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Highlights

8 tephra layers are present across the last 20 ka in the marine core MD90-918. > Most of these tephra
are derived from Somma-Vesuvius and Aeolian Islands. > We provide new clues about the volcanic
activity from Lipari and Somma-Vesuvius. > Results provide new data of ash dispersal from Lipari
and Somma-Vesuvius volcanoes. > Mercato tephra layer is a powerful time marker for the onset of
Sapropel Sla interval
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ABSTRACT

A detailed tephrostratigraphic study supported by stable isotope (5'%0) analyses and AMS **C
dating was carried out on a high sedimentation rate deep-sea core recovered in the northern
lonian Sea. Eight tephra layers were recognized, all originated from explosive eruptions of
southern Italian volcanoes. These tephra layers are correlated with terrestrial proximal
counterparts and with both marine and lacustrine tephra already known in the central
Mediterranean area. The oldest tephra (dated at ca. 19.4 ka cal BP) is tentatively correlated to
the Monte Guardia eruption from Lipari Island. Two other rhyolitic tephra layers were
correlated with the explosive volcanic activity of Lipari Island: Gabellotto-Fiumebianco/E-1
(8.3 ka cal BP) located close to the interruption of Sapropel S1 deposit, and Monte Pilato (ca.
AD 1335) in the uppermost part of the core. The Na-phonolitic composition of the other five
recognized tephra layers indicates the Somma-Vesuvius as the source. The composition is
quite homogeneous among the five tephra layers, and fits that of the Mercato proximal
deposits. Beyond the striking chemical similarity with the Mercato eruption, these tephra
layers spans over ca. 2000 years, preventing correlation with the single well known Plinian
eruption of the Somma-Vesuvius. Therefore, at least two of these tephra layers were assigned
to an interplinian activity of the Somma-Vesuvius between the eruptions of Mercato and
Avellino, even though these eruptions remains poorly constrained in the proximal area. By
contrast, the most prominent tephra layer (2 mm white tephra visible at naked eyes) was
found within the S1a Sapropel interval. Despite the possible complication for the presence of
similar eruption with different ages we argue that Mercato is probably a very good marker for
the onset of sapropelic condition in the lonian Sea and can be used for land-sea correlations
for this important climatic event. More in general, these data allow a significant update of the

knowledge of the volcanic ash dispersal from Lipari and Somma-Vesuvius volcanoes.
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1. Introduction

The central Mediterranean region represents one of the most suitable area for
tephrostratigraphic studies across the Quaternary as displayed through early studies by Keller
et al. (1978), Thunell et al. (1979), McCoy (1981) and Paterne et al. (1986). Significantly,
over the last decades, marine tephra studies in this area have allowed to improve the
reconstruction of the explosive activity of the Mediterranean volcanoes (e.g. Keller et al.,
1978; Paterne et al., 1986, 1988, 1990, 2008; Siani et al., 2004; Lowe et al., 2007; Margari et
al.,, 2007; Turney et al., 2008; Bourne et al., 2010). In addition to their interest for
volcanology, the identification of tephra layers on land and/or in the marine sediments have
supplied a significant stratigraphic support to paleoclimatic and paleoceanographic
investigations in this basin, improving chronology and correlation of marine, continental, and
cryospheric records at ultra-regional scale (e.g. Paterne et al. 1986; Siani et al., 2001; Lane et
al., 2010; Zanchetta et al., 2011).

The Tyrrhenian, Adriatic and lonian seas are the best studied basins of the
Mediterranean because of the prevailing seasonal wind directions that mainly dispersed ash
particles to the east and southeast, at least for the last 200 ka (Keller et al., 1978; Paterne et
al., 1990, 2008; Siani et al., 2004; Bourne et al., 2010). However, the inspection of the
location of the published cores shows an evident lack of data in the north part of the lonian
Sea. This creates a gap in the tephrostratigraphic network among the different marine basins
and continental archives. In order to fill this gap, we selected a high sediment accumulation
rate deep-sea core located in the northern lonian Sea (MD 90-918; Fig. 1) for detailed

tephrostratigraphic studies. The ages of the marine tephra have been obtained through
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accelerator mass spectrometry (AMS) **C dating coupled to oxygen isotope measurements
performed on monospecific planktonic foraminifera. The origin of the tephra layers were
assessed by comparing major element compositions (SEM-EDS analyses), age estimates and
morphological characteristics of vitric fragments with those of corresponding subaerial
pyroclastic deposits. Here, an evaluation and refinement of the dispersal areas of some of the
recognized eruptions is presented, in view to providing a contribution for the improvement of

volcanic hazard assessment in the central Mediterranean area.

2. Material and analytical methods

2.1. Core lithology
Core MD 90-918 was recovered in the northern lonian Sea (39° 35,64 N, 18°5 0,43 E;

695 m water depth, 14.77 m core length; Fig. 1) during the 1990 PROMETE Il cruise of the
French N/O Marion Dufresne. Grey hemipelagic ooze dominates the core lithology except for
a 20 cm thick sandy layer centred at 992 cm depth representing a turbidite deposit (Fig. 2). A
black-grey layer in the upper part of the core (between 204 and 231 cm depth), is referred to
the Sapropel S1 deposit. This layer was deposited during the most recent period of stagnation
in the East Mediterranean Sea (e.g. Kallel et al., 1997; Rohling et al., 1997, Mercone et al.,
2000) and is marked by two black-grey beds (i.e. S1a and S1b) separated by a thin horizon of

white hemipelagic ooze between 210 and 219 cm depth (Fig. 2).

2.2 Detection and chemical analysis of tephra

Core MD 90-918 was sampled at 5 cm interval for recognition of volcanic particles for
its entire length, with the exception of the Sapropel S1 deposit (between 204 and 231 cm) that
was sampled at 1 cm interval. Each sample was then washed and sieved in the fraction > 40

pum. Tephra layers are then defined by the relative abundance of volcanic glass shards with



107  respect to detrital crystals and lithics in the same fraction after counting of at least 400
108  particles under a stereo-microscope. Volcanic glass occurs throughout the core, and forms a
109  background at about 4 % of abundance for the 323 counted samples (Fig. 2). Therefore, we
110  considered only abundance peaks larger than two times the background as representative of
111  tephra deposition and selected for laboratory analyses. Glass shards and/or micropumice
112 fragments were morphologically and lithologically described under stereo-microscope, then
113 hand-picked and mounted on epoxy resin beads and polished in order to avoid compositional
114  variations due to surface alteration processes.

115  Two different facilities were used to analyse the major element composition of micropumices
116  and/or glass shards: the CAMECA-SX 100 Electron Probe Micro-Analyser (EPMA-
117 CAMPARIS) available at the University Pierre et Marie Curie — Paris 6 (France) and the
118  Philips SEM 515 device equipped with an EDAX-DX micro-analyser (SEM-DST) available
119  at Dipartimento di Scienze della Terra (University of Pisa, Italy). Working conditions of
120 EPMA-CAMPARIS comprise an acceleration voltage of 15 kV and a beam current of 4 nA.EJ
121 Usually, analytical data show closures > 97 wt. %, which indicate a limited or absent
122 alteration of analysed glasses. Working conditions of SEM-DST were 20 kV acceleration
123 voltage, 100 s live time counting, 1 nA beam current, 20-10 um beam diameter, 2100 shots
124  per second, ZAF correction. The ZAF correction procedure does not include natural or
125  synthetic standards for reference, and requires the analyses normalization at a given value
126  (which is chosen at 100 %).

127  The variance of analytical precision between the two instruments was calculated using the
128 mean of the analyses from 5 tephra layers recognized along the core. The analysis indicates
129  that the difference in composition of the different tephra layers has not incidence on the
130  variance between both instruments. The variance of the SEM relatively to the EPMA is

131  reported in Table 1. Variance was not calculated for the P,Os, which is under the detection
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limit of the EDS analyses. The intercalibration shows the full comparability of the EPMA-
CAMPARIS and SEM-DST. The different tephra layers were classified using the Total Alkali

vs. Silica diagram (TAS, Le Bas et al., 1986; Fig. 3).

2.3 Stable isotope analysis

Oxygen isotope measurements were obtained on the planktonic foraminifera
Globigerinoides ruber (250-315 pum) with a sampling resolution every 10 cm. Between 6 to
10 shells were picked and then cleaned in a methanol ultrasonic bath for few seconds then
roasted under vacuum at 380°C for 45 minutes, prior to isotopic analyses. Isotopic
composition was expressed in 6-%o unit and normalized to the Vienna Pee Dee Belemnite
scale (V-PDB) using the international standards NBS18. Analyses were performed at the
Laboratoire des Sciences du Climat et de I’Environnement (LSCE, Gif-sur-Yvette, France)

using a Finnigan Delta Plus mass-spectrometers. The mean external reproducibility (1o) of

carbonate standards (NBS18 §*%0=-23.2 + 0.1%o) was = 0.05%o.

2.4 Radiocarbon dating

Radiocarbon analyses were performed by UMS-ARTEMIS (Pelletron 3MV) AMS
facilities (CNRS-CEA Saclay, France) on monospecific planktonic foraminifera in the size
fraction >150 pum (Table 2). To minimize the effect of bioturbation, the sampling was limited
to peaks of maximum abundance of planktonic foraminifera (Bard et al., 1987). The
conventional radiocarbon ages were subsequently converted into calendar ages, based on
INTCALO9 (Reimer et al., 2009) using the **C calibration software CALIB 6 (Stuiver et al.,
1998). The calibration integrate a marine reservoir correction R(t) of about 400 years (Siani et

al., 2000).
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2.5 Rock magnetic properties

A total of 539 samples were collected at ca. 3 cm interval along the total core length,
using plastic cubic boxes of standard size (2 cm of length). Measurements were carried out at
the ALP palaeomagnetic laboratory (Peveragno, Italy). Magnetic susceptibility (k), natural
remnant magnetization (NRM) and NRM demagnetized in alternating field (AF) at 25 mT
peak-field (NRMjs) were measured using a KLY-3 kappabridge and a 2G cryogenic
magnetometer respectively. After completion of all measurements, the samples were dried
and weighted in order to normalize the magnetic parameters by the mass. The mean water

content was in the order of 40-50%.

3. Results

3.1 Age model

The stratigraphy of core MD 90-918 was derived from the §'°0 variations of the
planktic foraminifera Globigerinoides ruber (Fig. 2). The 80 values range between 3.5 to -
0.3 %o exhibiting a pattern similar to those observed in nearby south Adriatic deep-sea cores
(Fontugne et al., 1989; Siani et al. 2001, 2010). The late glacial, the last glacial/interglacial
transition and the Holocene encompass the upper 1470 cm of the core, leading to a highly
detailed record of both the two-steps of the deglaciation marked by two abrupt shifts toward
depleted 50 values from 590 cm to 430 cm and from 300 cm to 230 cm (Termination 1A
and I1B; Duplessy et al., 1981; Bard et al., 1987) and the Holocene.

The age model of the core MD 90-918 was then based on 7 AMS **C measurements
performed on monospecific planktonic foraminifera in the size fraction >150um (Table 2), by
a linear interpolation of two consecutive ages. In addition, comparison of the oxygen isotope

record with that of the South Adriatic Sea core MD 90-917 previously dated by several AMS
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14C ages (Siani et al., 2001; 2010) provides three more age control points at 300 cm, 420 cm,
and 590 cm. Combination of the age points resulting from the two times series provides a
consistent age model covering the last 27.4 cal ka BP (Fig. 2). The calculated sedimentation
rate is estimated between ca. 30 cm/ka (from the top to 470 cm depth), for the last

glacial/interglacial transition to Holocene section and ca. 90 cm/ka during the late Glacial

(Fig. 2).

3.2 Rock-magnetism

Down-core mass susceptibility is shown in Figure 2. Mass susceptibility shows rather
uniform values along the core. As a whole, results indicate little fluctuations of the magnetic
mineralogy, both in magnetic grain concentration and mineral type. The lower values between
204 to 231 cm depth correspond to the S1 Sapropel interval. Four distinct spikes occur at
73.5, 771, 887 and 982 cm. The 982 cm spike could be correlated to a turbiditic sandy layer,
whereas the other three do not match evidences of lithological changes. No one of the tephra
layers found in the core match a distinctive change in the magnetic properties. This is
probably due to both their small thickness and high content in glass and micropumice. This

justify the glass-shard counting procedure used for tephra identification.

3.3 Composition and origin of tephra layers

The geochemical composition and the morphological characteristic of vitric fragments
are here presented for determining the proximal counterparts and the origins of the marine
tephra layers (Figs. 3, 4 and 5). One tephra and seven cryptotephra layers were recognized
along the core MD 90-918 and centred at 2, 175, 185, 210, 218, 223, 230 and 820 cm
respectively spanning the last 27.4 cal ka BP (Fig. 2). In particular, tephra layers between 210

and 230 cm form a cluster with high abundance of volcanic glass-shards (Fig. 4). Only the
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peak at 223 cm is visible at naked eye inspection, while the other peaks were identified

through the high resolution counting of glass shards.

The cryptotephra centred at 2 cm was dated at 0.6 cal ka BP (ca. AD 1335, Table 2)
and presents a homogeneous rhyolitic composition (Fig. 3; Table 3). It contains glass shards
with a glassy groundmass (Fig. 5a), and mean grain size coarser than 100 pum. The vesicles
are elongated to form fibrous glass shards.

The cryptotephra at 175 cm and 185 cm are dated at 7 and 7.3 cal ka BP, respectively
(Table 2). Both tephra present a homogeneous Na-phonolitic composition (Fig. 6b; Table 3)
and are equally characterised by highly vesicular, aphyric, white micropumices with a grain
size finer than 100 um, and a glassy groundmass (Figs. 5b and c). The only difference
concerns the major elements analyses of the tephra at 185 cm showing a double Na-phonolitic
composition, with slight differences in CaO, Na,0O, K,0 and SiO, contents (Table 3).

The cryptotephra at 210 cm presents a high glass abundance (Fig. 2). Inspection under
stereo-microscope shows that ca. 90 % of the volcanic glass are white micropumice and the
other 10 % glass shards (Fig. 4). Micropumice fragments are highly vesicular and aphyric,
with a glassy groundmass with grain size finer than 100 pum. The second ones are small
rounded bubbles and aphyric, glassy groundmass with grain size finer than 50 um (Fig. 5d).
The composition of micropumice fragments is homogeneous Na-phonolitic (Fig. 6b; Table 3),
very similar to the cryptotephra at 175 and 185 cm and present an interpolated age at ca. 8.1
cal ka BP. On the other hand, few glass shards show a homogeneous rhyolitic composition
(Fig. 6¢; Table 3) representing the tails of the following tephra layer centred at 218 cm (Fig.
4). This crytotephra spreads between 216 and 219 cm and was deposited during the Sapropel

S1 interruption. It presents a homogeneous rhyolitic composition and an age of 8.3 cal ka BP
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(Fig. 6¢; Tables 2 and 3). This cryptotephra contains aphyric glass shards with small rounded
bubbles and a mean grain size finer than 50 um (Fig. 5e).

The tephra layer at 223 cm is visible at naked eye, and contains exclusively highly-
vesicular micro-pumices with rounded bubbles and a glassy groundmass (Fig. 5f). The glass
composition is Na-phonolitic (K2O/ Na,O lower than 1) with high Al,O3; content (Fig. 6b;
Table 3), and is similar to those of the cryptotephra at 175, 185 and 210 cm. The interpolated
age is of ca. 8.6 cal ka BP.

The cryptotephra at 230 cm comprises white, aphyric and highly vesicular micro-
pumice with a glassy groundmass and a mean grain size around 50 um (Fig. 5g). The glass-
shards have a Na-phonolitic composition, with high Al,O3 content (Fig. 6b; Table 3), and is
similar to the previous cryptotephra at 175, 185, 210 and 223 cm. Calibrated radiocarbon
dating for this tephra layer gives an age of 9 cal ka BP (Table 2).

The last cryptotephra was recovered at 820 cm and dated at 19.4 cal ka BP (Table 2).
It is composed of glass shards coarser than 100 um (Fig. 5h) with a glassy groundmass and
rounded bubbles. The composition straddles between the trachytic and the rhyolitic fields

(Fig. 6d; Table 3).

4. Discussion

The available AMS **C ages and oxygen isotope stratigraphy indicate that the deep-
sea core MD 90-918 covers the late Pleistocene to Holocene period (i.e. the last 27.4 cal ka
BP). This constrains the search for the source of the parent eruptions of marine cryptotephra
and tephra layers to the explosive activity of Mediterranean volcanoes during this time

interval.

10
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The recognized cryptotephra and tephra layers show alkaline and calc-alkaline affinity
(Fig. 3). The alkaline samples have mildly undersaturated glass compositions with alkali ratio
around or below 1 (Na-phonolites; Fig. 3; Table 3), and are younger than 9 ka (Fig. 2). The
composition and geochemical affinity limit their sources to Italian volcanoes, since the
sources in the Aegean area during the Holocene present a calc-alkaline affinity (e.g. Keller et
al.,, 1978). Sources from Massif Central (France) and Anatolia (Turkey, eastern
Mediterranean) can be rejected, though both volcanisms present K-alkaline affinity (Juvigné,
1987; Druitt et al., 1995), because their relatively low dispersion for the former and the
upwind location of the study core with respect to the Anatolian volcanoes (e.g. Zanchetta et
al., 2011).
The only Holocene source of K-alkaline, undersaturated magmas in the Mediterranean area is
Somma-Vesuvius (Santacroce et al., 2008), representing the inferred source for cryptotephra
at 175, 185, 210, 230 cm and the tephra layer at 223 cm. The geochemistry of Holocene
explosive products of Somma-Vesuvius (Santacroce et al., 2008) shows that Na-phonolitic
magmas fed the eruptions of the Pomici di Mercato (Santacroce, 1987; Aulinas et al., 2008;
Mele et al., 2010), and the initial stages of the Pomici di Avellino (ca. 3.8 ka BP, Slf@io et
al., 2008, 2010). Because the Pomici di Mercato and the Pomici di Avellino (white pumice)
products show very different crystal content (almost aphyric vs. porphyritic; Aulinas et al.,
2008; Santacroce et al., 2008; Mele et al., 2010; Sulpizio et al., 2010),%glassy, aphyric, Na-
phonolitic micropumice and glass shards of the MD 90-918 core can be confidently correlated
to the Pomici di Mercato eruption (ca. 8.5 cal ka BP; Zanchetta et al., 2011).
Nevertheless, the attribution to the Pomici di Mercato eruption poses some problems in layer
by layer correlation of the Na-phonolitic cryptotephra and tephra layer to the proximal
stratigraphy of Somma-Vesuvius. The tephrostratigraphy of core MD 90-918 indicates 5

distinct depositional events over a time span of ca. 2000 years. On the basis of this

11
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chronology, the correlation to a single eruption is unlikely, although the Mercato eruption was
recently described as a long lasting with a succession of pulsating event (Mele et al., 2010).
Based on field evidences, a reasonable duration of the Mercato eruption can be assessed at
some decades at maximum, but in any case neither to centuries nor to millennia.

The chronology of the Pomici di Mercato eruption spans from a maximum age of 9 cal ka BP
(Wulf et al., 2004) to 8.5 cal ka BP (Zanchetta et al., 2011). These ages are in fairly good
agreement with that reported in Delibrias et al. (1979), which provided a calibrated age at ca.
9.1 ka BP (paleosol under the Pomici di Mercato deposits, PSV 112 and PSV 113 samples).
This age range is in agreement with dating of both 230 cm cryptotephra (9 cal ka BP) and 223
cm tephra (interpolated age of 8.6 cal ka BP) layers, making it difficult to precisely
individuate the onset of the Pomici di Mercato eruption in core MD 90-918. In particular, it is
difficult to discriminate if the cryptotephra at 230 cm represents the first eruptive phase of the
Pomici di Mercato eruption or a small event preceding the main eruption and unknown in
proximal areas, since the deposits between the Greenish and Mercato eruptions (e.g.
Santacroce et al., 2008) show homogeneous K-trachytic composition (e.g. GM1; Zanchetta et
al., 2000; Siani et al., 2004).

The cryptotephra at 210 cm is about 500 years younger (interpolated age of 8.1 ka) than the
tephra layer at 223 cm. Because it occurs within few centuries from the preceding tephra
layer, a correlation to the latest stages of the Mercato eruption is still possible. In particular, it
may be correlated to the Phase Il of the eruption (Mele et al., 2010; previously known as
Pomici and Proietti; Santacroce, 1987), which is separated by the preceding Phase Il by
erosion surfaces indicating volcanic quiescence between them.

A distinct discussion requires the origin of the cryptotephra at 175 and 185 cm. Their
radiocarbon ages are significantly younger (between 7 and 7.3 cal ka BP) than the proximal

Pomici di Mercato deposits (8.5 cal ka BP), so their correlation to this eruption still remains

12
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problematic. Firstly, stratigraphy, sedimentology, rock magnetic data and chronology exclude
extensive reworking of the sediment core. On the other hand, the two cryptotephra at 175 and
185 cm do not correspond to a distal counter part of known activity between the eruptions of
Mercato and Avellino, of the well-known Somma-Vesuvius stratigraphy (e.g. Santacroce and
Sbrana, 2003; Cioni et al., 2008; Santacroce et al., 2008). However, tephrostratigraphy study
from Holocene lake sediments of the Sulmona basin indicates the occurrence of numerous
tephra layers, recovered between Pomici di Mercato and Avellino eruptions, which do not
display any correlations with proximal deposits of Italian volcanoes (Giaccio et al., 2009).
Nevertheless, the occurrence of subplinian events between Pomici di Mercato and Avellino
eruption was reported by Delibrias et al., (1979) and chronologically constrained between two
paleosols dated at 8.6 and 6.3 cal ka BP (Alessio et al., 1974; Delibrias et al., 1979). The
origin of these Mercato-Avellino cryptotephra (MA group) remains enigmatic, and we cannot
rule out they could represent distal evidence of unknown Vesuvian activity.

Tephra layers compositionally similar to the Pomici di Mercato deposits were found in
lacustrine (TM6b in the Lago Grande di Monticchio; Wulf et al., 2004, 2008; OT02-3 in Lake
Ohrid; Vogel et al., 2010), and marine (KET 8218, Adriatic Sea; Paterne et al., 1988) cores
(Table 4). The recognition in core MD 90-918 enlarges the dispersal ash area of the Mercato
products to the southeast with an estimated geographical distribution at ca. 250,000 km? (Fig.

7).

Homogeneous rhyolitic cryptotephra with calc-alkaline affinity occur between 2 and 5
cm and between 216 and 219 cm. The available AMS *C age measurements constrain the
former interval at ca. 0.6 cal ka BP, and the latter at ca 8.3 cal ka BP (Table 2). During this
period, calc-alkaline tephra were generated by explosive activity of both Aegean arc (Greece,

eastern Mediterranean) and Aeolian Islands volcanoes (southern Tyrrhenian Sea, central
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Mediterranean). The evolved magmas from these two sources are hardly distinguishable
considering major and trace elements (Clift and Blusztajn, 1999). However, a source in the
Aegean Sea is unlikely taking into account the prevailing winds in the area, which
preferentially blow from west to east (Barberi et al., 1990; Costa et al., 2009; Folch and
Sulpizio, 2010). Therefore, an Aeolian Island origin is here assumed.
The rhyolitic tephra layer at the top of the core (2-5 cm; Fig. 2) is dated at ca. 0.6 cal ka BP
(AD 1321 — 1349; Table 2). Age and composition suggest a correlation to the eruption of
Monte Pilato from Lipari Island (Fig. 6a; Table 4), recently dated by archaeomagnetic
techniques between AD 1030-1528 (Zanella, 2006) or AD 1200-1240 (Arrighi et al., 2006).
This is the first recognition of Monte Pilato tephra in deep-sea cores of the lonian Sea, and
enlarges the dispersal of this tephra to the East (Fig. 7).
The composition and the stratigraphy of the cryptotephra between 216 and 219 cm matches
well that of the rhyolitic tephra layer E-1 (Paterne et al., 1988; Fontugne et al., 1989; Fig. 6c;
Table 4), which is correlated to the eruption of Gabellotto-Fiumebianco from Lipari Island
(Siani et al., 2004; Zanchetta et al., 2011). Siani et al. (2004) dated this eruption at 8.4 cal ka
BP through **C AMS measurements on planktic foraminifera, an age in good agreement with
that of the 216-219 cryptotephra in core MD 90-918, dated at 8.3 cal ka BP. The recognition
of Gabellotto-Fiumebianco/E-1 tephra layers in core MD 90-918 enlarges its dispersal area to
the east (Fig. 7). The surface of the dispersal ash area can now be estimated at ca. 300,000
kmz2, Moreover, it is interesting to point out that E-1 tephra recovered in cores MD 90-918 and
MD 90-917 presents a similar stratigraphic position between the end of the Sapropel Sla
interval and the Sapropel interruption.

The cryptotephra at 820 cm is trachy-rhyolitic in composition, and is dated at 19.4 cal
ka BP (Table 2). These findings allow to correlate this tephra to the eruption of Monte

Guardia from Lipari Island. This is mainly because, among the known eruptions with trachy-
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rhyolitic composition occurred around 20 cal ka BP like those of the Lower Pollara (Salina
Island, 24 cal ka BP; Calanchi et al., 1993), the Lentia cycle (Vulcano Island, 15-25 cal ka
BP; De Astis et al., 1997), and the third and fourth cycles from Pantelleria Island (Civetta et
al., 1988), it shows the best geochemical match (Fig. 6d; Table 4). In particular, the 820 cm
tephra can be correlated to the less evolved component of the Monte Guardia eruption (MG4
base B sample; Table 4), which is characterised by an important geochemical variability due
to pre- and sin-eruptive processes of magma mixing and mingling (De Rosa et al., 2003). The
Monte Guardia eruption from Lipari Island has an age comprised between 22.4 + 1.1 cal ka
BP and 20.3 £ 0.7 cal ka BP (Crisci et al., 1981, 1991; De Rosa and Sheridan, 1983), which is
in fairly good agreement with that obtained for the cryptotephra at 820 cm.

The evolved products of the Monte Guardia eruption were also recognized in the sediments of
the Lago di Pergusa (central Sicily; Fig. 1; Narcisi, 2002), suggesting different dispersal areas
for ash produced at different times during the eruption. The first time recognition of Monte

Guardia tephra in the lonian Sea sediments enlarges the dispersal area to the East (Fig. 7).

5. Concluding remarks

Seven cryptotephra and one tephra layer were identified in core MD 90-918: five of them are
correlated to Somma-Vesuvius and three to Lipari Island (Aeolian archipelago) volcanoes.

Tephra layers from Somma-Vesuvius are compositionally homogeneous Na-phonolites, and
are correlated to the Mercato eruption. Among them, only the tephra layer at 223 cm and the
cryptotephra at 210 cm are related to primary tephra deposition from a pyroclastic cloud,
while the depositional processes of the other three still remain puzzling. In particular, the two
upper Na-phonolitic cryptotephra are too young to be correlated to the Mercato eruption.

They may represent an interplinian activity occurred between the Mercato and Avellino
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Plinian eruptions (MA group), though proximal counterparts are not described in the Somma-
Vesuvius stratigraphy. However, new tephrochronology studies from distal archives are
needed to confirm the presence of this activity. The tephra layer at 223 cm occurs within the
Sapropel S1, confirming the Mercato eruption as a good marker for the Sapropel Sla interval.
Cryptotephra from Lipari Island are all rhyolitic, and are correlated to Monte Pilato (2 cm,
AD 1030-1528), Gabellotto-Fiumebianco (E-1, 218 cm, 8.4 cal ka BP), and Monte Guardia
(820 cm, between 22.4 + 1.1 cal ka BP and 20.3 + 0.7 cal ka BP). Two of them (Monte Pilato
and Monte Guardia) are for the first time recognized in the marine sediments of the lonian

Sea, and enlarges significantly the dispersion of these tephra to the East.
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Figure and Table captions

Figure 1: Location map of the study area, of the main Italian volcanoes and location of cores
used in this study. CVZ = Campanian Volcanic Zone (Campi Flegrei, Somma-Vesuvius,
Ischia and Procida), Al = Aeolian Islands, LGM = Lago Grande di Monticchio, LdP = Lago

di Pergusa.

Figure 2: Lithostratigraphy, AMS C dates (crosses), variations in &0 (per mil) of
Globigerina bulloides, glass shards abundance curve, mass magnetic susceptibility and age
model of the deep sea core MD 90-918.

Figure 3: General TAS diagram with geochemical compositions of the marine tephra layers
from core MD 90-918 (Le Bas et al., 1986).

Figure 4: Stratigraphy details of the relative abundance and composition of glass shards
during the Sapropel S1 in core MD 90-918.

Figure 5: SEM pictures of volcanic glass fragments from tephra layer a) 2 cm, b) 175 cm, c)
185 cm, d) 210 cm, €) 218 cm, f) 223 cm, g) 230 cm and h) 820 cm.

Figure 6: Comparison of the geochemical compositions of the ash-layers in core MD 90-918
with those on the continental and marine deposits from the literature plotted in TAS diagram:
a) Monte Pilato eruption ca. AD 1200, samples P1 134 from Lipari Island and correlation with
the tephra layer at 2-5 cm; ¢) Mercato eruption samples from the Somma-Vesuvius (Wulf et
al., 2004; Santacroce et al., 2008; Turney et al., 2008 and Paterne et al., 1988) and correlation
with the tephra layers at 230, 223, 210, 185 and 175 cm; d) Gabellotto-Fiumebianco eruption
and E-1 tephra layer samples from the Lipari Island (Siani et al., 2004; Paterne et al., 1988)
and correlation with the tephra layer at 218 cm; e) Monte Guardia eruption samples from the

Lipari Island (De Rosa et al., 2003) and correlation with the tephra layers at 820 cm.
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Figure 7: Map of the ash dispersion for a) Monte Pilato ca. AD 1200 from Lipari Island, b)
Mercato eruption from the Somma-Vesuvius, c) Gabellotto-Fiumebianco eruption from Lipari
Island and d) Monte Guardia eruption from Lipari. Stars indicate the volcanic sources.

Table 1: Intercalibration data between SEM-DST (University of Pisa, Italy) and the EPMA-
CAMPARIS (University of Pierre et Marie Curie of Paris, France). A set of 99 analyses of
five distinct tephra layers is resumed here with: 1) the mean of all analyses from the two
instruments; 2) the mean of the analyses from the both instrument; 3) the difference between
the means of the analyses from the two instruments; 4) the standard deviation of the means of
the analyses from the two instruments; 5) the variance in % of the means of analyses from the
two instruments; 6) and finally the average of variance of the distinct layers.

Table 2: Conventional **C ages from MD 90-918 core determined by UMS-ARTEMIS
(Pelletron 3MV) AMS facilities (CNRS-CEA Gif-sur-Yvette, France). The conventional
radiocarbon ages were converted into calendar ages, based on INTCALQ9 (Reimer et al.,
2009) using the **C calibration software CALIB 6 (Stuiver et al., 1998). The calibration

integrate a marine reservoir correction R(t) of about 400 years (Siani et al., 2000).

Table 3: Composition of major elements analyses of the eight tephra layers recognized in
core MD 90-918. Analyses performed on the SEM-DST (University of Pisa, Italy) and the
EPMA-CAMPARIS (University of Pierre et Marie Curie of Paris, France).

Table 4: Average and standard deviation of analyses from literature used for comparison

except the analyses from PI-134 which is a sample collected on the cone Monte Pilato

eruptive succession from the Lipari Island.

25



Figure 1

Click here to download high resolution image

40°0'0"N

20°0'0"E

3 YA

/v 1 RF95-qn YDIZ-07

.

'. & i
5 /e

-~ -

01
- KET 860.

o
f'-'.' "‘7"'53”“'@

L 3 0 > - — |

TR oo
g - '.

AP ®

-

Y e |

Pantelleniallsiand

M
‘. kErﬁoou,. e ’;"'

FT 8218518 INGS-9

‘.Kersz gL IASA
e e MDIAL7 IN6ssh e
( o KETéM". ,b i _ ‘ G T

; }:‘

e ‘

1_e¢' 9191

: MHEtna

20°0'0"E

40°0'0"N


http://ees.elsevier.com/margo/download.aspx?id=135418&guid=7a7c1ee4-c7d5-4bad-b063-9269dcdd79d5&scheme=1

Figure 2
Click here to download high resolution image

§"0 (%e vs. PBD) Abundance of Mass susceptibllity Age (cal yrs BP)
MD 90-918 glass shards (%) m3ikg (E-08)

4 3 2 1 0 40 20 40 60 80 1000 10 20 30 40 50 6 0 10000 20000 30000
] R R [ ] e | " | el oy ] o (]

X
Depth (cm)
|

1100~

1200 =

1300 =

1400 —

X 1500 =
) Grey Clay X "cams A Correlation with MD 90-917

— SApropel Tephra layers
s Turbidite



http://ees.elsevier.com/margo/download.aspx?id=135419&guid=48ee0d67-8278-4b33-80c9-e03420519116&scheme=1

Figure 3
Click here to download high resolution image

" m )
20 MD90-918 2

A MD90-918 175
A MD90-918 185

MD90-918 210
16 * MD90-918 218

Phonolite
A MD90-918 223
§ A MD90-918 230
>~ 12 Tephri- \. MD90-918 820}
e Phonolite
© Trachyte *
X Phono- b
© lephrite ;
E 8 Latite : -
—
l2 Tephrite Shoshonite / Rhyolite
Basanite rachy-
Basalt
. Basaltic i Dacite
Basalt Andesitic
Picro
Basalt
0 ' | ; | T |
40 50 60 70 80

SiO2 (%wt)


http://ees.elsevier.com/margo/download.aspx?id=135420&guid=dc581dfb-c034-4414-a40e-24e81ad47b98&scheme=1

Figure 4
Click here to download high resolution image

160 -
180 -~
E
S
-
-
y
Q 200 — Glass shards composition (%)
77 10 20 40 60 80 100
—
220 - =
Sapropal Glags Composition
R Fhonolite tephra
B hyoite tephaa
240 ] 8own Glass
. | ’ | . | v | T | |=—— Parcentage of glass in the sample

0 20 40 60 80 100
Percentage of glass in the sample


http://ees.elsevier.com/margo/download.aspx?id=135421&guid=d3b32ee6-e1ea-46da-8f3b-3adc6c153ba2&scheme=1

Figure 5
Click here to download high resolution image

ol ¢ e L
10 010m s 8 MDS0918-175 100

MD90918-185 50um

R_N

MDS0518-218 : . MDS0518-223 10um‘—

MDS0S18-230 20um me— MD90318-820 100 u—m



http://ees.elsevier.com/margo/download.aspx?id=135422&guid=a349b47d-54d5-4467-8e23-ad2f76316adf&scheme=1

Figure 6
Click here to download high resolution image

[ MD0913 2 Pace
< MDOO-D16 4 P
& ND90-918 5 Pacs
& MDO0-918 5 Paa
* MD90-018 210 Pisa
* MD90-918 217 Pisa

* NDS0HIE 210 Psa

A VD016 175 Psa

* NDGO0-918 210 Pars

A NO90-918 175 Pams

A NVDOO-210 185 Pacs
A NDO0-018 185 Pisa

NDOO-018 290 Psa
A VDO0-918 223 Pars
A NVOO0-918 223 Pa
A VOO0-018 230 Parn
A NDOO-018 230 Pwa
B NDO0-918 820 Pars
B V000918 520 Pisa

B Moate guandia MG

4 KET 2003

+ KET 8004

+ KET 8011
MOS0-817 240

© W020.917 250

& Sanlacoce

&® Tumey

& OTONR-2

& s

© Nente Plato P14

~

i5 Monte Pilato = Mercato
(Lipari) (Vesuvius)
1 2 b)
11~
o2 o 16—
2 - :
e z
: - -
3 ! 3
- o L
8 -
12
7 L ' A ] Ll l L ] ‘ .
70 T8 7 5 50 £
SI0z (%wt) Si0z (%wt)
AT Fiumebianco /E-1 ., _ Monte Guardia
o) (Lipari) d) MG4 B (Lipari)
11~
= N * 11 -
E g
Rl £
- 2 -
= 5 =]
s - s
g 8
9 -
B -
7 L ' L] ' L] ' L ] " L l A l ' .
70 74 " e 0 o 3 n
SiOz (%ewt) SiOz (%ewt)


http://ees.elsevier.com/margo/download.aspx?id=135423&guid=80f876dd-c5da-4b89-9e39-4535d7a216c6&scheme=1

Figure 7
Click here to download high resolution image

17, Monte Guardia
LilioalyERR

< iy

™ Wercatd and WA grous
557,000 9,000 ¢al yr BP

e & S

A

s



http://ees.elsevier.com/margo/download.aspx?id=135424&guid=9d1592ef-99e9-4cc9-b559-c6600dc0adfa&scheme=1

Table 1

Click here to download Table: Tablel_EDS-microsondexls  sjo, TiO, Al,O; FeO,, MnO CaO Na,0O K,0 CIO
Mean of all analyses from the level 5 7481 0.05 1341 151 0.05 0.78 4.02 495 0.37
Mean from the EPMA-CAMPARIS analyses 75.18 0.06 13.22 152 0.07 0.79 398 4.76 0.38
ks Mean from the SEM-DST analyses 7444 005 1361 149 003 0.78 405 514 0.36
e Difference between the two means 0.74 001 -039 0.03 0.04 0.01 -0.07 -0.38 0.02
9 Sd of the two means 052 0.01 0.27 0.02 0.03 0.00 0.05 0.27 0.01
0 )
% variance of the two means 098 1542 291 206 5928 070 188 7.95 4.58
from both instrument
Mean of all analyses from the level 175 58.92 0.14 2153 172 020 165 845 6.71 0.57
oy Mean from the EPMA-CAMPARIS analyses  59.01 0.15 2128 171 020 168 858 6.69 0.59
~ Mean from the SEM-DST analyses 58.79 0.13 2187 174 019 160 8.28 6.73 0.55
° Difference between the two means 0.22 0.03 -059 -0.03 0.01 0.08 0.30 -0.05 0.05
§ Sd of the two means 0.16 0.02 042 002 0.01 0.05 0.21 0.03 0.03
0 )
% variance of the two means 038 1687 277 149 651 462 346 070 7.86
from both instrument
Mean of all analyses from the level 185 58.74 0.15 2143 169 018 159 8.86 6.65 0.59
oy Mean from the EPMA-CAMPARIS analyses  58.91 0.16 21.19 168 018 161 890 6.64 0.64
ot Mean from the SEM-DST analyses 58.48 0.15 2180 172 0.19 156 8.78 6.65 0.51
K] Difference between the two means 0.43 0.01 -0.61 -0.04 -0.01 0.06 0.12 0.00 0.14
§ Sd of the two means 0.30 0.01 043 003 0.01 004 0.08 0.00 0.10
0 )
% variance of the two means 073 494 290 246 479 357 135 007 21.23
from both instrument
Mean of all analyses from the level 219 7480 0.07 13.21 148 0.07 084 392 520 0.34
o Mean from the EPMA-CAMPARIS analyses  74.95 0.07 13.08 150 0.07 0.84 391 516 037
N Mean from the SEM-DST analyses 7458 0.07 13.40 146 0.06 083 395 528 0.31
K] Difference between the two means -0.37 0.00 0.31 -0.04 -0.01 -0.01 0.04 0.13 -0.07
§ Sd of the two means 0.26 0.00 0.22 0.03 0.01 0.01 0.03 0.09 0.05
0 )
% variance of the two means 049 593 237 290 11.86 129 1.01 243 1815
from both instrument
Mean of all analyses from the level 820 68.97 0.30 16.08 2.27 0.13 149 457 536 0.33
o Mean from the EPMA-CAMPARIS analyses 69.31 0.27 15.79 229 0.13 150 459 529 0.32
S Mean from the SEM-DST analyses 68.74 0.32 16.27 227 013 148 456 540 033
o) Difference between the two means 0.57 -0.05 -048 0.02 0.01 0.02 0.03 -0.11 -0.021
§ Sd of the two means 0.40 0.04 034 0.02 0.00 0.02 0.02 0.08 0.00
0 )
% variance of the two means 082 20.18 3.03 1.05 511 161 068 207 1.82
from both instrument
average of the % variance 0.68 12.67 2.80 199 1751 236 168 2.65 10.73

nb=99
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Table 2
Click here to download Table: Table2 foram_14C.xls

Laboratorty Core Depth “C AMS age *Error  Calibrated yr BP

Number (cm) Species (yr BP) (yr) (range 10) Source
SacA 15142 0-6 G. ruber 960 35 601-629 intcal09
SacA 15143 175-177 G. ruber 6535 45 6949-7029 intcal09
SacA 18291 215-217 G. ruber 7810 45 8237-8310 intcal09
SacA 15148 230-232 G. ruber 8470 50 8975-9034 intcal09

300 11660 Siani et al. 2010

420 14840 Siani et al. 2010
SacA 15149 470-472 G. bulloides 13740 60 16266-16724 intcal09

590 17000 Siani et al. 2010
SacA 15150 820-822 G. bulloides 16610 70 19260-19465 intcal09
SacA 15151 1475-1477 G. bulloides 22710 110 27267-27513 intcal09
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Table 3

Click here to download Table: table3_MD90-918.xls

MD90-918 2-Paris sio, TiO, Al,O; FeO, MnO MgO CaO Na0O K, O P,0s CIO Total Total Alkali K,0/Na,0O
3/1. 7514 0.09  13.14  1.27 0.03 0.05 079 409 499 000 039 100 9.08 1.22
5/1. 7502 014  13.02 1.37 0.06 006 081 381 533 002 036 100 9.15 1.40
6/1. 7523 000  12.88 1.49 0.10 004 067 383 542 002 032 100 9.25 1.41
7/1. 7509 021  12.95 1.51 0.04 004 076 388 512 000 040 100 9.01 1.32
8/1. 7457 001  13.40  1.46 0.13 003 087 390 522 003 037 100 9.12 1.34
9/1. 7493 000  13.07 1.61 0.06 005 078 396 518 002 033 100 9.15 1.31
10/1. 7503 000  13.07 1.63 0.07 005 074 401 504 000 036 100 9.06 1.26
11/1. 7473 027  13.06 1.39 0.07 004 076 382 548 000 037 100 9.30 1.43
12/1. 7521 005  13.09 1.49 0.12 004 075 398 489 000 037 100 8.88 1.23
14/1. 7473 001  13.49 1.62 0.06 005 077 402 487 002 037 100 8.89 1.21
16/1. 7490 002  13.23 1.54 0.11 005 081 373 521 000 040 100 8.94 1.40
17/1. 7478 015  13.26 1.53 0.09 004 078 383 515 003 036 100 8.98 1.34
18/1. 7469 001  13.27 1.58 0.06 005 077 397 521 001 038 100 9.19 1.31
19/1. 7500 002 1314 157 0.05 005 075 390 507 004 039 100 8.98 1.30

mean 7493 007  13.15 1.50 0.07 005 077 391 516 001 037 - 9.07 1.32
sd 021 009 017 0.11 0.03 001 005 010 018 001 0.02 - 0.13 0.07

MD90-918 4-Pisa sio, TiO, Al,O; Fe,0, MnO MgO CaO Na,O K, O P,0s CIO Total Total Alkali K,0/Na,O
PI151-1 7451 0.00  13.63 1.51 0.00 0.14 075 395 525 000 027 100 9.20 1.33
PI151-2 7456 000 13.44 153 0.00 009 08 393 526 000 033 100 9.19 1.34
PI151-3 7455 000  13.52 1.48 0.00 000 088 398 530 000 029 100 9.28 1.33
PI151-4 73.89 000 14.18 1.37 0.00 008 089 421 507 000 026 100 9.28 1.20
PI151-5 7441 023 1344 155 0.19 005 078 376 526 000 034 100 9.02 1.40
PI151-6 7444 011 1344 168 0.00 007 079 38 530 000 036 100 9.10 1.39
PI151-7 7479 007  13.65 1.57 0.00 008 072 368 503 000 042 100 8.71 1.37
PI151-8 7448 000  13.46 1.46 0.00 009 085 401 523 000 043 100 9.24 1.30
PI151-9 7419 009 1360 153 0.06 020 082 392 528 000 030 100 9.20 1.35

PI1151-10 7442 000 1355 1.45 0.00 008 078 385 549 000 037 100 9.34 1.43
mean 7442 005  13.59 1.51 0.03 009 081 391 525 000 0.34 - 9.16 1.34
sd 024 008 022 0.08 0.06 005 006 015 013 000 0.6 - 0.18 0.06
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Table 4

Click here to download Table: table4_ref _media.xls

Monte Pilato LIP22 cycle X SiO, TiO, Al,O; Fe,0; MnO MgO CaO Na,O K,0O
bulk rock 74.32 0.09 12,75 2.07 0.11 0.16 0.67 4.14 4.69
from Gioncada et al., 2003
Monte Pilato PI-134 SiO, TiO, Al,O; Fe,0; MnO MgO CaO Na,0O K,0O
mean 74.16 0.12 1351 158 021 0.05 0.76 4.07 5.32
sd 0.18 0.07r 008 0.08 025 0.06 0.05 0.09 0.07
n=10, this work
Mercato-Ottaviano SiO, TiO, Al,O; FeO,; MnO MgO CaO Na,O K,0
mean 59.45 0.10 22.12 175 021 0.09 159 7.95 6.11
sd 0.38 0.00 0.09 0.07 000 004 0.05 032 0.16
n=6, from Turney et al., 2008
Mercato base TM-6b SiO, TiO, Al,O; FeO,,; MnO MgO CaO Na,0O K,0O
mean 58.68 0.14 2141 180 0.18 0.07 176 8.58 6.76
sd 0.30 0.03 021 0.13 0.03 001 025 0.18 0.54
n=10, from Wulf et al;, 2004
Mercato base TM-6a SiO, TiO, Al,O; FeO,; MNO MgO CaO Na,0O K,0O
mean 60.06 0.31 2053 226 0.12 0.16 248 541 8.11
sd 098 0.09 047 049 0.04 0.07 036 093 0.82
n=12, from Wulf et al., 2004
Mercato SiO, TiO, Al,O; FeO,,; MnO MgO CaO Na,0O K,0O
mean 58.82 0.13 2181 177 014 0.09 166 8.60 6.97
sd 070 0.08 041 0.19 0.10 0.08 0.26 0.63 0.39
n=40, from Santacroce et al., 2008
Mercato OT0702-2 SiO, TiO, Al,O; FeO,; MNO MgO CaO Na,0O K,0O
mean 59.10 0.17 21.58 195 0.17 016 1.76 756 7.02
sd 055 0.09 013 0.11 0.07 0.09 0.13 0.56 0.27
n=9, from Vogel et al., 2009
VES-8622 SiO, TiO, AlL,O; FeO,,; MNO MgO CaO Na,0O K,0
mean 60.81 0.14 20.17 1.72 - 0.25 152 8.02 6.46
from Paterne et al., 1988
KET 8218 5-10cm SiO, TiO, AlL,O; FeO,,; MNnO MgO CaO Na,0O K,0
mean 60.04 0.10 2149 1.74 - 0.00 182 7.72 7.05
from Paterne et al., 1988
MD 90-917 240cm SiO, TiO, Al,O; FeO,,; MnO MgO CaO Na,0O K,0
mean 75.02 0.07 1294 160 0.06 0.03 0.76 3.79 557
sd 0.29 008 045 0.15 0.09 0.06 0.09 0.24 0.26
n=7, from Siani et al., 2004
MD 90-917 250cm SiO, TiO, Al,O0; FeO,,; MNO MgO CaO Na,O K,0
mean 74.74 0.12 1293 159 0.12 0.04 0.79 3.89 5.63
sd 035 009 041 0.17 0.10 0.05 0.12 0.25 0.15

n=32, from Siani et al., 2004
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