
•  From one earthquake parameter one can 
deduce the others (self-similarity) 

•  Not all earthquakes result in surface rupture 

•  Basis on Tsunami. Was the 2011 tsunami 
expected ?  

•  Use of normal distribution 



 
Warm-up discussion 

 
What are the different effects of 

earthquakes ?  
 



–  Magnitude,  size and energy of earthquakes 
–  Style of faulting 
–  Size 
–  Scaling laws 
–  Stress drops and energy 

–  Effects of earthquakes 
–  Surface rupture 
–  Tsunami 
–  Landslide 
–  Liquefactions 
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Fault movement and fault 

geometry 
 

•  The slip vector indicates the direction in 
which the upper side of the fault (hanging 
wall block) moved with respect to the 
lower side (the footwall block) 



Sources: Stein et Wysession	





Sources: Stein et Wysession	





Style of faulting 
Surface traces 



Type of faulting ? Displacement ? 







Yi Ben Tsai, 1999 

Length ? 



LARGER EARTHQUAKES GENERALLY HAVE LONGER 
FAULTS AND LARGER SLIP!

M7, ~ 100 km long,  1 m slip;  M6, ~ 10 km long, ~ 20 cm slip               
Important for tectonics, earthquake source physics, hazard estimation!

Wells and 
Coppersmith, 1994 

σ = 0.28



LARGER EARTHQUAKES GENERALLY HAVE LONGER 
FAULTS AND LARGER SLIP!

Why can we, from one earthquake parameter deduce the others (self-
similarity) ?!

Wells and 
Coppersmith, 1994 

σ = 0.28



Variability :  Log normal statistics  



Kramer, Geotechnical Earthquake Engineering, 1996 

Kramer, 1996 



Kramer, 1996 



Application 
 
Regression over log L:  
 

σ = 0.3 
 
Probability of 68% to find log L between log Ltheo-σ and log Ltheo+σ  
 
 
That is L between Ltheo/2 and 2 Ltheo !! 



Kostrov’s self similar propagating crack: elliptical slip distribution 

A physical model for earthquake scaling 



Madariaga (1976): 
Numerical solution for a circular 
crack of finite size propagating at 
constant velocity. 

healing 



Earthquake scaling law 

Size 

There is a single scale: 
 

Earthquake size L 
Given by duration or corner 

frequency 



Stress drop 
•  In general, there is no way to measure the absolute 

stress in the Earth at depths of earthquakes. 
•  Seismologists do measure a static stress drop, 

commonly written as ∆τs. 
•  The static stress drop is estimated from the slip in the 

earthquake.  

•  In general, C is a dimensionless constant. W is the small 
dimension of the fault. This is called a “W-model”, since 
for constant stress drop slip is proportional to W. 



Earthquake of different size have (almost) the same stress drop…!

 4.6-11 

(the slope is 3/2) 



Source : les tremblements de terre en France; 1997 

Surface rupture and magnitude	



brittle	


ductile	



Fault	





Another measure of stress drop : Radiated energy vs Moment 



Thus  Es ~ 10-5 Mo ~ UDD 

Summary of Observed Radiated Energy vs Moment  

  

6.95.1log += wo MM

Beroza et al, 2001 



Exercice : earhquake magnitude associated to the trench-observation (AD=0.9 m)? 

Paléoséisme de Courthézon, vallée du Rhône 
Sources : Kramer, Geotechnical Earthquake Engineering, 1997 (droite) 
Rapport de mission AFPS, 2000 (gauche, haut), Grellet et al., 1993 (gauche, bas), 

 



Chi-Chi, EQ, 1999 





La source et le spectre du mouvement sismique : le spectre 
en 2 

  

Le spectre en accélération en source proche est schématiquement représenté par 3 tendances : des très basses
fréquences jusqu’à fc une croissance en f 2, une stabilisation («  plateau des fréquences intermédiaires  »), puis à
partir d’une fréquence fmax (liée aux conditions d’atténuation) une décroissance brutale des hautes fréquences.
Cette forme dépend des propriétés de la source sismique. Le niveau du plateau intermédiaire est lié au moment
sismique M0 du séisme (=µAd). La fréquence coin est inversement proportionnelle à la taille du séisme.
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La forme du spectre en accélération (ou en déplacement) permet de trouver les ordres de grandeur de la taille du
séisme, de son moment et donc du glissement moyen.

Berge, 1996 



ASp 



Tsunami velocity? 

V= (g*h)0.5=200m/s=3600x200/1000=720 km/hour 
 
h=4000m/s 
g=10m/s  









A quoi ne ressemble pas un tsunami 





Tsunami 

•  Magnitude 8 : 3-5 m 
•  Magnitude 9 : 9-15 m 


