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ABSTRACT: Relative sea‐level (RSL) evolution during Marine Isotopic Stage (MIS) 5 in the Mediterranean basin is
still not fully understood despite a plethora of morphological, stratigraphic and geochronological studies carried
out on highstand deposits of this area. In this review we assembled a database of 323 U/Th‐dated samples
(e.g. corals, molluscs, speleothems) which were used to chronologically constrain RSL evolution within MIS 5.
The application of strict geochemical criteria to the U/Th samples indicates that only ~33% of data available for
the Mediterranean Sea can be considered ‘reliable’. Most of these data (~65%) refer to the MIS 5e highstand,
while only ~17% could be related to the MIS 5a. No attribution to MIS 5c can be unequivocally supported.
Nevertheless, the resulting framework does not allow us to define a satisfactory RSL trend during the MIS
5e highstand and subsequent MIS 5 substages. Overall, the proposed selection of reliable/unreliable data would
be useful for detecting areas where MIS 5 substage attributions are not supported by confident U/Th chronological
data and thus the related reconstructions need to be revised. In this regard, the resulting framework calls for
a reappraisal and re‐examination of the Mediterranean records with advanced geochronological methodologies.
© 2021 The Authors. Journal of Quaternary Science Published by John Wiley & Sons, Ltd.
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Introduction
The increasing concentration of greenhouse gases in the
atmosphere is leading the Earth's climate towards warmer
conditions with consequent sea‐level rise resulting from ice
melting and ocean expansion (Clark et al., 2016; Steffen
et al., 2018). This makes the study of past interglacial periods
particularly important to have a pre‐anthropogenic scenario of
a warmer climate (Tzedakis et al., 2009; Burke et al., 2018).
However, the definition of the conditions distinguishing an
interglacial period is not trivial and evades a tight definition.
For the last ~800 ka, according to a pragmatic notion recently
provided by the Past Interglacials Working Group of PAGES
(2016), an interglacial is a period characterized by the absence
of substantial Northern Hemisphere ice outside Greenland. If
we exclude the current interglacial, the Last Interglacial (LIG)
period is the best‐known interglacial for the amount of data
available (e.g. Dutton and Lambeck, 2012; Govin et al., 2015;
Tzedakis et al., 2018). On the basis of sea‐level variations,
constrained by U/Th dating of corals on different far field sites
(i.e. regions located far from the polar ice‐sheets) (e.g. Dutton
and Lambeck, 2012), the LIG covers approximately the time‐
interval between 129 and 116 ka (e.g. Stirling et al., 1998;
Muhs, 2002) with global mean sea‐level which peaked up to
5–10m above that of the present day (e.g. Kopp et al., 2009;
Dutton and Lambeck, 2012; Dutton et al., 2015). However,
the timing, duration and millennial‐scale oscillations of sea‐
level within the LIG remain controversial (Stirling et al., 1998;

Hearty et al., 2007; O'Leary et al., 2013; Rohling et al., 2019)
and represent a major focus of ongoing sea‐level research
(Rovere et al., 2020). An accurate chronological constraint of
the global spatiotemporal variability of sea‐level represents the
fundamental basis to improve our current knowledge on its
evolution in this key interglacial period.
Mediterranean coasts preserve many sedimentary and

geomorphological features commonly correlated to the LIG
highstand which are found at different elevations according to
variable tectonics and glacio‐ and hydro‐isostatic adjustment
(GIA, Ferranti et al., 2006; Stocchi et al., 2018). This LIG
highstand has been locally termed ‘Tyrrhenian’ (see the review
by Asioli et al., 2005 and references therein; Issel 1914).
Specifically, Issel (1914) defined the Tyrrhenian with reference
to geological sections of beach deposits outcropping in
southern Sardinia, and containing warm‐water molluscs. The
importance of these sedimentary occurrences in the Mediter-
ranean coastal area, and in particular in southern Italy, has also
suggested that they can be used to define a Global Boundary
Stratigraphic Section and Point (GSSP) for the formal Middle‐
to‐Upper Pleistocene boundary. In particular, a circumstan-
tiated proposal was performed in the Taranto area (Negri
et al. 2015) based on the extensive presence of Persististrom-
bus latus (formerly Strombus bubonius, e.g. Taviani 2014), a
gastropod of the ‘Senegalensis warm fauna’ typically identified
within the Tyrrhenian deposits (Issel 1914; Hillaire‐Marcel
et al. 1996; Asioli et al. 2005; see also Antonioli et al., 2018).
The Tyrrhenian has been historically separated into at least two
phases of relative sea‐level (RSL) highstands (Bonifay and
Mars,), the ‘Eutyrrhenian’ and the ‘Neotyrrhenian’. Recent
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advances in radioisotope dating methods and the definition of
the Marine Isotope Stage (MIS) scale for correlating on‐land
successions with deep‐sea marine isotopic curves (Shackle-
ton, 1969) yielded an age of ~125 ka for the ‘Eutyrrhenian’,
which strictly matches MIS 5e. The ‘Neotyrrhenian’ is thought
to be either ~100 or ~80 ka, matching either MIS 5a or MIS 5c
(e.g. Hillaire‐Marcel et al., 1996). The question is somewhat
controversial because in some cases MIS 5 attributions have
been made in the absence of direct dating of the littoral/marine
deposits or on the basis of dates whose quality and reliability
have not been verified (e.g. Federici and Mazzanti, 1995;
Ambert, 1999; Conchon, 1999; Dubar et al., 2008). The use of
misleading data has practical consequences for local‐ and
regional‐scale reconstructions, some of which are of funda-
mental importance, for instance for estimation of uplift rates
and consideration of local tectonic evolution (Mauz, 1999;
Nisi et al., 2003; Sarti et al., 2005). A good example is
presented by the island of Mallorca where Muhs et al. (2015),
through an accurate selection of coral dating, showed that the
Eutyrrhenian and Neotyrrhenian deposits have the same age
range (~128–116 ka) and represent only different lithofacies.
U/Th dating of phreatic overgrowths on speleothems (POS) on
Mallorca indicate that the LIG RSL highstand was at
2.15± 0.75m a.s.l during the period between 126.6± 0.4
and 116± 0.8 ka (Polyak et al., 2018). Moreover, Dorale et al.
(2010) showed a phase of POS deposition at ~1m above
present level at ~81 ka, during MIS 5a, indicating that two
relative highstands may exist in this island.
Therefore, despite the many studies on LIG coastal deposits

in the Mediterranean basin and improvement of the definition
of the indicative meaning of sea‐level markers (e.g. Antonioli
et al., 2015; Rovere et al., 2016; Lorscheid et al., 2017; Stocchi
et al., 2018), considerable uncertainty still exists on the
chronological attribution of many successions (e.g. Bini
et al., 2020) and consequently on the fluctuations of RSL
within the LIG as well as on the timing and duration of the
highstand (e.g. Dabrio et al., 2011; Muhs et al., 2015; Sivan
et al., 2016; Marra et al., 2019).
In this paper, we present and discuss a compilation of U/Th

samples used to date LIG deposits along the Mediterranean
coasts. Although different approaches have been employed to
date the LIG shorelines [e.g. amino acid racemization (AAR)

(Hearty et al., 1986a,1986b); optical stimulated luminescence
(OSL) (Mauz, 1999); uranium series dating on corals and
molluscs (Hillaire‐Marcel et al., 1986, 1996)], we focused our
review on U/Th dating, which is the most common method
applied not only locally but also globally for the LIG
(Muhs, 2002; Stirling et al., 1998 among others). In this
compilation we include different types of U/Th‐dated samples
(e.g. corals, molluscs, speleothems) to summarize as comple-
tely as possible the available data on MIS 5 sea‐level evolution
in the Mediterranean. However, owing to well‐known factors
that can affect the reliability of U/Th ages, especially for
molluscs (e.g. U‐mobility during the early diagenesis of marine
carbonates and detrital 232Th contamination), the main aim
of this paper is to assess the quality and reliability of these
data by applying a geochemical screening (e.g. Medina‐
Elizalde, 2013; Muhs et al., 2015; Hibbert et al., 2016) on the
entire dataset. We are aware that the reliability of U/Th dates
on marine molluscs remains of debate (e.g. Govin et al., 2015),
but we decided to include them as a further proof, to avoid the
possible reiteration of chronological attribution based on this
controversial material. Thus, the purpose of this paper is to
provide a reliable chronological context which will help to
better deal with the large amount of MIS 5 sea‐level data
within the Mediterranean basin. Moreover, the proposed
selection of data could be useful to detect areas where MIS 5
attributions are not still supported by confident chronological
data (at least for U/Th) and where future chronological
investigations (eventually supported by different methodologi-
cal approaches) should be addressed.

Methods
Study area and original source of data

The study area encompasses the entire Mediterranean basin
(Fig. 1), an area for which there are many studies on palaeo
sea‐level changes, thanks to the relatively small tidal‐range
and low wave‐energy that have allowed the preservation of a
wide range of RSL markers (Lambeck and Bard, 2000; Vacchi
et al., 2016). In this study, we only reviewed palaeo‐shorelines
dated with U/Th techniques and with an age spanning from
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Figure 1. Extent of the study area. Red dots show the position of palaeo‐RSL indicators collected in this study. The cartographic base is a world
imagery provided by the ArcGIS Map Server (https://www.arcgis.com/). The country boundaries are provided by the Esri Geospatial Cloud, ArcGIS
Hub (https://hub.arcgis.com/)). [Color figure can be viewed at wileyonlinelibrary.com]
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60 to 160 ka (Fig. 1). This interval, in a very broad sense, spans
from late MIS 6 to the end of MIS 5 and early MIS 4 (e.g.
Lisiecki and Raymo, 2005; Railsback et al., 2015).
The Mediterranean is a complex geological area with large

portions characterized by significant tectonic activity related to
different geodynamic regimes (Fig. 2) (e.g. Nocquet, 2012;
Faccenna et al., 2014). The eastern sector is characterized by
more intense tectonics as indicated by the strong historical
seismicity and crustal deformation recorded in this area
(Roberts et al., 2009; Serpelloni et al., 2013; Galli, 2020).
The western sector is generally characterized by less intense
tectonic activity, although the Tyrrhenian side of the Calabrian
Arc and the central‐southern Apennines have been affected by
strong historical seismicity (e.g. Billi et al., 2011; Faccenna
et al., 2014).
We clustered the data into 19 regions on the basis of their

geographical position and regional tectonic setting. These
areas are listed in Table 1 and shown in Fig. 2.

Database compilation

RSL markers and palaeo‐RSL

We compiled available literature data to collect original data
(e.g. Ratti, 2019). We then compared and integrated the
collected data with those reported in the World Atlas of Last
Interglacial Shorelines (WALIS, https://warmcoasts.eu/ – up-
dated 15 December 2020), a sea‐level database developed by
the ERC Starting Grant ‘WARMCOASTS’ (ERC‐StG‐802414) in
collaboration with the PALSEA (PAGES/INQUA) working
group. For most western Mediterranean shorelines, the type
of RSL marker and the value of palaeo‐RSL were updated with
data reported in WALIS. For data that were not included in that
database, we strictly followed the same classification and
calculation criteria. Therefore, for information about the
classification of RSL markers and the calculation of palaeo‐
RSL, the reader is referred to the documentation related to
WALIS.
The database presented here (see Supplementary files)

includes both RSL index‐points (e.g. data which constrain
sea level in time and space) and RSL limiting points (e.g. data
which constrain sea‐level above or below a given datum;
Shennan et al., 2015; Rovere et al., 2016).

Dating information and screening criteria

For each marker collected in our database we reported the
type of dated material (e.g. mollusc, coral, speleothem), its
relationship to the RSL index/limiting point (where it was
collected, its elevation, etc.) and the calculated age
(uncorrected age) with its related uncertainties (at 1σ or 2σ).
All U/Th geochemical data reported in the initial publications
were recorded in the database. These data include: 238U1,
232Th2 and 230Th concentrations, the value of δ234Umeasured

3,
activity ratio of 230Th/238U (or 230Th/234U) and, when
available, activity ratio of 230Th/232Th and the value of
δ234Uinitial (which indicates the value of δ234U at the time of
carbonate precipitation). Uncertainties in these data were
included where possible. We also recorded the analytical
techniques (alpha‐spectrometry, TIMS or MC‐ICPMS) used for
analysis, decay constants used and method of spike calibra-
tion. Where available we reported the calcite content and the
methodology used for this determination.
All values of δ234Uinitial were recalculated using the formula:

U U einitial measured
T234 234 234δ = (δ ) λ( )

where δ234Umeasured is the measured value, λ234 is the decay
constant of 234U (Cheng et al., 2013) and T is the age of the
samples in years.
It is well known that several factors can affect the reliability

of the calculated age to result in a misleading RSL chronology
(e.g. Dutton, 2015). For example, the samples used for dating
may have undergone diagenetic effects or may have been
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Figure 2. Simplified tectonic framework of the Mediterranean basin (faults are modified after Faccenna et al., 2014). Polygons indicate the location
of palaeo‐RSL indicators for this study grouped on the basis of geographical position and tectonic framework. The cartographic base is a world
imagery provided by the ArcGIS Map Server (https://www.arcgis.com/). [Color figure can be viewed at wileyonlinelibrary.com]

1It was assumed that uranium concentration reported as [U] refers to [238U].
When the concentration of 238U was reported in d.p.m. g−1, it was converted
p.p.m., multiplying it by 1.35. This multiplication factor is based on the
conversion factors of 1 d.p.m. = 60 Bq and 1 Bq kg−1= 81 p.p.b. 238U
(IAEA, 1989).
2It was assumed that thorium concentration reported as [Th] refers to [232Th].
When the concentration of 232Th was reported in d.p.m. g−1, it was converted to
p.p.b., multiplying it by 4100. This multiplication factor is based on the
conversion factors of 1 d.p.m. = 60 Bq and 1 Bq kg−1= 246 p.p.b. 232Th
(IAEA, 1989).
3When the 234U/238U activity ratio was reported, it was converted in the
standard delta notation according to the following equation: δ234Umeasured=
[(234U/238U) – 1] ×1000 (Chutcharavan et al., 2018).
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contaminated with detrital 232Th, resulting in erroneous ages
(e.g. Gallup et al., 1994; Stirling and Andersen, 2009). For
U/Th dating, as for any radiometric dating method, one of the
conditions to obtain reliable results is that the considered
sample has remained a ‘closed‐system’ with respect to U‐series
decay nuclides, which means that it has not exchanged
isotopes with the surrounding environment after deposition
(Broecker, 1963; Dutton, 2015). It is well known that molluscs
do not incorporate significant amounts of uranium from
seawater during growth and rarely remain a closed system
during their post‐emergence history, with the consequence
that most of the uranium found in these organisms has
accumulated during diagenetic processes (e.g. Kaufman
et al., 1971; McLaren and Rowe, 1996; Goy et al., 2006). By
contrast, living corals take up high uranium concentrations
during growth and are less affected by diagenetic processes
(e.g. Muhs et al., 2015). Therefore, whereas molluscs can only
be assigned to a specific interglacial, corals can provide more
precise time series for the LIG (Govin et al., 2015). Relative to
corals and molluscs, the dense calcite of speleothems seems to
be less susceptible to post‐depositional alteration and thus give
rise to more reliable and precise ages (Dumitru et al., 2020),
but nevertheless high uncertainties could be related to detrital
Th incorporation (Govin et al., 2015).
However, geochemical alteration of the samples and

violation of the principles of the method (e.g. absence of Th
at time of carbonate precipitation) can be identified by
different approaches, such as: alteration of aragonite to calcite
for aragonitic organisms; anomalous 232Th concentrations;
anomalous 238U concentrations for marine organisms
compared to modern analogous; and values of δ234Uinitial

significantly different from those of modern seawater
(Dutton and Lambeck, 2012; Medina‐Elizalde, 2013; Hibbert
et al., 2016). Therefore, four geochemical screening criteria,
which are described below and summarized in Table 2, were
applied to the stored data.

Calcite content
Aragonite is meta‐stable in surficial conditions and can convert
to calcite over time. During this conversion, U/Th geochem-
istry may be altered. Therefore, for aragonitic fossil specimens
it is good practice to determine the mineralogical composition
of the samples, which allows us to detect the amount of calcite
and thus the potential effect of diagenesis. In this study, we
chose to reject samples with measured calcite abundances
>3%, which is a common limit used in some original papers
(e.g. Hillaire‐Marcel et al., 1986; El Abdellaoui et al., 2016).
Samples were rejected also when the calcite content was not
determined. Mineralogical screening criteria were applied to
aragonite marine organisms such as corals, algae and some
species of molluscs.

Anomalous 238U concentration
If there has been no addition/loss of uranium since the time of
formation of the marine organisms, uranium concentration of the
fossil should be similar to the concentration found in modern
organisms of the same species. In modern corals, uranium
concentration is species‐dependent (Hibbert et al., 2016).
Cladocora caespitosa (L.) is the main colonial coral endemic
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Table 1. List of areas where data were clustered and original references

Area ID Site References

1 Gibraltar Strait (Spanish and
Moroccan coast)

(Zazo et al., 1999; El Kadiri et al., 2010; Abad et al., 2013; El Abdellaoui et al., 2016)

2 Southern Spain (from Málaga
to Almería)

(Hillaire‐Marcel et al., 1986; McLaren and Rowe, 1996; Zazo et al., 1999)

3 Central Spain (Alicante area) (Goy et al., 2006; Hearty, 1986.)
4 Island of Mallorca, Spain (Stearns and Thurber, 1965; Hearty, 1986; Hillaire‐Marcel et al., 1996;

McLaren and Rowe, 1996; Vesica et al., 2000; Zazo et al., 2003; Tuccimei et al., 2007;
Dorale et al., 2010; Muhs et al., 2015; Polyak et al., 2018)

5 Western coast of the Ligurian Sea (Stearns and Thurber, 1965; Dubar et al., 2008; Gilli, 2018)
6 Leghorn plain, Tuscany, Italy (Nisi et al., 2003; Zanchetta et al., 2019)
7 Northern coast of Sardinia, Italy (Tuccimei et al., 2007)
8 Southern coast of Sardinia, Italy (Hearty, 1986; D'Orefice et al., 2012; Carboni et al., 2014; Coltorti et al., 2015)
9 Ustica Island, north‐western Sicily,

Italy
(De Vita et al., 1998)

10 Salerno Bay, Campania, Italy (Brancaccio et al., 1978; Barra et al., 1991; Romano et al., 1994)
11 Cilento‐Calabrian coast, Italy (Hearty, 1986; Dai Pra et al., 1993; Iannace et al., 2001; Esposito et al., 2003; Bini et al., 2020)
12 Apulia coast, Italy (Dai Pra and Stearns, 1977; Hearty, 1986; Belluomini et al., 2002; Amorosi et al., 2014)
13 Croatian coast (Surić and Juračić, 2010)
14 Northern coast of Tunisia (McLaren and Rowe, 1996)
15 Southern coast of Tunisia (Jedoui et al., 2003)
16 Corinth and Perachora peninsula,

Greece
(Vita‐Finzi, 1993; Dia et al., 1997; Leeder et al., 2005, 2003; Andrews et al., 2007;

Roberts et al., 2009)
17 Strait of Çanakkale/Dardanelles,

Turkey
(Yaltirak et al., 2002)

18 Cyprus Island (Poole et al., 1990)
19 Syrian and Israeli coast (Dodonov et al., 2008; Sivan et al., 2016)

Table 2. Summary of geochemical screening criteria applied to
chronological data

Criteria Applied to
Threshold

(acceptable values)

1. Calcite content Aragonite marine
elements

<3%

2. 238U concentration Corals
Molluscs

1.9–4.3 p.p.m.
<1 p.p.m.

3. δ234Uinitial value Marine elements 145± 10‰
4. Detrital Th Carbonate samples 230Th/232Th activity

ratio >40
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to the Mediterranean basin used for dating (Montagna
et al., 2007). Modern specimens of this coral from the western
Mediterranean shown U contents of 2.5–3.3 p.p.m. (Goy
et al., 2006), while some specimens from the northern Adriatic
Sea shown a wider range between ~1.9 and ~4.3 p.p.m.
(Montagna et al., 2007). Therefore, to take into account the
variability for this coral in the Mediterranean Sea and consider-
ing that LIG corals could have U concentrations quite different
frommodern values (e.g. Raddatz et al., 2014; Chen et al., 2021),
we chose to reject coral samples with 238U concentrations
outside the range of 1.9–4.3 p.p.m. Unlike corals, molluscs do
not take up significant amounts of U from seawater during
growth. It is known that the uranium in these shells is also taken
up post mortem (Kaufman et al., 1971; Dutton, 2015). According
to Ivanovich et al. (1983), modern mollusc shells generally
contain <0.5 p.p.m. U, while fossil shells record an average of 1
p.p.m. regardless of age. Alİyev and Sari (2003) detected
uranium concentration of 0.034–0.65 p.p.m. for recent mollusc
shells of different species. Therefore, mollusc samples with 238U
concentrations >1 p.p.m. were rejected.

Initial uranium isotope composition (δ234Uinitial)
Corals are thought to precipitate their skeletons with no
fractionation between 234U and 238U (Delanghe et al., 2002).
Thus, the δ234Uinitial value of corals should be close to that of
seawater at the time of growth, if the corals have not been
geochemically altered. Seawater δ234U is thought to be
homogeneous and relatively invariant across timescales,
although some authors have suggested variations in the order
of ~10–15‰ during glacial–interglacial timescales (Hender-
son, 2002; Esat and Yokoyama, 2006; Durand et al., 2013)
with values lower than modern seawater during glacial periods
and values similar to the modern one for interglacial periods.
Therefore, for interglacial periods, corals with δ234Uinitial

values significantly different from those of modern seawater
should be rejected because they are probably altered. The
modern δ234U seawater value determined by Andersen et al.
(2010) is 146.8± 0.1‰, while Chutcharavan et al. (2018)
report a value of 145± 1.5‰. Moreover, the latter authors
suggest use of 145± 8‰ as screening values for corals younger
than 17 ka (and thus of the modern interglacial period). Since
the age of the collected data spans 60–160 ka, we chose to
reject data with values outside a slightly wider range of
145± 10‰. Even molluscs should reflect isotopic seawater
composition (Fortunato, 2016); the same range was thus
applied to molluscs and to the other dated marine organisms
(e.g. algae).

Detrital Th (232Th)
The U/Th method relies on the fact that thorium is almost
insoluble, and therefore initial 232Th and 230Th concentrations
in the carbonate archive should be negligible and any
ingrowth of 230Th is the result of the uranium decay chain
(Dutton, 2015). However, because thorium tends to be
adsorbed on the surface of sedimentary particles, it could be
added to the carbonate through detrital contamination.
Evaluating the presence of 232Th to assess potential 230Th
contamination relies on the fact that all Th isotopes have
identical chemical properties. Therefore, if 232Th is present,
even a certain amount of 230Th should be introduced in the
carbonate (Dutton et al., 2017). In previous studies,
230Th/232Th activity ratio values were used rather than 232Th
concentrations. Values greater than 40 have generally been
used to indicate that the influence of detrital thorium was
negligible (McLaren and Rowe, 1996). In some cases, 232Th
concentration was the only value reported in the original
papers. In this situation, we calculated the 230Th/232Th activity
ratio using the value of 230Th obtained from the ratio
230Th/238U or 230Th/234U and the U content (all calculations
were made with elements reported in Bq kg−1). Then, samples
with values lower than 40 were rejected. As a precaution, if
none of these parameters were available (230Th/232Th activity
ratio or 232Th concentration), samples were rejected.
Each criterion was applied to the entire selected dataset to

evaluate the data quality for each parameter. For each criterion
we considered as reliable all the values for which at least 50%
of the uncertainty range was within the threshold, which
means that the average value must be within the range. Finally,
all the data outside the threshold even for a single criterion
were excluded from the entire dataset.
Because methods for correction were proposed by the

original authors (see Discussion), for the sake of clarity, we
also reported in the database the corrected age, the type of
correction applied and whether the data were accepted by the
original authors.

Results
Data statistics and palaeo‐RSL

The database includes 323 samples which were used to date
168 markers including RSL index points and sea‐level limiting
points (multiple samples may have been used for dating a
single RSL marker). As shown in Fig. 3(A), data mainly derive
from Spain (41%), especially from the island of Mallorca (area
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A B

Figure 3. Geographical distribution and years of publication of the papers of the studies on Mediterranean LIG. (A) Number of RSL indicators per
area (see Fig. 1 for the meaning of the numbers); (B) number of papers per year. [Color figure can be viewed at wileyonlinelibrary.com]

1178 JOURNAL OF QUATERNARY SCIENCE

http://wileyonlinelibrary.com


4; Fig. 2), and Italy (21%). According to Fig. 3(B) most of the
U/Th age determinations were performed after 1985.
Most RSL indicators (35%) were derived from marine and

littoral deposits (Fig. 4A). POS (e.g. Tuccimei et al., 2007) and
erosional indicators also constitute a large percentage of the
collected data, 20 and 18%, respectively (Fig. 4A). Biological
markers, which include corals (Cladocora caespitosa) found in
growth position, the upper limit of Lithophaga boreholes and
other kind of shallow or intertidal marine fauna, constitute
only 5% of the dataset. About 22% of the data is represented
by marine and terrestrial limiting points. Most terrestrial
limiting points are constituted by vadose speleothems that
are generally in close relationship with other RSL markers,
such as speleothems covering Lithopaga boreholes. The age
distribution of the dated samples (Fig. 4B) indicates that 65% of
the data has an age ranging between 110 and 140 ka. As
shown in Fig. 4(C), the dated samples are mainly represented
by molluscs (38%), followed by speleothems (including
vadose speleothems and POS, 35%) and corals (25%). The
remaining 2% comprises calcareous algae and marine phreatic
aragonite cements. Different kinds of mollusc species have
been dated (Persististrombus latus, Glycymeris sp., Ostraea

sp., Arca sp., etc.), while Cladocora caespitosa prevails among
the corals. With regard to the analytical techniques used to
date the material, Fig. 4(D) indicates a uniform distribution
among alpha‐spectrometry, TIMS and MC‐ICPMS methods.
Figure 5 shows the elevation of the reconstructed RSL using

the U/Th‐dated markers included in our dataset. As shown,
most of the index points (~83%) have values between 0 and
20m above modern mean sea level (MSL), with 66% of the
data distributed between 0 and 10m and the remaining 17%
between 10 and 20m. For the index points the highest values
(up to 59.9 m) were detected in the most tectonically active
areas of the Mediterranean basin (areas 9–17) while negative
values (down to −16.5 m) derived from POS found below the
modern MSL in the Mallorca caves (area 4). The elevation of
marine and terrestrial limiting points is instead between −50
and 30m above modern MSL.

Geochemical screening test

Figure 6 reports the four geochemical screening criteria
applied to the chronological data. As summarized in Table 2,
criterion 1 (calcite content) was applied to aragonitic marine

© 2021 The Authors. Journal of Quaternary Science Published by John Wiley & Sons, Ltd. J. Quaternary Sci., Vol. 36(7) 1174–1189 (2021)
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Figure 4. Statistics and data distribution. (A) Number and percentage of RSL markers grouped per classes (MT: marine terrace; TN: tidal notch;
BD‐BR: beach deposit or beachrock; BF: beach face; BSD: beach swash deposit; LD: littoral deposit; Cr: corals; SIMF: shallow or intertidal marine
fauna; LB: upper limit of Lithophaga boreholes; POS: phreatic overgrowth on speleothems; MLP: marine limiting point; TLP: terrestrial limiting point).
(B) Age distribution of datapoints and percentage of the different ranges. (C) Type, number and percentage of material used to date the different RSL
indicators. (D) Percentage of analytical techniques adopted to date the material. In A, B and C index and limiting points are highlighted by different
colours. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 5. Palaeo‐RSL (m) of the markers included in the dataset. Index points are represented by dots while limiting points are represented by stars.
The different colour of the datapoints indicates the range of their elevation in agreement with the colour‐scale shown in the key. [Color figure can be
viewed at wileyonlinelibrary.com]
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Figure 6. Geochemical screening criteria applied to the chronological data summarized in Table 1: (A) calcite content; (B) 238U concentration;
(C) δ234U initial value; (D) detrital Th. The types of dated material (AG: algae; AC: aragonitic cement; CR: corals; SP: speleothems; ML: molluscs) are
reported on the x‐axis. The ‘X’ above a group of dated material indicates that it is excluded from screening analysis. Black dots represent screened
data for each criterion, while red circles represent rejected data (number of datapoints in parentheses). Non‐available data (n/a) are reported below
the zero line of the y‐axis (number of datapoints in parentheses). Grey stripes denote the range of acceptable values: (1) calcite contents <3%;
(2) 238U concentrations between 1.9 and 4.3 p.p.m. for corals and <1 p.p.m. for molluscs; (3) δ234U initial values included in the range 145± 10‰;
(4) 230Th/232Th activity ratio >40. [Color figure can be viewed at wileyonlinelibrary.com]
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specimens (algae, aragonitic cement, corals and some species
of molluscs) for 189 samples, criterion 2 (238U concentration)
was applied to corals and molluscs for 205 samples, criterion 3
(δ234Uinitial value) was applied to marine elements (algae,
aragonitic cement, corals and molluscs) for 211 samples, and
criterion 4 (detrital Th) was applied to carbonate samples and
thus to the entire dataset (323 samples). For calcite content
(Fig. 6A), 119 out of 189 samples (~63% of the screened data)
were rejected. Among the rejected data, the majority (107
samples) were rejected because calcite content was not
determined in the original papers (n/a in Fig. 6A). For 238U
concentration (Fig. 6B) 60 samples of corals and molluscs were
rejected (~29% of the screened data). The δ234Uinitial value
(Fig. 6C) was the most selective criterion. Only 10% of the 211
screened samples passed the threshold of 145± 10‰, while
the remaining 90% were rejected (190 samples). As shown in
Fig. 6(C), molluscs were the most variable with δ234Uinitial

values up to ~908‰. For detrital Th (Fig. 6D) about 21% of the
data were rejected (68 samples). Among these, only 11
samples were rejected because neither 230Th/232Th activity
ratio nor 232Th concentration was reported in the original
papers (n/a Fig. 6D).
By combining the four different criteria, about 67% of the

data were rejected from the dataset. The remaining 108
samples were referred to 55 sea‐level data (Fig. 7A). As shown
in Fig. 7(B), most of the remaining data consist of markers for
which the dated material was a speleothem. Therefore, POS
prevailed, constituting 58% of the remaining sea‐level data
(Fig. 7A). The samples which passed the screening test were
mainly acquired by MC‐ICPMS analytical techniques, fol-
lowed by TIMS and then by alpha‐spectrometry (Fig. 7C).
Figure 8 shows the RSL data that passed the screening test. As
reported, the ages span from ~65 to ~150 ka with data
concentrated in the intervals 110–130 ka (~63%) and 80–90
ka (~16%). The highest elevation of palaeo‐RSL (33± 5m
MSL) is still most likely to be related to post‐depositional
tectonic movements (area 16, Fig. 9), while negative values
derived from the POS of Mallorca (area 4, Fig. 9). About 11%
of the uncorrected ages rejected in this study were also
rejected by the original authors. Another 29% of the data

rejected in this study were accepted by the original authors
after correcting the age with an open‐system model or specific
initial 230Th/232Th activity ratio value (e.g. Thompson
et al., 2003; Hellstrom, 2006). The remaining 60% of the data
were instead accepted by the original authors.
The analyses performed by alpha‐spectrometry were further

removed from the final dataset, owing to the large
uncertainties associated with the measurements acquired with
this method, even if this does not necessarily mean they are
incorrect. Indeed, current analytical techniques are now two to
four orders of magnitude more efficient than the originally
used alpha‐spectrometric techniques (Li et al., 1989; Stirling
et al., 2001; Hellstrom, 2003). Figure 10 shows the final result,
consisting of 95 U/Th dates referred to 44 RSL indicators. In
this case, 73% of the data were constituted by POS, 23% by
terrestrial limiting points and the remaining 4% by other
markers. As shown in Fig. 10, the data were still concentrated
in the ranges 110–130 ka (~67%) and 80–90 ka (~15%), and
the highest value of palaeo‐RSL (33± 5m MSL) was still
related to a tectonically active area (area 16). If this area was
removed from RSL reconstruction, the highest value of palaeo‐
RSL would decrease to 4.3± 0.75m MSL for the period
110–130 ka and to 1.9± 0.75m MSL for the period 80–90 ka.
To test the soundness of the employed selection criteria, we

set progressively less stringent constraints for marine organisms
(screening test II) which were most affected by the previous
geochemical screening. Regarding the calcite content (criter-
ion 1), about 90% of the screened data were rejected in
screening test I because the calcite content was not determined
by the original authors (Fig. 6A). Considering the large
percentage, in screening test II we decided to reject only data
with calcite content >3% and thus certainly altered. Never-
theless, only two samples of molluscs from a marine terrace in
Spain (area 1) and a beach swash deposit in Israel (area 19)
were added to the final keep‐data group. Since the value of
δ234Uinitial (criterion 3) was the most selective criterion (Fig. 6),
we also decided to apply a wider range of 145± 15‰. Despite
the large range adopted, only eight data were added to the
data kept following the first more selective screening. These
data referred to different RSL indicators (shallow or intertidal
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Figure 7. Statistics and distribution of the datapoints that passed geochemical screening: (A) number and percentage of RSL markers grouped per
class (MT, marine terrace; TN, tidal notch; BD‐BR, beach deposit or beachrock; BF, beach face; BSD, beach swash deposit; LD, littoral deposit;
Cr, corals; SIMF, shallow or intertidal marine fauna; LB, upper limit of Lithophaga boreholes; POS, phreatic overgrowth on speleothems; MLP,
marine limiting point; TLP, terrestrial limiting point); (B) type, number and percentage of material used to date the different RSL indicators;
(C) percentage of analytical techniques adopted to date the material. In A and B index and limiting points are highlighted by different colours.
[Color figure can be viewed at wileyonlinelibrary.com]
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marine fauna, beach deposit or beachrock, littoral deposit and
marine terrace) dated using corals (Cladocora caespitosa) and
molluscs and located in Spain (areas 2, 3 and 4), Italy (area
10), Tunisia (area 15) and Greece (area 16). Since the less
stringent screening test did not lead to significant changes,
adding only 10 data, we can consider the criteria of screening I
adequate and not too strict for marine organisms. Moreover, as
the selected criteria of screening test I were already less
stringent than those applied in other studies that also operated
geochemical screenings on chronological data (Dutton and
Lambeck, 2012; Medina‐Elizalde, 2013; Hibbert et al., 2016),
we decided to set even more stringent constraints to the entire
dataset (screening test III). Following the references cited
above, we modified criteria 1, 3 and 4, selecting as reliable
data with calcite content <2%, a range for δ234Uinitial of
145± 5‰ and 230Th/232Th activity ratio > 100, the last
according to Richards and Dorale (2003). As expected, the
application of stricter criteria in screening test III resulted in
rejection of more samples compared with screening test I (21
additional data), for a total of ~73% of the entire dataset.

Discussion
A robust assessment of both the magnitude and temporal
extent of the LIG sea‐level highstand represents a key
information to better constrain future sea‐level scenarios in
the current context of global warming (Kopp et al., 2009). The
newly assembled database, which includes 323 U/Th samples,
provides a clearer picture of the reliability of LIG sea‐level data
in the Mediterranean area and shows how difficult it is to
establish a reliable chronological framework.
Geochemical screening applied to chronological data indi-

cates that caution should be used when the chronological
attribution of MIS 5 outcrops is based only on U/Th dating on
molluscs/corals for which a detailed screening has not been
performed. For instance, about 97% of mollusc samples did not
pass our screening to be considered reliable. This represents a
major concern as the dated material is dominated by molluscs,
which are more frequent than corals in the Quaternary marine
invertebrate fossil record of Mediterranean shorelines. However,
the less stringent screening test for marine organisms (screening
test II), which would only add 10 markers to the final dataset,
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Figure 8. Altitudinal distribution and related age of the RSL indicators after the geochemical screening test I. In this graph, symbols indicate the type
of dated material as reported in the legend while different colours indicate index datapoints (grey symbols), terrestrial limiting points (green symbols)
and marine limiting points (blue symbols). The horizontal and vertical lines represent age and altitudinal uncertainties, respectively, reported as 2σ.
[Color figure can be viewed at wileyonlinelibrary.com]

Figure 9. Localization and palaeo‐RSL (m) of the markers that passed the geochemical screening. Index points are represented by dots while limiting
points are represented by stars. The different colour of the datapoints indicates the range of their elevation in agreement with the colour‐scale shown
in the key. [Color figure can be viewed at wileyonlinelibrary.com]
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pointed out that selected criteria are adequate and not too strict
for these dated materials. By contrast, we should emphasize that
speleothems are excluded from three out of four screening
criteria and therefore the screening test is not so rigorous as for
marine organisms. For speleothems, in addition to detrital
Th contamination, detailed petrographic analysis (e.g. Bajo
et al., 2016) would also reveal evidence of potential diagenetic
alteration and should be used to check their quality and integrity.
Unfortunately, many studies did not perform this type of analysis
and, even if performed, it would not be easy to set a criterion
able to discriminate between petrographic characteristics and
that can be applied in a dataset as a whole. However, if properly
determined, it could represent a further test of quality.
Overall, the proposed selection of reliable/unreliable data

would be useful for detecting areas where MIS 5 substage
attributions are not supported by confident U/Th chronological
data and for reviewing current implications based on data that
did not pass our geochemical screening. As an example, in the
area of Nice (France, area 5) there are only a few studies on
LIG coastal shorelines based on U/Th dating (Stearns and
Thurber, 1965; Dubar et al., 2008; Gilli, 2018). Among them,
Stearns and Thurber (1965) reported ages spanning from 75 to
110 ka for littoral deposits at very different elevations (between
ca. 1.8 and 33.5 m a.s.l.). Dubar et al. (2008) also reported
ages of ~130± 8 ka for beach deposits founded at ~16 and
10m a.s.l. and proposed a reconstruction of the vertical
tectonic movements since the LIG on the basis of the current
elevation of these deposits. Unfortunately, the ages reported
in the above‐mentioned studies (mainly based on mollusc
samples) were unreliable after our geochemical screening and,
in addition, no other types of dating are available for this area.
This has obvious consequences for tectonic interpretations
reported in these studies and calls for an improvement of the
chronology of the outcrops in the Nice area and a review of
the current tectonic implications. More generally, none of the
deposits attributed to MIS 5e along the Mediterranean coast of
France (e.g. Ambert, 1999) and Corsica (e.g. Conchon, 1999)
is currently supported by robust chronological data. Another
example is provided by the Leghorn ‘polycyclic Marine
Terrace’ in Tuscany (Italy, area 6) correlated with MIS 5

(Federici and Mazzanti, 1995). The local succession is
characterized by two superimposed distinct marine/aeolian
units, traditionally attributed to MIS 5e and MIS 5a/5c. In
nearby sections, OSL (Mauz, 1999) and AAR (Hearty
et al., 1986b) dating partially support this view. However,
Nisi et al. (2003) attributed this complex stratigraphic
succession directly to MIS 5e in their reconstruction of the
tectonic evolution of the Tyrrhenian coast. Recent U/Th
measurements on Cladocora caespitosa carried out by
Zanchetta et al. (2019) yielded ages between ~116 and 160
ka for some units of the Leghorn terrace, but according to our
criteria these samples should be rejected. The chronology of
this succession remains largely unsolved, even if the attribu-
tion of the lower unit to MIS 5e is supported by the presence of
warm marine species. An additional example was recently
reported for the Riparo Infreschi in Campania (Italy, area 11).
Here, previous alpha‐dating on vadose speleothems indicated
that most of the local marine successions were related to MIS
5c (e.g. Esposito et al., 2003). A new set of MC‐ICPMS U/Th
dates showed that there is a phase of marine deposition older
than MIS 7 (possibly correlated with the highstand of MIS 9)
and a younger phase related to MIS 5e (Bini et al., 2020).
These examples indicate that in the Mediterranean many
stratigraphic reconstructions were based on unreliable chron-
ological constraints, which misled any reconstructions of the
tectonic or sea‐level history. Figure 11 summarizes for each
area selected in this study the percentage of unreliable/reliable
data obtained after geochemical screening test I.
However, despite only 33% of the total geochronological

data passing the screening test, most of which are speleothems,
e.g. POS and subaerial speleothems (terrestrial limiting point)
(Fig. 7), this does not mean that previous data are of no value.
Indeed, different types of correction can be applied to avoid
rejection of most dated samples. For instance, correction for
230Th/232Th detrital contamination is routinely done in many
laboratories for speleothems (e.g. Schwarcz, 1989). Never-
theless, because the 230Th/232Th ratio varies considerably in
the different Th source materials, it is not possible to correct
measured ratios by a single, universally applicable initial
230Th/232Th ratio. Therefore, corrections may differ signifi-
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Figure 10. Altitudinal distribution and related age of the RSL indicators that passed the geochemical screening test I without alpha‐spectrometry
analysis, plotted together with the RSL record (dark blue curve) and the associated uncertainty (pale blue curves) of Grant et al. (2014). Temporal
extent and boundaries of the MIS 5 substages are based on the LR04 benthic stack curve (Lisiecki and Raymo, 2005) according to Railsback et al.
(2015). In this graph, symbols indicate the type of dated material as reported in the key while different colours indicate index datapoints (grey
symbols) and terrestrial limiting points (green symbols). Horizontal and vertical lines represent age and altitudinal uncertainties, respectively,
reported as 2σ. [Color figure can be viewed at wileyonlinelibrary.com]
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cantly, according to the used approach (e.g. Hellstrom, 2006).
Our rejections are thus independent of initial 230Th/232Th ratio
corrections eventually applied in the original papers because
we must be aware that proposed correction ages did not
consider possible differences in the application of different
corrections. Considering the δ234Uinitial value (criterion 3), this
was the most selective criterion for molluscs and corals despite
the wide range considered (145± 10‰) compared to other
studies (Dutton and Lambeck, 2012; Medina‐Elizalde, 2013;
Hibbert et al., 2016). This indicates that molluscs and corals
rarely remained a closed system with respect to U‐series decay
nuclides during the post‐emergence history, as it is well known
for molluscs (e.g. Kaufman et al., 1971; McLaren and
Rowe, 1996). Therefore, some models for correct U‐series
ages with elevated δ234Uinitial values, and yielding an open‐
system age, were developed (Hille, 1979; Thompson
et al., 2003; Villemant and Feuillet, 2003; Scholz et al., 2004).
However, the scientific community is still divided regarding
how such models may be appropriately applied to U/Th data
(e.g. Stirling and Andersen, 2009). Moreover, all models
should generally only be applied to coral data and there are
some prerequisites for applying an open‐system model on
U/Th ages (e.g. Hibbert et al., 2016). This correction was
therefore not operated on the collected dataset as a whole.
Nevertheless, we reported in the database the corrected age
calculated by the original authors, which can be useful for
different purposes. Figure 12 shows the final dataset presented
in Fig. 10 along with data which did not pass our screening
test I but were corrected and accepted by the different authors

(67 samples referred to 35 RSL markers). We can note that the
dataset is not significantly improved in terms of accuracy and
precision of timing constraints.
Overall, our results (Figs. 8–10) indicate that the dataset

of U/Th dating for the MIS 5 RSL of the Mediterranean basin
is dramatically reduced to a third, or less, of the original one
if rigorous geochemical screenings are applied. Moreover,
we must keep in mind that due to the various diagenetic
effects listed discussed and the high age uncertainties,
corrected ages for molluscs could be used only for
assignment to a given interglacial (Govin et al., 2015). Corals
could provide broad age constraints (e.g. Goy et al., 2006),
while achieving a millennial or sub‐millennial resolution for
the dating of corals of LIG age requires more efforts (Govin
et al., 2015). For example, some authors have shown that
precise and reliable fossil coral ages could be obtained by
dating the dense theca wall material of corals, which seems
to be generally less affected by open‐system behaviour than
the bulk material commonly used for U/Th dating (e.g. Obert
et al., 2016), by dating multiple sub‐samples of the same
coral specimen (e.g. Scholz and Mangini, 2007), or by
combining U/Th and Pa/U dating (e.g. Gallup et al., 2002;
Obert et al., 2019). Furthermore, these techniques seem to
be more rigorous in determining and detecting reliable
ages for fossil corals than screening criteria, which in
some cases have not been able to reveal all altered samples
(e.g. Scholz and Mangini, 2007). This implies that the
reliable dataset for the Mediterranean basin could be even
smaller.
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Figure 11. Summary of the percentage of unreliable/
reliable data obtained after the geochemical screening
test I for each area selected in this study. For
information on samples, location and publications
please refer to the database spreadsheet provided as a
supplementary file. [Color figure can be viewed at
wileyonlinelibrary.com]

Figure 12. Altitudinal distribution and related age of the RSL indicators that passed geochemical screening along with data that did not pass the
screening but were corrected and accepted by the original authors. Temporal extent and boundaries of the MIS 5 substages are based on the LR04
benthic stack curve (Lisiecki and Raymo, 2005) according to Railsback et al. (2015). In this graph, symbols indicate the type of dated material as
reported in the key while different colours indicate index datapoints (grey for uncorrected reliable ages and light grey for corrected ages), terrestrial
limiting points (green for uncorrected reliable ages and light green for corrected ages) and marine limiting points (light blue for corrected ages).
Horizontal and vertical lines represent age and altitudinal uncertainties, respectively, reported as 2σ. [Color figure can be viewed at
wileyonlinelibrary.com]
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Most of the data that passed the screening test are located in the
western Mediterranean where POS, which are the main RSL
indicators (Fig. 7), occur quite frequently in the coastal karst caves
of the area. In particular, most of these data (Fig. 9) come from
Mallorca (area 4), which has been intensely investigated, both
temporally and spatially, probably because of its assumed tectonic
stability since the late Miocene and the richness of different types
of well‐preserved and datable RSL indicators (Lorscheid
et al., 2017). However, as briefly mentioned in the Introduction,
the study of different RSL indicators from the island of Mallorca has
led to contrasting results in terms of amplitude, timing and duration
of the LIG highstand. For example, some authors have suggested
the occurrence of two highstands, between 1.5 and 3.0m MSL,
that may have occurred from ~135 ka to 117–110‐ka (Hillaire‐
Marcel et al., 1996; Zazo et al., 2003; Tuccimei et al., 2007).
Other authors have indicated a relatively stable RSL at
2.15± 0.75m MSL, between ~126 and ~116 ka, with no rapid
fluctuations and/or relatively long‐stasis phases of sea‐level at
different elevations (Polyak et al., 2018). In addition, while the
dating of molluscs supported an attribution of RSL indicators to the
MIS 5a/5c highstands (‘Neotyrrhenian deposits’; e.g. Hillaire‐
Marcel et al., 1996), coral dating made it possible to reinterpret the
same deposits as different lithofacies of the same beach
depositional unit belonging to MIS 5e (‘Eutyrrehenian’; Muhs
et al., 2015). The selected chronological dataset obtained in this
study (Fig. 10), which supposedly consists of reliable ages,
highlights the presence of two highstands. The major one, which
includes 70 datings (representing 65% of the final dataset)
and spans the interval 130–108 ka with a weighted mean of
120± 14 ka, clearly matches MIS 5e. However, the lower
boundary of this large cluster of dating overlaps the onset of the
second MIS 5 peak of the RSL rising curve of the Red Sea, dated in
this record at ~108 ka, which is probably correlated to the MIS 5c
substage (Fig. 10). Therefore, considering the relatively large
uncertainty associated with screened U/Th dating at ~108 ka,
these could be either correlated to the end of MIS 5e or to the
beginning of MIS 5c. However, our results show that no U/Th
dating unambiguously falls within MIS 5c (107–95 ka) and that the
dating encompassing the entire interval 130–108 ka shows no
evident clustering in two distinct populations, possibly ascribable
to MIS 5e and to the onset of MIS 5c (Fig. 10). In contrast, a second
cluster of dating, including 18 datings (representing 17% of the
final dataset) and spanning the interval 85–70 ka with a weighted
mean of 80± 4 ka, is instead clearly correlated to the MIS 5a
substage. However, Fig. 12 shows that a number of speleothems
(despite being located in active tectonic context) corrected for
detrital contamination indicate that RSL during MIS 5a/5c was
significantly lower than RSL during MIS 5e, challenging the
highstand identified in Mallorca during MIS 5a.
Finally, although several lines of regional geological, geomor-

phological and global proxy evidence suggest the presence of
possible RSL oscillations during the LIG (e.g. Dabrio et al., 2011;
Sivan et al., 2016; Rohling et al., 2019), and considering the
above‐discussed data from Mallorca, the chronological dataset
available for the Mediterranean gives no particular insight into
either the chronology of the RSL oscillations within the LIG or its
duration. This means that the current Mediterranean chronological
dataset cannot be used for constraining the chronology of the LIG
highstand on a regional scale, leaving open the questions and
debate on the timing and dynamics of the LIG RSL oscillations. We
note that in several sites other dating methods have been used to
support chronological and stratigraphic attributions (e.g. Hearty
et al., 1986b; Mauz, 1999; Andreucci et al., 2009). Of course, a
multiproxy approach can ensure cross‐control of age quality, even
if this approach is not always able to improve the general accuracy
and precision for defining the most cogent concerns for a detailed
reconstruction and evolution of RSL during MIS5.

Concluding remarks
The application of different screening criteria on U/Th dating
performed on Tyrrhenian LIG deposits of the Mediterranean
coastline indicates that a significant number of past recon-
structions were probably biased by chronological issues. This
calls for a rethinking of some general paradigms, often
uncritically accepted, such as the diffused presence of deposits
related to MIS 5a/5c. Here we have shown that the majority
(65%) of deposits that passed the geochemical screening test
are likely to be related to MIS 5e, while only 17% of the
chronological data for the MIS 5 highstand support a
correlation to the MIS 5a substage. In contrast, our strict
geochemical selection provides very poor chronological
evidence of a relative highstand during the early part of the
MIS 5c substage, which could be equally ascribed to MIS 5e
because of the relatively large uncertainty of related U/Th
dating. With the exception of the data from Mallorca, which
do not support an unambiguous history, the data available do
not allow a detailed definition of RSL evolution during the MIS
5e highstand in terms of duration and timing of the millennial‐
scale oscillations, representing an important challenge in the
present scientific debate, also in consideration of future sea‐
level change.
From a methodological point of view, in light of future

perspectives, the dataset proposed shows that the chron-
ological framework available for the LIG RSL in the
Mediterranean basin is far from satisfactory, despite the
apparent large amount of data available. This dataset
shows that if uncritically used, so many data can lead to a
further increase in literature pollution, with a reiteration of
unreliable data and interpretations. While great progress
has been recently made in the standardization of defini-
tions and measurements of RSL, the issue of dating remains,
to a great extent, the greatest challenge. In this perspective,
considering the conspicuous wealth of coastal MIS 5
records in the Mediterranean basin, which often provides
rather well‐preserved RSL markers, and the notable
progress recently made in dating techniques, more efforts
are needed to improve and obtain a reliable chronological
framework for the LIG highstand. Re‐examination of
available samples that did not pass the geochemical
screening with advanced techniques and decay constants
might improve the quality of ancient data. Moreover, it may
be good practice to report U‐series data following the
recommendations provided by Dutton et al. (2017) which
specify the minimum set of required data to perform most
calculations (and re‐calculations) and facilitate later data
comparisons. The acquisition of new U/Th measures
following the advice reported, for example, in Obert
et al. (2016) and Scholz and Mangini (2007) for corals
(e.g. dating of multiple replicates and of the dense theca
wall) and in Richards and Dorale (2003) for speleothems
can lead to further improvements. In addition, the
combined use of different dating methods, such as U/Th
and Pa/U, applied on different sea‐level markers (including
terrestrial limiting points) would offer in the future
fundamental insights into the LIG RSL history in the
Mediterranean basin.
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