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Abstract — Multibeam bathymetry has deeply changed
our vision of the seafloor, allowing to map a large suite
of landforms associated to  oceanographic,
sedimentary, volcanic and tectonic processes. Besides
the advances in understanding the processes shaping
the seafloor, these data represent a basic input both
for a first assessment of marine geohazards and for
planning more detailed studies. In this regard, the use
of repeated bathymetric surveys in geologically-active
areas is becoming a fundamental tool to evidence and
monitor areas affected by rapid seafloor variations,
whose genesis can be linked to active natural
phenomena that otherwise would be often
undetectable. In this paper, we show a review of
examples from Southern Italy, where the application
of such methodological approach allowed to monitor
active erosive-depositional and volcanic processes.

I.  INTRODUCTION

In the last few decades, advance in seafloor imagery
systems (especially multibeam bathymetry) has enabled
to extensively map the main morpho-bathymetric features
of the Italian Seas from coastal to deep waters [1, 2, 3],
providing an unprecedented view of oceanographic and
geological processes shaping our seafloor [4, 5, 6, 7, 8]. A
large spectrum of landforms associated to volcanic,
tectonic and sedimentary features has been recognized.
These data were often useful also for biological [9,10]
and archeological studies [11], including paleo-landscape
reconstruction [12].

Despite multibeam data can be used for several purposes,
representing a basic information for any kind of more
detailed seafloor observation and in-situ study, in the last
years attention has been focused on the study of
landforms that can be associated to marine geohazards,
such as active canyon heads, tsunamigenic landslides,
active faults and volcanism [13, 14, 15, 16]. In this regard,
repeated bathymetric surveys represent a fundamental
tool to monitor the morphological evolution of landforms
associated to marine geohazards and more generally to

evidence rapid seafloor variations occurring in
geologically-active areas [17, 18]. This is particularly
evident for shallow-water areas, where the resolution of
multibeam data increases exponentially along with the
possible hazard associated to the geohazards-related
features due to the proximity with the coastlines and the
higher tsunamigenic potential.

The aim of this paper is to show a brief review of
published examples on the use of repeated bathymetric
surveys along geologically-active areas in southern ltaly
as well as to evidence possible uncertainties related to the
correct interpretation of the measures provided by this
methodological approach. Specifically, this latter point is
dealt with in the next section.

1. DATAAND METHODS

Multibeam data used for this work have been acquired
in the last 20 years from the University Sapienza of Rome
and National Research Council (CNR) during several
oceanographic cruises carried out aboard the R/V Thetis,
Urania and Minerval (CNR), Universitatis (CONISMA,
Inter-University Consortium for Marine Sciences) and
small launch for shallow-water sectors (< -100 m). Data
were acquired with different multibeam systems working
at frequency, ranging from 50 to 455 kHz and coupled
with DGPS (commonly at depths greater than 100 m) or
RTK/PPK (coastal surveys in the first 100 m) data for
spatial positioning. Repeated patch tests (i.e. ad-hoc
sounding lines acquired for the calibration of the
multibeam sensor) in areas close to the survey zone and
daily sound speed profiles were acquired during the
surveys. Data were processed with a non-standard
procedure to ensure the maximum possible resolution for
each bathymetric interval; for details on data acquisition
and processing, refer to references [3 and 7]. The cleaned
data were gridded to obtain Digital Elevation Models,
having a cell-size variable from sub-metric in shallow-
water (down to -100 m) up to 25 m in deep water (down
to -2500 m). Vertical accuracy of bathymetric data has
been roughly estimated at 0.1 m in shallow water and
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several meters for deeper hydrographic data [7].

The methodology to monitor seafloor changes consists
in computing the difference between two co-registered
Digital Elevation Models obtained from repeat multibeam
surveys. The resulting “residual map” quantifies the
change in elevation between the two surveys, with
positive values showing seafloor accretion (or
deposition), negative values showing seafloor erosion,
and null values showing unchanged surfaces. However,
the correct interpretation of morphological changes and
their use to compute mobilized volumes should be
carefully checked. Several sources of errors can affect the
accuracy of soundings, including geo-positioning
techniques (GPS, DGPS, RTK, PPK), type of sonar
system used (i.e., frequency and beam width), meteo-
marine conditions, vessel configuration, tide and vessel
draught, parameters of the water-column affecting sound
velocity and its absorption, use of real-time sound
velocity probe close to the transducer for beam-forming
and ray-tracing, speed and overlapping between survey
track lines, bottom detection algorithm, etc [7 and 19].
Moreover, it is fundamental a careful processing of
multibeam data, able to recognize the type and variability
of faults induced by the incorrect application of sound
velocity profiles, instrumental offset, motion sensor
parameters and delete the acoustic artifacts.

Once data have been correctly cleaned and residual
maps generated, it is fundamental to check the results in
areas presumably not affected by seafloor variations (for
instance, bedrock outcrops). These areas represent a
benchmark to constraint the error range of the residual
maps and estimate the reliability of the data. Seafloor
variations larger than this error range could be considered
reliable and then linked to specific oceanographic or
geological processes acting on the seafloor based on their
overall shape, location and information retrievable from
literature or web. It is also noteworthy that errors in the
estimation of seafloor variations and associated
volumetric computation are strongly dependent from the
local seafloor morphology. Indeed, in the case of steep
slope even a minimal lateral offset would result in
substantial changes of the correct figure with respect to
gently sloping areas.

I1l.  RESULTS AND FINAL REMARKS

Several examples of repeated bathymetric surveys
were carried out around some of the most active areas in
the southern Italy, encompassing active insular volcanoes
and canyon heads along tectonically-controlled margin.

As active insular volcanoes are concerned, the best
example is represented by the morphological monitoring
of the submarine part of Sciara del Fuoco depression (SdF,
Fig. 1) at Stromboli Volcano in the last 15 years. The Sdf
is the last of four sector collapses that affected the NW
flank of Stromboli in the last 13 ka [20 and 21]. This scar
has acted as a main channel for the seaward transport of
the large amount of volcaniclastic products produced by
the persistent Strombolian activity at the summit craters
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[21]. All this material has formed a steep volcaniclastic
apron into the first -300 m, where a tsunamigenic
submarine landslide occurred in 2002, representing the
final stage of a complex eruption-driven instability
process [22]. The extent and geometry of the
tsunamigenic submarine failure were reconstructed only
through the comparison of multibeam surveys carried out
before and after the event [23]. This comparison also
allowed to compute the volume mobilized from the 2002
slide, accounting for about 10x10% m3. This value was
also a fundamental input for the numerical modelling of
the related landslide-generated tsunami waves [23]. More
interestingly, the  successive  bathy-morphological
monitoring of this area [24] revealed a very rapid infilling
of the 2002 scar, that was mostly sealed in 2007, only
five years after the event. In addition, a new effusive
eruption started in March 2007, forming a large lava delta
within the 2002 scar. Repeated bathymetric surveys were
realized during and after the 2007 eruption (Fig. 1),
enabling to reconstruct the growth and evolution of the
submarine part of the 2007 lava delta [18].
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Fig 1. Aerial photo and isobaths (pre-2007 eruption,
equidistance 50 m) of the Sciara del Fuoco depression at
Stromboli. Residual map obtained as difference between
multibeam bathymetries collected pre- and post- 2007
eruption is also shown, evidencing the accretion (up to
65m) of the seafloor due to the emplacement of the 2007
lava delta; for details see [18].

The residual map shows that the 2007 lava delta
extended down to 600 m water depth, covered an area of
420x10° m?, with a maximum thickness of 65 m,
accounting for an estimated volume of ~7X10% m3, i.e.,



three times larger than its subaerial counterpart. Since the
2007 eruption, the evolution of the delta has been yearly
monitored through bathymetric surveys, evidencing its
overall dismantling through the occurrence of small
mass-wasting processes (unpublished data).

As tectonically-controlled margins are concerned,
repeated bathymetric surveys have been realized at the
head of submarine canyons off Calabria coastline and in
the Messina Strait (Fig. 2). These areas are characterized
by narrow or totally lacking continental shelves and steep
continental slopes, carved by several canyons, whose
head often arrive up to some meters of depths, few tens of
meters far from the coast [16]. Most part of the
morphological variations can be associated to small
landslides occurring at the head of the canyons [13, 17,
25, 26]. These landslides typically mobilize volume of
several tens of thousands of cubic meters and are
characterized by a retrogressive evolution, causing a
landward retreat of the canyon head of several tens of
meters (Fig. 2). In the Western Messina Strait, submarine
landslides occurred during or shortly after the 2009 flash-
flood, suggesting that the drained/undrained load exerted
by the flash-flood generated hyperpycnal flows on the
seafloor can be a plausible triggering mechanism for the
development of small slope failures at the canyon
head 13
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Fig 2. Aerial photo, shaded relief map and isobaths
(equidistance 20 m) of the Western Messina Strait, where
several submarine canyons carved the continental slope.
The zoom in the upper left shows residual map obtained
as difference between pre- and post- 2009 flash flood
occurred in the area, where a retrogressive submarine
landslide is recognizable at the canyon head; for details
see [13].
By considering the proximity of these canyons at the

coast (few hundreds of meters, Fig. 2), it is evident that
the morphological evolution of their head should be
carefully monitored, because future retrogressive
landslides could intersect the coastline, representing a
main geohazard for the densely inhabited coastal sectors.
The destructive potential of these processes has been, in
fact, witnessed by two recent examples of tsunamigenic,
retrogressive landslides occurred at the head of the Gioia
Tauro (Calabria, Italy) and Var Canyons (Nice, France)
in 1977 and 1979, respectively [27; 28]. Both landslides
mobilized 5-10 x 10 m® and produced several damages
to the facing coastal infrastructures, i.e. the Gioia Tauro
harbor (the main terminal for the Mediterranean
transhipment) and the Nice Airport, respectively.
Similarly, repeated bathymetric surveys carried out
between 2005 and 2006 off Punta Alice (lonian Calabria)
showed a retrogressive submarine landslide occurred at
the head of the Madonna del Mare Canyon [17]. The
landslide caused a landward retreat of the canyon head of
about 60 m and mobilized a volume of approximately
1x10® m3. The Punta Alice slide caused severe damage to
the coastal chemical plant present in the area, showing its
significance as geo-hazard for this coastal sector.

Summarizing, the above-mentioned examples
highlight the need of repeated bathymetric surveys to
monitor active natural phenomena in geologically-active
areas that otherwise would remain undetectable. This is
fundamental to assess their role as geohazards for
surrounding submarine and coastal infrastructures,
especially in strongly exploited areas such as the
Southern Italy coastlines and more generally in the
Mediterranean area. However, we remark that the results
and interpretations arising from this methodological
approach should be carefully checked, as seafloor
variations can be affected by several sources of error, so
hindering their reliability.
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