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Preface

arth 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. It 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 them.

This eleventh edition of Earth: An Introduction to Physical Geol-
ogy, 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 of students for a readable and user-friendly
text, a book that is a highly usable tool for learning the basic principles
and concepts of geology.

New to the Eleventh Edition
New Active Learning Path

Earth, eleventh edition, is designed for learning. Every chapter begins
with Focus on Concepts. Each numbered learning objective corre-
sponds to a major section in the chapter. The statements identify the
knowledge and skills students should master by the end of the chap-
ter, helping students prioritize key concepts. Within the chapter, each
major section concludes with Concept Checks that allow students to
check their understanding and comprehension of important ideas and
terms before moving on to the next section. Chapters conclude with a
new section called Give It Some Thought. The questions and problems
in this section challenge learners by involving them in activities that re-
quire higher-order thinking skills that include application, analysis, and
synthesis of material in the chapter.

Concepts in Review

This all-new end-of-chapter feature is an important part of the book’s
active learning path. Each review is coordinated with the Focus on
Concepts at the beginning of the chapter and with the numbered
sections within the chapter. It is a concise, readable, visual overview of
key ideas that makes it a valuable tool for student review.

Eye on Earth

Within every chapter are two to five images, often aerial or satellite
views, that challenge students to apply their understanding of basic
facts and principles. A brief explanation of each image is followed by
questions that serve to focus students on visual analysis and critical

thinking.

XVi

An Unparalleled Visual Program

In addition to more than 200 new high-quality photos and satellite
images, dozens of figures are new or have been redrawn by renowned
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
illustrated and guide students as they examine the figures. The result is
a visual program that is clear and easy to understand.

SmartFigures—Art That Teaches

Inside every chapter are 6 or 7 SmartFigures. Earth, eleventh edition,
has about 150 of them altogether. 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 3- to 4-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 available via www.masteringgeology.com and the
eText.

GEOgraphics

As you turn the pages of each chapter, you will encounter striking visual
features that we call GEOgraphics. They are engaging magazine-style
“geo-essays” exploring topics that not only promote greater understand-
ing but also add interest to the story each chapter is telling.

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. Assignable activities in MasteringGeology include
Encounter Earth activities using Google Earth™, Geoscience Anima-
tion activities, SmartFigure activities, GEODe activities, and more.
MasteringGeology also includes all instructor resources and a robust
Study Area with resources for students.

Significant Updating and Revision
of Content

A basic function of a college science textbook is to provide clear, under-
standable presentations that are accurate, engaging, and up-to-date. Our
number-one goal is to keep Earth current, relevant, and highly readable
for beginning students. With this goal in mind, every part of the book
was examined carefully. Many discussions, case studies, and examples
have been revised. The eleventh edition represents perhaps the most
extensive and thorough revision in the long history of this textbook.



Distinguishing Features
Readability

The language of this book is straightforward and written to be
understood. Clear, readable discussions with a minimum of technical
language are the rule. The frequent headings and subheadings help
students follow discussions and identify the important ideas presented
in each chapter. In the eleventh edition, we have continued to improve
readability by examining chapter organization and flow and by writing
in a more personal style. Significant portions of several chapters were
substantially rewritten in an effort to make the material easier

to understand.

Focus on Basic Principles and
Instructor Flexibility

Although many topical issues are treated in the eleventh edition of
Earth, it should be emphasized that the main focus of this new edition
remains the same as the focus of each of its predecessors—to promote
student understanding of the basic principles of geology. As much as
possible, we have attempted to provide the reader with a sense of the
observational techniques and reasoning processes that constitute the

discipline of geology.

A Strong Visual Component

Geology is highly visual, and art and photographs play a critical role
in an introductory textbook. As in all previous editions, Dennis Tasa,
a gifted artist and respected geoscience illustrator, has worked closely
with the authors to plan and produce the diagrams, maps, graphs, and
sketches that are so basic to student understanding. The result is art
that is clearer and easier to understand than ever before.

Our aim is to get maximum effectiveness from the visual
component of the book. Michael Collier, an award-winning geologist-
photographer aided greatly in this quest. As you page through this
book, you will see dozens of his extraordinary aerial photographs. His
contribution truly helps bring geology alive for the reader.

The Teaching and Learning
Package

MasteringGeology™ with Pearson eText

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 materi-
als to get instructors started quickly, including pre-built assign-
ments that instructors can use as is or customize to fit their needs.

Preface Xvii

* MasteringGeology provides quick and easy access to information
on student performance against learning outcomes. Instructors can
quickly add their own learning outcomes, or use publisher-provided
ones, to track student performance.

e The MasteringGeology gradebook and diagnostic tools capture the
step-by-step work of every student, providing unique insight into
class performance.

* Assignable items in MasteringGeology include:

e 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 Quick
Response (QR) codes printed in the text and through the Study
Area in MasteringGeology.

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

e Encounter Earth Activities, which provide interactive explora-
tions of geology concepts using Google Earth™. Students work
through the activities in Google Earth and then test their knowl-
edge by answering the assessment questions, which
include hints and specific wrong-answer feedback.

e Animation Activities, which illuminate the most difficult-to-
understand topics in geology. The animation activities include
audio narration, a text transcript, and assignable multiple-choice
questions with specific wrong-answer feedback.

* GeoTutor Activities, which consist of sophisticated, high im-
pact visuals that ask students to demonstrate their knowledge
by synthesizing and analyzing core concepts using higher-order
thinking skills.

* Concept Check questions, Give It Some Thought questions,
Reading questions, and Test Bank questions.

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

See www.m asteringgeology. com.

Instructor’s Resource Center

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

Instructor Resource Center (IRC) on DVD The IRC puts all your
lecture resources in one easy-to-reach place:

* All of the line art, tables, and photos from the text in .jpg files
More than 100 animations of key geologic processes

Images of Earth photo gallery

e PowerPoint™ presentations

Instructor Manual in Microsoft Word™
Test Bank File in Microsoft Word
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e TestGen® test—generation and management software

e Electronic transparency acetates

Animations The Geoscience Animation Library, fifth edition, in-
cludes animations that illuminate many difficult-to-visualize topics of
physical geology. Created through a unique collaboration among five of
Pearson’s leading geoscience authors, these animations represent a
significant leap forward in lecture presentation aids. They are provided
both as Flash files and, for your convenience, preloaded into
PowerPoint slides.

PowerPoint Presentations The IRC provides three PowerPoint
files for each chapter. They help you cut down on your preparation
time, no matter what your lecture needs:

e Exclusively Art—All the photos, art, and tables from the text, in
order, loaded into PowerPoint slides.

e Lecture Outline—This set averages 50 slides per chapter and in-
cludes customizable lecture outlines with supporting art.

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

Transparency Acetates Provided electronically, every table and
most of Dennis Tasa’s illustrations in Earth, eleventh edition, are
available to be printed out as full-color, projection-enhanced
transparencies.

Instructor Manual

The Instructor 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, 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 the
test in a variety of customized formats. This Test Bank includes more
than 2,000 multiple-choice, true/false, short-answer, matching, visually
based, and essay questions. Questions are correlated to Bloom’s Tax-
onomy, each chapter’s learning objectives, the Earth Science Learning
Objectives, and the Pearson Science Global Outcomes to help instruc-
tors better map the assessments against both broad and specific teach-
ing and learning objectives. The Test Bank is also available in Microsoft
Word and is importable into Blackboard.

See www.pearsonhighered.com/irc.

Blackboard  Already have your own website set up? We will provide
the Test Bank in Blackboard or formats for importation. Additional
course resources are available on the IRC and are available for use,
with permission.
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New learning path helps students master the concepts

The new edition is designed to support a new four-part learning path, an innovative structure which facilitates active learning and
easily allows students to focus on important ideas as they pause to assess their progress at frequent intervals.

The chapter-opening Focus on Concepts lists the learning objectives for each chapter.
Each section of the chapter is tied to a specific learning objective, providing students
with a clear learning path to the chapter content.

F( ON CONCEPTS

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:
Explain why some volcanic eruptions are explosive and others are quiescent.
List and describe the three categories of materials extruded during volcanic eruptions.
Label a diagram that illustrates the basic features of a typical volcanic cone.
Summarize the characteristics of shield volcanoes and provide one exampie.
0 C a n 0 e S Describe the formation, size, and composition of cinder cones.
Discuss the formation, distribution, and characteristics of composite volcanoes.
B Discuss the major geologic hazards associated with volcanoes.
E List and describe volcanic landforms other than shield, cinder, and composite volcanoes.
a n 0 C a n I C 5.9 Relate the types and distribution of volcanic activity to plate tectonics.
5.10 List and describe the techniques used to monitor potentially dangerous volcanoes.
n Sunday, May 18, 1980, the most destructive volcanic eruption
to occur in North America in recorded history transformed Mount
5.1 The Nature of Volcanic Eruptions 155 St. Helens, once a picturesque volcano, into a decapitated
5.2 Materials Extruded During an Eruption 160 remnant. The blast blew out the entire north flank of the volcano. Almost instantaneously, a 400-square-
kilometer area was devastated, and ash was propelled 18,000 meters into the stratosphere.

5.3 Anatomy of a Volcano Not all volcanic eruptions are as violent as the 1980 Mount St. Helens event. Some volcanoes,

164
166 such as Hawaii's Kilauea volcano, typically generate relatively quiet outpourings of fluid lavas. These

5.4 Shield Volcanoes

quiescent eruptions are not without some fiery displays; occasionally fountains of incandescent lava

h began in 1983,

Cin es spray hundreds of meters into the air. During Kilavea's most re

meare than 180 homes and a national park visitor center have been destroyed.

5.6 Composite Volcanoes 172

5.7 Volcanic Hazards

173
178

Why do some volcanoes, like Mount St. Helens, erupt explosively, whereas
others, like Kilavea, are relatively quiescent? Why do volcances ocour in
chains like those that compose the Aleutian Islands and the Cascade
Range in the Pacific Northwest? Why do seme volcances form in
the deep ocean basins, while others occur along margins of the
continents? This chapter will deal with these and other

Other Volcanic Landforms

Plate Tectonics and Volcanic Activity

) Monitoring Volcanic Activit,
nitoring i ity questions, as we explore the nature and mavement

of magma and lava.

A recent eruption of aly's Mount Etna.
Stochared Images/SuperSiack)

Each chapter section concludes with
Concept Checks, a feature that lists
questions tied to the section’s learning
objective, allowing students to monitor

their grasp of significant facts and ideas. 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:

5.4 CONCEPT CHECKS : ) ) . .
Explain why some volcanic eruptions are explosive and others are quiescent.

1. Describe the composition and viscosity of the lava
associated with shield volcanoes.

List and describe the three categories of materials extruded during volcanic eruptions.

2. Are pyroclastic materials a significant component of Label a diagram that illustrates the basic features of a typical volcanic cone.
shield volcanoes? L T P Y PP RIT TP LI @ Summarize the characteristics of shield volcanoes and provide one example.

3. Where do most shield volcanoes form—on the ocean D fom it ti . d i ¢ ofing
floor or on the continents? escribe the formation, size, and composition of cinder cones.

4. Relate lava tubes to the extent of lava flows associated Discuss the formation, distribution, and characteristics of composite volcanoes.
with shield volcanoes. Discuss the major geologic hazards associated with volcanoes.

5. Where are the best-known shield volcanoes in the United

States? Name some examples in other parts of the world. List and describe volcanic landforms other than shield, cinder, and composite volcanoes.

Relate the types and distribution of volcanic activity to plate tectonics.
List and describe the techniques used to monitor potentially dangerous volcanoes.



Concepts in Review, a fresh approach to the typical end-of-chapter material, provides students with a structured and highly visual review of the chapter.

Key

Words

weeseessccsssccsccssssssssss

Section  Learning
Title Objective
192 E CHAPTER s Volcanoes and Volcanic Hazards

Synthesis, Analysis,
and Application

cecscecces

VOLCANOES AND VOLCANIC HAZARDS

5.18The Natufre of Volcanic Eruptions

Explain why e volcanic eruptions are explosive and others are
quiescent.

LXXRY ’ KEY WORDS viscosity, volatiles, eruption columns

* Volcanoes are places where liquid rock (lava) emerges at Earth’s surface.

* Lava has some degree of viscosity (resistance to flow). In general,
the more silica in the lava, the more viscous it is. The lower the silica
content, the runnier the lava. Another factor that influences viscosity
is temperature. Hot lavas are more runny, while cool lavas are more
viscous.

@:-cccececseccccesenans

* Viscous lavas clog the plumbing of a volcano, allowing great pressures to
build up. High-silica, low-temperature lavas are most viscous and allow
the greatest amount of pressure to build up before they “let go” in an
eruption. In contrast, lavas that are low in silica and hot are most runny.
Because basaltic lava is less viscous, much less pressure can build up,
and it produces relatively gentle eruptions. Thus, volcanoes that erupt
felsic lava (rhyolite) and intermediate lava (andesite) are more dangerous
than those that erupt only mafic lava (basalt).

Although Kilauea mostly erupts in a gen-

PONDER THE POSSIBILITIES tle manner, what would be the risks if

you chose to live nearby?

Consistent with the Focus
on Concepts and Concept
Checks, the Concepts in
Review is structured around
the section title, and the
corresponding learning
objective for each section.

5.2 Materials Extruded During A Volcanic
Eruption

List and describe the three categories of materials extruded during
volcanic eruptions.

KEY WORDS aa, pahoehoe, lava tube, block lava, pillow lava, pyroclas-
tic materials, tephra

Volcanoes bring gases and solid chunks to the surface, as well as liquid
lava.

Because of their low viscosity, basaltic lava flows can extend great
distances from a volcano. Sometimes they travel over the surface

as pahoehoe or aa flows. Sometimes the surface congeals but lava
continues to flow below, in tunnels called lava tubes. When lava erupts
in water, the outer surface is chilled instantly to obsidian, while the
inside continues to flow, producing tube-shaped structures called
pillow lavas.

The gases most commonly emitted by volcanoes are water vapor

and carbon dioxide. When these gases reach the surface, their rapid
expansion results in explosive power that helps a volcano to “clear

its throat” and produces a mass of lava fragments called pyroclastic

materials. These hot gases have low densities, so they rise, picking up
ash and lapilli to produce spectacular eruption columns.

If bubbles of gas in the lava don’t pop before solidification, they are
preserved as voids called vesicles. Especially frothy rhyolitic lava can
cool to make pumice, which often floats in water. Mafic lava, with lots of
bubbles, cools to make scoria.

Pyroclastic materials come in several sizes. From smallest to largest,
they are ash, lapilli, and blocks or bombs, depending on whether the
material left the volcano as solid fragments or as liquid blobs.

Volcanoes erupt solids,
liquids, and gases. Mineral
crystals that formed during

slower cooling underground
are carried upward as solid
particles, the liquid lava
itself crystallizes rapidly
into a fine-grained ground-
mass, and vesicles
represent the release of
gases that were dissolved
in the lava before eruption.

5.3 Anatomy of A Volcano

Label a diagram that illustrates the basic features of a
typical volcanic cone.

KEY WORDS fissure, conduit, vent, volcanic cone, crater,
parasitic cone, fumarole

* Volcanoes are varied in form but share a few common
features. Most are roughly conical piles of extruded
material that collect around a central vent. The vent is
usually within a summit crater or caldera. On the flanks
of the volcano, there may be smaller vents marked by
small parasitic cones, or there may be fumaroles, spots
where gas is expelled.

Label the diagram: conduit, vent, crater, parasitic

TAG IT cone, fumarole

a. Crater Lake

b. Hawaii’s Kilauea
1 c. Mount St. Helens g D
d. East African Rift

N

a.
b. What is the eruptive sty
composition and viscosity of its magma.

e

volcano?

=5

3. Divergent boundaries, such as the Mid-Atlantic Ridge, are character-
ized by outpourings of basaltic lava. Answer the following questions
about divergent boundaries and their associated lavas:

a. What is the source of these lavas?
b. What causes the source rocks to melt?

c. Describe a divergent boundary that would generate lavas with a

large range of compositions.

4. For each of the accompanying four sketches, identify the geologic
setting (zone of volcanism). Which of these settings will most likely
generate explosive eruptions? Which will produce outpouring of

fluid basaltic lavas?

SOME THOUGHT

1. Match each of the following volcanic landforms with the principle
zone of volcanism (convergent plate boundaries, divergent plate
boundaries, or intraplate volcanism) with which it is associated:

e. Yellowstone
f. Mount Pelée

n Plateau

h. Fujiyama
. Examine the accompanying photo and complete the following:

. What type of volcano is it? What features helped you classify it as such?
le of such volcanoes? Describe the likely

. Which of the three zones of volcanism is the likely setting for this

. Name a city that is vulnerable to the effects of a volcano of this type.

5.

o

~

Give It Some Thought (GIST) is found at the
end of each chapter, and consists of questions
and problems asking 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™.

Assume that you want to monitor a volcano that has erupted several
times in the recent past but appears to be quiet now. How might you
determine if magma were actually moving through the crust beneath
the volcano? Suggest at least two phenomena you would observe or
measure.

. Examine the accompanying photo and identify the volcanic landform

shown.

. Imagine that you are a geologist charged with the task of choosing three

sites (anywhere in the world) where state-of-the-art volcano-monitoring
systems will be deployed. What criteria would you use to select these
sites? List some potential choices and your reasons for considering them.

. Explain why an eruption of Mount Rainier, similar to the one that

occurred at Mount St. Helens in 1980, would be considerably more
destructive.

. The accompanying image shows a geologist at the end of a large flow

consisting of dense lava blocks that traveled down the flank of Mount

Augustine.

a. What is this type of flow called?

b. What do volcanologists call the structure composed of broken
lava blocks (emitting steam) visible near the summit of this
volcano?




Dynamic visual program integrates text and technology

Carefully selected art and photos aid understanding, add realism, and heighten student interest.

NEW! 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 Quick Response (QR) codes
printed in the text and through the Study Area in MasteringGeology. See the
Preface for more detailed information on SmartFigures.

Bom bs,.._

Crater— il _ Parasitic - . _ _ _
cone / YIOCHASIE Callan Bentley, SmartFigure author, is an assistant professor of geology at Northern

Ll 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
R <~ 4 articles, and book reviews to EARTH Magazine, and is a leader in the two-year college
- geoscience community.

@8 5VIARTFIGURE 5.9 [=] a5 [w]
Anatomy of a volcano ? 5
Compare the structure of a “typical” composite cone to that of a shield E

volcano (Figure 5.10) and a cinder cone (Figure 5.11).

Mesa Falls Tuff

Geologist’s Sketches encourage
students to see the world through
the eyes of a professional geologist.
This unique feature consists of

a particular photograph shown
alongside a sketched version of the = Tee——
same image. uses Sl

o e e
e ~ -
,pyroc/asﬂcffw composed
welded ash and pumlce ﬁv
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o O e As you turn the pages of this book, you will see dozens of

extraordinary photographs by Michael Collier. Most are aerial shots
taken from his nearly 60-year-old Cessna 180. Michael is an award-
winning geologist, author, and photographer. Michael’s photographs
are the next best thing to being there. We were fortunate to have
had Michael’s assistance on Earth, eleventh edition.

Geologist’s Sketch
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NEW! GEOgraphics use
contemporary, compelling
visual representations to u

illustrate complex concepts, E ru ptl 0 n Of
enhancing students’ ability

to synthesize and recall
information.

Mount Vesuvius, Ap 79

One well-documented volcanic eruption of historic proportions was the Ap 79 eruption of the Italian volcano we now call Mount
Vesuvius. For centuries prior to this eruption, Vesuvius had been relatively quiescent and its slopes were adorned with vineyards.
However, the tranquility abruptly ended, and in less than 24 hours the entire city of Pompeii and a few thousand of its residents
were entombed beneath a layer of volcanic ash and pumice that fell like rain.

Mount-Vesuvius-has-had-more-than-two-dozen-explosive
ITALY eruptions since Ap 79, the most recent occurring in 1944.
CAMPANIA Today, roughly 3 million people inhabit the area around
Mount Vesuvius,.making it potentially one of the most

dangerous volcanoes in the world.
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fall caused the ash to consider how volcanic crises might be managed in the
nains decomposed future.
nineteenth-century
]| d| U] by pouring plaster
his is a close-up view of a massive granite feature
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in the Sierra Nevada of California. (Photo by Marli
Miller)
Question 1 Relatively thin slabs of granite are
separating from this rock mass. Describe the
process that caused this to occur.

Question 2 What term is applied to this process?
What term describes the dome-like feature that
results?
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An Introduction
to Geology

1.1 Geology: The Science of Earth

1.2 The Development of Geology

1.3 The Nature of Scientific Inquiry

1.4 Earth’s Spheres

1.5 Earth as a System

1.6 Early Evolution of Earth

1.7 Earth’s Internal Structure

1.8 Rocks and the Rock Cycle

1.9 The Face of Earth

Rafting the Colorado River in Arizona’s Marble Canyon.
(Photo by Michael Collier)




Bryce Canyon in southern
Utah. Rocks contain
information about the
processes that produce
them. (Photo by Michael Collier)

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

1.2

1.3

1.4
1.5
1.6
1.7
1.8
1.9

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

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

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

List and describe Earth’s four major spheres.

Define system and explain why Earth is considered to be a system.
Outline the stages in the formation of our solar system.

Describe Earth’s internal structure.

Sketch, label, and explain the rock cycle.

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

he spectacular 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 the geologist. The study of geology deals with many fascinating and practical questions about
our physical environment. What forces produce mountains? Will there soon be a major earthquake
in California? What was the Ice Age like, and will there be another? How were ore deposits formed?
Where should we look for water? Will plentiful oil be found if a well is drilled in a particular loca-

tion? Geologists seek to answer these and many other
questions about Earth, its history, and its
resources.



1.1 Geology: The Science of Earth

- Geology: The Science of Earth

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 into the foreseeable future. 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 submicroscopic, and at

other times they must deal with features that
are continental or global in scale.

Physical and Historical Geology

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 hand, is to understand the origin of Earth and its
development 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 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 science that is done
outdoors—and rightly so. A great deal of geology is
based on observations, measurements, and experiments
conducted in the field. But geology is also done in the
laboratory where, for example, the analysis of minerals
and rocks provides insights into many basic processes
and the microscopic study of fossils unlocks clues to
past environments (FIGURE 1.2). Frequently, geology re-
quires an understanding and application of knowledge
and principles from physics, chemistry, and biology.
Geology is a science that seeks to expand our knowl-
edge of the natural world and our place in it.

Geology, People, and the
Environment

The primary focus of this book is to develop an under-
standing of basic geologic principles, but along the way we
will explore numerous important relationships between

Internal processes are those that occur beneath Earth's surface.
Sometimes they lead to the formation of major features at the surface.

FIGURE 1.1 Internal and external processes
The processes that operate beneath and upon Earth’s surface are an important focus of
physical geology. (Volcano photo by Lucas Jackson/Reuters; glacier photo by Michael Collier)



w r I Complicating all environmental issues is rapid world popula-
tion growth and everyone's aspiration to a better standard of

living. There is a ballooning demand for resources and a
P a ss e s 7 B I LLI 0 N growing pressure for people to live in environments having
significant geologic hazards.
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people and the natural environ-
ment. Many of the problems and
issues addressed by geology are of
), S practical value to people.
} Natural hazards are a part
of living on Earth. Every day
they adversely affect millions
of people worldwide and are
responsible for staggering
damages (FIGURE 1.3). Among
the hazardous Earth pro-
cesses that geologists study are
volcanoes, floods, tsunamis,
earthquakes, and landslides.
Of course, geologic hazards
are natural processes. They
become hazards only when
people try to live where these
processes occur.

According to the United
Nations, in 2008, for the first
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It took until about the year 1800 for world population to reach
1 billion people. By 1927, the number doubled to 2 billion.
According to U.N. estimates, world population reached 7
billion in late October 2011. We are currently adding 80

million people per year to the planet.

time, more people lived in cit-
ies than in rural areas. This
global trend toward urbaniza-
tion concentrates millions of
people into megacities, many
of which are vulnerable to
natural hazards. Coastal sites
are becoming more vulnerable
because development often
destroys natural defenses such
as wetlands and sand dunes.
In addition, there is a growing
threat associated with human
influences on the Earth sys-
tem; one example is sea-level
rise that is linked to global
climate change. Some mega-
cities are exposed to seismic
(earthquake) and volcanic
hazards where inappropriate
land use and poor construction

A massive earthquake in March 2011,
created a tsunami that devastated
a portion of coastal Japan.
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FIGURE 1.3 Earthquake
destruction

Geologic hazards are natu-
ral processes. They only
become hazards when
people try to live where
these processes occur.
(Photo by Yasuyoshi Chiba/AFP/
Getty Images/Newscom)
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FIGURE 1.4 Copper mine
Resources represent an important link between people and geology. (Photo by Michael Collier)

practices, coupled with rapid population growth, are
increasing vulnerability.

Resources represent another important focus of
geology that is of great practical value to people. They
include water and soil, a great variety of metallic and
nonmetallic minerals, and energy (FIGURE 1.4). Together
they form the very foundation of modern civilization.
Geology deals not only with the formation and occur-
rence of these vital resources but also with maintaining
supplies and with the environmental impact of their
extraction and use.

Geologic processes clearly have an impact on people.
In addition, we humans can dramatically influence geo-
logic processes. For example, river flooding is natural,
but the magnitude and frequency of flooding can be
changed significantly by human activities such as clearing
forests, building cities, and constructing dams. Unfortu-
nately, natural systems do not always adjust to artificial
changes in ways that we can anticipate. Thus, an altera-
tion to the environment that was intended to benefit soci-
ety often has the opposite effect.

At appropriate places throughout this book, you will
have an opportunity to examine different aspects of our
relationship with the physical environment. It will be
rare to find a chapter that does not address some aspect
of natural hazards, environmental issues, or resources.
Significant parts of some chapters provide the basic geo-
logic knowledge and principles needed to understand
environmental problems.

CONCEPT CHECKS

1. Name and distinguish between the two broad
subdivisions of geology.

2. List at least three different geologic hazards.

3. Aside from geologic hazards, describe another
important connection between people and

geology.




1.2 The Development of Geology

- The Development of Geology

The nature of our Earth—its materials and processes—has been a focus of study for centuries.
Writings about such topics as fossils, gems, earthquakes, and volcanoes date back to the early

Greeks, more than 2300 years ago.

Certainly the most influential Greek philosopher
was Aristotle. Unfortunately, Aristotle’s explanations
about the natural world were not based on keen obser-
vations and experiments. Instead, they were arbitrary
pronouncements. He believed that rocks were created
under the “influence” of the stars and that earthquakes
occurred when air crowded into the ground, was heated
by central fires, and escaped explosively. When con-
fronted with a fossil fish, he explained that “a great many
fishes live in the earth motionless and are found when
excavations are made.” Although Aristotle’s explanations
may have been adequate for his day, they unfortunately
continued to be viewed as authoritative for many centu-
ries, thus inhibiting the acceptance of more up-to-date
ideas. After the Renaissance of the 1500s, however,
more people became interested in finding answers to
questions about Earth.

Catastrophism

In the mid-1600s, James Ussher, Anglican Archbishop

of Armagh, Primate of all Ireland, published a major
work that had immediate and profound influences. A
respected scholar of the Bible, Ussher constructed a
chronology of human and Earth history in which he
calculated that Earth was only a few thousand years old,
having been created in 4004 B.c. Ussher’s treatise earned
widespread acceptance among Europe’s scientific and
religious leaders, and his chronology was soon printed in
the margins of the Bible itself.

During the seventeenth and eighteenth centuries,
Western thought about Earth’s features and processes
was strongly influenced by Ussher’s calculation. The
result was a guiding doctrine called catastrophism.
Catastrophists believed that Earth’s landscapes were
shaped primarily by great catastrophes. Features such
as mountains and canyons, which today we know take
great spans of time to form, were explained as having
been produced by sudden and often worldwide disas-
ters produced by unknowable causes that no longer
operate. This philosophy was an attempt to fit the rates
of Earth processes to the then-current ideas on the age
of Earth.

The Birth of Modern Geology

Against the backdrop of Aristotle’s views and an Earth
created in 4004 B.C., a Scottish physician and gentle-
man farmer named James Hutton published Theory

of the Earth in 1795. In this work, Hutton put forth

a fundamental principle that is a pillar of geology
today: uniformitarianism. It states that the physical,
chemical, and biological laws that operate today have
also operated in the geologic past. This means that
the forces and processes that we observe presently
shaping our planet have been at work for a very long
time. Thus, to understand ancient rocks, we must first
understand present-day processes and their results.
This idea is commonly stated as the present is the key
to the past.

Prior to Hutton’s Theory of the Earth, no one had
effectively demonstrated that geologic processes occur
over extremely long periods of time. However, Hutton
persuasively argued that forces that appear small can,
over long spans of time, produce effects that are just as
great as those resulting from sudden catastrophic events.
Unlike his predecessors, Hutton carefully cited verifiable
observations to support his ideas.

For example, when Hutton argued that mountains
are sculpted and ultimately destroyed by weathering and
the work of running water and that their wastes are car-
ried to the oceans by processes that can be observed,
Hutton said, “We have a chain of facts which clearly
demonstrate . . . that the materials of the wasted moun-
tains have traveled through the rivers”; and further,
“There is not one step in all this progress . . . that is not
to be actually perceived.” He then went on to summarize
this thought by asking a question and immediately pro-
viding the answer: “What more can we require? Nothing
but time.”

Geology Today

Today the basic tenets of uniformitarianism are just as
viable as in Hutton’s day. Indeed, today we realize more
strongly than ever before that the present gives us insight
into the past and that the physical, chemical, and biologi-
cal laws that govern geologic processes remain unchanging
through time. However, we also understand that the doc-
trine should not be taken too literally. To say that geologic
processes in the past were the same as those occurring
today is not to suggest that they always had the same rela-
tive importance or that they operated at precisely the
same rate. Moreover, some important geologic processes
are not currently observable, but evidence that they occur
is well established. For example, we know that Earth has
experienced impacts from large meteorites even though





