Dead Man Drift. Particles
of limestone, shale, and granite are COmmon . These range from highly
weathered shells to unweathered pebbles and cobbles. In genmeral, the
Napoleoﬁ till is not significantly different than most North Dakota till.

The thickness of weathered sediments penetrated in some test holes
spudded in Napoleon till is unusual. As much as 136 feet of continuocus
oxidized section consisting of till, sand, and silty clays occurred in
test hole 2834 (Sec. .29, T. 148 N., R. 85 W.). 1In other test holes, an
intervai of unoxidized sediment separates the surficial oxidized till
from a second oxidized sediment, commonly till. It seems likely that
one or more drifts of pre~Wiscon§inan age were penetrated in these test
holes.

The Napoleon Drift has not been disfinguished{1ithologically in
McLean County ffom the adjécent Lostwood Drift. It is; however, easily
distinguished topographically becaqse the end moraines and the edge of
the dead-ice moraine of the Lostwood Drift overlie and truncate it. The
resulting boundary on the Napoleon Drift is readily apparent on air

photos and in the field.,

Late Wisconsinan Drift
Lostwood Drift--Late Wisconsinan Lostwood Drift covers the northern

and eastern parts of McLean County (Fig. 20) but it is generally
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difficult to determine its thickness, because it is lithologically
indistinguishable from the underlying older drifts. Presumably it
overlies Early Wisconsinan Napoleon Drift in most places, and in western
McLean County the apparent contact is marked by a weathered zone on top
of the Napoleén Drift in nine test holes. In these holes, the overlying
Lostwood Drift averages 33 feet thick. In the eastern part of the
county, very few test holes penetrate buried, weathered drift, so it was
impossible to determine the thickness of the Lostwood Drift there.

3 The Lostwood Drift of McLean\CQﬁnty can be subdivided into three

areas with differing topographic expressiéns. In the western part of
the county, the Blue Mountain End Moraine marks the southern edge of the
Lostwood Drift. Dead-ice moraine features of rather low relief are
apparent on air photos in the area north of the Biue Mountain End
Moraine. Relief north of the end moraine is more subdued than over most
of the area of 1@stwo$d Drift in other parts of the county.
In eastern McLean County the Lostwood Drift is gharacterized‘by
uneroded morainic topography with abundant dead-ice features. No
prominent end moraines occur in eastern MclLean County, but the boundary
between Lostwood and Napoleon Drift is easily identified by the change
from integrated drainage of Napoleon sheet moraine to nonintegrated
drainage of Lostwood dead-ice moraine. In extreme northeastern Mclean
County, the Lostwood Drift is characterized by deeply eroded morainic
topography on and adjacent to the Missouri Escarpment. This grades to
relatively uneroded morainic topography on the Drift Prairie to the
northeast.
In most places the lithology of the Lostwood Drift is essentially

similar to that of the underlying Napoleon Drift. The till is generally

|
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% . silty to sandy and slightly cohesive with abundant lignite chips. It is
commonly oxidized in exposures to shades ofqyelléwish brown., Most of
the surficial gravel and sand in Mclean County (®1l. 1) is associated
with the Lostwood Drift. It is commdnly a poorly sorted mixture-of sand
and angular to subangular gravel composed mainly of carbonate and chips
of shale and lignite. .Lake silt and sand that occurs throughout the
‘area is associated mainly with elevated lake plains formed only in areas
‘of dead«ice moraine. In extreme northeastern Mclean County, the Lost-
wood Drift is unusual in that the tills contain large amounts of sand
and gravei, In exposure, it is easy to identify it as till, but samplés

taken by hand auger are commonly indistinguishablé from outwash deposits.
In Sheridan County to the east, lineations can be seen on a gravel
outwash surface indicating that the outwash was overridden by a glacier.
This.probably occurred in no?theastern McLean County also, resulting in
a till that is composed almost entirely of reworked fluvial sediment.

The Late Wisconsinan age of the Lostwood Drift has.been verified by

numerous radiocarbon dates. Most of the Lostwood Drift in eastern
McLean County was deposited from stagnant ice that may have taken 2,000
years to melt. Actively moving glacierﬁ were probably present on the
Missouri Coteau about 12,500 yeais;ago (Clayton, 1967). Radiécarbon

dates of materials from Lostwood Drift in North Dakota range from 9,000

B. P. (W~1019) to 11,070 B. P. (ﬁ-956) but these are from landforms
deposited from stagnant ice. Materials taken from drift equivalent to
Lostwood Drift that have been dated in South Dakota range from 12,050
B, P. (W-1189) to 12,760 B. P. (Y¥-595).

| Pettyjohn (1967) considers the Lostwood Drift of western McLean and

southwest Ward Counties (he refers to it as the Blue Mountain Drift) to

p
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be of LEarly Wisconsinan age. This is unlikely in view of the fact that
stagnation features present on the Lostwood Drift form an interlocking
pattern with similar stagnation features all the way to the Missouri
Escarpment. An interlocking pattern could result only if a continuous
sheet of stagnant ice covered the Missouri Coteau and melted everywhere
over that area at about the same time. Pettyjohn states that the Blue
Mountain Drift is oxidized to an average depth of 26 feet and that he
has traced this oxidized zone nearly 40 miles north and more than 30
miles east of the Blue Mountain End Moraine in Ward County. 'However, it
is likely that he was actually drilling into the weathered zone of the
‘Napoleon Drift; certainly there is no reason to believe it is necessarily
on the Blue Mountain Drift. The unusually thick oxidized zone (44 feet)
on the Blue Mountain Drift of southwestern Ward County is probably a
composite of weathered Blue Mountain Drift lying on weathered Napoleon'
Drift. |

The total oxidized zone in areas covered by Lostwood Drift im

3
H
b

western McLean County averages about 35 feet thick. In view of the fact
that where it could be identified with reasonable certainty the Lostwood
Drift itself averages only 33 feet thick in this area (based on 9 test

holes), part of this oxidized interval must be in Napoleon Drift. The

two drifts are lithologically indistinguishable, so it is impossible to
determine how much of the weathering has occurred since the Lostwood
Drift was deposited. In eastern McLean County the oxidized zone on the

Lostwood Drift averages about 21 feet thick.

Glacial History

Pre-Wisconsinan (?) Glacial History

Glaciers apparently advanced into McLean County at least twice
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prior to the Wisconsinan, depositing the Dead Man and Mercer Drifts.
Stratigraphic relationships of the various facies of the Dead Man Drift

suggest that an advancing glacier caused a proglacial lake to form in

the Riverdale area in an east-trending river valley. As the glacier
continued to advance, probably southwestward, it overrode the silt that
had been deposited in the lake and deposited the silty Dead Man till.
It is not known how far the ice that deposited the Dead Man Drift

advanced. The boulders found at the surface beyond the limit of the

Napoleon Drift in Dunn County may also be part of the Dead Man Drift.

The Dead Maﬁ Drift is unevenly oxidized, and its upper surface is

S A

an erosion surface that appears to have been cut into a well-developed

Sy

soil zone. The paleosol on top‘of the till of the Dead Man Drift
(Fig. 17) suggests a significant interglacial interval and, since the

overlying Mercer Drift is also probably pre~Wisconsinan, the Dead Man

Drift may be relatively old.
The gravel that rests on the Dead Man till is probably only slightly
older than the underlying Mercer till. 1t may be proglacial outwash

sediment laid down in front of an advancing glacier. The absence of

lake sediment suggests that no proglacial lake formed when the gravel

was deposited, perhaps indicating that the ice advanced from a northerly

A
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or northwesterly direction. However, this cannot be determined, as it
is also possible that the east~trending preglacial drainage had been

¢ filled to such an extent with drift during the first advance that a
basin for a lake no longer existed. Continued advance of the second
glacier resulted in deposition of the Mercer till omn the gravei. Again,

it is now known how far this glacier advanced.
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Early Wisconsinan (?) Glacial History

In Early Wisconsinan (?) time, perhaps 50,000 years ago, the
Napoleon glac@er advanced across Nofth Dékota, until it covered all but
the southwest corner of the staté (Fig. 13). While the Napoleon glacief
was atVits maximum extent, a deep diversion trench was cut at the edge
of the ice throuéh Dunn, Mercer, and Morton Counties by runoff from an

area that was comparable in size to that now drained by the ‘upper

Missouri River.

In McLean County, the Napoleon Drift, where it is not covered by
younger Late Wisconsinan drift, comsists of ohly a few tens of feet of
till, In‘southwesternvﬁclean County, the Napoléon Drift was deposited
on a rolling surface that was mainly bedrock with only an occasional
patch of pre-Wisconsinan Drift in low areas. Most of the pre-Wisconsinan
drift had been eroded away by the time Napoleon ice advanced over the
area. In the eastern and northern parts of the county, however, consid-
erable pre-Wisconsinan drift probably remained when the Napoleon Drift
was deposited. Numerous test holes in this area penetrated complex
drift sections with’several tills. Although it is impossible to
correlate these buried tills with tiils that are axposed farther south-
west, it is 1ikeiy’some of them are pre—Wisconsinan in age.

Figure 21 is necessarily generalized because the actual position of
the Napoleon ice margin at any given time, as it receded from the area,
is unknown. End moraines may have existed in the area, but they have
since been overridden by Late Wisconsinan ice and their positions are
not knoﬁn. It seems likelyrthat by the time an approximationkof the

conditions portrayed in Figure 21 was reached, numerous meltwater

‘diversion trenches, mainly in Mercer County, had been cut and, for the
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most part, abandoned. A proglacial lake formed about this time in the
preglacial valley that trended eastward through the Riverdale area, and
water overflowed southward, cutting an érosion surface in the area
southeast of Riverdale. A rather thick layer of Napoleon Drift was
prbbabiy deposited on the Missouri Coteau. In fact, whenever glaciers
advanced over the Missouri Escarpment, they probably picked up large
volumes of material and subsequently deposited it on the Coteau. As
.the Napoleon glacier receded, it stagﬁated in places (Fig. 21) leaving
areas of drift-covered ice that later melted, resulting in dead~ice

moraine.

Late Wisconsinan Glacial History

In Late Wisconsinan time a glacier advanced across a large’area of '
northern and eastern North Dakota. While it was at its maximum extent,
two lobes of the glacier crossed McLean County. The westernmost of
these (Fig. 22) deposited the Blue Mou&taiﬁ End Moraine (P1. 1). This
lobe apbarantly reached its maximum éxtent slightly earlier than did the
lobe in eastern McLean County because it is overlapped by the eastern
lobe. The Blue Mountain End Moraine was deposited against a bedrock
high and the local slope was toward the ice, so little outwash was
deposited ahead of the end moraine. instead, relatively narrow valleys
were formed that carried meltwatgx southward to a broad, east-trending
valley that was later to carry the Missouri River. Figure 12 shows that
much of the major pre-Llate Wisconsinan-drainage-in'the McLean County
area coincided with what is the modern Missouri River Trench. During
that part of Late Wisconsinan time portrayed on Figu:e 22, the glacier
diverted the ﬁajor drainagersouthwestward in Mountrail County. The

resulting diversion trench now carries the Missouri River, and the
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abandoned valley has become the Van Hook arm of Lake Sakakawea.

The glacier margin continued to advance in eastern McLean County
until it reached the position shown on Figure 23, At the same time the
ice margin was receding from the Blue Mountain position to the west.

; The west~flowing part of the glacier overrode the Blue Mountain End
Moraine, but it seems unlikely that the resulting dead-ice moraine that

truncates the end moraine is appreciably younger than is the end moraine.

It has already been pointed out that disintegration featurés that are
present on both ground moraine and low relief dead~ice moraine behind
the Blue Mountain End Moraine in Ward County form continuous chains with
i ' similar disintegration features.to the northeast in high relief dead-ice
moraine. This high relief dead-ice moraine was deposited from the
northeast. Therefore, a continuous area of stagnant ice must have

existed throughout the area on both sides of the line of truncation. If

there had been a significant time lapse betweeﬁ the deposition of the
materials on either side of the line of truncation, the stagnant ice to
the southwest would have melted, énd no interfingering of disintegration
features would have been possible.

When the ice margin receded from the position shown on figure 23,

i large areas of drift-covered stagnant ice were left behind. The active

ice margin tended to become lobate as the glacier thinned and receded,
and several small loop-shaped segments of recessional moraine were

deposited, particularly in Sheridan County. Meltwater flowing from the

glacier deposited thick sequences of gravel in eastern McLean County

and southern Sheridan County. Much of this gravel was deposited on top
of stagnant ice and later collapsed when the underlying ice melted. In

the Turtle Lake area, broad areas of glacial outwash occur. The gravel
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- ocecurs at two levels, the upper of which is slightly collapsed and the

lower of which is flat. Apparently, stagnant ice was thin in the area.
The first episode of gravel deposition was on the thin stagnant ice,
but the second apparently occurred after the stagnant ice had melted as
evidénced by the well defined scarp separating the lower, flat gravel
deposits from the upper pitted deposits.

By the time the ice margin had receded to the position shown on
Figufe 24, the modern coufse of the Missouri River was firmly estab~
lished along the McLean County border. The diversion trenches southwest

of the river were all abandoned and probably already partly filled with

slopewash sediment.
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ECONOMIC GEOLOGY

The total value of mineral production in McLean County in 1967,
the last year for which figures are available, was about $700,000.

Sand and gravel accounted for most of this amount.

Sand and Gravel
Sand and gravel occurs on terraces of the Missouri River Trench
downstream from Garrison Dam, in outwash depgsits in the Turtle Lake
area, on valley terraces in the Ruso area, and in numerous ice contact

deposits throughout the county.

Lignite

Lignite occurs in the Tongue River and Sentinel Butte Formations
of McLean County. Brant (1953) lists seven major lignite beds in the
county. He estimates a total reserve of over 16 billion tons, but this
figure is probably high because some of Brant's lignite beds probably
correlate with one another. The total recoverable reserves are much
lower than this, asrstrip mining techniques that are used to mine lignite
are limited to areas where overburden is less than‘about 100 feet thick.

Stripping rations should not exceed about 7 to 1 (for example, seventy

feet of overburden for a 10-foot-thick coal seam).

Production of lignite in McLean County was 18,384 short tons from
July 1, 1969 to June 30, 1970 from mines of the Underwood Coal Corpora-
tion, Inc., Underwood, and the B & W Coal,ﬁlnc., Garrison. The total‘

value of lignite production during the same period was $28,6006.
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Clinker
McLean County has a minor amount of clinker ("scoria'), a material
formed when burning lignite beds bake the overlying sediments. Clinker

is used locally for road surfacing material,

Riprap and Building Stone
Abundant glacial boulders found throughout McLean County may be
used as viprap. Riprap and building stone can alsoc be obtained from
the Tongue River and Sentinel Butte Formations, which contain resistant

beds of sandstone.

Hydrocarbons
Sixteen exploratory petroleum tests had been drilled in Mclean
County as of January 1, 1971, but no production has yet resulted.
Inferest continues in the area because of the presence of the Newcastle
and other Cretaceous sands that underlie the area. The Paleozoic
formations that produce oil elsewhere in North Dakota have high porosity

in McLean County. The many possibilities for stratigraphic and struc-

tural traps should do much to promote exploration in the area.
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1800—

Section A

Sec. 4, T. 147 N,,R. 89 W.

Till
Sandstone ledge

Siltstone, as below, but less banded

Sandstone ledge
Siltstone, brownish orange, cordoroy appearance, very hard and shaly

Sandstone, light gray

Sandstone, chocolate brown, ironstone banding, highly carbonaceous,
lot of petrified wood

Siltstone, orange banded, clayey, hard

Lignite, 2 feet thick

Sand, 2-inch orange bands in bottom 3 feet, hard

Concretions )
Sand, fine to medium grained, harder than below (scoria)

Lignite, 2 feet thick
Sand, medium grained, looser than below

Sand, medium grained, brownish gray, soft, loose
Section missing; scoria covers the surface

Claystone, light gray, shaly, flaky, soft
Lignite, 2% feet thick

Sand, medium grained, soft, looser than below

Sand, medium to fine grained, greenish gray with orange bands,
light overall aspect, gypsiferous

1900

Section B, B and W Coal Mine

Sec. 16, T. 148 N., R. 86 W.

Till
Sandstone, medium grained, orange bands, massive

Claystone, gray

Lignite, 1% feet thick

Claystone, light gray, carbonaceous near top
Lignite, 7 feet thick, mine

12 miles

°m

IS5 miles

Section C, Garrison Dam Spillway
Sec. 8, T. 146 N., R. 84 W,

Siltstone, orange bands, gastropod shells
Sandstone, salt and pepper appearance
Siltstone, orange bands, gastropod shells
Claystone, gray

Lignite, 8 feet thick, clay bands near top

Silt to sand, gray to buff colored, a few concretions

Siltstone, buff with orange bands

Lignite, 6 inches thick

Sandstone, gray, soft, massive

Sandstone, buff, shells near base, 4 inches of lignite
locally at top

Sandstone, light gray, carbonaceous band in middle

Claystone, buff, silty, abundant shells

Lignite, 3 feet thick

Siltstone, sandy, carbonaceous

Siltstone, grayish orange, sandy, bentonitic
Sandstone, salt and pepper appearance, smooth
Siltstone, grayish orange, hard

Lignite, 1 foot thick
Claystone, gray

concretions near top
Claystone, gray car
Claystone, gray, carbonaceous
Lignite, 8 feet thick

Water level below spillway, 1695 feet

{

Claystone, orange bands, abundant ironstone, bentonitic,i

1650—

Sec. 24, T. 144 N., R. 84 W.

Siltstone, iron-stained, soft, gypsiferous
Claystone, grayish orange, silty, massive, soft,
white gypsum on surface

Siltstone, lignitic, shaly, good marker bed
Claystone, silty, soft, flaky, bentonitic

Sand, ironstone-stained, fine
Sandstone, as below, a few shells

Concretions

Sandstone, harder than below, crossbedded
Sandstone, salt and pepper appearance, jointed, iron-stained

Sandstone, hard, massive and prominent, forms ledges and
vertical cliffs, (probably only a local channel sand)

Concretions

Sandstone, as below but better exposures,
a little harder than below

“Tubes”

Sand, gray with a greenish caste, soft, a few shells,
poorly exposed

Siltstone, hard ledge-former

Siltstone, yellow to buff (good marker), ironstone-stained
Lignite, 6 inches thick

Siltstone, brownish, shaly, blocky, lot of iron

Claystone with a 6-inch-band of lignite

Sand, medium to coarse, highly fossiliferous

Sand, buff, banded, cemented in places

Sand, medium-grained, harder than below, may be slump

Sand, medium-grained, may be slump

1900+

Section E, Underwood Coal Co. Mine
Sec. 23, T. 146 N.,R. 82 W,

Silt, orange bands, lignitic band at base
Clay
Clay, massive, hard

Sand, lot of clay, fine-grained

Lignite, 8 to 10 feet thick, mine

13 miles

3 miles

Geologic sections of exposed bedrock in McLean County

1900—

1850 St .:,'-,.'a .

1800+,

1750

14 miles

Section F

Sec. 33, T. 143 N,,R. 81 W.

Claystone, silty, fossiliferous, poorly exposed at top
Lignite, 6 inches thick

Siltstone, buff to orange buff, carbonaceous, gypsiferous

Claystone, carbonaceous, fossiliferous

Sand, salt and pepper appearance, loose, uniform

Part of section missing

Sand, medium-grained, harder than below

Sand, medium-grained, light colored, soft
Sandstone ledge, salt and pepper appearance, jointed

Sand, light gray, lot of iron stains, soft in places

Claystone, olive gray with orange bands, hard, shaly uniform

Part of section missing

Sandstone ledge, salt and pepper appearance
Sand, orange, soft

Siltstone, ochre to orange brownish gray, clayey, soft, sandy near top
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