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Abstract

This contribution focuses on a multidisciplinary research showing the geomorphological evolution and the beach
sand composition of the Tyrrhenian shoreline between Capo Suvero promontory and Gizzeria Lido village (Calabria,
southern ltaly). The aim of the geomorphological analysis was to reconstruct the evolutionary shoreline stages and
the present-day sedimentary dynamics along approximately 6 km of coastline. The results show a general trend of
beach nourishment during the period 1870-2019. In this period, the maximum shoreline accretion value was
estimated equal to +900 m with an average rate of + 6.5 m/yr. Moreover, although the general evolutionary trend
is characterized by a remarkable accretion, the geomorphological analysis highlighted continuous modifications of
the beaches including erosion processes. The continuous beach modifications occurred mainly between 1953 and
1983 and were caused mainly by human activity in the coastal areas and inside the hydrographic basins. The beach
sand composition allowed an assessment of the mainland petrological sedimentary province and its dispersal
pattern of the present coastal dynamics. Petrographic analysis of beach sands identified a lithic metamorphi-clastic
petrofacies, characterized by abundant fine-grained schists and phyllites sourced from the crystalline terrains of the
Coastal Range front and carried by the Savuto River. The sand is also composed of a mineral assemblage
comparable to that of the Amato River provenance. In terms of framework detrital constituents of QFL (quartz:
feldspars:aphanitic lithic fragments) and of essential extraclasts, such as granitoid:sedimentary:metamorphic
phaneritic rock fragments (Rg:Rs:Rm), sand maturity changes moderately from backshore to shoreface, suggesting
that transport processes had a little effect on sand maturity. Moreover, the modal composition suggests that the
Capo Suvero promontory does not obstruct longshore sand transport from the north. Indeed, sands displaced by
currents driven by storm-wave activity bypass this rocky headland.
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1 Introduction

The coastal zone is regarded as one of the most vulner-
able areas on the planet, consisting of highly dynamic
environments and geomorphological complex systems
(e.g. Dawson et al. 2009; Di Paola et al. 2013). The de-
terioration of coastal area, the loss of estuaries and the
destruction of human heritage are some of the harmful
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effects of coastal erosion processes and of inundation,
producing economic instability for mankind (Nicholls
and Hoozemans 1996; Parry et al. 2007; Forbes 2009;
Calva et al. 2013; Ietto et al. 2014). Currently, at least
70% of sandy beaches around the world are recessional
(Hinkel et al. 2013). Shorelines experiencing erosion are
documented in many European countries, such as in
Spain (e.g. Anfuso and Gracia 2005; Del Rio et al. 2013),
France (e.g. Gervais et al. 2012; Castelle et al. 2015),
Portugal (e.g. Ferreira 2006), Italy (Lupia Palmieri and
Raffi 1983; Pranzini and Rossi 2014; Cantasano et al.
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2017), United Kingdom (e.g. Phillips and Jones 2006),
elsewhere in California (e.g. Moore et al. 1999; Hapke
et al. 2009) and in many other countries. Accordingly,
the scientific community has significantly increased
studies on geomorphological coast dynamics to safe-
guard the littoral areas (e.g. Komar 1998; Masselink and
Hughes 2003; Bakker 2013; Bagdanaviciaté et al. 2015;
Semedi et al. 2016).

This research provides new insights into the geomor-
phologic evolution and into the analyses of the modern
sand composition along a 6 km stretch of the Calabria
Tyrrhenian coast, southern Italy (Fig. 1a).

The Tyrrhenian borderland of Calabria is a highly
uplifted mountain belt dominantly composed of carbon-
ate rocks to the north and by metamorphic, ophiolitic
and igneous rocks towards the south (e.g. Amodio-
Morelli et al. 1976). The tectonic history of this area is
complex (Carrara and Zuffa 1976), and the modern set-
ting includes a mountain coast with high fluvial dis-
charge and sedimentation rates in both the shelf
environment (e.g. Chiocci 1994) and the deep marine
Paola Basin (Trincardi et al. 1995; Mongardi et al. 2004).
Previous studies (Le Pera and Critelli 1997; Le Pera et al.
2000; Critelli and Le Pera 2003) discussed the main de-
trital mineralogy of river and backshore beach sands be-
tween Scalea and the Santa Eufemia Gulf along the
northern Calabria Tyrrhenian coast, discriminating three
petrologic provinces (Lao Littoral Province, Coastal
Range Littoral Province, and Santa Eufemia Littoral
Province) with distinct detrital modes. Other researches
on coastal environments dealt with the evolutionary
shoreline trend of the Calabria Tyrrhenian coast (e.g.
D'Alessandro and Lupia Palmieri 1981; D’Alessandro
et al. 1992, 2002; Ietto 2001; Ietto et al. 2012a; Punzo
et al. 2016) and with the assessment of coastal vulner-
ability (e.g. Guiducci and Paolella 2004; Ietto et al.
2018a; Cantasano et al. 2020).

This research represents a further extension of the
previous works because it is based on a historical shore-
line evolution study integrated with a petrographic ana-
lysis assessed for backshore and shoreface environment
sand-samples.

The studied coastline at the northern edge of the
Santa Eufemia Gulf extends from the Capo Suvero
promontory in the north to Gizzeria Lido in the south
(Fig. 1b). This area is the only stretch of the Calabria
Tyrrhenian coast where spits and coastal lakes known as
La Vota and Maricello lakes are still present, forming a
priority protected habitat designated as Site of Commu-
nity Interest (SIC Area) since 1995 (Caprio et al. 1999).
Major geomorphic features of the area are spits, dune
and marsh deposits that in the last century suffered in-
tense natural changes through erosion and accretion
processes (e.g. letto et al. 2012a). However, only little
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scientific literature exists (Mongardi et al. 2004; Ietto
et al. 2012a), which documents the geomorphological
setting of this coastal area. This research attempts to
take a step forward with respect to previous studies be-
cause it uses a multidisciplinary approach based on a de-
tailed geomorphological analysis and on compositional
parameters of the sandy detritus. In this regard, the
main goals of this research can be summarized as
following:

1) Reconstruction of the geomorphological evolution
of the beach in the last 150 years;

2) Characterization of shoreface and backshore sand
composition and provenance;

3) Analysis of the factors controlling the geomorphological
beach evolution.

The obtained results intend to increase the knowledge
both on the geomorphological processes and on the
petrographic features of the beaches, highlighting the
useful contribution of the detrital mineralogy analysis of
the sandy fraction for the investigation.

2 Study area

2.1 Geology

Calabria of southern Italy is an arcuate portion of the
Neogene Apennine—Maghrebide orogenic belt known as
Calabria—Peloritani Arc or CPA (e.g. Amodio-Morelli
et al. 1976), which represents an accretionary wedge
caused by the Africa—Europe collision (Ghisetti and
Vezzani 1982; Dewey et al. 1989; Vai 1992). The CPA is
made of crystalline basement nappes partially affected by
Alpine metamorphism (Ortolano et al. 2005; Pezzino
et al. 2008), and some of these are covered by Meso-
Cenozoic sedimentary deposits (e.g. Critelli and Le Pera
1994, 1995). Since the Pliocene, the tectonic evolution of
the CPA is characterised by extensional fault systems
that fragmented the orogen into structural highs and
subsiding basins (Tortorici et al. 1995; Galli and Bosi
2002; Catalano and De Guidi 2003).

Starting from the Lower—Middle Pleistocene, the Ca-
labria terrains underwent a strong regional uplift that is
still active (Westaway 1993; letto and Ietto 2004; Anto-
nioli et al. 2006). The uplift process has been responsible
for reliefs with high erosional energy and continuous re-
juvenation of the hydrographic network, causing a high
erosion rate (Ietto et al. 2015, 2016, 2018b; Conforti and
Ietto 2019). The Holocene uplift values range from 0.6
mm/yr up to 1.5 mm/yr on the Calabria Tyrrhenian side
(e.g. Ferranti et al. 2010), making sea-level changes, due
to ice sheet melting, negligible, because both processes
seem to have the same increasing order, ending up to
compensate each other (e.g. Pirazzoli et al. 1997).
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Fig. 1 a Sketch map showing the location of the studied coastline highlighted in the red circle; b Geologic map of the study area (modified
from Amodio-Morelli et al. 1976; Critelli and Le Pera 2003): 1 — Pre-Carboniferous biotitic paragneiss; 2 — Carboniferous granodiorites; 3 —
Carboniferous garnet-sillimanite gneiss and pyroxene-bearing amphibolites; 4 — Carboniferous phyllites and amphibolites; 5 - Pre-Triassic biotite—
muscovite gneiss, micaschists, amphibolites and metagreywackes; 6 — Triassic-Upper Cretaceous limestones and dolostones; 7 — Upper Triassic—
Miocene metalimestones; 8 - Jurassic-Lower Cretaceous blue schist and serpentinites; 9 - Cretaceous slates, metaquartzarenites and
metalimestones; 10 — Cretaceous—Paleogene tonalitic gneiss; 11 - Cretaceous—Paleogene garnet-sillimanite gneiss; 12 — Upper Miocene-Lower
Pliocene clays, sandstones and conglomerates; 13 — Middle Pliocene-Lower Pleistocene calcarenites, sand, clay and conglomerates; 14 -

The study area lies in the northern part of the CPA
along a coastal stretch between the Savuto and the
Amato river-mouths. In particular, the coastal area, lo-
cated at the foot of the Coastal Range, includes the bea-
ches of the southern side of the Capo Suvero
promontory, forming the north side of the Santa
Eufemia Gulf (Fig. 1).

The Coastal Range, a 75-km-long N-S trending
mountain chain, is bounded by active east-dipping nor-
mal faults approximately coincident with the coastal
scarp (Sorriso-Valvo and Sylvester 1993). It is made up
of nearly flat-lying nappes, including a variety of Palaeo-
zoic and Mesozoic to Paleogene terranes (Fig. 1b), ran-
ging from high- to middle- to low-grade metamorphic,
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ophiolitic, plutonic and sedimentary rocks (e.g. Amodio-
Morelli et al. 1976; Carrara and Zuffa 1976). These rocks
are unconformably covered by Miocene to Quaternary
deposits (e.g. Ortolani et al. 1979). Palaeozoic terranes
are gneiss, amphibolite with minor harzburgite and
serpentinite, granite and granodiorite. Mesozoic and
Paleogene rocks include limestone, dolostone, slate and
ophiolite; whereas Neogene and Quaternary strata
include sandstone, hybrid arenites, conglomerate, clays-
tone, marl, minor gypsum and limestone (e.g. Amodio-
Morelli et al. 1976; Morten and Tortorici 1993; Iannace
et al. 2005) (Fig. 1b). The Santa Eufemia coastal plain in-
cludes the wide fluvial plain of the Amato River and the
northern flank of the Poro Plateau having dominantly
plutonic and high-grade metamorphic rocks.

Previous studies (Le Pera and Critelli 1997; Le Pera
et al. 2000; Critelli and Le Pera 2003) illustrated the
main mineralogy of fluvial, beach and deep-sea sand,
collected along the Tyrrhenian coast of Calabria,
between Scalea and the Santa Eufemia Gulf. The same
authors allocated the study area in a distinct petrologic
province named Santa Eufemia Littoral Province sup-
plied by the mouths of several torrential-type drainages
and from the fluvial systems of the Amato and Angitola
rivers (Fig. 1b).

The Amato River flows in the southern portion of the
studied site with a basin area equal to 441 km?, which is
bounded on the north side by the Sila Massif and on the
south by the Serre Massif. These massifs are composed
primarily by Paleozoic plutonic rocks (mainly granodior-
ite and tonalite) and gneiss, with minor Mesozoic to
Paleogene ophiolitic rocks and Miocene to Quaternary
clastic sedimentary rocks (e.g. Bonardi et al. 2001).
Therefore, the drainage area is characterized by domin-
ant metamorphic and minor sedimentary and plutonic
source rocks.

The Angitola River has a basin area of 199 km? it
flows mainly across the plutonic rocks of the Serre Mas-
sif and the clastic sedimentary rocks of the Santa Eufe-
mia Plain (Fig. 1b). The Angitola river-mouth lies in the
southern side of the Santa Eufemia Gulf.

The Savuto River, located about 10 km to north of the
Capo Suvero promontory (Fig. 1b), flows across the
Coastal Range. The drainage area is nearly 412 km? and
is dominated by abundant low- to high-grade meta-
morphic rocks and minor ophiolitic, plutonic and sedi-
mentary rocks. Therefore, the physiographic units of the
studied coastal stretch are, from north to south, the
Savuto river-mouth, the narrow Coastal Range and the
Santa Eufemia coastal plain (Fig. 1b).

2.2 Climate and geomorphology
Calabria currently experiences a Mediterranean climate
with a strong altitude-dependent zonation of temperature
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and rainfall. In the studied Tyrrhenian margin, the
average annual value of rainfall is high, with precipita-
tion ranging from 600—-1000 mm to more than 1800 mm
in lower and higher elevations of the Coastal Range,
respectively (Caloiero 1975; Petrucci et al. 1996), over-
coming the average trend of the whole Italian Peninsula
(970 mm/yr). This is because the Coastal Range moun-
tains trap precipitations from frontal storms moving
inland from the Tyrrhenian Sea. Thus, the climate ranges
from Mediterranean semiarid and moderately seasonal
thermic on the piedmont to Mediterranean humid or sub-
humid and moderately seasonal mesic in the mountains
below 1000-1200 ma.sl. (Le Pera and Sorriso-Valvo
2000a). Above this altitude, the Coastal Range is humid
and mesic with snowfalls that alternate with heavy down-
pours during the winter season. The mean annual
temperature ranges from 12 °C to more than 16 °C for the
Tyrrhenian coastal zone (Versace et al. 1989).

Tectonic uplift (e.g. Westaway 1993; Ferranti et al.
2010), slope instability (e.g. Conforti and Ietto 2020),
erosion and weathering processes (e.g. Sorriso-Valvo and
Sylvester 1993; Ietto et al. 2012b; Perri et al. 2016) have
been important in shaping the geomorphology of the
Calabria mountain range, where morphodynamic pro-
cesses are of high magnitude (Sorriso-Valvo et al. 1998;
Calcaterra and Parise 2010; Ietto et al. 2013; Ietto and
Perri 2015). The Calabria mountain range is in various
stages of dissection, and the erosion and weathering de-
gree is dependent on their relative age of exhumation
(Sorriso-Valvo 1993; Thomson 1994). Moreover, weath-
ering and erosion may vary markedly for individual Ca-
labria mountains because of the effects of topography,
lithology and climate (Ibbeken and Schleyer 1991; Le
Pera and Sorriso-Valvo 2000b). In general, chemical
weathering is more important than mechanical disinte-
gration for the Sila and Serre massif rocks, where thick
and moderately mature soils are exposed along ridge
crests and in stream cuts (Le Pera et al. 2001). Con-
versely, the lowest rates of chemical denudation are
found on the Coastal Range, characterized by slopes
steeper than the ones of the Sila and Serre massifs,
where the low rates correlate with rapid mass-wasting
processes (Le Pera and Sorriso-Valvo 2000a). The latter
are widespread and distributed throughout the Coastal
Range mainly on the Tyrrhenian side (Sorriso-Valvo and
Sylvester 1993; letto and Perri 2015), leading to high
sedimentation rates in adjacent sedimentary basins, in
both continental (Le Pera and Critelli 1997) and shelf
environments (Chiocci 1994; Le Pera et al. 2000), as well
as in the deep marine Paola Basin (Trincardi et al. 1995).
Slope instability is widespread on the Coastal Range,
with an area incidence that ranges from 15% to 20% up
to maximum values of 40% in drainage basins where
phyllitic rocks occur (Sorriso-Valvo and Sylvester 1993).
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Sediment of exceptional thickness was deposited on the
Tyrrhenian continental shelf during the Holocene (e.g.
Chiocci et al. 1989), giving rise to widespread geomor-
phological changes in littoral areas of Calabria. The
coarse-grained clastic sediment, deposited at the coast
surrounding the study area, was mainly supplied by the
Savuto and Amato rivers perennially and by torrential
streams during times of high surface run-off (Sorriso-
Valvo et al. 1998).

2.3 Wave regime and coastal morphology

Sea-waves provide the dominant controlling process for
shore morphology and sediment redistribution in the
littoral areas (e.g. D’Alessandro et al. 2002). In the study
area, the wave-fetch window is oriented between North
230° and North 320° (Fig. 2a), so the transfer of energy
from the wind to the sea is between the IIIrd and IVth
quadrant. These winds can reach a speed of up to 26 m/
s. The wind data were obtained by a private weather sta-
tion located on the beach of the study area, while the
statistical analysis of offshore waves was provided by the
Italian Sea Wave Measurement (Rete Ondametrica
Nazionale 2019) from the Cetraro buoy (Fig. 2a), which
is located offshore Cetraro village (39°27'2”N; 15°55'1"
E) and has been working since 1999. The data collected
by the Cetraro buoy are representative of the offshore
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wave conditions in the study area, according to the
Wind and Wave Atlas of the Mediterranean Sea (Gail-
lard et al. 2004). The considered period for the sea cli-
mate analysis ranges from year 2004 to year 2007 and
includes values of significant wave height and mean
wave direction (Fig. 2b). The data show that the prevail-
ing winds blow from N'W where the average geographic
fetch is equal to 600 km. The mean wave approaching
the coast from NW direction has a significant offshore
height of 2-3m (regnant wave) (Fig. 2b). The highest
wave with a significant offshore height greater than 5m
(dominant wave) propagates from WSW, where the geo-
graphic fetch reaches 1300 km. It should be noted that
sea-wave values are measured offshore, and significant
changes in wave height can occur nearshore as a result
of shoaling effects (e.g. James 1974). The winds blow
also from the IInd quadrant (east—southeast), with a
speed of up to 20-24m/s, without producing waves
nearshore because winds are offshore oriented. The col-
lected data display that the study area is located in a
relatively high-energy coastal environment, where the
washover phenomenon can involve all beach width
during big storms.

The continental shelf on the Calabria Tyrrhenian side
has an average width of 5km, but in the Capo Suvero
surroundings the continental shelf is instead

° 1643 km >
N 265 010 o6\ (//
N 260500 o
N 295

Mediterranean Sea

,\ etra O
N 270° S

“180° 16§;
Direction and Height
of Sea Waves
W h<10m 30<h<40m
m 10<h<20m m 40<h<50m
20<h<30m MW h>50m

obtained by the Cetraro buoy during the period 2004-2007

Fig. 2 a Wave fetch window in the study area; red triangle shows the location of the Cetraro buoy; b Wave height and mean wave direction
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characterized by a width of 10km (Mongardi et al
2004). In this area, the subtidal profile, within the iso-
bath of —5m, shows a low gradient equal to 2%—4%
(Lupia Palmieri and Raffi 1983). Diving observations
allowed recognizing subtidal bar deposition at the - 9m
isobath, where the seabed depth sharply decreases to — 6 m.
Coastal-lake and lagoons are present in the backshore
area, and the frequent formation and destruction of spit
forms show the occurrence of geomorphological cyclic
processes (Ietto et al. 2012a). Relatively stable beach-
dune ridges (1.0-1.5m in height), covered by natural
vegetation type of Mediterranean macchia (e.g. Sorriso-
Valvo 1997), are present at the storm swash limit of the
backshore zone. The subaerial beaches show a low
topographic gradient with a convex profile and their
width ranges from 70 m to 170 m.

Savuto and Amato rivers are the main drainage sys-
tems (Fig. 1b), both lacking a deltaic cusp system, be-
cause the strong wave processes distribute the whole
sediment load along the coastline (e.g. Hoitink and Jay
2016). The Angitola River and other minor torrential-
type streams contribute to the clastic sediment supply in
this coastal area (Le Pera and Critelli 1997). The littoral
drift is oriented towards south on the northern side of
the study area, whereas a littoral drift oriented towards
north dominates on the southernmost littoral area up to
the Angitola river-mouth (Lupia Palmieri and Raffi 1983;
D’Alessandro et al. 1992; Le Pera and Critelli 1997)
(Fig. 1b). The littoral drift regime seems to influence the
mouths of both rivers and streams in the study area as
well. Indeed, geomorphological observations point out
that all mouths of the drainage systems from the Amato
River towards south are mainly oriented towards north;
on the contrary, on the northern side, the river- and
stream-mouths are oriented towards the south.

3 Methodology

3.1 Determination of shoreline change

The beach is defined as the area stretching from the
dune crest to the closure depth (e.g. Masselink and
Short 1993; Van Rijn et al. 2003; Krause and Soares
2004), and it includes the shoreline that represents the
physical interface between land and sea-water (Dolan
et al. 1980; Boak and Turner 2005). The historical ana-
lysis of the shoreline changes was performed through
the comparison of topographic maps, orthophotos, Dif-
ferential Global Position System (DGPS) data and Goo-
gle Earth satellite images, which allowed delineating the
shoreline position change between the year 1870 and
year 2019. In particular, the topographic maps of the
Italian “Istituto Geografico Militare” (IGM) were used
for interpreting the historical reconstruction of the
shoreline changes during the periods of 1870-1954,
1954-1983 and 1983-1990. Shoreline positions for the
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years 1996 and 2000 were obtained from orthophoto
data, whereas for the years 2005, 2010 and 2019 Google
Earth satellite images were used. Finally, the shoreline
position of the year 2009 was detected by DGPS survey
(Fig. 3). The shoreline locations in orthophotos and sat-
ellite images were recognized on the basis of a visual in-
terpretation of colour or grey scale differences (light
blue: sea and light yellow: beach; or, dark grey: sea and
light grey: beach), according to the method suggested by
Demirpolat and Tanner (1991) and Boak and Turner
(2005); instead, the shoreline position in the topographic
maps was detected through the dark line between land
and sea (Boak and Turner 2005). For the shoreline iden-
tification, we did not consider sea-level fluctuations re-
lated to tides of astronomical origin, because they are
highly dependent on the topography of the marine basin
(e.g. Ferrarin et al. 2013; Cutroneo et al. 2017). Indeed,
along the steep seabed of the Calabria Tyrrhenian coast
the sea-level fluctuations are very low and can be negli-
gible (e.g. Morucci et al. 2016). These data were analyzed
and managed into a Geographic Information System
(GIS), in particular the ESRI (Environmental System
Research Institute) ArcGIS 10.1 software, which was
employed to determine both the geomorphological evo-
lution of the beaches and the quantitative changes. For
this purpose, not less than four ground control-points
were chosen to ensure acceptable data in each process
step; so, the data sets showed a total maximum shoreline
position error of +6.0 m.

3.2 Beach sediment sampling and analytical method
Thirty sediment samples were collected in the shoreface
and backshore zones, along respectively three and seven
transects (Table 1 and Fig. 4), to arrive at a detailed
petrographic characterization of the emerged and sub-
merged beach environment.

The modern sand composition is strongly dependent
on the sampling scale. Three different sampling groups,
i.e., first-order, second-order and third-order sand sam-
ples, were defined (e.g. Ingersoll 1990). First-order sands,
sampled from talus piles and local drainages, are little or
not modified by weathering, thus providing direct infor-
mation on the source rock. Second-order sands are
those collected from rivers draining large areas; there-
fore, their composition reflects modification by climate,
relief and transport. Third-order sands are from big
rivers and deltas and can provide information on
continental-scale petrofacies distribution (Dickinson
1988; Ingersoll et al. 1993; Critelli et al. 1997, 2003). The
sediment samples were collected from shoreface and
backshore zones, spaced along the stretch of coast be-
tween the rocky headland of Capo Suvero and the long
beach of Gizzeria Lido (Fig. 4). Therefore, they are con-
sidered as second-order sand samples according to
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g-i Satellite images

Fig. 3 Material used for the reconstruction of the geomorphological evolution of the beaches. a-d Cartographic maps; e-f Orthophotos;
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Table 1 Geographic position of sediment samples collected in shoreface and backshore sub-environments

Shoreface samples Depth (m) Geographic position Backshore samples Geographic position
(refer to Fig. 4 for position) (refer to Fig. 4 for position)
1 -5 N38°56'45" Transect 1 N38°56'54"
E16°10'07" (from 11 to 16) E16°10"14"
2 -9 N38°56'40" Transect 2 N38°56'40"
E16°09'53" (17,18) E16°10'38"
3 -7 N38°56'44" Transect 3 N38°56'23"
E16°09'54" (from 19 to 23) E16°10'57"
4 -10 N38°56'24" Transect 4 N38°56'10"
E16°09'46" (24, 25) E16°1117"
5 -20 N38°56'18" Transect 5 N38°55'59"
E16°09'40" (26, 27) E16°11'44"
6 =10 N38°55'52" Transect 6 N38°55'53"
E16°11"19" (28, 29) E16°12'07"
7 —20 N38°55'49" Transect 7 N38°55'52"
E16°11"18" (30 E16°12'39"
8 -5 N38°55'52"
E16°12"13"
9 -9 N38°55'38"
E16°12"12"
10 =10 N38°55'22"

E16°12'00"
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@ Shoreface samples / Backshore samples

Fig. 4 Shoreface and backshore sampling positions between Capo Suvero and Gizzeria Lido (for geographic data of samples see Table 1)

Ingersoll (1990). Twenty backshore samples were col-
lected along seven transects (equally spaced), between
the swash zone and the high berm crest; ten shoreface
samples were collected along three transects normal to
the shoreline, between the -5m and -20m isobaths,
using a grab sampler (Table 1 and Fig. 4). We compared
petrographic features of our samples with the Amato
and Savuto rivers in order to investigate the provenance.
The petrographic data of the Amato and Savuto rivers
were obtained from the literature (Le Pera and Critelli
1997; Le Pera and Sorriso-Valvo 2000b; Le Pera et al.
2000; Critelli and Le Pera 2003).

All beach sediment-samples were washed using H,O,
to remove clays and organic matter, air-dried and sieved
in order to obtain the grain-size distribution (using 1
interval, Table 2, Fig. 5). The 0.25-0.50 mm size fraction
was selected to prepare thin sections that were analyzed
for petrographic composition of the medium sand. Each
thin section was etched and stained using HF and so-
dium cobaltinitrite for feldspar grain identification. At
least 246 and a maximum of 402 grains for each thin

section were counted using the Gazzi-Dickinson point-
counting method (Ingersoll et al. 1984; Zuffa 1985).

In the present research, the QFL (e.g. Dickinson and
Suczek 1979) and RgRR,, plots (Critelli and Le Pera
1994, 1995) were used to determine the possible com-
positional variability between backshore and shoreface
environments, and the influence of source rock litho-
types and of local coastal drainages on sand compos-
ition; and to compare processes acting on the backshore
area and on shallow-marine sedimentation of the shore-
face. Other than the QFL diagram approach (e.g. Dickin-
son and Suczek 1979), the R R,R;, plot, more useful in
combining phaneritic rock (grains having crystals >
0.0625 mm) and aphanitic lithic fragments (grains having
crystals < 0.0625 mm), allows to evaluate all information
derived from point counts of medium-grained sand (e.g.
Critelli and Le Pera 1994). This type of plot is particu-
larly useful for the sampled sand because: (1) schist,
phyllite, gneiss and sedimentary rocks comprise about
90% of the bedrock lithology; (2) there are diverse pro-
portions of these rock types within drainages of this
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Table 2 Grain-size distribution of the ten shoreface samples and 20 backshore samples. Values are expressed in %

Shoreface samples

Sample No. Vc C M F

1 0.6 34 18.1 63.3
2 42 47.8 452 24
3 02 14 154 494
4 0.6 12.1 59.2 27.0
5 03 0.7 173 63.1
[§ 15 355 573 56
7 0.2 74 31.1 54.7
8 91.5 20 29 34
9 13.1 59.1 264 14
10 03 8.1 22.1 533

Backshore samples

Sample No. Vc C M F

11 306 474 20.2 1.8
12 56 79.1 14.9 03
13 19 759 1.2 0.6
14 226 66.4 9.5 03
15 64.1 31.2 43 03
16 409 39.2 15.2 45
17 9.3 789 1.7 0.1
18 255 68.5 6.0 0.0
19 146 764 8.8 0.1
20 19.7 741 6.1 0.1
21 19.3 720 84 03
22 14.0 799 6.0 0.1
23 51.8 438 42 0.2
24 0.7 771 16.7 54
25 8.0 83.6 8.0 04
26 14.7 75.2 9.5 0.6
27 718 27.1 1.1 0.0
28 244 704 5.2 0.0
29 64.6 339 14 0.1
30 49.7 39.6 9.8 09

" S/C Sample Type/Name

134 1.2 Unimodal, moderately-sorted fine sand

04 0.0 Unimodal, well-sorted coarse sand

306 30 Unimodal, moderately-sorted fine sand

1.1 0.0 Unimodal, moderately-sorted medium sand
164 22 Unimodal, moderately-sorted fine sand

0.1 0.0 Unimodal, moderately-sorted medium sand
6.6 0.0 Unimodal, moderately-sorted fine sand

0.2 0.0 Unimodal, moderately-sorted very coarse sand
0.0 0.0 Unimodal, moderately-sorted coarse sand

15.6 0.6 Unimodal, moderately-sorted fine sand

\" S/C Sample Type/Name

0.0 0.0 Unimodal, moderately-sorted coarse sand

0.1 0.0 Unimodal, well-sorted coarse sand

04 0.0 Unimodal, moderately-sorted coarse sand

0.1 1.1 Unimodal, moderately-sorted coarse sand

0.1 0.0 Unimodal, moderately-sorted very coarse sand
0.2 00 Unimodal, moderately-sorted very coarse sand
0.0 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted coarse sand

0.1 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, moderately-sorted very coarse sand
0.1 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted very coarse sand

0.0 0.0 Unimodal, well-sorted coarse sand

0.0 0.0 Unimodal, well-sorted very coarse sand

0.0 0.0 Unimodal, moderately-sorted very coarse sand

Vc Very coarse sand; C Coarse sand; M Medium sand; F Fine sand; Vf Very fine sand; S/C Silt and clay

coastal petrological sedimentary province; (3) it is easy
to recalculate both phaneritic and aphanitic rock/lithic
types using the Gazzi-Dickinson point-counting method
(e.g. Critelli and Le Pera 1994; Critelli and Ingersoll
1995).

4 Results

4.1 Shoreline evolution

The comparison of ancient and modern shoreline posi-
tions, respectively corresponding to years 1870 and
2019, allowed the identification of a geomorphological

accretion trend in the study area (Fig. 6). The compari-
son showed a maximum linear progradation of 900 m,
corresponding to an average rate of +6.5m/yr in the
beach located at the north side of Gizzeria Lido. In the
same period, the minimum linear progradation of 400 m,
equivalent to an average rate of about + 3 m/yr, was re-
corded close to La Vota Lake. During the analyzed
period, cyclic formation and dismantling processes of
spits at the “La Vota” and “Maricello” localities occurred.
In particular, the detailed historical geomorphological
study highlights that a significant coastal progradation
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caused the formation of a spit, with a northward di-
rected growth, close to the Maricello locality during

1870-1954. The years 1954 to 1983 were characterized  320-m-wide

subaerial

sandbar,

with a

by intensive erosion processes, which produced a dis-
mantling of the previous spit and the formation of a new

southward
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directed growth in Maricello area. Between 1983 and
1990, the littoral area showed no significant changes.
The period of 1990-1996 was dominated by an extensive
growth of the Maricello sandbar towards the south,
causing closure of the inlet and formation of a coastal
lake. The same process occurred in the La Vota area,
where a new lake was formed. In the same period, other
shoreline changes occurred with maximum accretion
rates equal to +285m at the Maricello beach (average
rate of +47 m/yr) and equal to + 165 m at the Gizzeria
Lido beach (average rate of +27 m/yr). From 1996 to
2000, widespread erosion and accretion stages were ob-
served between the Maricello and Gizzeria Lido beach.
Between 2000 and 2005, a new shoreline change oc-
curred at the La Vota and Maricello localities and two
new spits began to form with a south-directed growth.
The inlet closure of two new spits occurred during
2005-2009, with formation of new coastal lakes. Finally,
the period of 2010-2019 was characterized by new

shoreline changes, consisting of erosional processes near
La Vota Lake (up to — 140 m) and accretionary processes
in the Maricello beach area (up to + 240 m).

4.2 Relationship between grain size and sand

composition

Shoreface and backshore sediment samples display an
unimodal grain-size distribution, dominated by the sand
fraction (Table 2; Fig. 5). The shoreface samples, col-
lected at different water depths, exhibit different peaks
among the grain-size fraction (very coarse, coarse,
medium and fine); whereas among the backshore sam-
ples, the majority contain more than 60% (in weight) of
the coarse sand fraction (Table 2; Fig. 5). As a result of
their unimodality, samples are moderately- to well-
sorted (Table 2). By comparing the relative abundance of
single crystal grains (SC) and rock fragments (RF) be-
tween shoreface and backshore samples (medium sand
fraction) (Fig. 7), it is evident that single crystals always
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account for a higher percentage than rock fragments in
the shoreface environment; whereas in the backshore en-
vironment, single crystals show a trend that several
times crosses that of rock fragments. This trend high-
lights a variable content in both grain types (Fig. 7) and
thus suggests a lower degree of textural maturity of the
backshore samples with respect to the shoreface ones.
Moreover, the shoreface samples are grouped by depth
(from the -5m isobath to the -20m isobath; see
Table 2), demonstrating that there is no correlation
between depth and the content of single crystals/rock
fragments.

4.3 Grain types

Metamorphic rock fragments are the dominant grain
type in both sands from backshore and shoreface envi-
ronments (68% and 32%, respectively; Fig. 8 and Add-
itional file 1). Quartz occurs both as polycrystalline and
monocrystalline grains. Polycrystalline quartz grains with
tectonic fabric prevail over polycrystalline grains without
tectonic fabric for both backshore and shoreface sands.
K-feldspar and plagioclase dominantly occur as single
grains, and are less common in both aphanitic lithics
and phaneritic rock fragments. Phaneritic rock frag-
ments are granitoid in composition (gneissic percentage
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Fig. 8 Photomicrographs of metamorphic grains within the modern beach sand of the studied coastline. a-b Phyllite grain; c-d Serpentinite
grain; e—f Shale grain; g-h Sillimanite grain. a, ¢, e, g — Cross-polarized light; b, d, f, h — Plane-polarized light

is greater than granitic percentage) and are composed of
quartz+feldspar and quartz+feldspar+mica or quartz+
feldspar+dense mineral (especially opaque minerals, e.g.
Le Pera and Morrone 2018) aggregates (Fig. 8). Aphani-
tic lithic fragments are fine-grained and are made up of
schist, concentrated in both backshore and shoreface
sands; phyllite grains are a minor component and shale+
slate+serpentinite lithic grains also occur in both sedi-
mentary environments. Muscovite, biotite and chlorite,
occurring as single grains, are quite similar in percent-
age, even if, in metamorphic rock fragments, the chlorite
is the most common phyllosilicate in both backshore
and shoreface sands. The highest percentage of opaque

grains is found in the backshore sand samples and, on
the average, their concentration is three times higher
than in the shoreface sand samples. A very high concen-
tration of ilmenite and magnetite grains in shoreface
sands from the - 5m and - 20 m isobaths, closest to the
Angitola river-mouth, has been reported by Brondi et al.
(1972). These authors argued that the detrital opaque
grains compare closely with the opaque grains from
source rocks composed of garnet—sillimanite gneiss (e.g.
Amodio-Morelli et al. 1976), exposed in the Angitola
River catchment (Fig. 1). According to the point-
counting method, the petrographic grain categories are
tabulated in Additional file 1.
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4.4 Modal composition

The average modal abundance of each grain type was
calculated from point counts of samples collected from
backshore and shoreface environments (Table 1). The
RgRsRm plot (Fig. 9), well suited for illustrating data of
sands derived from mid-crustal rocks and for discrimin-
ating the main sedimentary petrologic provinces (e.g.
Critelli and Le Pera 1994; Le Pera et al. 2001; Caracciolo
et al. 2011, 2012; Morrone et al. 2017, 2020; Chaudhuri
et al. 2018), combines the relative proportion of phaneri-
tic rock fragments and aphanitic lithics. Specifically, Rg
(granitoid rock fragments) comprises plutonic phaneritic
rock fragments and gneissic rock fragments; Rs (sedi-
mentary rock fragments) comprises phaneritic rock frag-
ments and aphanitic lithics of both siliciclastic and
carbonate sedimentary rocks; Rm (metamorphic rock
fragments) comprises metamorphic phaneritic rock frag-
ments and aphanitic lithics such as schist+phyllite+ser-
pentinite. Moreover, we use the terms (1) schist-
phylliticlastic sand for a sand in which schistose and
phyllitic detritus is predominant; (2) gneissiclastic sand
for a sand in which gneissose detritus is predominant;
(3) plutoniclastic sand for a sand having only plutonic
detritus or in which plutonic detritus is predominant
(e.g. Critelli and Le Pera 2003). QFL plot (e.g. Dickinson
and Suczek 1979) is used to show a possible compos-
itional differentiation between the two sub-environments
of the studied coastal domain (Fig. 10).

Using R;RRy,, and QFL plots discriminated only one
group of sand samples without any sharp separation be-
tween backshore and shoreface, and some overlap oc-
curred between detrital modes (Figs. 9 and 10). The
R RR,, plot shows relative proportions of the granitic
and gneissic rock fragments (R, pole), the siliciclastic
and carbonate sedimentary rock/lithic fragments (R
pole), and the schist+phyllite+serpentinite rock/lithic
fragments (R, pole) (Fig. 9). Despite the clustering of
data points close to the L apex, a small difference in
sand composition can be observed as a slight shift to-
wards the Q apex of some shoreface samples and a
higher proportion of aphanitic lithic fragments (L) in the
backshore samples. This moderate shift of the compos-
itional maturity trend in the QFL diagram (Fig. 10) sug-
gests relatively short transport from backshore to
shoreface environments of the studied coastal stretch
(e.g. Le Pera et al. 2000). Therefore, backshore sands
(%Rg14Rs3Rmgz;  %QaiFolsy) and  shoreface sands
(%Rg;RsyRmgg; %Q3,F1gLls1) of the Capo Suvero-Giz-
zeria Lido beaches are lithic-rich (Figs. 9 and 10).

The analyzed samples show that schist-phylliticlastic
grains including micaceous schist lithic fragments are
predominant over phyllite lithic fragments in both back-
shore and shoreface environments (Figs. 9 and 10).
Ultramaficlastic lithic grains, such as serpentinite lithic

Page 14 of 22

grains, are sporadic and more abundant in the shoreface
than in the backshore environments. Siliciclastic rock
fragments, mainly shale and fine-grained arenite, are
very few in numbers, and their percentage in sand is un-
differentiated between the backshore and the shoreface
environments (Fig. 9). Calcite fragments as single crys-
tals included among sedimentary lithics may suggest
erosion from Tortonian to lower Pleistocene siliciclastic
strata, or represent Quaternary shell fragments. More-
over, older source rocks (Upper Triassic—Lower Mio-
cene), such as metalimestone and limestone, cannot be
ruled out as other main suppliers to the sands.

Recalculated petrographic parameters used to con-
struct the R,R(R,,, and QFL plots in Figs. 9 and 10 are
listed in Additional file 2.

5 Discussion
Interpretation of modern siliciclastic sediment compos-
ition needs to take into account the control exerted by
the source area and the effect of chemical weathering
and transport processes (Johnsson 1993, and references
therein). The detrital modes of the Capo Suvero—Giz-
zeria Lido sands indicate that the siliciclastic detritus
was derived mostly from metamorphic source rock
(schist+phyllite) lithotypes (Figs. 8, 9, 10). The spatial
distribution of the schist-phylliticlastic rocks between
the Capo Suvero promontory and Gizzeria Lido indi-
cates sediment sourcing from the Savuto River that flows
across the intermediate-lower crustal rocks of the
Coastal Range domain (Coastal Range Littoral Province
in Le Pera and Critelli 1997) characterized by a com-
pound source association of schists, phyllites and minor
garnet-sillimanite gneisses (e.g. Amodio-Morelli et al
1976). Minor areal proportions of mafic to ultramafic
oceanic source rocks, such as metabasites, serpentinites
and amphibolites, are also exposed in the source area
(e.g. Amodio-Morelli et al. 1976), yielding very low
amounts of mafic to ultramafic lithic grains in the
coastal sands. Serpentinite grains are more abundant in
shoreface than in backshore sands and their occurrence
indicates a clastic supply from the mafic to ultramafic
oceanic source rocks of the Coastal Range. In the
analyzed beach samples, the different abundance in
metamorphiclastic sandy grains, ranked according to
abundance, are schistose lithic fragments, phyllitic lithic
fragments, gneissose rock fragments, and serpentinite.
Each carries the signature of a distinct structural domain
of the Coastal Range (e.g. Amodio-Morelli et al. 1976),
and their abundance compares well with the exposure of
metamorphic source lithotypes in the outcrop area.
Supply from the garnet-sillimanite-bearing gneiss
terrane, although representing a lower areal exposure
within the drainage basins in the study area, is testified
in the quartzofeldspathic signature of the backshore and
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shoreface sands. Previous studies (Le Pera and Critelli
1997; Le Pera et al. 2000) asserted that the coastal area
between Capo Suvero and Gizzeria Lido belongs to a
wider coastal petrologic province, namely Santa Eufemia
Littoral Province, characterized by a quartzofeldspathic
petrofacies with dominant metamorphic lithic grains
provided mainly from the Amato and Angitola rivers.
The Amato and Angitola rivers flow across gneiss and
plutonic rocks with minor ophiolitic and sedimentary
rocks, ending in the alluvial deposits of the Santa Eufe-
mia Plain. Furthermore, a high local concentration of
garnet was recognized also by Brondi et al. (1972) espe-
cially at the — 10 m isobath adjacent to the Angitola
river-mouth, derived from the crystalline units compris-
ing garnet—sillimanite-bearing gneiss (e.g. Amodio-
Morelli et al. 1976).

The distribution of the studied detrital grains
helped to clarify the transport processes, which
caused a small reduction in the abundance of most
mechanically unstable sand-grade grains from back-
shore to shoreface (i.e,, %Rg14Rs3Rmg3—%Q51FyL5,
for backshore sands and %Rg;Rs,Rmgg—%Q31F1gL51%
for shoreface sands, respectively). These losses due to
mechanical breakage and abrasion can be regarded as
only minor from the backshore to the shoreface zone.
This kind of minor losses suggests a relatively short
transport process from backshore to shoreface envi-
ronments, which is also confirmed by the grain-size
analysis (Table 2; Fig. 5). In fact, by comparing
monomineralic and polymineralic grains (Fig. 7), there
exists a relationship between grain size and sand
composition in terms of single crystals and rock frag-
ments, which suggests a lower textural maturity of
the backshore sand samples with respect to the shore-
face ones. The trend (Fig. 7) may indicate that the
shoreface sand samples suffered more efficient
reworking by sea-waves and a relatively longer trans-
port than the backshore sediments. This process im-
plies less time in terms of breakage process efficiency,
such as the conversion from polymineralic rock frag-
ments to single-crystal grains (e.g. Le Pera and
Morrone 2020). The grade of textural maturity is also
supported by the grain-size results: in the backshore
environment the samples are characterized by very
coarse and coarse sand fractions, whereas in the
shoreface environment the samples exhibit different
grain size fractions, from very coarse to fine sand
(Table 2; Fig. 5).

The proportions of monocrystalline feldspars (F)
and aphanitic lithic fragments (L) both tend to de-
cline from backshore to shoreface sands (Fig. 10),
which can be expected based on the evaluation on
transport processes of the monomineralic grains and
rock fragments (e.g. Arribas and Arribas 2007; James
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et al. 2007; Picard and McBride 2007; Morrone et al.
2018). There is a high decrease of plutonic/gneissic
rock fragments (R, pole in Fig. 9) in the backshore
and shoreface sands, probably because discontinuities
within the plutoniclastic/gneissiclastic detritus, espe-
cially happening along no-isomineralic interfaces, con-
trol rock disaggregation (e.g. Heins 1995; Caracciolo
et al. 2012; Weltje et al. 2018; Le Pera and Morrone
2020) through the mechanical disintegration by vigor-
ous waves and currents of the Capo Suvero—Gizzeria
Lido hydrodynamic regime. Variations in the propor-
tion of specific grain types, detected between back-
shore and shoreface environments, indicate that
changes occurred in the relative influence of fluvial
input to marine sedimentation and in the longshore
component of sediment movements (e.g. Mack 1978;
Ingersoll et al. 1993; Critelli et al. 1997; Garzanti
et al. 2014). Overall, the discriminated sandy petrofa-
cies does not change between backshore and shore-
face environments (Figs. 9, 10) and even labile lithic
types survive in the Savuto and Amato river transport
system to reach the Tyrrhenian coastline.

In the central Tyrrhenian Calabria coast, previous
studies (Le Pera and Critelli 1997; Le Pera and
Sorriso-Valvo 2000a; Le Pera et al. 2000) identified, at
the Capo Suvero promontory, the boundary between
the two littoral petrological provinces (Santa Eufemia
Littoral Province and Coastal Range Littoral Province),
and found no significant southward mixing of sand
between the two provinces. The present research
shows that the Capo Suvero promontory does not
represent an obstruction to the sedimentary littoral
transport, but that alternatively, during winter storms,
sand from the northern petrofacies can be remobi-
lized under higher-energy wave regimes passing the
Capo Suvero promontory. Indeed, a detrital signature
from the Savuto River was found in the southernmost
area of the Capo Suvero promontory. In particular,
serpentinite lithic fragments testify their origin and
transport from the small high-pressure and low-
temperature complex of blue schists outcropping in
the Coastal Range and point to a southward drift.
Among the analyzed samples, a specific mineral as-
semblage indicative of an exclusive sediment proven-
ance was not found, because the dominating lithology
in the Amato Basin also crops out in the Savuto
Basin. Indeed, the sediments of the Amato Basin dif-
fer from those of the Savuto Basin by their amount
of some detrital grains such as aphanitic lithic grains,
quartz and feldspars (Le Pera and Critelli 1997). As a
consequence, the mineral assemblage recognized in
the analyzed samples shows a clear provenance from
the Savuto River and a supply compatible with that of
the Amato and Angitola rivers. Thus, the composition
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study cannot provide specific evidence for a petrologi-
cal mixing of the sediments supplied by Savuto and
Amato rivers, even if this mixing could be compatible
and cannot be excluded. Using the minero-
petrographic approach to study the sedimentary prov-
enance of the beach sands showed some limitations
because of the homogeneity of source rocks in the
analyzed basins, thus, further information to under-
stand the beach processes needs to be provided by
geomorphological study. Such studies, including the
reconstruction of the historical shorelines and the de-
termination of the terminal directions of the rivers
and streams, seem to indicate the existence of two
littoral currents with opposite directions. In particular,
the reconstruction of the historical shoreline evolution
shows a fast modification of the beach, where con-
struction and dismantling of spits occurred in the
period of 1870-2019.

During the analyzed period, remarkable erosion
phenomena were observed mainly during the second
half of the last century. According to previous studies
(e.g. letto 2001; D’Alessandro et al. 2002; Aiello et al.
2013), the deficit in coastal sediment supply was
caused by numerous instances of human activities in-
side the hydrographic basins, such as the construction
of infrastructures and buildings close to the coastline,
the uncontrolled sand mining in river beds and river
engineering works. However, the geomorphological
beach evolution of the last 150 years shows that the
spits in the La Vota area are always marked by a
south-directed growth, whereas in the Maricello area
the spits are characterized by changing growth direc-
tions over the time. The opposite growth direction of
the spits (from north to south or from south to
north), observed in some historical shoreline compari-
sons, would support the hypothesis of two littoral
currents with opposite directions. The different
growth directions of the spits may depend on the
prevalence of one or of the other current during dif-
ferent seasons. This hypothesis is also supported by
reconstructing the changes of the terminal course di-
rections of rivers and streams in the southern and
northern part of the study area. Thus, the two littoral
currents may be oriented towards south in the north-
ern part of the study area and oriented towards north
in the southern part, converging in the area between
Capo Suvero and Gizzeria Lido (Fig. 11). The occur-
rence of converging currents appears to be an import-
ant factor both for the mineralogical mixing and for
the geomorphological evolution of the beach, because
it could generate vortex motions and then cause a
fast remodeling of the coast with a presumable off-
shore sediment flow. Similar current regimes have
been observed and argued by several authors
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worldwide (e.g. Magnell et al. 1990; Mathew and Baba
1995; Reddy 2001; Cenedese et al. 2013).

6 Conclusions

The aims of this research concern the reconstruction of
the historical evolution of the shoreline since the year
1870, and the modern sand composition between Capo
Suvero promontory and Gizzeria Lido. The geomorpho-
logical study suggests that the studied littoral area was
highly dynamic between 1870 and 2019, with frequent
and fast modifications of the beaches, consisting in con-
struction and dismantling of spits. The sand composition
was analyzed through the study of the detrital grains,
which allowed an assessment of the petrological-sedi-
mentary source and the dispersal pathway.

The main conclusions are as follows:

1) The sandy petrofacies does not differ between
backshore and shoreface environments, suggesting
relatively short transport processes which had little
effect on sand composition and texture.

2) The detrital modes indicate a predominant
source located on the north side of the study
area, the Savuto River. This river flows across
the Coastal Range, and its detrital mineralogy

consists of an assemblage dominated by
Schist+Phyllite+Serpentinite  lithic ~ fragments.
Serpentinite  lithic =~ fragments  testify  its

provenance from a small high-pressure and low-
temperature complex of blue schists outcropping
in the Coastal Range. Furthermore, the analyzed
mineral assemblage, consisting of aphanitic lithic
grains, quartz and feldspars, shows a compatible
supply from both the Amato and Savuto rivers

(basins).
3) The RgRsRm composition plot is better than QFL
composition suited for discriminating sand

provenance. It provides additional information,
because the contribution from minor sources (or
with a low Sand Generation Index) such as the blue
schists and serpentinites could be identified, which
would be diluted and/or unrecognizable using only
the QFL approach.

4) Capo Suvero promontory does not have a sufficient
seaward extent to obstruct longshore sand
transport. Bypassing of sand from the northern
petrofacies beyond the Capo Suvero promontory
during winter storms, cannot be ruled out.

5) Geomorphological study supports the hypothesis of
two littoral currents with opposite directions in the
stretch of coast between Capo Suvero and Gizzeria
Lido. The littoral currents are oriented southward
on the northern side and northward on the
remaining southern side. A possible vortex motion,
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Fig. 11 Schematic diagram showing two littoral currents with opposite directions at the coast between Capo Suvero and Gizzeria Lido. The black
arrows show littoral currents according to previous studies (e.g. Lupia Palmieri and Raffi 1983; D'Alessandro et al. 1992; Le Pera and Critelli 1997);
the red illustrate our hypothesis concerning the drift direction and littoral currents

generated from these littoral currents, may be the
cause of the fast coast remodeling.

This research highlights the importance and the great
potential of multidisciplinary approaches involving dif-
ferent branches of geosciences for studying coastal areas,
in the present case documenting the synergy between
geomorphology and sedimentary petrography. The used
approach may be considered as a key case applicable to
similar studies on geomorphological evolution and prov-
enance analyses of other littoral areas in comparable
geodynamic settings.
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