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O U R VIS ION 

hen the first edition of Earth was published, the concept of plate tectonics was still new. 
For the first t ime, an all-encompassing theory could be used as a framework for learning 

about the immense forces at work in Earth 's interior. Given this new paradigm, our strategy 
was to make the learning of Earth science as process-based as possible. This new picture of 
Earth as a dynamic , coherent sys
tem was central to Earth and to its 
successor, Understanding Earth. 

N o w , w i t h Understanding 
Earth, Fifth Edit ion, we are taking 
another step forward. We present 
geology as a unified, p roces s -
based science with the power to 
convey global mean ing to geo
logic features wherever they are 
found. O u r approach to Under
standing Earth emphasizes global-
scale "system" interact ions , but 
we also use this approach to char
acterize the components of the glob
al system, such as the dynamics of 
ocean crust format ion ("Spread
ing Centers as M a g m a t i c Geosys -
tems," p . 92) and the dynamics 
of soil format ion ("Soils as Geo-
systems," p. 381) . 

Geology is as m u c h about c l imate as i t is about tectonics , and in this 
edit ion we describe the geologic processes that unite these historically 
separate f ields. Our discussions of such core concepts as the rock cycle, 
me tamorph i sm and exhumat ion, and landscape evolution help illustrate 
important links. Further, we consider the concept of geologic t ime and 
the historical deve lopment of Earth (and the other terrestrial planets) 
to be as important a process . We illustrate this principle by grouping 
together material that underscores long- term evolution, whether i t involves 
our solar sys tem (Chapter 9, "Ear ly History of the Terrestrial Planets") , 
Ear th itself (Chapter 10, "Evolut ion of the Cont inents") , or life (Chapter 
11 , "Geobiology: Life Interacts with the Ear th") . Our preparat ion of 
Chapters 9 and 11—new to this edition of Understanding Earth—was 
motivated by our desire to expose students to the fresh perspect ive on our 
solar sys tem provided by the increasing number of geological ly oriented 

F i g u r e 1 5 . 1 0 A graph s h o w i n g th ree types of data recovered f r o m the V o s t o k 

ice core in East Antarct ica: t e m p e r a t u r e s in fe r red f r o m oxygen i so tope (black 

l ine) and the concent rat ions of t w o i m p o r t a n t g reenhouse gases, carbon 

d iox ide (blue l ine) and methane ( red l ine) . T h e gas concent rat ions come f r o m 

measu rements of ai r samples t rapped as t iny bubbles w i t h i n the Antarct ic ice. 

[ IPCC, Climate Change 2001: The Scientific Basis.] 
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missions to other planets (especially Mars) and the recognit ion that life (especially microbial 
life) has had a profound effect on Earth. 

In writing this edition of Understanding Earth, we have drawn on powerful new laboratory 
and field tools and new theoretical approaches. New technology such as GPS and continuous 
satellite monitoring of Earth from space allows us to view the motion of plates, the raising and ero
sion of mountains, the buildup of crustal strain before an earthquake, global warming, the retreat of 
glaciers, and rising sea level—all in almost real time. It is remarkable that we can now use earth
quake waves to image the flow of the solid mantle hundreds and thousands of kilometers deep in the 
Earth, revealing patterns of rising plumes and subducting plates. And we can now send robotic geol
ogists to other planets to investigate geologic processes, such as the role of water in shaping the early 
surface of Mars and constraining its climate history. Finally, rapid scanning of the genetic makeup 
of even the tiniest microorganism allows us to determine how organisms control geologically impor
tant processes. The view of Earth as a system of interacting components subject to interference by 
humankind is now backed by solid scientific evidence, enabled by these new technologies. 

The power of geology has never been greater. Geological science now informs the decisions of 
public policy leaders in government, industry, and community organizations. But there is still work 
to do in helping to make this flow of information more effective. Recent disasters such as the Indian 
Ocean tsunami of 2004 (see Chapter 13) and the flooding of New Orleans by Hurricane Katrina in 
2005 (see Chapter 20) underscore the need for vigilance in planning for and limiting exposure to 
these rare but powerful and inevitable events. The planning process begins with understanding how 
Earth works and by appreciating the history of similar events in the geologic past. The devastation 
caused by both of these events could have been substantially reduced had public policy leaders been 
more knowledgeable about the geologic forces involved and the likelihood (history) of such events. 

Early Coverage of Plate Tectonics 
Chapter 2, "Plate Tectonics: The Unifying Theory," allows us to take full advantage of tectonic 
theory as a framework for discussing key geologic processes. Early coverage of the basic tenets of 
tectonic theory means that the theory can be invoked throughout the text, providing the big picture 
as well as the links connecting geologic phenomena. For instance, Chapter 5 offers an expanded 
section on plate tectonics and sedimentary basins. Chapter 6 presents metamorphism in terms of 
plate interactions, describing pressure-temperature-time paths and their significance for interpret
ing tectonic processes, including exhumation and uplift. Chapter 9—new to this edition of Under
standing Earth—allows a process-based comparison between "flake tectonics" on Venus and plate 
tectonics on Earth. This treatment is made possible by having introduced plate tectonics early on. 
Finally, the section of the book dedicated to surface processes is capped with Chapter 22, in which 
the discussion of landscape evolution integrates previous chapters and makes the case for signifi
cant interactions between climate and tectonics. 

Viewing Earth as a System 
We begin with an improved discussion of the 
Ear th sys tem in Chapter 1. T h e componen t s of 
the Ear th system are described, and the exchanges 
of energy and matter through the system are illus
trated. This discussion serves as the springboard for 
the Earth systems perspective that pervades the 
text. In Chapter 3, the rock cycle first illustrates 
how plate tectonic and cl imate processes interact 
as a system to generate the three basic classes 
of rocks. In Chapter 4 (in the section entitled 
"Spreading Centers as Magmat ic Geosys tems") , 
we then show how one of the components of the 

F i g u r e 15.7 Ear th ' s g reenhouse atmosphere balances 

incoming and outgoing radiat ion. [ IPCC, Climate Change 

2001:The Scientific Basis.] 



Earth system (spreading centers) can be studied as a system itself, with inputs, processes , and 
outputs. This pedagogical approach is reinforced later in the same chapter when we discuss 
"Subduction Zones as Magmat i c Geosys tems." Throughout the book, we use this construct to 
illustrate particularly well-defined geosystems, as in the case of volcanoes (Chapter 12) and 
soils (Chapter 16). 

Traditionally isolated geologic processes such as metamorph ism (Chapter 6) and landscape 
evolution (Chapter 22) are discussed in the context of system interactions be tween tectonics and 
climate, illustrated with examples of pressure- temperature paths and models for denudat ion and 
exhumation. In Chapter 13, the relat ionship among stress, strain, and the behavior of regional 
fault systems in controll ing ear thquakes illustrates how geosys tems behave. The convective 
processes of Ear th ' s deep interior are discussed in Chapter 14 as the driving mechan i sms behind 
the plate tectonic and g e o d y n a m o systems. 

Our discussion of the cl imate system (Chapter 15) is updated to provide a more compre 
hensive unders tanding of the major processes that control Ear th ' s cl imate, as well as an under
standing of Ear th ' s c l imate history. Subsequent chapters in this section of the b o o k — w h i c h dis
cusses surface p rocesses—are rewritten to emphas ize not jus t the particular process (such as the 
flow of groundwater or wind) but how these processes are controlled by the cl imate system and, 
where relevant, the plate tectonic system. Finally, the role of biology in Earth system behavior is 
presented in Chapter 11 and then reinforced later with examples from many chapters . 

New Chapters 
Comparative Planetology 

Chapter 9, "Ear ly His tory of the Terrestrial Planets ," explores the solar sys tem not only in the 
vast reaches of interplanetary space but also backward in t ime to its earliest history. It d iscuss
es how Earth and the other planets formed around the Sun and how they differentiated into 
layered bod ies . The geologic processes that have shaped Ear th are compared with those of 
Mercury, Mar s , Venus, and the M o o n . The history of c l imate as wel l as tectonics is emphas ized 
in the discuss ion of Venus and Mars . Mar s receives special at tention owing to the spectacular 
new results from recent geological ly oriented miss ions , culminat ing with the first in situ out
crop studies on another planet . Finally, we discuss how explorat ion of the solar sys tem by 

F igure 9 . 1 5 Plate tectonics on Ea r th v e r s u s flake tectonics on Venus. 
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spacecraft might answer fundamental quest ions about the evolution of our planet and the life 
it harbors . 

Concepts in planetary geology also appear in other chapters . Sulfate minerals thought to 
be of impor tance on Mar s are descr ibed in Chapter 3; impact (shock)-related me tamorph i sm 
is discussed in Chapter 6; and the search for extraterrestrial life is presented in Chapter 11. 

Geobiology 
Chapter 11, "Geobio logy : Life Interacts with 
the Earth," explores the links be tween life and 
envi ronment on Earth . We descr ibe how the 
b iosphere works as a sys tem and what gives 
Earth its ability to support life through the 
cycl ing of biological ly impor tant e lements . 
The chapter d iscusses the remarkab le role 
of mic roorgan i sms in Ear th processes , in
c luding minera l and rock format ion (and 
destruct ion) . We also discuss geobiological 
interact ions throughout Ear th ' s history and 
some of the major evolut ionary events that 
changed our planet . Finally, we consider the 
key ingredients for sustaining life on Ear th 
and searching for life on other planets and in 
other solar sys tems. 

Geobiological processes are discussed in 
other chapters as well , including their role in 
the formation of sedimentary rocks (Chapter 
5); the occurrence of extremophiles living in 
volcanoes and mid-ocean ridges (Chapter 12); 
how the Ear th 's magnet ic field helps some 
organisms to navigate (Chapter 14); the role 
of organisms in modulat ing cl imate (Chapter 
15) and in influencing weathering (Chapter 16) and groundwater potability (Chapter 17); and 
in the way that organisms, including ourselves, are impacted by human events (Chapter 23). 

Major Revisions 
• Chapter 1, "The Earth System," features a new section called "Peel ing the Onion," a com
plete discussion of Ear th 's layered internal structure. The scientific method is introduced in the 
context of the discovery of Ear th 's shape and the hypotheses that were developed to explain 
early observat ions. 

• C h a p t e r 3, "Ear th Mater ia ls : Minera ls and Rocks ," presents a s t reamlined overview of 
minera ls , rock types , and the rock cycle. I t now includes ore minerals as well . A new feature 
box d iscusses sulfides, sulfates, acid mine drainage, and sulfates on Mars . 

• Chapter 5, "Sedimenta t ion: Rocks Formed by Surface Processes ," now develops the sedi
mentary part of the rock cycle as a "source- to-s ink" concept , using the Mississippi River and 
delta as the example . The discussion of sedimentary basins as sediment sinks now follows as 
the logical end of the sediment transport pathway. The Persian Gulf is described as an exam
ple of a flexural basin, making clear how important such basins are to the generat ion and trap
ping of oil reserves, such as those found in Iraq. The section on "Sedimentary Envi ronments" 
now emphas izes process up front. 

• Chapter 7, "Deformation: Modification of Rocks by Folding and Fracturing," is now solidly 
grounded in plate tectonics and includes a current view of cont inental deformation. The chap
ter conta ins a m o r e comple te description of geologic maps and mapping . 



• Chapter 13, "Earthquakes," includes new mate
rial on the 2004 Sumatra earthquake and tsunami. 

• Chapter 14, "Explor ing Ear th ' s Interior," has 
a new section on Ear th ' s magnet ic field and the 
biosphere . 

• Chapter 15, "The Climate System," now appears 
earlier in the text and with a greater focus on cli
mate as a global geosystem that can be understood 
in terms of interacting components . Climate vari
ability is also discussed, with special emphasis on 
ancient ice ages and Milankovitch cycles. 

• Chapter 16, "Weather ing , Erosion, and M a s s 
Wasting: Interface Be tween Cl imate and Tec
tonics," now integrates mater ial previously sepa
rated in different parts of the book . Weather ing is 
discussed in the context of its important vari
ables, including c l imate . The chapter has a com
pletely revised and updated discuss ion of soils 
and takes a process-or iented approach in the new 
section entit led "Soi l as a Geosys tem." T h e chap
ter now also uses a widely accepted classification 
scheme for soils (U.S . soil t axonomy sys tem). 

• Chapter 18, "Stream Transport: From Mountains to Oceans," is completely reorganized so that 
the larger-scale, geomorphic aspects of stream systems come first, followed by the discussion of 
fluid flow and sediment transport. The final section, called "Streams as Geosystems," pulls it all 
together. The chapter begins with the Lewis and Clark expedition, which is referred to throughout 
the chapter (for example, in the discussion of stream networks). 
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• Chapter 20, "Coast l ines and Ocean Basins ," has a new 
section on hurr icanes and s torm surge, a long with a new 
feature box on the great New Orleans flood of 2005 and a 
new table on the hurr icane intensi ty scale. The chapter has 
been reorganized to progress f rom the coast to the conti
nental margin to the deep ocean. 

• Chapter 21 , "Glac iers : The Work of Ice," includes a 
new section called "Glacia t ions and the Cl imate System," 
which discusses the Wiscons in glaciation. 

• Chapter 23, "The Human Impact on Earth 's Environ
ment," now treats human civilization as a global geosystem 
that interacts strongly with the carbon cycle and other com
ponents of the Earth system, focusing on the depletion of 
petroleum as an energy resource and the potential for climate 
change that arises from fossil-fuel burning. 

Telling Stories with Words and Pictures 
Our endur ing goal is to tell a story ra ther than provide an aggregated set of facts, and 
the i l lustrat ions of this edit ion of Understanding Earth reflect that goal . Each chapter 
features several Key Figures , il
lustrat ions of the chap te r ' s most 
important concepts and geologic 
processes . Key Figures not only 
represent the key geologic pro
cesses but also help the reader to 
focus on the chapter ' s key ideas. 

M o s t chapters also feature 
Earth S y s t e m Figures that illus
trate geologic processes as part of 
global, regional, or even local geo-
systems. These illustrations should 
reinforce the reader 's understand
ing of Earth as a system of inter
acting components , with inputs, 
processes, and outputs. 



MEDIA A N D SUPPLEMENTS PACKAGE 

A selection of e lectronic med ia and printed supplementary mater ia ls des igned to support 
both instructors and students is available to users of this new edit ion of Understanding 
Earth. By focusing pr imari ly on the impor tance of visual iz ing key concepts in geology, 
we are providing instructors wi th the presentat ion tools they need to help their s tudents 
truly unders tand Ear th ' s processes and students with the study tools they need to study 
geology effectively and apply their newly acquired knowledge . 

For Instructors 
The Instructor's Resource C D - R O M ( ISBN 0-7167-4509-7) allows instructors to search 
and export all the resources listed below by key term or chapter: 

• All text images 

• An imat ions , v ideos , f lashcards, and more 

• Instructor's Resource Manual 

• PowerPo in t files ( lecture slides) 

• Test Bank files 

• Expedi t ions in Geology 

• Geo logy in the N e w s 

The Test B a n k ( [pr int] I S B N 0 - 7 1 6 7 - 4 5 1 6 - X and [CD-ROM] I S B N 0-7167-3803-1) 
includes approximate ly 50 mul t ip le-choice quest ions for each chapter (over 1000 total) . 

The C o m p u t e r i z e d Test B a n k C D - R O M provides the Test Bank f i les in an electronic 
format that al lows instructors to edit, resequence , and add quest ions . 

The Instructor's Resource Manual ( ISBN 0-7167-4507-0), written by Peter L. Kresan and 
Reed Mencke , formerly of the University of Arizona, includes chapter-by-chapter sample lec
ture outlines, ideas for cooperative learning activities and exercises that can be easily copied 
and used as handouts and quizzes, and guides to the Web resources. The Instructor's Resource 
Manual also includes an instructional design section that contains teaching tips from many 
instructors at the University of Arizona Learning Center. The Instructor's Resource Manual is 
also available on both the Instructor's Resource C D - R O M and the Companion Web Site. 

The Overhead Transparency Set ( ISBN 0-7167-3842-2) includes all textbook il lustrations 
in full-color acetate t ransparencies . 

The C o m p a n i o n W e b Site, a t www.whfreeman.com/understandingearth5e , provides 
access to all student materials on the Web site in addition to a password-protected Instructor's 
site that contains all the PowerPoint presentations and text art available on the Instructor's 
Resource C D - R O M , the Instructor's Resource Manual, and the Quiz Gradebook (which 
keeps track of students ' Graded Online Quiz scores). 

Online Course Mater ia l s (WebCT, B lackboard) : As a service for adopters , we wil l 
provide content f i les in the appropria te onl ine course format, including the instructor and 
student resources for this text. 

Expedi t ions in Geo logy: A virtual f ield trip for your whole class! Explore geological 
phenomena wi th these brief v ideo tutorials. A c c o m p a n y Jerry Maglough l in of Co lorado 
State Univers i ty as he flies across the cont inent and around the wor ld filming extraordi
nary examples of Ear th in action. Your lecture comes to life as you provide an up-c lose 
examinat ion of the splendor and intr igue of various geological processes and landmarks . 
(Available in high-defini t ion format on the Inst ructor ' s Resource C D - R O M . ) 

Geology in the N e w s (on the Instructor's Resource C D - R O M ) : This series of one- to 
three-minute news features (all recently aired on pr ime- t ime news) offers expert analysis 
of geological events that have headl ine-making impacts on our lives. By connect ing what 

http://www.whfreeman.com/understandingearth5e
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students see and hear every day in the mains t ream media to the processes of geology, this 
series allows you to convey the relevance of geology and geologis ts to our lives. 

For Students 
Understanding Earth, Fifth Edition eBook! The Understanding Earth, Fifth Edition, eBook is 
a complete online version of the textbook that provides a rich learning experience by taking full 
advantage of the electronic medium. This online version integrates all existing media resources 
and adds features unique to the eBook, such as 

• Easy access from any Internet-connected compute r via a s tandard Web browser 

• Quick, intuitive navigat ion to any section or subsection, as well as any printed book page 
number 

• Integrat ion of all s tudent Compan ion Web Site animated tutorials and activities 

• In-text self-quiz quest ions 

• In-text l inks to all glossary entries 

• Interact ive chapter summary exercises 

• Text highlighting, down to the level of individual phrases 

• A b o o k m a r k i n g feature that al lows for quick reference to any page 

• A powerful Notes feature that al lows students or instructors to add notes to any page 

• A full g lossary and index 

• Full- text search, including the glossary and index 

• Au toma t i c saving of all notes , highl ight ing, and bookmarks 

Additional features for instructors include: 

• C u s t o m Chapte r Select ion: Instructors can choose the chapters that correspond to their syl
labus, and s tudents will get a cus tom version of the eBook with the selected chapters only. 

• Instructor Notes: Instructors can choose to create an annotated version of the eBook with their 
notes on any page. W h e n students in their course log in, they will see the instructor's version. 

• Cus tom Content : Instructor notes can include text, Web links, and even images , a l lowing 
instructors to p lace any content they choose exactly where they want it. 

• Onl ine Quizz ing: The onl ine quizzes from the student C o m p a n i o n Web Site are integrated 
into the eBook . 

T h e e B o o k is available F R E E with the text (use special package ISBN: 0-7167-76650) , or 
onl ine at h t tp : / /ebooks .bfwpub.com or at the C o m p a n i o n W e b Site at w w w . w h f r e e m a n . c o m 
/unders tandingearth5e . 

The C o m p a n i o n W e b Site, a t www.whfreeman.com/unders tand ingear th5e , includes 
many study tools that allow students to visualize geological processes and pract ice their newly 
acquired knowledge . T h e C o m p a n i o n Web Site contains 

• Animat ions , including more than 40 animated figures from the textbook 

• Onl ine Review Exerc ises , which inc lude interactive exercises , virtual reality field trips, 
d rag-and-drop exercises, and matching exercises 

• F lashcards 

• Onl ine Quizz ing 

• Concep t Self-Checker 

• Geo logy in Pract ice exercises: inquiry-based learning activities that ask s tudents to apply 
their newly acquired knowledge and think like geologists 

• Current Events in Geology: an archive of geologically relevant articles from popular news 
sources, updated monthly 

http://ebooks.bfwpub.com
http://www.whfreeman.com
http://www.whfreeman.com/understandingearth5e
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The S tudent Study Guide ( ISBN 0-7167-3981-X) , writ ten by Peter L. Kresan and Reed 
Mencke , formerly of the Univers i ty of Arizona, includes tips on s tudying geology, chapter 
summaries , pract ice exams , and pract ice exercises that incorporate figures from the text and 
Web resources . 

The Earth lnquiry series, developed by the Amer ican Geological Institute in collaboration 
with experienced geology instructors, is a collection of Web-based investigative activities that 
provides a direct way for students to explore and work with the vast amount of geological data 
now accessible via the Web. Covering such diverse topics as earthquakes and plate boundaries 
and the recurrence interval of floods, each Earthlnquiry module asks students to analyze real
time data to develop a deeper understanding of fundamental geoscience concepts. Each module 
consists of a password-protected Web component and an accompanying workbook. 

For more information about Ear th lnqui ry or to read about the various modules currently 
available, p lease visit www.whfreeman.com/earth inquiry . 
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It is a chal lenge bo th to geology instructors and to authors of geology textbooks to compress 
the many important aspects of geology into a single course and to inspire interest and enthusi
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http://www.whfreeman.com/earthinquiry
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