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Bring Field Experience to

Students’ Fingertips...

How to download a QR Code Reader

Using a smartphone, students are encouraged to download
a QR Code reader app from Google Play or the Apple App
Store. Many are available for free. Once downloaded,
students open the app and point the camera to a QR

Code. Once scanned, they're prompted to open the url to
immediately be connected to the digital world and deepen
their learning experience with the printed text.
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Shiprock, New Mexico, is a volcanic neck that https://goo.gl/TjW5uh
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...with SmartFigures

On each trip, students will accompany geologist-
pilot-photographer Michael Collier in the air

and on the ground to visit and learn about iconic
landscapes that relate to discussions in the chapter.
These extraordinary field trips are accessed by using
QR codes throughout the text. New Mobile Field
Trips for the 15th edition include Formation of a
Water Gap, Ice Sculpts Yosemite, Fire and Ice Land,
Dendrochronology, and Desert Geomorphology.

HALLMARK!

These brief tutorial videos present the
student with a 3- to 4-minute feature (mini-
lesson), most narrated and annotated by
Professor Callan Bentley. Each lesson exam-
ines and explains the concepts illustrated by
the figure. With over 150 SmartFigure
Tutorials inside the text, students have a
multitude of ways to enjoy art that teaches.

Brief animations created by text illustrator Dennis

Tasa animate a process or concept depicted in the
textbook’s figures. With QR codes, students are given a
view of moving figures rather than static art to depict
how geologic processes move throughout time.




Clear Learning Path in Each Chapter

Each chapter in this 15th edition begins with Focus on Concepts: a set of learning objectives that correspond to the
chapter’s major sections. By identifying key knowledge and skills, these objectives help students prioritize the material.
Each major section concludes with Concept Checks so that students can check their learning. Three end-of-chapter
features continue the learning path. Concepts in Review are coordinated with the Focus on Concepts at the beginning
of the chapter and with the numbered sections within the chapter, providing a readable and concise overview of key
ideas, with photos, diagrams, and questions. The questions and problems in Give It Some Thought and Examining the
Earth System challenge learners by requiring higher order thinking skills to analyze, synthesize, and apply the material.

1)

3) Concepts in Review

CONCEPTS IN REVIEW "\

Volcanoes and Other Igneous Activity

6.1 Mount St. Helens Versus Kilauea
Compare and contrast the 1980 eruption of Mount St. Helens with the most recent eruption of Kilauea, which began in 1983.
© Volcanic eruptions cover a broad spectrum from explosive eruptions, like that of Mount St. Helens in 1980, to the quiescent eruptions of Kilauea

Focus on Concepts o .y
Volcanoes and

2)

Other Igneous Concept

Activity Checks

FOCUS ON CONCEPTS

CONCEPT CHECKS 6.8

1. Describe pyroclastic flows and explain why they
are capable of traveling great distances.

2. What is a lahar?

3. List at least three volcanic hazards besides
pyroclastic flows and lahars.

EXAMINING THE EARTH SYSTEM Y\

1 Speculate about some of the possible consequences that a great and prolonged increase in explosive volcanic activity might have on each of Earth’s
four spheres.

6.2 The Nature of Volcanic Eruptions
Explain why some volcanic eruptions are explosive and others are quiescent.
KEY TERMS: magma, lava, effusive eruption, viscosity, eruption column

 The two primary factors determining the nature of a volcanic eruption are the

is.

 Basaltic magmas, which are fluid and have low gas content, tend to generate effusive s
(nonexplosive) eruptions. In contrast, silica-rich magmas (andesitic and rhyolitic),
which are the most viscous and contain the greatest quantity of gases, are the most
explosive.

2 Although Kilauea mostly erupts in a gentle manner, what risks might you
encounter if you chose to live nearby?

- - —_——————

4) Give It Some Thought Examining
the Earth System

Jon A Helgason/Yay Micro/AGE Fotostock

N N N
GIVE IT SOME THOUGHT "\l

1 Examine the accompanying photo and complete the following:

a. What type of volcano is shown? What features helped you classify
it as such?

b. What is the eruptive style of such volcanoes? Describe the likely
composition and viscosity of its magma.

c. Which type of plate boundary is the likely setting for this
volcano?

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

—— —



Exposing Students to Source Data
and the Tools of Science

NEW! Each chapter of the 15th edition

Recent Volcanic Activity

The Smithsonian Institution Global Volcanism Program and the USGS 7 Do some investigating online and in your textbook. What are the key
work together to compile a list of new and changing volcanic activity world- characteristics for this type of volcano?
wide. NOAA also uses this information to issue Volcanic Ash Advisories to 8

Briefly describe the most recent activity. How was this activi
alert aircraft of volcanic ash in the air. Y &4 b

observed?
9 What are the dates for the most recent activity?

Go to the Weekly Volcanic Activity Report page at http:/Aolcano.si.edu. 10 Click on Eruptive History. What is the earliest date listed for this volcano?

11 Find this volcano on the map on the previous page. Is this volcano
near a plate boundary? If so, between which plates? (Use your
textbook to determine the location of plate boundaries.)

Go to the Volcanic Ash Advisory Center (VAAC) page at

www.ssd.noaa.gov/VAAC/washington.html.

12 List the VAAC locations.

13 Click on Current Volcanic Ash Advisories. When was the most recent
Volcanic Ash Advisory issued? What is the location of this advisory?

1 What information is displayed on this page?

2 Click on Criteria and Disclaimers. Which volcanoes are not displayed
on this map?

3 In what areas is most of the volcanic activity concentrated?

4 Click on Weekly Report. List the new volcanic activity locations. List
three ongoing volcanic activity locations.
Click on the name of a volcano under New Activity/Unrest.

5 Where is this volcano located? Be sure to include the city, country,

' ; ¢ ; 14 Which of the new volcanic activity locations from question 4 currently
volcanic region name, latitude, and longitude.

have Volcanic Ash Advisories? For each, what is the date of the most

6 What is the primary volcanic type? recent advisory?

The Aral Sea

The Aral Sea was once the fourth-largest lake in the world. This lake has
now decreased in size by more than 80%, and the southern Aral Sea has
disappeared altogether. This has had devastating effects of the communities
around the lake.

4 What is the east-west distance between the easternmost edge of
the Aral Sea in 1960 and the edge of the southern Aral Sea in 2000?
1960 and 2005? 1960 and 20107 1960 and 2015?

5 What is the distance change between 2000 and 2005? 2005 and 20107
2005 and 2015?

Go to NASAs Earth Observatory site at http://earthobservatory nasa.gov, 6 What is the average rate of distance change since 2000? (Remember that

select World of Change under Special Collections and scroll to select
Shrinking Aral Sea. As you step forward in time, you will see the aerial
extent of the Aral Sea.

1 When did the Aral Sea begin to shrink? Why did the Aral Sea begin
to shrink?

2 How has the shrinking lake affected the quality of the water and
farmland in the area?

3 How has the lake’s reduction affected summer and winter
temperatures?

Step forward in time to see changes in the Aral Sea. The green region is
the lake, and the white region around the lake is salt deposits. You may also
click on Google Earth to step through time and use the measuring tool to
answer some of these questions.

rate of change is the distance change divided by the number of years.)

7 Why was there a significant decline in the overall size of the southern
Aral Sea after 20057

Go to “Shrinking Aral Sea” on NASA’s Earth Observatory site
(https://earthobservatory.nasa.gov/Features/WorldOfChange/aral_sea.php).

8 Compare this image to the Aral Sea images from Earth Observatory.
Approximately when was the dust storm image taken? (Giving a range
of years is fine.)

9 From which direction is the wind blowing?

10 How long is the dust storm at its longest distance? How wide is the
dust storm at its widest distance?

11 Which towns are in the path of this dust storm?



Continuous Learning

Before, During, and After Class

Mobile Media and Reading Assignments Ensure Students Come to Class Prepared

Updated! help students study
effectively by continuously assessing student performance and
providing practice in areas where students struggle the most.
Each Dynamic Study Module, accessed by computer, smartphone,
or tablet, promotes fast learning and long-term retention.

PEARSON
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gives
students access to the text whenever they can
access the internet. eText features include: Wegener and others who advocated the continental drift hypathesis collected
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e Seamlessly integrated videos and other

rich media.

e Accessible (screen-reader ready).

e Configurable reading settings, including
resizable type and night reading mode.

e Instructor and student note-taking,
highlighting, bookmarking, and search.

Pre-Lecture Reading Quizzes are easy to customize and assign

Reading Quiz Questions ensure that students complete the assigned reading before class and stay on track with read-
ing assignments. Reading Questions are 100% mobile ready and can be completed by students on mobile devices.



with MasteringGeology™

DURING CLASS
Engage students with Learning Catalytics

What has teachers and students excited? 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. With Learning Cataltyics,
you can:

e Assess students in real time using open-ended question
formats to uncover student misconceptions and adjust
lecture accordingly.

e Automatically create groups for peer instruction based
on student response patterns, to optimize discussion
productivity.
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"My students are so busy and
engaged answering Learning
Catalytics questions during lecture

that they don’t have time for
Facebook.”

Declan De Paor, Old Dominion University
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MasteringGeology™

AFTER CLASS

Easy to Assign, Customizable, Media-Rich, and Automatically Graded Assignments

Part B - A Direction of Crustal Extension in Continental Rifts

The theoe Google Earth images below of major the world. Tha edge of the rit valley |
images B and C. Using what you leamed from the video, detarming the cormact direction of extension for each (ift shown

hat the diection of %o tha axis of the rift. Make sure you am nat onfy focusing on the dinection|
Itz incation parpandicular fo the rift axis.

Whan you place the armow on th target {images) both amows shoukd be cutside of the rift edges (outines).
Asrews that are aligned sithar perlectly harizealally o vartically should belang to & Filt thal has the same perect alignment.
Drag targots. Not all arrows will be used.

NEW! Project Condor Quadcopter Videos

NEW! 24 Mobile Field Trips

Mobile Field Trip Video Quiz: Fire and Ice Land Rarsh
Which of It forwing scerarion best describes ha sctaty presart weeg the Mid-
Azantic
Launch the Mol Fiekd Trin Vidog
il Magma wedts up ot the contor of the ridge, which pushes the old seafioor

‘apart as new seafloor ia craated.

Magma is croated by partial malting of crustal material as it sinks.

A phum of hot mantie matarial is pushing up against e crust, adding
imaiorial io the crust to thicken it.

seaflcor sice pas! sach other 'Q OF CaBtroying
crustal material.

seafioor.

m Hinks My Answsrs Olve Up Review Part

PartB

Tha Mid-Attantc Ridge croases hmugh oetand. Physical foatures such s tensional
fractures and cinder cone voicances are all alighed NE-SW. What doas this indicate
about ther deuctions the tecionic plates are moving?

Whaen you have Snished, answer the questions.
The iecionic plales ane separating 1o the NW and SE.
The tactanic plates ane separating 1o the N and 5.
Tha tectonic piaies are separating 1o the 5 and E.
Tha tecianic piaies afe separating io the NE and SW.
The tectanic plates ate separating fo the N and E.
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NEW! MapMaster 2.0 Activities
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Resources for YOU, the Instructor

MasteringGeology™ provides everything you need to prep for
your course and deliver a dynamic lecture, all in one convenient
place. Resources include:

LECTURE PRESENTATION ASSETS
FOR EACH CHAPTER

e PowerPoint Lecture Outlines

TARBUCK LUTGENS

* PowerPoint Clicker Questions and Jeopardy-style quiz show
questions

* All book images and tables in JPEG and PowerPoint formats

P Pearson

Measuring Student

TEST BANK Learning Outcomes?

* The Test Bank in Microsoft Word format : :
All MasteringGeology assignable
* Computerized Test Bank, which includes all the

guestions from the printed test bank in a format content is tagged to learning
that allows you to easily and intuitively build outcomes from the book, the Earth

exams and quizzes. Science Literacy Initiatives “Big
Ideas”, and Bloom’s Taxonomy. You

also have the ability to add your
own learning outcomes, helping you
track student performance against

TEACHING RESOURCES your learning outcomes. You can
* Instructor Resource Manual in Microsoft Word and view class performance against
PDF formats the specified learning outcomes
* Full access to eText 2.0 and share those results quickly and
* Pearson Community Website easily by exporting to a spreadsheet.

(https://communities.pearson.com/northamerica/s/)
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_PREFACE

Earth Science, 15t edition, is a college-level text designed for an
introductory course in Earth Science. It consists of seven units that
emphasize broad and up-to-date coverage of basic topics and principles
in geology, oceanography, meteorology, and astronomy. The book is
intended to be a meaningful, nontechnical survey for undergraduate
students who may have a modest science background. Usually these
students are taking an Earth Science class to meet a portion of their
college’s or university’s general requirements.

In addition to being informative and up-to-date, Earth Science, 15th
edition, strives to meet the need of beginning students for a readable
and user-friendly text and a highly usable “tool” for learning basic Earth
Science principles and concepts.

New and Important Features

This 15" edition is an extensive and thorough revision of Earth Science
that integrates improved textbook resources with new online features
to enhance the learning experience.

¢ Significant updating and revision of content. A basic func-
tion 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 Science 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.

® Revised organization In the geology portion of the text, the
unit on Forces Within now precedes the unit on Sculpting Earth’s
Surface. This was done in response to many users and review-
ers of previous editions who wanted the theory of plate tectonics
presented earlier in the text because of the unifying role it plays
in our understanding of planet Earth. Of course, each unit is basi-
cally independent of the others and can be taught in any order
desired by the instructor.

® SmartFigures that make Earth Science much more than a
traditional textbook. Through its many editions, an important
strength of Earth Science has always been clear, logically organized,
and well-illustrated explanations. Now, complementing and reinforc-
ing this strength are a series of SmartFigures. Simply by scanning
the Quick Response (QR) code next to a SmartFigure with a mobile
device, students can follow hundreds of unique and innovative ave-
nues that will increase their insight and understanding of important
ideas and concepts. SmartFigures are truly art that teaches! This
fifteenth edition of Earth Science has more than 220 SmartFigures,
of five different types, including many new videos and animations:

1. SmartFigure Tutorials. Each of these 3- to 4-minute fea-
tures, most prepared and narrated by Professor Callan Bentley,
is a mini-lesson that examines and explains the concepts illus-

trated by the figure.

2. SmartFigure Mobile Field Trips. Scattered throughout
this new edition are 24 video field trips that explore classic
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 Project Condor videos
take you to locations in the American West. By coupling aerial
footage acquired by a drone quadcopter aircraft with ground-
level views, effective narratives, annotations, and helpful ani-
mations, these videos transport you into the field and engage
you in real-life case studies.

4. SmartFigure Animations. These animations and accompa-
nying narrations bring art to life, illustrating and explaining
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.

Revised active learning path. Earth Science is designed for
learning. Here is how it is accomplished. Each chapter has been
designed to be self-contained so that materials may be taught in a
different sequence, according to the preference of the instructor
or the needs of the laboratory.

1. Every chapter begins with Focus on Concepts. Each numbered
learning objective corresponds to a major section in the chap-
ter. The statements identify the knowledge and skills students
should master by the end of the chapter and help students
prioritize key concepts.

2. 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.

3. Concepts in Review is an end-of-chapter feature that coor-
dinates with the Focus on Concepts at the start of the chap-
ter and with the numbered sections within the chapter. It
is a readable and concise overview of key ideas, with pho-
tos, diagrams, and questions that also help students focus
on important ideas and test their understanding of key
concepts.

4. The questions and problems in Give It Some Thought
and Examining the Earth System challenge learners by
involving them in activities that require higher-order think-
ing skills, such as application, analysis, and synthesis of
chapter material. In addition, the activities in Examining
the Earth System are intended to develop an awareness
of and appreciation for some of the Earth system’s many
interrelationships.
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5. The end-of-chapter review material now includes an all-new
capstone activity called Data Analysis that sends students
online to use a variety of interactive science resources and data
sets from sources such as USGS, NASA, and NOAA to use vari-
ous tools to perform data analysis and critical thinking tasks.

® 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 illustrated and guide students as they
examine the figures. Overall, the Earth Science visual program
is clear and easy to understand.

® MasteringGeology™. MasteringGeology™ delivers engag-
ing, dynamic learning opportunities—focused on course
objectives and responsive to each student’s progress—that
are proven to help students learn course material and under-
stand difficult concepts. Assignable activities in Mastering-
Geology™ include SmartFigure (Tutorials, Condor Videos,
Animation, Mobile Field Trips, Videos) activities, GigaPan®
activities, “Encounter” Earth activities using Google Earth™
activities, GeoTutor activities on the most challenging topics
in the geosciences, Geoscience Animation activities, and more.
MasteringGeology™ also includes all instructor resources, a
robust Study Area with resources for students, and an optional
eText version of the textbook.

Digital & Print Resources
MasteringGeology™ with Pearson eText

Used each year by over 2 million science students, the Mastering plat-
form is the most effective and widely used online tutorial, homework,
and assessment system for the sciences. Now available with Earth Sci-
ence, 15™ edition, MasteringGeology™ offers tools for use before,
during, and after class:

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

® During class: Learning Catalytics, a “bring your own device” student
engagement, assessment, and classroom intelligence system, allows
students to use smartphones, tablets, or laptops to respond to ques-
tions 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.

e After class: Assign an array of activities such as Mobile Field Trips,
Project Condor Quadcopter videos, GigaPan activities, Google Earth
Encounter Activities, Geoscience Animations, and much more. Stu-
dents receive wrong-answer feedback personalized to their answers,
which will help them get back on track.

The MasteringGeology Student Study Area also provides students with
self-study material including videos, geoscience animations, In the News
articles, Self Study Quizzes, Web Links, Glossary, and Flashcards.

Pearson eText 2.0 gives students access to the text whenever and wher-
ever they can access the Internet. Features of the Pearson eText include:

® Now available on smartphones and tablets using the Pearson eText
2.0 app

® Seamlessly integrated videos and other rich media

® Fully accessible (screen-reader ready)

® Configurable reading settings, including resizable type and night
reading mode

® Instructor and student note-taking, highlighting, bookmarking, and
search

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

For Instructors

Instructor Resource Manual (Download Only) The Instructor
Resource Manual has been designed to help seasoned and new
instructors alike, offering the following sections in each chapter:
an introduction to the chapter, outline, learning objectives/focus
on concepts; teaching strategies; teacher resources; and answers
to Concept Checks and Give It Some Thought questions from the
textbook. www.pearsonhighered.com/irc

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, matching, and essay questions. Questions
are correlated to Bloom’s Taxonomy, each chapter’s learning
objectives, the Earth Science Literacy Initiatives ‘Big Ideas’, and
the Pearson Science Global Outcomes to help 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, and other LMS.
www.pearsonhighered.com/irc

Instructor Resource Materials (Download Only)
All of your lecture resources are now in one easy-to-reach place:

® All of the line art, tables, and photos from the text in JPEG files.
® PowerPoint™ Presentations: 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:

e Exclusive art. All the photos, art, and tables from the text as JPEG
files and PowerPoint slides for each chapter.

e 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 PowerPoint
files allow you to electronically poll your class for responses to
questions, pop quizzes, attendance, and more.

® Word and PDF versions of the Instructor Resource Manual.



For Students

Applications and Investigations in Earth Science, 9th Edition

(0134746244)

This manual can be used for any Earth Science lab course, in con-
junction with any text. This versatile and adaptable collection of intro-
ductory-level laboratory experiences goes beyond traditional offerings
to examine the basic principles and concepts of the Earth sciences.
With integration of mobile-ready Pre-Lab Videos, the Ninth Edition
minimizes the need for faculty instruction in the lab, freeing instruc-
tors to interact directly with students. Widely praised for its concise
coverage and dynamic illustrations by Dennis Tasa, the text contains
twenty-three step-by-step exercises that reinforce major topics in geol-
ogy, oceanography, meteorology, and astronomy.

This edition includes a new lab exercise on Volcanoes, and incorporates
MasteringGeology™-—the most complete, easy-to-use, and engaging
tutorial and assessment tool available. MasteringGeology includes

a variety of highly visual, applied, kinesthetic, and automatically-
gradable activities to support each lab, as well as a robust Study Study
Area with a variety of media and reference resources, and an eText
version of the lab manual.

Laboratory Manual in Physical Geology, 11th Edition by the
American Geosciences Institute and the National Association of
Geoscience Teachers, edited by Vincent Cronin, illustrated by Dennis
G. Tasa (0134446607)

This user-friendly, best-selling lab manual examines the basic pro-
cesses of geology and their applications to everyday life. Featuring
contributions from more than 170 highly regarded geologists and
geoscience educators, along with an exceptional illustration program
by Dennis Tasa, Laboratory Manual in Physical Geology, 11" edition,
offers an inquiry- and activities-based approach that builds skills and
gives students a more complete learning experience in the lab. Pre-lab
videos linked from the print labs introduce students to the content,
materials, and techniques they will use each lab. These teaching vid-
eos help TAs prepare for lab setup and learn new teaching skills. Now
with more than 10 new lab activities, the lab manual is also available
in MasteringGeology with Pearson eText, allowing teachers to use
activity-based exercises to build students’ lab skills.

Dire Predictions: Understanding Global Climate Change,
2nd Edition by Michael Mann, Lee R. Kump (0133909778)

Periodic reports from the Intergovernmental Panel on Climate Change
(IPCC) evaluate the risk of climate change brought on by humans.

But the sheer volume of scientific data remains inscrutable to the
general public, particularly to those who may still question the validity
of climate change. In just over 200 pages, this practical text presents
and expands upon the latest climate change data and scientific con-
sensus of the IPCC’s Fifth Assessment Report in a visually stunning
and undeniably powerful way to the lay reader. Scientific findings that
provide validity to the implications of climate change are presented

in clear-cut graphic elements, striking images, and understandable
analogies. The second edition integrates mobile media links to online
media. The text is also available in various eText formats, including an
optional eText upgrade option from MasteringGeology courses.
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outstanding illustrations and some excellent animations, is always
special for us. He has been part of our team for more than 30
years. We not only value his artistic talents, hard work, patience,
and imagination, but his friendship as well.

® As you read this text, you will see dozens of extraordinary pho-
tographs by Michael Collier. Most are aerial shots taken from
his 60-year-old Cessna 180. Michael was also responsible for
preparing the 24 remarkable Mobile Field Trips that are scat-
tered through the text. Among his many awards is the American
Geosciences Institute Award for Outstanding contribution to the
Public Understanding of Geosciences. We think that Michael’s
photographs and field trips are the next best thing to being there.
We were very fortunate to have had Michael’s assistance on Earth
Science, 15™" edition. Thanks, Michael.

¢ Callan Bentley has been an important addition to the Earth Sci-
ence team. Callan is a professor of geology at Northern Virginia
Community College in Annandale, where he has been honored
many times as an outstanding teacher. He is a frequent contribu-
tor to Earth magazine and is author of the popular geology blog
Mountain Beltway. Callan was responsible for preparing the
SmartFigure Tutorials that appear throughout the text. As you
take advantage of these outstanding learning aids, you will hear
his voice explaining the ideas.

Great thanks also go to those colleagues who prepared in-depth
reviews. In particular, we appreciate the valuable input provided by Pro-
fessor Alan Trujillo at Palomar College, who assisted with the revision of
the oceanography chapters, and Professor Redina Herman at Western
Hlinois University, who helped us strengthen the meteorology chapters.
Redina is also responsible for preparing the new end-of-chapter Data
Analysis feature.
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Mark Peebles, St. Petersburg College

Jeff Richardson, Columbus State Community College

Sue Riggins, California State University, Chico

Kristin Riker-Coleman, University of Wisconsin - Superior

Troy Schinkel, Central Connecticut State University

Karl Schulze, Waubonsee Community College

Christiane Stidham, Stony Brook University

John Stimac, Eastern Illinois University

Dave Voorhees, Waubonsee Community College

Natalie Whitcomb, Polk State College

Last but certainly not least, we gratefully acknowledge the support
and encouragement of our wives, Joanne Bannon and Nancy Lutgens.
Preparation of Earth Science 15¢ would have been far more difficult
without their patience and understanding,

Ed Tarbuck
Fred Lutgens



EARTH SCIENCE 15E: MAJOR CHANGES IN THIS EDITION \

Global:

Units 2 and 3 of the book are transposed, so that tectonics and
related phenomena are now covered before surface processes.
Many new SmartFigures are added, including three new types
of SmartFigures: Project Condor Videos, Animations (many by
Dennis Tasa), and Videos.

Much of the Tasa art is improved with bolder labels or better
placement of labels and text.

New Data Analysis activities now conclude each chapter.

Chapter 1:

The text description of the standard scientific method is replaced
with the pictorial version in Figure 1.8.

In “The Solar System Forms,” the description of the collapse of
the protosolar nebula is revised and updated.

Section 1.4, “Earth as a System,” now includes the sections on
Earth’s spheres (hydrosphere, geosphere, biosphere, atmosphere),

formerly covered in their own section.

The 14t edition section that introduced Earth’s structure and
the basic features of plate tectonics (“A Closer Look at the Geo-
sphere”) has been eliminated. In its place, the discussion of the
geosphere in Section 1.4 is expanded to introduce Earth’s layered
structure.

Section 1.5, “The Face of Earth,” is reorganized to cover the
ocean basins before the continents, rather than the reverse.

The 14t edition GeoGraphics on world population is eliminated.

Four new figures are added (Figures 1.1, 1.2, 1.8, 1.18), and three
Tasa figures are substantively altered (Figs 1.9. 1.14, 1.16). Six
14" edition figures are deleted (Figures 1.1, 1.3, 1.16-1.19).

One Give It Some Thought question is modified; two 14t edition
questions are deleted. One Examining the Earth System question
is deleted.

Chapter 2:

In Section 2.4, “Properties of Minerals,” the distinction between
diagnostic and ambiguous properties is added at the start.

In Section 2.5, “Mineral Groups,” the treatment of the silicate
groups is extensively revised. The opening paragraphs of the sec-
tion “Important Nonsilicate Minerals” are also revised.

The title of Section 2.6 is changed to “Minerals: A Nonrenewable
Resource” from “Natural Resources.”

Two new figures are added: Figure 2.25 and Figure 2.32 (which
replaces 14" edition Table 2.1 and Figure 2.31). Six figures are
substantively revised: 2.5, 2.8, 2.9, 2.11, 2.12, 2.24; GeoGraphics
2.1 is also revised.

One Give It Some Thought question is added and one modified;
two 14" edition questions are deleted.

Chapter 3:

Section “Silica Content as an Indicator of Composition™ is removed
(in Section 3.2).

Section “Detrital sedimentary rocks” in Section 3.3 is significantly
revised.

Section “Other Metamorphic Rocks™ is added at the end of Sec-
tion 3.4.

Section “Nonmetallic Mineral Resources” in Section 3.5 is sub-
stantially revised.

Section “Energy Resources” in Section 3.5 is updated and sub-
stantially revised, including the addition of Figure 3.38 to illus-
trate hydraulic fracturing.

Three new figures are added: Figures 3.6, 3.22, and 3.38. Eight
figures are altered substantively: 3.7, 3.16-3.18, 3.20, 3.21, 3.30,
and 3.34.

One Give It Some Thought question is added and one modified;
two 14" edition questions are deleted.

Chapter 4:

The section “Rigid Lithosphere Overlies Weak Asthenosphere”
is revised to emphasize the importance of density differences (in
Section 4.3).

The treatment of mantle plumes is updated (“Evidence: Mantle
Plumes and Hot Spots” in Section 4.8).

“Forces that Drive Plate Motion” omits mantle drag (in Section
4.10).

“Models of Plate—Mantle Convection” in Section 4.10 is updated.

Two 14t edition figures are deleted (Figures 7.9, 7.11). Fourteen
figures are altered substantively: 4.9-4.11, 4.14, 4.15, 4.18, 4.19,
4.21,4.22,4.29-4.31, 4.35, and 4.36.

One Give It Some Thought question is added; two are augmented
with new question parts.

Chapter 5:

The chapter introduction describes the 2015 Nepal earthquake.
The section “Faults and Large Earthquakes” is reorganized to
discuss convergent boundaries before transform boundaries, and
both discussions are substantially revised. (In Section 5.1.)

A revised and expanded section “Fault Rupture and Propa-
gation” replaces the 14t edition section “Fault Rupture” (in
Section 5.1).

Section 5.3, “Locating the Source of an Earthquake,” is new to
the chapter; in the 14" edition, this topic was handled by the Geo-
Graphics “Finding the Epicenter of an Earthquake™ (now omitted).

The section “Intensity Scales” in Section 5.3 now covers the USGS
“Did You Feel It?” Community Internet Intensity maps.

xXi
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Section 5.6 now covers intraplate as well as plate-boundary earth-
quakes. (In the 14" edition, intraplate earthquakes were handled
in the GeoGraphics “Historic Earthquakes East of the Rockies,”
now omitted.)

In Section 5.7, the discussion of earthquake prediction and
forecasting is extensively revised and updated. A new section
“Minimizing Earthquake Hazards” is added, including discus-
sion of earthquake-resistant structures and earthquake warning
systems.

In Section 5.8, the section “Probing Earth’s Interior: “Seeing”
Seismic Waves” is significantly revised, as are portions of “Earth’s
Layered Structure.”

Seven new figures are added: 5.13 and 5.14 (which replace the
14t edition GeoGraphics “Finding the Epicenter of an Earth-
quake”); 5.31 and 5.32 (which replace the 14t edition GeoGraph-
ics “Historic Earthquakes East of the Rockies”); 5.16, 5.36, and
5.37. Two 14t edition figures are deleted (8.1 and 8.14), in addi-
tion to the two GeoGraphics just mentioned.

Six figures are altered substantively: 5.5, 5.18, 5.19, 5.26, 5.35, and
5.38, as well as GeoGraphics 5.1.

Two Give It Some Thought questions are added and one is revised;
six questions from the 14t edition are deleted.

Chapter 6:

Considerable editing is done throughout to improve clarity.

Section 6.2 is substantially rewritten, particularly the sections
“Magma: Source Materials for Volcanic Eruptions” and “Effusive
Versus Explosive Eruptions.”

More emphasis is put on the fact that most volcanism is submarine
(for instance, first paragraph under “Lava Flows” in Section 6.3;
the expanded Figure 6.8 on pillow lavas; and the opening para-
graph of Section 6.11.)

Some descriptive text is deleted from the end of “Kilauea: Hawaii’s
Most Active Volcano” in favor of the GeoGraphics on the East Rift
Zone (end of Section 6.5)

2014 Mount Ontaki incident is added to section on pyroclastic
flows, in place of 1991 Mt Unzen flow.

The section on the destruction of Pompeii is added to Section 6.8;
the GeoGraphics on this topic is removed.

The Eye on Earth feature on the 1991 Mt Pinatubo eruption is
replaced with one about the 2015 eruption of Mount Sinabung.
The discussion of eruption mechanism for Yellowstone-type cal-
dera eruptions is updated and tightened.

The discussion of kimberlite and related pipes is deleted from the
end of Section 6.9.

Extensive editing for clarity and readability is done in the section
“Decrease in Pressure: Decompression Melting” (in Section 6.11).
In Section 6.12, volcanism at divergent boundaries is covered
before that at convergent boundaries.

A paragraph on intraplate volcanism associated with mantle
plumes is added at the end of Section 6.12.

Three new figures are added (6.19, 6.31, 6.39); six figures are
substantively altered (6.3, 6.8, 6.12, 6.20, 6.21, 6.33, 6.34); two
GeoGraphics are deleted.

Three Give It Some Thought questions are replaced with new

questions; two 14t edition questions are deleted. One Examining
the Earth System question is deleted.

Chapter 7:

Section 7.1 is substantially rewritten to improve clarity and effec-
tiveness, including revised treatment of stress and strain, the types
of rock deformation, and the factors that affect deformation style.

The distinction between faults and joints is now covered at the
start of Section 7.3.

The treatment of joints is substantially revised (“Joints” in Sec-
tion 7.3).

The description of thrust faulting in the formation of the Hima-
layas is revised for clarity (paragraph 4 under “The Himalayas”
in Section 7.6).

The description of isostatic balance and its effects is substantially
rewritten to improve clarity (Section 7.7).

More than half of the 35 numbered figures are either substan-
tively revised (19 figures) or new (3 figures). New: 74, 7.5, 7.22.
Substantively revised: 7.3, 7.6-7.8, 7.12, 7.14, 7.16-7.19, 7.20, 7.21,
7.23-7.25,7.27,7.29, 7.30, 7.32. Eye on Earth 7.1 and GeoGraph-
ics 7.1 are also revised. Three 14" edition figures are omitted:
10.4, 10.18, and 10.20.

One new Give It Some Thought questions is added; three
14" edition questions are deleted.

Chapter 8:

“Mass movement” is used throughout the chapter in place of
“mass wasting.”

The section “Differential Weathering” in Section 4.2 now
includes the content of the 14" edition Section 4.3, “Rates of
Weathering™; the concept of differential weathering now intro-
duces the section.

In Section 8.4, “Controls of Soil Formation,” the section on cli-
mate is revised and is placed second rather than third.

Section 8.5, “Describing and Classifying Soils,” includes the top-
ics of the 14t edition Sections 4.6 (“The Soil Profile”) and 4.7
(“Classifying Soils”).

In Section 8.6, erosion by water and by wind are now covered in
one section.

The section “Controls and Triggers of Mass Movement” in Section
8.7 is significantly revised. The Oso, Washington slide is added as
an example of water as a trigger.

Section 8.8, “Types of Mass Movement,” includes the topics of the
14t edition Sections 4.11 (“Classifying Mass Wasting Processes”),
4.12 (“Rapid Forms of Mass Wasting”), and 4.13 (“Slow Forms of
Mass Wasting”).

Within Section 8.8, the treatment of the mechanism for long-runout
landslides is updated (section “Rate of Movement” in Section 8.8);



the section “Debris Flow” provides a more unified treatment of dry
versus wet debris flows and omits the Nevado del Ruiz lahars; and
the final paragraph on liquefaction is omitted (because it is treated
in Chapter 5, which now precedes this chapter).

One figure is replaced with a new version (Fig. 8.23); four fig-
ures are revised substantively (Figs 8.10, 8.19, 8.28, 8.29, and also
Eye on Earth 8.3); two 14t edition figures are deleted (Figs 4.20,
4.98).

Two 14" edition Give It Some Thought questions are deleted.

Chapter 9:

“Stream Erosion,” now covers corrosion as a means of forming
bedrock channels in soluble rocks. Also, in “Suspended Load,”
Figure 9.14 added to help explain the significance of settling
velocity. (Both in Section 9.4.)

Coverage of stream terraces (including Figure 9.22) is added at
the end of Section 9.6.

Section 9.7 now covers intermittent growth of alluvial fans in dry
area

A discussion of the April 2011 Mississippi flooding us added at
the start of “Causes of Floods” in Section 9.8; the description of
thel889 dam burst on the Little Conemaugh River is removed.

The section “Artificial Levees” in Section 9.8 is revised to describe
the use of floodways to protect levees.

Section 9.10 is reorganized to cover wells and artesian systems
before springs.

Seven new figures are added (9.4, 9.8, 9.14, 9.22, 9.26, 9.27,
9.40); three figures are substantively revised (9.2, 9.21, 9.35); five
14t edition figures are deleted (5.1, 5.16, 5.24, 5.25, 5.38). One
GeoGraphics and one Eye on Earth are also deleted.

One new Give It Some Thought question is added; two

14 edition questions are deleted. One Examining the Earth Sys-
tem question is added, and four are deleted.

Chapter 10:

The section on observing and measuring the movement of glacial
ice is revised and tightened (in Section 10.2).

The introduction to “Landforms Created by Glacial Erosion” is
rewritten to emphasize the distinction between the effects of val-
ley glaciers and ice sheets (in Section 10.3).

Section 10.4 is revised to include separate sections on glacial till
and stratified drift.

Section 10.5, “Other Effects of Ice Age Glaciers,” is reorganized,
and section on sea-level changes are updated.

Section 10.6 is revised to include Section 10.7 from the previous
edition (“Causes of Ice Ages”); it also includes some updating,
clarification, and shortening.

Ten figures are added or substantively altered: 10.4 (photo
replaces sketch), 10.8 (new figure part added), 10.9 (new example
of retreating glacier), 10.10 (new photo), 10.12 (altered), 10.13 (new
figure), 10.17 (new figure), 10.18 (altered), 10.34 (altered), 10.35
(altered).
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One Give It Some Thought question is added and one deleted.
One Examining the Earth System question is deleted.

Chapter 11:

Section 11.5 is retitled “Numerical Dating with Nuclear Decay”
(from “Dating with Radioactivity”), and the text is changed to
refer to unstable nuclei and nuclear decay in preference to radio-
active nuclei and radioactivity.

The section “Changes to Atomic Nuclei” (formerly “Radioac-
tivity”) is significantly revised for clarity, including revision of
Figure 11.19.

Within the section “Radiometric dating,” the description of how
daughter nuclei accumulate in a crystal is expanded for clarity.
Vignettes are added to Figure 11.21 to help convey the concept
of half-life.

The discussion of loss of isotopes as a source of dating error is
revised for clarity and no longer refers to closed and open systems
(in the section “Using Unstable Isotopes”).

Section 11.7, “The Geologic Time Scale,” is moved to the end of
the chapter; it no longer comes between the sections “Numerical
Dating with Nuclear Decay” and “Determining Numerical Dates
for Sedimentary Strata.”

The section “Precambrian Time” within Section 11.7 provides
more detail on why the time scale is less detailed for the Precam-
brian than the Phanerozoic.

Eight figures are substantively revised (Figures 11.15, 11.16,

11.19-11.22, 11.24, 11.25). One 14" edition GeoGraphics is
deleted.

Chapter 12:

The opening paragraphs of Section 12.1 are revised to discuss
exoplanet discoveries and the concept of a habitable zone.

In Section 12.3 (“Origin and Evolution of the Atmosphere and
Oceans”), the section “Earth’s Primitive Atmosphere” is some-
what expanded, and the section “Oxygen in the Atmosphere”
is significantly revised, including an expanded treatment of the
Great Oxygenation Event.

The section “Making Continental Crust” is partially revised and
includes mention of the Isua rocks.

In “Supercontinents and Climate,” the discussion of Antarctic gla-
ciation is updated.

Sections 12.6 through 12.9, on the origin and evolution of life, are
significantly updated and revised throughout, and a new section
on the end-Cretaceous extinction (“Demise of the Dinosaurs”) is
added, replacing the former GeoGraphics on this topic.

Nine new figures are added:12.1, 12.2, 12.17, 12.24, 12.28, 12.29
(replacing the 14th edition 12.29), and 12.33-12.35. Six figures
are substantively altered (12.3, 12.10, 12.12, 12.16, 12.18, 12.32).
Six 14 edition figures are deleted (12.1, 12.2, 12.13, 12.18 12.20,
12.29).

Three Give It Some Thought questions are modified; three
14t edition questions are deleted.
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Chapter 13:

® Four figures are substantively altered (13.5, 13.6, 13.13, 13.17);
Figure 13.22 now incorporates the photo from a former Eye on
Earth, which is deleted.

Chapter 14:

® Four figures are substantively altered: Figures 14.2, 14.3, 14.13
(now incorporates the former Table 14.2), and 14.14.

® Three 14" edition Give It Some Thought questions are deleted.

Chapter 15:

® The order of Sections 15.7 and 15.8 is reversed: Section 15.7
(“Contrasting America’s Coasts”) now precedes Section 15.8 (Sta-
bilizing the Shore).

® Section 15.7 is reorganized so that it starts by classifying coasts as
emergent and submergent.

® In Section 15.8, the conversion of vulnerable shoreline to parks
in Staten Island after Hurricane Sandy is added as an example of
coastal land-use change.

® Two figures are substantively altered (15.7, 15.25). Three figures
are added: 15.8 (replaces 14" edition 15.8), 15.26, 15.29 (replaces
14 edition 15.26). Two 14" edition figures are deleted (15.30,
15.36).

® One Examining the Earth System question is deleted.

Chapter 16:

® In Section 16.2, a paragraph about tropospheric ozone as a pol-
lutant is added.
® Figure 16.18 on the solstices and equinoxes is added, and

the corresponding text coverage is made briefer (end of
Section 16.4).

® Coverage of thermals is added to the section “Mechanism of Heat
Transfer: Convection) (in Section 16.5).

® The description of the greenhouse effect is revised for clarity (end
of Section 16.6).

® Two figures are substantively altered (16.6, 16.16). Three figures
are added: 16.4, 16.14 (replaces 14 edition 16.14), 16.18, 16.20,
16.23 (replaces 14" edition 16.22). One 14" edition figure is
deleted (16.9), as well as figure parts from Figures 16.7 and 16.8.
The 141" edition GeoGraphics is also deleted.

® One Examining the Earth System question is deleted.

Chapter 17:

® In Section 7.2, the sections “Dew Point Temperature” and “How
Is Humidity Measured?” are significantly revised for clarity.

® Sections 17.3 (“Adiabatic Temperature Changes and Cloud For-
mation”) and 17.4 (“Processes that Lift Air”) are substantially
revised to improve clarity.

Section 17.7, “Types of Fog,” is thoroughly rewritten to improve
clarity.

The description of how hail forms is revised for clarity (Section
“Hail” in Section 17.9).

Eleven figures are substantively altered (17.4-17.6, 17.12, 17.14,
17.17-27.19, 17.20, 17.27, 17.34); GeoGraphics 17.1 also modified.
Two figures are added (17.29, 1731), and also Eye on Earth 17.1.
One Eye on Earth from the 14" edition is deleted.

One new Give It Some Thought question is added; four questions
from the 14" edition are deleted. Two Examining the Earth Sys-
tem questions are deleted.

Chapter 18:

® Section 18.7 (“El Nino, La Nina, and the Southern Oscillation”)

is substantially revised.

® Six figures are substantively altered (18.3, 18.14, 18.17, 18.18,

18.24, 18.25). Two figures are added: 18.6 (replaces 14t edition
18.6), 18.8 (replaces 14t edition 18.8). Two 14t edition figures are
deleted (18.26, 18.27), as well as the 14t edition GeoGraphics.

® One Examining the Earth System question is deleted.

Chapter 19:

® The introduction to fronts is revised (beginning of Section 9.2).

® The sections “Tornado Development and Occurrence” and “Tor-

nado Climatology” are significantly revised (in Section 19.5).

® A subsection “The Role of Satellites” is added to the section “Mon-

itoring Hurricanes” in Section 19.6.

Eight figures are substantively altered (19.2, 19.3, 19.5, 19.14,
19.16, 19.22, 19.28, 19.34). Two figures are added: 19.25 (replaces
14" edition 19.26) and 19.33. One 14" edition figure is deleted
(19.15), as well as the 14" edition GeoGraphics.

One new Give It Some Thought question is added; one question
from the 14" edition is deleted.

Chapter 20:

® Section 20.8, “Human Impact on Global Climate,” is revised and

brought up to date. This section also now covers aerosols (formerly
covered in its own later section).

Section 20.10, “Some Possible Consequences of Global Warming,”
revised and brought up to date.

Two new figures are added: 20.26 (replaces 14" edition
Fig 20.27) and 20.28. Three figures are substantively altered
(20.19, 20.20, 20.25). Two 14" edition figures are deleted (20.15,
20.29). The GeoGraphics and one Eye on Earth from the 14t
edition are deleted.

® One Give It Some Thought question id deleted.



Chapter 21:

This chapter is edited extensively for conciseness and clarity.

Section 21.1 is significantly revised for clarity, particularly the
section “The Golden Age of Astronomy.”

Section 21.2 is significantly revised for conciseness and, in places,
for clarity. Also, Kepler’s third law is now expressed mathemati-
cally (section “Johannes Kepler”), and, for Newton’s law of gravi-
tation, the exact proportionality between mass, distance, and
gravitational force is given (section “Isaac Newton”).

Within Section 21.3, “Patterns in the Night Sky” (formerly titled
“Positions in the Sky”), star positions are now described in terms
of direction and altitude rather than right ascension and declina-
tion. Also, the new section “Measurements Using the Celestial
Sphere” now covers angular size and angular distance.

Section 21.4, “The Motions of Earth,” no longer describes preces-
sion de novo; instead, it reviews the cycles of eccentricity, axial tilt,
and precession that were described in Chapter 10.

Section 21.5, “Motions of the Earth-Moon System,” now discusses
tidal locking as the reason why one side of the Moon always faces
Earth.

Two new figures are added (21.21, 21.22). Six figures are
substantively altered (21.6, 21.11, 21.15, 21.17, 21.18, 21.27). One
14 edition figure is deleted (21.27).

Two new Give It Some Thought questions are modified; two
14" edition questions are deleted. One Examining the Earth Sys-
tem question is deleted.

Chapter 22:

In addition to the sections updated for currency (noted below), the
chapter is revised extensively for clarity and conciseness.

The sections “Nebular Theory: Formation of the Solar System,”
“Mars: The Red Planet,” “Comets: Dirty Snowballs,” and “Dwarf
Planets” are updated to reflect current research, as is the treat-
ment of cryovolcanism on moons of the outer planets.

Four new figures are added (22.16, 22.18, 22.33, 22.36). Twelve
figures are substantively altered (22.2, 22.4, 22.7, 22.12, 22.17,
22.20, 22.23, 22.28 22.29, 22.30, 22.32, 22.25), as well as is Geo-
Graphics 22.1. Five 14" edition figures are deleted (22.11, 22.22,
22.95, 22.35, 22.37).

One 14t edition Give It Some Thought question is deleted; one
Examining the Earth System question is deleted.

Chapter 23:

In addition to the changes discussed below, the text and figures
are revised extensively for clarity and conciseness. The chapter
now puts more emphasis on current knowledge and less on history.

Section 23.2, “What Can We Learn from Light?” is thoroughly
revised. Line spectra are now referred to as emission and
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absorption spectra, rather than bright-line and dark-line spectra.
The treatment of what spectra tell us about composition and tem-
perature is expanded and put in its own subsections. The explana-
tion of the Doppler effect is revised for clarity. The section now
covers the speed of light in vacuum.

Section 23.3, “Collecting Light Using Optical Telescopes,” is
almost completely rewritten, with a stronger focus on how observ-
ing is done today. The treatment of active optics, adaptive optics,
telescope arrays, and astrophotography using film and CCDs is
expanded and divided into new subsections.

Section 23.4, “Radio- and Space-Based Astronomy,” is largely
rewritten or new, with sections on spaced-based observatories
in radio, infrared, x-ray, and gamma-ray wavelengths and on the
James Webb Space Telescope.

Section 23.5, “Our Star: The Sun” is revised, reorganized, and
somewhat expanded, with separate sections on the Sun’s surface,
atmosphere, and interior. It also now covers hydrogen fusion by
the p—p process as the source of the Sun’s energy.

Section 23.6, “The Active Sun,” is significantly revised, with more
coverage of the structure and role of Sun’s magnetic field.

More than half of the figures in the chapter (17 of 30) are
revised, replaced, or new. Six figures are substantively altered:
23.1-23.3, 23.20, 23.21, 23.24. Eleven are new: 23.4, 23.6, 23.7,
23.8 (replaces 14t edition 23.6), 23.13, 23.16, 23.18, 23.20, 23.21
(replaces 14t edition 23.17), 23.27, 23.29. Ten 14" edition figures
are deleted: 23.4, 23.6, 23.9, 23.13, 23.16, 23.17-23.19, 23.22,
23.25.

Two 14" edition Give It Some Thought questions are deleted.

Chapter 24:

Section 24.1, “Classifying Stars,” now covers stellar luminosity,
color, and temperature as well as the H-R diagram and the classes
of stars.

The 14" edition Section 24.2 on the types of nebulae is deleted;
retained material is placed elsewhere in this chapter and in
Chapter 23.

Section 24.2, “Stellar Evolution,” is extensively revised and
updated.

Sections 24.3 (“Stellar Remnants”) and 24.4 (“Galaxies and Galaxy
Clusters”) are significantly revised for clarity and conciseness, and
Section 24.4. includes new information on dwarf galaxies.

The section on the Universe is moved to the end of the chapter,
revised, and combined with the treatment of cosmology.

Two new figures are added (24.4, 24.9); Figure 24.1 is replaced
with a new photo of a different object. Six figures substantively
altered (24.2, 24.3, 24.5, 24.8, 24.10, 24.20)). Five 14t edition
figures are deleted (24.3-24.7).

Three 14" edition Give It Some Thought questions are deleted;
one Examining the Earth System question is deleted.





