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Frontispiece.  False-color infrared vertical air photograph of circular markings in the grasslands of eastern Montana. Rings are uniformly
48.7 m in diameter. No satisfactory explanation has yet been suggested for their origin. See Section 5 for discussion.
Photograph courtesy of Robert E. Carroll of ECON, INC., Helena, Montana.
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This publication is number nine in the remote
sensing ‘‘Handbook’’ series. The Handbook series
was initiated with the publication of Remote Sens-
ing: A Handbook for Archeologists and Cultural
Resource Managers in 1977, and has been sup-
plemented by eight additional manuals covering a
number of technical aspects of cultural resources
remote sensing as well as applications in diverse en-
vironments. While many remote sensing techniques
are universally applicable to cultural resources,
some aspects of any technology must be adapted to
fit differing problems and environments. This is
certainly true in the heavily vegetated (and farmed)
midwestern United States. Remote sensing of
cultural resources in this country was pioneered in
the arid West, and it is not uncommon to hear the
opinion that aerial photos and other remote sensor
data are of little use in areas with dense vegetation.
Recently, however, experimental work (including

Preface

that detailed in this volume) has demonstrated that
remote sensing can be easily adapted to fit the needs
of the Midwestern archeologist and cultural
resource manager.

Perhaps a word of caution should be inserted
at this point. Some have construed that the thesis
behind the publication of this series is that remote
sensing is a solution to all cultural resource pro-
blems and needs. This is certainly not the case with
remote sensing or any other of the wide range of ar-
cheological techniques available to the cultural
resources scientist. This volume and the others
which comprise the Handbook series, however, il-
lustrate that when appropriately and properly ap-
plied, the methods and techniques of remote sens-
ing can form a useful and sometimes necessary part
of any integrated program of cultural resources
research or treatment.
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Figure 1.  The Central and Northern Plains in the United States and their cultural subdivisions. (After Wedel, 1961.)
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In this supplement to Remote Sensing: A
Handbook for Archeologists and Cultural Resource
Managers (Lyons and Avery 1977), we are con-
cerned with the potential and realized application of
remote sensing techniques in the Central and North-
ern Great Plains of the United States, that is, with
most of the northern three-quarters of the area
defined by Wedel (1961: Fig. 1), for archeological
purposes, as the Great Plains. This area consists of
the states of North Dakota, South Dakota,
Nebraska, and Kansas, plus the grassland portions
of Colorado, Wyoming, and Montana. Each of the
four cultural subdivisions of that area (Fig. 1) con-
tains distinctive archeological surface and subsur-
face features capable of being detected by the
remote sensing techniques discussed in this manual.

In the Central Plains are the remains of villages
of some of the Caddoan-speaking peoples (prin-
cipally the Pawnee and the Wichita), as well as
those of the Omaha, Oto, and other village dwellers
who entered the area in late prehistoric to pro-
tohistoric times; these remains have been the focus
of much detailed archeological work since the
1930’s. In the Middle Missouri are the remains of
conspicuous, often heavily fortified, villages of the
historic Mandan, Hidatsa, and Arikara, and the
sometimes equally prominent villages of their
prehistoric predecessors.

In the Northeastern Plains, the visible ar-
cheological remains are dominated by linear and
dome-shaped earthen mounds — features which are
shared with the Middle Missouri subdivision. Final-
ly, in the Northwestern Plains the dominant visible
site type is the so-called tipi ring site. Such features
exist there, and elsewhere in the Northern Great
Plains, in numbers which may well be in the hun-
dreds of thousands. Other boulder features such as
effigies, cairns, and rock piles are also found in
quantity in the latter two areas.

Section 1

Introduction

Only rarely in the Plains does the relief left by
archeological remains exceed about 1.2-1.5 m. The
monumental earthen mounds of the Mississippi
Valley and elsewhere in the eastern United States
are here replaced by more modest structures.
Mounds in Plains states are sometimes no more
than 15 cm high (although they may be several hun-
dred meters long). More commonly, such structures
are 30 to 60 cm high.

Features with negative relief are common,
especially along the major stream terraces of rivers
in the eastern part of the Plains. The sites of earth-
covered pit houses, and even of surface earth-
covered dwellings, often leave a shallow, circular
depression in the soil. These depressions occur in
great numbers where communities were large. Such
aggregations of houses, especially in the Northern
Plains, were often surrounded by deep ditches that,
even in their present filled-in condition, are
sometimes 1.5 m deep.

A few other features attain heights exceeding
30 cm or so above the surface, such as the stone
cairns in the Northwestern Plains. Most other
boulder features, however, tend to be only a few
centimeters above the ground, and are visible
primarily by their color, which contrasts with that
of the adjoining soil or vegetation.

These and some other kinds of sites (especially
buried ones and those sites that affect surface soil
conditions) often leave evidence of their presence in
the form of crop marks, where vegetation differs
because former cultural activities have modified the
soil. Consequently, the nature of the ground cover
is of prime importance in site visibility, whether one
is walking or using aerial remote sensing techni-
ques. The next section of this supplement sum-
marizes the principal soil and vegetative patterns in
the Central and Northern Plains.

Most of this supplement will focus on the use



of air photos for finding and mapping historic and
prehistoric archeological sites. Other supplements
in the series, e.g., the one on Oregon (Aikens et al.
1980: 1), recognize that air photos are important in
discovering archeological sites, but they place more
stress on their value in understanding the distribu-
tion of those sites across the landscape. Aerial views
are also major sources of data for mapping en-
vironmental variables important to human ex-
ploitative patterns, and for modeling settlement-
subsistence systems, as we see in Section 4.

Air photos have been widely used in the Plains
ever since 1946, with the founding of the Smithso-
nian Institution’s Missouri River Basin Surveys
Program. At first, they were used principally in
those parts of the Plains where the earth lodge
villages of semisedentary gardening tribes were to
be found. Today, however, they are finding ever-
increasing application in a wide range of other
tasks. The use of nondestructive remote sensing
techniques (Lyons and Ebert 1978) has, never-
theless, only begun, and we can look forward to a
greater understanding of the relationships between
man and environment in the Great Plains.

Exploiting Air Imagery

The application of remotely sensed imagery to
cultural resource studies is becoming increasingly
important. Immediately practical applications, as
well as long range uses in a variety of scientific pro-
blems, are abundant (see Lyons 1976; Lyons and
Ebert 1978; Lyons and Hitchcock 1977). Some of
the problems and applications for those responsible
for managing cultural resources in the Plains, as
well as for those more concerned with understan-
ding the evolution and exploitation of the natural
and cultural landscape over the centuries, are detail-
ed in the following sections.

Air photos may either be used in lieu of maps,
or as a base for constructing maps, for almost any
managerial or scientific purpose (Lyons and Avery
1977: 32-33). Air photos can be used in the place of
topographic or planimetric maps. In some parts of
the West, adequate maps simply do not exist. Even
when good maps are available, they may show too
little relief, too few landmarks, or no vegetation,
making it impossible to locate precisely a given site
or area. In parts of Montana, for example, the only

real landmark in several thousand acres of rolling
grassland might be a solitary windmill, but the
subtleties expressed on air photos will permit one to
locate a very small area on that photo with great ac-
curacy. By-products of air imagery are discussed at
length in later sections.

The archeological interpretation of remote sen-
sor data, and generalized specifications for ar-
cheological photography, have been outlined
elsewhere (Lyons and Avery 1977: 53-65, 84-87).
Consult this source for a good synopsis of the bases
for soil, shadow, and crop marks.

A great deal of variation exists as to the best
time of year to obtain air coverage. Because much
of the Plains — especially in the western regions —
remains a grassland, and because a large part of the
area in the eastern part is under cultivation, crop
marks are important in photointerpretation. Crop
marks are most easily seen when the grass is low,
especially following a rain in late spring or early
fall. Local professional pilots are usually the best
single source for information as to when certain
surface manifestations will be visible. Most pilots
will stress, however, that it is difficult to predict ex-
actly when conditions will be fully optimal for the
best visibility of a given kind of feature; the amount
of moisture stored in the soil, the timing and inten-
sity of rainfall, variation from annual seasonal
temperatures, and many other factors influence the
degree of visibility of crop marks.

Because many kinds of sites are identifiable by
positive or negative relief, the ideal time of day is
generally in the early morning or late afternoon,
when the angle of the sun will produce sharp
shadow marks. The flat light of midday is as poor
for yielding detail in low relief areas in the air as it is
on the ground. Photography very late in the day,
just minutes before sundown, is sometimes useful
for illuminating low-relief features, although the
photograph will probably be technically poor and
will not reproduce well.

The Agriculture Stabilization and Conserva-
tion Service of the U.S. Department of Agriculture
takes air photos of most counties in the Midwestern
and Plains states about every seven years. Counties
which are only lightly farmed are not photographed
as regularly as this. For example, McPherson Coun-
ty, in the heart of the western Nebraska sandhills,
has not been photographed since 1955. Never-
theless, there are substantial parts of the nation for
which there are long sequences of air imagery,
although interrupted by gaps during World War II.



Figure 2.

Long-term studies of many different kinds of
features are therefore possible on these photos, such
as the growth of towns, road systems, agricultural
expansion, and other elements which affect
historical or archeological sites. Negatives for
flights made in 1936 to 1941 have been deposited in
the National Archives. Later coverage can be ob-
tained from A.S.C.S. offices in Salt Lake City
(U.S.D.A. 1975).

Other conditions being equal, the A.S.C.S. air
photos from the late 1930’s and early 1940’s are
probably the cheapest and most useful single source
for air photo coverage for most of the Plains. The
recent destruction of the negatives for the air
coverage for those years for the states of Kansas
and South Dakota by the National Archives means
that a basic source for Plains prehistory has been
lost (Corbyn 1979). Although the National Archives

Big Hidatsa Village (32ME12), a historic Hidatsa site of the eighteenth to nineteenth century. View is east southeast. Photograph
courtesy of the North Dakota State Highway Department.

converted the negatives for these states to
miniaturized safety film, the low resolution of this
film means that prints made from it are all but
useless for our purposes. For this reason,
repositories or individuals who may own prints
made from the original negatives should make
special efforts to preserve them. In addition to their
other virtues, these prints comprise the earliest
systematic air coverage for many areas which have
now been heavily modified by all manner of con-
struction, so they reveal data which have been
obliterated and can no longer be seen even on the
finest modern imagery.

Not only are air photos useful for monitoring
past changes, the monitoring of modern storm and
flood damage and changes in site visibility is
simplified by their use. For example, the loss of
historic or prehistoric sites by the collapse of river



banks into the stream can be monitored using air
photos so that mitigation or preservation can be
planned well in advance.

Although most air photos are taken during
seasons when crop marks may be the most visible,
the opportunity to obtain excellent imagery during
the winter should not be overlooked. Several photos
taken of the Hidatsa earth lodge villages in the
Knife River Indian Villages National Historic Site,
in North Dakota, were taken following a light
snowfall. Rather than obscuring detail, surface ex-
pression at the sites was dramatically highlighted.
At Big Hidatsa (Fig. 2), this resulted from the fact
that the weed cover surrounding the house depres-
sions partly concealed the snow cover, whereas the
snow was more visible in the shorter grasses within
the houses and around the village margin. This cir-
cumstance, combined with shadow marks, provided
very high contrast for surface features. At the near-
by Sakakawea Site, which was entirely mantled by
short grasses, the blowing snow accumulated in low
ridges within the margins of the house depressions,
defining them almost as well as if they had been
outlined with white paint (Johnson and Wood 1980:
Fig. 2).

Even a heavy snowfall does not preclude useful
photointerpretation. A gentle snowfall will produce
shadow marks at the proper time of day, and drif-
ting snow may accentuate subtle surface expression
and/or vegetative cover. In 1955, a privately con-
tracted overflight of the Cross Ranch, on the
Missouri River opposite the town of Washburn,
North Dakota, was made following a snowfall
which left 15 to 20 cm of snow on the ground.
Although virtually all ground cover except trees was
obliterated in the imagery by the snow, the late
afternoon timing of the flight resulted in shadow
marks at each of the earth lodge villages along the
Missouri River terraces — marks which are pro-
nounced enough that planimetric maps could be
produced from them.

Contracting for Air Imagery

A great deal of advice on how to obtain new air
imagery exists, but several cautions for those just
beginning to use them are given below.

1. Before any decision is made to purchase new

imagery for any area, check carefully for ex-

isting coverage. Because of the great demand

and multiple uses for air photos of every kind,
many different sets of black-and-white photos
are already on hand for most parts of the
United States. Lyons and Avery (1977: 27-31)
have synopsized the basic sources for existing
imagery and maps. Infrared, false-color, or
special map coverage at particular scales must
usually be contracted.
2. Once the decision is made to contract with a
commercial firm for new coverage, weigh
carefully the decision to provide the ground
control. There are many hidden costs and
problems in providing ground control, and
unless you have highly trained personnel, an
engineering firm can do the job much faster,
and more economically and precisely.

3. Plan your real and potential needs carefully

in contracting for an overflight. Have as many

kinds of film as possible taken of the subject at
the same time. A return flight, for any reason,
will be as expensive as the initial one.

The relative costs of on-the-ground mapping
versus photogrammetric mapping (although at now
obsolete cost estimates) may be found in several
papers (see Ebert 1977: 177-185; Ireland 1980;
Jorde and Bertram 1976:42-54). For details on a
North Dakota example, see Section 6.



General Geology and Landforms

The Great Plains of the interior of the North
American continent is a large regional grassland
that extends from central Canada southward to the
Rio Grande River in Texas, and eastward from the
Rocky Mountains to the western borders of Min-
nesota, Iowa, and Missouri. The eastern border
cannot be well defined since there are no major
physiographic landmarks, nor is there a break in
topography or vegetation. Rather, the Plains may
be characterized as a gentle gradient from the cen-
tral lowlands of the Midwestern United States to the
Rocky Mountains on the west (see Hunt 1967).
Although precise bounding is difficult (if not vir-
tually impossible) for the Great Plains Province,
our discussion will be oriented toward what is
known archeologically as the Central and Northern
Plains, which include the eastern portions of Mon-
tana, Wyoming, and Colorado, as well as all of
North and South Dakota, Nebraska, and Kansas.
From a physiographic standpoint, this area includes
the Missouri Plateau of Montana and the Dakotas,
and the High Plains of the states to the south (Fen-
neman 1931; Hunt 1967) (see Fig. 3 a—b).

The area under discussion came into existence
relatively late in the geological record, principally
during late Mesozoic and Cenozoic times (Hunt
1967: 222, 224). Uplift of the Rocky Mountains is in
large part responsible for the structural geology of
the Great Plains today. The underlying Mesozoic
formations of the Great Plains derive from marine
sediments deposited during Upper Cretaceous times
in a large sea extending from the Arctic Ocean to
the Gulf of Mexico. As a result of the continuous
uplifting activities that formed the Rocky Moun-
tains, a large outwash plain formed to the east,

Section 2

The Great Plains Landscape

creating the High Plains (Hunt 1967: 224).

For the most part, the Plains are gently rolling,
with Mesozoic and Cenozoic formations being
relatively horizontal, although there are several
local structural anomalies. Isolated hills and moun-
tains occur in this region, otherwise characterized
by little vertical relief, and are located in eastern
Montana and Wyoming, and in western South
Dakota. These mountains, formed as the result of
doming and of laccolithic or other geologic intru-
sions (Hunt 1967: 222), include the Sweetgrass Hills
and the Bearpaw, Little Rocky, Highwood, Moc-
casin, and Judith Mountains of Montana. The
Black Hills are an example of dome mountains
resulting from uplift. Additional ranges, such as the
Big Horn and the Pryor Mountains, are found
along the western edge of the Great Plains adjacent
to the Rocky Mountains in Montana and Wyoming.

Other topographic anomalies in the Plains in-
clude the badlands and the sandhill regions.
Southwestern North Dakota, northwestern South
Dakota, and adjacent areas of Montana and
Wyoming have badlands regions characterized by
heavily eroded shale formations and steep,
dissected topography. These areas also contain
lignite beds that have sometimes ignited in situ and
baked the overlying shale, forming a bright red
clinker that is similar in weight and appearance to
scoria. The sandhills of western Nebraska are
another surficial anomaly of the Plains. This region
consists of an extensive network of active and inac-
tive sand dunes that provides greater relief for the
High Plains than would otherwise be expected.

The principal drainage system in the Central
and Northern Plains is the Missouri River Basin. In
general, streams flow eastward from the Rocky
Mountains and drain into the Missouri River,
creating a ladder-like pattern. Streams flowing west






