
VI Lois d’échelles



Taille de la rupture et magnitude

«« brittlebrittle » » crustcrust
«« aseismicaseismic » » crustcrust

MMww =log (M=log (M00)/1.5 )/1.5 -- 10.73   : moment magnitude (10.73   : moment magnitude (KanamoriKanamori))



Typical spectral analysis of a displacement wave form

Station PEL
(Geoscope VBB)

7 Jan 2003
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Earthquake scaling law

Size

There is a single scale:

Earthquake size L



Modern test of earthquake scaling law

Test by Prieto et al
JGR, 2004
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Circular crack model

7.1/ =sp ff

( Madariaga, 76)



Lois d'échelle des ruptures sismiques

Les tremblements de terre en France 1997, Madariaga et Perrier , 1991







Kostrov’s self Kostrov’s self similarsimilar propagatingpropagating crack: crack: ellipticalelliptical slip distributionslip distribution



MadariagaMadariaga (1976):(1976):
NumericalNumerical solution for a solution for a circularcircular
crack of crack of finitefinite size size propagatingpropagating atat
constant constant velocityvelocity..

healinghealing



Loi de friction avec affaiblissementLoi de friction avec affaiblissement
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Simple circular model
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Thus Es ~ 10-5 Mo ~ ∆UDD

Summary of Observed Radiated Energy vs Moment 

6.95.1log += wo MM
Beroza et al, 2001
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(Tse and Rice, 1997)



Reid Model

Scholz, 1989

Time predictable Slip predictable



Parkfield
(Backun, McEvilly and Lindh, 1979, 1984, 1985)

28 September 2004, 18:17 GMT
M=6

Since 1857
6 earthquakes de M 6 Parkfield

1922, 1934 et 1966 : same signal
At the station DBN

Parkfield :  a characteristic earthquake ?



25 km

28 September 2004, 
18:17 GMT  M=6

Rupture 2004Rupture 1966







From King et al (BSSA, 1994)



From King et al (BSSA, 1994)



From King et al (BSSA, 1994)



Coulomb stress change due to strike slip earthquakes

Effet de la 
chute de 
contraintes

+

Effet de la
contrainte
régionale



from Todal et al (JGR, 2005)



from Todal et al (JGR, 2005)



from Todal et al (JGR, 2005)



from Todal et al (JGR, 2005)



Stress changes are permanent but seismicity is not

from Todal et al (JGR, 2005)



1992 M=7.3 Landers shock    
increases stress 

at Big Bear
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Angeles

Big
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aftershocks
plotted

from Stein
(Nature, 2003)



1992 M=7.3 Landers shock    
promotes the M=6.5 Big  

Bear shock 3 hr later
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plotted

from Stein
(Nature, 2003)



…and promotes the
M=7.1 Hector Mine

shock 7 yr later

Los
Angeles

Hector Mine

First 7 yr of    
aftershocks

plotted

from Stein
(Nature, 2003)



No precursor



Implications des lois d’échelle pour l’accélération du sol



Ground motion evaluation

Source + Path + Site



Une méthode d’estimation du mouvement sismique
simple et très utilisée : la loi d’atténuation
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Caractéristiques du sol


