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Preface

hysical Geology is a straightforward, easy-to-read intro-

duction to geology both for nonscience majors and for

students contemplating majoring in geology. The orga-
nization of the book is craditional and matches the organiza-
tion of most lab manuals. The book contains more
information than can be normally covered during a college
term. This provides flexibility for the instructor who wishes to
emphasize some topics while covering other topics superfi-
cially. It is also useful to the student who wants to pursue top-
ics beyond what is covered in the classroom.

The updated Internet Edition of the Eighth Edition ex-
pands and improves upon the use of electronic resources (the
internet and the enclosed CD-ROMS). We have also taken the
opportunity to improve the text and illustrations, based on
suggestions from a panel of reviewers.

The upgrading of the World-Wide Web section at the
end of each chapter should make it easier and more meaning-
ful for the student to enrich his or her knowledge through the
World-Wide Web. We have listed websites that we personally
checked for usefulness. We have replaced website listings that
are inactive or obsolete with new and better sites. The universal
resource Jocators (URLs) are printed in blue and are easier to
read. However, typing a lengthy URL will not be necessary as
we have the sites listed as links on the book’s website. The web-
site will list cach URL and its title under the appropriate chap-
ter heading. The user need only click on the link. Appropriate
new websites that are discovered after publication will be
added to that website.

Obsolete or defunct websites will be so noted. To help stu-
dents effectively and efficiently use the Internet from the web-
site, we include step-by-step procedures and pose questions. The
primary purpose of the questions is to guide students through
thinking about the topic at hand. We expect that many students
will explore topics beyond where we have led them.

Also integrated into this updated edition is David Mc-
Connell’s The Good Earth, an Internet Resource for Introduc-
tory Geology. This digital method of teaching will give
students a more “hands-on” approach to learning geology. The
Good Earth is organized into chapters, with animations used to
explain certain processes. Chapter summaries, quizzes, exer-
cises, and web links to related websites arc also included. With
the purchase of a new textbook, the student will gain access to
this resource, which can be found at hup://www.mhhe.com/
carthifgcology /plummer. Look for the post-it notes on chap-
ter opener pages to find out how The Good Earth can help you
understand geology.

Other changes to this updated version include replacement
of many photos and fine-tuning the artwork. Recent major dis-
asters, such as the devastating earthquakes in Taiwan and Turkey,
and the tsunami in New Guinea are incorporated. We now use
“numerical age” rather than “absolute age”™ in the geologic time
chapter.

Journey Through Geology (the two CD-ROMs that ac-
company this book) is an exciting supplement. This was pro-
duced in partnership with The Smithsonian Institution.
“Interacting with Journey Through Geology” at the end of
cach chapter has questions to help the student get the maxi-
mum benefit from use of the disks. We have added to and im-

proved on these questions in this updated version of the book.

Some of the changes we made for the eighth edition (rela-
tive to the seventh edition) follow. Chapters 3 and 4 have been
reversed. Chapter 3 is on igneous rocks, intrusive activity, and
the origin of igneous rocks, whereas chapter 4 is about volcanic
activity. We have taken pains to be sure either chapter could be
covered before the other. Other chapters or groups of chapters
have been written to be as self-contained as possible allowing the
instructor to reorganize the chapeer sequence if desired. We have
taken a number of descriptions and examples of geologic re-
sources from the final chapter of the book and integrated them
into appropriate chapters elsewhere in the book. The rock cycle
(in chapter 2) has been expanded to include a plate tectonic ex-
ample. The discussion of the origin of magmas at convergent
boundaries places more emphasis on the current view by re-
searchers that mafic magmas are generated in the asthenosphere
above the subducted oceanic crust. In the chapter on geologic
time we have introduced the term “actualism” and discussed
why it might be preferable to “uniformitarianism.” In the meta-
morphic chapter we have related foliation to the modern con-
cept of gravitational collapse and spreading. We moved
unconformities from the structural geology chapter to the geo-
logical time chapter. A section on changing concepts of the age
of the earth has been added. The relationship between isotopic
dating and the geologic time scale has been expanded. The 1996
(and 1999) rockfall at Yosemite is used as an example of mass
wasting. The stream chapter underwent a major revision and
now includes an expanded discussion of flooding with examples
from the 1997 floods in the upper Midwest and California. In
the structure chapter, the section on stress and strain and the be-
havior of rocks was rewritten and new examples and figures are
included to clarify these difficult concepts. An appendix listing
commonly used prefixes, suffixes, and root words was added.

We added new boxes on water and ice——molecules and
crystals, flight hazards associated with volcanoes, the eruptions
on Montserrat compared to the disastrous eruption that de-
stroyed St. Pierre on Martinique in 1902, the Bingham Canyon
copper mine, highlights of biological evolution through time,
the meteorite from Mars with possible signs of former life. A
box on water beneath glaciers describes the recently discovered
lake beneath the East Antarctic Ice Sheet, surging glaciers, and
subglacial volcanism and flooding in Iceland. The stream chap-
ter includes boxes on the planned flood in the Grand Canyon
and how the recurrence interval of large floods is calculated.
The structure chapter includes a box on how to find oil and the
salt dome box has been expanded. The interior of the earth
chapter now includes a box on the spinning inner core. In the
mountains chapter we added a box on a systems approach to
understanding mountains and expanded a former box, retiding
it “Dance of the conrinents (with SWEAT).”

Supplements to Accompany Physical Geology, Eighth
Edition:

o Journey Through Geology rwo CD-ROM set
o Instructors Manual

* computerized testing software

o 224 transparencies and 350 slides

*  Visual Resource Library CD-ROM



o Student Study Guide

*  Solutions to Questions for Thought by Noltimier
*  Online Learning Center located at 1.1 oilhiv.con plionier/

o Website for Journey Through Geology located ar

FN b Ceras e

*  Ready Notes

Additional classroom tools include:

* JLM Visuals Physical Geology Photo CD

o Interactive Plate Tectonics CD-ROM
*  Annual Editions: Geology 99/00
*  Student Atlas of Environmental Issues

*  The Good Farth Internet Resource by David McConnell

located at 11010 000 otici i t'r'w'w’\'% sieconeil

o Physical Geology Lab Manuals
o GeoScience Videotape Library
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To support these timely topics, you'll
find the text is filled with updated re-
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Smithsonian Institution’s Journey
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set.
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Natural rock sculpture in Paria Plateau, Arizona. Sandstone formed from ancient
sand dunes. Running water has eroded the rock into the present distinctive
shapes.

Photo © Kerrick James
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Introduction to i’iiysical Geology

eology uses the scientific method to explain natural aspects of the
earth—for example, how mountains form or why oil resources are
concentrated in some rocks and not in others. This chapter briefly
explains how and why the earth’s surface, and its interior, are constantly chang-
ing. It relates this constant change to the major geological topics of interaction
of the atmosphere, water and rock, the modern theory of plate tectonics, and
geologic time. These concepts form a framework for the rest of the book.
Understanding the “big picture” presented here will aid you in comprehending

the chapters that follow.




Strategy 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.
However, your instructor may choose to concentrate
only on certain topics for your course. Find out which
topics and chapters you should focus upon in your
studying and concentrate your energies there.

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

* Do not get overwhelmed by terms. (Every discipline has
its own language.) Don't just memorize each term and
its definition. If you associate a term with a concept or
mental picture, remembering the term comes naturally
when you understand the concept. (You remember
names of people 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 geologic terms.
These can be found in Appendix G.

* Boldfaced terms are ones you are likely to need to
understand because they are important to the entire
course.

* [lralicized terms are not as important, but may be necessary
to understand the material in a particular chapter.

* DPay 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.

* 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 Depth” boxes are
meant to be challenging—do not be discouraged if you

need your instructor’s help in understanding them.

* 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 chapters to
refresh your memory on necessary background material.

* 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 but 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 kind of questions that
might be on an exam.

* 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 knowledge as you
progress through your course, the chapter material will
fall nicely into place.)

* The Smithsonian Institution’s Journey Through Geology
CD-ROM accompanying this textbook is an exciting
innovation. Try it out. The animation and film clips in
it should provide a real boost to visualizing difficult
concepts.

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

Who Needs Geology? %

Imagine yourself as a student at California State University,
Northridge (CSUN) in greater Los Angeles. At 4:30 A.M. on
January 17, 1994, you are jolted awake when your apartment
begins to sway violently. Dishes, bookcases, and ceiling plaster
crash to the floor. The noise and shaking are terrifying as you
struggle to stand up. In less than a minute the shaking stops
and silence momentarily returns. You realize you survived an
earthquake, but you are still scared and disoriented.

This seismic event took place because of a sudden shift of
bedrock eighteen kilometers beneath Northridge. Shock waves
spread in all directions with damaging effects in many parts of
Los Angeles. Northridge and vicinity suffered the heaviest
damage. You feel fortunate, you are safe and your apartment
building was not destroyed. Others nearby were not so fortu-
nate. Two University students were among the sixteen killed in

4 Chapter 1

one of the forty apartment buildings that collapsed (figure
1.1). (Emergency crews drove right past one apartment build-
ing because it appeared undamaged; but it had collapsed
straight downward, completely crushing the first floor but
leaving the upper floors standing.)

After the earthquake you and your neighbors do not have
electricity (power was lost, temporarily, as far away as Edmon-
ton, Canada). Water is in short supply because of broken water
mains. Leaving the area is not a good option. Eleven major
highway structures have been destroyed, mcludmg a segment
of the Santa Monica Freeway, the nation’s busiest highway.
Despite the deprivations and the jitters caused by frequent
aftershocks, you are comforted by how people pitch in to help
each other. A tremendous sense of community grows from the

shared adversity.

hitp:/fwww.mbhe.comlearthscilgeology/plummer



