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Abstract

Five cores from the southern Tyrrhenian and Ionian seas have been studied for their tephra and
cryptotephra content in the 4.4 - 2.0 ka time interval. The chronological framework for each core is
obtained by Accelerator Mass Spectrometry *C dating, the occurrence of distinct marker tephra, and
the stratigraphic correlation with adjacent records. Tephrochronology allows the correlation of the
analyzed deposits with tephra markers associated with Somma-Vesuvius (79 AD), Ischia Island
(Cretaio), Mt. Etna (FG, FL and FS) and Campi Flegrei (Astroni-Agnano Monte Spina) events. For
the first time in the marine setting, a large single glass data set is provided for the Late-Holocene
Etnean marker beds including the FS tephra (ca. 4.3 ka). Moreover, unknown deposits from Lipari
(ca. 2.2-2.0 ka) and Vulcano (3.6-3.3 ka) have also been recognized at more distal sites than
previously reported. These results contribute to improve the high-resolution tephrostratigraphic
framework of the central Mediterranean Sea. They also provide new insights into the chemical
composition and dispersal pattern of tephra that can be used as inter-archive tools for regional and

“local” stratigraphic correlations and for addressing paleoclimate research.
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1. Introduction



The need for high-resolution, robust chronostratigraphic records, mainly for palaeoclimate
research, has resulted in a significant development of tephra and cryptotephra studies during the last
decade (e.g. Abbott et al., 2018). This is particularly true for the central Mediterranean, a key area
for tephrochronology due to the occurrence of active volcanoes during the Quaternary and the
availability of long and continuous marine and continental archives (e.g. Keller et al., 1978; Paterne
et al., 1988; 2008; Calanchi et al., 1998; Siani et al., 2004; Wulf et al., 2004; Sulpizio et al., 2010;
Insinga et al., 2014; Matthews et al., 2015; Giaccio et al., 2017). To date, in the marine setting , tephra
and cryptotephra have been analyzed in ca. 129 sediment cores (198 in the whole Mediterranean)
(Alberico et al., 2017). As a result, more refined tephrostratigraphic frameworks for the Late
Quaternary are now available from shelf to basin. They include mostly major tephra markers related
to high-energy volcanic events (e.g. Wulf et al., 2008; Zanchetta et al., 2011; Bronk Ramsey et al.,
2015; Tomlinson et al., 2015) and, to a lesser extent, deposits from moderately explosive eruptions
(Sacchi et al., 2009; Lirer et al., 2013; Crocitti et al., 2018; Di Donato et al., 2019). These studies
heavily rely on recent advancements in the methods and technology of sampling systems, that allow
for the recovery of undisturbed sediment cores with the possibility of retrieving tephra and
cryptotephra deposited in the last centuries even in the few centimeters of the sub-sea floor (e.g.
Margaritelli et al., 2016; Jalali et al., 2018). Improved results in terms of tephra correlation also
derived from high precision characterization of glass composition at proximal sites. A large database
compiled in the last years for Somma-Vesuvius and Campi Flegrei volcanoes (Santacroce et al., 2008;
Smith et al., 2011; Tomlinson et al., 2012), for example, provided a significant contribution for the
recognition of distal tephra and associated source vents. Conversely, for other eruptive centers, such
as the Aeolian Islands and Mt. Etna, chemistry from single glass shards is available only for major
markers (Albert et al., 2012, 2013, 2017). As a result, a number of distal deposits, found both in the
Tyrrhenian and Ionian seas and related to moderately explosive eruptions, are still uncorrelated (e.g.
Paterne et al., 1988; Di Donato et al., 2018).

In this study we present a tephrostratigraphic framework for the 4.4 - 2.0 ka time interval of the central
Mediterranean underpinned by the analysis of five marine cores. Our results are integrated with the
Weather and Water Database (WDB)-Paleo which records paleoproxies metadata from the extensive
marine core network (Alberico et al., 2017). The main outcomes of this work include the detection
of tephra with “local” correlation potential and the definition of robust isochrons for high-resolution

stratigraphy.

2. Data set and analytical methods

2.1 Gravity cores



The tephra and cryptotephra analyzed in this work were sampled from cores located in the
southern Tyrrhenian and Ionian Seas (Fig.1). They were collected between 1994 and 2012 in the
frame of several research projects on board of the Research Vessel (R/V) Urania of the Italian
Research Council (cores C14, C1, AP1.1, UM42BC) and the RV Pelagia (core CP10BC). Details are
reported in Table 1.

Southern Tyrrhenian Sea

Gravity core C14 was recovered during the GMS98-01 cruise dedicated to the geological mapping of
continental and marine areas (CARG project, 1997-2004). A 5.22 m long succession was retrieved
from the western sector of Naples Bay at a depth of 186.5 m below sea level (bsl) and it is composed
of silt deposits with volcaniclastic turbidites and interbedded primary tephra layers. The stratigraphic

record sampled at C14 site spans the last ca. 9 ka (Petrosino et al., 2018).

Gravity core MSK-12 C1 (hereafter C1) was acquired during the MARISK 12 cruise along the
eastern Tyrrhenian margin. The 4.50 m long record is located offshore Capo Vaticano at a depth of
604 m bsf and it is mostly composed of silt and interbedded primary tephra deposited during the last
17 ka (unpublished data).

lonian Sea

Gravity core API1.1 (hereafter AP1) was sampled in the northern lonian during Sin-Sap 98 cruise.
The 3.20 m long succession is located at 811 m bsl and characterized by silt deposits which include

sapropel S1, S3 and S5 (D’ Antonio et al., 2016).

Box core UM42BC (hereafter UM42) was recovered in the western Ionian at a depth of 1375 m bsl
during the oceanographic cruise Urania 18. It is 35.5 cm long and represented by hemipelagites with

interbedded sapropel S1 (Freydier et al., 2001).

Box core CP10BC (hereafter CP10) was collected during the CORTADO-2011 cruise at the Lybian-
Tunisian slope. It is 35.5 cm long and characterized by marly ooze with the sapropel S1 as a distinct

unit (Wu et al., 2016, 2017).

2.2 Sampling and selection of the materials
Two visible tephra and four cryptotephra were sampled and analysed in this work (Tab.1).
Where applicable (e.g. relatively thick deposits) or required for specific purposes (e.g. ultra high-

resolution stratigraphic studies), a number of subsamples were taken from the same deposit. All



samples were labelled according to the identifying core code/name and the depth (cm) below the sea
floor (bsf hereafter).

Sediment samples were disaggregated in distilled water and wet sieved at 63, 90, 125 and 250 um in
order to remove the fine-grained fraction. The sieved material was cleaned with an ultrasonic probe
and dried at 60°C. A magnetic separator was used for scoria-rich samples. Subsequently, lithology
was described using an optical microscope and fresh glass fragments were picked from selected
samples for major-element characterization. As a criterion for the identification of cryptotephra, we
selected the deposits where the juvenile fraction (mainly glass fragments) exceeded the 50% of the
bulk sediment.

The visible tephra occur in cores C14 (89 - 74 cm bsf) and UM42 (7.4 - 6.7 cm bsf). The selected
sample in core C14 (C14/89) includes the 89-87 cm bsf interval characterized by prevailing volcanic
materials (Tab.1). Sample UM42/7 picked the 6.7-7.1 cm bsf interval where scoria fragments
represent the 90% of the deposit (Tab.1 and Suppl. Fig.1).

In core CP10, the analyzed cryptotephra was recognized initially through the elemental composition
of bulk sediments (Wu et al., 2016, 2017). It is dispersed between 7 cm and 6.5 cm bsf (sample
CP10/7) (Suppl. Fig.1).

In cores AP1 and CI, cryptotephra were identified by the inspection of washed sediments (>63 pm
fraction) used for foraminifera analysis. The deposit investigated in core AP1 occurs between 13 cm
and 12 cm bsf (sample AP1/13) whereas in core C1, two cryptotephra are dispersed between 56-52
cm bsf (sample C1/56) and along the 90-80 cm bsf interval. The latter was subsampled at 1-2 cm-
step to observe possible changes in lithology and amount of the juvenile fraction. Four subsamples

(C1/82, C1/85, C1/87 and C1/90) were selected for chemical characterization.

2.3 Major-element analysis

Juvenile fragments (pumice, scoria and glass shards) of samples selected from each deposit were
mounted on epoxy resin and suitably polished for microprobe analyses performed on a SEM JEOL
JSM 5310 (15 kV, ZAF Correction Routine) equipped with EDS at DiSTAR (University of Naples
Federico II). Operating conditions were 15 kV primary beam voltage, 50—100 mA filament current,
50 s acquisition time with variable spot size. Correction for matrix effect was performed using INCA
version 4.08 software that used the XPP correction routine, based on a Phi-Ro-Zeta approach. Primary
calibration was performed using international mineral and glass standards. Details on the standards
used are given in Morabito et al. (2014). Precision and accuracy were assessed using the rhyolitic
Lipari obsidian ID3506 and basaltic Laki 1783 AD tephra (Kuehn et al., 2011) as secondary standards
and the respective analytical values are reported in Supplementary Table 1 along with the analyses of
individual glass fragments extracted from the studied deposits. Total oxide sums >93% were deemed

acceptable considering that magmatic dissolved volatile components may reach >5% in evolved
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trachytes and rhyolites (eg. Pearce et al., 1999). The correlation of the analyzed tephra with proximal
deposits or equivalents from different sites was based on the comparison of the new data with
published SEM-EDS and WDS data where available. Criteria followed to infer primary origin of the
studied deposits are described in Insinga et al. (2014).

2.3 %C AMS dating

Radiocarbon dating was performed on planktonic foraminifera collected from five samples in
stratigraphic association with the analyzed tephra. Measurements were performed at the Poznan
Radiocarbon Laboratory, at the J.G. van de Graaff laboratory (Utrecht University) and at INFN-Labec
of Florence following procedures described in Goslar et al. (2004), van der Borg et al. (1997) and
Lubritto et al. (2018), respectively. All the *C dates were converted into calendar ages using the
Marinel3 calibration curve (Reimer et al., 2013) implemented in the program OxCal 4.3 (Bronk
Ramsey, 2009) with no regional reservoir correction (i.e. AR=0), which is valid for the modern

Mediterranean (Siani et al., 2000).

2.4 The WDB-Paleo database

The WDB-Paleo database includes data on about 6000 cores recovered from the
Mediterranean Sea (Alberico et al., 2017). It hosts metadata concerning paleoclimatic proxies,
stratigraphic and chronological data (planktonic and benthic foraminifera, pollen, calcareous
nanoplankton, magnetic susceptibility, oxygen stable isotope, AMS '*C dating and tephra layers)
published in ca. 200 scientific publications with associated reference information (authors, journal,
books, years, title). Quantitative proxy data from all cores acquired in the frame of a number of Italian
research projects were also integrated along with metadata on tephra from continental archives of
central-southern Italy used in this work. A new entity hosting geochemical data has been implemented

with data obtained here as shown in the logical model reported in Figure 2.
3. Results
3.1 Composition and sources of tephra

Lithological features of tephra (C14/89, UM42/7) and cryptotephra (C1/56, C1/80-90,
AP1/13, CP10/7) are reported in Table 1. According to the TAS (total alkali-silica; Le Maitre, 2005)
diagram and serial affinity (sodic to ultrapotassic), the analyzed samples are classified as basaltic
trachyandesite, trachyphonolite and rhyolite, and from tephriphonolite to phonolite (Fig. 3a-b-c and
Table 2). Tephra with Na-alkaline affinity occur in all cores except C14 (Fig.3¢c). Two geochemical

populations characterize tephra C14/89 (phonolite + trachyphonolite), cryptotephra C1/85
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(tephriphonolite-latite + mugearite), CP10/7 (rhyolite + mugearite) and AP1/13 (trachyphonolite +
benmoreite) (Fig. 3). The overall chemical features of the analysed samples match well those of the
Italian volcanic products and, in detail, with Mt. Etna, Aeolian Arc s.l., Somma-Vesuvius, Ischia
Island and Campi Flegrei deposits (Fig. 3a and b, Tab.1). These correlations are consistent with the

location of the core sites, downwind and in the proximity of source vents.
3.1.1 Mt. Etna related tephra

Deposits with Na-alkaline affinity (Fig.3c) can be classified as mugearites, benmoreites and
trachytes in the TAS diagram (Fig. 3a-b). These compositions are typical of the intermediate-evolved
products erupted by Mt. Etna volcano during the late Pleistocene-Holocene (Peccerillo, 2005) (Fig.
3a-b and Tab. 2). The analyzed tephra are mostly made of fine ash, which displays a crystalline
groundmass of the juvenile materials with rare interstitial glass. Microlites are represented by

clinopyroxene, plagioclase and opaques (Fig. 4a-b).

In core C1, the Etnean cryptotephra is dispersed in a relatively thick interval (ca. 10 cm) and it is
characterized by a variable ratio between the content of juvenile fragments over the lithic and
bioclastic fraction (Suppl. Fig. 1). No evidence of reworking has been observed. The content of the
juvenile fraction in the selected samples ranges from 70% to 90% (C1/87 and C1/85) with respect to
the biotic component in all the sieved fractions. Grayish pumice fragments occur with the ubiquitous
dark scoria in sample C1/85. Glasses extracted from samples C1/90, C1/87 and C1/82, have a
benmoreitic composition with some points falling also in the trachytic and tephriphonolitic field. In
contrast, an almost homogenous mugearitic glass (a), along with minor tephriphonolitic glass (b)

characterize sample C1/85 (Fig. 4b).

Tephra AP1/13 has a benmoreitic-mugearitic composition (a) and is associated with a minor

trachyphonolitic glass (b).

Tephra UM42/7 is the only visible layer among the Etnean products. The deposit is well
preserved and includes fresh juvenile fraction exceeding 85% over the whole lithic and biotic content.
The juvenile materials are represented by aphyric and microlite bearing glass shards (Fig. 4c) and a
minor component of porphyritic scoriae (Tab.1). A larger compositional variability characterizes this
deposit, which has a mugearitic, benmoreitic and a trachytic composition. Trachytic points with SiO2

concentration up to ca. 60 wt% are observed in aphyric glasses.

Tephra CP10/7 is characterized by a mugearitic population (a) with two glass fragments falling in the
tephriphonolite field.

3.1.2 Aeolian Arc related tephra



Glass shards of cryptotephra CP10/7 appear light in color and characterized by a platy morphology
at the optical observation. They have a rhyolitic composition (b) with a high-K calc-alkaline (HKCA)
affinity typical of Lipari deposits erupted during the Late Pleistocene-Holocene (Fig. 3d and Tab.2).
Cryptotephra C1/85b is a tephriphonolite with shoshonitic (SHO) affinity (Fig. 3d and Tab.2). Glasses
are dark yellow and display a blocky morphology. Major element composition is quite homogenous:
Si02 values range from 56.3 wt% to 57.6 wt%, FeOtot from 5.8 wt% to 6.3 wt%, CaO from 3.4 wt%
to 4.23 wt% and TiO2 from 0.46 to 0.87 wt%. Volcanic products with such chemical composition

have been erupted both by Stromboli and Vulcano during the Holocene (Fig. 3b).
3.1.3 Somma-Vesuvius, Ischia and Campi Flegrei related tephra

Tephra C14/89 is 15 cm-thick and formed by a medium-grained ash laying on a sharp erosive basal
contact. Towards the top of the deposit, laminated structures containing biotite and lithics can be
observed and the amount of the glass fraction over the lithic, crystal and bioclastic portion
significantly decreases. Chemically, a phonolitic composition (a) coexists with a trachyphonolitic one
(b) (Fig. 3a); both are very homogeneous in terms of major oxide concentration (Tab. 2). The
phonolitic shards are characterized by SiO2 average values of ca. 54.7 wt%, Al2O3 of ca. 20.5 wt%,
Na20 of ca. 4.7 wt%, K20 of 9.7 wt% and FeOrot of ca. 4.01 wt%. The trachyphonolitic glass shards
display average SiO:2 values of ca. 62 wt%, CaO of ca. 1.5 wt% and Na20/K20=0.85. According to
these chemical features, the phonolitic and trachyphonolitic populations of tephra C14/89 can be
related to the highly and mildly silica-undersaturated potassic series of rocks (Fig. 3a-b) erupted by
Somma-Vesuvius and Ischia volcanoes, respectively, during the Holocene (eg. Conticelli et al.,

2010).

Cryptotephra C1/56 is a fine ash made of mostly light grey micropumice. Leucite-bearing scoria and
lithic fragments, obsidian, blocky glass shards and loose crystals also occur (Tab.1). Glass fragments
have a phonolitic composition (Fig. 3a and Tab. 2) with SiO2 values ranging from 54.8 wt% to 56.2
wt%, Al203 from 20 wt% to 22.74 wt%, Na2O from 5 wt% to 7.37 wt% and CaO from 2.6 wt% to
5.6 wt%. Lithological features (e.g. occurrence of leucite) and composition suggest a correlation of

C1/56 with Somma-Vesuvius deposits.

The minor trachyphonolitic component (b) occurring in cryptotephra AP1/13 is characterized by
average SiO2 value of 61.5 wt%, Al203 of ca. 18.46 wt% and K2O/Na2O= 1.77. These analyzed points

display mildly silica-undersaturated potassic composition typical of Campi Flegrei products.
3.2 Age of tephra

AMS 'C dates from cores C1, AP1, UM42 and CP10 are reported in Table 3. They are consistent
with the stratigraphic position of the picked samples. Cryptotephra occurring in core C1 from 80 to



90 cm bsf is chronologically constrained by an age of 3625 + 96 cal a BP obtained from a 2 cm-thick
sample immediately below the deposit. Tephra UM42/7 occurs ~1 cm below sample DD01317
located at 5.65 (average) cm bsf and dated at 1797 + 56 cal a BP. Since cosmogenic nuclides
measurements indicate negligible loss of material from the core top (unpublished data), the mean
sedimentation rate (SR) for the stratigraphic interval can be estimated in ca. 3 cm/ka. Extrapolating
this SR down in the section for the very first few centimeters, we infer an age of ~2.2 cal ka for tephra
UMA42/7. The OxCal U_Sequence function (*“ , 10) (Bronk Ramsey, 2008) was used to get a linear
interpolated age for cryptotephra AP1/13 and CP10/7 constrained above and below by two
radiocarbon ages (Tab. 3). This procedure yielded an age of 4237 + 44 cal a BP for AP1/13 and of
2187 + 37 cal a BP for UM42/7. The estimated SRs for the stratigraphic intervals containing the two
cryptotephra are of ca. 3 cm/ka and 2.5 cm/ka, respectively.

4. Discussion

4.1 Proximal counterparts and marine equivalents

The tephrostratigraphic results and AMS 'C ages are discussed for the studied deposits grouped
according to their source vent. Most of tephra and cryptotephra are correlated with age dated volcanic
events on land and/or with marine correlative layers in the central Mediterranean. Cross-correlations
reveal the occurrence of two main marker tephra whereas other deposits have been recognized for the

first time in the marine setting (Fig. 5).
4.1.2 Somma-Vesuvius, Ischia and Campi Flegrei

The phonolitic composition of C14/89a and C1/56 indicates the Somma-Vesuvius as the source
volcano and the Pompeii 79 AD (Sigurdsson et al., 1985) as the source eruption (Figs. 3 and 6a). This
event is widely recognized in areas adjacent to C14 core site in the Pozzuoli Bay (Sacchi et al., 2014)
and to CI1 core site offshore Capo Vaticano (Cosentino et al., 2017) (Fig.1). Lithology of tephra
C14/89 in core Cl4 is distinctive of Pompeii deposits in the Naples and Pozzuoli bays.
Sedimentological features include a significant thickness, an erosive bottom surface and parallel
laminations, which suggest possible syneruptive reworking (Sacchi et al., 2005; Insinga et al., 2008).
The correlation of cryptotephra C1/56 with Pompeii products is supported by its stratigraphic position
in the C1 record above tephra unit C1/90-82 (ca. 3.6 cal ka BP; Tab.1). According to the FeOtot vs
CaO diagram (Fig. 6a), a continuous compositional variation trend from 79 AD grey to white pumice
is observed in C1/56 whereas other distal equivalents display a single and/or twofold clusters. This
includes C14/89a glass shards which display the grey pumice composition, and cryptotephra
ND14 Q/79 from the southern Adriatic that is characterized by the white pumice chemistry (Fig. 1
and 6a).



The Ischia glass population of tephra C14/89b, matches well with Cretaio deposits (Orsi et al., 1992)
(Fig. 3a), widely dispersed offshore the island (De Alteriis et al., 2010). A number of radiocarbon
datings from terrestrial and marine setting locate this event between 85 BC and 423 AD (Suppl.
Tab.2). However, this large interval can be reasonably limited to the I century AD according to
stratigraphic evidences from the marine settings i.e. the amalgamation of Cretaio and Pompeii
deposits observed in the Pozzuoli Bay (Sacchi et al., 2014) and in the southern Tyrrhenian (CET1
core site; Morabito et al., 2014) (Fig. 3a and 5).

The Campi Flegrei cryptotephra AP1/13b (4237 + 44 cal a BP), can be correlated with the intense
activity that occurred during the Late Holocene and produced mostly trachyphonolitic products. Their
homogenous composition in terms of major elements makes a discrimination very difficult (Smith et
al., 2011). This is particularly true for the Agnano Mt. Spina and Astroni eruptions (AAMS group)
reported between ca 4.4 and 4.6 cal ka BP and between ca 4.1 and 4.3 cal ka BP at proximal sites,
respectively. (Smith et al., 2011). In the marine setting, robust ages of 4166+114 cal a BP for Astroni
tephra and 4422 + 58 cal a BP for Agnano Mt.Spina tephra are provided by radiocarbon dating and
age-depth modelling (Siani et al., 2004; Lirer et al., 2013) (Suppl. Tab.2). Distal products of AAMS
group may occur either as multiple layers or amalgamated within one or more horizons (Siani et al.,
2004; Crocitti et al., 2018). Although a discrimination criterion based on major element chemistry
was proposed (Margaritelli et al., 2016), the very low amount of glass shards found in the deposit

hampers a robust statistic and hence we prefer to maintain a generic attribution of AP1/13b to AAMS
group.

4.1.3 Lipari

Two HKCA rhyolitic glass shards occur in CP10/7b dated at 2187 + 37 cal a BP. Distal
cryptotephra with such a rhyolitic composition and a similar age have been found in cores KET80-
03 (Paterne et al., 1988) and TEA C6 (Di Donato et al., 2019) in the southern Tyrrhenian and in the
Gulf of Taranto, respectively (Fig. 5). In detail, a main Lipari rhyolitic population occurs at the top
of KET core and it coexists with Eolian tephriphonolites (Fig. 3a) dated at ca. 1.7 ka based on sapropel
chronology and isotope stratigraphy. In core TEA C6, cryptotephra C6/122 occurs immediately below
the 79 AD tephra (C6/119) and it includes HKCA rhyolites with few reworked Pompei micropumice
(Fig.3a) dated at 1.97 cal ka BP according to an age-depth model age constrained by
tephrochronology and AMS '“C dates. The proximal-distal correlation of this widespread deposit is
hampered by the chronostratigraphy since no volcanic event is reported on the island at ca. 2 ka (e.g.

Forni et al., 2013)

4.1.4 Vulcano



According to the TAS and binary diagrams (Figs. 3b and 6b-c), we suggest a correlation of
the tephriphonolitic (SHO) C1/85b with activity occurred at Vulcano Island. This is supported by the
TiO2 and Na20 concentration of Vulcano deposits that display slightly different composition with
respect to Stromboli shoshonitic products (Albert et al., 2017). Tephra TIR2000-50 in the Marsili
Basin (Di Roberto et al., 2008; Albert et al., 2012) is likely the marine equivalent of C1/85b (Figs. 5
and 6b-c). It occurs in core TIR2000-CO1 stratigraphically below the Avellino-Pompeii (AP)
interplinian deposits erupted at Somma-Vesuvius with age generally reported between 2.8 ka and 3.6
ka (Di Roberto et al., 2008). The proximal-distal correlation of TIR2000-50 was discussed by Albert
et al. (2012, 2017) but it remained unsolved. Although a perfect chemical match can be observed
between C1/85b and TIR2000-50 with “Palizzi A” products emplaced at Vulcano at ca. 2 ka
(Voltaggio et al., 1995) (Figg.6b-c), this correlation is contrasting with the age of 3625 + 96 cal a BP
obtained just below our cryptotephra. Taking into account older activity on the island, a possibility
of correlation with the Tufi di Grotte dei Rossi formation, constrained at ca. 4-5 ka (Lucchi et al.,
2008 and references therein), could have been hypothesized but the less evolved composition of these
Vulcano deposits with respect to C1/85b excludes this possibility (Figs. 6b-¢). In conclusion, C1/85b-

TIR2000-50 tephra represents an unknown event, so far.
4.1.5 Mt. Etna

During the last 4 ka, intense volcanism at Etna produced a large number of tephra (Coltelli et
al., 1995). Among these are regional marker beds documented on land in the ca. 4.3 ka-2.0 ka time
span and known as FS, FL, FG and FF (Coltelli et al., 1998, 2000, 2005). Tephra FL and FG are
reported at medial-distal sites in both marine and terrestrial settings whereas no records are
documented for the other deposits outside the perivolcanic area, to date. The attribution of distal
deposits to FL and FG relies mostly on their overall Etnean compositional affinity and age constraints.
This is mostly due to the insufficiency of data available on these proximal deposits in terms of single
glass shard chemistry. This paucity reflects the difficulties when comparing different datasets
(generally bulk vs single glass analysis) to establish proximal-distal correlations and recognize the
eruptive event (Insinga et al., 2014). Moreover, the microlite-rich groundmass and the rare interstitial
glass, which are typical features of these Etnean deposits (Coltelli et al., 2000), make their chemical
characterization a difficult task even at proximal sites. Our results are focused on more comprehensive
single glass chemistry and dispersal in offshore areas and, in this context, they provide a new

contribution towards a better understanding of these Late-Holocene Etnean deposits

The benmoreitic cryptotephra AP1/13a, represents the oldest Etnean deposit of this study. According
to the age 0f 4237 + 44 cal a BP and a SR value of 3 cm/ka for the analyzed stratigraphic interval, the
studied deposit can be likely correlated with the FS subplinian eruption dated at 4360492 cal a BP on

land (Coltelli et al., 2000, 2005).
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The compositional field shown by subsamples of cryptotephra dispersed in the 90-80 cm interval bsf
in core C1 (Fig. 3b and 6d) and the age result of 3625 + 96 cal a BP immediately below, suggest a
correlation of the deposit with the FL event, a complex phreatomagmatic eruption dated on land at
3361 + 76 cal a BP (Coltelli et al., 2000). At distal sites, the FL fall products display large chemical
variability and may coexist with the AP deposits (Pepe et al., 2018; Di Donato et al., 2019) (Figs.5
and 6d). At Lago di Pergusa, SE of Mt. Etna (Fig.1), where FL distal tephra was recognized for the
first time and dated at ca. 3.3 cal ka BP (Sadori and Narcisi, 2001), single glass shards, instead, display
a mugearitic composition close to that of C1/85a (Figs. 3b and 6d). Taking into account these
observations along with the significant thickness in core C1, we infer that our cryptotephra may
include the whole FL event. It was a long lasting eruption, likely older than ca. 3.3 cal ka BP,
characterized by significant chemical variability and different dispersal of products. However, further

comparisons with proximal deposits and datings are required to verify this working hypothesis.

According to the age of ca. 2.2 cal ka BP, tephra UM42/7 may be regarded as the distal counterpart
of FG tephra dated between 380 BC and 120 AD and ascribed to the historical 122 BC Plinian event
(Coltelli et al., 1998) (Suppl. Tab.2). Eruptive products were dispersed mainly toward the SE and
marine findings are reported in the Augusta Bay (De Martini et al., 2010; Smedile et al., 2011) and
Malta Plateau (Micalleuf et al., 2016) (Fig. 8). Proximal and medial-distal glass data indicate a
homogenous mugearitic composition of FG tephra (Fig. 3a) whereas at UM42 site the deposit reveals
a wider chemical variability, which characterizes also other Etnean deposits at distal sites (Fig. 6d).
To date, we suggest UM42/7 as the reference distal tephra of FG deposits for future correlations and

further geochemical studies.

Taking into account the comparable age and the mugearitic composition (Figs.3b and 6d) along with
the low SRs of cores CP10 and UM42 for the investigated time interval (2.5 cm/ka and 3 cm/ka,
respectively), a correlation of cryptotephra CP10/7 with UM42/7 and therefore with FG tephra, is
likely. This inference is also supported by dispersal direction and volume of 122 BC tephra, which is
much higher than that of the almost coeval 44 BC tephra (Coltelli et al., 2000).

4.2 Tephra occurrences in the central Mediterranean Sea during the 4.2-2.0 ka time interval

Tephra correlation and dating results from this work have been included in the WdB-Paleo
database in order to draw maps showing the occurrences of marker and minor tephra and newly
discovered deposits in the central Mediterranean Sea (Figs. 7 and 8). Moreover, other major tephra,
erupted during the investigated time interval but not occurring in our cores, have been also considered
and mapped to provide a general overview of their distribution (Fig. 7). These are namely the Somma-
Vesuvius related Avellino (3945 + 10 cal a BP; Sevink et al., 2011) and AP1-6 (ca. 2.8-3.6 cal ka BP;
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Santacroce et al., 2008 and references therein) tephra which represent important correlation tools
given their significant areal distribution over southern Italy and surrounding seas (Fig. 7). If there is
a general consensus on the proximal-distal correlation of the Avellino tephra across the basin, a large
uncertainty still exists when attempting discrimination among the six AP events. This is likely due to
their often overlapping chemical composition and insufficient chronological constraints, particularly
concerning AP3-6 eruptive units, commonly reported younger than ca. 2.8 cal ka BP according to a
single radiocarbon age (Suppl. Tab.2). However, recent results from the marine setting point to an
ageing of the AP3-6 cluster as suggested by age-depth models (Sacchi et al., 2009; Lirer et al., 2013)
(Suppl.Tab.2) and the finding of these deposits in association with FL tephra at distal sites (Pepe et
al., 2018; Di Donato et al., 2019). According to these considerations, an age interval of ca. 3.6-3.4
cal ka BP for the AP eruptive sequence can be regarded as a working hypothesis to be further
developed.

The maps obtained from the WdB-Paleo database provide a contribution to previous studies
having implications on ash dispersal hazard related to both major and minor explosive events from
[talian volcanoes (e.g. Sulpizio et al., 2014; Crocitti et al., 2018).

All the new occurrences of major tephra 79 AD, FL and AAMS group are well within their
dispersal area (Fig. 7). The recent recovery of 79 AD deposits in the southern Adriatic, in particular,
extends eastward their dispersal thus providing a key correlation marker for the three marine basins
(Jalali et al., 2018). The recognition of FL tephra offshore Capo Vaticano represents its first finding
in the southern Tyrrhenian. Accordingly, core C1 can be regarded so far as the most complete marine
record where this long lasting eruption can be observed in its distal facies. Notwithstanding the scarce
amount of glass shards, the recognition of AAMS group at the AP1 site is also of great interest, as it
allows extending to the southeast (i.e. towards the northern Ionian) the dispersal of these products
which are recorded in many Adriatic sequences.

The new finding in the Naples Bay of Cretaio tephra allows for the enlarging towards the east of
the distribution of this deposit, which occurs significantly along the Campania margin, thus assuming
a “local” stratigraphic relevance (Fig.8). The same ranking can be ascribed to the uncorrelated
Vulcano tephra found between the Marsili Basin and Capo Vaticano offshore. The Lipari tephra has
a striking regional significance, since it occurs in all the three marine areas surrounding the Italian
peninsula and it is well age constrained in the Taranto Bay and at CP10 site. Finally, AP1, UM42 and
CP10 represent the marine records where the Late Holocene FS and FG tephra occur. These site
locations are in agreement with the ash dispersal toward E and SE (Coltelli et al., 1998, 2005),
respectively. In detail, cryptotephra AP1/13 is the first occurrence in the marine setting of FS deposits
whereas UM42 and CP10 provides the more distal findings of FG tephra which can be definitely

regarded as a regional stratigraphic marker.
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4.3 Isochrons

The availability of continuous isocronous markers over wide areas of the central and western
Mediterranean provides a means to verify the correlation of short and long-term climate oscillations
between terrestrial and marine systems, enabling us to better understand the local-regional effects of
climate change and the connections among different depositional environments (e.g. Margaritelli et
al., 2018). This integrated approach also represents a tool to match the possible interaction between
climate changes and modifications of human societies and their adaptive strategies during the last
millennia (e.g. Biintgen et al., 2011; Holmgren et al., 2016 and references therein). These are issues
of great relevance for the study of the 4.4-2.0 ka time interval characterized by abrupt climatic
changes (e.g. the 4.2 ka event; Bini et al., 2019), increasing of human activities and, at the same time,
recurrent explosive eruptions from different sources which produced widely dispersed tephra. Some
of them, such as Agnano Monte Spina, Avellino and FL, have a relevant climatostratigraphic position
in the Bronze Age (ca. 4.2 — 2.9 cal ka BP; Zanchetta et al., 2018 and references therein) archives of
the central Mediterranean. In this context, our work provides a number of isochronous stratigraphic
horizons that have been traced according to our new results integrated with the WdB-Paleo database
for the study area (Fig. 9).

The isochron corresponding to the 79 AD event crosses southern Italy and surrounding seas and,
at some sites in the southern Tyrrhenian, it locally extends to the Cretaio tephra (I Century AD). This
distinctive time horizon is immediately followed by the newly reported which covers the 2187+37
cal a BP - ca.1.97 k cal a BP time interval linking archives in the southern Tyrrhenian, Gulf of Taranto
and south-western lonian. It is targeted by the Lipari tephra at all sites and by a very well expressed
FG tephra in the Ionian (Figs. 5-8-9). The ca. 3.6 -3.3 ka time interval can be traced in the whole area
and targeted mostly by the AP deposits, locally also by FL (southern Tyrrhenian and Gulf of Taranto)
and the undefined tephra from Vulcano (southern Tyrrhenian). Limitations in the use of this isochron
may arise, however, from the chronological ambiguities previously described which can be solved
only by further investigations at proximal sites and by critical revision of data at distal sites for the
AP deposits. Similar considerations can be made for the 4422 + 58 — 4237 + 44 cal a BP time span
targeted by AAMS group in the southern Tyrrhenian and Adriatic seas, in the Balkans and for the
first time in the northern Ionian Sea where the Etnean FS tephra also occurs. The critical revision of
distal tephra correlations, made according to the updated single glass database, might allow, in fact,
discriminating the single event from Campi Flegrei within the AAMS group thus providing a

narrower time interval for the study area.

5. Concluding remarks
The results presented in this work provide new insights into the chronology and distribution of

tephra and cryptotephra in the central Mediterranean during the ca. 4.4-2.0 ka time interval. Analyzed
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tephra comprised both markers associated to well-known, widespread Plinian events, and other
deposits, characterized by narrower areal distribution or documented for the first time in the marine
setting. These products have been characterized in detail, mapped and integrated with existing
database to produce a high-resolution tephrostratigraphic framework for the basin. A further outcome
of this work was the definition of five isochrons, which have the potential to correlate and synchronize
paleoclimate archives. Further research developments to improve the stratigraphic framework
presented in this study will likely require enhanced analysis of fine-grained cryptotephra and the
solution of actual chronologic discrepancies for selected Late-Holocene volcanic events of the central

Mediterranean region.
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Depth
Core Location belowsea | Length (m) Age con;rzl):ong the Tephra-Event (Source) Type /Lithology Composition Age on proximal Age in marine setting
level (m)
Visible tephra /Light and light
stratigraphic relation with micro; ur‘:ﬂce dalrg’li1 siiﬁagzthi:y Phonolite (population a ) +
Cl4 14°11'30"E | 40°44'47"N 186.5 5.22 tgrap C14/89-Pompeit+Cretaio (SV+I) purmice, da ’ Trachyphonolite (population 79 AD/I Century AD " 3 + 42 AD for Cretaio ®
other cores (some leucite bearing), loose crystals
i b)
of feldspar and clinopyroxene.
Cryptotephra /Light and light grey
. vesiculated micropumice, leucite .
C1/56-P: SV ? Phonolit 79 AD -
ompei (SV) bearing lithics, loose crystals of onotte
feldspar and biotite
Cryptotephra /Dark to iron-grey
porphyritic scoriaceous fragments, .
C1/82-FL (Et B it
(ED) loose crystals and reddish lava lithic enmoreite
fragments
14 . . .
c1 15°48236'E 38°44.573'N 604 45 C and'strangraphlc CryptotephraA/Dark dense scoria A A
relation with other cores and greysh pumice. Dark honey glass| Mugearite (population a) +
C1/85-2(Vulc)+FL (Et) shards with blocky morphology also Tephriphonolite (SHO)
occur. Loose crystals of oAhvme, (population b) 3361476 cala BP (FL) 3)
pyroxene and brown mica.
Cryptotephra /Dark porphyritic
scoria and greysh pumice. Loose .
C1/87-FL (Et B ite-Trach
(Er) crystals of feldspar and enmoreite- Trachyte
clinopyroxene
C1/90-FL (Ef) Cryptotephra /Dark grey Bernmoreite 3625 + 96 cal a BP (this
porphyritic scoria study)
14 . . . Benmoreite (population a) + (3) 4420 + 60 cala BP ©"
Cryptotephra /Dark d 436 +0.092 calka BP*/4.6-4.1
SAPGCAPL.I | 19°06.78'E  39°12.99'N 810 32 C datings, sedimentation|  \p ) 3 £G4 AAMS (EL+CF) yptotephra /oark grey dense | .- shyphonolite (population * calea ™ 4237 + 44 cala BP
rates scoria and rare pale gey pumice. cal ka BP i
b) (this study )
Visible tephra /Brown to yellowish
vesiculated glass fragments with
feldspar crystals and minor honey
14 i i i 380 BC-120 AD (122 BC ~
UM42BC | 17°51.75'E  34°57.23N 1375 0355 | C datings, sedimentation UM42/7%-FG (Ef) dense aphyric glass fragments. Dark | Mugearite to Benmoreite T ((6) 2.2 calka BP
rates L .. historical age) (this study)
brown and grayish brown porphyritic
scoria fragments, reddish lithics and
loose crystals.
Cryptotephra /Dark scoria, altered . . . 1.97 calka BP for Lipari
. . . . . Mugearite- Tephriphonolite
1 d few pla 380 BC-120 AD (122 BC G
CP10BC 16°34.00E  34°32.70N 1501 0355 | C datings, sedimentation| 5y pc7x FGoo (ErHL) micropumice and few platy glass | L G CA e ((6) thyolites
rates shards. Loose crystals of feldspar . . historical age) 2187 + 37 cala BP
. Rhyolite (population b) .
and brown mica (this study)

Table 1. Summary of core and tephra data presented in this work including source volcano and event. Et: Etna, CF: Campi Flegrei, SV: Somma-Vesuvius, L:

21



Lipari, Vulc: Vulcano; (1) age for Cretaio from Orsi et al. (1992); (2) De Alteriis et al. (2010); (3) Coltelli et al. (2000); (4) Smith et al. (2011); (5) Lirer et al.
(2013); (6) Coltelli et al. (1998); (7) Di Donato et al. (2019). *Original sample code on board: AP1/13=GG0128, UM42/7=DD1320; CP10/7=CP10BC#14.
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Core CP10BC AP1.1 C14

Sample CP10/7a CP10/7b AP1/13a AP1/13b C14/89a C14/89b

cm bsf 6.5-7 12-13 88-89

SiO, 53,91 54,04 52,50 52,20 52,71 51,57 51,92 75,29 75,91 54,90 54,81 54,09 54,25 53,31 61,76 61,29 61,48 54,95 54,50 54,65 62,12 62,14 61,93
TiO, 1,78 2,06 1,76 1,65 1,68 1,76 1,98 0,00 0,00 2,42 1,75 1,88 1,84 2,15 0,65 0,49 0,35 0,40 0,59 0,55 0,68 0,71 0,66
ALO; 16,08 15,81 16,02 16,67 18,25 17,00 17,26 13,67 13,14 16,16 19,34 16,68 16,72 15,37 18,52 18,30 18,57 20,64 20,42 20,62 18,49 18,53 18,38
FeO 8,79 8,24 8,84 8,71 8,30 9,50 9,04 1,41 1,57 9,04 6,37 8,00 8,74 10,13 3,12 3,70 2,85 3,87 4,19 3,95 3,13 2,87 3,24
MnO 0,27 0,39 0,22 0,33 0,04 0,27 0,12 0,00 0,00 2,12 1,71 2,90 2,70 0,02 0,64 0,57 0,34 0,10 0,37 0,25 0,17 0,09 0,00
MgO 2,42 2,56 3,31 2,96 2,58 3,49 3,59 0,00 0,21 0,00 0,21 0,28 0,00 3,36 0,41 0,17 0,32 0,28 0,16 0,24 0,37 0,40 0,51
CaO 3,52 4,07 6,48 6,84 7,01 7,75 7,29 0,76 0,92 4,69 6,18 5,53 5,65 4,93 1,64 1,64 2,03 3,90 4,36 4,23 1,45 1,48 1,52
Na,O 5,34 5,12 4,67 5,18 4,70 4,81 4,71 2,87 2,41 6,10 6,15 5,08 4,59 4,50 4,61 4,19 5,34 4,68 4,71 4,88 5,90 6,05 6,09
K,O 5,78 5,53 431 3,23 3,49 2,39 2,44 5,21 4,89 3,44 2,27 4,01 4,09 4,57 7,95 8,85 8,17 9,75 9,57 9,73 7,07 7,14 6,90
P,O5 1,27 1,21 1,08 1,60 0,70 0,87 0,97 0,19 0,00 1,02 1,11 1,18 1,15 1,46 0,11 0,18 0,00 0,00 0,13 0,16 0,06 0,20 0,10
Cl 0,42 0,48 0,41 0,31 0,28 0,30 0,34 0,30 0,47 0,11 0,12 0,36 0,28 0,21 0,60 0,61 0,55 0,87 0,32 0,72 0,51 0,40 0,44
Original Total 97,59 99,83 97,69 98,23 96,40 97,38 96,17 95,88 95,31 97,38 100,87 97,28 97,49 100,22 96,11 94,79 98,07 98.49 97.43 98,12 97,47 96,78 98,77
Core UM42BC

Sample UM42/7

cm bsf 6.7-7.1

SiO, 59,58 52,87 55,86 55,11 51,72 51,87 52,74 54,47 52,16 53,75 58,59 57,10 51,61 51,97 51,71 57,07 52,17 51,85 54,95 52,10 52,09 51,53 53,81
TiO, 1,26 1,17 1,40 1,81 1,77 1,65 1,93 2,02 1,94 2,44 1,40 1,49 1,81 1,89 1,50 1,56 1,84 1,74 1,61 1,63 1,69 1,86 1,64
ALO; 17,50 17,04 17,98 17,20 16,42 17,40 17,16 17,62 17,01 16,18 18,18 18,17 17,58 17,18 17,22 18,43 17,44 16,60 17,78 17,34 17,26 17,35 17,18
FeO 5,25 9,24 6,40 7,35 9,63 8,89 8,52 8,19 8,66 8,10 5,22 5,95 8,49 8,46 8,84 6,35 8,52 9,77 7,05 8,71 8,83 9,05 8,24
MnO 0,10 0,15 0,41 0,13 0,00 0,35 0,00 0,03 0,41 0,10 0,21 0,37 0,27 0,04 0,25 0,23 0,08 0,11 0,17 0,13 0,25 0,23 0,27
MgO 1,38 3,56 2,41 2,74 3,87 3,53 3,49 2,98 3,37 3,10 1,56 2,37 3,46 3,32 3,45 1,95 3,55 3,47 2,63 3,43 3,45 3,76 2,94
CaO 2,64 7,43 4,92 5,56 7,51 7,68 7,21 5,80 7,23 5,81 2,72 4,96 7,11 7,57 7,58 4,02 7,39 6,80 5,32 7,42 7,33 7,27 5,94
Na,O 6,70 4,45 5,84 5,64 5,13 5,12 5,29 4,75 5,08 5,45 6,98 5,17 4,79 5,12 4,85 5,34 4,82 4,76 5,54 4,68 5,13 4,80 5,40
K,O 4,58 2,52 3,56 3,32 2,52 2,47 2,32 3,18 2,59 3,31 4,25 3,11 2,42 2,44 2,42 3,58 2,47 2,93 3,17 2,49 2,42 2,50 2,97
P,Os5 0,50 1,14 0,87 0,67 0,95 0,77 0,93 0,64 1,21 1,34 0,47 0,64 1,24 1,02 1,02 0,71 1,14 1,18 0,80 1,09 0,95 0,98 0,77
Cl 0,52 0,43 0,34 0,48 0,48 0,25 0,40 0,31 0,34 0,41 0,40 0,36 0,31 0,30 0,30 0,37 0,33 0,43 0,38 0,36 0,31 0,39 0,27
Original Total 98,59 95,71 97,35 98,48 96,94 98,46 97,94 97,80 99,18 98,13 94,98 96,82 97,05 98,37 98,16 98,47 97,94 98,67 97,62 97,41 97,1 97,95 98,22
Core UM42BC

Sample UM42/7

cm bsf 6.7-7.1

SiO, 52,21 52,27 52,13 53,55 52,02 51,93 54,02 51,90 52,36 59,66 52,08 59,63 54,70 59,22 58,32 53,98 55,85 51,13 51,34 53,13 51,89

TiO, 1,94 1,98 1,89 1,69 1,72 1,99 1,74 2,17 1,84 1,10 1,96 1,05 1,88 1,15 1,40 1,56 1,34 1,78 1,71 1,61 1,96

ALO; 16,49 16,73 16,96 17,00 17,00 17,25 18,15 17,18 17,11 18,79 17,06 18,66 17,51 18,88 18,04 17,38 18,02 17,41 17,26 17,23 16,49

FeO 9,05 9,16 8,93 8,35 9,10 8,13 8,89 8,65 8,25 4,97 8,69 4,99 7,33 5,39 5,92 8,01 6,53 9,32 9,08 8,12 9,05

MnO 0,17 0,17 0,13 0,09 0,05 0,24 0,17 0,15 0,25 0,14 0,18 0,21 0,25 0,15 0,16 0,17 0,23 0,28 0,00 0,21 0,19

MgO 3,72 3,63 3,59 3,00 3,66 3,46 1,97 3,67 3,55 1,31 3,64 1,39 2,99 1,38 1,47 2,81 2,23 3,81 3,47 2,99 3,17

CaO 7,24 7,37 7,14 6,03 7,40 7,86 6,77 7,22 7,44 3,08 7,44 2,98 5,71 3,24 2,92 5,80 4,53 7,65 7,16 6,19 7,08

Na,O 4,74 4,28 5,17 5,38 4,75 5,18 4,05 5,03 5,09 5,51 5,02 5,74 4,98 5,49 6,10 5,20 6,03 4,38 5,42 5,74 5,58

K,O 2,89 2,58 2,47 3,21 2,49 2,40 2,28 2,54 2,46 4,06 2,44 4,12 3,09 4,00 4,41 3,17 3,45 2,40 2,57 2,95 2,78

P,05 0,89 0,99 0,80 0,98 0,93 0,84 0,87 0,95 0,93 0,22 0,94 0,36 0,93 0,27 0,54 0,86 0,56 0,95 1,05 1,10 0,93

Cl 0,31 0,35 0,35 0,33 0,25 0,28 0,25 0,26 0,25 0,51 0,32 0,41 0,35 0,45 0,41 0,30 0,34 0,32 0,35 0,27 0,36

Original Total 96,67 97,82 98,86 98 97,75 98,35 96,03 97,28 95,99 97,65 98,31 97,2 95,45 96,83 98,34 99,69 99,99 98,71 98,45 94,6 95,64

Table 2
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Core Cl1

Sample C1/90 C1/87

cm bsf 88-90 86-87

SiO, 56,04 54,51 54,57 55,99 55,67 55,37 55,50 59,89 58,59 57,27 56,92 57,82 57,97 55,96 55,88 56,15 60,55 54,99 58,11

TiO, 1,97 1,83 1,86 1,59 1,61 1,94 1,55 2,02 1,61 1,60 1,64 1,88 1,77 1,26 1,67 1,78 1,05 1,84 1,34

ALO; 17,37 16,64 16,18 16,64 17,60 15,70 15,70 16,83 16,02 16,85 16,48 18,29 18,30 17,89 17,80 16,70 18,83 17,34 17,56

FeO 5,53 8,13 9,59 7,78 7,77 8,28 8,79 4,53 5,91 7.76 6,60 6,21 6,82 7,62 7,88 7,92 4,64 7,45 5,92

MnO 0,20 0,23 0,13 0,37 0,34 0,22 0,48 0,00 0,28 0,60 0,42 0,34 0,18 0,25 0,18 0,28 0,14 0,27 0,08

MgO 1,19 2,29 2,33 2,12 2,15 2,32 2,04 1,03 1,57 1,38 2,08 0,89 0,77 1,28 1,58 1,40 0,97 2,44 1,19

CaO 2,97 428 3,91 3,60 3,40 3,89 6,60 3,84 5,44 2,66 4,44 3,64 1,96 3,03 3,34 3,77 1,96 3,09 2,71

Na,O 7,31 5,75 5,15 5,26 5,54 5,73 5,76 6,08 6,44 5,03 5,55 5,44 4,67 5,90 5,05 5,04 5,77 6,34 6,15

K,0 5,54 4,95 4,43 4,76 4,20 4,94 2,13 4,56 2,82 5,29 4,75 4,24 6,53 4,98 4,73 4,73 4,65 4,44 5,26

P,0s5 1,51 1,00 1,14 1,18 1,28 1,60 1,19 1,11 1,14 1,00 0,71 0,77 0,46 1,29 1,17 1,45 0,70 1,18 1,13

cl 0,37 0,41 0,71 0,71 0,44 0,00 0,25 0,11 0,18 0,54 0,41 0,48 0,56 0,55 0,74 0,77 0,75 0,63 0,55

Original Total 95,85 100,06 99,5 97,29 101,33 99,42 99,30 98,08 99,38 99,78 101,99 102,54 101,56 95,97 94,94 95,71 94,91 92,57 91,74

Core Cl1

Sample C1/85a C1/85b

cm bsf 84-85

SiO, 51,21 52,83 53,90 53,94 53,80 53,90 54,02 53,80 53,40 53,73 57,36 57,26 57,00 56,43 56,37 56,88 56,55 57,02 56,51 56,15
TiO, 1,75 2,10 1,73 1,68 1,94 1,99 1,85 2,01 2,00 1,69 0,72 0,52 0,71 0,87 0,66 0,77 0,79 0,46 0,73 0,74
ALO;3 16,91 16,65 17,13 17,03 17,26 17,47 17,31 16,96 17,20 17,28 18,89 18,57 18,33 18,25 18,53 18,38 18,52 18,04 18,15 18,02
FeO 10,36 8,38 8,62 8,99 8,78 8,49 8,90 8,89 9,01 8,82 6,10 6,02 591 6,19 6,17 6,04 5,82 6,12 6,29 6,22
MnO 0,28 0,09 0,26 0,12 0,16 0,28 0,05 0,15 0,27 0,26 0,00 0,03 0,22 0,34 0,31 0,00 0,05 0,21 0,11 0,19
MgO 4,22 3,09 3,07 3,33 3,00 3,11 3,02 2,90 2,96 3,13 1,69 1,75 1,63 1,72 1,60 1,52 1,61 1,71 1,81 2,01
CaO 6,39 7,01 6,01 5,46 6,09 5,86 5,87 5,92 6,01 5,67 3,81 4,07 3,63 3,38 3,51 3,72 3,77 3,65 3,91 4,22
Na,O 4,58 5,25 4,73 5,06 4,69 4,55 4,64 4,76 4,76 5,03 4,07 4,29 4,84 4,93 5,02 4,81 5,01 4,85 4,88 4,76
K,O 3,26 3,42 3,19 3,11 3,11 3,06 3,09 3,29 3,14 3,19 6,57 6,68 6,96 7,08 6,91 7,02 7,32 7,12 6,87 6,88
P,Os 0,90 0,99 1,04 0,97 0,92 0,98 0,94 1,04 0,93 0,94 0,46 0,49 0,52 0,51 0,66 0,61 0,33 0,51 0,47 0,53
Cl 0,15 0,20 0,31 0,30 0,26 0,30 0,30 0,27 0,30 0,26 0,33 0,31 0,24 0,29 0,26 0,25 0,24 0,30 0,25 0,28
Original Total 9599 9586 9533 96,31 9973 96,6 96,63 9857 9546 96,13 98 9584 94,4 9632 9548 9534 9523 97,16 97,07 9575
Core Cl1

Sample C1/82 C1/56

cm bsf 80-82 52-56

SiO, 56,23 54,73 55,02 55,92 55,02 56,46 55,95 56,37 54,61 54,49 54,80 54,55 54,54 55,88 55,51 55,52 54,96 54,70 54,90 55,15
TiO, 1,87 1,94 1,99 1,67 2,03 2,02 1,77 1,81 0,33 0,49 0,49 0,47 0,39 0,09 0,41 0,25 0,50 0,56 0,30 0,14
ALO; 16,89 16,16 15,97 17,11 16,74 17,58 18,45 17,22 19,80 20,96 21,30 21,36 20,38 21,18 22,32 22,05 22,58 20,51 21,71 22,35
FeO 7.36 8,89 10,00 8,66 8,99 7,61 8,29 6,53 431 3,56 2,93 3,27 3,80 3,40 2,45 2,02 2,57 4,16 2,72 2,24
MnO 0,26 0,27 0,29 0,23 0,39 0,03 0,10 0,34 0,00 0,28 0,32 0,06 0,17 0,00 0,00 0,07 0,33 0,17 0,00 0,06
MgO 1,92 2,26 2,06 1,59 2,12 1,71 1,18 1,46 0,71 0,46 0,51 0,52 0,54 0,63 0,12 0,07 0,12 0,67 0,29 0,14
CaO 3,48 4,04 3,31 3,63 3,62 2,64 2,25 2,52 5,53 5,17 3,71 4,07 4,94 4,38 2,59 3,04 3,15 4,22 3,54 2,94
Na,O 6,33 5,55 5,19 5,24 5,07 6,03 5,81 6,54 5,53 6,12 5,53 5,77 5,04 5,60 6,73 7,32 6,74 5,01 7,08 6,75
K,0 4,32 4,54 4,61 4,39 4,23 4,44 4,63 5,27 8,36 7,69 9,51 9,14 9,11 8,23 9,13 8,99 8,17 9,36 8,67 9,58
P,0s5 1,23 1,52 1,11 1,03 1,08 1,01 0,98 1,41 0,00 0,12 0,30 0,00 0,31 0,06 0,00 0,00 0,17 0,00 0,00 0,00
Cl 0,10 0,10 0,46 0,52 0,71 0,46 0,59 0,53 0,82 0,66 0,61 0,79 0,77 0,55 0,74 0,66 0,70 0,63 0,79 0,65
Original Total 100,46 95,63 97,62 98,79 98,75 100,37 99,4 97,5 95,96 99,05 100,88 96,70 95,38 95,33 97,75 97,39 99,35 99,31 100,58 97,32

Table 2. Single glass chemistry for the studied tephra. All the analyses recalculated water free to 100. The original totals have been also reported.



Core Sample Lab No Sample type Sampling depth from| Depth oftephra from | Radiocarbon | Calibrated age (cal a
) top of core (cm) top of core (cm) age (a BP) 20 BP)
Cl1 C1/90-92 F14084 mixed plank forams 90-92 80-90 3702+71 3625496
AP1 GGO0123 Po0z-82785 G.ruber 7-8 12-13 em 2590430 2260449
AP1 GGO0130 Poz-82786 G.ruber 14-15 4570435 4777+53
UM42 DDO01317 UtC-8625 G.ruber 5.4-5.9 6.7-7.4 2202+41 1797+56
CP10BC #25+#26 Poz-55177* G.ruber and G.sacculifer 6—6.5 6.5.7 2280 + 30 1890+44
CP10BC #37+#38 Poz-74801 G.ruber and G.sacculifer 9-9.5 ) 3255+ 35 3075+60

Table 3. Summary of AMS '“C datings on planktonic foraminifera extracted from cores samples. *from Wu et al. (2016).
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Figure Captions:

Figure 1. Location of the studied cores (red full circles). All cores containing tephra related to the studied time
span in the investigated area have been selected from the WDB-Paleo database and reported in the figure. Red
(border) and orange (center) circles refer to cores cited in the text. Digital Terrain Model of the Naples Bay
(inset B) courtesy of R. Tonielli. References: SW104-C5 in Margaritelli et al. (2016); C1201 and C1202 in
Iorio et al. (2009), 2014; C1203 in Budillon et al., (2012); C106 and C45 in Munno and Petrosino (2004);
CET 1 in Morabito et al. (2014); MSK-12C4 in Cosentino et al. (2017); TIR2000-C01 in Di Roberto et al.
(2008); KET80-11 and 80-03 in Paterne et al. (1988); GS1, D1, GT2 and GT4 in Crocitti et al. (2018); TEA
CI1-A in Pepe et al. (2018); TEA C6 in Di Donato et al. (2019); GT89-3 in Cini Castagnoli et al. (1990); Z1
in Geraga et al. (2008); CU12 set in Micallef et al. (2016); MS6 in Smedile et al. (2011); SW104 ND 14Q
in Jalali et al. (2018); cores RF-, PAL-, IN68- and CM- in Calanchi et al. (1998) and Calanchi and Dinelli
(2008); CSS00-12, CSS00-07, COSO01-16 and AMC99-07 in Lowe et al. (2007); core MD90-917 in Siani et
al. (2004); cores in Naples and Pozzuoli bays in Sacchi et al. (2005, 2014); cores in the lonian Sea in Keller
etal. (1978).

Figure 2. Entities recording data on tephra and cryptotephra in the WDB-Paleo database (Alberico et al.,
2017).

Figure 3. TAS classification diagrams (a-b) with composition of studied tephra and cryptotephra.
Compositional fields are labelled according to the Na-and K-Series. The average compositional fields of
proximal deposits and single glass data of some proximal and distal tephra are reported for comparison. Data
for Somma-Vesuvius products are from Santacroce et al. (2008), Etna, Stromboli and Vulcano from Peccerillo
(2005) and references therein, Cretaio from De Alteriis et al. (2010), FG proximal and Augusta Bay from De
Martini et al. (2010) and Smedile et al. (2011), AAMS group from Smith et al. (2011), Upper Tufi di Grotte
Rosse (UTGR) and TIR2000-50 from Albert et al. (2012), 8003-0 from Paterne et al. (1988), C6/199 from
Di Donato et al. (2018), Pozzuoli Bay glasses from Sacchi et al. (2014), FG and FL from Coltelli et al. (2000,
2005); c) K2O/Na20O diagram to show the Na-alkaline affinity of studied cryptotephra and d) SiO2/K20
diagram to show the shoshonitic and HKCA features of cryptotephra CP10/7 and C1/85. Data for Salina and
Lipari rhyolites from Albert et al. (2017).

Figure 4. SEM images of samples C1/90 and C1/85 to show a) the microlitic content of groundmass and the
rare interstial glass of Etnean tephra, b) the two coexisting glass types with different morphologies in C1/85

and c) the porphyritic scoriae occurring with microlite bearing and aphyric glasses in tephra UM42/7.
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Figure 5. Tephrostratigraphy of the studied records for the 4.4 ka-I Century AD time interval. Distal
equivalents and source events from some cores in the southern Tyrrhenian, Gulf of Taranto and Adriatic Sea
have been reported and discussed in the text. Reference cores may contain other tephra which have not been

recalled here.

Figure 6. Binary diagrams with composition of tephra and cryptotephra compared with proximal counterparts
and medial-distal equivalents; a) FeOrwt vs CaO diagram with tephra C14/89a and the 79 CE white and grey
pumice from proximal site. Data from Santacroce et al. (2008), Sacchi et al. (2014) - Pozzuoli Bay tephra,
Jalalietal. (2018) -ND14_Q/79, Di Donato et al. (2019) -C6/119, Lirer et al. (2013) - C90/232; b) SiO2/FeOtot
vs TiOz2 and c¢) Na2O/K20 vs TiO2 diagrams with composition of cryptotephra C1/85b, Stromboli (Secche di
Lazzaro) and Vulcano (Palizzi A and UTGR) deposits and the marine TIR2000-50. Data from Albert et al.
(2012, 2017); d) SiOz2 vs FeOrwot diagram with Etnean cryptotephra analyzed in this work and compared with
mid and distal FG and FL equivalents. Single glass data from Sadori et al. (2013)- Pergusa Lake, Vogel et al.
(2010)-0OT07702-2 (Lake Ohrid), Caron et al. (2010)-Jo-42 (Lake Ohrid), Sulpizio et al. (2010)- SK13-514-
average (Lake Shkodra), De Martini et al. (2010) and Smedile et al. (2011)-FG proximal and Augusta Bay.

Figure 7. Occurrences of major marker tephra in the Tyrrhenian, Adriatic and Ionian seas according to the
results obtained here and integrated with those of the WdB-Paleo database. A number of terrestrial sites have
been also included for AP, Avellino and AAMS deposits (Crocitti et al., 2018 and references therein). The
included two further findings of Avellino tephra in the Ionian Sea from the WdB-Paleo in addition to the SE
and NW occurrences reported in Sulpizio et al. (2008, 2014) and Crocitti et al. (2018) allowed enlarging
southward the dispersal of these products. Grey circles: core network investigated in this work; red full circles:
study sites; coloured circles: occurrence of the marker tephra in the core network; red stars: source vents; *:
marine age. °from Coltelli et al., 2000. °°from Sevink et al. (2011) ~ from Lirer et al. (2013) for Agnano

Monte Spina. “from Smith et al. (2011) for Astroni. For core references see Figure 1.

Figure 8. a) Occurrences of Cretaio, b) ¢) Lipari and Vulcano and d) e) Mt. Etna tephra and cryptotephra

emplaced during the Late-Holocene. For the legend, see Figure 7.

Figure 9. Sketch map of isochrons for the Central Mediterranean Sea during the 4.4 ka - 79 AD time interval.
Some continuous and age constrained lacustrine sequences have been included (e.g. Lake Monticchio: Wulf
et al., 2004; 2008; Lake Ohrid: Caron et al., 2010; Lake Shkodra: Sulpizio et al., 2010; Lake Nemi: Calanchi
etal., 1996). The ~3.9 ka horizon corresponding to the Avellino event extends up to the Marmara Sea (Cagatay

et al., 2015). *: marine age from this study. Dashed lines link archives where the isochrons are inferred.
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Table captions

Table 1. Summary of core and tephra data presented in this work including source volcano and event. Et: Etna,
CF: Campi Flegrei, SV: Somma-Vesuvius, L: Lipari, Vulc: Vulcano; (1) age for Cretaio from Orsi et al.
(1992); (2) De Alteriis et al. (2010); (3) Coltelli et al. (2000); (4) Smith et al. (2011); (5) Lirer et al. (2013);
(6) Coltelli et al. (1998); (7) Di Donato et al. (2019). *Original sample code on board: AP1/13=GG0128,
UM42/7=DD1320; CP10/7=CP10BC#14.

Table 2. Single glass chemistry for the studied tephra. All the analyses recalculated water free to 100. The

original totals have been also reported.

Table 3. Summary of AMS '“C datings on planktonic foraminifera extracted from cores samples. *from Wu

etal. (2016).
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Secondary Standards

Si0, [TiO, [AlLO; [FeOt* [MnO [MgO [CaO [Na,0 [K,O0 [P,0s [CI[F  [sO, [H,0 [total
ryolithic Lipari obsidian ID3506

74,10  007] 13,10[ 155 006] 004 073 407 511] 0,01] 034 0,15] 0,00] 0,65] 100,03
LO1 74,07] 000] 1333[ 146] 010 004 069] 392] 503 001 040 nd[ nd 99,05
LO2 7374  022] 1303 164 014 010 063 408 513 000 040 nd[ nd 99,11
LO3 7390 014 1329 148 008 010 070 409 519 000 032 nd[ nd 99,29
LO4 7295 006 1299 166 009 004 068 419 512 002 034 nd nd 98,14/
LO5 7420 000 1325 183 014 000 074 401 523 000 037 nd[ nd 99,67
LO6 7344 048] 1353 151 000 006 069 400 515 002 038 nd[ nd 98,96
LO7 7422 012 1338 159 008 002 066] 407 517 004 040 nd[ nd 99,75
LO8 7426] 000 1325 150 0,06 005 072 417 518 000 038 nd[ nd 99,57
LO9 7381 000 1320 152 011] 010 078 423 513 002 035 nd[ nd 99,25
LO10 74,08 004 1329 139 000 004 083 410 527 000 030 nd nd 99,34
LO11 7377] 020 1339 157 019 006 065 410 508 005 034 nd[ nd 99,40
LO12 7339 008 1313 156 002 012 081 413 509 000 027 nd[ nd 98,60
LO13 7409 022 1315 150 014] 001 o070 411 499 000 037 nd[ nd 99,28
LO14 7412] 043 1315 161 002] 008 078 420 523 003 032 nd[ nd 99,67
LO15 7395] 000 1341] 158 018 014 058 417 506 006 037 nd[ nd 99,50

Analythical
sio, |TiO, |ALO; |FeOt* [MnO |MgO |CaO [Na,0 |[K,0 [P,0s [CI |F SO, |H,0 |total
Basaltic Laki 1783 A.D. tephra

49,70]  3,08] 13,00] 14,10] 023 539 9,70 2385 046] 035 0,02 0,11] 0,09] [ 99,09
BLA1 4953]  301] 13,02 14,06] 029 522] 98] 297 060 028 001 nd nd 98,81
BLA2 4931 306] 1343 1412 030 545 970 309 055 038 000 nd nd 99,39
BLA3 49.24] 2,80[ 13,09 14,10 039 553| 986 291 057 045 001 ndl nd 98,95
BLA4 4995|305 1350 1417 016 552| 9,73 301 053] 030 000 nd nd 99,92
BLAS 4984 2,83 1313 1396] 036 553 966 293 054 025 004 nd nd 99,07
BLA6 49.86] 311] 1349 14,04] 014 544 983 295 056 036 001 nd nd 99,79
BLA7 50,15| 3,00[ 1339] 14,04] 028 555 997 299 048] 044 000 nd nd 100,29
BLAS 4947 2,87] 1312 1422 029 549 965 281 053 043 003 nd nd 98,91
BLA9 4898 302] 1291 1396] 038 555 950 281 064 014 001 nd nd 97,90
BLA 10 4950 301 12,89 1399 032 541 981 312 059 031 004 nd nd 98,99
BLA 11 4879 310[ 1304 1407 o020 555 955 270 056 041 000 nd nd 97,97
BLA 12 4964] 304[ 1313 1396] 025 556| 963 279 050 033 003 nd nd 98,86
BLA 13 48,89 311] 1306 13,93 026 557 967 285 051 041 000 nd nd 98,26
BLA 14 4882 312[ 1309 1452 017 544 985 301 o046 039 004 nd nd 98,91
BLA 15 49.33] 311] 12,87 14,16] 042 527 972 299 066] 032 000 nd nd 98,85
BLA 16 49,01]  2,96] 1316 14,03] 047 536 970 305 055 029 000 nd nd 98,58
BLA 17 4931 316] 12,88 14,14] 030 547 975 300 050 032 000 nd nd 98,83
BLA 18 49.46] 312[ 1303 14,26] 035 572| 957 274 058 031 001 nd nd 99,15
BLA 19 49,30] 313[ 1324 1383[ 017 552| 972 304 057 026 004 nd nd 98,82
BLA 20 4951 337] 1307 1391 035 548 992 288 052 041 001 nd nd 99,43
BLA?21 4951] 308] 1294 14,63] 007] 544 957 286 054 042 006 nd nd 99,12

Table S1. Results of the analytical routine of secondary standards Lipari rhyolitic obsidian ID3506 and Laki basalt (Kuehn et al., 2011) acquired in the same operating conditions of the

unknown samples.* All Fe reported as FeO. N.d.: not determined.

Reference

Kuehn SC, Froese DG, Shane PAR et al. 2011. The INTAV intercomparison of electron-beammicroanalysis of glass by tephrochronology laboratories: results and recommendations.

Quaternary International 246: 19-47.
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mean value (n) £

Event “c S cal "*C (2 sigma) cal "*C (1 sigma) standard deviation (o) material modelled/varve age of tephra (cal a BP) historical age references notes
(a)
. 1328 ;g ;2_54];5;\2]1)3 AD g?f}csé lf;)AD ;z Sif; SAED humic acid in underlying paleosol Orsi et al., 1992 consistent with stratigraphic evidences
Cretaio
2332 24 85 BC-83 AD 36 BC-45 AD 3+42AD forams 1 cm below the tephra offshore Ischia island De Alterils et al, 2010 consistent with stratigraphic evidences
2180 60 384 BC-61 BC 359 BC-172 BC 243 +85 BC paleosol between lava and fall at Trecastagni
2030 70 339 BC-126 AD 153 BC-52 AD 54+92BC paleosol between lava and fall at other site Coltelli et al., 1998
FG 2040 60 202 BC-80 AD 156 BC-24 AD 62+ 80 BC paleosol between lava and fall at other site 122 BC
2202 41 43-260 AD 93-208 AD 153 £56 AD forams 1 cm above UM42/7 ca.2.2 ka
2280 30 32 BC-145 AD 15-105 AD 60 + 44 AD forams 0.5 cm above CP10/7 218737 this study
3255 35 3195-2953 cal a BP 3145-3018 cal a BP 3075 + 60 cal a BP forams 2.5 cm below CP10/7
3150 60 3550-3210 cal a BP 3448-3260 cal a BP 3361 + 76 cal a BP charred material Coltelli et al., 2000
FL 3055 75 3446-3037 cal a BP 3360-3170 cal a BP 3245+ 99 cal a BP sediment below tephra FL in Lake Pergusa Sadori and Narcisi, 2001
3702 71 3818-3444 cal a BP 3715-3520 cal a BP 3625 + 96 cal a BP forams below the tephra in Marisk C-1 this study
3930 60 4525-4159 cal a BP 4497-4257 cal a BP 4362 £ 92 cal a BP charred material Coltelli et al., 2000
FS 2590 30 2337-2159 cal a BP 2324-2209 cal a BP 2260 + 49 cal a BP forams 5.5 cm above tephra AP1/13 4237+ 44 this study
4570 35 4859-4650 cal a BP 4837-4724 cal a BP 4777 £ 53 cal a BP forams 1.5 cm below tephra AP1/13
217/216 BC? Santacroce et al., 2008 and references therein
AP6 3559 46 3566-3343 cal a BP 3505-3384 cal a BP 3452 + 59 cal a BP forams 10 cm above tephra AP6 in the Salerno Bay 3484 + 36 Lirer et al., 2013
AP5 39404200 Wulf et al., 2008
AP4 3990+200 Wulf et al., 2004
2710 60 29452746calaBP  2855-2759 cal a BP 2827255 calagp  Charcoal inerbedded within AP3 products or in the Rolandi etal., 1998
AP3 underlying paleosol
3588 + 50 Lirer et al., 2013
4020200 Wulfet al., 2004
3380 23 3690-3572 cal a BP 3677-3587 cal a BP 3625 + 32 cal a BP bone above AP2 Passariello et al., 2010
3300 80 3720-3363 cal a BP 3632-3448 cal a BP 3538+ 93 cal a BP
3400 160 4138-3255 cal a BP 3845-3455 cal a BP 3678 £201 cal a BP Santacroce et al., 2008 and references therein
AP2 3000 200 3640-2750 cal a BP 3395-2925 cal a BP 3181+ 238 cal a BP
3280 70 3686-3371 cal a BP 3585-3410 cal a BP 3514+ 79 cal a BP charcoal interbedded within AP2 products or in the .
3250 70 3677-3345 cal a BP 3561-3401 cal a BP 3484 + 79 cal a BP underlying palcosol Rolandi et al. 1998
3150 100 3606-3077 cal a BP 3475-3231 cal a BP 3356 + 126 cal a BP
41504210 Wulfet al., 2004
3361 20 3680-3564 cal a BP 3632-3576 cal a BP 3606 + 28 cal a BP bone above AP1
3368 47 3809-3476 cal a BP 3689-3562 cal a BP 3610+ 65 cal a BP bone above AP1 Passariello et al.. 2010
3399 37 3820-3562 cal a BP 3692-3593 cal a BP 3649 + 53 cal a BP bone above AP1 ’
APL 3368 19 3683-3569 cal a BP 3634-3584 cal a BP 3612+ 27 cal a BP charcoal above AP1
3270 50 3609-3386 cal a BP 3809-3595 cal a BP 3682 + 68 cal a BP Santacroce et al.. 2008 and references therein
3220 65 3607-3260 cal a BP 3556-3375 cal a BP 3451+ 75 cal a BP ?
3279 60 3639-3381 cal a BP 3577-3447 cal a BP 3511 + 68 cal a BP charcoal interbedded within AP1 products or in the Rolandi et al.. 1998
3500 60 3959-3616 cal a BP 3846-3694 cal a BP 3774 + 78 cal a BP underlying paleosol ”
3550 20 3901-3727 cal a BP 3883-3830 cal a BP 3840 + 41 cal a BP goat bone buried by Avellino
3513 20 3850-3707 cal a BP 3836-3725 cal a BP 3778 + 40 cal a BP bone above Avellino Passariello et al., 2010
3597 22 3971-3842 cal a BP 3959-3867 cal a BP 3904 £ 35 cal a BP bone below Avellino
3945 + 10 cal a BP Sevink et al., 2011 mean of 20 age datings
Avellino 3530 40 3920-3694 cal a BP 3870-3724 cal a BP 3803 + 61 cal a BP charcoal in the Avellino pumice fall (Lagno Grado) Zanchetta et al., 2011
3820 40 4406-4091 cal aBP 4288-4149 cal a BP 4225477 cal a BP k;‘l:::;me"t above Avellino tephra in the Lake Zanchetta et al., 2011
3960 60 4777-4184 cal a BP 4520-4297 cal a BP 4411 + 98 cal a BP Santacroce et al., 2008
4310 +220 ‘Wulf et al., 2008 and references therein
4153-4345 Smith et al., 2011 and references therein
Astroni 3900 40 4430-4161 cal a BP 4415-4290 cal a BP 4331+ 63 cal a BP Zanchetta et al., 2011
3780 70 4407-4980 cal a BP 4284-3997 cal a BP 4166 + 114 cal a BP forams in the tephra Siani et al., 2004
4660 + 230 Wulf et al., 2004
4482-4625 Smith et al., 2011 and references therein
AMS 4382 32 4796-4333 cal a BP 4650-4410 cal a BP 4546 £ 119 cal a BP forams 2 cm below AMS tephra 4422 58 Lirer et al., 2013
5390 + 270 Wulf et al., 2008

Table S2. Selected chronological data at both proximal and distal (marine and lacustrine) sites published for some of the investigated tephra. All the 14C dates were converted into calendar ages using the IntCall3 and Marine13 calibration curve (Reimer et al., 2013) implemented in the program OxCal 4.3 (Bronk Ramsey, 2009) with no regional reservoir
correction (i.e. AR=0), which is valid for the modern Mediterranean (Siani et al., 2000). Interpolated ages are proposed for AP1/13 and CP10/7 using the OxCal U_Sequence function (“ *, 10) developed for the short stratigraphic intervals constrained by radiocarbon datings and using the “Date” command.
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