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The cover picture shbws some 34 000 square kilometers (13 000 square

miles) of southern California, including Los Angeles (lower right) and
other cities of the Los Angeles Basin and San Fernando Valley. The light-
colored triangular area in the upper right quarter of the scene is the
Mojave Desert, bounded on the southwest by the San Andreas fault and
on the northwest by the Garlock fault. The Mojave Desert is separated
from the Pacific Ocean in this area by the various mountains making up
the Transverse Ranges. The south end of the San Joaquin Valley is visible
at upper left, marked by the checkerboard pattern characteristic of farm-
ing areas. A more detailed description of this area will be found accom-
panying plate 129,

The front endpaper shows the first false color mosaic of the conter-
minous United States constructed from 569 Landsat images by the General

Electric Co. in cooperation with the National Geographic Society and the
National Aeronautics and Space Administration. This false color rendi-
tion used multispectral scanner bands 4, 5, and 7, displayed in blue, green,
and red, respectively.

The first precision black and white photomosaic of the conterminous
United States is shown in the back endpaper. This mosaic was compiled
using imagery from Landsat 1. The mosaic consists of 595 cloud-free,
multispectral scanner band 5 (0.6 to 0.7 micrometer) images obtained
during the period from July 25 to November 1, 1972, The Soil Conserva-
tion Service of the U.S. Department of Agriculture produced the mosaic
for NASA’s Goddard Space Flight Center. Mosaics of Alaska and Hawaii
appear on the last page before the endpaper in the back of this book.
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This book is dedicated to William Nordberg, whose dynamic
leadership contributed greatly to the development of the Land-
sat system and to the achievement of project objectives. His
boundless energy, creative ability, and tireless efforts brought
together a large number of technical contributors and data
users from all over the world, so that Landsat has truly lived
up to its motto, “For the benefit of all mankind.”
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Preface

This book was conceived on the very day the first Landsat (originally called
the Earth Resources Technology Satellite or ERTS) images were received, proc-
essed, and displayed to the more than 100 expectant scientists and technologists
at the Goddard Space Flight Center. Almost immediately after the Landsat 1
image showing the Quachita Mountains (see p. 84, plate 49) was mounted in a
viewer, one of the book’s authors—surprised and delighted by the variety and
sharpness of the features it contained—announced to his nearby colleagues that
“we’d better get started right now in picking the best to come for a picture book.”

Nearly 4 years and more than 100 000 images later, the results of that com-
mitment have been assembled into this compendium of outstanding Landsat scenes
depicting the Earth’s surface from a perspective never before presented in such
breadth and detail. Prior to Landsat, synoptic photos that view large areas of the
world had been obtained during the Mercury, Gemini, and Apollo missions. Un-
manned NASA meteorological satellites in the TIROS and Nimbus series also
produced TV and scanner images that covered vast areas of the continents. The
Soviets, too, had acquired similar pictures from many of their space efforts. But,
for the first time, Landsat images make it possible to visualize essentially the entire
global land surface at a scale and resolution that specify many natural and cultural
features in man’s familiar environments with sufficient clarity to be recognized. In
addition to their technical value, Landsat images are almost unique in their esthetic
qualities—showing in numerous examples a richness in color and form that rivals
the finest of the French impressionist paintings.

Mission to Earth will be published during the year of the bicentennial cele-
bration of the founding of the United States of America. It is fitting, in honor of
this event, that almost 40 percent of this book presents outstanding views of the
vastness and variety of our country—the wooded Appalachians and industrial
lowlands of the east, the rolling glacial hills and scattered lakes of the north coun-
try, the pine forests and savannas of the south, the prairies and farms of the mid-
west and plains, the western mountains and desert basins from Canada to Mexico,
and the rugged coastlines along the Pacific. The book, furthermore, appears at
about the same time as an excellent companion volume:

ERTS-1, A New Window on Our Planet (R. S. Williams and W. D.
Carter, eds.), U.S. Geological Survey Professional Paper 929, 1976

That book reviews in more detail a wide range of examples and case histories
that demonstrate the practical applications of Landsat to resources evaluation and
decisionmaking in many of the activities—including cartography, geologic map-
ping, mineral resource evaluation, water inventory, coastal and wetlands manage-
ment, and land use assessment—that come under the auspices of the Department
of the Interior. '

Mission to Earth traces its particular lineage to several publications:

NASA SP-129 and SP-171, Earth Photographs From Gemini 111, 1V,
and V and Earth Photographs From Gemini VI Through XII, U.S.
Government Printing Office, 1967 and 1968

NASA SP-250, This Island Earth (O. W. Nicks, ed.), U.S. Government
Printing Office, 1970

P. D. Lowman, The Third Planet, Weltflugbild Publ., Switzerland, 1972.

In planning the present book, we have generally followed the format and
style of these predecessors. However, two important variants have been introduced.
First, we have preceded the main “picture gallery” section with a comprehensive
introduction explaining the spacecraft and its data-gathering systems, and giving
also a broad review of Landsat accomplishments and applications. (Additional
technical detail is provided in appendix A.) This properly recognizes that Landsat
was designed primarily to collect extensive information about both the spatial and
temporal states of the Earth’s surface to better assess the natural resources avail-
able to mankind. Second, we have expanded the customary lengths of captions
accompanying the images to narratives that, hopefully, summarize most of the
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basic story present in any scene. Thus, as a rule, a caption will describe the well-
known geographic points of interest that locate the scene, its main urban and
cultural features, the major farming and industrial activities of the region, and its
characteristic natural vegetation. In addition, many aspects of the geology exposed
in a scene have been given considerable attention. (See appendix B for a glossary
of technical terms.) This, no doubt, reflects the geological background of two
of the authors and the physical geography background of a third, but it also stems
from the inherent dominance of many scenes by such expansive and imposing
features as mountain ranges, depositional landforms, and volcanic fields, which
occupy a large fraction of any regional terrain. .

The selection process leading to this final collection of exceptional images
deserves some explanation. As Landsat 1 continued to send back new imagery,
certain individual images were singled out as being special by many interested
workers at Goddard, other agencies, the investigator teams, and others in the data
user community because of such diverse criteria as geographic location, natural
scene content, variety of information relevant to applications, features or events
of unusual interest, political importance, public relations value, and explicit beauty.
These images, then, became the nucleus of the book; some were added and others
deleted over time so as to lead to constant iteration of content and improvement
in scene quality. Many of the images that remain in the final version were culled
from a large collection. Others were found by frequent “rummaging” through the
files of the Landsat Browse Library at the NASA Data Processing Facility (NDPF).
Some iages were chosen from the collection developed for press releases by
Goddard’s Public Information Office. Again, other images had been prepared for
the user community by several photographic laboratories outside NASA. (See
appendix C.)

Ultimately, the makeup of the image sequence depended on three factors.
First, we tried insofar as practical to “cover the world” with representative ex-
amples. One constraint was to give some preferential coverage to the United
States—about 40 percent of the book is devoted to the 50 States. At least one
image was selected to include part of each State. The total allotted to each State
was fixed by the size of the State (Rhode Island and Delaware essentially fit into
single images whereas 13 images embrace only a fraction of Alaska) and by the
variety of features we wished to depict (California, for example, required nine
images to show most of its major cities and certain natural phenomena). Another
constraint involved the attempt to cover the better-known areas elsewhere in the
world while showing the considerable variations in regional geographies. Only
about 200 scenes could be used to exemplify the remainder of the Earth’s con-
tinents, which otherwise would require almost 11 000 scenes for complete cov-
erage. Certain areas such as parts of Africa and Canada may seem to be dispro-
portionately covered; this is largely the consequence of either the “photogenic”
nature of the regions selected or the availability of extensive coverage. Some parts
of the world have not been as well treated in this book simply because of limited
coverage from Landsat. Thus, few suitable images were available for much of
central Africa and parts of Central and South America, Ireland, and sections of
the European Soviet Union and the block of Warsaw Pact nations; this is generally
the result of excessive cloud cover or the absence of NASA-sponsored investiga-
tions there that called for coverage.

The second factor was based on the availability of appropriate black and
white or color composite imagery. Because of uneven quality, it was necessary
to reprocess all black and white images to improve scene contrast and definition.
The color composites come from several sources. (The sources of the images are
listed in appendix C.) Each processing source tends to have its own characteristic
color balance. Images produced by one laboratory are recognized by their stronger
green and yellow tones whereas those made by another facility emphasize blues
and reds. Still other sources might lean toward brighter or more pastel renditions,
brown tones, etc. This diversity stems from a current lack of control specifications
for color processing of Landsat images; each facility employs some particular
equipment and materials to routinely process its images without regard to repro-
ducing to a common standard. The reader will therefore notice several distinct
color types in this book. Color variations, of course, can be useful in bringing out
certain features within the image, and completely different color combinations
are often made for interpretative reasons. (See the introductory chapter.)

The third factor was the suggestion to “inject some variety” into the image
sequence to sustain reader interest. This translates into an interspersion of mosaics,
montages, enlargements, and repetitive coverage of Landsat imagery into the
common mode of presentation. The standard mode is that of the 1:1 000 000
scale format in which the complete scene is 185 km (115 miles) on a side and
encompasses about 34 000 km? (13 000 sq miles). In this book, the tick marks.



locaters, and other descriptive notation have been removed from the images pre-
pared at the NASA Data Processing Facility (an example of the complete nota-
tion appears in fig. 13(a)). Some of this information, including geographic center
coordinates and Sun azimuth and elevation, is recorded in appendix C. Each normal
mode image has been fitted to a reference (letter-number) grid system along its
margins. Any feature within the image, when referred to in its caption, can be
located to an accuracy within one grid cell using this system. Some scene features
spread out over several cells while others may lie more or less astride cell lines
or their intersections; the reader must exercise some judgment in finding a specific
location. Nonnormal mode images (e.g., mosaics) generally are indexed by sketch
maps that locate features identified in the caption text.

Most of the captions were written by Drs. Short, Lowman, and Finch, but
“guest” caption writers were sought for some individual or groups of images. The
author of each caption is indicated in appendix C.

The ideal way to write a definitive caption free of error is to visit the area
under consideration and to interview the local experts. Because this was not
possible, the next best alternative was employed, consulting appropriate reference
books, drawing upon travel experiences and professional knowledge, and checking
with knowledgeable people in the Washington, D.C., area or with foreign visitors
to Goddard. Because source books and regional data were often lacking or were
notably sparse in the particular kinds of information required, we admit to the
likelihood of errors of misidentification, incorrect geographic nomenclature (vari-
ous atlases used different and inconsistent spellings), and overgeneralizations in
regard to geological, agricultural, and natural vegetation features listed as present
in the scene (for example, a given crop or forest type that is only a small percent-
age of the total number of varieties present is normally given coequal listing).
Owing to production schedules, we were unable to subject these captions to the
same extensive review by outside specialists that we habitually apply to our tech-
nical papers. To allow the reader to cross-check the data sources, we here present
those principal references employed in preparing the captions:

National Atlas of the United States, U.S. Geological Survey, 1970

The [London] Times Atlas of the World (J. Bartholomew, ed.), volumes
.Ito V, Houghton Mifflin Co., Boston, 1957

National Geographic Atlas of the World (F. G. Vosburgh, ed.; rev. 3d
ed.), Washington, D.C., 1970

Goode’s World Atlas (E. G. Espenshade, Jr., and J. L. Morrison, eds.;
14th ed.), Rand McNally & Co., Chicago, 1974 '

Advanced Level Geography Series: D. C. Money, Australia and New
Zealand; H. Robinson, The Mediterranean Lands; D. C. Money,
South America; B. Carlson, North America; H. Robinson, Western
Europe; W. F. Hornby and P. Newton, Africa; Monsoon Lands (pt.
1: R. T. Cobb and L. J. M. Coleby; pt. 2: W. B. Cornish);
University Tutorial Press, London

Preston, James, Latin America, Odyssey Press, 1964

A. B. Mountjoy and C. Embleton, Africa: A New Geographical Survey,
F. A. Praeger Pub., Inc., 1967

S. P. Suslov, Physical Geography of Asiatic Russia, W. H. Freeman and
Co., Publ,, 1961

L. S. Berg, Natural Regions of the U.S.S.R., Macmillan Co., New York,
1950

D. V. Nalivkin, The Geology of the U.S.S.R.: A Short Outline, Pergamon
Press, 1960

C. B. Hunt, Physiography of the United States, W. H. Freeman and Co.,
Publ., 1967

W. D. Thornbury, Regional Geomorphology of the United States,
Wiley-Interscience, 1965

E. Raisz, Landforms of the United States (6th rev. ed.), 1960

This book has been oriented toward a wide readership—resource specialists;
research professors; college and high school teachers in the relevant disciplines;
the serious student in geography, geology, and other fields; the outdoorsman; the
traveler; and the general public. As an aid to the reader, in appendix B we have
compiled a glossary of terms from the several indicated sources. The reader is
advised to become familiar with the geological terms that recur frequently in the
captions.

An Educator’s Guide for Mission to Earth: Landsat Views the World is
available from the Educational Programs Office, Code 202.3, Goddard Space
Flight Center, Greenbelt, Md. There is no cost for this publication. ,

The Educator’s Guide serves as an educational supplement to Mission to
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Earth. It provides a general overview of the Landsat program, how the satellite
operates, and an explanation of remote sensing and imagery, as well as some
suggested classroom uses of the imagery.

Contained within the Guide is a Teacher’s Resource Section that includes
classroom activities, exercises, and techniques for using the imagery. This section
is organized around several major discipline areas; i.e., Earth science, geography,
and social studies. To facilitate the use of Mission to Earth, the Guide includes a
glossary of geological and remote sensing terms that are used in the book.

Some readers will no doubt want to procure copies of individual images dis-
played in this book or may desire images of other areas of personal interest to
them. These readers are encouraged to write to any of the following distribution
centers for further information, including catalogs and prices, about Landsat
imagery:

EROS Data Center, U.S. Geological Survey, 10th and Dakota Ave.,
Sioux Falls, S. Dak. 57098

National Climatic Center, Federal Building, Asheville, N.C. 28802

Department of Agriculture, Western Photo Laboratory, ASCS-USDA,
2505 Parleys Way, Salt Lake City, Utah 84109

In closing, we take this opportunity to express our gratitude to the following
for their assistance in preparing this book: H. Mathews (formerly of NASA
Goddard), A. Anderson, A. Rango, and V. V. Salomonson, all of NASA Goddard,
for help in selecting the images; C. Bohn, S. Deremer, and B. Bligh of NASA
Goddard for aid in obtaining many of the images; W. Kouns of NASA Goddard
for performing several important tabulation and plotting tasks; A. Smith of General
Electric Space Sciences, Inc., for helpful services in providing numerous color
composite images; and B. M. French of the National Science Foundation for
suggesting the title of this book.
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Survey of the Landsat Program™

The now-famous deep space photographs of the Earth from
Apollo spacecraft (fig. 1) dramatize the uniqueness of our
planet, and especially the fragility of its environment. These
photographs have also brought out the global nature of many
problems, such as pollution, drought, and climatic changes.
Satellites and other space vehicles are naturally suited to study
such problems. To use this capability in a practical way, the
National Aeronautics and Space Administration (NASA) es-
tablished the Earth Resources Survey Program in 1965. This
program has since evolved into an effort to apply space and
aircraft technology to global problems now becoming acute:
food production, increasing scarcity of metals and fossil fuel
supplies, and environmental degradation, to mention just a few.
It is also concerned with acquiring continuing information on
such diverse regional activities as forest cutting, changing land
use, water storage, and coastal sedimentation effects. The pro-
gram gathers its data primarily through “remote sensing,” the
science (or art) of studying objects or areas from a distance.

As generally used, “remote sensing” refers to the recording
and analysis of electromagnetic radiation—uvisible light, infra-
red radiation, and similar forms of wave-transmitted energy.
Remote sensing, strictly speaking, is a new term, not a new
science. Astronomy has always depended on sensing at a dis-
tance as its main tool, and any table radio is a remote sensing
instrument of certain wavelengths of electromagnetic radiation.

The NASA Earth Resources Survey Program is based largely
on remote sensing of the Earth’s surface from aircraft and space-
craft. Emphasis is placed on detecting and measuring radiation

FiGURE 1.—Deep space photo of Earth from Apollo.

* Written by Stanley C. Freden, Goddard Space Flight Center.

ranging from the ultraviolet through the visible and infrared to
the microwave portions of the electromagnetic spectrum. The
program relies on a wide variety of instruments and techniques
and on advanced communication systems to relay the data to
control and processing facilities and on computers to store,
process, and analyze the data. Many discipline specialists, such
as hydrologists, foresters, and geographers, then interpret the
data products and apply the results to the solutions of practical
problems in the everyday world. This type of information is
also proving valuable to decisionmakers concerned with man-
aging the Earth’s resources and environment. The role of
NASA is mainly an experimental one demonstrating concepts
and feasibility, inasmuch as operational applications of remotely
sensed information to fields such as geology, agriculture, and
environmental monitoring are the province of other designated
governmental agencies and many private organizations in the
user community.

Since its inception, the Earth Resources Survey Program has
included experiments carried out from the Gemini, Apollo,
Landsat, and Skylab space missions as well as from aircraft.
Clearly, the most significant and widely used mission to date
has been the highly successful Landsat (originally named the
Earth Resources Technology Satellite, or ERTS). Landsat 1 was
launched on July 23, 1972. A second Landsat was placed in
orbit on January 22, 1975, so that both spacecraft have now
operated simultaneously for more than a year. Designed as a
research and development tool to demonstrate the feasibility of
systematic remote sensing from Earth orbit for resource and
environmental monitoring, the two Landsats have already
shown that the application of satellite-acquired data on the
Earth’s surface is a practical reality. Hundreds of thousands of
images of the Earth have been returned by these satellites. This
book presents some of the best of this collection.

THE LANDSAT SYSTEM

Basic data on the technical aspects of Landsat, such as
orbital parameters, sensor payload, data products, and data
handling systems, are reviewed in detail in appendix A. A brief
synopsis of the characteristics of the satellite system and the
principal data products is given in the next paragraphs.

An artist’s rendering of the Landsat 1 spacecraft is shown in
figure 2. This satellite moves in an almost perfectly circular orbit
at an altitude of 917 km (570 miles) inclined at 81° relative
to a plane passing through the Earth’s Equator. This near polar
orbit is also Sun synchronous, crossing the Equator on the
day side of Earth 14 times every day at approximately
9:30 a.m. local time in each transit. Each successive orbit
shifts westward about 2875 km (1785 miles) at the Equator.
On the following day the next 14 orbits parallel those of the
previous day, but each one is offset westward by about 159 km
(99 miles). Images obtained for any two adjacent orbits show
about 15 percent sidelap at the Equator; this sidelap increases
to about 85 percent near the poles. All parts of a large region,
e.g., a continent, are imaged during the succession of shifted
orbits in a cycle lasting 18 days. Thus, in principle, any area
can be imaged every 18 days, but, in practice, cloud cover
usually reduces the coverage to some simple multiple of 18,
which depends on geographic location and time of year (a



FIGURE 2.—Artist’s concept of Landsat 1.

typical case in the eastern United States is 54 days, but this
varies with season).

Two imaging sensor systems operate on the Landsats. One,
a television camera system referred to by the acronym RBV
(for return beam vidicon), was shut down early in the
Landsat 1 operation owing to a switching malfunction. The sec-
ond is a multispectral scanner (MSS) (see Appendix A for an
operational description), which produces a continuous image
strip built up from successive scan lines extended perpendicu-
lar to the forward direction of the satellite’s orbital motion.
Reflected light from the ground is transferred by an oscillating
mirror in the MSS to a recording system after passing through
filters that select different wavelength intervals of this light.
Each of the four wavelength channels processes a predeter-
mined spectral interval or band (the bands of the MSS are
numbered 4, 5, 6, and 7 simply to avoid confusion with the
three RBV bands, which are numbered 1, 2, and 3) according
to the following arrangement:

MSS band no. Wavelength, um Spectral region
4 0.5t0 0.6 Green
5 0.6t0 0.7 Red
6 0.7 t0 0.8 Near infrared
7 0.8to 1.1 Near infrared

One principal use of this multispectral capability stems from
a basic property of materials. Because various classes of fea-
tures found on the surface reflect differing amounts of light at
different wavelengths or wavelength intervals, they can be sep-
arated and identified by their own characteristic reflectance pat-
terns, or spectral “signatures.” For example, vegetation typically
reflects more green light than red and is very reflective (bright)
in the infrared. Many dry soils, by contrast, reflect less light in
the green than in the red and moderately more so in the infra-
red; wet soils show similar patterns of relative reflectance in the

four bands but the magnitude or intensity of light reflected in
each band is reduced by the general light-absorbing character
of water.

The light reflectance data obtained by the MSS on board
Landsat are first converted to electrical signals, which vary in
proportion to the intensity measured for each band. These
analog signals then are converted into a digital form and
transmitted to one of the three receiving stations in the conti-
nental United States. (By agreement with other nations, for-
eign stations are constructed and operated by participating
countries. Canada, Brazil, and Italy have each developed a
station and Zaire, Iran, and Chile are proceeding with similar
developments.) Data from the satellite can be collected by a
receiving station over about a 2800-km (1700-mile) radius
depending somewhat on antenna size, station elevation, and
local terrain features. Wherever a region of the Earth lies
beyond a receiving station, data obtained during a Landsat
overpass are stored on an onboard tape recorder for playback
later when the satellite is within range of one of the U.S.
stations.

The digital video data can be re-formatted into computer-
compatible tapes (CCT’s) and analyzed by investigators and
users through a variety of computer-based programs. Alterna-
tively, the digital data can be reconverted at ground-processing
facilities into sets of black and white photo images. Each of
the four black and white images (fig. 3) represents a particular
spectral band; the gray tones associated with individual fea-
tures vary from one band image to the next in proportion to
the amount of light reflected from each small surface area.
Color images are made from combinations of individual black
and white images by projecting each given band through a
particular filter. The usual combination consists of band 4
(green) projected through a blue filter, band 5 (red) projected
through a green filter, and band 7 (infrared) projected through
a red filter. In this rendition (called a false color image), which
is equivalent to the standard false color infrared product of con-
ventional color infrared photography, growing vegetation will
appear in various shades of red, rocks and soils will normally
show colors ranging from bluish through yellows and browns,
water will stand out as blue to black depending on depth and
amount of suspended sediment, and cultural features (towns
and roads) will usually be recognized by bluish-black tones
arranged in characteristic patterns. These general identifying
colors will vary somewhat depending on such intrinsic scene
factors as angle of illumination (time of year), vegetational dif-
ferences (season), and atmospheric conditions, as well as on
the processing and printing methods and materials used in a
particular photo lab.

Several types of photo products are generated from Landsat
data. These include positive and negative transparencies and
paper prints of different sizes (representing several ground
scales) in black and white and in color. The most frequent
format—from which most images in this book were repro-
duced—is the 23-cm (9-in.) print. At that size, the image itself
is scaled at 1:1 000 000 or 1 cm of the print matches 1 000 000
cm (10 km) on the ground. (One inch represents 16 miles.)
For this scale, the dimensions of the scene outline (whose
slanted sides are explained in appendix A) are approximately
equivalent to 185 km (115 miles) on a side. A Landsat scene
therefore covers approximately 34 225 km? (13 225 sq miles).
The effective resolution (in terms of the smallest adjacent
ground features that can be distinguished as separate entities)
is about 80 m (250 ft); linear features as narrow as 10 m
(33 ft) are sometimes visible where they are in sharp contrast
to their surroundings (e.g., bridges over water or dirt roads
passing through dark brush). Owing to the high altitude of the
satellite and the narrow field of view (=*5.8°), the shapes,
dimensions, and relative locations of individual features remain
almost constant over the entire image. Because distortions and
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(b)
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FiGUurRe 3.—Landsat spectral bands for the MSS in the Salt Lake City,
Utah, area, August 7, 1972. (a) Green. (b) Red. (c) Near infrared.
(d) Infrared. (e) Color composite.

(d)

displacement are small, these images are orthographic and meet
current national map standards for acceptable fidelity at scales
as large as 1:250 000.

The minimal distortion at the edges, together with the capa-
bility of images taken at different times of year to be adjusted
to similar photographic densities or shading, allows them to be
joined in mosaics with very little of the special manipulation
often required for aerial photographs. Uniformly toned mosaics
of entire States, broad regions, and even continents can be pro-
duced from Landsat imagery, as exemplified by the remarkable
mosaic of the 48 conterminous States of the United States pre-
pared for NASA by the Department of Agriculture’s Soil Con-
servation Service. (See back endpaper.)

Although Landsat is primarily an imaging system, it is also
being employed to relay radio signals sent from data collection
platforms (DCP’s) on the ground to the regular receiving sta-
tions. The DCP’s are usually located in isolated or remote
areas, where they collect in situ information or make measure-
ments on such diverse physical conditions as water temperature
or seismic activity. DCP’s are also placed at points where
ground data would aid in interpretation of image data or of
other aspects of an experiment or application, e.g., sediment
density, water depth, or snow depth.



DISCIPLINE APPLICATIONS

Landsat is the first of a generation of unmanned satellites
dedicated to repetitive surveillance of the continents and adja-
cent coastal waters to gather data for a variety of practical
applications in Earth resources. For convenience these appli-
cations can be classed into six major categories, each coming
under the purview of some recognized professional discipline
or specialty. For example, information sought by Landsat on
the distribution, growth states, and anticipated productivity of
both natural and cultivated vegetation can be grouped under the
heading of agriculture, forestry, and range resources. This in-
formation is of value to diverse users such as agronomists,
pedologists, recreational planners, conservationists, economists,
park rangers, and water engineers. Likewise, analysis of Land-
sat data pertinent to landform classification, crustal deforma-
tion, dynamic earth-moving processes, and exploration for
metals and oil becomes the responsibility of the geology disci-
pline. Some disciplines such as land use and (cartographic)
mapping have their own sets of unique applications but also
rely upon certain observations and measurements that overlap
and are of mutual interest to other disciplines.

Examples of many specific applications within each of the
six disciplines are listed in table 1. Many of these examples are
treated in some detail in the remaining sections of this chap-
ter, presented in the sequence of the disciplines recorded in the
table. Each discipline is reviewed first to define the basis or
rationale for using remote sensing from space rather than
ground or air surveys to obtain critical data relative to the appli-
cations cited. It should be pointed out that Landsat is not the
first space system to provide such data. Considerable experience
. in conducting remote sensing surveillance has accumulated for
many years from aerial flights with photo cameras and other
sensors; from photo experiments on the Gemini and Apollo
missions; and from specialized- sensors on Nimbus, TIROS,
and other meteorological satellites. Landsat, however, is the
first spacecraft capable of producing medium-resolution, multi-
spectral, seasonal images from digital (computer-compatible)

data in formats specially tailored to the needs of specialists,
technicians, and managers in the Earth resources disciplines.

Many additional examples of applications to agriculture,
land use, geology, water resources, oceanography and marine
resources, and environment, not mentioned in the remainder
of this section, as well as to other disciplines such as geography,
meteorology, and history are treated in the captions of the
Landsat images selected for this book.

AGRICULTURE, FORESTRY, AND
RANGE RESOURCES

Basis for Remote Sensing Applications

The world’s population is increasing at a rate of 250 000
young mouths per day; it is estimated that it will increase by as
much as three times its current level in the next 50 yr. The
food required to feed these many billions must increase by at
least the amount of the population rise and, in fact, a sixfold
jump in production is necessary to raise the protein level of
consumption to that meeting today’s U.S. standards for good
health. To meet these increasing demands for food and fiber,
levels of crop production must be improved through more effi-
cient yields and less undesired loss and through effective
conversion of available noncultivated land to well-managed
farms. Greater yields and increased acreage as well as more
efficient range management are also required for grazing on
rangelands to provide higher forage production for the animals
consumed in man’s food chain.

Even in the most technologically advanced countries, up-to-
date and accurate assessments of total acreage of different
crops in production, anticipated yields, stages of growth, and
condition of health (vigor) are often incomplete or delayed
(nontimely) in relation to information needed by agricultural
managers. These managers are continually faced with decisions
on planting, fertilizing, watering, control of pests and disease,
harvesting, storage, evaluation of crop quality, and planning
for new areas to cultivate. The resulting information is used to
predict marketing factors, evaluate effects of crop failure, assess

TABLE 1.—Summary of Applications of Landsat Data in the Various Earth Resources Disciplines
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damage from natural disasters, and aid farmers in determining
when to plow, water, spray, or cut. Data of this kind are ob-
tained in the United States at the county farm agent level and
then collated by the Statistical Reporting Service of the Depart-
ment of Agriculture. For the aggregated United States, the
inventory system is reasonably reliable for most crops but
nevertheless is still open to improvements in timeliness, extent
of coverage, and correction for nonharvested acreage. In many
other parts of the world, the reporting system ranges from ade-
quate to meager to nonexistent. To meet the coming demands
of a rapidly burgeoning population, a truly worldwide system
is clearly essential.

In past years, aircraft surveys have been used sporadically
to assist crop and range managers in gathering useful data.
With the advent of a multispectral, repetitive satellite that can
image the entire world’s land surface a number of times each
year, the “dream” of an automated crop inventory capability is
now approaching reality. Information from satellites such as
Landsat can be integrated into a sophisticated crop assessment
system, such as the one outlined in figure 4. Other satellites,
including already operational meteorological satellites and some
planned for the future, add critical data on weather conditions
such as temperature and moisture to the system. The total num-
ber of observations and volume of information produced from
such a satellite system and from supplemental data sources are
tremendous indeed; however, the digital format in which the
satellite data are usually recorded allows computers to process
these data directly and thereby reduce the vast quantity of
ever-flowing information to the precise outputs required by
the managers in their continuing decisionmaking.

The principles of remote sensing by which crop and range
types are recognized and yields assessed from Landsat observa-
tions are relatively simple to explain. First, land given to agri-
culture is generally easy to identify in a Landsat image because
it customarily has uniform or regular boundaries giving rise to
well-defined shapes such as rectangles, polygons, and circles.
Landsat can recognize many major crop types with accuracies
of 90 percent or higher in fields of 80 000 m? (20 acres) or
larger and can achieve lesser accuracies in fields as small as
20 000 m? (5 acres). Fallow or unplanted fields are easily dis-
tinguished in false color composites by their characteristic
blues, tans, or browns—the specific color depends on the type
of soil. Growing crops appear in various shades of pink to
red—young plants tend to appear pinkish while many fully
matured crops are bright red, and rice appears as dark red
(owing to black tones introduced from associated water).

However, crops are best identified from computer-processed
digital data that represent quantitative measures of radiance
(percentage or intensity of reflected light). In general, all leafy
vegetation by itself has a similar reflectance spectrum regard-
less of plant or crop species. The differences among crops, by
which they are separated and identified, result from degree of
maturity, percent of canopy cover, and differences in soil type

Satellite data

{atmospheric corrections)
j Acreage

/ |

Production

Plant conditions

(health, vigor) \
Soil conditions Yield

(type, fertilizer usage} / ’
Meteorological conditions

(weather prediction, soil

moisture, temperature)

Ground truth or
historical data
(crop catendar)

FicUure 4.—Crop assessment for world food management system.

and soil moisture. In practice, the crops are differentiated in
the satellite image or the computer data by using training sets;
i.e., the spectral signatures or reflectance responses of known
specific crop types are determined at several individual fields
in the image and closely similar responses are looked for else-
where in the image or computer data. When data from all four
channels of the MSS are used, there are usually enough subtle
differences in reflectance from one crop to the next to dis-
tinguish them. Also, if certain crops are not separable at one
time of the year, they are normally separable at another time
due to the differences in planting, maturing, and harvesting
dates.

The degree of maturity and the yield for a given crop also
influence the reflectance at any stage of growth. This maturity
and yield can be assessed as the history of any crop is traced
in terms of its changing reflectances. When a crop is diseased
or seriously damaged (as by a hailstorm), its reflectances
decrease, particularly in the infrared, allowing the presence of
crop stress to be recognized. Lack of available moisture also
stresses a crop, which effect again shows up as a reduction of
reflected light intensity in the infrared and usually as a drop

_ in reflectance in the green MSS band (4) and a rise in the red

MSS band (5). In grasses, bush, and other forage vegetation of
the rangeland, the amount of feed available (or biomass) is
also estimated by measurements of relative radiance levels.

Landsat has proved effective in recognizing and locating the
broadest classes of forest land and timber. Deciduous, ever-
green, and mixed (deciduous-evergreen) communities can be
separated. Generally, coniferous evergreens appear as darker
reds in false color composites and these trees will retain that
reddish tone even as deciduous trees or shrubs change from
pinks to reds to browns in the composites through a growing
season. The total acreage given to forests can be conveniently
measured in Landsat images, and changes in these amounts
(such as produced by cutting or new seeding) are readily
detected. Under certain conditions, timber volume, age of
forests, and presence of disease or pest infestations can likewise
be determined. Vegetation in varied environments such as river
valleys, coastal zones, swamps, or tundra plains has also been
identified by its characteristic signatures.

Of interest in agriculture is the ability to recognize the major
soil associations and the specific soil types. This has been
feasible wherever the soil possesses a distinctive spectral sig-
nature and/or supports characteristic, identifiable vegetation.

Examples of Applications

Figure 5 is an example of how Landsat data are used in
making crop classifications. Using a computer to process digital
MSS data for an agricultural area in Holt County, Nebr., the
investigator compared and classified crop types by spectral
pattern recognition techniques. Based on ground-truth check-
ing, the accuracy of this method of crop classification was 70 to
90 percent, using single data sets. Using registered data sets
from two or more Landsat passes further improves classifica-
tion accuracy to greater than 90 percent.

NASA, in cooperation with the U.S. Department of Agricul-
ture and the National Oceanic and Atmospheric Administration
(U.S. Department of Commerce), has undertaken a demonstra-
tion project to determine the capability of Landsat data for use
in inventorying a major world food crop. It will be extended to
all the major wheat growing areas of the world after initial
testing in the United States and Canada. This Large Area Crop
Inventory Experiment (LACIE) should provide more accurate
and timely assessment of worldwide wheat production to allow
for better management of this major world food. Extension to
other important agricultural crops is also anticipated in the near
future.

The technique, called “clear-cutting” in the timber industry,
means cutting down virtually all usable trees in a given area,
while leaving untouched all the timber surrounding the clear-
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Red Corn
Light green Hay grass
Dark green Pasture
Orange Sunflower
Purple Alfalfa
Light purple Alfalfa

and grass
Brown Bare soil

(a)

Red Field corn
Yellow Pop corn
Orange Sunflower
Light green Alfalfa

and grass
Dark green Pasture
Blue Bromegrass
Purple Alfalfa
Brown Bare soil
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FIGURE 5.—Computer-aided crop classification from Landsat 1 MSS data; Holt County, Nebr.
(a) July 30, 1972. (b) August 16, 1972.

cut area. Although it had been known that clear-cutting tech-
niques were being applied to the heavily forested regions of Ore-
gon, its widespread use was not fully realized until Landsat 1
produced the dramatic scene shown in figure 6. In this scene,
with volcanic Mount Hood visible in the left-center and the
Columbia River at the top, clear-cut areas are vividly displayed
as light patches within the dark red of the forested areas. So
numerous are the clear-cut areas that the entire scene assumes
a speckled appearance. Imagery such as this can be of con-
siderable value to Federal and State agencies having the respon-
sibility of monitoring and protecting our forest resources.

Figure 7 illustrates another application of Landsat data that
will save both time and money for resource management
agencies. A fire in the Fiske Creek area of northern California
was mapped both by the State’s Division of Forestry (fig. 7(a))
using conventional techniques and by a Landsat 1 investigator
(fig. 7(b)) using Landsat imagery (fig. 7(c)) taken over the
area 10 days after the fire. The accuracy of the Landsat-derived
map was checked by low-altitude aircraft photography (fig.
7(d)). Not only was the burned area mapped more accurately
(53.99 km? (13340 acres) from the Landsat map versus
41.85 km? (10 340 acres) from the conventional map), but the
cost of producing the Landsat map was one-tenth the cost of
producing the State’s map.

The Sahel region of Africa has been suffering from drought
for the past 5 yr. While studying Landsat imagery of the region,
Landsat investigators detected a distinct area of vegetation
(dark polygonal area in fig. 8(a)) within the semidesert region.
The unusual linearity of the area’s boundaries, as seen in an
aerial photo (fig. 8(b)), led to the conclusion that the feature
was manmade. On a field trip to the area, investigators dis-
covered that the dark polygonal area is a fenced compound

FIGURE 6.—Landsat 1 scene of the forests around Mount Hood, Oreg.,
showing the extent of clear-cut areas.



(b)

FiGure 7.—Fiske Creek, Calif., fire scene. (a) Burned area as mapped by
Division of Forestry personnel. (b) Burned area as mapped by Landsat
investigators. (¢) Landsat image of burn scar used to produce map

where grazing has been carefully controlled, thus causing it to
differ noticeably in vegetative cover from the uncontrolled
grazing areas outside its limits (fig. 8(c)). The ranch demon-
strates that controlled grazing could be sustained even in the
semiarid region of the Sahel whereas uncontrolled grazing has
led to complete destruction of the vegetative cover with subse-
quent encroachment of the desert.

LAND USE AND MAPPING
Basis for Remote Sensing Applications

The term “land use” refers both to current use of the land
surface by man for his activities and to the natural state or
cover of the land where not given over to these activities.
“Land use planning” is concerned with achieving the optimum

(d)

shown in (b). (d) Low-altitude aircraft photo used to check accuracy
of Landsat map.

benefits for mankind in the development and management of
the land for food, housing, urbanization, manufacture, supply
of raw materials, power production, transportation, recreation,
and many other activities. This planning allows for controlled
growth of populations by matching land use with land capa-
bility and by tying specific uses with appropriate natural con-
ditions so as to provide adequate food and materials supplies
without significant damage to the environment.

Heretofore, land use planning has been severely hampered
both by the lack of up-to-date maps showing what categories
are present and changing in an area or large region and by
inadequate means to handle and analyze the huge quantities
of data involved. The scope of effort and the costs of producing
land use maps have prohibited their acquisition for many parts
of the United States at useful working scales (e.g., 1:250 000



(b)

FIGURE 8.—Vegetated area in the midst of the African desert. (a) Por-
tion of Landsat scene showing dark polygonal area with linear features.

to 1:500 000). The situation for the rest of the world is even
less satisfactory. Vast areas of Africa, Asia, and South Amer-
ica are poorly, and often incorrectly, mapped. Over the last
20 yr, a project sponsored by UNESCO has completed a series
of land use maps at scales of 1:5000 000 to 1:20 000 000.
Although invaluable as a general record of land use (and for
other disciplines including agriculture, hydrology, and geology),

(c)

(b) Aerial view of ranch’s fence line showing wide variation in vegeta-
tive cover. (¢) Ground photo of fence.

these maps are insufficient in detail to assist developers and
managers in many of their decisions. Furthermore, frequent
changes in land use are hard to plot at these small scales. What
clearly must be sought for these planners is a worldwide base
map at scales of 1:1 000 000 or larger.

The Landsat system responds to these needs. Man’s use of
the land can be deduced or inferred indirectly from the identity



and distribution patterns of vegetation, surface materials, and
cultural features as interpreted from images or computer-
processed displays. This information is usually then depicted
on land use maps that locate specific categories of surface
features. Evaluation of the maps prepared from Landsat data
indicates that all level I land use categories (as defined in the
1974 Land Use Classification Scheme, U.S. Geological Survey
Circular 671) can be correctly identified to an accuracy exceed-
ing 90 percent, and 10 or more level II categories to accuracies
of 60 to 90 percent. As a result, much of the United States not
yet mapped and vast sections of the rest of the world are now
being mapped at scales of 1:1 000000 to 1:250 000. This
approach has been demonstrated to be quite cost effective. For
an area including the three southern States of New England
(see fig. 9), the relative costs for mapping by ground surveys,
high altitude aircraft, and Landsat are estimated to be approxi-
mately $20, $6, and $0.40 per square kilometer ($50, $15,
and $1 per square mile), respectively. When integrated into a
total land use program, which employs additional data from
social, economic, and technical studies, a savings of 30 percent
or more is accomplished. This savings should increase as more
of the data from Landsat and these other sources are processed
and stored in computers. This ability to computerize the great
quantities of both remote sensing and ground data, and to
retrieve them readily in map or table form, stands out as the
most significant advance in the Earth resources program to date.

Through both satellite and high resolution aircraft coverage,
it is now possible to monitor changing land use patterns, sur-
vey environmentally critical areas, and perform land capability
inventories on a continuing basis. The high frequency of
repetitive coverage provided by Landsat is more than enough to
allow an annual updating of current maps. Some categories,
such as urban areas and strip mining, may require an even more
frequent revision while others, like brushland and rocky areas,
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probably remain constant for periods of years. Thus, Landsat
has provided a versatile new approach to Federal and regional
planners within the United States, responding to an awakened
concern by this country’s citizenry for comprehensive, balanced
programs of land use from the national to the local levels.

Examples of Applications

Figure 9 presents the result of one highly successful Landsat
| investigation in land use classification. This detailed land
use map of a three-State area (Massachusetts, Connecticut, and
Rhode Island) contains 11 separate land use categories. The
map was compiled from several Landsat 1 scenes of the New
England area taken during clear weather in mid-October 1972.
The spectral images were converted into a false color infrared
transparency from which a single photointerpreter, working
from the transparency, then produced the land use map in draft
form within 3 months. It took only another 2 months to pro-
duce the final color-coded map as shown in figure 9. The
investigator estimated savings of approximately 90 percent over
what the cost would have been had an equivalent map been
prepared by conventional means, such as aerial photography.

Figure 10 shows a map depicting the six categories in the
Great Dismal Swamp as defined using Landsat computer-
compatible tape data. Two categories concern an important
element of the swamp, open water and standing water (vegeta-
tion growing within the water boundary); the remaining four
categories are defined by plant associations. By monitoring the
location, extent, and long-term expansion or contraction of
these hydric to mesic areas, the need for water management as
well as other management techniques necessary to maintain
diversity is evidenced. Remote sensing can assist managers in
evaluating the long-term impact of alterations within the swamp,
subtle changes that might otherwise not be observed by con-
ventional ground reconnaissance, and is proving to be a prac-
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FiGURE 9.—Land use map of three-State area in New England compiled from Landsat 1
imagery.



tical tool for monitoring wildland situations where access is
difficult.

An example of land use classification in an urban area is
shown in figure 11. Here the Twin Cities (Minneapolis-St.
Paul) metropolitan area in Minnesota was mapped from a
Landsat image into eight categories. Although the fine details in
these categories, such as individual buildings, usually cannot be

Legend:

Central Business District: dominated by very high density commercial,
industrial, and institutional buildings, characterized by lack of
vegetation

Commercial-Industrial-Institutional: dominated by either buildings of
medium density or land, extensive commercial activity with little
vegetation except in newer surburban areas

Residential 1: dominated by single family dwellings, characterized by a
tree canopy

Residential 2: dominated by moderate-to-low-density single family
dwellings, characterized by vegetative cover of grass

Water: dominated by open water that may contain scattered emergent
vegetation

Extractive: dominated by quarries, gravel pits, and/or landfills, active or
inactive

Forest: dominated by forest, brushland with trees, and/or swamp

Other: dominated by cropland, grassland (pasture), and marsh

O =m

EE B EOCE

FiGure 10.—Computer-generated map of land use categories at the Great

Dismal Swamp, Va.

- Freeway or expressway
—— Principal highway
—= County boundary

Minnesota

FIGURE 11.—Classification of major land
use categories in the Minneapolis-St.
Paul region; mapping unit size: 0.16
km?* (40 acres).
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seen, the general areas containing these specific details can
be separated one from another. Thus, the central business dis-
trict (red) can be distinguished from what is called commer-
cial, industrial, and institutional areas (pink); sparse single
family residential areas dominated by trees (orange) can be
delineated from moderate density dwellings dominated by grass
(yellow), and the extractive areas containing gravel sites
(purple) stand out against the water (blue), forested areas
(dark green), and cropland (olive green).

Besides classifications of 18 to 20 categories covering fea-
tures as small as 0.02 km? (5 acres), the Landsat system is
providing a series of image mosaics that can serve as a refer-
ence photo base on which these categories are directly illus-
trated or otherwise plotted as overlays. The mosaic of the 48
conterminous States of the United States (see front end-
paper) is a prime example; several other mosaics appear in the
main section of this book. One reason why individual Landsat
images can be joined to neighboring frames lies in the high
geometric fidelity of each. After suitable corrections are applied,
the images have internal mapping errors of 200 to 450 m (600
to 1500 ft). Images therefore meet or exceed current National
Map standards up to scales of 1:250 000. This means, then,
that after fitting to the appropriate geodetic grid, these images
are equivalent to maps in themselves on which extracted
thematic information can be traced or overlaid.

Figure 12 shows the use of Landsat imagery for map updat-
ing. The left side of the figure shows a section of a 1973
aeronautical map of the Houston, Tex., area. The right side
shows the corresponding Landsat image taken in 1974. The
circled area on the image shows a lake not shown on the map.
Similar situations have been seen in other States leading to the
use of the imagery for direct updating of maps. Note also the
difference in the shoreline boundary in the Beaumont area.

FIGURE 12.—Example of map updating through the use of Landsat im-
agery. Note new lake north of Houston. The Landsat image shows

GEOLOGY
Basis for Remote Sensing Applications

Geology is the study of the composition, structure, processes
of development, and history of the rock materials making up
the Earth. The materials visible at the Earth’s surface are
exposures of a variety of rock units, often layered and com-
plexly deformed, that extend to great depths into the solid
crust. The key task of the geologist is to map the location of
the rock units where they intersect the surface, from which
the three-dimensional distribution of these units at depths can
be inferred. From a practical sense in exploring for mineral
and petroleum deposits, as well as detection of potential geo-
logic hazards such as earthquakes and volcanoes, the surface
geologic maps are the prime data products used. In addition to
recording the composition and relative ages of distinguishable
rock units, the maps normally also show the structural relations
(expressed in folds and faults) among the units and may also
indicate areas of alteration or mineralization and areas covered
by Recent sediments or soils.

The traditional approach to geologic mapping has involved
an on-the-ground search for rock outcrops. In most terrains,
these are frequently scattered and isolated and often inacces-
sible in rugged country. Mapping of large regions commonly
requires years of field work. The process can be made faster
and more accurate, as well as more economical, if the geolo-
gist is given a series of aerial photographs that pinpoint out-
crops and express structural configurations. For many decades
now, these photographs have served as the visual base from
which the maps are made by tracing the recognizable units
where exposed. Instead of surveying in these units at many
sites, the geologist need only spot check the identity of each

BEAUMONT

Landsat 1 image

more detail along the Gulf Coast shoreline than is depicted on the
map.
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unit at selected localities and then extrapolate the positions
of the units throughout the photographs.

While high-resolution aerial photos are a prerequisite to
detailed mapping, they have certain inherent limitations, such
as vignetting (variations in background tone from center
outward) and geometric distortion, that introduce difficulties
in joining overlapping views in mosaics to provide a regional
picture of larger areas. Such synoptic overviews are particularly
valuable in geology because the scales of interrelated land-
forms, structural deformation patterns, and drainage networks
are commonly expressed in tens to hundreds of kilometers;
that is, generally in the range covered by space images.

The chief value of Landsat imagery to geological applications
therefore lies in the regional aspects presented by individual
frames and the mosaics constructed for vast areas extending
over entire geologic provinces. For the first time, whole sections
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FIGURE 13.—(a) Landsat image 1130-16440, taken on November 30,
1972, of part of the State of Nuevo Ledn in northeast Mexico includ-
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of a continent subjected to glaciation can be examined as a
unified surface on which different glacial landforms are spatially
and genetically interrelated. Deposits of sands in desert environ-
ments can be tied to such things as source areas, modifying
surface obstructions, and climatic influences.

A frequently reported use of Landsat images in geology
results from the remarkable pictorial renditions of a variety of
terrains associated usually with structurally complex mountain
belts. Geologic and topographic maps tend to subdue the
reality of the scene even though they properly record essential
information about the surface. Compare, as an example, the
superb depiction of the natural physiography of a part of the
Sierra Madre Oriental in northern Mexico with the geologic
map of the equivalent area (fig. 13).

Landsat images seemingly have the unique ability to single
out certain types of linear features of structural significance.

W1008-30! W100-001

e

ing the cities of Monterrey and Saltillo. (b) Part of a 1:2 000 000 geo-
logic map of Mexico covering the same area shown in (a). The tight
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Faults and fractures seen at isolated points are frequently mis-
judged as to the extent and continuity when examined in the
field or in individual aerial photos; even where displayed in
mosaics, these linear features are often obscured by such dif-
ferences as angle of illumination and surface conditions that
cause irregularities in the aerial mosaic product. But, as seen
in space imagery, the trends of these linear features—although
they may be broken into unjoined segments—can usually be
followed across diverse terrain and vegetation owing to the uni-
formity of illumination and the integration of patterns and
textures intrinsic to the small-scale expression of the scene.

In many instances, these features have been identified with
surface traces of faults and fracture zones that control patterns
of topography, drainage, and vegetation which serve as clues
to their recognition. Many new discoveries of linears are being
claimed by Landsat users. In some parts of the world, fivefold
or more increases in mapped linears have been reported. The
importance of finding these features is that the linears often
represent major fracture systems responsible for modern-day
earthquakes and for transporting and localizing mineral solu-
tions as ore bodies in the geologic past.

A major objective in geologic mapping is the identification

of rock types and alteration products. In general, most layered
rocks cannot be directly identified in Landsat imagery because
of limitations in spatial resolution and the inherent lack of
unique (characteristic) differences in color and brightness of
rocks whose types are normally distinguished by mineral and
chemical content and grain sizes. Also, it is not possible to
determine the stratigraphic age of recognizable surface units
directly from Landsat data unless the units can be correlated
with those of known age in the scene or elsewhere. Under some
circumstances, certain rocks exposed in broad outcrops can be
recognized by their spectral properties and by their distinctive
topographic expressions (fig. 14). However, in many scenes,
the presence of covering soil and vegetation masks the proper-
ties favorable to recognition.

Alteration products associated with rocks and ore bodies are
often widespread at the surface and may show diagnostic indi-
cations in the Landsat images. Investigators have found that
by manipulating spectral information from the MSS bands it
is possible to extract information (for example, iron oxide
surface stains overlying altered ore deposits) unobtainable in a
single channel or in a black and white image. Proven data
enhancement techniques, such as color additive viewing, band

(b)

folds of the Sierra Madre Oriental (lower right) consist of Jurassic (J)
and Cretaceous (Ki) sedimentary rocks. More open folds elsewhere are

made up of younger Cretaceous (Ks) rocks. Cenozoic (Cs) sediments
fill many of the valleys.
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FIGURE 14.—(a) Part of Landsat image 1226-07011 (MSS band 6)
showing a region of desert and hills in northwest Saudi Arabia. (b)
Part of the 1:500 000 scale geologic map of the Hijaz quadrangle cov-
ering the area shown in (a). (c) Computer-processed color composite
of the area shown in (a); MSS bands 4, 5, and 7 are contrast stretched
and projected through blue, green, and red filters; neither this nor the
next image have been corrected for aspect (vertical shortening). (d)
Computer-processed color composite made from the ratio images of
bands 4/5, 5/6, and 6/7 projected through blue, green, and red filters;
compare the geologic units highlighted by this technique with those
mapped in (b).

ratioing, and contrast stretching can be used with multiband
data.

The ability to use Landsat data for mineral and petroleum
exploration and for the detection of geologic hazards should
enable Government and industry to reduce or eliminate several
phases of their field exploration and mapping efforts at sub-
stantial savings in time and money.

Examples of Applications

The first map of any sort ever made from Landsat image
(fig. 15) was produced as a sketch map of the California
Coast Ranges near Monterey Bay. Finished only 1 week after
the spacecraft was launched, it demonstrated the great time
savings possible with Landsat imagery. More than 30 linea-
ments not corresponding to any recorded geologic structures
were discovered in this image. These linear features are prob-
ably fractures—either faults or joints—and are important for
several reasons. They may present problems, such as cave-ins
or landslides, to tunneling or roadcut excavations, or, if faults,
they act as potential seismic hazards. On the beneficial side,
such fractures may be concentrating ground water or may have
localized useful minerals such as the mercury deposits known
in parts of the region. Their detection as previously unmapped
structures makes them prime candidates for close field investiga-
tion to assess their economic or engineering importance.

Landsat data are being used to revise and update existing
geologic maps. Figure 16(a) shows a geologic map of the West
Aswan area of Egypt as compiled by the Egyptian Geological
Survey prior to the launch of Landsat 1. Because of the extreme
importance of the Aswan Dam and its surrounding area to the
economy of Egypt, investigators performed a detailed photo-
geologic analysis of the area using Landsat imagery to locate
rock units and detect features that could affect seepage from
the reservoir (Lake Nasser), drainage patterns, and other fea-
tures that might impact future development. Their investiga-
tion produced the new and much more detailed geologic map
shown in figure 16(b). One highly significant result of their
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FIGURE 15.—This map, prepared within 1 week after the launch of
Landsat 1, was the first map of any sort drawn from Landsat images.

effort was the discovery and mapping of several faults trending
in the direction of the reservoir that were not shown on the
previous map.

A dramatic example of the use of Landsat images in struc-
tural studies is presented in figure 17 showing the Wind River
Range in Wyoming. The sketch in figure 17(a) describes the
extent of the structural geologic mapping completed for this
area (of extremely rugged mountainous terrain) over a period
of five summers prior to the launch of Landsat 1. Using MSS
imagery, the investigator was able to compile the map shown
in figure 17(b) in less than 1 day. Landsat data are being used
to prepare similar geologic structure maps in other parts of the
world where such detailed information has long been lacking.

Before a new method or instrument is applied by the mineral
exploration industry, it must demonstrate its potential use and
economic feasibility. With this in mind, Landsat investigators
have designed an experiment to test the application of photo-

Covering central California from the Pacific coast to the Sierra Nevada,
it shows many lineaments that may be unmapped faults.

lineament information obtained from Landsat imagery to the
selection of potential target areas for mineral exploration. Using
a test site in the mineral-rich central Colorado area, the investi-
gators plotted all recognizable linears as enhanced by snow
cover in a Landsat winter scene (fig. 18). Of particular impor-
tance were arcuate to circular fractures related to intrusions or
volcano roots. Landsat has demonstrated a remarkable facility
‘for emphasizing this type of curvilinear pattern. Next, a num-
ber of potential target areas for exploration were selected
(without prior knowledge of the location of actual producing
mineral districts) wherever there was a high density of inter-
secting straight and curved lineaments, which, from experience,
tends to occur with structurally controlled zones of mineraliza-
tion. Then, a map of known mineral districts in Colorado was
compared with the chosen target areas. As shown in figure 18,
S of the 10 potential target areas coincide with major mineral
districts. This type of analysis of Landsat imagery can be a
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River Range of western Wyoming. (a) Linears mapped from ground
studies and aerial photography. (b) Linears mapped from Landsat

FIGURE 18.—Map of linears identified in a Landsat image (winter,
snow-covered scene) of central Colorado. The mining districts (shown
in red abbreviations) are as follows: Al—Alma; Br—Breckenridge;

imagery.
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valuable and inexpensive first step in a mineral exploration pro-
gram, especially if used in conjunction with other sources of
geologic information.

A test of the capability of computer-based enhancement tech-
niques for identifying alteration zones associated with ore
bodies has proved successful in a study of a gold and silver
mining district in southwest Nevada. A special technique in
which color images are reproduced from combinations of photo
products generated by ratioing the reflectances of different pairs
of MSS bands has been found to bring out subtle variations in
the spectral characteristics of several types of common altera-
tion materials occurring with ore bodies. The initial unratioed
Landsat color image covering this Nevada mining district and
also the reprocessed band ratio product are shown on plates
119 and 120. Careful examination of the color variants in the
band ratio’ image, coupled with field studies and correlation
with published map data, has led to a new map in which the
different alteration products evident in the image are identified
and located.

Landsat data are being applied increasingly to assist in
exploration for new supplies of raw materials needed as energy
sources. Information about certain types of oil and gas traps is
commonly expressed at the surface. Included are direct signs
of folds and faults, indicators of gross lithologic changes, and
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evidence of thickening of stratigraphic units. Often, indirect
clues to underlying structures are revealed by morphological
anomalies such as deflected drainage or offset hills. Tonal varia-
tions sometimes reveal effects of escaping hydrocarbons. These
several types of information have already led some petroleum
companies to alter exploration programs; seek new leases; and,
in at least one instance, actually test drill to search for possible
pay zones. Landsat is also being used in the expanding quest
for uranium and other radioactive materials important as
nuclear fuels for power plants. Figure 19 shows the results of
employing the band ratio technique to define areas of iron con-
centration that have proved to be telltale signs of alteration
associated with sedimentary uranium ores in Wyoming.

WATER RESOURCES (HYDROLOGY)

FIGURE 19.—A computer-generated color composite of part of a Land- Basis for Remote Sensing Applications
sat image of the Wind River Basin in central Wyoming made by pro-
jecting the ratio images of MSS bands 4/6, 6/7, and 5/7 through blue, Hydrology is the applied science concerned with the inland
green, and red filters, respectively. The area shown is the Gas Hills (fresh) waters of the Earth—their occurrences, distribution,

uranium district. Some of the white patches represent surface mines . . : x
and pits; the bright yellow generally indicates iron oxide alteration and circulation through the never-ending hydtelogie oyele. e

products associated with the mine waste dumps and, in places, natural more information the water manager has about the hydrologic
alteration zones. cycle, the better he is able to make decisions allocating our

(a) _‘ R

b B

FiGURe 20.—Four Landsat scenes of the Wind River Mountains in Wyoming showing the
progress of spring snowmelt. (a) April 15, 1973. (b) May 21, 1973. (¢) June 8, 1973. (d)
August 6, 1973.
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scarce water resources for consumption, industrial uses, irriga-
tion, power generation, and recreation. In times of excess, flood
control may become the primary task; in times of drought, irri-
gation and power generation may be the primary concerns. The
perspective gained by satellite remote sensing adds the areal
dimension to the conventional hydrologic data collected at
point measurement stations. Estimates of the occurrence and
distribution of water are greatly facilitated with medium-
resolution satellite data, and the repetitive coverage provides a
first step toward assessing the rapid changes associated with the
continuous regional-scale processes of the hydrologic cycle.

It is fortunate that many of the hydrologic features of interest
for improved water resource management are easily detected
and measured with remote sensors. Although water sometimes
has a light reflectivity similar to other surface features in the
visible wavelengths, it strongly absorbs light in the near-infrared
region. This effect is easily identified by the near-infrared bands
on Landsat. As a result, standing water is very dark in the
near infrared, contrasting sharply with dry soil or vegetation,
both of which appear bright. Additionally, in the visible region,
snow is extremely reflective and provides a marked contrast
with non-snow-covered surfaces. Thus, the liquid and solid
forms of water are easily distinguished and can be readily moni-
tored with Landsat. Because these liquid and solid forms
change rapidly with time, the 18-day repetitive coverage from
Landsat (9-day coverage during the period when Landsats 1
and 2 are operating simultaneously) provides an important tool
for observing significant areal changes in water. The observed
changes can thus be used to characterize the distribution of
water throughout drainage basins of various sizes. Results from
Landsat water resource investigators indicate that important
contributions to understanding the hydrologic cycle are possible
in snow and ice mapping, surface water inventories, flood
assessment, and water quality monitoring.

Examples of Applications

Landsat investigators have measured snow-covered areas of
drainage basins to accuracies within a few percent and have
estimated snowline altitudes to =60 m (200 ft) in optimum
situations. The location of snowlines can many times be ex-
tracted from Landsat imagery in more detail than is normally
obtained from operational aircraft surveys. In many areas of
the world, such as the western United States, snowmelt provides
a major part of the annual water runoff that can be used for
man’s needs. Landsat sequential snow-cover images, as shown
in figure 20, supply information on the rate of melting and the
subsequent volume of water released. This figure shows the
entire Wind River Mountain watershed area during the 1973
spring/summer snowmelt period. For ungaged, inaccessible,
and remote watersheds, Landsat snow-cover data can be use-
fully related to seasonal runoff to provide early season water
supply estimates. In areas with conventional snowpack monitor-
ing networks, Landsat snow-cover data can be more profitably
used as an additional parameter to reduce existing errors in
seasonal runoff forecasts and thus make better use of our water
resources. The employment of Landsat data for snow-cover
surveys appears to be a way to obtain needed hydrologic infor-
mation from the increasing number of restricted access wilder-
ness areas of the West.

Landsat imagery has proved effective in identifying surging
glaciers and monitoring the areal extent of their change. Figure
21 shows a family of glaciers in the vicinity of Mount McKinley
in central Alaska. It includes both normal slow-moving glaciers,
such as Ruth, Kahiltna, and Lacuna, and surging glaciers such
as Tokositna and Yentna, which can advance several kilometers
in a few years. A surging glacier can be distinguished from a
nonsurging glacier on Landsat imagery by the presence of
movement-induced crenulations (zig-zag patterns) in the mo-
rainal deposits carried on the surface. Lacuna glacier has been
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FIGURE 21.—Alaskan glaciers.

stagnant for 40 yr and its dark surface shows the results of
severe melting. Tokositna, however, has just completed a
rapid advance that began in 1970 and exhibits the characteris-
tic wiggly folded moraines. This Landsat image of Yentna
showed that its folded moraines have been displaced 2000 m
(6000 ft) down the valley from their position on recent maps
and 1970 aerial photographs. The other two glaciers shown,
Ruth and Kabhiltna, flow at slow uniform rates and their
medial moraines—the dark stripes down the ice centers—are
straight and uniform. The causes of glacier surges and why
some glaciers surge and others do not are questions of great
scientific interest that also have practical aspects. Surging
glaciers can advance very rapidly over large land areas and
can cause devastating flooding by blocking and then suddenly
releasing large quantities of melt waters. Continuous, repetitive
imagery from Landsat aids glaciologists in observing glacial
movement throughout the world.

Surface water area has been estimated to within a few per-
cent accuracy over large regions such as the playa lake region
of the southern High Plains of Texas and New Mexico. Lakes
as small as 10 000 m? (2.5 acres) can be recognized and lo-
cated accurately on map scales as large as 1:250 000. Landsat
has also proven useful for assessing changes in areal extent for
larger water bodies. The Landsat mosaic of the United States
has been used to produce a computer printout noting the loca-
tion, surface water area, and relative dimensions of the 128 sur-
face water bodies in the United States that cover more than
100 km? (40 sq miles). Other hydrologically significant land
use features, such as impervious area, vegetation, and bare soil
are being mapped on many watersheds across the United States.
Changes in land use on watersheds resulting from forest fires,
clear cutting, or strip mining can be rapidly noted and the in-
formation incorporated into watershed management operations.

The two Landsat images in figure 22 show the Mississippi
River at St. Louis, Mo. The image on the left shows the St.
Louis area with the river at normal levels, while the one at
the right at the same scale shows the same area during the
extensive flooding that took place in the Mississippi Valley
during the spring of 1973. Point 4 on the figure locates the
confluence of the Missouri and Mississippi Rivers; point B
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FiGURE 22.—Before and after Landsat scenes of the St. Louis area showing the extent of the
spring 1973 flood.

locates the confluence of the Illinois and Mississippi Rivers.
The two places labeled C are large areas that were inundated
during the flood. These and other images were used by Landsat
investigators to map the flood area along almost the entire
length of the Mississippi. Such data are not only valuable for
assessing up-to-date regional flood conditions but also for the
planning of additional flood protection systems.

Figure 23 shows three scenes of Utah Lake, south of Salt
Lake City, Utah, imaged at three different times of the year:
midsummer, late summer, and spring. It exemplifies the ability
of Landsat to monitor lake processes. In the first scene (a), the
lake contains only a small amount of sediment (light blue)
in the near surface layers and parts of it are clear (dark blue-
black). By late summer (b), however, huge algal mattes (red)
resulting from nutrient concentration cover a significant portion
of the lake’s surface. In spring (c), large amounts of sedi-
ment-laden water have entered the lake in response to snow-
melt in the mountains, and it has become a milky blue color.

Landsat data collection system platforms (DCP’s) have per-
formed a significant role in several water resource experiments.
In southern Florida, for example, water-stage information from
DCP’s installed in the Everglades (fig. 24) was used in con-
junction with water-area information from Landsat imagery to
provide water volume estimates in near real time. This informa-
tion was needed to make management decisions concerning the
redistribution of water in the area. The DCP capability when
combined with Landsat imagery provides a way to extrapolate
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conventional point measurements over large normally data-
sparse areas.

OCEANOGRAPHY AND MARINE RESOURCES
Basis for Remote Sensing Applications

The oceanography and marine resources discipline is con-
cerned with the productivity of the oceans and coastal zones
and with natural phenomena and man’s activities that directly
or indirectly preserve, alter, destroy, or enhance the resources
of the open ocean or coastal areas. It also is concerned with
the physical properties of the oceans such as depth, tempera-
ture, and physical state (i.e., ice or water). The major goal
within NASA’s Oceanography and Marine Resources Program
is to develop remote sensing technology to assist in accomplish-
ing the following goals:

(1) Efficient management of living marine resources

(2) Efficient and effective management of activities within the
coastal zone regions

(3) Effective use of the oceans as transportation routes

(4) Meaningful contributions toward the advancement of ma-
rine biology and oceanography

Successful accomplishment of these goals is dependent upon
the ability to identify, measure, and analyze a number of param-
eters or processes that operate or react together in a highly
dynamic environment. Involved are the observation or measure-
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FIGURE 24.—Landsat DCP setup in Florida’s Everglades.

ment of the physical, chemical, geometrical, and optical features
of the coastal and open zones of the oceans, including such
parameters and features as sea ice, temperature, current, sus-
pended sediments, sea state/ocean surface topography, salinity
and other chemical properties, plants and animals, land/sea
interface, bathymetry, and water and bottom color.

Within this discipline, two main subdisciplines can be de-
fined: coastal and ocean. These are more or less divided by the
fundamental temporal and geometric dynamic range of the
processes that take place in each. Within these two subdisci-
plines, a total of 7 application areas and 14 (active and poten-
tial) measurement techniques can be defined as shown in
table 2.

These application areas and their related problems may be
served by remote sensing information systems developed from
one or a combination of measurement techniques for which
at least some remote sensing capability exists. The information
system required for each application can be defined in general,
but in most cases the specifics are yet to be developed. Detail-
ing the specifics requires close cooperation with the user, and in
many cases requires research by the user. The techniques that
can be measured wholly or at least in part from Landsat data
have been identified. Platforms and sensor systems outside of
Landsat capability must be used to achieve full discipline
coverage.

Examples of Applications

A majority of the Landsat investigations in the marine
resources discipline deal with coastal processes. Techniques have
been developed for defining coastal circulation patterns using
sediment as a natural tracer, allowing the formulation of new
circulation concepts in some geographical areas and, in gen-
eral, providing an improved capability for defining the seasonal
characteristics of coastal circulation. An analytical technique
for measuring absolute water depth (bathymetry), based upon
the ratios of two MSS channels, has also been developed. The
technique requires some knowledge of bottom reflectivity, water

FIGURE 23.—Three Landsat scenes of Utah Lake showing variation in
lake processes. (a) August 7, 1972. (b) September 12, 1972. (c)
May 22, 1973.
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TABLE 2.—Marine Resource Application Areas and Related Measurement Techniques

Marine resources
Coastal Ocean
: Potential
Marine Marine informa-
Measurement techniques o Coastal biology, .. biology, don from
Living zone oceanog- Living Transpor- | Maritime | oceanog- | [ andsat
e manage- raphy, R tation law raphy,
resources nent metoors resources meteor-
ology ology
Physical:
Ice X X X X X X X Yes
Temperature X X X X X No
Current X X X X X X X Yes
Suspended sediment X X X Yes
Sea state X X X X X X Yes
Chemical:
Salinity X X X X No
Other chemical properties X X X X No
Biological:
Plants X X X X X Yes
Animals X X X X X Yes
Geometric:
Ocean surface topography X No
Land/sea interface X X X Yes
Bathymetry X X X Yes
Optical:
Water color X X X X X Yes
Bottom color X X X Yes

transparency, and surface characteristics. Initial evaluation of
the technique indicates that it is useful in coastal areas of low
to moderate turbidity for depth measurement up to 20 m (65
feet) and for updating the locations of reefs and shoals.
Investigators also report that significant progress has been
made in developing techniques for using Landsat data to
locate, identify, and monitor sea and lake ice. Ice features
greater than 70 m (230 ft) in width can be detected, and both
arctic and antarctic icebergs have been identified. Because of
the large daily sidelap of Landsat coverage at high latitudes,
some tracking and quantitative measurements of ice movement
are possible. The substitution of Landsat imagery to replace

some present aircraft surveys of arctic sea ice appears both
technically feasible and cost effective.

Accurate identification of lake ice and classification of ice
types would provide invaluable information for shipping in the
Great Lakes and would allow more efficient routing of shipping
through ice-covered waters and the possible extension of the
shipping season. As shown in figure 25, Landsat 1 provides
relatively highly detailed synoptic views of the ice cover on
the Great Lakes. Although its 18-day cycle prevents acquisition
of imagery often enough to be of operational use in a lake- or
sea-ice surveillance system, Landsat 1 has demonstrated the
feasibility of using satellite imagery for this purpose.

Overlap

Feb. 18, 1973

Feb. 17, 1973

FIGURE 25.—24-hour breakup of ice on Lake Erie as imaged by Landsat 1 MSS band 7.
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In the application area of living marine resources, the use
of Landsat image-density patterns as a potential indicator of
fish school location has been demonstrated for one coastal com-
mercial resource, the menhaden. Further development of these
satellite techniques may yield the only practical method of
monitoring and assessing living marine resources on a large
scale.

Ocean dynamics is another area where large-scale synoptic
coverage is required. Landsat data have been used to locate
ocean current boundaries using image-density enhancement,
and some techniques are under development for measurement
of suspended particle concentration and chlorophyll concen-
tration.

Figure 26 shows an example from one Landsat 1 investiga-
tion in this discipline, a study of upwelling and plankton pat-
terns off the northwest coast of Africa, which used research
ships to collect ground-truth data. Investigations such as this
are aimed at detecting the real distribution structure of plank-
ton better with Landsat imagery than could be detected using
multiple ship cruises.

An excellent example of Landsat’s ability to portray sedi-
ment is shown in figure 27, an MSS red-band image of Dela-
ware Bay. Investigators used sediment as a natural tracer to
delineate currents and aquatic interfaces or frontal features
between areas of water with differing turbidity.

The bathymetry investigation previously referred to has
developed a technique for measuring water depth from Landsat
data that could be used to quickly and inexpensively update
shipping charts throughout much of the world’s clear water
coastal regions. Figure 28 shows all four MSS bands of a
Landsat 1 frame imaged over the Little Bahama Bank. Band
4 (the green band) clearly shows underwater features in the
bank north of Grand Bahama Island. Most of these were
identified on the International Hydrographic Office depth chart,
but there are a number of underwater features in the center of

FIGURE 27.—Sediment distribution in Delaware Bay.

the frame that are not on the published chart. Band 5 (the red
band) shows some of the shallower areas of the bank, but
bands 6 and 7 (the infrared bands) show no underwater fea-
tures. Bands 6 and 7 do, however, accurately delineate land/
water boundaries. The investigator demonstrated that depths
can be calculated by ratio processing for those depths that
return a signal in both bands 4 and 5. If additional control

FiGURE 26.—Upwelling and plankton patterns off the northwest coast of Africa. Landsat 1
MSS band 4 image of November 4, 1972.
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FIGURE 28.—Four-band Landsat MSS data of Little Bahama Bank.

points are known, and if the reflectances of bottom materials
are taken into account, an absolute depth map can be made for
depths up to 20 m (65 ft).

ENVIRONMENT
Basis for Remote Sensing Applications

As applied to man’s environment, remote sensing is con-
cerned with gathering information related to the quality, pro-
tection, and improvement of our land, water, and air resources.
Of special interest are the detection of changes in the environ-
ment brought about by natural and manmade phenomena and
the measurement of pollution of these resources. In the simplest
sense, remote sensing techniques from satellites (manned and
unmanned) and aircraft are directed toward answering these
basic questions about the environment:

(1) What can be sensed in the environment that affects
man’s world?

(2) What are the environmental impacts of man’s ac-
tivities?

(3) How do the changes imposed on the environment
affect our way of life?

(4) How can we fix or improve a weakened environment?

(5) Are the things we are doing to repair the environment
actually working?

Landsat can effectively address these questions because of
two of its attributes. First, the satellite gives a regional or
synoptic overview of the total environment: a perspective of the
land, water, and air seen as parts of an integrated system.
Second, the satellite can provide a repetitive or seasonal look
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at certain types of steady, persistent pollution or slow changes
in a degrading environment or abrupt alterations owing to a
disaster.

Varying degrees of success have been achieved from Landsat
in the following pursuits involving land and vegetation quality:

(1) Monitoring strip mining and reclamation

(2) Assessment of changes in urban quality

(3) Measurement of damage by pipeline construction

(4) Monitoring effects of construction at major land de-
velopments

(5) Classification of vegetation in different ecosystems

(6) Delineation of permafrost zones and tundra scars

(7) Detection of changes in the coastal zone

Applications to problems concerning water quality include
the following:

(1) Measurements of suspended solids and chemical
wastes

(2) Indirect determination of chlorophyll

(3) Detection of acid and iron wastes and oil spills

(4) Determination of dispersal patterns in turbid waters

(5) Definition of surface circulation patterns

(6) Detection of large-scale ocean dumping

(7) Location of water intake pipes

(8) Monitoring lake eutrophication and algal blooms

It should be pointed out that quantitative chemical measure-
ments of water pollution cannot be conducted from Landsat
imagery.

Another application area from Landsat seeks data used in



managing wildlife. Among achievements already shown to be
feasible are the following:

(1) Delineation and assessment of wildlife habitats

(2) Management of waterfowl

(3) Measurement of available water and food supplies
(4) Determination of carrying capacity of an ecosystem
(5) Assessment of damage from logging operations

Landsat has demonstrated that it can contribute important
knowledge about our atmosphere:

(1) Sources and dispersion of smoke plumes

(2) Influence of air pollution on climate and weather

(3) Detection of urban haze and global and regional
atmospheric aerosols

Finally, Landsat is capable of recognizing to varying extents
the occurrence and adverse effects of some kinds of short-lived
events, including volcanic eruptions, earthquakes, hurricanes
and tornadoes, and forest fires.

Examples of Applications

Figure 29 shows an inventory map of strip-mined land in
parts of Pike, Gibson, and Warrick Counties in southeastern
Indiana. Both strip-mined areas previously mapped from the
ground or air and areas newly mapped from the Landsat
imagery are located. Landsat’s utility for this purpose has been
demonstrated by several investigators in coal-mining regions of
the Northeast, and the accuracy of the mapping has been veri-
fied by ground-truth checking. Landsat’s repetitive coverage
allows State officials to map newly stripped areas and to check
periodically on reclamation progress.

Gibson County

Turbidity swirls in Lake Superior (fig. 30) have provided
dramatic evidence of how Landsat data can be of practical
use to city and State governments. The light-toned sediment
patterns along the lake’s shoreline stand out in the Landsat
image. The white square in the bottom-middle portion of the
lake marks the spot where a freshwater intake line was placed
by a local municipality, at a cost of $8 million. High sedimenta-
tion at the intake point makes the entire operation unusable.
Had Landsat imagery been available to guide the placement of
the water intake point, this very costly error could have been
avoided.

Meteorologists have suspected for years that air pollution
causes weather modifications. Figure 31 provides excellent
evidence to back up this hypothesis. This late fall Landsat
image of the Chicago, 1ll.-Gary, Ind., area shows plumes from
seven steel mills and power plants (indicated by arrows) flow-
ing out over Lake Michigan and feeding directly into the
cumulus clouds over the lake. The clouds forming out of the
plumes begin noticeably closer to the Indiana-Illinois shore
and become denser and more developed as they approach the
Michigan shore than do the clouds outside the direct lines of
the smoke plumes. Because snow and rain form around the
particles contained in the plumes, the clouds influenced by them
are more likely to produce precipitation than the other clouds.
This is believed to be the first clearly observable example of
inadvertent weather modification caused by man’s activities.

FiGURE 30.—Sediment plumes in Lake Superior. White square indicates
site of poorly located freshwater intake.

Boonville

Index map

—

Legend:

Areas strip mined
prior to 1968

Areas mined since Indiana

1968; mapped from
Landsat 1 imagery

5 miles

FiGURE 29.—Strip-mine inventory map of southeastern Indiana compiled from analysis of
Landsat imagery.
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FIGURE 31.—Weather modification over Lake Michigan caused by air
pollution.

SUMMARY OF APPLICATIONS/RESULTS

After 3% years of operation, the Landsat 1 spacecraft had
completed over 18 000 orbits and acquired more than 200 000
scenes, resulting in over 5 million products; it had photo-
graphed 100 percent of the United States and 78 percent of the
remainder of the world’s land masses under “cloud-free” con-
ditions (defined as less than 30 percent cloud cover).

There were 217 active DCP’s transmitting data through the
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spacecraft to ground stations. Nearly 1 million useful messages
have been transmitted.

In spite of the spacecraft’s many accomplishments, there
were some problems. Wideband video tape recorder no. 2
failed about 10 days after launch. The RBV power switching
relay failed a few days later; however, there are techniques
available to reactivate the RBV system by other relay command
systems. Wideband video tape recorder no. 1 also failed after
over 2 yr of operation, eliminating the spacecraft’s recording
capacity.

What has been achieved with these millions of data products
going to hundreds of scientific investigators throughout the
world? Conceding the technical and scientific success of the
Landsat 1 system, what has been the payoff for the time and
tax dollars spent on developing and building it? What benefits
will be derived from Landsat that are of real, everyday, prac-
tical use to mankind?

To answer these questions, NASA has held four sympo-
siums where scientific investigators working with Landsat data,
including some not funded directly by NASA, were invited to
present findings and possible applications of their investigations.
The papers given at these symposiums have been compiled and
published as the following NASA documents:

(1) First ERTS Symposium, September 29, 1972, see
NASA TM X-66193

(2) Symposium on Significant Results Obtained From
ERTS—-1, March 5-9, 1973, see NASA SP-327 (vol.
I, Technical Presentations), NASA TM X-66283
(vol. II, Summary of Results), and NASA TM X-
66284 (vol. III, Discipline Summary Reports)

(3) Third ERTS Symposium, December 10-14, 1973,
see NASA SP-351 (vol. I, Technical Presentations),
NASA SP-356 (vol. II, Summary of Results), and
NASA SP-357 (vol. III, Discipline Summary Re-
ports)

(4) Proceedings of the NASA Earth Resources Survey
Symposium, Houston, Tex., June 1975, see NASA
TM X-48168 (vol. I, Technical Session Presenta-
tions) (vol. II, Special Session Reports) (vol. III,
Summary Reports)

Based on the reports of these investigators (from 44 States,
the District of Columbia, and 36 foreign countries), Landsat
has been remarkably successful in achieving its mission of
demonstrating the utility of multispectral remote sensing from
space in practical Earth resource management applications.



Plates of Landsat Images

The images in this book are arranged in a predominantly geographic sequence
by continent. They are preceded by eight index maps on which the Landsat frames
are plotted by plate number according to the center coordinates of -each image.
Geographic boundaries on the index maps permit ready location of the scene
within a familiar context. In most images, the direction of north is indicated by an
arrow in the upper left-hand corner.
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PLATE 1

A’B’C,D’E,F’G,H’l,J’K,L,N’O,PQ,’R’T,U’V

THE WASHINGTON-BALTIMORE AREA: The Nation’s Capital
(I-11) lies astride the Potomac River (G-10) at the head of the
Potomac estuary (H-17) that leads to the Chesapeake Bay. This
popular view of Washington, D.C. (taken by Landsat through
exceptionally clear air); shows amazing details. The Mall, the Capi-
tol Building area, and the White House grounds are easily picked
out (/-11). Dulles Airport (E-11) and Andrews Air Force Base
(K-12) stand out; NASA’s Goddard Space Flight Center, where
the Landsat program is managed, is found at K-9 (individual park-
ing lots there are distinguishable in the computer display).
Baltimore, Md. (L-15), on the Baltimore Harbor (N-6) is con-
nected to Washington by the Baltimore-Washington Parkway (K-7)
and Interstate 95 (J-8). The suburbs of both cities tend to cluster
around the Washington (K-11) and Baltimore (K-5) Beltways.
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Other cities in the scene are Annapolis (N-9), Bowie (L-9), and
Frederick (D-5), Md., and Fredericksburg, Va. (G-20).

The light blue tones (I-15) in the Potomac represent a surge of
sediments washed into the river following a rain the day before
this Landsat pass. Similar sediments are seen in the Rappahannock
River (L-21). Other drowned rivers (estuaries) along the Chesa-
peake Bay include the Patuxent (O-16), the Choptank (7-13), the
Chester (R-6), the Sassafras (R-3), and the Elk (R-1) Rivers on
the Maryland Eastern Shore section of the Delmarva Peninsula
(5-9). Most of the countryside in the eastern two-thirds of this
image is either heavily forested (oak, hickory, and pine) or is given
to farming of crops such as wheat, barley, soybeans, watermelon,
tomatoes, peas, and tobacco or to raising of dairy cattle and poultry
1080-15192; October 11, 1972.



DOWNTOWN WASHINGTON, D.C.: This illustration shows a
computer-generated image of the downtown area of Washington,
D.C., made from the digital tape produced for the October 11, 1972,
multispectral scanner (MSS) pass over the Capital region (see
color composite on the opposite page). This is a photograph taken
off the TV screen of the image dissection and manipulation system
(IDAMS), a computer-graphics interactive display developed at
Goddard Space Flight Center. The individual phosphor elements
of the TV screen are visible under a magnifying glass as mini-
squares. Three minisquares in a row correspond approximately to
an individual pixel or resolution cell in an MSS scan line. Reflec-
tance values for each band are modified by interpolation within
a 3-by-3 array of pixels. The image for each band is projected

through a color gun in the TV display—superposition of equivalent
pixel arrays gives the resulting color composite. The scale of this
image is 1:30 000 in the rendition on this page.

Landmark sites located in this image are as follows: (1) Tidal
Basin, (2) Potomac River, (3) Roosevelt Island, (4) Kennedy Cen-
ter, (5) Washington Monument (its shadow is barely discernible in
a further enlargement), (6) Lincoln Memorial, (7) 14th Street
Bridge, (8) Potomac Park, (9) Capitol Building, (10) downtown
shopping area, (11) the new FBI building construction, (12) Inter-
state 95 construction, (13) Washington Channel, (14) Pentagon,
(15) White House, (16) NASA Headquarters, (17) business
district, (18) Georgetown, (19) National Cemetery, (20) Jefferson
Memorial, and (21) National Gallery of Art.

37

PLATE 2



PLATE 3

(a)

(b)

SEASONAL EFFECTS AROUND WASHINGTON, D.C.: This
pair of Landsat images shows the Washington area and neighboring
Virginia (G-14) and Maryland (L-8) at the height of winter (a)
and in early spring (). In the winter scene, grass is dormant and
deciduous trees are bare; the darker browns mark the forests,
some of which contain a high proportion of coniferous trees. A
blanket of snow lines the southern area beginning about 50 kilo-
meters (30 miles) south of Washington. This storm had been fore-
cast to hit Washington and Baltimore but was deflected southward
by changing winds. In the spring scene, many of the agricultural
fields and some of the natural meadows or grassy hillslopes have
responded to early rains by greening.

In both views, the geology of the region is better outlined because
of lack of foliage and lower Sun angles. The rocks east of the
fall line (K-2; N-7; O-4), where streams may require an adjust-
ment in gradient, often marked by waterfalls or rapids, after cross-
ing from crystalline rocks into “soft” sediments, are Cretaceous
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and Tertiary sedimentary units that dip slightly toward the south-
east. The rocks of the Piedmont (I-6) west of the fall line are
mostly Precambrian crystalline complexes such as gneisses and
schists. Several “mantled gneiss domes” (M-3) can be discerned
around Baltimore. The northeast structural grain (K-1) of these
metamorphic rocks is evident in both views. A block of the
Triassic Lowlands (F-7; G-13) lies further west. Quartzites, meta-
basalt sills, and granitic intrusives make up the Catoctin Mountain
Ridge (E-5) and adjacent valleys (E-7) west of Frederick. South
Mountain (D-5) east of the Shenandoah River (C-9) and Hagers-
town (C-4) at the north end of the Shenandoah Valley consist of
lower Paleozoic sedimentary units. These ridges are about on line
with the Blue Ridge—a crystalline block that represents the first
extended high mountains along the east side of the Appalachian
belt. (a) 71170-15193; January 9, 1973; (b) 1260-15201; April 9.

1973.
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(b)

DELMARVA PENINSULA: This great extension of land, shared
by Delaware (/-10) and Maryland (M-18) here in this scene and
by Virginia to the south, is bounded by the Chesapeake Bay on
the west, the Atlantic Ocean on the east, and Delaware Bay (0O-10)
on the northeast. The Susquehanna River empties into the Chesa-
peake and the Delaware River into the bay of its name. Other
important rivers not already identified in plate 1 are the Nanticoke
(J-8), the Wicomico (L-19), and Pocomoke (O-20) Rivers in
Maryland and the Maurice (N-4), Great Egg Harbor (Q-3), and
Mullica (S-1) Rivers in southern New Jersey (O-3). The manmade
Chesapeake and Delaware Canal (G-4) is also easily picked out.
The Blackwater (H-20) and Bombay Hook (K-7) National Wild-
life Refuges have been set up in coastal marshlands.

Salisbury, Md. (L-19), and Dover, Del. (J-8), are small cities
within the peninsula (which contains the entire State of Delaware
shown here up to Wilmington (I-1). Several famous Atlantic
Ocean resorts—Ocean City, Md. (R-18), Rehoboth Beach, Del.

Als|c|o|e|F|c|u]| 1]a]|x|L[m[n|o|P|a|r[s|T[u|V

(P-13), and Atlantic City, N.J. (T-4)—Ilie on the offshore bar
beaches that extend from south of Assateague Island (Q-20) on the
south, past Indian River inlet (Q-18), to Cape Henlopen (P-12)
at the mouth of Delaware Bay and from Cape May (Q-9) north-
ward to Great Bay (7-2). Behind these bar islands are great
lagoons, which are a composite of open shallow water, tidal flats,

and salt marshes.
In the winter scene (a), ice has formed in many of these lagoons

and in some of the bays and marshlands, especially along the New
Jersey coast. In the summer scene (b), an unusual phenomenon
was detected. A large “gray” zone, which converts the false color
reds to pinks, is developed over the northern end of the Delmarva
Peninsula. Inspection of weather records revealed this to be the
effect of a thick smog belt that presumably spread eastward from
Washington and Baltimore to the west. Both cities experienced
a pollution alert on the day this image was taken. (a) 1205-15141;
February 13, 1973; (b) 1403-15125; August 30, 1973.

39

PLATE 4



PLATE 5

NEW YORK CITY AND PHILADELPHIA: Metropolitan com-
plexes (metroplexes) and a diversity of geologic and topographic
conditions characterize this image. The metroplexes of New York
City (S-3); Trenton (M-12), Philadelphia (J-15), Wilmington
(G-19), Reading (A4-12), and Allentown-Bethlehem (E-7) consti-
tute the major urban concentrations shown.

The detail that can be observed in urban areas is exemplified in
the New York City metroplex. Park areas with their distinctive
vegetative signatures are usually identifiable; for examples, Prospect
Park and the Botanic Gardens in Brooklyn (S-4), Forest Park and
Flushing Meadow (7-3), and Central Park and its lake in Man-
hattan (S-2). Water features are readily recognizable; for examples,
the Hudson River (R-3), East River and a part of Long Island
Sound (7-2), Newark Bay (Q-4), Raritan Bay (Q-7), and Ja-
maica Bay with its numerous islands (7-4). The piers and terminal
facilities in the Upper Bay at Bayonne, N.J., are visible (R-4).

The Coastal Plain (Q-14), Piedmont (N-7), New England
(I-6), Valley and Ridge (B-5), and Appalachian Plateau (C-1)
geologic provinces are all presented in this image. The Coastal
Plain is typified by offshore bar or barrier beach development with
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associated inner lagoonal area and coastal wetlands (7-18) and a
classic example of spit growth at Sandy Hook (S-6). Large areas
of the coastal plain in southeastern New Jersey known as the
Pine Barrens (Q-16) are developed on infertile sandy soils that
support only a scrubby growth of oak and pine trees.

Trenton and Wilmington are considered fall line cities and as
such are located at the juncture of the Piedmont and the Coastal
Plain. The Piedmont in this area is characterized by the Triassic
Lowlands (N-7) of younger sedimentary rocks down-faulted
between older crystalline masses, one of which, the Reading Prong,
is easily recognizable (H-7). The Watchung Ridges (N-6) are
made up of a series of extrusive basalt flows, the eroded scarps of
which stand as much as 130 meters (400 feet) above the surround-
ing area.

The Valley and Ridge folded linear ridges (D-4) and the Great
Valley (E-6) are traversed by the Lehigh (C-6) and Delaware
Rivers (G-3). The Appalachian Plateau province represented by
the Pocono Mountains (D-1) is an area of maturely dissected
essentially horizontal sedimentary strata that has been subsequently
glaciated. 1079-15131; October 10, 1972.
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NEW YORK CITY AND LONG ISLAND: This early spring
scene covers much of the same area shown on the opposite page.
Well-known localities on Long Island include Oyster Bay (L-3),
Great South Bay (P-6), Jones Beach (L-8), Fire Island (N-7),
and Great Peconic Bay (U-1).

Long Island is a slightly upraised section of metamorphosed
Paleozoic rocks, with some overlying Cretaceous sediments, now
largely covered by glacial materials from an early Wisconsin ice
advance near the close of the Pleistocene. A pair of somewhat
eroded end moraines line the north shore and interior east to the
south shore of Long Island. Ocean currents have reworked sands
derived from the outwash plains along the south coast into several
offshore bars. Long Island Sound is an eroded lowland that lies
along the extension of the fall line. (See plate 3.) Paleozoic schists
and gneisses from the New England metamorphic province extend
south from White Plains to the north shore of the Sound and into
Manhattan. The Hudson Highlands (B-2), the northern end of
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Reading Prong, is a long block of Precambrian gneisses eroded into
a landscape of rolling, tree-covered hills and intervening lakes that
serve as a principal recreation area for metropolitan New York.
The northern end of the Triassic Lowlands, a fault-bounded and
down-dropped block of reddish continental sediments and basaltic
extrusives, extends from across the Hudson River (G-2) at
Ossining, N.Y. (G-1), southward along a line from western Staten
Island (F-9) to Trenton, N.J. (B-15), and beyond into the central
Appalachians. A large basaltic sill, inclined to the west, forms the
Palisades (G-6) of New Jersey where exposed along the Hudson.
Westward, resistant basaltic flows stand up as ridges and scarps
70 to 130 meters (200 to 400 feet) above their surroundings in the
Watchung Mountains (C-9). The coastal plains of New Jersey con-
sist of Cretaceous sediments inland, Miocene sediments through
much of the Pine Barrens (G-19), and Pleistocene sediments along
the coast around Barnegat Bay (/-19). 1654-15013; May 8, 1974.
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PLATE 7

A’B’C,D’E’F,G,H,I,J’K,L,M,N’O’P,Q’R,S’T’U,V

BUFFALO, N.Y., AND TORONTO, CANADA: The Niagara
River (R-9) descending some 60 meters (190 feet) over a cap of
Lockport dolomite at the crest of the Niagara escarpment joins
two of the Great Lakes: Erie (L-19) and Ontario (Q-6). Niagara
Falls (S-11) was created as the river descended the escarpment
following glacial times. The cuesta (escarpment created by dipping
sedimentary rocks) trends east to west along the southern shore of
Lake Ontario (M-11; S-10). The falls have now retreated 11 Kil-
ometers (7 miles) upstream from the cuesta front near Lewiston,
N.Y. The present rate of retreat is estimated to be about 12 meters
(4 or 5 feet) per year. Grand Island (7-12) bifurcates the Niagara
River a few kilometers (miles) above the falls. Close inspection
reveals the much smaller Goat Island (S-11), which separates the
American and Canadian Falls. The Welland Canal (Q-11) was
constructed to bypass the falls and the rapids in the gorge below
the falls and allow oceangoing vessels to traverse the St. Lawrence
Seaway inland beyond Lake Ontario.
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The city of Buffalo is located on the northeastern tip of Lake
Erie (U-13). Delaware Park and the Buffalo Zoo can be located
within the metropolitan area due to the characteristic (red) signa-
ture resulting from the greater amount of vegetation present in
these locations (U-13). Canada’s “Golden Horseshoe” industrial-
agricultural area loops around the southwestern end of Lake On-
tario from Toronto (M-4) in the north, through Hamilton (K-10),
to the international border along the Niagara River. Both Toronto
and Hamilton have protected natural harbors (visible in the image)
as a result of sand bar deposition by the currents of Lake Ontario.

The checkered agricultural pattern (D-16 and H-11) of rural
Ontario results from the essentially geometric layout of the secon-
dary road network and the fact that trees are left along the margins
of agricultural fields as windbreaks. Cumulus clouds cover much
of the area west of Hamilton and Toronto. 1407-15343; Septem-
ber 3, 1973.



THE FINGER LAKES, N.Y.: Most of this image covers a physio-
graphic section known as the glaciated Allegheny Plateau. This
part of west-central upper New York State is bounded on the
north by Lake Erie. A segment of Ontario around Prince Edward
Point (G-2) is seen across the lake. Principal cities shown here
are Syracuse (R-12), Oswego (M-17) on the Oswego River, and
Rochester (D-13; largely cloud covered).

The major physical features present in this scene owe much to
the geological character of the surface units. The bedrock geology
is relatively simple: from Lake Erie southward, progressively
younger Silurian and Devonian sedimentary rocks (mainly shales
and limestones) dip gently southward. The Allegheny Plateau
escarpment, a subdued north-facing ridge, trends east to west from
just south of Rochester to south of Syracuse where it grades into the
Helderberg escarpment. This entire region was overrun by at
least three glacial advances—Illinoian, Kansan, and Wisconsin—
during the Pleistocene ice age. Many preexisting stream valleys
were further widened and enlarged by erosion from the ice and from
melt waters. This produced a series of interconnected “through
valleys” south of the limit of the main glacial drift that carve the
terrain into rolling hills with relief of 60 to 150 meters (200 to 500

feet). Later, additional thick ice masses occupied some of these
valleys and deepened them. The resulting Finger Lakes are troughs
cut primarily out of Devonian shales. The principal lakes are an
eastern group consisting of the Seneca (L-18) and Cayuga (N-18),
both excavated to below present sea level; and the Owasco (0O-15),
Skaneateles (Q-15), and Otisco (Q-14), all draining into the
Seneca River (N-12); and a western group consisting of the
Keuka (J-21), Canandaigua (H-17), Honeoye (F-18), Canadice
(E-19), Hemlock (E-19), and Conesus (D-19), with outlets flow-
ing into the Genesee River (B-20). Oneida Lake (7-9) near Syra-
cuse is also glacial in origin. The glacial plains north of these lakes
are covered with till. Many drumlins are present in these plains
but cannot be clearly defined in the image.

The famous Erie Canal (H-14) stands out in sharp contrast to
surrounding vegetation. The nearby farmlands produce winter
wheat, oats, corn, seed, snap beans, potatoes, and hay; wine and
table grapes are also raised in the area, along with apples. Isolated
elm, ash, and cottonwood groves are found in parts of the glacial
plains. Oak and hickory woodlands occur around parts of the
Finger Lakes. Elsewhere, forests are mostly birch, beech, and
maple. 1027-15233; August 19, 1972.
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THE ADIRONDACK MOUNTAINS, N.Y., AND GREEN
MOUNTAINS, VT.: The northeast corner of New York State is
dominated by the broad uplift of the Adirondack Mountains (B-17).
The most rugged part of these mountains is seen here. Mount
Marcy (G-18) rises to 1629 meters (534 feet) above sea level and
Whiteface Mountain (G-14) reaches to 1483 meters (4867 feet).
Popular ski resorts are located around Saranac Lake (C-16), Lake
Placid (F-15), and Tupper Lake (B-18). The bulk of the Adiron-
dacks consists of Precambrian igneous and metamorphic rocks.
Schists, gneisses, and quartzites of Grenville age occur in isolated
bands and patches (K-19) surrounded by younger granitic intru-
sives (P-12). A large area centered around F-19 was invaded by
intrusive gabbro and anorthosite—the latter is a rock type similar
to the crust of the lunar highlands. This crystalline complex has
been extensively fractured—many new faults and lineaments have
been detected for the first time from the Landsat imagery. These
linear zones of weakness have been enlarged by water erosion and
glaciation to produce a series of interconnecting valleys that stand
out as sharp “gashes” (C-20; G-19) on the Landsat imagery.
North-dipping Cambrian sandstones form cuestas (C-10) on
the north flank of the Adirondacks. These give way to Ordovician
limestones and shales in the St. Lawrence Lowlands (D-6) around
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the St. Lawrence River (4A-3) on both the New York and Quebec,
Canada (F-3), sides.

The Champlain Lowlands occupies a great structural trough
filled with Cambrian and Ordovician sedimentary rocks. Lake
Champlain (L-12) developed in the Pleistocene through scouring
by a lobe of ice during a Wisconsin glacial advance. The area
subsequently was invaded briefly by marine waters from the Gulf
of St. Lawrence. The present-day lake, the southern tip of which
is just below Ticonderoga (M-20) near Lake George (M-21) and
east of Schroon Lake (J/-21), now drains out of the Richelieu
River (J-3) into the St. Lawrence northeast of Montreal. The
Champlain Valley is bounded on the east, beginning near Burling-
ton, Vt. (M-12), by blocks of Precambrian rock carried westward
along thrust faults. The lines of ridges of this strongly folded and
metamorphosed complex make up the Green Mountains of Vermont
(Q-10). They are breached here by the Winooski River, which
flows past Montpelier (7-14) into Lake Champlain just south of
Grand Isle (K-9).

The mountains of the region are covered with hardwoods mixed
with spruce and some fir at higher elevations. These hardwoods
(maple, beech, and birch) extend into the lowlands. Farming is
limited mainly to corn, hay, and alfalfa. 1079-15115; October 10,
1972,
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WESTERN NEW ENGLAND: This part of New England includes
most of southern New Hampshire (Q-7) and Vermont (C-8),
divided by the Connecticut River (L-1), and much of western
Massachusetts (R-17). The Hudson River (A-11) and its valley
lie along the west side and the Merrimack River (S-6) and Lake
Winnipesaukee (7-1) are found to the east. Many towns and
cities are scattered throughout the scene: New York State: Albany
(A-19) and Troy (A-17); Massachusetts: Pittsfield (G-20),
Northampton (M-21), Amherst (N-20) (west of the Quabbin
Reservoir (P-19)), and Worcester (U-20); Vermont: Rutland
(E-5) and Brattleboro (L-14); and New Hampshire: Keene (N-12),
Hanover (K-3), Concord (7-7), Manchester (U-8), and Nashua
(V-12). This midfall scene catches the New England foliage—
largely maple, beech, and birch hardwoods or oak and hickory in
central Massachusetts, and fir and spruce in the higher ranges—past
its climax. The relatively few farms (mostly corn, hay, and truck
farming) are mainly confined to the large valleys.

The geology of the region is complicated in detail. The New
England province is an extension of the northern Appalachians—a
segment of the vast geosyncline whose sediments here became
folded, metamorphosed, melted, intruded by magmas, and thrust

westward by the middle of the Paleozoic. The Green Mountains
(G-10) of Vermont and the Taconic Mountains of New York
(E-19), separated by the Hoosic River (F-16), are parts of thrust
sheets of Archean gneisses and younger Precambrian schists and
slates carried over Cambrian quartzites onto the Rensselaer Plateau
(C-17). The Berkshire Hills (J-21) of Massachusetts and the
Hoosic Mountains (/-17) are an extension of the Green Mountains
that lie just east of the elongate ridges of the Taconics. A long band
(K-8) of late Precambrian phyllites extends along the western
Connecticut River valley to Greenfield, Mass. (L-17), on the
Deerfield River (J-17). Further south, this valley is underlain by
arkosic sands and reddish shales that occupy the northernmost
segment of the Triassic Lowlands—a fault graben developed along
the eastern side of the Appalachians after the main compressive
uplifts in the Permian. Trap (basalt flows) mountains of Triassic
age hold up the Mount Tom and Holyoke Ranges (N-21). East
of the Connecticut River, the New England Plateau is a section of
rolling hills of Proterozoic schists (P—6) or late Paleozoic intrusives
(T-13). The entire region was subjected to extensive glaciation in
the Pleistocene. 1096-15065; October 27, 1972.
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PLATE 11

SOUTHERN NEW ENGLAND: This scene extends the coverage
of western New England shown in plate 10 through the lower
Hudson River valley (D-12) and the lower Connecticut River val-
ley (Q-9) to the Long Island Sound (Q-20). Cities in New York
along the Hudson include Peekskill (F-19), Poughkeepsie (E-14),
Kingston (D-11), and Albany (C-1); Connecticut River urban
areas are Hartford (Q-10) in Connecticut and Springfield (P-6),
Holyoke (P-5), and Northampton (O-3) in Massachusetts. New
Haven (P-17), Bridgeport (N-19), Norwalk (L-20), and Green-
wich (K-21), Connecticut, are built along the Sound across from
Long Island (7-21). Danbury (K-17) near the Housatonic River
(L-16) and Torrington (L-11) on the Naugatuck River (N-16)
are other principal inland towns. Most urban centers are concerned
with manufacturing as the principal industry. Tobacco is a special
crop grown in the lower Connecticut valley. Hay, alfalfa, and corn
are also grown there and in the Hudson valley. The forests are
primarily oak and hickory.

The regional geology is strikingly revealed in this scene taken in
early spring before leafing. The eastern end of the Catskill Moun-
tains (A-10)—made up of deltaic sediments of Devonian age
folded into a broad syncline—has a steep scarp (B-8) in front of a
1200-plus-meter (4000-plus-foot) high dissected plateau (A-7).
The Shawangunk Mountains (B-14) consist of Silurian sandstone
overlooking a valley (B-16) of Ordovician limestones and border-
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ing Cambrian sandstone that continues up the Hudson valley (F-7).
The Hudson River passes through the ‘“narrows” (F-18) in the
Hudson Highlands—part of the Reading prong of metamorphic
rocks. Across the river, the south end of the New England prong of
similar rocks extends from White Plains, N.Y. (/-22), northward
through rolling hills and ridges, dotted with lakes, until joining with
the Hudson Highlands east of Poughkeepsie. These prongs then
connect with the Green Mountains (H-2) and the Berkshire Hills
(K-7) further east. Most of the terrain to the east—the New
England Uplands (7-7)—is a mature dissected plateau with relief
of 60 to 120 meters (200 to 400 feet) or less. Scattered patches
of mid-Paleozoic granites occur west of the Connecticut River
and in much of the higher areas to the east or along the coast.
The Connecticut Lowlands (Q-7) here are part of a down-dropped
fault block filled with Triassic continental sediments derived from
erosion of Paleozoic crystalline rocks. A conspicuous ridge (O-4
to 0O-9) along the west side of the valley consists of basalt intruded
as sills into tilted Triassic strata. This entire region experienced
peneplanation followed by several invasions of the ocean to produce
marine terraces (seen as faint color differences running northeast).
Pleistocene glaciation further modified the surface by erosional
smoothing and deposition of tills and scattered drift. 71258—7/5080;

April 7, 1973.
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BOSTON AND CAPE COD: The entire extension of Cape Cod,
formed as a series of glacial moraines with some additional growth
of sandy hooks, spits, and bars by offshore marine currents, domi-
nates this scene. Provincetown (L-7) and Race Point lie at the
north end; Monomoy Island (O-13), a national wildlife refuge, is
situated at the southeast end; and the string of Elizabeth Islands
between Buzzards Bay (H-14) and Vineyard Sound (H-17) marks
the southwest end. Martha’s Vineyard (/-17) and Nantucket Island
(0O-17) enclose Nantucket Sound. The Cape appears cut off as an
“island” by the Welland Canal (I-12).

Much of the metropolitan area of Boston (B-5) is seen along
Boston Harbor (C-5). The coastal towns of Gloucester (E-1),
Salem (C-3), and Plymouth (G-10) are well-known historical

sites in eastern Massachusetts. To the west are parts of the New
England Uplands (D-10), a hilly region covered by oak and
hickory in the south. These uplands are underlain by Precambrian
metamorphics, mid-Paleozoic intrusives, and Carboniferous slates
and volcanics—all sporadically covered by Pleistocene glacial de-
posits.

The eastern half of Rhode Island falls within this image. The
capital of Providence (A4-12) is located on the Seekonk River at
the head of Narragansett Bay (A-14). Fall River (C-14) and
Newport (B-17) are also sited on the Bay. Block Island (A4-22)
lies at the entrance to Long Island Sound. 1724-14472; July 17,
1974.

47

PLATE 12



PLATE 13

wlefelofelofelnlolofxlclninfolelalnls|rfo]s

THE ROCKY COAST OF MAINE: All of Maine lies within the
New England section of the Appalachian Mountains. This section,
which extends into the Maritime Provinces of Canada, consists of
somewhat metamorphosed Cambrian to Silurian sedimentary rocks
(J-5) that were involved in the orogenies of the mid-Paleozoic that
converted much of the northern Appalachian geosyncline into high
mountains. During that activity, schists and slates of Precambrian
age were also shoved up and some of the Paleozoic rocks were
melted and then intruded into the uplifts. Most of the present
coastal strip of Maine is cut from schists (/J-17) and younger gran-
ites (Q—10). Subsequent erosion has reduced much of Maine to low
rolling hills and ridges but higher elevations occur around the
eastern end of the White Mountains (B-2) and northeastward
through the Katahdin Range in central Maine. Maine was involved
in extensive glaciation during the Pleistocene, so that till deposits
are now present in most of the valleys. Marine sediments were laid
in the lower reaches of the rivers when these became estuaries dur-
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ing high water phases of the oceans. At present, the rise of sea
level since the Wisconsin ice advance has again inundated most of
the coastal area, producing the rocky cliffs, jagged spurs of land,
and islands that characterize Maine’s sea coast.

This midwinter scene, with natural enhancement afforded by the
snow cover and low Sun angle (31°), brings out considerable detail
of structural grain in the terrain (J-15). Most of the open country
is covered by spruce and fir, except where stretches of maple, birch,
and beech prevail. A number of urban areas—Lewiston (D-20)
and Brunswick (G-21) on the Androscoggin River (E-21). Au-
gusta (G-16) and Waterville (H-12) on the Kennebec River
(H-19), and Bangor (N-7) on the Penobscot River (N-9)—
stand out in sharp contrast to their surroundings because of melting
or removal of snow from their streets. Bar Harbor (7-11) on
Mount Desert Island is a well-known resort area. 1220-14553;
February 28, 1973.
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HARRISBURG, PA.: Suggestive of a giant waterfall, the Appala-
chians of central Pennsylvania are a classic example of folded
mountains. The entire width of the Valley and Ridge province, a
physiographic region characterized by doubly plunging anticlines
and synclines, is covered here. Some landmarks to help orient the
viewer include the Potomac River (K-18), the Susquehanna River
(J-3), the Juniata River (P-5), Harrisburg (U-7) and Carlisle
(Q0-12), Altoona (F-8), State College (J-3), Chambersburg
(0-13), and Gettysburg (S-7) in Pennsylvania, and Hagerstown
(0-7) in Maryland.

Parts of several geologic provinces are visible here. Starting in
the northwest (upper left), they can be described as follows. The
Allegheny Plateau (C-4) is a region generally between 300 and
900 meters (1000 and 3000 feet) high consisting of gently folded
Paleozoic sedimentary rocks. The east boundary of the Plateau,
the Allegheny Front, is an eastward-facing ridge running from
A-21 to H-1. Next are the folded mountains of the Valley and
Ridge province, a section of the great Appalachian chain. The
folding increases in intensity toward the southeast, a fact evident
in this image from the increasing narrowness of the valleys in
the eastern part of the Valley and Ridge province. Many of the

folds are overturned toward the northwest, and there are many
thrust and reverse faults indicating compression in this direction.

An important geologic relationship that should be mentioned
is that the present topography of the Valley and Ridge province was
not produced directly by folding, which took place in the Paleozoic
Era, but by much later differential erosion on the folds. Resistant
rocks, in particular sandstones, tend to form ridges, while shales
and limestones tend to form valleys. In the drier climate of the
far western United States, limestones tend to form ridges. The Great
Valley of Pennsylvania (the northward extension of the Shenandoah
Valley of Virginia), was formed by the more rapid erosion of
Paleozoic limestones; despite its appearance, it is structurally part
of the Valley and Ridge fold system. Southeast of the Great Valley
is the Blue Ridge anticlinorium (Q-17 to R-12), a range of
Precambrian igneous and metamorphic rock. Beyond that are the
Triassic basins and the Piedmont of Pennsylvania and Maryland,
the latter underlain by Paleozoic metamorphic and igneous rock.
The Appalachians were the site of a Paleozoic geosyncline, and the
Piedmont is thought to have also been part of this geosyncline now
metamorphosed and tightly folded. 1495-15222; November 30,
1973.
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WESTERN APPALACHIAN PLATEAU: The terrain imaged in
this scene is typical of the intricate dendritic drainage that develops
in a region underlain mostly by soft, easily dissected sediments. The
area shown encompasses southwestern Pennsylvania, eastern Ohio,
and a segment of West Virginia. The principal city is Pittsburgh
(R-6), situated where the Monongahela (7-9; T-18) and the
Allegheny (7T-3) Rivers join to form the Ohio (P-5). The cities
of Steubenville (L-9) and Wheeling (L-14) lie on the Ohio as it
heads south. Other towns include Canton (C-4), Cambridge (D-
15), and Zanesville (4-17) in Ohio and Morgantown (U-16) and
Clarksburg (S-21) in West Virginia. The Muskingum River (B-19)
winds its way to the Ohio while the meandering Tuscarawas River
(B-11) eventually joins the Muskingum. A line of reservoirs,
Atwood (D-7), Leesville (F-8), Tappan (G-10), Clendenin
(G-11), Piedmont (G-12), Wills Creek (D-13), and Senecaville
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(F-15), straddle small rivers that flow west of a divide (/-12)
into the Muskingum drainage system.

The topography of this region, well displayed in this low Sun
angle winter scene, is characteristic of the unglaciated Allegheny
Plateau. Almost all of the rocks are shales and siltstones, with
some thin sandstones. The youngest rocks are part of the Permian
Dunkard Series extending from Washington, Pa. (P-10), south-
ward along and east of the Ohio. Beyond are successively older
flat-lying rocks of Pennsylvania age; many of the individual strati-
graphic units contain coal beds.

Note the smoke plumes (D-20) on the Muskingum River,
presumably emitted from a factory or power plant. Their rise to
the northwest indicates a southeast wind. 1737-15364; December

7, 1972.



ROANOKE, VA.: Portions of three States and four physiographic
provinces are represented in this image. Danville (V-18) and
Martinsville (5-20), Va., in the southeastern portion of the image
are located near the Virginia-North Carolina border, and the dis-
sected plateau country of eastern West Virginia appears in the
northwest corner of the image. A light snow cover creates several
areas of high reflectance throughout this scene; for example (F-
15). Thin clouds (N-15; Q-10) occur in a few places over the
Blue Ridge.

The Piedmont Upland east of the mountainous area (T-18) is
developed on ancient crystalline rocks and represents an area of
moderate relief. Adjoining the Piedmont on the west, the Blue
Ridge province (S-4; D-20) is mostly an upthrust complex of
single ridges in places, and closely spaced multiple ridges in others,
made up mainly of Precambrian metamorphic rocks, particularly
metabasalts. The city of Lynchburg, Va. (U-8), is located on the
James River in a valley on the margin of the Blue Ridge. In this
image Lynchburg is obscured by atmospheric interferences.

The upwarped anticlinal ridges and downwarped synclinal valleys
trending northeast to southwest are characteristic of the folded

Appalachian country (I-9). The Valley and Ridge province, as it
is also known, borders the Blue Ridge to the west, in some places
quite abruptly along sharply defined fault zones. The city of
Roanoke (N-11) is located on the eastern margin in a transition
zone between the Valley and Ridge and the Blue Ridge.

The fine texture of the maturely dissected Appalachian Plateau
province (C-5) dominates the northwest corner of the image. The
degree of dissection gives rise to a rolling, hilly landscape with few
flat areas suitable for agriculture. The New River (C-9) traverses
the plateau after it has breeched the linear ridges and valleys to
the east (G-13). The southern end of the Allegheny Mountains
(I-3) marks the transition between the folded strata of the Valley
and Ridge and the essentially horizontal dissected strata of the
plateaus—a relationship similar to that shown in the Knoxville,
Tenn., image (plate 17) between the Cumberland Plateau and the
Valley and Ridge.

Three reservoirs are readily recognizable: Philpott (N-7), Smith
Mountain (R-13), and Clayton (H-15). 1172-15312; January 11,
1973.
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KNOXVILLE, TENN.: Three contrasting types of topography are
shown in this image. The mountainous knot of the Great Smoky
Mountains topped by Clingman’s Dome (N-14) rising above 2000
meters (6600 feet) occupies the southeastern portion of the image.
Appalachian Valley and Ridge topography, developed upon faulted
and eroded elongate synclinal and anticlinal structures, trends
northeast to southwest across the image. The dissected horizontal
sedimentary strata of the Cumberland Plateau (B-2) occupy the
northwestern portion of the image.

The eastern boundary of the plateau country lies in a disturbed
zone known as the Cumberland Overthrust Block (G-4). Here a
wedge of sedimentary rocks some 200 kilometers (125 miles) long
by 40 kilometers (25 miles) wide has been thrust northwestward.
The southwestern margin of this thrust is marked by the Jacksboro
fault, readily recognizable in this image (C-7). Southeast facing
Cumberland Mountain (F-5), a homoclinal ridge, marks the
boundary between the Cumberland Plateau and the Appalachian

Valley and Ridge province.
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Numerous reservoirs on the Tennessee and its tributaries signal
the activities of the Tennessee Valley Authority in developing this
portion of Appalachia. Some of the more obvious multipurpose
reservoirs are Fontana (K-18), Douglas (L-11), Cherokee (L-7),
and Norris (F-7).

The city of Knoxville (G-11) is located in the Valley and Ridge
area. Coal is strip mined from the Pennsylvanian shale and coal
formations, especially in the Middlesboro synclinal basin (H-2)
in Kentucky. The bluish signature of the mines in that area is
characteristic of strip mining activity.

In this heavily vegetated area, the Appalachian oak forest dom-
inates most of the scene with the exception of the higher portions
of the Great Smoky Mountains where greater elevation permits
the northern hardwood forests (maple, beech, and fir) and the
southeastern spruce and fir forests to thrive. Portions of the valley

floors in the Valley and Ridge province have been cleared for agri-
cultural purposes as is evidenced by the patterned network of fields
in some areas. 1084—15431; October 15, 1972.
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ATLANTA, GA.: Geologic structure is reflected in the topography
of three Appalachian provinces in this scene north of Atlanta, Ga.
(J=22). The linear ridges on the west near Etowah, Tenn. (C-2),
are thrust-faulted belts of Cambrian sediments in the Valley and
Ridge. The Blue Ridge Mountains to the east, known locally as the
Unakas, are divided into rugged mountains on the north, composed
of thick Precambrian Ocoee clastic sediments, and the Dahlonega
plateau, west of Gainesville (N-14) and Toccoa (R-9). This low-
land, formed on rocks of the Talladega series, is structurally part
of the Blue Ridge, but physiographically part of the Piedmont to
the east. The two provinces are separated along the Brevard fault
zone, which extends from the Chattahootchee River west of Atlanta
past Lake Keowee in South Carolina (U-3). The Piedmont is a
peneplain surface that truncates a wide variety of metamorphosed
rocks east of the fault. The topography of the Dahlonega plateau,
however, is much more varied, with numerous ridges (K-12),
monadnocks (M-9), and low wooded hills where the Piedmont
overlaps the Valley and Ridge south of Cartersville (C-17).
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The large white scar in the mountains (F-5) marks the copper
mining district of Ducktown, Tenn., where fumes from open roast-
ing of ore have destroyed the vegetation, causing severe erosion.
Parts of the area are being reclaimed with trees and grass. Residual
deposits of iron and manganese have been mined near Cartersville,
and barite and ocher are mined at present. Gold lodes and placers
were worked throughout the Dahlonega plateau.

Interstate 285 circles the Atlanta metropolitan area near Marietta
and Dobbins Air Force Base (H-20). Stone Mountain (L-20), a
large granite dome rising 200 meters (650 feet) above the Pied-
mont, has a large memorial to the Confederacy carved on its side.
Athens (7-17) is the home of the University of Georgia. Large
lakes present include Allatoona Reservoir (E-17) and Lake Sidney
Lanier (L-15). The long string of lakes from Hartwell Reservoir
(U-19) to Chatuge Lake (L-5) on the Hiwassee River suggest
linear fault control of the stream courses. 1084-15433; October
15, 1972.
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THE OUTER BANKS, NORTH CAROLINA: The coastline in
this part of North Carolina is perhaps the most distinctive physical
feature along the entire Atlantic Seaboard. Offshore, the sandy
bottom shoals are notorious for their treacherous effect upon navi-
gation. Stretching all the way from Cape Henry near Norfolk, Va.,
to Cape Fear, at Wilmington, N.C. (see plate 20), the Outer Banks
is made up of sediments brought seaward by the rivers draining
across the coastal plain, reworked by wave action, and sculptured
into a long, narrow sandy barrier beach that fringes the mainland.
In places, the barrier beach is as much as 50 kilometers (30 miles)
from the mainland, but along much of the coast the offshore sand
beaches are separated from this mainland by only a few kilometers
(miles). Tidal and storm actions have produced numerous inlets
that interrupt the continuity of the barrier beach while allowing
access to the lagoonlike sounds. The long-term geomorphic changes
of such a coast configuration will lead to a prograding shoreline,
whereby the present sounds will become filled with sediments and
vegetation allowing the mainland to extend seaward to the present
position of the barrier beaches.
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This scene displays some noted landmarks and historical sites.
Kitty Hawk (S-9), just north of the resort area of Nags Head, is
the spot where the Wright Brothers made their first successful
flight of an airplane in 1903. To the south is Roanoke Island (7-
11), on which the first English settlement in North America was
established in 1584 only to disappear a few years later. Ocracoke
Island (7-22) was the land base of the infamous pirate, Captain
Bluebeard. The tip of Hatteras Island (¥-20), part of the Cape
Hatteras National Seashore, lies just to the east.

These banks are separated from swampy lowlands (S-14) and
salt marshes (O-19) on the mainland by Pamlico Sound (7-19),
fed by the Pamlico (G-19) and Neuse (D-22) Rivers on the south
and Alligator Bay (Q-12) and Albemarle Sound (O-10), the
latter ending at the Roanoke (/-14) and Chowan (G-7) Rivers,
on the north. West of Currituck Sound (Q-5) is the Great Dismal
Swamp (J-4) of southeast Virginia near Norfolk. The coastal
plains region to the west is dotted with numerous farms growing
tobacco, corn, and other crops. 1637-15085; April 21, 1974.



CAPE FEAR, N.C.: This section of the North and South Carolina
coast near Cape Fear shows typical Atlantic Coastal Plain develop-
ment. The inland portion comprises dissected, terraced hills devel-
oped on Cretaceous sands. Crystalline rocks of the Piedmont are
indicated by the large quarry near Lillington (C-2). The fall line
is indistinct here, occurring as a zone of rapids along the Cape Fear
River. East of the Suffolk Scarp near Kinston (P-1), low terraces
are developed on Tertiary sediments and large swamps abound,
including Wolf (S-5), Angola (0-9), Holly Shelter (Q-11), and
Green (L-17). Elliptical Lake Waccamaw (I-15), White (/-11),
Black (/-10), and several smaller lakes between the Cape Fear
River (G-11) and South River (I-9) are good examples of the
Carolina Bays, discussed in plate 21. The Atlantic coastline here is
a compound cuspate foreland. Shore currents have built the cuspate
bar at Cape Fear (P-20). The area behind the offshore bars along

Long Bay (M-21) and Onslow Bay (R-15) will eventually fill in,
and the entire coastland will be prograded to the present bar line.

The city of Wilmington (O-15) has been an important harbor
throughout North Carolina history, serving as headquarters for the
British during the Revolution, and site of a major campaign in the
Civil War to shut off supplies to the Confederacy. The area along
the New River east of Jacksonville (S-6) is the Marine Corps
training base at Camp Lejeune. New Bern (V-2) lies along the
Tidewater section of the Neuse River. Further upstream Seymour
Johnson Air Force Base (K-1) can be seen south of Goldsboro, as
can the extensive training areas around Fort Bragg (A4-5) near
Fayetteville (C-6). East of Lumberton (C-12) the Lumber and
Big Swamp Rivers turn sharply southwestward, joining the Little
Pee Dee River in South Carolina. Numerous beach lines can be
seen throughout this part of the coast (D-21). 1080-15203; Oc-
tober 11, 1972.

35

PLATE 20



PLATE 21

“y,

A’B,C,D’E’F'GH’I’J’K,L,M

CHARLESTON, S.C.: Nearly the entire South Carolina coast is
shown here, from Beaufort (G-21) and Charleston (N-15) to
Myrtle Beach (V-1). The inland part of this Atlantic Coastal Plain
area is a dissected upland known as the Sand Hills. The numerous
small ellipses scattered throughout the hills near Orangeburg (B-7)
and Sumter (F-1) mark shallow depressions called Carolina Bays,
the origin of which has been variously attributed to meteorite
impacts or to the geologic processes of solution and subsidence or
eddy currents. Traces of old coastal terraces parallel the coast
about 50 to 65 kilometers (30 to 40 miles) inland and younger
terraces can be seen as long beach lines between Charleston and
Georgetown (5S-6). A chain of sea islands, developed in place of
offshore sandbars, extends from Cape Island (S-10) south along
the entire coast, and includes the large islands of Edisto (K-19),
St. Helena (H-21), and Port Royal (F-21). As part of the Santee-
Cooper project completed in 1942, the water of the Santee River
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is dammed at Lake Marion (/-6), diverted by canal to Lake
Moultrie (K-8), and fed through a powerhouse and Tailrace
Canal to the Cooper River (L-9).

The urban development around Charleston covers most of the
peninsula between the Cooper and Ashley Rivers. The 14-kilometer
(9-mile) waterfront provides an important Atlantic seaport. Fort
Sumter, site of the attack that began the Civil War, is located at
the entrance to the harbor. Charleston is noted for its preservation
of many OId South buildings, plantations, and gardens.

Interstate 26, going west from Charleston past a large cement
plant (G-10), intersects I-95, the main north-to-south route (F-
9). The Intracoastal Waterway enters the Waccamacaw River (T-
1) and can be traced across the mouth of the Santee River (7-8)
and through the coastal marshes around Bulls Bay (0O-12). 1081-

15264, October 12, 1972.



SOUTH-CENTRAL GEORGIA: This scene is typical of the south-
ern coastal plains of the Carolinas westward through Alabama and
Mississippi. Tertiary and Quaternary marine sediments are deposited
in nearly flat (slightly coastward dip) units that become progres-
sively older away from the Atlantic Ocean. The oldest formations
are Cretaceous units south of the fall line (see plate 3) around
Columbus and Macon (both just off the upper left corner of the
image). The low country there changes southward to a more hilly
uplands around Americus (D-9) underlain by the Oligocene Vicks-
burg Formation. The Dougherty Plains (C-13) drained by the
Flint River (E-6; E-20) consists of Miocene beds. East of Albany,
Ga. (F-15), and the Blackshear Lake Reservoir (G—10) are the
Tifton (K-17) and Altamaha (O-4) uplands capped by Oligocene
units and bounded in places by a low scarp (/-15) on the north-
western side. Miocene and younger sediments continue the sequence
over most of the eastern half of the image.

The Flint, Little (N-20), Alapaha (N-14), Ocmulgee (0-9),

Oconee (T-3), and other rivers in the scene are essentially conse-
quent streams or their tributaries. They flow over rich farmlands
that yield tobacco, cotton, corn, soybeans, peanuts, and such
specialty crops as watermelons and pecan trees. The remainder of
this area is given to pasture, with scattered woodlands and occa-
sional forests. Oak is found northwest of Americus while loblolly
pine and slash pine characterize the northwest and southeast sec-
tions, respectively, of the plains seen here. The flood plains of
many larger streams, particularly along the Flint and Ocmulgee
Rivers, support an oak-gum-cypress assemblage. This same forest
community begins to increase in areal extent as the edge of the
Okefenokee Swamp (V-21) is approached. The numerous oval
lakes and swampy (peat-filled) depressions visible in the lower
right corner are part of the vast swarm of Carolina Bays (see
plate 21) found throughout much of the Atlantic Coastal Plains
from Virginia to Florida. Those shown here may be part of a lime
sink area. 7263-15393; April 12, 1973.
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STATE OF FLORIDA

MOSAIC MADE WITH 16 MULTISPECTRAL IMAGES TAKEN BY THE NASA/GE

EARTH  RESOURCES TECHNOLOGY SATELLTE FROM AN ALTITUDE OF 3570 MiEs
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THE STATE OF FLORIDA: This mosaic consists of 16 color
composite images acquired by Landsat 1 between October 1972 and
April 1973. Among the many features of interest in this State (see
plate 24 for letter identifications) are the Florida Panhandle (A4),
Pensacola (B), Panama City (C), Apalachicola River (D), Apa-
lachicola National Forest (E), Tallahassee (F), Suwannee River
(G), Jacksonville (H), St. Johns River (I), St. Augustine (J), Lake
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George (K), Daytona Beach (L), Merritt Island and Cape
Canaveral (M), Orlando (N), old beach ridges (O), Tampa Bay
(P), Tampa (Q), St. Petersburg (R), Peace River (§), Charlotte
Harbor (T'), Lake Okeechobee (U), Caloosahatchee River (V),
Loxahatchee National Wildlife Refuge (W), Big Cypress Swamp
(X). The Everglades (Y), Fort Lauderdale (Z), Miami (AA4),
Florida Keys (BB), and Key West (CC).
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SOUTHERN FLORIDA: The southern third of the peninsula of
Florida encompasses climates, vegetative habitats, and economic
pursuits not found elsewhere in the continental United States. Most
of the land surface is near, or only a few tens of meters (feet)
above sea level, reflecting its fairly youthful age in terms of emer-
gence from seas that once covered all of mainland Florida. Most
of the land area seen in this image consists of sluggishly drained
marshes and swamps: the Big Cypress Swamp (H-12), the Ever-
glades (O-13), and the coastal marshes and mangrove swamps
(D-13; P-21).

Some areas with slightly higher elevations and better drained
soils known as Sandy Flatlands occur along the eastern, northern,
and western margins of Big Cypress Swamp and the Everglades.
Florida’s tourism-oriented “gold coast” stretches from the Palm
Beach area (S—1) to Miami and the shores of Biscayne Bay (7-13).
Along Florida’s west coast, the rectangular grid of street patterns
visible east of Fort Myers (4-4) and Naples (C-8; D-11) is evi-
dence of the State’s building boom. Along the east coast, inland
from the urbanized areas, the eastern margin of the Everglades
has been drained for agricultural purposes (R-3; 0-16). Around
the southern margin of Lake Okeechobee, the largest of Florida’s
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thousands of lakes, large acreages are devoted to the production
of sugarcane, citrus, and dozens of truck gardening crops (K-2).
Numerous canals and drainageways (O-6; Q-5) have been con-
structed in this area to drain the low northern end of the Ever-
glades.

The Everglades consists of some 12 500 square kilometers (5000
square miles) made up primarily of vast expanses of tall sawgrass
(the darker colored signature in the image). Interspersed within
the sawgrass are “tree islands” or hammocks, siightly higher rises
covered with hardwood trees. The splotches of intense red occur-
ring in a long, arcuate pattern through the Everglades represent
hammock areas. The long, gentle curve of the hammock pattern
within the Everglades delineates the natural flow of the drainage
in the Everglades (M-10; N-18). Like the Everglades, the Big
Cypress Swamp contains areas of both swampland and hammocks.
The mangrove swamp area is confined to a well-defined coastal
zone stretching from Naples through Ten Thousand Islands (E-14),
Whitewater Bay (M-21), into the Florida Bay area (R-21).
Florida Bay is a shallow, shoal-filled, sediment-laden body of water
between the Florida Keys (7-21) and the mainland. 7242-15240;
March 22, 1973.
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CAPE CANAVERAL, FLLA.: Two contrasting geomorphic land-
scapes are depicted in this image. The hundreds of lakes shown
here occupy solution-weathered sinkholes, now filled with water,
creating a pock-marked surface known as karst topography. Three
of the larger lakes are Lake George in the north (G-4), Lake
Apopka in the center (/-13), and Lake Kissimmee in the south
(0-21). Much of the limestone rock material underlying this
portion of central Florida is honeycombed with water-filled sub-
terranean passageways, some of which are associated with artesian
springs. Silver Springs near Ocala (4-6) is said to have a daily
discharge of some 22 cubic meters of water per second (500 million
gallons of water per day). The linear features trending northwest
to southeast (parallel to the coast) are emerged beaches produced
as the sea retreated from central Florida, which it covered until
fairly recent times.

The second distinctive landform environment in the image is
represented by the offshore bar and island complex that fringes
Florida’s central Atlantic coast. Such development, in addition to
the linear marine terraces (H-7; O-15) in the lake district, attest

FG,H,I’J,K,LM’N,O,P,Q’R’S,,U,V

to Florida’s geologic youth. The offshore complex consists of a
narrow, sandy beach strip (Q-7) bordered inland by the Indian
River Lagoon (R-9) and a series of islands including Merritt
Island (7-12). The offshore island and beach area houses the John
F. Kennedy Space Center. Individual launchpads are visible (U-11)
on the crescent-shaped cuspate bar the easternmost point of which
is Cape Canaveral (V-13). The network of causeways connecting
the offshore development with the mainland is readily visible in
this image (S-12; T-14). In addition, the Bee Line Expressway,
the central artery linking Orlando (L-14) and the coastal area.
follows a straight traverse across the St. Johns River lowland
(P-14). The course of the St. Johns and its tributaries is clearly
marked by the brighter red vegetation signature that outlines the
denser gallery forest associated with the river course (P-13; N-12).
The location of Ocala National Forest is similarly marked (C-6;
H-6). Cumulus clouds occur in several places over the mainland
(P-9; J-1) as well as out over the open water (T-3). 1045-15275:

September 6, 1972.
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MOBILE, ALA.: This scene shows the Gulf Coast from Pensacola,
Fla. (U-6), to Biloxi, Miss. (B-10). Protected by a large natural
harbor, Mobile, Ala. (L-5), is a large port providing the Gulf Coast
with modern shipping, ship building, and repair facilities. Woodpulp
is a major industry here, the surrounding pine forests supplying
raw materials for many paper and rayon plants. Brookley Air Force
Base is located south of the city (K-6).

This part of the Gulf Coast features numerous offshore bars,
built by wave and current action. These sandy islands and spits
provide a wide variety of resort beaches and recreation areas. A
National Seashore Park and Wildlife Refuge are established on
Horn Island (E-12), and wildlife refuges are located on Petit Bois
Island (H-12) and the Chandeluer Islands (E-17). Fort Gaines,
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on the east end of Dauphin Island (L-10), protected Mobile Bay
during the Civil War.

The bright white of the sandy soil outlines extensive areas of
cleared land east of Mobile Bay. Other evidences of human activity
are the narrow strip of manmade beach at Biloxi, an industrial
park marked by the white square on Biloxi Bay (C-10), and the
large shipyard opposite Pascagoula, Miss. (G-10). Sections of
Interstate 10 are seen north of Biloxi, and from Mobile east to
Pensacola and across Escambia Bay (U-5). U.S. 98 crosses Pensa-
cola Bay on the south (U-7). Pensacola Naval Air Station is locat-
ed near the inlet (7-8). The Intracoastal Waterway canal connects
Bon Secour Bay with Perdido Bay (Q-9). The belts of vegetation
to the east mark low coastal terraces. /482—15541; November 17,
1973.



HUNTSVILLE, ALA.: Two prodigous engineering projects are
represented by this image: the Apollo program and the Tennessee
Valley Authority. Huntsville, Ala. (M-9), just south of the Tennes-
see border, is the location of Marshall Space Flight Center, where
many of the rockets, including the great Saturn V used in the
Apollo program and other space projects, were developed. The
Center itself is barely visible just southwest of Huntsville. The other
engineering project is represented by the Tennessee River, bisecting
the image which under the Tennessee Valley Authority has been
harnessed by some 27 major dams. Visible here are Lakes Wilson
(D-10), Wheeler (I-11), and Guntersville (R-13; U-8), all
formed by dams on the Tennessee River. As a result of this project,
the river is navigable all the way from the Ohio River to Knox-
ville, Tenn., a distance of 1050 kilometers (650 miles). In addition,
the project produces billions of kilowatt hours of electricity, con-
trols floods, and provides many kilometers of recreational water-
ways and waterfront.

The image covers parts of two physiographic provinces. The
linear ridges at lower right, in Alabama, are in the southern part of
the Valley and Ridge province of the Appaldchians, sections of
which are shown in other images. These are folded and overthrust
Paleozoic sedimentary rocks the structure of which has been etched
into mountains by differential erosion. Guntersville Lake occupies
a fold axis on the edge of the Valley and Ridge province. To its
northwest are the Gunter Mountains (S-9), part of the Cumber-
land Plateau (P-8; V—1). This plateau is in turn the southern end
of the Appalachian Plateau, underlain by gently folded Paleozoic
sedimentary rocks. Much of it is intensively farmed, although this
image, transmitted in December, does not show field patterns
clearly. A few cities are visible: Florence, Ala. (B-10), and Fay-
etteville, Tenn. (L-4), are two; Chattanooga is just off the upper
right corner. Two reservoirs shown are Lewis Smith Lake (J-19)
and Tims Ford Reservoir (P-2). 1158-15552; December 28, 1972.
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THE NASHVILLE DOME AND BASIN: A broad domal uplift
centered southeast of Nashville, Tenn. (G-9), has brought Ordo-
vician limestones and shales to the present surface. These lower
Paleozoic rocks are overlain unconformably by Mississippian car-
bonates. Erosion has breached the dome to expose the Ordovician
rocks, which have outward dips generally less than 1°, in a wide
basin whose elevations are 150 to 210 meters (500 to 700 feet)
above sea level. The surrounding Highlands Rim Uplands stand at
altitudes of 300 to 340 meters (1000 to 1100 feet). This plateaulike
terrain is capped by the resistant chert-bearing Fort Payne Forma-
tion, which weathers to release cherty terrace gravels that further
assist in keeping the uplands from being lowered as fast as the
central Ordovician strata. Overall, this uplands is much dissected
to produce rolling hills and narrow glens. Some of the Mississippian
limestones are susceptible to sink-hole development so that Karst
topography is common (B-12; R-14). The boundary between
basin and uplands is outlined by the Western (E-11) and Eastern
(N-16) Highland Rim Escarpment, which locally has a relief of
30 to 60 meters (100 to 200 feet) or so. Isolated outliers of
Mississippian rocks rise some hundred meters (several hundred feet)
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above the otherwise gently rolling surface of the basin. Beyond the
karst terrain on the east side of the basin, Pennsylvanian rocks
constitute the western margin of the Cumberland Plateau (7-17),
a dissected flatlands rising 150 or more meters (500 or more feet)
above the basin floor.

The Cumberland River (N-6) crosses the northern part of the
basin while the Duck River (B-15) traverses the southern end.
The OId Hickory (I-7) and Center Hill (Q-8) Reservoirs result
from damming of the Cumberland. Percy Priest Lake (/-9) is
another dammed water body now in the eastern suburbs of Nash-
ville. The Elk River Reservoir (P-20) is on the Elk River. The
towns of Columbia (F-16), Shelbyville (L-17), Tullahoma (O-
18), and Murfreesboro (L-12) all lie within the Nashville basin.

The forests around the basin are mainly oak and hickory while
those of the Cumberland Plateau are a mixed assemblage of oak,
basswood, maple, and beech. Within the basin, bare rocky areas
of limestone (J-13), known as glades, are characterized by cedar
growth, with some oak. Farm crops include oats, soybeans, corn.
hay, and tobacco. 1086-15544; October 17, 1972.



LOUISVILLE AND CINCINNATI: The Ohio River is the dom-
inant drainage in this scene. After flowing slightly to the north
past Cincinnati (7-5), it turns southwestward at the Ohio-Indiana
line (Q-6), where it is joined by the Great Miami River (R-3)
and continues past Louisville, Ky. (J/-19). The terrain on either
side of the river is influenced by the regional geology. The northern
end of the broad Cincinnati arch continues beyond the top of the
image. At the Jessamine structural high near Frankfort, Ky. (7-
17), the Kentucky River has cut into middle Ordovician limestones.
A subdued scarp runs northward (Q-16) into Ohio west of this
river, and hollows and narrow valleys slice into the gently rolling
uplands of the Inner Bluegrass region above the flood plains of
the Kentucky and Ohio Rivers. To the west, successively younger
north-trending sedimentary units outcrop along the eastern flank
of the Illinois Basin. The Knobstone escarpment (G-13; /-16) in
Indiana and northern Kentucky, composed of lower Mississippian
strata, rises as much as 180 meters (600 feet) above the glacial
plains in Indiana (J-10) and the Outer Bluegrass region in Ken-
tucky (M-20) to the east and in places is broken into isolated
hills called “The Knobs.” West of the scarp, the Mississippian

rocks underlie the Mitchell plains—a subdued hilly terrain pock-
marked here and there with sinkholes. Most of southeastern In-
diana east of the scarp is covered by drift from the Illinoian
glacial advance.

Wheat, corn, and soybeans are the main crops planted in the
glacial soils of Indiana. Farming in Kentucky bluegrass country is
devoted mostly to tobacco, with some corn and alfalfa. Oak and
hickory constitute much of the forest lands of Kentucky and are
dominant in the Hoosier National Forest south of the White River
(B-13) and around the Monroe Reservoir (A-9) further north.
Oak-gum-cypress occur in a belt in Indiana north of the Ohio
from Louisville eastward. Maple and beech are common in the
glacial plains.

Interstate 75 between Frankfort and Cincinnati, Interstate 71
between Cincinnati and Louisville, and Interstate 64 between
Frankfort and Louisville stand out; the extension of Interstate 64
west of Louisville is particularly conspicuous. The long faint rec-
tangle at L-—-10 outlines the U.S. Army’s Jefferson Proving Ground.
1086-15535; October 17, 1972.
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ERIE, PA.: The rural, agricultural, urban, industrial aspect of the
northeastern United States is succinctly shown in this snow-covered
scene of portions of three States (Ohio, Pennsylvania, and New
York) and a small portion of the coastal fringe of Ontario, Canada,
on the northern shore of frozen Lake Erie (E-1).

The industrial cities of Erie, Pa. (L-6), and Ashtabula, Ohio
(F-10), border Lake Erie while Warren (H-19) and Youngstown,
Ohio (/-20), and New Castle, Pa. (M-21), are situated on interior
river valleys. Jamestown, N.Y. (7—-4), is located on the southeastern
end of frozen Lake Chautauqua (R-4).

The rectangular grid pattern typical of midwestern U.S. township
and section survey is reflected in the agricultural area on the glacial
and lake plains that border and extend southward from Lake Erie
in the western half of the scene. The snow cover enhances the grid
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pattern considerably. Mosquito Creek Reservoir (H-17) and Py-
matuning Reservoir (/-13) are located within the glacial plains of
this agricultural area.

The Allegheny National Forest (7-12) through which flows the
Allegheny River (7-10) is situated on the stream-dissected sedi-
mentary rocks of the unglaciated western portion of the Appala-
chian Plateau. The intricate dissection of the plateau has created a
rough, rolling hill landscape not suitable for corn belt or other
extensive agricultural practices, hence the lack of evidences of
intensive land use. The Allegheny National Forest area is primarily
a region of Appalachian oak forest with its western boundary
serving approximately as the dividing line between oak forest and
the northern hardwood forest, most of which has been cleared for
agricultural purposes. 1209-15362; February 17, 1973.
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WESTERN LAKE ERIE: Northern Ohio (K-19) and the south-
ernmost part of Canada (F-2) (in the Province of Ontario) sur-
round Lake Erie—the shallowest of the Great Lakes (average depth
of 18 meters (58 feet)) and the only one whose bottom is above
sea level (—110 meters (—360 feet)). In early March 1973, the
lake ice that typically extends over all this body of water and
prevents iron ore shipment from the Minnesota-Michigan iron
ranges to the Ohio and Pennsylvanian steel mills has begun to
break up. The shore areas on the U.S. side are now free of ice
because of shallow water and wind-driven choppiness. Much of
the central ice is partly melted and is fragmenting into individual
slabs.

The metropolis of Cleveland (M-15) lies near the southern end
of the lake. This city and the nearby towns of Sandusky (D-10),
Lorain (J-16), and Ashtabula (P-11) are built on lacustrine
deposits from Lake Maumee, ancestral to the present Lake Erie.
Eight to 16 kilometers (5 to 10 miles) inland, wave-cut cliffs 30
to 60 meters (100 to 200 feet) higher than the lake level line
parts of the lowlands. The uplands consist of Illinoian and Wis-

consin glacial drift overlying Devonian shales near the lake and
Mississippian and Pennsylvanian bedrock further south. The Cuya-
hoga River (R-16) begins almost due east of Cleveland, flows
southwestward past Akron (P-20), and then turns abruptly north-
ward through Cleveland as it empties into the lake. The Grand
River (S-10) starts near Warren (V-16) west of the Mosquito
Creek Reservoir (V-14) heading northward until it deflects almost
due west after crossing over the bluffs along Lake Erie. Because of
the dormant stage of growth in late winter, the regional pattern of
farming—that of general alinement of individual farm property
lines along township and range section lines—stands out particularly
where beech, maple, oak, or ash trees have been left in narrow
bands along borders between adjacent properties. In summer these
farms produce mostly corn, barley, soybeans, and sorghum; winter
wheat is grown on many plots. Pointe aux Pins (/-5) and Point
Pelee (C-10) extend into the lake from the Ontario shore. The
Thames River (F-2) empties into Lake St. Clair east of Detroit.
1228-15422; March 8, 1973.
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STATE OF MICHIGAN

Mosoi mode with mulispecrol imoges foken by the

NASA/GE Farth Rusources Tachnology Soselive

from on ahiude of 570 miles

THE STATE OF MICHIGAN: This mosaic was prepared by the
General Electric Photographic Laboratory from parts of 43 Land-
sat color composite images. Of particular interest are these land-
marks and geographic features (see plate 34 for letter identifica-
tions): Detroit (4), Lake Erie (B), Lake St. Claire (C), Lansing
(D), Grand Rapids (E), Saginaw (F), Bay City (G), farmlands
of central Michigan (H) with characteristic tree-lined boundaries,
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Saginaw Bay (), Lake Huron (J), West Branch moraine (K),
drumlin swarm (L), Grand Traverse Bay (M), Lake Michigan
(N), Grand River (O), Muskegon River (P), Manistee River (Q),
Straits of Mackinac (R), Upper Michigan (S) northwoods, Mar-
quette (7'), Sault Ste. Marie (U), Keweenaw peninsula (V'), Lake
Superior (W), and Isle Royale (X).
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UPPER MICHIGAN: This part of the State consists of a long
neck of land bounded by Lakes Superior (H-2) and Michigan
(T-17) that extends from the Menominee River (G-20) and
northern Wisconsin (C-19) on the west to the Sault Ste. Marie area
to the east. The region is generally covered with northern hard-
woods (maple, birch, and beech) and spruce-fir forests along with
scattered pinewoods. Conifer bogs (7-5) occupy some of the lower
areas drained by the Ford (J-13), Escanaba (J-11), Whitefish
(M-9), and Sturgeon (O-8) Rivers that flow into the Little (M-12)
and Big (P-12) Bays de Noc or by the Manistique River (7-7)
and its tributaries further east between Indian (R-9) and Manis-
tique (V-4) Lakes.

The northwest edge of the Interior Lowlands extends beyond
the shores of Lake Michigan. A bedrock sequence of lower Paleo-
zoic sedimentary strata generally runs northeast subparallel to the
shorelines along both lakes. Silurian dolomites make up the Door
Peninsula (N-21) of Wisconsin, which bounds Green Bay (L-20),
and the Garden Peninsula (Q-12); these form part of the same
Niagara escarpment found at Niagara Falls near Buffalo far to
the east. Successively older units recur to the west, with the gentle
Magnesian escarpment of lower Ordovician age just east of
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Cambrian sandstones that run north to a point on Lake Superior
(H-5) and thence eastward along its snow-covered shores. The
Superior Uplands Province (B-8)—a part of the Laurentian or
Canadian shield of Precambrian rocks—occupies the remainder
of the image to the west. Most of the metasedimentary rocks
exposed here are Huronian in age. Crystalline intrusive rocks and
Archean Keewatin greenstones underlic most of the Marquette
Range (C-7) and the Huron Mountains (B-1) (up to 300 meters
(1000 feet) relief) west of the port town of Marquette (G-4).
Hematitic iron ores are mined near that town, around Lake Michi-
gamme (A-5), the Michigamme Reservoir (4-10), and at Iron
Mountain (C-14).

This region was extensively glaciated during the Pleistocene.
Lake Superior itself—the world’s largest freshwater lake in terms
of surface area, with depths reaching to 210 meters (700 feet)—
was probably produced from scouring by the Superior ice lobe of
Wisconsin age. Although older glacial deposits are everywhere
present, those of the Wisconsin dominate the surface topography.
One of the best-developed large drumlin fields (/-16) in North
America is found west and south of Escanaba (L-13). 1089-
16090; October 20, 1972.
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THE LOWER PENINSULA OF MICHIGAN: This scene displays
the southeastern part of Michigan’s Lower Peninsula and adjacent
Ontario. Part of Detroit (K-22) is recognized by its dark gray-blue
pattern. A brighter blue linear marking (L-20) is caused by road
construction associated with a new interstate highway. Golf courses
and cemeteries stand out as bright red at this time of year. Other
prominent Michigan cities in this image are Flint (C-14) and
Pontiac (G-17). The neighboring cities (O-13) of Sarnia, On-
tario, and Port Huron, Mich., are located at the southern extremity
of Lake Huron (P-7) where it discharges southward into the St.
Clair River (0-15). Sediment plumes are quite evident in both
lakes. The discharge point of the St. Clair River into Lake St.
Clair (N-20) is marked by a classic example of a freshwater delta.

The area pockmarked by lakes northwest of Detroit essentially
outlines the limits of the Defiance Moraine (G-18) caused by the
stagnation and melting of Pleistocene glaciers about 12 000 years

ago. This rolling countryside dotted with kettle lakes (H-20) is
both the prime recreational region for Detroit and a principal
source of glacial sand and gravel for building. Subsurface drilling
also indicates that the area is underlain by the highest bedrock
elevations in southeastern Michigan, evidenced at the surface by
the deflections of the Flint River (H-12) around the buried bed-
rock topography. The Cass River (D-8), which flows into Saginaw
Bay (A4-3), and the Black River (L-10), which meets the St. Clair
River at Port Huron, are deflected in opposite directions by the
lobate arc of the Port Huron Moraine (D-9; J-7). The lines
subparallel to the shoreline of Lake Huron (K-6) are old beaches
formed by ancestral Lake Huron during the past glacial period.
On the peninsula, the land grid system, which divides the land into
sections each 1.6 kilometers (1 mile) square, is made readily ap-
parent by the network of roads (D-5) that follow the section
boundaries. 1247-15474; March 27, 1973.
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DETROIT, MICH.: Greater Detroit (K-5), the auto capital of the
world, is located at the southeastern border of Michigan on the
Detroit River (K-6) across from Windsor (L-5), Ontario, Can-
ada. This river is part of the connection between Lake Erie (S-11)
and Lake Huron further north; the river passes into Lake St.
Clair (0-2), which in turn is joined to Huron by the St. Clair
River. This channel system is inherited from the glacial age when
the present Great Lakes were larger. Lake Maumee was the
ancestral Lake Erie.

Much of this scene consists of gray-brown soils derived from
lacustrine sediment deposited by Lake Maumee (roughly coincident
with the blue-gray open areas around the Maumee River (G-18);
the old shoreline is particularly evident at P—17. Glacial tills from
Kansan, Illinoian, and Wisconsin ice advances in the Pleistocene
cover almost all the remaining surfaces. End moraines occur
northwest of Detroit and Ann Arbor (E-7), behind which are
numerous kettle lakes (B-6). The few rock outcrops and drilling
data indicate a bedrock geology defined by northwest-dipping Silu-
rian, Devonian, and Mississippian strata along the southeast flank
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of the Michigan Basin. Older Silurian rocks underlie much of north-
west Ohio (D-17) from the city of Toledo (/-14) southward, but
Devonian rocks reappear around Sandusky (R-15) at the head
of Sandusky Bay (P-15).

The land use pattern in this scene is typical of this part of the
upper midwest. The once extensive forests have been cleared to
farmland, but narrow strips of trees line farm boundaries (F-14)
or entire rectangular blocks of forest have been preserved. Elm-ash-
cottonwoods are the dominant tree communities around or just
north of the Maumee River. A maple-beech-birch assemblage
develops south of Sandusky. Oak and hickory are the principal
tree types west of Detroit and in a strip (G-15) to the south.
Farms produce a diversity of crops including winter wheat, corn,
oats, soybeans, sugar beets, and tomatoes, plus hay and grazing
fodder for dairy cattle. Apple and peach orchards are also planted
in the region.

Admiral Perry’s naval victory in Lake Erie during the War of
1812 was won at the Bass Islands (P-13) south of Pelee Island
(O-11) in Canadian waters. /319-15474; June 7, 1973.



CHICAGO, ILL.: The area covered by this image includes the
second largest city of the United States, Chicago (H-9), thousands
of factories, rich farmland, and an extensive network of rail-
roads, highways, air routes, and pipelines. Other cities include
Waukegan (E-3), Joliet (E-13), and, in Indiana, Gary (L-12)
and Hammond (K-12). Chicago is the hub of the midcontinent
area, and many of the individual highways and railroads are visi-
ble; some 40 railroads serve the city. Other landmarks include the
Des Plaines River (D-3; G-9; 4-18) and the Kankakee River
(J-19; 0-15).

The area lies in the northern part of the midwestern corn belt;
other major crops include soybeans, oats, and wheat. Cattle raising
is also important, and the great dairy region of the midcontinent
lies just to the northwest of Chicago. Much of the industry of
Chicago is, of course, related to agriculture: meatpacking is
typical. The Hammond-Gary area is one of the great steelmaking
centers of the country (indeed, of the world); Gary essentially
formed around the huge steel plant built by U.S. Steel in 1906.

This great concentration of industry has given rise to many environ-
mental problems; for example, the weather around Gary has been
significantly altered by the pollution and added heat from the
factory area. with more cloudy days than the surroundings. This
image may illustrate the effects of air pollution directly. Note the
smoke plumes heading northeast across Lake Michigan from the
Chicago-Hammond-Gary area. These appear to lead into the lines
of clouds over the lake west of St. Joseph and Benton Harbor
(5-3), Mich. It has been suggested that the smoke particles serve
as condensation nuclei, promoting cloud formation. This interpre-
tation is not necesarily certain, for the Great Lakes in general
promote cloud formation simply by supplying water vapor to the
atmosphere. It is for this reason that the areas southeast (i.e., to
leeward) of the lakes generally have much more snow than those to
the northwest. A suggestion of this enhanced snowfall is seen in
southwest Michigan (upper right), although, of course, the snow
distribution on this day was notably erratic. /124-16050; Novem-
ber 24, 1972.
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PLATE 39

ST. LOUIS, MO.: The city of St. Louis (F-16) is situated about
32 kilometers (20 miles) below the “meeting of the waters”—the
confluence (G-14) of the Missouri River (C-16) with the Missis-
sippi River (4-13; F-20). A second junction of the Mississippi
with the Illinois River (A-10) occurs another 32 kilometers (20
miles) to the west. The Meramec River (D-18), flowing east across
the Salem Plateau (C-20), with rolling hills and narrow valleys
of Ordovician carbonate rocks capped in places by Mississippian
chert-bearing limestones, joins the Mississippi south of St. Louis.
The Mississippi River flood plain is broad around St. Louis but
narrows somewhat to the south as it passes through the more
resistant carbonates. Carbonate rocks of similar age occur in a nar-
row zone (B-10) along the Illinois River where uplifted along a
fault. Oak and hickory forests develop extensively on soils from
these carbonate rocks. Where the bluffs of these three rivers are
steep, thick beds of wind-deposited loess derived from glacial
materials to the north have accumulated.
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The State of Illinois occupies this scene east of the Mississippi
River. Almost all the gently rolling terrain in this part of Illinois
is underlain by coal-bearing shales of Pennsylvanian age, easily
dissected to form distinctive dendritic drainage patterns (F-6),
but much of the uplands has been covered with thin deposits of
glacial till from the Illinoian ice advance. The Shelbyville (S-1)
and Carlyle (P-13) Reservoirs were created by the damming of
the Kaskaskia River (K-19). Lake Rend (U-21) is another
dammed reservoir. Interstates 64 (R-17), 70 (M-12), and U.S.
Highway 66 (J-7) feed into and out of St. Louis. Where these
cross the Illinois prairies, farmers cultivate mostly corn, soybeans,
and winter wheat. Trees along the river courses are mainly oak and
hickory and open fields consist of bluestem prairie shortgrass. Strip
mining has been applied to coal removal from parts of western
Illinois, as indicated by the blue-toned scars (G-13; L-21).
1071-16104; October 2, 1972.



KANSAS CITY: The twin cities of Kansas City, Mo. (H-9), and
Kansas City, Kan., lie at the conjunction of the Kansas River
(D-11) with the great Missouri River (O-6). The State boundary
of eastern Kansas runs west of the Missouri at B-5 and thence
through a line extending due south from Kansas City. Other
larger towns in the scene include St. Joseph, Mo. (C-1), and the
Whiteman Air Force Base (S-11), Interstates 29 (D-4), 35
(B-17; 1-3), and 70 (N-9) and U.S. Highways 50 (M-11) and
71 (L-17) can be traced.

Most of the image covers part of the Osage Plains, a generally
featureless, gently undulating surface. Bedrock (seldom exposed)
consists of shales and thin sandstones, mixed with coalbeds, of
Pennsylvanian age. Coal is mined by stripping (P-18; R—16) in
some parts of the area and appears as blue in this image. The units
trend northeast and become progressively older to the southeast.
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Low, almost imperceptible scarps mark the contacts between several
stratigraphic units. The boundary with the Springfield Plateau sec-
tion of the Ozark Plateau lies near the Osage River (U-18).
Mississippian and Ordovician rocks underlie the plateau there.
Soils from these rocks support oak and hickory forests but tribu-
taries such as the South Grand (Q-6) and Blackwater (S-9)
Rivers are lined with elm, ash, and cottonwood. Pleistocene
morainal deposits from the Kansan ice advance cover the region
north of the Missouri River and extend south of its present flood
plain for 16 to 32 kilometers (10 to 20 miles).

Farming is the principal activity outside the metropolitan area
of Kansas City. Winter wheat is the main crop, especially in
Kansas, but corn, hay, oats, barley, and soybeans are also grown.

5028-16075; May 17, 1975.
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MISSISSIPPI RIVER FLOOD SEQUENCE: The same section of
the middle Mississippi River is examined over almost a year on
this and the next page to demonstrate the temporal changes asso-
ciated with the great Mississippi River flood of 1973.

This image shows parts of the States of Missouri (C-5), Arkan-
sas (B-19), Kentucky (N-2), and Tennessee (R-15) in the early
fall of 1972 prior to the flood period. The region is just north of
Memphis (off the image at E-22). The Mississippi River flood
plain (D-13) extends well to the west of the present course of the
river (F—12) but terminates sharply against loess-covered bluffs
only a few kilometers (miles) to the east (H-8). The uplands area
further east is the Jackson plain (Q-12), named from the town of
Jackson, Tenn. (P-16), which represents the northeastern segment
of the Mississippi Embayment. The section of the plain defined
by these tree-lined rivers—Hatchie (/-18), Forked Deer (H-14),
Obion (I-10) (three forks), and Obion Creek (K-3)—is under-
lain by the Eocene Wilcox and Midway Formations. The Ripley
and Eutaw Formations of Cretaceous age are expressed as some-
what more dissected terrain that supports a higher density of the
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oak-hickory forest covering part of the uplands. Part of Kentucky
Lake (U-1) along the Tennessee River appears at the upper right.

The section of flood plain shown in the image includes the Big
Lake National Wildlife Refuge (B-14) into which drains a series
of close-spaced irrigation ditches (C-8) that run northeastward
through the Missouri panhandle. The panhandle itself is bounded
on the west by the St. Francis River (A4-10), which borders
Arkansas (best seen in plate 42(c)). To the west of that river is the
oak-hickory covered Crowley’s Ridge, an elevated (relief of about
60 meters (200 feet)) remnant of Eocene Wilcox sedimentary
rocks. This ridge was once the east edge of the uplands at the time
when the Mississippi River flowed to the west in the valley now
occupied by the Black River, tributary to the White River of
Arkansas further south.

The town of New Madrid appears at F-5. This was the site in
1811-1812 of two of the strongest earthquakes ever to occur in the
United States. The down-dropping of a block crust and river plains
to the southeast produced Reelfoot Lake (H-7) by diversion of
the Mississippi River. 1070-16055; October 1, 1972.



(b)

MISSISSIPPI RIVER FLOOD SEQUENCE: The four panels
shown here depict important stages of flooding and recovery of the
flood plains of the Mississippi and St. Francis Rivers during the
spring of 1973. (a) This scene shows the region in late winter
when foliage is minimal. Moderate floodwaters affect both rivers as
well as the tributaries to the Mississippi River flowing from the
Jackson plains. The contrast between the older, more dissected
and terraced St. Francis flood plain and the flatter Mississippi
flood plain is sharply defined in this view. 1214-16065; Febru-
ary 22, 1973. (b) This image represents the flooding near its maxi-
mum. Water has spread over an 8- to 16-kilometer (5- to 10-mile)
wide belt around the Mississippi River channel. Some flooding of
the St. Francis River is evident, but flooding appears more exten-
sive along the Little River, which connects the Big Lake Refuge
(now marked by bright red from marsh and tree foliage) with the
St. Francis just below the Hatchee Coon Island marshlands (also

(d)

red). Some of the bottom land farms have growing crops at this
stage. The upland forests have also begun to leaf. 1286-16065;
May 5, 1973. (¢) This image reveals the extent of flood damage to
the lowlands. Most of the farms (wheat, cotton, soybeans, corn,
rice, and watermelons) are not in the normal stages of planting
and are “fallow” in the sense of still consisting of water-logged
ground. Uplands farms that produce cotton, corn, and soybeans
are in a more advanced stage of growth but east of the bluff
many still are not in crop. 1322-16063; June 10, 1973. (d) This
scene demonstrates the remarkable recovery achieved in this region
by late summer. However, some of the flood plain farms are
covered by grass and weeds rather than crops. The boundaries of
individual farm plots are considerably obscured in both bottom
lands and uplands (compare with the October 1, 1972, scene in
plate 41). 1394-16053; August 21, 1973.
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THE STATE OF LOUISIANA: This mosaic of Louisiana, and
small segments of adjacent Texas, Arkansas, and Mississippi, was
prepared from 12 Landsat images by the General Electric Photo-
graphic Laboratories. Some of the major geographic landmarks are
more fully described in plates 46 to 48. Some features of interest
include (see plate 44 for letter identifications) the present (birds-
foot) delta of the Mississippi River (4) and the sediment plume
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STATE OF LOUISIANA

MADE FROM 12 MULTI-SPECTRAL IMAGES RECEIVED FROM
THE NASA/G.E. EARTH RESOURCES TECHNOLOGY SATELLITE

from the discharge on May 21, 1973; the sediment plume from
the Atchafalaya River (B); White Lake (C); Grand Lake (D);
Calcasieu Lake (E); Sabine Lake (F); Catahoula Lake (G);
Bayou D’Arbonne Lake (H); the lower Red River (I); the
Quachita River (J); Lake Charles (K); Alexandria (L); and
Monroe (M).
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PLATE 45

THE YAZOO BASIN, MISS.: This section of the lower Mississippi
River (B-4) dividing the State of Mississippi (R-10) from Louis-
iana (B-19) and Arkansas (A4-4) is characterized by an unusual
history of drainage from the Pleistocene to the present. The region
is part of the Mississippi Embayment, when marine waters more
than 75 million years ago invaded the continent to as far north
as southern Missouri. The forest-covered terrain east of the broad
flood plain (G-12) of the Mississippi River is a dissected uplands
underlain by Eocene marine sediments and capped by loess that
is thickest along the river bluffs from the Vicksburg area (H-22)
northward. The Big Black River (Q-15) and the Pearl River
(T-18), with its Ross Barnett Reservoir (R-20) north of Jackson,
Miss. (P-22), are deflected southeastward from these bluffs before
joining the Mississippi River. The Yalobusha River (N-3), includ-
ing the dammed Grenada Lake (P-2), flows more directly into the
flood plain.

This flood plain widens to nearly 80 kilometers (50 miles) east
of the present course of the Mississippi. The entire flood plain has
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been filled with Pleistocene alluvium carried in by the Mississippi,
the Arkansas, and the Ohio Rivers, all bearing large loads in the
past from glacial melt waters. For a considerable time, the Ohio
River occupied the eastern part of the flood plain, cutting its own
valley until it joined the Mississippi near Vicksburg. That valley
is now being traversed by the Yazoo River (K-16) and the
parallel Sunflower River (H-13), both of which chose this lower
area; natural levees along the Mississippi also prevent these other
rivers from joining it further upstream.

The entire flood plain in this scene is unusually bare for this
time of year because of earlier partial submergence during the
spring 1973 floods. Flood backwaters still remain around the Delta
National Forest (H-18). Without the usual crop cover, it is pos-
sible to see the innumerable oxbow lakes and abandoned cutoff
meanders produced by earlier wanderings of the rivers. Crops in
these bottom lands in other years are cotton, soybeans, rice, wheat,
and oats. Uplands forests consist of oak and hickory near the
bluffs and also pine further east. 7340—-16070; June 28, 1973.



TEXAS-LOUISIANA TIMBERLANDS: The border between east-
ern Texas and western Louisiana runs along the Sabine River (D-8),
here dammed to produce the Toledo Bend Reservoir (K-14). To
the west, the Angelina River (4-18) is backed up in the Sam Ray-
burn Reservoir (H-22). However, the principal drainage in this
scene is the Red River (Q-9), whose broad flood plain has been
largely cleared for cotton farming (soybeans, watermelons, and
pecans are the other major crops). The city of Shreveport (H-2)
is located on this river, which begins its course far to the west in
the Texas Panhandle. Lake Bistineau (L-3) and Black (R-6)
and Saline (S-6) Lakes lie to the southeast of Shreveport.

Oil fields are found southeast of Shreveport in association with a
swarm of subsurface salt domes. Surface expressions of several
domes can be seen at Q—4. The geology of this region is compara-

tively simple. Most of the terrain shown here is underlain by
Eocene marine sediments. The contact between the Wilcox Group
and the younger Claiborne Group to the east approximately
coincides with the west-facing Nacogdoches Escarpment (G-15).
The contact between the Claiborne and the overlying Jackson
Group gives rise to the Kisatchie Scarp (7-14). Because soils
derived from this latter group retain water better than those to the
northwest, they are more suited to farming and the land is thus
more completely cleared of forestation. The remaining trees are
part of the Southern mixed forest community (typified by scattered
magnolias) while the remainder of the area further north is a
mixture of pine, oak, and hickory. National forest preserves are
associated with the reservoirs between the Sabine and Angelina
Rivers. 1252-16194; April 1, 1973.
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MISSISSIPPI DELTA: The Mississippi River winds toward the
Gulf of Mexico past New Orleans, La. (E—4). The cloud of mud and
silt coloring the water around the river mouth graphically illustrates
the process of delta building. The Mississippi pours more than a
million tons of sediment into the gulf each day, extending banks
of mud, sand, and clay out over the Continental Shelf. The
Chandeleur Islands (7-3), site of Breton National Wildlife Refuge,
are remnants of the old St. Bernard delta, built when Bayou la
Loutre (/-5) was the main channel. The sand islands were formed
by wave and current action as the landward sediments compacted
and subsided. The overlapping relationship of sandbars, channels,
and mudflats at Bay Marchand (G-15) indicates the complexity
of the sedimentary processes taking place here. The presently active
“bird’s foot” delta (R-13) is advancing rapidly. The subdelta at
Main Pass (R-11) has grown nearly 20 kilometers (12 miles) in
the past 100 years. The small cloud of sediment at California
Point (M-9) shows leakage through crevasses in the levee.
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New Orleans, nicknamed the “Crescent City,” is a major port,
doing a multibillion dollar business annually, and handling much
of America’s trade with Latin America. Urban development in the
city contrasts with the French land system of long lots extending
across the wide natural levees along the Mississippi (C-5). Inter-
state 10 skirts the south edge of Lake Pontchartrain (C-2),
passing NASA’s assembly facility at Michoud (G-3). The Pont-
chartrain Causeway crosses the center of the lake (D-1). The
Mississippi River Gulf Outlet provides a shortcut for shipping
south of Lake Borgne (/-4). The Intracoastal Waterway joins
the outlet at Michoud and continues south past Lake Salvador
(E-18), crossing Bayou Lafourche near a large area of flooded
farmland (E-9). Color contrasts mark the sulfur mining area at
Grande Ecaille (K-11) and an oil dike at the Garden Island Bay
field (R-13). 1177-16023; January 16, 1973.



SOUTHERN LOUISIANA: This scene shows the Mississippi
River (H-9) north of New Orleans during high water in the 1973
spring flood. The Atchafalaya River (F-13; K-20) begins as an
offshoot of the Mississippi near the Louisiana-Mississippi State line
(E-5) and continues through the Atchafalaya Basin for 225 Kkil-
ometers (140 miles) until reaching the Gulf of Mexico at Atcha-
falaya Bay (M-22). The river carries almost one quarter of the
total discharge of the Mississippi in the delta region and is thus the
largest single distributary. The Atchafalaya Basin was previously
used by the Mississippi in the last 1000 to 2000 years as the main
route to the gulf; it is predicted that it may be used again as the
principal channel because the present course past New Orleans
is more than twice as long over a lower gradient. The Atchafalaya
Basin is thus part of several older deltas and is still largely a
swampy forest with several large lakes (Grand Lake (H-18),
Lake Verret (M-18), and Six Mile Lake (N-21)). Other lakes in
the area include Lake Ponchartrain (U-13) (note the filled Bonnet
Carre Floodway (U-15) carrying overflow into the lake) con-
nected to the smaller Lake Maurepas (7-12) and Lac Des Alle-
mands (T-17).

The regional geology is quite simple. Pleistocene and Recent
deltaic and flood plain deposits occupy all the bottom lands. Up-
lands north of Baton Rouge (K-11), the State capital, and into
Mississippi State (L-2) are capped by the Citronelle Formation, a
sequence of continental estuarine and river deposits. However, the
lower delta has been pierced by numerous salt domes from 1% to
8 kilometers (1 to 5 miles) in width. Conspicuous circular domes
include Cote Blanche (G-21) on West Cote Blanche Bay (G-22),
Weeks (F-21) on Vermilion Bay (F-22), and Avery Island (E-20)
further inland. Most of these domes are oil producers, tapping
petroleum along their flanks. The towns of Lafayette (C-16),
New Iberia (E-18), and Houma (S-21) are centers for field
production.

Cotton, sugarcane, rice, corn, and sweet potatoes are grown
around Lafayette and in the bottom lands of the Mississippi River
and the Bayou Lafourche (O-18). Most of the farms are notably
elongated perpendicular to their river frontage—this is the “long
lot” system of agriculture brought in by the French settlers before
1800. 1286-16083; May 5, 1973.
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OUACHITA MOUNTAINS: Low November Sun shadows accen-
tuate the bold relief of the Ouachita Mountains in southeastern
Oklahoma. These mountains contain strongly folded and faulted
Paleozoic strata, much like the Appalachians, and are thought to
be part of a continuous structural province linking the Appala-
chians with the Marathon Basin in Texas. The Ouachita province is
readily divisible into zones of contrasting topography and structure.
In the Arkansas valley section, from McAlester (H-6) to Poteau
(S-2), the convoluted folding in Pennsylvanian strata dies out
northward, merging with the gentle folds of the Ozark Plateau.
Along the northern front of the mountains imbricate thrust faulting
has created a belt of long, parallel, steeply dipping sandstone ridges,
extending from the Atoka Reservoir (D-12) to Rich Mountain
(V-7). The Jackfork sandstone is the prominent ridge maker here.
To the south, where folding is dominant, broad synclines are inter-
rupted by widely spaced thrust faults. Around Broken Bow Reservoir
(V-14), folded Cambrian to Devonian strata form a subdued to-
pography of narrow parallel ridges. The sharp cutoff of structure
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along the southern edge of the mountains marks the overlap of
unconsolidated Gulf Coastal Plain sediments. One of the more
resistant of these Cretaceous units forms a low escarpment, the
Eastern Cross Timbers, whose characteristic vegetation pattern
shows up as a grayish belt extending across the entire photo (B-18
to V-18).

Forest and range control projects are seen in the cleared areas
on Signal Mountain (R-12) and in the large basin near center
(K-12). A small patch of gray near Redden (H-12) marks vege-
tation killed by herbicide spraying earlier in the year. A wide
range of sediment content is reflected in the colors of the reser-
voirs, particularly Lake Texoma (B-20) on the Red River and
Eufaula Reservoir (/-2) on the Canadian River. The Indian Nation
Turnpike shows prominently across the mountains (/-11). The
white scars east of Hugo (M-18) mark the Lake Hugo dam on the
Kiamichi River (O-17) and the relocation of Oklahoma Highway
93 (N-16). 1128-16300; November 28, 1972.



THE BOSTON MOUNTAINS, ARK.: Several physiographic sub-
provinces of the Ozark Plateau appear in this scene. The south
end of the Springfield Plateau subprovince extends across much
of the lower terrain around the White River (G-6). This plateau
is underlain almost entirely by Mississippian carbonate rocks that
weather further north to rolling “prairie” country and hills of
30- to 90-meter (100- to 300-foot) relief. An east-facing ridge,
the Eureka Springs escarpment (F-4), is capped by the chert-
bearing Boone Formation of Mississippian age. This scarp “wan-
ders” erratically above forested lowlands built on a bedrock of
Ordovician limestones. These Ordovician rocks form the south-
western tip of the Salem Plateau subprovince, characterized over
much of southeastern Missouri by rolling hills of 30- to 45-meter
(100- to 150-foot) relief. The third subprovince, almost entirely
included in this scene, is the strongly dissected Boston Plateau
(N-15), with elevations up to 300 meters (1000 feet) or more
above the more northern plateaus. Rocks of this unit are sandstones
and shales exclusively Pennsylvanian in age. Streams have cut
through the capping Atoka Formation, a resistant sandstone, to
produce a relief of 150 to 300 meters (500 to 1000 feet). Topo-

graphically, then, this east to west feature appears to be that of
subdued mountainous terrain, but, structurally, the flat-lying nature
of the strata do not fit the geomorphologist’s definition of a
mountain range. A steep scarp separates the northern edge of the
Boston “Mountains” from the adjacent plateaus. Along the southern
margins, the strata begin to dip southward into the synclinal belt
of the Arkansas Valley (H-21).

The Arkansas River (/J-19) flows through this valley past Fort
Smith (D-21). It has been dammed to form the Dardanelle Reser-
voir (N-19) near Russellville (R-20). The White River has been
dammed near the university town of Fayetteville (D-10) to make
the Beaver Reservoir (F-8), dammed again in Missouri at the
Table Rock Reservoir (K-4), and at the Bull Shoals Reservoir
(S-4) on the Missouri-Arkansas border. Cedars abound in this
region around the Missouri reservoirs; elsewhere oak and hickory
make up the forests with some pine in the higher parts of the
Boston Mountains. Agricultural production is limited in this part
of Arkansas and Missouri mainly to soybeans, sorghum, hay, snap
beans, and peaches. 1073-16230; October 4, 1972.
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MISSOURI OZARKS: One of the few exposures of Precambrian
crystalline rocks in the midcontinental United States south of the
Superior shield occupies the heart of the dissected Ozark Plateau.
Granitic and metamorphic rocks make up hills, ridges, and steep-
walled gorges (locally called “shut-ins”) around Ironton, Mo.
(I-11). In this part of the Ozarks, known as the St. Francois
Mountains, relief may reach 300 meters (1000 feet). Taum Sauk
Mountain (H-12), at 540 meters (1772 feet) above sea level, is
the highest point in Missouri. These igneous rocks are the exhumed
part of an ancient buried terrain, with relief of 610 meters (2000
feet) or more, that was covered by Paleozoic rocks of various
ages. The region was subsequently upwarped to produce the broad
Ozark “dome,” and erosion has since stripped off the sedimentary
rocks over a 260-square-kilometer (100-square-mile) area to expose
the crystalline basement. In the Salem Plateau section of the Ozarks,
Cambrian sandstones and dolomites lie next to the crystalline core
or occupy segments of stream valleys. Some of the largest lead
sulfide deposits in the world are mined around Farmington (/-8)
and Bonne Terre (/-7); the waste rock or gangue is piled up in
huge “chat” piles (blue patches in image) 60 to 90 meters (200 to
300 feet) high and more than 610 meters (2000 feet) at their
base. Ordovician carbonates form a wider belt that extends over
most of the plateau. Barite (barium sulfate), called “tiff” by the
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miners, is extracted from red residual soils north (G-6) of Potosi.
Silica sand, used in glassmaking, is obtained from the Ordovician
St. Peter sandstone that holds up the Crystal City Escarpment
(H-1). Silurian and Devonian rocks occupy a fault block wedge
(O-7) near Ste. Genevieve (M—-4) on the Mississippi River (N-8).
Mississippian rocks make up the bluffs near that town and across
the river in Illinois around Chester (Q-5). Pennsylvanian coal-
bearing rocks underlie the uplands on the Illinois side. In the
lower right is the northern tip of the Mississippi Embayment con-
sisting in this image of Pleistocene alluvial plains (V-20) and
Eocene deposits that make up Crowley’s Ridge (R-18); see plate 41.
The towns of Cape Girardeau (¥-12) and Poplar Bluff (N-21)
are situated along the edge of the embayment flatland where it
meets the Ozark Plateau.

The Mississippi flood plain, with its 10- to 13-kilometer (6- to
8-mile) wide meander belt confined by steep bluffs, is partially
inundated by the early stage of the 1973 floods. None of the
tributaries—the Meramec River (C-3) southwest of St. Louis, the
St. Francis River (L-15), Lake Wappapello (O-18), the Black
River (M-19), Clearwater Lake (I/-17), and the Current River
(G-19)—show evidence of this flooding. 7257/-16122; March 31,
1973.



THE UPPER MISSISSIPPI RIVER: The States of Wisconsin (R-
8) and Illinois (V-14) meet Towa (west of the Mississippi River)
just above the city of Dubuque, Iowa (R-13). Waterloo (B-16)
and Cedar Rapids (K-22) are located along the Cedar River (D-
18), which parallels the Wapsipinicon River (D-15) to the east as
they wend southeastward toward the Mississippi. The Wisconsin
River (P-4) cuts through the Driftless area (O-3)—a section of
the upper midwest supposedly void of glacial deposits—to meet
the Mississippi at Prairie du Chien (L-7). The flood plains of both
rivers are narrow; their meander belts are confined to a bottom
land contained between steep bluffs. The several wide areas of the
Mississippi itself result from flood control locks.

Much of the region is covered with glacial till from all four of
the major ice advances of the Pleistocene. Beneath these drift
deposits in Towa and Illinois are found rocks of Ordovician age

near the Mississippi, Silurian in the Dubuque Hills (S-17) up to
the Wapsipinicon, and Devonian around the Cedar River. The limit
of the overlying Kansan drift roughly coincides with the Niagaran
escarpment (H-11) of Silurian age. To the northeast, the Driftless
area (probably once covered by some thin glacial deposits) is a
mature topography of gently dipping cuestas and isolated outliers
of Cambrian sandstones and Ordovician carbonate rocks. Its south-
ern edge is set at the Military Ridge (7-6), a part of the Prairie
du Chien cuesta.

This region lies in the heart of the great corn belt of the upper
midwest. Most of the farms occupy 1.6-kilometer (1-mile) squares
bounded by roads that coincide with the section lines used in the
township and range system of surveying followed in the United
States. Other crops grown here include oats, soybeans, hay, and
alfalfa. 1037-16210; August 29, 1972.
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PLATE 53

LAKE COUNTRY, MINNESOTA: The twin cities of Minneapolis
(L-5) and St. Paul (K-5) on the upper Mississippi River (F-2;
N-6) stand within a heavily glaciated area containing hundreds of
lakes in low rolling countryside. Among the largest seen here are
Lake Minnetonka (H-6) and Swan Lake (D-16). The scene lies
just to the south of the Lake Superior physiographic province—a
densely wooded (conifer) section of the Precambrian Canadian
shield. Basal sandstones of Cambrian age are exposed northwest of
Minneapolis, in the bluffs of the Mississippi around Lake Pepin
(V-9), along the St. Croix River (O-3), and adjacent to much of
the Minnesota River (G-13). Lower Ordovician rocks occur at
higher elevations and a discontinuous band of middle Ordovician
St. Peter sandstone outcrops around Minneapolis and the cluster
of lakes (L-17) connected by the Cannon River (N-12) to the

88

southeast. Cretaceous rocks lap onto these lower Paleozoic units
west of the Minnesota River as far east as Mankato (G-17). How-
ever, most of these rock units are now covered by glacial drift and
moraines except where exposed in stream valleys. Outcrops of
Ordovician ro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>