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[Corsaro et al. 2002; Chiocci et al. 2011], which was dis-
rupted and modified by erosive and tectonic processes
during the time, since its formation more than 220 ka
ago [Branca et al. 2011]. 

Interesting magnetic features are also observed on
the easternmost portion of  the Riposto Ridge, since two
small high-frequency positive anomalies (100 nT) are
placed on two structural highs, the Riposto Shoal and
the Fondachello Ridge (Figures 9 and 10). In this sector
the Euler’s solutions are clustered at very shallow posi-
tions (100-200 m b.s.f.) suggesting the lack of  deep roots
for these two anomalies (Figure 10). They are mostly
related to lavas flown over or intruded within the sedi-
mentary sequences of  the basement. 

The high-frequency positive anomaly recorded off-
shore Giardini Naxos is related to the underwater ex-

tension of  the Alcantara lava flow (as previously inferred
by Del Negro and Napoli [2002]), which produces high
magnetic signals; while the magnetic data acquired off-
shore the coast between Giardini Naxos and Nizza di
Sicilia do not show any evidence of  the inferred SE
extension of  the Tindari-Letojanni fault system [Lan-
zafame and Bousquet 1997].

Finally, no evidences on magnetic data (Figures 9
and 10) of  the presence of  an ancient volcanic edifice
were found along the continental slope, south of  the
Riposto Ridge, as supposed by Patanè et al. [2009].

The first results of  the magnetic survey show, in
correspondence of  the southern sector of  the surveyed
area, a large and intense magnetic positive anomaly re-
lated to deep (about 1200 m b.s.f.) sources (Figure 10).
Unfortunately the related magnetic anomaly pattern
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Figure 9. Total intensity magnetic anomaly field offshore Mt. Etna.
Grid cell size is 200 m; contours intervals are every 50 nT. CH
(Chiancone volcanoclastic deposit), TA (Timpa area), TSC (Timpa
sea-cliff ), RS (Riposto Shoal), FR (Fondachello Ridge).

Figure 10. Reduced to the pole magnetic anomaly map (inclination
53.3°; declination 2.9°) offshore Mt. Etna. Grid cell size is 200 m.
Unfilled black circles indicate the geographical positions of  Euler’s
deconvolution magnetic sources. CH (Chiancone volcanoclastic de-
posit), TA (Timpa area), RS (Riposto Shoal), FR (Fondachello Ridge).



was not properly described due to a southward limited
survey covering. This leaded us to plan an extension of
the survey (accomplished in 2015 with the same H/V
“Galatea”), during which additional magnetic data, to-
gether with new gravity profiles, were collected [Col-
telli et al. 2016, in this volume].

4.2. ROV dives observations
Video recordings and observer notes collected dur-

ing ROV dives were examined to characterize the main
morpho-structural features, e.g., lava bodies, fault scarps,
fractures and joints. Moreover, the rock samples col-
lected during the dives were macroscopically examined
to distinguish their lithology and mineralogy (Table 1).

On the Riposto Shoal, ROV dives provided evi-
dences of  volcanic blocks and lava flows, only partially
incrusted, located in water depth ranging from 65 to 130
m. The lithological analysis of  the samples recovered by
ROV (Figure 11 and Table 1) confirmed the volcanic na-
ture of  the outcrops on the shoal. The morphology of
the lava flows (similar to those erupted inland by Etna
volcano) and the lack of  pillows lava and hyaloclastic
breccia deposits (typical rocks of  underwater volcanic
eruptions) suggest a subaerial emplacement of  these vol-
canic products, probably erupted during a lowstand of  sea

level. This inference is only partially in agreement with
the interpretation of  Patanè et al. [2009], who firstly iden-
tified the volcanic manifestations on the shoal, but hy-
pothesizing their underwater emplacement. On top of the
shoal, between 70 to 100 m water depth, several mounds-
like structures, tens of  meter large with a height up to 15
m, were also observed (Figure 11). All around their base
piles of  decimetre-size pebbles were also seen. The de-
posit was sampled by ROV and lithologically examined,
confirming the volcanic nature of  the pebbles (Table 1).

Off  Fondachello beach, in water depths between 70
to 150 m, several other morphological highs have been
identified by Chiocci et al. [2011]. ROV dives, carried out
on the Fondachello Ridge, shown a hard massive lithol-
ogy of  some of  them, with conchoidal fractures (Figure
12) and columnar joints, typical of  volcanic outcrops.
Others were up to 4 m high mounds-like structures (Fig-
ure 12), showing a sub-rounded shape; at their base a
well-sorted deposit of  decimetre-size lava and metamor-
phic pebbles was observed and sampled by ROV (Table
1). This deposit could represent a paleo-beach formed
during a lowstand of  sea level, as suggested by the actual
polygenic coastal deposits, made by reworked pebbles
coming from both the sedimentary/metamorphic Sicil-
ian Apennine Chain and northeastern flank of  Etna vol-
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Figure 11. ROV images on top of  the Riposto Shoal showing: (a) large blocks at about −85 m; (b) and (c) a seafloor sampling along a lava
rock talus; d) one of  the mounds-like structures localized in the area.
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cano. Whereas the deposits observed around the mound
structures on the Riposto Shoal are probably due to the
sea erosion of  in-situ volcanic structures, probably intru-
sions, since the shoal is too far from the coast, from which
it is separated through a saddle, ruling out a terrigenous
origin of  lava flows. The pebbles forming the deposits in
both places were well-exposed (Figures 6, 11 and 12) due
to strong littoral currents sweeping out the sediment. 

Finally, no evidences of  gas emissions were found
on whole the investigated area.

5. Conclusive remarks
The results, presented in this paper, must be consid-

ered as preliminary data, since they need to be better cor-
related with other geophysical data acquired during the
TOMO-ETNA experiment and previous surveys, as well
as compared with INGV earthquake and volcano moni-
toring data. All the seafloor samples, for instance, need
detailed petrographic and chemical analysis, in way to be
associated with the products erupted inland and then cor-
related with a specific stage of  the volcanic evolution of
Mt. Etna [Branca et al. 2011]. Moreover, samples as well as
ROV observations have to be compared to other seafloor
rocks coming from dredges and ROV images collected in
the area during previous oceanographic cruises. 

The results of  the magnetic survey showed, in cor-
respondence of  the southern sector of  the surveyed
area, a large and intense magnetic positive anomaly re-
lated to deep sources (Figure 10); conversely, in the
northern offshore area, high frequency RTP magnetic
anomalies associated to shallow volcanic manifesta-
tions are placed over a low magnetized sedimentary se-
quence of  the basement.

A first correlation between magnetic and ROV data
allows us to identify on the easternmost portion of  the
Riposto Ridge some locally developed volcanic struc-
tures. ROV data (observations and seafloor samples) val-

idate the results of  the magnetic survey and vice versa,
highlighting the presence of  volcanics on both the Ri-
posto Shoal and Fondachello Ridge (Figures 9 and 10).
The volcanic outcrops detected on the shoal are relative
to lava flows and volcanic bodies probably related to a
local shallow intrusion, since there are no magnetic evi-
dences of  deep roots (Figure 10); ROV images allow us to
interpret them as formed in a subaerial environment.
Conversely, we do not have any element to infer the
provenience of  the lava structures occurring on the Fon-
dachello Ridge, since they could be associated to under-
water and/or subaerial volcanic manifestations.

Moreover, the ongoing magnetic data processing
will provide new information about magnetic suscep-
tibility of  crustal bodies identified on the reflection
seismic [Firetto Carlino et al. 2016, in this volume] and
gravity data [Coltelli et al. 2016, in this volume] acquired
within the TOMO-ETNA experiment, strengthening
the geological interpretations. 

On the whole, the results deriving from this cruise,
together with those produced by the other scientific ac-
tivities of  the TOMO-ETNA experiment, will furnish an
essential dataset to better constrain the evolution of  Etna
volcanism and, more in general, the structural pattern
offshore the volcano.
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Figure 12. ROV images on Fondachello Ridge displaying, on the left, the outcrop at some 76 m b.s.l. of  a massive lava block characterized
by conchoidal fractures and, on the right, a mounds-like structure showing a sub-rounded shape with, at its base, a pebble deposit.
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