
Earthquakes

Chapter 7



What are Earthquakes?

• The shaking or trembling caused by the sudden 
release of energy

• Usually associated with faulting or breaking of rocks• Usually associated with faulting or breaking of rocks

• Continuing adjustment of position results in 
aftershocks



Earthquakes

• Tectonic forces within the Earth produce 
stresses on rocks that eventually exceed 
their elastic limits, resulting in brittle 
failure

• Energy is released during earthquakes in 
the form ofseismic waves
– Released from a position along a break 

between two rock masses (fault)



Elastic rebound theory

• Elastic rebound theory - earthquakes are a sudden release of strain 
progressively stored in rocks that bend until they finally break and 
move along a fault

This picture, taken in Marin County, CA (1906) shows a fence 
that was offset about 8.5 feet along the trace of the fault



Seismic Waves

• Focus (or hypocenter) - the point of initial 
breakage and movement along a fault, 
where seismic waves originate

• Epicenter - point on Earth’s surface 
directly above the focus

• Two types of seismic waves are produced 
during earthquakes
– Body waves - travel outward from the focus in 

all directions through Earth’s interior

– Surface waves - travel along Earth’s surface 
away from the epicenter



Body Waves
• P wave – Primary (compressional) body 

wave in which rock vibrates back and forth 
parallel to the direction of wave propagation
– Fast (4 to 7 km/sec) wave that is the first or 

primary wave to arrive at recording station 
following earthquake

– Pass through solids and fluids– Pass through solids and fluids

• S wave – Secondary (shearing) body wave in 
which rock vibrates back and forth 
perpendicular to the direction of wave 
propagation
– Slower (2 to 5 km/sec) wave that is the   

secondary wave to arrive at recording           
station following earthquake

– Pass through solids only



Body Waves: P and S waves



Surface Waves
• Slowest type of seismic waves 

produced by earthquakes

• Love waves (L-wave) - side-to-side 
motion of the ground surface
– Can’t travel through fluids– Can’t travel through fluids

• Rayleigh waves (R-wave) – ground 
moves in an elliptical path
– Extremely destructive to buildings



Surface Waves: R and L waves



Measuring Earthquakes



Measuring Earthquakes

• Seismometers - used to measure seismic waves

• Seismographs - recording devices used to produce 
a permanent record of the motion detected by 
seismometersseismometers

• Seismograms - permanent paper (or digital) 
records of the earthquake vibrations
– Used to measure the earthquake strengths



Measuring Earthquakes







Locating Earthquakes
• P- and S-waves leave earthquake focus at the same time

• P-wave gets farther and farther ahead of the S-wave with distance 
and time from the earthquake

• Travel-time curve - used to determine distance to focus 



Travel-time curve

– P waves arrive first, then S waves, then L and R
– Average speeds for all these waves is known
– After an earthquake, the difference in arrival times at a seismograph 

station can be used to calculate the distance from the seismograph to 
the epicenter.

Locating Earthquakes



Locating Earthquakes

Travel-time graph 

showing the average travel 
times for P- and S-waves. 

The farther away a The farther away a 
seismograph is from the 
focus of an earthquake, the 
longer the interval between 
the arrivals of the P- and 
S- waves



Locating Earthquakes

• Plotting distances from 3 stations on 
a map, as circles with radii equal to 
the distance from the quake,  locates 
earthquake epicenter

• Depth of focus beneath Earth’s 
surface can also be determined
– Shallow focus 0-70 km deep

– Intermediate focus 70-350 km deep

– Deep focus 350-670 km deep



Measuring the “Size” of Earthquakes

• Earthquake “size” measured two ways -intensity and 
magnitude

• Intensity - a qualitative measure of the effects an 
earthquake produces (on both structures and people)earthquake produces (on both structures and people)
– Modified Mercalli scale (1914): The Modified Mercalli scale is a 

scale used for measuring the intensity of an earthquake. The scale is a 
subjective measure of the kind of damage done and people’s 
reactions to it

– It quantifies the effects of an earthquake on the Earth's surface, humans, 
objects of nature, and man-made structures on a scale of I through XII, with I 
denoting a weak earthquake and XII one that causes almost complete 
destruction.



Modified Mercalli scale



Intensity of an Earthquake

• Modified Mercalli Intensity Map
– 1994 Northridge, CA earthquake, 

magnitude 6.7

• Intensity

– Isoseismal lines identify 
areas of equal intensity



• Magnitude is a measure of the amount of energy released by                                                               
an earthquake
– Richter scale

– Developed in 1935 by Charles Richter of the California Institute of 
Technology

– The Richter magnitude of an earthquake is determined from the log of the 
amplitude of waves recorded by seismographs

Measuring the “Size” of Earthquakes

amplitude of waves recorded by seismographs







Where Do Earthquakes Occur and How Often?

~80% of all earthquakes occur in the circum-Pacific belt
– most of these result from convergent and transform  

margin activity
– only 5% occur in the interiors of plates
– more than 150,000 quakes strong enough to be felt are 

recorded each yearrecorded each year



Location and Size of 
Earthquakes in the U.S.

• Earthquakes occur throughout the 
U.S., but are much more common in 
the western states and Alaska

• Largest seismic risks or hazards exist 
near the plate boundary along the U.S. near the plate boundary along the U.S. 
Pacific coast (e.g., San Andreas fault), 
and around New Madrid, Missouri

• Seismic risk determined based on    
the assumption that large future 
earthquakes will occur where they 
have occurred in the past

Earthquake locations since 1977



Fig. 7.14



New Madrid Earthquakes, 1811-1812

Earthquakes recorded in the New 
Madrid seismic zone since 1974 
(more than 4000)



New Madrid Earthquake, 1895

Reelfoot Lake



Effects of Earthquakes
• Earthquakes produce several types of 

effects, all of which can cause loss of 
property and human life
– Ground motion is the familiar trembling and 

shaking of the land during an earthquake
• Can topple buildings and bridges

– Fire is a problem just after earthquakes  
because of broken gas pipelines and fallen because of broken gas pipelines and fallen 
electrical wires

– Soil liquefaction describes the behavior of 
loose saturated soils, i.e. loose sands, which go 
from a solid state to have the consistency of a 
heavy liquid

– Landslides can be triggered by ground shaking, 
particularly in larger quakes

– Permanent displacement of the land surface
can also occur, leaving fractures



Damage Caused by Earthquakes

Soil Liquefaction

Japan, 1964



Damage Caused by Earthquakes: Secondary Effects

Landslides



Damage Caused by Earthquakes: Secondary Effects

Fires



Fig. 7.1a

San Francisco (1906)



Fig. 7.1b

Oakland, CA (1989)



Anchorage, Alaska (1964) : 200 miles long rupture



Fig. 7.15b

Turkey, 1999



Fig. 7.15d

Gujarat, India (2001)



Fig. 7.15a

Kobe, Japan (1995)



Tsunami
• Tsunami (seismic sea waves) - very large sea waves caused by 

sudden upward or downward movement of the sea floor during 
submarine earthquakes 

– generally produced by magnitude 8+ earthquakes (“great” earthquakes - e.g., 
9.3 Indonesia, 2004) 

– May also be generated by large undersea landslides or volcanic explosions

– Travel across open ocean at speeds of >700 km/hr

– Reach great heights in coastal areas with gently sloping seafloor



TSUNAMI - water wave generated by earthquake

NY Times









BEFORE - AFTER DECEMBER 26, 2004 EARTHQUAKE-TSUNAMI



BEFORE - AFTER DECEMBER 26, 2004 EARTHQUAKE-TSUNAMI



BEFORE - AFTER DECEMBER 26, 2004 EARTHQUAKE-TSUNAMI



Anchorage, AK 1964







“CIVILIZATION EXISTS BY 
GEOLOGICAL CONSENT”



2008 Sichuan earthquake (7.9 Magnitude)

• May 12, 2008

• 69,197 are confirmed dead, and 374,176 injured, 
with 18,222 listed as missing

• The earthquake left about 4.8 million people 
homelesshomeless



Can Earthquakes be Predicted?

Earthquake Precursors 
– changes in elevation or tilting of land surface, fluctuations in groundwater 

levels
– Rock bending (use of laser light to monitor)

Earthquake Prediction ProgramsEarthquake Prediction Programs
– include laboratory and field studies of rocks before, during, 

and after earthquakes
– monitor activity along major faults
– produce risk assessments





Earthquake Prediction and Seismic Risk

• Accurate and consistent short-term earthquake prediction not yet 
possible, three methods assist in determining probability that an 
earthquake will occur:

– Measurement of changes in rock properties, which may serve as 
precursors to earthquakes

– Studies of the slip rate along fault zones

– Paleo-seismology studies that determine where and when 
earthquakes have occurred and their size

• Average intervals between large earthquakes and the time 
since the last one occurred can also be used to assess the risk 
(over a given period of time) that a large quake will occur



2008 Sichuan earthquake


