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[1] A study of the deformation pattern of Mount Etna volcano based on the results from the Permanent
Scatterers (PS) technique is reported. Ground motion data provided by the interferometric synthetic aperture radar (InSAR) PS technique from 1995 to 2000 are compared and validated by GPS data. An analysis
of the ascending and descending line of sight (LOS) components of ground velocities has yielded detailed
ground deformation maps and cross sections. This analysis allows detection and constraint of discontinuities in the surface velocity field. LOS velocities have then been combined to calculate the vertical and horizontal (E‐W) ground velocities. A wide inflation of the edifice has been detected on the western and
northern flanks (over an area of about 350 km2). A seaward motion of the eastern and southern flanks
has also been measured. PS data allows the geometry and kinematics of the several blocks composing
the unstable flanks to be defined even in the highly urbanized areas, and their displacement rates have been
measured with millimeter precision. This analysis reveals the extension of some features beyond their field
evidences and defines new important features. The results of this work depict a new comprehensive kinematic model of the volcano highlighting the gravitational reorganization of the unbuttressed volcanic pile
on its slippery clay basement on the southern flank, but an additional drag force due to a strong subsidence
of the continental margin facing the Etna volcano is necessary to explain the PS velocity field observed on
the eastern flank.
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1. Introduction
[2] The improvements in geodetic techniques and
their increasing use for studying and monitoring the
dynamic of Mount Etna during the second half of
the 1990s have provided a large amount of data for
investigating the evolution of the deformation
pattern of this volcano, inferring its magmatic and
tectonic sources and, in a broad sense, the dynamics
of this volcano [Nunnari and Puglisi, 1994; Froger
et al., 2001; Puglisi et al., 2001; Bonforte and
Puglisi, 2003, 2006; Houlié et al., 2006]. The use
of SAR techniques and the extended use of GPS
surveys represent the main improvements in the
surveys techniques of this stimulating period for
volcano geodesy [Massonnet et al., 1995; Briole
et al., 1997; Lanari et al., 1998; Beauducel et al.,
2000; Bonaccorso et al., 2006; Bonforte et al.,
2007a, 2008; Puglisi et al., 2008]. Due to these
favorable conditions, Mount Etna was used as a test
site for the application of the Permanent Scatterer
SAR technique (PS). The PS technique enables one
to overcome most of the limitations of classic Differential SAR Interferometry (DInSAR), such as the
inability to define the movements of isolated coherent
scatterers and to completely use all interferometric
pairs, even those with very large baselines. Moreover, the PS technique allows estimation and removal
of the atmospheric phase delay that may cause misinterpretation of the volcano deformation.
[3] In this paper, a detailed map of the ground
deformation of Mount Etna has been produced using
the PS technique, which was applied to repeated
ERS images taken from ascending and descending
satellite passes. Particular care has been devoted
to the estimation of the atmospheric profiles even on
areas where just a few PSs were identified, thus
obtaining a reliable ground motion estimation along
different lines of sight (LOS). After an accurate
coregistration of the two ascending and descending
PS data sets, the E‐W and the vertical components of
the PS velocity could be determined.
[4] Thanks to the absence of flank eruptions from

1993 to 2001, which resulted in an absence of local
strong anelastic deformations, the studies of Mount
Etna through this period focused on the dynamics
related to long‐living phenomena as produced either
by deep volcanic or tectonic sources. The previous
studies based on geodetic and geological data
highlighted that deformation of the eastern and
southeastern flanks of Mount Etna are quite different to the radial pattern that one would expect in
a central volcano like Mount Etna [see Bonforte
et al., 2008, and references therein]. All data sets
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considered here confirm that the movements on
these flanks are larger than expected from simple
magmatic sources and increase at lower altitudes.

2. Geological Setting and Geodetic
Monitoring
[5] Mount Etna is a Quaternary polygenetic volcano located on the east coast of Sicily, rising about
3300 m above sea level (Figure 1). The volcano lies
on the Appennine‐Maghrebian chain to the north
and on the Catania‐Gela foredeep to its southernmost part; it is characterized by a complex geodynamic framework characterized by a compressive
regional tectonics, active in northern Sicily along a
ca. N‐S trend and an extensional regime roughly
trending E‐W, affecting the eastern coast of Sicily
[Bousquet and Lanzafame, 2004]. During the past
400 years, the volcano has produced over sixty flank
eruptions [Branca and Del Carlo, 2004], while the
summit craters were almost continuously active,
with persistent degassing and frequent explosive
activity at the vents on the crater floor. In particular, the 1991–1993 flank eruption [Calvari et al.,
1994] represented the most important flank eruption in the last 300 years, both in terms of duration
(472 days) and volume of lava erupted (about 235 ×
106 m3). After the end of this eruption, the volcano
showed a gently degassing activity, then an almost
continuous summit activity, increasing in intensity
from July 1995 to June 2001. Between 1993 and
2001, a magma recharge phase has been well imaged
by ground deformation, that showed an almost
continuous expansion of the volcano [e.g., Bonforte
et al., 2008, and references therein]. Furthermore, an
important contrast in deformation patterns characterizes the eastern flank which shows a fairly
continuous seaward motion, due to the interrelationship between gravity instability and magma
intrusion [e.g., Borgia et al., 1992; Rust and Neri,
1996; Bonforte and Puglisi, 2003, 2006].
[6] Ground deformation monitoring began on Mount
Etna with installation of the first trilateration networks, dedicated to measuring ground distances
variations using Electronic Distance Meters (EDM)
and theodolites during the 70s. Since then, early
EDM networks were gradually extended and implemented in order to cover the most active areas
[see Puglisi et al., 2004, and references therein].
Ground deformation monitoring by GPS began on
Mount Etna in 1988, with annual GPS surveys and
more frequent observations during periods of greater
volcanic activity. The periodically measured dense
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Figure 1. Structural sketch of Mount Etna reporting main faults known from geological surveys, villages, and the
GPS stations and velocities used for PS data validation. RNE, NE rift; PF, Pernicana fault; RPN, Ripe della Naca
faults; SVF, S. Venerina fault; TFS, Timpe fault system; ACF, Acicatena fault; MTF, Mascalucia‐Tremestieri fault;
TCF, Trecastagni fault; RF, Ragalna fault. Bottom left and upper right corners coordinates are in WGS84 Datum, both
in latitude and longitude degrees and in km for UTM projection, zone 33 north.

GPS network is continuously implemented and
currently consists of more than seventy benchmarks.
The Permanent Scatterers technique introduced in
this paper represents a further improvement in the
geodetic studies on Mount Etna, allowing the definition of detailed ground deformation maps, typical
of the SAR‐based images, with millimeter precision,
typical of the classical geodetic approaches.

3. Permanent Scatterer Methodology
[7] The Permanent Scatterers (PS) technique is an
algorithm developed for processing data acquired

by space‐based Synthetic Aperture Radar (SAR);
it represents a substantial improvement to classic
differential interferometry (DInSAR) approaches
[Curlander and McDonough, 1991]. The DInSAR
approach is affected by several additional factors
that add noise to the interferometric phase, such as
temporal and geometrical decorrelation problems,
topographic effects and orbit errors, as well as
atmospheric artifacts [Zebker and Villasenor, 1992;
Massonnet and Feigl, 1995; Zebker et al., 1997;
Bonforte et al., 2001; Onn and Zebker, 2006].
The PS approach [Ferretti et al., 2000, 2001;
Colesanti et al., 2003], allows the main limitations
3 of 19
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of traditional SAR interferometric technique to be
overcome. PS analysis separates interferometric
phase contributions on single selected targets, isolating the ground deformation component. Ground
deformation can be accurately monitored by identifying permanent scatterers on the ground, which
are affected by very low decorrelation and then that
are active throughout the time span that satellite
observations are available. Measurement points
chosen to be permanent scatterers were selected
based on the values of the amplitude stability index,
as well as the mean value of the coherence of the
differential interferograms. In this way, each scatterer is comparable to a natural geodetic benchmark,
on which we can measure its motion, and the entire
radar image can be considered a very dense network
thereby giving us a highly detailed time series of
displacements along the line of sight (LOS).
[8] All the available ERS1‐ERS2 images acquired
on Mount Etna from 1995 to 2000 were used in this
work; in particular, we used both the ascending and
descending data sets. The descending data set
consists of 66 images acquired on the Track 222
frame 2853 and spans from 25 April 1995 to 20
December 2000. The ascending data set consists of
38 images acquired on the Track 129 frame 747,
spanning from 18 April 1995 to 4 October 2000.
[9] All interferograms have been generated using a

single master acquisition; no threshold has been
applied either on temporal baseline or on normal
baseline values. For the ascending data set we
selected as the master the image taken on 15 April
1998; the image taken on 15 September 1999 was
selected as the master for the descending data set.
Each data set provides a dense coverage of surface
velocity observations along the line‐of‐sight direction of the satellite. The SRTM (Shuttle Radar
Topography Mission) [Farr et al., 2007] digital
elevation model was used for a first estimation of
the local topography, although the precise elevation
of each PS has been performed according to the
PS technique [Ferretti et al., 2000, 2001]. Finally,
it is important to point out that no prior information
was used in InSAR data processing.

4. PS‐GPS Validation
[10] In order to validate the PS ascending and

descending velocities, we considered the deformation measured at 35 GPS stations during surveys
carried out from July 1995 to July 2001. For each
GPS station, the cumulative 3‐D displacements
were calculated from all available measurements
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through the entire period investigated by the PS
technique (Figure 1). Then the LOS components of
the cumulative displacements were calculated for
both ascending and descending geometries, and the
mean LOS velocities, with their associated errors,
were estimated by a linear regression. The resulting
LOS velocities of GPS stations were finally compared with those of their nearest pixels, assuming a
circular buffer, centered on the GPS stations, having
a radius of 100 m. The results of such comparison
for both ascending and descending geometries are
reported in Figure 2. The fit is good for the
ascending PS data set (Figure 2a); the correlation is
0.7 (Figure 2c), the mean difference is about 6 mm/yr
between PS and GPS velocities and the standard
deviation is 5.3 mm/yr. The fit between GPS and PS
descending velocities is a little bit worse (Figure 2b)
with a correlation 0.4 (Figure 2d), a mean difference of about 7 mm/yr and a standard deviation of
6.8 mm. Considering that the errors of GPS positioning, for the considered surveys, are in the order
of 3–4 mm, for the horizontal components, and
about twice that for the vertical component [Puglisi
and Bonforte, 2004], we can affirm that the relatively large differences in comparing GPS and PS
velocities are mainly due to the uncertainties of
GPS measurements.
[11] Since there are no technical reasons to justify

the discrepancy between the ascending and descending comparisons (indeed, the original GPS data
are the same for both data sets, as well as the PS
algorithm), the highest misfit between the GPS and
the descending PS data set should be attributable
only to some characteristics of the deformation
pattern of the volcano with respect to the SAR
looking geometries. At the first order, the ground
deformations at Mount Etna are characterized by
two patterns, as mentioned above: the deformation
originated by the “deep” volcanic sources, mainly
on the western flank, and the subsidence and
eastward motion of the eastern and southern flanks
(Figure 1) [see Puglisi et al., 2004, and references
therein]. As many recent studies suggest [e.g.,
Bonforte et al., 2008, and references therein], the
deformation on the western flank is mainly produced
by elongated pressure sources. In a such conditions,
both vertical (uplift) and horizontal (westward)
components of motion on the western flank produce a strong shortening of the LOS distance for
ascending geometry (Figure 3a–3c), while the two
components act in opposite ways for the descending geometry, resulting in lower LOS distance
variations when compared to the ascending data set
(Figure 3b–3d). Similar reasoning explains the low
4 of 19
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Figure 2. PS‐GPS data validation. GPS station velocities (mm/yr) have been calculated and projected along
(a) ascending and (b) descending views. These velocities are then compared to those measured by PS on the nearest
pixel of each GPS station from both ascending (Figure 2a) and descending (Figure 2b) views. The fitness values for
(c) ascending and (d) descending geometries are shown. Errors relevant to PS velocities are not visible since they are
about 0.6 mm/yr for the ascending data set and about 0.7 mm/yr for the descending one.

signal for the descending geometry we observe on
the eastern and southern flanks. Thus, the origin
of the differences in the comparison between
ascending and descending PS data and GPS is the
peculiar geometry of the SAR system with respect
to the deformation pattern of Mount Etna volcano
during the 1993–2001 time interval, which produces an unfavorable signal‐to‐noise ratio in the
descending data set with respect to the ascending
one (Figure 3e).

5. PS Data Analysis and Description
[12] LOS velocity for each pixel has been coded

according to a color scale and projected on a
Mount Etna map, in order to draw the ground LOS
velocity patterns for ascending and descending
views (Figure 3). Color scales are based on the
Natural Break algorithm described by Jenks and
Caspall [1971]. This algorithm is widely used
within GIS packages and performs well especially
where large changes in value distributions occur. In

sections 5.1–5.3, the ascending and descending
PS data are analyzed in order to characterize the
ground deformation pattern.

5.1. Ascending View
[13] The ascending data set (Figure 3a) detected

the maximum approaching velocity on the upper
northwestern flank of the volcano. Since the sensor
looks from west to east, with an incidence angle of
about 23° (from zenith), this motion means that the
ground surface is rising and/or moving westward,
in good agreement with the inflation detected for
the same period by GPS data [Puglisi and Bonforte,
2004; Houlié et al., 2006]. The approaching velocity
seems to decrease roughly uniformly in any direction away from the maximum area, but no information is available on the summit area due to the
poor coherency of SAR interferograms in this area.
Eastward of the summit area, the deformation
pattern changes. The eastern flank, indeed, shows
a diffuse movement away from the sensor. In this
flank there is no localized maximum, but the
5 of 19
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Figure 3. (a) Ascending and (b) descending ground velocity maps (mm/yr); dashed lines represent the position of
the cross section. Sketch showing the effects of ground motion on the ascending (c) and (d) descending geometries.
(e) E‐W cross section of ascending (red) and descending (blue) measured LOS ground velocities (mm/yr).

highest velocities are recorded in the Valle del
Bove area and diffusely along the coastline, with a
maximum in its central part, decreasing toward
higher flanks of the volcano. This kind of defor-

mation pattern indicates that the ground is subsiding and/or moving eastward, as already described
by Bonforte and Puglisi [2003, 2006] and Puglisi
and Bonforte [2004]. On its north side, the moving
6 of 19
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area on the eastern flank is bounded by the Pernicana fault, where this motion abruptly disappears.
This pattern is clearly visible only at lower altitudes;
at greater elevations the vegetation cover reduces
the coherency and makes it difficult to define exactly
the limit of the moving area. On the southern part the
velocity decreases stepwise toward the south, across
a few discontinuities. On the southernmost part
of the image, on the volcano’s periphery, the PS
highlights an ENE‐WSW trending area where the
movement approaches the sensor.
[14] The E‐W cross section (Figure 3e) demon-

strates the opposite movement directions of the two
sides of the volcano, separated by a transition zone
coincident with the summit craters area. This cross
section illustrates evidence for the more uniform
behavior of the western with respect to the eastern
flank.

5.2. Descending View
[15] The descending data set (Figure 3b) depicts a

ground deformation pattern somewhat different to
the ascending one, as expected from this view,
which is looking downward from east to west. The
absolute velocities on the western side of the volcano are generally lower than those observed on
the ascending data set. At lower elevations they
are moving away from the sensor (then westward)
with a maximum (negative) velocity localized at
lower altitude than that detected on the ascending
data set. The northern side and the southernmost
margin of the volcano, conversely, show a movement approaching the sensor as observed in the
ascending data set. The entire eastern and southern
flanks of the volcano show movements approaching
the sensor (different from the ascending look) confirming that these flanks are moving eastward;
however, also in this case the absolute velocities
detected with the descending geometry are lower
than those measured by the ascending one. Furthermore, in this data set, the maximum velocity is
localized in the southern part of the coastline.
[16] The E‐W cross section (Figure 3e) in this case

also shows evidence of a more uniform behavior
of the western flank of the volcano, even if all the
velocity range is reduced with respect to the
ascending data set. In fact, all velocities are confined
between −5 and +10 mm/yr for the descending
view, much lower than those of the ascending one,
ranging from −20 to +15 mm/yr. In the descending
view, the inversion from negative to positive
velocities occurs west of the summit craters.

10.1029/2010GC003213

5.3. Main Features of the LOS Velocity
Patterns
[17] Both ascending and descending ground velocity

maps (Figure 4) show particular features (hereafter
called PSF, Permanent Scatterers Features) in the
LOS velocity distribution. Below we describe the
different features, considering only their effects on
the ground deformation pattern, leaving aside the
analysis of their kinematics and role in the dynamic
of the volcano, which is discussed in section 6.
[18] A first discontinuity (PSF‐1 in Figure 4) marks,

with a roughly E‐W direction along the NE part of
the volcano, the abrupt decay of ground velocity,
bounding the deforming area to the south from the
stable part to the north. Southward, a series of
NW‐SE discontinuities on the velocity fields are
visible, either on the ascending and descending
data set. Here, each discontinuity (PSFs 2 to 8 in
Figure 4) separates a higher velocity side on the
east from a lower one on the west. With this
arrangement, LOS velocities are progressively, but
not gradually, reduced until reaching zero after the
southernmost discontinuity (PSF‐8 in Figure 4),
from the northern urban area of Catania up to the
lower SSW flank of the volcano. On the southwestern side of the volcano, an arrangement of
three discontinuities (PSFs named 9, 9a and 9b in
Figure 4) seems to isolate a triangular wedge around
the village of Biancavilla (hereafter the “Biancavilla
wedge”), characterized by a different deformation
pattern with respect to the surrounding areas. Finally,
a NE‐SW discontinuity (PSF‐10 in Figure 4) crosses
the entire western flank of the volcano, causing a
decay of LOS velocity from north to south; this last
discontinuity is not so evident in the maps because
of the smaller effect on the color scale, but it
is easily distinguishable on the cross sections. In
addition to these linear discontinuities, some local
effects are clearly visible, affecting some particular
areas on the volcano’s flanks. Some of these local
anomalies are clearly related to the thermal contraction and clast repacking of recent lava flows,
perfectly shaping their extension. They are visible
in the Valle del Bove area (PSF‐a in Figure 4)
and on the upper southern and northeastern flanks
of the volcano (PSF‐b and PSF‐c in Figure 4). A
more local and circular anomaly (PSF‐d in Figure
4) has been detected on the lower northwestern
side of Mount Etna and is probably related to water
pumping from a well at that location. A wider and
V‐shaped anomaly (PSF‐e in Figure 4) affects
the lower southeastern sector; this strong anomaly
seems to be confined to the south‐west by the PSF‐6
7 of 19
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Figure 4. Ground LOS velocity (mm/yr) maps and cross sections for ascending (red) and descending (blue) views.
See text for details.
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and PSF‐7, showing a more gradual decay toward
the north. On the southernmost periphery of the
imaged area, an ENE‐WSW elongated zone (PSF‐f
in Figure 4), from Misterbianco town to the
northern part of the city of Catania (hereafter the
“Misterbianco ridge”), shows a clearly positive
anomaly of the velocity pattern; this anomaly is
abruptly truncated by the PSF‐8 on its northeastern
tip, while it shows a gradual decay on both northwestern and southeastern parts. It is not possible to
investigate a possible southwestern prolongation of
this anomaly due to the low coherency in the PS
data sets.
[19] In order to better identify the main PSFs in

the ground deformation pattern defined by the
ascending and descending data sets, several cross
sections have also been analyzed (Figure 4). Different azimuths and positions were chosen, in order
to cover the entire volcano, intersecting all PSFs
in different positions and with different angles.
Furthermore, cross sections could help identify
other minor PSFs, defining jumps in the velocity
field that are not strong enough to produce effects
on the color scale used in the map.
[20] Cross section A‐A′ intersects all the PSFs on
the SE side of the volcano. No ground motion is
detected from the southernmost part until PSF‐8 is
crossed. From here toward the northeast, ground
velocity starts to increase for ascending view. The
velocity increase is not gradual but abrupt variations occur along the PSFs 7, 6, 4 and 3, each one
producing a jump of 3–5 mm/yr. These jumps
clearly also affect the descending data set. Between
two subsequent discontinuities, LOS velocities tend
to increase for descending view (approaching) and
to decrease for ascending one (moving away),
showing similar positive gradients on both data
sets. The last jump occurs along the PSF‐2 that
leads to the maximum velocity of 20 mm/yr on the
ascending data; descending data suggest the presence of more parallel discontinuities, confining a
narrow high velocity strip, visible also in the map
(Figure 4).
[21] Cross section B‐B′ crosses the entire southern

flank of the volcano with an E‐W direction. On the
westernmost part, it shows a progressive and gradual
velocity increase on both data sets. PSF‐9 produces
a strong drop in the velocity values, especially on
the ascending data set. From here toward the east, a
stepwise behavior, similar to that revealed by the
A‐A′ cross section, can be observed, locally disturbed by the anomaly “b” (on the 1983 lava flow),
until it meets PSF‐6. Here, negative gradient starts
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on both data sets until PSF‐4. From PSF‐4 to 3 the
velocity gradient is positive on both data sets, while
east of PSF‐3 the behavior on the two data sets is
opposite and controlled by the structures grouped
as PSF‐2, as seen also by cross section A‐A′.
[22] Cross section C‐C′‐C″ runs around the volcano

from the northwestern to the southern lower flanks.
It crosses the PSFs affecting the ground velocity
pattern on the western and southwestern sides
of the volcano. The PSF‐10 evidences a negative
jump of about 3 mm/yr on the ascending data set in
the cross section, while having a minor effect on the
descending one. Southward, both ascending and
descending velocities remain at constant values.
The PSF‐9a produces a dramatic change of deformation on the descending data set with a jump of
about 8 mm/yr (from moving away to approaching the
sensor), while having minor effects on the ascending
one. From PSF‐9a to 9 across the Biancavilla wedge,
velocities decrease to zero on both data sets. From
here toward the south‐eastward a similar pattern
affects both ascending and descending data sets,
clearly drawing the maximum values just north
of Catania before decreasing again to zero toward
the coastline.
[23] Cross section D‐D′ evidences the abrupt end,

on PSF‐8, of the positive anomaly on the southernmost periphery of Mount Etna. PSF‐7 produces
a negative jump on both data sets, and the negative
anomaly PSF‐e is clear northward of this discontinuity. From here northward, LOS ground velocities show a similar pattern on both data sets, showing
other minor jumps related to PSF‐4 and PSF‐3 that
are intersected with low angles by this cross section. North of PSF‐3, anomalies PSF‐a and PSF‐c
are detected on 1991–1993 and 1971 lava flows,
respectively. On the northernmost part of this profile, PSF‐1 clearly closes the moving area, abruptly
reducing both ascending and descending LOS
velocities to zero; in particular, ascending data show
a sudden jump of about 10 mm/yr.
[24] The cross section E‐E′, similar to C‐C′‐C″,

shows the uniform and gradual gradient of deformation on the western side of the volcano, disturbed
only by the very local PSF‐d anomaly, related to a
water well near Bronte village. This smooth pattern
is only perturbed by the PSF‐10. A few kilometers
southward, we observe a transitional area where
the velocities change pattern until PSF‐9b, which
causes an evident inversion of the velocity values
on the descending dataset, passing from negative
to positive velocities in a few hundred meters.
From here south‐eastward, ascending and descend9 of 19
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ing datasets show similar patterns. PSF‐6 is crossed
with a very low angle and doesn’t show the jump in
velocities as seen in cross section A‐A′. Eastward
of the PSF‐e anomaly, velocities show an inversion
of the gradient on both datasets, locally interrupted
by PSF‐5, which causes a jump of more than
5 mm/yr on the ascending LOS component. At the
eastern end of profile, the ascending velocity shows
a very strong positive gradient.
[25] Cross section F‐F′ traverses the entire eastern

flank of Mount Etna along the coastline. At the
southern end of this profile, the ground velocities
are close to zero, and slightly increase northward.
PSF‐8 generates a little jump (about 2 mm/yr) in
the increasing trend of the ascending data set, while
the PSF‐7 produces a more significant change
in the ground motion pattern (a jump of about a
5 mm/yr on the ascending LOS velocities and a
8 mm/yr in the descending ones). Furthermore,
from here northward, an opposite trend affects both
ascending and descending data sets. Other PSFs are
intersected with low angles by this cross section;
nevertheless, jumps of 6 mm/yr at PSF‐5 and of
8 mm/yr at PSF‐2 are still visible on the ascending
data set. Between PSF‐2 and PSF‐1, ascending
LOS velocities show the highest values measured,
which gradually increase approaching PSF‐1. Both
ascending and descending LOS velocities return to
values close to zero just north of PSF‐1, as observed
on cross section D‐D′ at higher altitude but with a
smoother decay.

6. Combination of Ascending
and Descending Data Sets
[26] The combination of the ascending and des-

cending data sets allows discrimination between the
vertical and horizontal (in E‐W direction) components of the movements. Considering that the two
data sets are obtained from two nearly opposite
azimuth angles, the horizontal (in E‐W direction)
movement acts in contrasting ways for the two
points of view, while the vertical one produces the
same effect on both data sets.
[27] The LOS distance variation is given by
dLOS ¼ ðUN sin  þ UE cos Þ sin  þ UV cos 

ð1Þ

Here UN, UE and UV are the N‐S, E‐W and vertical
components of ground motion, respectively; F is
the azimuth angle, which conventionally we may
assume positive for descending and negative for
ascending orbits and l is the incidence angle. At
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Mount Etna, sinF ≈ 0 (0.19) and cosF ≈ ± 1 (±0.98);
then
dLOS ﬃ UE sin  þ UV cos 

ð2Þ

where + is for descending passes and – for ascending
ones.
[28] The mean value of the unit versor was used for

the estimation of horizontal and vertical components, since its variation within the area of interest
can be considered negligible. Variations of the
incidence angle, in fact, are lower than 4 degrees.
Considering a LOS displacement of 1 cm, the
maximum error introduced by assuming the mean
angle is always lower than 1 mm.
[29] From equation (2) is evident that it is impos-

sible to discriminate the horizontal N‐S component
of ground motion that, indeed, has a negligible
component along the LOS. North‐south displacement values, though present, cannot really compromise the estimation of vertical and east‐west
components. In particular, east‐west displacement
components are almost unaffected by possible
north‐south motion. Even considering a purely
horizontal displacement of 1 cm, in north‐south
direction, we would erroneously estimate a vertical
component of displacement of just 0.8 mm and
almost no east‐west displacement (<0.1 mm).
[30] From (2) it follows that
UE ﬃ

1 dLOS ðdescÞ  dLOS ðascÞ
2
sin 

ð3Þ

UV ﬃ

1 dLOS ðascÞ þ dLOS ðdescÞ
2
cos 

ð4Þ

The cost of this approach is that the number of
pixels we can use to estimate the two components
of the movement is reduced with respect to the
amount of pixels available in each data set. This is
because it is necessary that each pixel has good
coherency both on ascending and descending data
sets.
[31] The result of the combination of ascending and

descending data sets is reported in Figure 5 (first
and second panels), where east‐west and vertical
velocities are plotted, respectively. The analysis of
these maps allows description of the main characteristics of the movement components and,
whenever possible, characterizing the PSFs traced
on ascending and descending LOS velocity data
sets that isolate domains affected by uniform or
continuous gradient of the velocities. To detail the
kinematics of these discontinuities, the same cross
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sections previously described are analyzed also to
inspect the data sets for vertical and horizontal
velocities as reported in Figure 5.

6.1. East‐West Velocities
[32] Figure 5 shows a diffuse westward movement

(negative velocities) of the whole western flank of
the volcano, with a maximum velocity located at
middle elevation. The westward velocity progressively decreases in all directions outward from
this maximum with a fairly uniform gradient. The
horizontal velocities are positive (eastward) on the
eastern and southern flanks and the highest velocities are located along the coastline, between the
eastward prolongation of the Pernicana fault, as
deduced by Bonforte and Puglisi [2006], and the
Acicastello village (Figure 5). On the eastern flank,
the decay of the eastward velocity is abrupt
across the NE rift–Pernicana fault system (PSF‐1 in
Figure 5), while southward the decay is stepwise.

6.2. Vertical Velocities
[33] Figure 5 shows a wide uplift (positive values)

on the upper part and western flank of the volcano,
with a maximum upward velocity located on its
northwestern side. Similarly to the horizontal westward motion of this side of the volcano, the uplift
gradually decays in all directions with a fairly
uniform gradient. Unlike the horizontal velocity,
however, the entire upper part of the volcano is
involved in the uplift, down to the middle slopes on
the southern flank. At lower altitudes, the eastern
and southeastern flanks are characterized by negative, or slightly positive, values of vertical variation.
Along the coast, we measured the highest subsidence rates in an area characterized by high eastward
velocity; as in the case of the E‐W velocities, the
subsidence is bounded northward by the abrupt
decay in association with the PSF‐1 while, unlike
the E‐W velocity, southward the highest subsidence
stops near the location of Stazzo village (northward
PSF‐3; Figure 5). Inland, on the southeastern flank,
we measured other subsiding areas at medium
elevations (300–800 m).
[34] The map of the vertical velocity highlights the

observation that the movement of the PSF‐f anomaly is mainly uplift. The area with highest velocity
begins in the area of Misterbianco town, but some
evidence is also visible farther westward around of
Paternò town, and further involves the northern and
western suburbs of the town of Catania, with values
comparable with those measured on the upper part
of the volcano. Figure 5 shows how the movement
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of the PSF‐d and PSF‐e anomalies is exclusively
vertical, both showing subsidence.
[35] Other minor local vertical features are the

subsidence located on the upper southern flank and
inside the Valle del Bove. The shapes of these local
features are irregular and coincident with the recent
lava flows emplaced during the years before the
period investigated by PS analysis (1983, 1985,
1986, 1989, 1991–1993).

6.3. Main Features of the Ground
Deformation Pattern
[36] The analysis of the vertical and E‐W velocity

maps allows definition of the general pattern of
ground deformation and of the kinematics across
the PSFs. The whole northwestern side of the volcano shows a general uplift and westward movements. A broader uplift has been detected on the
southern flank with respect to the southwestern
flank. The entire eastern flank shows an eastward
motion accompanied by a wide subsidence. On the
southern half of the seaward moving sector, E‐W
velocities gradually increase from the upper to the
lower flanks without abrupt changes, unlike in the
vertical velocity field. On the southeastern part of the
volcano, vertical motion pattern is strongly shaped
by the NW‐SE trending PSFs; this is very evident for
PSFs 2, 4, 6 and 7 whose eastern sides always show
stronger subsidence with respect to the western ones.
[37] The same cross sections previously described

to investigate the LOS velocity data sets, are here
analyzed in order to investigate the horizontal and
vertical kinematics of the volcano’s flanks.
[38] Cross section A‐A′ confirms that the eastward component of velocity progressively increases
toward the coast. The E‐W velocity rapidly
increases north of PSF‐8, reaching 15 mm/yr northeast of PSF‐7; this velocity remains fairly constant
over the entire SE flank, jumping to more than
20 mm/yr northeast of PSF‐3. All PSFs show a vertical component of motion, with the general trend of
vertical velocity showing an increasing subsidence
from SW to NE. Each PSF marks an abrupt increase
of downward motion on its NE side. On the contrary,
after each jump, the subsidence tends locally to
decrease from SW to NE, thus revealing a SW‐ward
tilt of each block bounded by two PSFs. Northeast
of PSF‐3, both the subsidence and the eastward
velocities reach their maximum values.
[39] Cross section B‐B′ shows the stability of the

Biancavilla wedge, which is affected only by a
slight uplift on its upper part. East of PSF‐9, the
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Figure 5. Ground velocity (mm/yr) maps and cross sections for vertical (red) and E‐W (blue) components. See text
for details.
12 of 19

Geochemistry
Geophysics
Geosystems

3

G

BONFORTE ET AL.: STRUCTURAL ASSESSMENT OF MOUNT ETNA

eastward motion of the southern flank starts and
gradually increases toward the east, reaching a stable
value of 15 mm/yr from west of PSF‐4 to PSF‐3.
From PSF‐3 eastward, a continuous increase of
eastward velocity is measured until the coastline (as
in the A‐A′ cross section). The other PSFs primarily control the vertical motion distribution.
[40] From cross section C‐C′‐C″ the effect of the

inflation on the western flank is evident with a
general uplift and westward motion. The PSF‐10,
located on a low coherent area, produces a small
jump of about 2 mm/yr on the vertical velocity,
defining a zone characterized by minor uplift
between PSF‐10 and PSF‐9a over the town of
Adrano. The inflation stops south of PSF‐9a, where
the stability of the triangular Biancavilla wedge is
confirmed, although few data are available in this
area. The absence of significant ground motion
continues SE of the lower part of PSF‐9, until
crossing the PSF‐f where the horizontal and vertical
velocities define it as an actively growing anticline,
uplifting at a rate of about 10 mm/yr.
[41] The southern end of cross section D‐D′ starts
with the uplift of the southern flank of the anticline,
which is abruptly stopped by the PSF‐8. From here
the vertical velocities invert and decrease, passing
across the PSF‐7, until an absolute minimum is
reached at the center of PSF‐e. Northward, the vertical motion shows a slight uplift until the northern
end of the section, probably due to the effect of the
general inflation of the volcano. The eastward
motion is instead affected by a gradual increase
from the southern end, even across the PSF‐8,
which stops at the PSF‐7, where we observe a jump
of about 10 mm/yr. From here to the north, the
eastward motion shows a constant velocity at about
15 mm/yr increasing, again north of PSF‐3 and
reaching a maximum value of 25 mm/yr, constant
for more than 5 km south of PSF‐1. At PSF‐1, a
sudden drop of 20 mm/yr clearly defines the end of
the eastward moving block.
[42] The inflation of the volcano is well expressed

in section E‐E′ where the maximum westward
velocity is located near the PSF‐10. From PSF‐9b
westward to PSF‐10 the velocity rapidly decreases
while vertical velocities are rather disturbed, defining a narrow area characterized by a minor uplift
(down to zero just west of PSF‐9b). This area is
narrower than that detected by the profile C‐C′‐C″
and defines a NE‐SW elongated strip above the
town of Adrano, characterized by relative subsidence with respect to the surroundings, hereafter
named the “Adrano graben”. The area surrounding
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the PSF‐9b closes the inflation by inverting the
horizontal motion from westward to eastward and
producing a jump on the uplift pattern. South of the
PSF‐9b, positive vertical velocities resume, consistent with the wider uplift of the upper southern
sector of the volcano. From PSF‐9b SE‐ward,
vertical velocity shows a decreasing trend, reaching
a maximum in subsidence east of PSF‐6 (anomaly
PSF‐e) From this minimum to the coastline, the
vertical behavior evidences the westward tilt of the
blocks as revealed also by cross section A‐A′ at
higher altitude. Once again, the highest velocities
are measured along the coast.
[43] Along the coastline, cross section F‐F′ reveals
how the PSF‐8 produces only a little increase of
about 5 mm/yr of the eastward velocity, while the
most significant jump is produced by PSF‐7, with a
sudden increase of eastward motion of almost
15 mm/yr. North of PSF‐7, the E‐W velocity shows
constant values of about 15–20 mm/yr, which further increase north of PSF‐3, up to 25–30 mm/yr.
Unlike cross section D‐D′, at this altitude the E‐W
velocity starts to decrease a few km south of PSF‐1,
producing a drop of 10 mm/yr. Vertical velocity
patterns also confirm the tilting of the individual
blocks decoupled by subsequent PSFs. PSF‐2 shows
a jump of about 10 mm/yr, revealing the highest
rate of subsidence on the easternmost periphery of
the volcano.

7. Discussion
[44] The ground motion maps resulting from the PS

analysis and combination reveal that the deformation
of Mount Etna is characterized by two main domains.
The first domain involves the entire western and
northern flanks of the volcano and its summit area,
showing roughly radial deformation and uplift
patterns (Figure 6). These deformation patterns confirm the fairly continuous inflation already measured
by GPS surveys between the 1991–1993 and 2001
eruptions and visible also from GPS velocity vectors
on the western and northern side of the volcano,
reported in Figure 1. During this period, volcanic
activity evolved from quiescence, during the two
years after the 1991–1993 eruption to the strombolian activity that began in late 1995 at the NEC,
involving all summit craters in the following years,
with continuously increasing intensity. Several pressurizing sources at depths ranging from 3 to 9 km
and some shallower intrusions have been modeled
by different geodetic techniques beneath the volcano by considering different time windows from
1993 to 2001 [Puglisi and Bonforte, 2004; Bonforte
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Figure 6. Main kinematic domains of Mount Etna volcano.

et al., 2008; Puglisi et al., 2008]. The long‐term
ground deformation pattern on this part of Mount
Etna, as measured by PS technique over the whole
1995–2001 period, comprises the effects of all the
abovementioned deep and shallow sources active
beneath Mount Etna during the inflating phase;
the measured pattern is fairly spatially continuous
on the northern and western sides of the volcano.
Between the PSF‐10 and the PSF‐9a‐9b (see sections C‐C′‐C″ and E‐E′ in Figures 4 and 5), we
highlighted a wide area where the velocity patterns
change irregularly, although tectonic features corresponding or similar either to PSF‐10 and/or the
PSF‐9a‐9b are not recognizable here in the field.
Mattia et al. [2007] studied the deformations mea-

sured by an EDM network located just northward of the PSF‐10 and proposed the presence of
a NE‐SW buried fault, which should produce
the right‐lateral shear strain measured by the EDM
surveys. PS analysis does not confirm the existence
of such a fault and suggests instead that the strained
area extends southward with respect to the EDM
network, maintaining the same NE‐SW trend.
[45] The second domain, well identified on the east-

ern and southern flanks of the volcano, is characterized by the general eastward and downward motion,
as already measured by GPS surveys [Bonforte and
Puglisi, 2006]. Velocity vectors reported in Figure 1
highlight how the entire eastern flank is affected by
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an ESE‐ward motion, at a rate of about 1 to 3 cm/yr
during the 1995–2001 period. The detailed PS
analysis performed in sections 5.3 and 6.3 shows
that this domain is divided into several blocks
showing slight different velocities (Figure 6), in
agreement with the analysis of the dense GPS network installed here [Bonforte and Puglisi, 2006;
Bonforte et al., 2008]. The PS velocity maps now
allow imaging the discontinuities (PSFs) in the
ground deformation field, where the relative motion
of the blocks occurs, giving the opportunity to
define the complex structural framework affecting
the southern and southeastern lower flanks of Mount
Etna. Most of the PSFs identified in section 5.3
correspond to known faults. In a few cases, some
PSFs are more extensive than fault segments
identified by classical geological surveys, while
some other PSFs on the southern flank were never
identified by previous field survey studies. Only
some long‐period DInSAR interferograms have
previously imaged some features affecting the
ground displacement pattern on this flank of the
volcano, such as the PSF‐6, 7, 8, part of the PSF‐3,
and the anticline [Borgia et al., 2000; Froger et al.,
2001].
[46] Below, we discuss the kinematic and the role

of the features identified in sections 5.3 and 6.3,
in the framework of the dynamic of the volcano.
On the northeastern side of the volcano, PSF‐1
corresponds to the NE rift‐Pernicana fault system,
which abruptly marks the northern border of the
seaward‐moving area. The trace of this fault is well
established from previous geodetic and geological
surveys [Azzaro et al., 1998; Neri et al., 2004;
Palano et al., 2006; Bonforte et al., 2007b]. PS
analysis allows to trace the path of the fault from its
connection to the NE rift down to the coastline. The
position of the fault at lower elevations corresponds
to that deduced previously from GPS data [Bonforte
and Puglisi, 2006] and subsequently confirmed by
surface fracturing during the 2002–2003 eruption
[Neri et al., 2004]. The strong eastward motion
abruptly disappears across the Pernicana fault, producing a left‐lateral transcurrent movement of
about 25 mm/yr. The eastward motion also changes
across the NE rift, thus producing a significant
extension that could promote magmatic drainage
from the central conduit by partly passive intrusions as reported by Bonforte et al. [2007c]. Another
interesting feature is the decay of the eastward
movement from higher to lower altitudes as shown
by comparing the cross sections D‐D′ and F‐F′
(Figure 5).
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[47] On the southern flank, PSF‐8 represents the

southernmost border of the seaward moving sector.
It does not correspond to any known geological
structure or fault visible on the field. Its effect is most
evident where it truncates the Misterbianco ridge.
The PSF‐8, indeed, cuts and closes the growing
Misterbianco ridge which upraises the northern part
of Catania at a rate of about 5 mm/yr (Figure 5 and
cross section D‐D′). Even if PSF‐8 represents the
southernmost border of the mobile flank, however,
the main decay of deformation occurs at PSF‐7.
This discontinuity, indeed, shows both horizontal
and vertical movements. With respect to the PSF‐8,
this feature shows an increasing eastward movement from a few mm/yr on its westernmost part to
15 mm/yr near the coastline (Figure 5 and cross
sections A‐A′, B‐B′, D‐D′ and F‐F′). The vertical
movement progressively decreases from the west
(4 mm/yr) to east (0 mm/yr).
[48] From the E‐W velocity map (Figure 5, first
panel), PSF‐8 appears to continue northwestward,
with minor evidence, toward PSF‐9, which coincides with the Ragalna fault. The PS data, however,
allow us to improve the definition of the actual
extent of the Ragalna fault which is indeed composed by a complex arrangement of at least three
main faults (PSF‐9, 9a and 9b) dissecting the
SW flank of the volcano. The known Ragalna fault
segment [Neri et al., 2007], trending N‐S, coincides with the PSF‐9 and represents the southwestern boundary of the eastward moving sector,
separating a stable block on its western side from
the mobile southern sector on its eastern side
(Figure 5, cross section B‐B′). Westward of PSF‐9
the Biancavilla wedge (Figure 6) is isolated also
from the inflating western flank of the volcano,
representing a sort of locked triangular sector on
the southwestern periphery of the volcano, between
the inflating and sliding flanks of Mount Etna.
[49] In general, all the features discussed above

produce a structural arrangement of Mount Etna
with an SSE‐ward spreading sector on the southern
side and a westward inflating one on the western
side. This geometry yield a very similar behavior to
that reproduced by analog models for spreading
edifices [Merle and Borgia, 1996]. On the northern
and western sectors of Mount Etna, the higher elevation rocky substratum below the volcano precludes or minimizes any radial spreading of the
edifice, while the entire eastern and largely unbuttressed sector of the volcano is affected in a
general seaward‐directed slide. On the southern
and southwestern sides of the Etna edifice, nearly
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flat lying sedimentary basement underlies the volcano at low elevation. The clayey sediments from
the Catania foredeep may act as a low‐viscosity
layer beneath the main part of the volcanic edifice
and the lava flows that are on top of the sediments.
The southern and southwestern flanks of Mount
Etna are not buttressed against solid bedrock like
the northern and western flanks and lie on top of
plastic clay‐rich sediments. These observations,
coupled with our PS data, are consistent with the
geometric and kinematic conditions assumed by
Merle and Borgia [1996] in their models of gravitationally driven spreading of volcanic edifices. In
such conditions the edifice shows a roughly radial
spreading of the volcanic pile over the plastic sedimentary basement under the effect of gravity and
probably induced or, at least, favored by the inflation
of the edifice. The concentric stretching due to the
spreading, as stated by [Merle and Borgia, 1996],
induces the formation of the radial Adrano graben
defined by PSFs 9a–9b and 10 and the triangular
stable Biancavilla wedge (Figure 6). The consequent radial shortening on the periphery of the
volcano has dragged and pushed the underlying
sediments causing the uplift of the U‐shaped
Misterbianco ridge (Figure 6), which can be interpreted as a concentric ridge, as defined by Merle
and Borgia [1996]. The active anticline follows a
preexisting Plio‐Plesitocene E‐W anticline, and
bounds the volcano roughly from Paternò to Aci
Trezza villages, where it is abruptly truncated by
the transcurrent movement along PSF‐8.
[50] The Misterbianco ridge (PSF‐f) also provides
an indirect evidence of the southward movements
of the southern flank, which cannot be measured by
SAR Interferometry. This kinematic arrangement
on the southern slope confirms the hypothesis of
the southward moving triangular slice on the upper
southern flank of Mount Etna, proposed by Bonforte
et al. [2009] from analysis of GPS surveys. According to this interpretation, the anticline is rooted
at shallow depth and its movement is more related
to the gravitational loading of the flank of the
volcano rather than to the inflation of deep magmatic sources. This interpretation is consistent with
the very low levels and shallow focii of seismicity
on the southern flank of the volcano.
[51] PSF‐6 (Figure 5) follows the path of the Trecastagni fault, but it extends beyond the mapped
limits of the fault, from lower altitude (about
300 m) up to medium‐high flank (about 1500 m).
At higher elevations, this feature corresponds to the
area affected by huge ground fracturing during the
1989 eruption and significant ground deformation
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during the 2001 eruption [Bonforte et al., 2004].
This fault, like PSFs 4 and 5 and the higher part of
PSF‐7, shows a primarily vertical displacement,
producing a downthrow of the eastern side at a rate
of about 4 mm/yr. PSF‐7, 6 and 4 do not affect
significantly the eastward velocity patterns (Figure 5,
cross sections A‐A′ and E‐E′). PSF‐5, which corresponds to the Acicatena fault, conversely shows a
more complex path and wider extension than those
detectable by geological surveys. It shows both
significant vertical and horizontal displacements,
with rates of about 5 mm/yr (Figure 5, cross sections
E‐E′ and F‐F′) and bounds on the west side the
Acireale area, affected by very high eastward
velocity (20–25 mm/yr).
[52] PSF‐3 delimits southward the other sector

characterized by the highest eastward velocity and
roughly corresponds to the S. Tecla‐S. Venerina
faults alignment. This sector, involving the entire
NE flank of the volcano from the NE rift to the
coast, moves eastward between the Pernicana fault
(PSF‐1) and the S. Tecla‐S. Venerina faults (PSF‐3)
at a rate higher than 20 mm/yr (Figure 5, cross
section D‐D′), reaching a maximum velocity of
about 30 mm/yr at lowest altitude (Figure 5, cross
section F‐F′). These rates are in very good agreement to the displacement rates measured by local
GPS network installed across the Pernicana fault
[Bonforte et al., 2007a; Palano et al., 2006].
[53] Along the northern Ionian coast PS ground

velocity maps record the larger eastward and
downward motion on the entire volcano eastern
flank, confirming a feature previously highlighted
by GPS data [Bonforte and Puglisi, 2006]. This
triangular area named the “Giarre wedge” (Figure 6)
is well delimited by PSF‐2 on the south and less
clearly delimited by the decreasing vertical velocity
on the north. It fits well the costal triangular area
showing strong subsidence between September 1997
and August 1998 as observed in GPS data [see
Bonforte and Puglisi, 2006, Figure 3a].

8. Conclusions
[54] PS analysis described here clearly shows,

with a very high spatial resolution, the main features of the ground deformation pattern affecting
Mount Etna volcano during a noneruptive period,
from 1995 to 2000. Before using the results of the
PS analysis for defining the structural assessment
of the volcano, we verified the good agreement
between these data and the velocities measured by
GPS in 35 GPS stations surveyed throughout the
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considered period. PS data allow the main structural features of the entire volcano to be traced with
high spatial resolution and their kinematics for the
period from 1995 to 2000 to be analyzed in order
to investigate the dynamics driving the ground
deformation of the volcano. Two first‐order patterns of ground motion were detected, each being
related to two different large‐scale deformation
patterns affecting opposing sectors of the volcano.
[55] The first ground deformation feature is an

evident inflation of the northern and western flanks
of the edifice (Figure 6). This is related to the
magma accumulation at depth and the consequent
pressurization of the entire feeding system of the
volcano, from depth and intermediate storage zones
up to the central conduits. This uniform and diffuse
deformation is mainly visible in the PS images on
the northern and western slopes of the volcano,
because this region of the edifice is little affected
by structural discontinuities that drive the strain
propagation; indeed, these flanks lie over the tectonic units of the orogenic chain and are thus not
disturbed by any gravitational spreading process.
[56] The second ground deformation feature is the

eastward and downward motion of the southern
and eastern flanks of the volcano. This kind of
motion reveals an independent behavior of the sea‐
facing and foredeep‐facing slopes of Mount Etna,
which is not related to its magmatic and eruptive
dynamics. At a wider scale, horizontal seaward‐
directed velocities progressively increase from
higher to lower elevations, while subsidence decreases, consistent with a wide, first‐order rotational
decollement. At a more local scale, it is evident how
the motion of the seaward moving flanks is very
complex since it is segmented into a number
blocks, each of which show distinct velocities and
kinematics (Figure 6).
[57] The Giarre wedge is the continuation on the

Ionian sea of the NE block (Figure 6) showing a
horizontal velocity that slightly increases toward
the coast and a vertical velocity that becomes
strongly negative on the coast. The NE block does
not show any significant discontinuity in its eastward (seaward) movements, whereas to the south
the horizontal and vertical velocity maps (Figure 6)
show a complex pattern on the volcano flank
marked by discontinuities from PSF‐3 to PSF‐8 that
point out a change in seaward movements. Both the
medium east and SE blocks (Figure 6) have radial
discontinuities with tilt component toward the NE,
evident from section A‐A′ (Figure 5), indicating a
rotation of individual blocks following the main
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seaward movement of the main NE block. Finally,
this behavior vanishes on S and SW flanks passing
into the outward‐directed deformation on the Biancavilla wedge and Adrano graben (Figure 6) and
then to the inflation affecting the western and
northern flanks.
[58] At a glance the main components of the E

and SE flank of the volcano are a radial seaward
movement and a strong subsidence of the Ionian
coast. The kinematic model of these movements is
a tectonic lowering of the Giarre wedge that drags
the blocks toward the sea; it drags directly the NE
block and, through slippery steps, that are probably
related to the basement discontinuities, the medium
east and SE blocks. This complex kinematics can
be explained as a tectonic inducement to slip by a
strong subsidence area localized below sea level in
front of Riposto village.
[59] The sliding mechanism changes abruptly to the

south where the southern flank pushes against the
Misterbianco ridge (Figure 6), a structural barrier
(ancient anticline) that stops the movement of outward sliding of the volcano by gravity. This feature
could in fact be related to the drag and compression
effects of the southward motion of the southern
flank of Mount Etna on the plastic sedimentary
clays lying beneath the southern base of the volcano.
Only here, in fact, does the presence of such a
plastic basement create the ideal conditions of
analog models of radially spreading volcanoes,
allowing also the formation of a triangular horst
(Biancavilla wedge) bordered by a sector graben
(Adrano graben) on the southwestern side of the
volcano. The anticline is thus rooted at shallow
depth and related to the gravitational loading of
the flank of the volcano.
[60] On the southern flank the observed movements

are attributable only to the gravitational reorganization of the volcanic pile on its slippery clay
basement, as proposed by Merle and Borgia [1996].
In contrast, on the eastern flank PS analysis allows
us to propose that an additional drag force, due
to a strong subsidence of the continental margin
facing the Etna volcano, is necessary to arrange the
observed PS velocity field.
[61] Because of the spatial continuity and high res-

olution of the PS data we are able to accurately
define all different blocks composing the unstable
sectors of the volcano, the discontinuities bounding
each block and the precise kinematics of each
discontinuity. This kind of information provided by
PS technique represents a major improvement in
the knowledge of the structural setting of Mount
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Etna, since it allowed tracing the real extension of
some faults (partially known from their morphological evidence) and discovery of some new structures,
even in urban areas, which were not previously
detected by geological surveys.
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