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PREFACE

Tle primary purpose of this book is to provide
students who have had little or no science back-
ground with an understanding and appreciation of
geology. Every day we walk, bicycle, or drive across
landscapes that were created by geological processes.
Even people who live in cities can see evidence of
such activity in parks and road cuts and in the
shapes of river valleys, lake shores, or coastlines.
Although they are less familiar to many of us, lofty
mountain ranges, fertile prairies, and massive glaciers
are parts of our world and are familiar through
travel, books, television, and film. Every year we
read about tragic loss of life and property that occurs
when volcanoes erupt or earthquakes topple build-
ings and destroy cities or villages. Our water, air,
and climate are also influenced and affected by
geological change.

This book, and the introductory geology course
that it accompanies, will enable a student to see and
understand the Earth as a geologist does. We believe
that an understanding of geology tremendously en-
hances one’s enjoyment of the beauty of the natural
world. To foster that enjoyment and to make the
study of geology tangible and directly relevant, we
have included a chapter entitled “Geologic Evolution
of North America.” This chapter summarizes many
of the principles introduced in previous chapters
and relates them to the geology and origin of North
America, and to each part of our continent. It answers
the question: How did the landscape outside my
window evolve? Instead of looking at the mountains
in one of our National Parks and thinking simply
that they are pretty, a student will have an under-
standing of how and when they formed.

In this book we describe and explain the Earth
as an integrated system of geological processes and
events. Humans are part of this system and an
important interrelationship exists between human
activities and geological processes. Many of these
connections are obvious, such as the impact of
earthquakes and volcanoes on human settlement or
the relationships between industrial development
and the availability of fuel and mineral resources.

More recently, other relationships between hu-
mans and their physical environments have become
important in the study of geology, for example, the
effects that agricultural systems have on groundwater

reserves and the short- and long-term results of
man’s attempts to channel rivers and to control
coastal erosion. Modern physical geology textbooks
must address these as environmental issues without
advocating any particular philosophy, as these issues
are also aspects of science that are relevant to our
lives. Therefore, with these concepts in mind, we
have written a book that teaches us modern physical
geology and relates geology to contemporary issues
and problems, particularly environmental issues.

One of the most important features of any
textbook is the manner in which it develops its
material so that each subject builds a foundation for
the next. To this end, our approach is to introduce
a discussion of geological processes first, followed by
descriptions of the geological results of those proc-
esses. For example, sedimentary rocks are introduced
only after weathering is taught. This type of sequen-
tial development, from fundamental processes to the
consequences of these processes, is pursued through-
out the book.

We recognize that while some students in intro-
ductory geology courses have a background in chem-
istry and physics, others do not. The overall aim of
this text is to portray geological processes and events
accurately, but in a language and style that is readily
understood by students with little or no college-
level science background. We have included neces-
sary background material on the nature and structure
of atoms, on fundamental physical forces, and on
other topics as the need arises.

Finally, we feel that it is not sufficient to teach
science as a set of facts to be learned and memorized.
The study of geology is made vital by descriptions
of the manner in which theories were developed.
Thus when a theory is presented, we explain some
of the crucial experiments and thought processes
that led to the development of the idea.

Teaching Options and Sequence
of Topics

This book is divided into four units,

Unit I: The Earth, Its Origin and Its Materials
Unit II: Earthquakes and Plate Tectonics

v
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vi Preface

Unit III: Surface Processes
Unit IV: Special Topics in Geology

Some instructors may prefer to introduce surface
processes before tectonics. We have included a brief
introduction of plate tectonics in Chapter 1 so surface
processes can be taught before tectonics without loss
of continuity. The special topics in geology—mineral
resources and planetary geology—can be taught
separately or alternatively; portions of these chapters
can be incorporated with topics taught earlier in the
book. Alternate sequences are proposed in the In-
structors Guide.

Special Features

Updated Version

A modern textbook must be up to date, not only
to convey accurate information, but to remind the
student that science is dynamic. If students go
beyond this elementary course in geology and be-
come geologists, they must understand that infor-
mation and interpretations change. To convey the
spirit of geology as a career, we strive to recognize
debate throughout the book and to provide recent
data and theories. We have made significant changes
in this updated version to reflect recent articles in
the literature.

Special Topics

Discussions of interesting, but nonessential, top-
ics are presented throughout the book in the form
of special topics, which are set aside and highlighted
in color. These topics are not essential to the
sequential development of each chapter, and they
can be included or omitted at the discretion of the
instructor. However, we feel that by providing geo-
logical anecdotes or interesting ideas that reinforce
the main topic, the student is drawn into the chapter
by specific examples, and at the same time the
examples serve to reinforce the basic concepts. Three
types of special topics are included. FOCUS ON
boxes cover interesting topics such as “Pegmatite,
The World’s Largest Crystals.” PHYSICAL GEOL-
OGY AND THE ENVIRONMENT boxes cover en-
vironmental topics such as “Groundwater Contam-
ination from Disposal of Radioactive Wastes.” Finally,
short MEMORY DEVICES aid the student by intro-
ducing the roots of words and the relationships
between the roots and the modern definition.

Unique Chapters

We have included a chapter titled, Fossils, Ev-
olution and Extinction because paleontology is an
integral part of geology and the study of fossils is
useful in interpreting and dating sedimentary rocks.
Although other introductory texts omit this topic,
we feel that it is a fascinating and relevant part of
modern physical geology. In Chapter 14, Geologic
Evolution of North America, the geology learned in
the thirteen previous chapters is integrated and used
to discuss the origin and development of North
America. Geology is made alive by bringing it home
to the landscapes in the students’ backyards.

Use of Analogies

Many geological processes occur beneath the
Earth’s surface where they cannot be directly ob-
served. Some occur so slowly that even if we could
see them the changes would not be detectable over
many human lifespans. However, all of these proc-
esses can be clearly understood through the use of
examples and analogies. This book emphasizes fa-
miliar examples and analogies to explain geological
processes that cannot be experienced directly.

Chapter Review Material

Important words are highlighted in bold type in
the text. These KEY WORDS are then listed at the
end of each chapter for review purposes. Inaddition,
a short SUMMARY is provided at the end of each
chapter.

Questions

Two types of questions are included in the end-
of-chapter material. The REVIEW QUESTIONS can
be answered in a straightforward manner from the
material in the text. On the other hand, DISCUSSION
QUESTIONS challenge students to apply what they
have learned to the analysis of situations not directly
presented in the text. Often there is no single correct
answer to these questions. Instead, they are intended
to provoke thought and discussion among students.

Glossary and Appendix

A glossary of geological terms is provided at the
end of the book. In almost all cases, we use definitions
given in the Dictionary of Geological Terms, published
by the American Geological Institute. We recom-



mend this excellent and inexpensive paperback to
the student who wants a comprehensive glossary of
geology. In addition, appendices cover mineral class-
ification and identification, metric units, the ele-
ments, and rock symbols.

Interviews

Students often wonder, what type of life would
I'lead if 1 decided to make geology my career? Who
would I work and trade ideas with? What intellectual
rewards would make my life challenging? In order
to open a window into geology as a profession, we
have interviewed three prominent geologists whose
research and theories are discussed in the book.
These interviews include a brief look at both their
professional and personal lives and are included to
encourage students to look closely at a career in
geology.

Ancillaries

This text is accompanied by an extensive set of
support materials.

Study Guide

The Study Guide, written by Vicki Harder of
Texas A&M University, provides review and study
aids to further enhance the students’ understanding
of the text. The Study Guide includes an overview
for each chapter, learning objectives, a detailed
chapter outline, a chapter summary, key words and
review questions and answers.

Instructors Manual

The Instructors Manual, written by the authors
of the text, provides teaching goals, alternate se-
quences of topics, answers to discussion questions
and a short bibliography.

Overhead Transparencies

A set of 150 overhead transparencies includes
four-color illustrations and photographs from the
text for use in the classroom or the laboratory.

35mm Slides

A set of five hundred 35mm slides of the text's
illustrations and photographs are available for use
in the classroom or the laboratory.
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OUTLINE

1.1 The Science of Geology
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1.8 Environmental Geology

West coast of Costa Rica.

lmagine yourself on a rocky beach, walking to-
ward the surf. You can see, hear, and feel the
movement of the wind and the water. But you do
not see the cliffs move, and the Earth doesn’t shake
under your feet. The solid Earth seems to be a firm
base beneath the blowing winds and the breaking
waves. However, this apparent immobility is decep-
tive—the Earth’s crust is actually dynamic, not static.
Continents slowly shift position, mountains risé, and
then they are eroded away. These motions escape
most casual observations because they are generally
slow, although every year volcanic eruptions, earth-
quakes, and other types of rapid movement do occur
in many places on our planet.

o

As'you can see from this definition, geology is
a broad topic. Geologists seek to understand both
the interior and the surface of the Earth. They study
the Earth as it exists today and look backward at its
past history. No single person can become an expert
in all aspects of geology. Therefore the science is
subdivided into a wide variety of specialties. Some
of these specialties are suggested by our original
definition.

Even a casual observer will notice that not all rocks
are alike—some are soft, others are harder. They
come in a wide variety of colors. Some appear to be




4 Chapter 1 The Earth and the Study of Geology

made of tiny bits and pieces of different substances
stuck together, while others look homogeneous. One
important aspect of geology is the study of rocks,
their composition, structure, and origin. Rocks.are

not necessarily~pure Substarices, rather many-are
compeosed. of ;aggregateswof '6fic or niore chemical
compounds calledsmineralS” The study of the for-
mation, occurrence, properties, and compositions of
minerals is an important specialty in geology.

Geology is interesting for its own sake simply
because we humans are curious creatures and wonder
about the world around us. If you drive along a
highway or walk through the woods, your experience
will be more interesting if you understand the
processes that led to the formation of the rocks,
minerals, and landforms that you see. In addition,
geology has a wide variety of practical applications.
Our technological world depends on a continuing
supply of fossil fuels—coal, petroleum, and natural
gas—and mineral resources such as metals, sand
and gravel, certain fertilizers, and limestone (for the
manufacture of cement). Many professional geolo-
gists spend their lifetimes exploring for valuable
deposits of these materials.

Most of us have seen water running over the
surface of the ground after a heavy rainstorm. If you

watch closely, you will notice that the flowing water
dislodges tiny grains of soil and carries them down-
slope. After a few hours of heavy rain, an exposed
hillside may become scarred by a series of tiny
gullies. If you look at the shape of these gullies, you
will see that they are similar to large-scale landforms
such as mountain valleys and canyons. If you stretch
your imagination over a great length of time, you
can imagine how moving water has carved the surface
of our planet. Some geologists study physical and
chemical changes that occur on or near the surface.
These changes are caused by streams, underground
water, ocean waves, moving ice, wind, gravity, and
the action of chemical compounds. Again, both
theoretical and practical questions are routinely
encountered. Why are desert landscapes different
from those in humid climates? or How do river
valleys change over the course of millennia? Many
practical questions concern the interaction between
surface processes and human development. Is a flood
likely to destroy a housing development in this
valley? How will acid rain affect lakes in a specific
region? Will the acids be neutralized by the soil, or
will they accumulate and kill fish in lakes and
streams?

Some geologists study earthquakes and others
study volcanoes. Still others try to learn about the
Earth’s magnetic field or the transfer of heat from
the interior to the surface. Interior processes are
responsible for the forces that lift mountains and

Offshore drilling platform.
(Courtesy Sun Oil.)



