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We computed the seismic moment tensor of the most energetic earthquakes (3.4 ≤ ML ≤ 4.8) occurred 
at Mt. Etna volcano in the period 2005-2013 and recorded by the broad-band network of Osservatorio 
Etneo (Fig.1). The aim was either to calculate robust focal mechanisms, or to have an independent 
estimate of the moment magnitude (Mw) but also to analyze the sources of non-double couple as 
possibly connected with the tectonic or volcanic dynamics of the volcano.  
 

 
 

Figure 1. Digital Elevation Map with the permanent broad-band seismic stations (blue triangles) operating on 
Mt. Etna by the end of 2005. The inset map shows the main regional fault systems and the location of Mt Etna 

volcano. 
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It is very well known (i.e. Saraò et al., 2010 and reference therein) that the analysis of moment tensor 
in volcanic environment is a quite delicate issue, due to the complexities of the structural model, to the 
wave propagation effects as well as to the presence of noise. Indeed, the seismicity of Etna area is due 
to the complex interaction between tectonic stress and volcanic activity and a complete moment tensor 
analysis, accounting also for non-double couple components, is necessary for a comprehensive study 
of the source. Well-tested methods and feasibility tests are then preparatory to each analysis in such 
environments to guarantee reliable solutions. 
In this study we computed the moment tensor using the algorithm developed by Minson & Dreger 
(2008). After a careful selection of data quality, we set up a dataset of 50 events. For each event three-
component seismograms have been inverted in the frequency range 0.02-0.10 Hz. 
 

 
Figure 2. Top panel: DEM with the epicentral distribution of the selected ML ≥ 3.4 earthquakes (yellow circles) 
extracted from the on-line catalogue of INGV-CT (Gruppo Analisi Dati Sismici, 2011). The focal mechanisms 
obtained by the moment tensor in this study are also plotted. Red lines indicate the main faults. Bottom panel: 

W-E cross section with the INGV-CT hypocenters (yellow circles) compared with the hypocenters obtained by 
moment tensor (red circles).  
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After several tests performed to check for the influence of the different velocity models available for 
the area, we finally used an average 1D model extracted from the 3D one of Patanè et al. (2006). The 
input density model and the attenuation factor (Q) were defined as in Saraò et al. (2010). 
The focal mechanisms obtained (Fig. 2) have been compared with independent estimates of fault plane 
solutions computed by first polarities analysis (i.e. Scarfì et al., 2013) and an excellent agreement was 
found. Interesting results have been obtained for the Provenzana - Pernicana seismicity showing high 
non-double couple components, which may be probably due to fluids circulation. High double couple 
percentages in the deep earthquakes (up to 30 km b.s.l.) may be due to the activation of the regional 
tectonic structures related to the Apenninic-Maghrebian Chain compressive regime. Finally the 
calculated moment magnitude has been used to determine a preliminary empirical relation Mw vs. ML 
calibrated for a very peculiar area as that around Mt. Etna volcano.  
 
 

REFERENCES 
 
Gruppo Analisi Dati Sismici (2011) “Catalogo dei terremoti della Sicilia Orientale-Calabria 645 Meridionale 

(1999–2011)” INGV, Catania (http://www.ct.ingv.it/ufs/analisti/catalogolist.php).  
Minson S and D Dreger (2008) “Stable Inversions for Complete Moment Tensors,” Geophys. J. Int., 174: 585–

592. 
Patanè D, Barberi G, Cocina O, De Gori P, Chiarabba C, (2006) “Time resolved seismic tomography detects 

magma intrusions at Mount Etna,” Science, 313: 821-823. 
Saraò A, Cocina O, Privitera E, and  G.F. Panza (2010) “The dynamics of the 2001 Etna eruption as seen with 

full moment tensor analysis”, Geophys. J. Int., 181: 951–965. DOI 10.1111/j.1365-246X.2010.04547. 
Scarfì L, Messina A, Cassisi C, (2013) “Sicily and Southern Calabria focal mechanism database: a valuable tool 

for the local and regional stress field determination,” Annals of Geophysics, 56, 1, D0109; 
doi:10.4401/ag-6109.  

 
 


