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ABSTRACT
 

Expansion of residential, commercial, and industrial areas around the cities of 
Bismarck and Mandan is resulting in conflicts in land use between agricultural, 
urban, and resource development. This growth has resulted in a need for detailed 
geologic and hydrogeologic data to aid in planning for the area. Detailed geologic 
maps and a series of land-capabili ty maps have been constructed. These maps 
delineate the geologic and hydrogeologic conditions affecting various land uses in 
the Bismarck-Mandan area. They are intended to provide geologic and hydrogeologic 
technical input as an aid to future planning. 

Mineral resources in the Bismarck-Mandan area include moderate amounts of 
high-quality sand and gravel, abundant clay, and abundant riprap stone. Many of 
the sand and gravel deposits are in areas of ongoing or anticipated residential and 
industrial development. Maximum utilization of these resources requires that devel
opment in these areas not occur until the sand and gravel resource has been 
extracted. 

The highest quality water in the area is from the Missouri River. Groundwater 
can be found in large amounts in shallow Quaternary sand and gravel aquifers that 
follow the stream valleys. Groundwater is also present in small amounts in shallow 
aquifers in the Cannonball and Bullion Creek Formations and in even smaller 
amounts in the Hell Creek Formation. However, the quality of water taken from 
these bedrock aquifers is usually low. Low-quality water can be produced in large 
quantities from the Dakota aquifer, at a depth of about 3,500 feet (l, 100 m). The 
best sources for irrigation water are the Missouri River and the sand and gravel 
aquifers on the Missouri River flood plain. 

General construction involves few problems on the flat uplands. The bearing 
strength is generally high and the water table is low. Scattered large granitic 
boulders cause some excavation problems. Areas where the shale of the Cannonball 
Formation has been exposed on steep slopes are often subject to slumping and soil 
creep. Various construction problems can be anticipated on the flat Missouri River 
flood plain and along the other streams. Flooding is common along all the streams 
except the Missouri River. Water tables are very high in all the lowlands and many 
areas are poorly drained. The bearing strength of most of the materials in the 
lowlands is low to moderate. 

Construction of safe landfills and sewage lagoons should be little problem on 
most of the flat uplands. Areas along the numerous small gullies and intermittent 
streams should be avoided for landfill or lagoon sites. Construction of these facil
ities in the lowland areas will usually require extensive redesign of the site. 
Shallow water tables and flooding make the lowland areas poorly suited for septic 
systems and may require sealed sewers. 
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INTRODUCTION 

Purpose 

The cities of Bismarck and Mandan 
are located on opposite sides of the 
Missouri River in south-central North 
Dakota (fig. 1). The Bismarck-Mandan 
area, as defined in this report, in
cludes about 350 square miles (900 sq 
km) located along both sides of the 
Missouri River (fig. 2). At the present 
time considerable residential growth is 
occurring in the area. The population 
of Bismarck, the state capitol and 
county seat of Burleigh County, had 
increased from 34,700 in 1970 to 42,400 
in October 1978 (North Dakota State 
Highway Department, 1970; William 
Woeken , oral commun., 1979) . The 
population of Mandan, the county seat 
of Morton County, had increased from 
11,100 in 1970 to 14,200 in October, 
1977 (North Dakota State Highway 
Department, 1970; Mandan Planning 
and Development Office, 1978). 

Residential, commercial, and indus
trial expansion is especially evident on 
the Missouri River flood plain to the 
south of Bismarck and on the bluffs 
and uplands to the east and north of 
Bismarck and to the northwest of 
Mandan. This growth is resulting in 
conflicts between agricultural, urban, 
and resource development. Problems 
are resulting from development in 
areas subject to slumping, flooding, 
and poor subsurface drainage. The 
contamination of groundwater by septic 
and sewage systems is also a concern. 
Other important considerations include 
the selection of waste disposal sites 
and the preservation of aesthetic 
features and archaeological and 
historical sites. 

These problems have largely re
sulted from an inadequate concern for, 
and insufficient knowledge of, geologic 
and hydrogeologic conditions. It is the 
purpose of this study to supply de
tailed geologic materials maps of the 
area along with a series of land
capability maps (pis. 2-30). The 
intention is that these will be used as 
an aid in future planning in the 
Bismarck-Mandan area. An explanation 
of these maps is contained on plate 1. 

It is not the purpose of this 
report to designate specific land-use 
criteria for the area, but rather to 
define the geologic and hydrogeologic 
constraints which will affect human 
activities. A knowledge of these con

straints will allow for proper engi
neering design of structures and 
facilities and a more intelligent basis 
upon which to make planning 
decisions. 

Methods 

The study area was subdivided 
into seven map areas (fig. 3). 
Geologic-materials maps of these seven 
areas were made at a scale of 1: 24,000 
(pIs. 2-8). These maps show the 
distribution of materials within a 
minimum of 30 feet (10 m) of the land 
surface. Subsurface data used to 
construct plates 2-8 were obtained 
from continuous flight auger drilling 
(appendix), highway test borings, and 
existing water-well logs. 

All geologic materials were evalu
ated in terms of their engineering and 
hydrologic properties and mineral
resource potential. Hydrologic proper
ties were obtained from well records 
and previous studies (Randich and 
Hatchett, 1966; Ackerman, 1977) . 
Engineering properties were obtained 
from foundation test borings. Also 
considered in the development of the 
various land-capability maps were 
flooding hazards, slumping hazards, 
river-bank instability, topography, 
glacial-boulder density, and soil char
acteristics. Based upon this evalua
tion, maps delineating condi tions 
affecting construction (pis. 9-15) , 
waste disposal (pIs. 16-22), and maps 
of groundwater resources (pis.· 23-29) 
were constructed for each of the seven 
areas. Plate 30 shows mineral re
sources in the Bismarck-Mandan area. 

Setting 

The area surrounding the two 
cities is largely rural; farming and 
ranching is the major industry. The 
two major physiographic divisions in 
the area are the broad Missouri River 
flood plain and the adjacent uplands. 
The uplands are nearly flat or are 
dissected by minor stream valleys and 
tributaries of the Missouri River. The 
uplands are separated from the 
Missouri River bottomlands by bluffs 
that average more than 100 feet (30 m) 
in height. The major tributaries of the 
Missouri River include the Heart River 
in Morton County and Apple Creek and 
Burnt Creek in Burleigh County. The 
soils of the area include Chestnut soils 
on the nearly level to gently rolling 
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Figure 1. Map showing the location of Bismarck and Mandan, North Dakota and the study area. 

uplands, Regosol soils on steep exces 1900 to 1940 the lowest recorded tem
sively drained slopes, and Alluvial perature was -45°F (-43°C) and the 
soils in the nearly level bottomlands highest was 114°F (45°C). The aver
(Omodt and others, 1968). ages for the same period were 9.4°F 

(-12.5°C) in January and 70. gOF 
Climate (21.5°C) in July. The average annual 

precipitation for the period was 15.34 
The climate of the Bismarck inches (39 em). The average growing 

Mandan area is characterized by ex season is 140 days. The prevailing 
tremes in temperature. For the period wind is from the northwest. 
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Figure 2. Map showing the study area and corporate limits of Bismarck and Mandan. 
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Figure 3. Locations of the seven map areas within the Bismarck-Mandan study area. 
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GEOLOGY 

The geology of the area is shown 
in plates 2 through 8. The landscape 
of the Bismarck-Mandan area is largely 
the result of action by glacial ice, 
running water, and wind. Glacial 
materials, mostly pebble-loam (till), 
form a thin veneer, 65 feet (20 m) 
maximum thickness, over Cretaceous 
and Tertiary bedrock formations in 
much of the area. Postglacial erosion 
has totally removed this veneer in 
some places, while in other localities 
only the large glacial boulders remain. 

Sediment-laden glacial meltwaters 
were responsible for the deposition of 
silt, sand, and gravel in the broad 
terraces along the Missouri River, 
Burnt Creek, and Heart River. These 
meltwater terraces are as much as 50 
feet (15 m) above the present flood 
plains of these streams. 

Several very dry periods have 
occurred since the end of glaciation. 
During these periods wind-action has 
been a significant agent in the modifi
cation of the area. Sand dunes were 
formed southeast of Bismarck and 
wind-laid silt and fine sand were 
deposited in thicknesses of up to 15 
feet (5 m) on the meltwater terraces 
on the east side of the Missouri River. 
Wind-laid silt and fine sand are also 
found on the uplands to the east of 
the Missouri River and to the south of 
the Heart River. In these areas the 
maximum thickness of silt and sand is 
about 6 feet (2 m) and rapidly de
creases away from the river. 

The stratigraphic column in the 
Bismarck-Mandan area is shown in 
figure 4. Bedrock units exposed at the 
surface in the study area include the 
Hell Creek Formation of late Cretaceous 
age and the Ludlow, Cannonball, 
Slope, and Bullion Creek Formations of 
Tertiary age. 

The Hell Creek Formation consists 
of somber-colored interbedded sand, 
silt, clay, carbonaceous clay, and 
lignite mostly of continental origin. 
The individual beds are generally thin 
and show much lateral variation. For 
mapping purposes no attempt was made 
to distinguish individual lithologic 
types within the formation. The thick
ness of the Hell Creek ranges from 225 
to 290 feet (70 to 90 m) in the 
Bismarck-Mandan area (Kume and 
Hansen, 1965). 

The Hell Creek is overlain by the 
Ludlow Formation, which consists of 

continental interbedded yellow and 
brown sand, gray to black silt and 
clay, and lignite beds. The Ludlow is 
generally less than 20 feet (6 m) thick 
in the study area and, for mapping 
purposes, is included with its marine 
facies equivalent, the Cannonball 
Formation. 

The Ludlow interfingers with the 
Cannonball Formation, which consists 
of interbedded sand, silt, clay, and 
lenticular limestone. The sand in the 
Cannonball Formation is generally 
unconsolidated with only occasional 
locally cemented areas. The Cannonball 
is quite variable laterally; the upper 
portion is generally sandy and the 
lower part is predominantly silty and 
sandy clay. These two portions were 
mapped separately. This formation 
immediately underlies glacial sediments 
throughout most of the area and is 
about 325 feet (100 m) thick. 

Although the Slope Formation 
(Clayton et al., 1977) is present in 
the studyarea, it is seldom observed 
in outcrop. This unit is similar to the 
Ludlow Formation. The Slope Formation 
is less than 30 feet (9 m) thick in the 
study area and, for mapping purposes, 
is included with the Cannonball and 
Ludlow Formations. 

The continental Bullion Creek 
Formation overlies the Slope Formation. 
In much of the Bismarck-Mandan area 
the basal portion of the Bullion Creek 
Formation consists of sand, which is 
laterally continuous and was mapped 
separately from the remainder of the 
formation. Blowouts I especially along 
roadcuts , are commonly found in this 
sand unit. Overlying the basal sand is 
a sequence of brightly colored inter
bedded sand, silt, clay, limestone, and 
lignite. This is a highly complex 
sequence and individual units could 
not be separated for mapping pur
poses. The Bullion Creek Formation 
immediately underlies glacial sediments 
in the northern part of the mapped 
area and in a small area south of 
Mandan. 

All glacial materials in the 
Bismarck-Mandan area are included in 
the Coleharbor Formation. The majority 
of the materials in the Coleharbor 
Formation are pebble-loam (till). 
Lesser amounts of sand, silt, clay, 
and gravel are also included in this 
formation. With the exception of the 
gravel, these later materials are not 
sufficiently widespread to be mapped 
separately from the pebble-loam. All 
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Figure 4. Stratigraphic column for the Bismarck-Mandan area_ 

gravel, whether glacial (Coleharbor 
Formation) or post-glacial (Oahe 
Formation), was mapped as a separate 
unit. 

All post-glacial materials are in
eluded in the Oahe Formation. Sedi
ments of the Oahe Formation range 
from gravel, to sand, to silt, to clay, 
to highly organic clay. Each of these 

sediment types is relatively widespread 
and of sufficient thickness to be 
locally significant from the standpoint 
of land capability. Thus, each sedi
ment type included in the Oahe 
Formation was mapped separately. As 
previously stated, the gravels of the 
Oahe Formation are mapped with the 
gravels of the Coleharbor Formation. 
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NATURAL RESOURCES 

Introduction 

The locations and distribution of 
the sand and gravel, clay, and riprap 
resources are shown on plate 30. 
Borrow materials are not included on 
plate 30 because of their very wide
spread distribution throughout the 
study area. Each type of deposit has 
been ranked according to its suitabil 
ity; taken into consideration was the 
quality and extent of the deposit, 
amount of overburden, and distance 
the materials would have to be trans
ported. Although large reserves of 
lignite are present in the Bullion 
Creek Formation in many other areas 
of North Dakota, no economic reserves 
of lignite are present in the Bismarck
Mandan area. 

Sand and Gravel 

Several deposits of sand and 
gravel are found within the Bismarck
Mandan area. Sand and gravel ranked 
as the most important and valuable 
mineral in Burleigh County in 1969 and 
second only to clay in Morton County 
for the same year (Persse and Koch. 
1971). The most extensive deposits are 
found on the terraces about 1 mile 
(1. 6 kIn) south of Bismarck (pI. 30). 
These deposits have been mined for 
many years. The gravel is as much as 
100 feet (35 m) thick and is overlain 
by as much as 15 feet (5 m) of over
burden, mostly fine sand and silt of 
the Oahe Formation. Tests by the 
North Dakota State Highway 
Department Materials Laboratory indi
cate that the gravel contains only a 
small amount of deleterious materials 
(shale and chert). These deposits are 
suitable as aggregate for concrete and 
asphalt paving mixtures, for road 
surface base, and for other incidental 
uses. A sand and gravel deposit of 
similar quality is located about 8 miles 
(13 kIn) south of Mandan (pl. 30). 
This deposit is also on a Missouri 
River terrace and has been extensively 
mined. 

Sand and gravel is found on the 
upper terraces on the south side of 
the Heart River. Several rather exten
sive deposits occur there, especially 
around Sunny School about 3 miles 
west of Mandan (pI. 30). Some mining 
has been carried out in that area. 
However. Highway Department tests 

indicate that these deposits are very 
poorly graded; most of the material is 
either cobbles or larger or is smaller 
than 200 mesh. In addition, the shale 
content is greater than the maximum of 
8 percent allowed by the North Dakota 
State Highway Department for use as 
aggregate or road base (North Dakota 
State Highway Department, 1965). 

A few other sand and gravel 
deposits of varying thickness and areal 
extent are found along Burnt Creek 
(pI. 30). Tests indicate a high clay 
content. which, along with the small 
size of the deposits and their distance 
from Bismarck, makes them less desir
able than deposits south of Bismarck 
and Mandan. 

Since sand and gravel is a rela
tively low-value commodity and must be 
transported in large amounts, it must 
be produced near the construction site 
or it becomes uneconomical. It follows, 
therefore, that high-quality deposits 
close to the Bismarck-Mandan area are 
by far the most desirable for develop
ment. The sand and gravel deposits on 
the terraces south of Bismarck are not 
only of the best quality in the area 
but are also the closest to most con
struction sites. It is therefore very 
important that development of these 
deposits be planned in such a way as 
to maximize utilization. Until mining is 
completed, maintenance of these areas 
for agricultural or some other open
space use should be encouraged. After 
a given deposit has been excavated the 
area could again be returned to agri 
cultural use by replacing the topsoil or 
developed for residential or industrial 
purposes, thereby maximizing utiliza
tion of the resources and the land. If 
the bottoms of the pits are below the 
water table, they could be used for 
recreational purposes. 

As the deposits south of Bismarck 
are depleted. emphasis will probably 
shift to deposits along Burnt Creek. 
Thus. maintenance of those areas for 
open-space use should also be 
encouraged. 

Clay 

The use of North Dakota clay for 
the production of various ceramic 
products, mainly brick, reached a 
peak in the early 1900s when eighteen 
brick plants were in operation through
out the state. Included among these 
were plants in Mandan and Bismarck; 
the one in Bismarck made brick from 
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the clay of the Coleharbor Formation 
and the plant in Mandan used clay 
from the Cannonball Formation (Manz, 
1954). At the present time the clay of 
the Cannonball Formation is being used 
for the production of light-weight 
aggregate. A plant located at Mandan 
has been operating successfully since 
1953, and it is possible that as local 
gravel supplies are depleted the use of 
light-weight aggregate in the 
Bismarck-Mandan area will increase. 
Several clay layers suitable for brick 
or light-weight aggregate are exposed 
in the Cannonball Formation just west 
of the city of Mandan. These clay 
layers are generally 6 to 12 feet (2 to 
4 m) thick and are overlain by a 
maximum of 15 feet (5 m) of over
burden (Manz, 1953). The Bullion 
Creek Formation also contains good 
quality clay. However, due to the 
thickness of overburden this clay is 
usually uneconomical unless associated 
wi th a lignite bed (Manz, 1964). The 
locations of the Cannonball Formation 
clay units in the Mandan area which 
were examined by Manz (1953) are 
shown in plate 30. 

Borrow Materials 

Most earth materials in the 
Bismarck-Mandan area are suitable for 
highway borrow material. The only 
earth materials that are not suited for 
such use are those that contain high 
amounts of organic matter or other 
materials that will not compact prop
erly. This includes highly organic 
clay, peat, and organic sand such as 
would be found in the small, scat
tered, poorly drained areas. Essen
tially all other earth materials in the 
Bismarck-Mandan area are suitable for 
borrow materials. 

Riprap 

Riprap consists of rock that is 
used for the protection of bluffs, 
riverbanks, or structures from wave 
or current action. A problem has 
arisen involving riverbank stability 
along the Missouri River. The stretch 
of river between Garrison Dam and the 
Oahe Reservoir is being rapidly 
eroded, which is not only threatening 
prime farmlands but also several rail 
roads and highways. As a result the 
need for riprap is increasing. Accord
ing to the North Dakota State Highway 
Department (1965), ItLoose rock riprap 

stone shall consist of sound, durable 
field or quarry stone. At least fifty 
percent shall have a volume of not less 
than one-half cubic foot and in no case 
less than four inches in smallest 
dimension. It The best source for such 
material in the Bismarck-Mandan area 
is the glacial boulders that lie scat
tered throughout much of the area. 
These are most accessible in areas 
where the associated fine portion of 
the glacial sediments have been re
moved by erosion. These areas are 
shown on plate 30. 

A second possible source for 
riprap is the sand and gravel deposit 
at Sunny School, west of Mandan (pl. 
30). A considerable percentage of the 
material in this deposit is of the 
proper size and quality for riprap 
stone. The finer fraction could be 
screened out if the demand for riprap 
were sufficient to justify the cost of 
processing. 

Surface Water 

The Missouri River is by far the 
largest source of surface water in the 
area. It provides the municipal water 
supply for both Bismarck and Mandan 
and is also used for irrigation. The 
discharge of the Missouri River is 
regulated to a large extent by 
Garrison Dam, which is about 75 miles 
(120 kIn) upstream. Before the con
struction of the dam, the record 
maximum discharge at Bismarck was 
500,000 cubic feet per second (14,160 
m3/s ), in April, 1952, and the record 
minimum was 1,800 cubic feet per 
second (51 m3/s) in January, 1940 
(U. S . Geological Survey I 1970) . In 
1969 the mean discharge of the 
Missouri River at Bismarck was about 
30 I 000 cubic feet per second (850 
m3/s). For the same year the Heart 
River near Mandan had a mean dis
charge of 521 cubic feet per second 
(14.7 m3/s ), Burnt Creek near 
Bismarck had a mean discharge of 22 
cubic feet per second (0.6 m3/s), and 
Apple Creek near Menoken had a mean 
discharge of 61.1 cubic feet per sec
ond (L7 m3/s). Burnt Creek generally 
has no flow several days of each year; 
minor flooding is corrunon in the 
spring. The same is true of Apple 
Creek. Major flooding along the Heart 
River occurs nearly every spring. The 
water in the Heart River and Burnt 
Creek is not used at the present time 
for any industrial or domestic purpose. 
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Water from Apple Creek is used by the 
Apple Creek Country Club for irriga
tion. The remainder of the surface 
water in the study area occurs in small 
undrained depressions, intermittent 
streams, and stock-watering ponds. 

Groundwater 

Aquifers occur locally in glacial 
materials throughout the Bismarck
Mandan area. Regional aquifers occur 
in the underlying Cretaceous and 
Tertiary formations. The groundwater 
resources of Burleigh County have 
been discussed in detail by Randich 
and Hatchett (1966). Groundwater data 
for Morton County have been published 
by Ackerman (1977). However, a 
detailed discussion of the groundwater 
resources of Morton County is not 
available. Thus, nearly all data 
regarding the characteristics of the 
various bedrock aquifers in the study 
area have been obtained in Burleigh 
County and extrapolated to the remain
der of the study area. Information on 
aquifers in glacial materials in Morton 
County has been taken from very 
limited unpublished information avail 
able from the U. S . Geological Survey 
and personal observations. Plates 23 
through 29 show the distribution of 
groundwater resources in the 
Bismarck-Mandan area. 

Bedrock Aquifers 

Bedrock aquifers, largely in sedi
ments of Cretaceous age, yield water 
to approximately 70 percent of the 
domestic and stock wells in the 
Bismarck-Mandan area. Yields and 
water quality vary considerably in 
these units. 

Dakota Formation 
The Dakota Aquifer is about 3,500 

feet (1,100 m) below the land surface. 
At the present time there are no wells 
in the study area that reach the 
Dakota Aquifer. However, large-yield 
wells have been developed in this 
formation to the south of the study 
area in Emmons County, North Dakota 
(Randich, 1965). These wells yield 
large quantities of sodium-sulfate type 
water, which contains approximately 
2,400 parts per million dissolved 
solids. Water of similar quantity and 
quality can be expected in the 
Bismarck-Mandan area. Treatment of 
the water would be necessary for most 

purposes. 

Pierre Formation 
The Pierre Formation lies from 

about 500 to 1,100 feet (150 to 350 m) 
below the land surface. The only water 
taken from this formation comes from 
sand lenses and fractures in the upper 
part (Randich and Hatchett, 1966). It 
is therefore of little value as an 
aquifer. 

Fox Hills Formation 
The Fox Hills Formation lies about 

100 feet (30 m) below the surface in 
the southern part of the Bismarck
Mandan area and as much as 700 feet 
(225 m) below the surface in the 
northern part of the area. Sandstones 
in the Fox Hills Formation yield 50 to 
150 gallons per minute (3.15 to 9.45 
lis) of sodium-bicarbonate type water 
(Randich and Hatchett, 1966). Total 
dissolved solids range from 1,500 to 
2,500 parts per million. The water has 
a salty taste due to the high concen
tration of sodium and chloride. Without 
treatment, the water is unsuited for 
irrigation. Due to the high sodium 
content, this water should be used 
with some caution for domestic pur
poses. It is generally well suited for 
watering stock. 

Hell Creek Formation 
The Hell Creek Formation crops 

out in the southern part of the 
Bismarck-Mandan area and lies within a 
maximum of 400 feet (125 m) of the 
surface in the northern part of the 
area. Groundwater is only found in 
small quantities in this formation 
(Randich and Hatchett, 1966). The 
water varies from sodium-bicarbonate 
and sodium-bicarbonate-sulfate type 
water to sodium- bicarbonate-chloride 
type water. Total dissolved solids 
range from 470 to 2,100 parts per 
million. The water is often suitable for 
domestic and stock purposes but 
caution should be exercised because of 
the large degree of variability. Water 
from the Hell Creek Formation gener
ally is not suitable for irrigation. 

Cannonball Formation 
The Cannonball Formation is at or 

near the surface in much of the 
Bismarck-Mandan area. Wells completed 
in this formation generally yield less 
than 50 gallons per minute (3.15 lis) 
sodium-bicarbonate, sodium-bicarbonate
sulfate, or sodium-sulfate-bicarbonate 
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Figure 5. Map,showing sand and gravel aquifers in glacial and post-glacial sediments in the Bismarck-Mandan area. 

type water, which is used for domestic 
and stock purposes throughout the 
Bismarck-Mandan area (Randich and 
Hatchett, 1966). Total dissolved solids 
range from 1,100 to 1,700 parts per 
million. Because of high sodium haz
ards and salinity, 
unsuited for irrigation. 

the water is 

Bullion Creek Formation 
-·The-Bullion Creek Formation is at 
or near the surface in much of the 
northern part of the area. Total dis
solved solids in groundwater from this 
formation range from 500 to 1,900 
parts per million. Yields are generally 
less than 20 gallons per minute (1.25 

lis) (Randich and Hatchett, 1966) . 
The water is used for stock and do
mestic purposes but is generally mar
ginal to unsuited for irrigation because 
of the residual sodium carbonate. 

Aquifers in Glacial and 
Post-Glacial Sediments 

Figure 5 shows the locations of the 
various sand and gravel aquifers in 
the Coleharbor and Oahe Formations. 
These comprise the major aquifers in 
the area. They generally underlie the 
flood plains of various streams. The 
aquifers consist of clay, silt, sand I 
and gravel. These aquifers are gener

10
 



ally within 100 feet (30 m) of the 
surface and never more than 225 feet 
(70 m). Several occur at the surface. 
In most of these areas the water table 
is within 3 feet (1 m) of the surface in 
the spring of the year .. Thus, in many 
cases, these aquifers are highly sus
ceptible to degradation resulting from 
improper design of landfills, sewage 
lagoons, and septic and sewer 
systems. 

Lower Apple Creek A~uifer 
The Lower Appe Creek Aquifer 

generally follows Apple Creek valley. 
It lies about 45 to 115 feet (14 to 35 
m) below the surface and ranges in 
thickness from 10 to 100 feet (3 to 30 
m) (Randich and Hatchett, 1966). The 
water is of the sodium-bicarbonate 
type and generally contains less than 
1,000 parts per million dissolved 
solids. The water is used for domestic, 
stock and irrigation purposes. The 
maximum yield is 700 gallons per 
minute (44 l/s.). However, a very wide 
variation in yields occurs because of 
local impermeable zones. 

Soo Channel Aquifer 
The Soo Channel Aquifer is rela

tively small consisting of alternating 
layers of clay, silt, sand, and gravel 
cut into bedrock (Randich and 
Hatchett, 1966). It lies between 130 
and 230 feet (40 and 70 m) below the 
surface. The water is of the calcium
bicarbonate type and contains about 
900 parts per million dissolved solids. 
The water is used for domestic and 
stock purposes. The yield is less than 
200 gallons per minute (12 lis) and 
therefore is not suitable for large-scale 
irrigation or for any other large-scale 
development. 

Bismarck Aquifer 
-- The Bismarck Aquifer, which 
underlies the area immediately south of 
Bismarck, is predominantly sand and 
gravel with lenses of clay and silt. It 
lies 14 to 100 feet (5 to 30 m) below 
the surface and ranges in thickness 
from 10 to 100 feet (3 to 30 m) 
(Randich and Hatchett, 1966). Poten
tial yields range from 500 to greater 
than 2,000 gallons per minute (31. 5 to 
126.3 lis) with the greater yields 
occurring on the flood plain. The 
water is generally of the sodium
calcium-bicarbonate or sodium
bicarbonate-sulfate type and contains 
from 800 to 1,800 parts per million 

dissolved solids. It is used for irriga
tion, domestic, and stock purposes. 
The Bismarck Aquifer has the greatest 
amount of available water of any of the 
non-bedrock aquifers in the area and 
is capable of significant additional 
development. 

Burnt Creek Aquifer 
The Burnt Creek Aquifer is near 

the Missouri River north of Bismarck. 
It consists mainly of sand with small 
amounts of gravel. It lies 3 to 8 feet 
(l to 2.5 m) below the surface and 
ranges in thickness from less than 20 
feet (7 m) in the upper reaches of 
Burnt Creek to greater than 100 feet 
(30 m) under the Missouri River flood 
plain. The water is a sodium-calcium
bicarbonate type containing about 
1,000 parts per million dissolved 
solids. Domestic, stock, and irrigation 
wells have been developed with yields 
in excess of 2,000 gallons per minute 
(125 lis) in the lower parts of the 
aquifer. Development of additional 
large yield wells is possible on the 
flood plain but proper spacing is 
necessary (Randich and Hatchett, 
1966) . 

Wogansport Aquifer 
The Wogansport Aquifer is along 

the Missouri River north of the Burnt 
Creek Aquifer. It ranges in thickness 
from 20 to 55 feet (7 to 17 m) and is 
generally at the surface. The water in 
this aquifer is usually within 10 feet 
(3 m) of the surface, is a sodium
bicarbonate type, and contains about 
1,300 parts per million dissolved solids 
(Randich and Hatchett, 1966). It is 
used for domestic and stock purposes 
and could be developed for irrigation. 

Little Heart River Aquifer 
Limited information is available 

about the aquifer that follows the 
Little Heart River. It consists of 
highly variable thicknesses of sand 
and silt with lenses of gravel. Well 
depths in this aquifer vary from 140 to 
300 feet (40 to 90 m) within the study 
area. The water is a sodium
bicarbonate type (Ackerman, 1977). 
The water is used for stock and 
domestic purposes. 

Heart River Aquifer 
The Heart River Aquifer follows 

the Heart River to its confluence with 
the Missouri River. This is the largest 
aquifer near Mandan. The aquifer 
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consists of silt, sand, and gravel. It 
lies from 10 to 65 feet (3 to 20 m) 
below the surface and ranges in thick
ness from about 10 to 100 feet (3 to 30 
m) . The water is generally of the 
sodium-bicarbonate-sulfate type. Total 
dissolved solids range from about 1,000 
to 2,000 parts per million (Ackerman, 
1977). It is used mostly for stock 
purposes, although at least one irriga
tion well has been developed on the 
Missouri River flood plain. Values for 
potential yields are lacking, but at 
least one well gives 45 gallons per 
minute (3 lis). Much higher yields 
should be expected. 

Square Butte Creek Aquifer 
The Square Butte Creek Aquifer 

follows Square Butte Creek to its 
confluence with the Missouri River. 
The aquifer consists of sand and 
gravel with small amounts of silt. It 
ranges in thickness from 35 to 110 feet 
(11 to 35 m). This aquifer is usually 
within 15 feet (5 m) of the surface. 
The water is of the sodium-bicarbonate 
type and is present in sufficient 
quantities for irrigation purposes 
(Greenman, 1954, Ackerman, 1977). 

Other Resources 

An evaluation of the resources of a 
particular area cannot be restricted 
only to those resources having obvious 
monetary or practical value. If a truly 
meaningful plan for a region is to be 
conceived, then resources such as 
recreational areas, nature preserves, 
and historic and prehistoric sites must 
be considered. The Bismarck-Mandan 
area has many such resources. 
Although they are not commonly 
thought of as being within the realm of 
geological knowledge, and are not 
considered on the land-capability 
maps, they are an integral part of the 
region and cannot be excluded from an 
evaluation of the area. Indeed, it is 
these resources which give the area 
much of its character and, in large 
part, determine the quality of life. 

Recreational Areas 

The portions of the study area 

most ideally suited for development as 
recreational areas are the lowlands 
along the various rivers and streams. 
With the exception of the Missouri 
River all these waterways are subject 
to occasional flooding which limits their 
use for most purposes except farming 
and grazing. Many of the forested or 
wooded portions of the flood plains are 
ideally suited for development as 
camping and picnic areas. This is 
particularly true of the Missouri River 
flood plain, which 
tage of easy ac
Reservoir. 

also has 
cess to 

the advan
the Oahe 

Nature Preserves 

Many of the areas suitable for 
recreation are also suitable for nature 
preserves. In addition, those areas of 
the lowlands, especially along the 
Missouri River, that are poorly drained 
could also be used for such purposes. 
Abundant wildlife is present, especially 
in the more heavily wooded areas. 
Useful information regarding these 
resources can be obtained from the 
North Dakota State Game and Fish 
Department in Bismarck. 

Historic Sites 

Much of the historic character of 
the Bismarck-Mandan area results from 
its location along the route traveled by 
Lewis and Clark in 1804 and 1806 and 
close proximity to the site of their 
winter 1804-1805 post (located about 40 
miles (64 km) north-northwest of 
Mandan). In addition, the Fort Lincoln 
Cavalry Post and the Fort McKeen 
Infantry Post south of Mandan and 
several Mandan Indian villages scat
tered along the bluffs of the Missouri 
River are major points of interest in 
the area. Tourism and a coincident 
awareness of, and interest in, these 
historic sites has increased significant
ly during the past several years and 
this trend win probably continue in 
the future. Consequently, these sites 
deserve consideration in the planning 
process of the area. Additional infor
mation regarding these sites can be 
obtained from the North Dakota State 
Historical Society, Bismarck. 
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GEOLOGIC AND HYDROGEOLOGIC be removed for most construction 
CONDITIONS AFFECTING LAND USE purposes. 

Thick, loose, wind-laid sand of the 
General Construction Oahe Formation is also present on the 

In this report "general 
construction" refers primarily to build
ing construction; included within this 
category are private, residential, 
municipal, and industrial structures. 
The conditions affecting construction 
include slope. bearing strength, flood
ing hazards. availability of water, 
permeability of the materials, and 
depth to the water table. Plates 9 
through 15 show the general construc
tion conditions that exist throughout 
the Bismarck-Mandan area. Each map 
unit is defined on the basis of geo
logic, engineering, and hydrogeologic 
conditions which affect construction. 
The characteristics of each map unit 
are outlined in the explanation accom
panying the maps (pI. 1). This expla
nation is meant as a general guide to 
the area and should not be considered 
as the final word in any particular 
case. For every project site, detailed 
exploration and evaluation is an abso
lute necessity. The engineering char
acteristics of the various materials are 
shown in table 1. 

Uplands 

A wide variety of materials is 
found on the uplands on both sides of 
the Missouri River. The properties of 
these materials are highly varied as is 
the topography of the same areas. 
which ranges from gently rolling to 
very steep slopes. 

The wind-blown silt of the Oahe 
Formation is generally thin (less than 
3 feet (l m)) and is mostly found on 
the east side of the Missouri River. 
Engineering data on these materials are 
lacking. Similar materials in Illinois 
were found to have a relatively high 
dry strength and stiff consistency but 
were highly subject to swelling and 
shrinking upon alternate wetting and 
drying (Smith, 1968). In addition, the 
silt tends to conduct water up to the 
freezing zone, resulting in frost 
heaving. In Illinois, Jacobs (1971) has 
noted that severe cracking occurred in 
the foundations and walls of private 
homes and public buildings where 
those structures were set in wind-laid 
silt. Since the wind-blown silt of the 
Oahe Formation is relatively thin and 
is easily excavated. it should probably 

uplands. The sand is only found in 
the area southeast of Bismarck. Engi
neering data are not available for 
these materials. The sand is generally 
free-drained. The topography is 
rolling to rather steep. The bearing 
capacity for fine, loose sand is rela
tively low (Flawn, 1970) and therefore 
not satisfactory for most construction 
purposes. In places where the sand is 
thin, it could be removed to reach a 
better foundation material. 

The organic clay and silty clay of 
the small stream bottoms and the 
poorly drained, highly organic silt and 
clay found in depressions are included 
in the Oahe Formation. The stream 
sediments are generally characterized 
by low to medium consistency and low 
bearing strength. They are flat lying 
and fairly permeable but often poorly 
drained and subject to periodic 
flooding. In some areas (pIs. 2 
through 8) they are highly saline and 
very unstable; if drained these mate
rials are suitable. although marginally 
so, for many construction purposes. 
Great caution must be exercised. The 
poorly drained highly organic silt and 
clay found in small depressions is 
highly compressible and generally 
unsuited for construction purposes. 

Very little sand and gravel occurs 
on the uplands. It is represented by a 
few scattered, relatively flat-lying 
deposits along Burnt Creek and the 
Heart River. These materials generally 
have a stiff consistency, little or no 
plasticity. and are free-drained. Where 
the sand content is high and the water 
table is near the surface, as along 
Burnt Creek, these materials may be 
subject to quick conditions or cause 
seepage in basements. However, the 
bearing capacity is generally adequate 
for most construction purposes. 

Pebble-loam (till) of the Coleharbor 
Formation covers much of the uplands. 
Available data (table 1) suggest that 
the pebble-loam is characterized by low 
to medium consistency and shear 
strength. These values for consistency 
and shear strength are lower than 
typical values for pebble-loam in North 
Dakota and thus may not be represen
tative of the majority of the pebble
loam in the Bismarck-Mandan area. 
Pebble-loam is susceptible to settling 
and is only slightly permeable except 
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TABLE 1. Summary of available engineering characteristics 
for geologic units in the Bismarck-Mandan area 

P::: 

Unit 

~ 
E-t ".... 
<~ 
~'-' 

~E-t 

~~ 
E-tZ
<0 
ZU 

Organic clay, silty N 31 7 5 7 7 7 
clay, and clayey silt X 20 29 91 42 17 2,550
of Oahe Formation. 

Range 8- 37 15-35 87- 97 31-47 11-27 1,600- 3,000 

Sand and gravel of the N 11 4 4 
Oahe and Coleharbor X 22 27 8,100
Formations. 

Range 9- 50 25-32 5,000-10,.000 

Slightly bouldery, N 10 6 4 6 6 5 
cobbly, pebbly, sandy, X 11 15 88 38 17 1,900
silty clay of Cole

harbor Formation.~~-k Range 9- 16 5-31 83- 94 30-55 10-25 1,000- 3,000
 

Sand of the Cannonball N 14 6 
Formation. X 105 27 

Range 35-256 20-37 

Clay, silty clay, and N 26 12 10 12 12 8 
clayey silt of Cannon- X 76 24 108 56 26 5,800
ball Formation. 

Range 30-135 18-31 88-124 37-79 15-36 4,000-10,000 

Clay, silty sand, clay, N 15 6 4 4 6 3 
and clayey silt of Hell X 163 22 109 49 20 13,400
Creek Formation. 

Range 86-328 18-25 102-115 37-65 16-26 7,000-24,000 

N: Number of analyses. 

X: Mean value. 

*Multiply by 16.02 to obtain kg/m3 .
 
~~Multiply by 47.88 to obtain Pa.
 
~~These data may be atypically low.
 

where small scattered water-bearing suggest that in certain locations these 
silt and sand lenses occur or where it sediments may be poor foundation 
is fractured. Pebble-loam may be materials. In areas where the pebble
susceptible to shrinking and swelling. loam is characterized by low consis
Very large boulders are scattered tency and shear strength, it may be 
throughout the Coleharbor Formation. advisable to excavate foundations into 
Pebble-loam is generally considered to the underlying bedrock materials. 
be a fair to good foundation material. The portion of the Bullion Creek 
The limited data included in table 1 Formation that is near surface and 
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therefore of concern to this study 
consists, for the most part, of sand 
and is found only in the northern part 
of the study area. No engineering data 
are available for this sand, but it is 
probable that its characteristics are 
similar to those of the sand found in 
the upper part of the Cannonball 
Formation. Sand in the Cannonball 
Formation is typically nonplastic, is 
not subject to shrinking or swelling, 
has medium to stiff consistency, and 
has a moderate bearing strength. In 
places, such as along streams, the 
topography on both the Bullion Creek 
and Cannonball Formations is very 
steep, but generally the topography on 
these formations is rolling. The water 
table is usually more than 25 feet (8 
m) below the land surface. The sand 
of both formations is generally ade
quate as a foundation material. Caution 
should be exercised in areas where 
these units and the underlying silty 
clay and mudstone have been exposed 
by streams and form steep cliffs. 
Under these circumstances the clayey 
materials may be subject to slumping 
and creep, making the areas very 
unstable. A discussion of these prob
lems in the Mandan area can be found 
in Murphy, 1979. 

The shale, silty shale, and clayey 
silt of the Cannonball Formation are 
relatively unstable on steep slopes. 
However, such conditions are generally 
restricted to areas along streams and 
cut slopes. On gentle slopes these 
units make good foundation materials. 
They are only slightly permeable 
except for scattered sand lenses. have 
a stiff to very stiff consistency except 
for a few thin, weak, silty zones, and 
are characterized by moderate to high 
bearing strengths. The water table is 
typically greater than 65 feet (20 m) 
below the land surface. 

The Hell Creek Formation, which is 
exposed only in the southern part of 
the study area. is also generally very 
good foundation material. It is typi
cally very stiff, has high to very high 
bearing strengths and is typified by 
moderate slopes. It is generally only 
slightly permeable with the exception 
of an occasional thin sand lens. 

Lowlands 

The flood plains of the Missouri, 
Heart, and lesser streams, like the 
uplands, have a wide variety of mate
rials. The topography is much more 

subtle than the uplands. The closeness 
of the water table to the land surface 
makes the entire flood plain, regard
less of materials. less suited for con
struction than most parts of the up
lands. This is particularly true in 
many of the low-lying areas south of 
Bismarck and Mandan. In these areas, 
the position of the water table is 
controlled, to a large extent, by the 
elevation of the Oahe Reservoir. Thus, 
any prolonged period of high pool 
elevation will cause a rise in water 
table position and concomitant engi
neering problems. 

Wind-blown sil t of the Oahe 
Formation is much thicker on the flood 
plains than on the uplands and there
fore more of a concern for con
struction. It is thickest on the upper 
terraces south of Bismarck; however, 
these terraces are being mined for 
sand and gravel and therefore much of 
the silt is being excavated. Where it is 
not removed, the wind-blown silt 
constitutes a problem for construction 
for the reasons discussed previously. 
In addition, in the lowlands the water 
table is relatively near surface and 
therefore the silt is more susceptible 
to frost heaving and shrinking and 
swelling than on the uplands. 

Deposits of sand and gravel of the 
Oahe and Coleharbor Formations are 
common on the flood plains. Sand and 
gravel has a high bearing strength. 
However, high water table conditions 
will often cause problems with seepage 
in excavations and in finished base
ments. Regardless of engineering 
considerations, the demand for sand 
and gravel aggregate will largely 
determine land use in these areas. 

Silt and clay stream sediments of 
the Oahe Formation constitute much of 
the surficial materials of the flood 
plains. The characteristics of these 
sediments are similar to those of the 
silt and clay stream sediments found 
on the uplands. They are character
ized by low to medium consistency and 
low bearing strength. Highly organic 
silty clay of the Oahe Formation is 
found in scattered depressions on the 
flood plains. Peat may also occur in 
these settings. These materials are 
characterized by very low bearing 
strength. In these depressions the 
water table is at or near the surface. 
Drainage of these low areas is essen
tially impossible. Construction in such 
locations is, at best, extremely diffi 
cult and expensive. 
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Small mudflows are a minor con
struction hazard along the base of the 
bluffs that parallel the flood plains. 
The flows are relatively small but 
sometimes require bulldozing to clear 
roads. They occur during heavy rains 
and are found at the base of the 

bluffs where small gullies cut through 
the shale of the Cannonball and Hell 
Creek Formations. These are particu
1arly common north of Bismarck. Flash 
flooding may occur in any of the 
numerous coulees and draws in the 
Bismarck-Mandan area. 

/ 
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GEOLOGIC AND HYDROGEOLOGIC
 
CONDITIONS AFFECTING
 

WASTE DISPOSAL
 

The major consideration in the 
disposal of wastes is the possible 
effect that contaminants will have on 
groundwater and surface water. 
Included within the general category of 
waste disposal are sewage and septic 
systems, sewage lagoons, and sanitary 
landfills. Certain specific sites can be 
chosen for sewage lagoons and sanitary 
landfills; the waste can then be trans
ported, by whatever means, to that 
site and deposited. Septic and sewage 
systems, however, must be developed 
where people erect their buildings. For 
this reason, the sewage or septic 
system must be designed to suit water 
and earth materials of each specific 
location. The geologic and hydrogeo
logic factors affecting various types of 
waste disposal in the Bismarck-Mandan 
area are shown on plates 16 through 
22. A detailed explanation of the map 
units is given on plate 1. 

Sewage Systems 

The uplands portion of the study 
area is characterized by relatively 
deep aquifers overlain by materials of 
low permeability. Thus, few problems 
exist in constructing sewage systems. 
In contrast to this, the lowlands are 
characterized by shallow groundwater 
tables. In some places the water table 
is within 3 feet (1 m) of the land 
surface. In such settings sealed sewer 
systems are a necessity if contaminants 
are to be kept out of the groundwater. 
The Missouri River flood plain south of 
Bismarck is a good example of this 
situation. 

Septic Systems 

The principal factors in assessing 
the suitability of an area for septic 
disposal systems is the permeability of 
the materials and depth to the water 
table. Low permeabilities, as in clayey 
materials, prevent proper filtration and 
lead to the clogging of the drain tiles. 
If the permeability is too high, filtra
tion will be rapid and effluent will not 
be properly neutralized in the septic 
tank. Septic systems in areas of high 
water table, such as the lowlands, 
pose a potential threat to groundwater 
quality. A high water table will also 
prevent proper movement of the efflu

ent through the system. 
Areas which are susceptible to 

flooding should be avoided as the filter 
fields will clog I sometimes permanently. 
Septic systems should not be located 
close to roadcuts or other construction 
cuts, nor to any surface water body 
or wells. The presence of boulders or 
hard bedrock gives rise to workability 
problems in the installation of the 
system. 

The septic tank and drainage filter 
field were developed primarily for 
rural areas. If this type of disposal 
system is to be employed in more 
densely populated areas, careful con
sideration of the earth materials and 
water table position are essential to 
proper design. Otherwise, ultimate 
failure may result if filtration capacity 
is exceeded by too many disposal 
systems. 

Sewage Lagoons 

Sewage lagoons are shallow I flat 
bottomed ponds built to hold sewage 
within a depth of 2 to 5 feet (0.5 to 
1.5 m). The purpose of the lagoon is 
to allow bacterial action to decompose 
the solids while the water is evapo
rated. Thus, it is important that the 
lagoon either be located in low perme
ability materials or have an imperme
able liner to prevent leakage of sewage 
into the groundwater system or surface 
waters. High water tables are undesir
able due to the increased probability 
of groundwater contamination. Areas 
susceptible to flooding should be 
avoided as sewage could be flushed 
into surface water systems during 
periods of flooding. Presence of con
siderable organic matter in materials 
upon which a lagoon is built could 
modify the desired biological action. 
Sewage lagoons should be located in 
areas of low relief, for ease of con
struction and to avoid high ground
water flow gradients which could cause 
leakage. Prevailing winds should be 
taken into account in the siting of the 
sewage lagoon to prevent unpleasant 
odors from entering the corrununity it 
serves. 

The uplands in the Bismarck
Mandan area are the most ideally 
suited for the construction of sewage 
lagoons. The best locations are those 
where thick pebble-loam overlies dense 
clayey materials of the Cannonball or 
Hell Creek Formations. 

In contrast, the areas having the 
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poorest conditions for the construction 
of sewage lagoons are those that are 
subject to flooding. Only slightly 
better are areas that are underlain by 
permeable materials and have shallow 

Igroundwater such as the Missouri 
River flood plain. In such a setting I 
contamination can be expected to be 
very severe near the pond if improp
erly sealed. However I dilution is very 
rapid and nearly all contaminants are 
dispersed within a quarter of a mile 
(0.4 km). 

Sanitary Landfills 

A landfill is considered sanitary if 
it serves to contain and isolate fill 
material and prevent the contamination 
of surface and subsurface water. Water 
that comes into contact with decom
posing wastes in a landfill becomes 
highly mineralized due to the leaching 
of soluble constituents in the refuse. 
Surface seepage of this polluted water I 
or leachate may also contaminateI 

surface water and produce undesirable 
odors. The production of leachate may 
be prevented or at least curtailed by 
keeping the waste as dryas possible. 
Locating the base of the landfill well 
above the water table and covering the 
fill with a well compacted, low perme
ability material helps to prevent pre
cipitation infiltration and saturation by 
subsurface water. The cover material 
also acts to prevent gas and fluids 
produced by chemical and biological 
action from escaping into the atmo
sphere and surface water or subsur
face water. In addition I it prevents 

insects I rodents I and other animals 
from continued access to the wastes 
(Flawn, 1970). 

Locating the disposal site in mate
rials having low permeability restricts 
the movement of leachate. Fine-grained 
materials such as clay, silt, and 
pebble-loam, retard the movement of 
contaminants, thereby allowing for 
bacterial or chemical adsorption and 
filtration. 

Topography is also an important 
factor in selecting disposal sites. Steep 
slopes should be avoided because of 
the increased groundwater flow gradi
ent, possible slope instability, and the 
potential for surface erosion. Moderate 
slopes I however, are generally accept
able as infiltration rates I due to 
greater runoff, are less than those in 
more flat-lying areas. Areas of poten r

tial flooding should be avoided, 
including the bottoms and heads of 
gullies I to prevent the flushing of 
contaminants away from the site and 
into nearby surface water. The flat 
upland areas in the Bismarck-Mandan 
area are generally well suited for 
sanitary landfill sites. Poor locations 
include all the lowland areas I espe
cially where flooding occurs and the 
lower reaches of the numerous gullies 
and streams that dissect the uplands. 
Sites near surface water that might be 
contaminated by leachate are also 
unfavorable. Borrow pits and sand and 
grave] quarries are suitable for land
fills only if they are far above the 
water table. This is generally not the 
case in the study area. 
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SUMMARY AND CONCLUSIONS 

Table 2 summarizes the water
yielding, mineral resource, and engi
neering characteristics of the surficial 
geologic units found in the Bismarck
Mandan area. 

The mineral resources of the area 
include sand and gravel, clay, and 
riprap stone. Clay and riprap are both 
relatively abundant but the demand for 
these materials is small. In contrast, 
sand and gravel supplies that are 
suitable for aggregate are much in 
demand but are limited mostly to the 
terraces immediately south of 
Bismarck. To insure the maximum use 
of this reserve, residential and indus
trial development should not spread 
onto this area until the sand and 
gravel has been removed. 

The best quality and most reliable 
source of water is the Missouri River. 
Groundwater can be found in quantity 
in shallow sand and gravel aquifers 
that follow the stream valleys. Ground
water is available in small amounts 
from shallow aquifers in the Cannonball 
and Bullion Creek Formations and to 
lesser extent from the Hell Creek 
Formation. However, the quality of 
water taken from these bedrock aqui
fers is usually low. Low-quality water 
can be produced in large quantities 
from the Dakota Aquifer, from a depth 
of about 3,500 feet (1,100 m). The 
best sources for irrigation water are 
the sand and gravel aquifers under 
the Missouri River flood plain. 

General construction involves few 
problems on the flat uplands. Except 
for areas overlain by the pebble-loam, 
the bearing strength is generally high 
and the water table is low. The occa
sional accumulation of large granitic 
boulders in the pebble-loam causes 
some excavation problems. Caution 
should be exercised in areas where the 
shale of the Cannonball Formation has 
been exposed on steep slopes. These 
areas are often subject to slumping 
and soil creep. 

Construction problems can also be 
expected on the flat Missouri River 
flood plain and along the other 
streams. Flooding is common along all 
the streams except the Missouri River. 
Water tables are very high and many 
areas are poorly drained. Areas over
lain by thick wind-blown silt of the 
Oahe Formation should be avoided for 
most construction purposes. The 
bearing strength of most of the mate

rials in the lowlands is low to mod
erate. The best farming land and 
poorest construction characteristics are 
on the river bottoms. The upper 
terraces are well suited for construc
tion but, as previously discussed, 
should not be developed until the sand 
and gravel is removed. 

Safe waste disposal should be little 
problem on most of the flat uplands. 
Because of periodic flooding the areas 
along the numerous small gullies and 
intermittent streams should be avoided 
for landfill or lagoon sites. The low
land areas will require sealed sewage 
systems and adequate spacing for 
septic systems. Septic systems will not 
function properly in areas of high 
water table. Municipal water and sewer 
systems are preferable in lowland 
areas. Construction of sanitary land
fills in any of the lowland areas will 
require extensive redesign of the site 
to protect groundwater. Sewage la
goons can be constructed on the" 
Missouri River flood plain only if they 
are far from all water supplies. Sewage 
lagoons should not be built on any of 
the other lowland areas because of the 
flooding hazard. 

Areas ideally suited for develop
ment as nature preserves and recre
ational areas are abundant in the 
Missouri River valley and on the other 
lowland areas. 

Garrison Dam has had a dramatic 
effect upon the Missouri River flood 
plain. While solving some problems 
such as flooding, it has caused others. 
Before the dam was built very few 
buildings were constructed on the 
flood plain. The land was used mostly 
for agriculture. Recently residential 
growth across the flood plain has been 
very rapid, especially south of 
Bismarck and along U. S. Highway 10 
between Bismarck and Mandan. Many 
of these builings are not connected 
with either of the municipal sewer and 
water systems. For this reason, the 
possibility of pollution to groundwater 
has greatly increased and many acres 
of fine farm land have been lost. Bank 
instability along the Missouri River has 
also become a serious problem. At 
present, a multimillion-dollar bank
stabilization program is being 
considered. 

The geologic, land-capability, and 
resource maps (pIs. 1 to 30) have 
been developed as an aid to regional 
planning. It is hoped that they will 
serve as a general guide to the devel
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TABLE 2. Summary of engineering, mineral resources and water-yielding characteristicsI 

FORMATION 

Oahe 
wind-blown silt 

wind-blown sand 

slightly to highly 
organic silt and 
clay 

Gahe and Coleharbor 
N sand and gravel 
o 

Coleharbor 
pebble loam 

Bullion Creek 

Cannonball
 
sand
 

clay 

Hell Creek 

ENGINEERING CHARACTERISTICS 

High dry strength; subject to shrinking 
and swelling and frost heaving. 

Little or no plasticity; low bearing 
strength; mostly free-draining. 

Poorly drained and subject to flooding; 
low bearing strength in most places. 

Little or no plasticity; free-draining; 
adequate bearing strength. 

Moderate consistency; slightly per
meable; susceptible to settling. 

Highly variable; generally adequate 
bearing strength; little or no plas
ticity; stiff consistency. 

Adequate bearing strength; little or 
no plasticity; stiff consistency. 

Adequate bearing strength; generally 
very low permeability; medium plas
ticity; occasional weak silt zones. 

Variable; generally very stiff con
sistency; medium plasticity; generally 
very low permeability; high bearing 
strength. 

MINERAL RESOURCE 
CHARACTERISTICS 

No value. 

Sand. 

Sand. 

Sand and gravel. 

No sand and gravel; 
clay could be used 
for brick, tile, etc. 

Sand and lignite. 

Sand interbedded 
with silt. 

Clay used for light
weight aggregate and 
could be used for 
brick. 

Clay could be used 
possibly for brick. 

WATER-YIELDING CHARACTERISTICS 

Not an aquifer. 

Moderate to high from coarse 
material; water table close to 
surface in lowlands. 

Moderate to high from coarse 
material; water table close to 
surface in lowlands. 

Very productive, water table close 
to surface in lowlands. 

Poor aquifer, local sand and 
gravel deposits yield limited 
amounts. 

Moderate amounts. 

Moderate amounts. 

Not an aquifer. 

Poor aquifer, few local coarse 
deposits yield limited amounts. 



opment of the Bismarck-Mandan area. combination so that the land can be 
It is important that they be used in used most beneficially. 
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Figure 6. Location of test holes in the Bismarck-Mandan study area. 
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,
 

The following logs were obtained from testholes drilled throughout the study area. A truck-mounted 6-inch-diameter 
continuous flight auger was used for the drilling program. All drilling depths and elevations are given in feet. Divide by 3.28 
to convert to meters. 

Formation	 Material Depth in Feet 

Test hole 1:	 0.3 mile south and 0.1 mile Cannonball Clay; silty, sandy, yellow 0- 2
 
Sand and silt; clayey, yellow	 4- 7
 west of northeast corner of
 

sec 36, T139N, R80W, elevation
 
1,700 feet. Clay; slightly silty, gray 7-11
 

Sand and gravel; sand fraction is coarse 11-13
 

Test hole 2:	 0.3 mile south of northwest Coleharbor Silty clay; pebbly, sandy, tan, few
 
corner of sec 31, T139N, R79W I carbonate pebbles 0-10
 

Cannonball Clay; slightly silty, gray	 10-13
elevation 1,780 feet.
 
N 
-J Sand; medi um- grained, yellow-brown
 

gastropod fragments 13-14
 

Sand; medium-grained, clayey, yellow-


Sand; medium-grained, yellow-brown,
 

Clay; sandy, gray 14-20
 

brown 20-23
 

numerous gastropods 23-43
 

Silty clay; laminated, yellow 43-46
 

Test hole 3:	 0.55 mile west of southeast About 3 feet removed at surface.
 
corner of sec 14, T138N, R80W,
 Oahe Sand; medium-grained, tan, wet below 9
 elevation 1,650 feet.
 feet 0-10
 

Clay; very dense and stiff, dark gray 10-20
 



APPENDIX--Continued 

Test hole 4: 

Test hole 5: 

N 
ex:> 

Test hole 6: 

Test hole 7: 

Test hole 8: 

0.3 mile east of southwest 
corner of sec 15, T138N, R80W, 
elevation 1,635 feet. 

0.4 mile north of southwest 
corner of sec 15, T138N, R80W, 
elevation 1,655 feet. 

0.5 mile east of southwest 
corner of sec 29, T139N, R80W, 
elevation 1,750 feet. 

0.2 mile south and 0.35 mile 
east of northwest corner of 
sec 32, T139N, R80W, elevation 
1,800 feet. 

0.5 mile south and 0.2 mile 
east of northwest corner of 
sec 30, T139N, R80W, elevation 
1,800 feet. 

Formation 

Oahe 

Oahe 

Coleharbor 

Cannonball 

Oahe 

Cannonball 

Oahe 

Coleharbor 

Cannonball 

Material 

Sand and silt; tan, wet below 8 feet 

Clay; dense, gray 

Silt; tan 

Sand; silty, numerous organic fragments, 
gray to tan 

Gravel; sandy, mostly dolostone 

Clay; silty I gray 

About 2 feet removed at surface. 

Clay; silty, gray 

Clay; very dense, gray 

Clay; very stiff, organic, dark gray to 
black I wet below 27 feet 

Clay; silty I tan to yellow-brown 

Silt; tan 

Sand; silty I tan to yellow 

Clay; silty, gray 

Silt; tan 

Silty clay; pebbly, sandy I gray 

Sand; pebbly, yellow-brown 

Depth in Feet 

0-10 

10-15 

0- 3 

3- 6 

6-22 

22-25 

0-15 

15-22 

22-42 

42-44 

0- 2 

2-10 

10-18 

0-13 

13-17 

17-22 
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Formation Material Depth in Feet 

Test hole 9: 

Test hole 10: 

N 
c.!) 

Test hole 11: 

Test hole 12: 

Test hole 13: 

0.7 mile north of southwest 
corner of sec 9, T139N, R80W, 
elevation I, 935 feet. 

0.4 mile west of southeast 
CDrner Df sec 9, T139N. R80W, 
elevation 1,885 feet. 

0.55 mile north of southeast 
corner of sec 21, T139N, R80W, 
elevation 1,790 feet. 

0.5 mile north of southeast 
corner of sec 21, T139N, R80W, 
elevation 1,795 feet. 

0.5 mile south and 0.2 mile 
east of northwest corner of 
sec 35, T139N, R80W, elevatiDn 
1,950 feet. 

Oahe 
Coleharbor 

Cannonball 

Oahe 

Coleharbor 

Cannonball 

Oahe 

Coleharbor 

Cannonball 

Oahe 

Coleharbor 

Oahe 

Coleharbor 

Silt; tan 
Silty clay; pebbly, sandy t gray 

Sand; medium-grained, tan, gastropod 
fragments 

Silt, tan 

SHty clay; pebbly, sandy. gray 

Sand; medium- grained, tan, gastropod 
fragments 

Silt; organic t gray 
Sand and gravel; silty 

Silty clay; pebbly, gray 

Clay; silty, tan to brown 

Clay; sandy, gray, wet below 17 feet 

Silt; organic, clayey, gray 

Gravel; sandy, mostly dolostone 

Drilling stopped at 9 feet because of 
boulder(?) 

Silt; tan 

Cobbles; granitic 

Cobbles and boulders 

Drilling stopped at 6 feet in each of 
three attempts. 

0- 6 

6- 9 

9-12 

0- 5 

5-10 

10-15 

1- 6 

6- 9 
9-13 

13-15 

15-19 

0- 6 

6- 9 

0- 3 

3- 4 

4- 6 



----

APPENDIX--Continued 

Formation Material 

Test hole 14: 

Test hole 15: 

w 
o 

Test hole 16: 

Test hole 17: 

Test hole 18: 

0.15 mile north of southeast 
corner of sec 21, T138N, R80W, 
elevation 1,635 feet. 

0.15 mile north of southeast 
corner of sec 20 f T138N f R80W f 

elevation 1,635 feet. 

0.35 mile south of northwest 
corner of sec 16 f T13BN, RBOW, 
elevation 1,590 feet. 

0.3 mile north of southeast 
corner of sec 27 f T138N f R80W, 
elevation 1 f 750 feet. 

0.7 mile west and 0.25 mile 
north of southeast corner of 
sec 35, T138N f R80W, elevation 
1,800 feet. 

Oahe 

Oahe 

Oahe 

Oahe 

Cannonball 

Silt; tan 

Clay; silty, organic, gray 

Clay; dense, dark gray 

Sand; clay lenses, tan, wet below 9 feet 

Sand and silt; clayey, gray 

Silt; organic f gray 

Clay; organic, dark gray 

Clay; silty f organic f gray, wet below 7 
feet 

Silt; clayey, tan to gray 

Silt; clayey, tan to gray 

Clay; silty f gray 

Drilling stopped at 9 feet by boulder(?) 

Clay; silty, organic, gray 

Clay and silt; gray, wet below 11 feet 

About 2 feet removed at surface. 

Sand; clean, yellow 

Clay; sandy, brown 

Sand; concretionary, yellow-brown 

Clay; silty, very dense and stiff, gray 

Depth in Feet 

0- 2 

2- 5 
5- 8 

8-14 

0- 2 
2- 5 
5- 7 

7- 9 
9-14 

0- 5 

5- 9 

0-10 

10-14 

0-15 

15-18 

18-24 

24-54 
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Formation Material Depth in Feet 

Test hole 19: Northwest corner of sec 19, 
T137N, R80W, elevation 1,760 
feet. 

Oahe 

Coleharbor 

Silt; tan 

Silty clay; pebbly, sandy, few carbonate 
pebbles, tan to yellow-brown 

Silt; cobbly, pebbly, sandy, dark gray 

Sandy clay; pebbly with occasional 
cobbles, dark gray 

Drilling stopped at 57 feet because of 
boulder(?) 

0-11 

11-38 

38-51 

51-57 

w 
I-' 

Test hole 20: 0.45 mile east of northwest 
corner of sec 16, T137N, R79W, 
elevation 1,750 feet. 

Oahe 

Coleharbor 

Sand; clean, yellow-brown 

Silty loam; paleosol(?), gray 

Sand; clean, yellow-brown 

Silty clay; pebbly, sandy I yellow-brown 

0-15 

15-16 

16-20 

20-24 

Test hole 21: 0.45 mile north of southwest 
corner of sec 3, T137N, R79W, 
elevation 1,800 feet. 

Oahe Silt; tan 

Silty loam; paleosol(?), 

Sand and silt; tan 

gray 

0- 2 

2- 3 

3- 7 

Hell Creek Clay; dense I gray 

Sand; clayey, yellow 

Clay; dense and stiff, dark gray 

Sand; contains clay pebbles, dark gray 
to black, wet below 22 feet 

7-10 

10-15 

15-18 

18-24 

Test hole 22: Southeast corner of sec 28, 
T138N, R79W, elevation 1,930 
feet. 

Oahe 

Cannonball 

Sand; medium-grained, yellow 

Clay; silty, yellow 

Clay; silty, dark gray 

0-16 

16-18 
18-24 
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Test hole 23: 

Test hole 24: 

w 
tv 

Test hole 25: 

Test hole 26: 

Test hole 27: 

0.2 mile west of southeast 
corner of sec 21, T138N, R79W, 
elevation 1,835 feet. 

0.45 mile north of southeast 
corner of sec 30, T139N, R79W , 
elevation 1,805 feet. 

Southwest corner of sec 15,
 
T139N, R79W, elevation 1,800
 
feet.
 

0.3 mile east of northwest 
corner of sec 20, T139N, R79W, 
elevation 1,850 feet. 

0.2 mile west of southeast 
corner of sec 30 I T138N, R79W , 
elevation 1,700 feet. 

Formation 

Oahe 

Coleharbor 

Coleharbor 

Cannonball 

Coleharbor 

Cannonball 

Coleharbor 

Cannonball 

Oahe 

Material 

Silt; tan 

Sand; fine-grained, yellow 

Clay; silty, dense, yellow 

Sand; medium-grained, gray 

Gravel; large cobbles, mostly dolostone 

Silty clay; pebbly, sandy, gray 

Clay; pebbly, dark brown 

Clay; silty, laminated, gray 

Clay; dense, yellow 

Silty clay; pebbly, sandy, gray 

Sand; medium-grained, yellow-brown 

Clay; dense, yellow and gray mottled 

Sand; clean, medium-grained, yellow-
brown to 26 feet, wet and gray 
below 26 feet 

Silty clay; pebbly, gray, some 
carbonate pebbles 

Clay; dense, dark gray 

Silt; tan 

Sand; medium-grained, clean, yellow, 
wet below 23 feet 

Depth in Feet 

0- 4
 

4-12
 

12-16
 

16-18
 

18-19
 

0-12
 

12-14
 

14-19
 

19-24
 

0- 7
 

7- 9
 

9-13
 

13-29
 

0-12
 

12-24
 

0- 3
 

3-39
 



Test hole 28: 

Test hole 29: 

w 
w 

Test hole 30: 

Test hole 31: 

0.85 mile west and 0.25 mile 
north of southeast corner of 
sec 30, T138N, R79W, elevation 
1,710 feet. 

0.6 mile north and 0.5 mile 
east of southwest corner of 
sec 30, T137N, R79W, elevation 
1,680 feet. 

0.3 mile east of southwest 
corner of sec 13, T138N, R80W, 
elevation 1 f 645 feet. 

0.3 mile north of southeast 
corner of sec 11, T138N, RBOW, 
elevation 1,665 feet. 

APPENDIX--Continued 

Formation Material 

Oahe Silt; tan 

Sand; fine-grained, gray 

Sand; medium-grained, yellow 

Sand; highly organic, dark gray 

Sand; medium-grained, yellow to 32 
feet, wet and dark gray below 32 
feet 

Sand; pebbly, gray 

Hell Creek Clay; silty, gray 

Oahe	 Silt; tan 

Sand; fine-grained, gray 

Sand; medium-grained, yellow 

Sand; highly organic, dark gray 

Sand; medium-grained, yellow to 32 feet 

Oahe	 Silt; clayey, organic, gray 

Clay; silty, gray 

Silt; clayey f gray, wet below 12 feet 

Hell Creek Clay; dense, gray 

Oahe	 Silt; tan 

Sand; silty, yellow 

Depth in Feet 

0- 6 

6-11 

11-20 

20-21 

21-42 

42-56 

56-74 

0- 6 

6-11 

11-20 

20-21 

21-34 

0- 6 

6-12 

12-17 

17-19 

0- 6 

6-11 
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Test hole 31--Continued 

Test hole 32:	 0.1 mile north of southeast 
corner of sec 6, T139N, R80W. 
elevation 1,840 feet. 

Test hole 33:	 0.5 mile south of northeast 
corner of sec 30, T140N I R80W, 
elevation 1,710 feet. 

w 
,J:>, 

Test hole 34:	 0.15 mile south of northeast 
corner of sec 30, T140N I R80W, 
elevation 1,760 feet. 

Test hole 35:	 0.55 mile north of southwest 
corner of sec 8, T140N, R81W, 
elevation 2 I 012 feet. 

Formation 

Hell Creek 

Coleharbor 

Cannonball 

Oahe 

Coleharbor 

Cannonball 

Bullion Creek 

Material--_.•._.... 

Clay; dense I yellow and gray mottled 

Clay; silty, laminated, brown 

Silt; clayey I organic fragments 

Silty clay; pebbly, sandy, brown 

Silt; clayey laminated, yellow I
 

Clay; dense I gray 

Silt; fine, gray 

Gravel; sandy, mostly dolostone 

Clay; silty, gray gastropod fragmentsI
 

Silt; clayey. gray, wet below 14 feet 

Sand; gravelly, silty 

Silt; clayey brownI
 

Clay; dense, tan to gray mottled 

Sand; silty I brown 

Silt; clayey, tan 

Sand; medium-grained I tan to gray 

Depth in Feet 

11-17
 

17-20
 

20-34
 

0-10
 

10-14
 

14-19
 

0- 3
 

3- 4
 

4-12
 

12-15
 

15-19
 

0- 7
 

7-14
 

0- 5
 

5- 8
 

8-29
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Test hole 36: 

Test hole 37: 

Test hole 38: 
~ 

Test hole 39: 

Test hole 40: 

Test hole 41: 

0.4 mile north and 0.5 mile 
west of southeast corner of 
sec 12, T140N, R81W, elevation 
2,030 feet. 

0.5 mile west and 0.2 mile 
north of southeast corner of 
sec 13, T140N, R8IW, elevation 
1,930 feet. 

0.5 mile south and 0.3 mile 
east of northwest corner of 
sec 26, T140N, R81W, elevation 
1,750 feet. 

0.5 mile south of northwest 
corner of sec 2, T139N, R81W, 
elevation 1,644 feet. 

0.45 mile south of northeast 
corner of sec 19, T137N, R80W, 
elevation 1,720 feet. 

Northeast corner of sec 12,
 
T137N, R80W, elevation 1,760
 
feet.
 

Formation 

Coleharbor 

Oahe 

Cannonball 

Oahe 

Cannonball 

Oahe 

Oahe 

Hell Creek 

Oahe 

Material 

Silty clay; pebbly, sandy, tan 

Sand; pebbly I yellow-brown, gastropod 
fragments 

Gravel; coarse I mostly dolostone 

Silt; tan 

Silt; sandy, yellow 

Clay; silty, yellow and gray mottled 

Sand; fine-grained I yellow 

Silt; tan 

Clay; silty, yellow and gray mottled 

Silt; clayey I yellow 

Silt; clayey, sandy, organic, gray 

Sand; clayey, gray, wet below 9 feet 

Sand; fine-grained, gray 

Silt; tan 

Clay; silty I gray and yellow mottled 

Silt; gray 

Silt; tan 

Depth in Feet 

0-12
 

12-21
 

21-24
 

0- 1
 

1- 7
 

7-11
 

11-14
 

0- 5
 
5- 9
 
9-14
 

0- 6
 

6- 9
 

9-14
 

0- 4
 

4-19
 

0- 3
 

3-10
 



APPENDIX--Continued 

Formation Material Depth in Feet 

Test hole 41--Continued Coleharbor Silty clay; pebbly, sandy, some organic 
fragmen ts, brown, more sand from 18 
to 20 feet 10-22 

Sand; clayey, yellow scattered organic 
fragments 22-25 

Silty clay; pebbly, sandy, many dark 
gray clay pebbles 25-39 

Hell Creek Clay; silty, dense, dark gray 30-44 

Test hole 42: 0.3 mile north of southeast 
corner of sec 6, T137N, R79W , 
elevation 1/700 feet. 

Oahe Silt; gray 

Sand; yellow, wet below 16 feet 

0- 3 

3-19 

w 
0'> 

Test hole 43: 0.5 mile east of southwest 
corner of sec 34, T138N, R79W , 
elevation 1,850 feet. 

Oahe 

Coleharbor 

Cannonball 

Sand; tan 

Silty clay; pebbly, sandy, yellow-brown 

Sand; yellow 

0- 7 

7-13 

13-15 

Clay; silty, sandy, dark brown 15-19 

Clay; organic, black 19-20 

Clay; tan, scattered small gypsum 
crystals, organic fragments 

Clay; dense, stiff, gray 

20-25 

25-29 

Test hole 44: 0.4 mile east of northwest 
corner of sec 10, T138N, R79W , 
elevation 1,700 feet. 

Oahe 

Coleharbor 

Cannonball(?) 

Sand and silt; tan 

Silty clay; pebbly, sandy, 

Sand; clayey, yellow 

brown 

0-12 

12-17 

17-19 



APPENDIX--Continued 

Test hole 45: 

Test hole 46: 

w 
-..J 

Test hole 47: 

Test hole 48: 

0.4 mile east of northwest 
corner of sec 9, T138N, R79W , 
elevation 1,660 feet. 

0.55 mile north of southeast 
corner of sec 5, T138N I R79W , 
elevation 1,725 feet. 

0.3 mile north of southwest 
corner of sec 28, T139N I R79W , 
elevation 1,800 feet. 

0.35 mile north of southeast 
corner of sec 16, T138N, R81W, 
elevation 1,935 feet. 

Formation 

Oahe 

Coleharbor 

Oahe 

Coleharbor 

Cannonball 

Oahe 

Coleharbor 

Cannonball 

Gahe 

Coleharbor 

Cannonball 

, .
 

Material 

Silt; gray 

Sand; fine-grained, yellow 

Sand and gravel; sand fraction coarse-
grained, gravel mostly dolostone 

Sand; yellow above 23 feet I wet and 
gray below 23 feet 

Silt; gray 

Silty clay; pebbly, sandy, brown 

Lignite 

Silt; clayey I tan 

Silt; very fine, yellow 

Silt; gray 

Silty clay; bouldery, pebbly, sandy, 
brown 

Clay; silty, laminated, yellow and gray 
mottled 

Silt; tan 

Silty clay; bouldery, pebbly, sandy I
 
brown
 

Clay; dense, gray 

Depth in Feet 

0- 4
 
4-11
 

11-22
 

22-29
 

0- 6
 

6- 9
 

9-10
 

10-14
 

14-19
 

0- 4
 

4- 9
 

9-14
 

0- 1
 

1-11
 

11-14
 



APPENDIX --Continued 

Test hole 49: 

Test hole 50: 

Test hole 51: 

w 
00 

Test hole 52: 

Test hole 53: 

Test hole 54: 

0.3 mile east of southwest 
corner of sec 17, T138N, R81W, 
elevation 1,910 feet. 

0.55 mile north of southeast 
corner of sec 14, T138N, R82W, 
elevation 1,890 feet. 

0.25 mile east and 0.05 mile 
north of southwest corner of 
sec 30, T137N, R80W, elevation 
1,650 feet. 

0.5 mile north of southeast 
corner of sec 13, T137N, R81W, 
elevation 1,650 feet. 

0.2 mile west of southeast 
corner of sec 2, T137N, R8IW, 
elevation 1,869 feet. 

0.1 mile west of southeast 
corner of sec 35, T138N, R81W, 
elevation 1,800 feet. 

Formation 

Coleharbor 

Cannonball 

Coleharbor
 

Cannonball
 

Coleharbor 

Oahe 

Coleharbor 

Cannonball 

Cannonball 

Material 

Silty clay; sandy, pebbly, dark brown 
to tan 

Clay; silty, laminated, yellow and gray 
mottled 

Silty clay; pebbly, sandy I gray 

Clay; silty, dense, yellow and gray 
mottled 

Sand and gravel; gravel mostly dolostone 

Clay; silty, laminated, gray, wet below 
13 feet 

Clay; silty, organic, dark gray to black 

Silt and sand; tan to yellow, wet below 
14 feet 

Gravel; sandy 

Clay; silty, dense, gray 

Silt; clayey, tan 

Clay; silty, gray 

Sand; clayey, yellow 

Clay; silty, tan 

Clay; dense, gray 

Depth in Feet 

0-11
 

11-19
 

0-13
 

13-19
 

0- 7
 

7-14
 

0- 4
 

18-20
 

20-24
 

0-10
 

10-24
 

0- 8
 

8-12
 

12-19
 



APPENDIX- -Continued 

Test hole 55: 

Test hole 56: 

W 
<.0 Test hole 57: 

Test hole 58: 

Test hole 59: 

0.2 mile north of southeast 
corner of sec I, T138N, R81W, 
elevation 1,630 feet. 

0.5 mile south and 0.1 mile 
east of the northwest corner of 
sec 35, T139N, R81W, elevation 
1,680 feet. 

0.4 mile east and 0.2 mile 
south of northwest corner of 
sec 34, T139N, R81W, elevation 
1,640 feet. 

0.2 mile west and 0.3 mile 
south of northeast corner of 
sec 17, T139N, R81W, elevation 
1,930 feet. 

0.35 mile south and 0.25 mile 
east of northwest corner of 
sec 36, T139N, R80W, elevation 
1,670 feet. 

Formation 

Oahe 

Cannonball 

Oahe 

Coleharbor 

Cannonball 

Oahe 

.. ,. 

Material 

Silt; clayey, sand, organic, gray 

Sand; silty, yellow, wet below 12 feet 

Clay; silty, laminated, organic 
fragments, gray 

About 10 feet removed at surface. 

Clay; silty, yellow and gray mottled 

Clay; dense, gray 

Clay; silty, sandy, dark gray to black 

Sand; slightly clayey. yellow 

Silt; sandy, organic, gray, wet below 9
 
feet
 

Clay; silty, sandy, dark gray 

Silty clay; pebbly. sandy, brown 

Clay; silty, laminated, yellow and gray 
mottled 

Clay; sandy, silty, gypsiferous 

About 3 feet of silt and 20 feet of sandy 
clay removed at surface. 

Sand; medium-grained, yellow 

Clay; silty, laminated, brown 

Clay; dense, dark gray 

Depth in Feet 

0- 9
 

9-13
 

13-19
 

0-10
 

10-14
 

14-27
 
27-44
 

0-10
 

10-19
 

0-17
 

17-26
 

26-29
 

0- 3
 

3- 8
 

8-13
 



APPENDIX--Continued 

Test hole 59--Continued 

Test hole 60:	 0.15 mile south of northeas t 
corner of sec 29, T139N, R80W, 
elevation 1,855 feet. 

Test hole 61:	 0.25 mile south and 0.2 mile 
east of northwest corner of 

.l::> 
0	 sec 28, T139N, R80W, elevation 

1,800 feet. 

Test hole 62:	 0.4 mile east and 0.1 mile 
south of northwest corner of 
sec 22, T139N, R81W, elevation 
1,775 feet. 

Test hole 63:	 O. 2 mile west of northeast 
corner of sec 15, T139N, R81W, 
elevation 1,690 feet. 

Test hole 64:	 0.5 mile east of southwest 
corner of sec 36, T139N I R80W, 
elevation 1,705 feet. 

Formation 

Cannonball 

Cannonball 

Gahe 

Coleharbor 

Cannonball 

Cannonball 

Coleharbor 

Cannonball 

Gahe 

Material 

Clay; silty, sandy, gray, wet below 24
 
feet
 

Clay; very dense, stiff, gray
 

Sand; clayey, gray, very wet
 

Water rose to within 12 feet of the top
 
of the test hole.
 

Sand; medium-grained, concretionary 

Clay; silty, brown and gray mottled 

Silt; clayey I organic, brown 

Silty clay; pebbly, sandy, brown 

Clay; silty, laminated, brown 

Sil t; clayey, laminated 

Clay; silty, gray and brown mottled 

Clay; dense, stiff, dark gray 

Silt; sandy, bouldery, tan 

Clay; silty, tan to brown 

Clay; dense, gray 

Silt; gray 

Silt; tan 

Sand; fine-grained, yellow 

Depth in Feet 

13-36
 

36-39
 

39-44
 

0-12
 

12-19
 

0- 3
 

3-10
 

10-19
 

0-10
 

10-18
 

18-34
 

0-12
 

12-15
 

15-29
 

0- 5
 

5- 8
 

8-11
 



..... -

APPENDIX--Continued 

Test hole 64--Continued 

Test hole 65:	 0.1 mile east of southwest 
corner of sec 36/ T139N / R80W, 
elevation 1/655 feet. 

J::> 
~ 

Test hole 66:	 0.6 mile south and 0.3 mile 
east of northwest corner of 
sec 35/ T139N I R80W / elevation 
1/845 feet. 

Test hole 67:	 0.6 mile south and 0.3 mile 
east of northwest corner of 
sec 35/ T139N / R80W, elevation 
1,845 feet. 

Test hole 68:	 Northeast corner of sec 10,
 
T138N, R80W, elevation 1,675
 
feet.
 

Formation 

Coleharbor 

Hell Creek(?) 

Coleharbor 

Hell Creek 

Oahe 

Oahe 

Cannonball 

Oahe 

Cannonball 

Oahe 

Coleharbor 

Material 

Silty clay; bouldery / pebbly, sandy 

Clay; silty / laminated, brown and gray 

Sand; silty / fine-grained / yellow-brown, 
wet below 21 feet 

Clay; silty, laminated, brown and gray 

Silty clay; pebbly I numerous clay 
pebbles 

Clay; silty, dark gray 

Clay; silty, organic I dark gray, very 
wet below 10 feet 

Silt; tan 

Silt; clayey I stiff / brown 

Sand; medium-grained, yellow 

Silt; tan 

Silt; clayey, stiff, brown 

Sand; medium-grained / yellow 

Silt; tan 

Sand and silt; yellow, wet below 11 feet 

Clay; silty, laminated, gray 

Depth in Feet 

11-14
 
14-17
 

17-23
 
23-27
 

27-32
 

32-44
 

0-24
 

0- 5
 

5-14
 

14-19
 

0- 3
 

3-15
 

15-19
 

0- 4
 

4-14
 

14-19
 



APPENDIX--Continued 

Test hole 69: 

Test hole 70: 

~ 
N 

Test hole 71: 

Test hole 72: 

Test hole 73: 

0.25 mile west and 0.3 mile 
north of southeast corner of 
sec 10, T138N, R80W, elevation 
1,655 feet. 

0.5 mile east and 0.15 mile 
south of northwest corner of 
sec 15, T138N, R80W, elevation 
1,650 feet. 

0.3 mile south of northeast 
corner of sec 22, T138N, R80W, 
elevation 1,655 feet. 

0.3 mile west of southeast 
corner of sec 35, T139N, R81W, 
eleva tion 1,680 feet. 

0.8 mile east and 0.7 mile 
south of northwest corner of 
sec 24, T138N, R81W, elevation 
1,650 feet. 

Formation 

Oahe 

Coleharbor 

Oahe 

Coleharbor 

Oahe 

Coleharbor 

Coleharbor 

Coleharbor 

Material 

Silt; tan 

Sand; coarse-grained, scattered cobbles, 
yellow 

Clay; silty, yellow 

About 2 feet removed at surface.
 

Silt; tan
 

Sand and gravel; sand fraction is coarse,
 
gravel mostly dolostone, wet below 13
 
feet
 

Clay; silty, laminated, dark gray
 

Silt; gray 

Sand and gravel; sand fraction is coarse I
 
gravel mostly dolostone
 

Sand; coarse-grained, yellow, wet below 
9 feet 

Clay; silty, tan to gray 

Sand and silt; clayey, gray 

Clay; silty I tan and gray mottled 

Sand; fine-grained, tan to yellow 

Sand and silt; clayey, few cobbles, gray 

Gravel; coarse, wet below 13 feet 

Sand; clayey, silty, light gray 

... .I. 

Qepth in Feet 

0- 5
 

5-12
 
12-19
 

0- 3
 

3-19
 

19-24
 

0- 4
 

4- 8
 

8-12
 

12-14
 

0- 9
 

9-12
 
12-14
 

0- 9
 

9-14
 
14-19
 
































































