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Abstract: The depositional environments offshore of the Cilento Promontory have been reconstructed
based on the geological studies performed in the frame of the marine geological mapping of the geo-
logical sheet n. 502 “Agropoli”. The littoral environment (toe-of-coastal cliff deposits and submerged
beach deposits), the inner continental shelf environment (inner shelf deposits and bioclastic deposits),
the outer continental shelf environment (outer shelf deposits and bioclastic deposits), the lowstand
system tract and the Pleistocene relict marine units have been singled out. The littoral, inner shelf and
outer shelf environments have been interpreted as the highstand system tract of the Late Quaternary
depositional sequence. This sequence overlies the Cenozoic substratum (ssi unit), composed of
Cenozoic siliciclastic rocks, genetically related with the Cilento Flysch. On the inner shelf four main
seismo-stratigraphic units, overlying the undifferentiated acoustic basement have been recognized
based on the geological interpretation of seismic profiles. On the outer shelf, palimpsest deposits of
emerged to submerged beach and forming elongated dunes have been recognized on sub-bottom
profiles and calibrated with gravity core data collected in previous papers. The sedimentological
analysis of sea bottom samples has shown the occurrence of several grain sizes occurring in this
portion of the Cilento offshore.

Keywords: littoral deposits; continental shelf deposits; palimpsest deposits; marine geological maps;
Cilento Promontory; Southern Italy

1. Introduction

The aim of this paper is to present some new geological, seismo-stratigraphic and
sedimentological data on the depositional environments recognized in the coastal area sur-
rounding the Cilento Promontory, located in the Southern Tyrrhenian Sea, as derived by the
marine geological mapping of the geological sheet n. 502 “Agropoli” [1–3]. The geological
sheet n. 502 “Agropoli” (1:50,000 scale) has shown the distribution of several lithostrati-
graphic units, cropping out at the sea bottom and of the main morphological lineaments,
accordingly to the CARG (CARta Geologica) set of rules [4,5]. The main stratigraphic
units individuated through the analysis of the sediments cropping out at the sea bottom
belong to the Late Quaternary depositional sequence (Figure 1). The spatial and temporal
evolution and the lateral and vertical migration of the depositional environments belonging
to the Late Quaternary depositional sequence, i.e., the coastal setting, the continental shelf
setting and the slope setting, have been previously discussed [6–10]. The variations of
the accommodation space of the Late Quaternary deposits during the last fourth-order
glacio-eustatic cycle, ranging in age between 128 ky B.P. (Tyrrhenian stage) and the isotopic
stage 5 have been recorded by the stratigraphic succession investigated through the marine
geological survey. Catuneanu et al. [9] studied the sequence stratigraphic concepts in detail,
particularly referring to the depositional sequences, bounded by subaerial unconformi-
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ties and their marine correlative conformities. These unconformities have been used as
sequence boundaries, marking hiatuses in the stratigraphic record. All the genetic models
of the depositional sequences are based on the distinction of forced regressive deposits,
normal regressive (lowstand and highstand) deposits and transgressive deposits as distinct
genetic units [9]. Forced regressive deposits, normal regressive (lowstand and highstand)
deposits and transgressive deposits can be identified when they can be genetically related
to the changes in shoreline trajectory [8]. Catuneanu [10] further specified the definition of
sequence as a rock-stratigraphic unit bounded by interregional unconformities in the 1940s
with a resolution of 102–103 m [11–16], as a relatively conformable succession of genetically
related strata bounded by unconformities or their correlative conformities in the 1970s with
a resolution of 101–102 m and, finally, as a stratigraphic cycle defined by the recurrence
of the same type of sequence stratigraphic surface in the rock record in the 2010 s with a
resolution of 1–10 m.

The facies analysis criteria and the schematic representation of the depositional envi-
ronments are herein briefly resumed. The system tracts of the Late Quaternary depositional
sequence consist of deposits typified by facies genetically related to continental, coastal,
shelf and deep-sea depositional environments. Here, we will concentrate on the coastal
and continental shelf depositional environments, since the other kinds of deposits have
not been recognized in the study area. The coastal depositional systems are characterized
by a great variability, both in the morphology and in the depositional style. This variabil-
ity has suggested different budgets between the available sediments, coupled with the
genetic control of the oceanographic regimes (“wave-dominated”, “tide-dominated” or
“mixed”) [17–22]. The Mediterranean Sea is typified by a micro-tidal regime. In particular,
on the Italian continental margins, the coastal systems are wave-dominated. The coastal
deposits grow during each phase of a relative sea level cycle, but with different facies.
Regressive systems arise during the sea-level falls (“forced regressions”) [23,24] or when
the siliciclastic supply counterbalances the relative sea-level rate. If we consider the present
day continental shelf deposits, three main types have been summarized, including the relict
sediments, deposited during a seawards advancement of the shoreline and then drowned,
the palimpsest sediments, which are relict sediments reworked by currents, storm waves
and tides and the Late Quaternary highstand deposits, in equilibrium with the present day
depositional processes [25–27]. The highstand deposits are younger than the maximum
marine flooding occurred at the end of the last sea-level rise (about 4 to 5 ky B.P.). Offshore
Italy, they exhibit their maximum thickness on the inner shelf in correspondence to the
main deltas (Po, Tiber and Arno), reduced to a few meters on the outer shelf (Figure 2). In
Naples Bay, the highstand deposits have been mapped offshore Campania [28–31].

Maërl layers (Maërl is a hard seaweed with a purple-pink color that forms reef-like
carpets, known as maërl beds, in the dim light conditions of the shallow seas along the
European coasts) have been recognized on the continental shelf offshore Cilento through the
geological interpretation of sub-bottom profiles [32]. The maërl facies has been recognized
based on the component analysis of 32 grab samples and is preferentially concentrated
on the submerged depositional terraces, located at water depths ranging between 42 m
and 52 m. This preferential distribution has been probably controlled by strong bottom
currents occurred in this area due to the local oceanographic circulation, preventing for
the deposition of siliciclastic deposits. The coralline algae have controlled the carbonate
deposition offshore the Cilento Promontory at water depths ranging between 40 m and
60 m [32]. Another significant contribution to the depositional environments deals with the
searching of relict sandy deposits on the continental shelf offshore the Cilento Promontory
aimed at beach nourishment [33]. The performed analyses have allowed to individuate the
submarine relict sands suitable for beach nourishment. Moreover, the terraced landforms
occurring both onshore and offshore the Cilento Promontory have been recently analyzed
and aimed at reconstructing the meaning of the terraced surfaces as Quaternary records
of the sea level changes [34]. Two main types of terraced surfaces have been recognized,
including the erosional terraces (“wave-cut platforms” or “abrasion platforms”) [35–37]
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and the depositional terraces (STDs) [38–40]. Two types of landforms have been controlled by
the interaction of several geological processes, including the type of bedrock, the geodynamic
setting, the sedimentary input and the relative sea level changes [34]. In the Cilento offshore,
the submarine marine terraces were formed when the rocky outcrops were exposed on the
continental shelf and were predominantly generated during the interglacial periods [34].

Figure 1. (a) Location map of the study area (red inset). (b) Sketch stratigraphic diagram as a
function of depth (c) and time, showing the geometric relationships between the system tracts
and the distribution of siliciclastic facies in unconformity-bounded depositional sequences.HST:
Highstand system tract. TST: Transgressive system tract. LST: Lowstand system tract. FST: Forced
regression system tract.
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Figure 2. Satellite map of Italy, showing the main river systems (Po, Tiber and Arno) whose deltas
have fed the highstand deposits of the Italian continental shelf.

In this paper, the marine geological maps have allowed to show the depositional
environments occurring offshore of the Cilento Promontory and to interpret these envi-
ronments in terms of system tracts of the Late Quaternary depositional sequence [41–43].
Moreover, the sedimentological data of sea bottom samples have been analyzed in order
to show the main grain sizes occurring at the sea bottom in this portion of the Cilento
offshore. Ternary plots have been constructed in order to evaluate the different grain sizes,
considering as variables shale, sand and silt and gravel and sand and silt, respectively.
These plots allowed to analyze the grain sizes occurring at the sea bottom in this portion
of the Cilento offshore. Sub-bottom profiles have been interpreted based on the criteria
of seismic stratigraphy in order to reconstruct the stratigraphic setting of the area and to
complement the cartographic representation.

2. Geologic Setting

The Southeastern Tyrrhenian margin is a passive-type continental margin involved
by listric faults, with blocks dipping both seawards and landwards. Along the Tyrrhe-
nian margin, this tectonic style has controlled the formation of half-graben basins on the
continental shelf and slope, alternating with structural highs [44,45].

The marine area surrounding the Cilento Promontory represents a structural high
resulting from the seawards prolongation of the Licosa Cape structural high, bounded
northwards and southwards by two half-graben basins: the Salerno Valley and the Policas-
tro Gulf. The Salerno Valley is a half-graben basin whose individuation has been controlled
during the Early Pleistocene by the master fault Capri-Sorrento Peninsula, with average
throws in the order of 1500 meters [46,47]. Previous seismo-stratigraphic data have shown
a main regional unconformity, located at depths ranging between 2000 and 2500 meters,
correlated with the top of the Meso-Cenozoic carbonates and marking the base of the
Plio-Pleistocene filling of the Salerno Valley [46,47].

The Cilento structural high has been deeply investigated based on its geologic and
seismo-stratigraphic characteristics. The interpretation of multichannel profiles has shown
the occurrence of wide structural highs, characterized by an acoustically transparent
seismic facies, corresponding to the acoustic basement, alternating with parallel seismic
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reflectors corresponding to the Quaternary marine filling of sedimentary basins [48]. More
recently, the geological interpretation of newly acquired deep multichannel seismic lines
along the Tyrrhenian margin has confirmed this structural framework, showing that the
geological structure of the Cilento high is locally complicated by folding, reverse faults and
basin inversions [49–51].

In the Cilento Promontory, the siliciclastic successions of the Cilento Flysch crop out,
which have involved the deformation of the Apenninic chain during the Cenozoic and have
been then deformed by the Plio-Quaternary extensional tectonic phases [52–54]. These
units have been deeply revised from a stratigraphic and structural point of view [53]. The
revision was focused both on the Cilento Group, composed of the “Pollica” Sandstones
and of the “S. Mauro” Formation and on the Northern Calabria Unit, constituted by the
“Crete Nere” Formation, by the “Saraceno” Formation, by the “Cannicchio” Sandstones
and by the “Sicilide” units [53]. These stratigraphic-structural units represent the rocky
acoustic basement of the Plio-Pleistocene and Holocene marine deposits of the continental
shelf between the Licosa Cape and the Palinuro Cape—namely, the ssi unit described in
this paper (see the section on the results).

3. Materials and Methods

The research has been developed through the acquisition, the processing and the
geologic interpretation of a densely spaced grid of high-resolution seismic profiles (sub-
bottom Chirp) collected by the CNR-ISMAR onboard of the R/V Urania (National Research
Council of Italy). The grid of sub-bottom Chirp profiles superimposed to the onshore–
offshore DEM of the Cilento Promontory is reported in Figure 3. The acoustic profiling
system CAP-6600 Chirp II has been used. Its linear frequency modulated signals of 2–7 kHz
or 8–23 kHz and 4-kW provide high-resolution sounding reaching a 10–30-cm resolution
within uppermost marine sediments. The obtained data, recorded onboard with a SEG-Y
format, was processed by using the software Seisprho [55], allowing to plot the sub-bottom
profiles as bitmap images. The geological interpretation of sub-bottom profiles was carried
out based on the criteria of seismic stratigraphy in order to identify the main seismic
sequences and the related unconformities [56].

Figure 3. Location map of sub-bottom Chirp profiles superimposed to onshore–offshore DEM of the
Cilento Promontory. Red lines indicate the seismic profiles shown in the text.

The sea bottom samples were collected during the GMS 03_01 cruise (R/V Urania,
CNR) in November 2003 by a Van Veen grab and immediately described in terms of visible
features and grain size. The location of samples superimposed on the onshore–offshore
Digital Elevation Model (DEM) of the Cilento offshore is shown in Figure 4. The grain size
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analyses were performed at the CNR-ISMAR (Naples, Italy) sedimentological laboratory
using a grain size laser analyzer (SYMPATEC Laser Particle Size Analyzer).

Figure 4. Location of sea bottom samples superimposed on onshore–offshore DEM of the
Cilento offshore.

The particle size analysis involved a phase of preparation and pre-treatment of the
sample. The collected samples were dried in thermostatic ovens at 105 ◦C for 24 h, until
the weight stabilization was obtained. Then, the pretreatment was carried out with a
solution of hydrogen peroxide and distilled water for 24/48 h. Subsequently, the sample
was stirred with a mechanical stirrer at 600 rpm for about 2 h and then wet-separated with
a 63-µm sieve into a coarse component (>63 µm) and a fine component (<63 µm). The
coarse fraction was dry screened with a stack of ASTM sieves with mesh sizes ranging from
4000 µm to 63 µm, with intermediate sieves and a subsequent determination of the weights
of the obtained fractions. The fine fraction was first analyzed dry, until a sub-sample
was obtained, dispersed in an aqueous solution and subsequently analyzed with the laser
granulometer. The processed sedimentological data were used for the construction of
cumulative and frequency curves and were classified according to the classification of
Shepard (1954), classical or modified.

4. Results

Marine geological mapping (Figure 5) coupled with sedimentological and seismo-
stratigraphic data has allowed to reconstruct the depositional environments offshore of
Northern Cilento. Four geological maps show the distribution of the Late Quaternary
deposits at the seafloor in the Cilento offshore and have been superimposed to the onshore–
offshore DEM of the Cilento Promontory (Figure 5).

The map n. I NW (scale 1: 25,000) covers a continental shelf area, dipping with low
gradients up to water depths of 95 m (Figure 5). The northeastern extremity of this map,
including the farthest southern sector of the Paestum Plain, includes little ramps up to
water depths of 35 m. The rocky shoreline and the outcrops of acoustic basement alongside
the Agropoli promontory control the convex bathymetric trend up to 25 m. Similarly, the
rocky promontory between the Tresino Cape and the Pagliarolo Cape conditioned the
physiography of the submerged area, with a convex bathymetric trend surrounding high
coastlines. The physiographic unit of the Licosa Cape high, represented by an E-W trending
ridge, is the most representative morpho-structural lineament of both maps n. II SW and
n. III SE (scale 1: 25,000; Figure 5). An articulated E–W bathymetric trend occurs, with a
wide area showing remnants of terraced surfaces located at different water depths [3,34].
The concave bathymetric trend highlights the occurrence of slide scars, incised by drainage
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axes, in the southern sector of the structural high. Three main morpho-structural highs of
the acoustic basement occur, respectively, N–S, E–W and NNW–SSE trending (Figure 5). A
continental shelf, ranging at water depths between 105 and 185 m, is covered by the map n.
IV NE (scale 1: 25,000; Figure 5).

Figure 5. Onshore–offshore DEM of the Cilento Promontory with superimposed the results of the marine geological survey
at the 1:25,000 scale (map n. I NW, map n. II SW, map n. III SE and map n. IV NE).

The submerged beach deposits and the toe-of-coastal cliff deposits, particularly abun-
dant at the foot of the present day coastal cliffs, incised in Pollica formation, characterizing
the littoral environment. Next to Licosa Cape, the toe-of-coastal cliff deposits surrounded a
wide terrace of marine abrasion, located at water depths ranging between 4 m and 10 m,
extending from the S. Marco Plain to Ogliastro Marina Bay. Poorly sorted blocks and grav-
els constitute the toe-of-coastal cliff deposits. The submerged beach deposits are composed
of gravels, sandy gravels and coarse-grained sands with rounded to subrounded pebbles,
immersed in a scarce middle-to-fine-grained sandy matrix. The inner shelf deposits and the
bioclastic deposits characterize the inner shelf environment. The inner shelf deposits are
composed of poorly sorted coarse-grained litho-bioclastic sands, middle-to-fine-grained
litho-bioclastic sands and fine-grained pelitic sands. The bioclastic deposits are composed
of bioclastic gravels, gravelly sands and bioclastic sands immersed in a scarce pelitic matrix.
The bioclastic sands often represent the base of meadows of marine Phanerogams and are
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located at the top of wide outcrops of the Cenozoic substratum (ssi unit), genetically related
with the Cilento Flysch, based on criteria of stratigraphic correlation of the geological units
cropping out in the adjacent emerged coastal belt with the corresponding geological units
recognized offshore. The outer shelf deposits and the bioclastic deposits characterize the
outer shelf environment. The outer shelf deposits are composed of middle-to-fine-grained
sands with lithoclastic and bioclastic fragments, including abundant rhizomes of marine
Phanerogams, and of pelites and sandy pelites. Bioclastic sands in a pelitic matrix, with
abundant calcareous algae, constitute the bioclastic deposits.

The sedimentological analyses disclose the grain size distribution of the sediments at
the seafloor offshore the Cilento Promontory. The recognized grain sizes include sandy
gravels, gravelly sands, sands, silty sands, muddy sands, sandy silts, silts and muds. The
results of the sedimentological investigation showed that the analyzed samples mainly
consist of fine-grained lithologies. Fine-grained sands are widespread along the coast
in the northern sector of the study area. Offshore of Licosa Cape, both fine-grained and
coarse-grained sands were recognized. Ternary plots of sea bottom samples (Figure 6)
were constructed (shales–sands–silts) and (gravels–sands–silts) in order to improve the
processing of the sedimentological data and to elaborate the sedimentological results.

The seismic analysis of the sub-bottom Chirp profiles has allowed us to study the
seismo-stratigraphic characteristics of the Cilento offshore between the Solofrone river
mouth and the Licosa Cape. The main outcrops at the sea bottom of the rocky acoustic
basement were bounded, relatively to the sedimentary covers, composed of coarse-grained
sands grading towards middle-fine-grained sands and fine-grained sands. The sandy facies
are prevalent in the sector of continental shelf located between the Solofrone river mouth
and Agropoli Town, where they form N–S sandy belts parallel to the isobaths and located
at water depths ranging between 10 and 17 m. In the same area, the rocky outcrops have a
limited extension and occur at water depths ranging between 15 m and 20 m.

The rocky acoustic basement (ssi) widely crops out next to the shoreline from Agropoli
Town to Tresino Cape and from Tresino Cape to Pagliarolo Cape, where it represents the sea-
wards prolongation of the coastal cliffs incised in the deposits of the Cilento Group [52–54].
From Agropoli to Tresino Cape, the ssi unit is represented by a terraced surface having a
low gradient, dipping seawards and outcropping at the sea bottom at water depths ranging
between 5 m and 25 m. In this area, the basement is colonized by Posidonia meadows. From
Tresino Cape and Pagliarolo Cape, the rocky substratum forms a terraced surface having a
low gradient between the emerged sea cliff and the isobath of 20 m, physically continuous,
lacking the adjoining sandy facies of a submerged beach. This outcrop strongly reshapes
the trending of the two rocky promontories onshore, showing the strong control played
by the land geology on the marine geology. In the whole sector, the acoustic basement is
downthrown below the recent sedimentary cover through normal faults, whose upper part
is sometimes evident on seismic profiles.

The seismo-stratigraphic analysis evidenced that the recent sedimentary cover, ranging
in age between the Late Pleistocene and the Holocene, is organized into four main seismo-
stratigraphic units (Figure 7), overlying the undifferentiated acoustic basement (ssi). The
first unit (seismo-stratigraphic unit 1) is characterized by an acoustically transparent seismic
facies and ranges in thickness between 7 m and 10 m. Unit 1, probably composed of sands,
unconformably overlies the undifferentiated acoustic basement (ssi). Its top is strongly
eroded, forming palaeo-channels, in which the seismo-stratigraphic unit 2 was deposited.

The second unit (seismo-stratigraphic unit 2; Figure 7) is distinguished from alternat-
ing acoustically transparent intervals and continuous intervals, probably corresponding
with alternating sands and shales for a whole thickness of about 10 meters. The unit forms
the filling of depressions or intra-platform basins individuated at the top of unit 1 and of
erosional depressions located at the top of the unit ssi.

The third unit (seismo-stratigraphic unit 3; Figure 7) is characterized by acoustic facies
with parallel and discontinuous reflectors of high amplitude and represents a first phase of
the recent filling, Holocene in age.
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Figure 6. Ternary plots of the sea bottom samples. Inset (A) ternary plot shale–sand–silt. Inset
(B) ternary plot gravel–sand–silt.
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Figure 7. Sub-bottom profiles B51, B52 and B53 and the corresponding geological interpretations (see
Figure 3 for location).

The fourth unit (seismo-stratigraphic unit 4; Figure 7) is distinguished from seismic
facies with parallel continuous-to-discontinuous reflectors of high amplitude and represents
a second phase of the recent filling, Holocene in age. The geological interpretation of sub-
bottom profiles has shown the occurrence of shallow gas pockets (Figure 7).

The seismo-stratigraphic interpretation of the sub-bottom profile Bl14 was calibrated
with the lithostratigraphic data of a gravity core, herein named the Licosa gravity core,
previously published (Figure 8) [57]. On the left in the seismic profile, the rocky acoustic
basement genetically related with the Cilento Flysch (ssi unit) was recognized. This seismic
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unit is overlain by a thick progradational unit, interpreted as the beach deposits of the
isotopic stages 4 and 5 [58,59], Late Pleistocene in age. Based on the calibration with
the Licosa gravity core, the uppermost part of this unit has been interpreted as coarse-
grained sands, very rich in Mollusk shells, including Arctica islandica, a cold host of the
Pleistocene (Sg unit; Figure 8). This represents a key seismic unit in the seismo-stratigraphic
setting of this area and is composed of coarse-grained organogenic sands. Being located at
higher water depths with respect to the sedimentary distribution model, which locates this
kind of organogenic sand in the coastal belt [60,61], this unit can be interpreted as relict
sands [62], which can be compared with the organogenic sands described by Péres and
Picard (1964) [63], including cold hosts attributed to the end of the Würm.

Figure 8. Sub-bottom profile Bl14 and corresponding geologic interpretation, calibrated with the lithostratigraphic data
of the Licosa gravity core (see Figure 3 for location). The subfigure on the right side of the seismic profile represents the
stratigraphy of the Licosa core (see the key to the seismic profile for the explanation).

The Sg unit forms a sandy ridge, which is located at water depths ranging between
130 m and 140 m of the water depth (Figure 8). This sandy ridge has been interpreted as a
part of the submerged beach (shoreface) and could be related to the last lowstand phase,
corresponding to the isotopic stage 2 [58,59]. The underlying seismic unit, characterized by
pro-grading clinoforms, could represent the remnants of older beach systems, genetically
related with the isotopic stages 4 and 3 (Late Pleistocene; Figure 8).

The abrupt contact between the coarse-grained sands with Arctica islandica and the
overlying finer-grained deposits (Sm to Ag deposits in the Licosa core; Figure 8) is rep-
resented by an erosional surface (“ravinement surface”; Figure 8) [64]. The ravinement
surface is a time-transgressive or diachronous subaqueous erosional surface resulting from
nearshore marine and shoreline erosion associated with a sea level rise [64]. Proceeding
landwards, this erosional surface laterally grades into the erosional surface located at the
top of the rocky acoustic basement (Figure 8).

5. Discussion

The seismic and sequence stratigraphy are techniques of the analysis of seismic profiles
that have undergone a rapid evolution, starting from the basic concepts of Vail et al. 1977 [6].
In this paper, a definition of the depositional sequence was given, coupled with the criteria
for its determination, based on the lateral terminations of the inner strata of sequences,
both upwards (erosional truncation) and downwards (onlap and downlap). These criteria
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were and still remain basic for the identification of regional unconformities bounding the
depositional sequences in their lower part and in their upper part. Other basic concepts of
this technique have been developed by Christie-Blick 1991 [7], who defined, for the first
time, the “unconformity-bounded” depositional sequences based on their stratal patterns
(onlap and offlap). In particular, the “unconformity-bounded” depositional sequences
show onlapping strata at their base and offlapping strata at their top [7]. Despite how
many sequence stratigraphic papers have been further developed, reaching the modern
applications and concepts of sequence stratigraphy of Catuneanu [9,10], we believe that
some basic concepts of the first sequence stratigraphic papers are still valid [6–8], as the
identification of regional unconformities for the identification of the depositional sequences.

Based on marine geological mapping, coupled with seismo-stratigraphic interpretation
and confirmed by the sedimentological data, all the described deposits (littoral, inner shelf
and outer shelf environments) pertain to the highstand system tract of the Late Quaternary
depositional sequence (Figure 5). The lowstand system tract is composed of organogenic
coarse-grained sands, including an abundant bioclastic component (Mollusks, Echinoids,
Bryozoans), passing upwards through an abrupt contact to middle-grained sands and
thin pelitic drapes, whose thickness does not exceed 2 m (Figure 5). They are relict littoral
deposits, organized as coastal wedges overlying the shelf margin prograding clinoforms,
which represent portions of submerged beaches genetically related with the last sea-level
lowstand, corresponding with the isotopic stage 2 [58,59]. The lowstand deposits form
dune strips with NW-SE elongation, which occur in the southwestern sector of the area, at
water depths ranging between 140 m and 145 m (Figure 5). The Pleistocene relict marine
units are composed of coarse-to-fine-grained marine deposits and are probably constituted
by well-sorted sands and gravels with bioclastic fragments and by middle-to-fine-grained
sands overlain by thin pelitic drapes not exceeding a thickness of 2 m. These deposits,
which constitute palimpsests of beach and continental shelf environments, are mainly
located in the northwestern and southwestern quadrants of the marine area covered by the
geological sheet n. 502 “Agropoli”. These deposits, underlying the lowstand system tract
represent the remaining parts of older beach systems correlated to isotopic stages 4 and
5 [58,59] (Figure 8).

The bioclastic deposits are typical of the biocenosis of “Détritique Du Large” [63],
developed on hard sea bottoms and are located both at the top of outcrops of Cenozoic
acoustic basement, genetically related with the Cilento Flysch (ssi unit) in the western
sector of the morpho-structural high of the Licosa Cape and at the top of palimpsest
deposits, Late Pleistocene in age (Figure 5). In the Mediterranean Sea, the zonation of
benthic assemblages carried out by Péres and Picard [63] represents a basic tool in order to
know the lithology and to interpret the facies of the bioclastic deposits (Figure 9). In the
Mediterranean Sea, the bioclastic deposits occur at water depths ranging between 40 m
and 100 m (“Détritique Cotier” of Péres and Picard) [63] (Figure 9). The main components
of this biocoenosis are produced after the reworking and the deposition of the benthic
communities on both mobile sea bottoms (biocoenosis of the “Détritique Cotier”) and
on hard sea bottoms (biocoenosis of the “Détritique Du Large”). After the Holocene, sea
level rise relict and drowned sediments, characterized by low rates of sedimentation and
by the occurrence of glauconite, were deposited on the seafloor (“Détritique Du Large”;
Figure 9) [64,65].
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Figure 9. Sketch diagram showing the main biocenosis of the mobile sea bottoms.

6. Conclusions

The geological evolution of the Cilento continental shelf during the Late Pleistocene-
Holocene has been reconstructed based on the marine geological data (Figure 5), cou-
pled with the sedimentological data (Figure 6) and with the seismo-stratigraphic data
(Figures 7 and 8).

Following a general climate warming [66–69], during the Upper Pleistocene Holocene,
there was a rapid rise of sea level on a global scale [70–74]. Transgressive and highstand
deposits have been individuated on the continental shelves all around the world [26,75–80].
During the transgression, the high rate of the sea level rise and the low gradient of the
Cilento continental shelf led to the almost simultaneous submersion of large areas and
to the drastic landwards shift of the coastal facies. As a consequence, the geological
interpretation of the Chirp sub-bottom profiles did not allow the identification of retrogra-
dational seismo-stratigraphic units, which can be interpreted as beach systems deposited
during the transgression. On the contrary, highstand and lowstand deposits have been
well-documented based on seismo-stratigraphic data (Figures 7 and 8).

The ravinement surface, representing an erosional truncation involving the upper
part of the offlap succession, is characterized by an irregular topography (Figure 8). The
Licosa core, calibrating the sub-bottom profile Bl14 (Figure 8), has shown that the sediments
overlying the ravinement surface are characterized by middle-grained sands grading up-
wards into silty shales (Sm, Si, Ags; Figure 8), with an overall decrease of the grain size
upwards. This decrease in grain size indicates a deepening of the continental platform.
These sediments have been interpreted as deposited during the transgressive phase started
at the end of the glacial stage of the isotopic stage 2 [57]. These deposits are overlain, in turn,
by shales (Ag), including a pumiceous ash layer of Vesuvius, and are located on the ravine-
ment surface (Figure 8). In the sub-bottom profile Bl14, this succession (transgressive and
highstand deposits) constitutes a thin drape overlying the ravinement surface (Figure 8).
Unfortunately, tephrostratigraphic data on this layer are not still available, allowing it to
function as a good chronostratigraphic layer in this sector of the Tyrrhenian margin.

From the end of the isotopic stage 5a, the sea, despite the cyclical oscillations, is
constantly lowering up to the isotopic stage 2, when it was located at a depth of about 120 m
in the Mediterranean Sea [16,81–90]. During this phase of “forced regression” [24,91–94],
the progradational wedges of the Cilento offshore were deposited, allowing for a platform
widening in the order of several kilometers. The forced regression is controlled by the
seaward migration of the coastline as a reaction to the relative sea-level fall. This kind of
regression occurs during periods of falling of the sea level, since the coastline is forced
to regress due to the falling of the base level, without taking into account the sediment
supply [24]. During the forced regression, the fluvial incision is accompanied by the
deposition of pro-gradational deposits, in a shoreface setting.
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