
Memory effects in avalanche 
dynamics: a key to the statistical 

properties of earthquakes

Alberto Rosso

Laboratoire de Physique Théorique et Modèles Statistiques

CNRS-Université Paris-Sud (Orsay)

François Landes and Eduardo Jagla
Phys. Rev. Lett. (2014)



Barkhausen noise

Interpretation: Domain walls dynamics

 H increases slowly while the 
magnetization J displays little 

jumps: the avalanches



Avalanche dynamics

Avalanche magnitude: S=5 (number of active sites)  
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Avalanche models: main ingredients and success

• Energy injected and dissipated: out-of-equilibrium

• Existence of  random thresholds  

• Extended system with strong interactions  

• free scale statistics: 
universality

• cut-off controlled by the 
dissipation

• Existence of a threshold: non linear dynamics  

• Random threshold:  disorder 

• Energy injected and dissipated: out-of-equilibrium



 Limits:  Gutenberg Richter law, aftershocks ...

• Gutenberg Richter exponent ⌧GR ' 1.7

• Correlated Aftershocks

• Magnitude Exponent ⌧  1.5

• Uncorrelated avalanches
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Elastic Solid driven on a disordered substrate
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⌘F @thi(t) = k0(w � hi) + k1�hi + (K � k1)(�hi � ui) + �th(hi)
⌘S@tui(t) = (K � k1)(�hi � ui)

Visco-Elastic Solid driven on a disordered substrate

k0

whi

i

i+ 1

i� 1

h

Edis
i

�th(hi) =
@Edis

i
@hi

z

(2k1 + k0)z

Stress

2(K � k1)z

k1
K � k1

i i+ 1i� 1



Visco-Elastic Solid and Aftershocks
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⌘S@tui(t) = (K � k1)(�hi � ui)



Aftershocks
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Aftershocks Dynamics



2D Elastic Solid 2D Visco Elastic Solid
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Mean Field Solution: fully connected model 

�hi ! h� hi

�ui ! u� ui



Mean Field Solution: fully connected model 

@thi(t) = k0(w � hi) + K(h� hi) + �th(hi)
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@thi(t) = k0(w � hi) + K(h� hi) + �th(hi)
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Fixed Point solution
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Fixed Point solution



Elastic Solid driven on a disordered substrate
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stress decreases with solid rigidity



Elastic Solid driven on a disordered substrate



Elastic Solid driven on a disordered substrate
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Visco-Elastic Solid driven on a disordered substrate
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Visco-Elastic Solid driven on a disordered substrate

Static Global event

Global event
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Visco-Elastic Solid driven on a disordered substrate

Static friction coe�cient

Dynamic friction coe�cient

Stick Slip Instability



Global event

Seismic Cycle and avalanche oscillator

S. Papanikolaou et al., Nature (2012)
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Back to 2D: local oscillations



Back to 2D: stress map

Low stress High stress



Conclusions

• Visco-elastic interfaces have a rich 
dynamics with main shock and aftershocks

• In D=2 the results are consistent with GR 
exponent, displays spatial correlations and 
periodic behavior

• In mean field we understand the periodicity 
as a stick slip behavior of a system with a 
large number of degree of freedom


