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Preface

As we enter the twenty-first century. the need for a better under-
standing of Earth and the environment in which we live is increas-
ingly apparent. In almost every community, some look to scientists
for leadership in explaining the environmental issues society faces
on a day-to-day basis. Ultimately, responsibility for making deci-
sions about environmental issues rests with individual citizens and
their representatives, few of whom are trained as scientists. Most
of the students who enroll in earth science courses do so to satisty

a general education requirement. For many. this will be their
only formal college-level science course. This course may be their

only opportunity to learn what science is. how scientists go about
examining issues, how scientific ideas evolve over time. and why
science has been so successful as a way ot looking at the world. In
addition to providing broad perspectives on science and the envi-
ronment, earth science courses also establish links between sci-
ence, economics, politics. and history. For all these reasons, carth
science courses are ideal general education courses.

This book is intended for introductory courses that place em-
phasis on the systems approach to earth science with special atten-
tion to the impact these systems have on the environment. It is
appropriate for liberal-arts nonmajors with no previous college
science or mathematics. By using a systems approach. students
gain a better understanding of” Earth as a whole. the relationships
among processes acting on and inside Earth, and the connections
between physical and biological sciences.

OVERVIEW

The primary goals of this book are to provide the background the
general student needs to understand the way Earth works. how
knowledge of Earth relates to the environmental issues con-
fronting our society. and how scientists go about examining these
issues. The unifying focus used to achieve these goals is the study
of the processes that govern the evolution of Earth and control the
operation of its environmental systems.

It is difficult for students to understand the present condition
of Earth unless they are familiar with the processes that cause
change. The time frame for these changes may vary from relatively
short spans to those that take place slowly over thousands or even
millions of years. Thus, the time frame in which natural processes
bring about change is an important aspect of Earth systems. Slow
processes such as those that cause the gradual shifting of conti-

nents. the rise of mountains, the formation of new sea floor. and the
evolution of living organisms have set the stage for the present
Earth. Although these barely perceptible processes continue, we
are more acutely aware of changes produced over short time inter-
vals. These include the development of atmospheric storms that
can have great impact in a matter of days or even hours. Waves and
currents can transform the coast by eroding some arcas while de-
positing sediment in others. and carthquakes and volcanic erup-
tions can cause widespread changes in a day and can transform
regions as the effects continue to accumulate over thousands of
years.

Throughout human history. people have adjusted to natural
conditions. Thousands of years ago. our ancestors moved south as
glaciers gradually covered the northern latitudes. Subsequently. as
the ice margin receded, some groups followed it north. eventually
crossing from Siberia to North America where they began the set-
tlement of the Americas. During most of the million of years that
humans have inhabited Earth. their numbers were not great. They
lacked the capability of modifying Earth’s systems and surface
significantly. But human population has grown exponentially in
the last hundred years. and since the industrial revolution, humans
have made significant changes to the environment. Both the size of
the human population and our ability to alter Earth’s environment
have increased dramatically during the last few decades. We have
constructed road systems that are long enough to reach the moon:
extracted and used a large percentage of the total amount of oil and
cas on Earth within a few decades: dug millions of miles of
trenches for pipes: and connected oceans by canal works. We have
stripped the soil from vast areas: modified drainage basins in ways
that cause floods: and disposed of toxic waste using methods that
endanger our drinking water. Many scientists think it is likely that
humans are changing the climate of Earth. but at present. we do not
know how fast those changes may take place or how extreme they
may be. The last of the virgin forests are being cut down rapidly.
causing thousands of animal and plant species to approach the
edge of extinction. We do not know the extent to which our own
survival is tied to that of other species or to the overall health of the
ecosystem. These will be among the most challenging issues fac-
ing the current generation of students. How well they will be able
to deal with these as scientists. business managers. teachers. politi-
cians. and citizens will depend on how well they understand the
nature of the problems. the interdependence and operation of
natural systems.



Can we manage Earth’s systems without damaging our own
environment? Can we understand and live in harmony with the
processes that govern the environment? Can we learn how the
different parts of Earth systems are interrelated well enough to
predict the consequences of our own actions? These are questions
all informed individuals, especially scientists and engineers,
must try to answer. These are the subjects this book explores
and clarifies by examining the character of the solid earth, the
oceans, the atmosphere, biological processes. and the ways they
are interrelated.

This book provides a basis for understanding natural systems
and identifies many of the problems we face as we try to avoid the
difficulties caused by natural processes such as volcanic eruptions,
earthquakes, and landslides, as well as those created by our own
actions.

FEATURES

1. Systems Emphasis. The systems approach emphasizes the
relationships among the great variety of processes that affect
Earth and its environment. Although the book provides cover-
age used in earth science courses, emphasis in the first three
units is placed on Earth systems, the connections between ge-
ology, oceanography, meteorology., and ecology. The physical
systems identified by NASA in a book entitled Earth System
Science—A Closer View are used as a basis for organization of
the systems approach. NASA recognizes three major physical
systems, the core-mantle, plate tectonic, and physical climate
systems. The close relationships between living organisms
and the physical environment are treated through examination
of biogeochemical cycles.

2. Major Ecosystems. Close connections exist between the
study of the physical and biological aspects of Earth’s envi-
ronments. These connections are emphasized in this book.
Chapter 14 provides an introduction to the land surface and
the relationship between terrestrial geology and ecosystems.
Similar emphasis is given to marine environments in chapter 8
and to coastal environments in chapter 10.

3. The Relationship Between Humans and Their Environ-
ment. Not only do natural processes shape the human envi-
ronment, human activities have become a major influence on
natural systems. This theme runs throughout this book, and
special attention is given to the relevance of Earth systems for
understanding environmental problems.

4. Flexible Organization. The interaction of Earth systems is
like a web of interrelationships. Some instructors prefer to
begin by looking at Earth as a planet and end by examining
details of surface processes. Others prefer to cover topics
more familiar to students at the start and end with a large-
scale picture of Earth’s interior. To accommodate various ap-
proaches, this book provides flexible organization. After com-
pletion of the Introduction in unit one, the instructor can
proceed with other units of the book. However, the author
thinks that most students will find later chapters easier to
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understand after they are more familiar with the recycling of
Earth materials, the importance of time in the operation of
Earth processes, and major features of Earth and its interior.

5. Chapter Guide. Each chapter begins with a brief introduc-
tion that relates the chapter to other parts of the text. The
Chapter Guide summarizes the main objectives of the chapter
and indicates how the subject matter of the chapter relates to
Earth systems.

6. Key Words. Key words are identified in bold-faced print.

7. Case Histories. Where appropriate, case histories of events
or localities are used to illustrate principles and demonstrate
the relevance of the subject matter. Most students find the con-
cepts presented with a case-history approach interesting and
easy to understand and to remember because they can associ-
ate them with real situations.

8. Data Banks. Some tables contain files such as soil and cli-
mate types that students need to have readily available for ref-
erence as they read the text.

9. Summary Points. Summary Points provide a quick review
of the most important concepts presented in the chapter.

10. Review Questions. Review questions are included to help
students evaluate their mastery of basic materials presented in
each chapter and to prepare for tests.

11. Thinking Critically. Thinking Critically questions encour-
age the student or a class to go beyond the text materials in
exploring the relevance of the subject matter to environmental
issues.

12. Units of Measure. Both English and SI units of measure are
included in the text. Precise conversions are used for mea-
surements that are exact, but approximate and rounded-off
conversions are used if exact measurements are unknown.

13. Appendix. The appendixes provide supplementary informa-
tion about several important subjects that some instructors
may wish to include in their courses.

Appendix A. Units and Conversions. This appendix contains
basic information about units of measure and conversions be-
tween English and ST units.

Appendix B. Minerals. This appendix explains how to identity
minerals by using their physical properties. It contains a chart of
physical properties and composition of common rock-forming
minerals and common, economically important minerals.

Appendix C. Rock Identification. This section contains addi-
tional details about common rocks.

Appendix D. Topographic and Geologic Maps. This appendix
contains a brief explanation of how to read topographic and
geologic maps.

Appendix E. Star Charts. Students who enjoy identifying stars
will find these star charts and information about locating ob-
jects in the sky useful.

Appendix F. The Periodic Table of Elements.

14. Glossary. The glossary provides briet definitions of the tech-
nical terms used throughout the text.



ORGANIZATION

The organization of this book allows instructors to vary the se-
quence of coverage. It is organized into four units. Unit three,
which covers surficial processes, is subdivided into parts that
cover the oceans, the atmosphere, and the land surface.

Unit 1 Major Elements of Earth Systems

The introduction defines science and Earth system science, ex-
plains how this field came into existence, and provides basic infor-
mation that students without previous background in earth science
will need in order to understand Earth systems. Unit one contains
basic information about Earth, the materials that compose it, the
time frame in which the processes cause change on Earth, modern
ideas about the origin and place of Earth in the solar system, and
the model scientists have developed of Earth’s interior. This part
encourages students to think of Earth as a planet, its place in time
and space. and how processes operating deep inside Earth affect
the surface and the human environment. Throughout the text,
biogeochemical processes and ecology are emphasized in the dis-
cussion of Earth environments.

Unit 2 The Plate Tectonic System

This unit explains the operation of the plate tectonic system and the
way movements in the outer parts of Earth cause earthquakes and
volcanic activity that have such profound impacts on the surface.
The changes in the way Earth scientists think about Earth have been
revolutionary. By examining the history of the development of plate
tectonic theory, this unit gives students a better understanding of
how hypotheses evolve to become widely accepted theories.

Unit 3 Earth’s Physical Climate System

This unit includes Earth’s surface features and the processes that
shape the surface.

Part 1 Oceans and Coasts Chapters 8, 9, and 10 examine the
oceans., which cover more than 70% of Earth’s surface, the character
of the ocean basins, the movement of water in the oceans, and the en-
vironments in the oceans. These are important components of sys-
tems that interact with the atmosphere and land surface. This part
also includes the coastal transition zone between the open oceans
and the land surface.

Part 2 The Atmosphere Chapters 11, 12, and 13 begin with a
chapter that defines the composition and structure of the atmo-
sphere. This introductory chapter includes discussions of atmo-
spheric pollution, greenhouse gases, global warming, and the
ozone hole. It also provides modern coverage of El Nifio and its ef-
fects on weather.

Part 3 The Land Surface Chapters 14 through 20 examine the
terrestrial environment. Terrestrial environments are covered in

greater detail than transitional or marine environments because the
processes that operate on land environments affect humans more
directly. The chapter topics—soil, mass movement, streams,
ground water, wind, and ice—resemble those found in conven-
tional Earth Science texts. However, the treatment of these topics
emphasizes systems and the relationships of these subjects to the
environment. Special attention is given to the hydrologic cycle.
Water-supply issues are so widespread and of such great impor-
tance that a separate chapter is devoted to this topic.

Unit 4 The Solar System and lts Place
in the Universe

Unit four examines the place of Earth in the solar system and as
part of the universe. These topics, which are first introduced in
chapter 4, are developed more fully in unit four for use in courses
that have sufficient time for this coverage.

THE SUPPLEMENTS PACKAGE

Online Learning Center

This website, located at www.mhhe.com/spencer, hosts instructor
and student tools. The instructor center is password protected and
offers topics for classroom discussions, test questions, an image
bank, and PowerPoint lecture outlines. Students will find online
quizzing, flashcards, additional readings, study tips, and Internet
exercises that will enhance the text material and offer a thorough
review of the content.

PowerWeb

Included within the Online Learning Center, PowerWeb provides
access to a course-specific website, developed with the help of in-
structors teaching the course, to provide instructors and students
with curriculum-based materials, updated weekly assessments, in-
formative and timely world news, refereed web links, and much
more. You'll get daily news updates and have access to 5,900 re-
search sources through the Internet’s most thorough search tool,
Northern Light. This differs from the Online Learning Center in
that it extends the learning experience beyond the core textbook
content into other subject areas. PowerWeb is designed to supple-
ment the text content by offering more outside readings, research
opportunities, and more.

Digital Content Manager

Free to adopters, this CD-ROM contains illustrations, photos, and
lecture outlines that can be imported into PowerPoint, as well
as other presentation software, to create your own personalized
presentation.

Transparencies

One hundred acetate transparencies of key text illustrations are
available to qualified adopters.
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Classroom Testing Software

Test questions are also available on McGraw-Hill testing software.
for use with Macintosh and IBM PC computers.
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Mountains of Virginia and contains a graat variety of deciduous

trees. including oak. poplar, and maples, as well as some coniters

b% Interaction of
in Major Earth Systems.
cesses in each of the

systems interact. crealing
s favorable for the exis
g organisms. With the

bt energy raceived from the

rth is almost a completely
lem The magnetic field
cugh time Today. the
Joles do not coincide with
rotation. but these two
generally been closs

the past

shawn in this

Interchange of material at
core-mantle boundary

Earth's Four Major Systems. Incorning sclar eadi

ation. gravity, rotation of Earth on its axis, and heat and movements

of material deep inside Earth provide the Earth's

ergy to drive

environ | systems

B surface The movenient of water hetween the atmosphere
e, and and strface, called the hydrotogic cyele. is one o
e most important concepls ol the phssical climate system
iz The hydrologic eyele st with evaporation ol water

trom the surface. The water vapor rises it the atmosphere. con

densesand eventually talls back 1o Farth as precipianon. Part ol

s precipitation s oft on e surfiee as streams or lorms lac
1ers, part mbltetes o the ground. plants use some ol this water
and L guantities evaporate and et o the atmosphere, The
action of streams. slaciers. and the wind are among the processes

anthe physical climate systenm it shape the Tandscape and mod
1y the clinate This system along with plate tectomes and hivlog

ates the physical environment at the surkice

Phivsival processes that operaie within Earth systems shape en

Stronments i the surtace: Study of the relationstips hetween

Heat transfer
core to mantie

[
e ~—,7—,—H Solid inner core
I

{ o Y
L] antie

= Biosphere

and oceans

Earth surface

Atmosphere

pt et Fahe S Stiene T

Major Ecosyster

S

crvironment

cmphasized in chay

the physical and hiologic

Close connections exist between the study ol

b aspects of Farth's

'hese connections are

lers S 10 and 114,
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Chapter Guide

Fach chapter hegins with a brielintroduction that
relates the chapter to other parts of the test.
The Chapter Guide sunmarizes the main

objectives of the chapter and mdicates how the

subject matter of the chapter relates 1o

syslems.

Mississippi embayment

72

B8
100 Kilometers

Flgiire § Mississippi Valley Earthquakes. The New
Madrid earthquake of 1811-1812 (open circles) occurred in a section
of the crust, called the Reelfoot rift, that has dropped down as a re-
sult of crustal extension. Some geologists think this rift is located
over a zone where deep movements are stretching the continental
crust of North America. Faults fie buried beneath sediments of the.
Mississippi embayment of the coastal plain. Epicenters of some re-
cent earthquakes are shown by crosses.

Seistie activity m the region continues todis ata level iigher
Tian 1 was prior 1o 18860, A nuniber of recent carthqguakes e along
aline that trends northwest from Charleston. South Carolina, o
castern Tenmnessee. as shown i figure 619 11 seems probable that

carthquakes onginated as @ result ol mosements on fanhis

Mississippi embayment
Mississipp) River

Ozark region -

fencous wnd metamorphic rocks buried 900 meters (2950 foetr

below seduments of the Atlante Coastal Plam. Apparently
numiher of steeply nclined Lalts have broken the ervstalline hase
ment laver into hig blocks that are shitting: The taudis niy be

ancient breahs formed as aresult ot contimental itting when Norhy
i sepinate. How Tong ies il von

America and Africa |
finue to he active remains unknown

EARTHOQU ARES IN SEISMICALLY
ACTIVE AREAS

Most sersimie activiry s comeentrated sadong plite boundanes osee

figure 1 10) The mostdangerous carthuahes sencrally oceuralons:

transtorn Lulis and i subduction zones

Sepmic Activity on Great Strike-8hs Fauits

Turkey. 1999 A1 202wt an August 17 1999, the Luiest i
series of eleven devastating canhyuikes (magnitudes cveeeding
6.71 along the North Anatolian tult struck near e town ot Lo
Turkey. This major strike-ship Gl estends from the Zagros fold
VSeiand forms the o
Tirkey

and-thrust belt in D it the A
berween the Anatolian Plate tmost of Tarkey o amd Purasia
i moving westward reliive o Furasia e 62010 The Anafolian

Plate 18 a relatively small plate located i highly complex zone
between the Alrician and Eurasian plites

The Tatest sequence of carthquakes along the North Snatolian
Fault hegan i 1939 AU that time. a0 360-kilometer (225 miley
much

T segment of the fatlteuptured with displacements of
ST 1999 cartligiihe happencd i 1w o

as 7ometers The Al

Phiases. The first Tocuted at e westen end ol e active part of e
Ll et caesed o 90-Kilometes= (Stemiler fong rupture e
i, Tasted 12 seconds and Tad @ magniude of 74 e an

upired a sone

I8 second pause. a0 secomd magor carthuak
farther cast. This caused an ofiset o

W0 Kilometers 118 ks |
S meters 11 et actoss aosmall couniry o

——  Tennesse

Generalized Cross Section Across the Reelfoot Graben. The Precambrian rocks
that lie at depth under the Mississippi embayment crop out in the Ozark Mountains and in the Blue.
Ridge. Paleazoic rocks, shown in yeliow (the lower layer) and blue, crop out around the Ozark Moun-
1ains and in the Appalachian Plateau region In Tennessee. Masozoic and Tertiary sediments crop out in

the Mississippi embayment, and stream deposits underlie the Mississippl River Valley.
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Chapter Guide

By exaniming the presentowe canolock the
mvsteries of the past Rocks i Faeth's crast
preserve aovast bk mcomplete acvonnt ol Fath
Hiistory Many eovirornnental processes hegan
aperating i the carly years of Farth's
evalutionswhich spans @5 Lillion years. By
looking al processes cansing cliges toda.

we e understand the elimges of the past

Febinges il

aned the potential for
Fhe priniaey goals ol this ehapterave o wdentify
e e Frames withiwhiel el preacesses

Sty hine

Fanetion. to T some swans o
deciphered Farth Tustorcand todentily some
pivotalesents in that Tistorn. Some processes
Bt abont cliange ieshort time intervals
Othiers tahe place soslowhy thar ehanges are
Baeely noticeable exen over all ol Tiaman history
Most ol what s knoswicabont these processes is
Tearneed Trom studving the rock record. ow ave

vded i the vock vrecand!

events franm the past e
Flony can setentists determmme the age of these
everts? How is ko ledae of the present used 1o
wnderstaond the past This chapter explores

answers fathese questions,

79

Case Histories

arth Scicnee www.mhhe.com spencer

tories ol events or localities are used to

illusteate principles and demonstrate the
relevance ol the subjeet matters Students will find

se-histom

the concepts presented with a e
approach not only interesting but also casy 1o
understand because they can associate them with

real situations.



End-of-Chapter Material

Each chapter conceludes with Summi

n Points,

which provide a quick review of the most important

concepls: Review Questions, intended to help

students evaluate their

stery ol hasic concepts:
Thinking Critically, which cncourages students 1o
go beyond the text materials in explorving the
relevance ol the Slllb.i(‘('l matter to environmental
issues: and Key Words which identify important

terms and concepls.

SUMMARY POINTS

4

¥
i

-

Weathering reters 1o the decay and disintegration: of 1ocks
where they come i contaet with the atmosphiere. water, and

living orzanisms. Mechanical weathering processes. such as

expansion and comraction caused by solar radiation, cry stal

erowth. unloading. and reesing and thawing, cause rocks

to disintegrate: These processes break down the whole rock
Chemical weather)

rocesses. suchas oxidation, carbonation,
dissolution. and hydrolysis, which act on surfices. cause rocks
1o decompose. Because chemicul processes act on surlaces,

smaller particles are more prone o chemical weathering than

arger particles
Rocks and minerals ditfer creatly i their susceptibility 10
weathering and crosion

Suilis a product of weathering. Some soils have distinet zonal
structure, and others have no zones. Inrepresentative zonal
sonls. the upper A horizon contams organic matter: the B hori
zoms leached and nch i elays the C horzon consists ol decay
g [

wents of the hedrock. Among the Lactors that influence
the development of sail are composition of the parent rock.
climatic conditions. und slope

Clay plays an especially important role in the value of soil for
plant growth, The elay holds and releases nutrients to the roots
ol plants,

Soil dearadation is an important ensironmental problem, Soil
croston. chemical

s S0l chem-

wlation caused by chang
adation. such as the compaction of soil
by trathic and canle, may severely damige soils

istry. and physical de

FEVIEW QU ENTIONS

Wit conmmon ks ae most susceptible towesthering by dis-

olution”

How does aend rain T

W hat bedrock conditions help neatralize elfects of acid rain in

streams

Where is freezing and thawing mest effective as o weathering
[

Wiy does clay plas such an important role i soil chemistey !

6 What are the main cases of soil degradation?
How dothe soils formed inhumid ¢limates differ from those
tormed i arid clinates?

N What 15 the rale of freezing water in weathering processes?

9 Based an susceptibility 1o weathering, what minerals would

vou expect o tind i heach sand”?

THINKING CRETICALLY

1 How might weathermg processes in the continental North
America change b Earths climate experienced a shift toward
cooler emperatures”? Toward warmer emperatures?

20 Explam why fimestone strata commonly form clifts in arid cli-
mates but most clitts i hunid climates are composed of quartz
minerals

3 What steps should individuals take 1o proteet soil on land they
own?

4 What steps can @ community fake to help protect soil?

REDY WORDS

A horizon

mechanical weathering
O ho n
‘oxidation

permalrost
pH
regolith

ical weathering residual soils

€ horizon sheeting

differential weathering soil

frost heaving spheroidal weathering
Zossan subs

hard pan topsoil

hydration

Cliapter Filbeen Weathving gl Soil Desolopnent 338
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More than 16,000 professors have chosen PageOut to create course websites. And
for good reason: PageOut offers powerful features, yet is incredibly easy to use.

Now you can be the first to use an even better version of PageOut. Through
class testing and customer feedback, we have made key improvements to the grade
book, as well as the quizzing and discussion areas. Best of all, PageOut is still
free with every McGraw-Hill textbook. And students needn’t bother with any
special tokens or fees to access your PageOut website.

Customize the Site to Coincide with
Your Lectures

Complete the PageOut templates with your course
information and you will have an interactive syl-
labus online. This feature lets you post content to
L A coincide with your lectures. When students visit
e your PageOut website, your syllabus will direct
i e them to components of McGraw-Hill web content
e germane to your text or to specific material of
your own.

Digital Soltions:
Higher Education Home

e G e 2 New Features Based on Customer
Feedback

fill tharm with your cou
professionally desig
wa

: » Specific question selection for quizzes

o * Ability to copy your course and share it with

: colleagues or use as a foundation for a new
semester

* Enhanced grade book with reporting features

« Ability to use the PageOut discussion area or
add your own third party discussion tool

¢ Password-protected courses

Short on Time? Let Us Do the Work

Send your course materials to our McGraw-Hill service team. They will call you for a 30-minute consulta-
tion. A team member will then create your PageOut website and provide training to get you up and
running. Contact your McGraw-Hill representative for details.
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h tep/www.dushkin.com/ powerweb

Free PowerWeb—Your Professor’s Turnkey Solution for
Current with the Internet!

PowerWeb is a website developed by McGraw-Hill/Dushkin giving instructors and
students

* Course-specific materials

* Refereed course-specific web links and articles

* Student study tools—quizzing. review forms,
time management tools, web research

* Interactive exercises

» Weekly updates with assessment

* Informative and timely world news - s |

* Access to Northern Light Research Engine . POWERWEB
(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
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