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PREFACE

In recent years, media reports have made us increas-
ingly aware of the geological forces at work in our
physical environment. News stories graphically por-
tray the violent force of a volcanic eruption, the dev-
astation created by a strong earthquake, and the large
numbers left homeless by mudflows and flooding.
Such events, and many others as well, are destructive
to life and property, and we must be better able to
understand and deal with them. However, our natu-
ral environment has an even greater importance, for
the earth is our home. The earth not only provides
the mineral resources so basic to modern society,
but it is also the source of most of the ingredients
necessary to support life. Therefore, as many mem-
bers of society as possible should acquire a basic
understanding of how the earth works.

With this in mind, we have written a text to help
people increase their understanding of our physical
environment. We hope this knowledge will encour-
age some to actively participate in the preservation of
the environment, while others may be sufficiently
stimulated to pursue a career in the earth sciences.
Equally important, however, is our belief that a basic
understanding of earth will greatly enhance appreci-
ation of our planet and thereby enrich the reader’s
life.

The Third Edition of The Earth: An Introduction
to Physical Geology, like its predecessors, is intended
for both science majors and non-majors taking their
first course in geology. We have attempted to write a
text that is not only informative and timely, but one
that is highly usable as well. The language is straight-
forward and written to be understood by a student

with little or no college-level science experience. We
have deliberately refrained from using excessive jar-
gon and when new terms are introduced, they are
placed in boldface and defined. A list of key terms
with page references is found at the end of each
chapter, and a glossary is included at the conclusion
of the text for easy reference to important terms. Fur-
ther, review questions conclude each chapter to help
the student prepare for exams and quizzes. Useful
information on metric conversions, the periodic
table of the elements, common minerals, and topo-
graphic maps is also provided in the appendices.

In the first two editions of this text special atten-
tion was given to the quality of photographs and art-
work because geology is a highly visual science. This
emphasis has been maintained in the Third Edition.
More than 100 new color photographs appear in this
revision. The photographs and images were carefully
selected to add realism to the subject and to heighten
the interest of the reader. Moreover, the already ex-
cellent art program of the earlier editions has been
strengthened in the Third Edition. Because we be-
lieve that carefully planned and executed line art will
significantly aid student understanding by making
difficult concepts less abstract, more than 110 new
and redrawn figures appear in the Third Edition.
Once again, the text has benefited greatly from the
talents and imaginative production of Dennis Tasa of
Tasa Graphic Arts, Inc.

The Third Edition of The Earth: An Introduction
to Physical Geology represents a thorough revision.
Extensive rewriting has made many discussions
more timely and more readable. It should be empha-
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sized, however, that the main focus of the Third Edi-
tion remains the same as in the first two editions—to
foster a basic understanding of physical geology. As
much as possible, we have attempted to provide the
reader with a sense of the observational techniques
and reasoning processes that constitute the disci-
pline of geology. As with other sciences, geology is
much more than a mere collection of facts. At its
heart are the various methods of probing the earth
aimed at uncovering its secrets. These methods in-
volve the collection of the necessary data used to test
hypotheses about the nature of the forces that shape
our changing planet. In addition to gaining a better
understanding of these natural processes, this activity
often leads to a re-evaluation of ideas formulated at a
time when less information was available. An excel-
lent example of the way geological “truths” are un-
covered and reworked is found in Chapter 18. Here
we trace the historical formulation and subsequent
rejection of the hypothesis that continents drift about
the face of the earth and then examine the data that
led to the “rebirth” of this idea as part of a more
encompassing concept known as plate tectonics.
The organization of the text remains intentionally
traditional. Following the overview of geology in the
introductory chapter, we turn to a discussion of earth
materials and the related processes of volcanism and
weathering. Next, a discussion of a most basic topic,
geologic time, is followed by an examination of the
geological work of gravity, water, wind, and ice in
modifying and sculpturing landscapes. After this look
at external processes, we examine the earth’s inter-
nal structure and the processes that deform rocks
and give rise to mountains. Finally, the text con-
cludes with chapters on resources and the solar sys-
tem. This particular organization was selected largely
to accommodate the study of minerals and rocks in
the laboratory, which usually comes early in the
course. Realizing that some instructors may prefer to
structure their courses differently, we made each
chapter self-contained so that it may be taught in a
different sequence. Thus, the instructor who wishes
to discuss earthquakes, plate tectonics, and mountain
building prior to dealing with erosional processes
may do so without difficulty. We also chose to intro-
duce plate tectonics in the first chapter so that this
important theory could be incorporated in appropri-
ate places throughout the text. Although plate tecton-
ics is an integral part of this book, we have not in-
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cluded it at the expense of other topics. While it is
true that plate tectonics is fascinating and of utmost
importance in understanding the dynamics of the
earth, other topics are equally worthwhile and inter-
esting to the beginning student. It should also be
noted that a separate chapter on environmental
problems has not been included. Instead we have
incorporated these topics into the text at appropriate
places. For example, discussions of the pollution of
wells and land subsidence associated with ground-
water withdrawal are treated in the chapter on
groundwater (Chapter 11) while shoreline erosion
problems are taken up in the chapter on shorelines
(Chapter 14).

A comparison between this volume and earlier
editions would reveal that the number of chapters in
the Third Edition has been increased and that the
sequence of chapters has been changed slightly. The
chapter on geologic time, which was formerly near
the end of the text, is now Chapter 8. The authors
agreed with many reviewers and users of earlier edi-
tions who felt that this important topic needed a
more prominent position in the text. The chapter has
also been reorganized so that relative dating princi-
ples are treated prior to the discussion of radiomet-
ric dating. New to the Third Edition is Chapter 15,
Crustal Deformation. This chapter is a completely
rewritten and expanded treatment of selected topics
that were previously part of the chapter on mountain
building. Chapter 20, Mountain Building and the
Evolution of Continents, is also completely rewritten
to make the level compatible with other chapters.
Moreover, the treatment of isostasy was expanded
and clarified, and the role of the plate tectonics in
mountain building was updated to fit current mod-
els. Another major addition to the Third Edition is a
chapter on mineral and energy resources (Chapter
21). Previously, material pertaining to resources was
dispersed throughout the text. Now these sections
have been combined, revised, and expanded to cre-
ate a new chapter. Substantial material has been
added, including discussions of renewable and non-
renewable resources, alternative energy sources, and
nonmetallic mineral resources. For those who wish
to integrate resource topics with other parts of the
text, the many sections within the chapter are clearly
identified and can be easily assigned as separate
readings in any order the instructor desires.

In addition to the changes outlined above, discus-
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sions of many basic topics have also been strength-
ened in the Third Edition. Expanded and updated
coverage of sedimentary rocks, volcanic activity, met-
amorphism, groundwater environmental problems,
deserts, and plate boundaries are just a few exam-
ples. New sections on the nature of scientific inquiry
(Chapter 1) and types of glaciers (Chapter 12) have
also been added.

As with any project of this scope, the contributions
of others were very important and too numerous for
us to give proper credit to each person involved. The
credit for the content must go to our professors, col-
leagues, and students, who challenged us to search
for a deeper understanding. We wish to express our
thanks to the many individuals, institutions, and gov-
ernment agencies that provided information, photo-
graphs, and illustrations for use in this text. A special
debt of gratitude goes to those colleagues who pre-
pared in-depth prerevision reviews of the First Edi-
tion and Second Edition of The Earth: Larry
Agenbroad, Northern Arizona University; Gary Allen,
University of New Orleans; Richard W. Arnseth, Uni-
versity of Tennessee; Thomas W. Broadhead, Univer-
sity of Tennessee; Rex Crick, University of Texas;
Larry E. Davis, Washington State University; John S.
Dickey, Jr., Syracuse University; Joseph E. Donoghue,
Florida State University; Tom Freeman, University of
Missouri; William D. Gosnold, Jr., University of North
Dakota; Dryan Gregor, Wright State University; Bryce
M. Hand, Syracuse University; Robert Hatcher, Uni-
versity of South Carolina; Jerry Horne, San Bernar-

dino Valley College; Terence T. Kato, California State
University-Chico; David Lageson, Montana State Uni-
versity; John R. Monrad, Eastern Kentucky University;
Howard Mooers, University of Minnesota; Michael J.
Neilson, University of Alabama, Birmingham; Dar-
lene Richardson, Indiana University of Pennsylvania;
Jack Schindler, St. Petersburg Junior College; James
R. Snook, Eastern Washington University; William K.
Steele, Eastern Washington University; and Daniel A.
Sundeen, University of Southern Mississippi. Their
critical comments and thoughtful input helped guide
our revision and strengthen the text. We thank the
following, whose comments from the Second Edi-
tion aided the Third Edition: David T. King, Jr., Au-
burn University; George S. Koch, University of Geor-
gia; Carleton B. Moore, Arizona State University; Mary
Jo Richardson, Texas A&M University; Vernon P. Scott,
Oklahoma State University; Chris A. Suczek, Western
Washington University; Alphonse C. Van Besien, Uni-
versity of Mississippi; and J. M. Wampler, Georgia In-
stitute of Technology.

Our thanks also go to Diane Weber for her un-
matched word processing skills and to the fine pro-
duction team at Merrill Publishing who skillfully
transformed our manuscript into a finished product.
The expertise and support of Bruce Johnson, Rex
Davidson, Cynthia Brunk, Cathy Watterson, and
Raydelle Clement is gratefully acknowledged and
sincerely appreciated.
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he spectacular eruption of a volcano, the ter-

ror brought by an earthquake, the magnifi-

cent scenery of a mountain valley, and the
destruction created by a landslide are all subjects for
the geologist (Figure 1.1). The study of geology deals
with many fascinating and practical questions about
our physical environment. What forces produce
mountains? Will there soon be another great earth-
quake in San Francisco? What was the Ice Age like?
Will there be another? What created this cave and the
stone icicles hanging from its ceiling? Should we
look for water here? Is strip mining practical in this
area? Will oil be found if a well is drilled at that loca-
tion? What if the landfill is located in the old quarry?

The subject of this text is geology, a word that
literally means “the study of the earth.” To under-
stand the earth is not an easy task because our planet
is not an unchanging mass of rock but rather a dy-
namic body with a long and complex history.

The science of geology is traditionally divided into
two broad areas—physical and historical. Physical
geology, which is the primary focus of this book, ex-
amines the materials composing the earth and seeks
to understand the many processes that operate be-
neath and upon its surface. The aim of historical ge-
ology, on the other hand, is to understand the origin
of the earth and its development through time. Thus,
it strives to establish an orderly chronological ar-

FIGURE 1.1

The study of mountains, including areas such as this in the Canadian Rockies, is just

one focus of geology. (Photo by E. J. Tarbuck)
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SOME HISTORICAL NOTES ABOUT GEOLOGY

rangement of the multitude of physical and biologi-
cal changes that have occurred in the geologic past.
The study of physical geology logically precedes the
study of earth history because we must first under-
stand how the earth works before we attempt to un-
ravel its past.

SOME HISTORICAL NOTES ABOUT
GEOLOGY

The nature of our earth—its materials and proc-
esses—has been a focus of study for centuries. Writ-
ings about such topics as fossils, gems, earthquakes,
and volcanoes date back to the early Greeks, more
than 2300 years ago. Certainly the most influential
Greek philosopher was Aristotle. Unfortunately, Aris-
totle’s explanations about the natural world were not
based on keen observations and experiments. In-
stead they were arbitrary pronouncements. He be-
lieved that rocks were created under the “influence”
of the stars and that earthquakes occurred when air
crowded into the ground, was heated by central fires,
and escaped explosively. When confronted with a
fossil fish, he explained that “a great many fishes live
in the earth motionless and are found when excava-
tions are made.” Although Aristotle’s explanations
may have been adequate for his day, they unfortu-
nately continued to be expounded for many centu-
ries, thus thwarting the acceptance of more up-to-
date accounts. Frank D. Adams states in 7he Birth and
Development of the Geological Sciences (New York:
Dover, 1938) that “throughout the Middle Ages Aris-
totle was regarded as the head and chief of all philos-
ophers; one whose opinion on any subject was au-
thoritative and final.”

Catastrophism

During the seventeenth and eighteenth centuries the
doctrine of catastrophism strongly influenced the
formulation of explanations about the dynamics of
the earth. Briefly stated, catastrophists believed that
the earth’s landscape had been shaped primarily by
great catastrophes. Features such as mountains and
canyons, which today we know take great periods of
time to form, were explained as having been pro-
duced by sudden and often worldwide disasters pro-
duced by unknowable causes that no longer operate.

This philosophy was an attempt to fit the rates of
earth processes to the then-current ideas on the age
of the earth. In the mid-seventeenth century, James
Ussher, Anglican Archbishop of Armagh, Primate of
all Ireland, published a major work that had immedi-
ate and profound influence. A respected scholar of
the Bible, Ussher constructed a chronology of
human and earth history in which he determined
that the earth was only a few thousands of years old,
having been created in 4004 B.c. Ussher’s treatise
earned widespread acceptance among scientific and
religious leaders alike, and his chronology was soon
printed in the margins of the Bible itself.

The relationship between catastrophism and the
age of the earth has been summarized nicely as fol-
lows:

That the earth had been through tremendous adven-
tures and had seen mighty changes during its ob-
scure past was plainly evident to every inquiring
eye; but to concentrate these changes into a few
brief millenniums required a tailor-made philosophy,
a philosophy whose basis was sudden and violent
change.'

The Birth of Modern Geology

The late eighteenth century is generally regarded as
the beginning of modern geology, for it was during
this time that James Hutton (Figure 1.2), a Scottish
physician and gentleman farmer, published his 7he-
ory of the Earth in which he put forth a principle that
came to be known as the doctrine of uniformitarian-
ism. Uniformitarianism is a basic part of modern ge-
ology. It simply states that the physical, chemical, and
biological laws that operate today have also operated
in the geologic past. That is to say that the forces and
processes that we observe presently shaping our
planet have been at work for a very long time. Thus,
to understand ancient rocks, we must first under-
stand present-day processes and their results. This
idea is commonly stated by saying “the present is the
key to the past.”

Prior to Hutton's 7heory of the Earth, no one had
effectively demonstrated that geological processes
occur over extremely long periods of time. However,
Hutton persuasively argued that forces which appear
small could, over long spans of time, produce effects

'"H. E. Brown, V. E. Monnett, and J. W. Stovall, ntroduction to
Geology (New York: Blaisdell, 1958).



FIGURE 1.2

A contemporary caricature of James Hutton, the
eighteenth-century Scottish geologist who is often called
the “father of modern geology.” The faces scowling at
Hutton from the rocky cliff are believed to be profiles
of Hutton’s most vocal critics. (Courtesy of the Library
of Congress)

that were just as great as those resulting from sudden
catastrophic events. Unlike his predecessors, Hutton
carefully cited verifiable observations to support his
ideas. For example, when he argued that mountains
are sculptured and ultimately destroyed by weather-
ing and the work of running water, and that their
wastes are carried to the oceans by processes that
can be observed, Hutton said, “We have a chain of
facts which clearly demonstrates . . . that the materi-
als of the wasted mountains have traveled through
the rivers”; and further, “There is not one step in all
this progress . . . that is not to be actually perceived.”
He then went on to summarize this thought by ask-
ing a question and immediately providing the an-
swer: “What more can we require? Nothing but
time.”

Since Hutton’s literary style was cumbersome and
difficult, his work was not widely read nor easily
understood. However, that began to change in 1802,
when Hutton’s friend and colleague, John Playfair,

AN INTRODUCTION TO GEOLOGY

published lllustrations of the Huttonian Theory, a
volume in which he presented Hutton's ideas in a
much clearer and attractive form. The following well-
known passage from Playfair’s work, which is a re-
statement of Hutton’s basic principle, illustrates this
style:

Amid all the revolutions of the Globe, the economy
of nature has been uniform and her laws are the
only things which have resisted the general move-
ment. The rivers and the rocks, the seas and the
continents have been changed in all their parts; but
the laws which direct those changes, and the rules
to which they are subject, have remained invariably
the same.

Although Playfair’s book gave impetus to Hutton’s
ideas and aided the cause of modern geology, it is
the English geologist Sir Charles Lyell (Figure 1.3)
who is given the most credit for advancing the basic
principles of modern geology. Between 1830 and
1872 he produced eleven editions of his great work,
Principles of Geology. As was customary, Lyell’s book
had a rather lengthy subtitle that outlined the main
theme of the work: Being an Attempt to Explain the
Former Changes of the Earth’s Surface, by Reference
to Causes now in Operation. In the text, he painstak-
ingly illustrated the concept of the uniformity of na-

FIGURE 1.3

Charles Lyell. Lyell’s book, Principles of Geology, did
much to advance modern geology. (Courtesy of the
Institute of Geological Sciences, London)
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ture through time. He was able to show more con-
vincingly than his predecessors that the geologic
processes which are observed today can be assumed
to have operated in the past. Although the doctrine of
uniformitarianism did not originate with Lyell, a fact
that he openly acknowledged, he is the person who
was most successful in interpreting and publicizing it
for society at large.

Today the basic tenets of uniformitarianism are
just as viable as in Lyell's day. Indeed, we realize
more strongly than ever that the present gives us in-
sight into the past and that the physical, chemical,
and biological laws that govern geological processes
remain unchanging through time. However, we also
understand that the doctrine should not be taken too
literally. To say that geological processes in the past
were the same as those occurring today is not to

A.

FIGURE 1.4

suggest that they always had the same relative impor-
tance and operated at precisely the same rate. Al-
though the same processes have prevailed through
time, their rates have undoubtedly varied.!

The acceptance of uniformitarianism meant the
acceptance of a very long history for the earth, for
although processes vary in their intensity, they still
take a very long time to create or destroy major fea-
tures of the landscape.

For example, rocks containing fossils of organ-
isms that lived in the sea more than 15 million years
ago are now part of mountains that stand 3000 met-
ers (9800 feet) above sea level. This means that the
mountains were uplifted 3000 meters in about 15

't should be pointed out that during the earth’s formative period,
when our planet was very different today, some processes were at
work that are no longer operating.

Geologic processes often act so slowly that changes may not be visible during an
entire lifetime. These two photographs were taken from the same vantage point
nearly one hundred years apart. Photograph A was taken by J. K. Hillers in 1872 and
photograph B was taken in 1968 by E. M. Shoemaker. The photos reveal practically
no visible signs of erosion. (Photos courtesy of U.S. Geological Survey)



million years, which works out to a rate of only 0.2
millimeter per year! Rates of erosion (the processes
that wear away land) can be equally slow (Figure
1.4). Estimates indicate that the North American con-
tinent is being lowered at a rate of just 3 centimeters
per 1000 years. Thus, as you can see, tens of millions
of years are required for nature to build mountains
and wear them down again. But even these time
spans are relatively short on the time scale of earth
history, for the rock record contains evidence that
shows the earth has experienced many cycles of
mountain building and erosion. Concerning the
ever-changing nature of the earth through great ex-
panses of geologic time James Hutton made a state-
ment that was to become his most famous. In con-
cluding his classic 1788 paper published in the
Transactions of the Royal Society of Edinburgh, he
stated, “The results, therefore, of our present en-
quiry is, that we find no vestige of a beginning—no
prospect of an end.” A quote from William L. Stokes
sums up the significance of Hutton’s basic concept:

In the sense that uniformitarianism implies the oper-
ation of timeless, changeless laws or principles, we
can say that nothing in our incomplete but exten-
sive knowledge disagrees with it.!

In the chapters that follow, we shall be examining
the materials that compose our planet and the proc-
esses that modify it. It will be important to remember
that although many features of our physical land-
scape may seem to be unchanging in terms of the
tens of years over which we might observe them,
they are nevertheless changing, but on time scales of
hundreds, thousands, or even many millions of
years.

THE NATURE OF SCIENTIFIC INQUIRY

As members of a modern society, we are constantly
reminded of the significant benefits derived from sci-
entific investigations. What exactly is the nature of
this inquiry?

All science is based on the assumption that the
natural world behaves in a consistent and predict-
able manner. This implies that the physical laws

! Essentials of Earth History (Englewood Cliffs, New Jersey: Pren-
tice-Hall, 1966), p. 34.
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which govern the smallest atomic particles also oper-
ate in the largest, most distant galaxies. Evidence for
the existence of these underlying patterns can be
found in the physical world as well as the biological
world. For example, the same biochemical processes
and the same genetic codes that are found in bacte-
rial cells are also found in human cells. The overall
goal of science is to discover the underlying patterns
in the natural world and then to use this knowledge
to make predictions about what should or should not
be expected to happen given certain facts or circum-
stances.

The development of new scientific knowledge
involves some basic, logical processes that are uni-
versally accepted. To determine what is occurring in
the natural world, scientists collect scientific facts
through observation and measurement (Figure 1.5).
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FIGURE 1.5

Scientist analyzing sea-floor samples collected by the
drilling ship JOIDES Resolution. (Courtesy of Ocean
Drilling Program)



