
Abstract Multibeam bathymetric and reflectivity data,
high-resolution sidescan sonar mapping and ROV imag-
es have allowed reconstruction of the present-day facies
distribution within the volcaniclastic apron offshore from
Lipari and Vulcano. Primary volcanic, resedimented vol-
caniclastic and volcanogenic sedimentary facies have
been distinguished. Primary volcanic facies are volumet-
rically subordinate but play a major role in controlling
the distribution of the other facies and the development
of the main submarine canyons, and as the source of vol-
canic detritus in resedimented volcaniclastic facies. Ero-
sion and transport prevail in the canyons. Conversely,
deposition of volcanogenic sediments, in response to
flow spreading and gradient reduction, occurs at the can-
yon mouths. The influence of the adjacent islands on the
offshore processes is particularly evident in the area fac-
ing the active sector of Vulcano Island. Here, large vol-
umes of volcanogenic sediment from the emergent vol-
canic edifice are transferred downslope by subaqueous
gravity flows allowing the construction of a volcaniclas-
tic fan.
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Introduction

Widespread, kilometre-thick volcaniclastic aprons typi-
cally represent more than 90% of the rock volume of vol-
canic island arcs (Orton 1996; Carey 2000). The compo-

sition and facies associations of these aprons are gov-
erned by the interplay between the island arc volcano-tec-
tonic evolution and the nature of the transporting and de-
positional processes (Carey 2000). Facies associations
within volcaniclastic aprons are basically governed by the
interaction between volcanism, producing abundant vol-
canic debris, and surface processes responsible for ero-
sion, transport and deposition (Fisher and Schmincke
1994). Additional controls over facies associations in vol-
caniclastic aprons are: the nature and location of subaerial
and subaqueous eruptive centres, which influence sedi-
ment supply and create and modify topography; volcano-
tectonism that causes local rapid uplift and subsidence;
and steep slopes, frequent earthquakes and hydrothermal
alteration of the volcanic pile which favour slope failure
events (McPhie et al. 1993). Thus, volcaniclastic aprons
typically comprise complex assemblages of primary vol-
canic, resedimented volcaniclastic and volcanogenic sedi-
mentary facies (McPhie 1995; McPhie et al. 1993).

Current facies models for volcaniclastic aprons are
based mainly on observations of uplifted ancient succes-
sions, whereas studies of present-day analogues are rare
and mainly regional in scope (Orton 1996; Wright 1996).

In this paper we present a detailed study of the present-
day volcaniclastic apron extending offshore east of Lipari
and Vulcano Islands. The seafloor features of the study
region were deciphered using a composite data set con-
sisting of multibeam bathymetry and reflectivity data,
sub-bottom profiles, sidescan sonar images and ROV re-
cords. These data provide constraints on volcanic and sed-
imentary processes, allowing reconstruction of the pres-
ent-day facies distribution, in accordance with the classi-
fication proposed by McPhie et al. (1993) and McPhie
(1995). The factors which control facies distribution in
this modern volcaniclastic apron are also discussed.

Geological setting

Lipari and Vulcano are the southernmost islands of the
Aeolian arc, an active volcanic belt developed above the
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northwestward-subducting Ionian plate (Fig. 1, upper left
inset; Barberi et al. 1974, 1994). The volcanic islands are
constructed on a continental basement at a depth of ap-
proximately 1000 m (Fabbri et al. 1981; Gabbianelli et
al. 1991).

Lipari Island is made up of volcanic rocks ranging 
in age from approximately 223 ka to historical time 
(Pichler 1980; De Rosa et al. 1985; Crisci et al. 1991).
The eastern side of the island is composed mainly of
products of the youngest volcanic phases: pyroclastic de-
posits and rhyolite domes dating from 42 to 20 ka in the
south, and pyroclastic deposits and lavas emplaced from
17 ka to historical time in the north (Fig. 1). Older prod-

ucts occur only in the Monterosa promontory and consist
mainly of pyroclastic sequences erupted from 150 to
127 ka (Fig. 1). Gamberi and Marani (1997) presented a
detailed correlation of the volcanic units exposed in the
eastern side of Lipari with the offshore morphobathy-
metric features.

The island of Vulcano is formed by four main volca-
nic elements: the Primordial Vulcano; the Lentia Com-
plex; La Fossa Cone; and the Vulcanello peninsula
(Fig. 1; Ventura 1994; De Astis et al. 1997). In the south-
eastern sector of Vulcano Island, the composite cone of
Primordial Vulcano (120–100 ka) is made up of lavas
and minor pyroclastic units (Fig. 1; De Astis et al. 1997).

Fig. 1 Location (top left corner
inset) and bathymetric map of
the study region. 1 Alluvium
and beach deposits; 2 area af-
fected by the 1988 landslide;
3 pyroclastic deposits and lavas
of La Fossa Cone; 4 Vulcanello
lava platform and pyroclastic
deposits; 5 Piano Caldera infill;
6 Primordial Vulcano; 7 Lipari
island volcanic units of the
youngest phases; 8 Lipari is-
land volcanic units of the oldest
phase. CR Capo Rosso lava;
PP2 Punta Papesca 2 lava; PP1
Punta Papesca 1 lava; CC Can-
neto canyon; MSC Monterosa
submarine cone; LC Lipari can-
yon; MLF Monterosa lava
field; BVC Bocche di Vulcano
canyon; VOVS Vulcanello off-
shore volcanic seamounts; VC
Vulcanello canyon; BLV Baia
di Levante valley; EVE eccen-
tric volcanic edifice. The
dashed line marks the bound-
ary of the Baia di Levante Val-
ley. In the area within the rect-
angle, high-resolution sidescan
sonar data are available. Bold
lines are segments of sidescan
sonar and subbottom profiles
illustrated in this paper. The
land data are from De Astis et
al. (1997), Ventura (1994), De
Rosa et al. (1985) and Crisci et
al. (1991)



In the northeastern sector of the island, the Fossa Calde-
ra faces the sea (Fig. 1). It was formed after 15 ka, fol-
lowing the partial destruction of the older Primordial
Vulcano and Lentia Complex (24–15 ka), and is filled by
pyroclastic deposits and lavas erupted between 15 and
8 ka. In the centre of the Fossa Caldera is La Fossa
Cone, an active, 391-m-high, steep-sided volcano
(Fig. 1). La Fossa Cone was formed in the past 6 ka by
pyroclastic deposits and minor lavas; its last eruption
dates back to 1888–1890 (Mercalli and Silvestri 1891;
Frazzetta et al. 1983; Ventura 1994; De Astis et al.
1997). Repeated periods of volcanic unrest have fol-
lowed this eruption; the best known one, culminating in
1987–1990, was characterised by an increase of maxi-
mum temperature of the fumaroles, ground deformation
and the opening of many new fractures on La Fossa
Cone (Barberi et al. 1991). Seismic swarms linked to the
internal dynamics of the volcano are also frequent in the
area (Falsaperla and Neri 1986; Cardaci et al. 1988). All
these processes, enhanced by a reduction of the shear
strength of the volcanic pile due to hydrothermal circula-
tion, favour unstable conditions in La Fossa Cone and in
the adjacent areas (Rasa’ and Villari 1991). The north-
eastern slope of La Fossa Cone is characterised by areas
of extensive mass movement, and the adjacent sea cliffs
show rapid retreat induced by gravity acting on the slope
(Rasa’ and Villari 1991). A recent landslide affected the
seaward flank of La Fossa Cone on 20 April 1988 (Rasa’
and Villari 1991). The sliding mass, with a volume of ap-
proximately 2×105 m3, entered the sea and generated a
small tsunami observed in the nearby village of Porto di
Levante (Achilli et al. 1998; Tinti et al. 1999). The pen-
insula of Vulcanello, the northernmost feature of the is-
land, consists of a lava platform and three nested volca-
nic cones that formed as a new island in 183 B.C.;
younger eruptions resulted in connection with Vulcano
around 1550 A.D.

Previous studies eastward offshore from Vulcano 
(Gabbianelli et al. 1991) revealed the absence of a conti-
nental platform and the presence of an eccentric cone lo-
cated 4 km east of Punta Luccia with its summit at
742 m below sea level (EVE in Fig. 1).

Data set

Bathymetric and reflectivity data acquired with 
SIMRAD EM1000 and EM12 multibeam systems are
available at depths greater than 350 m. A bathymetric
map of the study region, obtained with a 25-m grid inter-
val, is shown in Fig. 1; the reflectivity data are shown in
Fig. 2.

In addition, “Geoacoustic-Geopulse” sidescan sonar
data acquired and processed with an Isis-Triton system
were collected at water depths between 300 and 600 m
(Fig. 1). High-resolution, 3.5-kHz sub-bottom profiles
were collected in parallel with both the multibeam and
sidescan sonar lines. Moreover, the volcanic seamounts
located offshore from Vulcanello were investigated with
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a “Super Achilles” ROV, and subsequently sampled
(Gamberi et al. 1998).

Lipari offshore

Six submarine lavas have been recognised in the north-
eastern Lipari offshore area (Gamberi and Marani 1997);
three of them are shown in the northern part of Figs. 1
and 2; the remaining three submarine lavas are further
north. The morphology of the lavas and their relation-
ships with on-land outcropping units led Gamberi and
Marani (1997) to interpret them as the submarine portion
of silicic lava flows generated from vents on land.

In the northeastern limit of the reflectivity data
(Fig. 2), a high backscatter area marks the rocky surface
of the Capo Rosso lava, whereas poor reflectivity data
coincide with the Punta Papesca 2 lava. The surface of
the silicic Punta Papesca 1 lava is a tongue-shaped, me-

Fig. 2 Multibeam reflectivity data over the study region. Note that
reflectivity data do not cover the upper slope portion where bathy-
metric data are available (see Fig. 1 for comparison). CGT coarse-
grained talus downslope from the front of the Punta Papesca 1 la-
va; CGL coarse-grained lobe at the mouth of the Canneto canyon;
IC incised chutes downslope from the CGL; SWR swales and ridg-
es on the surface of the Baia di Levante volcaniclastic fan; CHR
chutes and ridges in the lower BLV. The remaining acronyms and
map limits are the same as in Fig. 1



dium backscatter area, up to 1250 m wide, with narrow,
concentric high-reflectivity ribbons (Fig. 2). The high re-
flectivity, downflow-convex ribbons have been interpret-
ed as curved ridges which stand out from the slightly
sedimented, medium backscatter lava surface. The spac-
ing of the downflow-convex ridges is approximately
100 m. The high backscatter of the flanks and the front
of the lava (Fig. 2) indicates that these steep surfaces are
rocky. A high backscatter area that extends downslope
from the 200-m-high Punta Papesca 1 lava front (Fig. 2)
consists of coarse lava fragments.

A high backscatter area between the Punta Papesca 1
lava and the Monterosa submarine cone marks the floor
of the Canneto canyon, with a gradient of 13° and a
width of 250 m. The Canneto canyon appears to die out
at a depth of approximately 750 m, where a decrease in
the slope (9°) is associated with downslope-convex
bathymetric contours and high backscatter seafloor
(Figs. 1, 2). This seafloor region is lobate in plan
(Fig. 2), with a width of approximately 1000 m at a wa-
ter depth of 950 m and fanning out downslope. We inter-
pret it as a region floored by coarse-grained sediment at
the mouth of Canneto canyon (Fig. 2). Further down-
slope, the seafloor presents medium backscatter, but
channelised features in the form of small elongated
chutes are present, as is also evident from narrow, high
backscatter ribbons (Figs. 1, 2).

The Monterosa submarine cone displays high back-
scatter, indicating the presence of predominantly coarse-
grained detritus, as already suggested by Gamberi and
Marani (1997). Conversely, the low backscatter seafloor
of the Monterosa lava field (Gamberi and Marani 1997)
suggests that it is covered by fine-grained sediments;
high backscatter tones, evidence of coarse-grained mate-
rial, are confined to the depressed areas between the dif-
ferent flow units which constitute the Monterosa lava
field.

South of the Monterosa submarine cone, coarse-
grained facies flooring the Lipari canyon is represented
by high backscatter seafloor. The upper part of Lipari
canyon has a width of 500 m and a gradient of 8°. At a
depth of approximately 600 m it bifurcates into a south-
ern, 500-m-wide branch and a northern one, 200 m wide.
These high backscatter branches diverge downslope on
either side of a low backscatter area, which reaches a
width of 750 m. Further canyon bifurcation occurs in the
wider, southern branch of the Lipari canyon. The various
branches of the Lipari canyon connect with the Baia di
Levante Valley, a high backscatter area offshore north of
Vulcano Island.

Vulcano offshore

In the area between Lipari and the Bocche di Vulcano
canyons, the upper slope, down to approximately 700 m,
is characterised by alternating ridges and valleys
(Fig. 1). High-resolution sidescan sonar images of this
portion of the study region show that the ridges and the
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sides of the valleys are low backscatter areas covered by
sediment; rocky outcrops are, however, represented by
high backscatter spots (Fig. 3). Other sidescan sonar
lines in this area show that gullies and slumps are com-
mon on the flanks of the ridges. The floors of the largest
valleys, such as the Bocche di Vulcano canyon, are
marked by high backscatter tones (Fig. 3). The high
backscatter associated with the Bocche di Vulcano can-
yon dies out at approximately 700 m.

Adjacent to Vulcanello peninsula, a field of volcanic
seamounts is shown by the bathymetric map (Gamberi et
al. 1998; Fig. 1). The largest of these seamounts rises
70 m above the surrounding seafloor at a depth of 300 m
and is composed of two coalescing cones oriented in a
WSW–ENE direction (Fig. 1). The reflective pattern of
the seamounts, in the high-resolution sidescan sonar data
(Fig. 4) and ROV records, indicate that they are com-
posed mainly of pillow lavas from very recent submarine
eruptions, and are covered by only a thin veneer of sedi-
ments (Gamberi et al. 1997). Samples collected from one
of these volcanic seamounts are basaltic (Gamberi et al.
1998). In addition, ROV images show that in some por-
tions of the seamounts, and particularly at their bases,
there are accumulations of pillow fragment breccia com-
posed mostly of large fragments of pillow tubes. A high
backscatter reflective pattern characterises the seafloor
as far as 1 km downslope from the volcanic cones. The
ROV records show that this area is floored by sandy sed-
iment, coarser than the otherwise low backscatter sur-
rounding sediment.

Sediment-covered seafloor extends to the south of the
volcanic seamounts. The low-backscatter reflectivity pat-
tern is interrupted by the 200-m-wide floor of the Vul-
canello canyon, where narrow, high backscatter features,

Fig. 3 High-resolution, sidescan sonar image of the Bocche di
Vulcano canyon (see Fig. 1 for location). Ship track (bold line in
the centre of figure) cuts obliquely across the canyon floor. The
lower and upper parts of figure show the shallower and deeper
portions of the canyon, respectively. A linear, erosional scarp
marks the southern flank of the canyon and delimits the high back-
scatter canyon floor. Note downstream-concave bedforms at the
centre of the canyon and the blocky reflective pattern of the north-
ern canyon floor
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elongate in the downstream direction (Fig. 5), variously
diverge and converge, isolating low-backscatter ele-
ments.

A particular feature of the Vulcano offshore zone is a
downslope-widening valley, hereafter named Baia di
Levante valley (BLV), facing the Fossa caldera. This
valley is characterised by high backscatter tones; howev-
er, both across- and along-slope reflectivity texture vari-
ations are present. In particular, in a downslope direc-
tion, upper, middle and lower portions of the BLV, each
characterised by distinctive morphobathymetric and sea-
floor reflectivity features, can be distinguished.

The upper portion of the BLV, down to approximately
600 m, is characterised by downslope concave bathymet-
ric contours and a gradient of 9° (Fig. 1). Erosional fea-
tures are well developed at approximately 500 m water
depth (Fig. 6) and common on its northern side. In con-
trast, a pronounced scarp marks the southern boundary
of the upper portion of the BLV (Figs. 6, 7). Down to ap-
proximately 500 m depth, this scarp is flanked by a high
backscatter chute containing dispersed large blocks. The
centre of the BLV upper portion is characterised by a ho-
mogeneous high backscatter pattern within which, how-
ever, some scattered blocks are evident (Fig. 6). These
seafloor features suggest that a homogeneous, coarse-
grained layer with dispersed large blocks covers the up-
per portion of the BLV. 

The BLV middle portion, down to approximately
800 m, has downslope-concave contours with a gradient
of 7°. A sub-bottom profile crossing this portion of the
BLV (Fig. 8) indicates that it is the site of a low-relief,
coarse-grained fan, with swales of coarse-grained sedi-
ment between slightly elevated ridges covered by finer-
grained sediment. In the reflectivity map, the swales are

Fig. 4 High-resolution, sidescan sonar image of the Vulcanello
offshore volcanic seamounts (location in Fig. 1). Ship track (bold
line in the centre of figure) is just west of the largest pillow lava
cones, imaged in the lower half of figure, offshore from Vulcan-
ello. Note the difference in backscatter tone between the recent
cones to the SSE and an older cone, presumably sediment-covered
to the NNW. In the upper sidescan sonar swath (upper half of fig-
ure), lobate scarps are the edges of successive pillow lavas.
Coarse-grained deposits derived from the seamounts accumulate
between the pillow lava cones, resulting in high backscatter tones

Fig. 5 High-resolution, sidescan sonar image of the Vulcanello
canyon (see Fig. 1 for location). Ship track (bold line in the centre
of figure) crosses the canyon at a depth of approximately 450 m.
The upper half of figure shows the canyon floor from a depth of
approximately 380 m (top) to approximately 450 m. High back-
scatter tones correspond to areas covered by coarse-grained depos-
its, whereas low backscatter characterises a finer-grained longitu-
dinal bar in the central portion of the canyon floor. The geometry
of along-slope acquisition accounts for the poorer-quality data
over the deeper portions of the canyon in the downslope-looking
sidescan sonar swath (lower half of the figure)

downslope-elongated, high-backscatter ribbons running
between the low-backscatter ridges. The ridges have
maximum length of 1 km and width of 125 m (Fig. 2).
The southern and northern margins of the fan are slightly
incised by chutes running along the boundary of the BLV
(Figs. 1, 8).

The lower portion of the BLV is characterised by a
gradient of 4.5° and is bounded by two prominent E/W-
trending scarps, which reach a height of 120 m (Figs. 1,
9). From a depth of 800–950 m, the southern boundary
scarp follows a NE-elongated ridge coinciding with the
eccentric volcanic edifice described by Gabbianelli et al.
(1991). This ridge is characterised by a low-backscatter
seafloor (Fig. 2), with a 15-m-thick cover of fine-grained
sediments, observed in the sub-bottom profiles (Fig. 9).
The surface of the lower portion of the BLV is character-
ised by diamond-shaped low-reflectivity areas isolated
within anastomosing high-backscatter areas (Fig. 2). The
low-reflectivity areas coincide in places with sedimented
bathymetric highs, representing low-relief ridges sepa-
rated by slightly incised chutes (Figs. 1, 9). The dimen-
sions, frequency and relief of the ridges increase down-
slope.
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Fig. 6 High-resolution, sidescan sonar line (location in Fig. 1) im-
aging the upper portion of the Baia di Levante valley from a depth
of approximately 480 m (upper limit of figure) to a depth of 550 m
(lower limit of figure). Note dendritic channels, gullies and slumps
along the northern boundary of the BLV. The central BLV portion
has a homogeneous high backscatter texture; dispersed blocks ten

of metres across are, however, evident. The scarp which bounds
the BLV to the south could be the result of mass-wasting process-
es. The geometry of along-slope acquisition accounts for the poor-
er-quality data in the downslope-looking sidescan sonar swath
(lower half of the figure)

Fig. 7 High-resolution, side-
scan sonar image of the south-
ern portion of the upper Baia 
di Levante valley. The scarp
which marks the boundary of
the BLV could be the result of
mass-wasting processes acting
on the slope, as also suggested
by the detached slide block 
adjacent to this feature. The ge-
ometry of acquisition accounts
for the poorer-quality data in
the downslope-looking side-
scan sonar swath (upper half of
the figure)

Fig. 8 A 3.5-kHz sub-bottom
profile over the Baia di Levante
volcaniclastic fan (vertical
scale in metres). The surface 
of the fan is scoured by swales
between slightly elevated ridg-
es. The swales and ridges have
a very subdued relief and they
are not evident on the bathy-
metric map (Fig. 1). The Lipari
canyon is present in the NNW
corner of the line. A longitudi-
nal bar with fine-grained sedi-
ments is evident between its
northern and southern coarse-
grained branches
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Discussion

The seafloor features offshore from Vulcano and Lipari
have been interpreted in terms of their volcanic and sedi-
mentary processes. The identification of primary volca-
nic features and of possible clast-forming, transport and
depositional processes has allowed the distinction among
primary volcanic, resedimented volcaniclastic and volca-
nogenic sedimentary facies. This facies subdivision fol-
lows the genetic classification of volcanic facies used by
McPhie et al. (1993) and McPhie (1995), wherein: pri-
mary volcanic facies are generated directly and exclu-
sively by volcanic processes; resedimented volcaniclas-
tic facies are composed of clasts initially formed by vol-
canic processes but then redeposited more or less syn-
chronously with or following directly after eruption with
negligible reworking; and volcanogenic sedimentary fa-
cies are volcaniclastic deposits that mainly reflect sedi-
mentary processes of transportation and deposition. The
resultant facies associations for the Vulcano and Lipari
volcaniclastic apron are presented in Fig. 10.

Primary volcanic facies comprise: the submarine por-
tions of the silicic Capo Rosso and Punta Papesca 1 and
2 lavas; the Monterosa submarine cone consisting of
pyroclastic deposits covered by coarse-grained volcano-
genic sediment; and the Vulcanello offshore seamounts
consisting of basaltic pillow lava cones. A submarine
volcanic centre is also present south of the BLV, overlain
by as much as 15 m of fine-grained sediments indicating
that it is not a recent feature.

Reflectivity data reveal some small-scale features of
the primary volcanic facies. In particular, the ridges on
the surface of the Punta Papesca 1 lava can be interpret-
ed as ogives. In subaerial silicic lavas, ogives have been
interpreted either as folds on the surface of the lava
(Loney 1968; Fink 1980) or as ramp structures (Mac-
Donald 1972). Surface folds can form only while the la-

va flow surface remains hot and ductile (Cas and Wright
1987). In the case of the Punta Papesca 1 lava, rapid
cooling of the surface in contact with the seawater must
have occurred. We therefore interpret the ogives on the
surface of this submarine lava as the result of fracturing
and ramping of the cool and brittle lava carapace com-
pressed behind the stagnant flow front.

Coarse-grained deposits marginal to and closely 
associated with the primary volcanic facies have been 
inferred from the reflectivity data and interpreted as 
resedimented volcaniclastic facies. Autobrecciation,
quench-fragmentation and/or local explosive activity (cf.
Cas et al. 1990) would have accompanied the submarine
emplacement of the Punta Papesca 1 lava generating vo-
luminous clastic debris. The coarse-grained talus which
extends over 1 km2 as far as 700 m downslope of the la-
va front (Figs. 2, 10) probably consists of resedimented
autoclastic facies derived from the lava. This facies asso-
ciation closely matches that of ancient submarine silicic
lavas presently outcropping on land, where coherent 
lava facies are surrounded by in situ hyaloclastite and
distal resedimented facies (Kano et al. 1991; Cas 1992;
McPhie and Allen 1992; McPhie et al. 1993).

Coarse-grained talus downslope from the recent volca-
nic seamounts offshore from Vulcanello is made up of
decimetric blocks derived from gravity-driven collapse of
unstable lava pillows, resulting in the deposition of pil-
low-fragment breccia. Sandy deposits marked by high
backscatter predominate further downslope and are more
difficult to explain. This facies is confined between two
bathymetric highs consisting of sediment-covered prima-
ry volcanic elements, suggesting that it could comprise
deposits of gravity flows, such as turbidity currents or de-
bris flows. We can therefore interpret these deposits as re-
sedimented volcaniclastic debris which could be directly
related to volcanic eruptions in the adjoining seamounts,
or generated by subsequent gravitational instability.

Fig. 9 A 3.5-kHz sub-bottom
profile over the lower portion
of the Baia di Levante valley
incised by chutes cutting
through sediment-covered ridg-
es. Note the large ridge in the
central portion of the BLV. 
This is also present in bathy-
metric map (Fig. 1). The eccen-
tric volcanic edifice to the
south of the BLV has a sedi-
ment cover up to 15 m thick.
The vertical scale is in metres
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Volcanogenic sediments, derived mainly from surface
weathering, reworking and erosion, are transported to the
offshore apron via numerous canyons. Two main can-
yons dissect the Lipari slope. Their location is controlled
by the distribution of submarine primary volcanic ele-
ments. The Canneto canyon is confined between the
Punta Papesca 1 lava and the Monterosa submarine cone,
whereas the Lipari canyon begins at the southern base of
the Monterosa submarine cone.

The narrow and steep floor of the Canneto canyon is en-
tirely floored by coarse-grained facies that could be lag de-
posits from vigorous currents. The 1-km2 lobe of coarse de-
posits downslope from the canyon mouth probably devel-
oped in response to deceleration of gravity flows because
of lateral spreading at the canyon mouth and the observed
decrease in gradient. The small (<70 m wide) erosive
chutes present downslope suggest that some of the flows
bypass this depocentre and continue eroding (Fig. 10).

Coarse-grained facies also occurs on the floor of the
uppermost part of Lipari canyon. Here, gravity flows
separate downstream, resulting in chutes incised between
longitudinal banks on which fine sediment accumulates.
Smaller-scale lateral separation of gravity flows is also
evident within the Vulcanello canyon.

Gravitational instability on the flanks of La Fossa
cone feeds a large volume of coarse-grained material to
the offshore apron. The coarse-grained facies on the
floor the upper BLV is the result of the prevalence of
such mass-wasting processes. Dendritic channels and
gullies on the northern side of the BLV reflect the dom-
inance of erosion. The block streams along the southern
margin of the BLV could be debris avalanche deposits
generated by landslides which affect the emergent La
Fossa cone and enter the sea during catastrophic, high-
energy events (Rasa’ and Villari 1991). Mass-wasting
phenomena might also be responsible for the scarp

Fig. 10 Present-day facies dis-
tribution in the Lipari and Vul-
cano volcaniclastic apron. Ac-
ronyms are the same as in
Fig. 1



which bounds the upper portion of the BLV to the
south.

The middle BLV volcaniclastic fan shows a subdued
morphology consisting of low-relief swales and flanking
ridges. The swales are floored by coarse-grained sedi-
ment that grades into finer-grained sediment on the ridg-
es. Reflectivity patterns similar to that of the middle
BLV have been observed in the upper part of present-day
submarine fan deltas, where coarse gravel and sand oc-
cur in low-relief swales adjacent to ridges composed of
gravelly sand (Prior and Bornhold 1989, 1990; Soh et al.
1995). The lower portion of the BLV is similar, as far as
the downslope limit of data, and consists of incised
chutes running between low-relief diamond-shaped ridg-
es. The erosional chutes are covered by coarse-grained
sediment, whereas finer-grained sediment caps the ridg-
es. Similar seafloor features have been observed in the
middle fan zones of the present-day Bear Creek fan del-
tas (Prior and Bornhold 1989) and in the area downslope
of the Fujikawa fan delta (Soh et al. 1995). Concentra-
tion- and density-stratified turbidity currents, with basal
parts channelised within the swales and chutes and upper
parts spreading over larger areas, may be responsible for
the observed morphology and sediment distribution over
the middle and lower part of the BLV.

Between 1888 and 1892, multiple breaks of a subma-
rine telegraph cable which crosses the BLV occurred (De
Fiore 1916). We hypothesise that these events could be
related to high-energy gravity flows running along the
BLV, rather than to submarine volcanic eruptions as sug-
gested elsewhere (Gabbianelli et al. 1991; Etiope et al.
2000).

Fine volcanogenic sediments that cover the remaining
seafloor probably result from water settling of fallout
from explosive subaerial eruptions which are frequent on
Lipari and Vulcano Islands and from settling from dilute
suspensions accompanying gravity flows running in the
main canyons and in the BLV.

Conclusion

The Lipari and Volcano offshore apron is dominated 
by volcanogenic sedimentary facies, which largely ex-
ceeds resedimented volcaniclastic and primary volcanic
facies. Primary volcanic elements, scattered offshore
from Lipari and Vulcano, show various compositions
and emplacement mechanisms. They include silicic lavas
erupted from vents on land and basaltic pillow lava se-
amounts. Submarine primary volcanic features, despite
their limited areal occurrence, nevertheless play a major
role in controlling the facies architecture in the Lipari
and Vulcano offshore apron.

Resedimented volcaniclastic facies are closely associ-
ated with some of the primary volcanic facies. The Punta
Papesca 1 lava is surrounded by coarse-grained talus and
an elongate lobe of talus covers the seafloor downslope
from the volcanic seamounts offshore Vulcanello. The
lobe is confined between two ridges underlain by prima-

ry volcanic facies. In this case, the primary volcanic ele-
ments acted as a source of debris and also created topog-
raphy that governed the route for downslope transport
and deposition of resedimented volcaniclastic debris.

The primary volcanic facies offshore from Lipari and
Vulcano also control the downslope transport of volca-
nogenic sediment fed from the islands. Canneto and 
Lipari canyons are walled by primary volcanic elements.
Confined gravity flows spread at the base of the flanking
volcanic elements, triggering deposition of coarse-
grained sediment at the mouth of the Canneto canyon.

Control of the offshore sedimentary evolution by 
the dynamics of the emergent portions of the volcanic
edifices is particularly evident in the area facing Baia di
Levante. Here, high-seismicity, ground deformation as-
sociated with volcano dynamics, and hydrothermal alter-
ation of the volcanic pile, favour volcano instability re-
sulting in landslides entering the sea. As a consequence,
subaqueous gravity flows originating on the upper slope
of the BLV generate various depositional and erosional
features including a swale-scoured volcaniclastic fan in
the middle slope and a chute-incised valley in the lower
slope.
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