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ABSTRACT

The Geomorphologycal map of the continental shelf of the northeaster sector of the Sardinian
coast has allowed the recognition of several seafloor features. These have been related to the
geology and climate history of the area from the Last Glacial Maximum (LGM) to the early
Holocene. During the LGM sea level was about 130 below the present and cuspate deltas
fed by rivers crossing the continental shelf formed. The post LGM sea level rise caused
submersion of the exposed continental shelf and changed the dominant sedimentary
processes. The rise was not continuous but punctuated by stillstands during which suites of
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beach ridges developed. The mapped ridges (BRS1, BRS2 and BRS3) are correlated to
specific post-LGM sea level stillstands. These fit pretty well with the cold phases that
punctuated the post LGM warming phase; that is, the Older Dryas (17-15 ka), Younger Dryas

(12.9-11.6 ka) and the 8.2-kiloyear event (8.7-8.2 ka).

1. Introduction

It is widely acknowledged that marine geological maps
are fundamental for planning offshore activities in
commercial exploration, geohazard assessment, and
the sustainable use of marine resources (Agate et al,
2023; Cinner et al., 2020; Maina et al., 2020). Recent
technological advances in marine surveys and the
sharing of data uploaded to large databases (https://
emodnet.ec.europa.eu/en/geology) have been impor-
tant. In this sense, the recent project, MAGIC-Marine
Geohazards along the Italian Coasts (Chiocci et al.,
2011, 2021 https://www.protezionecivile.gov.it/), has
given important input to the realization of seafloor’s
detailed maps of the Italian coasts. Furthermore, it
has imposed a new view on coastal geohazards and
the recent evolution and morphogenesis of the conti-
nental shelf and margins around Italy (Chiocci et al.,
2021). However, although the entire coast of Sardinia
has been mapped and a detailed survey of the numer-
ous canyons on the continental slope provided
(Conforti et al., 2024; De Falco et al., 2024; Gamberi
et al., 2024), less attention has been given to the fea-
tures of the continental shelf itself, mostly because sur-
vey end at the shelf hedge.

The aim of this work is to reconstruct the geo-
morphic processes that shaped the continental shelf

of northeast Sardinia between Olbia and Posada
using a detailed map (1:75,000 scale). The recognized
seafloor geomorphic features have been related to the
post-Last Glacial Maximum (LGM) sea level rise since
20 ka (Gamberi et al., 2021). This eustatic rise caused
submersion of the exposed continental shelf and chan-
ged the dominant sedimentary processes (Agate et al.,
2023; Distefano & Gamberi, 2022). This rise was
possibly not continuous but punctuated by several
stillstands. These are potentially correlated to under-
water ridges interpreted as beach ridges (Deiana
et al,, 2019). The integrated use of multiple acoustic,
high-resolution image analysis methodologies has sig-
nificantly advanced the capability to map these ridges
and their associated feature. The detailed mapping of
these ridges may contribute to a better understanding
of the post-LGM sea level rise phases.

2. Study area

Sardinia (Italy) is the second largest island in the Med-
iterranean Sea (Figure 1A) and the study area is
located on its northeast coast in the shallowest part
of the Olbia Basin (Dalla Valle & Gamberi, 2011)
between Olbia and Posada (Figure 1B). Olbia, with
its harbour (Figure 1B), is one of the most developing
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Figure 1. Sardinia Island. (A) Satellite view of the Mediterranean region where Sardinia occupies a central position. The dashed
line indicates the Sardinia anticlockwise rotation occurred in the Oligo-Miocene time with the consequent opening of the Balearic
and Tyrrhenian basins. Abbreviations: Bl = Balearic Islands; |p = Liguro-Provencal Basin; Ty = Tyrrhenian Sea. (B) Satellite view of
Sardinia; in the map are reported the main cities. In the square, the studied area. Abbreviations, Cl = Cala Liberotto and Ca=
Cagliari indicate the beach rock south of the studied area. (C) The studied area between Olbia and Posada. The dashed line indi-
cates the limit of the MPA Tavolara-Capo Coda Cavallo. Posada, Molara and Tavolara are the main canyons of the area (source:
Google Earth). In the main picture, A is the western part of the Mediterranean Sea with the position of Sardinia Island, almost in its
centre. The island (with the northern Corsica Island, Corsica Sardinia Block) represents a fragment of continental lithosphere that
was separated from the southern margin of the European plate during the late Oligocene — early Miocene. In B is the satellite
image of Sardinia Island (from Google Earth) where are reported the main cities and the studied area (square). In C is the studied
area. Dashed lines delimit the MPA of Tavolara Punta Capo Coda Cavallo and the main canyons. The AMP was established in 1977

(https://www.amptavolara.com).

cities on the Island and a site of numerous marine
activities, including fishing and potential wind farms.
The area is characterized by a wide continental shelf
(maximum of 25 km) and continental slope (2-6°C).
The shelf becomes narrow southward, where it reaches
a width of 13 km. The shelf edge is at a depth of 130 m
(Figure 2) (Main map). The shelf is characterized by
relict morpho-bathymetric features, like some small-
incised deltaic systems, valleys sand spits and barrier
islands (Gamberi et al., 2021, 2024).

The continental slope is incised by numerous can-
yons (Figures 1B, 2, and 3) (Gamberi et al., 2024);
the main canyon system is represented by the Posada
Canyons, which cuts over 700 m in depth into the
slope. Other features include the Molara and the Tavo-
lara canyons (Dalla Valle & Gamberi, 2011; Gamberi,
2020; Gamberi et al., 2021) (Figure 1C).

Two islands occupy the central northern part of the
study area (Figure 1C, Main map). The largest, Tavo-
lara, is almost 6 km?, being 6 km long and 1 km wide,
mostly composed of Mesozoic limestones and charac-
terized by very scenic cliffs. The second, Molara, is
about 3.5 km” and made up of Palaeozoic granites.
The northern part of the study area lies, in part, within
the Marine Protected Area (MPA) of Tavolara-Punta

Coda Cavallo (Figure 1C). The MPA was established
by the Ministry of Environment in 1997 and covers
an area of about 150 km> The other north part is
occupied by the Olbia Gulf. The landward part of
the gulf is encased in a submerged coastal valley
(Rias; Goudie, 2018) at the end of which is located
the Olbia harbour (Porqueddu et al., 2011).

3. Geological setting

Sardinia is part of the Corsica-Sardinia block, repre-
senting a fragment of continental lithosphere that
was separated from the southern margin of the Euro-
pean plate during the late Oligocene-Miocene
(Cherchi & Montadert, 1982; Doglioni et al., 1999)
with the consequent opening of the Balearic and Tyr-
rhenian basins (Figure 1A) (Doglioni et al., 2004;
Malinverno & Ryan, 1986). The north-eastern margin
of Sardinia is mainly composed of Carboniferous-Per-
mian granitoids, forming a huge continental batholith
(i.e. Casini et al., 2012, Casini, Cuccuru, Maino et al.,
2015; Casini, Cuccuru, Puccini et al., 2015) and
Palaeozoic high-grade metamorphic rocks deformed
during the Variscan orogeny (i.e. Casini et al., 2023;
De Luca et al., 2023).
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Figure 2. Shaded relief map obtained with Multi-Beam echo sunder data. The map has a grid size of 50 m has a grid size of 10 m in
continental shelf areas (<150 m) and 50 m for slope areas. The map is merged with 5 x5 m spatial resolution Side Scan Sonar
photomosaic (grey stripes close to the coast) (ISPRA, 2010). Black solid lines are ROV transects; grey stripes close to the coast
are Side Scan Sonar lines; the black square indicates the location of Figure 3. Abbreviations: PD1-PD2 = Paleo-deltas; C = Canyons;
Ls = Landslide; L = Lagoon; BRS = Beach Ridges; V = Palleovalley; S = Sand spit; P = Posidonia oceanica meadow; PCS = Posada
canyon system; MCS = Molara canyon system; TCS = Tavolara canyon system; 100m-80 m (BRS1), 65m-50 m (BRS2) and 40-
30 m (BSR3). The mapped area. Note the paleo delta front (PD1) and the paleo delta plain. The plain and delta were formed
by a river reaching the shelf edge that was the coastline during the LGM (about 20 ka). The successive sea level rise flooded
the plain and the coastline shifted about 20 km inland. Transgression was characterized by still stands that allowed the formation

of beach ridges (BRS).

The post-orogenic extension allowed the exhumation
of the Corsica-Sardinia batholith and the submersion of
most of this part of the European plate. This allowed the
deposition of Triassic to Cretaceous carbonatic shelves
and shallow water sediments (Costamagna et al., 2018).

The early Quaternary sea-level fluctuations allowed
the deposition of marine to alluvial strata which crop
out extensively in most of the island coasts. Marine
deposits mainly consist of conglomerates, shallow-mar-
ine fossiliferous carbonates and sandstones referred to
as interglacial stages (Sechi et al., 2020, 2023). Non-
marine deposits consist of coastal aeolian sandstones
interlayered by fine-grained sandstones and siltstones
(colluvial and paleosols) and alluvial sandy-conglomer-
ates, which are usually attributed to glacial stages
(Andreucci et al., 2010; Pascucci et al., 2014, 2022).

Neotectonic activity is generally scarce and primar-
ily testified by occasional reactivation of pre-Pleisto-
cene faults as extensional structures (i.e. Casini et al.,
2020; Cocco et al.,, 2019).

The modern coast of Sardinia is generally character-
ized by high rocky cliffs often articulated in promon-
tories delimiting small bays where sand and/or
gravelly pocket beaches occur. In a few cases, relatively
large beach lagoon systems develop as well. Beaches
are nourished by sediments carried either from small
rivers or by a complex system of ephemeral streams
active during wintertime when rainfalls are more
intense, and from material eroded from the cliffs.
Most of the bioclastic sediments derive from shells living
in the extensive sea-grass meadow occurring all along
the Sardinian coast from a depth of 4 up to 35m
(De Luca et al., 2018). These are transported on the bea-
ches during major storms (Pascucci et al., 2014).

4, Methods and dataset

The sea floor map at 1:75,000 scale of the Olbia-
Posada area was made by the integrated use of Multi-
beam, Side Scan Sonar, and ground truth points
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Figure 3. Detail of the shaded relief map obtained with Multi-
Beam echo sunder data. Note the amphitheatre formed by the
canyon heads of the Tavalora canyon system (C); the active
landslides along the canyon flanks (Is); beach ridges (BRS1)
and (BRS2), the backshore lagoon (L) and part of the paleo
delta PD2. The white solid line is the seismic profile of Figure
4A. The location of the area is in Figure 2. Shaded relief map
obtained with Multi-Beam echo sunder data. The high-resol-
ution multibeam bathymetry is based on a grid size of 50
m. The picture images part of the paleo delta, beach ridges
and canyons present in the studied area. Canyon flanks are
often interested in landslides (some very large), indicating
the scarce stability of the shelf edge. Beach ridges are charac-
terized by cordons becoming thinner landward. Lagoons may
be found on the back of the beach ridges.

acquired with remote operating vehicles (ROVs).
These data were integrated with aerial photos.

Multibeam data were acquired by the ISMAR (Isti-
tuto per le Scienze Marine) of the Italian CNR (Con-
siglio Nazionale delle Ricerche) during various
campaigns in 2009 and 2010 (Progetto Magic). The
used Multibeamis a Kongsberg EM710 (70-100 kHz)
The accuracy of the bathymetric acquisition ranges
from 2 to 5m in the depth range shallower than
70 m, while at greater depths, it ranges from 5 to 10 m.

The bathy-morphological data collected through
the Multibeam survey were processed to obtain a Digi-
tal Elevation Model with a grid size of 10 m in conti-
nental shelf areas (<150 m depth) and 50 m for slope
areas (>150 m depth). (Figure 2). The used shaded
relief map is based on multi-beam echo-sounder
data and has a grid size of 50 m and spatial resolution
of 5x 5 m (Figure 3).

Side Scan Sonar data were acquired by the Environ-
ment Ministry (ISPRA, 2010) with a Side Scan Sonar
Edgtech 260-TD, using a slate range of 200 m from
10 up to 50 m depth. Raw data have been reprocessed
with SeaView (Mogasoftware) and a 5x5m spatial
resolution photomosaic realized (Figures 2 and 3).

Two ROVs ‘Velociraptor’ (Enne Elettronica,
Savona, Italy) and Minirov DeepTrekker DTG3 were

NNW SSE

Figure 4. The mapped beach ridges. (A) Beach ridges as
imaged by very-high-resolution shallow seismic (chirp-sonar)
(After Gamberi et al., 2024). (B) Beachrocks as photographed
by ROV at a depth of 60 m. The picture shows relatively clearly
the cross-stratification (enhanced by dashed white lines) of
the well-cemented sandstone that makes up the beach ridges.
High-resolution seismic profile (chirp) and ROV image of the
beach ridges at a depth of 60 m. The seismic shows how
the ridges are about 10 m high and up to 300 m wide. The pic-
ture shows the relatively clear the cross-bedding aspect of the
well-cemented sandstone composing the beach ridges. This
sedimentary feature allows us to interpret these bodies as
beach rocks and correlate them to the beachface, in particular,
to the foreshore. The foreshore develops in the intertidal part
of the system.

used to acquire high-resolution video and images of
the seafloor features. Both were equipped with a
high-quality video camera and wide angular lens pro-
viding a field view of 80°, two 50 W halogen spotlights,
a Tritech MicronNav position system, and two lasers
10 cm spaced used for scale.

Fifteen ROV transects, each at least 1 km long, were
surveyed (Figure 2). Subsequently, nine transects of
200 m in length were extrapolated from each of
them. High-definition video and photographic
material from these transects were processed using
VideoLAN VLC software for frame extraction and
Seascape for image analysis.

The used aerial photos are Ortophoto 2019 (Regione
Sardegna, RAS, http://www.sardegnageoportale.it/navi
gatori/sardegnamappe/) and BaseMap Esri images (Di
gital Globe) with a spatial resolution of 0.5m and an
accuracy of 10.2 m. Aerial photo interpretation and di
rect observation of the infralittoral zones were employed
in the shallower areas (020 m depth).

Each dataset was treated as a layer, and GIS tools
were employed in the production of different maps.

5. Results

Multibeam bathymetric data allowed for the Digital
Elevation Model and Shaded relief maps to be


http://www.sardegnageoportale.it/navigatori/sardegnamappe/
http://www.sardegnageoportale.it/navigatori/sardegnamappe/

drawn. These together with Side Scan Sonar photomo-
saic have allowed us to distinguish several mor-
phologies of the NE Sardinian continental shelf
(Figures 2 and 3, Main map).

Numerous canyons have their heads on the shelf-
break and continue on the continental slope forming
a sort of amphitheatre, which enlarges landward,
reaching a length parallel to the margin of 22 km
(Figures 2 and 3) (Gamberi et al., 2024). Canyon
flanks are characterized by active drainage and land-
slides (LS, Figure 3; Main map) (Gamberi, 2020; Gam-
beri et al., 2021, 2024).

The shelf is a gently sloping plain, about 25 km
long, starting from a depth of about 130 m. Some
depressions (3 x 2 km maximum) affect the central
part (L, Figure 3 and Main map) and a paleo drainage
(Main map) and paleo valley are still visible south of
the Tavolara Island (V = Figure 2 Main map).

Close to the shelf edge, two cuspate systems (PD1
and PD2; Figure 3 and Main map) have been
mapped at a depth of—120 —130 m. These systems,
about 8 km long and 6 km large, are connected to
the deeper part of the continental slope through
canyons (C, Figure 2).

Ridges forming quasi-continuous linear reliefs at
depths of 100-80 m (BRSI) have been mapped land-
ward from the delta apex (Figures 2 and 3, Main
map). Similar ridges occur also at shallower water
depths (BRS2=65-50, BRS3 =40-30 m) (Figure 2,
Main map). Ridges could be continuously exceeding
7 km in length and 300 m in width, or more scattered
being a few hundred metres in length and tens of
metres in width. They have an average height of
10 m (Figure 4A), but in a few cases might reach
15 m. Ridges have been also imaged by very-high-res-
olution shallow seismic (chirp-sonar) (Figure 4A)
(Gamberi et al, 2021) and surveyed with ROVs
(Figure 4B). They consist of coarse-grained, lithified
sandstones with well-developed cross-bedding (Figure
4B). Diffuse coralligenous communities form reefs
around these ridges (Figure 5) (De Luca et al., 2022).
West southwest of the Tavolara Island a curved
onshore direction morphostructure has been mapped
(S, Figure 2). It seems to represent the southern con-
tinuation of the BSR3 ridge system.

A Posidonia oceanica L. (Delile) meadow has been
mapped in the shallower part of the shelf from about
—35m to a few metres depth (P=Figure 2, Main
map). Most of the P. oceanica meadow develops on
sand (Figure 6); only occasionally, close to the rocky
coast, on rock. The mat is relatively compact with a
rare intramatte (Main map). Occasional small
meadows of Cymodocea nodosa Ucria (Ascherson)
occur as well (Main map). High backscatter
characterizes the sediments of the shallower portion
of the shelf in front of the sandy shoreline (Figure 2
and Main map).

JOURNAL OF MAPS (&) 5

6. Discussion

Cuspate deltas formed at the shelf edge when the coast-
line was about —130 m below the present; that is during
the LGM (20 ka) (Clark et al., 2009; Lambeck et al.,
2014). At that time, the shelf was crossed by rivers
forming deltas and delta plains (Figures 2 and 3,
Main map). As sea level started to rise, deltas were deac-
tivated and beach ridges formed on the back of the delta
front. The BRSI1 linear reliefs (=100 to —80 m) have
been interpreted as beach ridges (beach rocks), a relic
of barrier islands (Gamberi et al., 2021) (Figures 2
and 3, Main map). The recognized sedimentary struc-
ture (Figure 4B) allows referring these sandstones to
the beachface (Masselink & Puleo, 2006). Beachrocks
form when calcitic-magnesian or aragonitic cement
precipitates in the intertidal environment lithifying
sand grains. These may have been preserved on the
continental shelf as a result of the fast submergence
that occurred during the cementation state (Mauz
et al,, 2015). This environmental condition most prob-
ably was favoured by the fast post-LGM sea level rise.

Most of these ridges are colonized by coralligenous
reefs made up of calcareous organisms (Figure 5), they
are sensitive to anthropogenic influences and climate
changes, which typically act together making them
particularly vulnerable on a global scale (Pezzolesi
et al, 2017; Piazzi, Ferrigno et al., 2022; Piazzi, De
Falco et al. 2022). Coralligenous reefs are very com-
mon and have been mapped throughout much of
northern Sardinia (De Falco, Conforti et al., 2022;
De Luca et al., 2018) where they are very often associ-
ated with beach ridges (De Luca et al., 2022). Coralli-
genous conservation is a significant challenge for the
management of nearshore marine systems (Goodwin,
2011; Mumby & Steneck, 2008).

A similar interpretation has been done for the
linear features mapped at depths of 65-50 m
(BRS2) and 40-30 m (BRS3). They may represent
the relict morphological expression of ancient
coastlines, preserved during the post-LGM sea
level rise. The curved morphostructure (S, Figure
2) may represent a sand spit. This feature might
indicate that since the deposition of BRS3, and
similarly to today, a longshore current coming
from the north was active and important to distri-
bute sand in beach systems.

No direct age dating has been obtained from the
deep beach rocks present in the studied area and,
more in general, in the entire Sardinia shelf. The dee-
pest ones, dated at 9938 + 58 cal y BP, are located close
to Cala Liberotto (Orosei Gulf, CI in Figure 1B) at a
depth of 33 m, a few km south of the mapped area,
and in southern Sardinia (Cagliari Gulf) dated at
10,835+ 170 cal y BP at a depth of 45 m (De Muro
& Orrtl, 1998) (Ca in Figure 1B) or even younger
(ca 10 ky BP, Mattei & Vacchi, 2023).



6 M. DE LUCA ET AL.

Figure 5. Coralligenous assemblages as photographed by ROV at a depth of 60 m. ROV image of the coralligenous assemblage.
Note the presence of Eunicella cavolinii (Koch, 1887), Paramuricea clavata (Risso, 1826) (known as Gorgonia), Myriapora truncata
(Pallas, 1766), Lithophyllum sp., Flabellia petiolata (Turra Nizamuddin, 1987).

Considering only the depth of the mapped beach
ridges, they could be correlated to the post-LGM sea
level rise phases (Distefano & Gamberi, 2022; Harri-
son et al., 2019; Lambeck et al., 2014; Mattei & Vacchi,
2023; Ridente, 2018; Vacchi et al., 2020; Yokohama et
al., 2022) (Figure 7). These beach ridges may be con-
sidered landward back-stepping transgressive system
tract deposits (Distefano & Gamberi, 2022; Ridente,
2018) and used to reconstruct the paleo-shorelines
occurred during the post-LGM transgression (Zecchin
etal., 2015). Moreover, these landforms are potentially
very interesting because, if dated in the future, they
may provide key constraints to tune the post-LGM
relative sea level curve for the Mediterranean area,
which is presently only constrained in the Holocene
(i.e. Mattei & Vacchi, 2023 and ref therein).

The LGM started to deteriorate between 19.5and
17 ka BP when the first ice-melting water pulse
occurred (Harrison et al., 2019). The first significant
post-LGM sea level rise was associated with this
melting pulse (Melt Water Pulse 1A0, or MWP
1A0; Gornitz, 2013). Ocean levels rose by at least
10 m within 800 years (Figure 7). This rapid sea
level rise did not allow for the development of
beach ridges.

6.1. BRS1 (Oldest Dryas)

Between 17 and 15 ka, the first stillstand of the post-
LGM sea level rise occurred and beach ridges found a
favourable environmental condition to form. Delta
systems were no longer active and the shelf started

Figure 6. Posidonia oceanica (Delile) meadow on the sand. Posidonia oceanica (Delile) meadow on the sand. The P. oceanica is a
marine plant endemic to the Mediterranean Sea. It forms a quasi-continuous meadow all along the Sardinia coast offering protec-
tion to the numerous beaches of the island. Most of the bioclastic sediments of the beach derive from the P. oceanica meadow.
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Figure 7. Post-Late Glacial Maximum sea level rise curve. In
the figure are reported the rates of sea level rise from 20 ka
to 7 ka and Beach Ridges (BSR) deposited during still stands
occurred after water melting pulses (MWP); OD-H1 = Older
Dryas/Heinrich Event H1; BA =Bolling-Allered warm event;
YD =Younger Dryas (modified after: Harrison et al,
2019; Lambeck et al., 2011, 2014; Naughton et al., 2023; Siddall
et al.,, 2003; Yokoyama et al., 2022). The dashed grey line is the
Harrison et al. (2019) post-LGM sea level rise curve. Post-Late
Glacial Maximum sea level rise curve (from 20 ka to 7 ka). Sea
level rise was not uniform but characterized by rapid and
slower rises. The first is associated with Melt Water Pulse
1A0, or MWP 1A0 (Gornitz, 2013). Ocean levels rose by at
least 10 m within 800 years. This was followed by a still
stand associated with the Older Dryas or Heinrich event H1.
In this slow sea level rise conditions beach ridges (BRS1)
formed. A new melting water pulse occurred between 15
and 13 ka. This is associated with the warm Bolling-Allergd
events (MWP1A). Other reduced sea level rise allowed the
deposition of BRS2 and 3. The still stand refers to cold events
associated with the Younger Dryas and the 8.2 kiloyear event.
This last cooling was significantly less pronounced than the
precedent Younger Dryas but it was associated with atmos-
pheric methane concentration decreased by 80 ppb and an
emission reduction of 15% that allowed a cooling (around
1-5°C) and drying at a hemispheric scale. K-to symbol:
water melting pulses (MWP); OD-H1=Older Dryas/Heinrich
Event H1; BA=Bélling-Allered warm event; YD = Younger
Dryas (modified after: Lambeck et al., 2014; Naughton et al.,
2023; Siddall et al., 2003; Yokoyama et al., 2022).

to be characterized by transgressive barrier islands
occasionally associated with lagoons (Figures 2 and
3). In this time interval, the first BRS1 developed.
The still stand is associated with the cold Older
Dryas or Heinrich event H1 (Alvarez-Solas et al.,
2011) (Figure 7).

The H1 event was followed by the melting water
pulse (WP1A) linked with the warm Bolling-Allerad
interstadial (BA) (Naughton et al, 2023; Su et al,
2016) (Figure 7).
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6.2. BRS2 (Younger Dryas)

A new stillstand occurred during a new cold phase at
about 13 ka; that is, during the Younger Dryas (Bard
et al,, 2010). During this period, the sea level remained
between 65 and 50 m depth below the present for
about 1500 years (from 12.9 and 11.6 ka) (Perry &
Hsu, 2000) allowing the development of the second
beach ridge system (BRS2).

The following melting water pulse (WP1B)
occurred around 11ka and was associated with a
new warm phase known as the early Holocene sea
level rise (Smith et al., 2011).

6.3. BRS3 (8.2-kiloyear event)

Beach ridges found between 40 and 30 m water depth
could be related, in part, to beach rocks dated at about
9.0 ka by De Muro and Orrt (1998), in north and east
Sardinia at a depth of 30 m. This stillstand might be
tentatively associated with the rapid 8.2-kiloyear
event (8.7-8.2 ka) when a sudden decrease in global
temperatures occurred (Alley et al., 1997; Griffiths &
Robinson, 2018; Perry & Hsu, 2000).

Shallower ridges recognized in the northern part of
the studied area and dated at 5.0 and 0.17 ka (Lambeck
et al., 2004; Vacchi et al., 2018, 2020) have not been
recognized and mapped, possibly because they are
masked by the Posidonia oceanica meadow or covered
by the sand of the modern beaches. They may have
formed during relatively small (1-5m) sea level
drops during the latest Holocene sea level rise (De
Falco, Conforti et al., 2022; Pascucci et al., 2018).
Their formation, evolution and preservation were
mainly dictated by the inherited topography and the
early barrier cementation (De Falco et al., 2015; De
Falco, Carannante et al.. 2022).

7. Conclusions

The Sea Floor Map of the Olbia-Posada area has
highlighted the presence of several morphostruc-
tures related to the last 20 ka geological and climatic
history of the area. Cuspate paleo-delta systems
formed during the LGM at the edge of the present-
day continental shelf. These deltas were fed by rivers
crossing the continental shelf and carrying sediment
that was later dispersed through deep canyons. These
are still active on the continental slope. The post-
LGM sea level rise was not continuous but punctu-
ated by, at least three, important still stand during
which beach ridges with well-developed backshore
lagoons formed.

These stillstands might tentatively be referred to as
Older Dryas (H1), Younger Dryas (YD) and 8.2-kilo-
year cold events. They are separated by melting water
pulses (MWP) corresponding to warm climates that
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induce rapid ice melting periods, the most important
being the Bélling-Allerod (BA/MWP1A).

There is no age control of the mapped beach
ridges; however, there is a good agreement between
the BSR3 hypothesized ages and those recognized
at the same depth in other coastal areas of Sardinia
(De Muro & Orrui, 1998; Mattei & Vacchi, 2023).
This has allowed us to refer these ridges to the inter-
val 9.7-8.2 ka.

The present-day shallower shelf is characterized by
a wide, not fragmented Posidonia oceanica meadow
masking most of the morphostructures formed during
the last 8 ka; that is during the Holocene highstand.
These are, however, present north of the studied
area confirming the occurrence of small sea level
fluctuation also in this time interval.

Software

The following software were used for multibeam data
processing, digital terrain model analysis and final
map production: Caris Hips and Sips, Global Mapper
21, Golden Software Inc. Surfer 17, Quantum-GIS,
Microsoft Office 365 — Publisher, Inkscape (1989,
1991 Free Software Foundation, Inc). All software
was licensed to the National Research Council. Some
Side Scan Sonar data were re-processed using SeaView
1.5.58 (Moga Software srl). Spatial analyses were per-
formed and processed using ArcGIS Desktop version
10.7 (ESRI). ROV images were extracted using Video-
LAN VLC and interpreted using Seascape. They are
both open-source free software. The first is available
by VideoLAN Organization, the latter is available by
the Free Software Foundation’s GNU General Public
License (GPLv3) in source code form.
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