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ARTICLE INFO ABSTRACT

Keywords: A revaluation of the relative sea-level (RSL) indicators in the Baia di Infreschi (Cilento, Southern Italy) supported
Lithophaga burrows by new 30 U/Th dating on speleothems indicates that the upper level of Lithophaga burrows identified by Bini
Notches o et al. (2020) at ~9 m a.s.l. and correlated to the Last Interglacial (LIG) highstand should be referred to the
LMaISSt ;neterglamal highstand highstand of the MIS 9e, whereas the local RSL for the highstand of the LIG is now reassessed at 5.3 + 0.18 m a.s.

1. The upper level of the Lithophaga marker can be followed for ~12 km along the coast, suggesting a substantial
absence of important relative tectonic movements. In the Baia di Infreschi an additional marine indicator, a notch
sealed by a flowstone dated ~110 ka, indicates several phases of RSL stationing below the maximum highstand
of the LIG. The presence of flowstones as low as 2 m a.s.l. dated to the MIS 7 shows that the highstand of MIS 7
was probably below the present sea level. All these evidences allow us to reassess the stratigraphy of some
archaeological caves in the area, indicating that the sedimentary successions preserved there are older than what
was previously believed.

MIS 9e highstand
U/Th dating
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Cilento

Southern Italy

1. Introduction

The Last Interglacial (LIG) marine highstand, roughly corresponding
to marine isotope stage 5e (MIS 5e, Govin et al., 2015; Rovere et al.,
2016; Dutton et al., 2015), has left several morphological and sedi-
mentological traces worldwide. These have been used for the recon-
struction of the past relative sea level (RSL, e.g. van de Plassche, 1986;
Shennan et al., 2000; Rovere et al., 2016; Rovere et al., 2023), to
constrain geophysical models and fingerprint ice-cap melting and
cryosphere response to climate (Dutton and Lambeck, 2012; O’Leary
etal., 2013; Dutton et al., 2015; Rohling et al., 2019). Different data sets
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(in particular those from far-field locations — i.e. sites located far from
the glacioisostatic effect of large ice sheets) indicate that the sea level
was globally above the present sea level (a.s.l.) with an estimation of up
to 9 m (e.g., Kopp et al., 2009; Dutton and Lambeck, 2012; O’Leary
et al., 2013; Dutton et al., 2015). Based on U/Th dating on corals this
phase of sea-level highstand may have occurred from ~129 to 116 ka (e.
g. Stirling et al., 1998; Muhs, 2002; Muhs et al., 2015). However, the
general regional trends and the timing, magnitude and dynamics of the
RSL during the LIG are subject to an intense debate and can show
regional differences (e.g., Stirling et al., 1998; Esat et al., 1999; Hearty
et al., 2007; Moseley et al., 2013; Polyak et al., 2018; Rohling et al.,
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2019). For instance, by comparing LIG sea-level data across the Baha-
mian archipelago with a suite of Glacial Isostatic Adjustment (GIA)
models, Dyer et al. (2021) concluded that there is a 95% probability that
the global sea level peaked at least 1.2 m a.s.l., and that it is very un-
likely (5% probability) to have exceeded 5.3 m. More recently, for the
same area, Dumitru et al. (2021) indicated the MIS 5e between 1 and 2.7
m a.s.l. corrected for GIA and long-term subsidence. On Mallorca Island
(Western Mediterranean), phreatic overgrowths on speleothems indi-
cate that the MIS 5e sea level in this region was within a range of 2.15 +
0.75 m a.s.l. (Polyak et al., 2018).

In the Mediterranean basin, the coastal marine sediments associated
with the LIG highstand have been historically termed “Tyrrhenian” de-
posits (Issel, 1914; see review in Asioli et al., 2005, and references
therein), often characterized by the presence of the iconic warm-water
mollusc Thetystrombus latus (formerly Strombus bubonius, then Persistis-
trombus latus, e.g. Taviani, 2014). Many of these deposits have been
dated using the U/Th method applied to marine fossils (e.g. Hill-
aire-Marcel et al., 1996; Jedoui et al., 2003; Mubhs et al., 2015). How-
ever, according to Pasquetti et al. (2021), most of the U/Th ages
obtained on marine fossil remains performed in the last decades in the
Mediterranean region do not pass strict geochemical criteria for quality
and thus should be considered carefully. Indeed, because of the tendency
of fossil remains to incorporate/lose U during early diagenesis, the
chronology for many Tyrrhenian deposits demands a reappraisal. Dating
of phreatic overgrowths on speleothems (POS) offers an interesting
novel alternative to traditional U/Th dating on corals and/or on mol-
luscs in order to constrain the age of the LIG highstand (e.g. Polyak et al.,
2018; Dumitru et al., 2021, and references therein) as well as any sea
level standstill (Loncar et al., 2024). However, POS are relatively rare in
coastal caves and their analysis necessitates removal, hence compro-
mising the conservation of this uncommon specimen in its natural her-
itage (Columbu et al., 2021). Alternative dating methods have been
applied to the clastic deposits or to fossil remains (e.g.,
optical-stimulated luminescence Mauz, 1999; amino-acid racemization,
Hearty et al., 1986) but they usually yielded lower chronological accu-
racy and precision (e.g. Mauz, 1999; Cerrone et al., 2021a). Dating
detrital sanidine in areas characterized by intense volcanic explosive
activity by the “°Ar/3°Ar method can further constrain the age of the
deposits, but the method only provides information on minimum age, i.
e., terminus post quem for the marine-coastal sediments (e.g., Marra et al.,
2020). An additional approach is to use speleothems (vadose cave
calcite deposits, e.g. Bard et al., 2002; Moseley et al., 2013; De Waele
etal., 2018; Lucia et al., 2021), which usually represent reliable material
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for high-precision U/Th dating, despite the inconvenience of providing
only the chronology of the terrestrial limiting point. In other words, the
RSL was certainly lower than the location of the dated speleothem, but
the exact elevation is indefinable (Rovere et al., 2015). Nevertheless,
recent studies indicate that an intense and systematic application of
speleothem U/Th dating in coastal caves can represent a powerful
chronological tool for outlining the timing of the LIG highstand, espe-
cially to assess the age of its conclusion (e.g., Bini et al., 2020; Giaccio
et al., 2024).

Here we present a new set of stratigraphic evidence supported by
novel U/Th ages obtained on cave speleothems from the Baia di Infreschi
coastline, in the Cilento area, southern Italy (Fig. 1), where previous
investigations allowed to infer on the dynamics of the LIG highstand.
Our results made it possible to reappraise the maximum RSL elevation
during the LIG highstand, to improve the chronology of its demise and to
unveil the presence of a previously undetected, older highstand phase
related to MIS 9e.

2. Site description and previous investigations

The studied area is located along the Cilento Promontory, southern
Italy (Fig. 1), a large structural high between the gulfs of Salerno and
Policastro. The work was mainly conducted in the embayment of Baia di
Infreschi (39°59'57'N, 15°25'33"E), which hosts several karst features
among which the Infreschi and Coral caves. Furthermore, observations
and U/Th dating were also extended to the area between Marina di
Camerota and Palinuro Harbour (Fig. 1). This area is dominated by
limestone and cherty limestone of the Mt Bulgheria Mesozoic-Cenozoic
units (Ascione et al., 1997; Ascione and Romano, 1999). During the
Quaternary, the area was affected by extensional tectonics linked to the
counterclockwise rotation of the Italian peninsula related to the
roll-back of the lithospheric slab (e.g., Facenna et al., 2013). According
to Ferranti et al. (2006), who analysed the position of the regional
elevation of the LIG highstand sea-level markers, the studied area is
considered tectonically almost stable, with vertical movement estimates
from ~0.03 to ~0.07 mm/yr for the last ~125 kyr. The area is micro-
tidal with maximum tidal range of ~40 cm (Palinuro Tidal Station;
https://www.mareografico.it [accessed 08/05/2024]).

The Infreschi Cave succession (called Riparo degli Infreschi — literally
Infreschi Shelter in Sarti, 1996; Esposito et al., 2003) represents the
remaining infilling of a partially collapsed cavern (Sarti, 1996; Esposito
et al., 2003; Martini, 2015). According to the stratigraphy proposed by
Bini et al. (2020), it contains seven main lithostratigraphic units (LU)

=
o
o
o
o
N
<+
<+

® 2
Capre Cave :

salerno GU

5 Romanelli Cave
Cilento s )

Po\‘\cast\’o Gulf

" Infreschi Cave

s :
. 8.4
&022alloe5ra1 cave
9.3

Fig. 1. The study area, with sampling sites marked by yellow circles. The numbers indicate the maximum elevation (m a.s.l.) of Lithophaga burrows. The main
localities cited in the text are highlighted. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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developed on the local carbonate substratum (LU-1 to 7, Fig. 2a). The
older unit (LU-1) is composed of a cemented gravelly beach deposit in a
sandy matrix with sparse marine fossils tentatively attributed to MIS 9e
by Bini et al. (2020). The LU-1 is covered by a first phase of flowstone
and stalagmite deposition (LU-2, Fig. 2a), with U/Th ages ranging from
~239 to 199 ka (e.g. MIS 7-8). Both surfaces of LU-1 and LU-2 are
densely riddled with Lithophaga burrows (Fig. 2a), which terminate in a
straight horizontal limit at ~8.7 m (above the local biological marker)
on the vertical cave walls. LU-3 represents a second gravel beach deposit
with a sandy matrix containing abundant mollusc remains. U/Th dating
of these molluscs yielded inconsistent results from ~145 to 77 ka,
showing a generic MIS 5 highstand. LU-3 is overlain by well-stratified
and well-sorted medium sands of aeolian origin (LU-4, Fig. 2a and b).
Both LU-3 and LU-4 cover the Lithophaga burrows, indicating that they
are younger than the boreholes. This succession is in turn capped by a
typical “Terra rossa” paleosol (LU-5) (Esposito et al., 2003). This suc-
cession has been partially eroded and dismantled and is covered by a
flowstone (LU-6, Fig. 2a), which forms a complex curtain-like succession
of wall draperies partially covering the older LUs. LU-6 was dated in the
lower levels at different stratigraphic locations from ~120 to 111 ka.
The undated higher draping flowstone from LU-6, without Lithophaga
burrows but still covering the higher level of burrows on the cave walls,
was instead assumed by Bini et al. (2020) to belong to the same gen-
eration of the Late MIS 5e speleothems, or younger, in agreement with
other previous works on the same site (e.g. Esposito et al., 2003).
Finally, according to Bini et al. (2020), the described succession was
partially carved and then filled with a continental deposit (LU-7, see
Fig. 2a) comprising blocks, breccias with a reddish matrix, and
sandy-to-silty deposits, embedding Middle Paleolithic artefacts and
bone remains (“Musterian”, Sarti, 1996; Martini, 2015). The continental
clastic succession contains a decimetric-thick massive tephra layer
chemically fingerprinted and correlated to the Maddaloni/X-6 ash layer
with an age of ~109 ka (Bini et al., 2020; Zanchetta et al., 2018; Monaco
et al., 2022).

Summarizing, based on the above-described set of morpho-
stratigraphic and geochronological data, Bini et al. (2020) concluded
that: i) the RSL during the LIG highstand locally peaked at 8.90 & 0.6 m
a.s.l.; ii) the sea level dropped rapidly before ~120 ka for at least 6 m, i.
e., at an elevation >3 m a.s.l.; iii) there was no evidence of RSL rise after
this period above the present sea level; and iv) there were older marine
deposits, possibly attributable to MIS 9, represented by a coastal marine
conglomerate, but no accurate sea-level markers were found for the
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related highstand. However, all the upper flowstones and columns
(indicated with LU-6 in Fig. 2a) not riddled by Lithophaga burrows were
not included in the sampling by Bini et al. (2020), thus leaving the
correlation of this carbonate deposition to the one dated between ~120
and 111 ka. Therefore, the attribution of the 8.90 + 0.6 m a.s.l. high-
stand to the LIG is a reasonable but not a definitively proven hypothesis.

3. Material, methods and sampling strategy
3.1. Field campaigns

New fieldwork was conducted in 2021 and 2022 in the entire Baia di
Infreschi and was expanded in the nearby areas of the Cilento prom-
ontory (Fig. 1). This work included new stratigraphic observations in the
already investigated Infreschi Cave and at the new site of the Coral Cave
(named, in Italian, “La Grotta dei Coralli” by Martini, 2015, and called
Infreschi Cave in Esposito et al., 2003, Fig. 1). New speleothem samples
were collected for a set of novel U/Th dating (n = 30).

3.2. Sea-level indicator measurements

We considered different sea-level indicators such as Lithophaga bur-
rows, notches, marine caves, speleothem deposition, and wave-cut ter-
races, where the first two are the most frequent. Lithophaga lithophaga is
an endolithic bivalve living inside carbonate rocks from the upper limit
of the infralittoral zone down to more than 30 m in depth. When present,
the upper almost linear limit of burrows is an accurate fixed biological
indicator and it coincides closely with the sea level (Laborel and
Laborel-Deguen, 1994, 2005; Rovere et al., 2015). This limit has been
widely used as a sea-level indicator around the Mediterranean basin
(Lambeck et al., 2004; Ferranti et al., 2006; Antonioli and Oliverio,
1996). However, when only isolated groups of burrows are present,
without a well-defined straight upper limit, they can only be used as a
lower limit. Tidal notches are indentations in rocky coasts shaped by the
interplay of different processes such as bioerosion, wave action, tidal
wetting and drying cycles together with karst processes on limestone
coasts (Antonioli et al., 2015; Carobene, 2015; Pirazzoli et al., 1996).
Their inner vertex is considered a very accurate paleo-sea-level indica-
tor, particularly in microtidal environments (Ferranti et al., 2006;
Antonioli et al., 2007; Pirazzoli, 2007; Stewart and Morhange, 2009).
When possible, the elevations of each indicator were measured using a
Trimble R10 GNSS (maximum error in elevation of acquired points was
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0.14 m). The data were acquired by the WGS84 Geographic Coordinate
System and post-processed and referred to the geoid model ITAL-
GEO2005 (millimetric planimetric error and +0.035 m elevation error).
Where the direct measurement with R10 was not possible (e.g. inside the
caves or close to the marine cliff), we used a graduated rod equipped
with a spirit level (repeated measurements of our research group on the
same sea-level indicators with this method yielded associated errors that
were usually within +0.1 m; Zanchetta et al., 2014; Bini et al., 2014;
Bini et al., 2018, 2020; Giaccio et al., 2024). In some circumstances, the
elevations were measured directly referring to the local biological mean
sea level (i.e. organisms anchored to hard substrates and their living
upper range, located near or at sea level, Rovere et al., 2015). The
biological mean sea level in microtidal Mediterranean settings corre-
sponds to the mean sea level with reasonable accuracy (+0.1 m, e.g.,
Vacchi et al., 2020, and reference therein). Where logistically possible,
the local biological mean sea level was measured with R10 to facilitate
comparison with previous works in the same area (e.g. Bini et al., 2020;
Esposito et al., 2003).

The measurements indicate that the local biological mean sea level at
Baia di Infreschi is located 0.35 + 0.39 m below the geodetic sea level
(hereafter, the measurements will be referred to as the local geoid). The
final altitude error of each marker is calculated following e.g. Shennan
et al. (2000), and it includes the different errors in the measure of alti-
tude (vertical precision of the finest R10 measure, post-processing error,
the error associated with the use of spirit bars).

3.3. Sampling strategy

To constrain the position of the second generation of the Infreschi
Cave Lithophaga burrows we defined the limit between the flowstone LU-

Quaternary Science Advances 15 (2024) 100212

2 riddled with burrows and the flowstone without burrows of the same
generation. The riddled sample was dated by Bini et al. (2020). We then
sampled the lowest level of the flowstone not riddled by Lithophaga to
obtain an upper level to constrain the LIG highstand (samples INF20-71,
INF20-7E; Table 1, Fig. 3). We also collected an additional flowstone
outcropping in the lower section of the cave and covering red conti-
nental breccias (LU-7 of Bini et al., 2020). This new unit, which dips
~30 cm below the present-day sea level, was labelled as LU-8 (Fig. 2b
and ¢, Sample INF20-1, INF20-2; Fig. 3, Table 1). On the southern side of
the Infreschi Cave, the flowstone covering the cave wall with Lithophaga
burrows was also sampled (INF-13; Fig. 3, Table 1). Additional speleo-
thems associated with different marine erosive features were sampled in
all the Baia di Infreschi (Fig. 3). Four different flowstones were collected
close to the Coral Cave (BIO-7, BIO-8, INF20-3, INF-20-4; Table 1,
Fig. 3). They were relatively eroded and two of them covered a
cemented marine conglomerate (Fig. 3). An additional flowstone
covering two different sets of notches in the Baia di Infreschi was
collected not far from Coral Cave (INF20-5; Fig. 3). Along the nearby
Marina di Camerota coast, two additional flowstones were sampled at
Cala di Arconte and at the Pozzallo beaches. The former, situated at
approximately 2 m a.s.l., is a highly eroded flowstone covering a con-
tinental deposit and a rocky surface with Lithophaga burrows (Sample
STC22-1, STC22-2; Table 1, Fig. 3). The latter covers a cemented marine
conglomerate at approximately 1.5 m a.s.l. (Sample POZZ22-1; Table 1,
Fig. 3).

3.4. Sample preparation and U/Th dating

Calcite chips were removed from the freshly cut and polished spe-
leothem surfaces by using a hand microdrill, and were aimed at U/Th

Table 1
Uranium and thorium isotopic compositions and 230Th ages by MC-ICPMS, Thermo Electron Neptune, at NTU.
Marker
Site LU Sample ID By 2Th U [33“T!1/.13XU] 230"I.'h/mTh Age (kyr ago) Age (ka) 8*Uinital Elevation  Elevation elevatiqn
107g/g “ 109gig measured” activity® atomic (x 10°)  uncorrected corrected “¢ corrected”  on marker (m) a.s.l. (m)  on geoid
(m)
Topl 3280.5 +£3.9 11.558 +£0.036 384 +14 04200 +0.0015 19657 +92 5632 4029 56.16 +0.29 449 +£1.6 0.7 0.35 -0.35
INF20-1 ~ Top2 65446 +0.86 6.125 +0.021 332 £33 04197 +0.0024 7393 48  56.65 +049 5633 +0.50 39.0 +£3.9 0.7 0.35 -0.35
3 Base2 1268.1 +1.6  19.66 +0.10 364 +24 04833 +£0.0031 5139 £42 68.16 +0.66 67.69 £0.68 44.1 +29 0.7 0.35 -0.35
1 13442 +14 7490 +0.021 346 +14 0.2358 +0.0010 697.7 +3.4 28.16 +£0.14 2795 +0.16 375 +£1.5 0.6 0.25 -0.35
INF20-2 2 15844 +1.6 15281 +£0.058 393 +14 02485 +£0.0013 4249 +27 2975 +0.18 2943 +022 427 +15 0.6 0.25 -0.35
Infreschi 3 964.06 +0.95 2386 +0.008 344 +1.3 026564 +0.00071 1770.0 +7.6 3231 £0.11 3217 £0.12 377 £14 0.6 0.25 -0.35
Cave 2 INF-10 11631 £0.13  1.786 £0.010 272 £2.0 0.7972 +0.0044 856.1 +£6.6 161.19 +2.19 160.73 +2.19 429 +£32 6.5 6.15 -0.35
2 INF-13 23206 +£0.25 5528 +034 37.8 £1.5 0.8913 +0.0030 61.69 +0.43 207.80 +£2.32 201.66 +3.82 668 +2.8 42 3.85 -0.35
5 INF21-71 1 27353 £026 7.891 +£0.026 239 £13 0.8333 £0.0043 4763 +29 18096 +2.46 180.15 +247 39.7 £2.1 6.0 5.65 -0.35
2 286.72 £0.29 5360 +£0.016 23.7 £1.3 0.8300 =+0.0037 7320 +£3.8 17923 +£2.13 178.68 £2.13 393 +£22 6.0 5.65 -0.35
2 INF2I-7E 1 179.96 +0.18 32.03 +£0.16 282 +1.5 08226 +0.0087 7621 +0.89 173.08 +£4.47 16841 +489 453 £25 6.0 5.65 -0.35
2 155.13 +0.14 15272 +0.068 264 +1.5 0.8468 +0.0076 141.8 +£1.4 187.16 +£4.48 184.57 +4.56 444 +£2.5 6.0 5.65 -0.35
1 480.63 +£0.59 6.050 +£0.017 159 +£32 0.8739 £0.0032 11446 +5.1 212.00 +£3.51 211.6 +3.50 289 +£59 22 1.98 -0.22
INF20-3 2 54249 +£0.50 39.49 +£0.22 136 +1.3 0.8752 +£0.0070 1982 +£19 21487 +549 21291 +£548 247 £25 22 1.98 -0.22
3 562.88 +0.61 56.861 +0.38 125 +£1.3  0.8792 +0.0088 1435 £1.7 21882 +7.09 216.10 +7.05 23.1 +£2.5 22 1.98 -0.22
1 365.61 +£0.39 8.641 +0.03 414 +£13 09380 +0.0041 6543 +3.5 241.77 +£4.03 241.1 £4.02 81.7 +£2.7 19 1.68 -0.22
2 44335 £0.50 8.076 +0.02 39.6 £1.4 09319 £0.0036 843.6 +£4.0 238.08 +3.52 237.6 +3.51 775 £2.8 19 1.68 -0.22
INF20-4 3 40746 +0.37 4.138 +0.01 348 +£13 09289 £0.0026 1508.1 +6.3 24025 +2.80 2399 +2.80 68.6 +£2.6 19 1.68 -0.22
Baia 4 57372 +£0.55 13.719 £0.05 328 +13 09354 £0.0051 6450 +42 24871 +530 2480 +528 66.0 +2.8 1.9 1.68 -0.22
Infreschi 5 54940 +£0.51 17.629 +0.07  33.0 £1.4 09280 +0.0047 4769 +3.0 24142 +4.60 2405 +459 650 +2.8 1.9 1.68 -0.22
B10-8 1 182.83 £0.32 8255 £0.41 37.6 £29 0.9746 £0.0032 3559 +0.20 28836 +6.76 276.67 +8.62 82.1 +£6.6 35 3.28 -0.22
2 491.50 +0.63 19.83 +0.18 645 £1.8 0.9447 +0.0027 386.0 +£3.7 225.66 +2.57 224.63 +2.59 121.7 +35 35 3.28 -0.22
B10-07 1 169.25 +0.26 4.145 +£0.021 298 +2.2 09145 +£0.0031 6157 +3.7 23239 +£347 231.71 +3.46 574 +43 37 3.48 -0.22
2 21474 +£0.33 03158 +£0.0084 30.9 +19 09173 +0.0031 10285 +275 233.75 +3.31 233.64 +3.31 59.8 +3.7 37 3.48 -0.22
INF20-5 2 21297 £0.26 10732 +£0.87 478 +1.8 0.709 +0.015 2321 +0.51 121.60 +£4.56 108.24 +8.16 649 +£29 35 3.28 -0.22
1 37787 +£035 13481 +138 62.1 +14  0.720 +0.013 3328 +£0.69 121.50 +3.97 11237 +598 852 +24 35 3.28 -0.22
INF20-6 381.34 0.35 317.31 38.25 703 +£14 0.2480 +0.0020 491 +£0.59 28.65 +0.26 5.87 +£1296 715 +29 26 2.38 -0.22
Cala STC22-1 9883 =1.1 39.128 +0.397 556 +1.5 0.8883 +0.0016 3700 +3.8 194.1 £1.3 193.10 +1.37 96.0 £2.6 2.3 2.08 -0.22
Arconte STC22-2 1388.7 £1.2 44909 £0.717 167 =13 0.8392 +0.0015 4279 +£6.9 1885 +£1.2 18755 +1.27 283 +£2.2 2.1 1.88 -0.22
Pozzallo P0OZZ722-1 860.5 +13 3340 +£0.522 345 £1.8 0.6966 +0.0017 2959 £4.7 12087 +0.70 119.81 +0.85 483 +2.5 1.7 1.45 -0.25

Analytical errors are 2c of the mean.
332340 = ([2*U/*¥U activity - 1) x 1000.

854U nigial corrected was calculated based on 29Th age (7), i.e., 5*Uinitiat = 6*Umeasured X €347, and T is corrected age.
[T U ity = 1 - €307 + (U peasarea/1000) Aaso/(haso - Aasa)](1 - 020239 T) wwhere T'is the age.

Decay constants used for age calculation are available in Cheng et al. (2013).

4Age corrections, relative to AD 1950, were calculated using an estimated atomic >*°Th/>*>Th ratio of 4 (£ 2) x 10,
Those are the values for a material at secular equilibrium, with the crustal 2*Th/?%U value of 3.8. The errors are arbitrarily assumed to be 50%

Elevation error 0.13 mDifferent colours refer to different sectors of the coast



I Isola et al.

INF20-1topl
INF20-1top2

56.2£0.3
56.3+0.5

0.4mas.l.

INF20-1base2  67.7:0.7

27.9:02
29402
32.2£0.1

INF20-2-1
INF20-2-2
INF20-2-3

03mas.l.

201.7¢3.8

3.9mas.l.

INF20-3

2masl.

241.1+4.0
237.6£3.5
17masl, 2399828
248.0£5.3
240.5:4.6

INF20-4

STC:
18mas.l.

Quaternary Science Advances 15 (2024) 100212

. INF2021-7e-1  168.4:4.9

py INF2021-7e-2 184.6:4.6
- 5.7mas.l.

]

INF20217i-1  180.2+2.5
" INF20217i2  178.7+2.1
. 57masl.

_J INF206 595130
24masl.

INF20-5
32masl

108.2¢8.2
112.4£6.0

e

b Pozz22-1  119.8:08
15masl.

Fig. 3. Location, photo, and ages of the speleothem samples collected during this study, along with various examples of RSL indicators and their elevations. For more

detailed photos see Supplementary Material S1.

dating. U/Th analyses were performed at the High-Precision Mass
Spectrometry and Environment Change Laboratory (HISPEC), Depart-
ment of Geosciences, National Taiwan University. All U-Th isotopic
measurements were conducted on a Thermo-Finnigan Neptune multi-
collector inductively coupled plasma mass spectrometer (Shen et al.,
2012; Cheng et al.,, 2013). A gravimetrically calibrated triple-spike,
229Th-233y_23y, and the isotope dilution method were employed to

correct for mass bias and to determine U-Th isotopic compositions and
contents (Cheng et al., 2013). Half-lives of U-Th nuclides used for 2307
age calculation are given in Cheng et al. (2013). Uncertainties in isotopic
data and 2°°Th dates are given at the two-sigma (20) level or two
standard deviations of the mean (26,,). An initial 230Th /232Th atomic
ratio of (4 & 2) x 107° was applied for age correction. Table 1 shows all
the analytical results.
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4. Results
4.1. New stratigraphic and geomorphological data in the Baia di Infreschi

In Coral Cave, a clear upper limit of the Lithophaga burrow is present
at 9.3 £ 0.13 m a.s.l. and is associated with an indentation corre-
sponding to a marine notch with the retreat point measured at 8.85 +
0.13 m a.s.l. (Fig. 4a and b). The limestone walls of the Coral Cave with
Lithophaga boreholes are sealed by a succession of marine deposits with
a bottom unit, lying on an unconformity boundary surface on the cave
floor, formed by a marine conglomerate with fossils and bio-
encrustations (Lithostratigraphic Unit 1, LU-1, Fig. 4a). This is followed
by a complex succession of coarse sands and fine and well-rounded
gravels with marine fossils and abundant remains of the corals Clado-
cora caespitosa (LU-2, Fig. 4a). This succession is overlain by aeolian
cross-stratified sands (LU-3, Fig. 4a). In the inner part of the cave the
described succession is covered by colluvial and partially pedogenised
deposits with some layers of matrix-supported breccias (LU-4, not shown
in Fig. 4a).

In other locations around the Baia di Infreschi, there is no further
evidence of a clear upper limit of Lithophaga boreholes at ~9 m a.s.l.
However, we recognized this limit along the Cilento coast, specifically at
Spiaggia di Peppe (Marina di Camerota) and at Palinuro Harbour
(Fig. 1), where the new measurements yielded elevations of 8.6 + 0.1 m
and 8.8 + 0.1 a.s.l., respectively.

At Baia di Infreschi, there is no clear upper limit of Lithophaga
boreholes, but only isolated groups of burrows are observed up to ~6 m
(Figs. 3 and 5), which may indicate that the sea level has risen at least at
that elevation (minimum estimated limit of the RSL highstand). How-
ever, a more continuous dense horizon of frequent burrows is present
with a maximum altitude between ~4.4 and 5.9 m a.s.l. (Fig. 3), even if
an unambiguous horizontal upper limit is not always identifiable. In
addition, in the Baia di Infreschi, there is a succession of RSL indicators
between ~4.5 and 1.7 m a.s.l. which includes cave notches, cliff notches

D eolian sands

coarse sands and fine gravels with Cladocora caespitosa
m marine conglomerate L
5 Lithophaga burrows

—
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a) Coral cave

Fig. 5. Baia di Infreschi overview. a) View of Coral Cave and detected RSL
indicators which include caves, cliff notches (dotted line), and wave-cut sur-
faces (dashed line). b) Erosive surface (dashed line) and notches (dotted lines).

and wave-cut surfaces (Figs. 3 and 5). Notches are well-developed and in
some cases preserve Lithophaga burrows. In one case, a notch is sealed by
gravel beach deposits. Wave-cut terraces are relatively narrow (a few

|10

9

Fig. 4. Coral Cave stratigraphy. a) Lithostratigraphic Units (LU) of Coral Cave. The elevation axis is not in scale. b) Coral Cave entrance with the highlighted upper

marine notch (dashed line).
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metres) and are in some cases connected with marine caves or lower
notch surfaces. Although there is no clear separation between these in-
dicators, they seem to cluster in two groups, one between ~2.5 and 1.7
m a.s.l. and the other between ~4.5 and 3.5 m a.s.l. (Fig. 3).

4.2. U/Th dating

Overall, U/Th ages cover a wide temporal range between ~277 and
~6 ka (Table 1). Leaving aside the younger Holocene dating these ages
appear to be distributed in three main clusters between (i) ~277 and
~160 ka (MIS 8-MIS 6); (ii) ~120 and ~108 ka (late MIS 5e-MIS 5d);
and (iii) ~68 and 28 ka (MIS 4-MIS 2) (Figs. 6 and 7).

MIS 8-MIS 6 speleothems. This is the largest cluster comprising 20
out of the 30 U/Th ages performed in this study (Table 1, Figs. 6 and 7).

In the Infreschi Cave the cluster includes.

i) the two new samples from the bottom of the flowstone belonging
to LU-2 without Lithophaga burrows at 5.7 + 0.18 m a.s.l., which
in turn cover Lithophaga burrows carved in the cave walls at an

Quaternary Science Advances 15 (2024) 100212

elevation >5.7 + 0.18 m a.s.l., yielding ages ranging from 168.4
+ 4.9 to 184.6 + 4.6 ka (sample INF21-7E) and from 178.7 + 2.1
to 180.2 + 2.5 ka (INF21-71) (Fig. 2b and c and 7);

ii) the INF-13 sample, collected at ~3.85 m a.s.l. in the eastern
sector of the Infreschi Cave, also covers a burrow generation on
the cave walls, which yielded the age of 201.7 + 3.8 ka (Figs. 3
and 7);

iii) the INF-10 sample, collected from the large column at ~6.2 m a.s.
1., covering the cave wall with the Lithophaga burrows and
yielding an age of 160.7 + 2.2 ka (Table 1, Figs. 3, 6 and 7).

In the Baia di Infreschi near Coral Cave.

i) Samples BIO-07 (~3.5 m a.s.l.), dated between 231.7 + 3.5 and
233.6 £+ 3.3 ka and BIO-8 (~3.3 m a.s.l.) dated at 276.7 + 8.6 and
224.6 £ 2.6 ka, which covers a marine conglomerate (Figs. 3, 6 and
7). The accuracy of the oldest age (276.7 + 8.6 ka) needs to be
considered with caution due to the possible contamination by non-
authigenic 232Th, considering the relative low 230Th /232Th (Table 1);
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Fig. 6. Temporal distribution of the ages of the terrestrial limiting points from the Cilento coastal sites (Infreschi Cave, Baia di Infreschi and surrounding area, Fig. 1)
acquired in this study and by Bini et al. (2020). showing three different periods of speleothem growth during MIS 8-6, late MIS 5e-early MIS 5c and MIS 4-2
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this article.)

ii) INF20-3 and INF20-4 from a second flowstone mantling a fissure
filled with cemented rounded clasts (Fig. 3) at ~2 m a.s.l., yielded
ages ranging from 211.6 + 3.5 to 212.9 + 5.5 ka and from 248.0 +
5.3 to 237.6 + 3.5 ka, respectively (Figs. 6 and 7, Table 1).

In Cala di Arconte beach.

i) Samples STC22-1 and STC22-2 from the eroded flowstone, again
covering traces of Lithophaga, yielded ages between 193.1 + 1.4 and
187.5 + 1.3 ka (Figs. 3, 6 and 7, Table 1).

Late MIS 5e-MIS 5c speleothems. This group includes only 3 out of
the 30 U/Th ages performed in this study (Table 1, Figs. 6 and 7), two
from Baia di Infreschi and one from Pozzallo beach (Table 1, Figs. 3, 6
and 7).

i) Sample INF20-5 from the flowstone collected at Baia di Infreschi,
which forms in a notch with a retreat point at 3.7 m a.s.l. and de-
velops down to the lower notch covering also Lithophaga burrows
(Fig. 3), yielded an age between ~112 and ~108 ka (Table 1);

ii) Sample POZZ22-1, a flowstone covering a marine deposit at ~1.5 m
a.s.l. (Fig. 3), yielded an age of 119.8 + 0.8 ka (Table 1, Figs. 6 and
7).

MIS 4-MIS 2 speleothems. This group includes 7 out of the 30 U/Th
ages performed in this study, all collected from the flowstone (~0.3-0.4
m a.s.l.) of the Infreschi Cave, indicated as LU-8 in Fig. 2b and ¢ (samples
INF20-1, INF20-2; Fig. 3). It yielded ages ranging between ~68 and 29
ka (Table 1, Figs. 6 and 7).

Holocene speleothem. Sample INF20-6 from Baia di Infreschi
yielded an imprecise and young age of 5.9 + 13.0 ka (Table 1, Figs. 3
and 6).

5. Discussion

5.1. Reappraisal of LIG RSL at the Infreschi Cave and identification of a
pre-LIG RSL highstand

5.1.1. Evidence for multiple RLS highstands

The results of the stratigraphic, morphological and geochronological
investigations performed in this study, along with the literature data
(Bini et al., 2020; Esposito et al., 2003), allow us to outline a more
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complex history of RSL in Baia di Infreschi and in the surrounding area
than previously proposed.

In the Infreschi Cave, the new U/Th ages of the flowstone-column
without Lithophaga burrows at ~5.7 m a.s.l. date it to ~168-185 ka.
This flowstone, previously undated and assumed to be part of the MIS 5
LU-6 (Bini et al., 2020), can now be associated with the generation of the
MIS 6-8 flowstone (LU-2, Figs. 2 and 8), dated between ~238 and 199
ka by Bini et al. (2020). The highest Lithophaga burrows occurring in this
MIS 6-8 generation of flowstone (LU-2) reach ~5.3 m a.s.1. (Fig. 8), and
can be consequently related to the MIS 5e highstand. Therefore, the LIG
highstand is constrained by the age of the burrowed speleothems, and by
the age of flowstones covering the marine deposit of LU-3 and the
aeolian deposit of LU-4.

This finding has a twofold consequence: (i) the RSL during the LIG
highstand did not exceed the elevation of ~5.3 m a.s.l, i.e., the upper
limit of the Lithophaga burrow generation carved into the MIS 6-8
flowstone; and (ii) the Lithophaga burrow limit covered by the MIS 6-8
flowstone, which in the Infreschi Cave culminates at 8.35 + 0.18 m a.s.l.
(hereafter 8.4 m), is to be referred to an older RLS highstand, preceding
the MIS 8. It is important to remember that Bini et al. (2020) indicated
the same limit at 8.7 m because they referred to the biological indicator,
whereas we refer our measurement to the geoid. In the following sec-
tions, we discuss the implications of these findings for both MIS 5e and
the older RSL highstand.

5.1.2. LIG RLS highstand and minor LIG RLS oscillations/stationing at
lower elevation

The LIG RSL interpretation at the Infreschi Cave is strictly based on
the Lithophaga burrows. The chronology is constrained by the burrowed
speleothems in LU-2, by the calcite inside the Lithophaga burrows in LU-
1, and by the speleothems covering the Lithophaga burrows in LU-6,
dated at ~200, ~120 and ~112 ka, respectively. The highest Lith-
ophaga burrows on flowstones are at 5.3 m a.s.l. and they probably
represent the closest value to the maximum LIG highstand. This value

v upper level Lithophaga burrows (MIS 5e)
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agrees (within possible uncertainties) with the elevation of several sea-
level indicators in the rest of Baia di Infreschi (Fig. 9). Speleothems are
terrestrial limiting points and their presence indicates a time when the
sea level has already dropped. We cannot provide an exact age for the
LIG RSL highstand occurring at 5.3 m a.s.l., but considering the dated
speleothems (Bini et al., 2020), here at ~120 ka, it had already dropped
lower than ~3 m.

Notches and wave-cut terraces in the rest of the bay are located at
lower elevations, indicating phases of temporary sea-level standstills
during its progressive lowering (Fig. 9). These phases are constrained by
the age of the INF20-5 flowstone, which departs from a notch with a
retreat point at 3.7 m a.s.l. and develops down to the lower notch also
covering Lithophaga burrows (Fig. 3). Despite a relative high age un-
certainty due to detrital contamination, the sample yielded an age be-
tween ~112 and 108 ka (Table 1), constraining the development of the
sea-level markers within the MIS 5e. The attribution of all the marine
indicators between ~6 m a.s.l. and the present sea level to the LIG is also
consistent with the preservation of continental deposits (LU-7) with
Mousterian artefacts and the tephra layer of the X-6 tephra (~109 ka;
Bini et al., 2020; Zanchetta et al., 2018) at the Infreschi Cave, as well as
in other caves along the Cilento coast (e.g., Spagnolo et al., 2024), close
to the present-day sea level. This succession of continental deposits
(LU-7) is then covered by the MIS 4-MIS 3 generation of flowstone in the
western sector of the cave (LU-8, Fig. 2b and c), here dated from 67.7 +
0.7 to 27.9 + 0.2 ka (samples INF20-1 and INF-20-2, Figs. 3 and 7,
Table 1).

Overall, this indicates the absence of any further sea transgression
above present-day sea level during subsequent MIS 5 sub-stages. During
MIS 5e, at the Baia di Infreschi, there was an early highstand close to
~5.3 m a.s.l. Its termination is well constrained before 120 ka (Bini
et al., 2020), while its beginning is not well defined. This highstand is
followed by some standstills/oscillations which seem to cluster between
~4.5 and 3.0 m and 2.5-1.7 m a.s.l. (Fig. 9). According to the U/Th
dating obtained by Bini et al. (2020), these oscillations terminated
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Fig. 8. Comparison between the interpretation of Bini et al. (2020, left panel) and the findings of this study (right panel) in the context of the MIS 5/MIS 9 highstand
at the Infreschi Cave. Note the new age of ca. 160 ka at the base of the highest non-burrowed speleothem which covers Lithophaga traces on the rock. These imply the
presence of two distinct generations of Lithophaga burrows. The older generation, characterized by a straight line at about 8.4 m a.s.l., can plausibly be attributed to
MIS 9e. Meanwhile, the younger generation, visible up to 5.3 m a.s.1., is associated with MIS 5e. In Bini et al. (2020), the upper limit of Lithophaga burrows (8.7 m) is
referred to the biological marker, while the measurement of the same limit conducted in this study (8.4 m) is referred to the ITALGEO2005 geoid.
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before ~120 ka when the deposition of flowstones within LU-6 started
(Fig. 2a and b). This is also confirmed by the age of the INF20-5 spe-
leothem deposition and of the Pozzallo beach flowstone, (sample
P0OZZ22-1), located at only 1.5 m a.s.l. (Figs. 3 and 7), yielding an age of
119.8 + 0.8 ka (Table 1). Notably, the Pozzallo flowstone is at an
elevation substantially lower than the speleothem of the Infreschi Cave
dated by Bini et al. (2020) to ~121-120 ka (~3.70 m a.s.l.), thus
providing evidence that at ~120 ka the LIG RLS had already fallen
below 1.5 m a.s.l (Fig. 7). According to our chronology the LIG high-
stand ended before 120 ka lasting less than 9 kyr. As a consequence, the
intra-LIG sea-level standstills, of necessity, have to be relatively short
events. This is also in agreement with a recent study at Guattari Cave
(Rolfo et al., 2023) and “Grotta delle Capre” (Giaccio et al., 2024), along
the Tyrrhenian coast ~200 km NE of the Infreschi Cave. Here speleo-
them evidences indicate that the LIG RSL was less than 3 m a.s.l. as early
as before 123 ka, while afterwards it no longer rose above this elevation.
In summary, the U/Th chronology from speleothem terrestrial limiting
points does not precisely determine the age of the maximum LIG RSL at
~5.3 m a.s.l,, nor does it determine the age of the following minor
oscillations/stationing at lower elevations. However, it provides
compelling evidence that these events occurred during the LIG. It also
indicates that by 120 ka, or possibly earlier, RSL was lower than 1.5 m a.
s.l. The detected short duration of the LIG RSL highstand being char-
acterized by multiple oscillations well aligns with the isotopic-based RSL
curve proposed by Rohling et al. (2019). Indeed it documents several
oscillations in the global sea level from ~129 ka to ~122 ka ultimately
falling to the present level at ~120 ka. The highstand at ~5.3 m a.s.L. is
also partially consistent with a suite of predicted RSL curves by the GIA
model using ICE-6G ice-sheet input data and VM2 mantle viscosity
profile (Peltier et al., 2015) performed by Bini et al. (2020), who indi-
cate a maximum local RSL of ~4 m. The ~1.3 m difference can be
related to model inaccuracies but also to a possible small tectonic uplift
(in this case <0.01 mm/yr). This confirms a relatively stable tectonic
condition of the Cilento coast, as suggested by Ferranti et al. (2006).
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5.1.3. Pre-LIG, MIS 9e RSL highstand

The elevation of the older RSL highstand, recognized at Infreschi
Cave at 8.4 £+ 0.18 m a.s.l., is comparable with the upper level of Lith-
ophaga burrows at Coral Cave (9.3 + 0.13 m a.s.l.) and with the related
notch at 8.85 + 0.13 m a.s.l. A sub-horizontal upper limit of Lithophaga
burrows having an altitude close to ~8-10 m a.s.l. is also reported in
other sectors of the Cilento coast (Bini et al., 2020) and documented in
this study at Spiaggia di Peppe (Marina di Camerota, 8.6 + 0.1 m a.s.l.)
and Palinuro Harbour (8.8 + 0.1 m a.s.l.) (Figs. 1 and 9). This indicates
that the Lithophaga upper level can be discontinuously followed for
several kilometres along the coast with a relatively small difference in
altitude, also suggesting no significant tectonic displacements in the
area.

In addition to the above discussed stalagmite evidence in the Infre-
schi Cave, the occurrence of an RSL highstand predating the LIG is
further supported by U/Th dating of other speleothems covering bur-
rows and/or beach deposits collected both in the Infreschi Cave (sample
INF13, ~3.85 m a.s.] 201.7 + 3.8 ka, INF20-3, ~2 m a.s.l., 211.6 +
3.5-212.9 £ 5.5 ka.), in Baia di Infreschi (BIO-07, ~3.5 m a.s.l., 231.7
+ 3.5ka-233.6 + 3.3 ka, BIO-8, ~3.3 m a.s.l., 276.7 + 8.6-224.6 + 2.6
ka) and along the Marina di Camerota coast at Cala di Arconte beach
(samples STC22-1 and STC22-2, ~2 m a.s.l., 193.1 + 1.4-187.5 +£ 1.3
ka) (Figs. 3, 6 and 7, Table 1). Overall, the ages of the MIS 8-6 speleo-
them generation continuously cover the entire interval of MIS 7 (Fig. 6),
thus providing strong evidence that in this area the RSL during MIS 7
never reached the present sea level, or at least not above ~2 m a.s.l.
(Table 1). This is consistent with data presented from the Argentarola
marine cave (Bard et al., 2002) and with the recent reconstruction of the
nearby margin of northern Calabria (Cerrone et al., 2021b), even if this
latter reconstruction is indirect, based on restoring RSL indicators
assuming a different uplift rate. In general, this agrees with regional to
global models indicating that the MIS 7 RSL highstand was lower than
the MIS 9, MIS 5 and Holocene highstands (e.g., Bintanja et al., 2005;
Grant et al., 2014).

The chronology of the speleothems at the Infreschi Cave and other
investigated localities (Fig. 10), as well as the global RSL models (e.g.,
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Grant et al., 2014), would indicate the MIS 9e RSL highstand as the most
probable for correlating to the upper level of the Lithophaga burrows at
~9 m a.s.l. This aligns with the presence in the Cilento area of conti-
nental successions containing Lower Paleolithic artefacts with handaxes
(e.g., Gambassini and Palma di Cesnola, 1972). These continental suc-
cessions lying on a terrace at ~20-40 m a.s.l., probably of marine origin
(e.g. Esposito et al., 2003; Carmignani et al., 2021), are attributed to MIS
11 (Carmignani et al., 2021), predating the cliff where the upper level of
the Lithophaga burrows at ~9 m a.s.1 was formed. Therefore, assuming
that these higher marine morphologies and sedimentary successions
correspond to MIS 11, the RSL highstand at ~9 m a.s.l. need to be
consequently associated with the MIS 9e RSL highstand.

5.2. Implications for the regional LIG and MIS 9e RSL and uplift rate

The reconstruction proposed in this work indicates that MIS 9e sea-
level indicators are approximately 3 m higher than MIS 5e indicators.
Regionally, the RSL level deviates from the global eustatic sea level, for
instance, for the GIA (e.g., Creveling et al., 2015; Antonioli et al., 2018,
Stocchi et al., 2018) and the effect of the local tectonic (e.g., Cerrone
et al., 2021b; Antonioli et al., 2018). Estimates suggest that during MIS
5e, eustatic sea levels were probably between 2 and 9 m higher than
present (e.g., Siddall et al., 2003; Hearty et al., 2007; Waelbroeck et al.,
2002; Kopp et al., 2009; Dutton et al., 2015; Polyak et al., 2018; Dyer
et al., 2021, Fig. 9). In the Central Mediterranean region and along the
Italian Tyrrhenian coast in stable tectonic areas, the LIG highstand is
estimated to be around +6 + 3 m a.s.l. (e.g., Ferranti et al., 2006;
Antonioli et al., 2018). Elevation data for the MIS 9e highstand are
scarce and obtained through different approaches, showing varying
differences between MIS 9e and MIS 5e sea levels. The lack of reliable
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dated sea-level markers for MIS 9e in the Mediterranean, particularly in
the southern Tyrrhenian Sea, presents challenges in understanding past
sea-level changes. Recently, in the more tectonically stable Apulia re-
gion, Pieruccini et al. (2022) have reported a succession of notches
associated with Lithophaga burrows in the Romanelli Cave (Fig. 1) at 9.2
+ 0.2m as.l. and 7 £+ 0.20 m a.s.l. covered by flowstones. Their U/Th
dating allowed the attribution of both to MIS 9. In the same work, a
lower notch at 5.5 + 0.20 m a.s.l. was instead correlated to the MIS 5e
RSL highstand. Sites like Romanelli Cave and Baia di Infreschi provide
insights into the elevation of the sea level during MIS 9e, both poten-
tially indicating that other sites revealing evidence of the MIS 9e high-
stand can be found and chronologically constrained in the future.

5.3. Implication for the local stratigraphy of the archaeological caves

Several archaeological caves in the area show stratigraphic evidence
of two distinct marine deposits, and their chronology can be reevaluated
in the light of our data. For instance, at the shelter and the cave of
Poggio, Boscato et al. (2009) (Fig. 1) describe a succession with a marine
conglomerate up to 9.5 m a.s.l., followed by a continental succession
containing Paleolithic artefacts. A level ~6 m above the top of the ma-
rine conglomerate (Level 16, Boscato et al., 2009) was dated at 111.8 +
9.5 ka by thermo-luminescence technique. Subsequently, the basal
marine layer was suggested to correlate to one of the sea-level high-
stands during MIS 7 (Boscato et al., 2009). At Grotta di Scario, Ron-
chitelli et al. (1998, 2011) (Fig. 1) identified two sedimentary
successions, separated by an erosive surface. The lower one is charac-
terized by a basal marine conglomerate containing Cladocora caespitosa
and Spondylus sp. and, according to Ronchitelli et al. (2011), it corre-
sponds to an upper limit of the Lithophaga burrow at 13 m a.s.l. This
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marine-to-continental succession was tentatively correlated with MIS
6-7. A second marine transgression eroded this level, leaving a beach
deposit containing specimens of Thetystrombus latus (Strombus bubonius
in Ronchitelli et al., 2011) supporting that the deposition occurred
during the highstand phase of the LIG (Gambassini and Ronchitelli,
1998; Ronchitelli et al., 2011). The dated speleothems in the area of Baia
di Infreschi and Cala di Arconte indicate that the RSL during MIS 7 is
below ~2 m a.s.l. and this implies that the infillings of the Poggio and
Scario caves are potentially much older than those supposed so far.
Thus, the marine deposits/markers cannot be correlated with the MIS 7
highstand, but they should be correlated with an older interglacial
highstand. We suggest that these levels should correspond to MIS 9e.

In general, marine conglomerates are not considered precise in-
dicators of RSL (Kellett et al., 2014; Rovere et al., 2016). Therefore, the
Grotta del Poggio deposit, even if its elevation is close to the measured
upper level of Lithophaga burrows in different parts of the coast and
correlated by us with the MIS 9e highstand, should be approached with
caution. Whereas the upper limit of the Lithophaga burrows in the Grotta
di Scario is a more accurate indicator of the RSL, it is noteworthy that the
elevation of the upper limit of the Lithophaga at Scario is higher than
those measured in the areas of Marina di Camerota and Baia di Infreschi.
The difference in elevation could be reasonably attributed to an
increased tectonic component, probably influenced by the Calabrian arc
subduction system, as one moves southward from Camerota (e.g. Fer-
ranti et al., 2006; Facenna et al., 2013; Cerrone et al., 2021b).

6. Concluding remarks

Our investigations revealed the presence of two main sets of RSL
indicators in the Baia di Infreschi, at two different elevations: (i) an
upper set, which includes a notch and the upper limit of Lithophaga
boreholes, ranges between ~8.4 and 9.3 m a.s.l. (Figs. 8 and 9); and a (ii)
lower set, which in turn includes a series of RSL oscillations (Lithophaga
burrows, notches, erosive surfaces) clustering at the elevations of ~5.3
m, ~4.5-3.0 m, and 2.5-1.7 m a.s.l.

The upper set of sea-level indicators is covered by a drapery of spe-
leothems dated by U/Th between ~160 and ~280 ka (MIS 6 to late MIS
8), which constrains their attribution to the MIS 9e highstand. The
recognition of these morphological features at the same elevation for
~12 km along the Cilento coast suggests a relatively uniform tectonic
activity with no major relative displacements. This allows us to use the
upper set of RSL indicators as a marker of the MIS 9e, in order to assess
or re-assess the age of local sedimentary-archaeological successions and
paleo-morphologies, like those of the marine levels previously corre-
lated with MIS 7 highstands, which should now be related to MIS 9e.

The lower group of sea-level indicators, which are imprinted in
speleothems dated between ~180 and 230 ka (MIS 8-MIS 6) and are
covered with speleothems dated between ~120 and 60 ka, are instead
attributed to the LIG RSL highstand. The multiple indicators at eleva-
tions ranging between ~5.3 m, ~4.5-3.0 m and 2.5-1.7 m a.s.l. indicate
a complex dynamic of the LIG RLS, characterized by several oscillations
before its definitive fall below the present sea level at ~120 ka. This calls
for caution when attributing morphological and sedimentary indicators,
which are lower than the local indicators of the LIG highstand, to os-
cillations that possibly occurred during subsequent MIS 5 substages (e.
g., MIS 5c and MIS 5a).

As a matter of fact, according to the U/Th ages available, there are no
evident traces of RSL marine indicators above the present sea level after
~120 ka.

The data presented in this work and the recently published data from
the Grotta Romanelli in Puglia suggest that there is more than occasional
evidence of the MIS 9e highstand along the Italian coast. Such evidence
calls for a potential reconsideration of other study-sites where high-
elevation markers have been, without robust geochronological con-
straints, correlated to the LIG.
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