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EarthquakesEarthquakes
• earthquake: movement of rock 

bodies past other
• fault: locus of the earthquake 

movement
• faults come at all scales, mm 

to separation of lithospheric
plates (e.g., San Andreas).

Elastic ReboundElastic Rebound

• Stress builds up in rocks until it 
exceeds the strength of rock

• Elastic deformation is expressed 
in rocks between earthquakes
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Earthquake termsEarthquake terms

focus: site of initial rupture
epicenter: point on surface 

above the focus
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Two Kinds of Waves From EarthquakesTwo Kinds of Waves From Earthquakes
• P waves (compressional) 6–8 km/s.  

Parallel to direction of movement 
(slinky), also called primary waves.   
Similar to sound waves.

• S waves (shear) 4–5 km/s.  Perpen-
dicular to direction of movement 
(rope); also called secondary 
waves. Do not pass through liquids.
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Locating an EpicenterLocating an Epicenter

• The difference between the arrival 
times of the P and S waves at a 
recording station is a function of 
the distance from the epicenter.

• Therefore, you need at least three 
stations to determine the location 
of an epicenter.
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Measuring the Force of Earthquakes Measuring the Force of Earthquakes 

1.  Surface displacement
• 1964 Alaska earthquake displaced 

some parts of the seafloor by ~ 50 ft.
• 1906 San Francisco earthquake 

moved the ground ~8.5 ft.
2.  Size of area displaced

Alaska — 70,000 sq. miles

Measuring the Force of EarthquakesMeasuring the Force of Earthquakes
3. Duration of shaking

Up to tens of seconds
4.  Intensity scales 

Based on damage and 
human perception

5.  Magnitude scales
based on amount of energy 
released
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Richter scaleRichter scale
• Richter scale:  amount of energy received 100 

km from epicenter
• Largest quake ever recorded = 8.9  (rocks not 

strong enough for more).
• Earthquakes less than M = 2 are not felt by 

people.

• Scale is logarithmic:

Increase 1 unit = 10 times greater shaking

Increase 1 unit = 30 times greater energy
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Intensities Intensities 
Associated Associated 
With the 1811 With the 1811 
Earthquake Earthquake 
at New at New 
Madrid, Madrid, 
MissouriMissouri

note a shortcoming of intensity 
scales: not very many people 
lived to the west of  this EQ so 
no intensity observations are 
available.
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Determining the Type of Determining the Type of 
Earthquake From Seismic Data Earthquake From Seismic Data 

Fault motion of different kinds 
of faults (normal, reverse, 
strike-slip) will produce 
distinctive seismic wave 
characteristics
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Distribution of Earthquakes Distribution of Earthquakes 

• not random
• focused around plate margins 

(but also seen in plate 
interiors)
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Damage Due to EarthquakesDamage Due to Earthquakes

1.  ground movement
“Earthquakes don’t kill people,
buildings kill people.”

2.  fire

3. tidal waves (tsunami)
generate speeds up to  500–800 km/hr
in open ocean; only ~ 1m high but get 
larger when water gets shallow.

Damage due to earthquakesDamage due to earthquakes
4.  landslides

•all kinds of mass wasting
•liquefaction – sudden loss of 
strength in water-saturated sediment

•buildings fall down intact
5.  Flood

• dam break
• courses of rivers change
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Northridge, CA in 1994

Kobe, Japan in 1995
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Tsunami damage in Indonesia (1992)

Earthquake PredictionEarthquake Prediction

• Long term—imprecise (but 
possible)

• Short term—precise (very difficult)
• We can't stop earthquakes, so we 

have to be prepared for them

Potential Earthquake Hazard, USAPotential Earthquake Hazard, USA

Fig. 19.19
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Potential Earthquake Hazard, WorldwidePotential Earthquake Hazard, Worldwide

Seismic Gap Method

Earthquake Prediction

•Small earthquakes
•Ground tilting
•Change in water levels in wells
•Change in acoustic or electrical properties
•Animal behavior?
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Fig. 19.22

Box 19.1

Box 19.2


