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Learning System

Updated Art Program

The art program for this edition of Physical Geology: Earth Revealed has
been carefully revised and developed for clarity and consistency to help stu-
dents master fundamental concepts. In total, 150 new or revised art pieces
have been introduced, including more three-dimensional diagrams and line
art and photo combinations than ever before. We have digitized the art pro-
gram which allowed us not only to improve the printed illustrations, but also
to provide the artwork in electronic format, making it easier to include rele-
vant figures and art in classroom presentations. We've also developed nearly
60 animations and 12 pieces of Active Art from this new art program. Active
Art allows instructors to adapt figures for their lecture environment and il-
lustrate complex processes and concepts more easily.
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Preface

hysical Geology Earth has been updated to include the latest technol-

ogy and most current information. Physical Geology is for both non-

science majors and students contemplating majoring in geology. The
new art program and interactive writing style will grab your students’ atten-
tion and further their interest in the subject.

This book contains the same text and illustrations as the ninth edition
of Physical Geology by Plummer, McGeary, and Carlson. The chapter order
has been changed so that internal processes (plate tectonics, earthquakes,
etc.) are covered in the first part of the book and external processes (rivers,
glacier, etc.) are described toward the end of the book. This ordering is fa-
vored by many geology instructors. Physical Geology: Earth Revealed is
featured as the companion text to Earth Revealed Introductory Geology, a
PBS television course and video resource produced in collaboration with the
Annenberg/CPB project. Earth Revealed is a series of twenty-six half-hour
video programs organized around the chapters of this text. The television pro-
grams document evidence of geologic principles at geographically diverse
sites, often using a case study approach. Videocassettes can be purchased in-
dividually or as a thirteen-tape set. A Study Guide and Faculty Guide are also
available to supplement the programs. For information regarding the use of
Earth Revealed Introduction Geology as a television course, or to purchase
videocassettes for institutional or classroom use, contact the Annenberg/CPB
Multimedia Collection at 1-800-LEARNER.

What's New in This Edition

The Internet has revolutionized the way we learn. This edition ex-
pands upon the integration of the Internet and textbook. We have added
boxes that have a brief summary in the book, while the complete boxes are
accessible through this book’s website. We have shortened some boxes
from previous editions, but placed the full box on the website. When we
have found excellent and appropriate websites, we have added URLSs in the
text and in figure captions. Our website has enjoyable and enlightening
web exercises that we have tested with our students. An exciting addition
to this edition is the figures that have been animated to more clearly illus-
trate processes active in geology.

We have added new and revised artwork and photos. Some of the
changes we have made for this edition include the following items.

In chapter 1, we have added boxes on geology as a career and the ori-
gin of the solar system. We have added isostatic adjustment to the impor-
tant concepts covered in the introductory chapter and have expanded the
introduction to plate tectonics. In the minerals chapter, we have added a
brief section on polarizing microscopy to the discussion of double refrac-
tion and referred the interested reader to a website for more information.
The introduction to the rock cycle has been moved to the beginning of the
chapter on igneous rocks. In the chapter on igneous rocks and processes,
we have overhauled our presentation of Bowen'’s reaction series to present
what students need to know to understand igneous processes and use the
website for a more complete presentation of the reaction series. We give a
thorough, illustrated explanation of how partial melting takes place in cir-
culating asthenosphere above subducting crust. In the volcanoes chapter
we have added a section on volcanoes and myths. We have also added a
section that quantifies volcanic hazards. A new box looks at Mexico's
Popocatepetl’s recent eruptions and the potential for a disastrous eruption.

We have added a discussion of the twelve soil orders and updated the
description and diagram of a soil profile to include the E Horizon.

Abrasion has been removed as an agent of erosion. Chapter 14 has been
expanded to include a discussion and diagram of the relation of plate tec-
tonic settings and types of sedimentary rock. A new astrogeology box fea-
turing the latest Mars Global Surveyor images discusses the importance of
sedimentary rock for determining whether water and life once existed on
Mars; the regression and transgression box has been moved to the website
and now includes animated diagrams.

In chapter 15, we have enhanced the description of the role of water
in metamorphism to include why retrograde metamorphism is uncommon.
We tie in the dehydration of metamorphic minerals during subduction to
supplying the water necessary to partial melting of asthenosphere as de-
scribed in the chapter on igneous rocks. In the chapter on geologic time,
we have greatly expanded our coverage of isotopic dating to include de-
scriptions of the mechanisms of radioactive decay. The recently dated
4.004 billion-year-old zircon crystal and its implications regarding early
Earth history are discussed in that chapter.

Chapter 16 includes new photos of Niagara Falls and braided streams.
The stream piracy section has been removed. The astrogeology box has
been updated to include a discussion and latest photos of streamlike fea-
tures on Mars from Nanedi Vallis canyon. Website URLSs provide easy ac-
cess (o additional images from the Mars Orbiter Camera. Chapter 17 in-
cludes a rewrite of the Darcy’s Law box to address the influence of porosity
on groundwater velocity through sediment or rock as well as revision of
several diagrams showing the details of ground-water flow and fluctuation.
The term speleothem has been added, and a discussion of thermophyllic
bacteria around hot springs and the implication for early life is presented.

In the glaciers chapter, we have added a figure showing the extent of
glaciation during the ice ages for the world (rather than just North
America). We have pointed out that our present sea level is not permanent
because of episodes of more extensive glaciation and global warming.

Chapter 18 has improved maps of deserts and photos of desert fea-
tures and more realistic diagrams of blowouts and migration of sand
dunes; an image of barchan dunes from Mars Proctor Crater has also been
added. In Chapter 20, the box on rising sea level has been updated and
many diagrams have been redrawn to look more realistic while retaining
clarity for the beginning geology student.

In the structure chapter, text and diagrams have been rewritten and re-
drawn to improve clarity of difficult concepts. An exciting addition to this
new edition is the animated diagrams of folding and faulting to show the
mechanics of movement and accommodation of strain in the crust.

Chapter 7 has undergone a major revision to include information and
spectacular photos of the recent major earthquakes that have struck around
the world—Seattle, India, El Salvador, Turkey, and Taiwan. New boxes on
earthquake engineering and lifesaving tips on what to do before, during,
and after an earthquake have been added. The discussion of tsunamis has
been revised and expanded to include new diagrams, photos, and a map of
travel-time and early warning systems throughout the Pacific rim.

In the chapter on Earth’s interior and its geophysical properties, we
have updated and expanded our coverage of the core-mantle boundary
to include a discussion of the D layer and ultra low velocity zone
(ULVZ) as well as incorporating exciting new discoveries about the dy-
namics of the deep interior of Earth. Chapter 3 includes a new astroge-
ology box on the origin of the ocean. Maps of features on the sea floor
have been revised.
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The plate tectonics chapter has been partially rewritten and expanded
to include an illustrated discussion of the paleontological evidence for
continental drift. It also includes new information and an accompanying
figure presenting the latest ideas about the dynamics of plates and mantle
plumes at depth in the mantle.

[n the chapter on mountains and the continental crust, we have
expanded our coverage of the Appalachians by discussing their post-
orogenic erosional and uplift history. Our geologic resources chapter now
includes a box on frozen methane hydrates as a potential new energy re-
source along with its potential to contribute to global warming.

Features

The Internet has revolutionized the way we obtain knowledge and this
book makes full use of its potential to help students learn. We have made
the process student-friendly by having all websites that we mention in
the book, a mouse-click away from this book’s website. (We also
include all URLs in the textbook for those who wish to go directly to a site.)
Within our website we have Internet exercises to allow students to get the
most out of appropriate sites as well as to raise interest for independent, fur-
ther exploration on a topic. We expect to add more sites and exercises to our
web pages as we discover new ones after the book has gone to press. Our
website also features online quizzes and exercises to help a student succeed
in a geology course.

Tecllnolog’y- Related Supp]elnents

For Instructors:

*  Online Learning Center at www.mhhe.com/plummer9e/ containing:
*  Access to PowerWeb—Geology
*  Password Protected Instructor’s Manual
*  Web Links and more!

*  Digital Content Manager CD-ROM with most of the line art and pho-
tographs from the text

. Interactive Plate Tectonics CD-ROM

*  Geoscience Videotape Library (available to qualified adopters)
e Computerized testing software

For Students:
*  Online Learning Center at www.mhhe.com/plummer9e/ containing:
* 60 new Animations
e Interactive Quizzing
*  Key Term Flashcards
*  Access to PowerWeb—Geology
*  Web Links and more!

Printed Supplements

* 200 Transparencies

e 477 Slides

*  Laboratory Manual for Physical Geology, 11th edition, by
Zumberge, Rutford, and Carter, ISBN 0-07-239195-2

*  Laboratory Manual for Physical Geology, 4th edition, by Jones,
ISBN 0-07-243655-7

*  Student Atlas of Environmental Issues, by Allen, ISBN 0-697-36520-4

. You Can Make a Difference: Be Environmentally Responsible, by
Getis, ISBN 0-07-292416-0

Aclznowleclg‘lnents

We have tried to write a book that will be useful to both students and
instructors. We would be grateful for any comments by users, especially re-
garding mistakes within the text or sources of good geological photographs.

Diane Carlson would like to thank her husband, Reid Buell, for his
support and technical assistance with several chapters. We thank Susan
Slaymaker for writing the planetary geology material originally in early
editions.

We are also very grateful to the following reviewers of the fifth edi-
tion for their careful evaluation and useful suggestions for improvement.

William W. Atkinson, Jr., University of
Colorado—Boulder
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Kevin Cornwell, California State University,
Sacramento
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Tim Flood, St. Norbert College

Norm Harris, Nassau Community College

Tim Horner, California State University,
Sacramento

Chris Hill, Fullerton College

Paul Hudak, University of North Texas

Leslie Kanat, Johnson State College

Alan Lester, University of Colorado—Boulder

Donald Lindsley, SUNY at Stony Brook

Jerry F. Magloughlin, Colorado State
University

Penelope Morton, University of
Minnesota—Duluth

Doug Oliver, Tarrant County College

Eugene Perry, Northern lllinois University

John D. Pigott, University of Oklahoma

Randye L. Rutberg, Hunter College

William E. Sanford, Colorado State
University

Kevin J. Smart, University of Oklahoma
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Each chapter contains at least one of

3 types of boxes—In Greater Depth,
Environmental Geology, and Astro-
geology. The In Greater Depth boxes
cover interesting topics that are usually
not an essential part of an introductory
geology course. Environmental Geology
boxes show how material pertaining to
physical geology relates to environmen-
tal concerns such as oil spills, exploiting
natural resources, and mitigating natural
disasters. Astrogeology boxes relate top-
cs discussed in the text to what has been
discovered on other planets or the solar
system.
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End-of-Cha

LLearning

Additional support helps you make the grade.

Use these helpful end-of-chapter learning aids to prepare for tests and quizzes:
Summary—overviews of chapter content.

Terms to Remember—important terms to review and understand.

Testing Your Knowledge—realistic sample tests you can use to prepare for exams and improve your grades.
Expanding Your Knowledge—questions that help you develop critical thinking skills.

Exploring Resources—supplemental references in a number of different media.

Summary _m

Major mountain befts wre made up of & number
Of maountain ranges, Mountain belts are gener-
ally several thousand Kilometers long but only «
Tew hundred kilometers wide

Mountaia belts generally evolve s follows.
First,  thick sequence of sedimentary and vol-
canic ek accumulates (the  accumalation
stage). Second, the accumulation stage 15 eiber
accompanicd or followed by wn omgenic stage,
Which involves intense deformation of the ly-

ered rocks into folds and reverse (including
Ahrusty faults, along with: metamocphism nd
tgncous activity. Third, the arca is then subjected
10 4 Tong period of uplift, often with block-
falting, and erosion, Eventually. the muountain
el is ernded down 0 a plain and incorporated
into the eraton, or stable interior of the inent.

According to the theory of plate tectonics,
mountains o0 the cdge of continens arc formed
by continent-oceanic convergence. und moun-

Terms to Remember

acereted terrune 314
accumulation stage 505
craton S0}

faul-block mountain range 511
Told and thrust belts 502

gravitational collapse and spreading 507

lithospheric defamination (or
delumination) 511

major mountain hel 49

mountain range 495

Testing Your Knowledge

__ﬂm

tauns in the interior of continents are formed by
continent-continent collisions.

“The uplif of  region following kermination
of an wrogeny is generally attributed t0 wostatic
adjusment of cominental crust.

Continents grow larger when new moun
tin belts evolve: along continental margins.
They may also grow by the addition of terrancs
that may have traveled great distances before
collidiog with 4 continent

orogeny S06
Precanhrian shicld 501

suspect terrane §14

terrane (tectonostratigraphic ferranc $14

-

U the questions helow 10 prepare for exams bascd on this chapter.

1 Whit doex a fold and thrust bell tell us about what oceurred during 7

an orogeny?
Whit

The craton

& covers the central part of the United States and Canady
b has only 1OKG-2.000 m of sedimentary roek overlying hascment

3. Explain how erosion und ivostasy eventually prodduce stable.

relatively thin, continental crust

*

those in mountain belis?

S Whiat sequence of events accounts for s mountain belt that iv

hounded on cither side by cratons?

‘mountain and the forces that could wcount for an ogenic siage’

foult-block
rock

How do the sequences of sedimentary meks in eratons differ from X The Precambrian shicld

& contains geulogically young rocks
oxcurs only in mountainous regions

. 158 comples of Precambrian metamorhic and plutonic rocks.
exposed over a large arca

€. has rock beneath any scdimentary rock that s old plutonic and
metamorphic rock
d. all of the abose

. The mountain bel that forms the westen part of North America is
culled the

o all of the above

. Appalachians d Andes 9. Folds and reverse faults in a mountain bell sugest
b North American Cordillers ¢ Rockies o. erustal shoricning ¢ deep water depos)
< Himlaya b fensional stresss o all of the ahove

Expanding Your Knowledge _—_ﬂ_—m

1 How are unconformities used o determine
when arigenics oceured?

3. How do hasalt and ultramafic rocks from
the oceunic Tithosphere hecome part of
mountain bells?

5. How could Tossils in s termne’s rovks he
aasedd 1o indicate (hat it 1y an exotic terranc?
2. How has seismic tomogmphy contributed

to our understanding of mountain belts? 4. Why i a eraton focally warped into basin
and domes?

|
W N T
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uiezing, readings, und a great animation, Click on the finks to go di-
rectly o the websites listed below,
Wik Bartwiek edi/genhogy otk VEToso- Lt VI it

Hartwick College Virnaal Field Trip. A el teip through past of the
Appalichians in centrul New York sate. The site inciudes o geologic his-
tary for his part of the Appalachians,
ipivisty

[i" i ,WeLP

wiw b compluminee

Dance of the Continents (with SWEAT), Go 1o the Online Learning
Center and read how building followed by breakup of supercontines
has taken place throughout gevlogic time. The process s compared
dance. Each dance cycle, which takes about u billion years, is st 10 3
‘symphony in Lour mosements in which the continental fragments come
together and later “dance™ away, The ercation, in the Paleozoic. and
hreakup, in the Mcsozonc. of Pangea is only the latest of the several
dance cycles.

Relted 1 ihis s a hypothesis culled SWEAT. which is an acronyin
for southwest United States-East Antarctic conncetion. According (0 this
hypothesis, in une of the Precamhriun supercontinents, the craton in the
suuthwestern United States adjoined what i now Antaretica, This site

o includes the Testing Your , additionl

syl epesiplehw Tiler Tt hem)

Virtual Field Trip, You can take u trip throngh the Tibetun
Placcau inte the Himlaya. Good summaries of the geology of the Tihetan
Platesu and the Himalayan Mountaing ure ieh this site
W

w i edwgealogstraveliesnnanmel himt

Gealngy of Grand Teton Nationul Puck, Wyoming, A photo, map, and
tent description of the spectacular Grand Tewn Range and is geologie
histary.

Iini mations :_—c-—m

“This ehpter inctudes the following animation available on wur Onfine Learming Center o i <1y

20,15 Tsotasy in a Mountain Belt




Digital Content
Manager CD—RQM

The Digital Content Manager CD-ROM is a multimedia collection of visual resources that
allows instructors to create powerful presentations to help their students visualize difficult
concepts.

The Digital Content Manager CD-ROM
contains:

* 385 color images from the text.

* 284 photographs from the text.

* 58 animations using art from the text.

e 12 pieces of Active Art, which allow in-
structors to adapt figures to meet the
needs of their lecture environment and il-
lustrate complex processes and concepts
more easily.

 all tables from the text.

* chapter-specific PowerPoint Lecture
Outlines to help instructors create exciting
lecture presentations
The digital assets on this cross-platform

CD-ROM are grouped by chapter within easy-

to-use folders. The Art Library contains full-

color digital files of most of the illustrations

n
the text. The Photo Library contains digital files of instructionally significant photographs from the
text. The Power Point Lectures consist of ready-made presentations that have lecture notes specifi-
cally written to cover each chapter. Every table that appears in the text is provided in electronic form
in the Table Library.



The Online

Learning Center

Your Passwor(l to Success

www.mhhe.com/plummer9e/

The Online Learning Center offers a wealth of study aids for students as
well as teaching aids for instructors. Take a look for yourself!

Students, learning geology can be easy
and fun!

Visit the Online Learning Center for:

Instructors, we’ve made your life just a
little easier!

Just a sampling of the assets you will find:

nearly 60 animations of difficult concepts

. . . . V:v:‘l:ﬂltﬁeol:lunv. e o ok ,
rac 77 Cl . , California Stats it S nte
mmteractive quizzing David McGary, California stote tnversity t Sacroments
Diane H. Carison, California State University at Sacramento

Yau get 4 lot more than a taxtbook when you use PHYSICAL GEOLOGY, 9th editian. The book s
c 2ing, and othise

visual and key term flashcards o e el e o ey covey T PHYIONL CELOGY,

activities to help you make the grade. Baokmak this page s0 you can refer to these helohul study
toals often.

web links related to recent geologic events
Internet exercises

PowerWeb: Geology

e

a password-protected Instructor’s Manual
a password-protected Test Item File

web links related to recent geologic events
professional resources

PowerWeb: Geology

Access to PowerWeb: Geology
www.dushkin.com/powerweb
PowerWeb is a password-protected website developed by McGraw-Hill/Dushkin to give instructors and students:

course-specific materials
monitored course-specific web links and articles
student study tools, including quizzing, review forms, time management tools, and web research
interactive exercises
weekly updates with assessment
informative and timely world news
access to Northern Light Research Engine (received multiple Editor’s Choice awards for superior capabilities
from PC Magazine)
material on how to conduct web research
daily news feed of topic-specific news

Imagine the advantages of having so many learning and teaching tools

all in one place—all at your fingertips!



Course Management
Systems

Course Management Systems expand the reach of your course. Online discussion and mes-
sage boards can now complement your office hours. Also, because of a sophisticated track-
ing system, you will know which students need more attention—even if they don’t ask for
help. Online testing scores are recorded and automatically placed in your grade book. You can
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