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Abstract A detailed reconstruction of the morphology

and recent tectonic activity of the Northern Ionian basin is

provided on the basis of newly acquired high-resolution

swath bathymetric and single and multichannel seismic

profiles. The tectonic domains in this area are the Calabrian

accretionary wedge and the Apulian foreland. The contact

between the two domains, oriented NW–SE, morphologi-

cally coincides with a sea-bottom erosional channel

(Taranto canyon) characterized on both sides by mass

movements induced by slope instability. Along the accre-

tionary wedge/Apulian foreland boundary three different

morphological sectors have been recognized whose main

characters are represented by a southward stepped increase

of erosional canyon activity resulting in a pronounced

slope acclivity and a superficial sediment instability. By

means of seismic data we correlate the morphology of the

sea-bottom to different contractional and flexural processes

of the accretionary wedge/foreland system. The interaction

between the different rheological domains in the subduc-

tion/collision processes could have also induced horizontal

stress represented by areas of tectonic release. In an area

like this, where very few detailed surveys have been car-

ried out, this study represents the first attempt in correlating

the recent tectonic activity to the morphological features

and in locating possible slope instability that has to be

evaluated for the positioning of offshore infrastructures.

Keywords Ionian Sea � Foreland � Calabrian Arc
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Introduction

The geodynamic context of the Ionian Sea area is extre-

mely complex. In the lower-middle Miocene the North

African margin began to collide with the southern margin

of the European plate. The Ionian subduction zone, located

offshore SE Calabria, should represent the only portion

along the Alpine orogenic front in the western-central

Mediterranean region where the Europe—Africa conti-

nent—continent collision never occured (Bonardi et al.

2001). A subducted slab beneath the Calabrian wedge is

present and probably detached. Ongoing subduction has

been postulated based on the presence of deep earthquakes

([150 km) of large magnitude, and on mantle tomographic

studies (Spakman 1990).

The active margin consists of different structural

domains such as the extended margin of Apulia foreland,

the accretionary front of the Calabrian Arc, and the asso-

ciated foredeep.

The Calabrian Arc is the most arcuate part of the

Apennine belt and the most advanced eastward, as a result

of the Ionian lithosphere subducting northeastward under-

neath Calabria (Caputo et al. 1970; Gasparini et al. 1982;

Finetti 1982; Cristofolini et al. 1985; Selvaggi and Chiar-

abba 1995; Mele et al. 1997). It consists of thrust sheets of

the sedimentary cover (Mostardini and Merlini 1986; Sella

et al. 1988), later cross-cut by deep normal faults, along

which episodes of fluid rise are reported (Doglioni et al.
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1994). Extensional tectonics is well known inland to form

grabens. They are connected to a dramatic uplift of this

region that occurred in the Middle to Late Pleistocene.

Focal mechanisms are mainly linked to Adriatic-verging

(ENE) faults (Amato et al. 1993).

The Apulian foreland consists of 35 km of continental-

type crust with a very thick Meso-Cenozoic carbonate

sequence outcropping widely onland in the Puglia region.

The Apulian ridge consists of a progressively deepening

anticline extending from Southern Puglia (Salento) to

Kephallinia Island. Laterally, it dips with a high angle

(8�–10�) beneath the Calabrian accretionary prism and

presumably it continues into the subduction plane beneath

the Apennines (Catalano et al. 2001).

The Taranto canyon extends between the external front

of the Calabrian wedge to the west and the Apulian plat-

form to the east. It represents the foredeep of the Southern

Apennines chain (Senatore et al. 1988), in which the

deposits onlap the westward-dipping foreland monocline

(Doglioni et al. 1999). This wide depression extends and

narrows to the SE toward the abyssal plain. Foredeep

deposits are represented by sediments onlapping the

westward-dipping monocline (Doglioni et al. 1999).

The relationships among these different geodynamic

domains are crucial for understanding the morphological

effects induced by the recent tectonic activity of the area.

Recent studies conducted in the proximal Ionian Calabrian

area provided evidence of episodes of mass wasting and slope

instability related to a well developed canyon system pre-

sumably extending from onshore to offshore (Rebesco et al.

2009; Morelli et al. 2011). Fusi et al. (2006) related shallow

tectonic structures to deeper ones starting from the CROP M5

seismic profile and sub-bottom chirp data; they provided

evidence of creep deposits and debrites along the external

front of the accretionary wedge, suggesting recent tectonic

activity of the area. Their common idea, indeed, is the link of

the seabed morphology with the active tectonic movements.

Our main objective is to extend the morpho-structural

analysis already carried out along the Ionian Calabrian

margin to the deeper Ionian basin. Integrating the seismic

and morpho-bathymetric data is a unique tool to study the

neo-tectonic induced features of a geodynamically com-

plex area not yet completely investigated.

Geological setting

The study area is located in the Ionian basin, south of the

Gulf of Taranto. It represents the area of convergence

between the accretionary wedge of the Calabrian Arc onto

the Apulian foreland (Fig. 1), as a result of the Apennines

orogenic processes. This part of the margin corresponds to

the area of the largest southeastward advancement of the

Apennine orogenic belt (Calabrian Arc), in comparison to

the adjacent parts of the Southern Apennines and to the

southwest in Sicily. The Tyrrhenian Sea backarc basin is

located just to the west of the Calabrian Arc. The tight and

narrow Calabrian Arc attained its shape mostly between the

late Miocene and the Pleistocene. The Calabrian Arc is

located on top of a very narrow, sub-vertical and NW-

dipping oceanic slab, clearly defined by seismicity and

tomography (Wortel and Spakman 2000). The subduction

was particularly fast over Neogene and early Quaternary

time (Patacca et al. 1990). Since *10 Ma (Malinverno and

Ryan 1986; Gueguen et al. 1997; Facenna et al. 2001),

extension within the hinterland of the orogen stretched the

continental crust and resulted in the local formation of

oceanic crust beneath the southern Tyrrhenian Sea. The

extension in the Tyrrhenian Sea is typically regarded as a

back-arc spreading process above the retreating slab

(Malinverno and Ryan 1986; Facenna et al. 2001) which

has progressively encroached within the mountain belt.

Regional GPS velocity fields point to a reduction in the rate

of Ionian slab retreat and Tyrrhenian back-arc extension

with respect to the geologic rates of the Calabrian Arc.

After early Quaternary time, a transition to a different

tectonic scenario occurred, leaving the question whether

the subduction is still active (Oldow et al. 2002; Hollein-

stein et al. 2003; D’Agostino and Selvaggi 2004; Goes

et al. 2004 Mattei et al. 2007, Ferranti et al. 2009).

The Ionian sea is a rifted area whose stretched conjugate

margins are the Malta escarpment to the SW and the Apulia

escarpment to the NE; according to Catalano et al. (2001), the

rifting could be Permian–Triassic in age evolving to oceanic

spreading during the Late Jurassic–Early Cretaceous.

Apennine chain and Calabrian Arc accretionary wedge

The Calabrian Arc is a prominent, arc-shaped structure of

the Apennine orogenic belt and represents the product of

different tectonic events (Bonardi et al. 2001; Fig. 2). The

overall architecture is made up of a series of basement

nappes and ophiolitic-bearing tectonic units that are con-

sidered to be remnants of the Cretaceous–Paleogene

Europe-verging Eo-alpine chain which, during the Neogene

had been involved in the building of the Apennine orogenic

belt (Gueguen et al. 1997). Thrusting has been related to the

subduction processes involving the African paleo-margin. It

has been accompanied by a progressive southeastward

migration of the Calabrian Arc and by the opening of the

Tyrrhenian Sea (Tortorici et al. 1995). According to several

authors, the Apennine belt is the result of the eastward retreat

of the Adriatic-Ionian lithosphere during the last 30 My

(Gasparini et al. 1985; Cristofolini et al. 1985; Malinverno

and Ryan 1986; Royden et al. 1987; Patacca and Scandone

1989; Boccaletti et al. 1990; Doglioni 1994; Selvaggi and
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Chiarabba 1995). The Southern Apennines and Calabrian

Arc are located in the most arcuate part of the Apennines

Arc. The internal structure of the Calabrian Arc consists of a

Miocene sequence overlying by a thin Messinian package

deformed by thrusts and extensional faults. The upper unit is

a gently deformed draping sequence of Plio-Pleistocene

sediments (Butler 2009). The foredeep basin is 8 km deep,

and in place it underwent subsidence at rates greater than

1 mm/yr (Doglioni et al. 1999).

Gulf of Taranto

The Apulian foreland forms the southern edge of the Adria

plate. It is bounded to the east by the west-verging Albanides

and Hellenides and to the west by the east-verging Apennines

(Fig. 1). The relationships of the Apulian foreland with the

Adria microplate are well defined. On the contrary, the

connections with the African continent are still under debate,

on whether it is a separate microplate (Finetti 1982;

Fig. 1 Location of the main

structural and geographic

elements in the study area and

the area covered by the swath

bathymetric survey (Satellite

map: Google Earth, 2010. Data

SIO, NOAA, U.S. Navy, NGA,

GEBCO)

Fig. 2 Sketch of the geotectonic

context and location map of the seismic

lines and multibeam survey
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Anderson and Jackson 1987; Westaway 1990; Favali et al.

1990; Console et al. 1993), or a promontory of Africa

(McKenzie 1972; Channell et al. 1979; Lowrie 1986;

Channell 1996; Mele 2001). The Apulian foreland consists

of a westward-dipping monocline of Mesozoic–Tertiary

carbonates and Triassic evaporites overlying a thick pile of

Paleozoic deposits, the top of which has been reached by oil

exploration wells (Ricchetti et al. 1988; Fig. 2).

The Gulf of Taranto represents the northernmost sector

of the Ionian Sea. It is situated between the allochthonous

thrust sheets of Calabria to the west and the autochtonous

units of Puglia (the Apulian foreland) to the east, and it is

considered the present-day foredeep area of the Southern

Apennine chain (Senatore et al. 1988). Three morpholog-

ical units can be identified from its bathymetric features:

1. a western sector with ridges, valleys and basins, which

represents the southeastward extension of the allo-

chthonous thrust sheets of the chain;

2. a central depression, i.e., the Valley of Taranto, located

at the foot of the thrust sheets, representing a tectonic

foredeep sensu strictu;

3. an eastern sector, made of a shelf and a slope with

smooth morphology representative of the foreland area.

Many authors have analysed the structure of the Gulf of

Taranto. In particular, Finetti (1976), Cello et al. (1981)

and Pescatore and Senatore (1986) have dealt with the

imbricate tectonic structures, while Rossi et al. (1983)

emphasized the superficial gravitational deformations.

Auroux et al. (1984) have proposed systems of transcurrent

faults to account for the regional setting.

The eastern sector of the Gulf of Taranto corresponds to

the so-called Apulian Ridge, which is an elongated structure

oriented roughly NW–SE, that outcrops on land in the

Salento highland of the Puglia region (Fig. 2). It continues

offshore, to the south, in Kephallinia island, separating the

Adriatic from the Ionian region (Fig. 1). The Apulian Ridge

represents an anomaly in the foreland assessment with

respect to the adjacent accretionary prism (Doglioni et al.

1994, 1996). In fact, while the prism subsides, the foreland is

uplifted and cross-cut by normal faults that intersect the

seafloor (Tramutoli et al. 1984; Merlini et al. 2000).

Methods

Seismic data

The analyzed seismic data consists of two single-channel

sparker seismic profiles (J32 and J2) acquired by CNR

ISMAR (National Council of Research—Institute of Mar-

ine Sciences). They were acquired in the 1970s, in the

framework of the project regarding the study of the

geology of Italian seas, through differents survey numbered

J-71, J-72, J-73, and J-74. They are oriented NE-SW and

cross perpendicular the tectonic deformations (Fig. 2).

Multichannel line CROP (CROsta Profonda) M5 crosses

to the west the external front of the Calabrian accretionary

wedge and the Apulian foreland to the east with a NE-SW

orientation. It was acquired within the Italian CRoP

(CRosta Profonda) project. It is one of the most represen-

tative seismic profile, showing a whole section of the

Apenninic chain and its related foreland, published by

Doglioni et al. (1999) and Merlini et al. (2000).

Seafloor bathymetry

The bathymetric data analyzed in this work represent the

newest in neotectonic studies in the Ionian area. Data were

acquired by the R/V OGS Explora in two successive cam-

paigns in November 2003 and August 2005 (Figs. 1, 2).

The data were processed at OGS—Institute of Ocean-

ography and Experimental Geophysics—and the final

dataset depth ranges between 630 and 3,470 m below sea

level and cover an area of about 9,500 km2.

Tectonics and morphology

The three seismic profiles presented are perpendicular to

the main tectonic deformations and are representative of

the different relationships between the accretionary wedge

and the foreland in the study area. Integrating seismic data

with the high-resolution bathymetric data, we investigate

the influence of recent tectonic activity on the morphology

of the seafloor.

Line CROP M5 (northern sector of the accretionary

wedge/foreland system) crosses the Apulian continental

platform and the external front of the Calabrian Arc

(Fig. 3). Following and integrating the interpretation of

Doglioni et al. (1999) and Merlini et al. (2000), we present

the structural elements characterizing this sector of the

margin. The front of the accretionary wedge is marked by

an east-verging thrust, clearly visible also on multibeam

bathymetry (Fig. 3a). The seismic line shows a very

irregular morphology of the seafloor in the Calabrian Arc

domain (to the left), characterized by an elevated thrust

front and, at the back, by a depression which from multi-

beam bathymetry can be interpreted as a submarine canyon

oriented roughly N–S, that seems to continue onshore

(Fig. 3c). The accretionary wedge and the foreland are

separated by a foredeep basin filled by Plio-Pleistocene

sediments onlapping the west-verging Apulian monocline.

On bathymetric map, this area coincides with the stretch of

Taranto canyon where it exhibits the widest extension and

where the external front of the accretionary wedge is sharp
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and with a local arcuate trend. Extensional E-dipping faults

cross-cut the Messinian and Plio-Pleistocene sediments.

The foreland to the NE consists of a Mesozoic carbonate

platform overlain by a thin Plio-Pleistocene sedimentary

cover. The carbonate sequence is affected by extensional

faults, sometimes up to the seafloor, producing in some

cases considerable local displacements (Fig. 3b). The main

morphological expression is the large depression oriented

NW–SE clearly visible on the bathymetric map (Fig. 3).

In this part of the margin the subduction plane of the

Apulian foreland beneath the Calabrian Arc thrust system

is still evident (Fig. 3b, c).

Line J-32 (central sector of the accretionary wedge/

foreland system) is almost parallel to the previous line and

located further southward (Fig. 4). The compressive

structures belonging to the front of the Calabrian Arc are

still evident, even if less pronounced with respect to the

northern profile (Fig. 4a). On their top, normal faults have

further deformed the front up to the base of the Plio-

Pleistocene sequence. Sedimentary cover consists mainly

of transported sediment; at the external part of the wedge a

deposit presents the characteristic of contouritic deposits.

The term ‘‘contourite’’ has to be intended in the more

general meaning, sediment deposited and substantially

reworked by action of bottom currents along channels. In

general, mass-transported deposits reported in this area are

associated with the presence of large submarine canyons

extending from onshore down to deeper zones in the Ionian

Sea (Rebesco et al. 2009; Morelli et al. 2011).The shallow

sediments on the Calabrian accretionary wedge have been

interpreted as a result of creeping (Fusi et al. 2006), and as

the cause for irregular morphology of the seafloor well

evidenced by the multibeam survey reported (Fig. 4).

The deformation of the foreland is still evident as nor-

mal faults that reach the seafloor (Fig. 4b). At the base of

the foreland, block faulting of the platform produces a

rough morphology characterized by strong diffractions on

seismic data. This peculiarity is very well imaged on

multibeam bathymetry that shows a sharp change in the

morphology of the Apulian slope, which in this central

sector is steeper and more incised with respect to the

northern sector. The seismic line shows two mounds at the

base of the slope. They could possibly be interpreted as

mud volcanoes where the faults, in a compressive tectonic

Fig. 3 Multichannel seismic line CROP M5, acquired within the CROP (CROsta Profonda) national project. This is the northernmost profile

considered in this work. Line location in Fig. 2 and on the multibeam survey at the top left
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regime, constitute particularly favourable pathways for

upward migration of mud (Westbrook and Smith 1983;

Camerlenghi et al. 1995; Kopf 2002).

The overall setting of the margin is characterized by the

elevation of the foreland, which begins to be higher than

the adjacent accretionary wedge and by the remarkably

reduced width of the foredeep which is evident both on

seismic profile (Fig. 3c) and detailed bathymetry (Fig. 6).

Line J-2 (southern sector of the accretionary wedge/

foreland system) is the southernmost profile which clearly

shows the increased steepness of the Apulian escarpment

strongly affected by extensional faults (Fig. 5). To the west,

the most advanced Calabrian Arc structures are still present

although with reduced superficial evidence (Fig. 5a).

As in the central and northern parts of the area, the fore-

land presents extensional features that intersect both the base

of the sedimentary cover and locally also the seafloor

(Fig. 5b). This allows the recognition of two distinct exten-

sional phases in the foreland platform: the oldest one affects

only the base of the Plio-Pleistocene upper unit, whereas the

recent one reaches the seafloor, thus producing remarkable

features such as the graben-like structure (Fig. 5c). In

Fig. 5b a contouritic deposit is present on the foreland. The

steep dip and the complex morphology of the slope are vis-

ible on the multibeam bathymetry, which shows the elevated

bathymetric gradient. At the base of the slope to the Apulian

side deposits are absent but on the Calabrian side a sub-

horizontal pack of reflectors are present (Fig. 5a). They

represent sediments transported along the channel axis

subsequently incised, which is very well defined by the

bathymetric map. In this southern sector of the margin, the

Apulian slope is very steep and incised by diffuse gravita-

tional phenomena. We believe that the intense erosional

nature of the channel (Fig. 5a), also evidenced by the

absence of deposits at the base of the slope, is responsible for

the very high steepness of the slope (Fig. 5).

Discussion

General tectonic setting

Calabrian Arc

The front of the Calabrian Arc shows a complex series of

NW–SE striking, NE-verging thrust sheets, that in some

Fig. 4 Single-channel seismic line J-32. This line shows the structural setting of the central tract of the margin. Line location in Fig. 2 and on the

multibeam survey at the top left
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parts (i.e., the Gulf of Taranto) produce piggyback basins

on top (Senatore et al. 1988). In the investigated area, the

back-thrusting deformed the accretionary front up the Plio-

Pleistocene sequence. The occurrence of mass-transported

deposits controlled the morphology of this sector of the

accretionary wedge (Figs. 4, 6). A narrow foredeep basin,

known as Taranto Trench, separates the accretionary

wedge from the Apulian foreland. The seismic profile of

the northern sector (Fig. 3) shows the subduction of the

Apulia carbonate platform beneath the Calabrian Arc. Here

the thrusts of the accretionary wedge clearly override the

platform, while the foredeep sediments onlap onto the

west-dipping foreland. Moving southward, the foreland and

the Calabrian Arc are separated by a deeply incised canyon

(Fig. 6) consistent with the fact that this part of the margin

has not been involved yet in the Tertiary and Quaternary

subduction processes (Catalano et al. 2001). The deep

structure of this domain cannot be easily understood from

the available seismics. It can be inferred that the Apulian

carbonate platform continues beneath that accretionary

prism, and, if this boundary exists, it would lie at depth and

would be overstepped by the emplaced allochthons (Butler

2009).

Apulian foreland

The morphology of the foreland is characterized by a well

developed slope to the east, disrupted up to the seafloor by

alignments of extensional faults, sometimes of remarkable

throw, which give origin to grabens and semi-graben

structures (Fig. 3, 6). These features have a similarity with

those found in the Salento Peninsula where they originated

from block rotation around vertical axes within a strike-slip

regime (Gambini and Tozzi 1996). On the contrary, Arg-

nani et al. (2001) argued that the grabens in Salento off-

shore are related to flexure of the Apulia foreland under the

double load of the Hellenides and Apennine-Calabrian Arc

fold-and-thrust belts. Butler (2009) demonstrated that in

some parts the abrupt steps dissecting the seafloor can be

erroneously interpreted as fault offsets, except that the

steps are underlain by continuous stratal reflectors. In this

case they are interpreted as erosional features.

Fig. 5 Single-channel seismic line J-2. This line shows the relation-

ships between the accretionary wedge and the foreland in the

southernmost sector of the margin. Notice the different structural

setting of the southern part of the margin in comparison to the

northern part as shown in Fig. 3. Line location in Fig. 2 and on the

multibeam survey at the top left
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There is also another important peculiarity of this mar-

gin, evidenced by seismic profiles and multibeam data that

is worth reporting: the foreland is uplifted with respect to

the adjacent accretionary wedge, a character that is more

pronounced in the southeastern part of the study area. This

is very peculiar for a standard convergent margin, where

the accretionary wedge is usually uplifted with respect to

the adjacent foreland. Merlini et al. (2000) inferred that the

foreland uplifting should be the result of an active stress

field acting at depth on the subduction plane, which also

could provide evidence of the fact that the subduction

process is still active.

Apulian slope

The morphology and the setting of the foreland slope point

out a net difference between the southern and northern

parts of the study area (Figs. 6, 7): to the south, the slope is

very steep and very irregular, affected by various slope

disruptions (scars and gullies) showing a morphology

typical of subaerial areas giving rise to a ‘‘badlands’’

appearance (Fig. 7). In contrast, to the north, the mor-

phology of the slope is smoother as it grades toward the

foredeep even though it is interrupted by normal faults

clearly visible on seismic profiles (Figs. 3, 4, 5). This

results in a sharp difference in the configuration of the

margin, so that it can be separated into two sectors whose

boundary coincides with the deviation of the foredeep-

channel axes. It also determines a different erosional

activity in the two sectors, being more intensive toward the

SE resulting in a steeper slope. We exclude possible ero-

sion due to exposure as a cause of the steep slope, because

the crest of the escarpment seems not to be highly degraded

(see also Butler 2009).

Fig. 6 Morpho-structural

interpretation of the investigated

area, jointly considering

multibeam and seismic data
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Morphological characteristics and their relationships

with the deep structures

By analyzing our datasets, in particular the swath bathy-

metric survey, the examined part of Calabria-Apulia mar-

gin can be subdivided into a northern, a central, and a

southern sector, each characterized by different morpho-

logical setting and structural dynamics (Fig. 6).

Northern sector

The northern sector is characterized by an overall gentle

morphology. The external front of the Calabrian prism

consists of lobate thrusts that have a distinct relief with

respect to the adjacent channel. Seismic data (Figs. 3, 4, 5)

show that they are the expression of a complex structural

setting, where recent tectonic activity would have deformed

the Plio-Pleistocene sediments resulting in the irregular

morphology (Fig. 3). The foredeep in this part of the margin

is well defined, forming a wide basin that separates the

accretionary prism and the foreland. The foreland degrades

constantly towards the foredeep and the slope is dissected by

extensional SW-dipping sub-vertical faults (Fig. 3). The

morphology of the foreland is characterized by seabed fea-

tures imaged on multibeam bathymetry as elongated

depressions oriented NW-SE and NE-SW with different

vertical displacements (Figs. 3, 6). They have been inter-

preted as erosional features indicative of mobile sediments

along the foreland (Butler 2009), however a tectonic origin

cannot be excluded in the presence of the remarkable trough

(Merlini et al. 2000; Fusi et al. 2006).

In this northern sector of the margin the gentle mor-

phology, characterized by the reduced dip of the foreland

and by the horizontal stratification of the foredeep deposits

(Fig. 3), suggests a slowing down of the tectonic activity.

Central sector

The central sub-sector can be considered a transition zone

separating the northern and southern sectors, which are

rather different. Seismic profile J-32 (Fig. 4) shows that the

relationships between the accretionary wedge and the

foreland are slightly changed. In fact the foredeep filling

sediments are reduced even though evidence of the west-

ward-subducting slab can be distinguished. On the front of

the accretionary wedge, particularly evident is a contourite

deposit which lies over the underlying back-thrusted unit.

The uplift of the foreland is more evident with respect to

the northern sector and the slope appears steeper and more

incised. The morphological evidence of the channel

becomes more focused and more pronounced, also driven

by the convergence of the prism with respect to the fore-

land, which here is generally accentuated, as shown by the

reduced extension of the foredeep area. The irregular

morphology of the sea-bottom in the central sector suggests

a more intense tectonic activity (Figs. 4, 6).

Southern sector

In the southern sector the relationships between tectonic

activity and erosional features are very clear. The front of

the accretionary wedge is characterized by the occurrence

of transported sediments (Figs. 4, 5, 6) on top of the

thrusts. However, the most notable feature in this part of

the margin is the accretionary wedge, topographically and

structurally deeper than the foreland to the east. The steep

slope of the foreland has a very irregular morphology. It

appears very incised and interrupted by various slope dis-

ruptions (i.e., scars) particularly evident at the slope edge

(Fig. 7), giving rise to a badlands morphology. This mor-

phological change also corresponds to a sharp deviation to

Fig. 7 Detailed image of the

slope morphology. The red
arrows indicate the channel

axes. It is worth noting the sharp

deviation of the channel in

connection to a change in the

morphology of the escarpment.

The mounds alignment

corresponding to the channel

would indicate a possible

tectonic origin
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the east of the canyon axis at the base of the slope. This

sudden bending coincides with the intensification of the

erosional activity of the channel as evidenced by the steep

and incised slope, by the absence of recent deposits at its

base, and by the formation of upslope retrogressive scars

(Fig. 7). Seismic line J-2 shows, on the Calabrian side,

sediments that were transported by the channel but that

were subsequently eroded due to the intensification of the

channel activity. Corresponding to the change in the

channel axis, on the foreland side, a NE-SW alignment of

mounds is visible (Figs. 6, 7). It lies also on the elongation

of the two mounds crossed by line J-32 (Figs. 4, 6). No

seismic lines crossing these features are available, but we

can consider the hypothesis of a tectonic origin, in partic-

ular this tectonic lineament would have dissected the

margin. This would suggest that the change in the mor-

phological style of the margin was induced by differential

movements of the different sectors of the margin.

Conclusions

Interpretation of seismic profiles and integration with

multibeam bathymetry allow us to infer that the morphol-

ogy of this part of the Ionian Sea is strongly influenced by

the recent tectonic activity. The accretionary prism/fore-

land system shows three different sectors from north to

south, each characterized by a distinct morphology which

is in turn controlled by the different structural setting

induced by the changes in the relationships between the

accretionary wedge and the foreland.

In the northern sector, on the Calabrian side, the Plio-

Pleistocene sediments were deformed by recent tectonic

activity giving rise to the irregular morphology of the

seafloor. The foredeep forms a wide basin and is controlled

by the accretionary wedge and the foreland whose limits

are visible on the multibeam bathymetry (Fig. 6). The

foreland is dissected, sometimes up to the seafloor, by

extensional faults forming NW–SE elongated depressions

(Fig. 6).

The central sector represents a transition zone. On the

Calabrian side, mass-transported sediments were deposited

on top of the deformed Messinian structures. The mor-

phological evidence of the channel is more pronounced and

the uplifting of the foreland is more evident there, sug-

gesting an intensification of the tectonic activity.

In the southern sector the most notable feature is the

Apulian slope, very irregular and steep. This morphologi-

cal change coincides with the deviation of the channel axis.

Some morphological evidence (alignments of mounds)

would suggest a tectonic origin for the channel axis

change, which would also influence the intensification of

its erosional activity.

In such a context, the change in width and height of the

canyon follows the changes of the slope morphology as its

erosional activity increases from NW to SE.

The Apulian slope is, without any doubt, the part of the

area more affected by the intense erosional activity, which

is also more subject to potential episodes of instability.

These are presently located on the slope, but they may also

affect the deep basin and the adjacent Greek zone because

of the erosional activity of the retrogressive scars present

on top of the slope, particularly in the southern sector. The

change in the steepness of the slope and the abrupt change

of canyon direction can modify the shape and the flow of

the transported sediments along the channel in terms of

speed, density, and viscosity. This would influence the

stability of the Apulian slope, thus it becomes essential to

study the possible failure area and the relative post-failure

mass movements to assess important offshore infrastruc-

ture such as cables or pipelines.

The further eastward advance of the Calabrian external

front could be responsible for the elevation of the foreland

in this southern sector. This mechanism could also have

favoured the erosion at the base of the slope and acted as a

preferential path for the canyon formation.

The interaction of different rheological domains in the

subduction/collision processes should be accommodated by

areas of tectonic release that could also have induced

horizontal stress.
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ellenico). Mem Soc Geol It 27:276–286

Boccaletti M, Nicolich R, Tortorici L (1990) New data and hypothesis

on the development of the Tyrrhenian basin. Paleogeography

Palaeclimatol Palaecol 77:15–40

Bonardi G, Cavazza W, Perrone V, Rossi S (2001) Calabria-Peloritani

terrane and northern Ionian Sea. In: Vai M (ed) Anatomy of an

orogen. Kluwer, Boston, pp 287–306

Butler RWH (2009) Relationship between the Apennine thrust belt,

foredeep and foreland revealed by marine seismic data, offshore

Mar Geophys Res

123



Calabria. Boll Soc Geol It 128(2):262–278. doi:10.3301/IJG.

2009.128.2.269

Camerlenghi A, Cita MB, Della Vedova B, Fusi N, Mirabile L, Pellis

G (1995) Geophysical evidence of mud diapirism on the

Mediterranean Ridge accretionary complex. Mar Geophys Res

17:115–141

Caputo M, Panza GF, Postpischl D (1970) Deep structure of the

Mideiterranean basin. J Geophys Res 75:4919–4923

Catalano R, Doglioni C, Merlini S (2001) On the Mesozoic Ionian

basin. Geophys J Interior 144:49–64

Cello G, Tortorici L, Turco E, Guerra I (1981) Profili profondi in

Calabria Settentrionale. Boll Soc Geol It 100:423–431

Channell JET, D’Argenio B, Horvath F (1979) Adria, African
Promontory in Mesozoic Mediterranean paleogeography. Earth-

Sci Rev 15–3:213–292

Channell JET (1996) Palaeomagnetism and palaeogeography of

Adria. In: Morris A, Tarling DH (eds) Palaeomagnetism and

tectonics of the Mediterranean region, 105, Geological Society

of London Special Pub, pp 119–132

Console R, Di Giovambattista R, Favali P, Presgrave BW, Smerigli G

(1993) Seismicity of the Adriatic microplate. Tectonophysics

218–4:343–354

Cristofolini R, Ghisetti F, Scarpa R, Vezzani L (1985) Character of

the stress field in the Calabrian Arc and Southern Appennines

(Italy) as deduced by geological, seismological and volcanolog-

ical information. Tectonophysics 117:39–58

D’Agostino N, Selvaggi G (2004) Crustal motion along the Eurasia-

Nubia plate boundary in the Calabrian Arc and Sicily and active

extension in theMessina Straits from GPS measurements.

J Geophys Res 109:B11402. doi:10.1029/2004JB002998

Doglioni C (1994) Foredeeps versus subduction zones. Geology

22–3:271–274

Doglioni C, Mongelli F, Pieri P (1994) The Puglia uplift (SE Italy): an

anomaly in the foreland of the Apenninic subduction due to

buckling of a thick continental lithosphere. Tectonics

13:1309–1321

Doglioni C, Tropeano M, Mongelli F, Pieri P (1996) Middle-Late

Pleistocene uplift of Puglia: an ‘‘anomaly’’ in the Apenninic

foreland. Memorie della Società Geologica Italiana 51:101–117
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