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Talk outline

1. We identify the main sources of the M6.3/ M6.0 
and M5.6 earthquakes that rocked northern 
Thessaly on March 3, March 4 and March 12, 2021 

2. We use space geodesy observations of ground 
displacement (GNSS and InSAR)

3. We model the sources by inverting the 
displacement data

4. We provide some information on the earthquake 
effects on buildings and the geo-environment
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Tectonic Setting

D’Agostino et al., EPSL, 2020 https://doi.org/10.1016/j.epsl.2020.116246
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Tectonic Setting

Briole et al., GJI, 2021 https://doi.org/10.1093/gji/ggab089
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Caputo and Pavlides, 1993 
https://doi.org/10.1016/0040-1951(93)90144-9

https://doi.org/10.1093/gji/ggab089
https://doi.org/10.1016/0040-1951(93)90144-9


EMSC information
M6.3 March 3, 2021

NOA Shake map
Intensity 7
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M6.0 March 4, 2021 M5.6 March 12, 2021



Ganas et al. in preparation 6



NOA revised catalogue
Period March 3 -17, 2021
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Events 1+2+3: March 2021

We use Differential SAR 
Interferometry to capture 
the deformation produced by 
the North Thessaly 
earthquakes. We constructed 
co-seismic interferograms by 
combining topographic 
information with SAR 
acquisitions from the 
Sentinel-1 satellites for 
ascending tracks 102 and 
175. 
The SAR acquisitions were 
processed with the open-
source SNAP v8.0 ESA 
software. 



Unwrapped interferograms

Co-seismic of the 2nd event – also captured postseismic motion of the first!
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Decomposition of unwrapped interferograms
Events 1 & 2 from ASC Τ175+ DESC Τ80 acquisitions (2/3-8/3/21)
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GNSS data 

processing –

30s

GNSS time series of 

station KLOK (INGV-

NOA; Thessaly) 

showing coseismic

displacements. 

The data have been 

processed by the 

CSRS using the PPP 

approach.
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We use the programme inverse6

(http://github.com/pbriole/inverse6 ). 

INVERSION

Assuming a half-space elastic model with uniform slip 

along a rectangular fault surface, the source of the 

ground deformation was inverted using the available 

geodetic data (GNSS and InSAR). 
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INVERSION
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INVERSION
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Triggering Scenarios

1st

1+2



Structural Damage
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Photographs by A. Ganas, 6 & 7 March, 2021 



Geological Effects : Surface cracks and liquefaction

Spectacular liquefaction features formed in alluvial deposits. Also many surface cracks were 
observed along NW-SE direction mostly of gravitational origin. Only at one site at the Zarkos
mountains the cracks are aligned with the vanishing edge of the interferometric phase gradient. 

17Photographs by A. Ganas, 6 & 13 March, 2021 



Talk Summary

1. The results from InSAR show three main lobes of subsidence, 
partially overlapping. 

2. The deformation pattern indicates the activation of three 
normal faults, previously unknown in this part of Thessaly. 

3. The earthquakes generated numerous secondary phenomena 
with vast areas of alluvial deposits exhibiting spectacular 
liquefaction features. 

4. No tectonic ruptures were found in the cases of events 2 and 3, 
however a series of sporadic, NW-SE striking surface breaks 
were found on the mountains north of village Zarko that are 
aligned with the vanishing gradient of the interferometric phase 
of the 1st event

5. Geodetic data were crucial to locate the faults and constrain 
their geometry better
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Ευχαριστώ! 
Thanks!!
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