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South Central Chile Gaps
Kelleher et suivants Beck et al (1998), Vigny et al (2011)
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Seismic coupling in subduction zones

Classical Savage back slip model
Compression

Freely slipping zone

Compression

~—

Aseismic front

Earthquakes



Que es un gran terremoto ?
Tsunamis de 1960 y 2010
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http://www.geologie.ens.fr/
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Grandes sismos historicos
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Los mayores sismos desde 1900

Chile 22 Mai 1960 9.75| 382S | 73.1W
Prince Williams Alaska 28 mars 1964 93 |61.9N (1476 W
Sumatra 26 Décembre 2004 | 9.1 | 3.30N | 95.8E
Kamtchaka 4 Novembre 1952 | 9.0 | 52.8 N | 160.1 W
Tohoku-oki 11 Mars 2011 90 | 383N | 1425E
Chile 27 Février 2010 8.8 | 35.6S 72\W
Wharton Sea 11 Avril 2012 8.8 35S 92.8 E
Colombia Ecuador 31 janvier 1906 88 | 10 N | 815W
Andreanoff, Alaska 9 Mars 1957 8.6 | 51.6 N (1754 W
Rat Island, Aleutiennes 4 février 1965 8.7 | 51.2N | 1785S




La sismicidad es aleatoria e imprevisible
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Seismicity of the world 1990-2010, Mw>5
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Observation de terremotos por la Red Global
Mayoritariamante Broad Band

Eos,Vol. 85, No. 23, 8 June 2004
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Faults are everywhere. Some of them are now inactive,
Others produce earthquakes.

Slip is larger near center

Fig. 11.9. Photograph of a bounded
nomml fault in Utah showing varia-
ticms in the amount of displacement ac-
commodated al ong the fault.



Geometry of Landers
fault system

Figure shows the fault
traces
(Hart et al., 1993)
which ruptured during
the 1992 earthquake,
and those which did not
break then
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Earthquakes as dynamic shear ruptures

\\\ s o Pre-existing Fault system
\Y VR | in the Mojave desert

Final slip observed
on the fault as
determined from

Geology, il 1L
Geode Sy an d i I'.II ol ) Fault Slip [m]
Seismology | o0 an

Modele ENS (Peyrat, Aochi, Olsen, Madariaga)



Propagacion de la ruptura del sismo de Landers

Aochi et al 2002
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Modelo del rebote sismico

REFERENCE
a <D . . . ]
(=0 ’ Situation algunos dias despues del sismo
au départ .
. Deéformation présismica
b ' o .
avant Io ' Situation intermedia
séisme
Deslizamiento sismico
Glissement
asismique
C
apréds le

sdisme

Situacion algunos dias despues del sismo
siguiente



Modelo de ruptura sismica (dislocation)

Antes del séisme

Durante y despues del sismo

Deslizamiemto D

@ I, Modelo equivalente




STRESSED OUT

BUILOUP AND RELEASE ofi he stress th it accumulaies slowly as the earth's
tectonic pIates grind pest one another mark the cycle of all prest earthquakes. Alo ng
Turkey's Morch Angtolla n faul [wke Moe], the lend norchofthe fault s mowng
easTtward relative to theland to The south [yedow arrows | but 2ets siick alongthe
fau . When the stress finally owercomes frictlon alongt he fault, the mcks on elther
slde sllp pastone another¥lolently. A catestmphic example of this phe nomenon
occurred on AUpUst 17, 19899, when 8 magnliude 7.4 shockiook 25,000 livesIn and
around the chliy of Izmit. Calculations of stress before and afierthe Emh earthquake
[betow] reweal that, after the shock, the so-called Coulom b stress dropped 8 long
the segment of the faultthet sllpped but Increased elsewhere.

Coulomb strees chanpe [in bars]
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BEFORE THE EARTHQUAKE AFTER THE EARTHRUAKE

The segme nt of the North Anatollanfault nearizmhi The earthgua ke relleved stress [biue ] 8ll 8 ong the sepment of
accumu leted sipniFicant stress [red ] during the 200 yearssince  thefaultthat sllpped. The farmerly deformed fence bmke and
Its lest majorstressTellewing shock. An Im aginary deformed beceme offset by seweral meters atthe fault, and the prd
fence and prid suped mposed ower the | andscape lIUSTrate this EQUAres closest to the fault returmed to thelroriginal shape.
high stress. Squares alongthe fauliare stretched Ino Hiph stress ks now concentraied beyond both ends of the falled
parallielograms [exagpemied 15 000 times ], withthe grestest feult sepment, where the grid Squares are more s2ye rely
change In shape, and thus ELress, 0ccUming closestto The fault. contoried than before the sShock Struck.




Définition de Momento sismico

Deslizamiento D

Superficie de la falla S

u Constante elastica (modulo de cisalle)



Ley de escala de los terremotos (Aki, 1967)

log,q Mo(Nm) = 1.5M,, + 9.3

Magnitude | Moment Longueur Durée Glissement
(My) (Nm) (km) (8) (m)
10 1024 10007 3007 1007
9 3.10% 300 100 30
8 1041 100 30 10
7 3.10%° 30 10 3
6 1018 10 3 1




Radiacion y mecanismo de foco



Ondes sphériques

Ondes P
Rai ou rayon

Front d’ondes

Solution space temps

11 R
pRY=7"~ f(t——j

T (04
Solution space Fourier

propagation Divergence géométrique
11+ io(t-R/a)
PR, 0)=—— T(w)e

forme d’'onde



Transformada de Fourier

Toda funcion del tiempo définida sobre la linea de tiempo t
Posede una transformada de Fourier definida en el espacio de frecuencias:

f(w) = j“; f (t)e “dt

Su inverso se define como

. 1 = = +iat
f(t)—gj_wf(a))e dt

En general f(w) es complejo y tiene muchas propiedades importantes
Propiedad fundamental



Ejemplos

Funcion del
tiempo Tr de Fourier

Puerta f~(a)) _ sinwT
ol
Triangulo :
(@) = (sm T )
ol
Exponencial f ('[) B i e_t/a 7 () = 1
N (1+iwo)
Brune t 1
_ ~tlo f —
f(t)=—e (@)= im0y



Radiacion sismica producida por una fuente puntual

Diagrama de radiacion

/

Sea una fuerza vertical de intensidad f,

Onda P PRY=— L R7©6) f,(t-R/a)
Adrpa” R \
Divergencia Geométrica Serial sismico
R
R =cos® R® =sing
Onda S SR =— 1 R50) t (t—R/B)
" 4npB® R ’



Sources mécaniquement acceptables

Une source d'origine interne doit satisfaire les deux conditions

for:O

. La somme des forces et de moments de ces forces doit
étre égal a zéro

La source la plus simple est un dipdle linéaire qui
représente une fissure en ouverture (un crack)

_f< ® 0 )f



Fuente mecanicamente aceptable

Como ya vimos una falla produce un sistema de fuerzas
Consistente en

Cuatro fuerzas sin resultante de fuerza ni de momento
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Calculemos la radiacion



Radiacion sismica en un medio homogeneo

Diagramme de radiacion

/

Onde P u" (R = 1 S%RP(H,(p)MO(t—R/a)
Divergencia Géométrica Sefial sismica
R
Onde S *(Rt)=——— —~R*(6,0) My(t-R/ B)
" 4zpB° R 9 o



Diagrama de radiacion
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Mécanisme au foyer

Onde P

Strike-tlip ThmisE Hermal

Types of “beachball plot” associated with different fault end-members
(nodasd plare in red parailel to Tault)
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Subduccion: Dominio tipico ce fallas inversas

Mw 9.0 Earthquake on 12/26/2004 Off West Coast of Northern Sumatra
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Fallas inversas y una normal en Chile central
replicas del Maule

78°W 76°'W 74°'W 72°W 70°W
32’8 -

27022010

34°S

38°S

40°S




Dominio tipico de fallas de rumbo (strike slip)
Faille Nord Anatolienne en Turkie

Séisme d’lzmit 17 Aolt 1999

lemit Main Shock 17.5.1999

lemit, First Day Aftershocks
lzmit, Later Aftershocks

Duzce Main Shock 12.11.1999
Duzce Aftershocks

Seismicity 1.7.-16.5.1999
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Dominio tipico de fallas de rumbo (strike slip)
Falla de Liquifie Ofqui
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Dominio tipico de fallas normales
I'talia central

(m)
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Radiacion sismica y forma de ondas



Radiacion sismica en un medio homogéneo

Diagrama de radiacion

/

Onde P u" (R = 1 S%RP(H,(p)MO(t—R/a)
Divergencia Geométrica Sefial sismica
R
Onde S *(Rt)=——— —~R*(6,0) My(t-R/ B)
" 4zpB° R 9 o



Radiacion sismica Modelo de Brune

v () 1 M, (t) =M, [1-A+t/0)e " |H(t)

T

M, Momento Sismico final
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Funciones temporales de la fuente (STF)
de los mayores sismos recientes
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source signal
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La senal de Brune (1970)
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spectrum

El espectro sismico de Brune (1970)
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