Modelos de fuente sismica finita

Modelo de falla circular

Modele de Haskell



Nacimiento de la dinamica de la fuente

A principios de los afios 1970 :

AKki (1967) Scaling law of earthquake spectra

Kostrov (1964, 1966) Circular crack, 2D crack, Energy
Brune (1970) Circular crack body wave spectrum
Madariaga (1976) put together all this.

2 Parametros:
Mo
R

No definen la velocidad de ruptura




Ley de escalamiento de Aki

Hay una sola escala de longitud:
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Ley de escala de los terremotos

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

Magnitude | Moment Longueur Durée Glissement
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Modelo de ruptura sismica circular (3D)
2R
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Modelo de fisura circular estatica

Deslizamiento D(r) = ﬁ&,/RLrZ
T u
Deslizamiento medio D = 16 4o R
I u
Momento sismico 16 3
M, = 7A0R

)
Energia de deformacion AW = ;7 R’



Fundamentals of earthquake scaling
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Fundamentals of earthquake scaling
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Modelo de escalamiento de la fuente

- 16 4
Deslizamiento medio D = =22 R
7 u
. 16 ]
Momento sismico M, = 7110 R
Frecuencia esquina f. = O.37§

_ -3
Momento vs. frecuencia M, fc



Escalamiento de momento y corner frequency

Momento sismico Mw
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Frecuencia f



Modern test of earthquake scaling law

Prieto, Shearer and Vernon, JGR, 2004
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Spectral analysis of California earthquakes
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Smevizal Ralio

Spectral Ratio

Modern tests of earthquake scaling law
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Circular crack model

f1f =17

( Madariaga, 76)



The Tocopilla Earthquake of 21 November 2007

A double event at the bottom 215
of the plate interface

Mo (N.m/s) |

Mw=7,8 Mo = 2,5 102° Nm

_2“5“ -

From Peyrat et al (GJI 2010) _m»._

Inverted triangles accelerograms
In red PBO stations used for this study



The Tocopilla earthquake sequence in Northern Chile
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Spectral stack of a set Tocopilla aftershocks
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Acccelerograms of the main Tocopilla earthquake

Acceleration [m/s’]

PB04 9.57 km

PBO6 64.08kmEg

PBO7 70.50 kmE

=70

[POC PGP
POC GFZ.
L. de Chile
Geofon




Espectro de desplazamiento del Terremoto de Tocopilla de 2007 observado en 4
estaciones de la red PBO
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How to model an earthquake:
Maule 27 Febrero 2010




Central Chile Seismicity since 1906

Central Chile

Mw>7.8

From Campos et al, 2002




Preseismic deformation from GPS
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Ground displacement from GPS stations

for theMaule earthquake of 2010
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Static GPS observation of the Maule 2010 earthquake
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Vertical displacements measured by GPS

Hinge line

Color diamonds
Vertical displacement
of biological markers

(Farias et al, 2010)
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Inversion of Geodetic slip distribution
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Modelling the near field GPS data for the
Mw 8.8 Maule 2010 earthquake
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Maule 2010: geodetic versus Far field BW inversion

Slip inverted from GPS Slip Inverted from Far field body waves
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Maule 2010: Far field Body wave inversion
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Ground velocity inversion from cGPS
Uses AXITRA for synthetics

0.16

-0.11
0.16

-0.11
0.16

-0.11
0.16

VELOCITY [m/s]

0.1
0.16

EW COMPOMNENT

f CONZ

NS COMPOMENT VERT COMPOMENT
CONZ CONZ
—A\,‘P‘—q.q,.-.a..——-—-— W____
MAUL | MAUL ]
l I .
-'-\ﬁ \:II.LI M)" _"W'_
CONS

CONS

RCSD

ECSD

STAV

SIAV

Ruiz MadaRuiz etralp Eaethquake Spectra, 2012



Postseismic deformation after Maule

Horizontal cumulated displacement (cm) over 4 years :
8.8 Maule Earthquake and 2014.
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Use of stacking and backprojection
for modelling High frequency features
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Use of seismic antennaes for stacking

Receiver

Source

Mantle ray trajectories

Frente de ondas
Rayos



Latitude

Use of a seismic receiver antenna
Example of Maule aftershock Mw 7.1 of 25/3/2012 near Constitucion

BackProjection cumulative stack 0.25to1.0Hz
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Ruiz et al, EPSL 2013 Example of Maule aftershock Mw
E = = T T~ 1 7.10f25/3/2012 near Constitucion
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Example of Maule aftershock Mw 7.1 of 25/3/2012
near Constitucion

Far field body wave modellig
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Example of Maule aftershock Mw 7.1 of 25/3/2012 near
Constitucion

Observed and synthetic interferogram




Available data from the IRIS data center Wilber IIT applica

Red US array

25 Marzo 2012 Constitucion EQ
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Displacement record « section »

Maule aftershock Mw 7.1 of 25/3/2012 near Constitucion
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Displacement record « filter » AAM (Michigan)

Maule aftershock Mw 7.1 of 25/3/2012 near Constitucion
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Maule aftershock Mw 7.1 of 25/3/2012
near Constitucion

5 velocity seismograms of the US array
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Velocity record « filter » AAM (Michigan)

Maule aftershock Mw 7.1 of 25/3/2012 near Constitucion

Original BB

Band pass
0.1-1 Hz
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2nd order (energy) stack
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Use of a receiver antenna

Example of Maule aftershock Mw 6.7 of 14/2/2011 near Constitucion
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distance [degrees]

Time section US backbone array Example Of MaUIe afterShOCk
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2nd order (energy) stack
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Back Projection: results
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Presenter
Presentation Notes
Short period back projection using US and POLENET arrays allow imaging the bilateral rupture propagation, and provide consistent results. Maule coherent radiation emission consists in: (1) a first episode (0-60s), located in the epicenter area, moving southward and down-dip with a fast apparent velocity (~4.5 km/s);  (2) a second late episode (60-140s), associated to the down-dip northward rupture propagation, evidencing a lower apparent propagation speed (~3.5km/s). 


Teleseismic Kinematic Inversion and Back Projection
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