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Abstract

During the past millennia, several eruptions have occurred within the La Fossa caldera on the island of
Vulcano (Aeolian Islands, Italy), some being also described in historical documents dating back to
Republican Roman times (first to second century BC). The absolute and relative timing of such activity,
however, has remained poorly defined and controversial, due to contrasting ages provided by radiometric
and unconventional palacomagnetic methods. Here, we present a detailed reconstruction of the eruptive
history focused on the ninth to fifteenth century AD period that occurred at both La Fossa cone and
Vulcanello. This integrated approach involves tephrostratigraphy, standard palacomagnetic methodology
and radiocarbon dating. The new dataset confirms that the lavas exposed above sea level at Vulcanello
were erupted between the tenth and eleventh century AD, and not between the first and second century
BC as previously suggested. In this same time interval, La Fossa cone was characterized by long-lasting,
shoshonitic, explosive activity followed by a discrete, sustained, rhyolitic explosive eruption. Between
AD 1050 and 1300, activity was focused only on La Fossa cone, with alternating explosive and effusive
eruptions that emplaced four rhyolitic and trachytic lava flows, resulting in significant growth of the
cone. After the violent, phreatic event of the Breccia di Commenda (thirteenth century), the eruption
continued with a substantial, long-lasting emission of fine ash until activity ceased. Magmatic explosive
activity resumed at La Fossa cone at the beginning of the fifteenth century marking the onset of the
Gran Cratere cycle. This phase lasted until the mid-sixteenth century and produced at least seven
explosive eruptions of intermediate magma composition and a couple of lateral explosions (Forgia
Vecchia I and II). During this time interval, a third cinder cone was emplaced at Vulcanello, and the
activity produced the lava flows of Punta del Roveto and Valle dei Mostri. From the seventeenth to
twentieth centuries, volcanic activity was concentrated at La Fossa cone, where it ended in 1890. This
work confirms that Vulcanello island formed in Medieval times between the tenth and eleventh
centuries. Moreover, between the tenth and mid-sixteenth centuries, La Fossa caldera was the site of at
least 19 eruptions with an average eruption rate of one event every 34 years. This rate makes volcanic
hazard at Vulcano higher than that suggested to date.
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8  Abstract

During the past millennia, several eruptions have occurred within the La Fossa caldera on the island of Vulcano (Aeolian
10 Islands, Italy), some being also described in historical documents dating back to Republican Roman times (first to second
1 century BC). The absolute and relative timing of such activity, however, has remained poorly defined and controversial, due
12 to contrasting ages provided by radiometric and unconventional palacomagnetic methods. Here, we present a detailed recon-
13 struction of the eruptive history focused on the ninth to fifteenth century AD period that occurred at both La Fossa cone and
4 Vulcanello. This integrated approach involves tephrostratigraphy, standard palacomagnetic methodology and radiocarbon
15 dating. The new dataset confirms that the lavas exposed above sea level at Vulcanello were erupted between the tenth and
16 eleventh century AD, and not between the first and second century BC as previously suggested. In this same time interval,
17 La Fossa cone was characterized by long-lasting, shoshonitic, explosive activity followed by a discrete, sustained, rhyolitic
18 explosive eruption. Between AD 1050 and 1300, activity was focused only on La Fossa cone, with alternating explosive and
19 effusive eruptions that emplaced four rhyolitic and trachytic lava flows, resulting in significant growth of the cone. After the
20 violent, phreatic event of the Breccia di Commenda (thirteenth century), the eruption continued with a substantial, long-
21 lasting emission of fine ash until activity ceased. Magmatic explosive activity resumed at La Fossa cone at the beginning
22 of the fifteenth century marking the onset of the Gran Cratere cycle. This phase lasted until the mid-sixteenth century and
23 produced at least seven explosive eruptions of intermediate magma composition and a couple of lateral explosions (Forgia
24 Vecchia I and II). During this time interval, a third cinder cone was emplaced at Vulcanello, and the activity produced the
25 Java flows of Punta del Roveto and Valle dei Mostri. From the seventeenth to twentieth centuries, volcanic activity was
26 concentrated at La Fossa cone, where it ended in 1890. This work confirms that Vulcanello island formed in Medieval times
27 between the tenth and eleventh centuries. Moreover, between the tenth and mid-sixteenth centuries, La Fossa caldera was
28 the site of at least 19 eruptions with an average eruption rate of one event every 34 years. This rate makes volcanic hazard
29 at Vulcano higher than that suggested to date.
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Izu-Oshima in Japan, Yamamoto 2017). Accurate investiga-
tions of volcanic history and assessment of eruptive param-
eters have provided the background for model-based hazard
assessments of tephra fallout, vent opening and pyroclas-
tic density flows at Vesuvius and Phlegrean Fields in Italy
(Macedonio et al. 2008; Bevilacqua et al. 2015; Neri et al.
2015). These result in comprehensive volcano-magmatic
models of volcanic systems (Santorini (Greece), Andujar
et al. 2016; Mt. St. Helens (USA), Pallister et al. 2017; Vesu-
vius (Italy), Scaillet et al. 2008).

Fieldwork-based reconstructions of volcanic histories are
more complicated at volcanoes characterized by explosive
events of moderate intensity and magnitude, where tephra
deposits mostly consist of very similar fine-grained, ash
layers. In addition, ash deposits are easily eroded resulting
in poor preservation in the stratigraphic record. The vol-
canic system of Vulcano (Vulcano Island, Southern Italy)
is one of the iconic global volcanoes whose last eruption
in 1888-1990 offered G. Mercalli the chance to outline
the characteristics of what would become the most famous
explosive styles worldwide (i.e. the “Vulcanian” eruptive
style; Mercalli and Silvestri 1891). The way in which the
activity of Vulcano unfolds consists of the long-lasting rep-
etition of impulsive, short-lived individual Vulcanian bursts
and the launch of ballistic blocks and bombs along with the
formation of ash-laden convective plumes that rise for a few
kilometres. Ash and lapilli fallout generates stratified, simi-
lar ash and lapilli tephra layers within a few kilometres of the
vent. Over the past decades, a wealth of studies addressed
the geological mapping of the entire island and the recogni-
tion of the main eruptive units (De Astis et al. 2013; Selva
et al. 2020). However, tephrostratigraphy of the most recent
activity lacked accurate data. In addition, past investigations
have been for long time—based studies on a limited number
of radiometric dating. To date, the only radiometric ages
consist of a few K/Ar (Frazzetta et al. 1984) and 2°Ra/>*Th
age determinations (Voltaggio et al. 1995; Soligo et al. 2000)
that are unsuitable for establishing the age of units erupted
in the last thousand years.

In the last decades, publication of palacomagnetic ages on
lavas and high temperature pyroclastic flow deposits (Arri-
ghi et al. 2006; Zanella 2006; Gurioli et al. 2012) provided
new significant data. The inadequate number and typol-
ogy of chronological data and the lack of a comprehensive
tephrostratigraphic analysis suitable to tackle the high num-
ber of ash units were the principal motivation in undertaking
the present study.

The methodology was targeted to resolve the volcanic
history of the period between the ninth and fifteenth centu-
ries. It consisted of a significant number of conventional pal-
aeomagnetic dates of lava flows, welded scoriae and a dyke
combined with a tephrostratigraphic analysis and '*C ages
dating of some relevant tephra units. Tephrostratigraphic and

@ Springer

geochronological reconstructions strongly benefitted from
new data and charcoal samples collected from machine-
excavated trenches. This tephrostratigraphic survey also
gained from the recent work of Pistolesi et al. (2021) who
identified and dated exotic rhyolite ash beds on Lipari that
were correlated and traced across different sectors of the
island.

Our work was able to recognize and date a large number
of events at La Fossa caldera, enabling us to uncover rapid
variations in eruption style and magma composition at la
Fossa, and also to reveal the quasi-synchronous pattern of
activity between eruptive vents situated a few kilometres
apart within the same caldera system.

Chronostratigraphic framework

Vulcano is the southernmost island of the Aeolian volcanic
arc, located in the Southern Tyrrhenian Sea (Fig. 1). Accord-
ing to De Astis et al. (2013), it formed during eight eruptive
epochs, from ~130 ka to the present day. The most recent
activity of La Fossa cone and Vulcanello has been the tar-
get of several studies that have proposed different recon-
structions (Keller 1980; De Astis et al. 2013; Di Traglia
et al. 2013; Fusillo et al. 2015; Selva et al. 2020). Using
radiometric ages, the stratigraphic succession of La Fossa
cone was divided into three major sequences (De Astis et al.
2013). The lower part includes the Punte Nere and Grotta
di Palizzi 1 formations, erupted between BC ~3550 and
950 (Table 1; Frazzetta et al. 1984; Voltaggio et al. 1995;
Soligo et al. 2000). The intermediate portion (Grotta di Pal-
izzi 2 and 3, Carruggi and Forgia Vecchia formations) was
emplaced between BC ~250 and AD 776 (Table 1; Keller
1980; Frazzetta et al. 1984). The upper sequence is char-
acterized by the Pietre Cotte and Gran Cratere formations
erupted between AD 1739 and AD 1890-1890 (Mercalli
and Silvestri 1891).

Di Traglia et al. (2013) proposed a different reconstruc-
tion relying on tephrostratigraphic and geomorphologi-
cal considerations (Fig. 1). According to Di Traglia et al.
(2013), the most recent part of the La Fossa cone sequence
can be divided in two eruptive clusters (i.e. Palizzi-Com-
menda and Gran Cratere). The Palizzi-Commenda eruptive
cluster encompasses the Grotta di Palizzi 2 and 3 of De Astis
et al. (2013). The significant difference with respect to the
stratigraphy proposed by De Astis et al. (2013) also con-
cerns the Punte Nere lava flow (which De Astis et al. 2013
considered at BC ~3550) that was included in the Palizzi
sequence based on the palacomagnetic age (AD 1170) pro-
posed by Arrighi et al. (2006). According to Di Traglia et al.
(2013), three trachytic lava flows were erupted at the end of
Palizzi tephra unit: Punte Nere, Campo Sportivo and Palizzi
(AD 1230+20; Arrighi et al. 2006). The trachytic lavas were
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Fig. 1 Geology of La Fossa cone and Vulcanello modified after De
Astis et al. (2013), Di Traglia et al. (2013) and Fusillo et al. (2015).
The location of the palacomagnetic sampling sites and the position

followed by the emplacement of the rhyolitic Commenda
lava (AD 1250+100; Arrighi et al. 2006). The activity then
resumed with a violent hydrothermal explosion, the age and
the origin of which are still debated: the Breccia di Com-
menda (thirteenth century) of Gurioli et al. (2012) and Rosi
et al. (2018), or Carruggi formation (eight century) of De
Astis et al. (2013). After a period of eruptive quiescence,
the activity at La Fossa cone resumed with the Gran Cratere
Eruptive cluster that encompasses the lateral hydrothermal
explosions of Forgia Vecchia I (AD 1444; Mercalli and Sil-
vestri 1891) and the Forgia Vecchia II (AD 1727; Di Traglia
et al. 2013; Selva et al. 2020), the Pietre Cotte lava flow (AD
1739; Arrighi et al. 2006) and ends with the AD 1888—1890
eruption (Mercalli and Silvestri 1891).

As a whole, De Astis et al. (2013) reported the onset
of Punte Nere and Palizzi activity at BC 3550 and 950,
respectively, whereas Di Traglia et al. (2013) and Fusillo

of C samples from this work are shown. DTM is derived from
a 2-m resolution Lidar point cloud acquired in 2017 by Ministero
dell’Ambiente for the entire island (MATTM; www.minambiente.it)

et al. (2015) suggested a younger age (AD 1170 and 1230,
respectively) on the basis of tephrostratigraphic evidence
and archaeomagnetic results (Arrighi et al. 2006).

The controversial age of Vulcanello

The activity of Vulcanello is commonly divided into three
lithosomes (Vulcanello I, IT and III), with each of them
associated with explosive activity eventually producing
three partially overlapping pyroclastic cones (Cone I, IT and
III), a basal lava platform and multiple lava flows (De Astis
et al. 2013; Fusillo et al. 2015; Fig. 1). The temporal evo-
lution of Vulcanello is controversial. According to Keller
(1970, 1980), the early eruptions were dated to BC 126 or
183, on the basis of historical chronicles provided by Strabo
and Plinius, quoted by De Fiore (1922) and Mercalli and
Silvestri (1891), and based on 2®°Ra/**°Th radiometric data
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