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ABSTRACT ARTICLE HISTORY
The maps of the geohazard-related features of the North Sardinia continental margin produced Received 22 December 2022
by the Magic project (MArine Geohazard along Italian Coasts) are here presented. The maps Revised 16 April 2024
were created on the base of morphobathymetric data obtained by with multibeam echo Accepted 8 May 2024
sounders. ThreCoNISMa, DSCG Universita degli studi di Cagliari, Cittadella Universitaria

- KEYWORDS
Monserrato - S.P. Monserrato-Sestu, Monserrato (CA), ltalye wide canyon systems, Magic project; geohazard;
Castelsardo to the west, Lavezzi and Caprera to the east, originate from the continental seafloor mapping
shelf between the islands of Sardinia and Corsica and run toward the Sardinia Sea and the
Tyrrhenian Sea, respectively. The canyons feature very wide and articulated heads,
meandered sections of the main axis. The continental shelfhosts several coastal lithotomies,
genetically related to late Quaternary sea-level oscillation and coastline migration.
Furthermore, in the Bonifacio Strait, several bedform fields testify to the present-day activity
of strong bottom currents. The main geohazard potential from the North Sardinia is related
to the retreating of Castelsardo canyon heads, in offshore of Castelsardo and Asinara, which
cuts the continental shelf reaching a few kilometers from the coast.

1. Introduction evolution are related to the tertiary geological history of
the Corso—Sardinian Block, which represents the eastern
sector of the Ligurian Basin, formed during the Aquita-
nian (23 Ma) and the Burdigalian (18 Ma, Réhault et al.,
1984). According to many authors, Sardinia was part of
a large-scale rifting system (European Rift System)
(Casula et al., 2001; Oligocene-Aquitanian (Cherchi and
Montadert, 1982)). The Corso—Sardinian Block rotated
counterclockwise during the rifting and the opening of
the western Mediterranean Sea (21-18 Ma) (Figure 1
(A)) (Cherchi & Montadert, 1982; Lecca et al., 1997;
Réhault et al., 1984; Thomas et al., 1988). Other authors
associated the tertiary tectonics of Sardinia to the north-
ern Apennine strike-slip tectonic of the Oligocene—Aqui-
tanian age and the subsequent extension during the
Middle-Upper Burdigalian (Carmignani et.al., 2001; Car-
minati et al., 2010; Oggiano et al., 2009). During the open-
ing of the Ligurian Basin and the Corso—Sardinian Block
rotation, the oceanic basin expanded southwards, toward
the Balearic Abyssal Plain (Figure 1(A)). After the open-
ing of the liguro provencal Basin, the faulting of the Nurra
alignment, trending NE-SW, formed the north Sardinia
and Asinara western margin (Cherchi & Montadert,
The northern Sardinia margin is located between the  1982; Lecca et al., 1997; Réhault et al., 1984; Thomas
islands of Sardinia and Corsica, and its formation and et al., 1988) (Figure 1(A)).

The article illustrates the Maps of Geohazard features of
the Northern Sardinia margin produced by the Magic
project (MArine Geohazard along Italian Coasts), a
large, coordinated initiative that involved the whole
marine geological research community in Italy from
2007 to 2013. The features were derived from multi-
beam surveys and mainly rely on a wide suite of morpho-
logical expressions of the seafloor and shallow sub-sur-
face processes and events; auxiliary data as seismic
data and core sampling, not yet published or available
in literature, have been used to verify the geological
and stratigraphic settings and calibrate the acquired
morpho-bathymetric data. Two levels of interpretation
are presented: the map of the Physiographic Domain
at a scale of 1:250.000 and the map of the Morphological
Units and Morpho-bathymetric Elements (areas and
vectors respectively) at a 1:100.000 scale.

2, Study area: the geology of the Northern
Sardinia and the physiographic domain map
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Figure 1. (A) Tectonic evolution of the central-western Mediterranean, from 20 to 7 Ma. The 10° and 23° CCW rotations of the
Corso-Sardinian block is represented using as reference the fixed European block. Legend: (1) Alpine wedge; (2) pole for the Cor-
sica—Sardinia rotation; (3) arc-related volcanics (e.g. Beccaluva et al., 1985; Lonergan & White, 1997; Serri et al., 1993 and refer-
ences therein). The 20 Ma Corse-Sardinia position is inferred from Gattacceca (2001) (modified by Speranza et al., 2002). (B)
Simplified sketch of the northern Sardinia margin showing the two main Oligocene-Miocene offshore basins and the associated
faults (modified based on the work of Thomas & Gennesseaux, 1986). The draft of offshore Miocene volcanism from the south-
western Corsica margin has been adapted from Rollet et al. (2002).

Between the islands, three deep structural
depressions characterize the present-day setting of
the continental shelf and slope: the Porto Torres
Basin, the Castelsardo Basin and the Bonifacio Basin;
they were characterized by high subsidence rates and
are filled by a very thick succession of sedimentary
and volcanic deposits, Tertiary to Quaternary in age.

The basins started developing since the Oligocene
up to the Messinian (Thomas & Gennesseaux, 1986)
(Figure 1 (B), Figure 2). The Porto Torres and Castel-
sardo basins are the main half-grabens, both continu-
ing offshore in the Asinara Gulf and Castelsardo area
and inshore.

The Porto Torres Basin extends inland and is limited
eastwards by a regional NW-SE trending fault, dipping
westwards (Figures 1(B) and 2(A)). The Castelsardo
Basin is limited eastwards by a main N-S trending

fault that extends inland and dips westward, as well
(Figures 1(B) and 2(B)). The third basin, the Bonifacio
Basin, is on the north-western side of the strait and
develops toward the north-east along the canyon axis;
it is limited to the north by a NW-SE oriented fault,
dipping southwards (Figures 1(B) and 2(C)).

The slope of western Corsica represents the Oligo-
cene dissected margin that was deeply eroded during
the Messinian and underwent a widespread desicca-
tion, due to the long-lasting emersion (Gennesseaux
et al., 1989).

The continental shelf between the Islands of Sardi-
nia and Corsica is wide and shallows in correspon-
dence with the Bonifacio Strait, a sound less than 10
km wide between the two mainlands connecting the
Sardinian Sea to the Tyrrhenian Sea and reaching a
depth of about 60 m on its threshold.
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Figure 2. Sections from seismic data: (A) Porto Torres Basin (B
(2) basement; (3) Oligocene-Miocene sedimentary and volcan
Gennesseaux, 1986, simplified).

On the western sector of the shelf, in the middle of
the Asinara Gulf, relict morphologies and lithotomies
— paleo-cliffs, paleo-barriers and dune fields - are
recognized at different depth ranges. They formed
during the Quaternary sea-level oscillations and are
related to the shoreline migration. The recent sedi-
mentary evolution of this area records low sedimen-
tation rates and starved conditions. Here, several
bedform fields testify to the occurrence of strong bot-
tom currents and severe hydrodynamic conditions
(De Falco et al., 2011; Deiana et al., 2022; Orru et al.,
2008). On the Tyrrhenian sector of the margin, the
shelf widens to more than 20 km and dips gently east-
wards toward the Tyrrhenian slope, behind the shelf
break which is located at about 150 m depth.

3. Methods and software

As the maps were produced using the same interpret-
ative and cartographic standards, the procedure is
described in detail in Ridente and Chiocci (this
volume). The legend of the Physiographic Domain
map is included in the map while the legend of the
Morphological Units and Morpho-bathymetric
Elements map is shown as a separate table.

The geophysical data were acquired during several
cruises from 2009 to 2012 on board the Research
Vessels Urania, Maria Grazia and Universitatis,
which were in the force of Consiglio Nazionale delle
Ricerche (CNR) Italy and Consorzio Nazionale Inter
universitario per le Scienze del Mare (CoNISma).

The swath-bathymetric data were acquired with a
Reson Seabat 7111, a Kongsberg-Simrad EM 710 and
a Kongsberg-Simrad EM 3002 echosounders. The
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accuracy of the bathymetric acquisition ranges from
2 to 5 m in the depth range shallower than 70 m,
while at greater depths, it ranges from 5 to 10
m. The maps were edited by using the Global Mapper
— Blue Marble Geographics software; Geo Suite — All
Works and SEISPRHO (Gasperini & Stanghellini,
2007) were used for bathymetric and seismic data
visualization and interpretation.

4. Maps of morphological units and
morpho-bathymetric elements

4.1 Asinara (MaGIC sheet 69)

The Sheet 69 ‘Asinara’ is in the north-western sector
of Sardinia Island, offshore of the Nurra tectonic
block and of the southern sector of the Asinara Island.

The morphology of the coastal and deep areas is
mainly controlled by tectonics; the continental slope
is on the outshoot of the Nurra tectonic block, and it
is bounded to the northwest by the Nurra normal
fault that lowered the basement over a relatively
short distance (Lecca, 2000) (Figure 1(B)). In the
southern sector of Sheet 69 ‘Asinara’, the continental
shelf is characterized by a width of about 10 km; in the
northern sector, it narrows, becoming 5-6-km-wide.
Several rocky substrate crops out along the inner con-
tinental shelf, down to 150 m depth. The lithology of
the substrate can be inferred on the base of inland
basement outcrops, which, in particular those occur-
ring in Asinara Island, consist of a terrigenous Paleo-
zoic succession, which includes the Hercynian
metamorphic complex and granitoid rocks.

As a general observation, the location of the depo-
centers along the margin is strictly related to the
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morphology of the underlying basement. Indeed, the
Neogene and Quaternary sedimentary cover on the
inner continental shelf is limited to small basins in
the rocky substrate that, otherwise, widely crops out
at the seabed. The continental shelf in the northern
sector of the map is narrow and exhibits a flat topogra-
phy, with a very thin sedimentary drape that points
out to sediment-starved condition, given the lack of
riverine inputs from the mainland. In these areas, sev-
eral beach-rock alignments testify to the shifting
coastal environments linked to the transgressive and
regressive marine stages during Quaternary, which
are so well documented that in Sardinia (Andreucci
et al., 2010; De Luca et al., 2022; Pascucci et al.,
2014). The outer continental shelf shows a prograding
sedimentary wedge formed by several stacking
sequences also related to the Quaternary glacio-
eustatic oscillations. All along the shelf, several coral-
ligenous assemblages cover the bedrock at depth ran-
ging between 50 and 120 m (De Falco et al.,, 2022; De
Falco et al., 2022a; De Falco et al., 2022b; De Luca
et al., 2022).

All along the Nurra area, the shelf break is located
at about 200 m depth and is morphologically con-
trolled by the Nurra main fault. A fairly well-devel-
oped sedimentary wedge has prograded at the outer
shelf and the upper slope. The continental slope mor-
phology becomes progressively more irregular south-
wards, mainly due to the occurrence of several rocky
substrate outcrops, located between the shelf break
and the canyon heads and in the canyon interfluves.
Sets of straight gullies, characterized by a low hierarch-
ical ranking, flow locally into the canyon heads,
especially where the distance between them and the
shelf edge is short and the slope gradient is high. Con-
versely, a large number of scars have developed on the
low gradient slopes, especially in the southern sectors
of the map.

Geohazard-related features

In view of the morpho-bathymetrical analysis carried
out and the previous knowledge of the area, and also
considering the extensive distance between the coast-
line and the morphologies linked to gravitational
instability, it is considered that no particular geoha-
zard elements should be reported.

4.2 Porto Torres (MaGIC sheet 70)

The area included in the Sheet 70 ‘Porto Torres’ shows
a wide outcrop of bedrock, cut by a paleo hydro-
graphic pattern formed during the Quaternary sea-
level fluctuations (Andreucci et al., 2010; De Luca
et al., 2022; Pascucci et al., 2014; Romeo et al., 2019),
similarly to the adjacent continental shelf areas along
the Asinara Island. Actually, the north-western and
north-eastern shelf are characterized by several

outcrops and flat areas with starved condition, while
the eastern shelf shows a more consistent sediment
coverage on the rocky basement and also some sedi-
mentary coastal wedge in the inner shelf (Budillon
et al., 2022; Casalbore et al., 2017).

The shelf break located in the Asinara Gulf at the
eastern side of the Island shows a depositional
wedge, is continuous along the whole sheet area and
is located between 125-150 m of depth at a lower
depth than that of the north-western side of the island;
the continental shelf in the Gulf is wide and character-
ized by low sedimentary rates, almost flat morphology,
sediment-starved conditions during the Quaternary
and wide bedrock outcrops of different origin and
lithology. Inside the Gulf the morphological relicts
are the dune fields, located at depths ranging from
50 to 40 m; the paleo-cliffs located in depth ranging
from 60 and 52 m (Orru, 2004); two main paleo-bar-
riers alignments located at depths ranging from 75 and
80 m and 65-70, respectively; those features are related
to the shoreline migration during Quaternary eustatic
fluctuations changes, forming marine/continental ero-
sional-depositional terraces and wedges, as well as the
surrounding shelves of the Asinara island. The rocky
outcrops on the eastern side of Asinara island and in
the Gulf are characterized by coralligenous assemblage
cover at depths ranging between 50 and 120 m (De
Falco et al., 2022; De Falco et al., 2022a; De Falco
et al., 2022b; De Luca et al., 2022).

The Castelsardo Canyon represents the main mor-
phological feature of the continental slope of the
northern Sardinia margin; the canyon runs mainly
westwards and is joined by several tributary channels
and two side branches that flow into the main canyon
axis from the left and right side The tributary channels
flowing from the Asinara Island offshore into the main
channel from the right side show a very steep course
and lobe-shaped pattern of their heads, which cut dee-
ply the continental slope and the sedimentary wedge
in the outer shelf. In the deeper areas, the slope
eases, and several scars are evident in the central
part of the canyon head. In the offshore of Porto
Torres, an abandoned tributary channel has been
recognized, and its passage to the main canyon talweg
shows a cut and a steep scarp (Figure 3(A)); this aban-
doned feature could be related to a canyon head avul-
sion occurred in the Late Miocene/post-Miocene
Castelsardo canyon evolution described by Thomas
& Gennesseaux (1986).

- Geohazard-related features

The Castelsardo canyon head, northeastward of Asi-
nara Island, cuts the shelf and its edge, reaching a dis-
tance of 5 km from the shoreline. It is mainly
characterized by a steep pattern of gullies and several
scars; seemingly fresh scarps, denudated of surficial
sediments, suggest possible recent morphological
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Figure 3. 3D blocks of the Digital Elevation Model (DEM), showing the main morphological features of Castelsardo Canyon; (A)
main canyon talweg and a left-lateral tributary channel detached from the main canyon axis by a 300 m-high scarp; (B) mean-
dering course of the canyon axis; and (C) examples of morphological reactivation within a tributary channel flowing into the can-

yon from the eastern side.

activity within the canyon system; even here, the geo-
hazard could be related to the effects of the progressive
canyon retreating close to the coast.

4.3 Castelsardo (MaGIC sheet 71)

The Sheet 71 ‘Castelsardo’ includes the western sector
of the Bonifacio Strait, which is characterized by a
relatively wide continental shelf; the Castelsardo Can-
yon main axis divides the continental shelf into two
areas (Figure 1(B)). Westward from the canyon, the
continental shelf is about 20-km-wide, and it is limited
by a morphologic break at about 125-150 m water
depth. The continental shelf is cut by Castelsardo can-
yon head; the eastern continental shelf pass without
any particularly evident morphological break to the
slope, showing slight variations in slope, and reaching
the wall of the main canyon axis and an eastern branch
of canyon. On the western side of the sheet, the conti-
nental shelf is about 5-km-wide, whereas it is more
than 20-km-wide in the eastern side.

The rocky substrate extensively outcrops at the
eastern and western sides of the canyon, on the
inner and outer shelf. The geology of the bedrock
may include, by analogy with inland formations, Oli-
gocene to Miocene volcanic rocks, Miocene

sedimentary formations and the Pliocene—Quaternary
sedimentary cover. Along the shelf, some sediment
patches are settled on the rocky substrate; in which
several sorted bedforms of about 1-m-high extend
for hundreds of meters and can be found in these sedi-
ment basins within the substrate, at 60—90 m water
depth (De Falco et al.,, 2011).

Eastward of the canyon, the rocky substrate out-
crops along the inner shelf down to 120-130 m
depth. Also in this area, a wide coralligenous assem-
blage occurs on the bedrock outcrops in a depth
range from 50 down to over 120 m (De Falco et al,,
2022; Piazzi et al., 2022a, 2022b).

The Castelsardo Canyon has an indentation on the
shelf of about 13 km, with a single ribbon head, reach-
ing about 3 km from the coastline. On both sides of the
canyon, less steep terraces separate the shallower por-
tion of the canyon flanks, from the deepest part, which
is characterized by fresh morphologies, engraved by
several secondary channels and scars.

In the central sector of the canyon axis, a meander-
ing pattern of the talweg develops, cutting deeply into
the continental slope; on the upper part of the canyon
flanks several gullies and scars and relative deposits
have been recognized, where the canyon walls become
steeper and gullies are dominant (Figure 3(B)).
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Figure 4. (A) Shaded relief from the DEM of the NE Sardinian continental margin. (B) 3D block of the Lavezzi canyon heads: (1)
beach-rocks at 100 m depth; (2) edge of the prograding continental shelf; (3) retrogressive canyon head; (4) intracanal deposit
from upslope failures; (5) erosional bedforms from channelized flows; and (6) retrogressive failure undermining the toe of former

landslide deposits, perching within the channel axis.

The eastern tributary channel, coming from the
right side of the canyon, is characterized by a dense
net of gullies and scars; seemingly fresh gullies and tal-
weg deepening may testify to a recent reactivation of
some canyon sections (Figure 3(C)).

Geohazard-related features

The Castelsardo main head is located about 3 km from
the coastline and is ribbon-shaped; it starts from a
minimum depth of 50 m and deepens to a depth of
approximately 300 m in less than 2.5 km. The eastern
flank of the canyon head is punctuated by many land-
slide niches. On the base of the available data is not
possible to constrain the age of the instability pro-
cesses; however, a conservative esteem should con-
sider a low degree of geohazard related to the
morphological evolution and retrogressive trend of
the canyon head close to an urbanized coastal area.

4.4 La Maddalena (MaGIC sheet 72)

The Sheet 72 ‘La Maddalena’ is located along the east-
ern margin of the Corsica-Sardinia block, in the wes-
tern Tyrrhenian Sea.

The morphology of the continental shelf is flat and
smooth, with low gradient slopes, in the range of 0.3—
0.5%. In the inner shelf of Bonifacio Strait, m, sedimen-
tary structures, like comet marks and 2D and 3D dune
fields are related to tractive bottom currents, which in
the depth ranges between 60 and 70 may exceed speeds
of 1.5 m s . Some relict depositional systems, such as
beach rocks and paleo-lagoons, are observable in the
depth ranges between 95 and 85 m (Deiana et al., 2022).

A prograding Plio-Quaternary wedge, 50 — to 150-
m-thick, is located on the shelf edge, at 120-130 m
water depth. A submarine depositional terrace

(sensu Casalbore et al., 2017) related to the last low
stand event (Last Glacial Maximum) occurs on the
shelf edge.

In the northern sector, the Lavezzi canyon head
consists of two parallel sub-channels, which carve
the outer shelf up to 110 m water depth. The channels
merge downslope into a single main canyon at
approximately 560 m of depth. In the head scarps,
some scars affect the Pliocene—-Quaternary sediment
cover. The upper slope of the southern sector is domi-
nated by the three head scarps of the Caprera Canyon
(Figure 4(A)), which show evidence of retrogressive
erosion, by some means augmented along the tectonic
lineaments. Channels are deeply incised, and numer-
ous intra-channel landslides are detected on the
flanks of the canyons (Figure 4(B)).

Geohazard-related features

In view of the morpho-bathymetrical analysis carried
out and the previous knowledge of the area, and also
considering the extensive distance between the coast-
line and the morphologies linked to gravitational
instability, it is considered that no particular geoha-
zard elements should be reported.

5. Conclusions

- The northern Sardinia margin is formed by tree main
half-graben structures, located in between the Sar-
dinia and Corsica islands; a great part of tectonic
activity took place during the Miocene.

- The main morphological feature of the western margin
is the Castelsardo canyon system; on the east side,
the main features are the Lavezzi and Caprera
canyons.



- Active and relict fields of morphological features as
bedform, recognized in the Bonifacio strait, testify
to the strong bottom currents and severe hydro-
graphic conditions that may occur on the shelf.

- Several coastal morphological features (coastal bar-
riers, beach rocks, etc), located on the shelf,
along the whole margin, document the late Qua-
ternary sea-level oscillation. The extensive the-
matic mapping based on the recently acquired
swath-bathymetric data allows us to verify the
continuity of these features along the margin.

- The geohazard-related potential in the study area, is
linked to the Castelsardo canyon head located
offshore of Castelsardo village and to the tributary
channel head located offshore of the Asinara
Island, given the short distance between those fea-
tures and the shoreline, even though it is not poss-
ible to determine whether the instability processes
are actually active.

Map design

As the maps were produced using the same interpret-
ative and cartographic standards, the procedure is
described in detail in Ridente and Chiocci (this
volume). The legend of the Physiographic Domain
map is present on the map while the legend of the Mor-
phological Units and Morpho-bathymetric Elements
map is present as a separate table. Global Mapper and
Geo Suite were used for bathymetric and seismic data
visualization and interpretation. Consider that the
maps are realized after a discussion between guest edi-
tors along with the editorial board of Journal of Map.
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