
1.  INTRODUCTION
Since the spectacular flank failure of Mount St. Helens

in 1980during, which spread 2.8 km3 of debris over an area
of 60 km2 [Voight et al., 1981], the scientific community
has focused considerable attention upon the instability of
volcanic edifices. Large volcaniclastic deposits formed by
repeated failures now are known offshore of many island
or seaward-facing volcanoes [Day et al., 1999; Deplus et

al., 2001; Moore et al., 1994]. Numerous investigators
have documented the instability of Etna’s eastern flank
[Borgia et al., 1992; Borgia et al., 2000; Di Stefano and
Branca, 2002; Groppelli and Tibaldi, 1998; Guest et al.,
1984; Lo Giudice and Rasà, 1992; McGuire et al., 1990;
McGuire et al., 1997; Rust and Neri, 1996; Tibaldi and
Groppelli, 2002], however, to date none of these studies
have thoroughly integrated the instability of this volcano
with its tectonic setting and recent volcanic history.

Etna is an active volcano located in a complex geody-
namic environment. The seaward-facing, unbuttressed
eastern flank is deeply dissected by normal faults associ-
ated with the Malta Escarpment system [Bousquet and
Lanzafame, this volume; Lanzafame and Bousquet,
1997]. The edifice has grown during the last 500 Kyr
over an unstable basement of Pleistocene marine clays.
Regional uplift has raised these basement clays to eleva-
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tions of about 700 m above current sea-level, and
Holocene uplift rates in the Etna area are higher than
those inferred for the north-eastern coastline of Sicily
[Di Stefano and Branca, 2002; Stewart et al., 1993].
Seismic evidence for elevated mantle beneath Etna [Hirn
et al., 1997] suggests that increased uplift in this zone
may be partially related to localized mantle upwelling.
Consequently, intrusion-related instability compounds
the basement and tectonic instability of the structure.

It has been proposed [Borgia et al., 1992; Merle and
Borgia, 1996; Rust and Neri, 1996] that Etna spreads slow-
ly southwards and eastward under its own weight by defor-
mation of the soft basement. The unstable block of the vol-
cano is bounded by the Pernicana-Provenzana fault system,
the NE and South Rift Zones, and the Mascalucia-
Tremestieri-Trecastagni fault system to the north, west and
south respectively [Bonforte and Puglisi, 2003; Borgia et
al., 1992; Froger et al., 2001; Rust and Neri, 1996; Tibaldi
and Groppelli, 2002]. The main active faults cut the east-
ern base of the volcano, forming a 30 km long system of
NNE- and NNW-trending, en échelon fault segments (the
Acireale-Piedimonte system), with normal dip-slip and
oblique (right-lateral) motion [Lanzafame and Bousquet,
1997; Monaco et al., 1997]. Most segments are associated
with shallow-depth seismicity and all have Late
Pleistocene to Holocene vertical slip rates ranging between
1 and 2 mm/yr, typical of major active normal faults world-
wide [Monaco et al., 1997]. To the south, an active anti-
cline has been recognized at the boundary of the unstable
block both by field surveys [Borgia et al., 1992], GPS
measurements, and SAR interferometry techniques
[Borgia et al., 2000]. Magnetic surveys [Del Negro and
Napoli, 2002] and GPS deformation data [Bonforte and
Puglisi, 2003] indicate that the décollement surface has a
depth of about 1.7 km below sea level on the east flank of
the volcano. Mount Etna is in a sub-critical state of stabil-
ity under the stress field induced by regional E-W exten-
sion and N-S compression.

Deformation data, collected between 1994 and 1995,
have shown that movement of the entire unbuttressed east-
ern flank of the volcano to the east is triggered by magma
intrusion in the upper feeding system [Bonforte and
Puglisi, 2003]. Measurements of rapid deformation in the
summit region [McGuire et al., 1990; Murray et al., 1977]
prompted concern that a small perturbation from dike
injection in the rift zones could cause destabilization of the
seaward-facing eastern flank of the volcano [Froger et al.,
2001; McGuire et al., 1990]. 

However, the implications of this dynamic tectonic envi-
ronment are largely moderated by historical records of the
volcano. The intrusions that fed the 1669 eruption of about

1 km3 of lava [Corsaro et al., 1996], which destroyed
Catania, as well as the most recent flank eruptions, fed by
dikes running just parallel to the western rim of the Valle
del Bove [Calvari et al., 1994a; Calvari et al., 1991;
Calvari et al., 2002b; Calvari and INGV-CT staff, 2001;
McGuire et al., 1990], did not produce any significant fail-
ure on the potentially unstable eastern flank of the volcano.
Even the 6-km long fissure system that fed the July-August
2001 flank eruption did not cause any relevant instability
[Calvari and INGV-CT staff, 2001]. In fact, inflation of the
volcanic edifice is usually reversed during later deflation-
ary stages of magma output [Bonaccorso, 1996]. Limited
surface collapses of the summit cones occurred only in
1977 and 1999 [Calvari and Pinkerton, 2002; Murray,
1980], triggered by shallow dike injection. 

Careful assessment of future hazards of failure on the
eastern flank of Etna requires greater understanding of the
prehistoric record of instability on this sector. It is most
essential, in our view, to analyze the mechanisms and rea-
sons for the Valle del Bove (VDB) collapse in order to
evaluate the possibility of recurrence in the near future. In
this paper we integrate the results of DEM map interpola-
tion with new marine data, which better clarify the volume
of the collapse, to produce a model of the mechanisms
responsible for the flank failure that formed the VDB. 

2.  THE VALLE DEL BOVE COLLAPSE

Many scientists have considered the VDB the primary
source area of the pyroclastic and volcaniclastic deposits crop-
ping out on the lower eastern flank of Etna [Guest et al., 1984;
Kieffer, 1970; Kieffer, 1985; McGuire, 1982; Rittmann, 1973;
Romano, 1982; Vagliasindi, 1949]. Among the volcaniclastic
deposits, Chester et al. [1987] distinguished four major units:

(1) The oldest sequence, made up of tephra and lahars,
is exposed in a fault scarp near Acireale and has an age of 150
to 100 Kyr [Condomines et al., 1982]. 

(2) The Lower Tephra and Lahars have a radiocarbon
date of 26 Kyr [Guest et al., 1984], although Romano et al.
[Romano et al., 1979] suggested an age of 8-10 Kyr for the
Milo Lahars, and separated the Upper Lahars or Milo Lahars
exposed around Milo from the Lower Tuffs or Lower Tephra
of Chester et al. [Chester et al., 1987]. In this paper, we also
consider as separate units the Lower Tephra (26 Kyr) and the
much younger Milo Lahars (10 Kyr).

(3) About 15 Kyr ago, a large explosive eruption of the
Ellittico volcano produced a summit caldera (Plate 1) and
deposited the Biancavilla ignimbrite, which spread over the
lower south-western slope of the volcano [Coltelli et al., 1994;
De Rita et al., 1991; Duncan, 1976; Kieffer, 1973; Romano
and Guest, 1979].



(4) The youngest volcaniclastic sequence, named Upper
Tephra, was included in the Upper Tuffs and Lahars by
Romano et al. [Romano et al., 1979]. It crops out on the north-
ern and southern outer slopes of the VDB and comprises
pyroclastic fall deposits and epiclastic layers emplaced
between 8.7 and 0.2 Kyr BP [Cortesi et al., 1988].

(5) An additional sequence, not considered by Chester
et al. [1987], is the locally named Chiancone Formation (Plate
1), which forms a volcaniclastic fan exposed from the exit of
the VDB to the coast between Riposto and Pozzillo (Fig. 1). 

Contrasting hypotheses have been proposed to
explain the mechanism of formation of the VDB
depression and the relationship between the VDB and
the products of its formation. Among the possibilities
proposed are: glacial erosion [Vagliasindi, 1949]; grav-
itational sliding controlled by tectonics [Borgia et al.,
1992; Chester et al., 1987; Duncan et al., 1984; Guest
et al., 1984; Lo Giudice and Rasà, 1992; McGuire et
al., 1990; Neri et al., 1991]; and caldera collapse
[Klerkx, 1970; Romano, 1982; Romano and Sturiale,
1981], this last possibly related to phreatic or
phreatomagmatic explosive activity [Kieffer, 1970;
Kieffer, 1985; McGuire, 1982]. Some authors related
the initial opening of the VDB to the Lower Tephra (26

to 20 Kyr BP) and attributed this event to the explosive
failure of the Trifoglietto (Plate 1) volcano [Kieffer,
1969; Kieffer, 1970; McGuire, 1982]. However, this
volcano has been demonstrated to have an age extend-
ing over 80 Kyr [Calvari et al., 1994b]. Alternatively,
others have proposed an age of 5 Kyr BP, attributing the
valley opening to the events that deposited the Upper
Tephra [Cortesi et al., 1988; Romano, 1982]. Guest et
al. [1984] reviewed extensively previous ideas about
the mechanism of the VDB opening. On the basis of
mainly geomorphologic considerations they concluded
that the VDB collapsed about 5 Kyr ago due to slope
failure under gravity. All of these differing interpreta-
tions arose from a lack of firm data on the age of the
VDB as well as an incomplete understanding of the
sedimentology of the volcaniclastic deposits produced
by the collapse.

A well-defined stratigraphic framework of the exposed
1000 m high walls of the VDB is now available [Calvari
et al., 1994b; Coltelli et al., 1994; Ferrari et al., 1989;
Tric et al., 1994]. 

Geological data from a new survey carried out along the
up-to-1 km high VDB walls [Ferrari, 1989 #53;Calvari,
1994 #51;Coltelli, 1994 #7] (Mi sembra una ripetizione
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Plate 1. Sketch map of Etna’s summit and eastern flank, showing the Valle del Bove outline (black dotted line) in
relation to the Ellittico caldera (yellow), the Milo Lahar (red) and Chiancone deposits (green). The position of the
pre-Ellittico eruptive centers on the SW portion of the Valle del Bove, redrawn after Calvari et al. [1994b], is also
shown: TR = Trifoglietto; GG = Giannicola Grande; SA = Salifizio; CV = Cuvigghiuni; TP = Tripodo. See text
for further details.
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della frase appena finita; le unirei) have revealed impor-
tant details on the past Etna’s history. On this basis,
Calvari et al. [1996] recognized two important phases of
activity during the last 100 Kyr of history of the volcano.
The first phase was characterized by small volcanoes in
the area now occupied by the VDB (Plate 1). About 60
80 Kyr BP [Branca et al., this volume; Calvari et al.,
2003; Gillot et al., 1994] a substantial change took place
in the volcano’s eruptive style, that marked the second
phase and resulted in the build-up of the Ellittico vol-
cano, a large, central volcanic edifice that marked the
NW displacement of the uppermost feeding system from
the previous small volcanoes under the area now occu-
pied by the VDB (Plate 1). The Ellittico volcano was
characterized by effusive and explosive activity
[Coltelli et al., 1994], and a caldera collapse, correlated
with emplacement of the Biancavilla ignimbrite, signaled
the end of its activity about 15 Kyr BP [Condomines et al.,

1982; De Rita et al., 1991; Coltelli et al., 2000]. The pres-
ent feeding zone of Etna is still located within this caldera.

Stratigraphic and petrologic studies with radiocarbon
dating of the volcaniclastic deposits cropping out on the
eastern flank of Etna, together with radiocarbon dating
[Calvari and Groppelli, 1996; Calvari and Tanner,
1999; Calvari et al., 1998], allowed us to correlate the
successions of the old eruptive centers recognized
inside the valley to the volcaniclastic sequences
emplaced by the VDB collapse. In particular, new geo-
logical data [Calvari et al., 1998] identified an ava-
lanche deposit at the mouth of the VDB that was
emplaced when the 8 by 5 km-wide depression opened
through catastrophic failure of the Ellittico volcano
roughly 10 Kyr ago. The avalanche deposit comprises
the lower portion of the Milo Lahar deposit (Fig. 1). The
original surface extent of the avalanche deposit is
unknown, as it is mostly covered by recent to modern
volcaniclastics and lava flows. The two major outcrops
of the deposit are oriented E-W, with the easternmost
located approximately 2 km from the coast. This sug-
gests that the avalanche would have likely reached the
sea and possibly caused a destructive tsunami [Calvari
et al., 1998]. The avalanche deposit is topped by a suc-
cession of debris flows [Calvari et al., 1998], indicating
that erosion and reworking of upper flank deposits and
enlargement of the valley continued after initial failure.

Downslope from the Milo Lahars, and continuing off-
shore, is the Chiancone, the largest volcaniclastic sequence
of the volcano; this deposit forms a 6 km-wide fan that
extends from 300 m elevation to below sea level (Fig. 1).
Sparse exposures of the internal structure of the Chiancone
display beds of fluvially reworked volcaniclastic debris
[Calvari and Groppelli, 1996]. A recent magnetic survey
of the Chiancone deposit, both inland and offshore,
revealed that no lava flows exist below it, its base lying
directly on the sedimentary substratum [Del Negro and
Napoli, 2002]. The Chiancone fills then a depression with-
in the Etna’s volcanic pile where lava flows, cropping out
all around it, have been removed by the lateral collapse
that formed the VDB. The large volume of the Chiancone
deposit, and the absence of lava flows below it, suggest
that the collapse that formed the VDB took place with suf-
ficient destructive force to produce a décollement surface
beneath the preexisting lava cover, affecting also the upper
sedimentary basement [Del Negro and Napoli, 2002].

The cause for this collapse is still not completely clear,
but Calvari and Groppelli [1996] have proposed that the
eastern flank of the Ellittico volcano collapsed where it
partially rested on altered rock and loose debris suggest-
ing erosion of the small eruptive centers now partially

Figure 1. Shaded image of Mount Etna’s digital elevation model
showing the location of the Milo Lahar (dark grey) and Chiancone
deposit (light gray) on the eastern flank of the volcano. Geological
data from the Acireale Geological Map [Calvari et al., 2003]. The
artificial illumination is from the north and has an elevation of 45°.
The box represents the area of the next perspective views. In white
some reference towns. Modified after Pareschi et al. [1999].



exposed on the north, south and south-west sectors of the
VDB (Plate 1). The collapse was followed by rapid
enlargement of the newly-formed valley through ava-
lanches that transformed rapidly to debris flows and were
subject to fluvial reworking [Calvari and Groppelli,
1996].

3.  THE VALLE DEL BOVE VOLUME

Our calculation of the volume displaced by the VDB
collapse differs from the previous value of 7 km3 [Guest
et al., 1984] and allows us to estimate the minimum vol-
ume of the deposits produced by the VDB formation, i.e.
the sum of the Milo Lahar and the Chiancone deposits
(Fig. 1). We calculated the VDB volume by using a DEM
surface simulating the pre-collapse palaeotopography.
This surface was derived partially from present ground
morphology, and the remainder was extrapolated from
stratigraphical, stratimetrical and structural analyses
[Calvari et al., 1994a; Coltelli et al., 1994] using the
elaboration capabilities of ArcInfo and Arcview ESRI
GIS software. These methods have allowed a greater
precision in the volume calculation. Coupled with a dif-
ferent reconstruction of the pre-VDB topography, this
may explain the difference between our results and pre-
viously published values of the VDB volume.

The starting point for the morphological reconstruc-
tion of Etna’s eastern flank was the digital elevation
model (DEM, surface A in Fig. 1), using vector topog-
raphy from Gruppo Nazionale per la Vulcanologia -
C.N.R.. Surface A includes several areas that preserve
the palaeomorphology prior to the VDB formation. We
obtained the three-dimensional coordinates of a series
of points from these areas to use in the reconstruction.
Because the Ellittico caldera is about 15 Kyr old
[Calvari et al., 1994b; Coltelli et al., 1994; De Rita et
al., 1991; Gillot et al., 1994], and therefore existed
prior to the VDB formation [Calvari et al., 1998], we
included additional points along the eastern side of the
Ellittico caldera rim, assumed to be continuous at 2900
m a.s.l., for those parts now eroded or collapsed. Other
morphological features useful to reconstruct the
palaeotopography are: the summit of the Trifoglietto
eruptive center (Plate 1), located inside the VDB
[Calvari et al., 1994b; McGuire, 1982], and the Piano
del Lago, a flat area located a few km south from the
Ellittico caldera rim.  Using these points, we obtained a
convex surface (surface B shown in Fig. 2) that inter-
sects the VDB boundary and approximates the
palaeotopography prior to the VDB formation.

In order to reconstruct the morphologic evolution of
the valley we replaced surface A with surface B in the
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Figure 2. Reconstruction of Mount Etna’s eastern flank before the Valle del Bove collapse. Note the absence of the
Chiancone deposit and Milo Lahar. The Ionian Sea is black. Perspective view from east, sunlight from north-east.
See text for explanation. Topographic elaboration from GNV-CNR data.
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area now occupied by the VDB. A smoothing filter
eliminated all of the morphological features derived
from recent volcanic activity (such as pyroclastic
cones), fluvial erosion, and interpolation artifacts. We
then subtracted the volume of the Chiancone deposit,
estimated from the available geological and geophysi-
cal data on the areal extent, and an estimated thickness
of 300 [Cassinis et al., 1970; Del Negro and Napoli,
2002]. Similarly, we subtracted the volume of the Milo
Lahar deposit, where we used a maximum thickness of
20 m [Calvari et al., 2003]. The result is a DEM that
reproduces the palaeotopography of Etna’s eastern
flank before the VDB formation (Fig. 2).

Previous geological and geochemical studies have
correlated the composition of lava blocks from the
Chiancone and Milo Lahar deposits to the stratigraphic
sequences cropping out along the inner walls of the
VDB [Calvari et al., 2003; Calvari and Groppelli,
1996; Calvari et al., 1994b; Calvari and Tanner, 1999;
Calvari et al., 1998]. These show Ellittico-type rocks
comprising the avalanche at the base of the Milo Lahar
deposit, and an increasing amount of rocks from the
eruptive centers located further south (Plate 1) going up
in the sequence of debris flows and fluvial beds of the
upper part of the Milo Lahar and Chiancone deposits.
On the basis of these studies, we interpret that the

opening of the valley occurred initially on the northern
side of the present valley and expanded southward. The
initial collapse scar is represented in Figure 3, which
shows a stage intermediate between Figure 2 and the
present topography. We modeled the reconstruction
shown in Figure 3 using thicknesses of 150 and 10 m
respectively for the Chiancone and the Milo Lahar
deposits, approximating a midpoint in their deposition
history. The lower portion of both sequences are tem-
porally related [Calvari and Tanner, 1999] because
they represent the emplacement of the avalanche
deposit [Calvari and Tanner, 1999; Calvari et al.,
1998; Del Negro and Napoli, 2002].

We calculated the volume of the material removed to
form the VDB by subtracting the volume of Figure 4,
showing the present topography, from the volume of
Figure 2, representing the extrapolated palaeotopo-
graphic surface. The result is a volume of about 11 km3.
This has to be considered a minimum value, because at
this time we cannot evaluate the real thickness of the
recent lava flows that partially fill the depression.
Additionally, the material removed by the VDB failure
would have passed from solid, compact rock to loose
material, thus increasing the volume of the resulting
porous deposit. The volcaniclastic deposits that origi-
nated from the VDB formation are widely distributed

Figure 3. Reconstruction of the Mount Etna eastern flank after the first collapse. The Ionian Sea is black. Perspective
view from east, sunlight from north-east. See text for explanation. Topographic elaboration from GNV-CNR data.



and partially covered by younger deposits. Their origi-
nal volumes depend on the amount of rock removed by
failure, on the increment of volume increase during
transport and sedimentation, and on the extent of sub-
sequent erosion. In comparing the volumes of collapse
depressions and their resulting deposits for many vol-
canoes, Siebert [1984] estimates that during transport
and sedimentation the increase in volume is about 25%.
Taking this factor into account, we calculate that the
volume of the deposits resulting from the VDB collapse
could have been between 13.5 and 14 km3. This num-
ber is in good agreement with the 14 km3 volume esti-
mated from a magnetic survey, which indicates that the
entire deposit is much larger than the exposed portion
[Del Negro and Napoli, 2002].

4.  THE MODEL

Calvari et al. [1998] suggested that the geomorphologic
evolution of the eastern flank of Etna was controlled by the
following sequence of events.

(1) About 10 Kyr ago, the eastern flank of the
Ellittico volcano collapsed, forming an avalanche deposit
that spread eastward. A more humid climate during the ear-
liest Holocene allowed significant perennial stream flow
that would have been incorporated in the avalanche as it

flowed downslope, . This may have resulteding in the dis-
tal fluidization of the avalanche debris and creating creat-
ed the basal lahars of the Chiancone deposit, now exposed
along a 6-km width of the coast between Riposto and
Pozzillo [Calvari and Groppelli, 1996]. Alternatively, the
debris of the avalanche deposit may have been remobilized
later on by torrential rains to create these deposits.

(2) Erosion of the upper surface of the avalanche is
indicated at both extant exposures, forming the unconformity
separating the avalanche deposit from the overlying strata
comprising the upper part of the Milo Lahar sequence. Only
the outcrop near the mouth of the VDB preserves what may
have originally been a more extensive hummocky terrane of
the original avalanche. Most of the surface eastward from the
mouth of the VDB was deeply eroded or covered by later lava
flows.

(3) Erosion and instability of the inner walls of the VDB
caused its southward and westward enlargement, and erosion
of the eruptive centers older than the Ellittico. Wall collapse
provided a source of debris that was remobilized to form the
upper part of the Milo Lahar deposit. Fluvial reworking of
these debris flows produced the upper part of the Chiancone
deposit further east.

(4) At a later time, the volcaniclastic sequences were
broken up by the still-active normal faulting resulting from
the inland extension of the Malta escarpment [Lanzafame
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Figure 4. The present eastern sector of Mount Etna after the Valle del Bove formation and its widening. The Ionian
Sea is black. Perspective view from east, sunlight from north-east. Topographic elaboration from GNV-CNR data.
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and Bousquet, 1997]. This displacement is contemporane-
ous with uplift of the eastern coast of Sicily [Di Stefano
and Branca, 2002; Stewart et al., 1993].

The emplacement of the avalanche between the mouth
of the VDB and the coast undoubtedly produced a hum-
mocky terrane, as suggested by the most proximal expo-
sure [Calvari et al., 1998]. This topography may have
proved an initial obstacle to the movement of debris result-
ing from the enlargement of the VDB. As a result, debris
flows generated within the valley were forced to follow a
sinuous path, deviating south and then east around the ava-
lanche deposit. This pattern is evident in the reconstruction
of the palaeogeography of the VDB by Guest et al. [1984].
Recent magnetic surveys inland and offshore [Del Negro
and Napoli, 2002] have confirmed the existence of two
major depressions filled by volcaniclastics; this suggests a
separation in the direction of spreading between (a) the
avalanche deposit and (b) the subsequent debris flows and
fluvial sequence. Therefore, we propose the following: 1)
The avalanche, originating from failure of the eastern flank
of the Ellittico volcano, spread to the ESE, parallel to the
northern margin of the VDB (Fig. 1). 2) The hummocky
surface of the avalanche blocked subsequent debris flows
and fluvial deposits, comprising the upper part of the Milo
Lahars and the middle and upper volcaniclastics of the
Chiancone deposit, from spreading in the same direction,
and diverted the flows to the SE, around the margins of the
avalanche deposit. The resulting field of lahar deposits is,
in plan view (Fig. 1), a triangular-shaped fan (the
Chiancone deposit) whose tip is located roughly 2 km
south of the exit of the VDB, rather than immediately
down slope of the VDB mouth.

This interpretation of the sequence of events is based on
well-established stratigraphical and petrological studies, as
well as of geological mapping. What remains unclear is why
the Ellittico volcano failed about 10 Kyr ago, following a
summit caldera collapse about 5 Kyr earlier. A tectonic con-
trol was proposed [Calvari and Groppelli, 1996; Calvari et
al., 1998] based on the observation that the northern rim of
the VDB is unusually straight, as if following a structural
alignment, but no additional evidence has been found to
support this hypothesis. Borgia et al. [1992] proposed that
flank failure was caused by spreading of the volcanic edifice
under its own weight, which is accentuated along the unbut-
tressed eastern margin. Gravitational instability of the flank
of the Ellittico volcano possibly was enhanced by intersect-
ing faults that cut the eastern flank of the volcano, such as
the NE-SW trending Ripa della Naca fault system, and the
NW-SE trending Acireale fault system. Movements along
the Ripa della Naca fault system (Fig. 1) may have triggered
the flank collapse of the VDB, possibly due to the weight of

the Ellittico volcano above an inclined basement. Failure
has brought new stability to the volcanic edifice, which now
deforms before and after flank eruptions without major lat-
eral displacements [Bonaccorso, 1996].

Another factor in the morphological evolution of Etna
volcano is the westward shift of the eruptive centers
[Rittmann, 1973]. It has been suggested previously that
such a displacement occurred several times in the history
of the volcano, but recent geological surveys indicate that
this is not the case [Calvari et al., 1994b]. A NW-shift of
the feeding system occurred between the activity of the
earlier eruptive centers within the VDB (Plate 1) and the
later emplacement of the Ellittico volcano [Calvari et al.,
1994b; Calvari et al., 1996]. This shift in the feeding sys-
tem may have caused a dike system that put pressure on the
rocks to push it sideways and thus trigger the VDB col-
lapse [Voight and Elsworth, 1997]. Altered weak-friction
rocks at base, and saturated rock with high water pressure,
especially at the end of Pleistocene, can be all factors act-
ing together to trigger the VDB collapse. After the 15 Kyr
caldera collapse, related to explosive activity and lavas,
which signaled the demise of the Ellittico volcano, the
feeding system remained within the Ellittico caldera, giv-
ing rise to the Belvedere lavas that filled the caldera and
flowed south-east [Calvari et al., 1994b]. The present
feeding system lies about 2 km south of the Ellittico-
Belvedere conduit. We believe it possible that, as observed
in other volcanoes [Ventura et al., 1999], the displacement
of the Etna feeder system after the flank failure could have
resulted from a readjustment of the stress field in the upper
part of the volcano.

5.  CONCLUDING REMARKS

Geological data [Calvari et al., 1998] have allowed
identification of an avalanche deposit at the mouth of the
VDB, emplaced when this now 8 by 5 km-wide depression
opened through catastrophic failure of the Ellittico volcano
roughly 10 Kyr ago. This event was followed by rapid
enlargement of the newly-formed valley through land-
slides and fluvial reworking [Calvari and Groppelli,
1996]. The formation of the VDB changed the morpholo-
gy of the volcano, producing a basin that became the ideal
container for lava flows and small-volume, localized land-
slides [Calvari and Tanner, 1999]. It is important to note
the role of the VDB, since its formation, in protecting the
lower eastern flank of the volcano from larger incursions
of lava or debris-flows. For example, a large (2 x 107 m3)
lahar that occurred on the eastern flank of the volcano in
1755 remained confined within the valley [Recupero,
1815]. This role is further demonstrated by recent marine
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surveys which indicate offshore the existence of small sed-
imentary basins above the submarine portion of the
Chiancone deposit [Calvari and Tanner, 1999]. These
basins do not contain debris flow or fluvial layers typical
of the reworked sequence; rather, they are filled by fine-
grained marine sediments interlayered with tephra dated to
about 2 Kyr BP. The lack of significant recent reworked
deposits confirms the morphological stability of the east-
ern flank of the volcano in historic times.

Additionally, the VDB depression may have significant-
ly modified the volcano stress field [Ventura et al., 1999],
increasing dike intrusion parallel to the valley’s walls
[McGuire et al., 1990], and decreasing the likelihood of
extrusion along the volcano’s flanks. Although another
flank collapse event is not considered likely in the imme-
diate future, hazard analyses of this densely populated area
need to be based on the continuous, multi-parametric mon-
itoring of the volcano.
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