
Lecture 8 – Seismo-tectonics 
read KKV ch. 5.2 

 
 



Global distribution of earthquakes 



Focal Depths: green < 50 km, yellow = 50 to 250 km, red > 250 km 
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Global distribution of the earthquake  
               focal mechanisms 













Similarities between 
Southern Chile trench 
and Cascadia: 
 
Is subduction of young 
crust a predictor of 
large earthquakes? 
 
(But, 120 Ma crust 
involved in Japan 
2011) 
 
 

(1987) 





Rogers and Dragert 
 
 

Slow slip and tremor 
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WORLD STRESS MAP      Combines earthquake 
mechanisms & other stress indicators 
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US stress map 



How do we measure the earthquake size? 

•  Intensity: based on damage 
 

Modified Mercalli Scale 



How do we measure the earthquake size? 

•  Intensity: based on damage 

•  Magnitude (Richter scale) 



L.A. story 





How do we measure the earthquake size? 

•  Intensity: based on damage 

•  Magnitude: M = log(amplitude) + aΔ + b 
 



How do we measure the earthquake size? 

•  Intensity: based on damage 

•  Magnitude: M = log(amplitude) + aΔ + b 

•  Moment: Mo = shear modulus X rupture area X 
offset 

 



1964 ALASKA 
EARTHQUAKE              
Ms  8.4  Mw 9.1

Pacific subduction 
beneath North America

~ 7 m of slip on 500x300 km2 
of  Aleutian Trench

Second largest earthquake 
recorded until Indonesia 
(2004) and Japan (2011) 

quakes 

~ 130 deaths

Catalyzed idea that great 
thrust fault earthquakes 

result from slip on 
subduction zone plate 

interface

TRENCH-NORMAL
CONVERGENCE  - 

ALEUTIAN TRENCH
54 mm/yr

PACIFIC NORTH AMERICA



1971 Ms 6.6 SAN 
FERNANDO 

EARTHQUAKE
1.4 m slip on 20x14 
km2 fault

Thrust faulting from 
compression across 
Los Angeles Basin 

Fault had not been 
previously recognized

65 deaths, in part due 
to structural failure

Prompted 
improvements in 
building code & 
hazard mapping



COMPARE 
EARTHQUAKES 
USING SEISMIC 

MOMENT  M0

Magnitudes, moments (dyn-
cm), fault areas, and fault slips 
for several earthquakes
Alaska & San Francisco differ 
much more than Ms implies
M0 more useful measure

Units: dyne-cm or N-m
Directly tied to fault physics



Moment magnitude Mw

Magnitudes saturate:
No matter how big the earthquake
mb never exceeds ~6.4

Ms never exceeds ~8.4

Mw defined from moment so never 
saturates

note units! 



How do we measure the earthquake size? 

•  Intensity: based on damage 

•  Magnitude: M = log(amplitude) + aΔ + b 

•  Moment: Mo = shear modulus X rupture area X 
offset 

•  Energy: log (E) = 1.5 M + 5.2  



Earthquakes of a given magnitude are ~10 times less frequent than those one magnitude smaller.  An M7 
earthquake occurs approximately monthly, and an earthquake of M> 6 about every three days. Hence although 
earthquake predictor I. Browning claimed to have predicted the 1989 Loma Prieta earthquake, he said that near 
a date there would be an M6 earthquake somewhere, a prediction virtually guaranteed to be true. 
 
Magnitude is proportional to the logarithm of the energy released, so most  energy released seismically is in the 
largest earthquakes. An M 8.5 event releases more energy than all other earthquakes in a year combined. 
Hence the hazard from earthquakes is due primarily to large (typically magnitude > 6.5) earthquakes.



Where is most of seismic energy released? 





2010 EQ  
  Mag. 8.8 

1960 EQ  
    Mag. 9.5 

Chile triple 
junction 

Nazca plate 

Antarctic plate 

South 
American 
plate 

1960 EQ: 
   850 km long 
   130 km wide 
   slipped 17 m 

X 
X 
X 
X 
X 
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Historical Earthquakes (1800-1850) Historical Earthquakes (1850-1900) Historical Earthquakes (1900-1950) Historical Earthquakes (1950-2004) Pre-historical Earthquakes (1000-1800) 





Significant earthquakes in the San Francisco Bay Area: 
before and after 1906

Bakun, 1999 



M=6.9 

October 18, 1989 

M=6.7 

January17, 1994 

Recent large EQs in CA M=7.3 

June 28, 1992 

2010 El Mayor 

January 17, 1994 

M=7.0 

May 18, 1941 

M=7.2 

April 4, 2010 

M=7.1 

October 16, 1999 









NUCLEATION            Loma Prieta strong shaking lasted  < 15 seconds… 

Simulation of Ground Motion 



Onset and Duration of Shaking 



Widespread Strong Ground Shaking 
+ Shaking of Long Duration = 

 300,000 buildings significantly damaged 

Widespread infrastructure damage  

 $213 billion damages 

 270,000 displaced persons 

50,000 injuries 

 1,800 deaths 

  

ShakeOut Scenario “Disaster Equation” 



Local hazards



Rose Canyon - 
Newport Inglewood fault 
 
Slip rate: ~1 mm/yr 
Recurrence interval: unknown 
 
Potential for M 6-7 events 
“near field”:  
high-frequency, 
high g 
shaking 



The Great Southern California ShakeOut 
 
 

•  Every Fall: ShakeOut drill 

•   7th year 
 
•  A day of special events to inspire 

southern Californians to get ready for 
big earthquakes 
 - millions of participants: schools, families, 
community groups, business, etc. 
 

•   
 

•  www.shakeout.org 


