CHAPTER

1 The Geosphere
2 The Atmosphere

3 The Hydrosphere and
Biosphere

Before you
read this chap- -
ter, create the
Foldnote entitied “Pyramid”
described in the Reading and
Study Skills section of the :
Appendix. Label the sides of
the pyramid with
“Geosphere,” “ Atmosphere,”
“Hydrosphere,” and
Biosphere.” As you read the
chapter, write information
you learn about each cat-
egory under the
appropriate
fiap.

Landmasses are meving stowly across
aur planet's surface, The atmgsphere i
a swirling mix of gases and vapor. Our
planet, which may appear placid from
space, is always changing. -
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SECTION 1

The Geosphere

Molten rock from Earth’s interior flows over the surface of the
planet, and violent eruptions blow the tops off volcanoes.
Hurricanes batter beaches and change coastlines. Earthquakes
shake the ground and topple buildings and freeway overpasses.
None of this activity is caused by people. Instead, it is the result
of the dynamic state of planet Earth. What are the conditions
that allow us to survive on a constantly changing planet?

The Earth as a System

The Earth consists of rock, air, water, and living things that all
interact with each other. Scientists divide this system into four
parts. As shown in Figure 1, the four parts are the geosphere
(rock), the atmosphere (air), the hydrosphere (water), and the
biosphere (living things).

The solid part of the Earth that consists of all rock, as well as the
oils and loose rocks on Farth’s surface, makes up the geosphere.
Most of the geosphere is located in Farth’s interior. At the equator,
the average distance through the center of the Earth to the other
side is 12,756 km. The atmosphere is the mixture of gases that
makes up the air we breathe. Nearly all of these gases are found in
the first 30 km above the Earth’s surface. The hydrosphere makes
p all of the water on or near the Earth’s surface. Much of this
ater is in the oceans. Water is also found in the atmosphere, on
and, and in the soil. The biosphere is made up of parts of the geo-
phere, the atmosphere, and the hydrosphere. The biosphere is the
it of the Earth where life exists. It is a thin layer at Earth’s sur-
¢ that extends from about 9 km above the Earth’s surface down
he bottom of the ocean.

Biosphere
~ 20 km

Geosphere
{6,378 km radius)

Objectives

» Describe the composition and
structure of the Earth.

% Describe the Earth’s tectonic
plates.

b Explain the main cause of earth-
quakes and their effects.

b Identify the relationship between
volcanic eruptions and climate
change.

» Describe how wind and water
alter the Earth’s surface.

Key Terms

geosphere
crust

mantle

core
lithosphere
asthenosphere
tectonic plate
erosion

Figure 1 » The Earth is an integrated
system that consists of the geosphere,
the atmosphere, the tiydrosphere,
and the biosphere (inset).

Atmosphere

{about 1,9400 I_(m thick)

o
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Figure 2 Seismologists have meas-
ured changes in the speed and direc-
tion of seismic waves that travel
through Earth’s interior. Through this
process, they have leamned that the
Earth is made up of different layers.

Earthquakes produce seismic
waves that travel at different
speeds through the different
layers of the Earth.

Seismic wave
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Discovering Earth’s Interior

Studying the Earth beneath our feet is not €asy. The deepest well that
has been drilled into Farth’s interior is only about 12 km decp. An
alternative method must be used to study the interior of the Earth.
Scientists can Use seiswic waves to Jearn about Earth’s interior,
Seismic waves are the waves that travel through Earth’s interior
during an earthquake. If you have ever tapped a melon to see if it is
ripe, you know that ¢he state of the melon’s interior affects the
sound you detect. Similarly, a seismic wave is altered by the nature
of the material through which it travels. As shown in Figure 2, seis-
mologists measure changes in the speed and direction of seismic
waves that penetrate the interior of the planet. By doing, this, seis-
mologists have fearned that the Earth is made up of different layers
and have inferred what substances make up each layer.

The Composition of the Earth Scientists divide Earth into three
layers—the crust, the mantle, and the core—based on their com-
position. These layers are composed of progressively denser mate-
iials toward the center of the Earth. Figure 3 shows a Cross section
of the Farth. Farth’s thin outer layer, the crust, is composed
almost entirely of light elements. The crust makes up less than

1 percent of the Earth’s mass. The crust is the Earth’s thinnest
layer. It is 5 km to 8 km thick beneath the oceans and is 20 km to
70 km thick beneath the continents. The mantle, which is the

Seismic waves change
both speed and direction
as they pass from one
physical layer to another.

Path of seismic’



layer beneath the crust, makes up 64 percent of the mass of the
Earth. The mantle is approximately 2,900 km thick and is made
of rocks of medium density. Earth’s innermost layer is the core.
The core is composed of the densest elements. It has a radius of

approximately 3,400 km.

The Structure of the Earth If we consider the physical properties
of each layer, instead of their chemistry, the Farth can be divided
into five layers. Earth’s outer layer is the lithosphere. It is a cool,
rigid layer, 15 km to 300 km thick, that includes the crust and
uppermost part of the mantle. It is divided into huge pieces called
rectonic plates. The asthenosphere is the layer beneath the litho-
sphere. The asthenosphere is a plastic, solid tayer of the mantle
made of rock that flows very slowly and allows tectonic plates to
move on top of it. Beneath the asthenosphere is the mesosphere, the
tower part of the mantle.

The Farth’s outer core is a dense liquid layer. At the center of
the Farth is the dense, solid inner core, which is made up mostly
of the metals iron and nickel. The temperature of the inner core
is estimated to be between 4,000°C to 5,000°C. It is solid because
it is under enormous pressure. Farth’s outer and inner core

together make up about one-third of Earth’s mass. Figure 3 b Earth’s Layers

; Which of Earth’s physical layers is liquid? (See the Scientisis divide the Earth into

A . . different layers based on compo-
ppendix for answers to Reading Checks.) ition and physical properties

Physical Layers

Compositional Layers

Lithosphere 15300 km thick; the cool,

:\/ rigid, outermost layer of the Earth; consists of
the crust and the rigid, uppermost part of the

mantle; divided into huge pieces called

tectonic plates, which move around on top

of the asthenosphere and can have both

continental and oceanic crust

Crust 5-70 km thick; the solid, e
brittle, outermost layer of the Earth;
continental crust is thick and made
of lightweight materials, whereas
oceanic crust is thin and made of
denser materials

Asthenosphere 250 km thick; the solid,
plastic layer of the mantle between the
mesosphere and the lithosphere; made of
mantle rock that flows very slowly, which
allows tectonic plates to move on top of it

antle 2,900 km thick; the layer of
Earth between the crust and the
- made of dense, iron-rich minerals

Mesosphere 2,550 km thick; the “middie
sphere”; the lower layer of the mantle between
the asthenosphere and the outer core

—r

3,_428 lum radius; a sphere of hot,
nickel and iron at the center of

Outer Core 2,200 km thick; the outer shell
of Earth’s core; made of liquid nickel and iron

\ jnner Core 1,228 km radius; a sphere

of solid nickel and iron at the center of
L the Earth
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Figure 4 » Earth’s lithosphere is
divided into pieces called tectonic
plates. The tectonic plates are mov-
ing in different directions and at dif-
ferent speeds.
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Plate Tectonics

You learned that the lithosphere—the rigid, outermost layer of th
Earth—is divided into pieces called tectonic plates. These plates
glide across the underlying asthenosphere in much the same way
as a chunk of ice drifts across a pond. The continents are locatec
on tectonic plates and move around with them. The major tec-
tonic plates include the Pacific, North American, South America
African, Eurasian, and Antarctic plates. Figure 4 illustrates the
major tectonic plates and their direction of motion.

Plate Boundaries Much of the geologic activity at the surface ¢
the Earth takes place at the boundaries between tectonic plates.
Plates may move away from one another, collide with one
another, or slip past one another, Enormous forces are generate
at tectonic plate boundaries, where the crust is pulled apart, is
squeezed together, or s constantly slipping. The forces produce
at the boundaries of tectonic plates can cause mountains to for
earthquakes to shake the crust, and volcanoes to erupt.

plate Tectonics and Mountain Building When tectonic plates
collide, slip by one another, or pull apart, enormous forces cau
rock to break and buckle. Where plates collide, the crust becor:
thicker, is pushed up, and eventually forms a mountain range.
shown in Figure 5, the Himalaya Mountains in south-central £
began to form when the Furasian tectonic plate and the India0
tectonic plate began to push into each other about 50 million
years ago.



Earthquakes

A fault is a break in the Earth’s crust along which
blocks of the crust slide relative to one another, When
rocks that are under stress suddenly break along a fault
a series of ground vibrations is set off. These vibrations
of the Earth’s crust caused by slippage along a fault are
known as earthquakes. Earthquakes are occurring all of
the time, but many are so small that we cannot feel
them. Other earthquakes are enormous movements of
the Earth’s crust that cause widespread damage.

The Richter scale is used by scientists to guantify
the amount of energy released by an earthquake. The
measure of the energy released by an earthquake is
called mmagnitude. The smallest magnitude that can be
felt is approximately 2.0, and the largest magnitude
that has ever been recorded is 9.5. Each increase of
magnitude by one whole number indicates the release
of 31.7 times more energy than the whole number
below it. For example, an earthquake of magnitude 6.0
releases 31.7 times the energy of an earthquake of
magnitude 5.0, Earthquakes that cause widespread
damage have magnitudes of 7.0 and greater.

gl

Where Do Earthquakes Occur? Areas of the world where ecarth-
quakes occur are shown on the map in Figure 6. As you can see
from the map, the majority of earthquakes take place at or near
tectonic plate boundaries. Over the past 15 million to 20 million
years, large numbers of earthquakes have occurred along the San
Andreas fault, which runs almost the entire length of California.
The San Andreas fault is the line where parts of the North
American plate and the Pacific plate are slipping past one
another.

— Plate boundary  « Recorded earthquake

! What is meant by the magnitude of an earthquake?

Figure 5 b The Himalaya Mountains
are still growing today because the
tectonic plate containing Asia and
the tectonic plate containing India
continue to coilide.

Figure 6 » The largest and most
active earthquake zones lie along
tectonic piate boundaries.
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Can Animals Predict Earth-
quakes? Can animals that live
close to the site of an earthquake
detect changes in their physical
environment prior to an earth-
quake? Documentation of
unusual animal behavior prior 1o
earthquakes can be found as far
back as 1784. Examples of this
odd behavior include 200 animals
refusing to enter shelters at night,
snakes and small mammals aban-
doning their burrows, and wild
birds leaving their usual habitats.
These behaviors reportedly hap-

Lpened within a few days, hours,

or minutes of earthquakes. /

Figure 7 ¥ The Ring of Fire
Tectonic plate boundaries are places
where volcanoes usually form. The
Ring of Fire contains
of the world’s active volcanoes that
are on land. A large number of people
live on or near the Ring of Fire.

A8 Chapter 3 The Dynamic Earth

nearly 75 percent

Earthquake Hazard Despite much study, scientists cannot predict
when earthquakes will take place. However, information about
where they are most likely to occur can help people prepare for
them. An area’s earthquake-hazard Jevel is determined by past
and present seismic activity. The Maps in Action activity located
at the end of this chapter shows earthquake-hazard levels for the
contiguous United States.

Earthquakes are not restricted to high-risk areas. In 1886, an
earthquake shook Charleston, South Carolina, which is considered
o be in a medium-risk area. Because the soil beneath the city is
sandy, this earthquake caused extensive damage. During shaking
from a strong earthquake, sand acts like a liquid and causes build-
ings to sink. In areas that are prone to earthquakes, it 1s worth the
extra investment to build bridges and buildings that are at least
partially earthquake resistant. Earthquake-resistant buildings are
slightly flexible so that they can sway with the ground motion.

Volcanoes

A yolcano is a mountain built from magma—melted rock—that
cises from the Earth’s interior to its surface. Volcanoes are often
located near tectonic plate boundaries where plates are either col-
liding or separating from one another. Volcanoes may occur on
land or under the sea, where they may eventually break the ocear
surface as islands. As Figure 7 shows, the majority of the world’s
active volcanoes on land are located along tectonic plate bound-
aries that surround the Pacific Ocean.

- *

-n

Pacific Ocean

Ring of Fire
—— Plate houndary
e Volcano




Local Effects of Yolcanic Eruptions A volcano erupts when the

pressure of the magma inside becomes so great that it blows open

the solid surface of the volcano. Some volcanoes have magma

tlowing out of them all the time, so the pressure never builds up

and they never erupt. Volcanic eruptions can be devastating to

ocal economies and can cause great human loss. Clouds of hot

ash, dust, and gases can flow down the slope of a volcano at

Speeds of up to 200 km/h and sear everything in their path. During

ruption, voleanic ash can mix with water and produce a mud-

w. In addition, ash that falls to the ground can cause buildings
ollapse under its weight, bury crops, and damage the engines of

icles. Volcanic ash may also cause breathing difficulties.

Global Effacts of Volcanic Eruptions Major volcanic eruptions,
as the eruption of Mount St. Helens shown in Figure 8, can
€ Earth’s climate for several years. In large eruptions, clouds
kanic ash and sulfur-rich gases may reach the upper atmo-
€. As the ash and gases spread across the planet, they can
e the amount of sunlight that reaches the Earth’s surface.
| r?duction in sunlight can cause a drop in the average global
€€ temperature. In the 1991 eruption of Mount Pinatubo in
hlhppines, the amount of sunlight that reached the Farth’s
£€ was estimated to have decreased by 2 to 4 percent. As a
the average global temperature dropped by several tenths
gree Celsius over a period of several years.

sph

Figure 8 b On May 18, 1980, Mount
St. Helens in Washington State
erupted. Sixty-three people lost their
lives, and 400 km? of forest were
destroyed in an eruption that blew
away the top 410 m of the volcano.

entitled “Comparison Tabie”
described in the Appendix. Label
the columns with “Local Effects”
and “Global Effects.” Label the

rows with “Volcanic Eruptions”

and “Earthquakes.” Then, fill in the -
table with details about the char-

acteristics and the
effects of each type
of natural disaster.
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SECTION 2

The Atmosphere

Earth is surrounded by a mixture of gases known as the
atmosphere. Nitrogen, oxygen, carbon dioxide, and other gases
are all parts of this mixture. Earth’s atmosphere changes con-
stantly as these gases are added and removed. For example, ani-
mals remove oxygen from the atmosphere when they breathe in
and add carbon dioxide when they breathe out. Plants take in
carbon dioxide and add oxygen to the atmosphere when they pro-
duce food. Gases can be added to and removed from the atmo-
sphere in ways other than through living organisms. A volcanic
eruption adds gases. A vehicle both adds and removes gases.

The atmosphere also insulates Earth’ surface. This insulation
slows the rate at which the Earth’s surface loses heat. The
atmosphere keeps Earth at temperatures at which living things
can survive,

Composition of the Atmosphere

Figure 10 shows the percentages of gases that make up Earth’s
atmosphere. Nitrogen makes up 78 percent of the Farth’s atmo-
sphere. It enters the armosphere when volcanoes erupt and when
dead plants and animals decay. Oxygen, the second most abun-
dant gas in Earth’s atmosphere, is primarily produced by plants.
Other gases, including argon, carbon dioxide, methane, and
water vapor, make up the rest of the atmosphere.

In addition to gases, the atmosphere contains many types of
tiny, solid particles, or atmospheric dust, Atmospheric dust is
ainly soil but includes salt, ash from fires, volcanic ash, particu-
fe matter from combustion, skin, hair, bits of clothing, pollen,
icteria and viruses, and tiny, liquid droplets called aerosols.

Objectives

B Describe the composition of the
tarth’s atmosphere.

¥ Describe the layers of the Earth’s
atmosphere,

» Explain three mechanisms of heat
transfer in Earth’s atmosphere.

» Explain the greenhouse effect.

Key Terms

atmosphere
troposphere
stratosphere
ozone

radiation
conduction
convection
greenhouse effect

Other 1%

Figure 10 » Nitrogen and oxygen
make up 99 percent of the composi-
tion of the atmosphere.

Figure 11 & This sunrise scene that
was taken from space captures the
tropopause, the transitional zone that
separates the troposphere (yellow
layer) from the stratosphere (white
layer). The tropopause is the ilfumni-
nated brown layer.
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Erosion

Figure 9 » Over long periods of
111 time, erosion can produce spectacular
i |andforms on Earth’s surface.

SECTION 1 Review

1. Name and describe the physical and compositional
layers into which scientists divide the Earth.

i | 2. Explain the main cause of earthquakes and their
effects.

3. Describe the effects that a large-scale volcanic erup-
tion can have on the global climate.

4. Describe how wind and water alter the Earth's
surface.

70 Chapter 3 The Dynamic Earth

Forces at the boundaries of tectonic plates bring rock to the surface
of the Earth. At the Farth’s surface, rocks are altered by other
forces. The Earth’s surface is continually battered by wind and
scoured by running water, which moves rocks around and changes
‘. : their appearance. The removal and transport of surface material is
1 called erosion. Erosion wears down rocks and makes them
smoother as time passes. The older a mountain range is, the longer
the forces of erosion have acted on it. This information helped
geologists learn that the round-topped Appalachian Mountains in

the castern United States are older than
the jagged Rocky Mountains in the west.

Water Erosion Erosion by both rivers
and oceans can produce dramatic change
on Earth’s surface. Waves from ocean
storms can erode coastlines to give rise
a variety of spectacular landforms. Over
time, rivers can carve deep gorges into th
landscape, as shown in Figure 9.

Wind Erosion Like moving water, wind
can also change the landscape of our
planet. In places where plants grow, thei
roots hold soil in place. But in places
where there are few plants, wind can
blow soil away very quickly. Beaches an
deserts, which have loose, sandy soil, ar
examples of places where few plants
grow. Soft rocks, such as sandstone, erc
more easily than hard rocks, such as
granite, do. In parts of the world, spec
ular rock formations are sometimes set
where pinnacles of hard rock stand alc
because the softer rock around them ha
been eroded by wind and/or water.

CRITICAL THINKING

5. Analyzing Processes How might the surface of
the Earth be different if it were not divided into 1€
tonic plates? -

6. Compare and Contrast Read about the effect
erosion on mountains on this page. From what ¥
have read, describe the physical features you wot
associate with a young mountain range and an ©
mountain range. R I
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The Mesosphere In geology, the
term mesosphere, which means
#middie sphere,” refers to the
2,550 km thick physical layer of the
Earth that lies below the astheno-
sphere. The mesosphere is also the
name of the atmospheric layer that
extends from 50 to 80 km above
Earth’s surface.

Figure 12 % The layers of the atmo-
sphere differ in temperature and
pressure. The red line indicates tem-
perature, and the green line indicates
pressure in pascals.

72 Chapter 3 The Dynamic Earth

Air Pressure FEarth’s atmosphere is pulled roward Earth’s surface
by gravity. As a result of the pull of gravity, the atmosphere is
denser near Earth’s surface. Almost the entire mass of Earth’s
atmospheric gases 1s located within 30 km of our planet’s surface.
Fewer gas molecules are found at altitudes above 30 km; less pres-
sure at these altitudes pushes downward on atmospheric gases.
The air also becomes less dense as elevation increases, SO breath-
ing at higher elevations is more difficult.

Layers of the Atmosphere

The atmosphere is divided into four layers based on temperature
changes that occur at different distances above the Earth’s sur-
face. Figure 12 shows the four layers of Earth’s atmosphere.

The Troposphere The atmospheric layer nearest Earth’s surface
is the troposphere. The troposphere extends to about 18 km
above Earth’s surface. Almost all of the weather occurs in this
Jayer, as shown in Figure 13. The troposphere 1 Earth’s densest
atmospheric layer. Temperature decreases as altitude increases in
the troposphere.

Pressure (Pa)
2.0 x 10* 6.0 x 10 1.0 % 108

Altitude (km)

Troposphere

80 -70 -60 50 .40 -30 -20 -10 0

Temperature (°C)



The Stratosphere Above the troposphere is the stratosphere. The
stratosphere extends from about 18 km to an altitude of about
50 km. Temperatures rise as altitude increases in the stratosphere.
This happens because ozone in the stratosphere absorbs the sun’s
ultraviolet {(UV) energy and warms the air. Ozone, O,, is a mole-
cule made up of three oxygen atoms. Almost all the ozone in the
_atmosphere is concentrated in the ozone layer in the stratosphere.
Ozone reduces the amount of UV radiation that reaches Earth.
UV radiation can harm humans and other organisms.

The Mesosphere The layer above the stratosphere is the meso-
Sphere. This layer extends to an altitude of about 80 km. The
esosphere is the coldest layer of the atmosphere, and its temper-
ures have been measured as low as -93°C.

e Thermosphere The atmospheric layer farthest from Earth’s
face is the thermosphere. In the thermosphere, nitrogen and
ygen absorb solar radiation, which results in temperatures
ove 2,000°C. Despite these high temperatures, the thermo-
phere would not feel hot to us. Air particles that strike one

her transfer heat. The air in the thermosphere is so thin

air particles rarely collide, so little heat is transferred.
itrogen and oxygen atoms in the lower region of the ther-
__P,here {about 80 km to 550 km above Earth’s surface) absorb
_‘ ful- solar radiation, such as X rays and gamma rays. This

b JIption causes atoms to become electrically charged. Electri-
“__ irhargecl atoms are called fons. The lower thermosphere is
_the ionosphere. Sometimes ions radiate energy as light.

lght often glows in spectacular colors in the night skies near
th’s North and South Poles, as shown in Figure 14.

§ How does ozone in the stratosphere affect life on
surface?

Figure 13 ¥ Scientists on board a
research plane from the National
Oceanic and Atmospheric Admini-
stration (NOAA) are making measure-
ments of temperature, humidity,
barometric pressure, and wind speed
as they fly over the eye of a hurricane,

Figure 14 » The aqurora boreafis, or
Northern Lights, can be seen in the
skies around Earth’s North Pole.
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The Heat
Is On!

Procedure

1. Fill two 250 mL beakers with
water. Use a thermometer to
record the initial temperature of
the water in both beakers. The
temperature of the water should
be the same for both beakers.

2. Wrap one beaker with white
paper, and wrap one with
black paper. Secure the paper
with a piece of tape.

3, Place a 150 W floodlight 50
cm away from the beakers, and
turn the light on.

4. Record the temperature of the
water in both beakers at 1 min,
5 min, and 10 min.

\ Analysis
|

1. By what mechanism is energy
) being transferred to the
\ : beakers? Explain your answer.

Figure 15 P Thermal Radiation
Three important mechanisms
responsible for transferring heat

: iy the atmosphere are © radiation,
# conduction, and & convection.

Energy in the Atmosphere

As shown in Figure 15, energy from the sun 1s transferred in

Barth’s atmosphere by three mechanisms: radiation, convection,
and conduction. Radiation is the transfer of energy across space
and in the atmosphere. When you stand before a fire or a bed of
coals, the heat you feel has reached you by radiation. Conduction
is the flow of heat from a warmer object to a colder object when
the objects are placed in direct physical contact. Convection is
the transfer of heat by air currents. Hot air rises and cold air
sinks. Thus, if you hold your hand above a hot iron, you will feel
the heat because a current of hot air rises up to yout hand.

Heating of the Atmosphere Solar energy reaches the Earth as
electromagnetic radiation, which includes visible light, infrared
radiation, and ultraviolet light. Our planet only receives about
rwo-billionths of this energy. But this seemingly small amount of
radiation contains a remendous amount of energy. As shown In
Figure 15, about half of the solar energy that enters the atmo-
sphere passcs through and reaches Farth’s surface. The rest is
Absorbed or reflected in the atmosphere by clouds, gases, and
dust, or it is reflected by the Earth’s surface. On a sunny day,
rocks may become too hot to touch. If the Earth’s surface
continually absorbed energy, it would get hotter and hotter.

——

@ Radiation moves energy
through space in waves, to
heat the Earth’s surface.

e

€) Near the Earth’s surface, airis
heated by conduction.

iy



This does not happen, because the oceans and the land radiate
the energy they have absorbed back into the atmosphere.

You may have noticed that dark-colored objects become much
hotter in the sun than light-colored objects. Dark-colored objects
absorb more solar radiation than light-colored objects, so dark-
colored objects have more energy to release as heat. This is one
reason the temperature in cities 1s higher than the temperature in
the surrounding countryside.

The Movement of Energy in the Atmosphere Air that is con-
stantly moving upward, downward, or sideways causes Earth’s
weather. In the troposphere, currents of less dense air, warmed by
the Earth’s surface, rise into the atmosphere and currents of denser
cold air sink toward the ground. As a current of air rises into the
atmosphere, it begins to cool. Eventually, the air current becomes
more dense than the air around it and sinks instead of continuing
to rise. So, the air current moves back toward Earth’s surface until
it is heated by the Farth and becomes less dense. Then, the air cur-
rent begins to rise again. The continual process of warm air rising
and cool air sinking moves air in a circular motion, called a con-
vection current. A convection current is shown in Figure 15.

R
¥

¥ Why does cool air sink and warm air rise in the
atmosphere?

Lost Weekend Have you ever
complained about how it always
seems to rain on the weekends? If
you live on the East Coast, you
might actually have a point.
Researchers recently found that the
mid-Atlantic states have g 30 to 40
percent greater chance of rain on
the weekends. Why? Researchers
suggest that the automobile
exhaust that accumulates in the
atmosphere over the course of the
waork week has actually caused
weather patterns in this area to
shift. By Friday, the exhaust levels
are high enough to trigger rain
over the weekend, which cleanses
the atmosphere for ancther week.

5% reflected by
the Earth’s surface

50% absorbed by
the Earth’s surface

€3 Convection currents are
caused by the unequal
heating of the atmosphere.

Solar Energy that Reaches Earth

20% absorbed by
siz— orone, clouds, and
atmospheric gases

o 25% scattered
———— and reflected by
clouds and air
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The Greenhouse Effect

Ty The gases in Earth’s atmosphere act like the glass in the car
SEER /A A il shown in Figure 16, Sunlight that penetrates Earth’s atmosphere

B E

xln the Greenhuse heats the surface of the Earth. The Earth’s surface radiate's heat
Effect Some of your classmates back to the atmosphere, where some of the heat escapes Into
and teachers probably drive to space. The remainder of the heat is absorbed by greenhouse
school. Given what you know gases, which warms the air. Heat is then radiated back toward
about the reflection and absorp- the surface of the Earth. This process, in which gases trap heat
tion of heat, go to the parking lot near the Earth, is known as the greenhouse effect. Without the

on a sunny day and hypothesize
which cars will have the hottest
interiors. Base your hypothesis on

greenhouse effect, the Earth would be too cold for life to exist.
The gases in our atmosphere that trap and radiate heat are

such variables as the color of car called greenhouse gases. None of the greenhouse gases have a
. interiors and whether the win- high concentration in Earth’s atmosphere. The most abundant
dows are tinted or untinted. greenhouse gases are water vapon carbon dioxide, methane, and
G EE?'-SC); c;:;?bservat:ons " nitrous oxide. The quantities of carbon dioxide and methane
— in the atmosphere vary considerably as a result of natural

1 and industrial processes, and the amount of water
varies because of natural processes.

Figure 16 ¥ The gases In the atmo- @ Sunlight passes through
sphere act like a layer of glass. Both the glass into the car.
glass and the gases in the atmosphere
| allow solar energy to pass through.

. But glass and some of the gases in the
atmosphere absorb heat and stop the
heat from escaping into space.

€ The interior absorbs radiant energy,
changing it into heat.

& The glass in the car stops
mast of the heat from
escaping, increasing the
temperature inside the car.

SECTION 2 Review

!_3 1. Describe the composition of Earth’s atmosphere. CRITICAL THINKING

5. Analyzing Processes Read about the density of %

2. Describe a characteristic of each layer of the ]
Y Earth’s atmosphere under the heading “Alir Pressure:

atmosphere. ) ;
Write a paragraph that explains why Earth's atmos-
3, Explain the three mechanisms of heat transfer in phere becomes less dense with increasing altitude
Earth’s atmosphere. above Earth. E
4. Describe the role of greenhouse gases in Earth’s 6. Analyzing Processes How does human activi
atmosphere. change some greenhouse-gas levels?
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SECTION 3

The Hydrosphere and Biosphere

Life on Earth is restricted to a very narrow layer around the Objectives
Earth’s surface. In this layer, called the biosphere, everything that
organisms need to survive can be found. One of the requirements
of living things is liquid water.

P Name the three major processes in
the water cycle.

¥ Describe the properties of ocean
water.

The Hydrosphere and Water Cycle » Describe the two types of ocean

The hydrosphere includes all of the water on or near the Earth’s currents.
surface. The hydrosphere includes water in the oceans, lakes,
rivers, wetlands, polar icecaps, soil, rock layers beneath Earth’s
surface, and clouds.

B Explain how the ocean regulates
Earth’s temperature.

& Discuss the factors that confine life
to the biosphere.

The continuous movement of water into the air, onto land, b Explain the difference between
and then back to water sources is known as the water cycle, open and closed systems.
which is shown in Figure 17. Evaporation is the process by which
liquid water is heated by the sun and then rises into the atmo- Key Terms

sphere as water vapor. Water continually evaporates from Earth’s
oceans, lakes, streams, and soil, but the majority of the water evap-
orates from the oceans. In the process of condensation, water

water cycle
evaporation
condensation

vapor forms water droplets on dust particles. These water precipitation
. droplets form clouds, in which the droplets collide, stick together, salinity
and create larger, heavier droplets. These larger droplets fall from fresh water
-clouds as rain in a process called precipitation. Precipitation may biosphere
& also take the form of snow, sleet, or hail.

Figure 17 # The major processes
of the water cycle include

© evaporation, 8 condensation,
and € precipitation.
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submarine Volcanoes Geolo-
gists estimate that approximately

floor. Most of this activity occurs

as magma slowly flows onto the

ocean floor where tectonic plates
pull away from each other. But

also common. Off the coast of
Hawaii, a submarine volcano
called the Loihi Seamount rises
5,185 m from the ocean floor.
Loihi is just 915 m below the
ocean’s surface, and in several

Lthousand years, this volcano may

80 percent of the volcanic activity
on Earth takes place on the ocean

enormous undersea volcanoes are

hecome the next Hawaiian lslanb

The light from your tiny research
submarine illuminates the desert-
like barrenness of the deep-ocean
floor. Suddenly, the light catches
something totally unexpected—an
underwater ocasis teeming with sea
creatures that no human has laid
eyes on before. At the center of
this community is a tall chimney-

like structure from which a column

of black water is rising.
This scene is much like the one
that John Corliss and John Edmond

witnessed when they discovered the

first deep-sea hydrothermal vents

and the odd community of creatures

that inhabit them. Corliss’s and
Edmond’s discovery was made dur-
ing a dive in the submarine Alvin in
early 1977. The dive site was in the
eastern Pacific Ocean near the

Galdpagos Islands. Since the original
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Hydrothermal Vents

Earth’s Oceans

We talk about the Atlantic Ocean, the Pacific Ocean, the Arctic
Ocean, and the Indian Ocean. However, if you look at Figure 18,
you see that these oceans are all joined. This single, large, inter-
connected body of water is called the world ocean. Its waters
cover a little over 70 percent of the Earth’s surface. As we will
see, the world ocean plays many important roles in regulating out
planet’s environment.

The largest ocean on Farth is the Pacific Ocean. It covers a sur-
face area of approximately 165,640,000 km? and has an average
depth of 4,280 m. The deepest point on the ocean floor is in the
Pacific Ocean. This point is called the Challenger Deep and 18
located east of the Philippine Islands at the bottom of the Mariana
Trench. The Challenger Deep is 11,033 m below sea level, which is
deeper than Mount Fyerest is tall. Oceanographers often divide the
Pacific Ocean into the North Pacific and South Pacific based on th
direction of surface current flow in each half of the Pacific Ocean.
Surface currents in the Pacific move in a clockwise direction north

dive, many more hydrothermal
vents have been located on the
ocean bottom.

Hydrothermal vents are
openings in the ocean floor
where super-hot, mineral-rich
waters stream into the ocean.
Hydrothermal vents form
where tectonic plates are sepa-
rating and where deep frac-
tures are opening in the Earth’s
crust. Water seeps down into
some of these fractures [o a
depth where it is heated by molten
rock and enriched with minerals. p Superheated, mineral-rich wi
The water returns to the ocean floor streams through a chimney at ¢
through other fractures and then hydrothermal vent on the floor
pours into the ocean. Water often the Pacific Ocean.
streams through structures called
chimneys. Chimneys form when the water cools from above 100°C
minerals in the vent water—mostly less than 50°C. The tallest chin
iron and sulfur—precipitate as the reported to date is 49 m. Vent




of the equator, whereas surface currents flow in a coun- ARCTIC OCEAN
terclockwise direction south of the equator.
The second largest ocean on Earth is the

Atlantic Ocean. It covers a surface area of
81,630,000 km?, which is about half the

o . o . =7 ATLANTIC
area of the Pacific Ocean. Like the Pacific OCEAN ,
Ocean, the Atlantic Ocean can be divided
into a north half and a south half based on igq&/grﬁ ) CF INDIAN

the directions of surface current flow north OCEAN
and south of the equator.

The Indian Ocean covers a surface area of
73,420,000 km? and is the third-largest ocean on
Earth. It has an average depth of 3,890 m.

The smallest ocean is the Arctic Ocean, which covers
14,350,900 km?. The Arct.ic chan is?‘ u_nique lljeca_use much of its Indian, and Arctic Oceans are inter-
surface 1s covered by floating ice. This ice, which is called pack connected into a single body of
ice, forms when either waves or wind drive together frozen sea- water, the world ocean, which covers
water, known as sea ice, into a large mass. 70 percent of Earth’s surface.

Figure 18 ¥ The Pacific, Atlantic,

in vent communities can use hydro-
gen sulfide escaping from the vents
as an energy source. Some animals
that live in vent communities con-
sume these bacteria to obtain their
energy. Other animals have bacte-
ria living inside their bodies that
supply them with energy.

1. Applying Processes Some sci-
entists have suggested that life
may have originated in or near
hydrothermal vents because vent
organisms are able to obtain their

r 300 species of organisms have been found in hydrothermal vent
tnities, including species of tube worms that may grow to a

af 3 m, energy from chemicals in the
absence of sunlight. Does this sug-

<an reach temperatures as 300 species of organisms—all new to  gestion seem realistic?
b 4 scientists—live near hydlrothermal 2. Making Predictions How

<1< Pressure at the ocean bot- vents. These organisms include tube might the creatures that live in

K tremendous. No sunlight pen-  worms, giant clams, mussels, shrimp, hydrothermal vent communities be
hese depths, and crabs, sea anemones, and octopuses. of benefit to humankind in the
hermal vents spew minerals How is life at hydrothermai future?
gir surroundings. Still, at least vents possible? Bacteria that live
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1 Ocean Water The difference berween ocean water and fresh water
E s that ocean water contains more salts. These salts have dissolved

out of rocks on land and have been carried down rivers
into the ocean over millions of years. Underwater vol-
canic eruptions also add salts to the ocean.

Most of the salt in the occan is sodium chlo-
ride, which is made up of the elements sodium
and chlorine. Figure 19 shows the concentra-
tion of these and other elements in ocean water.
The salinity of ocean water is the concentra-
tion of all the dissolved salts it contains. The
average salinity of ocean water is 3.5 percent by

weight. The salinity of ocean water is lower in
places that get a lot of rain or in places where fresh
water flows into the sea. Salinity is higher where
water evaporates rapidly and leaves the salts behind.

Other 0.7%

Potassium 1.1%

Calcium 1.2% —z5

sulfur 3.7%

Magnesium 7.7%

Figure 19 » This pie graph

<hows the percentages by weight Temperature Zones Figure 20 shows the temperature zones of
of dissolved solids found in ocean the ocean. The surface of the ocean is warmed by the sun. In
water. Sodium and chlorine, the two contrast, the depths of the ocean, where sunhight never reaches,

elements that form salt, are the . . )
et important dissolved solids i have temperatures only slightly above freczing. Surface waters

ocean water. are stirred up by waves and currents, so the warm surface zone
may be as much as 350 m deep. Below the surface zone is the
thermocline, which is 2 layer about 300 to 700 m deep where
the temperature falls rapidly with depth. If you have ever gone
swimming in a deep lake in the summer, you have probably
encountered a shallow thermocline. The boundary between the
warm and cold water is the thermocline.

Figure 20 b WWater in the ocean can
be divided into three zones based on
temperature.

| surface Zone The surface zone is the warm,

‘ top layer of ocean water. Sunlight heats the top
- 100 m of the surface zone. surface currents mix
the heated water with cooler water below.

Water depth (m)
o
[
T

800

: _ : ; : i
0 5 10 15 20
Water temperature (°C)
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A Global Temperature Regulator One of the most important
functions of the world ocean is to absorb and store energy from
sunlight. This capacity of the ocean to absorb and store energy
from sunlight regulates temperatures in Earth’s atmosphere.

The world ocean absorbs over half the solar radiation that
reaches the planét’s surface. The ocean both absorbs and releases
heat more slowly than land does. As a consequence, the tempera-
ture of the atmosphere changes much more slowly than it would
if there were no ocean on Earth. If the ocean did not regulate
atmospheric and surface temperatures, the temperature would be
too extreme for life on Earth to exist.

Local temperatures in different areas of the planet are also
regulated by the world ocean. Currents that circulate warm water
cause the land areas they flow past to have a more moderate cli-
mate. For example, the British Isles are warmed by the Gulf
Stream, which moves warm waters from lower latitudes toward
higher latitudes, as shown in Figure 21.

How does the absorption and release of heat by the

ocean differ from the absorption and release of heat by land?

C ATLANTIC
OCEAN

=

The Influence of the
Gulf Stream The tempera
ture of the British isles is
moderated by the Gulf Stream.
Plymouth, England, and Winnipeg,
Canada, are located at approxi-
mately 50° north latitude.
Plymouth, which is located in the
southwest of England near the
Atlantic Ocean, has average low
temperatures of 4°C in December,
3°Cin January, and 3°C in
February. Winnipeg, which is
located in the interior of North
America, has average low tempera-
tures of -18°C in December,
-23°C in january, and -20°C in
February. What is the difference

in average low temperatures in
degrees Celsius between Plymouth
and Winnipeg?

Figure 21 B In this infrared satellite
image, the Gulf Stream is moving
warm water (shown in red, orange,
and yellow) from lower latitudes
into higher latitudes. The British
Isles are warmed by the waters of
the Gulf Stream.
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near the surface of the ocean are called surface currents. Surface

] ) Ocean Currents Streamlike movements of water that occur at or
currents are wind driven and result from global wind patterns.

- Make a

X Figure 22 shows the major surface currents of the world ocean.
Hydrothermal Vent Surface cusrents may be warm-water currents or cold-water cur-
" Procedure rents. Currents of warm water and currents of cold water do not
1. Fill a large glass container or readily mix with one another. Therefore, a warm-water current
aquarium with very cold water. like the Gulf Stream can flow for hundreds of kilometers through
2. Tie one end of a piece of cold water without mixing and losing its heat.
string around the neck of 2 Surface currents can influence the climates of land areas they
small bottle. .
flow past. As we have seen, the Gulf Stream moderates the chi-

3. Fill the smal! bottie with hot

water, and add a few drops of mate in the British Isles. The Scilly Isles in England are as far

I food coloring. north as Newfoundland in northeast Canada. However, palm
! 4. Keep the small bottle upright trees grow on the Scilly Isles, where it never freezes, whereas
while you lower it into the glass Newfoundland has long winters of frost and snow.
1 container until it rests flat on Deep currents are streamlike movements of water that flow
1 the bottom. very slowly along the ocean floor. Deep currents form when the
- Analysis cold, dense water from the poles sinks below warmer, less dense
?, 1. Did the food coloring indicate ocean water and flows toward the equator. The densest and cold-
g that the hot water and cold est ocean water is located off the coast of Antarctica. This cold
il - waler mixed? :
il water sinks to the bottom of the ocean and flows very slowly
L northward to produce a deep current called the Antarctic Bottom
i Water. The Antarctic Bottom Water creeps along the ocean floor
“_ for thousands of kilometers and reaches a northernmost point of

approximately 40° north latitude. It takes several hundred years

Figure 22 » The oceans’ surface cur- for water in this deep current to make this trip northward.
rents circulate in different directions
in each hemisphere.
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Fresh Water

Most of the water on Earth is salt water in the ocean. A little more
than 3 percent of all the water on Earth is fresh water. Most of the
fresh water is locked up in icecaps and glaciers that are so large
they are hard to imagine. For instance, the ice sheet that covers
Antarctica is as large as the United States and is up to 3 km thick.
The rest of Earth’s fresh water is found in fakes, rivers, wetlands,
the soil, rock layers below the surface, and in the armosphere.

River Systems A river system is a network of streams that drains
an area of land. A river system contains all of the land drained by
a river, including the main river and all its tributaries. As shown
in Figure 23, tributaries are smaller streams or rivers that flow
into larger ones. Some river systems are enormous. For example,
most of the precipitation that falls between the Rocky Mountains
in the west and the Appalachian Mountains in the east eventually

{ drains into the Mississippi River. The Mississippi River system
covers about 40 percent of the contiguous United States.

Figure 23 ¥ This photo shows a

Groundwater network of tributaries flowing into
. . C a river in the wetlands of southern
Rain and melting snow sink into the ground and run off the land. Louisiana.

Some of this water ends up in streams and rivers, but most of it
trickles down through the ground and collects as groundwater.
Groundwater fulfills the human need for fresh drinking water and
supplies water for many agricultural and industrial uses. But ground-
water accounts for less than 1 percent of all the water on Earth.

Aquifers A rock layer that stores and allows the flow of ground-
- water is called an aquifer. The surface of the land where water
. enters an aquifer is called a recharge zone. Figure 24 shows the
ocation of aquifers in the contiguous United States.

Figure 24 » Much of the United
States is underlain by aquifers. The
brown areas are rocks that contain
relatively little stored water.
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. The Biosphere
SC[ INKS, prmemm=s P

- 1f the Earth were an apple, the biosphere would be its skin. This
W.scilm'ks 0rg comparison illustrates how small the layer of the Earth that can

opic: The Biosphere R
t Code: HEB0162 support life is in celation to the size of the planet. The biosphere
s the narrow layer around Earth’s surface in which life can exist.
The biosphere is made up of the uppermost part of the geosphere,
most of the hydrosphere, and the lower part of the atmosphere.
The biosphere extends about 12 km into the ocean and about
9 km into the atmosphere.

Life exists on Earth because of several important factors. Most
life requires liquid water, moderate temperatures, and a source of
L) energy. The rmaterials that organisms require must continually be
L cycled. Gravity allows a planet to maintain an atmosphere and to
. cycle materials. Suitable combinations of the things that organisms
aced to survive are found only in the biosphere.

The biosphere is located near Earth’s surface because most of
the sunlight is available near the surface. Plants on land and in
the ocean are shown in Figure 25. Plants need sunlight to pro-
duce their food, and almost every other organisim gets its food
from plants and algae. Most of the algae float at the surface of
i : the ocean. These tiny, free-floating, marine algac are known as
: phytoplankton. Except for bacteria that live at hydrothermal
vents, most of the organisms that live deep in the ocean feed on

Figure 25 » This illustration of the dead plants and animals that drift down from the surface.
biosphere shows the concentration
of plant life on land and in the
ocean. The colors represent differ-
ent concentrations of plant life in
different regions.

8 \What makes life possible in the biosphere?

Amount of land vegetation

e " ey e isis

Low
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Energy Flow in the Biosphere

When an organism in the biosphere dies, its body is broken down
and the matter in its body becomes available to other organisms.
This matter is continually recycled. Energy, however, must be sup-
plied constantly. The Eden Project, shown in Figure 26, is a closed
system that models this flow of matter and energy.

In a closed system, energy enters and leaves the system, but mat-
ter does not. The Earth is a closed system because the only thing
that enters in significant amounts is energy from the sun, and the
only thing that leaves in significant amounts is heat. Energy from
the sun is used by plants in the biosphere to make their food. When
an animal eats a plant, the energy stored in the plant is transferred
to the animal. The animal, in turn, may be eaten by another animal.
At each stage in the food chain, some of the energy is lost to the
environment as heat, which is eventually lost into space.

In an open system, both matter and energy are exchanged
between a system and the surrounding environment. The Earth
was once an open system. Matter was added to the early Earth as
it was hit by comets and meteorites. Now, however, little matter
reaches the Earth this way. 3

Figure 26 » The Eden Project is an
attempt to model the biosphere, In
this project, ptants from all aver the
world live in a closed systen. The
Eden Project is housed within a series
of domes that were constructed in an
old clay pit in England.

CRITICAL THINKING

5. Analyzing Processes Read about the ocean’s role
in regulating temperature under the heading "A
Clobal Temperature Regulator.” How might Earth’s cli-

escribe the two types of ocean currents. mate change if the land area on Earth were greater

than the area of the world ocean?

6. Analyzing Relationships Why is the human body
considered an open system?
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1 The Geosphere Key Terms

geosphere, 63
crust, 64

mantle, 65

core, 65
lithosphere, 65
asthenosphere, 65
tectonic plate, 66
erosion, 70

atmosphere, 71
troposphere, 72
stratosphere, 73
ozone, 73
radiation, 74
conduction, 74
convection, 74

greenhouse
effect, 76

2 The Atmosphere

water cycle, 77
evaporation, 77
condensation, 77
precipitation, 77
salinity, 80

fresh water, 83
biosphere, 84

3 The Hydrbspheré and
Biosphere '

86 Chapter 3 Highlights

Main Ideas

» The solid part of the Earth that consists of
all rock, and the soils and sediments on Earth’s
surface, is the geosphere.

p Tarth’s interior is divided into layers based
on composition and structure.

» Farth’s surface is broken into pieces called
tectonic plates, which collide, separate, or slip
past one another.

» Farthquakes, volcanic eruptions, and
mountain building are all events that occur

at the boundaries of tectonic plates.

» Farth’s surface features are continually
altered by the action of water and wind.

» The mixture of gases that surrounds the
Earth is called the atmosphere.

» The atmosphere is composed almost entirely
of nitrogen and oxygen.

» Earth’s atmosphere is divided into four layers’
based on changes in temperature that take
place at different altitudes.

» Lleat is transferred in the atmosphere by
radiation, conduction, and convection.

» Some of the gases in Earth’s atmosphere
slow the escape of heat from Farth’s surface i
what is known as the greenhouse effect.

» The hydrosphere includes all of the water a
or near Farth’s surface.
» Water in the ocean can be divided into thre
zones—the surface zone, the thermocline, and
the deep zone—based on temperature.

» The ocean absorbs and stores energy
from sunlight, regulating temperatures in the
atmosphere.

» Surface currents in the ocean affect the
climate of the land they flow near.

» The biosphere is the narrow layer at the su
face of the Barth where life can exist.

p Earth is a closed system because energy
enters and leaves Earth, but matter does not-




Using Key Terms

Use each of the following terms in a separate
sentence.

1. tectonic plate
2. erosion

3. radiation

4, ozone

5. salinity

For each pair of terms, explain how the meanings
of the terms differ.

6. lithosphere and asthenosphere
7. conduction and convection
8. crust and mantle

9, evaporation and condensation

The Importance of Nouns Most multiple-
choice questions center around the definitions of
nouns. When you study, pay attention to the defi-
nitions of nouns that appear to be important in

ferms or italicized secondary terms.

exists is called the
a. geosphere.

b. atmosphere.

¢. hydrosphere.
d. biosphere.

The thin layer of the Farth upon which tec-

tonic plates move around is called the
. mantle.

- asthenosphere.
lithosphere.

_ the text. These nouns will often be boldfaced key ¢

12. Seventy-eight percent of Earth’s atmosphere
is made up of
a. oxygen.
b. hydrogen.
€. nitrogen.
d. carbon dioxide.

13. The ozone layer is located in the
a. stratosphere.
b. mesosphere.
¢. thermosphere.
d. troposphere.

14. Convection is defined as the
a. transfer of energy across space.
b. direct transfer of energy.
c. trapping of heat near the Earth by gases.
d. transfer of heat by currents,

15. Which of the following gases is zot a green-
house gas?
a. water vapor
b. nitrogen
¢. methane
d. carbon dioxide

16

Liquid water turns into gaseous water vapor
in a process called

a. precipitation.

b. convection.

€. evaporation.

d. condensation.

Currents at the surface of the ocean are
moved mostly by

a. heat.

b. wind.

c. salinity.

d. the mixing of warm and cold water.

17

18. Which of the following statements about the

biosphere is not true?

a. The biosphere is a system closed to matter.

b. Energy enters the biosphere in the form of
sunlight.

c. Nutrients in the biosphere must be contin-
uously recycled.

d. Matter is constantly added to the biosphere.
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CHAPTER 9

Short Answer

19. How do seismic waves give scientists infor-
mation about Earth’s interior?

20. Explain the effect of gravity on Earth’s
atmosphere.

21. Explain how convection currents transport
heat in the atmosphere.

22, Why does land that is near the ocean change
temperature less rapidly than land that is
located farther inland?

23, Why is life on Earth confined to such a nar-
row layer near the Earth’s surface?

Interpreting Graphics

The map below shows the different amounts of
chlorophyll in the ocean. Chiorophyll is the pig-
ment that makes plants and algae green.
Chlorophyll identifies the presence of marine
algae. The red and orange colors on the map
show the highest amounts of chlorophyll, the
blue and purple colors on the map show the
smallest amounts of chlorophyll. Use the map to

answer questions 24-25.

24. Is there a greater concentration of marine
algae at location A or at location B?

25, What conclusion can you reach about condi-
rious in the parts of the ocean where marine
algae may prefer to live?

Chlorophyll Content

High Low
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Concept Mapping Q%%J

26, Use the following terms to creatc @ concept
map: geosphere, crust, mantle, core, litho-
sphere, asthenosphere, and tectonic plate.

Critical Thinking

27. Making Predictions The eruption of Mount
Pinatubo in 1991 reduced global temperature
by several tenths of a Celsius degree for sev-
eral years. Write a paragraph predicting what
might happen to Earth’s climate if several
large-scale eruptions took place at the same
time?

28. Analyzing Processes Read about the heating
of Earth’s surface and the absorption of
incoming solar radiation under the heading
«Heating of the Atmosphere.” How might
the Earth be different if the Earth’s surface
absorbed greater or lesser percentages of
radiation? ETTIETH

29. Analyzing Processes Surface currents are de-
flected by continental landmasses. How might
the pattern of Earth’s surface currents change
if the Earth had no landmasses? Where on the
world ocean might the majority of warm sur-
face currents be located? Where would the
cold surface currents be located?

Cross-Disciplinary Connection

30, History Scientists believe that some humarn
migration between distant landmasses may
have taken place on rafts powered only by the
wind and ocean currents. Look at Figure 22,
which shows the Earth’s surface currents. ;
Hypothesize potential migratory routes these *
early seafarers may have followed. '

Portfolio Project

31. Plotting Seismic Activity Most earthquakes |
take place near tectonic plate boundaries. Usiil
the encyclopedia, the Internet, or another
source, find at least 20 locations where major;
carthquakes took place during the 20th cen- 4
tury. Plot these locations on a map of the wol
that shows Earth’s tectonic plates. Did the
majority of earthquakes occur at or near €
tonic plate boundaries? 3




Use the graph below to answer questions 32-33.
32. Analyzing Data Rearrange the oceans in

order of highest depth-to-area ratio to lowest

depth-to-area ratio.

33. Making Calculations On the graph, you are
given the average depths of the four oceans.
From these data, calculate the average depth
of the world ocean.
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160 14 Area 4,000
o~ 140 §8 Depih 3,500 =
w E =
€3 120 3,008 »
35 &
8 2 100 2,500 y
e (=3
52 80 2,000 o
/= <
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20 500
0 0

Pacific Atlantic Indian Arctic
Ocean Ocean Ocean OQOcean

34. Communicating Main Ideas Describe the
three important ways in which the movement
of energy takes place in Earth’s atmosphere.

3. Writing Persuasively Write a persuasive
essay that explains why the Earth today
_should be regarded as a closed system for

matter rather than an open system.

6. Outlining Topics Write a one-page outline

that describes some of the important inter-
actions that take place in the Earch system.

Read the passage below, and then answer
the questions that follow.

Researchers at Ohio State University have
developed a video camera that photographs the
foamy bubbles left when a wave breaks on a
beach. Software analyzes images from the cam-
era and uses the movement of the foam to cal-
culate the speed and direction of currents along
the shore. How do we know that the software
produces an accurate picture of the currents?
To test the software, researchers set up a video
camera on the beach at Duck, North Carolina,
where dozens of underwater sensors already
measure currents directly. A comparison of the
currents detected by the video camera and by
the sensors showed a close match. The Ohio
State University researchers believe data from
the video camera would be even more accurate
if the camera were directly above the breaking
waves. The researchers’ next step will be to
mount the camera on a blimp suspended over a
beach in Monterey, California.

1. According to the passage, which of the
following conclusions is true?

a. The video camera uses wave speed to
calculate the direction and speed of
currents.

b. Underwater sensors are less accurate at
measuring currents than video cameras.

¢. Video cameras do not measure cur-
rents directly.

d. Underwater sensors detect the move-
ment of foam.

2. What is the importance of foam in mea-

suring currents? '

a. Foam can be measured directly by both
video cameras and underwater sensors.

b. The movement of foam can be used to
calculate the direction and speed of a
current.

¢. Foam from breaking waves can be
detected by placing a video camera at

any point on a beach.
d. both (b) and (¢)
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Understanding Concepts

Directions (1-4): For each question, write on a
separate sheet of paper the letter of the correct
answer.

What is the cool, rigid, outermost layer of
the Earth?

A. the asthenosphere

B. the geosphere

C. the lithosphere

D. the mesosphere

The collision of tectonic plates creates what
geologic feature?

F. mesosphere

G. inner core

H. mountains

1. hydrothermal vents

What determines the weather we experience

on Earth?

A. movement of water over land masses

B. gases trapping heat near Earth’s surface

C. absorption of radiation by the
thermosphere

D. air constantly moving through Earth’s
atmosphere

What is the difference between evaporation

and condensation?

F. Evaporation is the first stage of the water
cycle; condensation is the last stage.

G. Evaporation is the change from water to
vapor; condensation is the change from
vapor to water.

H. Evaporation is the process where water 18
heated by the sea; condensation is the
process where water droplets fall from
clouds.

I. Fvaporation is the process where water
vapor forms droplets; condensation is the
process where water vapor forms clouds.

Directions (5-6): For each question, write a short
response.

o Differentiate between the three composi-
tional layers of Earth.

e What is the purpose of the Richter scale?
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o Volcanic eruptions can have a global effect;"

Reading Skills

Directions (7-9): Read the passage below. Then
answer the questions.

A volcano is a mountain built from melted
rock that rises from the Earth’s interior to its
surface. Volcanoes may occuf Oft Jand or under
the sea, where they eventually break the ocean
surface as islands. They are often located near
rectonic plate boundaries.

Volcanic eruptions can be devastating to
local economies, cause great human loss, and
affect global climate for several years. In large
eruptions, clouds of volcanic ash and sulfur-
rich gases may reach the upper atmosphere. In
addition, ash that falls to the ground can cause
buildings to collapse under its weight, bury
crops, and damage the engines of vehicles.

Major volcanic eruptions, such as the
eruption of Mount St. Helens, can change
Barth’s climate for several years.

Where are most of the Earth’s volcanoes
located?

A. within tropical rain forests

B. near Mount St. Helens

€. near the Antarctic

D. near tectonic plate boundaries

o What happens during a large volcanic

eruption?

F. The ash causes islands to form.
6. The ash rises from the Farth’s interiof.

H. The ash and sulfur-rich gases may reach 3

|

the upper atmosphere. 3
L The ash falls to the ground and produces;
dust storms.

on the Farth by .
A. changing the Earth’s climate for several
years %

B. changing tectonic plates
C. changing local economics
D. causing buildings to collapse




Interpreting Graphics

Directions (10~12): For each question below, record the correct answer on
a separate sheet of paper.

@ Which of the following statements is true?
F. The world ocean covers 70% of Farth’s surface.
G. The world ocean is the body of water south of Africa.
H. The world ocean has lirtle effect on Earth’s environment,
L The world ocean consists of the Atlantic and Pacific Oceans.

The illustration below shows elements in the ocean’s water. Use it to answer
question 11,

Elements in Ocean Water

Other 0.7%

Potassium 1.7%

Chlorine 55.0%

Calcium 1.2%

Sulfur 3.7%

Magnesium 7.7%

Sodium 30.6%

m What fraction of ocean salinity is not sodium and chlorine?
A 12.1%

B. 14.6%
C. 12.4%
D. 14.4%

Q The Atlantic Ocean covers 81,630,000 km? of Earth’s surface areq i

and the Pacific Ocean covers 165,640,000 km?. How much vou comde uponka

more surface area is covered by the Pacific Ocean than the Atlantic word you 0 not xnow,

Ocean, in millions of km?? try to identify its pre-

Fo7o fix, suffix, or root,

6. 84 Sometimes knowing
H. 95 even one part of the

"L 108 word will help you

‘ answer the question.
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