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Plate motions, faults and « elastic rebound » 

aseismic motion 



Thatcher, 1986 



Brittle behavior: 



Algeria, 1980 

Taiwan, 2001 



II. 10 Years after the Kobe earthquake 
　　Dense Seismic Array 

Nation Wide Strong Motion Network: 
    K-NET, KiK-net, 1800 Stations, NIED 



Seismic Wave Propagation for 
Recent Earthquakes  

Recent Large Earthquakes: 
2005 Miyagi-ken Oki (M7.2) 
2004 Kii-hanto Nanto Oki（M7.6）	

2005 Fukuoka-ken Seiho Oki（M7.0）	

2004 Niigata-ken Chuetsu （M6.8）	


Visualized Seismic Wavefield:  
    record from a Nation-Wide 
Seismic 
    Network of over 1800 stations  

Tokyo 

Niigata Miyagi 

Fukuoka 

Kii-hanto 



EQ  = dislocation 

Radiation of EQ is represented by radiation of a system of forces 

Dislocation= non elastic process 

EQ  = Double couple of forces 

Point dislocation has an elastic equivant system of body forces 

Radiation of a single impulsive point source= Green’s function 

Radiation of EQ is computed from a combination of Green’s function 

Green’s function is the building block of earthquake simulation 



Example of solutions 









The GF contains all the informations about the  
response of the Earth to an arbitrary source 







Solving the elastodynamic 
equation…. 



Near field 

Far field P 

Far field S - 



P far field term: 
 
 
 
-spherical wave expansion: 1/r 
 
-causality 
 
-waveshape = time dependance of the applied force 
 
- longitudinal polarization 
 
 



S far field term: 
 
 
 
-spherical wave expansion : 1/r 
 
-causality 
 
-waveshape = time dependance of the applied force 
 
- transversal polarization 
 
 

- 



Near field 

Far field P 

Far field S 





Earthquake in  Samoens recorded at a distance of 5km 

P-wave pulse S-wave pulse 

Ground velocity 

Ground displacement 



Earthquake in  Samoens recorded at a distance of 5km 

P-wave pulse S-wave pulse 

Ground velocity 

Ground displacement 

near field term 



Green’s functions in the spectral domain 

THE 2D SCALAR CASE 

The Green function in the frequency domain is : 
 
G22(x, y, ω) =1/4iµ [J0(kr) − iY0(kr)],  

       
where Y0 (kr) = Neumann function of zero order and µ = shear modulus.   
 
J0(kr) is proportional to the imaginary part of the Green function.  
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Applications: 
 
Physical origins of the distance decay of motions: 
 
 
1) Elastic space: form of the decay? Approximation? Depth 
dependance? 
 
2)Attenuation: loss per cycle? 
 



Causality 
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THE 2D VECTORIAL (P-SV) GREEN FUNCTION 

THE 3D VECTORIAL GREEN FUNCTION 
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where f1 and f2 are Stokes’ functions, and they are given by 

[ ] [ ] )iexp()/(2)/(2i)iexp()/(2)/(2i1)/( 2222
1 krkrkrqrqrqrf −++−−−= αβ

[ ] [ ] )iexp()/(1)/(i-1)iexp()/(1)/(i)/( 2222
2 krkrkrqrqrqrf −−+−+= αβ
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Propagation in flat layers: 
 
 
Integration:  reflectivity, discrete wavenumber,  ……  





displacement 

stress 











Formes d’ondes et temps d’arrivée 

© T. Boyd, CSM 



Lay and Wallace (1995) 

p ~ kx    ;   η ~ kz 
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Computer simulation of slab guided waves 

Model Size       400*280 km (Dx=60m) 

CPU Time       60 h (Intel Xeon 16CPU) 

Max Freq.       20 Hz  (Vs<3.2km/s) 

Memory          　4 GByte 

2D Simulation 
Model 

Scheme            Parallel FDM 

Source             Point Source                                
* Nakamura & Miyatake (2000) 

1. Trapped Signal in Low-V Oceanic Crust 

2. Scattering Waveguide Effect in Heterogeneous Plate  

Abers[2003], Martin et al.[2003], Furumura [1998] 

NEW Furumura and Kennett [2005] 

Model: 



Computer Simulation （1）: Homogeneous Plate (iasp81) 
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(a) Homogeneous Plate (b) Extended Oceanic Crust 
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