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The rise in sea level following the Last Glacial Maximum (LGM) radically altered pre-existing geography, pushing
back the former shorelines. The effect of this eustatic change was particularly intense and dramatic in flat lands
and shelves, such as the Sicilian Channel. High-resolution bathymetric maps and Chirp seismic profiles analyzed
in this study show that the Sicilian Channel, now lying at depths rarely exceeding 150 m, has emerged several
times during its geological history. The last emergence was during the Early Holocene, when kilometre-sized
islands punctuated the north-western sector of the Sicilian Channel, the Adventure Plateau, forming a broad
archipelago. Many of these islands, now located in water ranging in depth from −10 to −40 m, are composed
of highly deformed Neogene sedimentary rocks (Talbot, Ante-Talbot, Nereo, and Pantelleria Vecchia banks),
while others represent submarine Pleistocene volcanic edifices (Galatea, Anfitrite and Tetide banks). Sedimenta-
ry cover in all of these banks is virtually absent. High-resolution seismic profiles allowed the identification of
post-LGM morphological markers associated with the marine transgression, some of which are characterized
by melt water-pulses, as demonstrated by the presence of specific and distinct erosional features. Combining
swath bathymetric data with the seismic profiles, we have generated two palaeogeographic maps of the former
Adventure Archipelago at two specific time frames: (1) at the end of the Younger Dryas stadial (11,500 yr B.P.,
corresponding to a former sea level of −60 m), and (2) at the end of the melt-water pulse 1B (11,200 yr B.P.,
corresponding to a former sea level of −42 m). Maps clearly show that in just 300 years the geography of the
archipelago has changed dramatically, somuch so that some islands have disappeared and some have decreased
by more than 80% of their pre-Younger Dryas size.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The Mediterranean basin has experienced major sea-level changes
during glacial cycles, for which evidence occurs in both geological and
archaeological records (e.g., Lambeck and Chappell, 2001; Lambeck
and Purcell, 2005; Antonioli et al., 2009; Auriemma and Solinas,
2009). An abrupt global rise in sea level (Clark et al., 2009), estimated
to be of 125 ± 5 m, as determined by correcting observed sea-level
changes for the glacio hydro-isostatic contributions (Fleming et al.,
1998), occurred from 19,000 to 20,000 yr B.P., i.e. after the Last Glacial
Maximum (LGM) (e.g., Mix et al., 2001; Siddall et al., 2003; Lambeck
et al., 2004).

The areas of the Mediterranean Sea where the consequences of sea-
level change were most widespread and intense occurred in shallow
shelves such as part of the Aegean Sea, the northern Adriatic, and the
Tunisia and Malta platforms, these last two located in the Sicilian
Channel. The Sicilian Channel occupies the northern part of the
African continental shelf between Tunisia and Sicily (Fig. 1). It mostly
lies under shallow water, with the exception of three tectonic depres-
sions produced by a continental rifting since the Lower Pliocene, i.e.
the Malta, Linosa and Pantelleria graben (e.g., Jongsma et al., 1985;
Reuther and Eisbacher, 1985; Boccaletti et al., 1987; Cello, 1987; Dart
et al., 1993; Civile et al., 2010). This tectonic process was accompanied
by extensive magmatic activity that generated both submarine edifices
and volcanic islands (e.g., Carapezza et al., 1979; Beccaluva et al., 1981;
Calanchi et al., 1989; Rotolo et al., 2006; Lodolo et al., 2012).

The ~80,000 km2 Adventure Plateau, located in the north-western
sector of the Sicilian Channel, is the shallowest part of the entire region,
and is punctuated by several isolated, eroded rocky banks (Colantoni
et al., 1985). Analysis of seismic data, combined with sedimentation
rates and the curve of global sea-level change, showed that during the
LGM the Adventure Plateau formed a large peninsula protruding into
the Sicilian Channel, separated from the North African coastline by
less than 50 km (Vai and Cantelli, 2004; Lodolo, 2012).
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Fig. 1. Morpho-bathymetric map of the Sicilian Channel and surrounding regions. Bathymetric data are taken from the International Bathymetric Chart of the Mediterranean (IBCM)
(http://www.ngdc.noaa.gov/mgg/ibcm/ibcm.html), and from the CIESM/IFREMER map of the Mediterranean seafloor (http://www.ciesm.org/marine/morphomap.htm), integrated
with data taken from Civile et al. (2010), whereas topographic elevations are taken from the Shuttle Radar TopographyMission (SRTM) (http://www2.jpl.nasa.gov/srtm). AP: Adventure
Plateau; MVC: Mazara del Vallo Channel.
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The gradual increase in sea level caused the flooding of most of the
peninsula, with the exception of some morphological highs that, until
the Early Holocene at least, formed an archipelago of several islands
separated by stretches of extremely shallow sea (Lodolo, 2012). The
geological origin of these rocky banks, as well as their lithological
composition, remains however largely unknown. This is mainly due to
the lack of extensive and detailed bathymetric maps and high-
resolution seismic profiles, which represent the fundamental data for
deriving the morpho-structural features of these once emerging areas.

In this paper, we present the results of an integrated study
performed on high-resolution swath bathymetric data and seismic
profiles (Chirp data) acquired by the R/V OGS-Explora on several
submerged shallow reliefs of the Adventure Plateau that we call here
Adventure Archipelago (see the Supplementary Material file for details
on data acquisition and processing).

The new data, along with empirical determinations of age extrapo-
lated from the comparison between sea-level curves obtained from
different areas of the earth, provided the basis for deriving the Late Qua-
ternary palaeogeograhy of this sector of the Central Mediterranean
region, reconstructed at two time frames: (1) at the end of the Younger
Dryas stadial (11,500 yr B.P.), and (2) at the end of themelt-water pulse
1B (11,200 yr B.P., Liu and Milliman, 2004).
2. General geological and structural setting

The Adventure Plateau is part of the northern margin of the African
continental plate and is morphologically separated from Sicily by the
relatively deep (about −120 m) Mazara del Vallo Channel, and from
Tunisia by the Pantelleria Graben (about −1300 m). Several shallow
banks, which in some cases rise to less than 10 m below sea level
(Talbot, Ante-Talbot, Nereo, Panope, Tetide, Anfitrite, Galatea and
Pantelleria Vecchia), punctuate the almost flat surface of the Adventure
Plateau (Fig. 1). Some of them represent recent submarine volcanic
manifestations while others are remnants of highly deformed and
tectonized substratum, mainly composed of Late Cenozoic carbonate
and siliciclastic deposits (Borsetti et al., 1974, Colantoni, 1975), and
eroded during repeated phases of subaerial exposure (Colantoni et al.,
1985; Antonelli et al., 1988).
The sedimentary succession of the Adventure Plateau, reconstructed
by the analysis of available exploration boreholes, is composed of a
Triassic–Eocene predominantly carbonate interval, and of a mostly
siliciclastic Oligocene–Quaternary succession (Civile et al., 2014). Sever-
al hiatuses, associated with unconformities, were recognized, testifying
that this platform possibly emerged over long periods of time.

The structural setting of the Adventure Plateau is the result of two
independent tectonic processes: (1) the building of the external sector
of the Sicilian–Maghrebian Chain (Lentini et al., 1990, 1994, 1996;
Finetti and Del Ben, 2005) which occurred in Late Miocene (e.g.
Argnani, 1993a, b; Grasso, 2001; Civile et al., 2014), characterized by
ESE-verging thrusts and back-thrusts (Antonelli et al., 1988; Argnani
et al., 1986; Civile et al., 2014); (2) the continental rifting affecting the
northern African margin, occurred since Early Pliocene time (Civile
et al., 2010), which generated the Pantelleria, Malta and Linosa troughs
bounded by roughly NW-trending high-angle normal faults. The rifting
process was accompanied by widespread volcanic activity (Carapezza
et al., 1979; Beccaluva et al., 1981; Calanchi et al., 1989; Peccerillo,
2005; Rotolo et al., 2006; Lodolo et al., 2012), Pliocene–Pleistocene in
age (Calanchi et al., 1989; Rotolo et al., 2006), testified in the Adventure
Plateau by the volcanic banks of Tetide, Galatea, Anfitrite and Cimotoe.

3. Morphological setting of the banks of the Adventure Plateau

Asmentioned above, several isolated banks have been recognized in
the Adventure Plateau (Colantoni et al., 1985)where recovered samples
have shown that some of them are composed of carbonates and
sandstones (Talbot, Ante-Talbot and Pantelleria Vecchia banks), while
others represent submerged volcanic edifices (Tetide, Anfitrite, Galatea
and Cimotoe). Here we describe in detail the banks we have surveyed
by swath bathymetry and high-resolution profiles (Talbot, Ante-
Talbot, Nereo, Pantelleria Vecchia, and Anfitrite).

Tetide, Anfitrite and Galatea banks, located in the central part of the
Adventure Plateau, are quite close to each other (less than 10 kmapart),
and oriented N120° (Fig. 1), a trend which is roughly parallel to the
Pantelleria Graben axis. Cimotoe is located along the south-western
margin of the Adventure Plateau. Tetide occupies roughly 9 km2 and
rises from a −70 m deep seafloor consisting of calcarenites and sands,
and reaches minimum depths of −18 and −34 m. Galatea Bank
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shows an extremelywell-preserved original cone shapewith a probable
summit crater. Its apex reaches a depth of −74 m and its base is about
2 km in diameter. The volcanic nature of Cimotoe, located on the south-
eastern boundary of the Adventure Bank at a depth of about−200m, is
inferred solely on the basis of the magnetic anomalies (Calanchi et al.,
1989).

3.1. Anfitrite Bank

The Anfitrite Bank is located about 45 km to the south of the Sicily
coast, and was for the first time identified by Colantoni et al. (1985),
on the basis of sparse high-resolution seismic profiles and bathymet-
ric soundings. It represents a submerged volcanic edifice, as revealed
by recovered samples of tholeiitic affinity (Calanchi et al., 1989).
Swath bathymetric data, covering an area of about 90 km2, show
the presence of two distinct morphological highs, named Anfitrite 1
and Anfitrite 2 (Fig. 2), rising from a seafloor with a depth varying
from −60 m to −90 m. Anfitrite 1 covers an area of about 1.8 km2

and has a sub-circular shape with a diameter of about 1.5 km. Its vol-
canic nature can be hypothesized by the presence, in the southern
part of the bank, of a recognizable caldera (diameter of ~500 m)
characterized by a collapsed/dismantled south-eastern rim. Its flat-
top, north-eastern rim lies at about−35 m below sea level, and rep-
resents the shallowest part of the Anfitrite Bank. The north-western
part of Anfitrite 1 is occupied by a ridge of semicircular shape that
might represent the remnant of a major dismantled volcanic edifice.
In the north-eastern part of this bank a small elliptical morpho-
Fig. 2. Swath bathymetric map of the Anfitrite, Pantelleria Vecchia, and Nereo banks with thei
corresponding Chirp profiles presented.
structure is noted, probably relating to an adventitious volcanic
cone (diameter of ~150 m) where the south-eastern rim is missing.
Anfitrite 2 is composed of a ridge running for more than 1.5 km in a
N–NE direction and with a maximum width of about 1 km. This
ridge, with its shallowest peak reaching −40 m below sea level in
the southern part, does not show easily recognizable volcanic-
related features. The volcanic nature of this edifice has been derived
from the analysis of a sample (representing a massive and fractured
basaltic lava) collected by scuba divers from the southern top of the
ridge at −45 m depth (Calanchi et al., 1989).

The Chirp profile AB-1 (Fig. 3) crosses the caldera recognized
at Anfitrite 1 morphological high. It is characterized by a very steep
and raised north-eastern rim with a sediment-free top lying at
−35 m below sea level. The caldera is filled by Holocene deposits,
which might be at least in part of volcanic origin, up to about 6 m
thick (applying a sound velocity of 1.6 km/s for the recent and less
consolidated sediments), covering a volcanic basement, acoustically
impenetrable, that deepens from east to west from about −60 m to
−70 m below sea level. The north-eastern rim appears to be affected
by a very recent volcanic effusion (massive lava) that breaks and
bends the basement. This magmatic body could be interpreted as a
volcanic neck produced by the hardening of magmawithin a conduit.
The Chirp profile AB-2 (Fig. 3) crosses the southern part of Anfitrite 2
high. The sediment-free, flat top of the ridge lies between −35 and
−40 m below sea level and is bounded by relatively steep flanks.
The north-eastern flank is limited by a sub-vertical scarp about 22
m high.
r simplified morpho-structural interpretation. Labelled thin dashed segments indicate the



Fig. 3. Chirp profiles crossing the Anfitrite 1 and Anfitrite 2 submarine volcanic edifices, and corresponding line-drawings. See location of profiles in Fig. 2.
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3.2. Pantelleria Vecchia Bank

The Pantelleria Vecchia Bank is located 40 km north of the volcanic
island of Pantelleria (Fig. 1) in an area dominated by NW-trending,
high-angle normal faults related to the continental rifting phase that
produced the Pantelleria Graben since the Early Pliocene. Compression-
al structures associated with the Late Miocene compressional phase
have been also recognized in this sector (Argnani et al., 1986).

The high-resolution swath bathymetric data (Fig. 2) show that this
bank, covering a total area of 5.2 km2, is made up of two main flat
rocky shoals of rectangular shape, separated by a narrow channel, and
some smaller islets located in the south-western part. The main shoals
lie at a depth ranging from −16 m in the northern part to −24 m,
while the surrounding areas are located at depths ranging from −46
to −60 m. Folded stratification is recognizable in the south-eastern
part of the minor shoal. The shoals and the alignment of islets are
limited by rectilinear NW-trending scarps (N125°–135°), probably as-
sociated with major faults parallel to the structures produced by the
rifting process that generated the Pantelleria Graben. The internal part
of the banks is affected by minor faults and fractures.

Three Chirp profiles, crossing the rocky bank NE–SW, have been
selected to describe the morpho-structure of this shoal. Profile PVB-1
(Fig. 4) crosses the southern part of the main shoal characterized by a
relatively flat surface affected by minor, high-angle normal faults. The
rocky bank is acoustically impenetrable and sediment-free. Fault-
scarps control both sides of the bank. Profile PVB-2 (Fig. 4) crosses the
central part of the main shoal and the alignment of islets. The main
shoal is subdivided into two blocks by a normal fault. In the area
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between the main shoal and the alignment of islets, the basement,
which outcrops at the base of the fault-scarp, and theHolocenedeposits,
up to 8 m thick, are dipping counter-slope probably due to a recent
reactivation of the bounding fault. Profile PVB-3 (Fig. 4) crosses the
northern part of the Pantelleria Vecchia Bank including the two main
shoals. The major shoal is bounded by fault-scarps with heights of
about 20 m (south-western scarp) and 30 m (north-eastern scarp),
respectively. The minor shoal shows an irregular morphology with the
southern side probably controlled by a fault.
Fig. 4.Chirp profiles crossing the Pantelleria Vecchia Bank, and corresponding line-drawing. The
indicated. See location of profiles in Fig. 2.
3.3. Ante-Talbot and Talbot banks

These two banks, separated by a relatively deep and narrow channel,
are located along the north-western margin of the Adventure Plateau
(Fig. 1). This area was affected by a strong and complex Late Miocene
compressional deformation.

The Ante-Talbot Bank covers an area of about 32 km2. It is elongated
N–S, has a length of 12.5 km and a maximum width of roughly 5 km in
the southern sector; the minimum depth at its highest point is about
principalmorphological elements associated to the post-LGMmarine trangression are also
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−25 m (Fig. 5). Data show that this bank is a structural high generated
by a severe folding of the sedimentary succession, subsequently affected
by faults. Two main antiformal hinges, producing distinct morpho-
structures, can be recognized. The main fault system, characterized by
extensional and left-lateral movements, shows a variable trend from
N100° to N120°, roughly orthogonal to the axial surface. Other minor
systems, with N140°–150°, N60°–90° and N20° trends, affect all the
southern and central part of this structure.

The Chirp profile ATB-1 (Fig. 6) crosses the southern part of the
western limb of the main antiform. The acoustically impermeable
basement of the bank shows a rough morphology, probably related to
the presence of competent layers separated by a relatively flat zone
where levels which are more erodible are present, covered by a thin
thickness of Holocene deposits. The Chirp profile ATB-2 (Fig. 6) crosses
the hinge zone of the southern antiform. The western limb is not cov-
ered by sediments and shows a rough morphology. The gentler eastern
limb shows several basement outcrops, separated by zones filled by
transparent Holocene sediments up to 6 m thick. The hinge zone of
the fold shows a flat basement covered by thin Holocene deposits.

The Talbot Bank trends N–S for about 5 km and covers an area
of about 7 km2 (Fig. 5). The maximum width is about 2 km and the
minimum depth is −7.5 m, recorded in the central part of the bank.
Morpho-bathymetric data show that this bank, analogously with the
Ante-Talbot Bank, is the surface expression of an eroded structural
high produced by folding, and subsequently affected by faults. An
antiformal hinge, almost parallel to that of the folds recognized in the
Ante-Talbot Bank, is recognizable in the central part of the bank. The
main tectonic lineaments, recognizable also on the Chirp profiles, are
oriented N-W and N–S, and located along the margins of the fold. The
N–S lineaments isolate a rectangular shoal in the southern part of the
bank.

TheW–E-oriented Chirp lines TB-1 and TB-2 (Fig. 7) shows themain
morpho-structural features of the Talbot antiform. Profile TB-1 crosses
the hinge of the structure. Here, the rocky bank reaches −18 m depth
along the western limb of the fold. It shows a rough morphology,
probably related to differential erosion. The eastern side of the bank,
characterized by pronounced pinnacles, is bounded by a very steep
normal fault-scarp about 22 m high. The western side shows gentle
slopes up to a scarp that could be controlled by a normal fault. In the
profile TB-2 the sediment-free Talbot antiform is very evident, with a
summit located at about −9 m depth. Along the western side of the
bank, two morphological terraces are recorded at −20 m and −27 m
below sea level respectively. The deeper terrace is covered by a thin
thickness of Holocene deposits, and at the western edge the basement
outcrops to form a small shoal. The western side of this minor shoal
might be controlled by a normal fault.

3.4. Nereo Bank

This bank, morphologically quite complex, is located in the sector of
the Adventure Plateau dominated by Late Miocene compressional
deformations. According to Colantoni et al. (1985) the name Nereo is
given only to the north-eastern part of the bank, whereas the name
Panope is assigned to the shoals present to the south-west (Fig. 1).

Themultibeammap (Fig. 2) shows a very rough and articulate rocky
bank composed of three main parallel NE-trending minor shoals sepa-
rated by narrow channels. The northern main shoal, about 3.7 km long
and 3.5 km wide, consists of a ridge shoaling at −35 m below sea
level with a S-E side controlled by a N40° segmented fault-scarp. In
the southern part of the shoal, semicircular small banks are recognizable
and could be related to the presence of folded competent layers. The
central shoal shows an extremely complicated morpho-bathymetry.
Along the north-western margin, a discontinuous level is very notice-
able; it shows a rectilinear trend in the southern part and folded in the
northern part where an antiform structure is present. In the southern
part of this shoal, rectilinear, horseshoe and wavy morphologies are
recognizable. These forms may represent deformations associated
with slumping within the strongly deformed succession forming the
bank. Fault-scarps, oriented N40° and N125°, affect the southern part
of this shoal. The southern minor shoal has a rectangular shape and
presents a minimum depth of about −40 m in the N-E part. A very
recognizable scarp along the south-eastern side of the bank may be
controlled by a N40°-trending fault.

The Chirp profile NB-1 (Fig. 7) crosses the southern part of the
northern shoal of the Nereo Bank. Threemain outcrops of the basement
separated by normal faults are recognizable. The rough morphology of
the outcropping basement is probably related to the presence of compe-
tent layers separated by thin soft sediments. Thin Holocene deposits
cover the tilted basement from a probable recent reactivation of the
faults. The Chirp profile NB-2 (Fig. 7) crosses the southern shoal of the
Nereo Bank at about−50 m depth. The shoal shows a rough basement
with small incisions filled in between the highs by Holocene sediments
that modelled a present-day flat morphology. The south-eastern side of
the shoal is probably controlled by a fault.

4. Post-LGM sea-level change

Most of the eustatic curves calculated for the Italian seas have
shown minor variations in the rate of sea-level rise since the LGM
(e.g., Lambeck et al., 2004, 2011). The observational database used to
derive these curves includes geomorphological markers of palaeo-sea
level, coastal archaeological data, and sedimentary core analysis. The
present-day elevation of markers of the Last Interglacial high stand
(MIS 5.5), with an age of 124 kyr (Ferranti et al., 2006; Antonioli et al.,
2009) was used to infer long-term vertical displacements, and discrim-
inate among different tectonic patterns within adjacent sectors of Italy
(Antonioli et al., 2009). With this methodology, subsiding coastal
areas with rates between 0.28 and 1.09 mm/yr, uplifting areas with
rates between 0.08 and 1.97 mm/yr, and predominantly tectonic stabil-
ity with local areas of subsidence or uplift, have been differentiated.

For the area of the north-western Sicilian Channelwhere our study is
concentrated, analyses of geomorphological markers have shown that
this sector is tectonically stable (the calculated vertical tectonic rate is
±0.04 mm/yr), at least for the period of the Late Pleistocene and the
Holocene (Ferranti et al., 2006). This is confirmed also by independent
measurements derived from semi-permanent GPS stations (Serpelloni
et al., 2005)whichdonot reveal significant present-day tectonic activity
in the sector of the Sicilian Channel occupied by the Adventure Plateau.
The lack of MIS 5.5 markers on the south-western shore of Sicily how-
ever prevents a proper determination of the vertical movement rate
along this coast.

Unlike the case of Italian coasts in particular, and theMediterranean
in general, episodes of sudden, rapid increase in sea level were
highlighted instead by measurements (mainly dating from coral reefs)
collected in tropical oceanic islands (Fairbanks, 1989; Liu and
Milliman, 2004; Deschamps et al., 2012). Such episodes, termed melt-
water pulses (MWPs) generated a rapid inundation of continental
shelves that in some cases reached 300 m/yr in very low-gradient
environments, even though there is no agreement in the literature on
their precise timing and magnitude. However, most of the authors
report the occurrence at least of two main MWPs (named 1A and 1B):
during MWP-1A (14.6 to 13.5 cal kyr B.P.) the sea level is inferred
to have risen from 104–95 m to 88–75 m below present sea level,
and from about 60 to 40 m during MWP-1B (11.6 to 11 cal kyr B.P.)
(Liu and Milliman, 2004; Deschamps et al., 2012) (Fig. 8).

High-resolution bathymetric and seismic data recently collected
in different locations of Italian seas document the presence of sub-
merged coastal and shallow-marine features such as paleo-coastal cliffs,
depositional terraces and barrier beaches, probably developed after
discontinuous post glacial sea-level rise (Massari and Chiocci, 2006;
Storms et al., 2008; Maselli et al., 2011; Zecchin et al., 2011). Similar
evidence was also found worldwide (e.g., Gardner et al., 2007; Berné
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et al., 2007; Wagle et al., 1994; Carter et al., 1986; Bailey et al., 2007;
Korotkii, 1985; Salzmann et al., 2013; Green et al., 2014), and these
morphological markers have been attributed to phases just preceding
MWPs 1A and 1B. Because the MWPs were mostly recognized on the
basis of coral reef dating on oceanic islands, the scarcity of such a
Fig. 5. Swath bathymetric map of the Ante-Talbot (top) and Talbot (bottom) banks with their
corresponding Chirp profiles presented.
bioconstruction in the Mediterranean Sea have always prevented a
similar approach, enforcing the adoption of a geomorphic criterion to
recognize abrupt sea-level changes (e.g. Zecchin et al., 2011). The dating
method in the case of coastal cliffs is difficult to adopt because these are
erosional features; therefore, herewe adopted the geomorphic criterion
simplified morpho-structural interpretation. Labelled thin dashed segments indicate the



Fig. 6. Chirp profiles crossing the Ante Talbot Bank, and corresponding line-drawings. The principal morphological elements associated to the post-LGMmarine trangression are also in-
dicated. See location of profiles in Fig. 5.
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to recognize evidence of Holocene rapid sea level rise corresponding to
MWP-1A and MWP-1B, examining the distribution of submerged
shoreline features as imaged on Chirp profiles.

A partially buried, irregular and locally stepped surface is found
along the flanks of all banks forming the Adventure Archipelago. This
surface is generally exposed on the top of the banks, where it is only
locally mantled by up to ~2 m thick sediments and is interrupted by
the normal faults bordering the banks. Away from the banks, the surface
truncates the deposits of the substratum and is in turn overlaid by
sediments, which are thicker (up to ~10 m) at the toe of the more
prominent steps of the surface (i.e., Fig. 4). These steps, separated by
flatter tracts, are 10 to 20mhigh; the threemost prominent lie at depths
between −40 and −65 m,−70 and −90 m, and −110 and −120 m
(i.e., Figs. 3 and 4). The two shallower steps are very recognizable
along the flanks of the Pantelleria Vecchia and Ante-Talbot banks
(Figs. 4 and 6), whereas the deepest is found near the Anfitrite 2 Bank
(Fig. 3). Minor steps lie below −75 m depth at Anfitrite 2 (Fig. 3).
These steps characterizing the surface are not noticeable near all
banks, especially if deeper than those mentioned above, as in the case
of the Nereo Bank (Fig. 7) or bordered by high fault scarps. However,
the relatively flat surface connecting the two shallower scarps, lying be-
tween −60 and −75 m depth, is commonly found along the flanks of
all banks.

The features of the perceived surface are very similar to those
characterizing an unconformity found along the Ionian coast of
southern Italy, which has been related to the post-LGM glacio-eustatic
rise (Borsetti et al., 1989; Romagnoli and Gabbianelli, 1990; Zecchin
et al., 2011). The present surface is therefore interpreted as a wave
ravinement surface (WRS; Swift, 1968) produced by wave erosion in
the shelf during the post-LGM transgression. The occurrence of marked
steps at theWRSmay be due to variations in bedrock resistance, chang-
es in the rate of relative sea-level rise and to the inherited topography
(Zecchin et al., 2011). Zecchin et al. (2011) proposed the ‘cliff overstep
model’ for high-gradient coasts, according to which coastal cliffs devel-
op, retreat and are fronted by a wave-cut terrace during phases of slow
relative sea-level rise, whereas cliffs are overstepped, drowned and not



Fig. 7. Chirp profiles crossing the Talbot and Nereo banks, and corresponding line-drawings. See location of profiles in Figs. 2 and 5.
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completely eroded by the WRS during episodes of rapid relative sea-
level rise (i.e., MWPs).

Taking into account the recognized depths of the three major steps
characterizing the WRS, the virtual absence of tectonic subsidence or
uplift in the study area since at least the Late Pleistocene, and following
the cliff overstep model (Zecchin et al., 2011), the deeper step, with its
toe at nearly−120m depth, is interpreted as a paleo-coastal cliff devel-
oped during the glacio-eustatic lowstand typifying the LGM (Fig. 3). The
depth of the intermediate step, found between−70 and−90mdepths,
is close to the sea-level rise occurring during MWP-1A (Fig. 4), and is
therefore interpreted as a paleo-coastal cliff that initially retreated and
was then drowned and partially preserved during this phase of very
rapid eustatic rise. Finally, the shallower step, between −40 and
−65 m depths, can be easily correlated with MWP-1B (i.e., Figs. 4 and
6). Very similar depths are exhibited by the barrier islands found in
the northern Adriatic Sea, the drowning of which has been correlated
with MWP-1A and with the end of MWP-1B on the basis of 14C dating
(Storms et al., 2008), and by the paleo-coastal cliffs found along the
Ionian Calabrian margin, also in this case inferred to have been
overstepped and drowned during the main MWP events (Zecchin
et al., 2011). These findings strongly suggest that the same driving
mechanisms led to the development and then to the drowning of coast-
al features now recognizable at specific water depth intervals.

The flatter tracts of the WRS, separating the paleo-coastal cliffs, are
interpreted as terraces developed by wave action between MWPs
(Figs. 3, 4 and 6). In particular, the depth of the terrace lying at the
base of the shallower paleo-coastal cliff,−60÷−65mdepth, is consis-
tentwith the sea level during the Younger Dryas stadial, and this terrace
is likely therefore to be correlated to that phase (Figs. 4 and 6). The
Younger Dryas stadial was a geologically brief (1,300 ± 70 yr) period
of cold climatic conditions and drought which occurred between
approximately 12,800 and 11,500 yr B.P. (Muscheler et al., 2008). The
Younger Dryas terrace is very irregular and covered by detritus near
the toe of the retreating paleo-coastal cliff presumed to have been
drowned during MWP-1B (Figs. 4 and 6). Moreover, both this terrace
and the cliff are locally completely buried by sediment that was



Fig. 8. Curve of the post-LGM sea-level change vs. time (continuous thick black curve),
with the melt water pulses MWP-1A and MWP-1B (modified from Liu and Milliman,
2004). For comparison, two sea-level curves calculated from tropical islands (from Fair-
banks, 1989; Deschamps et al., 2012) are also shown.

45D. Civile et al. / Global and Planetary Change 125 (2015) 36–47
probably produced after the abrasion of the higher terrace, during the
phase that followed MWP-1B (Figs. 4 and 6). Due to the distance of
the Adventure Plateau from sediment source areas, the banks mostly
remained exposed at the seafloor after younger eustatic rises.

Since the cliff overstep model works well in high-gradient settings
characterized by homogeneous, easily erodible sediments, this mecha-
nism cannot be invoked for the formation of all scarps bordering the
banks, as well cemented calcarenites and fault planes, and volcanic
rocks, are typically characterized by high to very high resistance to
protracted wave action for relatively brief time periods. Moreover,
minor scarps found on the banks can be produced by contrasting
erosion of sediment. In contrast, the well stratified and more erodible
Miocene deposits found along the flanks of the banks were probably
much more sensitive to wave erosion during the post-LGM transgres-
sion, allowing the development of wave-cut terraces and paleo-coastal
cliffs depending on the rate of glacio-eustatic rise. However, changes
in erosion of these deposits and of local gradient led to variations in
the development of terraces and scarps, andmade their recognition dif-
ficult in some locations.

5. Palaeogeographic evolution of the Adventure Archipelago

We have generated two palaeogeographic maps of the Adventure
Archipelago (Fig. 9), which correspond to two specific time frames:
(1) the end of the Younger Dryas stadial (11,500 yr B.P.), and
(2) the end of MWP-1B (11,200 yr B.P.). The 11,500 yr B.P. time
frame corresponds to a former sea level of −60 m, according to the
generalized post-glacial eustatic sea-level curve proposed by Liu
and Milliman (2004). The time frame of 11,200 yr B.P. corresponds
to the final occurrence of the MWP-1B, which determined a former
sea level of ~ −40 m. The rate of sea-level rise during these two
time frames was particularly significant (6 cm/yr), a value very
close to the MWP-1A as calculated in the Sunda Shelf (Hanebuth
et al., 2000). These two time horizons were chosen on the basis of
specific morphological markers identified and analyzed on Chirp
profiles of all the banks studied, represented in general as distinct
surface erosion (see description in the previous paragraphs). From
comparison between the two maps it is immediately apparent how,
in a relatively short period of time (~300 yr), the sea-level rise has
radically changed and distorted the shape of the ancient islands,
receding coastlines and progressively reducing their size. This
event was more pronounced in the flatter areas of the banks. In just
300 yr, the geography of the archipelago has changed dramatically,
so much so that some islands have disappeared (such as Panope),
and some have diminished by more than 80% of their size (such as
Ante Talbot).
6. Conclusions

The integration of multibeam swath bathymetric maps and high-
resolution Chirp profiles made it possible to identify and characterize
the main morpho-bathymetric elements of the shallow banks located
on the Adventure Plateau. These banks, whose present-day depths
vary in general from −8 to −40 m, consist, with the exception of the
volcanic Anfitrite Bank, of sedimentary rocks severely deformed by
the Late Miocene compressive tectonic phase that generated the exter-
nal sector of the Sicilian–Maghrebian Chain. The submerged Anfitrite
Bank, consisting of two distinct volcanic edifices, is probably related to
the intrusion ofmagmatic body related to the riftingprocess responsible
for the Pantelleria Graben opening since the Early Pliocene. This volca-
nic bank shows evidence of very recent volcanic activity, as testified
by the presence of a volcanic neck that has deformed the seafloor. The
Plio-Quaternary extensional tectonics related to the opening of the
Pantelleria Graben appears to be clearly recognizable at the Pantelleria
Vecchia Bank,which is the southernmost shoal located in the Adventure
Plateau.Most of the banks are generally sediment-free andwere heavily
eroded during repeated phases of emergence from the Messinian time
and especially since the LGM. Their present-day configuration is the
combined result of tectonic folding, subsequently affected by normal
faults, and repeated phases of sub-aerial exposure and drowning that
shaped the banks depending on the degree of erosion of the sediments
and on the rate of relative sea-level rise.

Data have shown that the shoals identified on the Adventure
Plateau constituted, at least until the Early Holocene, a broad
archipelago, here called Adventure Archipelago, represented by
kilometre-sized islands. The interpretation of many high-resolution
Chirp profiles acquired on all studied banks has allowed us to recog-
nize and discriminate the particular landforms, deposits, and
erosional surfaces associated with specific phases of sea-level rise
following the LGM, and to produce palaeogeographic maps for two
specific time intervals: (1) at the end of the Younger Dryas stadial
(11,500 yr BP, corresponding to a former sea level of −60 m), and
(2) at the end of MWP-1B (11,200 yr BP, corresponding to a former
sea level of about −42 m).

The comparison between these two maps shows that the
palaeogeographic evolution of the Adventure Archipelago has been
extremely rapid: in just 300 years, the sea-level rise and the consequent
retreat of shorelines has completely changed the shape of the islands
and considerably reduced their size, so much so that some of them
have disappeared. The data collected, together with information
derived from independent studies, show that the region of the Adven-
ture Plateau is characterized by virtually absent tectonic activity since
the Pleistocene, and therefore changes in sea level highlighted along
the edges of the rocky shoals are only associated to eustatic factors, in
contrast to most of the coastal areas of the Italian peninsula.
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Fig. 9. Palaeogeographic maps of the Adventure Archipelago. (a) At the LGM, where the dashed box indicates the area imaged in (b) and (c); (b) at the end of the Younger Dryas stadial
(11,500 yr B.P.); (c) at the end of MWP-1B (11,200 yr B.P.).
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