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its surface evidence in the south-east of  this area. However,
the variability of  the focal mechanisms suggests a more com-
plex structure, rather than one single fault (Figure 7).

On the whole, the seismicity shows a homogeneous az-
imuth distribution of  the axis of  maximum compression P
around N90-135°E, with a dip angle of  20° to 50° (Figure 6).
The direction and dip angles of  the P axes match well with
the seismicity position with respect to magma sources mod-
eled by ground deformation for the 2000 to 2005 period (Fig-
ure 6), in particular for the dike intrusion sources of  the
south flank. This factor suggests that, during 2000 to 2005,
the faults close to Zafferana Etnea were activated by stress
changes that were related to the pressurizing of  the magma
systems, as was also assessed by Alparone et al. [2011], in re-
lation to the 2003 to 2004 seismicity located on the eastern
flank at a depth of  3 km to 7 km. 

Finally, the relocated hypocenters of  the strongest events
(Table 1) that are reported in Figure 6, suggest how the rec-
ognized system of  faults is made up of  structures that can gen-
erate moderate energy releases that are potentially dangerous
for the Zafferana Etnea area. The identified fault geometry

and kinematics thus represent new local tectonic insights that
will be helpful in potential risk scenario planning.
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Figure 6.Map (A) and cross-section (B) showing the relocated events and
the magmatic sources modeled using 2000 to 2005 ground-deformation
data [Puglisi and Bonforte 2004, Aloisi et al. 2006, Bonaccorso et al. 2006].
Insets: azimuth distribution (top) and dip angle (bottom) of  the axis of
maximum compression P referred to all of  the relocated events.

Figure 7.Recognized buried faults and kinematics. Red circles, locations
of  the most powerful events in the 2000 to 2005 period (see also Table 1);
yellow diamonds, high-precision relocated events of  Alparone and
Gambino [2003].



Azzaro, R., M.S. Barbano, B. Antichi and R. Rigano (2000).
Macroseismic catalogue of  Mt. Etna earthquakes from
1832 to 1998, Acta Vulcanol., 12, 3-36.

Azzaro, R., S. D'Amico, A. Mostaccio and L. Scarfì (2002).
Terremoti con effetti macrosismici in Sicilia Orientale -
Calabria Meridionale nel periodo Gennaio 1999-Dicem-
bre 2001, Quad. Geofis., 27, 1-59.

Azzaro, R. (2004). Seismicity and active tectonics in the Etna
region: constraints for a seismotectonic model, In: Mt.
Etna: volcano laboratory, A. Bonaccorso, S. Calvari, M.
Coltelli, C. Del Negro and S. Falsaperla (eds.), American
Geophysical Union, Geophysical monograph, 143, 205-220.

Azzaro, R., M.S. Barbano, S. D'Amico and T. Tuvè (2006a).
The attenuation of  seismic intensity in the Etna region
and comparison with other Italian volcanic districts, An-
nals of  Geophysics, 49 (4/5), 1003-1020.

Azzaro, R., S. D'Amico, A. Mostaccio, L. Scarfì and Y. Tuvè
(2006b). Terremoti con effetti macrosismici in Sicilia Ori-
entale - Calabria Meridionale nel periodo Gennaio 2002 –
Dicembre 2005, Quad. Geofis., 41, 1-60.

Azzaro, R., S. D'Amico and T. Tuvè (2011). Estimating the
magnitude of  historic earthquakes from macroseismic in-
tensity data: new relationships for the volcanic region of
Mount Etna (Italy), Seismol. Res. Lett., 82, 533-544.

Azzaro, R., S. Branca, K. Gwinner and M. Coltelli (2012). The
volcano-tectonic map of  Etna volcano, 1:100.000 scale: an
integrated approach based on a morphotectonic analysis
from high-resolution DEM constrained by geologic, ac-
tive faulting and seismotectonic data, It. J. Geosci., 131,
153-170; doi:10.3301/IJG.2011.29.

Azzaro, R., S. D'Amico, R. Rotondi, T. Tuvè and G. Zonno
(2013). Forecasting seismic scenarios on Etna volcano
(Italy) through probabilistic intensity attenuation models:
a Bayesian approach, J. Volcanol. Geotherm. Res., 251,
149-157.

Barberi, G., O. Cocina, V. Maiolino, C. Musumeci and E.
Privitera (2004). Insight into Mt. Etna (Italy) kinematics
during the 2002-2003 eruption as inferred from seismic
stress and strain tensors, Geophys. Res. Lett., 31, L21614;
doi:10.1029/2004GL020918.

Bonaccorso, A, A. Bonforte, F. Guglielmino, M. Palano and
G. Puglisi (2006). Composite ground deformation pattern
forerunning the 2004-2005 Mount Etna eruption, J. Geo-
phys. Res., 111, B12207; doi:10.1029/2005JB004206.

Bonforte, A., S. Gambino and M. Neri (2009). Intrusion of
eccentric dikes: the case of  the 2001 eruption and its role
in the dynamics of  Mt. Etna volcano, Tectonophysics,
471, 78-86; doi:10.1016/j. tecto.2008.09.028.

Borgia, A., L. Ferrari and G. Pasquarè (1992). Importance of
gravitational spreading in the tectonic evolution of  Mt.
Etna, Nature 357, 231-235; doi:10.1038/357231a0.

CMTE Working Group (2008). Catalogo Macrosismico dei
Terremoti Etnei, 1832-2008, INGV, Catania, http://www.

ct.ingv.it/ufs/macro/.
De Guidi, G., S. Scudero and S. Gresta (2012). New insights

into the local crust structure of  Mt. Etna volcano from
seismological and morphotectonic data, J. Volcanol. Ge-
otherm. Res., 223-224, 83-92.

Gambino, S. (2004). Continuous dynamic response along a
pre-existing structural discontinuity induced by the 2001
eruption at Mt Etna, Earth Planets Space, 56, 447-456.

Gambino, S., A. Mostaccio, D. Patanè, L. Scarfì and A. Ursino
(2004). High-precision locations of  the microseismicity
preceding the 2002-2003 Mt. Etna eruption, Geophys.
Res. Lett., 31, L18604; doi:10.1029/2004GL020499.

Gambino, S., V. Milluzzo, A. Scaltrito and L. Scarfì (2012).
Relocation and focal mechanisms of  earthquakes in the
south-central sector of  the Aeolian Archipelago: new
structural and volcanological insights, Tectonophysics,
524-525, 108-115.

Giampiccolo, E., S. D'Amico, D. Patanè and S. Gresta (2007).
Attenuation and source parameters of  shallow mi-
croearthquakes at Mt. Etna volcano (Italy), Bull. Seismol.
Soc. Am., 97, 184-197.

Got, J.L., J. Fréchet and F.W. Klein (1994). Deep fault plane
geometry inferred from multiplet relative relocation be-
neath the south flank of  Kilauea, J. Geophys. Res., 99,
15375-15386.

Grünthal, G., ed. (1998). European macroseismic scale 1998
(EMS-98). European Seismological Commission, Sub-
commission on Engineering Seismology, Working Group
Macroseismic Scales. Conseil de l'Europe, Cahiers du
Centre Européen de Géodynamique et de Séismologie,
15, Luxembourg, 99 pp.

Gruppo Analisi Dati Sismici (2011). Catalogo dei terremoti
della Sicilia Orientale - Calabria Meridionale (1999-2011),
INGV, Catania http://www.ct.ingv.it/ufs/analisti/cata
logolist.php.

Hirn, A., A. Nercessian, M. Sapin, F. Ferrucci and G. Wit-
tlinger (1991). Seismic heterogeneity of  Mt. Etna: struc-
ture and activity, Geophys. J. Int., 105, 139-153.

Lahr, J.C. (1999). Hypoellipse: a computer program for de-
termining local earthquake hypocentral parameters,
magnitude, and first motion pattern (Y2K compliant),
U.S. Geological Survey, Open File Report, 99-23.

Lanzafame, G., M. Neri and D. Rust (1994). Active tectonics
affecting the eastern flank of  Mount Etna: structural in-
teractions at a regional and local scale, In: Etna: 15 years
on, P.J. Gravestock and W.J. Mc Guire (eds.), Cheltenham
and Gloucester Special Publication, 25-33.

Lippitsch, R., R. White and H. Soosalu (2005). Precise hypocen-
ter relocation of  microearthquakes in a high-temperature
geothermal field: the Torfajökull central volcano, Iceland,
Geophys. J. Int., 160, 371-388.

Lo Giudice, E., G. Patanè, T. Rasà and R. Romano (1982).
The structural framework of  Mt. Etna, Mem. Soc. Geol.

ALPARONE ET AL.

8



9

It., 23, 125-158.
Milana, G., A. Rovelli, A. De Sortis, G. Calderoni, G. Coco,

M. Corrao and P. Marsan (2008). The role of  long-period
ground motions on magnitude and damage of  volcanic
earthquakes on Mt. Etna, Italy, Bull. Seismol. Soc. Am.,
98, 2724-2738.

Monaco, C., P. Tapponnier, L. Tortorici and P.Y. Gillot (1997).
Late Quaternary slip rates on the Acireale-Piedimonte
normal faults and tectonic origin of  Mt. Etna (Sicily),
Earth Planet. Sci. Lett., 147, 125-139.

Patanè, G., A. Montalto, S. Imposa and S. Menza (1994). The
role of  regional tectonics, magma pressure and gravita-
tional spreading in earthquakes of  the eastern sector of
Mt. Etna volcano (Italy), J. Volcanol. Geotherm. Res., 61,
253-266.

Patanè, D., E. Privitera, S. Gresta, S. Alparone, A. Akinci, G.
Barberi, L. Chiaraluce, O. Cocina, S. D'Amico, P. De Gori,
G. Di Grazia, S. Falsaperla, F. Ferrari, S. Gambino, E.
Giampiccolo, H. Langer, V. Maiolino, M. Moretti, A.
Mostaccio, C. Musumeci, D. Piccinini, D. Reitano, L.
Scarfì, A. Ursino and L. Zuccarello (2003). Seismological
constraints for the dyke emplacement of  July-August
2001 lateral eruption at Mt. Etna Volcano, Italy, Annals of
Geophysics, 46 (4), 599-608.

Puglisi, G., and A. Bonforte (2004) Dynamics of  Mount Etna
Volcano inferred from static and kinematic GPS meas-
urements, J. Geophys. Res., 109, B11404; doi:10.1029/20
03JB002878

Reasenberg, P., and D. Oppenheimer (1985). FPFIT, FPPLOT
and FPPAGE: FORTRAN computer programs for calcu-
lating and displaying fault plane solutions, U.S. Geologi-
cal Survey, Open File Report, 85/739, 1-109.

Schaff, D.P., G.H.R. Bokelmann, F. Beroza, F. Waldhauser
and W.L. Ellsworth (2002). High-resolution image of
Calaveras Fault, California, seismicity, J. Geophys. Res.,
107, B92186; doi:10.1029/2001JB000633.

Solaro, G., V. Acocella, S. Pepe, J. Ruch, M. Neri and E. San-
sosti (2010). Anatomy of  an unstable volcano from
InSAR: multiple processes affecting flank instability at Mt.
Etna, 1994-2008, J. Geophys. Res., 115, B10405;
doi:10.1029/2009JB000820.

Waldhauser, F., and W.L. Ellsworth (2000). A double-differ-
ence earthquake location algorithm: method and appli-
cation to the northern Hayward Fault, California, Bull.
Seismol. Soc. Am., 90, 1353-1368.

Waldhauser, F. (2001). HypoDD: A computer program to
compute double-difference earthquake locations, U.S. Ge-
ological Survey, Open File Report, 01/113, 1-25.

Walter, T.R., V. Acocella, M. Neri and F. Amelung (2005).
Feedback processes between magmatic events and flank
movement at Mount Etna (Italy) during the 2002-2003
eruption, J. Geophys. Res., 110, B10205; doi:10.1029/2005
jb003688.

*Corresponding author: Salvatore Gambino, 
Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania,
Osservatorio Etneo, Catania, Italy; email: gambino@ct.ingv.it.

© 2013 by the Istituto Nazionale di Geofisica e Vulcanologia. All rights
reserved.

BURIED ACTIVE FAULTS NEAR ZAFFERANA AREA


