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The red and blue lines on the graph show 
two different velocity profiles for seismic 
waves in Earth.

The blue line likely 
represents_____.

a) Love waves
b) P-waves
c) Rayleigh wave
d) S-wave
e) not enough 
information
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Earthquake Magnitude Scales

Mercalli Intensity Scale - defines the intensity of an 
earthquake by the amount of Damage.  Measured from I-XII. 
Effected by distance, building code, human interpretation and 
underlying geology.

Richter Scale- 

Moment Magnitude Scale- 
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Mercalli Intensity Scale1886 Charleston
South Carolina

Earthquake

Full description 
of the scale on 

page 320

Based on response of 
humans and structures

I   not felt except for a few

V  Most people awakened

X  Masonry structures                     
collapse

XII Complete destruction 
and surface waves seen
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Earthquake Magnitude Scales

Mercalli Intensity Scale - defines the intensity of an 
earthquake by the amount of Damage.  Measured from I-XII. 
Effected by distance, building code, human interpretation and 
underlying geology.

Richter Scale - measure of the largest deflection of the S-
wave on a seismic gram as compared to a characteristic 
Earthquake.  Can have negative magnitude values (10x change 
between units). Effected by distance from the epicenter.

Moment Magnitude Scale- 
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Richter Magnitude Magnitude

Vp = 6 km/s
Vs= 3 km/s
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M=0

What does the Richter curve tell us 
about the relationship between ground 

shaking and distance from the 
epicenter?

Log of 
millimeters

displacement by 
peak S-wave
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Richter Magnitude Magnitude
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Earthquake Magnitude Scales

Mercalli Intensity Scale - defines the intensity of an 
earthquake by the amount of Damage.  Measured from I-XII. 
Effected by distance, building code, human interpretation and 
underlying geology.

Richter Scale - measure of the largest deflection of the S-
wave on a seismic gram as compared to a characteristic 
Earthquake.  Can have negative magnitude values (10x change 
between units). Effected by distance from the epicenter.

Moment Magnitude Scale - A measure of the energy 
released.  Magnitude = Area * Displacement * (rock property) 
33x energy change between units.
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Do small earthquakes relieve stress on 
the fault and help to prevent large EQ’s?
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Area of Fault Rupture During and EQ
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Moment Magnitude Scale - A measure of the energy 
released.  Magnitude = Area * Displacement * (rock property)
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Area of Fault Rupture During and EQ

2008 Sichuan, China
magnitude 7.9 
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Camarillo Fold Belt
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Camarillo Fold Belt
Geologic Map and Chronology
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Camarillo Fold Belt
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Santa Rosa fault zone
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Cross Section lines
and Subsurface well locations
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Cross 
Sections
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Camarillo Anticline
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Paloeseismic Trench across the Camarillo 
Anticline
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Paloeseismic Trench 
across the Camarillo 

Anticline
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Results
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Grand Tetons
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Grand Tetons
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1954 Fairview Peak fault Scarp (M=7.2)

Normal 
Displacement
32 km long
Avg. 1.2 m

26

Saturday, September 28, 13



1999 Chi Chi Earthquake, 
Taiwan (M= 7.6)

Reverse Displacement
400 km long

as much as 16m offset
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1906 San Francisco (M= 7.9)

Strike-slip Displacement
477 km Rupture length
as much as 8m offset 28
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3) 2004 Sumatra Earthquake (M =9.1) 
     Reverse displacement, 1600 km offset 10 m

Four largest Recorded Earthquakes

2) 1964 Great Alaskan Earthquake (M=9.2)
     Reverse displacement, 1000 km offset 15 m

1) 1960 Chile Earthquake (M =9.5) 
     Reverse displacement, 1000 km offset 20 m
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5) 2011 Tohoku Earhquake (M =9.0) 
     Reverse displacement, 1600 km offset 5 m
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What is happening at subduction zones?
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Where Earthquakes Happen

Typically upper 
15 km

32

Saturday, September 28, 13



Hazards Associated with Earthquakes

Permanent fault offset
Shaking
•Ground Acceleration
•Amplification
•Liquifaction
•Resonance

Tsunami
Fire
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1999 Izmet, Turkey

Permanent Fault Offset
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Shaking Ground Acceleration

The rate of change of ground velocity as seismic waves 
propagate both vertically and horizontally

Based on the acceleration due to gravity
9.8m/s2 (32 ft/s2) = 1.0g
Weak buildings experience damage at 0.1g
People begin to loose footing around 0.2g

In Tarzana during 1994 Northridge Earthquake 
accelerations reached 1.2g vertical and 1.8g horizontal
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Shaking 
Potential in 
California
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Shaking Amplification

Loma Prieta, 1989 
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Shaking Liquefaction

The pressure of water increases with shaking 
pushing individual grains apart allowing 

substrate to flow as a liquid.  
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Anchorage,  AK 1964
39

Shaking 
Liquefaction
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Shaking Resonance

 if seismic waves and a particular 
building has the same vibrational 
frequency*, enhanced motion 
occurs

* every object has a natural vibration 
frequency based on SIZE and 
MASS
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Tsunami
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Tsunami
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Fire

San Francisco 1906
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Buildings, Fires, and Tsunami Kill!
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Earthquakes are Fun!
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US Geological Survey Headquarters
Menlo Park, CA
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2011 Tohoku Japan Tsunami Video
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2011 Tohoku Japan Tsunami Video
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2011 Tohoku Japan Tsunami Video
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2011 Tohoku Japan Tsunami Video

Saturday, September 28, 13


