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ABSTRACT

The article illustrates the Maps of Geohazard features of the Southern Apulia produced by the
Magic project in 2007-2013. Extensive multi-beam surveys and ancillary chirp-sonar profiles
allowed characterisation of the seafloor and shallow sub-surface structures. The area
presents a narrow continental shelf dominated by widespread erosion and by the presence
of scattered fields of large bedforms, and a steep slope dissected by narrow and short
canyons and submarine slides leading to the translation of large lithified blocks particularly

in the Santa Maria di Leuca area.

1. Introduction

From Soth to North, sheets 47, 48, 49 and 50 are
located along the northern Ionian and the southern
Adriatic margin. These sheets encompass the offshore
projection of the southern Apulian Peninsula as a
NW-SE elongated structural high called the ‘*Apulian
Swell” (sensu Auroux et al., 1985). The Apulian Swell
extends from Apulia to Greece and consists of a 100-
km-wide buckling anticline of continental crust
(Calcagnile & Panza, 1990). The Apulian Swell separ-
ates the southern Adriatic Basin (at the southern edge
of the Otranto Channel) from the deeper Ionian Sea
(along the Taranto Trench) and is part of the pre-
sent-day foreland system of the Apennine, to the
West and the Hellenic Arc, to the East. The Apulian
Swell is segmented by NW-SE extensional faults
(Merlini et al.,, 2000), forming down-faulted blocks
both south-westward and north-eastward, for a total
throw of about 1 km (Billi & Salvini, 2003). E-W trans-
fer faults transversally dissect the Apulian Foreland,
segmenting the Puglia region in three main blocks:
Gargano and Murge in the North and the lowland of
Salento in the South-East. The shelf and slope of the
study area are impacted by dense shelf water that
form through winter cooling and imping on the
seafloor generating extensive erosional areas and loca-
lised fields of large sandy bedforms on the shelf or dis-
secting the head of canyons on the upper slope
(Foglini et al., 2016; Rovere et al., 2019) and represent-
ing an additional potential hazard factor.
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2, Study area: the Southern Apulia

The Variscan crystalline basement of the Apulian
foreland is overlain by a thick (6 km) Mesozoic sedi-
mentary cover (d’Argenio, 1974). On land, this auto-
chthonous Mesozoic carbonate platform outcrops
mainly in the Gargano region and this is why the
Apulian foreland is named ‘Apulian Carbonate Plat-
form’ (Bosellini et al., 1999). In the South Adriatic
and in the northern Ionian, the extent of the
Mesozoic carbonate platform controls the lateral
variability of the width of the shelf and the dip
gradients along the continental slope (De’ Dominicis
& Mazzoldi, 1987). Tertiary sedimentary deposits
are discontinuous and include Paleocene-Oligocene
organogenic and/or calcareous facies, overlain by
thin carbonate-terrigenous deposits of Neogene and
Quaternary age (Ricchetti et al., 1988). Multichannel
seismic profiles (SW-NE oriented) define the base of
the thin Plio-Quaternary sedimentary succession on
the Apulian Swell in the northern Ionian Sea, show-
ing recent faults with vertical throws between 500
and 600 m and seafloor erosional features close to
fault scarps (Argnani et al., 1993, 2001). A slight
thickening of the Plio-Quaternary succession occurs
eastward, towards the Hellenic thrust front (Argnani
et al,, 2001; Figure 1). The structural setting strongly
influenced the margin construction during the Plio-
Quaternary, especially along the southern Adriatic
margin, when several episodes of margin prograda-
tion occurred in response to tectonic uplift (Doglioni
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Figure 1. Geological setting of the area. The Apulian Ridge represe

nts the foreland of the Apennines and Hellenides fold-and-trust

belts. In the northern and southern parts of the Apulian Ridge, the original margins of the Mesozoic carbonate platform are still
preserved, passing to the deep southern Adriatic and lonian basins, respectively. Modified from Argnani et al. (2001).

et al., 1994) and sea level change (Ridente & Trin-
cardi, 2002, 2006).

The Mattinata and Tremiti deformation belts form
the main transfer zone that transversally dissects the
Apulian Foreland (Billi & Salvini, 2000, 2001; Ridente
et al., 2008; Salvini et al., 1999). The main structural
elements dissecting the modern Adriatic foreland
experienced several episodes of reactivation during
the Meso-Cenozoic collisional and post-collisional
phases. In particular, Early Mesozoic extensional
faults, recording the rifting of the ancient Tethyan
margin, re-activated as compressive and transcurrent
deformational features during the Late Cenozoic
(Argnani et al., 1993; Colantoni et al., 1990; Finetti,
1984). Syn-depositional tectonic deformation, docu-
mented on land and in the offshore area of the
southern Adriatic margin (Ridente & Trincardi,
2006; Tramutoli et al., 1984), indicated that normal
and transtensional faults were active during Plio-Pleis-
tocene times (Merlini et al., 2000).

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 present on the map while the legend of the

Morphological Units and Morpho-bathymetric
Elements map is present as a separate table.

4. Maps of morphological units and
morpho-bathymetric elements

4.1. Santa Maria di Leuca (MaGIC sheet 47)

Sheet 47 ‘Santa Maria di Leuca’ extends South of Santa
Maria di Leuca (southern cape of the Apulian region),
along the northern Ionian margin, covering a wide
area of the Apulian foreland. This foreland domain
was a passive margin during most of the Mesozoic,
allowing the development of the Apulian carbonate
platform (Ricchetti et al,, 1988). This platform (i.e.:
Apulian Plateau) is a large anticline, about 100-km-
wide, that separates the southern Adriatic Basin, at
the southern end of the Otranto Strait, from the deepest
Taranto trench in the Ionian Sea, and is part of the pre-
sent-day foreland systems of both the Apennines to the
West and the Hellenic arc to the East (Savini & Corselli,
2010). As reported by Merlini et al. (2000) and Argnani
et al. (2001), the thick Cretaceous carbonatic sequence
is overlaid by discontinuous tertiary deposits both
crosscut by an intricate network of normal faults,
NNW-SSE oriented, which show at places significant
slip displacements forming graben of recent age. The
average net slip displacement is roughly 500-600 m



and the entire area reported on sheet 47 shows continu-
ity between the fault lineaments located on the Salento
Peninsula on land and the ones located offshore,
especially along the western and central sectors of the
sheet. The morpho-bathymetric data (i.e.: the DTM)
acquired show a strong tectonic control on the regional
morphology of the area, especially for the presence of
prominent fault escarpments. In addition, substantial
erosion is also evident along the upper slope of the
Apulian Plateau, represented on the western sector by
the occurrence of canyons, fault scarps and extensive
erosion surfaces, whereas slide scars dominate between
the shelf edge and the upper slope in the eastern sector,
where numerous slides and debris/mud flow deposits
are common. The surface topography of mass-trans-
port deposits is shaped in morphological elements
that are reminiscent to those encountered in rock-deb-
ris avalanches, with numerous detached blocks of
lithified or partially lithified sediment. The seafloor
topography where mass-transport deposits are exten-
sive, is indeed a hummocky topography with exposed
sediment blocks and, locally, has a distinctive ‘ridge
and through’ morphology, as reported by Micallef
et al. (2009). Those morphologies, produced by impor-
tant failure events, are associated to ‘extensional’ and/
or ‘compressional’ ridges, forming a series of ‘ridges
and through’ oriented as the main failure scars (located
on top of the evacuation areas) to which they likely are
genetically linked, and thus perpendicular to the domi-
nant direction of sediment transport. From seismic
data, it was not possible to identify on the slope individ-
ual landslide bodies and associate them to a unique fail-
ure scar; however, sparse seismic data (i.e.: Sparker
source) well imaged the entire mobilised sediment sec-
tion, that reaches up to 80 ms in thickness and is more
than 400 km? in extent.

4.2. Castro (MaGIC sheet 48)

Sheet 48 ‘Castro’ includes a broad continental shelf
and a stretch of continental slope deeply cut by
straight gullies and small canyons breaching the
shelf edge and suggesting a retrogressive evolution.
Sinuous thalwegs occur within the canyons and
small levee wedges develop at the base of the slope
likely in response to flows of mud-laden turbidity
currents.

The entire area represented in Sheet 48 is impacted
by the flow of dense shelf water currents that remould
surface sediments extensively both on the outer con-
tinental shelf and on the continental slope where
dense waters cascade transversely to the regional
contour. The inner shelf area is characterised by the
outcrop of cemented units (likely Plio-Quaternary
in age) that give rise to extensive elongated morpho-
logical reliefs. Large-scale irregular dunes develop on
the shelf in three main areas (Rovere et al., 2019): in
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the northern sector, with a southward direction of
accretion; on the outer shelf, with their axes sub-par-
allel to the shelf edge showing great continuity and
low sinuosity; and on the southern sector, where
drowned older beach ridges show variable degrees
of reworking.

The northern dune field extends for 70 km? pro-
ceeding southward, the dunes have sinuous crests
with orientations from NE-SW to E-W and WNW-
ESE, wavelengths up to 4 km and heights between 2
and 5 m; the dunes appear markedly asymmetric
with a steeper down-current flank. Dunes occurring
on the outer shelf are N-S oriented; they are, therefore,
sub-parallel to the inferred flow direction, reaching
heights between 2 and 4 m and wavelengths up to
3600 m, but reduced sinuosity.

On the slope, the Tricase Canyon shows markedly
erosional flanks, likely reflecting the activity of a set
of faults in the head region and along the northern
flank. Such faults display offsets at the sea floor in
the order of 40 m and are organised in two systems,
E-W and WNW-ESE oriented. South of Tricase Can-
yon, the upper slope is impacted by diffused creeping
processes and more localised thin-skinned submarine
slides.

On the outer shelf, a field of sub-circular reliefs
extends over an area of 40 km?. Each relief is 2-6 m
in height and up to 200 m in diameter. On chirp-
sonar profiles, the seismic signal is scattered and
acoustic masking occurs, preventing the possibility
to resolve the geometry of the underlying seismic
reflectors. These structures are interpreted as sediment
volcanoes generated by fluid expulsion through
rapidly accumulated forced-regression deposits.

4.3. San Cataldo (MaGIC sheet 49)

Sheet 49 ‘San Cataldo’ encompasses a sector of the
Apulian Margin on the eastern side of Salento, the
southernmost tip of Apulia. Multichannel seismic
profiles in the area document the presence of a 2-
km-thick Plio-Quaternary succession (Argnani et al.,
2001), composed of progradational units and mass-
transport deposits. In particular, Quaternary deposits
record a cyclicity similar to that recorded further
North along the same margin, where Milankovitch
cycles at the scale of 100.000 years are recorded
(Ridente & Trincardi, 2002). The tectonic defor-
mation, marked by active fault systems, causes an
abrupt bend of the shelf edge from NW-SE to almost
N-S in the centre of the mapped area.

The morphology of the upper slope, in the area of
the margin bend, shows a clear fault scarp, oriented
NE-SW. The eastern shelf portion of the area within
Sheet 49 ‘San Cataldo’ is dominated by a rough
seafloor morphology that reflects the presence of ero-
sional remnants corresponding to more cemented
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clinostratified beds. Several isolated reliefs appear sub-
circular in plain view and in many instances are
accompanied by comet features with an elongated
sediment tail down-flow; in other cases, reliefs are
elongated up to a few kilometres and are up to 6-m-
high. The outer shelf is punctuated by crater-like fea-
tures, ascribed to processes of fluid escape, affecting
sandy deposits: small, sub-circular, structures develop
on the crest of clinostratified sand ridges recording
drowned beach or delta front environments of the
last glacial maximum, located on the outer shelf or
at the shelf edge. Sands are cemented and possibly
gas charged, as suggested by the marked reverberation
and the limited penetration of the acoustic signal on
seismic profiles. The highest density of craters is
encountered atop the sand ridges suggesting that the
fluid expulsion emanates from these surficial deposits.
If the provenance of the fluids was from deeper strati-
graphic layers, one would not expect the craters to
occur solely within the extent of sand deposits at the
sea floor. The dimensions of these depressions vary
from 10 to 30 m, typically, with exceptions up to 60
m, where two adjacent craters coalesce or are affected
by processes of upper slope failure, near the shelf edge.
The depth of the craters is less than 1 m. On the outer
shelf and upper slope, several erosional troughs are
present; these troughs are flute-shaped and elongated
parallel to the shelf edge, with a prevailing NW-SE
direction. They are genetically linked to the flow of
dense shelf waters formed in the North Adriatic
(North Adriatic Dense Water, NAdDW) and flowing
with a SE-ward direction. On the upper slope, several
rectilinear small canyons, 4 — to 10-km-long, have a
maximum width of 5 km, in the head region. The
flanks of these small canyons are impacted by major
erosional features perpendicular to the canyon axes
and also ascribed to the flow of the NAADW. At the
base of the slope, some of the small canyons evolve
in channel features with depositional levees up to ca.
20 m; it is conceivable that these features developed
during the last glacial maximum when the shoreline
was close to the shelf edge and deltaic systems were
delivering the fine-grained sediment necessary for
the growth of the levees.

4.4. Mesagne (MaGIC sheet 50)

The continental shelf area included in Sheet 50
‘Mesagne’ presents a rough sea floor morphology
reflecting the presence of erosional remnants, typi-
cally elongated along E-W and NW-SE directions.
These erosional remnants correspond to the head
of underlying less erodible strata. These reliefs are
typically 0.5 - to 12-km-long and up to 5-15-m-
high with a prevailing NW-SE orientation. The
area (mapped as outcropping substrate) extends to
the SE portion of Sheet 50 (less than 8 km from

the coastline), where erosional scarps up to 20-m-
high represent drowned cliffs cut during still stands
of the post glacial eustatic rise. This area is also
downcut by three river trunks with moderate sinuos-
ity and not fully filled by fluvial or younger sedi-
ment. These intriguing features occur between 50
and 80 m and were likely drowned quickly during
one or more accelerated phases of post-glacial sea
level rise.

Large-scale bedforms occur on the inner continen-
tal shelf and reflect modern oceanographic processes
related to the southward flow of dense shelf waters,
formed in the North Adriatic in late winter and en
route to the Otranto Strait, along the bathymetric con-
tour (Chiggiato et al., 2016; Foglini et al., 2016; Rovere
et al., 2019). In particular, one field of dunes, which
covers 5 km? and appears elongated between two mor-
phological highs, includes some 30 asymmetric dunes
advancing to the SE. The dunes have crests between
300 and 700 m long and heights between 1 and 2
m. Proceeding down flow, the dune field appears to
veer to a more North-South direction against flow-
confining rocky outcrop on the right of the dense-
water core. Some barchan dunes up to 1-m-high and
with variable axis orientation from E-W to almost
N-S, also develop.

Along the shelf edge, several elongated moats, NW-
SE oriented, reflect the impact of dense shelf waters
that flow along the bathymetric contour pushed on
the shelf by the apparent Coriolis force (to the right
in the northern hemisphere), and represent the por-
tion of the dense water that does not contribute to
the cascading process flowing downslope (Rovere
et al., 2019). On the upper slope, a set of straight
small canyons are between 6- and 10-km-long and
reach a maximum of 3 km in width. Canyon heads
are crescent-shaped and breach the shelf edge. The
two canyons that fall within the area of Sheet 50
‘Mesagne’ show also erosional furrows, up to 5-m-
deep, with a E-W direction, almost normal to the can-
yon axis; these features are consistent with the flow of
dense shelf water on the upper slope and transverse to
pre-existing canyon systems.

Multiple slide scars rim the continental shelf edge
and appear crescent-shaped in plain view, with aver-
age width of about 1 km and relief up to 20-m.
These scars define a sector of the upper continental
slope affected by slope instability, with mass-transport
deposits, which are clearly visible on chirp profiles,
draped under a more recent mud drape, about 20-
m-thick.

5. Conclusions

The Southern Apulian Peninsula plunges to the South-
East defining an antiformal structure called ‘Apulian
Swell’, a 100-km-wide feature ascribed to lithospheric



buckling. Along this structure, sin-depositional tec-
tonic deformation is documented and accompanied
by widespread mass-transport deposits, indicative of
recurrent slope instability.

The area includes a narrow shelf and a steep slope
offshore Otranto and proceeding south. In this region
the shelf is characterised by the presence of large bed-
form, possible active at least at places, and the slope
dissected by straight gullies and short canyons, the lar-
gest of which is the Tricase Canyon, accompanied by
the presence of E-W seafloor-dissecting faults along
its northern flank, representing a factor of potential
slope instability and geohazard. More geophysical
data, however, are necessary to assess the extent of
such fault systems and their significance in the geody-
namic context.

An additional indicator of possible slope instability
in the region is the presence of sediment volcanoes,
detected at the shelf edge on multi-beam images
where bathymetric data were gridded at the highest
resolution. Such features are up to 200 m in diameter
and 2—-6 m in relief and indicate areas of fluid escape or
sediment mobilisation favoured by density inversion
and/or fluid overpressures.
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