Forces in Earth's Crust

—Reading Preview %558 0
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Key Concepts

* How does stress in the crust How Does Stress Affect
change Earth's surface? Earth’s Crust?

e \Where are faults usually found, 1. Put on your goggles.

and why do they form? 2. Holding a popsicle stick at both ends,

e \What land features result from slowly bend it into an arch.
the forces of plate movement?

3. Release the pressure on the popsicle

Key Terms stick and observe what happens.

e stress ® tension 4, Repeat Steps 1 and 2. This time, however, keep bending the

e compression ¢ shearing ends of the popsicle stick toward each other. What happens

e normal fault ® hanging wall to the wood?

e footwall e reverse fault Think It Over

* strike-slip fault e anticline Predicting Think of the popsicle stick as a model for part of

* syncline e plateau Earth’s crust. What do you think might eventually happen as the
@ Target Reading Skill forces of plate movement bend the crust?

Building Vocabulary

A definition states the meaning of
a word or phrase. As you read,
write a definition of each Key Term
in your own words.

~ The movement of Earth’s plates creates enormous forces that

- squeeze or pull the rock in the crust as if it were a candy bar.
These forces are examples of stress, a force that acts on rock to

- change its shape or volume. (A rock’s volume is the amount of

- space the rock takes up.) Because stress is a force, it adds energy
to the rock. The energy is stored in the rock until the rock
changes shape or breaks.

| If you try to break a caramel candy bar in two, it may only

- bend and stretch at first. Like a candy bar, many types of rock
can bend or fold. But beyond a certain limit, even these rocks
will break.

FIGURE 1

Effects of Stress

Powerful forces in Earth's crust
caused the ground beneath this
athletic field in Taiwan to change
its shape.
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Compression pu
rock together.

Tension
Tension stretches rock.

Shearing
Shearing can cause
masses of rock to slip.

Types of Stress FlGuRE 2
. . . .  Stress in Earth’s Crust
Three different kinds of stress can occur in the crust—tension,  stress forces push, pull, or twist

compression, and shearing. Tension, compression, and - the rocks in Earth’s crust.
shearing work over millions of years to change the shape = Relating Cause and Effect Which
] o | type of stress tends to shorten part
and volume of rock. These forces cause some rocks to become = o = 0 o
brittle and snap. Other rocks bend slowly, like road tar soft- |
ened by the sun. Figure 2 shows how stress affects the crust.
Most changes in the crust occur so slowly that they cannot
be observed directly. But if you could speed up time so a billion |
years passed by in minutes, you could see the crust bend,
stretch, break, tilt, fold, and slide. The slow shift of Earth’s |
plates causes these changes. :

Tension The stress force called tension pulls on the crust, |
stretching rock so that it becomes thinner in the middle. The |
effect of tension on rock is somewhat like pulling apart a piece |
of warm bubble gum. Tension occurs where two plates are |
moving apart.

Compression The stress force called compression squeezes |
rock until it folds or breaks. One plate pushing against another
can compress rock like a giant trash compactor.

Shearing Stress that pushes a mass of rock in two opposite
directions is called shearing. Shearing can cause rock to break
and slip apart or to change its shape.

,gf‘;::j;:;%iﬂ!f How does shearing affect rock in Earth’s crust?
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Kinds of Faults

When enough stress builds up in rock, the rock breaks, creat-
- ing a fault. Recall that a fault is a break in the rock of the crust
- where rock surfaces slip past each other. The rocks on both
~ sides of a fault can move up or down or sideways. Most faults

——occur along pla ethotmdanes—where—the—fﬂr es of plate
~ | motion push or pull the crust so much that the crust breaks.
There are three main types of faults: normal faults, reverse
faults, and strike-slip faults.

i

Normal Faults Tension in Earth’s crust pulls rock apart,
causing normal faults. In a normal fault, the fault is at an
- angle, so one block of rock lies above the fault while the other
i block lies below the fault. The block of rock that lies above is
- called the hanging wall. The rock that lies below is called the
footwall. Look at Figure 3 to see how the hanging wall lies
above the footwall. When movement occurs along a normal
fault, the hanging wall slips downward. Normal faults occur
- where plates diverge, or pull apart. For example, normal faults
- are found along the Rio Grande rift valley in New Mexico,
- where two pieces of Earth’s crust are under tension.

{

FIGURE 3
Kinds of Faults

There are three main kinds of
faults: normal faults, reverse
faults, and strike-slip faults.
Inferring Which half of a normal
fault would you expect to form
the floor of a valley? Why?

Key

‘ Force deforming
the crust

sl  Movement along
the fault

Normal fault
In a normal fault, the hanging wall
slips down relative to the footwall.
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Reverse Faults In places where the rock of the crust is |/ R
pushed together, compression causes reverse faults to form. A | (G() \‘nline

reverse fault has the same structure as a normal fault, but the | ““““‘"“*‘"’SC[’ AC{%&EZD
blocks move in the opposite direction. Look at Figure 3 to see | | .00 5"

how the rocks along a reverse fault move. As in a normal fault, | | vyigit: www.SciLinks.org

one side of a reverse fault lies at an angle above the other side. | | Web Code: scn-1021

* .

and over the footwall. Movement along reverse faults produced
part of the northern Rocky Mountains in the western United |
States and Canada.

Strike-Slip Faults In places where plates move past each
other, shearing creates strike-slip faults. In a strike-slip fault,
the rocks on either side of the fault slip past each other side-
ways, with little up or down motion. A strike-slip fault that
forms the boundary between two plates is called a transform
boundary. The San Andreas fault in California is an example of |
a strike-slip fault that is a transform boundary.

Reading . What is the difference between a hanging wall and
Checkpoint 7 a footwall?

Reverse fault Strike-slip fault

In a reverse fault, the hanging wall Rocks on either side of a strike-slip
moves up relative to the footwall. fault slip past each other.
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FIGURE 4

Effects of Folding
Compression and fold-
ing of the crust produce

~anticlines, which arch ~ ¥-

- upward, and synciines,

which dip downward.
Over millions of years,
folding can push up
high mountain ranges.
Predicting If the folding
in the diagram con-
tinued, what kind of
fault might form?

Modeling Stress

You can model the stresses
that create faults.

1. Knead a piece of plastic
putty until it is soft.

2. Push the ends of the putty
toward the middle.

3. Pull the ends apart.

4, Push half of the putty one
way and the other half in
the opposite direction.

Classifying Which step in

this activity models the type

of stress that would produce
anticlines and synclines?

dii Ty This Activity
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Anticline ]
Syncline

Changing Earth’s Surface

~ The forces produced by the movement of Earth’s plates can
'~ fold, stretch, and uplift the crust. Over millions of years, the
~ forces of plate movement can change a flat plain into land-
- forms such as anticlines and synclines, folded mountains,
- fault-block mountains, and plateaus.

Folding Earth’s Crust Sometimes plate movement causes

- the crust to fold. Have you ever skidded on a rug that wrinkled

up as your feet pushed it across the floor? Much as the rug
wrinkles, rock stressed by compression may bend without
breaking. Folds are bends in rock that form when compression
shortens and thickens part of Earth’s crust. A fold can be only a
few centimeters across or hundreds of kilometers wide. You
can often see small folds in the rock exposed where a highway
has been cut through a hillside.

Geologists use the terms anticline and syncline to describe
upward and downward folds in rock. A fold in rock that bends
upward into an arch is an anticline, shown in Figure 4. A fold
in rock that bends downward to form a valley is a syncline.
Anticlines and synclines are found in many places where com-
pression forces have folded the crust. The central Appalachian
Mountains in Pennsylvania are folded mountains made up of
anticlines and synclines.

The collision of two plates can cause compression and fold-
ing of the crust over a wide area. Folding produced some of the
world’s largest mountain ranges. The Himalayas in Asia and
the Alps in Europe formed when pieces of the crust folded dur-
ing the collision of two plates.



Stretching Earth’s Crust When two normal faults cut |
through a block of rock, a fault-block mountain forms. You
can see a diagram of this process in Figure 5. How does this
process begin? Where two plates move away from each other,
tension forces create many normal faults. When two of these
normal faults form parallel to each other, a block of rock is left |

a fault-block mountain.
If you traveled by car from Salt Lake City to Los Angeles, you | FIGURE 5
would cross the Great Basin. This region contains many ranges | Fault-Block Mountains

of fault-block mountains separated by broad valleys, or basins., | A tension forces pull the cost
apart, two parallel normal faults

Reading . What type of plate movement causes fault-block ' ¢an form a range of fault-block
Checkpoint /' mountains to form? mountains, like this mountain
range in ldaho.

Tension forces in
the crust

Movement along
normal fault
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FIGURE 6

The Kaibab Plateau Uplifting Earth s'Crust I'he forces the}t raise mountains
The flat land on the horizon is the  can also uplift, or raise, plateaus. A plateau is alarge area of flat
Kaibab Plateau, which forms the land elevated high above sea level. Some plateaus form when
North Rim of the Grand Canyonin  forces in Earth’s crust push up a large, flat block of rock. Like a
Arizona. The Kaibab Plateau is B Fiic . S LT

ancy sandwich, a plateau consists of many different flat layers,
part of the Colorado Plateau. S Bl

and is wider than it is tall.

Forces deforming the crust uplifted the Colorado Plateau

in the “Four Corners” region of Arizona, Utah, Colorado, and

New Mexico. Much of the Colorado Plateau lies more than

1,500 meters above sea level. Figure 6 shows one part of that

plateau in northern Arizona.

section (1 Assessment

Vocabulary Skill I1dentify Multiple Meanings 3. a. Listing Name five kinds of landforms caused Llju[!f_'ﬂfj
What does stress mean to a geologist? What is by plate movement. ‘
another meaning for stress. b. Relating Cause and Effect What are three HINT |
landforms produced by compression in the “S——
Reviewing Key Concepts crust? What landform is produced by
"HINT | 1. a. Reviewing What are the three main types of tension?

stress in rock?
?r'HVIN'l:»‘V b. Relating Cause and Effect How does tension 'z&)anbe
o change the shape of Earth’s crust?

l].lnjf’% ¢. Comparing and Contrasting Compare the

-— way that compression affects the crust to the - Y T
way that tension affects the crust. g cay y p

1 e Tl e e e layers together to form a rectangular block.
»';"fl 2. a. Describing What is a fault Use a plastic knife to slice through the block

,F'HIMHT': b. Explaining W}l}/ do faults often occur along at an angle, forming a fault. Explain which
plate boundanes? parts of your model represent the land
c. Relating Cause and Effect What type of surface, the hanging wall, and the footwall.

fault is formed when platgs diverge, or pull Then show the three ways in which the sides
apart? What type of fault is formed when of the fault can move.

plates are pushed together?

T 000

At-Home Activity

Modeling Faults To model Earth’s crust, roll




Reading Preview

Key Concepts

* How does the energy of an
earthquake travel through
Earth?

* What are the scales used to
measure the strength of an
earthquake?

¢ How do scientists locate the
epicenter of an earthquake?

Key Terms

e earthquake e focus

e epicenter e P wave

e S wave e surface wave

e Mercalliscale ® magnitude
® Richter scale ® seismograph
¢ moment magnitude scale

@) Target Reading Skill

Identifying Main Ideas As you
read Types of Seismic Waves, write
the main idea in a graphic
organizer like the one below. Then
write three supporting details. The
supporting details further explain
the main idea.

~ Main Idea

Earthquakes and
Seismic Waves

How Do Seismic Waves Travel Through Earth?

1. Stretch a spring toy across the floor while a classmate holds
the other end. Do not overstretch the toy.

2. Gather together about four coils of the spring toy and release
them. In what direction do the coils move?

3. Once the spring toy has stopped moving, jerk one end of the
toy from side to side once. Be certain your classmate has a
secure grip on the other end. In what direction do the coils
move?

Think It Over
Observing Describe the two types
of wave motion that you

observed in the spring toy.

Seismic waves carry the energy
of an earthquake.

Dejtail

i |
De_tail Deltail

e

e

' Earth is never still. Every day, worldwide, there are several

thousand earthquakes. An earthquake is the shaking and

- trembling that results from the movement of rock beneath
' Earth’s surface. Most earthquakes are too small to notice. But a
' large earthquake can produce dramatic changes in Earth’s sur-

face and cause great damage.

The forces of plate movement cause earthquakes. Plate
movements produce stress in Earth’s crust, adding energy to
rock and forming faults. Stress increases along a fault until the

" rock breaks. An earthquake begins. In seconds, the earthquake

releases an enormous amount of stored energy.

Most earthquakes begin in the lithosphere within about
100 kilometers of Earth’s surface. The focus (FOH kus) is the
area beneath Earth’s surface where rock that is under stress
breaks, triggering an earthquake. The point on the surface

~ directly above the focus is called the epicenter (EP uh sen tur).
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Types of Seismic Waves

Like a pebble thrown into a pond, an earthquake produces
- vibrations called waves. These waves carry energy as they travel
- outward. During an earthquake, seismic waves race out from
- the focus in all directions. Selsmlc waves are v1brat10ns that

tray * ryin nergy relea g2
“earthquake. T The seismic waves move like ripples in a pona
- Seismic waves carry energy from an earthquake away from
- the focus, through Earth’s interior, and across the surface.

FIGURE 7 - That’s what happened in 2002, when a powerful earthquake
Seismic Waves - ruptured the Denali fault in Alaska, shown in Figure 7.

This diagram shows an earth- There are three main categories of seismic waves: P waves,
qual:]e 3|C|><n9 the De“ﬁ" faU“k- An S waves, and surface waves. An earthquake sends out two types
GAILGHAKE DLCUES WhHEN FOCKS - of waves from its focus: P waves and S waves. When these waves
fracture deep in the crust. The ‘ , N .

ERTarTte VTSVES. FIOVE: B I 2l ~ reach Earth’s surface at the epicenter, surface waves develop.
directions from the focus.

Interpreting Diagrams At what

point do seismic waves first reach caiavic.

the surface?

The Denali fault lies
about 150 km south
of Fairbanks, Alaska.»
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P Waves The first waves to arrive are primary waves, or |

P waves. P waves are seismic waves that compress and expand
the ground like an accordion. Like the other types of seismic
waves, P waves can damage buildings. Look at Figure 7 to see
how P waves move.

i

= “ - - VWWa v

S waves are seismic waves that vibrate from side to side as well
as up and down. They shake the ground back and forth. When
S waves reach the surface, they shake structures violently.
Unlike P waves, which travel through both solids and liquids,
S waves cannot move through liquids.

Surface Waves When P waves and S waves reach the surface,
some of them become surface waves. Surface waves move more
slowly than P waves and S waves, but they can produce severe

ground movements. Some surface waves make the ground roll like |

ocean waves. Other surface waves shake buildings from side to side.

Reading Which type of seismic wave causes the ground to
¥J Checkpoint = roll like ocean waves?

!
|
1
i

P waves
The crust vibrates forward and back
along the path of the wave.

Particle |
motion

Particle
motion

R A R A N AR

Direction of waves —»

i

g
13

S waves
The crust vibrates from side
to side and up and down.

P
Go @nline

activeart,

For: Seismic Waves activity

Visit: PHSchool.com
Web Code: ¢fp-1022 %

ra

Surface waves
The ground surface rolls
with a wavelike motion.

X%m:::?l “a’«% it i
Direction of waves —»
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Discouery Measuring Earthquakes

. - When an earthquake occurs, people want to know “How big
S O OL was the quake?” and “Where was it centered?” When geologists

~ want to know the size of an earthquake, they must consider
' many factors. As a result, there are at least 20 different mea-

_ ; sures for rating. earthquakeswach with-its strengths- -and- bhort-*~~——~~—-—
S e ol ~ comings. Three commonly used methods of measuring
"\23:: :;:IVJ eT:'p , earthquakes are the Mercalli scale, the Richter scale, and the

T FLy Loyt - moment magnitude scale.

" The Mercalli Scale The Mercalli scale was developed to
rate earthquakes according to the level of damage at a given
place. The 12 steps of the Mercalli scale, shown in Figure 9,
describe an earthquake’s effects. The same earthquake can have
different Mercalli ratings because it causes different amounts
of ground motion at different locations.

The Richter Scale An earthquake’s magnitude is a number
that geologists assign to an earthquake based on the earth-
quake’s size. Geologists determine magnitude by measuring
the seismic waves and fault movement that occur during an
earthquake. The Richter scale is a rating of an earthquake’s
magnitude based on the size of the earthquake’s seismic waves.
The seismic waves are measured by a seismograph. A seismo-
graph is an instrument that records and measures seismic
waves. The Richter scale provides accurate measurements for
small, nearby earthquakes. But it does not work well for large
or distant earthquakes.

FIGURE 8

Levels of Earthquake Damage
The level of damage caused by an
earthquake varies depending on
the magnitude of the earthquake
and the distance from the
epicenter.
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FIGURE 9

The Mercalli Scale

The Mercalli scale uses Roman numerals to rank
earthquakes by how much damage they cause.
Applying Concepts How would you rate the three
examples of earthquake damage in Figure 8?

———Paopple noti

vibrations like
those from a

passing truck.
Unstable objects
disturbed.

1V-ViI

Slight damage.
People run
outdoors.

VII-IX
Moderate to
heavy damage.
Buildings jolted
off foundations
or destroyed.

X-XI1I
Great destruction. Cracks appear

The Moment Magnitude Scale Geologists today often

use the moment magnitude scale, a rating system that esti- '}&?M
\.

mates the total energy released by an earthquake. The

moment magnitude scale can be used to rate earthquakes of Classifying

all sizes, near or far. You may hear news reports that mention Classify the earthquake
the Richter scale. But the number they quote is almost always damage at these locations
the moment magnitude for that earthquake. using the Mercalli scale.

To rate an earthquake on the moment magnitude scale, 1. Many buildings are
geologists first study data from seismographs. The data show destroyed; cracks form in
what kinds of seismic waves the earthquake produced and how the ground.
strong they were. The data also help geologists infer how much 2. Several old brick buildings
movement occurred along the fault and the strength of the and a bridge collapse.
rocks that broke when the fault slipped. Geologists use all this 3. Canned goods fall off
information to rate the quake on the moment magnitude scale. shelivesyigalls eraeks pegple

go outside to see what's
Reading What evidence do geologists use to rate an happening.
%/ Checkpoint . earthquake on the moment magnitude scale?
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FIGURE 10

Collecting Seismic Data

This geologist is checking data
collected after an earthquake.
These data can be used to
pinpoint the epicenter of an
earthquake.

Analyzing Data

,. _ P and S Waves
Lt o, |
Seismic Wave Speeds L20
Seismographs at five observation stations 18 g S Waves
recorded the arrival times of the P and e L WavEs

S waves produced by an earthquake.
These data are shown in the graph.

1. Reading Graphs What variable is shown
on the x-axis of the graph? The y-axis?

2. Reading Graphs How long did it take
the S waves to travel 2,000 km?

3. Estimating How long did it take the
P waves to travel 2,000 km?

4. Calculating What is the difference in the
arrival times of the P waves and the |
S waves at 2,000 km? At 4,000 km?

Comparing Magnitudes An earthquake’s magnitude tells
geologists how much energy was released by the earthquake.
Each one-point increase in magnitude represents the release of
roughly 32 times more energy. For example, a magnitude 6
quake releases 32 times as much energy as a magnitude 5

~ quake, and about 1,000 times as much as a magnitude 4 quake.

— Theeffects of amearthquake increase with-magnitude: Peo-
ple scarcely notice earthquakes with magnitudes below 3.

Earthquakes with a magnitude below 5 are small and cause lit-

tle damage. Those with a magnitude between 5 and 6 can cause

moderate damage. Earthquakes with a magnitude above 6 can

cause great damage. Fortunately, the most powerful earth-

quakes, with a magnitude of 8 or above, are rare. During the

twentieth century, only two earthquakes measured above 9 on

the moment magnitude scale. These earthquakes occurred in

Chile in 1960 and in Alaska in 1964.

Locating the Epicenter

Geologists use seismic waves to locate an earthquake’s
epicenter. Seismic waves travel at different speeds. P waves
arrive at a seismograph first, with S waves following close
behind. To tell how far the epicenter is from the seismo-
graph, scientists measure the difference between the arrival
times of the P waves and S waves. The farther away an earth-
quake is, the greater the time between the arrival of the
P waves and the S waves.

Arrival Time (min)

0"
| 2,000 4,000 6,000
‘ Distance From Epicenter (km)
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FIGURE 11

The map shows how to find the

(X gt epicenter of an earthquake using
A data from three seismographic

stations. Measuring Use the map

scale to determine the distances

g from Savannah and Houston to

e e R SR s the epicenter Whichiscloser?

Locating an Epicenter

PAR
SESURI S LR

3
!

Earthquake

u Seismographic |
_station |

"

Houston
e . B

N
\

Geologists then draw at least three circles using data from |
different seismographs set up at stations all over the world. The
center of each circle is a particular seismograph’s location. The
radius of each circle is the distance from that seismograph to
the epicenter. As you can see in Figure 11, the point where the |
three circles intersect is the location of the epicenter.

/ Reading . What do geologists measure to determine the
¥/ Checkpoint ' distance from a seismograph to an epicenter?

section (2 Assessment

@) Target Reading Skill 3. . Explaining What type of data do geologists [HINT
Identifying Main Ideas Use your graphic use to loc.ate an earthquake’s eplcen.ter? —
organizer to help you answer Question 1 below. b. Interpreting Maps Study the map in (i

Figure 11 above. Then describe the method "

Reviewing Key Concepts that scientists use to determine the

'HINT . 1. a. Reviewing How does energy from an epicenter of an earthquake.

earthquake reach Earth’s surface?
'HINT |  b. Describing What kind of movement is
o produced by each of the three types of seismic

Writing in Science

waves?
ﬁ.iiﬁfl ¢. Sequencing When do P waves arrive at the o
e surface in relation to S waves and surface News Report As a television news reporter,
waves? you are covering an earthquake rated
"HINT . 2. a. Defining What is an earthquake’s bet.ween IVand V on the Mergallll scale.
L magnitude? Write a short news story describing the
'HINT | b. Describing How is magnitude measured earthquake's effects. Your lead paragraph

D using the Richter scale? should tell who, what, where, when, and

"HINT | ¢. Applying Concepts What are the advantages

TS of using the moment magnitude scale to
measure an earthquake? i i e
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Finding the Epicenter @ & /

“Problem

How can you locate an earthquake’s epicenter?

Skills Focus
interpreting data, drawing conclusions

Materials

e drawing compass with pencil
e outline map of the United States

Procedure

1. Make a copy of the data table showing dif-
ferences in earthquake arrival times.

2. The graph shows how the difference in
arrival time between P waves and S waves
depends on the distance from the epicenter
of the earthquake. Find the difference in
arrival time for Denver on the y-axis of the
graph. Follow this line across to the point at
which it crosses the curve. To find the dis-
tance to the epicenter, read down from this
point to the x-axis of the graph. Enter this
distance in the data table.

Difference in Arrival Time
of P and S Waves (min)

Distance to Epicenter (km)

| Denver, Colorado | 2 min 40 o
- Houston, Texas
~ Chicago, lllinois

M%
Seismic Wave Arrival Times

1,000 2,000 3,000 4,000 5,000 6,000 7,000

P i
.

©
Data Table
| Difference in | . ',
. Distance to |
! City P and S Wave Epicenter

Arrival Times |

1min B0 s
1min10 s

3. Repeat Step 2 for Houston and Chicago.

4. Set your compass at a radius equal to the dis-
tance from Denver to the earthquake epicen-
ter that you previously recorded in your data
table.

5. Draw a circle with the radius determined in
Step 4, using Denver as the center. Draw the
circle on your copy of the map. (Hint: Draw
your circles carefully. You may need to draw
some parts of the circles off the map.)

6. Repeat Steps 4 and 5 for Houston and Chicago.

132 ¢
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‘Analyze and Conclude

1. Drawing Conclusions Observe the three
circles you have drawn. Where is the earth-

quake’s epicenter?

. Measuring Which city on the map is closest
to the earthquake epicenter? How far, in
kilometers, is this city from the epicenter?

. Inferring In which of the three cities listed in
the data table would seismographs detect
the earthquake first? Last?

. Estimating About how far from San Fran-
cisco is the epicenter that you found? What
would be the difference in arrival times of
the P waves and S waves for a recording
station in San Francisco?

. Interpreting Data What happens to the dif-
ference in arrival times between P waves and
S waves as the distance from the earthquake
increases?

400
800 1,000 1,200 1,400 1,600 1,800 Z,000Km

600 800 1,000 1,200-.1,400 mi

Chicago®

fSavannah

_ *Miami

6. Communicating Review the procedure you
followed in this lab and then answer the
following question. When you are trying to
locate an epicenter, why is it necessary to
know the distance from the epicenter for at
least three recording stations?

More to Explore

You have just located an earthquake’s epicenter.
Find this earthquake’s location on the map of
Earthquake Risk in the United States (Figure 18).
What is the risk of earthquakes in the area of
this quake?

Now look at the map of Earth’s Lithospheric
Plates (Figure 22 in the chapter “Plate Tectonics”).
What conclusions can you draw from this map
about the cause of earthquakes in this area?
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—Reading Preview iscover Activity

T LA}

Key Concepts

e How do seismographs work? How Can Seismic Waves Be Detected?

e What are some causes of 1. Using scissors, cut 4 plastic stirrers in half. Each piece
earthquake damage? should be about 5 ¢cm long.

Key Terms 2. Your teacher will give you a pan containing gelatin. Gently

insert the 8 stirrer pieces into the gelatin, spacing them about
2-3 cm apart in a row. The pieces should stand upright, but
not touch the bottom of the pan.

e seismogram ¢ liquefaction
e aftershock e tsunami

@ Target Reading Skill 3. At the opposite end of the pan from the stirrers, gently tap
Sequencing As you read, make the surface of the gelatin once with the eraser end of a pencil.
a flowchart like the one below Observe the results.

that shows how a seismograph
produces a seismogram. Write each
step of the process in a separate
box in the order in which it occurs.

Think It Over

Inferring What happened to the
stirrer pieces when you tapped the
gelatin? What was responsible for
this effect?

How a Seismograph Works

. Incoming seismic waves |

- Look at the beautiful vase in the photo. You might be surprised
to learn that the vase is actually a scientific instrument. Can
you guess what it was designed to do? Zhang Heng, an astron-

e omer, designed and built this earthquake detection device in

: 7 - China nearly 2,000 years ago. It is said to have detected an

S earthquake centered several hundred kilometers away.

| Earthquakes are dangerous, so people want to monitor
them. To monitor means to “watch closely.” Like the ancient

Chinese, many societies have used technology to deter-

mine when and where earthquakes have occurred.

During the late 1800s, scientists developed seis-

mographs that were much more sensitive
and accurate than any earlier devices.

FIGURE 12

Earthquake Detector

Nearly 2,000 years ago, a Chinese
scientist invented this instrument
to detect earthquakes.




The Seismograph

A simple seismograph can consist of a heavy weight attached to

a frame by a spring or wire. A pen connected to the weight rests |
its point on a drum that can rotate. As the drum rotates slowly, |
the pen draws a straight line on paper wrapped tightly around |

—the drum. Seismic waves cause the seismograph’s drum to
vibrate. But the suspended weight with the pen attached
moves very little. Therefore, the pen stays in place and
records the drum’s vibrations.

Measuring Seismic Waves When you write a sentence,
the paper stays in one place while your hand moves the pen.
But in a seismograph, it’s the pen that remains stationary while
the paper moves. Why is this? All seismographs make use of a
basic principle of physics: Whether it is moving or at rest, every
object resists any change to its motion. A seismograph’s heavy

weight resists motion during a quake. But the rest of the seis- |

mograph is anchored to the ground and vibrates when seismic
waves arrive.

Reading a Seismogram You have probably seen a zigzag
pattern of lines used to represent an earthquake. The pattern of
lines, called a seismogram, is the record of an earthquake’s
seismic waves produced by a seismograph. Study the seismo-
gram in Figure 13 and notice when the P waves, S waves, and
surface waves arrive. The height of the jagged lines drawn on
the seismograph’s drum is greater for a more severe earthquake
or for an earthquake close to the seismograph.

Reading

Checkpoint | What is a seismogram?

A 4

FIGURE 13

Recording Seismic Waves

A seismograph records seismic
waves, producing a seismogram.
Today, electronic seismographs
contain sensors instead of pens.
Interpreting Diagrams What is the
function of the weight in the
seismograph?

Seismograph
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[;_"’oﬁ?e Try This Activity How Earthquakes Cause Damage

Stable or Unstable?

1. Make a model of a fault by
placing two small, folded

When a major earthquake strikes, it can cause great damage.
Causes of earthquake damage include shaking, liquefaction,
aftershocks, and tsunamis.

s side by side on a

—Shaking The shaking produced by seismic waves can trigger

flat surface.

2. Pile a stack of books on
the fault by placing the
light books on the bottom
and the heaviest ones on
top.

3. Gently pull the towels in
opposite directions until
the pile topples.

4. Repeat the process, but
this time with the heavier

books on the bottom.

Relating Cause and Effect
Which one of your structures
was more stable than the
other? Why?

~landslides or avalanches. Shaking can also damage or destroy

buildings and bridges, topple utility poles, and fracture gas and
water mains. S waves and surface waves, with their side-to-side
and up-and-down movement, can cause severe damage near
the epicenter. As the seismic waves sweep through the ground,
they can put enough stress on buildings to tear them apart.

The types of rock and soil determine where and how much
the ground shakes. The most violent shaking may occur kilo-
meters away from the epicenter. Loose soil shakes more vio-
lently than solid rock. This means a house built on sandy soil
will shake more than a house built on solid rock.

Liquefaction In 1964, when a powerful earthquake roared
through Anchorage, Alaska, cracks opened in the ground.
Some of the cracks were 9 meters wide. The cracks were cre-
ated by liquefaction. Liquefaction (lik wih FAK shun) occurs

~ when an earthquake’s violent shaking suddenly turns loose,
- soft soil into liquid mud. Liquefaction is likely where the soil is
- full of moisture. As the ground gives way, buildings sink and
- pull apart.

. Aftershocks Sometimes, buildings weakened by an earth-
- quake collapse during an aftershock. An aftershock is an
earthquake that occurs after a larger earthquake in the same
area. Aftershocks may strike hours, days, or even months later.

ey

FIGURE 14

Liquefaction Damage

An earthquake caused the soil
beneath this building to liquefy.
Liquefaction can change soil to
liguid mud.

Posing Questions What are some
questions people might ask
before building in a quake-prone
area?



§ Wave height increases
3 Wave height is low - greatly near shore.

. over open ocean. - Nl
=t . i o

Tsunamis When an earthquake jolts the ocean floor, plate | Figure 15

movement causes the ocean floor to rise slightly and push = How a Tsunami Forms

water out of its way. The water displaced by the earthquake | A tsunami begins as a low wave,

i : but turns into a huge wave as it

may form a large wave called a tsunami (tsoo NAH mee), shown " "o 0

in Figure 15. A tsunami spreads out from an earthquake’s epi-

center and speeds across the ocean. In the open ocean, the

height of the wave is low. As a tsunami approaches shallow |

water, the wave grows into a mountain of water.
In 2004, a powerful earthquake in the Indian Ocean trig-

gered several tsunamis. The tsunamis caused great loss of life

and destruction to coastal areas around the Indian Ocean.

Reading

f) Checkpoint What causes tsunamis?

section / 3 Assessment

@ Target Reading Skill Sequencing Refer to ¢. Inferring How might heavy rain
your flowchart about seismographs as you before an earthquake affect the danger
answer Question 1. of liquefaction?

Reviewing Key Concepts

1. a. Defining What is a seismograph?
b. Explaining How does a seismograph

Writing in Science

record seismic waves? Patent Application You are an inventor
¢. Predicting A seismograph records a who has created a simple device that can
strong earthquake and a weak earthquake. detect an earthquake. To protect your rights
How would the seismograms for the two to the invention, you apply for a patent. In
earthquakes compare? your patent application, describe your device
ﬂlﬁ% 2. a. Listing What are four ways that and how it will indicate the direction and
earthquakes cause damage? strength of an earthquake. You may include a
b. Describing How does liquefaction cause sketch.
damage during an earthquake? i i e el
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ZProbIem

Can you design and build a seismograph that
can record the movements of simulated
earthquakes?

Skills Focus
designing, evaluating, troubleshooting

Materials

e large book

* pencil

® pen

s 2 strips of paper

* optional materials provided by your teacher

138 ¢

JUARE Research and Investigate

1.

With two lab partners, create a model of a
seismograph. Begin by placing a large book
on a table.

. Wind a strip of paper about one meter long

around a pencil.

. Hold the pencil with the paper wound

around it in one hand. In your other hand,
hold a pen against the paper.

. As you hold the pen steady, have one lab

partner slowly pull on the paper so that it
slides across the book.

. After a few seconds, the other lab partner

should jiggle the book gently for 10 seconds
to model a weak earthquake, and then for
10 seconds to model a strong earthquake.

. Observe the pen markings on the paper strip.

Compare how the seismograph recorded the
weak earthquake and the strong earthquake.
Record your observations in your notebook.

. Repeat Steps 1-6 with a new paper strip.

Compare the two paper strips to see how
consistent your seismograph recordings
were. Record your observations.



©

-GiPR Design and Build

8. Using what you learned from the seismo-

graph model in Part 1, develop your own

design for a seismograph. Your seismograph

should be able to

e record vibrations continuously for
30 seconds

e produce a seismogram that can distinguish
between gentle and strong earthquakes

e record seismic readings consistently from
trial to trial

. Sketch your design on a sheet of paper. Then
make a list of the materials you will need.
Materials might include a heavy weight, a
roll of paper, a pen, wood blocks, wood
dowels, and duct tape.

. Obtain your teacher’s approval for your
design. Then construct your seismograph.

iigc? Evaluate and Redesign

Test your seismograph in a series of simu-
lated earthquakes of different strengths.
Evaluate how well your seismograph func-
tions. Does it meet the criteria outlined in
Step 8? Make note of any problems.

. Based on your tests, decide how you could
improve the design of your seismograph.
Then make any necessary changes to your
seismograph and test how it functions.

Analyze and Conclude

1. Evaluating What problems or shortcomings
did you encounter with the seismograph you
tested in Part 1? Why do you think these
problems occurred?

2. Designing a Solution How did you incorpo-
rate what you learned in Part 1 into your
seismograph design in Part 2? For example,
what changes did you make to improve con-
sistency from trial to trial?

3. Troubleshooting As you designed, built, and
tested your seismograph, what problems did
you encounter? How did you solve these
problems?

4. Working With Design Constraints What limi-
tations did factors such as gravity, materials,
costs, time, or other factors place on the
design and function of your seismograph?
Describe how you adapted your design to
work within these limitations.

5. Evaluating the Impact on Society Why is it
important for scientists around the world to
have access to accurate and durable seismo-
graphs?

Communicate

Write an advertisement trying to “sell” your seis-
mograph. In your ad, explain how your design and
evaluation process helped you improve your seis-
mograph. Include a labeled sketch of your design.
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Composition and structure of Earth Plate motions produce
stress in Earth’s crust that leads to faults, mountain building, and

earthquakes.

—— C Forces in Earth’'s Crust (2 Earthquakes and SeismicWaves
- Key Concepts ' ~ Key Concepts T

Tension, compression, and shearing work over Seismic waves carry energy from an earthquake

millions of years to change the shape and away from the focus, through Earth’s interior,

volume of rock. and across the surface.

Faults usually occur along plate boundaries, Three commonly used ways of measuring

where the forces of plate motion push or pull earthquakes are the Mercalli scale, the Richter

the crust so much that the crust breaks. There scale, and the moment magnitude scale.

are three main types of faults: normal faults,

- : Geologists use seismic waves to locate an
reverse faults, and strike-slip faults.

earthquake’s epicenter.
Over millions of years, the forces of plate

R . Key Terms
movement can change a flat plain into rthauak Mercalli scal
landforms such as anticlines and synclines, ‘;‘“t quake Ered 1§ca -
folded mountains, fault-block mountains, and DEls magnitude
late: epicenter Richter scale
plateaus. .
P wave seismograph
Key Terms S wave moment magnitude
stress footwall surface wave scale
tension reverse fault
compression strike-slip fault 3 Monitoring Earthquakes
shearing antlcl‘me Key Concepts
normal fault syncline i o
hanging wall plateau During an earthquake, seismic waves cause

the seismograph’s drum to vibrate. But the
suspended weight with the pen attached moves
very little. Therefore, the pen stays in place and
records the drum’s vibrations.

Causes of earthquake damage include shaking,
liquefaction, aftershocks, and tsunamis.

Key Terms

seismogram aftershock
liquefaction tsunami



Review and Assessment

Organizing Information

Go Snline

i ~PFBchool.com
For: Self-assessment
Visit: PHSchool.com

Web Code: cpa-0004 %% :

stress forces produce different kinds -
of faults.

Reviewing Key Terms

Normal fault 1

produces | e

produces

2 fault ‘

Choose the letter of the best answer.

1. The force that causes part of the crust to
become shorter and thicker is
a. tension.
b. compression.
¢. shearing.
d. normal force.

2. When the hanging wall of a fault slips down
with respect to the footwall, the result is a
a. reverse fault.
b. syncline.
¢. normal fault.
d. strike-slip fault.

3. Which of the following is a rating of
earthquake damage at a particular location?
a. moment magnitude scale
b. focus scale
¢. Mercalli scale
d. Richter scale

4. The largest waves on a seismogram are
a. P waves.
b. S waves.
c. surface waves.
d. tsunamis.

o

In the hours after an earthquake, people
should not go inside a building, even if it
appears undamaged, because of

a. aftershocks.

b. liquefaction.

¢. tsunamis.

d. deformation.

If the statement is true, write true. If it is false,
change the underlined word or words to make
the statement true.

6. Liquefaction forces squeeze or pull the rock in
Earth’s crust. | HINT

7. Rock uplifted by normal faults creates fault- D'“NT
block mountains. R

8. An earthquake’s epicenter is located deep ﬁ-ﬁﬁ
underground. — R

9. As S waves move through the ground, they HINT
cause it to compress and then expand. —

10. Tsunamis are triggered by earthquakes ﬁ_‘ﬁﬁ"—f’
originating beneath the ocean floor. R

Writing in Science
Cause-and-Effect Paragraph Now that
you have learned about the awesome power
of earthquakes, write a paragraph about
how earthquakes cause damage. Discuss
both the natural and human-made factors

that contribute to an earthquake's
destructive power.

DIScouery
SCHOOL

Earthquakes

Video Preview
Video Field Trip
p Video Assessment
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Review and Assessment

Checking Concepts

11. What process causes stress in Earth’s crust?

Applying Skills

©12. Explain how a fault-block mountain forms.

13. What type of stress in the crust results in the
formation of folded mountains? Explain.

14. What are plateaus and how do they form?

15. Describe what happens along a fault beneath
Earth’s surface when an earthquake occurs.

16. How is the amount of energy released by an
earthquake related to its magnitude?

17. What does the height of the jagged lines on a
seismogram indicate?

18. Explain why the most violent shaking from an
earthquake may occur some distance from its
epicenter.

Thinking Critically

19. Classifying Look at the diagram of a fault
below. Describe how the hanging wall moves
in relation to the footwall. What kind of fault
is this?

20. Analyzing Data A geologist has data aboutan
earthquake from two seismographic stations.
Is this enough information to determine the
location of the epicenter? Why or why not?

21. Predicting A community has just built a
street across a strike-slip fault that has
frequent earthquakes. How will movement
along the fault affect the street?

22. Making Generalizations How can filled land
and loose, soft soil affect the amount of
damage caused by an earthquake? Explain.

142 ¢
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Minutes

23. Interpreting Diagrams In what order did the
seismic waves arrive at the seismograph
station?

24. Interpreting Diagrams Which type of seismic
wave produced the largest ground movement?

25. Analyzing Data What was the difference in
arrival times for the P waves and S waves?

26. Predicting What would the seismogram look
like several hours after this earthquake? How
would it change if an aftershock occurred?

¢iA Chapter Project
E— :

Performance Assessment Before testing how
your model withstands an earthquake, explain to
your classmates how and why you changed your
model. When your model is tested, observe how it
withstands the earthquake. How would a real
earthquake compare with the method used to test
your model? If it were a real building, could your
structure withstand an earthquake? How could
you improve your model?



Prari for the CRT

iagrams, read

Use the information below and your
knowledge of science to answer Questions 3

# 1

captions, and labels. Make sure that you
understand the meaning of arrows and other
symbols. Determine exactly what the question
asks. Then eliminate those answer choices that
are not supported by the diagram. Practice
answering this question.

Stress in the Crust

Sample Question
The diagram shows how stress affects a mass of
rock in a process called

A compression.

B tension.

C squeezing.

D shearing.
Answer
The correct answer is D because the arrows show
forces pulling the rock in opposite directions.

: throuah S

Choose the letter that best answers the
question or completes the statement.

1. Stress will build until an earthquake occurs if
friction along a fault is
A decreasing.
B high.
C low.
D changed to heat. S6E5.d

2. To estimate the total energy released by an
earthquake, a geologist should use the
A Mercalli scale.
B Richter scale.
C epicenter scale.

D moment magnitude scale. S6ES5.d

Seismic waves

3. In the diagram, the epicenter is located at point
A Q.
B P
CR

D S S6E5.d

4. When an earthquake occurs, seismic waves
travel
A from P in all directions.
B fromRtoS.
C from §in all directions.

D fromQtoP. S6E5.d

5. At point R, seismic waves from an earthquake
would be

weaker than at P.

likely to cause little damage.

weaker than at Q.

likely to cause the most damage.

UnNnwp>

S6E5.d

Constructed Response

6. Explain the process that forms a strike-slip fault
and leads to an earthquake along the fault. In
your answer, discuss the force that causes stress
in Barth’s crust, the type of stress that produces
a strike-slip fault, the characteristics of a strike-
slip fault, and what happens before and during
the earthquake. S6E5.e
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