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Accuracy Assurance is central to McGraw-Hill’s
commitment to high-quality, learner-oriented, real-world,
and error-free products. Also at the heart of our A?
Development Process is a commitment to make the text
Accessible and Approachable for both students and
teachers. A collaboration among authors, content editors,
academic advisors, and classroom teachers, the A?
Development Process provides opportunities for continual
improvement through customer feedback and thorough
content review.

Editors
Proofers

The A2 Development Process begins with a review of the
previous edition and a look forward to state and national
standards. The authors for Earth Science: Geology, the

Environment, and the Universe combine expertise in teacher el ZEGEE .
.. . . . e Select photos and create illustrations
training and education with a mastery of science content « Create digital and print products

knowledge. As manuscript is created and edited, consultants
review the accuracy of the content while our Teacher Advisory
Board members examine the program from the points of view
of both teacher and student. Student labs and teacher
demonstrations are reviewed for both accuracy of content
and safety. As design elements are applied, chapter content

is again reviewed, as are photos and diagrams. Editors

Proofers

Throughout the life of the program, Glencoe/McGraw-Hill
continues to troubleshoot and incorporate improvements.
Our goal is to deliver to you a program that has been created,
refined, tested, and validated as a successful tool for your
continued Academic Achievement.

( Earth Science: Geology, the R
Environment, and the Universe
e eStudentEdition and printed
Student Edition
o eTeacherEdition and printed
Teacher Edition
o Student Worksheets
L ExamView Assessment Suite
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Introducing

At connectED.mcgraw-hill.com
you will find this one-stop ’
f)nline resource for laboratory
investigations, procedures,

and worksheets. Look for the
button through-

out your eStudentEdition for
links to these laboratory
experiences:

e LaunchLABs
e MiniLABs
e GeoLABs

Online, editable lab work (iLab Station[{ YRV
’ sheets from the (EEEEI ) wi
.
teacher tailor the content to your specific needs o

LaunchLAB

HOW ARE MINERALS IDENTIFIED?

frerent types of minerals. Itis often

CHAPTER 5

re composed of di

Igneous rocks a
als in a sample of rock-

different miner:

Procedureﬁnm
1. Read the procedurt

e and the safety information, and complete,
5. Examine a sample of granite from a distance of about 1 m. Re
3. Use a magnifying lens or microscope to observe the granite s

observations.

Analysis
4. Nlustrate what you saw through the magnifying glass or micro!

your drawing.

5. List the different minerals that you observed in your sample.

nd shapes of the mineral crystals.

6. Describe the sizesa

ence that suggests that

7. Describe any evid these crystals forme

MODEL CRYSTAL FORMATION

The rate at whic!
the crystallization of magma is

sometim:
be used to model crystal formation-
v Procedure Nl /23 B
S 1. R
- PREPARATION ead and completethe ab saety
Objectives 2. Obtain a set of igneous o
3. rock samples from your teach
er.

B

1 magma cools has an effect on the

es very slow. Other materials, how

Problem

Model the crystallization of

minerals from magma.

Materials

clean, plastic petri dishes
saturated alum solution
200-mL glass beaker

magnifying glass
piece of dark-colore

d construction paper

thermometer
paper towels
water

hot plate

L

w

- PROC

omplete the lab safety form
plan how you could change the

£ a hot solution poured into
ance, you may want to
put one sample in a freezer or refrigerator
B 3 designated period of time. Assign each
group member a petri dish to observe during
the experiment. Make sure your(eacher
approves your plan before you begin.
 dark-colored construction
urface where it won't be

Read and
Asagroup,
cooling rate o
apetri dish. For inst

Place a piece of
paper on a level st
disturbed. Place t
paper.

grain size of the resulting |

gifficult because molten rockis ve
ever, crystallize at lower tempera

he petri dishes on top of the

Date __

———— Period _ S

———— Name __
CHAPTER 5 Mll’IILAB -
COMPARE IGNEOUS ROCKS

How do igneous rocks differ? lgn
igne« ks d
?
are some of the features that diff;

ry hot and th
eous rocks have many differen

erentiate igneous rocks,

't chal
racteristics. Color and crystal
size

Carefully observe the followin,

In this Geolab, you Wi
crystal size, and, if possible,

« Determine the rela
cooling rate and cn
« Compare and conf

8 characteristics of each re

mineral composition, ock: overallcolor,

»

Design a dat
ta table to rec
ord your obse
rvations.

Safety Precaution
=T E

The alum mixture c|
will be hot when it
dishes. If splatteri
water. Always We:
in the lab.

Analysis

EDURE — -
1. Classi
H}Slfv your rock sam

. ples as formi
: the more silica in rming from either basaltic,

the
e rock, the lighteritis in color.]

ST ————
e —

2. Compare and contrast
w do they differ? wh;

4. Carefully poul
andesitic, or rhyolitic magma.

about 95°C t

your samples usi
ing the d;
at lata frol
characteristics do cach of the o s 2
ps share?

what you
assigned t -
6. Every5mi - i
Earth Science Online  ix

observati
full-sized 3 N
. Speculate i
to form. in which order the samples crystall
stallized.

Hint: Use Bowen’s reaction e.
wen's reaction series as a guid

-



Animations, assessments, and study tools provide
opportunities for self-assessment, review, and additional practice.

Thermosphere

Noctilucent clouds are shiny clouds that can 8
be seen in the twilight in the summer around
50°-60° latitude in the northern and southern Mesosphere
hemispheres. These are the only clouds that
form in the mesosphere.
50
Stratosphere
= 10
Troposphere
— 0

=20 0

Concepts In Moti View an animation of the layers of the atmosphere.

"“Section 1 » Atmospheric Basics 285

atch resistant. Gems
ds are cut, polished, and used
ess, rubies and emeralds are more
e 18 shows a rough diamond and

ce of trace elements can make one

Jlorful and more prized than other vari-

methyst, for instance, is the gem form

15 traces of iron, which gives the gem a

srundum, which is often used as an
ics and sapphires. Red rubies contain Watch a video about gems and minerals.
1. while blue sapphires contain trace

m. Green emeralds are a variety of the

cd by trace amounts of chromium or

IEW

Understand Main Ideas
onds 1. Ml Formulate a statement that explains the relationship between
ma chemical elements and mineral properties.

2. List the two most abundant elements in Earth's crust. What mineral group do
sili- these elements form?

les, 3. hesize what some envi [¢ es of mining ores might be.
Think Critically

ince . Hypothesize why the mineral opal is often referred to as a mineraloid.
5. Evaluate which of the following metals is better to use in sporting equipment
e and medical implants: titanium—specific gravity = 4.5, contains only Ti; or steel—

specific gravity = 7.7, contains Fe, O, Cr.
17N Earth Science

6. Design a flyer advertising the sale of a mineral of your choice. You might choose a
gem or industrially important mineral. Include any information that you think will
help your mineral sell.

ity.

Section 2 ¢ Types of Minerals 101

Temperature (°C)

Concepts In Motion m

See earth science content come to life in
animated figures and moving diagrams.

Animations and Study Tools

Connect Earth science to the real-world with
online videos.



Ocean/CORBIS

Wocabulary Practice h

VOCABULARY
 troposphere

* stratosphere
« mesosphere
 thermosphere
* exosphere

» radiation

* conduction

* convection

EVIEW

moist
s, and

nds to
after it

vater
oint and
nuclei

r shapes
hey form.
oalesce
fall to
hail.

Understand Main Ideas

1. A Summarize the differences between low clouds, middle clouds, and

2.
3.
4.

vn as the water cycle.
Figure 23. Radiation from
iporate. Water evaporates from
rises into Earth’s atmosphere. As
1 condenses to form clouds. Water
irger drops that fall to Earth as precipi-
10 the ground and enters lakes, streams,
ctly into bodies of water and eventually
e water cycle.

The e-book includes

VIDEOQS, ANIMATIONS, and
tools to help me LEARN.

BIGIDEA The composition, structure, and properties of Earth’s atmosphere
form the basis of Earth’s weather and climate.

section 1 Atmospheric Basics
MAINIDEA Energy is transferred throughout Earth’s atmosphere.
» Earth’s atmosphere is composed of several gases, primarily nitrogen and
oxygen, and also contains small particles. | II
 Earth’s atmosphere consists of five layers that differ in their compositions
and temperatures.
 Solar energy reaches Earth’s surface in the form of visible light and infrared
waves.
 Solar energy absorbed by Earth’s surface is transferred as thermal energy
throughout the atmosphere.

section 2 Properties of the Atmosphere

Vocabulary Practice

3

)

The multilingual e-Glossary and vocabulary
study tools drive home important concepts.

(@ve | )+

Describe how precipitation forms.

Determine the reason precipitation will fall as snow rather than rain.

Compare stable and unstable air.

Think Critically

5. Evaluate how a reduction in the number of condensation nuclei in the tropo-
sphere would affect precipitation. Explain your reasoning.

iIND Earth Science

6. Describe the path a drop of rain might follow throughout the water cycle.

Section Self-Check

Review questions for each section and chapter
help you spot concepts that require additional study.

Animations and Study Tools  xi



- REAL-WORLD SCIENCE

Earth Science: Geology, the Environment, and the Universe connects Earth
science to your world. Throughout the text, find personal science connections, surprising examples
of Earth science in careers, and connections to the environment.

SECTION 3

Essential Questions

* What is the difference between
stable and unstable air?

* How do low, middle, high, and vertical
development clouds differ?

* How does precipitation form?

Review Vocabulary

condensation: process in which
water vapor changes to a liquid

New Vocabulary
condensation nucleus
orographic lifting
cumulus

stratus

cirrus

MAINIDEA clouds vary in shape, siz4

of precipitation.
If you look up at the sky, you might notic

EART 1mong the clouds from day to day and
S cl E N C E some clouds sianal fair weather and oth

EARTH
SCIENCE

4 YOU

4 Y 0 U vi.nlem storms.

Cloud Formation

A cloud can form when a rising air mass cools. Reca
surface heats and cools by different amounts in diff:
This uneven heating and cooling of the surface caus
near the surface to warm and cool. As an air mass is
becomes less dense than the cooler air around it. T!

at the beginning of each
section connects Earth
science content to your life.

warmer air mass to be pushed upward by the dense
However, as the warm air mass I'i sk

adiabatically. The cooling of an air [

vapor in the air mass to condense. [l

tion level is the height at which con

precipitation
coalescence

Carbon dioxide Carbon dioxide, another variable gas, cur
makes up about 0.038 percent of the atmosphere. During the
150 years, measurements have shown that the concentration
atmospheric carbon dioxide has increased from about 0.028 |
cent to its present value. Carbon dioxide is also cycled betwec
atmosphere, the oceans, living organisms, and Earth’s rocks.

~ll 7 The recent increase in atmospheric carbon dioxide is du
marily to the burning of fossil fuels, such as oil, coal, and na
gas. These fuels are burned to heat buildings, produce electric
and power vehicles. Burning fossil fuels can also produce oth
gases, such as sulfur dioxide and nitrogen oxides, that can ca:

-
ﬁ En V’rqnmen tal — respiratory illnesses, as well as other environmental problems
3 H ) 0Ozone Molecules of ozone are formed by the addition of ar
connECt’ons oxygen atom to an oxygen molecule, as shown in Figure 2.

H Most atmospheric ozone is found in the ozone layer, 20 km

pOInt OUt paragraphs that ~ 50 km above Earth’s surface, as shown in Figure 3. The ma

emphaSIZe real_world o mum concentration of ozone in this layer—9.8 X 102 mole

) cm?—is only about 0.0012 percent of the atmosphere.

environmental app“cahons — The ozone concentration in the ozone layer varies seasona
) higher latitudes, reaching a minimum in the spring. The grea
Of Earth sclence. seasonal changes occur over Antarctica. During the past seve
decades, measured ozone levels over Antarctica in the spring
dropped significantly. This decrease is due to the presence of ¢
icals called chlorofluorocarbons (CFCs) that react with ozon
break it down in the atmosphe
Atmospheric particles Earth’s atmosphere also cc
able amounts of solids in the form of tiny particles.
|

Atmospheric stability As an air mass rises, it cools. However,
the air mass will continue to rise as long as it is warmer than the
surrounding air. Under some conditions, an air mass that has started
to rise sinks back to its original position. When this happens, the air
is considered stable because it resists rising. The stability of air
masses determines the type of clouds that form and the associated
weather patterns.

2R ]
SCIENCE

Weather Observer A weather
observer collects information for
meteorologists about weather and sea
conditions using weather equipment,
adar scans, and satellite photographs.
An education that includes biology,
Earth science, environmental science,
and geology is useful for a weather
observer

Throughout the book,
CAREERS IN

EARTH
SCIENCE

demonstrates how the
—— chapter content applies to
real-world careers.

Stable air The stability of an air mass depends on how the
temperature of the air mass changes relative to the atmosphere.
The air temperature near Earth's surface decreases with altitude.
As a result, the atmosphere becomes cooler as the air mass rises.
At the same time, the rising air mass is also becoming cooler.
Suppose that the temperature of the atmosphere decreases more
slowly with increasing altitude than does the temperature of the ris-
ing air mass. Then the rising air mass will cool more quickly than
the atmosphere. The air mass will finally reach an altitude at which
it is colder than the atmosphere. It will then sink back to the alti-
tude at which its density is the same as the atmosphere, as shown
in Figure 18. Because the air mass stops rising and sinks down-
ward, it is stable. Fair weather clouds form under stable conditions.

READING CHECK Describe the factors that affect the stability of air.

Unstable air Suppose that the temperature of the surrounding air

cools faster than the temperature of the ris mass. In these

conditions, the air mass will always be less than the surround

Real-World Science



End-of-chapter features nighlight Earth science as it
applies to careers, how it connects to the real world, and what
today’s scientists are doing to learn more about the planet.

Get an inside look at exciting places and scientists doing
real-world Earth science investigations.

Earth Science &

Discover recent technological advancements
that have influenced the field of Earth science.

Earth Science &

Explore the environmental issues that Earth scientists are
working to understand and address.

-SOCIETY

The World of Water

Earth Science &
= SOCIETY

Learn about Earth science in the news and
sharpen your debating skills on complex
issues in Earth science.

Brochure March 22 i World Water D2y

proin .
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UNDERSTANDING EARTH SCIENCE

At the start of each chapter, you will see the BIGIDEA
that will help you understand how what you are about to investigate
fits into the big picture of science.

Atmosphere

BIG'DEA The composition, structure, and properties of Earth’s atmosphere form the basis of
Earth’s weather and climate.

T : The BIGIDEA is the focus of
the chapter. The labs, text, and
other chapter content will build
an in-depth understanding of

[hese]

VOCABULARY REVIEW

Match each description below with the correct vocabu-
lary term from the Study Guide.

outermost layer of Earth’s atmosphere

»

ature by collisions between particles

w

. temperature at which condensation of water vapor
can occur

'S

. occurs when the amount of water vapor in a
volume of air has reached the maximum amount

. the amount of water vapor present in air

w

Complete the sentences below using vocabulary terms
from the Study Guide.

6. are small particles in the atmosphere
around which water droplets form.

7. The atmospheric layer that is closest to Earth’s
surface is the

include hail, sleet, and snow.

8. Types of

xiv Understanding Earth Science

transfer of energy from a higher to a lower temper-

UNDERSTAND KEY CONCEPTS

14. Which gas has increased in concentration by about
0.011 percent over the past 150 years?
A. oxygen
B. nitrogen
C. carbon dioxide
D. water vapor

Use the diagram below to answer Question 15.

Nitrogen

C Carbon
dioxide

D Water
vapor

B Argon v

15. Which gas is least abundant in Earths atmosphere?
A A
B. B
cc
D. D

16. Which is the primary cause of wind?

these major concepts.

The Chapter Assessment
will help you evaluate your
understanding of the

BIGIDEA.



At the start of each section, you will find a reading preview
that summarizes what you will learn while exploring the section.

SECTION 2

The MAINIDEA is the—
core concept covered in the
section. Together, the Main Ideas
from all the sections in the
chapter support the chapter’s

Big Idea.

Essential Questions

reflect the important goals of

the section. Together, an
understanding of these questions
will lead toward understanding
of the section’s Main Idea.

In the Section Review, you will
find a question that will help
you to assess your
understanding of the section’s

MAINIDEA.

1 Essential Questions

o What are the three main properties of

iJ MAINIDEA Atmospheric

pressure, and humidity descri

the atmosphere and how do they

interact?

e Why do atmospheric properties change

with changes in altitude?

Review Vocabulary

density: the mass per unit volume of a

material

New Vocabulary

temperature inversion
humidity

saturation

relative humidity
dew point

latent heat

Temperature

E ARTH Have you noticed the we

cold, humid or dry, or ev
SCIENCE always interacting and ¢
4 Y 0 U those changes every tim

When you turn on the burner beneath
energy is transferred to the water and

Recall that particles in any material ar
Temperature is a measure of the avera
ticles in a material. Particles have mor
are moving faster, so the higher the

Essential Questions

SecTioN 2 REVIEW

faster the particles are moving.

cool D} about 10°C 10r ever y 10UV m 1t rises. 1

adiabatic lapse rate—the rate at which unsaturate

rises if no thermal energy is added or removed. If the
tinues to rise, eventually it will reach saturation and cond
will occur. The height at which condensation occurs is calle
lifted condensation level (LCL).

The rate at which saturated air cools is called the moist ad
lapse rate. This rate ranges from about 4°C/1000 m in very w
to almost 9°C/1000 m in very cold air. The moist adiabatic r
slower than the dry adiabatic rate, as shown in Figure 16, be
water vapor in the air is condensing as the air rises and is rele
latent heat.

are assessed by the
remaining review questions.

Section Summary

less dense than cooler air.

At the same pressure, warmer air is I

B e

e
sure to regions of low pressure.

® The dew point of air depends on the
amount of water vapor the air
contains.

© Latent heat is released when water
vapor condenses and when water
freezes.

Understand Main Ideas

1. MAINIDEA Identify three properties of the atmosphere and describe
vary with height in the atmosphere.

N

. Explain what occurs during a temperature inversion.

3. Describe how the motion of particles in a material changes when the
temperature of the material increases.

Think Critically

4. Predict how the relative humidity and dew point change in a rising

5. Design an experiment that shows how average wind speeds change ¢
different types of surfaces.

MATHIND Earth Science

6. If the average thickness of the troposphere is 11 km, what would be th
ture difference between the top and bottom of the troposphere if the
decrease is the same as the dry adiabatic lapse rate?

Understanding Earth Science
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Folding Instructions

The following pages offer step-by-step instructions to make the Foldables study guides.

Layered-Look Book

1. Collect three sheets of paper and layer them about 1 cm
apart vertically. Keep the edges level.

2. Fold up the bottom edges of the paper to form 6 equal tabs.

3. Fold the papers and crease well to hold the tabs in place.
Staple along the fold. Label each tab.

Trifold Book

1. Fold a vertical sheet of paper into thirds. I II
2. Unfold and label each row.

Three-Tab Book

1. Fold a vertical sheet of paper from side to side. Make the !.
front edge about 2 cm shorter than the back edge. T

2. Turn length-wise and fold into thirds. -

3. Unfold and cut only the top layer along both folds to make

three tabs. Label each tab. % {

Two- and Four-Tab Books S !/ ‘
[
1. Fold a sheet of paper in half. _ ' “‘
2. Fold in half again. If making a four-tab book, then fold in half again U
to make three folds.

3. Unfold and cut only the top layer along the folds to make two or
four tabs. Label each tab.
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1. Find the middle of a horizontal sheet of paper. Fold both
edges to the middle and crease the folds. Stop here if
making a shutter-fold book. For a four-door book, complete
the steps below.

2. Fold the folded paper in half, from top to bottom.

3. Unfold and cut along the fold lines to make four tabs. Label
each tab.

Concept-Map Book

1. Fold a vertical sheet of paper from top to bottom. Make the

top edge about 2 cm shorter than the bottom edge.
2. Turn length-wise and fold into thirds.

3. Unfold and cut only the top layer along both folds to make
three tabs. Label the top and each tab.

Vocabulary Book

1. Fold a vertical sheet of notebook paper in half.

2. Cut along every third line of only the top layer to form tabs.
Label each tab.

Folded Chart

1. Fold a sheet of paper length-wise into thirds.

2. Fold the paper width-wise into fifths.

3. Unfold, lay the paper length-wise, and draw lines along the folds.
Label the table.
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Pocket Book

. Fold the bottom of a horizontal sheet of
paper up about 3 cm.

2. If making a two-pocket book, fold in half. If making a
three-pocket book, fold in thirds.

3. Unfold once and dot with glue or staple to make two pockets.
Label each pocket.

Bound Book

1. Fold several sheets of paper in half to g\
find the middle. Hold all but one sheet pEE
together and make a 3-cm cut at the
fold line on each side of the paper.

2. On the final page, cut along the fold line to
within 3-cm of each edge.

3. Slip the first few sheets through the cut in the final sheet to make
a multi-page book.

1. Layer multiple sheets of paper so that about
2-3 ¢m of each can be seen.

2. Make a 2-3-cm horizontal cut through all
pages a short distance (3 cm) from the top
edge of the top sheet.

3. Make a vertical cut up from the bottom to meet the horizontal cut.

4. Place the sheets on top of an uncut sheet and align the tops and
sides of all sheets. Label each tab.

. Fold a sheet of paper in half. Fold in half

and in half again to form eight sections. ~~— ~  ——— | | | T@
2. Cut along the long fold line, stopping before you

reach the last two sections.

3. Refold the paper into an accordion book. You may
want to glue to double pages together.
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