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WHY USE THIS BOOK?

One excellent reason is that it’s tried and true. Since the book was first
published in 1979, over 1,000,000 students have read this text as an intro-
duction to physical geology. Proportionately, geology instructors have
relied on this text for over 5,000 courses to explain, illustrate, and exem-
plify basic geologic concepts to both majors and non-majors. Today, the
seventeenth edition continues to provide contemporary perspectives that
reflect current research, recent natural disasters, unmatched illustrations,
and unparalleled learning aids. We have worked closely with contribu-
tors, reviewers, and our editors to publish the most accurate and current
text possible.

APPROACH

Our purpose is to clearly present the various aspects of physical geology
so that students can understand the logic of what scientists have discov-
ered, as well as the elegant way the parts are interrelated to explain how
Earth, as a whole, works.

This approach is epitomized by our treatment of plate tectonics. Plate
tectonics is central to understanding how the Earth works. Rather than
providing a full-fledged presentation of plate tectonics at the beginning
of the textbook and overwhelming students, Physical Geology presents
the essentials of plate tectonics in the first chapter. Subsequent chapters
then detail interrelationships between plate tectonics and major geologic
topics. For example, chapter 3, on igneous activity, includes a thorough
explanation of how plate tectonics accounts for the generation of magma
and resulting igneous rocks. Chapter 19, typically covered late in the
course, presents a full synthesis of plate tectonics. By this time, students
have learned the many aspects of physical geology and can appreciate the
elegance of plate tectonics as a unifying paradigm.

CHANGES TO THE SEVENTEENTH
EDITION

New to the Seventeenth Edition

Each chapter has been revised and updated, and an overview of notable
changes made to each chapter is given below:

Chapter 1 has been updated to reflect current resource usage and
to improve readability. The information on careers in geology con-
tained in box 1.3 has been updated.

Chapter 2 has been updated to improve readability. Figure 2.2 has
been edited to improve clarity. The web box has been removed.

Chapter 3 includes an updated rock cycle figure that incorporates
hand sample images of rocks rather than sketches. Changes have
been made to section 3.3 to improve comprehension. Figure 3.25 has
been replaced with a more modern image. The section on igneous
activity and plate tectonics has been reorganized to improve flow.

Flow Images
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Chapter 4 has been updated to reflect the change in eruption status
at Kilauea, and a new box (4.2) has been added that describes the
dramatic end of the Kilauea eruption.

Chapter 5 includes a revised rock cycle diagram that includes pho-
tos of rocks rather than sketches. The section on solution weathering
and table 5.1 have been modified to more clearly show the solution
of calcite. The effect of increased surface area on weathering pro-
cesses has been revised to emphasize its importance.

Chapter 6 contains minor changes to increase clarity. A revised rock
cycle figure has also been added to this chapter.

Chapter 7 has been updated to improve readability.

Chapter 8 has been updated to improve readability and clarify the
Precambrian as a supereon. Box 8.2 has been updated to reflect the
change in name of the K-T boundary to the K-Pg boundary.

Chapter 9 has minor rewrites to improve readability, and landslide
fatality statistics have been updated.

Chapter 10 has undergone significant revision. Numerous sections
have been updated and revised to improve readability and clarity.
Figure 10.5 now includes aerial photos of rivers paired with sketches
to illustrate the different types of drainage patterns. Box 10.1 on the
controlled floods in the Grand Canyon has been replaced with a
new box on the environmental consequences of the Three Gorges
Dam in China. We have also added a new alluvial fan photo and
replaced figure 10.37 with a new graph that more clearly shows how
urbanization affects discharge rate. The summary and questions at
the end of the chapter have also been revised.

Chapter 11 includes an extensively revised “fracking” box and new
figure that more clearly explains the process of hydraulically frac-
turing a confined aquifer during horizontal drilling, and an updated
discussion of possible environmental problems. Figure 11.16 has also
been revised to more accurately illustrate a gasoline plume.

Chapter 12 has been edited to improve readability and contains new
images of a U-shaped valley and a hanging valley. Box 12.2 has been
updated to reflect more recent research on glacial surges and evi-
dence for life in subglacial lakes in the Antarctic.

Chapter 13 includes an expanded discussion of deserts around the
world and a revision of figure 13.3.

Chapter 14 has been extensively edited to improve readability.
Box 14.1 has been revised and now includes a sea-level curve show-
ing fluctuation from past glaciations and also a sea-level curve illus-
trating more recent variation and projected future sea-level rise based
on IPCC emission scenarios. Box 14.2 has been updated to include
category 5 Hurricanes Michael and Dorian. The summary has been
revised to reflect the relationship between coastal landforms and pro-
cesses and sea-level changes.

Chapter 15 contains edits of text and figures throughout the chapter
to help clarify material for the student and improve readability.

Chapter 16 has been updated to include the largest, most deadly
liquefaction event ever recorded after the 2018 Sulawesi, Indonesia,
earthquake and associated tsunami that was intensified by submarine

xiii
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landslides and offshore morphology. Figure 16.4 has been replaced
with a new diagram that more realistically shows the motion of body
and surface waves. Minor edits were made throughout the chapter to
improve clarity.

Chapter 17 has been extensively revised. Many sections have been
rewritten to improve clarity and make the subject more approach-
able. We have added photos of geologists using geophysical equip-
ment in the field. The gravity section now includes a geoid image
from NASA’s GRACE mission. We replaced figure 17.2 with a new
seismic reflection profile from the SHIRE research project at the
Hikurangi plate margin that shows intensely folded and faulted sedi-
ments. Box 17.1 has been updated to reflect the successful results
of the EarthScope program, and we also included a new seismic
tomography image from the mantle plume under Yellowstone. We
added a new planetary geology box (17.2) that discusses the interiors
of other planets. We also replaced the “Earth’s Spinning Core” box
with a new box (17.3) describing “Geophysical Methods of Explora-
tion: How a Geologist Sees Underground.” The summary has been
expanded and completely rewritten in a more narrative style.

Chapter 18 has undergone minor edits of text and photo captions.
We have adopted Wadati-Benioff zone to more accurately name this
important tectonic feature.
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Chapter 19 begins with a rewritten introduction that more clearly
states how the plate tectonic theory has unified the study of geology.
The “Early Case for Continental Drift” section has also been rewrit-
ten, and the entire chapter has been extensively revised to improve
readability and clarity.

Chapter 20 has undergone minor editing for improved readability.

Chapter 21 has been updated to reflect the rapid changes in the
study of climate change. Figures 21.11, 21.12, 21.14, and 21.18 have
been updated to include the most recent data available. Figures 21.22
and 21.20 have been updated to reflect current understanding of the
impacts of climate change.

Chapter 22 has been updated to reflect changes in the demand for,
and price of, various resources, as well as changes in global produc-
tion and estimates of total reserves remaining.

Chapter 23 has been edited to significantly improve readability.
Multiple images of planets and moons have been replaced with
newer images that have become available in recent years. The sec-
tion on Mars has been updated to reflect new results from the InSight
mission, and the section on Pluto has been completely rewritten to
reflect new knowledge gained from the New Horizons mission.
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KEY FEATURES

Superior Photo and Art Programs

Geology is a visually oriented science, and one of the best ways to learn it is by studying illustrations and photographs. The outstanding photo and art programs
in this text feature accuracy in scale, realism, and aesthetic appeal that provides students with the best visual learning tools available in the market. We strive to
have the best photographs possible so that they are the next best thing to seeing geology on a field trip. We are again pleased to feature aerial photography from
award-winning photographer/geologist Michael Collier, who gives students a birds-eye view of spectacular geology from western North America.

Learning Objectives

Each chapter begins with a bulleted list of learning objectives to help students
focus on what they should know and understand after reading the chapter.

LEARNING OBJECTIVES

| Differentiate between effusive and explosive eruptions, and
describe the eruptive products associated with them.

B Explain the relationship between magma composition, temperature,
dissolved gas, and viscosity and relate them to eruptive violence.

W Describe the five major types of volcanoes in terms of shape and
eruptive style.

Environmental Geology Boxes

Discuss topics that relate the chapter material to environmental issues,

including impact on humans (For example: “Radon—A Radioactive

Health Hazard” and “Coasts in Peril--The Effects of Rising Sea Level,”

“Sinkholes as a Geologic Hazard,” “The Gulf of Mexico Spill--The Cost @
of Oil Exploration in Ever More Difficult-to-Reach Areas,” and “The

Nuclear Crisis in Japan--The Future of Nuclear Power Put to the Test”).

©Michael Collier

c L] Gregory Bull/AP Images
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In Greater Depth Boxes
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First Check the Geologic Structure,” and ‘“Valuable Sedimentary

Rocks™) or present material in greater depth (e.g., “Calculating the Age

Discuss phenomena that are not necessarily covered in a geology course
(For example: “Precious Gems,” “Is There Oil Beneath My Property?

of a Rock™).

Vinyl upholstery
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Earth Systems Boxes

Highlight the interrelationships between the geosphere, the atmosphere,
and other Earth systems (For example: “Global Warming and Glaciers”
and “Oxygen Isotopes and Climate Change”).
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Planetary Geology Boxes

Compare features elsewhere in the solar system to their Earthly counter-
parts (For example: “Sedimentary Rocks: The Key to Mars’ Past”).
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Photo by NASA/JPL/Cornell

A Geologist’s View

Photos accompanied by an illustration
depicting how a geologist would view
the scene are featured in the text. Stu-
dents gain experience understanding
how the trained eye of a geologist views
a landscape in order to comprehend the
geologic events that have occurred.

Diane Carlson

Study Aids are found at the
end of each chapter and include:

Summaries bring together and summarize the major concepts of the
chapter.

Terms to Remember include all the boldfaced terms covered in the

chapter so that students can verify their understanding of the con-
cepts behind each term.
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Testing Your Knowledge Quizzes allow students to gauge their under-
standing of the chapter and are aligned with the learning objectives
presented at the beginning of each chapter. (The answers to the mul-
tiple choice portions are posted on Connect.)

Expanding Your Knowledge Questions stimulate a student’s critical
thinking by asking questions with answers that are not found in the
textbook.
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Instructors: Student Success Starts with You

Tools to enhance your unique voice 6 50/
Want to build your own course? No problem. Prefer to use our O

turnkey, prebuilt course? Easy. Want to make changes throughout the Less Time

semester? Sure. And you’ll save time with Connect’s auto-grading too.

Laptop: McGraw Hill; Woman/dog: George Doyle/Getty Images

Affordable solutions, l:_f,ﬁ
added value 3

Make technology work for you with

LMS integration for single sign-on access,
mobile access to the digital textbook,

and reports to quickly show you how
each of your students is doing. And with
our Inclusive Access program you can
provide all these tools at a discount to
your students. Ask your McGraw Hill
representative for more information.

Padlock: Jobalou/Getty Images
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Grading

Study made personal

Incorporate adaptive study resources like

SmartBook® 2.0 into your course and help your
students be better prepared in less time. Learn

more about the powerful personalized learning
experience available in SmartBook 2.0 at
www.mheducation.com/highered/connect/smartbook

Solutions for %
your challenges

A product isn’t a solution. Real
solutions are affordable, reliable,
and come with training and
ongoing support when you need

it and how you want it. Visit www.
supportateverystep.com for videos
and resources both you and your
students can use throughout the
semester.

Checkmark: Jobalou/Getty Images
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Students: Get Learning that Fits You

Effective tools for efficient studying

Connect is designed to make you more productive with simple, flexible, intuitive tools that maximize
your study time and meet your individual learning needs. Get learning that works for you with Connect.

Study anytime, anywhere “I really liked this
Download the free ReadAnywhere app and access your app—it made it easy
online eBook or SmartBook 2.0 assignments when it’s to study when you
convenient, even if you're offline. And since the app don't have your text-

automatically syncs with your eBook and SmartBook 2.0
assignments in Connect, all of your work is available
every time you open it. Find out more at
www.mheducation.com/readanywhere

book in front of you.” @

- Jordan Cunningham,
Eastern Washington University

Everything you need in one place

Your Connect course has everything you need—whether reading on
your digital eBook or completing assignments for class, Connect makes
it easy to get your work done.

Calendar: owattaphotos/Getty Images

Learning for everyone

McGraw Hill works directly with Accessibility Services
Departments and faculty to meet the learning needs
of all students. Please contact your Accessibility
Services Office and ask them to email
accessibility@mheducation.com, or visit
www.mheducation.com/about/accessibility

for more information.

Top: Jenner Images/Getty Images, Left: Hero Images/Getty Images, Right: Hero Images/Getty Images

07/04/20 08:25 AM

plu22244_fm_i-xxii.indd  xix @



XX PREFACE

Instructor Resources

The following resources can be found on Connect:

o Presentation Tools Everything you need for outstanding
presentations.

o Animations—Numerous full-color animations illustrating impor-
tant processes are provided. Harness the visual impact of concepts
in motion by importing these files into classroom presentations or
online course materials.

o Lecture PowerPoints—with animations fully embedded.

« JPEG images—Full-color digital files of all illustrations that can
be readily incorporated into presentations, exams, or custom-made
classroom materials.

o Tables—Tables from the text are available in electronic format.

o Google Earth and Virtual Vista Exercises—Descriptions and ques-
tions to help students visualize and analyze geologic features.

o Instructor’s Manual—The instructor’s manual contains chapter out-
lines, lecture enrichment ideas, and critical thinking questions.

o Computerized Test Bank—A comprehensive bank of test questions
is provided within a computerized test bank. Instructors can select
questions from multiple McGraw-Hill test banks or author their own,
and then either print the test for paper distribution or give it online.
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Charles Plummer at Tengboche, in the Himalayan
Mountains of Nepal.

CHARLES PLUMMER Professor Charles
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ows of volcanoes in Mexico City. There,
he developed a love for mountains and
mountaineering that eventually led
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Introducing Geology, the Essentials of Plate
Tectonics, and Other Important Concepts

Mount Robson, 3,954 meters (12,972 feet) above sea level, is the highest peak in the Canadian Rocky Mountains.
U. A. Kraulis/Masterfile

1.1 Who Needs Geology? 1.3 An Overview of Physical Geology—Important Concepts
Supplying Things We Need Internal Processes: How the Earth’s Internal Heat
Protecting the Environment Engine Works
Avoiding Geologic Hazards Earth’s Interior
Understanding Our Surroundings The Theory of Plate Tectonics

1.2 Earth Systems Divergent Boundaries

Convergent Boundaries
Transform Boundaries
Surficial Processes: The Earth’s External Heat Engine

1.4 Geologic Time
Summary
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2 CHAPTER 1

LEARNING OBJECTIVES

B Know what physical geology is, and describe some of the things it is
used for.

E Define a system, and describe the four Earth systems (spheres).

Distinguish between the Earth’s internal and external heat engines
and list the processes driven by them.

r List the three major internal zones of the Earth.

Describe the lithosphere and the asthenosphere.
Sketch and label the different types of plate boundaries.

Summarize the scientific method, and define the meaning of the
word theory.

B Know the age of the Earth.

ave you ever looked out of the window of an airplane
and wondered about the landforms that you see below
you, or examined a pebble on a beach and wondered
ow it got there? Have you ever listened to a news report about
major natural disaster such as an earthquake, flood, or volca-
ic eruption, and asked yourself why it happened and what you
ould do if you found yourself in such a situation? What about
he materials used to manufacture the electronics you use every
ay or the gasoline used to fuel your car—have you ever thought
bout where they come from, how they formed, and how we
xploit them? These topics are all parts of geology—the scien-
ific study of the Earth. Geologists use the scientific method to
xplain natural aspects of the Earth, such as what it is made of
nd the processes that affect it, and to interpret Earth’s history.
his chapter is an introduction to geology. We will first explore
he uses of geology before introducing some of the important
oncepts such as the modern theory of plate tectonics and geo-
ogic time. These concepts form a framework for the rest of the
ook. Understanding the “big picture” presented here will aid
ou in comprehending the chapters that follow.

trategy for Using This Textbook

As authors, we try to be thorough in our coverage of topics
so the textbook can serve you as a resource. Your instructor
may choose, however, to concentrate only on certain topics
for your course. Find out which topics and chapters you
should focus on in your studying and concentrate your ener-
gies there.

B Your instructor may present additional material that is not in
the textbook. Take good notes in class.

B Try not to get overwhelmed by terms. (Every discipline has
its own language.) If you associate a term with a concept of
mental picture, remembering the term comes naturally when
you understand the concept. (You remember names of peo-
ple you know because you associate personality and physical
characteristics with a name.) You may find it helpful to learn
the meanings of frequently used prefixes and suffixes for
geological terms. These can be found in appendix G.

B Boldfaced terms are ones you are likely to need to under-
stand because they are important to the entire course.

[ Italicized terms are not as important but may be necessary to

B Pay particular attention to illustrations. Geology is a visually
oriented science, and the photos and artwork are at least as
important as the text. You should be able to sketch important
concepts from memory.

B Find out to what extent your instructor expects you to learn the
material in the boxes. They offer an interesting perspective on
geology and how it is used, but much of the material might well
be considered optional for an introductory course and not vital
to your understanding of major topics. Many of the In Greater
Depth boxes are meant to be challenging—do not be discour-
aged if you need your instructor’s help in understanding them.

B Read through the appropriate chapter before going to class.
Reread it after class, concentrating on the topics covered in the
lecture or discussion. Especially concentrate on concepts that
you do not fully understand. Return to previously covered chap-
ters to refresh your memory on necessary background
material.

B Use the end-of-chapter material for review. The Summary is
just that, a summary. Don’t expect to get through an exam by
only reading the summary and not the rest of the chapter. Use
the Terms to Remember to see if you can visually or verbally
associate the appropriate concept with each term. Answer the
Testing Your Knowledge questions in writing. Be honest with
yourself. If you are fuzzy on an answer, return to that portion
of the chapter and reread it. Remember that these are just a
sampling of the kinds of questions that might be on an exam.

B Geology, like most science, builds on previously acquired
knowledge. You must retain what you learn from chapter to
chapter. If you forget or did not learn significant concepts
covered early in your course, you will find it frustrating later
in the course. (To verify this, turn to chapter 20 and you will
probably find it intimidating; but if you build on your knowl-
edge as you progress through your course, the chapter mate-
rial will fall nicely into place.)

B Be curious. Geologists are motivated by a sense of discovery.
We hope you will be, too.

1.1 WHO NEEDS GEOLOGY?

Geology benefits you and everyone else on this planet. The
clothes you wear, the food you eat, your smart phone, and your
ar exist because of what geologists have discovered about th
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Earth. The Earth can also be a killer. You might have survived an
earthquake, flood, or other natural disaster thanks to action taken
based on what scientists have learned about these hazards. Before
getting into important scientific concepts, we will look at some
of the ways geology has benefited you and will continue to do so.

Supplying Things We Need

We depend on the Earth for energy resources and the raw materi-
als we need for survival, comfort, and pleasure. Every manufac-
tured object relies on Earth’s resources—even something as
simple as a pencil (figure 1.1). Earth processes, at work for mil-
lions of years, have localized material into concentrations that
humans can mine or extract. By learning how the Earth works
and how different kinds of substances are distributed and why,
we can intelligently search for metals, sources of energy, and
gems. Even maintaining a supply of sand and gravel for construc-
tion purposes depends on an understanding of geology.

Modern society currently depends on abundant and cheap
energy sources. Nearly all our vehicles and machinery are pow-
ered by petroleum, coal, or nuclear power and depend on energy
sources concentrated unevenly in the Earth. The U.S. economy,
in particular, is geared to petroleum and natural gas as cheap

A

Petroleum

Brass é
|

A X

Iron Machinery to ﬂ
shape pencil

A9

Graphite

FIGURE 1.1

sources of energy. It is important to remember, however, that
these resources took hundreds of millions of years to form, and
they are being rapidly depleted. In recent years, the United States
has been able to reduce its reliance on imported oil by develop-
ing technology to access oil that was previously too difficult or
too expensive to extract. Finding more of this diminishing
resource will require more money and increasingly sophisti-
cated knowledge of geology. Although many people are not
aware of it, we face similar problems with diminishing resources
of other materials, notably metals such as iron, aluminum, cop-
per, and tin, each of which has been concentrated in a particular
environment by the action of the Earth’s geologic processes.

Just how much of our resources do we use? According to the
Minerals Education Coalition, approximately 18,430 kilograms
40,633 pounds; for metric conversions, go to appendix E) of
resources, including energy resources, must be mined annually
to provide for every person in the United States. The amount of
each commodity mined per person per year is 4,501 kilograms
stone, 3,332 kilograms sand and gravel, 306 kilograms
limestone for cement, 70 kilograms clays, 174 kilograms salt,
283 kilograms other nonmetals, 116 kilograms iron ore,
12 kilograms aluminum ore, 3 kilograms copper, 8 kilograms
lead and zinc, 3 kilograms manganese, and 5 kilograms other
metals. Americans’ yearly per capita consumption of energy
resources includes 3,626 liters (958 gallons) of petroleum,
1,908 kilograms of coal, 2,775 cubic meters (97,988 cubic feet
of natural gas, and 0.06 kilograms of uranium.

Protecting the Environment

Our demands for more energy and metals have, in the past, led
us to extract them with little regard for effects on the environ-
ment and therefore, on ourselves. Mining of coal, if done care-
lessly, for example, can release acids into water supplies.
Understanding geology can help us lessen or prevent damage to
the environment—just as it can be used to find the resources in
the first place.

The environment is further threatened because these are
nonrenewable resources. Petroleum and metal deposits do not
grow back after being harvested. As demands for these com-
modities increase, so does the pressure to disregard the ecologi-
cal damage caused by the extraction of the remaining deposits.
As the supply of resources decreases, we are forced to exploit
them from harder-to-reach locations. The Deepwater Horizon oil
spill in the Gulf of Mexico in 2010 was due in part to the very
deep water in which drilling was taking place (see box 22.2).

Geology has a central role in these issues. Oil companies
employ geologists to discover new oil fields, while the public
and government depend on other geologists to assess the poten-
tial environmental impact of petroleum’s removal from the
ground, the transportation of petroleum (see box 1.1), and dis-
posal of any toxic wastes from petroleum products.

The consumption of resources, in particular energy
resources, is also affecting the Earth’s climate. Chapter 21 cov-
ers the evidence for global climate change and its connection to
greenhouse gases released by burning fossil fuels
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