
Characterization of seismicity at Mt. Etna volcano (Italy) by inter-event
time distribution

Simona Sicali a,b,⁎, M. Serafina Barbano a, Salvatore D'Amico b, Raffaele Azzaro b

a Dipartimento di Scienze Biologiche, Geologiche e Ambientali, Università degli Studi di Catania, Corso Italia 57, 95129, Catania, Italy
b Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo, Sezione di Catania, Piazza Roma 2, 95123 Catania, Italy

a b s t r a c ta r t i c l e i n f o

Article history:
Received 21 June 2013
Accepted 19 November 2013
Available online 27 November 2013

Keywords:
Etna
Seismicity
Inter-event time
Occurrence pattern
Volcano dynamics
Regional tectonics

The space–time inter-event time (IET) distributions of earthquakes occurring from 1988 to 2011 at Mt. Etna are
analysed in order to identify the periodicity or stationary behaviour of seismicity, and to correlate it with the
volcano-tectonic features of the region. The comparison between IET distributions at Etna with those obtained
both for Sicily and Italy, shows that IETs at a larger scale are well-modelled by a gamma distribution, whereas
at Etna local scale they are characterised by a bimodal curve, in which the two peaks are related to: (i) the con-
tribution of local seismic swarms with very short inter-event times, and (ii) the background regional stationary
seismicity.
IET analysis is an important tool to investigate the behaviour of seismicity at different crustal levels in the Etna
region, distinguishing sectors that are influenced by volcano dynamics or regional tectonics. Indeed, the spatial
variation of IET distributions, obtained by analysing different Etna crustal sectors, shows that seismicity shallower
than 5 km is almost entirely characterised by short inter-event times and is mainly confined to the summit area.
For earthquakes deeper than 5 km occurring in the eastern flank of the volcano, as well as in eastern Sicily, IET
distributions are characterised by independent events which suggest that both areas are influenced by the
same extensional regional regime. By contrast, IET distributions obtained for the western flank and north-
western Sicily are marked by two peaks, indicating that the compressional stress is acting in both areas.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Mt. Etna, the highest active volcano in Europe, is located in south-
ern Italy in a complex geodynamic framework (Fig. 1), along the main
Eurasia–Africa convergent plate boundary (Dewey et al., 1989; Serpelloni
et al., 2007). Geodynamics in Sicily are characterised by two distinct stress
domains: thewestern sector, governed by aN–S compression generated by
continental collision (Fig. 1c); the eastern one, controlled by WNW–ESE
extension related to the south-east-directed expansion of the Calabrian
Arc (Palano et al., 2012 and references therein).

Like other volcanic areas, the stress regime at Mt. Etna results from
the interaction of regional tectonics and local volcanic processes (Azzaro
et al., 2013 and references therein). The dominant compressive N–S do-
main and the WNW–ESE extensional regimes coexist and interplay with
flank instability and magma intrusions (Barberi et al., 2004; Monaco
et al., 2005; Walter et al., 2005).

The most active area from the seismotectonic point of view is the
eastern flank of the volcano, where the Timpe fault system (TFS in
Fig. 2) consists of a set of parallel normal faults striking from NNW to

NW (Azzaro et al., 2012). The activity of these structures generates fre-
quent volcano-tectonic earthquakes which, although of moderate mag-
nitude (M b 5), can cause severe damage and destruction. TFS has
traditionally been considered the northernmost extension of the Malta
Escarpment (MEF in Fig. 1a), a major lithospheric fault zone developing
in the Ionian offshore (Monaco et al., 1997; Neri et al., 2005; Presti et al.,
2013), though recent seismic profiles (Argnani et al., 2013) have not ev-
idenced any link between these structural features.

Other seismogenic structures, which are involved in flank instability
processes, are the E–W trending Pernicana fault (PF) in the north-
eastern sector, and the NW–SE trending Tremestieri–Trecastagni fault
system (TMF, TCF) in the southern one (e.g. Azzaro et al., 2013 and
references therein). Although the geometry and kinematics of unstable
blocks are defined (Bonforte et al., 2011), the mechanisms driving the
flank sliding towards the Ionian Sea, i.e. regional tectonic stress,
gravity-induced sliding and dike-induced rifting, are still a matter of de-
bate (Solaro et al., 2010; Norini and Acocella, 2011).

It is well known that stress variations due to volcanic sources
(magma chamber, dike intrusions) locally modify the stress field in-
duced by large-scale tectonic processes (Gudmundsson, 2006; Roman
et al., 2008; Savage et al., 2010). As a consequence, they can significantly
affect both the locations and the mechanisms of local seismic events
(Musumeci et al., 2004; Alparone et al., 2011). Some authors (e.g. Bell
and Kilburn, 2008; Traversa andGrasso, 2010) have argued that distinct

Journal of Volcanology and Geothermal Research 270 (2014) 1–9

⁎ Corresponding author at: Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio
Etneo, Sezione di Catania, Piazza Roma 2, 95123 Catania, Italy. Tel.: +39 095 7165800.

E-mail addresses: simona.sicali@ct.ingv.it (S. Sicali), barbano@unict.it (M.S. Barbano),
salvatore.damico@ct.ingv.it (S. D'Amico), azzaro@ct.ingv.it (R. Azzaro).

0377-0273/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jvolgeores.2013.11.011

Contents lists available at ScienceDirect

Journal of Volcanology and Geothermal Research

j ourna l homepage: www.e lsev ie r .com/ locate / jvo lgeores

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jvolgeores.2013.11.011&domain=pdf
http://dx.doi.org/10.1016/j.jvolgeores.2013.11.011
mailto:simona.sicali@ct.ingv.it
mailto:barbano@unict.it
mailto:salvatore.damico@ct.ingv.it
mailto:azzaro@ct.ingv.it
http://dx.doi.org/10.1016/j.jvolgeores.2013.11.011
http://www.sciencedirect.com/science/journal/03770273


seismogenic sources can be recognised in a volcano by different pat-
terns of inter-event times (IETs). An IET is defined as the waiting time
between two consecutive earthquakes, related to a specific period of time
and a particular threshold of magnitude. The waiting time distribution
of global or national catalogues is usually modelled using a gamma
law (Corral, 2003). This single-peaked distribution is clearly different
from IET distribution for local scale catalogues that generally have a bi-
modal shape deriving from the combination of both correlated after-
shocks (which have short inter-event times) and independent events
(which tend to be separated by longer time-spans) (Naylor et al., 2010).
Therefore, for a small region, the bimodal shapeof IET distribution is heavily
influenced by the high percentage of correlated events (aftershocks).

In order to identify the periodicity or stationary features of seismic-
ity at Mt. Etna, and distinguish sectors influenced by magma-induced
dynamics or regional tectonics, we analyse the space-time IET distribu-
tion of the volcano-tectonic earthquakes occurring in the last twenty
years. The results are then compared with IET distributions calculated

for the regional (Sicily) and national (Italy) seismicity, to separate dif-
ferent stress fields acting on the volcano.

2. Seismic catalogues and methods

The dataset used in this study consists of 8716 earthquakes, record-
ed between January 1988 and December 2011 by the seismic networks
of IIV-CNR (Istituto Internazionale di Vulcanologia), Sistema Poseidon,
and INGV (Istituto Nazionale di Geofisica e Vulcanologia) (Patanè et al.,
2004; GruppoAnalisi Dati Sismici, 2011). A statistical analysis of the cat-
alogue shows that the completeness magnitude Mc, gradually decreases
according to the technological upgrade (higher-quality instrumentation
andhigher station density),with durationmagnitude threshold decreas-
ing fromMd = 2.5, in 1988–1995, toMd = 1.0 to date. In order to use a
homogeneous and complete catalogue over the whole studied period,
we performed the analysis using a magnitude threshold of Md N 2.5.
The horizontal and vertical errors of the hypocentre location considered

Fig. 1. a) The Africa–Eurasia plate configuration. b) Structural map of Sicily and Calabrian Arc (modified from Meletti et al., 2000): ticks evidence downthrown block in normal faults;
arrows show the fault strike-slip component; in the thrust structures teethmark the hangingwall; dashed square shows the location of Fig. 2. c) Focal mechanisms distribution and limits
between different tectonic regimes.
Modified from Sgroi et al. (2012) and Presti et al. (2013).
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