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Where earthquakes occur? 











Relaciones empíricas de la sismología 

La razón de ocurrencia  de las réplicas de un sismo de 
magnitud grande o intermedia decrece de acuerdo a esta ley 
empírica. Donde α varía entre 0.9 y 1.8, tr es el tiempo de 
ocurrencia del sismo que provoca las réplicas y el factor A(m) 
decrece monótonamente con la magnitud M.  
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Ley de Gutenberg-Richter (1944) 

Relación empírica para la densidad de frecuencias de la 
magnitud local por unidad de tiempo          es la frecuencia, 
por unidad de tiempo, de sismos de magnitud mayor o igual 
a M. 

Ley de Omori (1894) 

)())(( M

rttMA
dt

dn 

Relación entre el logaritmo del área de réplicas (S en km2) 
y la magnitud M. 

Relación de Utsu y Seki  (1954) 

01.402.1log  MS



La relación entre la magnitud de ondas superficiales Ms y la 
energía total de las ondas sísmicas fue propuesta por 
Gutenberg y Richter. 

Relación de magnitud y energía (1956) 

8.115.1log10  SME

Relaciones empíricas de la sismología, cont. 

Relación de Tsubokawa (1969) 

Intento para correlacionar el tiempo de duración de la 
anomalía precursora con la magnitud del sismo, T es el 
tiempo (en días) de la duración de la deformación anómala 
del terreno y la Ms es la magnitud  del sismo. 
 

88.179.0log  SMT



Logarithm of the frequency 
against the time and adjusted 
Gutenberg-Richter 
relationships. The black point 
with M=8.5 is an adjusted 
value. 



Earthquake number against time Ms  4.3, Oaxaca region. The earthquakes depth is less or equal to 60 km, and they 

are located between 15.0 - 17.5°N, and 95.5 - 98.0°W, since January, 1, 1969 to June, 30, 2001. The number of events 

is 108 and the average annual frequency is 3.4 earthquakes per year. 



Earthquake number against time Ms  4.3, Michoacan region. The earthquakes depth is less or equal to 60 km, and they 

are located between 16.5 - 19.5°N, and 101.0 – 103.5°W, since January, 1, 1969 to June, 30, 2001. The number of 

events is 122 and the average annual frequency is 4.0 earthquakes per year.  



Earthquake number against time Ms  4.3, Jalisco-Colima region. The earthquakes depth is less or equal to 60 km, and 

they are located between 17.8 - 19.8°N, and 103.0 – 105.8°W, since January, 1, 1969 to June, 30, 2001. The number of 

events is 72 and the average annual frequency is 2.4 earthquakes per year.  



Earthquake number against time Ms  4.3, Guerrero region. The earthquakes depth is less or equal to 60 km, and they 

are located between 16.1 - 17.8°N, and 99.3 – 101.1°W, since January, 1, 1969 to June, 30, 2001. The number of events 

is 92 and the average annual frequency is 3.5 earthquakes per year.  



The Guerrero gap 















The spring-block model. Olami, Feder and Christensen (OFC) model.  
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The total force exerted by the springs on a given block (i,j)  

The redistribution of forces after local slip at position (i, j) due to the 

force on one of the blocks is larger than the maximal static friction   

the increments in the force on the nearest-neighbor block  

Redistribution redefines the forces in the nearest-neighbor blocks, and 

further slips can occur, causing a chain reaction (synthetic earthquake).  
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Distribution of synthetic earthquake magnitude and 
duration times in a 100x100 system with open boundary 
conditions, 5 x 106 events, and cumulative synthetic 
seismicity. The structure of the stair-shaped plots can be 
seen when we plot less events. The fitting with a straight 
line seems to be excellent. 
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Time series of recurrence times and 

distance between epicenters for 

different thresholds 
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The earthquake epicenters for three regions with different γ-values, the central region 
with γ = 0.10 and two lateral regions with     γ = 0.245, 10,000 events, most epicenters 
concentrate in the region with γ = 0.10, but when we do a cutoff to eliminate the 
seisms with less magnitude, we find that the events of great magnitude tend to 
concentrate in the regions with great γ-values. It was obtained when we take away 
the events less than 1/16  of the event with maximum magnitude.  
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A sequence of synthetic earthquakes obtained with the third model, eighth order.  
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Cumulative seismicity, first fractal model, sixth order.  
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Statistical distribution of the frequency logarithm and the magnitude for a synthetic 

seismicity pattern obtained with the second model, sixth order.  

Power law for the statistical distribution of the events duration, third model, seventh order.  

















Detrended Fluctuation Analysis (DFA) 

F n ~ n

F(n) es la Desviación Estándar de las  
fluctuaciones como  función del tamaño 
de la caja (n) 
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White Noise (Uncorrelated) 
1/f  Noise (Long-range 
Correlated) 
Brownian Motion (Short 
Correlated) 

    

 n  es el  
tamaño de 
la caja 

Integración de la señal original 
División de la señal integrada en cajas de 
 tamaño n y ajuste lineal a los puntos 
 experimentales 
Calculo de Desviación Estándard de las  
 fluctuaciones 












