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ABSTRACT

The collection about the MAGIC Project (Marine Geohazards along the Italian Coasts) presents
the result of a comprehensive cartographic and scientific overview of geohazard features
across the ltalian offshore regions. The Project mapped 15 geodynamically distinct regions
through a standardized methodology and a unified legend. The outcomes highlight how
the interplay of tectonic, volcanic, sedimentary, and oceanographic processes shape the
seafloor and pose risks to coastal and offshore infrastructures. Key hazards include
widespread landslides, fluid venting, volcanic seamounts, and active faulting. The maps also
reveal the influence of structural lineaments, sediment transport, and erosional dynamics in
shaping submarine landscapes. Each regional study contributes to a broader understanding
of marine geohazards, offering essential data for future research and for guiding sustainable
development and risk mitigation in Italy’s coastal zones. The MAGIC Project thus serves as a
foundational resource for marine geoscience and hazard assessment in tectonically active
Mediterranean settings.
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1. Introduction

collection of active seafloor features and a fundamen-
tal foundation of knowledge, to support the planning
of infrastructure and economic activities in coastal
regions and in the offshore.

The Italian Seas have been formed in the geological
framework of the Alpine-Apennine collision zone
and of the Tyrrhenian-Ionian subduction system. As
a consequence, their evolution and on-going processes
take place in different geodynamic settings: from fore-

deep and foreland regions, to active orogenic belts and
accretionary wedges, to rift and back-arc basins. Vol-
canic activity is widespread, forming islands and sea-
mounts in volcanic arc and rift setting. Since most of
the Italian seas are tectonically active, their complex
geology produces different structural settings, degree
of tectonic and volcanic activity, and oceanographic
regimes. Thus, in the various Italian offshore sectors,
the relative role of canyons, landslides, fluid venting,
and faulting, in shaping the morphology of the
seafloor varies greatly and induces various marine
geohazards.

The present collection is a showcase of marine geo-
hazard features of the Italian Seas, as interpreted
within the framework of the MAGIC Project — MAr-
ine Geohazards along the Italian Coasts. The maps
produced by the project are a remarkable scientific

2. The papers’ collection

After an introductory paper (Chiocci, 2025, 2025),
which provides an overview of the project, a contri-
bution explains the cartographic methods and pro-
cedures, and the legend, of the maps (Chiocci &
Ridente, 2025). Then, the morphologic elements and
potential hazards of the Italian offshore regions,
divided into 15 areas with homogenous geodynamic
and physiographic settings, are presented in the fol-
lowing cartographic papers.

Morelli et al. (2024) describe the Ligurian Sea. The
authors stress the distinct morphological character of
the Alpine and the Apennine sectors of the Ligurian
margin. The area is actively uplifting and presents a
narrow continental shelf. The most important geoha-
zards are due to retrogressive canyon heads and
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instability in the slope. Active tectonics, demonstrated
by high seismicity, can trigger slope instability. Inter-
estingly, a large slide in the Portofino area is connected
with erosional and depositional contour currents. The
association between landslides and pockmarks is also
shown in the maps.

Budillon et al. (2024) describe the Gulf of Naples
and the Pontine Islands. In the continental shelf
around the volcanic islands, Pliocene-Pleistocene vol-
canic units outcrop at the seafloor and are often cov-
ered by biogenic build-up and Posidonia oceanica
meadows. The Gulf of Naples is largely carved by can-
yons. Steep and large escarpments, related to regional
structural lineaments, often host widespread mass-
wasting processes, which are also linked to volcanic
processes. In particular, offshore Ischia, large-scale
debris avalanches/debris flows originated from the
subaerial and submarine flanks of the volcano may
represent a geohazard. Seafloor fluid venting, shown
by small to giant pockmarks (such as around Zannone
island), is a further element of geohazard.

Casalbore et al. (2024) describe the Cilento and the
Tyrrhenian margin of the Calabria Peninsula, in the
forearc and back arc regions of the Tyrrhenian-Ionian
subduction system. Here, the continental shelf is very
narrow and punctuated by bioherms and rocky out-
crops. The head of the Gioia Canyon, close to the
coastline, represents a particular geohazard feature
due to the presence of a large commercial harbour.
In the Calabrian margin, landslides are a widespread
geohazard, both on the coast and on the slope,
where they may reach a density of 1 landslide/8km>.
Active fluid seepage produces specific and widespread
morphologies. The area also hosts active faults offset-
ting the seafloor, responsible for high seismicity of the
area and historical tsunamis, which is a further
element for geohazard.

Gamberi et al.,, (2024a) describe the Aeolian
Islands and the north-eastern Sicily continental mar-
gin. The area is complex, comprising the volcanoes
of the Aeolian arc, and the Sicilian margin, formed
through extensional tectonics at the rear of the Apen-
nine-Maghrebian chain. Landslides are a geohazard
on both the volcanic and continental slopes. In par-
ticular, at the Stromboli Island, large flank collapse
and smaller scale, but more frequent, landslides have
a high tsunamigenic potential. For the submarine arc
volcanoes, hydrothermal activity has been described.
In the Sicilian margin, landslides can attain very
large dimension on the continental slope, while smal-
ler-scale landslides affect the head of some of the can-
yons which are very close to the coast.

Marani et al. (2024) describe the central-southern
Tyrrhenian Seamounts. The volcanic seamounts
develop in the back-arc region of the Tyrrhenian-
Ionian subduction system. The Marsili Seamount is
active and, due to its widespread hydrothermal

alteration, it is hypothesized to be prone to possible
slope collapses, as have occurred on the older (Plio-
cene) — but similar — Vavilov seamount. As the
depth of the Marsili summit is less than 500 m, it
may represent a source of geohazard, owing to poss-
ible explosive submarine eruptions. A similar geoha-
zard also characterizes the Palinuro Seamount,
whose summit is less than 100 m deep. The latter pre-
sents a very steep and wide slope facing the Marsili
Basin, and therefore a large submarine landslide
could be a further element of geohazard.

Sulli et al. (2024) describe the north-western Sicily
continental margin and Pantelleria island. The conti-
nental margin of the Sicilian Island (the rear region
of the Apennine-Maghrebian chain) is affected by
extensional and strike-slip tectonics, due to the back-
arc opening. Pockmarks, steep fault escarpments and
canyon systems are the main elements of geohazards.
The Egadi offshore is identified as a more stable and
less active area in contrast to the offshore surrounding
the volcanic islands of Pantelleria and Ustica. Here
volcanism shaped the seafloor and appears to be con-
trolled by tectonic activity. Large submarine volcanic
fields are located in the offshore of Pantelleria. Some
of them are recent and a vent is related to the last erup-
tion that occurred in 1891. Shallow-water eruptions, if
explosive, could represent a threat to navigation and
offshore installations.

Chiocci et al. (2025) describe the eastern Sicily
continental margin. In this area, the Malta escarp-
ment, a large crustal tectonic structure inherited
from Mesozoic times, dominates the area with a length
of more than 200 km. It represents a sharp, more than
1000 m-high, drop from the shallow-water Sicily
Channel to the deep-water Ionian abyssal plain.
Therefore, it is affected by strong erosional processes
and widespread landsliding, causing a large-scale
and widespread submarine badland landscape. To
the north, the shelf is particularly narrow and displays
the offshore reach of the Etna volcano system. Features
related to the deep-seated gliding of the continental
margin causing the sliding of the eastern flank of the
Etna volcano, are identified as the main geohazard fea-
ture. On the Calabrian side, the heads of canyons and
gullies connect directly with the lowest subaerial reach
of torrential streams called ‘fiumara’, causing hyper-
pycnal flows and mass wasting threatening the coastal
area.

Ceramicola, Cova, et al. (2024a) describe the
Tonian continental margin of Calabria. The areas are
part of the Calabrian accretionary wedge above the
Ionian subduction zone. It displays large gulfs and
promontories. Offshore of the gulfs, large canyon sys-
tems are present with single or dendritic heads which
sometimes are located very close to, or directly at, the
coastline. Offshore of the promontories, multiple fail-
ures act at different scales, up to large-scale deep-



seated and gravity driven movements, such as the Cro-
tone Basin, linking the offshore to the onshore. Wide-
spread fluid venting is evidenced by mud volcanoes
and pockmarks both on the flanks of the canyons
and in the basin.

Ceramicola, Senatore, et al. (2024b) describe the
Gulf of Taranto, encompassing the accretionary
wedge of the Calabrian arc to the west and the Apulian
foreland to the east, divided by the long canyon system
of the Taranto Valley. The Calabrian margin has a
narrow continental shelf and a complex slope with
multiple landslide scars, indicative of recurrent
instability. Gullies and canyons incise the slope and
the narrow shelf. The retrogressive trend allows
most of them to reach the coastline, where infrastruc-
ture is subject to serious hazards. Seafloor instability is
also prominent in the Apulian margin, where the shelf
is wider but stacked landslide bodies affect the entire
continental slope.

Campiani et al. (2025) describe the southern Apulia
continental margin, encompassing the Apulian swell,
an antiformal feature due to lithosphere buckling in
the Apennine foreland. The shelf is relatively narrow
and displays bedforms, which are possibly active.
The slope is dissected by gullies and canyons. In the
case of the Tricase Canyon, faults seem to promote
seafloor instability of the canyon flanks. Relatively
small mud volcanoes can also foster slope instability
and show fluid escape and sediment remobilization.

Campiani et al. (2024) describe the central Apulia
continental margin. The area is part of the Adriatic
foreland of the Apennine Chain. Tectonics is active
and cause a complex deformation belt in the continu-
ation of the Mattinata strike-slip on-land fault. It
results in a small escarpment that is locally offset
from the seafloor. Slope instability is demonstrated
by widespread mass-transport deposits, which show
a multiphase evolution and retrogressive dynamics.
Cascading currents of the North Adriatic Deep
Water result in erosional and depositional features.
Both the effects of seafloor instability and bottom cur-
rents can generate hazards to offshore infrastructure.

De Falco et al. (2024) describe the western Sardinia
continental margin. The area has a relatively large, sedi-
ment starved, continental shelf, where bedrock out-
crops are frequent. Seafloor outcrops in the shelf are
also connected with an extensive volcanic field in the
central sector of the margin. Bottom currents shape
sedimentary bodies in the inner shelf. Slope-canyons
sometimes connect with channels in the outer shelf.
Pockmarks fields demonstrate the possibility of fluid
venting on the seafloor. In addition, they are evidence
of gas in the sediment that can ease seafloor instability.

Orru et al. (2024) describe the southern Sardinia
continental margin. The area is related to Tertiary
rift basins, which show signs of various reactivations.
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In the continental shelf, strong evidence of past volca-
nic activity and of depositional terraces is present.
Tectonic structures control the Toro canyon, where
landslides are possibly earthquake-induced. Mega-
blocks slides, with a conspicuous run out, characterize
the largest landslides. Seafloor instability is also linked
to fluid venting, shown by extensive pockmark fields.
Cyclic steps demonstrate that gravity flows are active
within the canyons.

Gamberi et al., 2024b describe the eastern Sardinia
continental margin, which represents the passive mar-
gin of the Tyrrhenian back-arc basin. The shelf is mostly
very narrow. Only to the north, it reaches a width of
~20 km and is the site of outcrops where transgressive
coastal deposits are preserved. Closely spaced canyons
dissect the slope and evolve through retrogressive pro-
cesses. In some cases, their heads are very close to the
coastline and show signs of recent instability and land-
slides and are therefore elements of geohazards. The
canyons connect downslope to leveed channels that
originate from relatively large turbidite systems.

Conforti et al. (2024), describe the northern Sardi-
nia continental margin, part of the Corsica-Sardinia
basement block, extended by rift tectonics during the
opening of the western Mediterranean Sea. Between
the Sardinia and Corsica islands, the shelf is very
wide and shallow. In the area of the Bonifacio
Strait, strong bottom currents and other oceano-
graphic processes form active bedforms. They could
form a geohazard for future offshore infrastructure
developments. The Castelsardo, the Caprera and the
Lavezzi are large canyon systems, which indent the
shelf edge. Geohazards can be due to the retrogressive
processes in the head of the Castelsardo canyon
located a few kilometers from the coastline.

3. Concluding remarks

The present collection is a showcase of marine geoha-
zard features of the Italian Seas. The maps produced
by the MAGIC Project are in the meantime an exten-
sive scientific collection of active seafloor features and
a foundation of knowledge that must be considered in
the planning of infrastructure and economic activities
in coastal regions and in the offshore. The map collec-
tion is specifically based on a standardized methodo-
logical approach and on a common legend with a
three-level hierarchy.

Landslides are almost ubiquitous hazardous
elements that can be a threat, especially when associ-
ated with canyon heads close to the coastline. Their
retrogressive evolution may cause coastal landslides
and their tsunamigenic potential is very high. Many
areas with fluid venting have effects on the seafloor
and can pose a direct hazard to offshore infrastructure.
Faults offsetting the seafloor are described and
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interpreted as a proof of active tectonics, responsible
for the high seismicity of some of the offshore areas,
and of their tsunamigenic potential. Bottom currents
can erode the recent sediment and so alter the seafloor
to such an extent as to impact on eventual offshore
infrastructure developments. Sedimentary and tec-
tonic structures capable of tsunami generation are
also described.

This collection as a whole, and the various papers
therein, highlight the large variability of geohazard
features that in the majority of the areas, often com-
bine, forming a complex cascade of processes. As
such, they represent a baseline of knowledge for future
studies of the Italian offshore and for the development
of any activity involving the exploiting and conserva-
tion of the Italian offshore.

Map design

As all the maps of this Collection were produced using
the same interpretative and cartographic standards,
the procedure is described in detail in Chiocci and
Ridente (2025, this volume). The legend of the Physio-
graphic Domain map is present in each single paper of
the collection (on the map), while the legend of the
Morphological Units and Morpho- bathymetric
Elements map is present in the papers (as a separate
table. Global mapper and Geo Suite were used for
bathymetric and seismic data visualization and
interpretation. The maps are realized after a discus-
sion between guest editors along with the editorial
board of Journal of map.
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