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Section 1 How and Where 
Earthquakes HappenChapter 12

Objectives

• Describe elastic rebound.

• Compare body waves and surface waves.

• Explain how the structure of Earth’s interior affects 
seismic waves.

• Explain why earthquakes generally occur at plate 
boundaries.
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How and Where Earthquakes Happen

earthquake a movement or trembling of the ground that
is caused by a sudden release of energy when rocks 
along a fault move

elastic rebound the sudden return of elastically 
deformed rock to its undeformed shape

• Earthquakes occur when rocks under stress suddenly
shift along a fault.

• A fault is a break in a body of rock along which one 
block moves relative to another.

Section 1 How and Where 
Earthquakes Happen
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Why Earthquakes Happen

Elastic Rebound

• Geologists think that earthquakes are the result of elastic 
rebound.

• In this process, the rocks on each side of a fault are moving 
slowly. If the fault is locked, the rock deforms, and stress in the 
rocks increases.

• When rocks are stressed past the point at which they can 
maintain their integrity, they fracture.

• The rocks then separate at their weakest point along the fault 
and rebound, or spring back to their original shape.

Section 1 How and Where 
Earthquakes Happen
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Why Earthquakes Happen, continued

Anatomy of an Earthquake

focus the location within Earth along a fault at which the first 
motion of an earthquake occurs

epicenter the point on Earth’s surface above an earthquake’s 
starting point, or focus

• Although the focus depths of earthquakes vary, 90% of 
continental earthquakes have a shallow focus.

• Earthquakes that have deep foci usually occur in subduction 
zones.

• Earthquakes that cause the most damage usually have     
shallow foci.

Section 1 How and Where 
Earthquakes Happen



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Chapter 12

Why Earthquakes Happen, continued
The diagram below shows the parts of an earthquake.

Section 1 How and Where 
Earthquakes Happen
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Seismic Waves

body wave a seismic wave that travels through the body of a 
medium

surface wave a seismic wave that travels along the surface of a 
medium and that has a stronger effect near the surface of the 
medium than it has in the interior

• As rocks along a fault slip into new positions, the rocks release energy 
in the form of vibrations called seismic waves.

• Seismic waves travel outward in all directions from the focus through 
the surrounding rock.

• Each type of wave travels at a different speed and causes different 
movements in Earth’s crust.

Section 1 How and Where 
Earthquakes Happen
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Seismic Waves, continued

Body Waves

• P waves and S waves are two types of body waves.

P wave a primary wave, or compression wave; a seismic wave that
causes particles of rock to move in a back-and-forth direction 
parallel to the direction in which the wave is traveling

• P waves are the fastest seismic waves and can travel through solids, 
liquids, and gases.

• The more rigid the material is, the faster the P wave travels through it.

Section 1 How and Where 
Earthquakes Happen
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Seismic Waves, continued

Body Waves

S wave a secondary wave, or shear wave; a seismic 
wave that causes particles of rock to move in a side-
to-side direction perpendicular to the direction in 
which the wave is traveling

• S waves are the second-fastest seismic waves and 
can only travel through solids.

Section 1 How and Where 
Earthquakes Happen
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Seismic Waves, continued

Surface Waves

• Surface waves form from motion along a shallow fault or from 
the conversion of energy when P waves or S waves reach 
Earth’s surface.

• Although surface waves are the slowest-moving seismic waves, 
they can cause the greatest damage during an earthquake.

Section 1 How and Where 
Earthquakes Happen
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Seismic Waves and Earth’s Interior
By studying the speed and direction of seismic waves, scientists can 

learn more about the makeup and structure of Earth’s interior.

Earth’s Internal Layers

• In 1909, Andrija Mohorovičić discovered that the speed of seismic
waves increases abruptly at about 30 km beneath the surface of 
continents, where the crust and mantle meet.

• By studying seismic waves, scientists have discovered Earth’s 
three composition layers (the crust, the mantle, and the core) and 
Earth’s five structural layers (the lithosphere, the asthenosphere, 
the mesosphere, the outer core, and the inner core). 

Section 1 How and Where 
Earthquakes Happen
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Seismic Waves and Earth’s Interior, continued

Shadow Zones

shadow zone an area on Earth’s surface where no 
direct seismic waves from a particular earthquake 
can be detected

• Shadow zones exist because the materials that make
up Earth’s interior are not uniform in rigidity.

Section 1 How and Where 
Earthquakes Happen
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Seismic Waves and Earth’s Interior, continued

Shadow Zones

• When seismic waves travel through materials of 
different rigidity, they change in both speed and 
direction.

• S waves do not reach the S wave shadow zone 
because cannot pass through the liquid outer core.

• P waves do not reach the P wave shadow zone 
because of the way the P waves bend and they 
travel through Earth’s interior.

Section 1 How and Where 
Earthquakes Happen



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Chapter 12

Seismic Waves and Earth’s Interior, continued
The diagram below shows how seismic waves interact with Earth’s interior.

Section 1 How and Where 
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Earthquakes and Plate Tectonics

• Earthquakes are the result of stresses in Earth’s 
lithosphere.

• Most earthquakes occur at or near tectonic plate 
boundaries, where stress on the rock is greatest.

• The three main types of tectonic settings are 
convergent oceanic environments, divergent oceanic 
environments, and continental environments.

Section 1 How and Where 
Earthquakes Happen
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Earthquakes and Plate Tectonics, continued

Convergent Oceanic Environments

• At convergent plate boundaries, plates move 
toward each other and collide.  

• The denser plate moves down, or subducts, into 
the asthenosphere under the other plate, causing 
earthquakes.

• Convergent oceanic boundaries can occur 
between two oceanic plate or between one 
oceanic plate and one continental plate.

Section 1 How and Where 
Earthquakes Happen
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Earthquakes and Plate Tectonics, continued

Divergent Oceanic Environments

• At the divergent plate boundaries that make up the 
mid-ocean ridges, plates are moving away from each 
other.

• Earthquakes occur along mid-ocean ridges because 
oceanic lithosphere is pulling away from both sides of
the ridge.

Section 1 How and Where 
Earthquakes Happen
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Earthquakes and Plate Tectonics, continued

Continental Environments

• Earthquakes also occur at locations where two 
continental plates converge, diverge, or move 
horizontally in opposite directions.

• As the continental plates interact, the rock 
surrounding the boundary experiences stress, which 
causes earthquakes.

Section 1 How and Where 
Earthquakes Happen
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Earthquakes and Plate Tectonics, continued
The diagram below shows the different tectonic boundaries where 

earthquakes occur.

Section 1 How and Where 
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Fault Zones

fault zone a region of numerous, closely spaced faults

• Fault zones form at plate boundaries because of the 
intense stress that results when plates separate, 
collide, subduct, or slide past each other.

• When enough stress builds up, movement occurs 
along one or more of the individual faults in the fault 
zone and sometimes causes major earthquakes.

Section 1 How and Where 
Earthquakes Happen
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Fault Zones, continued

Earthquakes Away from Plate Boundaries

• Not all earthquakes result from movement along plate
boundaries.

• In 1811 and 1812 the most widely felt series of 
earthquakes in United States history occurred in the 
middle of the continent near New Madrid, Missouri.

• In the late 1970s scientists discovered an ancient 
fault zone deep within the crust of the Mississippi 
River region.

Section 1 How and Where 
Earthquakes Happen
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Section 2 Studying EarthquakesChapter 12

Objectives

• Describe the instrument used to measure and record
earthquakes.

• Summarize the method scientists use to locate an 
epicenter.

• Describe the scales used to measure the magnitude 
and intensity of earthquakes.
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Studying Earthquakes

• The study of earthquakes and seismic waves is 
called seismology.

• Seismologists use special sensing equipment to 
record, locate, and measure earthquakes.

Section 2 Studying Earthquakes
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Recording Earthquakes
seismograph an instrument that records vibrations in the ground

seismogram a tracing of earthquake motion that is recorded by a 
seismograph

• Seismographs record three types of ground motion—vertical, 
east-west, and north-south.

• Because they are the fastest, P waves are the first seismic 
waves to be recorded by a seismograph.

• S waves are the second seismic waves to be recorded, and 
surface waves are the last to be recorded by a seismograph.

Section 2 Studying Earthquakes
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Locating an Earthquake
• To determine the distance to an epicenter, scientists consult a 

lag-time graph and analyze the arrival times of the P waves and 
S waves.

• The start time of an earthquake can also be determined by this 
graph.

• Scientists use computers to perform complex triangulations 
based on information from several seismograph stations. These 
calculations help determine the location of an earthquake.

• Before computers were widely available, scientists used simpler,
less precise calculations together with maps to locate 
earthquakes.

Section 2 Studying Earthquakes
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Earthquake Measurement

Magnitude
magnitude a measure of the strength of an earthquake

• Magnitude is determined by measuring the amount of ground
motion caused by an earthquake.

• While the Richter scale was widely used for most of the 20th 
century, scientists now prefer to use the moment magnitude 
scale.

• Moment magnitude is a measure of earthquake strength 
based on the size of the area of the fault that moves, the 
average distance that the fault blocks move, and the rigidity 
of the rocks in the fault zone.

Section 2 Studying Earthquakes
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Earthquake Measurement

Intensity

intensity the amount of damage caused by an 
earthquake

• Before the development of magnitude scales, the 
size of an earthquake was described in terms of the 
earthquake’s effects.

• The modified Mercalli scale expresses intensity in 
Roman numerals from I to XII and provides a 
description of the effects of each earthquake 
intensity.

Section 2 Studying Earthquakes
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Section 3 Earthquakes and 
SocietyChapter 12

Objectives

• Discuss the relationship between earthquakes and 
tsunamis.

• Describe two possible effects of a major earthquake 
on buildings.

• List three safety techniques to prevent injury caused 
by earthquake activity.

• Identify four methods scientists use to forecast 
earthquake risks.
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Earthquakes and Society

• Most earthquake injuries result from the collapse of 
buildings and other structures or from falling objects 
and flying glass.

• Other dangers include landslides, explosions caused 
by broken electric and gas lines, and floodwaters 
released from collapsing dams.

Section 3 Earthquakes and 
Society
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Tsunamis

tsunami a giant ocean wave that forms after a volcanic 
eruption, submarine earthquake, or landslide

• A tsunami may begin to form when the ocean floor 
suddenly crops or rises because of faulting 
associated with undersea earthquakes.

• A tsunami may also be triggered by an underwater 
landslide caused by an earthquake.

Section 3 Earthquakes and 
Society
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Destruction to Buildings and Property

• Most buildings are not designed to withstand the 
swaying motion caused by earthquakes.

• A building constructed on loose soil and rock is much 
more likely to be damaged during an earthquake than
a building constructed on solid ground is.

Section 3 Earthquakes and 
Society
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Earthquake Safety
• People who live near active faults should be ready 

to follow a few simple earthquake safety rules to 
help prevent death, injury, and property damage.

Before an Earthquake

• Be prepared. Keep an adequate supply of food, 
water, batteries, flashlights and a radio. 

• Prepare an earthquake plan and discuss it with 
your family.

• Learn how to turn off the gas, water, and electricity
in your home.

Section 3 Earthquakes and 
Society



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Chapter 12

Earthquake Safety, continued

During an Earthquake

• Protect yourself from falling debris by standing in a 
doorway or crouching under a desk or a table.

• Stay away from windows, heavy furniture, and other 
objects that might topple over.

• If you are in a car, stop in a place that is away from 
tall buildings, tunnels, power lines, or bridges and 
wait until the tremors cease.

Section 3 Earthquakes and 
Society
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Earthquake Safety, continued

After an Earthquake

• Be cautious.

• Check for fire and other hazards.

• Always wear shoes when walking near broken glass.

• Avoid downed power lines and objects touched by 
downed wires.

Section 3 Earthquakes and 
Society
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Earthquake Warnings and Forecasts

• Scientists study past earthquakes to help them 
predict where future earthquakes are most likely to 
occur.

• Using records of past earthquakes, scientists are 
able to make approximate forecasts of future 
earthquake risks.

• There is currently no reliable way to predict exactly 
when or where an earthquake will occur.

Section 3 Earthquakes and 
Society



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Chapter 12
Earthquake Warnings and Forecasts, 
continued
Seismic Gaps

Seismic gap an area along a fault where relatively few 
earthquakes have occurred recently but where strong
earthquakes are known to have occurred in the past

• Some scientists think that seismic gaps are likely 
locations of future earthquakes.

• Several seismic gaps that exist along the San 
Andreas Fault zone may be sites of major 
earthquakes in the future.

Section 3 Earthquakes and 
Society



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Chapter 12

Earthquake Warnings and Forecasts, continued
The diagram below shows how seismic gaps help predict earthquakes.

Section 3 Earthquakes and 
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Earthquake Warnings and Forecasts, continued

Foreshocks

• Some earthquakes are preceded by little earthquakes
called foreshocks that can occur from a few seconds 
to a few weeks before the main earthquake.

• Only one earthquake has been successfully predicted
using foreshocks.

Section 3 Earthquakes and 
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Earthquake Warnings and Forecasts, 
continued
Changes in Rocks
• Scientists use sensors to detect slight tilting of the ground cause

by stress that builds up in fault zones.

• When cracks in rock are filled with water, the magnetic and 
electrical properties of the rock change.

• Scientists also monitor natural gas seepage from rocks that are 
strained or fractured from seismic activity.

• In the future scientists may be able to use these signals to help 
predict earthquakes.

Section 3 Earthquakes and 
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Earthquake Warnings and Forecasts, 
continued
Reliability of Earthquake Forecasts

• Not all earthquakes have foreshocks or other 
precursors, which makes precise earthquake 
prediction mostly unreliable.

• Scientists continue to study seismic activity so that 
they may one day make accurate forecasts and save 
more lives.

Section 3 Earthquakes and 
Society
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Brain Food Video Quiz

Earthquakes
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Maps in Action
Earthquake Hazard Map
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Multiple Choice

1.Energy waves that produce an earthquake begin at 
what location on or within Earth?

A. the epicenter
B. the seismic gap
C. the focus
D. the shadow zone

Standardized Test PrepChapter 12
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1.Energy waves that produce an earthquake begin at 
what location on or within Earth?

A. the epicenter
B. the seismic gap
C. the focus
D. the shadow zone

Standardized Test PrepChapter 12



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Multiple Choice, continued

2.The fastest moving seismic waves produced by an 
earthquake are called

F. P waves
G. S waves
H. Raleigh waves
I. surface waves

Standardized Test PrepChapter 12
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Multiple Choice, continued

2.The fastest moving seismic waves produced by an 
earthquake are called

F.P waves
G. S waves
H. Raleigh waves
I. surface waves

Standardized Test PrepChapter 12
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Multiple Choice, continued

3.The magnitude of an earthquake can be expressed 
numerically by using

A. only the Richter scale
B. only the Mercalli scale
C. both the Mercalli scale and the moment magnitude 

scale
D. both the Richter scale and the moment magnitude 

scale

Standardized Test PrepChapter 12
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Multiple Choice, continued

3.The magnitude of an earthquake can be expressed 
numerically by using

A. only the Richter scale
B. only the Mercalli scale
C. both the Mercalli scale and the moment magnitude 

scale
D. both the Richter scale and the moment magnitude 

scale
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Multiple Choice, continued

4.Most earthquake-related injuries are caused by

F. tsunamis
G. collapsing buildings
H. rolling ground movements
I. sudden cracks in the ground

Standardized Test PrepChapter 12
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Multiple Choice, continued

4.Most earthquake-related injuries are caused by

F. tsunamis
G. collapsing buildings
H. rolling ground movements
I. sudden cracks in the ground

Standardized Test PrepChapter 12
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Multiple Choice, continued

5.Which of the following is least likely to cause deaths 
during an earthquake?

A. floodwaters from collapsing dams
B. falling objects and flying glass
C. actual ground movement
D. fires from broken gas and electric lines

Standardized Test PrepChapter 12
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Multiple Choice, continued

5.Which of the following is least likely to cause deaths 
during an earthquake?

A. floodwaters from collapsing dams
B. falling objects and flying glass
C. actual ground movement
D. fires from broken gas and electric lines
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Short Response

6.What is the name of the instrument used to detect and
record seismic waves?
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Short Response

6.What is the name of the instrument used to detect and
record seismic waves?

seismograph
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Short Response, continued

7.What is the term for waves that move through a 
medium instead of along its surface?
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Short Response, continued

7.What is the term for waves that move through a 
medium instead of along its surface?

body waves
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Short Response, continued

8.Where is the Ring of Fire located?

Standardized Test PrepChapter 12
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Short Response, continued

8.Where is the Ring of Fire located?

The Ring of Fire surrounds the Pacific Ocean.
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Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Reading Skills
Read the passage below.  Then, answer questions 9–11.

The Loma Prieta Earthquake
At 5:04 P.M. on October 17, 1989, life in California’s San Francisco Bay area 

seemed relatively normal. While more that 62,000 excited fans filled Candlestick 
Park to watch the third game of baseball’s World Series, other people were still 
rushing home from a long day’s work or picking their children up from extracurricular 
activities. By 5:05 P.M., the situation had changed drastically. The area was rocked 
by the 6.9 Loma Prieta earthquake. The earthquake lasted 20 seconds and caused 
62 deaths, 3,757 injuries, and the destruction of more than 1,000 homes and 
businesses. By midnight, the city was fighting more than 20 large structural fires 
resulting from the earthquake. Considering that the earthquake was of such a high 
magnitude and that it happened during the busy rush hour, it is amazing that more 
people were not injured or killed.
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Reading Skills, continued

9.What type of waves are the most likely to have 
caused the damage described during the Loma 
Prieta earthquake?

A. P waves
B. S waves
C. body waves
D. surface waves

Standardized Test PrepChapter 12
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Reading Skills, continued

9.What type of waves are the most likely to have 
caused the damage described during the Loma 
Prieta earthquake?

A. P waves
B. S waves
C. body waves
D. surface waves

Standardized Test PrepChapter 12
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Reading Skills, continued

10.Which of the following statements can be inferred 
from the information in the passage?

F. Loma Prieta is the Spanish term for “deadly 
earthquake.”

G. The damage caused by the earthquake continued
even after the waves had passed.

H. There were fewer people injured in this 
earthquake than in most earthquakes.

I. The Loma Prieta earthquake has the highest 
magnitude of any earthquake ever recorded.

Standardized Test PrepChapter 12
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Reading Skills, continued

10.Which of the following statements can be inferred 
from the information in the passage?

F. Loma Prieta is the Spanish term for “deadly 
earthquake.”

G. The damage caused by the earthquake continued
even after the waves had passed.

H. There were fewer people injured in this 
earthquake than in most earthquakes.

I. The Loma Prieta earthquake has the highest 
magnitude of any earthquake ever recorded.
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Reading Skills, continued

11.The 6.9 rating of the Loma Prieta earthquake is a 
rating on what measurement scale?

Standardized Test PrepChapter 12
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Reading Skills, continued

11.The 6.9 rating of the Loma Prieta earthquake is a 
rating on what measurement scale?

the Richter scale

Standardized Test PrepChapter 12
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Interpreting Graphics

Use the figure below to answer questions 12-13. The 
diagram shows a recording of data by a 
seismograph. 
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Interpreting Graphics, 
continued
12.What types of seismic waves are indicated by the 

points on the seismogram marked by the letter A?

A.Love waves
B. Raleigh waves
C. P waves
D. S waves
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Interpreting Graphics, 
continued
12.What types of seismic waves are indicated by the 

points on the seismogram marked by the letter A?

A. Love waves
B. Raleigh waves
C. P waves
D. S waves

Standardized Test PrepChapter 12
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Interpreting Graphics, 
continued
13.What type of seismic waves by the point on the 

seismogram marked by the letter C? How are these 
waves connected to the smaller waves that precede 
them?
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Interpreting Graphics, 
continued
13.What type of seismic waves by the point on the 

seismogram marked by the letter C? How are these 
waves connected to the smaller waves that precede 
them?

Answer should include the following points: letter C shows the 
surface waves of an earthquake; these waves are generated 
when the potential energy of P and S waves are converted into 
kinetic energy; surface waves are the last waves to form and 
they are slower-moving than P or S waves and produce drastic 
vibrations; surface waves cause the most damage to surface 
features and human constructions.
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Interpreting Graphics,  
continued
Use the figure below to answer question 14. The 

diagram shows the damage caused by an 
earthquake.
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Interpreting Graphics, 
continued
14.What safety hazards can you identify in this scene? What 

advice would you give to someone approaching the scene 
above? How should people prepare for dealing with such post-
earthquake safety hazards?
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Interpreting Graphics, 
continued
14.What safety hazards can you identify in this scene? What 

advice would you give to someone approaching the scene 
above? How should people prepare for dealing with such post-
earthquake safety hazards?

Answer should include the following points: immediate hazards that
non-rescue personnel should avoid include power lines, fires, 
and structural damage; because of the nearby ocean, hidden 
or delayed dangers may include flooding or tsunamis; people 
should move inland or find higher ground; people in 
earthquake-prone areas should always have emergency plans 
in place, which may include pre-arranged meeting places, 
emergency supplies for dealing with power outages or injuries, 
and pre-determined evacuation routes.
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Anatomy of an Earthquake
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Seismic Waves and Earth’s Interior
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Earthquakes and Plate Tectonics
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Seismic Gaps
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Earthquake Hazard Map
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