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Objectifs & Notions a acquérir
- Définition d'un mécanisme au foyer
- Les 3 types de mécanisme au foyer
- Construire un mécanisme au foyer
- Notion de plan nodal, de faille, auxiliaire

- Glissement, pendage, azimut (strike, dip, rake)

Notion de double couple

Savoir relier mécanisme au foyer et géodynamique d'une région

Montpellier
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ONDES RADIEES AUX STATIONS
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Amplitudes et “formes” des ondes radiées:

- Géométrie de la faille Méean;
écanisme

au foyer

- Direction et taille du glissement

-> TECTONIQUE DE LA REGION
-> CONTEXTE GEODYNAMIQUE



Les parameétres de la faille sont:
¢ Azimut (strike)
& Pendage (dip)

A Direction du glissement (rake)

North

/

Strike direction
>

FIGURE 4.13

Definition of the fault-orientation parameters (strike ¢,, dip §) and the slip-direction parameter
(rake 1). ¢, is measured clockwise round from North, with the fault dipping down to the ri ght of the
strike direction: 0 < ¢, < 2. The dip angle & is measured down from the horizontal: 0 < § < /2.
The slip direction is specified by the rake A, measured in the fault plane as the angle between the
dLrectlons of strike and slip. #

Convention de Aki and Richards



Angle du glissement A caractérise le type de faille

Left-lateral strike-slip fault Right-lateral strike-slip fault
(A.=02) (A =180°)

= = | Jécrochement dextre
(pied gauche part en arriare) -7-‘

\ Normal dip-slip fault Reverse dip-slip fault
()u = —900) (l — 900)

La plupart de séismes est une combinaison de ces différents

mouvements. (A entre ces valeurs)



Faille inverse

\:
~

Reverse dip-slip fault
(A=90°)

Séisme de Chi-Chi 1999

Faille de Chelungpu

-> chutes d’eau de 6 m sur Ta-Chia River,
(photo LeonTeng, USC)

offset de 2 m dans un stade

(maintenant un musée)




Faille en décrochement Z

Landers, Californie, 1992

Right-lateral strike-slip fault
(A=180°)
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San Francisco, Californie 1906



Faille en décrochement Z

Right-lateral strike-slip fault
(A=180°)
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M 7.7 - 2025 Mandalay, Burma (Myanmar) Earthquake

2025-03-28 06:20:52 (UTC) ‘ 22.011°N 95.936°E l 10.0 km depth



Faille normale

Crowley Lake, California \

Normal dip-slip fault
(A=-90°)

Arkitsa, Grece



Comment caractériser une faille ?

First motion First motion
(push away (pull toward

Seismographic from epicenter) epicenter)
stations
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First motion
(push away
from epicenter)

First motion
(pull toward
epicenter)




Comment caractériser une faille ?

First motion First motion
(push away (pull toward

Seismographic from epicenter) epicenter)
stations
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Comment caractériser une faille ?
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Comment caractériser une faille ?
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Comment caractériser une faille ?




Mécanismes au foyer
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dilatation - compression
— |
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Plan de faille

FAILLE EN DECROCHEMENT
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Stein & Wysession, 2003

La POLARITE des ondes P varie entre les stations en fonction de leur direction.

Le premier mouvement est:

en HAUT : Compression

en BAS : Dilatation

-> 4 quadrants

-> 2 plans nodaux (faille et auxiliaire)

-> les 1" mouvements ne permettent

pas de déterminer le plan de faille



Comment caractériser une faille ?

Deux couples de forces possibles

eomenito,.




ONDES RADIEES DEPUIS UNE FAILLE EQUIVALENTE

A UN DOUBLE COUPLE?

Les radiations sont dues a:

- un couple de forces dans
des directions opposées A ‘
correspondant au plan de

-

faille (direction réelle du

Fault
plane

Auxiliary
plane

\X

2

glissement)

- un couple correspondant

YL
7/

au plan auxiliaire

Double-couple
forces

Pourquol un DOUBLE-COUPLE :
Equilibre des forces

. Nuyy
Pas de rotation axjs ~~ x

% Pearce, 1977

(*)



QUELLES SONT LES FORCES EQUIVALENTES QUI REPRESENTENT LE
PROCESSUS DE RUPTURE COMPLEXE SUR FAILLE ?

Séisme = déplacement fini sur une faille étendue

1,
d:
f M = fd

— w M = uDLW




(*)

Polarité négative Polarité positive

Epicentre f /
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«— Plan de faille Plan auxiliaire

Schéma 2D du foyer sismique et des quadrants compressifs et extensifs.



FAILLE NORMALE

courtesy of lan Hill, University

of Leicester, UK



Trouver les plans nodaux
qui séparent les

compressions des
dilatations.

— FAILLE INVERSE



Comment représenter le mécanisme?

3D /"\

hypocenter (or centroid)
Auxiliary Plane

Fault Plane

Fault motion

Equal-area projection

Plot lower hemishere

Exemple : Faille décrochante

Sphere cut by
horizontal plane

Projection of one
half of the sphere

Circle



Schematic diagram of a focal mechanism

MECANISMES AU FOYER A View from side View from above
SuEr:ao;le of
P J#!%—}N "
"Beach ball"
FAILLE DECROCHANTES B Strike slip
(TRANSFORMANTES) ’3 T

Normal
FAILLE NORMALE @ T

FAILLE INVERSE .’ﬂﬁ %‘

Oblique reverse
FAILLE OBLIQUE @

@

USGS, 1996
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Normal Fault Thrust Fault Strike-Slip Fault




Focal mechanism for thrust fault




Focal mechansim for
a normal fault




Figure 4.2-17: Examples of focal mechanisms and first motions.

Thrust faulting, Vanuatu Islands, July 3, 1985
Location: 17.2°S, 167.8°E. Depth: 30 km
Strike: 352°, Dip: 26°, Slip: 97°
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Normal faulting, mid-Indian rise, May 16, 1985
Location: 29.1°S, 77.7°E. Depth: 10 km
Strike: 8°, Dip: 70°, Slip: 270°
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Strike-slip faulting, west of Oregon, March 13, 1985
Location: 43.5°N, 127.6°W. Depth: 10 km
Stnke 302°, Dip: 90°, Slip: 186°
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Stein & Wysession, 2003



1000 secs.
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2001 Seisme de Bhuy, Inde (Mw 7.7) , inverse - oblique



Exemple du Séisme de Tohoku
Mw 9.1, 2011
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Sumatra 2004

MB.7 Oct.23, 2002
M7.9 Nov.3, 2002

Denah 2002 A temporary site ) [

v permanent station Oct.2002-Dec 2004
time
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M 8.8 - 2025 Kamchatka Peninsula, Russia Earthquake

2025-07-29 23:24:52 (UTC) ‘ 52.495°N 160.240°E ‘ 35.0 km depth
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Contributed by US
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Significant population
exposed
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Contributed by US

View Nearby Seismicity

Time Range
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Regional Information

Contributed by US

Aftershock Forecast

According to our forecast, the
chance of at least one aftershock
within the next month:

M+ | <1%
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Contributed by US
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Contribute to citizen science.
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Time
2025-07-29 23:24:52 UTC

Contributed by US

https://earthquake.usgs.gov/earthquakes/eventpage/us6000qw60/executive
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Community Internet Intensity Map
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Cross-section of slip distribution.
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M 8.8 - 2025 Kamchatka Peninsula, Russia Earthquake

2025-07-29 23:24:52 (UTC) ‘ 52.495°N 160.240°E ‘ 35.0 km depth

Moment Tensor

View all moment-tensor products (1 total)

Contributed by US last updated 2025-10-11 20:57:35 (UTC)

v The data below are the most preferred data available
v The data below have been reviewed by a scientist

W-phase Moment Tensor (Mww)

_(58,76,101)

Moment 2.221e+22 N-m
Magnitude 8.83 Mww ‘
Depth 21.5km
Percent DC 84%
AN
Half Duration 112.50s (198, 18, 51}\ o
Catalog us
Data Source us
Contributor us
Nodal Planes
Plane Strike Dip Rake
NP1 198° 18° 51°
NP2 58° 76° 101°
Principal Axes
Axis Value Plunge Azimuth
T 2.308e+22 58° 344°
N -0.186e+22 11° 236°
P -2.122e+22 30° 139°
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P axe de pression a; (compression)
T axe de tension a5 (extension)
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OFF EAST COAST OF KAMCHATKA
1587 159° 160° 161° 162° 163" 164° 165°

OFF EAST COAST OF KAMCHATKA, 2025/07/29-23h24m50s J)! \\
Earthquake mechanism on the two possible fault planes o

IPGP
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é Before Earthquake During earthquake
Inverse movement with a right-lateral component on a 19° NW dipping fault.
Fault azimuth is orientated SW-NE (strike = 232°).
(g\]
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62 s 124s 1865 é Before Earthquake During earthquake

. " " " o " . . Inverse movement on a 73° ESE dipping fault.
158 159 160 161 162 163 164 165 Fault azimuth is orientated NNE-SSW (strike = 26°).

(Strike, Dip, Rake) = (232°, 19°, 116°) / (26°,73°, 81°)
MO = 1.66E+22Nm (Mw = 8.75)

http://geoscope.ipgp.fr/index.php/en/catalog/earthquake-description?seis=us6000qw60



Contexte géodynamique
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Data recorded at Nilore, Pakistan
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Premier mouvement
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SOURCES QUI ONT UNE COMPOSANTE NON - DOUBLE COUPLE:

- Isotropes: Explosions — Implosions
- Compensated Linear Vector Dipoles (CLLVD’s) (double couple + 1

composante Volumétrique), souvent le cas pour les tres gros séismes.

DOUBLE CLVD - compensate
g ISCTROPIC COUPLE linear vector dipole
c
)
= Mxx 0 O Mex 0 0 Mxx 0 © Mcx O 0 O
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Explosion Implosion slipon a fault uniform outward
motion in plane due to
normal shortening
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FAILLES INVERSES EN FORME DE CONE ET DIKES (CRACKS) QUI
S’OUVRENT AVEC LE MAGMA

Figure 4.4-8: Example of CLVD-type focal mechanisms for caldera earthquakes.
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TENSEUR DES MOMENTS SISMIQUES

Figure 4.4-4: Nine force couples which compose the seismic moment tensor.

Pour décrire tous les
doubles couples

( A
M XX M Xy M Xz
= M _’vx M ]/‘J/’ M J)Z
\ M zx M Z) M zz

Le tenseur est
symetrique M;=M;




