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 Welcome to the fourth Canadian edition of  Earth: 
An   Introduction to Physical Geology . We are excited to 
be your personal guides on your journey into the 
fascinating world of geology. Some of you may have 
already glimpsed some of our tour stops—perhaps in 
a high school course, in a television documentary, on 
the news, or even first-hand. We hope the content of 
this textbook will strike a chord with you in terms of 
how it connects with these experiences, and that it 
will enhance your future encounters with geology, 
whether in pondering the source of graphite in your 
pencil, watching a volcanic eruption or earthquake 
on the news, or simply enjoying scenery on a 
vacation. 

 We became involved with this book for three 
reasons. First, we feel it is important for Canadian stu-
dents to have a book that has direct relevance to them 
as citizens of Canada. Second, co-authoring a book 
provides us, as teachers, with an opportunity to reach 
students beyond the gates of our academic institution. 
And third, we love geology and feel privileged to share 
our enthusiasm for what we do as geologists. 

 As both authors and teachers, we are aware that 
while some students will have some background in 
geology, this will be a new experience for many of you. 
Thus, we have stood by our conviction to keep this an 
 introductory-level  textbook, and have done our best to 
keep the language simple and straightforward, to guide 
you through the concepts step by step, and to provide 
clear explanations of technical terms. 

 All of the changes we made to this book since the 
last edition were done with one focus—to improve its 
educational value for  you, the student . We want you to 
feel that you got your money’s worth in buying this 
book. While our editors, and many geology instructors 

across Canada, offered valuable suggestions on revising 
this book, it was comments from students (that would 
be you!) that guided our overall approach. The main 
student suggestion was to shorten the book, making 
the text more “to the point” with more focus on funda-
mental concepts and less space taken up with details of 
non-essential issues. This fourth edition, shorter and 
more concise than its predecessors, is as much a prod-
uct of your input as it is of our commitment to produc-
ing the best introductory geology text we can offer. 

 Another suggestion was to discuss geology in a 
way that is more relevant to students than what typ-
ically exists in textbooks, and preferably relating to 
popular culture. In response we offer special-interest 
boxes entitled Geology and Popular Media that 
focus on the portrayal of geology in Hollywood 
movies. We hope they will interest and entertain you 
without adding too much reading. 

 So here we go. Make sure to buckle up, as we 
will travel from the top of the atmosphere to Earth’s 
core and from the highest mountains to the ocean 
floor. We will encounter processes operating from 
the subatomic level to those affecting our entire 
planet; and we will witness the development of 
Earth, from the time of its birth about 4.6 billion 
years ago to the present. We hope this trip will 
heighten your awareness about how we, as humans, 
fit into this complex system of rock, gases, water, 
life, and energy—how Earth provides resources we 
depend on, and how our use of these resources 
affects our planet. Above all, we hope you enjoy this 
journey of learning. 

 Sincerely, your authors, 
 Cam Tsujita and S. R. Hicock  

  A  NOTE TO STUDENTS FROM 
THE CANADIAN AUTHORS 
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  PREFACE 

 Earth is a very small part of a vast universe. It is but 
one small planet orbiting a middle-aged, average-
sized star (among billions of others), in one of an 
estimated 400 billion galaxies. But as the old saying 
goes, “good things come in small packages.” In spite 
of being unremarkable in many ways, Earth stands 
out as being the only planet known to host complex 
life. Earth, the “Goldilocks planet” of our solar sys-
tem, has just the right combination of conditions and 
ingredients necessary to support biologic activity: 
not too hot, not too cold; not too wet, not too dry; 
and so forth. The science of geology serves as the 
foundation for understanding how Earth formed, 
how it developed, how it works, and how we, as 
complex life forms, relate to the processes that have 
rendered Earth a unique, life-sustaining planet. 

 Media reports are constant reminders that our 
planet is highly dynamic, and since the publication 
of the third Canadian edition of  Earth  in 2012, the 
world has witnessed many examples of Earth’s pow-
erful forces. In 2013 alone, spectacular displays of 
volcanic activity were reported from Italy (Mt. Etna), 
Indonesia (Kelimutu), Kamchatka (Tolbachik), and 
Japan (Sakurajima). 

 Between 2012 and 2013, the world also witnessed 
the tragic devastation caused by natural disasters such 
as earthquakes in Iran (August 2012), Guatemala/
Mexico (December 2012), and Santa Cruz Islands in 
the South Pacific (February 2013); floods in India, 
Bangladesh, Nigeria, and Philippines (August 2012), 
and Australia (January 2013); and landslides in 
Colombia and Kenya (December 2012) and Philippines 
(March 2013). All of these events caught human popu-
lations off guard. In order to be better prepared for 
such events, we must gain an awareness of their under-
lying causes and their frequency of occurrence over 
long periods of time. Geology can aid in the under-
standing of where, why, and how natural disasters 
occur, and how we can lessen their impact on human 
populations through long-range planning. 

 Impacts of human activities on Earth’s environ-
ment have also remained in the public eye since the 
last edition. Environmental issues and disasters 
related to our use of Earth’s resources, such as global 
warming, climate change, and the frequency of 
extreme weather events, continue to intensify. 
Geology is important in this context because it yields 
clues to help us understand, prevent, and repair envi-
ronmental problems. Just as an auto mechanic must 
have a good working knowledge of the interactions 
among the parts in a car in order to fix it, knowledge 
of our planet is critical to our well-being and is, 
indeed, vital to our survival. 

 The primary function of this fourth Canadian 
edition is to serve as a meaningful, non-technical, 
up-to-date primer for college and university students 
taking their first course in geology. A main goal of 
 Earth  is to complement and reinforce the basic geo-
logic principles and concepts learned in class. 

  DISTINGUISHING FEATURES 
  Readability 
 The language of the book is straightforward and 
written so it can be understood by the layperson. 
Clear, readable discussions with a minimum of tech-
nical language are the rule. Frequent headings and 
subheadings help students follow discussions and 
identify the important ideas presented in each chap-
ter. Large portions of the text were rewritten line-
by-line or deleted in an effort to make the material 
more concise, more understandable, and more rele-
vant to a Canadian audience.  

  Illustrations and Photographs 
 Geology is a highly visual science. Therefore, photo-
graphs and artwork are essential to an introductory 
book.  Earth  contains hundreds of photographs, of 
which many are new to this fourth edition. These have 
been carefully selected to aid understanding, add rele-
vance and tangibility, and, where possible, infuse geo-
logic concepts with a Canadian perspective. The 
illustrations in  Earth  are renowned for their quality. 
This edition features a selection of SmartFigures, 
which are described below, as well as some new or 
redesigned line art by Cam Tsujita that illustrate con-
cepts more clearly and realistically than ever before.  

  Focus on Learning 
 When a chapter has been completed, three useful devices 
help students review: Chapter Summary, Review 
Questions, and a Glossary in MasteringGeology ( www.
masteringgeology.com ) to clarify the spelling and mean-
ing of common terms.  

  Special Interest Boxes 
 At appropriate places throughout the book, special 
interest boxes with icons appear relating to five 
themes: Earth as a System, People and the 
Environment, Canadian Profile, Understanding 
Earth, and Geology and Popular Media. These 
themes and boxes serve as threads that weave 
through the chapters and help tie them together 
while enhancing the main text material.  
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Preface   xv

  Maintaining a Focus on Basic 
Principles and Instructor 
Flexibility 
 The organization of chapters in this textbook is 
intended to be a compromise between the traditional 
approach of covering plate tectonics as a culmination of 
the understanding of geologic principles, and the more 
“systems-based” approach where plate tectonics is cov-
ered at the beginning of the text. This book’s organiza-
tion accommodates the study of minerals and rocks in 
the laboratory (which usually comes early in an intro-
ductory-level geology course), while exploring how 
each component fits into the basic idea of plate tecton-
ics. By revisiting plate tectonics after covering the fun-
damentals (minerals, rocks, time, etc.), we believe that 
students will have a better appreciation of why plate 
tectonics is the central paradigm of modern geology. 

 The book begins with a rudimentary view of 
geology and a brief glimpse of plate tectonics as a 
general concept. We then turn to a discussion of 
Earth materials, from minerals to rocks. Next is the 
element of time—how time is classified, how Earth 
materials can be dated, and the sheer immensity of 
geologic time as revealed in the geologic record. 
From there, we examine how rocks are deformed and 
the dynamic nature of Earth’s surface and interior as 
observed in earthquakes. We then examine the ocean 
floor and the mechanisms that move tectonic plates. 
Following that, we revisit plate tectonics in greater 
detail, when students are ready to appreciate how the 
“little pictures” fit into the “big picture.” 

 Next the book turns its focus to Earth’s sur-
ficial processes, including mass wasting, streams, 
groundwater, glaciation, wind, and waves and cur-
rents. Because these processes are gravity-driven 
(i.e., influenced by elevation and topography changes 
caused by plate tectonics), these topics are intention-
ally covered after plate tectonics. 

 Finally, we discuss mineral and energy resources 
from the viewpoints of resource use and value, and in 
the context of the environment. Because resource 
exploration is often viewed as the “bottom line” of 
geology, we felt it appropriate to cover that topic in the 
final chapter—from a uniquely Canadian perspective.  

  NEW TO THE FOURTH 
CANADIAN EDITION 
 Major changes to this edition are listed below.  

  New Concise Approach 
   •   There is a greater focus on the fundamental prin-

ciples of geology.  

  •   The length of the book has been substantially 
reduced, enhancing readability and reducing 
paper use.  

  •   Concise definitions and streamlined explanations 
have been increased to improve readability and 
comprehension.    

  New Examples and Explanations 
   •   There are now more Canadian examples and bet-

ter photographs to emphasize the relevance of 
concepts to Canadian students.  

  •   Coverage of headlining events of geologic and 
environmental significance has been updated, 
including eruptions of Java’s Mount Merapi 
and under Iceland’s Eyjafjallajökull ice cap 
( Chapter   4   ), the devastating earthquake and tsu-
nami in Japan ( Chapter   10   ), new solar farms in 
Ontario, and the status of tidal turbines in the Bay 
of Fundy ( Chapter   20   )—all of which occurred 
since the third edition came out.    

  New and Improved Pedagogy 
   •   SmartFigures—Art That Teaches: Inside every 

chapter are a number of SmartFigures. Just use 
your smartphone to scan the QR code next to 
such a figure, and the art comes alive! Prepared 
and narrated by Professor Callan Bentley, each 
three- to four-minute feature is a mini-lesson that 
examines and explains the concepts illustrated by 
the figure. It is truly art that teaches. For those 
without smartphones, SmartFigures are also avail-
able via  www.masteringgeology.com  and the 
eText.  

  •   Also included are improved custom graphics by 
Cam Tsujita that help students visualize concepts 
described in the text.    

  Integration with Web-Based 
Activities and Animations 
   •   MasteringGeology ( www.masteringgeology.

com ) contains two sets of web-based activities 
and animations: GEODe: Earth; and 
Geoscience Animations to add a dynamic aspect 
to learning.  

  •    GEODe: Earth  is a dynamic program that rein-
forces key concepts with animations, tutorials, 
and interactive exercises.  

  •    Geoscience Animations  include over 60 anima-
tions to visualize key geologic processes.  

  •   All GEODe: Earth activities and Geoscience 
Animations, organized by chapter, are listed on 
MasteringGeology.    
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  THE TEACHING AND 
LEARNING PACKAGE 
 A comprehensive traditional and new supplements 
package accompanies the book and uses electronic 
media. 

   MasteringGeology  
 Each new copy of  Earth , fourth Canadian edition, 
comes with a Student Access Code for 
MasteringGeology. MasteringGeology delivers 
engaging, dynamic learning opportunities—focused 
on course objectives and responsive to each student’s 
progress—that are proven to help students absorb 
course material and understand difficult concepts. 

   •   MasteringGeology provides a rich and flexible set 
of course materials to get instructors started 
quickly.  

  •   MasteringGeology provides quick and easy access 
to information on student performance against 
learning outcomes. Instructors can quickly add 
their own learning outcomes to track student 
performance.  

  •   The Mastering Geology gradebook and diagnos-
tic tools capture the step-by-step work of every 
student, providing unique insight into class 
performance.  

  •   Assignable items include the following:  
   •     SmartFigures    bring key chapter illustrations 

to life! Found throughout the book, 
SmartFigures are sophisticated, annotated 
illustrations that are also narrated videos. The 
SmartFigure videos are accessible on mobile 
devices via scannable QuickResponse (QR) 
codes printed in the text and through the Study 
Area in MasteringGeology.  

   •     GigaPan  ®  Activities take advantage of the 
GigaPan high-resolution panoramic picture 
technology developed by Carnegie Mellon 
University in conjunction with NASA. Photos 
and accompanying questions correlate with 
concepts in the student book.  

   •    Encounter Earth Activities provide interac-
tive exploration of geology concepts using 
Google Earth ™ . Students work through the 
activities in Google Earth and then test their 
knowledge by answering the assessment ques-
tions, which include hints and specific wrong-
answer feedback.  

   •    Animation Activities illuminate the most diffi-
cult-to-understand topics in geology. The ani-
mation activities include audio narration, a text 

transcript, and assignable multiple-choice ques-
tions with specific wrong-answer feedback.  

   •    GeoTutor Activities consist of sophisticated, 
high-impact visuals that ask students to demon-
strate their knowledge by synthesizing and ana-
lyzing core concepts using higher-order 
thinking skills.  

   •    Concept Check questions, Give It Some 
Thought questions, Reading questions, and 
Test Bank questions are also included.  

  •   MasteringGeology includes a Study Area for stu-
dents to access all of their study resources. The 
Study Area includes geoscience animations, 
GEODe activities,  In the News  RSS feeds, Self-
Study Quizzes, Weblinks, Glossary, Flashcards, 
and an optional Pearson eText.   

 See  www.masteringgeology.com   

  CourseSmart 
 CourseSmart goes beyond traditional expectations—
providing instant, online access to the textbooks and 
course materials you need at a lower cost for stu-
dents. And even as students save money, you can 
save time and hassle with a digital eTextbook that 
allows you to search for the most relevant content at 
the very moment you need it. Whether it’s evaluat-
ing textbooks or creating lecture notes to help stu-
dents with difficult concepts, CourseSmart can make 
life a little easier. See how when you visit  www.
coursesmart.com/instructors .  

  Pearson eText 
 Pearson eText gives students access to the text when-
ever and wherever they have access to the internet. 
eText pages look exactly like the printed text, offer-
ing powerful new functionality for students and 
instructors. Users can create notes, highlight text in 
different colours, create bookmarks, zoom, click 
hyperlinked words and phrases to view definitions, 
and view in single-page or two-page view. Pearson 
eText allows for quick navigation to key parts of the 
eText using a table of contents and provides full-text 
search. The eText may also offer links to associated 
media files, enabling users to access videos, anima-
tions, or other activities as they read the text.   

  INSTRUCTOR’S RESOURCES   
The authors and publisher have been pleased to 
work with a number of talented people who pro-
duced an excellent supplements package, which can 
be downloaded from the Pearson Canada catalogue.  
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  Instructor’s Manual  
 The Instructor’s Manual has been designed to 
help seasoned and new professors alike, offering 
in each chapter an introduction to the chapter, 
outline, learning objectives/focus on concepts, 
and answers to review questions and suggested 
quiz questions.  

  Test Bank  
 This extensive test bank contains multiple-choice, 
true/false, and short-answer questions, a selection of 
which you can link to actual figures and photos from 
the text. This is available as a Word File and as a 
TestGen ® computerized test generator.  

  PowerPoint® Presentations  
 These presentations average 40 slides per chapter, 
consisting of customizable lecture outlines with sup-
porting art.  

  Image Library  
 All the photos, art, and tables from the text, in order, 
loaded into PowerPoint slides.  

  The Geoscience Animation 
Library  
 This library includes animations that illuminate 
many difficult-to-visualize topics of physical geol-
ogy. Created through a unique collaboration among 
five of Pearson’s leading geoscience authors, these 
animations represent a significant leap forward in 
lecture presentation aids.  

  Pearson Custom Library  
 For enrolments of at least 25 students, you can cre-
ate your own textbook by choosing the chapters that 
best suit your own course needs. To begin building 
your custom text, visit  www.pearsoncustomlibrary.
com . You may also work with a dedicated Pearson 
Custom editor to create your ideal text—publishing 
your own original content or mixing and matching 
Pearson content. Contact your local Pearson 
Representative to get started.  

  peerScholar  

 Firmly grounded in published research, peerScholar 
is a powerful online pedagogical tool that helps 
develop your students’ critical and creative thinking 
skills. peerScholar facilitates this through the process 
of creation, evaluation, and reflection. Working in 
stages, students begin by submitting a written 

assignment. peerScholar then circulates their work 
for others to review, a process that can be anony-
mous or not depending on your preference. Students 
receive peer feedback and evaluations immediately, 
reinforcing their learning and driving the develop-
ment of higher-order thinking skills. Students can 
then re-submit revised work, again depending on 
your preference. Contact your Pearson 
Representative to learn more about peerScholar and 
the research behind it.  

  Technology Specialists  
 Pearson’s technology specialists work with faculty 
and campus course designers to ensure that Pearson 
technology products, assessment tools, and online 
course materials are tailored to meet your specific 
needs. This highly qualified team is dedicated to 
helping schools take full advantage of a wide range 
of educational resources, by assisting in the integra-
tion of a variety of instructional materials and media 
formats. Your local Pearson Education sales repre-
sentative can provide you with more details on this 
service program.   
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