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Preface

Earth is a very small part of a vast universe, but it is our home.
It provides the resources that support our modern society and
the ingredients necessary to maintain life. Knowledge of our
physical environment is critical to our well-being and vital to
our survival. A basic geology course can help a person gain
such an understanding, and can also take advantage of the
interest and curiosity many of us have about our planet—its
landscapes and the processes that create and alter our physical
environment.

This 12th edition of Earth: An Introduction to Physical
Geology, like its predecessors, is a college-level text that is
intended to be a meaningful, nontechnical survey for students
taking their first course in geology. In addition to being
informative and up-to-date, a major goal of Earth is to meet
the need for a readable and user-friendly text, a book that is a
highly usable tool for students learning the basic principles and
concepts of geology.

Although many topical issues are examined in the 12th edition
of Earth, it should be emphasized that the main focus of this
new edition remains the same as the focus of earlier editions: to
promote student understanding of basic principles. As much as
possible, we have attempted to provide the reader with a sense
of the observational techniques and reasoning processes that
constitute the science of geology.

New and Important
Features

The 12th edition represents an extensive and thorough revision
of Earth that integrates improved textbook resources with new
online features to enhance the learning experience,

e Significant updating and revision of content. A basic
function of a college science textbook is to present material
in a clear, understandable way that is accurate, engaging, and
up-to-date. In the long history of this textbook, our number-
one goal has always been to keep Earth current, relevant,
and highly readable for beginning students. To that end,
every part of this text has been examined carefully. Many
discussions, case studies, examples, and illustrations have
been updated and revised.

o SmartFigures that make Earth much more than
a traditional textbook. Through its many editions,
an important strength of Earth has always been clear,
logically organized, and well-illustrated explanations. Now,
complementing and reinforcing this strength are a series
of SmartFigures. Simply by scanning a SmartFigure with a
mobile device and Pearson’s BouncePages Augmented
Reality app (FREE and available for iOS and Android),

students can link to hundreds of unique and innovative digital
learning opportunities that will increase their insight and
understanding of important ideas and concepts. We have also
placed short URLs in the caption for every SmartFigure. This
will ensure that students who may not have a smart phone, will
have the ability to access these videos easily. SmartFigures

are truly art that teaches! This 12th edition of Earth has more
than 200 SmartFigures, of five different types:

1. SmartFigure Tutorials. Each of these 2- to 4-minute
tutorials, prepared and narrated by Professor Callan
Bentley, is a mini-lesson that examines and explains the
concepts illustrated by the figure.

2. SmartFigure Mobile Field Trips. Scattered through-
out this new edition are 24 video field trips that explore
classic geologic sites from Iceland to Hawaii. On each trip
you will accompany geologist-pilot-photographer Michael
Collier in the air and on the ground to see and learn
about landscapes that relate to discussions in the chapter.

3. SmartFigure Condor Videos. The 10 Condor videos
take you to sites in the American West. By coupling aerial
footage acquired by a quadcopter aircraft with ground-
level views, effective narratives, and helpful animations,
these videos will engage you in real-life case studies.

4. SmartFigure Animations. Scanning the many figures
with this designation brings art to life. These animations
and accompanying narrations illustrate and explain many
difficult-to-visualize topics and ideas more effectively
than static art alone.

5. SmartFigure Videos. Rather than providing a single
image to illustrate an idea, these figures include short
video clips that help illustrate such diverse subjects as
mineral properties and the structure of ice sheets.

As mentioned, please visit your iOS =
or Android App Stores to download the : it '
FREE Pearson BouncePages App. By | izl ah

scanning one of the two QR codes to  pugroid store iTunes App Store
the right, you will be taken directly to
the BouncePages App.

* Enhanced Modular, learning objective-driven, active
learning path. Earth is designed for learning. Every chap-
ter begins with Focus on Concepts. Each numbered learning
objective corresponds to a major section in the chapter. The
statements identify the knowledge and skills students should
master by the end of the chapter and help students prioritize
key concepts. Within the chapter, each major section con-
cludes with Concept Checks that allow students to check their
understanding and comprehension of important ideas and
terms before moving on to the next section. Two end-of-chapter
features complete the learning path. Concepts in Review coor-
dinates with the Focus on Concepts at the start of the chapter
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Preface

and with the numbered sections within the chapter. It is a
concise overview of key ideas, with photos, diagrams, and ques-
tions that help students focus on important ideas and test their
understanding of key concepts. Chapters conclude with Give

It Some Thought questions that challenge learners by involving
them in activities that require higher-order thinking skills, such
as application, analysis, and synthesis of chapter material.

¢ An unparalleled visual program. In addition to more than
100 new, high-quality photos and satellite images, dozens
of figures are new or have been redrawn by the gifted and
highly respected geoscience illustrator Dennis Tasa. Maps
and diagrams are frequently paired with photographs for
greater effectiveness. Further, many new and revised figures
have additional labels that narrate the process being illus-
trated and guide students as they examine the figures. Earth’s
visual program is clear and easy to understand.

* MasteringGeology. MasteringGeology delivers engaging,
dynamic learning opportunities—focused on course objec-
tives and responsive to each student’s progress—that are
proven to help students learn course material and understand
difficult concepts. Assignable activities in MasteringGeology
include SmartFigure (Tutorial, Condor, Animation, Mobile
Field Trip, Video) activities, GigaPan activities, Encounter
Earth activities using Google Earth, GedTutor activities,
Geoscience Animation activities, GEODe tutorials, and more.
MasteringGeology also includes all instructor resources and a
robust Study Area with resources for students.

The Teaching and Learning
Package

MasteringGeology ™ with Pearson eText

Used by over 1 million science students, the Mastering platform
is the most effective and widely used online tutorial, homework,
and assessment system for the sciences. Now available with
Earth, 12th edition, MasteringGeology™ offers tools for use
before, during, and after class:

* Before class: Assign adaptive Dynamic Study Modules and
reading assignments from the eText with Reading Quizzes to
ensure that students come prepared to class, having done the
reading.

* During class: Learning Catalytics, a “bring your own
device” student engagement, assessment, and classroom intel-
ligence system, allows students to use a smartphone, tablet,
or laptop to respond to questions in class. With Learning
Catalytics, you can assess students in real-time, using open-
ended question formats to uncover student misconceptions
and adjust lectures accordingly.

o After class: Assign an array of assessment resources such
as Mobile Field Trips, Project Condor tutorials, Interactive
Simulations, GeoDrone activities, Google Earth Encounter
Activities, and much more. Students receive wrong-answer

feedback personalized to their answers, which will help them
get back on track.

MasteringGeology Student Study Area also provides students
with self-study materials like geoscience animations, GEODe:
Earth activities, In the News RSS feeds, Self Study Quizzes,
Web Links, Glossary, and Flashcards.

For more information or access to MasteringGeology, please
visit www. masteringgeology. com.

Instructor’s Resource Materials
(Download Only)

The authors and publisher have been pleased to work with a
number of talented people who have produced an excellent
supplements package.

Instructor’s Resource Materials (IRM)

The IRM puts all your lecture resources in one easy-to-reach
place:

o All of the line art, tables, and photos from the text in .jpg files

e PowerPoint presentations

o The IRM provides three PowerPoint files for each chapter.
Cut down on your preparation time, no matter what your
lecture needs, by taking advantage of these components of
the PowerPoint files:

o Exclusive art. All of the photos, art, and tables from the text,
in order, loaded into PowerPoint slides.

* Lecture outlines. This set averages 50 slides per chapter
and includes customizable lecture outlines with supporting
art.

e Classroom Response System (CRS) questions. Authored
for use in conjunction with classroom response systems, these
PowerPoints allow you to electronically poll your class for
responses to questions, pop quizzes, attendance, and more.

Instructor Manual (Download Only)

The Instructor Manual has been designed to help seasoned and
new professors alike, offering the following for each chapter: an
introduction to the chapter, an outline, and learning objectives/
Focus on Concepts; teaching strategies; teacher resources; and
answers to Concept Checks, Eye on Earth, and Give It Some
Thought questions from the textbook.

TestGen Computerized Test Bank
(Download Only)

TestGen is a computerized test generator that lets instructors
view and edit Test Bank questions, transfer questions to tests,
and print tests in a variety of customized formats. The Test
Bank includes more than 2,000 multiple-choice, matching, and
essay questions. Questions are correlated to Bloom’s Taxonomy,
each chapter’s learning objectives, the Earth Science Learning
Objectives, and the Pearson Science Global Outcomes to help


http://www.masteringgeology.com

instructors better map the assessments against both broad
and specific teaching and learning objectives. The Test Bank
is also available in Microsoft Word and can be imported into
Blackboard.

Blackboard

Already have your own website set up? We will provide a Test
Bank in Blackboard or formats for importation upon request.

Additional course resources are available on the IRC and are

available for use, with permission.
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Augmented Reality Enhances the Reading

Experience, Bringing the Texthook to Life

Using a cutting-edge technology
called augmented reality, Pearson’s
BouncePages app launches
engaging, interactive videos and animations
that bring textbook pages to life. Use your
mobile device to scan a SmartFigure identified
by the BouncePages icon, and an animation
or video illustrating the SmartFigure’'s concept
launches immediately. No slow websites or
hard-to-remember logins required.
BouncePages’ augmented reality technology
transforms textbooks into convenient digital
platforms, breathes life into your learning
experience, and helps you grasp difficult
academic concepts. Learning geology from
a textbook will never be the same.

Download the FREE BP App for iOS

msacn Verlzon LTE 1908 AM + | -

bounce pages 1 Rasatt €3

https://itunes.apple.com/us/app/pearson
-bouncepages/id659370955?mt=8
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Download the FREE BP App for Android

Pearson BouncePages

Urmmiet

https://play.google.com/store/apps/details?id=com
.layar.bouncepages&hl=en

By scanning figures associated with the BouncePages icon, students
will be immediately connected to the digital world and will deepen their
learning experience with the printed text.

Headwaters SmartFigure 16.14
% Channel changes from
.wf.rﬁ \ ‘ head to mouth
b' E - Although the gradi-
! ent decreases toward
: o ! the mouth of a stream,

increases in discharge and
channel size and decreases

in roughness more than
\\ Mouth offset the decrease in
slope. Consequently, flow

velocity usually increases
toward the mouth. (https:/
£00.81/6srX2s)

W

Increase

Flow velocity

Headwaters Mouth
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Bring the Field to YOUR Teaching

and Learning Experience

NEW! SmartFigure: Condor Videos. Bringing
Physical Geology to life for GenEd students,
three geologists, using a quadcopter with a
GoPro camera mounted to it, have ventured
out into the field to film 10 key geologic
locations. These process-oriented videos,
accessed through BouncePages technology,
are designed to bring the field to the class-
room or dorm room and enhance the learning
mnnﬂl‘i : experience in our texts.

mmm [£3
mpms

OLaramigde Compression

-l

NEW! SmartFigure: Mobile Field Trips.
Scattered throughout this new edition of
Earth are 24 video field trips. On each
trip, you will accompany geologist-pilot-
photographer Michael Collier in the

air and on the ground to see and learn
about iconic landscapes that relate

to discussions in the chapter. These
extraordinary field trips are accessed by
using the BouncePages app to scan the
figure in the chapter—usually one of
Michael’s outstanding photos.

Field Trip
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Visualize Processes and Tough Topics

3, wd 3 =d _aat

Dip-slip Pamlt Dip-sfip faalt Dip-zhip fasit

NEW! SmartFigure: Animations are brief videos, many created by text illustrator Dennis Tasa, [~
that animate a process or concept depicted in the textbook'’s figures. This technology allows
students to view moving figures rather than static art to depict how a geologic process actually
changes through time. The videos can be accessed using Pearson’s BouncePages app for use
on mobile devices, and will also be available via MasteringGeology.

In:;r‘i:s ffé:l?u '":j,:',‘;" Callan Bentley, SmartFigure Tutorial author, is a
Chancellor's Commonwealth Professor of Geology

at Northern Virginia Community College (NOVA) in

Annandale, Virginia. Trained as a structural geologist,

Callan teaches introductory level geology at NOVA,

including field-based and hybrid courses. Callan

writes a popular geology blog called Mountain Beltway,

contributes cartoons, travel articles, and book reviews

to EARTH magazine, and is a digital education leader in

Most transform faults offset
segments of a spreading
center, producing a
zigzag-appearing plate
margin.

b WY n the two-year college geoscience community.
» L, T — Ntic p : i \
Seig —tamgs + it |
South /‘5
1% America X, I
5{3 ] Kl |
i:, : KEY
4 Spreading centers
/ >:| Fracture Zones

—="| Transform faults —===
B T

© Pearson Education, Inc.

SmartFigure: Tutorials bring key chapter illustrations to life! Found
throughout the book, these Tutorials are sophisticated, annotated illustra-
tions that are also narrated videos. They are accessible on mobile devices
via scannable BouncePages printed in the text and through the Study Area
in MasteringGeology.
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Improved Geospatial and Data Visualizations

2 Landslide Risks: _
United States and Worldwide GEOgraphics use contemporary,

compelling visual representations to

According to the U. S. Geological St , each in the United States, landslid t ly $4 billion (2010 dollars) in d: ir and | i
s e 25 8 oA S ol ook s ocSas i o S i ilustrate ,Com_p'ex concepts, enhancing
What' the sk where you fve? Kev students’ ability to synthesize and recall
U.S. LANDSLIDE POTENTIAL [ JEICIoCls ; ; i
O information and important data.
@ Inparts of the Seattle area, LOW POTENTIAL

volcanic mudflows called lahars
are a potential threat.

@ In the mountainous parts of the
Pacific Northwest, heavy rains and
melting snow often trigger rapid
forms of mass wasting.

@ Coastal California’s steep slopes
have a high landslide potential often
triggered by winter storms or ground
shaking associated with earthquakes.

@ Strong wave activity undercuts
and oversteepens coastal cliffs.

sewmenst.1 WOrld Population Passes 7 Billion

o In the center of the country, the plains
states are relatively flat, so landslide
potential is mostly low-to-moderate.

© High potential occurs along steep bluffs that flank river valleys.

@ Florida and the adjacent Atlanic and Gulf coastal plains have some of the
lowest potential because steep slopes aré largely absent.

D) I te East Iandshdes are mostcommon n IheAppaIachlan Hountais
.-f - .4' o

J GLOBAL LANDSLIDE RISKS . ; ¥ A Ty NEW YORK, USA

18,430,000

Question:
What do areas with the highest landslide

potential have in common? o ; " - MEXICO CITY, MEXICO
v " 18,460,000 -

. Complicating all environmental issues is rapid world
aPurple and dariX s population growth and everyone's aspiration to a better
Ted indicate areas

| NASA scientists compiled thi 2
risk map based on topographic 4
data, land cover classifications g by
and soil types. . el s A L
a at highest risk. \ standard of living. There is a ballooning demand for
‘1 B resources and a growing pressure for people to live in

e Black dots identify locations of major environments having significant geologic hazards.
Tandslides over a four-year span

(2003-2006)
'WORLD'S 10 LARGEST METRO AREAS IN 2010
MILLIONS OF CITIZENS

EYE ON EARTH 2.1

n December 2011 a new volcanic island formed near
| the southern end of the Red Sea. Less than 2 years

later, in late October 2013, another volcanic island
emerged in the same area. These volcanic islands are
part of several small islands in the Zubair Group located
off the west coast of Yemen, along the Red Sea Rift.

QUESTION 1 What type of plate boundary produced
these new volcanic islands?

Eye on Earth features engage
students in active learning,

asking them to perform critical QUESTION 2 What two plates border the Red Sea Rift?
thinking and visual analysis QUESTION 3 Are these two plates moving toward or away New volcanic —
tasks tO evaluate data and from each other? island, 2013
make predictions. Red sea Arabian
plate
R .—New island
Yemen
African
plate Djibouti
Ethioia
Somalia

XXV



Modular Approach Driven

by Learning Objectives

The new edition is The chapter-opening Focus on Concepts lists the learning objectives for each
designed to support a chapter. Each section of the chapter is tied to a specific learning objective,

. providing students with a clear learning path to the chapter content.
four-part learning path, an

innovative structure which _

facilitates active learning 'l 0 : \ - o
“ R o s

and allows students to v o =

focus on important ideas Crustal

as they pause to assess Deformation

their progress at frequent ‘

intervals.

. . ) Each chapter section
Concepts in Revllew, a fr_esh approach tq the typical end- concludes with Concept 10.5 Concept Checks
of—chapter matenal, prowdes students with a s_tructure.d Checks, a feature that ‘
and highly visual review of each chapter. Consistent with lists questions tied to 1. Distinguish between the fwo measurements used
Fhe FO(.:US on Concepts and Concept Ch.eCkS.’ the Concepts the section’s learning to establish the orientation of deformed strata.
in Review l.S structured ar(.)un.d the section tltle. and the objective, allowing 2. Briefly describe the method geologists use to
corresponding learning objective for each section. students to monitor infer the orientation of rock structures that lie
their grasp of significant mainly below Earth’s surface.
1 0 (Hili1H] 0 0 1 Crustal Deformation facts and ideas.

10.1 What Causes Rock to Deform
Describe the three types of differential stress and name
the type of plate boundary most commonly associated
with each.

KEY TERMS deformat tre
nsional

stress, shear sress, strain

1. s granite or mica schist more likely to fold or flow rather than
fracture when subjected to differential stress? Explain,

2. What typ
a passing

10.

N

How Do Rocks Deform?
Compare and contrast brittle and ductile deformation.

deformation is illustrated by a coin that was run over by
n?

KEY TERMS elastic deformation,brtte deformation, ductle

. What name is given to the part of the fold labeled A?

d. Is the white dot labeled B located along the fold line, hinge line, or
dip line of this particular fold?

‘Anthony

10.

w

Folds: Rock Structures Formed by Ductile
Deformation

Listand describe five common folded structures.

3. Refer to the accompanying photo to answer the following questions

~

Refer to the accompanying diagrams to answer the following;
a

ame the type of fold shown

a. What type of dip-slip fault is shown in Diagram 12 Were the domi-
nant forces during faulting tensional, compressional, or shear?

b. Would you describe this fold as symmetrical or asymmetrical?®

: Give It Some Thought (GIST) is found at the end of each

104 :3“,'3‘,?'32“,,’:,2‘,‘;;2‘,,’,‘:““’“ Formed o S e, S chapter and consists of questions and problems asking

S e on e students to analyze, synthesize, and think critically about

‘ Geology. GIST questions relate back to the chapter’s learning
objectives, and can easily be assigned using MasteringGeology.

tfaults

KEY TERMS faul, dip-slip fault, hanging wal block, footwal block, nor-
mal fault, fault-block mountain, horst, graben, half-graben, detachment

B
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Continuous Learning Before, During, and

After Class with Geology™

L s Ll g L=

MasteringGeology delivers engaging, dynamic learning

opportunities—focusing on course objectives responsive to
each student’s progress—that are proven to help students
learn geology course material and understand challenging

Mowvement of Water Through
the Atmosphere
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Before Class e

Dynamic Study Modules and eText 2.0 provide students with a preview of what’s to come.

PEARSON R

Crusial Defor eation (111 =
EART
e - Dynamic Study Modules
s ® enable students to study
i b it effectively on their own in
»® ciijhoer an adaptive format. Stu-
5 dents receive an initial set
of questions with a unique
answer format asking them
to indicate their confidence. NEW! Interactive eText 2.0 complete with embedded
) media. eText 2.0 is mobile friendly and ADA accessible.
Once completed, Dynamic i
Study Modules include * Now avallab_le on smartphones and table_ts. .
B e explanations using material . Seam|e§s|y integrated videos and other rich media.
N taken directly from the text. . Accgsable (screerj—reade.r ready). ' .
« Configurable reading settings, including resizable
e T type and night reading mode.
P L « Instructor and student note-taking, highlighting,
bookmarking, and search.

learning |catalytics
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During Class

Engage Students with Learning Catalytics e : PR

Learning Catalytics, a “bring
your own device” student
engagement, assessment, and
classroom intelligence system,
allows students to use their
smartphone, tablet, or laptop to
respond to questions in class.
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i
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After Class

Easy-to-Assign, Customizeable, and Automatically Graded Assignments
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NEW! 24 Mobile Field Trips take
students to classic geologic locations
as they accompany geologist—pilot—
photographer—author Michael Collier in
the air and on the ground to see and
learn about landscapes that relate to
concepts in the chapter. In Mastering,
these videos will be accompanied by
auto-gradable assessments that will
track what students have learned.
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NEW! Project Condor Videos capture stunning footage
of the Mountain West region with a quadcopter and a
GoPro camera. A series of videos have been created
with annotations, sketching, and narration to improve
the way students learn about faults and folds, streams,
volcanoes, and so much more. In Mastering, these vid-
eos are accompanied by questions designed to assess
students on the main takeaways from each video.
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GeoTutor coaching activities help students master
important geologic concepts with highly visual,
kinesthetic activities focused on critical thinking
and application of core geoscience concepts.
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includes questions related to core geology concepts. All

wrong-answer feedback to help coach students towards
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S
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i Syt Encounter Activities provide rich, interactive explora-
T e i tions of geology and earth science concepts using the
’?i“.;:.,“.?.'..*" - dynamic features of Google Earth™ to visualize and ex-
7 plore earth’s physical landscape. Dynamic assessment

explorations include corresponding Google Earth KMZ
media files, and questions include hints and specific
mastery of the concepts while improving students
geospatial skills.
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NEW! GigaPan Activities allow students to D fom ampuecpalate liman s bnte Gkt snagpoctive i [ach Hevm iy 3o wame ardy nace
take advantage of a virtual field experience
with high-resolution picture technology that L | & L I I '
has been developed by Carnegie Mellon | | SSSS)
University in conjunction with NASA. e
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Additional MasteringGeology
assignments available:

SmartFigures

Interactive Animations

» Give It Some Thought Activities
» Reading Quizzes

» MapMaster Interactive Maps
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Each statement represents the primary
LEARNING OBJECTIVE for the corresponding
major heading within the chapter. After you
complete the chapter, you should be able to:

1.1 Distinguish between physical and historical
geology and describe the connections between

people and geology.

1.2 Summarize early and modern views on how
change occurs on Earth and relate them to the
prevailing ideas about the age of Earth.

1 3 Discuss the nature of scientific inquiry,
including the construction of hypotheses and
the development of theories.

o _ . 14 List and describe Earth’s four major spheres.
S WLl = Define system and explain why Earth is consid-
'i] 7| ered to be a system.

2 * 1.5 Outline the stages in the formation of our solar
! L (% B - " system.

h— e e e 1.6 Sketch Earth’s internal structure and label and
R aoh fa BB ¥ RS L L e = describe the main subdivisions.

Sketch, label, and explain the rock cycle.

List and describe the major features of the
continents and ocean basins.




Figure 1.1

Internal and external
processes The processes
that operate beneath and
upon Earth’s surface are an
important focus of physi-
cal geology. (River photo by
Michael Collier; volcano photo

by AM Design/Alamy Live News/
Alamy Images)

A.

External processes, such as landslides, rivers, and glaciers, erode and sculpt surface
features. The Colorado River played a major role in:creating the Grand Canyon.

he spectacu lar eruption of a volcano, the terror brought by an earthquake, the
magnificent scenery of a mountain range, and the destruction created by a landslide or
flood are all subjects for a geologist. The study of geology deals with many fascinating and
practical questions about our physical environment. What forces produce mountains? When
will the next major earthquake occur in California? What was the Ice Age like, and will there
be another? How are ore deposits formed? Where should we search for water? Will we find
plentiful oil if we drill a well in a particular location? Geologists seek to answer these and
many other questions about Earth, its history, and its resources.

1.1 | Geology: The Science of Earth

Distinguish between physical and historical geology and describe the connections
between people and geology.

The subject of this text is geology, from the Greek geo (Earth) and logos (discourse). Geology is
the science that pursues an understanding of planet Earth. Understanding Earth is challenging
because our planet is a dynamic body with many interacting parts and a complex history. Through-
out its long existence, Earth has been changing. In fact, it is changing as you read this page and
will continue to do so. Sometimes the changes are rapid and violent, as when landslides or volcanic
eruptions occur. Just as often, change takes place so slowly that it goes unnoticed during a lifetime.
Scales of size and space also vary greatly among the phenomena that geologists study. Sometimes
geologists must focus on phenomena that are microscopic, such as the crystalline structure of min-
erals, and at other times they must deal with processes that are continental or global in scale, such
as the formation of major mountain ranges.

Physic al and Historical Geo'ogy hand, is to understand Earth’s origins and its develop-

ment through time. Thus, it strives to establish an orderly
chronological arrangement of the multitude of physical
and biological changes that have occurred in the geologic
past. The study of physical geology logically precedes the
study of Earth history because we must first understand
how Earth works before we attempt to unravel its past.

It should also be pointed out that physical and historical

Geology is traditionally divided into two broad areas—
physical and historical. Physical geology, which is

the primary focus of this book, examines the materials
composing Earth and seeks to understand the many
processes that operate beneath and upon its surface
(Figure 1.1). The aim of historical geology, on the other

Internal processes are those that occur beneath Earth's surface.
Sometimes they lead to the-formation of major features at the
surface, such as Italy’s Mt. Etna.




geology are divided into many areas
of specialization. Every chapter of
this book represents one or more
areas of specialization in geology.
Geology is perceived as a sci-
ence that is done outdoors—and
rightly so. A great deal of geology
is based on observations, measure-
ments, and experiments conducted
in the field. But geologists also
work in the laboratory, where, for
example, their analysis of miner-
als and rocks provides insights
into many basic processes and the
microscopic study of
fossils unlocks clues to
past environments (Fig-
ure 1.2). Geologists must
also understand and
apply knowledge and
principles from physics,
chemistry, and biology.
Geology is a science
that seeks to expand our
knowledge of the natu-
ral world and our place
in it.

Geology,
People, and the B.
Environment

The primary focus of this book is to develop your
understanding of basic geologic principles, but along

1.1 Geology: The Science of Earth

the way, we explore numerous important
relationships between people and the natu-
ral environment. Many of the problems and
issues that geologists address are of practical
value.

Natural hazards are a part of living on
Earth. Every day they adversely affect mil-
lions of people worldwide and are responsible
for staggering damages. Among the hazard-
ous Earth processes that geologists study are
volcanoes, floods, tsunamis, earthquakes, and
landslides. Of course, geologic hazards are natural pro-
cesses. They become hazards only when people try to live
where these processes occur (Figure 1.3).

Figure 1.2

In the field and in the lab
Geology involves not only
outdoor fieldwork but work in
the laboratory as well. A. This
research team is gathering
data at Mount Nyiragongo,
an active volcano in the
Democratic Republic of the
Congo. (Carsten Peter/National
Geographic Image Collection/Alamy)
B. This researcher is using a
petrographic microscope to
study the mineral composition
of rock samples. (Photo by Jon
Wilson/Science Source)

e - . Jh Figure 1.3

SR ..-F:ﬁ ":"-_"4 ! r_,,: Tsunami destruction Un-

dersea earthquakes
sometimes create large,
fast-moving ocean waves
that can cause significant
death and destruction in
coastal areas. This tsunami
struck densely populated
Fukushima, Japan, in 2011,
. causing major damage to a

¢ nuclear power plant. Geo-

logic hazards are natural
processes. They become
hazards only when people
try to live where these

processes occur. (Photo by
Mainichi Newspaper/Aflo
/Newscom)



