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Corinth Gulf in the Aegean tectonics

Opening starts 5My ago



Historical seismicity

M> 6 in the 2 last centuries all along the Gulf

Bernard et al., using mainly Papazachos BC, 2003



Corinth Gulf is a good place to understand

• Large earthquakes occurrence in rifting conditions

• Link between large earthquakes and microseismicity

• Link between seismicity and geology

• Link between seismicity and deformation

So one of the important task was the location of the 

seismicity.



Corinth Rift Laboratory:

A permannt dedicated network since 2000 

after Aigio 1995 and Galaxidi 1998 events

CNRS: IPGParis, ENS (Paris), Université Côte d’Azur, EOST (Strasbourg)

University of Patras

Charles University in Prague

University of Athens

National Observatory in Athens

Field work

- Network design and implementation

- Maintenance

- Developments

Data collecting and pre-processing

Research 

- Methodological developments

- Data analysis

- Interpretation

- Relation with other disciplines : geology, sedimentology, deformation…



An earthquake is a fast motion on a fault 
which produce seismic waves. The 
seismic waves travel from the source 
into the Earth and make the surface 
moving.

Was is an earthquake?



Geological point of view



Fault 
Lines as reference

1
0
 k

m

10km



: hypocenter  = point where the rupture starts

epicenter = vertical projection at the surface of the hypocenter
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T = 0 s
Fast shear motion

 the 2 blocs move one compare to the other

Epicenter
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If the rupture stops, the magnitude of the

earthquake is between 4 and 5

 The magnitude depends of the size of the

ruptured zone and on the duration of the rupture

T ~ 1 s

If the rupture continues, the magitude grows…
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Magnitude between 6 and 6.5

Slip scale

1 m

T ~ 6 s Rupture reachs

the surface



Examples of some surface ruptures (M > 6.8)



Along Corinth Gulf the best example is Heliki Fault



The seismological point of view



: Hypocenter = rupture initiation point
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: Hypocenter = rupture initiation point
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: Hypocenter = rupture initiation point
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: Hypocenter = rupture initiation point
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Vs < Vp

Vp/Vs = constant



: Hypocenter = rupture initiation point
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: Hypocenter = rupture initiation point
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S waves

front

Let suppose that the rupture stops (M ~ 5.5)

Seismogram

first

S wave 



: Hypocenter = rupture initiation point
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: Hypocenter = rupture initiation point
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Heterogeneities 

in the medium



How we localize an earthquake?



We use arrival time of the first P and S waves :

the waves coming from the hypocenter and 

which have travel along the faster path

Therefore, arrival time (origine time + travel time) give information to locate 

the hypocenter position.

First P wave First S wave

The travel time of seismic waves depends of the medium properties and 

the relative position of the hypocenter in this medium compare to the 

observation point.



Generaly we use a simplify model to represent the medium in which

waves are propagating and in which we know how to calculate the 

travel time numerically.

Simplified model :

homogenous 

horizontal layers 

Real 

unknow 

medium



Arrival time Picking
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Arrival time at one station is not enougth to locate an hypocenter.

… As different hypocenters can produce P waves which will arrive at 

the station at identical arrival time.

1

2

Information at a second station help

If arrival time at B is earlier that at A, the hypocenter 2 is better

A

B



Zoom on P

waves

Pickings : good examples

Time reference at each station should be the 

same: synchronized recordings



A simple approximation : circles method

• Shallow event at distance less than 200 km

• Homegeneous velocity in the superficial layer

Ts - Tp = d . ( 1/Vs -1/Vp)
• Pick arrival times P and S at 3 stations = 3 distances

Approximation: profondeur négligeable



In reality:

A

B

C

Epicenter zone

Easy, but not very usefull in practice………



Earthquake location

• A velocity model is supposed : Vp et Vs for the region and 

described with homogeneous layers

• Measurement of Tp et Ts on N stations

• 4 unknowns (T0, x, y, z), 2N informations

• Tp = T0 + fp(x, y, z)

• Ts = T0 + fs(x, y, z)

• Non linear relation

• Inverse problem

• Rms = S ai(Ti,obs –Ti,cal)
2 / N



Earthquake location

• Rms = S ai(Ti,obs –Ti,cal)
2 / N

• Rms = non linear function of (T0, x,y,z)

• Solved by :

1. Linearisation around a presupposed approximate 

location and least mean square minimisation

2. MonteCarlo grid search or improved method for faster 

convergence (simulated annealing …).

• Statistical evaluation of uncertainties.



Practicaly to calculate with a good precision the position of the hypocenter

we need a dense network around the epicenter.

A precise measurement of the arrival times on seismograms P and S if possible.

An error of 1 s in time corresponds to some kilometers in position.

Typical P arrival time picking error is of 0.02 s; the corresponding error in space

is about 100m.

The limitation : we don’t know the velocity model. 



Earthquake location

• 4 parameters t0, x, y, z

• Uncertainty on the parameters

• Evaluation of the missfit

• A good location is obtained if:

– The number of pickings is larger than 8 (P and S)

– If the azimuthal gap is less than 180°.

– If there is at least one station at an epicentral distance of the 

order of the depth of the event.

– If the velocity model is adapted



Modèle de vitesse P

Latorre, 2004



And on Corinth Rift?



Duverger, 2017
Real time data flows automatically analysed



Duverger, 2017

Most  are automatic pickings: the image diffused 

due to errors in location.



Better estimation of travel  differences by cross-correlation of the 

signals

Relative location: double differences of travel time 



Duverger, 2017« Better image »



Duverger, 2017



Duverger, 2017



Duverger, 2017



Duverger, 2017



Duverger, 2017



Duverger, 2017



Duverger, 2017



Duverger, 2017







Duverger, 2017



A large number of small events which present some organisation in time and 

space.

Location and time occurrence : a possible picture of 

- Geometry at depth of the faults

- State of the medium around the major faults : Aigio, Psatopyrgos …

- Fluides propagation at depth and relation with rupture initiation

- Stresses transfer

Seismic waves : possible study of the medium

• Strong background activity

• Superposed with swarm 

activity with main event or 

not. 

• Cannot explain the total 

extension: large events are 

necessary and observed.



Thanks for your attention





Vott et al., 2006



Le rift de Corinthe est généré il y a 5Ma

Il fait partie des structures en extension qui relient 2 structures 

décrochantes dextres: faille Nord Anatolienne et faille de Kephalinia

Quelle est la relation 

en profondeur avec la 

lithosphère 

subductante?





Les unités constitutives de la croûte : les 

nappes hellenides






