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Chapter 13

Eruptive, volcano-tectonic and magmatic history of the Stromboli volcano
(north-eastern Aeolian archipelago)
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Abstract: Stromboli is famous for its persistent volcanic activity consisting of periodic discrete explosions alternating with lava effusion
and more violent explosions. This paper presents a detailed reconstruction of the geological history of Stromboli and description of the
characteristics and distribution of the volcanic units and structural features. Six main growth stages (Eruptive Epochs 1–6), in addition to
the c. 200 ka activity of Strombolicchio, are recognized between c. 85 ka and the present day, displaying a magma composition ranging
from calc-alkaline to potassic series which usually varies with changing Eruptive Epochs. The Epochs are subdivided into sequences of
eruptions and characterized by dominant central-vent summit activity with episodic phases of flank activity along fissures and eccentric
vents. The activity was repeatedly interrupted by erosional and destructive phases driven by recurrent vertical caldera-type (cc1–5) and
sector (and flank) collapses (sc1–7) and generally associated with significant quiescences. The different serial character of the Stromboli
rocks is associated with largely variable trace element contents and isotope ratios. These petrochemical characteristics together with our
new stratigraphy indicate that magmas, generated in a heterogeneous mantle wedge, underwent complex differentiation processes during
their ascent. Magmas are characterized by polybaric evolution residing in small magma reservoirs that are alternatively tapped by the
different collapses.

DVD: The 10 000 scale geological map of Stromboli is included on the DVD in the printed book and can also be accessed online at
http://www.geolsoc.org.uk/Memoir37-electronic. Also included is a full geochemical dataset for Stromboli.

Stromboli is the north-easternmost island of the Aeolian archipe-
lago, with its subaerial part mainly built up during the last c.
85 ka. Its persistent state of mild explosive activity (strombolian
activity), usually visible from several kilometres and persistent
more or less since early medieval times, is attractive to both scien-
tists and travellers.

This paper illustrates a new geological map of Stromboli at
1:10 000 scale (Lucchi et al. 2013a), developed using a modern
stratigraphic approach by means of unconformity-bounded units
combined with lithostratigraphic units and lithosomes based on
geometric features. This map is an updated version of the geologi-
cal map produced by Keller et al. (1993) and its explanatory notes
(Hornig-Kjarsgaard et al. 1993), which represented an essential
contribution to the knowledge of the geology of Stromboli. The
new map is based on original geological fieldwork and strati-
graphic analysis, a number of radiometric and palaeomagnetic
ages from the literature (Condomines & Allègre 1980; Gillot
1987; Gillot & Keller 1993; Arrighi et al. 2004; Speranza et al.
2004, 2008; Wijbrans et al. 2011) and a large set of petrochemi-
cal data (Francalanci et al. 1989, 1993a, 2004, 2008, 2012a;
Hornig-Kjarsgaard et al. 1993; Landi et al. 2006, 2009; Tomma-
sini et al. 2007; Corazzato et al. 2008; Petrone et al. 2009;
Calvari et al. 2011; Pompilio et al. 2012; full geochemical
dataset for Stromboli in the attached DVD). Fieldwork was com-
pleted under the framework of the CARG (CARtografia Geolo-
gica) Project of Geological Mapping of Italy, 1:50 000 scale of
sheet No. 577 bis, Isole di Stromboli e Panarea and conforms
with the modern principles of stratigraphic nomenclature. The geo-
logical and stratigraphic studies have been particularly focused on
the definition of characteristics and distribution of the Holocene
volcanic units and structural features (younger than 13 ka) up to
present-day activity.

The main contribution of this paper is the complete reconstruc-
tion of the eruptive, structural and magmatic history of Stromboli
as a result of six successive major constructional stages (Eruptive
Epochs) separated by periods of quiescence, erosion and volcano-
tectonic collapses (caldera and lateral collapses). In particular,
attention is placed on the role played by the collapses in controlling
the location of eruptive vents and activity through time. The recog-
nized Epochs of activity are characterized in terms of compo-
sitional features of the erupted products, ranging from the calc-
alkaline to potassic, through high-K calc-alkaline and shoshonitic
series. Finally, the compositional characteristics of the Stromboli
products are reviewed in the frame of mantle source heterogeneity,
processes of magma genesis and evolution and plumbing system
configuration.

Bathymetric and morpho-structural setting

The island of Stromboli (total area of 12.6 km2) is located in the
north-easternmost portion of the Aeolian archipelago (Fig.
13.1a). It is the subaerial culmination of a broad, largely sub-
merged, cone-shaped, slightly NE–SW-elongated volcanic
edifice rising c. 2400–2700 m above the seafloor, with a
maximum base diameter of c. 16 km at the –1500 m isobath and
a subaerial peak of 921 m above sea level (a.s.l.) at I Vancori.
Together with Panarea, the Stromboli volcano is part of a
45-km-long volcanic belt developed along the major NE–SW
regional extensional fault system and lying above the thinned con-
tinental crust of the Calabrian Arc (Gabbianelli et al. 1993;
Romagnoli et al. 2013; Ventura 2013). This region is characterized
by deep and low crustal seismicity (Falsaperla et al. 1999; Falsa-
perla & Spampinato 1999), high heat flow (Wang et al. 1989;
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Pasquale et al. 1999) and the occurrence of a low-velocity zone in
the underlying upper mantle (De Luca et al. 1997; Di Stefano et al.
1999; Gvirtzman & Nur 1999; Pontevivo & Panza 2006), therefore
interpreted as a zone of crustal weakness that controls the magma
rise and volcano-tectonic activity of Stromboli (cf. Bosman et al.
2009; Ventura 2013). The multi-stage lateral collapses of Sciara
del Fuoco and Le Schicciole–Rina Grande affect both the subaer-
ial and submarine portions of Stromboli (Fig. 13.1b) on the sym-
metrical sides of the NE–SW axis (Tibaldi 2001; Gamberi et al.
2006; Bosman et al. 2009; Romagnoli et al. 2009a, b; Tibaldi
et al. 2009; Casalbore et al. 2010). They are partially filled by
more recent volcanic products and are associated with voluminous

debris avalanche aprons and megablocks observed at the foot of the
slopes (Kokelaar & Romagnoli 1995; Bosman et al. 2009). Minor
north–south-, east–west- and NW–SE-striking faults are also
recognized along the north-western flank related to the Sciara
del Fuoco collapse (Falsaperla et al. 1999). Conversely, the but-
tressed north-eastern and western flanks of the Stromboli edifice
are not affected by large-scale instability processes (Fig. 13.1b)
(Gamberi et al. 2006; Bosman et al. 2009). They reveal traces of
slope erosion and are surrounded by flattish submerged shelves
at depths of 100–130 m, generally covered by depositional ter-
raced sequences which are the result of multiple erosional and
depositional phases during the Late Quaternary sea-level fluctu-
ations, particularly during the Last Glacial Maximum and the
Holocene (Chiocci & Romagnoli 2004; Casalbore et al. 2010;
Romagnoli 2013).

Geology and mapping

The eruptive, magmatic and volcano-tectonic history of Stromboli
is reconstructed according to a new stratigraphy and geological
map at 1:10 000 scale (Lucchi et al. 2013a), which is primarily
the result of original fieldwork and structural analysis carried out
during recent years for the CARG project of geological mapping
of sheet No. 577 bis, Isole di Stromboli e Panarea. These field
activities have been combined with remote sensing analysis,
such as interpretation of aerial photographs, satellite Landsat
images and DEM (Digital Elevation Model) shaded relief
images. Original fieldwork was particularly focused on the more
recent products of Stromboli erupted during the Holocene and
cropping out in the summit area and in the north-eastern and
western flanks of the island. This was aimed at providing infor-
mation on the complex interaction between eruptive events and
volcano-tectonic collapses during the recent history of Stromboli,
with important insights on the evaluation of volcanic hazard. The
previous map of Keller et al. (1993) and its explanatory notes
(Hornig-Kjarsgaard et al. 1993) are largely adopted as a primary
reference for the older volcanic products exposed mainly along
the southern slopes of Stromboli. The distribution of volcanic
units (lava flows, pyroclastic units, eruptive fissures, craters),
structural features (calderas, lateral collapses) and dykes is dis-
played on a digital map obtained from the Regional Technical
Topographic Map at 1:10 000 scale by the Regione Siciliana
(sheet No. 577 bis, Isole di Stromboli e Panarea), which is substan-
tially more detailed than the previous topographic maps derived
from the enlargment of the 1:25 000 scale map produced by the
IGM (Istituto Geografico Militare Italiano). These refined field
studies are combined with new petrochemical investigations
aimed at integrating the huge petrographic and geochemical
dataset already available for the Stromboli products (Francalanci
et al. 1988, 1989, 1993a, b; Hornig-Kjarsgaard et al. 1993; Tom-
masini et al. 2007). Moreover, several radiometric ages (Condo-
mines & Allègre 1980; Gillot 1987; Gillot & Keller 1993; Rosi
et al. 2000; Quidelleur et al. 2005; Foeken et al. 2009; Schneider
et al. 2009; Calvari et al. 2011; Wijbrans et al. 2011) and magne-
tostratigraphic (Arrighi et al. 2004; Speranza et al. 2008) and
tephrochronological attributions (Lucchi et al. 2008; Zanchetta
et al. 2011) have been taken into account and discussed in the
light of the reconstructed stratigraphy.

Methodology

The geological mapping and stratigraphic analysis of Stromboli
follow the procedure established by Lucchi (2013), which partly
modifies and develops the guidelines of the International Strati-
graphic Guide (Salvador 1994) and the recommendations of Pas-
quarè et al. (1992). Our approach is based on the integrated use
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Morpho-structural sketch map of the submerged flanks of Stromboli (modified
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of different rock-stratigraphic units (unconformity-bounded units,
lithosomes and lithostratigraphic units) for the purpose of describ-
ing the main geological features of the volcanic succession of
Stromboli and providing the necessary parameters for defining
its eruption types and behaviour.

The classical lithostratigraphic units (formations and members)
are the basic units for mapping and allow the distinctive lithologi-
cal, structural and petrochemical characteristics of the different
rock types to be described. Their (chrono)stratigraphic position is
established on the basis of direct field stratigraphic contacts and
available radiometric and relative age attributions, with some
ranges of variability introduced for cases of uncertain stratigraphic
relationships. The name of the units is generally established by
referring to the appropriate place-names in the topographic map,
although some informal wordings are adopted to maintain the orig-
inal nomenclature of the previous map of Keller et al. (1993) and
its explanatory notes (Hornig-Kjarsgaard et al. 1993). The lithos-
tratigraphic units usually correspond to the main lava or pyroclas-
tic mapped units, with the exception of the most recent lava flows
emplaced at Stromboli during the past c. 100 years within the
Sciara del Fuoco collapse depression. Most of them are not
exposed but have been covered by the products of most recent
activities, and may be highly discontinuous due to erosion or grav-
itational instability processes. These lava flows are therefore map-
ped by means of two time intervals of episodic effusive activity
(sf1 ¼ 1941–1944, 1949–1952, 1954, 1956, 1958, 1959, 1967,
1975, 1985–86; sf2 ¼ 2002–2003, 2007, 2010), and displayed
in the map by the year of formation.

The informal lithosomes are extensively used to identify distinc-
tive three-dimensional rock bodies mostly corresponding to the
main eruptive centres (vents) and the corresponding products,
thus providing a substantial contribution to the recognition of the
volcanic source areas and their geometric features. This conforms
to the original definitions by Wheeler & Mallory (1956) and Krum-
bein & Sloss (1963), and represents a development of the usage
proposed by Pasquarè et al. (1992). A lithosome can frequently
group together two or more lithostratigraphic units in the case of
successive rock bodies building up an individual eruptive centre,
but it can also correspond to a single formation identifying a
rock body with distinctive field characteristics, stratigraphic pos-
ition and geometry. In the latter situation, the same name is
assigned to both lithosome and formation.

The unconformity-bounded units are delimited by significant
and recognizable unconformities representing a substantial strati-
graphic hiatus or (volcanic) non-deposition (cf. Salvador 1994).
They are adopted as a primary means of stratigraphic classifica-
tion for the volcanic succession of Stromboli, which is typically
characterized by the presence of several unconformities of variable
duration, character and areal distribution (following the sugges-
tions of Pasquarè et al. 1992). The unconformity-bounded units
allow definition of a synthetic stratigraphic outline of Stromboli,
where the more descriptive lithostratigraphic units and lithosomes
are inserted. This provides the tools for correlations at various
scales and the basis for the definition of the eruption types and
cyclicity of Stromboli by different types of volcanic activity
units (see ‘Eruptive history’).

Previous work on geological mapping

Reconnaissance geological maps of Stromboli at 1:100 000 to
1:50 000 scales have been produced by the Italian National Geo-
logical Survey in 1886 (SGI 1886), Cortese & Sabatini (1892)
and Bergeat (1899). A map of Stromboli at 1:10 000 scale was pro-
duced by Magnani (1939) on the basis of the interpretation of
aerial photographs.

The first systematic geological map at 1:10 000 scale is that pre-
sented by Rosi (1980a, b) who recognized two main cycles (older
and younger) of summit activity (following Bergeat 1899)

subdivided by a series of volcano-tectonic collapses, and charac-
terized by a shifting of the eruptive axis and a change of petro-
chemical composition. The older (andesite) cycle was further
subdivided into a basal formation (with both pyroclastic products
and lavas) and the Vancori complex (with Lower, Middle and
Upper parts). The younger (shoshonite) cycle included the Pizzo
Sopra la Fossa tuffs, lava and scoriae to the sides of Sciara del
Fuoco and the products of the present activity. Moreover, Rosi
(1980a, b) first described the presence of parasitic eruptive
centres both during the older (Strombolicchio) and the younger
cycles of activity (Vigna Vecchia, Timpone del Fuoco).

Keller et al. (1993) presented a 1:10 000 scale geological map
of Stromboli and accompanying explanatory notes (Hornig-
Kjarsgaard et al. 1993) as the result of detailed field mapping com-
bined with petrological and geochemical studies (Francalanci et al.
1988, 1989, 1993a; Hornig-Kjarsgaard et al. 1993) and the early
radiometric ages (Condomines & Allègre 1980; Gillot 1987;
Gillot & Keller 1993). This map further developed the stratigraphic
scheme proposed by Rosi (1980a, b) by defining six main cycles
of volcanic activity – Paleostromboli I (,100–61 ka), Paleos-
tromboli II (64–55 ka), Paleostromboli III (55–35 ka), Vancori
(26–13ka), Neostromboli (13–6 ka) and Recent Sciara Volcano
(,6 ka) – separated by periods of quiescence, three caldera col-
lapses and two north-westward sector collapses. These cycles
were further subdivided into 30 (mappable) volcano-stratigraphic
units with distinctive geochemical attributes varying from calc-
alkaline to leucite-bearing shoshonite with a general enrichment
of K2O through time. Most of these units were related to summit
eruptive activity, but several eccentric vents were also identified
mostly in the north-eastern sector of the island (Scari, Roisa,
Labronzo, Vallonazzo, Nel Cannestrà and San Bartolo) and subor-
dinately in the western side (Timpone del Fuoco, Lazzaro). Strom-
bolicchio was interpreted as the remnant of an almost entirely
dismantled (pre-Stromboli) volcanic edifice dated to c. 204 ka.

A parallel geological reconstruction was provided by Pasquarè
et al. (1993) together with a sketch geological map (at about
1:33 000 scale). The main outcome of this work was a special
focus on the spatial distribution of dykes, which provided hints
regarding the dominant role played by the NE–SW structural
trend and the NW-dipping sector collapse of Sciara del Fuoco in
conditioning the geological evolution of Stromboli.

Tibaldi & Pasquarè (2010) recently presented a new 1:10 000
scale map of Stromboli and its explanatory notes (Tibaldi 2010)
based on fieldwork performed during the 1990s (and not modified
after the latest eruptions of 2002–2003 and 2007) using an enlar-
ged 1:25 000 scale topographic map by the IGM. This map was
organized by using lithostratigraphic criteria and unconformity-
bounded units (and minor lithosomes), although the mapped
rock bodies and stratigraphic succession were almost entirely com-
parable to those proposed by Keller et al. (1993) and Hornig-
Kjarsgaard et al. (1993). The main output of this map is
represented by a detailed structural analysis of dykes, swarms
(although their mapping is generally unclear due to the inaccuracy
of the adopted topographic map) and volcano-tectonic collapses
(following Tibaldi 2001, 2003, 2004; Tibaldi et al. 2003; Acocella
& Tibaldi 2005). In particular, Tibaldi (2010) recognized three
caldera collapses and a SE-dipping lateral collapse during the
early stages of development of Stromboli (.13 ka) and four
successive NW-dipping sector collapses during the Holocene
(,13 ka), leading to the formation of the present Sciara del Fuoco.

Calvari et al. (2011) produced a schematic geological map of the
north-eastern sector of Stromboli (at about 1:17000 scale) based on
original fieldwork, radiometric ages (cf. Wijbrans et al. 2011) and
petrographic and geochemical analyses. They differentiated the
Neostromboli lavas of Keller et al. (1993) into a number of
(dated) informal units representing the activity of eccentric NE–
SW fissures and vents active during the last 15 ka (Roisa, San Vin-
cenzo, Labronzo, Spiaggia Lunga, Vallonazzo, Nel Cannestrà,
Serro Adorno, Piscità, San Bartolo).
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Dating framework

The dating framework of Stromboli is reconstructed on the basis
of available radiometric ages and palaeomagnetic relative age
attributions, combined with a few tephrochronological constraints
(Fig. 13.2). Accordingly, the exposed portion of Stromboli was
entirely developed during the Late Quaternary from c. 85 ka to
present times, whereas the Strombolicchio neck is dated to
c. 204 ka. Differently from most of the islands of the Aeolian
archipelago, there is no field evidence for raised marine terrace
deposits (Keller 1967; Lucchi 2009), which usually provide impor-
tant time-stratigraphic markers. This is basically consistent with
the fact that Stromboli is almost entirely younger than the main
time interval of formation of marine terraces in the Aeolian
region during the Last Interglacial period (124–81 ka).

Radiometric ages. A series of radiometric measures obtained by
different methods (K–Ar, Ar/Ar, 14C, Th–U, cosmogenic He)
provide dating for most of the stratigraphic units recognized in
the present paper (cf. Table 13A.1). A large K–Ar dataset was pro-
vided by Gillot & Keller (1993), also relying on a few Th–U ages
by Condomines & Allègre (1980) and tephrochronological argu-
ments. These unspiked K–Ar ages are generally characterized
by acceptable levels of accuracy (although the analytical errors
may be relatively high) and internally consistent. They provide a
chronological framework for the main cycles of volcanic activity
identified in the present paper: Paleostromboli I (c. 85 ka), Paleo-
stromboli II (67–54 ka), Paleostromboli III (41–34 ka), Vancori
(26–13 ka), Neostromboli (13–4 ka) and Recent Stromboli
(,4 ka). Further K–Ar analyses by Quidelleur et al. (2005)
provide ages for some units belonging to Paleostromboli II and
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III. Unfortunately, only a few of these ages can be unequivocally
attributed to our mapped units, whereas the other samples are
imprecisely localized in the V.ne di Rina area and are therefore
omitted in the following stratigraphic analysis (cf. Table 13A.1).

A number of Ar/Ar ages are provided by Calvari et al. (2011)
and Wijbrans et al. (2011) for the majority of volcanic units of
Neostromboli recognized in the north-eastern flank of Stromboli.
These volcanic units do not completely fit those introduced in
our geological map, although a direct relationship is always estab-
lished by means of precise location of the samples. The Neostrom-
boli products in the study area display ages between c. 15–13 and
4 ka, with a culmination of the eruptive activity in the 8–7 ka time
interval. This is generally in agreement with two cosmogenic He
exposure ages of c. 7 ka provided by Foeken et al. (2009) for Neos-
tromboli lavas in the western side of Stromboli. The radiometric
age of c. 13 ka for the San Bartolo lavas is assumed to be uncertain
and omitted.

A radiocarbon calendar age of c. 7 ka is provided for carbonized
wood fragments embedded in the basal portion of the reknown
Secche di Lazzaro pyroclastic succession (cf. Table 13A.1),
related to the Neostromboli period. Furthermore, a series of 14C
calibrated ages are given by Rosi et al. (2000) for charred material
and organic matter contained within pyroclastic products referred
to as ‘Lower Sequence’ and a palaeosol found within trenches near
the summit of Stromboli. The ‘Lower Sequence’ products are mos-
tly dated to a time interval between 380–100 BC and AD 45–245,
whereas the overlying palaeosol is dated to AD 55–615. These
14C ages provide fundamental constraints for the Pizzo activity
and the onset of the present-day activity of Stromboli.

Palaeomagnetic dating. Important chronological constraints for
several volcanic units of the Neostromboli and Recent Sciara
periods of activity are provided by palaeomagnetic dating
(Arrighi et al. 2004; Speranza et al. 2004, 2008). This method is
based on the comparison between the palaeomagnetic directions
of rock samples and the independent reference curves for the
palaeosecular variation of the geomagnetic field within an esti-
mated time interval.

Speranza et al. (2004, 2008) have adopted a reference dataset for
the Mediterranean region (translated to Stromboli) for the last
10 ka, a time interval assumed to encompass the majority of the
sampled volcanic units. In particular, they report on a series of
spatter-forming eruptions during the last centuries with paroxysms
which occurred mostly in the 16th century. Lava flows cropping
out in the area of Bastimento and related to the ‘Recent Sciara
lavas’ of Hornig Kjarsgaard et al. (1993) are dated to AD 355–
557 (‘Flow hanging over the Sciara’) and AD 1264–1418
(‘Sciara lava overflow’). An internally consistent dataset is given
for the San Bartolo lava flow, which is dated to Greek–Roman
times in the time interval between 360 BC and AD 7. Numerous

palaeomagnetic ages have been measured for different Neostrom-
boli lava flows cropping out along the north-eastern (and subordi-
nately western) flank of the island. The ages fit the restricted 6.2–
8 ka time interval, although the age data relative to the individual
stratigraphic units are not easily discriminated one from another.
Moreover, we note that some of the sampled Neostromboli lava
flows (e.g. Roisa unit, Ginostra unit, Punta Lena flow and scoria
below the Advanced Operation Center of the Department of
Civil Protection, or COA, pyroclastics) could be substantially
older than the adopted reference palaeosecular curve, as emerges
from the radiometric ages of Gillot & Keller (1993) and Calvari
et al. (2011). This reduces the possibility of testing the chronologi-
cal significance of the corresponding palaeomagnetic ages. Arrighi
et al. (2004) have provided further palaeomagnetic dating by
relying on the South Italian volcanic reference curve defined for
Monte Etna. They display results comparable to Speranza et al.
(2008) for the San Bartolo lava flow (AD 100 + 100) and the
Sciara lava overflow (AD 1350), whereas different conclusions
are drawn for the spatter-forming activities of the last centuries.

Tephrochronological constraints. The stratigraphic record of Strom-
boli preserves a few tephra layers of external provenance acting as
important time-stratigraphic markers for correlation and relative
age assignment (Fig. 13.2). The recognized tephra layers and
their distinctive lithology and geochemical–mineralogical finger-
printing are summarized in Table 13.1, together with the proposed
source area and correlation with a proximal stratigraphic unit in
distant islands of the Aeolian archipelago or the Campanian area
(cf. Keller et al. 1978; Morche 1988; Lucchi et al. 2008, 2013b).
The oldest age constraint is given by the Ischia Tephra of Campa-
nian origin, which is the most important marker bed for regional
tephrostratigraphic correlations in the Aeolian archipelago (cf.
Keller et al. 1978; Morche 1988; Lucchi et al. 2008, 2013b).
Dated to c. 56 ka (Kraml 1997; Kraml et al. 1997), this tephra
layer crops out in the area of La Petrazza and is generally
assumed to subdivide the volcanic successions of Paleostromboli
II and Paleostromboli III (Hornig-Kjarsgaard et al. 1993). In the
same locality, above the Ischia Tephra we report a brownish
tephra layer correlated with the so-called Intermediate Brown
Tuffs (ranging between 56 and 22 ka), which is embedded
within the Paleostromboli III succession (corresponding to the
‘Lower Scari Tuffs’ of Hornig-Kjarsgaard et al. 1993). The Inter-
mediate Brown Tuffs are a pyroclastic unit correlated across most
of the Aeolian region under study and have been proposed to orig-
inate from the Vulcano eruptive complex (Lucchi et al. 2008,
2013b). In the area surrounding the COA near the village of Strom-
boli, we have recognized loose whitish pumiceous lapilli repre-
senting the distal expression of the Vallone del Gabellotto
pyroclastic unit from Lipari (dated to 8.7–8.4 ka; Zanchetta
et al. 2011). They are embedded within a palaeosol found below

Table 13.1. Summary of external tephra layers reported on Stromboli (in stratigraphic order)

Tephra Deep-sea

tephra

Field

locality

Description Thickness Chemistry Minerals Source

area

Stratigraphic

unit

Age

M. Pilato Bastimento, San

Vincenzo1,6

White pumiceous

ashes

Few mm Rhy aphyric Lipari Sciarra dell’Arena

Formationa

AD 7763,5

Vallone del

Gabellotto

E-1 San Vincenzo Loose white

pumiceous lapilli

(loose) Rhy aphyric Lipari Vallone del Gabellotto

Formationa

8.7–8.4 ka4

Intermediate Brown

Tuffs

La Petrazza Brown-grey ash

glass fragments

15–20 cm Sho to

Tra (glass)

cpx, plg, kf,

ol, amp

Vulcano Pianoconte Formationa,b 56–27 ka*5

Ischia Tephra Y7 La Petrazza Yellowish-whitish

fine ashes

25–30 cm Tra kf, bt, plg,

cpx, ac, ti, zr

Ischia

(Campanian)

Epomeo Green Tuff –

Monte Sant’Angelo unit

56+42,5

Deep-sea tephra layers conform to the marine tephrostratigraphical record (cf. Wulf et al. 2004). Composition: Tra, trachyte; Sho, shoshonite; Rhy, rhyolite. Mineralogy: kf, sanidine; plg,

plagioclase; cpx, clinopyroxene; ol, olivine; amp, amphibole (hornblende); bt, biotite; zr, zircon; ac, acmite; ti, titanite. References: 1Bertagnini et al. 2011; 2Kraml et al. 1997; 3Keller 2002;
4Zanchetta et al. 2011; 5Lucchi et al. 2008; 6Rosi et al. 2013. (*) The 14C ages are reported as calibrated (calendar) ages by referring to the INTCAL09 curve of Reimer et al. (2009) (see

Lucchi et al. 2013b for further details). Correlation of stratigraphic units: aLipari; bVulcano.
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the Nel Cannestrà lava flow. Finally, a M. Pilato tephra layer from
Lipari (dated to AD 776; Keller 2002) is recognized in different
stratigraphic profiles along the north-eastern slopes of Stromboli
(Bertagnini et al. 2011; Rosi et al. 2013), located below the scor-
iaceous/pomiceous products related to the present-day activity of
Stromboli.

Structural features

Structural features on Stromboli are interpreted on the basis of field
evidence plus remote sensing data (DEM images and areal photo-
graphs), combined (and compared) with results from previous
work (Hornig-Kjarsgaard et al. 1993; Pasquarè et al. 1993;
Tibaldi 2001, 2003, 2010). The structural pattern is dominated by
the NE–SW regional system that is primarily outlined by the main
orientation and distribution of dykes and sheets, eruptive fissures,
secondary vents and the active summit craters. Accordingly, the
flanks of Stromboli have a different morpho-structural setting.

The north-western and south-eastern flanks (both subaerial and
submarine) on both (symmetrical) sides of the NE–SW axis
are cut by recurrent lateral (sector and flank collapses) collapses,
whereas volcanic landforms are largely prevalent in the buttressed
north-eastern and western flanks.

Several dykes and eruptive fissures over the entire history of
Stromboli (up to the present) are exposed along the southern
flanks of the volcano, with the highest density shown in the area
of V.ne di Rina (Fig. 13.3) (cf. Hornig-Kjarsgaard et al. 1993; Pas-
quarè et al. 1993; Tibaldi et al. 2003; Corazzato et al. 2008). Most
of the dykes and intrusive sheets in these areas intersect (and feed)
the volcanic successions belonging to the Paleostromboli I (85–
75 ka), Paleostromboli II (64–54 ka), Paleostromboli III (55–
34 ka) and Vancori (26–13 ka) cycles of activity, apparently fol-
lowing a broadly radial arrangment (from NE–SW to NNW–
SSE directions) around the Paleostromboli volcano. A part of
these dykes developed along a NE-trending zone of structural
weakness following the main tectonic trend acting on Stromboli
(as outlined by Corazzato et al. 2008). Several dykes are visible
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Fig. 13.3. Morpho-structural sketch map of Stromboli based on a DEM-shaded relief image courtesy of DICEA (Dipartimento di Ingegneria civile Edile e Ambientale),

Università di Roma La Sapienza (research project funded by the Italian Department of Civil Protection for the emergency management after the 2007 Stromboli eruption).

V.ne, Vallone. Kilometric coordinates conform to the Gauss-Boaga System (Sistema Nazionale – Fuso Est), and geographic coordinates are related to the Greenwich

meridian. Numbers in the figures indicate metres above sea level.
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along the shoulders of the Sciara del Fuoco collapse, where a sub-
stantial part of them at higher elevations have NE–SW directions
parallel to the major structural trend of Stromboli. Conversely, the
dykes at lower elevations have directions following the walls of
the collapse, and reflect the tensional debuttressing associated with
the collapse formation (circum-sector collapse dykes; Tibaldi
2001, 2003). Several dyke-fed eruptive fissures are recognized
along both the north-eastern and western flanks of Stromboli
developing along a NE-trending zone crossing the summit por-
tion of the volcano.

Recurrent volcano-tectonic collapses are recognized on Strom-
boli in different stratigraphic positions. Five concentric caldera-
type collapses (namely cc1–5, starting from the oldest) are recog-
nized along the southern flank of Stromboli (Fig. 13.3). They are
represented by subrounded vertical escarpments cutting the
summit and the flanks of the volcano, and mark the most important
erosional unconformities during the older to intermediate cycles of
activity of Stromboli (from Paleostromboli I to Lower Vancori).
The calderas are invariably filled by younger volcanic products pre-
ferentially accumulating within the collapse depressions. The latter
are never exposed, with the calderas outlined by the intersections
with the topographic surface of the external caldera rims. They
are highlighted by the high-angle discordant volcano-tectonic and
erosional surfaces at the contact between outward-dipping
(pre-collapse) and subhorizontal or inland-dipping (collapse-
filling) volcanic sequences. When completely covered by younger
products, the caldera rims may be identified by clear breaks in the
slopes. In this way we reconstruct the subrounded to elliptical
geometry of the five concentric calderas, progressively decreasing
in average diameter from c. 2.7 km (cc1) to c. 2.4 km (cc2) to

c. 2 km (cc3) to c. 1.5 km (cc4) to c. 1.2 km (cc5). A buried
caldera rim was inferred along the north-eastern flank of Stromboli
by Pasquarè et al. (1993) and Tibaldi (2001) on the basis of a change
of slope inclination and different hydrographic patterns. We could
not verify the existence of this feature and attribute it to a specific
caldera collapse in our sequence.

In addition to calderas, Stromboli is characterized by a series of
large-scale lateral (sector or flank) collapses affecting mostly the
north-western and south-eastern flanks of the cone. They are
delimited by asymmetric horseshoe-shaped scars and are the
result of bilateral flank instabilities at different scales with esti-
mated volumes varying from 0.7 to 2 km3 (Tibaldi 2001; Romag-
noli et al. 2009b). Based on the morphostratigraphic (and
cross-cutting) relationships with the volcanic products, we recon-
struct a sequence of (at least) seven lateral collapse structures with
independent morphological (and stratigraphic) evidence (namely
sc1–7, starting from the oldest). These collapse structures could
have been the source of multiple lateral failures that mainly
occurred during the last 13 ka (except for sc1–2), documenting a
complex history of interacting volcano-tectonic activity and vol-
canism renewal in the history of Stromboli. Most of the lateral col-
lapse events contributed to the development of the multi-stage
Sciara del Fuoco structure (Fig. 13.4a–c) along the north-western
flank (sc3, sc4, sc5a, sc5b, sc7a, sc7b). Two of them (sc2, sc6)
instead resulted in a large collapse structure in the area of Le Schic-
ciole–Rina Grande along the south-eastern flank of Stromboli
(Fig. 13.4b–d). We also recognize a flank collapse (sc1) that
occurred along the south-western flank of Stromboli. The multi-
stage lateral collapses of Sciara del Fuoco and Le Schicciole–
Rina Grande are also recognized along the submarine flanks of
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Fig. 13.4. Exposures of lateral collapses on Stromboli. (a) The Sciara del Fuoco multi-stage NW-dipping lateral collapse is evident because of a curvilinear scar along the

north-western flank of Stromboli. (b) SE-dipping flank collapse sc2 producing the main part of the multi-stage Rina Grande collapse structure. The collapse is made

evident by the different angular setting between the pre-collapse (visible along the left shoulder) and collapse-filling products. (c) Aerial view of the summit area of

Stromboli where the successive collapse rims sc3, sc5a and sc7b are exposed. These collapses build up the headwall of the multi-stage Sciara del Fuoco structure.

(d) SE-dipping semi-circular scar of the collapse sc6 in the area of Rina Grande, near the summit of Stromboli, truncating the Upper Vancori lava flows with a

tens-of-metres displacement restricted to the upper slopes.
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Table 13.2. Summary of unconformities on Stromboli (in stratigraphic order, starting from the most recent)

Rank Extent Descriptive features Genetic processes Time duration

stg 3rd Summit

Stromboli

Surface of subaerial erosion and high-angle

discordance associated with the NW-dipping sector

collapses sc7a – b. This offsets the Le Roccette lava

flows (AD 1350) and the Fossetta lavas, and is

covered by spatter deposits of Sciara del Fuoco

Formation dated to AD 1631–1730.

Volcano-tectonic lateral collapse

representing the latest stages of

development of the multi-stage Sciara del

Fuoco collapse.

,280–380 years (from

AD 1350 to AD

1631–1730)

stf 3rd Summit and

NE

Stromboli

Unconformable surface of angular discordance and

(short-lived) quiescence marked by the deposition of

the M. Pilato tephra layer from Lipari (AD 776).

This unconformity is found above the deposits of the

Pizzo and post-Pizzo activities (up to AD 355–557)

and bounds at the base the scoriaceous products

related to the present-day activity of Stromboli.

The stratigraphic hiatus of this unconformity is

probably associated with the SE-dipping lateral

collapse sc6 cutting the summit of the Pizzo scoria

cone.

Volcanic quiescence associated with the

change of eruption style associated with

the onset of the present-day activity.

220–420 years

(from AD 355–557

to AD 776)

St5 2nd NE Stromboli

(correlated

to whole

island)

Surface of subaerial erosion and high-angle

discordance associated with a remarkable

compositional change of erupted products passing

from the latest Neostromboli products (c. 7–4ka) to

the Pizzo (from 380–100 BC and AD 45–245) and

post-Pizzo activities (AD 355–557). This

unconformity is likely associated with the sc5b

sector collapse event marked by the Semaforo

Labronzo hydromagmatic eruption.

Volcanic quiescence likely associated with

the sc5b sector collapse along the

north-western flank of Stromboli.

c. 2.6–3 ka (from 4 ka

BP to 380–100 BC)

ste 3rd Whole island Surface of subaerial erosion and angular discordance

related to the major NW-dipping sector collapse sc5a

cutting the summit of Upper Neostromboli volcano.

This collapse directly offsets the Ginostra lava flows

(dated at c. 13 ka), and more likely occurred in

association with the Secche di Lazzaro

hydromagmatic eruption (c. 7 ka).

Volcanic quiescence related to the major

NW-dipping sector collapse sc5a along

the north-western flank of Stromboli.

c. 3 ka (7–4 ka BP)

std 3rd Summit of

Stromboli

Surface of subaerial erosion and high-angle

discordance related to the NW-dipping sector

collapse sc4 exposed at Bastimento. This collapse

cuts the Lower Neostromboli products (Filo del

Fuoco Formation) and is followed by lavas of the

Ginostra Formation (c. 13 ka). It is associated with

the Semaforo Nuovo hydromagmatic eruption

(c. 13–12 ka).

Short-lived quiescence associated with a

NW-dipping sector collapse within the

Sciara del Fuoco structure.

? (c. 13 ka BP)

St4 2nd Whole island Surface of subaerial erosion and high-angle

discordance (associated with a thick palaeosol in the

area of Liscione) related to the major NW-dipping

sector collapse sc3 cutting the summit of Stromboli.

This collapse cuts the whole of the Vancori products

(26–13 ka) and is directly covered by the Roisa

scoriae (15–13 ka) and the Lower Neostromboli

products. The development of this collapse is likely

associated with the emplacement of the Frontone

breccias.

Major sector collapse (associated with

short-lived volcanic dormancy)

representing the early stage of

development of the Sciara del Fuoco

collapse structure along the north-western

flank of Stromboli.

? (c. 13 ka BP)

stc 3rd Southern

sectors

Surface of subaerial erosion and angular discordance

found between the Middle Vancori (Costa San

Vincenzo Formation, 22–21 ka) and the Upper

Vancori products (I Vancori Formation, 13 ka).

Period of dormancy during the Vancori

activity.

c. 8 ka (from 22–21 ka

to 13 ka BP)

stb 3rd Summit

portions

Surface of subaerial erosion and high-angle

discordance related to the summit caldera collapse

cc5 exposed at Frontone. This caldera offsets the

Lower Vancori lavas (Portedduzza Formation, 26 ka)

and is sealed by the Middle Vancori products (Costa

San Vincenzo Formation, 22–21 ka).

Caldera collapse (and volcanic dormancy)

affecting the summit portion of the

Vancori stratocone.

c. 4 ka (from 26 ka to

22–21 ka BP)

St3 2nd Whole island Surface of subaerial erosion and high-angle

discordance related to the summit caldera collapse

cc4 of Frontone (Lower Vancori caldera). This

caldera offsets the Paleostromboli III products (41–

34 ka) and is sealed by the Lower Vancori products

Caldera collapse (and volcanic dormancy)

affecting the summit of Paleostromboli III

stratocone (and SE-dipping lateral

collapse along the Rina Grande collapse

structure).

c. 8 ka (from 41–34 ka

to 26 ka BP)

(Continued)
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Stromboli, and are associated with voluminous debris avalanche
aprons offshore (Bosman et al. 2009). Some of the lateral collapse
events are interpreted as being associated with time-equivalent
hydromagmatic eruptions (cf. Bertagnini & Landi 1996; Giordano
et al. 2008). The successive collapses are generally filled by
younger volcanic products, and are widely mantled by the scoriac-
eous material produced during the present-day explosive activity
of Stromboli. This obscures the geometry of the older collapse
rims and their stratigraphic position within the volcanic succes-
sion. When covered by younger products, the collapse rims may
be outlined by clear (asymmetric) morphological discontinuities
or breaks in the slopes. Occasionally, the collapse rims have
been recognized on the basis of the fluid circulation and CO2

degassing pattern (Finizola et al. 2002, 2003).
The aspects of dating of the volcano-tectonic collapses of

Stromboli and their morphostratigraphic relationships with the
volcanic products will be treated in detail as part of the eruptive
history (see ‘Eruptive history’).

Unconformities

Several unconformities with variable duration and areal extent are
recognized on Stromboli, corresponding to the most important
stratigraphic gaps or structural discontinuities. Their main features
are summarized in Table 13.2 and their duration and vertical suc-
cession are depicted in Fig. 13.5. All these unconformities result
from internal processes of modification of Stromboli, such as the
main quiescent stages and recurrent caldera or lateral (sector and
flank) collapses, and are referred to as autogenic unconformities
(cf. Lucchi 2013). Their field evidence is given by surfaces of sub-
aerial erosion with variable degrees of truncation or angular discor-
dance, occasionally associated with palaeosols or epiclastic
horizons. These unconformities are ranked primarily according
to their potential of correlation (following the procedure estab-
lished by Lucchi 2013), with higher-rank unconformities (bound-
ing synthems) correlated across the whole island of Stromboli
and minor-rank unconformities (bounding subsynthems) recog-
nized in discrete sectors of it. However, most of the unconformities

of Stromboli correspond to the major caldera and lateral collapses,
and are laterally extended by correlation across the whole of the
island. We therefore assume that the rank of the unconformities
depends on the scale of the associated collapses and their role in
causing an internal modification of the magmatic system of the
volcano. The higher-rank unconformities (bounding synthems)
are those corresponding to the major caldera and lateral collapses
that caused a substantial reorganization of the shallow magmatic
system commonly recorded in a substantial period of quiescence
and a remarkable compositional change of the erupted products.
In a few cases these major collapses caused a notable shifting of
the active eruptive vents, although these are generally located in
the summit area. As such, we introduce the higher-rank unconfor-
mities St1–St5 corresponding to the major collapses in the history
of Stromboli and the associated compositional changes (or vent
shifts). Their field evidence in proximal areas is given by the high-
angle discordant surfaces separating the volcanic successions
above and below collapses. In distal areas these volcano-tectonic
(structural) discontinuities pass laterally to erosional surfaces.
Some lower-rank unconformities (bounding subsynthems)
instead correspond to short-lived quiescent stages or minor col-
lapses that were not accompanied by changes in the evolution
and characteristics of the erupted magmas; these are the sta–stg
unconformities. Note that the unconformities of Stromboli, inde-
pendent of their rank, are not necessarily associated with a substan-
tial period of quiescence (e.g. unconformity St4). The duration of
the corresponding stratigraphic hiatus is therefore not adopted as
a feature for the procedure of ranking the unconformities of
Stromboli.

There is no field evidence on Stromboli for the first-order
unconformities UI and UII, which act as regional stratigraphic mar-
kers for correlations across the whole Aeolian archipelago (Lucchi
2009; Lucchi et al. 2013b). These unconformities bound the
marine terrace deposits related to the Last Interglacial period
(marine isotope stage or MIS 5; 124–81 ka), which are notably
absent from Stromboli. However, most of the exposed portion of
Stromboli volcano (excluding Strombolicchio) dates back to c.
85 ka (Gillot & Keller 1993) and is therefore younger than the stra-
tigraphic position of unconformities UI and UII (Fig. 13.5).

Table 13.2. Continued

Rank Extent Descriptive features Genetic processes Time duration

(Portedduzza Formation, 26 ka). This unconformity

is more likely associated with the development of the

SE-dipping flank collapse sc2 in the area of

Schicciole–Rina Grande.

sta 3rd V.ne di Rina Surface of subaerial erosion and high-angle

discordance related to the caldera collapse cc3

exposed at V.ne di Rina. This collapse is not

associated with remarkable compositional changes.

Caldera collapse (and volcanic dormancy)

during the Paleostromboli III activity.

? (54–41 ka BP)

St2 2nd Whole island Surface of subaerial erosion and angular discordance

associated with the summit caldera collapse cc2

exposed at Serro dei Vari and V.ne di Rina, and with

the SW-dipping flank collapse sc1 in the area of

Malo Passo. These collapses offset the

Paleostromboli II products (c. 67–54 ka) and are

sealed by the Paleostromboli III products (41–

34 ka). The hiatus associated with this unconformity

is marked by the emplacement of the Ischia Tephra

of Campanian origin (56 ka).

Caldera collapse (and volcanic dormancy)

affecting the summit of Paleostromboli II

stratocone.

? (from 67–54 ka to

41–34 ka BP)

St1 2nd Whole island Surface of subaerial erosion and high-angle

discordance associated with the caldera-type collapse

cc1 exposed near Cavoni-Serro Barabba. This

caldera offsets the Paleostromboli I products (c. 85–

75 ka) and is sealed by the Paleostromboli II

products (c. 67–54 ka).

Caldera collapse (and volcanic dormancy)

affecting the summit of Paleostromboli I

stratocone.

c. 8 ka (from 85–75 ka

to 67–54 ka BP)
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Stratigraphic succession

The stratigraphic succession of Stromboli is primarily subdivided
into a series of unconformity-bounded units delimited by the
above-mentioned unconformities. Five synthems (Serro Barabba,
V.ne di Rina, Frontone, Liscione, Sciara del Fuoco) and the infor-
mal Paleo-Stromboli unit are introduced on the basis of the
higher-rank unconformities St1–St5 (Fig. 13.5). The informal
Paleo-Stromboli unit includes the oldest products exposed on the
island of Stromboli (the basal unconformity of which does not
crop out). The Strombolicchio unit is set apart from the recon-
structed unconformity-bounded succession since there are no stra-
tigraphic contacts with the other Stromboli products visible in the
field. Its stratigraphic position is defined on the basis of its radio-
metric age only. Further subdivisions of the V.ne di Rina (Malo

Passo and Cugno Aghiastro subsynthems), Frontone (Guardiani,
Serro Monaco and Gramigna subsynthems), Liscione (Filo del
Fuoco, Punta dei Corvi and Punta Frontone subsynthems) and
Sciara del Fuoco synthems (Bastimento, Le Roccette and Fili di
Baraona subsynthems) are provided by the minor-rank unconfor-
mities sta–stg (Fig. 13.5). Furthermore, based on the indirect cor-
relation of the regional-scale unconformities UI and UII, the
stratigraphic succession of Stromboli mostly corresponds with
the major-rank Punta le Grotticelle Supersynthem defined at a
regional scale (Lucchi 2009; Lucchi et al. 2013b), thus allowing
the Stromboli succession to be arranged within the stratigraphic
framework defined for the whole Aeolian archipelago.

The introduced synthems mostly conform to the major periods
of volcanic activity proposed by Hornig-Kjarsgaard et al. (1993)
and Keller et al. (1993), particularly regarding the oldest to
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Vari

Liscione
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Lavas A

Gramigna

Frontone

Vancori

Gramigna

P. le
Grotticelle*

Frontone

V.ne di Rina

Cugno
Aghiastro

Cala Fico*

Malo Passo

Paleo-
Stromboli

Serro
Barabba

Strombolicchio

Serro Monaco

Guardiani

Le Roccette

St5

std

stf

ste

stc

St4

St3

UII

UI

St2

St1

sta

stb

stg

Surface of subaerial erosion and quiescence probably
associated to the NW-dipping sector collapse sc5b

Structural unconformity related to the
NW-dipping sector collapse sc4

from 8-7 ka to 4 ka

from 4 ka to 380-360 BC

from AD 1350
to AD 1631-1730

Structural unconformity associated to the NW-dipping sector
collapse sc3 (Upper Vancori collapse)

Surface of subaerial erosion and
volcanic dormancy

Surface of subaerial erosion and dormancy
related to the caldera collapse cc5

Surface of subaerial erosion and quiescence associated to
the caldera collapse cc4 (and flank collapse sc2)

UII is the surface of subaerial
erosion formed during the sea-
level fall at the MIS 5a/4 transition
(<81 ka) up to the deposition of
the Lower Brown Tuffs (70 ka)

Surface of marine erosion formed during the sea level transgression
at the onset of MIS 5e (130-124 ka)

Surface of subaerial erosion and quiescence associated to
the caldera collapse cc2 (and flank collapse sc1)

Surface of subaerial erosion and volcanic dormancy
associated to the caldera collapse cc1

Surface of subaerial erosion and dormancy
related to the caldera collapse cc3

Surface of subaerial erosion and
quiescence (and SE-dipping collapse sc6)

Surface of erosion and quiescence related
to the NW-dipping sector collapse sc5a

Structural unconformity related to the NW-
dipping lateral collapse sc7a-b

from AD 355-557
to AD 1350

around 13 ka

around 13 ka

Fig. 13.5. Stratigraphic framework of unconformities and unconformity-bounded units recognized in the volcanic succession of Stromboli. The time intervals of

formation of the unconformities (St1–St5 and sta–stg) are estimated on the basis of the radiometric ages of volcanic products found above and below the unconformities

(cf. Tables 13.1–13.2 and 13A.1). The stratigraphic hiatus of the regional-scale unconformities UI and UII are also displayed by linking with the sea-level curve of

Chappell & Shackleton (1986) organized into marine isotope stages (MIS). This allows indirect recognition of the major-rank Cala Fico and Punta le Grotticelle

supersynthems from Lipari (*), which act as tools for correlations across the entire Aeolian archipelago. The main stratigraphic subdivisions proposed by

Hornig-Kjarsgaard et al. (1993) and Tibaldi (2010) are shown for comparison.
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intermediate stages of the Stromboli history (Figs 13.5 & 13.6).
Further stratigraphic details are proposed for the so-called Paleo-
stromboli III, Neostromboli and Recent Stromboli periods. The
Neostromboli period of activity corresponds to the Liscione
Synthem and is subdivided into the Filo del Fuoco, Punta dei

Corvi and Punta Frontone subsynthems on the basis of erosional
unconformities, angular discordances and subtle geochemical vari-
ations (e.g. correlation between SiO2, MgO and Sr contents),
mostly associated with lateral collapses of the edifice. The
Recent Stromboli period instead approximately corresponds to

Ischia Tephra - Whitish ash layer (Tra) of Campanian origin.

Lithosomes
Synthems

Unconformity-bounded units
Subsynthems

Age (ka)Strat.
rangeLithostratigraphic units Main steps of eruptive history

(and active vents)

continues

V.ne
di Rina

cc2 caldera (+sc1)+quiescence

Lower
Paleostromboli III

Eruptive
Epoch 3a

Eruptive
Epoch 2

cc1 caldera+quiescence

Serro
Barabba

Paleostromboli II

external
pyroclastics

Malo Passo

Cugno
Aghiastro

cc3 caldera+quiescence

Upper
Paleostromboli III

Serro
Monaco

Gramigna

Frontone Vancori

Filo del
Fuoco

sc3 collapse

cc5 caldera

Eruptive
Epoch 5a

quiescence

Middle Vancori

Upper Vancori

Lower VancoriGuardiani

Eruptive
Epoch 1

Paleostromboli I

Strombolicchio
volcanic edifice

Strombolicchio

Paleo-

Stromboli
informal unit

Paleostromboli

Paleostromboli

Paleostromboli

I

II

III

Eruptive
Epoch 3b

Eruptive
Epoch 4a

Eruptive
Epoch 4b

Eruptive
Epoch 4c

Scari Scari hydromagmatic
eruption

cc4 caldera (+sc2)+quiescence

St2

St3

St1

sta

stc

St4

stb

ri

vrn

ml

rn

vri

ca

lr

om

it

fr

ro

pd

pt

vm

ma

sr

pe

sc

Vallone di Rina-Malo Passo Formation (Vallone di Rina-Malo Passo 
pyroclastics;11) - Pyroclastic succession. HK And to Lat (banded

V.ne di Rina Formation
Scoriaceous pyroclastic-breccias. Bas-And to HK Bas-And.

Malo Passo Formation - Lava flows alternating with scoriaceous beds 
(Middle Rina-Malo Passo lavas; 11). HK Bas to HK Bas-And.

Middle Vallone di Rina Formation - Succession of bt-bearing lava flows 
(Middle Vallone di Rina lavas; 11). HK Bas-And to HK And. This unit is
crossed by a diatreme pipe (Diatreme vent of Malo Passo; 11).

Upper Vallone di Rina Formation (Upper Vallone di Rina lavas; 11)
Lava flows alternating with scoriaceous deposits. HK Bas-And to Sho
(at the base) to HK Bas (towards the top of the unit).

Cugno Aghiastro Formation (Aghiastro lavas and pyroclastics; 11)
alternating with scoriaceous layers (ag2 member) and

scoriaceous deposits (ag1 member). HK Bas-And.

Cavoni Formation (Cavoni pyroclastics; 11) - Scoriaceous deposits 
exposed in the area of Cavoni and Scari. HK Bas to SHO Bas. A lava

interlayered (caa member - Scari Lava, 11; HK Bas-And to Sho). 
A layer of Intermediate Brown Tuffs from Vulcano is interbedded (12).

Scari Formation - Pumiceous pyroclastic deposits corresponding to the 
main portion of the Upper Scari tuffs (11). HK Bas to Sho.

Lower Rina Formation (Lower Rina lavas; 11) - Massive to blocky lava 
flows alternating with scoriae. HK Bas-And (transitional to Bas-And)

L’Omo Formation (Omo lavas; 11)
Massive to blocky lava flows interbedded with scoriaceous deposits.
Bas-And to And, with large green pyroxene phenocrysts and abundant
xenoliths.

Costa San Vincenzo Formation - Succession of lava flows interbedded
autoclastic breccias with (cv2 member - Middle Vancori; 17 - Middle

lavas; 11) and scoriaceous deposits (cv1 member). Sho.

I Vancori Formation (Upper Vancori complex; 17)
Succession of lava flows (va4 member - Upper Vancori lavas; 11)
interbedded with breccia layers (va3 member - Upper Vancori breccias;
11), a massive lava coulee (va2 member) and scoriaceous to pumiceous
pyroclastic deposits (va1 member). Lat to Tra.

Frontone Formation (Frontone breccia; 11)
Scoriaceous deposits. Sho to Lat.

Roisa Formation (Roisà scoriae and lavas; 11)
Scoriaceous deposits. Sho.

Portedduzza Formation (Lower Vancori; 17 - Lower Vancori lavas; 11) - 
Succession of lava flows and autoclastic scoriaceous breccias. 
HK Bas to SHO Bas(at the base) to Sho (toward the top).

La Petrazza-2 Formation (Lower Rina lavas; 11) - Dark-grey scoriaceous
products. HK Bas.

Vallone del Monaco Formation (Upper PST I lavas; 11) - Massive to 
flows. In the area of Petrazza, these lava flows (vma

member) are associated with scoriaceous tuff-breccias. HK Bas-And.

Malpasso Formation (Lower PST I lavas; 11)
Massive to blocky lava flows. HK Bas-And to HK And.

Strombolicchio Formation - Lava remnants of the volcanic neck
(or plug) of a submerged volcanic edifice. Bas-And.

La Petrazza Formation (Petrazza pyroclastics; 11) - Pumiceous-
pyroclastic products. HK Bas-And to (mainly) HK And.

ag1
ag2

cv1

cv2

vma

caa

va1
va2

va3

va4

56±4  (12)

204±25 (9)

(156+45/-32,6)
(<100, 9)

85.3±2.0 (9)

77–75 (12)

67±6 (16)
65±4 (16)

61.5±6.5 (6)
64.3±4.9 (9)

61.0±12.0 (9)
54.8±9.1 (8,9)

54±6 (16)
(52±8,16)

41±3 (16)
35.0±9.0 (6)
35.0±6.0 (9)

40±3 (16)

34.6±3.0 (9)

26.2±3.2 (9)

22.0±2.0 (9)
21.0±6.0 (9)

13.0±1.9 (9)

15.2±2.8 (5)

Vancori

flow is

-Lava flows

pumices).

blocky lava

scoriaceous

(a)

Fig. 13.6. Stratigraphic outline of Stromboli (modified and simplified from the map legend in the attached DVD; Lucchi et al. 2013a) with unconformity-bounded units,

lithosomes and lithostratigraphic units (formations and members) displayed in parallel columns according to their stratigraphic position and radiometric age from the

(a) oldest to the (b) youngest. Labels conform to the mapped lithostratigraphic units. The previous names of lithostratigraphic units from the literature are displayed in

brackets and italics. Rock suites: HK, high-K; SHO, shoshonitic series. Rock compositions: Tra, trachyte; Lat, latite; Sho, shoshonite; Bas, basalt; And, andesite; Rhy,

rhyolite. Some intervals of stratigraphic variability induced by a lack of stratigraphic contacts in the field and imprecise or discordant age assignments are displayed by

double-headed arrows. The radiometric ages listed are consistent with our stratigraphy; ages in brackets are however considered uncertain as they are not fully consistent

with the general stratigraphy (and other ages) or not attributable to any lithostratigraphic units. The Eruptive Epochs and the active eruptive vents recognized in the history

of Stromboli are shown in the last column by comparison with the corresponding unconformity-bounded units and lithosomes (see the text for explanation). The

alternation between summit and eccentric volcanic activities is described by interfingering lithosomes. References: (1) Arrighi et al. 2004; (2) Bertagnini et al. 2011;

(3) Bertagnini & Landi 1996; (4) Bertagnini A. and Rosi M., pers. comm. 2009; (5) Calvari et al. 2011; (6) Condomines & Allègre 1980; (7) Foeken et al. 2009; (8) Gillot

1987; (9) Gillot & Keller 1993; (10) Giordano et al. 2008; (11) Hornig-Kjarsgaard et al. 1993; (12) Lucchi et al. 2008; (13) Petrone et al. 2006; (14) Petrone et al. 2009;

(15) Porreca et al. 2006; (16) Quidelleur et al. 2005; (17) Rosi 1980a; (18) Rosi et al. 2000; (19) Rosi et al. 2013; (20) Speranza et al. 2008; (21) Zanchetta et al. 2011;

p.w., present work.
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the Sciara del Fuoco Synthem (the base limit is chronologically
different) and is subdivided into the Bastimento, Le Roccette
and Fili di Baraona subsynthems by erosional and volcano-tectonic
unconformities. This provides a substantial improvement of the
knowledge of the stratigraphy of the most recent products of

Stromboli, from the Holocene to the present. Our general strati-
graphic architecture is substantially different from that depicted
in the map of Tibaldi & Pasquaré (2010) and its explanatory
notes (Tibaldi 2010), particularly regarding the Holocene period
(Fig. 13.5), as a consequence of the introduction of dissimilar

M. Pilato tephra layer - Whitish ash layer (2) correlated to the M. Pilato
activity of Lipari (Sciarra dell Arena Formation, a). Rhy.

Vallone del Gabellotto tephra layer - Whitish pumiceous lapilli of the
Vallone del Gabellotto Formation of Lipari (a). Rhy.

lithosomes
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Unconformity-bounded units(b)
Subsynthems

Age (ka)
strat.
rangelithostratigraphic units Main steps of eruptive history

(and active vents)
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fissure
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Lazzaro
hydromagmatic eruption

Serro
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Active
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activity)
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flows and
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Present-day
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Eruptive
Epoch 6c
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Eruptive
Epoch 6a
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(uncertain vent)
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Epoch 6b

sc3 collapse
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eccentric fissure
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Serro Adorno Formation - Massive to blocky lava flows.
HK Sho (HSr Neostromboli).

Vallonazzo Formation - Red scoriaceous agglomerates and lava flows.
HK Sho (KS-evolved Neostromboli).

Semaforo Labronzo Formation (Secche di Lazzaro Nord; 14) - Pyroclastic
products with sparse pumices. HK Sho (KS-evolved Neostromboli).

Secche di Lazzaro Formation (Lazzaro pyroclastics; 11) - Pyroclastic
succession (Secche di Lazzaro pyroclastics; 3; Secche di Lazzaro
phreatomagmatic succession; 10, 14) containing pumices. HK Sho (KS-
evolved Neostromboli).

Pizzo o Sopra La Fossa Formation (Pizzo Sopra La Fossa pyroclastics;
11) - Pyroclastic succession (Lower Sequence; 18, 19). SHO Bas to Sho
and HK Bas to HK Bas-And (in the middle-upper portion).

San Bartolo Formation (San Bartolo lavas; 11)
Lobate lava flow field. HK Bas to HK Bas-And.

Chiappe Lisce Formation - Welded scoriaceous and spatter deposits
(Post-Pizzo series; 13). Sho (at base) to SHO Bas (at top).

Sciara del Fuoco Formation - Scoriaceous and pumiceous products of
the present-day activity (Upper Sequence; 18, 19). SHO Bas to HK Bas.

Le Roccette Formation
Stacked massive lava flows (Sciara del Fuoco lava overflow; 1, 20).
SHO Bas.

Fossetta Formation
Stacked massive lava flows (Fossetta lava; 11). HK Bas.

Sciara del Fuoco Formation - Scoriaceous (and pumiceous) products
and lava flows related to the present-day activity. SHO Bas to HK Bas.
Spatter deposits related to this unit are dated to the 16-17th and the 20th

centuries, and to AD 1631-1730 (20).

Rina Grande Formation - Loose, reworked scoriaceous products of the
present-day activity (eluvial-colluvial deposits).

Piscità Formation - Stacked massive lava flows. HK Sho (LLSr
Neostromboli) with MgO=~6.0 wt%.

Nel Cannestrà  Formation (Nel Cannestrà  lavas; 11)
Lobate lava flows and scoriaceous agglomerates (nca member). HK
Sho (HSr Neostromboli).

Punta Labronzo Formation (Labronzo lavas; 11) - Lava flows and
scoriaceous deposits, crossed by numerous dykes and shallow intrusive
bodies. HK Sho (HSr Neostromboli).

Filo del Fuoco Formation - Succession of lava flows and autoclastic
breccias. HK Sho (LLSr Neostromboli) with MgO ranging from 6.0 to
4.3 wt% passing from the base to the top of the lava sequence.

San Vincenzo Formation - Scoriaceous deposits (sv1 member) and a
massive lava flow (sv2 member). HK Sho (KS-evolved Neostromboli).

Semaforo Nuovo Formation - Pumiceous pyroclastic succession (COA
succession; 15). HK Sho (KS-evolved Neostromboli).

Ginostra Formation - Succession of lava flows and autoclastic breccias,
and lobate lava flow field from an eccentric vent (gna member).
HK Sho (HSr Neostromboli).

Roisa Formation (Roisà  scoriae and lavas; 11)
Scoriaceous deposits. Sho.

I Vancori Formation (Upper Vancori complex; 17)

sv1

sv2

gna

nca

Frontone Formation (Frontone breccia; 11)
Scoriaceous and breccia deposits. Sho to Lat.

Timpone del Fuoco Formation (Timpone del Fuoco lava flows; 17;
Timpone del Fuoco lavas; 11) - Lava flows and autoclastic breccias.
HK Sho (LSr Neostromboli).

Vigna Vecchia Formation - Lava flows and autoclastic breccias.
HK Sho (LSr Neostromboli).

Bastimento Formation - Stacked massive lava flows (Flow hanging over
the Sciara; 20). SHO Bas.

8.7–8.4 (21)

AD 1350 ± 60
(1)

AD 1264–1418
(20)

AD 1631–1730
(20)

to the Present

7–7.5 (20)
7.1 ± 0.3 (7)

7–7.5 (20)

6.8±0.2 (7)

(8.7 ± 2.0, 5)
6.9 ± 1.1 (5)

4.0 ± 0.9 (5)

6.5 ± 7 (20)
6.8 ± 1.4 (5)

(>6, 4)

380-100 BC
to AD 45–245

(18)

AD100 ± 100 (1)

360 BC to
AD 7 (20)

AD 355–557
(20)

AD 776
(12)

13.8 ± 1.9 (9)

12.5 ± 2.6 (5)

(6.2, 20)

7.9 ± 1.2 (5)

7.5–8 (20)

8.3 ± 1.6 (5)
8.2 ± 1.8 (5)

7.5 (20)
(5.6 ± 3.3, 9)

15.2 ± 2.8 (5)

13.0 ± 1.9 (9)

7.7 ± 1.4 (5)

5222-
4768 BC (p.w.)

va1
va2

va3

va4

Fig. 13.6. Continued.
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unconformities in terms of nature, field characteristics and criteria
of ranking (see ‘Summary and discussion’).

The established unconformity-bounded units provide a general
framework of stratigraphic classification and correlation where
several lithostratigraphic units and informal lithosomes are
included for the description of the volcanic rock types and land-
forms recognized on Stromboli (Fig. 13.6). A number of volcanic
lithosomes identify the most important eruptive vents and source
areas, the main geometric features of which are described in
Table 13A.2 together with the associated lithostratigraphic units.
The major lithosomes correspond to large polygenetic central-vent
stratocones (or portions of them) representing the main stages of
construction of Stromboli; these generally correspond to the
periods of volcanic activity proposed by Hornig-Kjarsgaard et al.
(1993) and Keller et al. (1993). Accordingly, the lithosomes are
named by adopting the known informal terms of Paleostromboli
I, II, III, Vancori, Neostromboli and Recent Sciara volcano, with
the purpose of emphasizing the connection with the previous stra-
tigraphy. A series of lithosomes are introduced to identify the
eccentric eruptive vents or fissures recognized mostly along the
north-eastern and western flanks of the volcano. They gave rise to
small shield volcanoes (Timpone del Fuoco, Punta Labronzo) or
scoria cones (San Vincenzo), or to morphologically independent
lava flows and associated scoriaceous products (Roisa, Vigna
Vecchia, Nel Cannestrà, Vallonazzo, Serro Adorno, San Bartolo).
The Scari lithosome includes pyroclastic products related to an
eccentric eruption along the south-eastern flank of Stromboli,
probably linked to a major lateral collapse of Stromboli. The volca-
nic lithosomes recognized along the north-eastern flank of Strom-
boli (Roisa, San Vincenzo, Nel Cannestrà, Punta Labronzo,
Vallonazzo, Serro Adorno, San Bartolo) partly correspond to
those proposed by Calvari et al. (2011). Several volcanic litho-
somes are in fact mostly based on our original fieldwork. The
present-day activity of Stromboli, developed during the latest
1200 years (see ‘Eruptive history’ section), is related to a lithosome
corresponding to the presently active craters.

In addition to the lithosomes, we introduce several lithostrati-
graphic units (formations and members) to describe the mapped
rock bodies and their stratigraphic position (Fig. 13.6). The dis-
tinct formations correspond to individual volcanic successions,
lava flows or pyroclastic deposits or to distinctive combinations
of them, with lava and pyroclastic members found in strati-
graphic continuity of deposition (thus related to an individual
eruptive phase of activity). We have recognized a higher
number of lithostratigraphic units from the more recent stages
of development of Stromboli (i.e. Neostromboli, Recent Sciara
volcano and present-day activity) than those introduced for the
intermediate to oldest stages (i.e. Vancori and Paleostromboli).
This is obviously due to better conditions of exposure and the
major importance of the most recent products in the evaluation
of volcanic hazard. The main external tephra layers are dis-
played (and mapped) as primary marker beds for stratigraphic
correlations. The stratigraphic succession and the distinctive
physical characteristics (lithological, geometrical and petro-
chemical) of the mapped lithostratigraphic units are summarized
in Table 13A.2.

Rock classification, petrography and mineralogy

The Stromboli rocks range from sub-alkaline to slightly alkaline
and straddle the boundary between the two fields as shown in
the TAS (Total Alkali Silica) diagram (Le Bas et al. 1986)
of Figure 13.7a. According to the K2O v. SiO2 classification
diagram (Peccerillo & Taylor 1976), the rock composition
spreads over the fields of four magmatic series: calc-alkaline
(CA), high-K calc-alkaline (HKCA), shoshonitic (SHO) and potas-
sic (KS) (Figs 13.7b & 13.8f). The KS series represents the most
K-enriched rocks (usually K2O .3.5 wt% with SiO2 ,56 wt%),

whereas the SHO series is formed by the rocks plotting just
above the boundary line between the HKCA and SHO fields
(Figs 13.7b & 13.8f). The shoshonites of the potassic series were
previously called ‘leucite-bearing shoshonites’ (e.g. Hornig-
Kjarsgaard et al. 1993), but because leucite is not always present
and it is often transformed in analcime (Table 13.3) we prefer
the name ‘high-K shoshonites’. The classification diagrams also
show a large silica variation (48–65 wt%) for the SHO series
and small silica ranges for the CA series (53–57 wt%) and KS
(51–56 wt%). In Figure 13.8 the different lithostratigraphic units
are distinguished and separately classified by the K2O v. SiO2

classification diagram, which is more discriminant than the TAS
diagram. Figure 13.8f reports the composition of the dykes and
sheet intrusions grouped by locality and compared with the compo-
sition of the rocks for the whole of Stromboli. This figure shows the
lack of sheet intrusions with silica .57 wt%, possibly due to the
higher viscosity of the more silicic magmas which are considered
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to be a limiting factor for dyke propagation in the absence of direct
syn-eruptive depressurization (open conduit) (Corazzato et al.
2008). The composition of the different lithostratighaphic units
included in the Liscione Synthem (KS rocks of Neostromboli
activity) has been further characterized on the basis of a MgO
v. Sr plot (Fig. 13.9). In this diagram, a group of more evolved
rocks (KS-evolved) with MgO ,4 wt% and SiO2 .53 wt% is dis-
tinguished from the other mafic rocks that, in turn, can be grouped
according to their Sr contents (LLSr: Low-Low Sr, LSr: Low Sr,
HSr: High Sr) (Francalanci et al. 1988, 1989, 1993a). Major,
trace element and isotopic data for representative rocks of Strom-
boli are shown in Tables 13.3 & 13A.3 (data from Francalanci
et al. 1989, 1993a; Hornig-Kjarsgaard et al. 1993; Tommasini
et al. 2007), whereas a full geochemical dataset is reported in the
attached DVD.

Rocks generally have seriate porphyritic textures with variable
phenocryst content (c. 5–55 vol%). The rock mineralogical
characteristics, together with the mineral chemistry, are reported
in Table 13.3. The most abundant phenocryst and microphenocryst
is plagioclase, with decreasing An component (from An90 to An45)
passing from less to more evolved magmas, followed by

clinopyroxene (Mg# ¼ 69–93). Olivine (Fo62 – 91) is found in the
basalts and intermediate rocks of the different series, while ortho-
pyroxene (Mg# ¼ 58–72) occurs in the CA and HKCA rocks and
as microphenocrysts in the evolved SHO products (latites). Horn-
blende is present in small amounts in the high-K andesites and is
rare and deeply resorbed in the latites and thachytes. Biotite is c.
7 vol% of phenocrysts in the latites and c. 2 vol% in the trachytes
and is also a typical mineral of the KS-evolved rocks (MgO
,4 wt%, SiO2 .53 wt%; Figs 13.8d & 13.9), whereas it is rare
in the high-K andesites. Leucite, generally transformed to ana-
lcime, appears both in the groundmass and as microphenocrysts
of some of the KS lavas (cf. Hornig-Kjarsgaard et al. 1993).
Opaques are usually represented by Ti-magnetite (Usp10 – 55),
associated with ilmenite only in the CA rocks. Apatite is present
as accessory phase, included in plagioclase and pyroxene
(Francalanci et al. 1989, 1993a, 2004; Hornig-Kjarsgaard et al.
1993). The identification of K-feldspar in the KS bulk-rock
powders by x-ray diffractometry indicates that it is present in the
groundmass of these lavas. Late-stage phlogopite and biotite also
occur in the groundmass vugs of KS rocks (Hornig-Kjarsgaard
et al. 1993).
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Eruptive history

The main stages of development of Stromboli are established
by translating the recognized unconformity-bounded units into
volcanic activity units (Eruptive Epochs, Eruptions; Fisher &
Schmincke 1984). This conforms to the procedure established by
Lucchi et al. (2010) and Lucchi (2013), according to which the dis-
tinct stratigraphic successions bounded by unconformities (i.e. the
unconformity-bounded units) are the result of successive periods
of volcanic activity separated by intervals of quiescence (i.e. the
volcanic activity units). By doing so, the unconformity-bounded
stratigraphic framework of Stromboli allows six distinct and suc-
cessive Eruptive Epochs to be defined within the time interval
between c. 85 ka and present times (Figs 13.6 & 13.10). These
Epochs generally develop over tens of thousand of years and are
characterized by a distinctive location of active eruptive centres
and chemical composition of the erupted products (Figs 13.7 &
13.8), almost invariably displaying a strombolian-eruption style
beside minor hydromagmatic events. The Epochs were interrupted
by major erosional stages during volcanic dormancy in the history
of Stromboli of variable duration (Figs 13.5 & 13.6). These quies-
cence periods were associated with major caldera collapses and
recurrent lateral failures on Stromboli, which generally caused a
substantial modification of the shallow magmatic system leading
to the most important changes in the magma composition. The
Epochs are further subdivided into distinct sequences of eruptions
developing over hundreds to thousands of years and separated by
shorter intervals of dormancy. These minor quiescence periods
are generally recorded in erosional unconformities occasionally
marked by palaeosols and associated with calderas and lateral col-
lapses with no important composition changes of the erupted pro-
ducts. The various Epochs and their main subdivisions are in turn
arranged into multiple eruptions, eruptive phases and pulses,
which produced amounts of volcanic material recorded in distinct
eruption units (sensu Fisher & Schmincke 1984). The latter are
adopted to give our volcanological interpretation of the mapped
rock bodies in terms of individual lava flows or eruption (deposi-
tional) units of fallout, pyroclastic density currents (PDCs) or syn-
depositional lahar which originated from mostly strombolian to
minor hydromagmatic and subplinian activities.

The Eruptive Epochs of Stromboli are synthetically described in
the following sections in terms of active vents and main features of
the erupted products; refer to Table 13A.2 for a detailed descrip-
tion of lithological and petrochemical characteristics. This frame-
work is largely consistent with the general stratigraphy and major

periods of volcanic activity presented by Hornig-Kjarsgaard et al.
(1993) for the Pleistocene stages of development of Stromboli in
the time interval c. 85–13 ka (Epochs 1–4). This is emphasized
by adopting the same nomenclature for the major periods of
activity – Paleostromboli I (Epoch 1), Paleostromboli II (Epoch
2), Paleostromboli III (Epoch 3) and Vancori (Epoch 4) – although
we propose a different stratigraphy for the Paleostromboli III
period (subdivided into Lower and Upper Paleostromboli III).
Conversely, we introduce substantial stratigraphic variations in
the history of Stromboli during the Holocene (,13 ka), particu-
larly regarding the so-called Neostromboli period of activity
(Epoch 5) and the most recent products of the Recent Sciara and
present-day activity (Epoch 6).

Strombolicchio (c. 204 ka)

The Strombolicchio rocks are not in direct stratigraphic contact
with the other Stromboli products, which makes it difficult to
establish the precise relationships between the Strombolicchio
activity and the Stromboli volcano in its present form. The Strom-
bolicchio lavas are assumed to be the remnants of the activity of an
independent eruptive centre located off the north-eastern coast of
Stromboli. In particular, the vertical flow features and abundant
dykes are typical of a volcanic neck. Strombolicchio is therefore
interpreted as the culmination of an almost entirely dismantled vol-
canic edifice made evident by a sub-elliptical submarine platform
at depths of 100–150 m (Fig. 13.1) and the radial drainage pattern
of its submarine flanks (Bosman et al. 2009; Romagnoli et al.
2013). The Strombolicchio activity is set at c. 204 ka on the
basis of a single radiometric age (Gillot & Keller 1993; cf.
Table 13A.1). No other control for this age exists, although the
Strombolicchio basaltic–andesites belong to the CA series
similar to the Paleostromboli II lavas (Hornig-Kjarsgaard et al.
1993) (Fig. 13.8a).

Eruptive Epoch 1 (Paleo-Stromboli informal unit):

Paleostromboli I stratocone (c. 85–75 ka)

The oldest products exposed on the island of Stromboli crop
out along its south-eastern flanks (Fig. 13.10) and consist of lava
flows and pyroclastic products characterized by radial distribu-
tion and outwards-dipping attitude with slope angles varying
between 15 and 358. They represent the remnants of the large
Paleostromboli I stratocone (Hornig-Kjarsgaard et al. 1993) after
truncation of the summit portion of the edifice by the cc1 cal-
dera structure, the external rim of which is best exposed in the
area of Cavoni (Fig. 13.11a). Based on the slope angles of the
products (10–358) and the maximum height of the caldera trunca-
tion (c. 400–420 m), we suggest that the Paleostromboli I strato-
cone had a regular conical shape and reached elevations higher
than 700 m. The main conduit and crater were likely located
near the present summit area, and the inner core of the edifice is
presently exposed along the valley of Cavoni where the deep
erosion exhibits the angular discordance of the crater rim and
several intersecting feeding dykes with mostly radial distribution
(Figs 13.10 & 13.11a).

The activity of Paleostromboli I was subaerial and predomi-
nantly centrally oriented. The early products are a thick succession
of high-K basaltic–andesite to andesite lava flows exposed in the
eastern coastal sectors of Stromboli near Malpasso and La Petrazza
(Malpasso Formation; Figs 13.8a & 13.11b). The subdivision of this
unit into ‘Basal lavas’ and ‘Lower La Petrazza lavas’ proposed in
the map of Tibaldi & Pasquarè (2010) is not followed here. The
early lavas of Stromboli are covered by the so-called Petrazza
pyroclastic products (Rosi 1980a; Hornig-Kjarsgaard et al. 1993),
a thick and widespread succession of pumiceous (high-K andesite)
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Table 13.3. Mineralogical characteristics and mineral chemistry of the Stromboli rocks
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and scoriaceous (high-K basaltic–andesite) fallout products alter-
nating with cross-laminated layers from dilute PDCs (La Petrazza
Formation; Figs 13.8a & 13.11). Two distinctive thick horizons of
poorly sorted pyroclastic-breccias (‘Grey Petrazza Scoria’ and
‘Orange Petrazza Scoria’; Hornig-Kjarsgaard et al. 1993) record
the emplacement from PDCs with high clast concentration gener-
ated from a pulsating eruption column. These layers contain abun-
dant heterolithologic lithic clasts (Table 13A.2) indicative of the
powerful explosivity of the Petrazza eruption with a deep-seated
origin and substantial involvement of basement rocks. The Pet-
razza products account for a strombolian to subplinian phase of
activity of Stromboli during its early stages of development,
which was among the larger explosive events in the history of
the Aeolian archipelago. This is outlined by the wide (radial) dis-
tribution of the Petrazza deposits that are notably recorded in distal
fallout layers on Panarea and Capo Milazzo peninsula (Morche
1988; Lucchi et al. 2007; Lucchi et al. 2013b) and in the tephros-
tratigraphic record of the Ionian and Tyrrhenian seas and Montic-
chio lake (cf. Y-9 tephra layer and TM-21 tephra; Wulf et al.
2004). The Petrazza activity was frequently interrupted by the

development of volcanic debris (or lahar) deposits along the
steep slopes of the volcano, as recorded in various reworked
layers at different stratigraphic levels within the Petrazza succes-
sion. The upper portion of the Paleostromboli I volcano consists
of a thick succession of high-K basaltic–andesite lava flows
(Vallone del Monaco Formation) mostly issued from the summit
crater. A part of these lavas (vma member) was instead emitted
from an eccentric vent located in the area of La Petrazza–Vallo-
nazzo, as inferred from the occurrence of spatter and agglutinated
strombolian fallout scoriae representing the near-vent facies
(Hornig-Kjarsgaard et al. 1993). In the same area a metre-thick
succession of scoriaceous fallout products is recognized above
the Petrazza pyroclastics and vma lavas (La Petrazza-2 Formation;
Fig. 13.11b, c). Some of the dykes that cross-cut the Epoch 1 pro-
ducts along the south-western flanks of Stromboli have a high-K
basaltic composition (Fig. 13.8a, f) similar to that of the La Pet-
razza-2 pyroclastic deposits (cf. ‘Old PST-dykes’; Hornig-
Kjarsgaard et al. 1993; Corazzato et al. 2008).

The Paleostromboli I activity is dated to between 85 and 75 ka.
The early Malpasso lavas date back to c. 85 ka in fact (Gillot &
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Keller 1993), which is the best age constraint for the beginning
of the exposed subaerial activity of Stromboli. We exclude
the other ages of c. 156 ka (Condomines & Allègre 1980) and
,110 ka (Gillot & Keller 1993) due to high analytical errors
(cf. Table 13A.1). The Petrazza products are instead dated to
77–75 ka based on tephrochronological arguments (Morche
1988; Wulf et al. 2004; Lucchi et al. 2008). No radiometric ages
are available for the latest Vallone del Monaco lavas and La Pet-
razza-2 scoriae.

Eruptive Epoch 2 (Serro Barabba Synthem): Paleostromboli II

stratocone (c. 67–54 ka)

Epoch 2 signalled the renewal of volcanism after the cc1 caldera
collapse, which was associated with a period of volcanic dormancy
(75–67 ka) recorded in the erosional unconformity St1. The active
vents during Epoch 2 were located within the collapsed area and
produced thick successions of basaltic–andesitic to andesitic
lava flows with a lower K2O content than the older products

(Fig. 13.8a). This major compositional change reflects the reorgan-
ization of the shallow plumbing system induced by the caldera
collapse. The initial activity of Epoch 2 gave rise to the Lower
Rina lava flows (Lower Rina Formation; cf. Hornig-Kjarsgaard
et al. 1993), which are repeatedly interlayered with strombolian
fallout layers and show compositions at the boundary between
the HKCA and CA series (Fig. 13.8a). Epoch 2 continued with
the eruption of the L’Omo lava flows (L’Omo Formation; cf.
Hornig-Kjarsgaard et al. 1993) alternating with strombolian
fallout scoriae and having a typical CA character (Fig. 13.8a).
These lava flows are an important marker bed on Stromboli
due to their distinctive petrochemical features and presence of
white centimetre-sized quartzite xenoliths (Fig. 13.8a; Table
13.3) together with their wide distribution along the south-eastern
flanks (Fig. 13.10). The L’Omo lava flows progressively filled
the collapsed area of cc1 caldera, as shown by their subhorizontal
dipping in the area of Cavoni, and then overcame its outer rims
flowing down the southern to north-eastern flanks of the early
Paleostromboli I stratocone (Fig. 13.11c). Together with the
Lower Rina lavas, the L’Omo products represent the remnants of
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the flanks of the central-vent Paleostromboli II volcano, the sum-
mit of which was truncated by the cc2 caldera structure exposed
at elevations of c. 350 m at V.ne di Rina (Fig. 13.10). The Paleos-
tromboli II activity is well constrained in the c. 67–54 ka
time interval (Condomines & Allègre 1980; Gillot 1987; Gillot
& Keller 1993; Quidelleur et al. 2005; cf. Table 13A.1). This is
consistent (within the given errors) with the 56 ka age of the
Ischia Tephra found above the L’Omo lavas.

During the period of quiescence following the end of Epoch 2
activity (marked by cc2 caldera), the south-western flank of the
Paleostromboli II edifice was affected by the SW-dipping flank
collapse sc1 (Fig. 13.12a), which represents the early lateral
failure in the history of Stromboli. This collapse cuts the L’Omo
lavas and is almost entirely filled by the younger Paleostromboli
III products. Based on a lacking submarine evidence for this col-
lapse (e.g. morphological scar or debris avalanche deposits; cf.
Romagnoli et al. 2009a, 2013), we infer that sc1 was likely pro-
duced by small-volume gravitational instability phenomena not
affecting a large portion of the volcano, although it was large
enough to condition the areal distribution of the early Paleostrom-
boli III post-collapse products.

Eruptive Epoch 3 (V.ne di Rina Synthem): Paleostromboli III

stratocone (c. 41–34 ka)

Following the period of quiescence associated with the cc2 caldera
collapse (and sc1 flank collapse) recorded in the erosional uncon-
formity St2 (Fig. 13.6), Epoch 3 volcanism lead to the construction
of the Paleostromboli III edifice. The eruptive vents were sited
within the collapsed summit area and displayed a homogeneous
eruptive behaviour characterized by alternating effusive and
strombolian phases of activity. This produced different succes-
sions of lava flows and fallout scoriae separated by angular discor-
dances and minor erosional discontinuities (Fig. 13.12). In
particular, the Paleostromboli III activity was interrupted by the
cc3 caldera collapse, which allows separation of two angular-
discordant volcanic successions overall showing a high-K basalt
to high-K andesite compositional range (very close to the SHO
field; Fig. 13.8b). This means that the cc3 collapse did not affect
the shallow feeding system, and thus did not cause a remarkable
compositional change of the erupted products. As such, the cc3
caldera and the associated erosional unconformity sta are
adopted to subdivide a Lower and an Upper portion of the Paleos-
tromboli III edifice. This subdivision was not reported in the pre-
vious maps (Keller et al. 1993; Tibaldi & Pasquarè 2010).

Epoch 3a (Malo Passo Subsynthem): Lower Paleostromboli III. The
early Paleostromboli III products were emplaced within the cc2
caldera depression cutting the L’Omo lavas (Paleostromboli II).
They progressively filled the collapsed area and overcame the
south-western caldera rim then flowing down the slopes between
V.ne di Rina and Vallone del Monaco, filling the flank collapse
sc1 depression (Fig. 13.12a). The initial activity produced a
thick succession of strombolian fallout scoriae (Vallone di
Rina–Malo Passo Formation; cf. Hornig-Kjarsgaard et al. 1993)
with high-K andesitic to latitic compositions (Fig. 13.8b). These
were characterized by recurrent reworking of loose material and
volcanic debris (or lahar) processes along the steep flanks of the
volcano (e.g. at V.ne di Rina). After a short-lived quiescence
(recorded in a discontinuous palaeosol), renewed strombolian
activity produced variably welded, coarse-grained fallout scoriae
(V.ne di Rina Formation; Fig. 13.12b) with a distinctly lower
K2O content, having a basaltic–andesite composition transitional
between the HKCA and CA series (Fig. 13.8b), which is similar
to that of the Lower Rina lavas of Paleostromboli II. It is worth
noting that compositions close/similar to the CA series were not
found in the Paleostromboli III according to the previous literature.
The V.ne di Rina products were followed by the early lava flows

and alternating fallout scoriae of the Paleostromboli III activity
(Malo Passo Formation), high-K basalt to high-K basaltic–ande-
site in composition (Fig. 13.8b). These products represent the
lower portion of the Paleostromboli III volcano, which was trun-
cated by the cc3 caldera collapse exposed at elevations of 400–
500 m in the areas of V.ne di Rina (Fig. 13.12b) and Serro
Barabba. Before truncation, the Paleostromboli III edifice prob-
ably reached elevations of c. 750 m. No radiometric ages are avail-
able for the Lower Paleostromboli III products, which makes the
chronological assessment of the onset of Epoch 3 still uncertain
within the large time interval between 56–54 ka (youngest age
of the L’Omo lavas of Epoch 2) and c. 41 ka (age of the Upper
Paleostromboli III products).

Epoch 3b (Cugno Aghiastro Subsynthem): Upper Paleostromboli III
(c. 41–34 ka). After the cc3 caldera and associated quiescence,
the Paleostromboli III activity renewed with recurrent effusive
eruptions producing a thick succession of lava flows (Middle
Vallone di Rina Formation; cf. Hornig-Kjarsgaard et al. 1993)
with biotite-bearing high-K basaltic–andesitic to high-K andesitic
composition (Fig. 13.8b). They filled the cc3 caldera depression in
the area of V.ne di Rina (Fig. 13.12b) and flowed down the
southern flanks of Stromboli, in high-angle discordance above
the older Malo Passo lavas (Lower Paleostromboli III). In the
coastal sector of Malo Passo, the Middle Vallone di Rina lava
flows are crossed by a roughly cylindrical diatreme pipe
(Fig. 13.12a) and several pyroclastic dykes that indicate the occur-
rence of an eccentric vent (‘Diatreme vent of Malo Passo’,
Hornig-Kjarsgaard et al. 1993). The Paleostromboli III activity
continued with the eruption of a thick succession of lava flows
(high-K basaltic–andesite transitional to shoshonite; Fig. 13.8b)
embedded within strombolian fallout scoriae (Upper Vallone di
Rina Formation; cf. Hornig-Kjarsgaard et al. 1993). These pro-
ducts follow the Middle Vallone di Rina lava flows with an
angular discordance (Fig. 13.12a, b). The subsequent Cugno
Aghiastro activity gave rise to strombolian fallout scoriae
(Cugno Aghiastro Formation; ag1 member) and lava flows
emitted in alternation with fallout scoriae (ag2 member; Fig.
13.12a), with HK basaltic–andesite compositions (Fig. 13.8b).
The Paleostromboli III activity ended with recurrent strombolian
phases of activity recorded in a thick scoriaceous succession
(Cavoni Formation; Fig. 13.12c) widely exposed from the
summit region to the coastal sectors of Punta del Monaco and La
Petrazza. On the latter, we suggest that the Cavoni unit is corre-
lated with the strombolian fallout scoriae (Fig. 13.13) correspond-
ing to the main portion of the ‘Lower Scari Tuffs’ above the Ischia
Tephra and the ‘Upper Scari fall units’ of Hornig-Kjarsgaard et al.
(1993). This correlation is based on similar stratigraphic posi-
tion (at the top of Paleostromboli III), lithological features and
composition (straddling the boundary between the HKCA and
SHO series; Fig. 13.8b). Accordingly, the laterally extensive lava
flow known as ‘Scari lava’ (caa member; cf. Hornig-Kjarsgaard
et al. 1993) is interlayered within the Cavoni scoriae (Fig. 13.13),
thus accounting for a subordinate effusive phase during the latest
Paleostromboli III activity. The Upper Paleostromboli III prod-
ucts built up a stratocone that reached elevations of c. 900 m,
before truncation of the summit region occurred by the caldera
collapse cc4 exposed at heights of 650–700 m (Fig. 13.12c).
Most of the Upper Paleostromboli III activity is dated to within
the 41–35 ka time interval (Condomines & Allègre 1980; Gillot
& Keller 1993; Quidelleur et al. 2005; cf. Table 13A.1), with the
34 ka ‘Scari lava’ providing an approximate upper age bound.

The quiescence period associated with cc4 caldera, ranging
from 41–34 ka to c. 26 ka (age of the Lower Vancori products),
was characterized by development of the major SE-dipping
flank collapse sc2 (Rina Grande collapse) that affected the
eastern flank of Paleostromboli III edifice (Fig. 13.4b). The occur-
rence of a collapse in this sector of Stromboli had already been pro-
posed by Pasquarè et al. (1993) and Tibaldi (2001), with the
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collapse scar located at elevations of c. 400 m at the top of the Le
Schicciole valley (cf. Tibaldi & Pasquarè 2010). We instead
suggest that the Rina Grande collapse had a wider extension
with the scar headwall located near the summit of Stromboli in
the sector of Rina Grande, although its precise size and geometry
cannot be identified due to the wide cover by younger products and

subsequent erosional processes. This is in agreement with that pro-
posed by Romagnoli et al. (2009a) to account for the large volume
of debris avalanche deposits recognized at the foot of the south-
eastern submarine slope of Stromboli.

We recognize the pyroclastic Scari Formation (Fig. 13.13) along
the NE side of the Rina Grande collapse in the area of La Petrazza,
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corresponding to the uppermost part of the so-called “Upper Scari
Tuffs” of Hornig-Kjarsgaard et al. (1993). This is a pyroclastic
succession, high-K basalt to shoshonite in composition (Fig. 13.8b),
made up of proximal fallout breccias passing upwards into pla-
nar and low-angle cross-laminated deposits with abundant accre-
tionary lapilli (cf. Table 13A.2). These products are the record of
PDCs with variable clast concentration which originated from a
hydromagmatic eruption which developed in a relatively short
time span, as internal discontinuities are lacking (cf. Nappi et al.
1999). The whole succession contains numerous NW–SE impact
sags. These impact sags, together with the occurrence of proximal
breccias, point to an adjacent vent located along the north-eastern
flank of Stromboli at higher elevations than those of the outcrop
sites, although no primary morphological evidence for this vent
is recognized. Nappi et al. (1999) suggested a provenance from a
buried caldera structure at an elevation of c. 350 m (inferred by
Pasquaré et al. 1993), with the basal breccia recording the caldera-
forming eruption. This attribution is questionable because there
is no direct field evidence for this buried caldera, and the Scari
products do not display the typical characteristics of caldera-
forming eruptions. We propose an alternative interpretation of
the Scari succession as the product of a hydromagmatic erup-
tion connected with the development of the Rina Grande flank col-
lapse (sc2), both developed at the end of Paleostromboli III
activity. This is consistent with the general assumption that only
lateral collapses can create favourable conditions for explosive
hydromagmatic interaction at Stromboli (see ‘Summary and
discussion’).

Eruptive Epoch 4 (Frontone Synthem): Vancori stratocone

(c. 26–13 ka)

Epoch 4 began after the prolonged quiescence period (34–26 ka)
associated with the development of the cc4 caldera that resulted
in the erosional unconformity St3 (Fig. 13.12c), and lead to the
construction of the Vancori stratocone above the remnants of the
largely dismantled Paleostromboli III edifice. The caldera col-
lapse caused a possible reorganization of the shallow magmatic
system outlined by a variation in the product composition, pass-
ing to the typical SHO affinity of the Vancori products (ranging
from basalts to trachytes; Fig. 13.8c). The Vancori activity pro-
duced thick successions of lava flows and pyroclastic products
that filled the cc4 caldera depression (Fig. 13.12c) and flowed
down most of the flanks of Stromboli, also filling the morphologi-
cal depression of the Rina Grande lateral collapse (Fig. 13.10). The
Vancori activity is subdivided into three successive periods of
activity (Epochs 4a, b, c) separated by quiescence stages and ero-
sional unconformities (stc, stb), the former associated with the cc5
summit caldera. In accordance with the literature (Rosi 1980a;
Hornig-Kjarsgaard et al. 1993; Cortés et al. 2005; Tibaldi 2010),
these periods of activity are informally named Lower Vancori
(Epoch 4a), Middle Vancori (Epoch 4b) and Upper Vancori
(Epoch 4c).

Epoch 4a (Guardiani Subsynthem): Lower Vancori (c. 26 ka). The
Lower Vancori activity was persistently effusive and produced a
thick succession of thin lava flows with abundant scoriaceous car-
apaces (Portedduzza Formation), characterized by shoshonite/
high-K basalt to shoshonite compositions (Fig. 13.8c). The
basalts in particular are compositionally rather distinctive, show-
ing the lowest SiO2 contents among all the previously erupted pro-
ducts and variable K2O abundances reaching values of 2.5 wt%
which, for this low silica content, are typical of this unit only
(Fig. 13.8). These lava flows filled up the cc4 caldera (in the
area of Frontone; Fig. 13.14a) and overcame its southern rim,
flowing down the flanks of Stromboli until reaching the sea in
the sectors of Punta del Monaco and Le Schicciole where they rep-
resented the oldest products filling the Rina Grande flank collapse

(sc2). For the Lower Vancori activity, one date of c. 26 ka has been
reported (Gillot & Keller 1993; cf. Table 13A.1).

The Lower Vancori activity ended with the cc5 caldera collapse
that dismantled the summit area of the Vancori edifice, cross-
cutting the Portedduzza lava pile in the area between Frontone
and Guardiani (Fig. 13.14a). This caldera was formed in the time
interval between c. 26 ka and 22–21 ka (age of the Middle
Vancori products), and was associated with a period of substantial
volcanic dormancy recorded in the erosional unconformity stb.

Epoch 4b (Serro Monaco Subsynthem): Middle Vancori (22–
21 ka). Volcanism during Epoch 4b is recorded in the Middle
Vancori products (Costa San Vincenzo Formation). The onset of
the activity was explosive and produced a partly welded pyroclas-
tic succession with scoriaceous fiamme-type clasts derived from
fallout or dense PDCs (cv1 member). Towards distal areas, this
pyroclastic unit is represented by planar and cross-laminated
lapilli-tuffs from alternating fallout processes and minor discon-
tinuous PDCs. Hornig-Kjarsgaard et al. (1993) suggested that
the pyroclastic products of cv1 member are the result of the cc5
caldera-forming eruption, but this interpretation is uncertain due
to the very restricted outcrop conditions. The Middle Vancori
activity continued with effusive characteristics producing a thick
succession of lava flows with autoclastic scoriaceous carapaces
(cv2 member) and homogeneous compositions plotting in the
shoshonite field of Figure 13.8c. These lava flows mostly origi-
nated from the summit crater and progressively filled the cc5
caldera depression (Fig. 13.14a), overflowing the south-eastern
collapse rim and descending the flanks of Stromboli (filling the
sc2 flank collapse). Part of the lava flows were instead generated
from an eccentric point-like source located at an elevation of c.
550 m along the southern flank of Stromboli, as inferred by near-
vent strombolian products and a feeder dyke (Hornig-Kjarsgaard
et al. 1993). Based on our morphostratigraphic reconstruction,
the ascent of magmas feeding this eccentric vent was controlled
by the faults associated with the older caldera collapse (cc2 or
cc3). The Middle Vancori activity is dated to 22–21 ka (Gillot &
Keller 1993; cf. Table 13A.1).

Epoch 4c (Gramigna Subsynthem): Upper Vancori (c. 13 ka). Follow-
ing a prolonged period of quiescence (21–13 ka) recorded in the
erosional unconformity stc (Fig. 13.14b, c), the Upper Vancori
activity produced pyroclastic deposits and lava flows (I Vancori
Formation) with more evolved trachytic and latitic compositions
(Fig. 13.8c). The initial explosive phases produced thick welded
pyroclastic deposits with fiamme-type scoriaceous bombs (va1

member; Fig. 13.14b, c) recording subplinian to strombolian fall-
out and minor dense PDCs. A distal fallout layer of trachytic
pumices is recognized in the sector of Scari. Along the flanks of
Stromboli, these products were affected by volcanic debris or
lahar processes particularly recorded in heterolithologic deposits
containing trachytic pumices in the area at the back of the
Stromboli village. The Upper Vancori activity continued with the
emission of a thick massive trachytic lava coulee (va2 member) from
the eastern side of the summit crater rim that flowed down the Rina
Grande flank collapse scar until depositing above the Middle
Vancori lavas at the top of Le Schicciole amphitheatre (Fig.
13.14b). In the following, alternating vulcanian explosive and
effusive phases of activity produced several layers of fallout
breccias (va3 member) recurrently interlayered with thick light
grey lava flows with blocky carapaces (va4 member). These
products generated a thick volcanic accumulation widely exposed
from the summit region (near I Vancori and Liscione;
Fig. 13.14b, c) to the village of Stromboli and to the sides of the
Sciara del Fuoco collapse depression. The Upper Vancori activity
was almost continuous and occurred over a relatively short time
interval at c. 13 ka (Gillot & Keller 1993; cf. Table 13A.1), as
shown by the absence of internal erosional discontinuities. The
erupted products built up the summit portion of the Vancori
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stratocone reaching the maximum elevations of the Stromboli
volcano (950–1000 m).

The summit of the Vancori edifice was truncated by the major
NW-dipping sector collapse sc3 (Upper Vancori collapse; Hor-
nig-Kjarsgaard et al. 1993; Pasquarè et al. 1993; Tibaldi 2001)
that almost completely dismantled its north-western portion in

the area presently occupied by the Sciara del Fuoco, representing
the early visible lateral collapse towards NW in the history of
Stromboli. This is a voluminous, deep-seated failure structure bor-
dered by a large horseshoe-shaped escarpment exposed in the area
of I Vancori (Fig. 13.14c). The collapse depression is almost
entirely filled by the subsequent Neostromboli and Recent Sciara
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Fig. 13.14. Vancori products (Epoch 4). (a)
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the rock wall of Frontone by an angular
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Lower Vancori (Epoch 4a) and the

subhorizontal (collapse-filling) Costa San

Vincenzo lavas (cv2) of Middle Vancori

(Epoch 4b). This is the type locality of the

unconformity stb. The Portedduzza lavas
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from the progressive filling of the older

caldera cc4 (not visible, towards the right of

the photograph). (b) The Upper Vancori

products of Epoch 4c are exposed at the

sides of the morphological amphitheatre of
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of flank collapse sc2, which cuts the older

Paleostromboli III products (not visible).

The main subdivisions of the Upper Vancori

Formation are visible with the pyroclastic

va1 member, the thick lava flow of va2
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flows of va4 member. These products
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succession of Epoch 4c (va1, va3, va4

members) and the Middle Vancori lavas of

Epoch 4b (cv2), separated by the erosional
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succession is capped by the Frontone

breccias of Epoch 4c (fr), which are

probably associated with the collapse

development (see the text for further

details).
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Fig. 13.15. Volcanic products related to the Lower and Upper Neostromboli summit activities (Epochs 5a–b). (a–b) Along the eastern side of the Liscione ridge, above
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lava flows, with the lateral borders of the collapse scar evidenced by
breaks in the slopes and diverging dips of the post-collapse products
(cf. Tibaldi 2001). The collapse cut the whole Vancori succession
so is therefore dated to c. 13 ka, consistent with the 15–13 ka of
the subsequent Roisa scoriae. The collapse was probably associated
with explosive phases recorded in the deposition of the Frontone
pyroclastic breccias (Frontone Formation). These consist of near-
vent strombolian fallout scoriaceous-pumiceous products (with
minor cross-laminated layers from dilute PDCs) deposited above
the Upper Vancori lavas in substantial stratigraphic continuity
(Fig. 13.14c). The main feature of this activity regards the compo-
sition of the feeding magmas, which was previously considered to
be intermediate between the typical latites of the Upper Vancori
products and the high-K shoshonites of the subsequent Neostrom-
boli activity, implying a mixing process between these two differ-
ent magmas (Francalanci et al. 1988, 1989, 1993a; Hornig-
Kjarsgaard et al. 1993; Cortés et al. 2005). However, our new
data on the Roisa products (Table 13A.3) erupted at the beginning
of Epoch 5 (see the following section) allow the Frontone breccias
to be interpreted as field evidence for a mixing process between the
remaining silicic Upper Vancori magmas and more mafic melts
derived by evolution from the newly arriving Roisa magmas (see
‘Summary and discussion’), thus recording the transition to the sub-
sequent activities of Stromboli.

Eruptive Epoch 5 (Liscione Synthem): Neostromboli activities

(c. 13–4 ka)

Renewal of volcanism of Stromboli after the major Upper Van-
cori collapse produced the so-called Neostromboli products
(Hornig-Kjarsgaard et al. 1993). These are mostly represented
by thick successions of sheet lava flows embedded within autoclas-
tic breccias with distinctive KS compositions (high-K shoshonites;
Figs 13.8d, f & 13.9) and characterized in the field by large black
clinopyroxene and yellow olivine. The Neostromboli lavas are
mostly exposed along the shoulders of the Sciara del Fuoco col-
lapse. Most of these lava flows were emitted from the summit
region, with eruptive vents located within the Upper Vancori col-
lapse scar in the area occupied by the presently active craters of
Stromboli. The lava flows went through several successive
phases of infilling and failure of the collapse depression, occasion-
ally overflowing their lateral rims and invading the north-eastern
and western sectors of Stromboli. They were prevented from
flowing towards the eastern and southern flanks of the volcano
by the steep headwall of the Upper Vancori collapse (sc3).
Together with the summit Neostromboli activity, a series of
flank eruptions occurred from eccentric vents and NE-trending
eruptive fissures located along the lower slopes of both the north-
eastern and western flanks of Stromboli.

Epoch 5 is arranged into three successive sequences of eruptions
(Epochs 5a, 5b, 5c) interrupted by two quiescence stages and ero-
sional unconformities (std–sde) associated with recurrent sector
collapses along the north-western flank of Stromboli (sc4–5).

Epoch 5a (Filo del Fuoco Subsynthem)
Lower Neostromboli and Roisa activities (c. 15–13 ka). The early

products erupted after the Upper Vancori collapse are the welded
and agglutinated reddish shoshonite scoriae of the thick Roisa
blanket (Roisa Formation). The Roisa scoriae crop out along the
lower slopes of the north-eastern flank of Stromboli, which is the
type locality described by Hornig-Kjarsgaard et al. (1993). More-
over, they are recognized in the area of Liscione, mantling the sc3
collapse rim at elevations of 700–800 m. Here, a layer of loose
scoriaceous lapilli is visible at the base of the unit, gradually
passing into the main welded scoria blanket (Fig. 13.15a, b).
This Roisa outcrop site is not reported in the previous maps of
Keller et al. (1993) and Tibaldi & Pasquaré (2010). The summit
Roisa scoriae are interpreted as the product of intense phases of
strombolian-hawaiian fallout from an eruptive vent(s) located
within the Upper Vancori collapse depression (sc3). The crater
opening phases are recorded in the abundant lithic fragments con-
tained in the basal portion of the unit. The Roisa blanket cropping
out along the north-eastern flank of Stromboli is located in the
same stratigraphic position and is related to an eccentric fissure
at elevation of 300–320 m (cf. Hornig-Kjarsgaard et al. 1993),
which was active contemporaneously with the summit vent. The
eccentric Roisa products show a remarkable thickness increase
towards the foot of the slope that apparently reflects the occurrence
of fountain-fed fallout coupled with reomorphic scoria flow move-
ments. In the Liscione outcrop, the Roisa scoriae are found above
the Upper Vancori breccias, separated by a palaeosol and erosional
unconformity. This records a period of quiescence associated with
the Upper Vancori collapse, although it must have been relatively
short-lived considering that the Roisa activity is dated to
15 + 2.8 ka (Calvari et al. 2011; cf. Table 13A.1) which almost
matches (within the analytical error) the age of c. 13 ka for the
Upper Vancori products (Fig. 13.6b). Moreover, the Roisa scoria
blanket is unconformably covered by the Filo del Fuoco lava
flows (Lower Neostromboli activity). The reconstructed relation-
ships describe the stratigraphic position of the Roisa unit, which
was not well defined in the previous maps (Keller et al. 1993;
Tibali & Pasquarè 2010).

Epoch 5a renewed after a short-lived quiescence recorded in a
thin palaeosol above the Roisa scoriae. The activity had the clas-
sical characteristics of the Neostromboli period (cf. Hornig-
Kjarsgaard et al. 1993). Recurrent effusive eruptions produced a
thick succession of thin, laterally persistent pahoehoe to aa lava
flows embedded within autoclastic breccias, passing upwards
into a series of massive lava flows with blocky carapaces (Filo
del Fuoco Formation). These lava flows also display the typical
high-K shoshonite composition of the Neostromboli activities
(Figs 13.7 & 13.8d) forming, in particular, the LLSr group with
distinctive and nearly constant Sr contents between 670 and
720 ppm (Fig. 13.9). In contrast, the MgO abundances are vari-
able, range from 5.5–6.0 wt% at the bottom of the succession to
c. 4.2 wt% towards the upper part of the lava succession
(exposed in the area of Bastimento) and are correlated with the
variations of other element contents and Sr isotope ratios. The

Fig. 13.15. (Continued) the Liscione ridge, in the inner portion of the Upper Vancori collapse, the subhorizontal Filo del Fuoco lava flows (ff) are found in lateral contact

aside the Roisa products (ro), both related to Epoch 5a. This is the evidence that the Filo del Fuoco lava flows progressively piled up within the Upper Vancori collapse

and then overcame the collapse rim at elevations of 780–790 m, where they directly overlie the Roisa scoriae (a–b). The steep rock cliff of the Filo del Fuoco lavas is

the headwall of collapse sc4. The Ginostra lava flows of Epoch 5b (gn) unconformably overlie this succession at lower elevations, thus indicating that the sc4 collapse

caused a vertical displacement and downward shifting of the active eruptive vents (.50 m). The angular discontinuity between the Ginostra and Filo del Fuoco

units represents the unconformity std. The shelter helps for scale. (d) Outcrop photograph and representative stratigraphic log of the Semaforo Nuovo pyroclastic

succession (Epoch 5a) exposed near COA, behind the San Vincenzo church. The description and interpretation of the different layers are provided by combining the field

observations (and interpretation) made in the two outcrops of these products near Semaforo Nuovo and below the old cemetery of Stromboli. (e) The Ginostra lava

flows (gn) crop out along the western border of Sciara del Fuoco with diverging dips that record the progressive filling of the Upper Vancori collapse, buried below the

lava succession. Numbered points indicate metres above sea level. (f) Near Fossetta, the NW-dipping collapse rim sc5a truncates the outward-dipping Ginostra lava flows

(gn) and interrupts the development of the older Upper Vancori collapse scar (sc3) also cutting the Vancori products (VA). The Ginostra lavas of Epoch 5a are visible

in lateral contact aside the Vancori products of Epoch 4, providing the evidence for the unconformity St4. The whole outcrop is discontinuously plastered by spatter

deposits of the present-day activity.
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Filo del Fuoco lava flows were entirely supplied from summit
vents (or fissures) located within the Upper Vancori collapse
depression. In particular, we infer that the Filo del Fuoco vent(s)
and main conduit were sited in the north-eastern side of the
summit collapsed area, as outlined by the recognized areal distri-
bution of the corresponding lava flows and the occurrence of
dykes with the Filo del Fuoco lava composition along the northern
shoulder of Sciara del Fuoco (cf. Corazzato et al. 2008). Conform-
ing to the characteristics described for the recent 2002–2003 effu-
sive activity of Stromboli (cf. Spampinato et al. 2008), the Filo del
Fuoco lavas are assumed to have flowed down the variably steep
slopes of the Upper Vancori collapse. The continuous eruption and
stacking of successive lava flows caused a progressive piling up of
the flow field associated with the shifting of the vents to higher
elevations. This is shown by the low-dipping to subhorizontal
bedding of the upper Filo del Fuoco lavas. The Filo del Fuoco
lava flows almost completely filled the Upper Vancori collapse
up to elevations of c. 780–790 m (Fig. 13.15c). At these
elevations the lava flows overcame the eastern rim near Basti-
mento (and the Roisa scoriae) and flowed down the north-eastern
flank of Stromboli towards the Vallonazzo gorge, covering the
older Roisa scoriae (Fig. 13.15b) and Vancori products. The
Filo del Fuoco lavas are interpreted to have constructed a c.
850-m-high edifice named Lower Neostromboli. This Lower
Neostromboli activity is not well constrained chronologically.
The Filo del Fuoco lavas are stratigraphically defined below the
Ginostra lavas (Epoch 5b) which are radiometrically dated to c.
13 ka. Furthermore, the progressive compositional variation of
the Filo del Fuoco lavas through time seem to reveal a possible
interaction between the Neostromboli magmas and the previous
Roisa (c. 13 ka) magmas during the latest stages of Epoch 5a
(see ‘Petrology and geochemistry’). Our preferred interpretation
is therefore that the Filo del Fuoco activity developed at
c. 13 ka, although this chronological attribution is not yet
unequivocal.

The Lower Neostromboli edifice was truncated and almost com-
pletely dismantled by the NW-dipping sector collapse sc4, which
was coalescent to and concentric with the older Upper Vancori col-
lapse (sc3). The sc4 collapse is represented by a subvertical escarp-
ment in the sector of Bastimento (Fig. 13.15c), where the
headwalls of the Filo del Fuoco lava flows are preserved. The col-
lapse is also recorded in the volcano-tectonic discontinuity std with
high degrees of structural angolarity between the Filo del Fuoco
(pre-collapse) and Ginostra (post-collapse) lava successions.
There is no conclusive field evidence for a substantial quiescence
period associated with the sc4 collapse.

San Vincenzo scoria cone (12.5 ka). The remnants of an eccentric
scoria cone are recognized along the lower slope of the north-
eastern flank of Stromboli near San Vincenzo. This scoria cone
was constructed by a succession of welded to loose, strombolian
fallout scoriae (San Vincenzo Formation, sv1 member) emitted
from a slightly NE-trending eruptive fissure. This is in agreement
with Calvari et al. (2011). The cone is presently largely dismantled
by subsequent erosional processes and partly covered by more
recent volcanic products and detrital (alluvial) deposits. Its original
positive morphology is, however, still clearly preserved in the area
of the Stromboli village near the San Vincenzo church. The San
Vincenzo scoria cone was c. 75–80 m high and c. 450 m in diam-
eter (Calvari et al. 2011), and was breached on its north-eastern
side from which a massive lava flow was emitted reaching the
sea near Punta Lena (sv2 member). Both the San Vincenzo
scoriae and lava flow are high-K shoshonites with particularly
low MgO (2.6–3.3 wt%) and SiO2 contents (.53 wt%) (Klaver
2008), thus belonging to the evolved group of the Neostromboli
rocks (KS-evolved; Figs 13.8d & 13.9).

The San Vincenzo scoriae (and the overlying Semaforo Nuovo
succession; see following section) are stratigraphically defined
above the Upper Vancori products (c. 13 ka) and below the Nel

Cannestrà lava flows (c. 8 ka). This is consistent with a radiometric
age of c. 12.5 ka provided by Calvari et al. (2011) (cf. Table 13A.1;
Fig. 13.6b). A different palaeomagnetic age attribution at c. 6.2 ka
by Speranza et al. (2008) is not in agreement with the stratigraphy.
The San Vincenzo scoriae are not however directly in contact with
the Filo del Fuoco and Ginostra (Epoch 5b) lava successions,
erupted in the same large stratigraphic interval. The stratigraphic
position of the San Vincenzo products inside the period
c. 13–8 ka is therefore not unequivocal.

Semaforo Nuovo hydromagmatic eruption. A hydromagmatic pyr-
oclastic succession (Semaforo Nuovo Formation) is preserved
above the San Vincenzo scoriae in two outcrop sites in the vicinity
of the COA (at Semaforo Nuovo) near Stromboli village
(Fig. 13.15d). This pyroclastic succession corresponds to the
so-called ‘COA succession’ by Porreca et al. (2006), although
we propose a different stratigraphic position (see below). The
Semaforo Nuovo succession is made up of thinly bedded to
massive lapilli-tuffs with abundant accretionary lapilli, domi-
nantly deposited from PDCs at variable clast concentration
(SN-a, f; Fig. 13.15d); a lahar unit is also present at the top of
the succession (SN-g; Fig. 13.15d). The juvenile fragments are rep-
resented by abundant, high-K shoshonite, golden pumices with the
typical composition of the Neostromboli KS-evolved rocks
(Fig. 13.9). The Semaforo Nuovo succession displays subtle
valley-ponding thickness variations with a lens-tabular bedding
above the flank of the underlying San Vincenzo scoria cone. On
this basis, this succession is assumed to be the deposit of PDCs
which originated from hydromagmatic explosive phases from
vents situated in the summit area of Stromboli (presently not
exposed). The origin from summit vents is consistent with the
absence of proximal facies of the Semaforo Nuovo products near
the outcrop sites.

The Semaforo Nuovo succession is stratigraphically defined
between the San Vincenzo scoriae (below) and the Nel Cannestrà
lava flows (above). However, the timing of the eruption is not
chronologically defined. The Semaforo Nuovo products have
major and trace elements and isotope ratios perfectly matching
those of the underlying San Vincenzo scoriae and lavas, dated to
c. 12.5 ka. This is evident in Figures 13.8d and 13.9 for K2O,
SiO2, MgO and Sr contents. Comparing the Semaforo Nuovo
pumices with the San Vincenzo scoriae, other examples of this simi-
larity can be given as: Rb ¼ 165–198 and 160–190; V ¼ 165–180
and 170–189; 87Sr/86Sr ¼ 0.70710–0.70715 and 0.70710–
0.70712 (see also the table of full geochemical data for Stromboli
in the attached DVD). Based on this very close geochemical affinity,
we assume that the Semaforo Nuovo and San Vincenzo units were
fed by the same magma reservoir and possibly erupted almost con-
temporaneously at c. 13–12 ka during the latest stages of the Lower
Neostromboli activity (Epoch 5a).

Based on compositional characteristics, the Semaforo Nuovo
succession is also distinguished from the successive Secche di
Lazzaro hydromagmatic products (KS-evolved magmas), in
accordance with the palaeomagnetic investigation of Porreca
et al. (2006). Sr isotope ratios, in particular, allow the Semaforo
Nuovo (and San Vincenzo products) to be discriminated from all
the other KS-evolved magmas erupted later during Eruptive
Epochs 5b and 5c (Vallonazzo, Secche di Lazzaro and Semaforo
Labronzo formations), which show 87Sr/86Sr .0.70720 (Figs
13.8d & 13.9; see the table of geochemical data in the attached
DVD). Following the discussion introduced by Porreca et al.
(2006), a more probable scenario is that the Semaforo Nuovo
hydromagmatic eruption was connected with a lateral slope
failure that allowed the interaction between magma and external
water and triggered the explosive activity (see ‘Summary and dis-
cussion’). Accordingly, we propose that the Semaforo Nuovo erup-
tion developed in association with the sector collapse sc4, which
truncated the summit of the Lower Neostromboli and caused the
interruption of its activity.
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Epoch 5b (Punta dei Corvi Subsynthem)
Upper Neostromboli summit activity (c. 13–8 ka). After the col-

lapse sc4, the Epoch 5b activity initially produced a thick succes-
sion of thin laterally persistent lava flows embedded within
autoclastic breccias (Ginostra Formation). Thicker (up to 10–
15 m) massive lava flows are interlayered in places (e.g. in the
area of Ginostra–Pertuso). Together with the Filo del Fuoco
lavas, the Ginostra lava succession constitutes the bulk of the
Neostromboli products of Hornig-Kjarsgaard et al. (1993). The
Ginostra lava flows show lithological, textural and petrochemical
features almost identical to those of the Filo del Fuoco unit, but
also display distinctively higher Sr contents of 820–900 ppm
(HSr group of Neostromboli rocks; Figs 13.8d & 13.9). The Ginos-
tra lavas record a prolonged period of effusive eruptions, although
a subordinate fallout and PDC activity is recorded in discontinuous
planar to cross-bedded lapilli-tuffs. During most of the activity, the
Ginostra lava flows were issued from vents (or fissures) located in
the summit region of Stromboli within the morphological
depression of the NW-dipping sc4 collapse. The lava flows prefer-
entially flowed down the extremely steep slopes of the collapse
scar and progressively accumulated and filled up the collapse
depression until overflowing both its north-eastern (near Basti-
mento) and south-western rims (near Fossetta) at elevations of
c. 730–760 m (Fig. 13.15c–f). Accordingly, we infer that the
Ginostra lavas constructed a c. 800 m volcanic edifice named
Upper Neostromboli. As a result of the collapse rim overflow,
much of the volume of the Ginostra lava flows extended towards
the north-eastern and western flanks of Stromboli, reaching the
sea in the sectors between Punta dei Corvi and the Ginostra
harbour (to SW) and near the Punta Labronzo cape (to NE).
Moving onto the sc4 (and the coalescent sc3) collapse border
these lavas assumed diverging dips (Fig. 13.15e), either flowing
towards the inner side of the collapse or moving onto its outer
flanks (Tibaldi 2001). A secondary eruptive vent during the Ginos-
tra activity is recognized along the south-western collapse rim at an
elevation of c. 500 m. This vent produced a couple of stacked
lobate massive lava flows (gna member) that flowed down the
lower slope of the volcano in the area of Serro delle Capre, uncon-
formably overlying the Ginostra lava succession. This reveals a
minor role for eccentric activities during Epoch 5b.

A K–Ar age of 13.8 + 1.9 ka is available for a Ginostra lava
flow (Gillot & Keller 1993; cf. Table 13A.1) exposed at the
Ginostra harbour and most likely attributed to the initial phases
of Upper Neostromboli (Epoch 5b). The termination of this
activity is not chronologically defined, however. A lava flow
with the distinctive high-K shoshonite composition and high-Sr
content of the Ginostra unit (Fig. 13.9) is recognized along the
sea cliff in the area of Piscità (Fig. 13.16c). This lava flow is stra-
tigraphically constrained above the Piscità lavas (c. 7.7 ka) and
below the Vallonazzo scoriae (c. 7–6.5 ka), both belonging to
the Upper Neostromboli eccentric activities (see following
section). The latest Ginostra lavas are therefore dated to c. 7.5–
7 ka. There is no evidence for a substantial volcanic quiescence
– such as erosion surfaces, palaeosols or detrital deposits –
between the Ginostra lavas and the overlying products derived
from eccentric fissures and vents along the north-eastern and
western sectors of Stromboli, which are all dated to c. 8–7 ka.
This indicates that the Upper Neostromboli summit activity has
occurred with no substantial interruptions or quiescences through
the time interval between c. 13 ka and c. 7.5–7 ka, and the latest
eruptions of this activity were almost contemporaneous with the
subsequent eccentric eruptions.

The Upper Neostromboli edifice was dismantled by the major
NW-dipping sector collapse sc5, which developed within the
scar of the older Upper Vancori collapse (sc3) and was coalescent
with the sc4 collapse. The morphology of the sc5 collapse, running
from the Bastimento area to the sector of Fossetta, roughly corre-
sponds to the Neostromboli collapse of Tibaldi (2001), although
we have reconstructed different collapse timing. Indeed, we infer

that the development of collapse sc5 has been polygenic with mul-
tiple failure events which occurred in distinct time episodes that
combined to construct a major collapse structure at the end of
the Neostromboli epoch of activity. The south-western branch of
the collapse is represented by a subrounded abrupt escarpment
cropping out near Fossetta and cutting the Ginostra lava flows
(sc5a; Fig. 13.15f). The north-eastern branch of the collapse is
recognized in the area of Bastimento, cross-cutting the Ginostra
lavas and the underlying Filo del Fuoco lava succession (sc5b).
We propose a direct relationship between the sc5a and sc5b col-
lapse events with the hydromagmatic eruptions of Secche di
Lazzaro (c. 7 ka; see ‘Secche di Lazzaro hydromagmatic erup-
tion’) and Semaforo Labronzo (c. 4 ka; see ‘Semafora Labronzo
hydromagmatic eruption’), respectively.

Upper Neostromboli eccentric activities (c. 8–7 ka). The latest
Upper Neostromboli activity was characterized by a series of
flank eruptions from eccentric vents and NE-trending eruptive fis-
sures located along the lower slopes of both the north-eastern and
western flanks of Stromboli. These vents and fissures were posi-
tioned along a broad NE–SW axis that crosses the Stromboli
edifice along the direction of the main regional (extensional) struc-
tural trend. In particular, four eccentric vents and fissures are
recognized along the north-eastern flank (Nel Cannestrà, Punta
Labronzo, Vallonazzo, Serro Adorno) and two along the western
slope (Vigna Vecchia, Timpone del Fuoco). The Neostromboli
products were not subdivided in the map of Keller et al. (1993),
although some of the units were described in the explanatory
notes (Hornig-Kjarsgaard et al. 1993). Moreover, our stratigraphic
reconstruction in the north-eastern sector of Stromboli is partly
different from Calvari et al. (2011). The majority of these units
are dated by numerous Ar/Ar ages (Calvari et al. 2011; Wijbrans
et al. 2011) and palaeomagnetic age constraints (Speranza et al.
2008) to a restricted time interval developing between 8 and
7 ka. On this basis, we group together the coeval products cropping
out in the north-eastern and western flanks of Stromboli, although
there is a lack of direct stratigraphic contacts. The eccentric vents
and fissures on both sides produced lava flows and strombolian
scoriae with the typical high-K shoshonite composition of the
Neostromboli period, although most of the different units display
distinctive MgO and Sr contents (Fig. 13.9). All these products
are emplaced above the Ginostra lava flows with no signs of a
significant stratigraphic unconformity, which apparently indicates
that they were deposited in a substantial continuity at the end of
Upper Neostromboli.

The early flank eruption in the north-eastern sector of Stromboli
produced the lobate Nel Cannestrà lava flows (Nel Cannestrà
Formation) from a NE-elongated fissure at elevations varying
between 300 and 470 m (Fig. 13.16a). The fissure is encircled by
welded strombolian-hawaiian fallout scoriaceous agglomerates
(nca member). The lava flows descended the lower slopes of the
volcano and stopped in the area of the Stromboli village, deviated
by the positive morphology of the (older) San Vincenzo scoria
cone. This flow behaviour was described by Calvari et al.
(2011). The Nel Cannestrà lavas are high-K shoshonites with the
highest Sr contents (880–960 ppm, HSr group; Fig. 13.9). They
were erupted at 8–7.5 ka, as is evident from coeval Ar/Ar and
palaeomagnetic age determinations (Speranza et al. 2008;
Calvari et al. 2011; cf. Table 13A.1). This is also consistent with
the occurrence of scattered pumiceous lapilli correlated with the
c. 8.7–8.4 ka Vallone del Gabellotto unit from Lipari, below the
Nel Cannestrà lava front near Semaforo Nuovo.

A vent was located in the northern coastal sector of Stromboli
between Punta Labronzo and Punta Frontone, as shown by the
presence of several intersecting vertical dykes and intrusive
bodies along the sea cliff (Hornig-Kjarsgaard et al. 1993). These
dykes fed strombolian fallout scoriaceous products and a succes-
sion of massive lava flows (Punta Labronzo Formation;
Fig. 13.16b), building up a small, 100 m high and 500 m wide
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shield-volcano. These products are high-K shoshonites with Sr
contents of c. 900 ppm (HSr group; Fig. 13.9). The Punta Labronzo
activity is dated to 8–7.5 ka by Ar/Ar and palaeomagnetic age
attributions (Speranza et al. 2008; Calvari et al. 2011; cf.
Table 13A.1), which is almost time-equivalent to the Nel Cannes-
trà eruption.

Another source area produced a succession of massive lava
flows exposed along the sea cliff in the area of Piscità (Piscità For-
mation; Fig. 13.16c). These lavas have a high-K shoshonite com-
position and low Sr content (LLSr group; Fig. 13.9), but they do

not provide a convincing correlation with any of the other strati-
graphic units of the Neostromboli activities. We can therefore
only speculate about the origin of these lava flows from an inde-
pendent vent (or fissure) of uncertain location along the north-
eastern flank of Stromboli, possibly in the area of the Vallonazzo
fissure. The Piscità lavas are dated to c. 7.7 ka by Calvari et al.
(2011) (cf. Table 13A.1).

A NE-trending fissure was active along the linear Vallonazzo
gorge (Hornig-Kjarsgaard et al. 1993). The strombolian-hawaiian
activity of this fissure produced welded scoriaceous agglomerates
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and some massive lava flows (Vallonazzo Formation) character-
ized by the typical KS-evolved (MgO ¼ 3.1–4.0 wt%) compo-
sition with a distinctive presence of biotite (Table 13.3;
Fig. 13.9). The main feature of the Vallonazzo unit is a laterally
extensive welded scoria blanket that mantles both sides of the
valley up to elevations of c. 350 m. This is interpreted as the
result of fountain-fed fallout processes and scoria flow movements
(reomorphic), the latter indicated by a distinct thickness increase
towards the lower slopes of the volcano. The Vallonazzo eruptive
fissure is located at c. 200–300 m in the upper part of the Vallo-
nazzo valley. This is slightly different from that proposed by
Keller et al. (1993) with an eruptive fissure following almost the
whole extension of the Vallonazzo gorge. A major feeder dyke
of the Vallonazzo eruption located by Calvari et al. (2011) at an
elevation of 250 m is not recognized in the field. The Vallonazzo
products were deposited along the gentle slopes of the north-
eastern flank of Stromboli and reached the sea in the sector
between Piscità and Punta Frontone, unconformably overlying the

Punta Labronzo and Piscità lavas and the older products of Lower
and Upper Neostromboli (Fig. 13.16b, c). According to this wide
areal distribution, we attribute the samples S106 (Piscità unit)
and S114 (Serro Adorno unit) of Calvari et al. (2011) to the Vallo-
nazzo Formation based on their distinctive KS-evolved compo-
sition and biotite-bearing mineralogy. Combined with sample
S72b, three different Ar/Ar radiometric ages are therefore avail-
able for the Vallonazzo activity that is well constrained at c. 7 ka
(Calvari et al. 2011; cf. Table 13A.1), in agreement with a palaeo-
magnetic age attribution at 7–6.5 ka (Speranza et al. 2008). This
perfectly matches the 7.7 ka age of the underlying Piscità lavas.

The early eccentric activity along the western flank of Stromboli
was that of Timpone del Fuoco, near to the Ginostra village. An
isolated vent produced a succession of sheet-like lava flows with
pahoehoe surface structures characterized by high-K shoshonite
composition and low Sr contents of 740–800 ppm (LSr group;
Fig. 13.9). They built up a 150 m high and 900 m wide shield
volcano (Timpone del Fuoco Formation; cf. Rosi 1980a, b;
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Hornig-Kjarsgaard et al. 1993). The Timpone del Fuoco lava flows
are found in angular discordance above the Ginostra lavas of the
Upper Neostromboli activity (Fig. 13.17a). An age of 7.5–7 ka
for Timpone del Fuoco is provided by palaeomagnetic (Speranza
et al. 2008) and cosmogenic He age attributions (Foeken et al.
2009; cf. Table 13A.1).

A further eccentric vent in western Stromboli produced a lobate
pahoehoe lava field along the slope of Vigna Vecchia (Vigna
Vecchia Formation; (Fig. 13.17a). This lava field is composed of
a series of high-K shoshonite lava flows with low Sr contents of
740–800 ppm (LSr group; Fig. 13.9). In agreement with Rosi
(1980a, b), we infer that these lava flows originated from an erup-
tive vent or fissure located at elevations of 600–650 m, which is
presently not exposed due to the cover of scoriaceous deposits
related to the present-day activity of Stromboli. The Vigna
Vecchia lavas flowed down the western flank of Stromboli,
deviated by the Timpone del Fuoco shield volcano and reaching
the sea in the sector of Secche di Lazzaro. They are dated to
7.5–7 ka by comparable palaeomagnetic (Speranza et al. 2008)
and cosmogenic He age determinations (Foeken et al. 2009;
cf. Table 13A.1). This age attribution indicates that the Vigna
Vecchia activity was nearly contemporaneous with Timpone del
Fuoco. They also had a common magmatic origin, as shown by
an almost identical high-K shoshonite composition with low Sr
contents of 740–800 ppm (LSr group; Fig. 13.9) of the erupted
lavas. The Vigna Veccia and Timpone del Fuoco vents were
almost contemporaneous with the Neostromboli activities on the
opposite flank of the island.

Secche di Lazzaro hydromagmatic eruption (c. 7 ka). The Secche
di Lazzaro pyroclastic succession is a volcanic unit with hydro-
magmatic characteristics. This was previously documented in scat-
tered outcrops along the south-western, southern and northern
sectors of Stromboli (cf. Hornig-Kjarsgaard et al. 1993; Bertagnini
& Landi 1996; Giordano et al. 2008). In the present paper, the
Secche di Lazzaro products (sensu strictu) are limited to the south-
western (Secche di Lazzaro) and southern outcrops (Punta Lena),
which are the type-localities defined by Hornig-Kjarsgaard et al.
(1993). The northern outcrops are instead attributed to a different
pyroclastic unit (Semaforo Labronzo Formation; cf. Petrone et al.
2009) on the basis of stratigraphic and geochemical evidence. The
Secche di Lazzaro succession is characterized by a basal portion
made up of planar to cross-laminated lapilli-tuffs (SL-a;
Fig. 13.17b) with abundant accretionary lapilli deposited from
dilute PDCs and possible minor fallout. These lapilli-tuffs
mantle the Vigna Vecchia lava flows and fill the spaces between
the blocks of the associated palaeo-beach. The main portion of
the unit is instead represented by a matrix-supported lapilli-tuff
layer (SL-b; Fig. 13.17b) with abundant accretionary (and
armoured) lapilli and a few pumices with the distinctive KS-
evolved composition of Neostromboli rocks (cf. Table 13A.2;
Fig. 13.9). These pumices have distinctive textural features and
different trace element contents and Sr-isotopic variations with
respect to the pumices of the other hydromagmatic successions
recognized on Stromboli (Semaforo Nuovo, Semaforo Labronzo).
The main lapilli-tuff layer is characterized by a lens-tabular
shape with thickness varying from 25 cm to 2.5 m, and is
interpreted as an eruption unit from clast-concentrated PDCs
with a pulsating behaviour (Giordano et al. 2008). A metre-thick
lahar layer is recognized at the top of the succession (SL-c;
Fig. 13.17b), reflecting the reworking of primary pyroclastic
deposits immediately after the end of the Secche di Lazzaro
eruption.

The Secche di Lazzaro succession is stratigraphically defined
above the Ginostra (Upper Neostromboli) and Vigna Vecchia
lavas, and is radiocarbon dated to c. 7 ka. A calendar 14C age of
5222–4768 BC was indeed obtained for charcoal fragments
from the base of the succession in the main outcrop of Secche di
Lazzaro (cf. Table 13A.1). Accordingly, the Secche di Lazzaro

unit is interpreted as the product of a major hydromagmatic erup-
tion from the latest stages of Upper Neostromboli. This is in agree-
ment with previous results which placed Secche di Lazzaro at the
end of the Neostromboli period (cf. Hornig-Kjarsgaard et al. 1993;
Bertagnini & Landi 1996; Giordano et al. 2008).

The vent of Secche di Lazzaro is still uncertain, although most of
the succession displays flow directions and thickness variations
indicative of a provenance from the inland summit region of
Stromboli (Giordano et al. 2008). Accordingly, the Secche di
Lazzaro hydromagmatic eruption is probably related to a lateral
collapse event of the summit volcano, which is the necessary scen-
ario for triggering magma–water interaction at Stromboli (see also
Bertagnini & Landi 1996; Giordano et al. 2008). This is confirmed
by Petrone et al. (2009) who have ruled out the occurrence of
internal magma-related causes as the trigger of the Secche di
Lazzaro eruption. Unfortunately, deposits correlated with the
Secche di Lazzaro unit are not exposed in the upper slopes and
summit region of Stromboli, probably due to erosion or cover by
more recent products. This masks the possible relationships with
any of the recognized collapse structures. However, the Secche
di Lazzaro products show a preferential distribution along the
south-western coastal sector of Stromboli, suggesting a relation-
ship between the corresponding hydromagmatic eruption and the
NW-dipping sector collapse sc5a that affected the south-western
side of the Upper Neostromboli edifice. This collapse is therefore
assumed to have occurred at c. 7 ka during the latest phases of
Epoch 5b.

Epoch 5c (Punta Frontone Subsynthem): Late Neostromboli (c. 4 ka)
Serro Adorno eccentric vent (c. 4 ka). The latest Neostromboli

products of Epoch 5c crop out along the north-eastern border of
Sciara del Fuoco, and reflect the renewal of volcanism after a c.
3 ka quiescence associated with the development of collapse
sc5a. This is mostly recorded in two stacked massive lava flows
(Serro Adorno Formation) with a high-K shoshonite composition
with high Sr contents (870–900 ppm, HSr group; Fig. 13.9). The
Serro Adorno lava flows are fed by an eruptive vent situated
along the collapse border at an elevation of c. 550 m, which is
marked by the presence of welded scoriaceous agglomerates.
They flowed down the northern slope of Stromboli and unconform-
ably overlie the older Ginostra and Punta Labronzo lavas
(Fig. 13.18a). Based on the sample S108 of Calvari et al. (2011),
the Serro Adorno activity is dated to c. 4 ka (cf. Table 13A.1)
and represents the latest flank eruption during Epoch 5. There
is no field evidence for a summit effusive activity during
Epoch 5c, although it is probable that it has occurred with charac-
teristics similar to those of the Lower and Upper Neostromboli
periods.

Semaforo Labronzo hydromagmatic eruption. A hydromagmatic
pyroclastic succession is recognized above the Serro Adorno
lava flows in discontinuous outcrops up to elevations of c. 600 m
(Semaforo Labronzo Formation; Fig. 13.18a, b). This succession
consists of loose lapilli-tuffs with abundant accretionary (and
armoured) lapilli and sparse scoriae and pumices (cf. ‘Secche di
Lazzaro Nord sequence’; Petrone et al. 2009). Both scoriae and
pumices have a high-K shoshonite composition and relatively
low MgO content belonging to the KS-evolved Neostromboli
rocks. The Semaforo Labronzo products are distinguished from
the other hydromagmatic successions of Neostromboli (Secche
di Lazzaro and Semaforo Nuovo) based on different textural, com-
positional and isotope features (Fig. 13.9; cf. Petrone et al. 2009) as
well as on a distinct stratigraphic position. Bertagnini & Landi
(1996) and Giordano et al. (2008) instead correlated these northern
deposits with the Secche di Lazzaro of SW Stromboli.

The Semaforo Labronzo lapilli-tuffs are interpreted as the pro-
ducts of dilute PDCs which originated from an eruptive vent in
the summit area of Stromboli, probably associated with a lateral
failure event at the end of Neostromboli. As reported by Petrone
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et al. (2009), there is no evidence for any internal magma-related
cause as a trigger for this explosive activity. This was instead prob-
ably driven by a collapse-related trigger able to create favourable

conditions for decompression of the hydrothermal/plumbing
system and the explosive interaction between magma and external
fluids. The Semaforo products are not dated however, and do not
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upper portion of the layer or in a linear arrangment in the middle part.
The grey-brownish ash matrix is composed of glass shards and
accretionary lapilli.

Massive indurated ash tuffs.

Slightly reworked, loose lapilli layer of light-coloured pumices (up to
7-8 cm) and grey scoriae (and a few lithics), pedogenized at the top.
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Fig. 13.18. Volcanic products of the Late Neostromboli activity (Epoch 5c) exposed in the northern sector of Stromboli. (a) The Serro Adorno lava flows (sa) crop

out along the border of the Sciara del Fuoco collapse, unconformably overlying the older Punta Labronzo products (pl) and Ginostra lavas (gn) of Epoch 5b and the Filo

del Fuoco lavas (ff) of Epoch 5a. The related angular discontinuities are the field evidence for the unconformities std and ste. The Semaforo Labronzo hydromagmatic

succession (lb) of Epoch 5c is recognized above the Serro Adorno lavas. Numbered points indicate metres above sea level. (b) Outcrop photograph and representative

stratigraphic log for the Semaforo Labronzo hydromagmatic succession in its type locality along the footpath toward the active craters at an elevation of c. 400 m (see

Fig. 13.18a for location). The description and interpretation of the different layers are provided by comparing our field observations (and interpretation) with those by

Giordano et al. (2008) and Petrone et al. (2009).
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crop out in the summit region of Stromboli. No unequivocal
relationships can therefore be established between the correspond-
ing hydromagmatic activity and an individual collapse scar. The
Semaforo Labronzo products are stratigraphically defined above
the Serro Adorno lavas (c. 4 ka) with no signs of a substantial
unconformity marking the contact. We therefore assume that
their activity most likely occurred at c. 4 ka, representing the
latest eruption of the Neostromboli period. The Semaforo Lab-
ronzo products are preferentially distributed along the north-
eastern shoulder of Sciara del Fuoco, which suggests a possible
link between this hydromagmatic eruption and the sector collapse
sc5b in the north-eastern side of the Upper Neostromboli collapse
structure.

Eruptive Epoch 6 (Sciara del Fuoco Synthem): Recent

Stromboli (,2.4 ka)

The Epoch 6 products were erupted during the last two millenia
following a period of quiescence after the end of Neostromboli,
possibly associated with the sc5b collapse event. This period
of activity is called the Recent Stromboli, conforming with
Hornig-Kjarsgaard et al. (1993). The volcanism of the Recent
Stromboli was dominantly characterized by a central-vent
summit activity, with a subordinate fissure-like eccentric eruption
along the north-eastern flank of Stromboli (San Bartolo). The
summit vents were located within the morphological depression
resulting from the nested Upper Vancori (sc3) and Neostromboli
sector collapses (sc4, sc5a, sc5b). These collapses gave rise to a
large NW-dipping, multi-stage collapsed area with morphological
features similar to the present form of Sciara del Fuoco, although
its morphology was not yet completed. Recent Stromboli was
characterized by a major compositional change from the high-K
shoshonites of Neostromboli to dominant SHO basalts and shosho-
nites (and minor high-K basalts and basaltic–andesites).

In the present paper, we provide a detailed stratigraphic archi-
tecture and volcanic history for the Recent Stromboli period. A
number of different stratigraphic units (Pizzo Sopra La Fossa,
San Bartolo, Chiappe Lisce, Bastimento, Le Roccette, Fossetta
and Sciara del Fuoco) is defined on the basis of stratigraphic and
geochemical evidence, combined with palaeomagnetic and 14C
age constraints (cf. Rosi et al. 2000; Arrighi et al. 2004; Speranza
et al. 2008). The units of the Recent Stromboli generally crop out
in scattered outcrops due to the volcano-tectonic processes of
collapses sc7a – b and the almost continuous cover of scoriaceous
products related to the present-day activity, which makes it diffi-
cult to establish a common stratigraphic succession.

The Recent Stromboli is arranged into three successive periods
of activity corresponding to the Pizzo activity (Epoch 6a) and two
successive phases of the present-day activity (Epochs 6b and 6c).
These eruptive periods are separated by a short-lived period of
quiescence (unconformity stf) and the structural unconformity
associated with the most recent NW-dipping lateral collapse
(sc7a – b) within the Sciara del Fuoco (unconformity stg).

Epoch 6a (Bastimento Subsynthem)
Pizzo activity (c. 2.4–1.8 ka). The early phases of Epoch 6 devel-

oped in Roman to early medieval times from the Pizzo vent (Epoch
6a). The Pizzo activity was mostly characterized by recurrent
explosive eruptions separated by short-lived periods of quiescence
or lower activity. They produced scoriaceous deposits typically
characterized by the absence of two different juvenile components,
which is distinctive of the subsequent present-day activity. The
Pizzo activity mostly produced a thick planar-bedded succession
of strombolian fallout scoriae (Pizzo o Sopra La Fossa Formation;
cf. Hornig-Kjarsgaard et al. 1993), which is discontinuously
exposed in the summit region of Stromboli and along the upper
slopes of the eastern flanks. In the main outcrop of the Pizzo
relief this succession is subdivided by three angular discordances

characterized by slight pedogenesis (Fig. 13.19a), indicating that
the Pizzo activity was discontinuous although characterized by
(mostly) homogeneous eruption types. Subordinate cross-stratified
lapilli-tuff layers crop out in the upper portion of the succession
mainly in the area of Liscione, revealing the occurrence of hydro-
magmatic pulses and discontinuous dilute PDCs at the end of the
Pizzo activity. The Pizzo products built up a scoria cone lying
on the headwall of the Neostromboli collapse structure. These
products are largely altered by strong hydrothermalization, par-
ticularly in the vicinity of the presently active craters. A large
portion of the Pizzo scoria cone was subsequently dismantled
by strong erosion and the lateral collapses sc6 and sc7a – b with
the remnants of the cone, corresponding to the Pizzo relief, pre-
sently preserved under the cover of the present-day scoriae
(Fig. 13.19a). The Pizzo relief is assumed to be the south-eastern
crater rim of the cone as outlined by the (partly) diverging
dipping of the products.

The Pizzo juvenile scoriae display a remarkable compositional
variation alternating between SHO basalts and high-K basalts to
basaltic–andesites with different mineralogical and isotope signa-
tures (Fig. 13.8e). This suggests a coeval activity from distinct
vents or conduits fed by different magma reservoirs (Di Salvo
2010; Francalanci et al. 2012). Most of the succession has a
SHO basaltic composition, whereas high-K basalt and basaltic–
andesite products occur in the middle–upper portion of the succes-
sion at Pizzo and in the outcrop of Le Croci. We assume a corre-
lation between these HKCA products and the so-called ‘Lower
Sequence’ recognized by Rosi et al. (2000) in trenches along the
north-eastern flank of Stromboli. This correlation is based on
similar compositional and lithological features and stratigraphic
position. A number of calendar 14C ages varying between 380–
100 BC and AD 45–245 were obtained by Rosi et al. (2000) for
charred material embedded within different layers of the ‘Lower
Sequence’ (cf. Table 13A.1). Accordingly, we infer that the
Pizzo activity partly occurred in the c. 2.4–1.8 ka time interval.
This age constraint is in fact related only to the middle–upper
portion of the Pizzo succession and is moreover affected by high
analytical uncertainty. The timing of the onset and termination
of the Pizzo activity is therefore still uncertain.

The summit and south-eastern slopes of the Pizzo cone are
crosscut by a SE-dipping horseshoe-shaped lateral collapse scar
in the area of Rina Grande (sc6; Figs 13.3, 13.4d & 13.19a). The
collapse also truncates most of the Upper Vancori succession of
lavas and breccias with a maximum vertical displacement of
about 50–60 m along the upper slopes of Rina Grande, gradually
decreasing to SE. The collapse headwall truncates the upper part of
Pizzo (c. 2.4–1.8 ka) and is covered by the present-day scoria pro-
ducts (pre-AD 776). The collapse sc6 is therefore assumed to have
developed in the 1.8–1.2 ka time interval in early medieval times
(see ‘Summary and discussion’). This collapse is related to
accumulations of detrital deposits recognized at the border of
Rina Grande below the present-day scoriaceous products.

San Bartolo fissure (c. 2.4–2 ka). A monogenetic eccentric
activity along the north-eastern flank of Stromboli produced the
reknown San Bartolo lava field (San Bartolo Formation) first
recognized by Keller et al. (1993) and Hornig-Kjarsgaard et al.
(1993). This lava field originated from a NE-trending fissure at
elevations of 600–650 m near Liscione (Fig. 13.16a), which is out-
lined by an updoming deformation of the underlying Upper
Vancori lavas. The fissure is marked by the occurrence of near-
vent fallout scoriae related to the vent opening phases. The San
Bartolo lava field flowed down the north-eastern slope of the
volcano, preferentially following a drainage line represented by
a palaeo-valley located between the Roisa and Nel Cannestrà mor-
phological reliefs. Two parallel lava channels are formed in the
middle part of the lava field, with the best-preserved channel
also forming a tube recognized in the area of the San Bartolo
church. The San Bartolo lava field fanwise opened at the outlet
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of the palaeo-valley, forming a voluminous flattish lava delta
(c. 20 m thick, 1.2 km wide) in the coastal sector of Piscità–
Ficogrande. The San Bartolo lavas are high-K basalts to basal-
tic–andesites (Fig. 13.8e), and are characterized by the presence
of centimetre-sized mafic and ultramafic cumulitic xenoliths of
different mineralogical assemblages (olivin-gabbro, gabbronorite,
anorthosite, dunite, wehrlite and clinopyroxenite; Laiolo & Cigo-
lini 2006). The magma composition of San Bartolo is similar to the
HKCA juvenile component recognized in the Pizzo succession.
This suggests a common magmatic origin and coeval timing for
the San Bartolo lavas and the middle–upper portion of the Pizzo
succession. This is confirmed by a palaeomagnetic age attribution
of the San Bartolo lavas to a restricted time interval ranging from
360 BC and AD 7 (Speranza et al. 2008), which corresponds to
c. 2.4–2 ka and fits the age defined for the Pizzo succession. A
Roman-age attribution for San Bartolo is consistent with the
absence of archaeological artefacts from the 17th to the 1st
century on this lava flow, despite artefacts being widespread in
the surrounding areas (Arrighi et al. 2004). The San Bartolo lava
field records the latest flank eruption of Stromboli.

Post-Pizzo activity (c. 1.7–1.5 ka). Renewed explosive activity
during Epoch 6a is recorded in scoriaceous and spatter products
along the eastern border of the Upper Vancori collapse (sc3)
near Liscione, unconformably overlying the Pizzo succession
(Chiappe Lisce Formation; Fig. 13.19b). These products are
referred to as ‘Post-Pizzo series’ by Petrone et al. (2006). They
consist of planar bedded, partly welded fallout scoriae related to
strombolian and fountain-fed phases of activity in the summit
region of Stromboli. These scoriae range from shoshonites to
SHO basalts (Fig. 13.8e) passing from the base to the top of the
sequence. The vent for the post-Pizzo scoriae is uncertain. An
origin from the main conduit of the Pizzo scoria cone is excluded
by considering that the post-Pizzo products are absent in the near-
crater outcrops of the Pizzo relief. We therefore suggest that the
post-Pizzo scoriae were produced by a secondary vent probably
located in the ENE part of the summit collapse depression, con-
sistent with the preferential distribution of these scoriae.
However, no morphological evidence of a vent or fissure is pre-
sently recognized in this sector, probably due to a subsequent
lateral failure along the sc7a collapse and the cover of present-day
scoriaceous products.

The post-Pizzo explosive activity is not dated. However, we
propose that it was associated with the emission of the Bastimento
lava flows dated to AD 355–557. These units are not in direct stra-
tigraphic contact, and their link is mostly based on geochemical
features. The post-Pizzo scoriae in fact yield a Sr isotopic ratio
(0.70655–0.70650) similar to the Bastimento lava flows
(0.70660) in a trend of progressive decrease through time that
involves all the Recent Stromboli products from the Pizzo succes-
sion (0.70670) to the present-day scoriae (0.70615) (Francalanci
et al. 2012a).

The Bastimento lavas crop out in the north-eastern sector of the
Sciara del Fuoco collapse depression. They are a succession of
stacked SHO basaltic lava flows hanging above the 2002–2007
lava flow fields (Fig. 13.19c), which correspond to the ‘Flow
hanging over the Sciara’ of Speranza et al. (2008). The Bastimento
lavas display a subhorizontal to gently outwards-dipping bedding
that is fully comparable with the flow behaviour of the most
recent 2002–2007 lava fields. We therefore infer that the Basti-
mento lava flows were emitted from an eruptive vent (or fissure)
located in the area presently occupied by the active craters.
These lavas flowed down the collapse scar and progressively accu-
mulated in the upper portion of the collapse depression. The Bas-
timento lava flows were almost entirely dismantled by the
subsequent lateral failure sc7a (see the following section), with
only the lava headwalls presently preserved along the border of
the collapse emerging from the cover of the more recent 2002–
2007 lava fields (Fig. 13.19c). A palaeomagnetic dating to AD

355–557 by Speranza et al. (2008) provides the timing of the
Bastimento activity.

Epoch 6b (Le Roccette Subsynthem)
Present-day activity (AD 776–1350). Epoch 6b was marked by

the onset of the present-day activity of Stromboli. This is
assumed to be a period of explosive activity with the same eruption
types and behaviour of the strombolian activity observed today (cf.
Rosi et al. 2000, 2013). Accordingly, the present-day activity is
made up of persistent to quasi-persistent, rhythmic and intermit-
tent, mild to moderate explosions, periodically alternated with
higher-energy eruptions called paroxysms. The products of this
activity are loose lapilli-tuffs characterized by the coexistence of
black scoriae with high phenocryst (HP) content (c. 50 vol% of
crystals) together with light-coloured (‘golden’) pumices with
low phenocryst (LP) content (c. 5–10 vol% of crystals; Franca-
lanci et al. 1999). The coexistence of HP scoriae and LP
pumices is the distinctive field characteristic of the deposits from
the present-day activity. Following Rosi et al. (2013), we
assume that the onset of the present-day activity occurred in the
8th century. This is based on the recognition of pyroclastic pro-
ducts with the typical coexistence of scoriae and pumices above
an ash layer correlated with the eruption of M. Pilato of Lipari,
which is dated to AD 776 (Keller 2002). This stratigraphic
relationship has been found by Rosi et al. (2013) in several
stratigraphic trenches along the lower north-eastern flank of
Stromboli. The M. Pilato tephra is also exposed in a stratigraphic
profile along the old footpath from Semaforo Labronzo to the
summit active craters (Bertagnini et al. 2011), invariably below
the present-day scoriaceous products. We consider that the early
present-day scoriae, which mostly correspond to the so-called
‘Upper Sequence’ of Rosi et al. (2000), were erupted during the
Epoch 6b. These products are included in the Sciara del Fuoco
Formation.

Le Roccette–Fossetta lava flows (AD 1350). A succession of
stacked SHO basaltic lava flows (Le Roccette Formation) is recog-
nized along the eastern inner border of the Neostromboli collapses
(sc4, sc5b), directly overlying the Bastimento lavas (Fig. 13.19c).
Their bedding attitude and flow behaviour are very similar to
those described for the Bastimento lavas and the 2002–2007
lava flow fields. Accordingly, we infer that the Le Roccette lava
flows were emitted from a vent (or fissure) at elevations of c.
750–800 m in the area of the presently active craters. They pro-
gressively piled up and infilled the upper part of the collapse
depression. We provide the field evidence that these lava flows
have filled to the rim and overflowed the north-eastern collapse
edge at elevations of 630–680 m in correspondence of the
saddle near Bastimento (Fig. 13.20a). In particular, one of the Le
Roccette lava flows corresponds to the so-called ‘Sciara del
Fuoco lava overflow’ which gave comparable palaeomagnetic
ages of AD 1350 + 60 (Arrighi et al. 2004) and AD 1264–1418
(Speranza et al. 2008). Accordingly, we assume that the Le
Roccette lava flows were emitted in late medieval times at AD
1350 (14th century). They are therefore the evidence of a
summit effusive activity associated with the present-day activity
of Epoch 6b.

Another succession of stacked massive lava flows is recognized
along the western border of the Neostromboli collapse in the area
of Fossetta (Fossetta Formation; cf. Hornig-Kjaarsgard et al.
1993), unconformably overlying the Upper Neostromboli lavas
(Fig. 13.20b). These lava flows are stratigraphically defined
above the Pizzo succession, although the direct contact is now
covered by more recent products. They display a subhorizontal
to gently outwards-dipping bedding attitude, and are related to
an eruptive vent (or fissure) located at elevations of c. 750–
800 m in the south-western sector of the present crater area. We
infer that the major NE-trending vertical dyke (corresponding to
DAB3 of Corazzato et al. 2008) emerging in this area from the
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cover of present-day scoriae and cutting the Pizzo products was
one of the feeders of the Fossetta activity (Fig. 13.20b), as con-
firmed by similar compositional features (cf. Corazzato et al.
2008).

The timing of the Fossetta activity is still not precisely con-
strained. These lava flows are not radiometrically dated. A relative
age constraint is provided by a historical painting of the summit
region of Stromboli (Hoüel 1778) where the Fossetta lavas are

reported, thus being necessarily older than AD 1778. Moreover,
we propose a correlation with the Le Roccette lavas based on
their comparable elevations (670–730 m) on the opposite sides
of the Neostromboli collapse headwall and main basaltic compo-
sition. Nevertheless, the Fossetta lavas are high-K basalts and
have lower K2O and trace element contents (Fig. 13.8e) and Sr
isotope ratios than Le Roccette lavas (see the table of geochemical
data in the attached DVD). This means that the Fossetta and Le

Fig. 13.19. Volcanic products of the Pizzo (and post-Pizzo) activity during Epoch 6a. (a) The Pizzo pyroclastic succession (psf) is exposed along the wall bordering the

presently active craters. The succession is subdivided into four portions (a–d) by three unconformable surfaces characterized by slight pedogenesis. The upper part of

the Pizzo succession is cut by a high-angle erosional unconformity representing the headwall of the SE-dipping collapse sc6, covered by the scoriaceous products of the

present-day activity (sf, Sciara del Fuoco Formation) erupted during Epochs 6b–c. This is the evidence for the unconformity stf. (b) Erosional contact between the

Post-Pizzo pyroclastic unit (ch ¼ Chiappe Lisce Formation) and the Pizzo succession (psf) along the Sciara del Fuoco collapse border (sc3–sc5) near Liscione. They are

covered by the scoriae (sf ¼ Sciara del Fuoco Formation) of the present-day activity (Epochs 6b–c), which provides the evidence for stf unconformity. (c) Panoramic

view from Le Roccette saddle of the Sciara del Fuoco collapse inner border in the area of Bastimento. A natural stratigraphic section is exposed across the products

related to distinct and successive phases of piling up and lateral failure in the recent history of Stromboli. The oldest exposed products are those of the Vancori unit (va) of

Epoch 4, representing the border of sc3 collapse. This collapse was filled up by the Filo del Fuoco lavas (ff) of Epoch 5a, subsequently truncated by the collapse sc4. The

rim of this collapse was overflowed by the Ginostra lava flows (gn) of Epoch 5b. Both the Filo del Fuoco and Ginostra successions are cross-cut by the collapse sc5b;

the morphological scar was progressively filled up by the successive lava successions of Bastimento (bs), related to Epoch 6a, and Le Roccette (rc), related to Epoch 6b.

These are visible along the border of the collapse, in lateral contact on the older (pre-collapse) products and hanging above the 2002–2007 lava flow fields. The

Bastimento and Le Roccette lava successions (and the older units) are truncated by the collapse rim sc7a. This collapse rim is covered by the present-day scoriae (sf)

erupted during Epoch 6c, and particularly by a spatter stack near Le Roccette. The collapse sc7a is filled by the most recent lava flow fields of 2002–2003 and 2007, both

truncated by the minor collapse which developed during the 2007 eruption. The lateral contacts between the distinct units are displayed by double lines. The numbered

points in the figure indicate metres above sea level.
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Fig. 13.20. Lava flows of the present-day activity emitted during Epoch 6b. (a) Along the saddle of Le Roccette, the Le Roccette lava flows (rc) overflow the

Neostromboli collapse rim (sc5b) which truncates the older Filo del Fuoco products (ff) of Epoch 5a. Accordingly, the bedding attitude and flow behaviour of Le Roccette

lavas passes from subhorizontal (within the collapse) to outward-dipping (out of the collapse). The Le Roccette lavas are clearly truncated by the subsequent collapse sc7a.

The inner wall of this collapse is plastered by a spatter stack of the present-day activity (sf, Sciara del Fuoco Formation) dated to AD 1631–1730. This is the type locality

of the structural unconformity stg. (b) Exposure and interpretative sketch diagram of the Fossetta lava flows (fo) of Epoch 6b in their type locality. They display a

subhorizontal bedding and are interpreted to have filled up the collapse sc5a which truncated the older Ginostra lavas (gn) of Epoch 5b (Upper Neostromboli) and Middle

Vancori lavas (cv2, Costa San Vincenzo Formation) of Epoch 4. The whole succession is cross-cut by the lateral collapse sc7b. In the foreground, the NE-trending dyke

interpreted to have fed the Fossetta activity is exposed. Both the sc7b collapse scar and dyke are largely covered by the scoriaceous products of the present-day activity of

Stromboli (sf, Sciara del Fuoco Formation). The shelters are for scale.
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Roccette lavas were fed by distinct conduits and vents in the
summit region of Stromboli. Moreover, the Fossetta lavas are
assumed to be slightly younger than Le Roccette unit based on
the above-mentioned age-related Sr isotopic decrease during
Epoch 6 (Francalanci et al. 2012a). The Fossetta and Le Roccette
lava flows are therefore interpreted to record distinct, close-in-time
phases of infilling of the Neostromboli collapse around AD 1350,
in a time period when Sciara del Fuoco was not completed in its
present morphology.

Both Le Roccette and Fossetta lava flows (and the older Basti-
mento lavas) are truncated by NW-dipping lateral collapse scars
cropping out at comparable elevations in the areas of Bastimento
(sc7a; Figs 13.19c & 13.20a) and Fossetta (sc7b; Fig. 13.20b).
The sc7a collapse rim of Bastimento is mantled by a spatter
stack (Fig. 13.20a) where the sample Lav23 of Speranza et al.
(2008) was collected, giving a palaeomagnetic age of AD 1631–
1730. Accordingly, we assume that the sc7a collapse occurred in
the restricted time interval between AD 1350 (age of Le Roccette
lavas) and AD 1631–1730. This timing is also compatible for the
sc7b collapse that truncates the Fossetta lavas. The collapse sc7b is
in fact chronologically constrained between AD 1350 (lower age
limit for the Fossetta lavas) and AD 1778, as derived from the
occurrence of this collapse structure in the above-mentioned paint-
ing of the Stromboli summit region by Hoüel (1778). We thus infer
that the collapse rims sc7a and sc7b are the opposite arms of a
single collapse structure (or two collapses closely spaced in

time) in the upper part of Sciara del Fuoco. This collapse truncated
the Le Roccette (and Bastimento) and Fossetta lava successions
with a hundreds-of-metres-scale vertical displacement (Fig.
13.19c) and affected the Pizzo scoria cone, also cross-cutting the
NE-dipping flank collapse sc6 in the headwall of Rina Grande
(recorded in the structural unconformity stg). The collapse sc7
most likely caused a substantial downward shifting of the active
vents at elevations lower than those of the presently active
craters, as apparently shown by the painting of Hoüel (1778).
This may be considered as the latest (major) sector collapse
along the north-western flank of Stromboli, and resulted in the
present form of the Sciara del Fuoco collapse structure.

Epoch 6c (Fili di Baraona Subsynthem): Present-day activity (younger
than AD 1631–1730). Volcanism of Stromboli renewed after the
sc7a – b collapse with the typical characteristics of the present-day
activity. This is the activity of the presently active craters
located on a flat crater terrace at c. 750 m a.s.l., below the Pizzo
relief (Fig. 13.21a). The active crater area consists of three major
craters (Southwest, Central and Northeast craters) and other
minor vents or fissures aligned along the main NE–SW structural
trend of Stromboli. These craters and fissures have produced thick
accumulations of scoriaceous products that are mostly deposited
within the Sciara del Fuoco depression and in the area around
the craters, constituting the bulk of the Sciara del Fuoco For-
mation. The most frequent activity is characterized by persistent
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They form a flat crater area at the base of the relief where the Pizzo succession (psf) of Epoch 6b is exposed. The spatter mound which developed corresponding to

the adventive vent that fed the December 2010 lava flow is visible in the south-western sector of this crater area. The entire area is covered by the present-day scoriaceous

products (sf, Sciara del Fuoco Formation). (b) Spatter deposits (*) of the present-day activity cropping out in the area of Fossetta and plastering the Upper Neostromboli

lava flows (gn ¼ Ginostra Formation) of Epoch 5b. (c) North-eastern side of the Sciara del Fuoco collapse filled by scoriaceous products of the present-day activity of

Stromboli (sf ¼ Sciara del Fuoco Formation) and the most recent lava flows of 2003–2003 and 2007. The lava delta constructed by the 2007 lava flow field is particularly

visible, together with the main feeding eccentric vent at an elevation of c. 300 m (star). The 2007 lava field largely covers the remnants of the older 2002–2003 lava flows,

which are delimited by the landslide rim developed during the latest phases of this activity.

L. FRANCALANCI ET AL.432

 at Instituto Nazionale Di Geofisica e Vulcanologia on February 11, 2014http://mem.lyellcollection.org/Downloaded from 

http://mem.lyellcollection.org/
http://mem.lyellcollection.org/


to quasi-persistent, mild to moderate explosive phases producing
loose black HP scoriaceous lapilli-tuffs with bombs and large flat-
tened spatter clasts (‘cow-dung bombs’). Higher-energy eruptions
(paroxysms) episodically interrupt the persistent strombolian
activity, and produce fallout layers with blocks and scoriaceous
bombs that may cover most of the flanks of Stromboli, reaching
the lower slopes and occasionally affecting the inhabited areas.
During paroxysms, black HP scoriae and bombs are typically
erupted together with a lower volume of golden LP pumices.
The present-day scoriae and bombs are mainly SHO basalts,
whereas high-K basaltic compositions are recorded only in the pro-
ducts erupted before and during AD 1930 (Fig. 13.8e). HP scoriae
and LP pumices display quite similar whole-rock compositions,
although the pumices have lower Sr isotope ratios and slightly
different geochemical characteristics (e.g. lower K2O contents,
Fig. 13.8e; cf. Bertagnini et al. 2008 for a review; see also ‘Present-
day plumbing system’).

The paroxysms also produce metre-thick layers of fountain-fed
welded spatter deposits that mantle and plaster the pre-depositional
topography with large dispersal areas (Fig. 13.21b). The available
palaeomagnetic datings indicate that most of the major spatter-
forming eruptions occurred during the 16th and 17th centuries
(Speranza et al. 2004, 2008). This also includes the spatter stack
unconformably overlying the sc7a collapse rim in the area of Bas-
timento and dated to AD 1631–1730 (Speranza et al. 2008). A pro-
longed period without paroxysmal spattering occurred before the
20th century (Arrighi et al. 2004; Speranza et al. 2004, 2008),
with further spatter-forming paroxysms recorded in 1907, 1919,
1930 and 1944 (Barberi et al. 1993). The paroxysmal spatter
deposits are mostly distributed along the upper flanks of the cone
and within the Sciara del Fuoco headwall, with those related to
the most powerful eruptions occasionally reaching elevations of
100–200 m along the borders of the Sciara del Fuoco. In particu-
lar, the spatter deposits produced during the 20th century are
spread along the south-western border of Sciara del Fuoco,
whereas those dated to the 16th century are mostly distributed
along the north-eastern border (Speranza et al. 2004, 2008;
Bertagnini et al. 2011). The well-known AD 1930 paroxysm
produced widespread ballistic blocks and spatter deposits
mostly distributed downwind on the north-eastern sector of Strom-
boli, also causing damage in the lower inhabited flanks of the
volcano (cf. historical reports of Rittman 1931). Similarly, the
recent paroxysms of 2003 and 2007, although they are not
among the most powerful paroxysms, resulted in the fallout of
lithic blocks with diameters of tens of centimetres in the
village of Ginostra and in the lower parts of the island (Rosi
et al. 2013).

During Epoch 6c, the present-day activity of Stromboli has
also been characterized by the episodic emission of lava flows
with composition similar to that of the black HP scoriae and
spatter deposits. This has occurred as overflows from the active
craters or by vents and fissures located inside the Sciara del
Fuoco collapse at lower elevations than the current crater area,
most frequently under control of the major NE–SW structural
trend. The vents opened along the Sciara del Fuoco have generally
produced voluminous lava fields made up of laterally extensive
stacked lava flows. These lava flows have run along the steep
slopes of the collapse, frequently reaching the sea and forming
large lava deltas (Fig. 13.21c) which are rapidly destroyed by
marine erosion. This is the case of the most recent 2002–2003
and 2007 lava flow fields which originated from vents and
fissures sited in the north-eastern portion of the Sciara del Fuoco
headwall and along the collapse (cf. Calvari et al. 2005; Landi
et al. 2008; Marsella et al. 2008; Spampinato et al. 2008; Giordano
& Porreca 2009; Ripepe et al. 2009; Calvari et al. 2010). The other
major effusive events during the 20th century occurred during
1941–1944, 1949–1952, 1954, 1956, 1958, 1959, 1967, 1975
and 1985–1986 (cf. De Fino et al. 1988; Barberi et al. 1993; Mar-
sella et al. 2012). Differently from the lava flows issued by vents

and fissures along Sciara del Fuoco, the overflows from the
summit crater area usually feed small-volume individual lava
flows as noted during the 2010 effusive event issued from the
SW crater.

Wide sectors of the slopes of Stromboli are covered by
variable-thickness layers of loose black scoriae and sand, fre-
quently yellowish by alteration. These are the mid-to-distal strom-
bolian fallout products of the present-day activity, which are
mostly wind-drifted and variously reworked immediately after
their deposition along steep slopes (cf. Hornig-Kjarsgaard et al.
1993). They are associated with accumulations of debris deposits
from reworked scoriaceous deposits representing the epiclastic
(eluvial) counterpart of the products of the Sciara del Fuoco
Formation. Conforming with the procedure adopted by Hornig-
Kjarsgaard et al. (1993), they are mapped as an independent unit
(Rina Grande Formation) in the areas where the thickness
exceeds a few metres and does not allow recognition of the under-
lying primary products.

Petrology and geochemistry

Many papers have been published on the petrology and geochem-
istry of Stromboli, although those published in the last decade
mostly have focused on the present-day magmatic and volcanic
system (e.g. Barberi et al. 1974; Klerkx et al. 1974; Dupuy et al.
1981; Ellam et al. 1988, 1989; Francalanci et al. 1988, 1989,
1993a, 2004, 2005, 2012a; Luais 1988; Ellam & Harmon 1990;
Hornig-Kjarsgaard et al. 1993; Métrich et al. 2001; Peccerillo
2001; Tommasini et al. 2007; Bertagnini et al. 2008; Pompilio
et al. 2012). The most complete petrochemical investigations on
volcanic rocks representative of the entire island are reported by
Francalanci et al. (1988, 1989, 1993a), Hornig-Kjarsgaard et al.
(1993), Peccerillo (2001) and Tommasini et al. (2007). The fol-
lowing descriptions are mainly based on these studies, together
with contributions from new data.

Stromboli shows one of the largest rock compositional vari-
ations in the Aeolian Islands in terms of K2O and incompatible
trace element contents (Figs 13.7–13.9, Tables 13.3 & 13A.3,
see also the table of geochemical data in the attached DVD). The
Strombolicchio activity was CA basaltic–andesitic in compo-
sition, together with the activity of the whole Epoch 2 (Paleostrom-
boli II) and some products of Epoch 3 (Paleostromboli III). Basalts
to andesites belonging to the HKCA series were erupted during
Epoch 1 (Paleostromboli I) and part of Epochs 3, whereas
high-K basalts and high-K basaltic–andesites occurred during
Epoch 6 together with SHO products. The SHO magmas were pre-
valently erupted during the youngest Epochs (3–6), only reaching
in Epoch 4 (I Vancori) a particularly evolved character with com-
positions up to trachytes. The KS compositions, with a small silica
range, are typical of the rocks of Epoch 5 (Neostromboli) (Figs
13.7 & 13.8). Accordingly, a general increase of K2O content
with time occurred, but this was not a continuous variation. Most
of the rock compositional changes in terms of serial character
were, moreover, associated with vertical caldera-type and lateral
collapses.

Major and trace elements

The CA rocks (Strombolicchio, Paleostromboli II and V.ne di
Rina Formation of Paleostromboli III; Fig. 13.8a, b) show higher
CaO, MgO and FeO and lower Al2O3, P2O5, TiO2 and Na2O
contents than the rocks of the other magmatic series at the same
silica level (Fig. 13.22). They also have the lowest amount of
incompatible trace elements and the highest Ni, Cr, Sc and Co con-
tents. Light rare earth element (LREE) patterns are quite fractio-
nated, whereas heavy REE patterns are nearly horizontal with
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chondritic normalized Tb/Yb values that vary around unity
(Fig. 13.23). Among the CA series, element contents and ratios
are not correlated with silica but show quite large variations,
mainly due to the characteristic composition of the different
lithostratigraphic units (Figs 13.7, 13.8, 13.22 & 13.23). The
Strombolicchio, L’Omo and Lower Rina formations are distinct
for several element contents (e.g. K2O, MgO, Ni, Sr, Zr; Franca-
lanci et al. 1993a), with the Lower Rina rocks having intermediate
compositions between the CA and HKCA series (Figs 13.8a
& 13.22).

The HKCA products (Paleostromboli I, most of Paleostromboli
III, Pizzo and San Bartolo units of Epoch 6a; Fig. 13.8a, b, e)
show a large variation of silica which is generally negatively
correlated with CaO, MgO, FeO, Al2O3, TiO2, Ni, Cr, Co, Sc,
V and Sr and positively with alkalis and incompatible trace
elements. For most of the major and trace elements, the mafic to
intermediate HKCA samples plot between the CA and SHO
rocks. Potassium and incompatible element contents of the
HKCA products increase with time, as evident during the Paleos-
tromboli I activity (from Malpasso and La Petrazza formations to
Vallone del Monaco and La Petrazza-2 formations) and passing
from the Paleostromboli I activity to the Paleostromboli III and
Epoch 6a activities (Figs 13.7, 13.8 & 13.22). La/Sm values
increase with silica along the HKCA series, whereas the opposite
occurs for the Tb/Yb values (Fig. 13.23).

The SHO rocks (part of Paleostromboli III, Vancori, Roisa unit
and most of the Epoch 6 activities; Figs 13.7 & 13.8b, c, e) range
from slightly oversaturated to slightly undersaturated in silica
(normative quartz ¼ 0–11%; normative hyperstene ¼ 0–16%;

normative olivine ¼ 0–15%) and form a well-defined magmatic
series. They show higher Al2O3, P2O5, TiO2 and incompatible
trace element contents and lower MgO, Ni, Co, Cr and Sc than
HKCA samples. La/Sm values increase with silica along the
SHO series, whereas Tb/Yb values decrease (Fig. 13.23). There
are no significant major and trace element differences between
the SHO products of the different Epochs.

The KS products (Neostromboli activity; Figs 13.7 & 13.8d) are
characterized by lower plagioclase and higher clinopyroxene
abundances than the SHO volcanics at the same silica content
(Table 13.3). They vary from silica saturated to undersaturated
(0–1% and 0–13% of normative nepheline and olivine, respect-
ively) and have variable K2O/Na2O (1.2–2.1) and trace element
contents and ratios, despite their small silica range. On the bases
of their MgO and Sr contents, the KS rocks are subdivided into
four distinct groups (one more than those of the previous literature)
which characterize the different lithostratigraphic units of this
period of activity (Fig. 13.9). In particular, a group of more
evolved products (KS-evolved) includes rocks with MgO
,4 wt% and SiO2 .53%, whereas three groups with different
Sr contents (LLSr, LSr, HSr) are distinguished among the mafic
rocks (Fig. 13.9). The KS rocks generally have similar major
elements (except for K2O), Ni, Cr, Co and Sc contents compared
to the SHO rocks, but they show the highest incompatible
element abundances, especially for Rb, Ba, Sr, Cs, Pb and K2O
(Figs 13.7 & 13.22). La/Sm and Tb/Yb values are the lowest
and the highest, respectively, among the Stromboli rocks and
these ratios show opposite variations passing to the KS-evolved
rocks (Fig. 13.23).
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Isotope ratios

Sr isotope ratios (0.70507–0.70757) show a wide variation in the
Stromboli rocks (Fig. 13.24), increasing from the CA (mainly
Strombolicchio and Paleostromboli II; 0.70507–0.70550) to the
KS rocks (Neostromboli; 0.70665–0.70757) through the HKCA
and SHO products, which generally display overlapping ratios
(0.70560–0.70670). There are significant variations among the
products of the individual series and/or Epochs, but no corre-
lations with silica or with other geochemical parameters are
observed. Some complex correlations of 87Sr/86Sr with element
contents and ratios are only recognizable among the KS rocks
(Francalanci et al. 1988, 1989, 1993a; Tommasini et al. 2007).
However, the 87Sr/86Sr values of HKCA and SHO products
increase with time. This is evident in the HKCA series, passing
from the Paleostromboli I to the Epoch 6a products (part of
Pizzo and San Bartolo), and in SHO series passing from the Paleos-
tromboli III and Vancori to the Epoch 6 products (Fig. 13.24).
On the contrary, we measure a decrease of 87Sr/86Sr with time
during Epoch 6, passing from the higher values of the Pizzo
SHO samples to the lower values of the present-day activity pro-
ducts (Fig. 13.24).

The Sr isotope ratios of separated mineral phases in a CA rock
from Strombolicchio and a KS sample of Timpone del Fuoco
(LSr group; Fig. 13.9) generally show lower 87Sr/86Sr for clino-
pyroxene and plagioclase than groundmasses or whole rocks.
This isotopic disequilibrium suggests processes of crustal assimi-
lation during magma ascent (Francalanci et al. 1988). Large Sr
isotopic disequilibrium within single samples and minerals (plagi-
oclase and clinopyroxene) is also found by micro-Sr isotope ana-
lyses on core-rim traverses in minerals of products of the
present-day activity (AD 1984–2007). This implies the occurrence
of large-scale mineral recycling processes from cumulus crystal
mush bodies in the present plumbing system of Stromboli (Franca-
lanci et al. 2005, 2012a; Landi et al. 2009).

87Sr/86Sr values are negatively correlated with 143Nd/144Nd
values (0.51246–0.51260) forming a single trend, with the excep-
tion of CA rocks. The latter are displayed at lower Nd isotope
ratios, which are similar to those of the HKCA and SHO rocks of
Paleostromboli I and Vancori, respectively (Fig. 13.25a) (De
Astis et al. 2000; Francalanci et al. 2004; Tommasini et al. 2007).
Overall, the Stromboli rocks show the highest Sr isotopes and the
lowest Nd isotopes of all the Aeolian Islands, overlapping the
compositional field of Vesuvius–Phlegrean Fields (Fig. 13.25a).

In contrast to Sr and Nd isotope ratios, Pb isotope ratios show
small variations (206Pb/204Pb ¼ 18.99–19.20, 207Pb/204Pb ¼
15.65–15.69, 208Pb/204Pb ¼ 39.03–39.16) without systematic
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differences between the magmatic series. The Stromboli rocks
display the lowest Pb isotope ratios of the Aeolian Islands, and
similar Pb isotopes to those of Vesuvius–Phlegrean Fields
(Fig. 13.25b) (De Astis et al. 2000; Francalanci et al. 2004; Tomma-
sini et al. 2007).

In terms of U-series isotopes, the Stromboli rocks have
230Th/232Th values typical of volcanic arc rocks with a geochem-
ical signature dominated by subducted crustal material. Most
sediment-dominated arcs however plot on the equiline, whereas
the Stromboli samples have both 238U and 230Th excesses. In
particular, the Paleostromboli rocks plot to the right of the equiline
and the Neostromboli samples display both 238U and 230Th
excesses. Another key characteristic is the roughly positive corre-
lation between the Sr and Th isotope compositions of all the
samples, in contrast to what is expected during mantle meta-
somatism dominated by subducted sediments (Tommasini et al.
2007).

Whole-rock d18O values range from þ6.1 to þ7.9‰ and seem
to show a general negative correlation with the Sr isotope ratios
(Ellam & Harmon 1990).

Xenoliths

The Stromboli rocks contain several types of xenoliths ranging
from subvolcanic, cumulate, thermometamorphic, anatectic and
residual of a crustal partial melting process. These xenoliths are
included in lavas or as lithics in pyroclastic deposits (Honnorez
& Keller 1968).

Subvolcanic monzonite clasts are found within the lahar depos-
its of the Secche di Lazzaro unit. They are inferred to be crystal-
lized in situ at low pressure at the side walls of a shallow magma
chamber and to be cogenetic (cognate lithics) with the KS Neos-
tromboli extrusives (Renzulli & Santi 1997).

Fresh subvolcanic blocks (about 50 vol% of the total erupted
ejecta) are erupted during paroxysms of the present-day activity.
They consist of fine- to medium-grained basaltic lithotypes,
similar in composition to the HP-magmas of the present-day
activity (cognate lithics) and ranging from relatively homogeneous
dolerites to strongly or poorly welded magmatic breccias. The
breccia components are represented by angular fragments of doler-
ites entrapped in a matrix of vesiculated highly porphyritic basalt
(Renzulli et al. 2009).

Gabbroic cumulate nodules are found as cognate lithics of the
La Petrazza HKCA pyroclastic deposits (Salvioli-Mariani et al.
2002; Mattioli et al. 2003).

Mafic and ultramafic xenoliths are found in the San Bartolo
lavas and consist of olivine-gabbro, gabbronorite, anorthosite,
dunite, wehrlite and clinopyroxenite. They are cumulate from
Stromboli magmas at different pressures ranging from shallow to
deep levels (.20 km at the crust–mantle transition; Laiolo &
Cigolini 2006).

High silica igneous xenoliths (granophyre and obsidian frag-
ments with silica up to 75%) are found in the La Petrazza pyroclas-
tics and L’Omo lavas. They are assumed to represent extremely
evolved liquids and low-degree partial melts of leucotonalites
(Renzulli et al. 2001).

High-grade hornfel xenoliths are present in the L’Omo lavas
of Paleostromboli II activity. They consist of holocrystalline
rocks with mainly feldspar and cordierite followed by aluminifer-
ous spinel (hercynite), sillimanite, + corundum, + ilmenite, +
chlorapatite. Their source rocks are metapelites from the upper
continental crust (Renzulli et al. 2003).

Pyrometamorphic lithic ejecta (buchites) were erupted during
the recent paroxysmal explosions. They consist of a high-
temperature mineral association (cordierite, hercynite spinels, sil-
limanite, plagioclase, mullite, corundum) with abundant glass
(10–70 vol%; Del Moro et al. 2011).

Quartzite nodules characterize the Strombolicchio and L’Omo
lavas. They are mainly composed of quartz with subordinate plagi-
oclase and K-feldspar. Small interstitial minerals such as plagio-
clase, K-feldspar, clinopyroxene, biotite and quartz are also
found, together with glass. Muscovite, epidote and zircon occur
as accessory minerals. Quartzite nodules are interpreted as restites
from partial melting of felsic crustal rocks at the magma–wall-
rock contact, in which restitic quartz recrystallizes at high tempera-
tures (Vaggelli et al. 2003).

As well as xenoliths, some Stromboli lavas also contain
centimetre-sized magmatic enclaves. They are particularly pre-
sent in the Malpasso lavas of Paleostromboli I, showing rounded
and irregular crenulated edges at the contact with the host rocks.
This suggests that they were still in a molten state when incorpor-
ated in the host magmas (mingling process).

Differentiation processes during magma ascent

The large petrochemical variations shown by the Stromboli rocks,
also belonging to the individual series, indicate that magmas
underwent variable and complex differentiation processes during
magma ascent, such as crystal fractionation and mixing with
refreshing magmas.
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The high evolutionary degrees reached by the Paleostromboli
I (HKCA series) and Vancori (SHO series) magmas are not associ-
ated with a systematic increase of Sr isotope ratios, and are there-
fore interpreted by simple fractional crystallization. It is calculated
that, starting from the most mafic magmas of the HKCA and SHO
series, the high-K andesitic and trachytic magmas are reached by
fractional crystallization of olivine, clinopyroxene, plagioclase,
Fe–Ti-oxides and apatite in the mafic magmas, followed by clin-
opyroxene, plagioclase, orthopyroxene, Fe–Ti-oxides and biotite
in the more evolved melts (solid fractionated of 55% and 76%,
respectively; Francalanci et al. 1989, 1993a). Simple fractional
crystallization starting from mafic KS melts with similar isotope
ratios (LLSr group) can also explain the composition of the
KS-evolved group of Neostromboli magmas of Epoch 5 (Figs
13.9 & 13.24).

There is no evidence at Stromboli for typical processes of crustal
assimilation plus fractional crystallization (AFC), due to the
absence of convincing correlations between Sr isotope ratios and
the degrees of magma evolution. Corazzato et al. (2008) found
in the Cavoni area a dyke (cv-MAF) with a primitive high-K basal-
tic composition having lower Sr isotope ratio and higher
143Nd/144Nd than the values typical of the Stromboli HKCA
series (Fig. 13.24). If this magma is considered as representative
of the parental HKCA melts, we can hypothesize that AFC pro-
cesses occurred in the evolution of the less-evolved HKCA
magmas (Fig. 13.24).

Contributions of crustal melts to the variations of magma com-
position together with mixing processes are probably responsible
for the isotopic variability within the individual magmatic series.
This is particularly evident in the CA magmas of both Strombolic-
chio and Paleostromboli II (Fig. 13.24) which are characterized by
numerous crustal xenoliths (mainly quartzites) representing the
residual solids of the partial melting of sialic granulites (Vaggelli
et al. 2003). Similar processes are also assumed to have occurred
in other crustal xenoliths found in Paleostromboli I and II
magmas (Renzulli et al. 2001).

Furthermore, assimilation plus equilibrium crystallization
(AEC) processes which occurred in different reservoirs or conduits
are proposed to have also involved the KS magmas. This process
implies that the hotter and more mafic magmas were able to
assimilate higher amounts of continental crust than the cooler
and more evolved magmas (Francalanci et al. 1988, 1989,
1993a). This mechanism, which seems to be a common magmatic
process in other Aeolian volcanoes (e.g. Alicudi, Filicudi, Panarea;
Francalanci & Santo 1993; Peccerillo et al. 2013), may explain
the negative correlation of Sr isotope ratios with both Sr contents
and the degrees of magma evolution found in the mafic KS
rocks of Stromboli (Francalanci et al. 1988, 1989). Nevertheless,
the new data and stratigraphy reported in the present study have
shown more complex compositional variations and trends in the
KS rocks of Neostromboli which cannot be addressed by this
process of magma evolution alone (Figs 13.9 & 13.22–13.24).
Further discussion on the interpretation of all the compositional
variations of the KS magmas is, however, beyond the aims of
the present paper. Here, we only point out that all the compo-
sitional trends and variability among the KS rocks generally
suggest a deep magma evolution and may also be attributed to
magma genesis processes which occurred in the mantle source
(see the following section). See the end of this section for a poss-
ible interpretation of the Filo del Fuoco magma evolution of Lower
Neostromboli.

Mixing between different magmas is another recurrent process
of evolution, resulting in the large isotopic variation within the
individual series. At least two mixing processes were recognized
between sialic magmas (high-K andesites and latites) and more
mafic-refilling magmas belonging to a different series (CA basal-
tic–andesites and high-K shoshonites, respectively; Fig. 13.24)
and erupted later in the stratigraphic sequence (Francalanci
et al. 1988, 1989, 1993a). The mixing between the high-K

andesites and mafic, less Sr-radiogenic CA magmas led to the for-
mation of banded pumices and compositionally graded pyroclastic
deposits (La Petrazza unit), suggesting the occurrence of a
physical mixing (mingling) rather than a chemical mixing (1 in
Fig. 13.24).

Particular focus is placed on the mixing process interpreted to
have occurred at the end of the latitic Upper Vancori activity
(Epoch 4). This is marked by an increase of Sr isotopes and
mafic character in the successively erupted products, culminating
in the emplacement of the hybrid magmas of the Frontone For-
mation. The mafic KS melts of Neostromboli which were
erupted during the following Epoch 5 were previously assumed
to be the refreshing magmas mixing with the resident Upper
Vancori magmas (Francalanci et al. 1988, 1989, 1993a; Cortés
et al. 2005). Nevertheless, the new geological and geochemical
contributions provided by the present study allow us to reject the
previous model. Indeed, we provide field evidence that the Roisa
shoshonitic products were erupted after the Frontone magmas
and before the Neostromboli KS magmas. Furthermore, new com-
positional data on the Roisa products have shown similar Sr
isotope ratios to those of the previously erupted Frontone
magmas. This suggests a more complex process in which the Fron-
tone magmas possibly formed from the Roisa primitive melts by
fractional crystallization and were (contemporaneously) mixed
with the Upper Vancori latitic magmas in a zoned, shallow
magma reservoir (3 in Fig. 13.24).

Repeated inputs of a fresh crystal-poor magma (LP pumices)
into a basaltic crystal-rich magma (HP scoriae and lavas),
mixing and degassing-driven crystallization, crystal recycling
and resorption are the leading evolutionary processes in the
magmas feeding the present-day activity of Stromboli
(Fig. 13.24; see also ‘Present-day plumbing system’). These pro-
cesses have allowed steady-state conditions to be maintained
along with near-continuous volcanic activity (Francalanci et al.
1999, 2004, 2005).

The new stratigraphic and geochemical data reported in the
present paper allow the occurrence of other significant mixing pro-
cesses in the magmatic history of Stromboli to be considered. In
particular, mixing processes allow the compositions of the
Lower Rina lavas (Paleostromboli II, Epoch 2) and V.ne di Rina
scoriae (Paleostromboli III, Epoch 3a) and the evolution through
time of the Filo del Fuoco products (Lower Neostromboli,
Epoch 5a) to be explained.

The composition of the Lower Rina lavas of Epoch 2 is inter-
mediate between the CA and HKCA basaltic–andesites; no
mafic HKCA rocks have previously been reported in the literature
however, leaving the problem of explaining this intermediate
composition. In this paper we have shown that the Paleostromboli
I activity ended with the emplacement of the high-K basaltic
magmas of La Petrazza-2 Formation, which means that the
successively erupted Lower Rina lavas could represent hybrid
magmas between these high-K basalts erupted at the end of
Paleostromboli I and the newly arriving (CA) basaltic–andesites
of the L’Omo lavas of Paleostromboli II. Indeed, the composition
of Lower Rina lavas is intermediate for all the major and trace
elements between the La Petrazza-2 and L’Omo end-member
units (Figs 13.7, 13.8, 13.22 & 13.24). A nearly similar process
could have led to the composition of the V.ne di Rina Formation
of Paleostromboli III, which is compositionally similar to the
Lower Rina lavas of Paleostromboli II (Figs 13.7, 13.8 &
13.22). This means that the two mixing end-member magmas
were still present in the plumbing system during Epoch 3a.

The Filo del Fuoco lavas of the Lower Neostromboli activity
become more evolved and less Sr-radiogenic from the bottom to
the top of the stratigraphic sequence (Table 13A.3). The different
inter-elemental and isotopic correlations among the Filo del Fuoco
samples suggest the occurrence of fractional crystallization associ-
ated with mixing with a less Sr-radiogenic magma. The latter can
be represented by the Roisa products which are stratigraphically
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located below the Filo del Fuoco lavas (Figs 13.6b, 13.16b &
13.24; Table 13A.3; see the table of geochemical data in the
attached DVD). The compositional variations through time among
the Filo del Fuoco lavas therefore seems to indicate that, during the
evolution by fractional crystallization of the mafic LLSr magmas
(Fig. 13.9), refilling of the system with Roisa magmas occurred.
This implies that the Roisa magmas remained in the plumbing
system throughout the Lower Neostromboli activity (Epoch 5a).

Origin of primary magmas and mantle source composition

Large petrochemical variations are recognized at Stromboli among
the most mafic rocks of each magmatic series, which leads to the
hypothesis of complex processes of magma genesis in the mantle
source. Incompatible element contents and ratios in the mafic
rocks are typical of an orogenic setting, with high ratios of
large-ion lithopiles (LILE)/high field-strength elements (HFSE),
rare earth elements (REE)/HFSE and LILE/REE (Fig. 13.26).
Passing from the CA to KS series, the mafic rocks show a
general increase of incompatible trace element contents, with vari-
ations in some element ratios (e.g. Ba/Th, Ba/Nb, Th/Nb, Ce/Sr,
Ba/La; Francalanci et al. 1989, 1993a; Tommasini et al. 2007)
which are not always smoothly correlated with the Sr isotope
ratios (Figs 13.26 & 13.27).

Two alternative hypotheses have been proposed in order to
explain the variety of mafic magma compositions erupted in the
last c. 85 ka on Stromboli (Francalanci et al. 1989, 1993a),
together with the assumed link between the major magmatic
changes and volcano-tectonic processes. A hypothesis suggests
that the compositional variations of the Stromboli mafic rocks
were generated by processes of fractionation and crustal assimila-
tion in a magma chamber that is periodically refilled and tapped
(RTFA) during magma ascent. According to this hypothesis, the
different and successive collapses which occurred on Stromboli
could have produced modifications in the refilling/tapping pro-
portions and evolution conditions of the magma chamber. The
RTFA processes are able to increase the incompatible trace
element contents, leaving the major element composition nearly

constant and decreasing the compatible element abundances to a
lower extent than fractional crystallization. By applying the
RTFA algorithms, the possibility of obtaining KS from CA
magmas in a magma chamber sited in the lower crust and the gen-
eration of inversion trends passing to less potassic compositions
(which occurred several times on Stromboli) have been demon-
strated. Nevertheless, several specific conditions all pointing to a
deep RTFA magma chamber sited in the lower crust must be ful-
filled: (1) a mafic assimilated crust, partially melted at high
degrees in order to maintain mafic magmas; (2) plagioclase
should not crystallize in order to increase the Sr contents in KS
magmas; (3) garnet must be left in the residue during wall-rock
melting in order to increase the heavy REE fractionation; and (4)
an assimilated wall-rock with very low Rb/Ba, which is probably
found in the Calabrian basement considered to represent the lower
crust below the Aeolian archipelago.

Alternatively to an RTFA model, another hypothesis for
explaining the mafic magma variability of Stromboli is that this
reflects a vertically heterogeneous source. This consisted of a
depleted mantle wedge that was variably enriched in radiogenic
Sr and incompatible elements by addition of aqueous fluids and
(especially) partial melts with 1–3% of sedimentary material
(Francalanci et al. 1989) from the subducted crust (basaltþ
sediments). This hypothesis was proposed by most of the authors
working on the magma genesis on Stromboli, who have suggested
a range of values and scenarios for mantle wedge compositions,
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mantle partial melting and subducted metasomating materials
(Barberi et al. 1974; Klerkx et al. 1974; Dupuy et al. 1981;
Ellam et al. 1988, 1989; Luais 1988; Ellam & Harmon 1990).

The low oxygen isotopes of the KS rocks lead to the hypothesis
of mantle source processes to explain the origin of the KS compo-
sitional characteristics (Ellam & Harmon 1990). This has also
been proposed by Peccerillo (2001) on the basis of similarities
between the KS rocks of Stromboli and those of the Campanian
region (Fig. 13.25). Accordingly, we assume that the hypothesis
that processes which occurred in the mantle magma source had
a fundamental role in determining most of the compositional
variations in the mafic magmas of Stromboli to be the most prob-
able. This does not exclude the possibility that RTFA processes
could have played a minor role, for example in obtaining
KS from SHO magmas and not from CA magmas (Francalanci
et al. 1993a).

A model of magma genesis from a heterogeneous mantle has
recently been better constrained by Tommasini et al. (2007) also
on the basis of U–Th isotope results. They proposed that the par-
ental magmas of Stromboli formed from a mantle source that was
affected by two distinct enrichment processes from different parts
of the subducting oceanic crust of the Ionian slab. A first enrich-
ment (Stage I) originated by supercritical liquids coming from
the basaltic and sedimentary components of the subducting slab
at .5 GPa and c. 900 8C (Fig. 13.27). The mantle source of the
CA magmas (Paleostromboli II, Epoch 2) needs a metasomatizing
agent consisting of only 15–20% of the sediment-derived
supercritical liquid (SL1). The mantle source of the KS magmas
(Neostromboli, Epoch 5) instead needs a supercritical liquid
formed by 50–60% of the sedimentary component (SL3). In
terms of absolute amounts, the mantle source of the CA series
requires c. 7% of the supercritical liquid mixture SL1, correspond-
ing to c. 1% and c. 6% absolute, respectively, of the sediment-
derived and basalt-derived supercritical liquid. The mantle
source of the KS series instead involves c. 3% of the supercritical
liquid mixture SL3, respectively corresponding to c. 2% and c. 1%
absolute of the sediment-derived and basalt-derived supercritical
liquid. A further enrichment (Stage II) of the mantle source of
Stromboli was caused by aqueous fluids coming from the same
basaltic and sedimentary components but released from a different
portion of the subducting slab sited at shallower depths at ,5 GPa
and c. 800 8C (Fig. 13.27). After the Stage I enrichment, the mantle
sources of the KS (SL3) and CA (SL1) magmas are flushed and
hybridized by two mixtures corresponding to c. 10% (AF1) and
c. 60% (AF2) relative of the sediment-derived aqueous fluids.
The absolute amount of aqueous fluid mixture is c. 3% for AF2
and c. 7% for AF1. This process causes a shift towards higher
Ba/Nb (white arrows in Fig. 13.27). The two metasomatizing
agents, the supercritical liquids of Stage I and the aqueous fluids
of Stage II, were superimposed in the same portion of mantle
wedge due to the high-angle dip of the Ionian slab, which explains
the occurrence of such different parental magma compositions in a
single central volcanic edifice. The U–Th disequilibria allow the
timing of the metasomating events to be determined: the Stage I
enrichment occurred at �435 ka and the Stage II at c. 100 ka. In
this two-stage model of magma genesis, the mantle source of
Stromboli magmas is variably metasomatized and highly hetero-
geneous. The different types of parental melts can therefore be
generated by the partial melting of this mantle source, encompass-
ing the whole compositional range from CA to KS rocks recorded
on Stromboli. Further discussion on mantle source composition of
Stromboli and other Aeolian islands is reported by Peccerillo et al.
(2013).

Magmatic feeding system

The configuration of the magmatic feeding system of Stromboli
along its eruptive history has been discussed by Francalanci

et al. (1989, 1993a) and Vaggelli et al (2003) by proposing the
presence of (at least) two magma reservoirs sited at different
depths.

The model proposed by Francalanci et al. (1989, 1993a)
accounts for the processes responsible for magma evolution
(Figs 13.24 & 13.28). This is mostly based on the evidence that
from c. 13 ka, after the Upper Vancori activity (Epoch 4c) and col-
lapse sc3, the magma compositions were generally mafic with
silica usually 48–53 wt% and only at times reaching 56 wt%
(Fig. 13.28). The model considers that a magma reservoir was
sited in the lower crust and refilled by primary CA magmas under-
going RTFA processes, therefore evolving towards KS compo-
sitions. Up to c. 13 ka, the deep reservoir fed a shallower magma
chamber where HKCA or SHO magmas evolved by fractional
crystallization reaching generally high silica content. The Upper
Vancori collapse at c. 13 ka resulted in the sinking of the north-
western part of Stromboli volcano and likely caused a strong
size decrease of the shallow magma chamber and decompression
of the system. This allowed the mafic KS magmas which occurred
after the collapse to be directly erupted to the surface from the deep
magma reservoir. The Upper Vancori collapse also favoured an
increase of the magma output, as outlined by the large volume
of products erupted in a short time span during the KS activity
of Neostromboli. This higher magma output led to an increase of
the volume ratio between primary and residing magmas in the
deep reservoir, which is a necessary condition for the inversion
from KS to SHO magmatism by means of RTFA processes.

The presence of two magma chambers at different depths
during the early stages of Stromboli history is supported by data
provided by Vaggelli et al. (2003) on fluid inclusions in restitic
quartzite nodules of the CA magmas (both in Strombolicchio
and Paleostromboli II lavas). Vaggelli et al. (2003) suggest that
two important magma rests occurred at pressures of c. 290 MPa
(depth of c. 11 km) and c. 100 MPa (depth of c. 3.5 km), which
are interpreted as two magma reservoirs. No pressure/depth differ-
ences have been estimated between the Strombolicchio and
Paleostromboli II products, suggesting that the same polybaric
rests occurred for the CA magmas of Stromboli despite the signifi-
cantly different ages of the corresponding products. Based on this
persistence from 200 ka (age of Strombolicchio) to 60 ka (age of
Paleostromboli II), Vaggelli et al. (2003) infer that a similar poly-
baric plumbing system also exists during the present-day activity
(see following section).

Conversely, the disappearance of the shallow magma chamber
(proposed by Francalanci et al. 1989 on the basis of the persistent
mafic composition of magmas erupted after 13 ka) is in conflict
with the configuration of the present-day plumbing system pro-
posed by different authors (see following section).

Magma rests at depths similar to those estimated by Vaggelli
et al. (2003) were also suggested by Laiolo & Cigolini (2006) on
the basis of mineral chemistry investigations on gabbroic and ultra-
mafic cumulate xenoliths found in the San Bartolo lavas. Higher-
pressure values, corresponding to below the mantle–crust tran-
sition level (sited at depth of 20 km), were also calculated for
the ultramafic xenoliths.

Present-day plumbing system. The present-day activity of Stromboli
has attracted the interest of several author; a number of recent
papers have been published on its magma dynamics and plumbing
system behaviour (cf. Bertagnini et al. 2008 for a review; Rosi
et al. 2013). The majority of the authors agree regarding the pres-
ence of a polybaric multi-reservoir plumbing system.

The present-day activity has been characterized by the interplay
between magmas with contrasting density and viscosity. A
degassed highly porphyritic (HP) magma is erupted as scoriae
and lavas and has a shallow-level origin, whereas a volatile-rich
magma of deeper derivation with very low phenocryst (LP)
content is erupted as pumices during the major eruptions and
paroxysms. The LP-magmas are placed at lithostatic pressures of
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190–250 MPa (7–10 km depths), derived from the H2O-CO2

dissolved contents of melt inclusions in equilibrium olivine. The
corresponding magma reservoir is periodically recharged by a
mafic Ca-rich magma with relatively low Sr isotope ratios
(c. 0.70608) and containing a CO2-rich gas phase (Francalanci
et al. 1999, 2004, 2005; Bertagnini et al. 2008; Métrich et al.
2010). A shallow reservoir at depths of c. 2–3 km was firstly
hypothesized to explain the homogeneous Sr isotope data of the
HP-magmas (Francalanci et al. 1999), in agreement with the
shallow magma rest proposed by Vaggelli et al. (2003). A
magma storage zone at depths of c. 1–3 km was also suggested
on the basis of gas plume composition calculations (Aiuppa
et al. 2009; Allard 2010) and melt inclusion data (Métrich
et al. 2010).

The HP-magmas undergo crystallization together with periodic
mixing with the refreshing volatile-rich LP-magmas. An efficient
mixing is possible because the HP-magmas are not largely
degassed and crystallized when they interact with the LP-magmas,
allowing the rheological characteristics of the two magmas to be
broadly similar. Further degassing and crystallization occur as
the HP-magmas move along the conduits to the surface, reaching
their high crystal content (45–55 vol%). During paroxysms, the
LP-magmas reach the surface without mixing with the
HP-magmas, leading to the scoria-pumice mingling that

characterizes the ejecta of paroxysms (Francalanci et al. 1999,
2004, 2005; Bertagnini et al. 2008; Métrich et al. 2010).

The presence of an intermediate cumulate crystal-mush
zone, recording the highly variable and high Sr-isotope signature
of the previous magmas (Figs 13.24 & 13.28) since c. 2.5 ka
(Pizzo activity: beginning of Epoch 6), has also been proposed
to explain the large Sr isotope disequilibrium of the mineral
phases (Francalanci et al. 2005, 2012a). During the periodic
magma recharge the LP-magmas pass through the cumulate reser-
voir, sampling minerals and transporting them into the shallower
reservoir.

The model for the present-day plumbing system described here
states that a shallow magma chamber presently survives and is
capable of maintaining the mafic character of magmas by evolving
in a general steady state with frequent inputs of refreshing
LP-magmas.

General model for the Stromboli plumbing system. All the previous
models proposed for the magma feeding system of Stromboli con-
sider the polybaric presence of two–three magma reservoirs.
However, the new geological, stratigraphic and compositional
results provided in the present paper, together with a re-evaluation
of the existing data, suggest the occurrence of a plumbing system
even more complex than that previously proposed.
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Stromboli is characterized by the recurrence through time of
magmas with the same serial affinity. These magmas also have
different isotope ratios, with the Sr isotope ratios that increase
through time within the HKCA and SHO series (Fig. 13.28)
(decoupling between isotope and element behaviour; Francalanci
et al. 1993b). This is considered to reflect the presence of a still
active, possibly vertically zoned, highly heterogenous mantle
wedge as the source of the compositionally different parental
magmas (Tommasini et al. 2007). However, there is some evi-
dence suggesting that different melts have been contempora-
neously present in the plumbing system of Stromboli, possibly in
several polybaric magma bodies. This evidence includes: the
recurrent alternation of largely variable melts which occurred in
a relatively short period of time (c. 85 ka); the occurrence of
several mixing processes between different magmas; the coinci-
dence between magmatological changes and volcano-tectonic
processes. This magmatic system configuration is supported by
several pieces of evidence throughout the whole eruptive history
of Stromboli: the mingled banded pumices in the La Petrazza pyr-
oclastic unit (Epoch 1); the coeval occurrence of different groups
of Neostromboli KS magmas (LLSr, LSr, HSr and KS-evolved;
Fig. 13.9) during Epoch 5; the contemporaneous eruption of
HKCA and SHO magmas during the Pizzo activity (Epoch 6a).
It can therefore be hypothesized that multiple reservoirs were
present during any particular period of the Stromboli history.
Each reservoir is occupied by a different magma which, at different
times, can be primitive, evolved or hybrid. The magma can have a
different serial affinity depending on the conditions of the
source partial melting and/or on the refilling/tapping dynamics
of the reservoir (Fig. 13.29). This plumbing system can account
for the coincidence between the caldera/lateral collapses and the
major magmatological changes without the requirement of a
single deep magma chamber evolving by RTFA process (as pre-
viously proposed by Francalanci 1987; Francalanci et al. 1989,
1993a). We therefore consider the genesis of CA to KS parental
magmas in a heterogenous mantle source (Francalanci et al.
1989; Peccerillo 2001; Tommasini et al. 2007) to be more prob-
able. Given the presence of multiple polybaric reservoirs in the
plumbing system of Stromboli during the different Epochs of
activity, the successive caldera/lateral collapses can allow the
alternating activation of these reservoirs as magma bodies
feeding the volcanic activity (see the following ‘Summary and
discussion’).

Summary and discussion

The geological and magmatic history of Stromboli is described as
the succession of six main growth stages (Epochs 1–6) as well as
Strombolicchio, which developed in the time interval between c.
85 ka and present times (Fig. 13.30), and are subdivided into
sequences of eruptions. These Epochs of eruptive activity were
interrupted by destructive (erosional) phases driven by recurrent
vertical caldera-type (cc1–5) and lateral (sector and flank) col-
lapses (sc1–7), generally associated with periods of substantial
volcanic quiescence (Fig. 13.31). The calderas and lateral col-
lapses had a fundamental role in controlling the location and
pattern of the active eruptive vents and the distribution of
erupted products through the whole history of Stromboli. In fact,
the eruptive vents and fissures were generally concentrated in the
summit area of Stromboli, either within the morphological
depressions of the successive caldera structures (during the older
to intermediate stages of development) or at the top of the
NW-dipping lateral collapses related to the Sciara del Fuoco
development (during the younger stages). Subordinately, eccentric
vents and fissures were active mostly during the Holocene
along the buttressed north-eastern and western flanks, under the
control of tectonic structures following the major NE–SW
structural trend.

Pleistocene activity (Paleostromboli to Vancori)

Most of the subaerial growth of Stromboli occurred during the
Pleistocene through successive stages of development – Paleos-
tromboli I (Epoch 1, 85–75 ka), Paleostromboli II (Epoch 2,
64–56 ka), Paleostromboli III (Epoch 3, 41–34 ka) and Vancori
(Epoch 4, 26–13 ka) – progressively leading to the construction
of a 950–1000 m high composite volcano. Cone growth was
repeatedly interrupted by major summit caldera collapses (cc1,
cc2, cc4) separating the main periods of volcanic activity (i.e.
Paleostromboli I, II and III; Fig. 13.30). These major calderas
affected the shallow magma feeding system, leading to the acti-
vation of different magma reservoirs as sources for the volcanic
activity and causing a change of the magma composition of
erupted products (Fig. 13.29). These volcanic products range
from HKCA (Paleostromboli I), to mostly CA (Paleostromboli
II), to mainly HKCA transitional to SHO (Paleostromboli III)
and finally to SHO (Vancori), with a general discontinuous
increase through time of potassium and silica contents
(Fig. 13.28; Francalanci et al. 1993a). Other caldera collapses
(cc3, cc5) occurred during the Paleostromboli III (separating
Lower Paleostromboli III and Upper Paleostromboli III;
Fig. 13.30) and Vancori activities (separating Lower Vancori
and Middle Vancori), with no substantial compositional changes.
Basically, our geological reconstruction is in agreement with
the previous mapping work of Keller et al. (1993) and Hornig-
Kjarsgaard et al. (1993), and subsequent papers of Pasquarè
et al. (1993) and Tibaldi & Pasquarè (2010). However, a more
deepened stratigraphic framework and evidence for more frequent
caldera collapses are provided for the intermediate stages of
Stromboli. Ideas for discussion on the magmatic evolution of
Stromboli are provided by the newly recognized La Petrazza-2
(Paleostromboli I, Epoch 1) and V.ne di Rina formations (Paleos-
tromboli III, Epoch 3a). The high-K basalts of La Petrazza-2
erupted at the end of Paleostromboli I allow the interpretation of
the Lower Rina lavas, emplaced at the onset of the Paleostromboli
II activity, as hybrid magmas between these high-K basalts already
present in the system and the (CA) basaltic–andesites of L’Omo
lavas successively erupted during Paleostromboli II (Figs 13.24
& 13.28). The V.ne di Rina unit of Paleostromboli III has a com-
position similar to that of the Lower Rina lavas of Paleostromboli
II (Figs 13.7 & 13.8), leading to the hypothesis that a similar
process of mixing between high-K basaltic and CA basaltic–ande-
site magmas occurred during Epoch 3a. This means that the CA
magmas, which were considered from the previous literature to
disappear after the Paleostromboli II activity, were still present
in the plumbing system of Stromboli during the early stages of
Epoch 3.

During the whole Pleistocene, Stromboli activity was homoge-
neously of central-type with alternating effusive and strombolian
eruptions from vents constantly located above the present
summit area of Stromboli within the morphologic depression of
the preceding summit calderas. Intense hydromagmatic to subpli-
nian phases of activity of the main central vents occurred during
the early stages of Paleostromboli I (Petrazza, 77–75 ka). An
eccentric hydromagmatic eruption is recorded in the Scari pyro-
clastic succession which developed at the end of the Paleostrom-
boli III activity (between 34 and 26 ka) in association with
the SE-dipping flank collapse sc2 of Rina Grande. The central-vent
summit activity of Stromboli is also inferred by the radial distri-
bution of dykes (and sheets) and the preferential development of
summit caldera collapses, which outline a dominant role for
volcano-related processes of deformation and a subordinate influ-
ence of regional tectonic trends during the oldest to intermediate
stages of development of Stromboli (85–13 ka). Corazzato et al.
(2008) have alternatively interpreted the distribution of dykes
and sheets as emplaced along a persistent NE–SW direction
during the whole history of Stromboli – accompanied by a minor
north–south-direction during the 85–20 ka time interval – thus
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or more primitive magmas are formatted in italics (and lighter colour), whereas the compositions of magmas sited and evolving in the different magma reservoirs are

formatted in normal character and black.

L. FRANCALANCI ET AL.442

 at Instituto Nazionale Di Geofisica e Vulcanologia on February 11, 2014http://mem.lyellcollection.org/Downloaded from 

http://mem.lyellcollection.org/
http://mem.lyellcollection.org/


inferring that regional structural trends have invariably con-
ditioned magma ascent and volcanic processes. In addition to the
summit calderas, we have recognized the field evidence of some
lateral collapses at various scales (sc1, sc2, sc3, in stratigraphic
order). These collapses occurred along the south-western (sc1),
south-eastern (sc2) and north-western (sc3) slopes of Stromboli,
which indicates that during most of the Stromboli history the
lateral failures were the consequence of slope-oversteepening
along the whole areal distribution of the cone.

In particular, the major NW-dipping sector collapse sc3 at
c. 13 ka truncated the summit and conduit of the Vancori compo-
site volcano (Fig. 13.31). This collapse was driven by the combi-
nation of oversteepening and overloading of the north-western
flanks of the Upper Vancori cone together with recurrent dyke
emplacement along the NE–SW structural zone crossing the
cone (cf. Tibaldi 2001, 2004). This outlines the increasing impor-
tance of regional structural trends in controlling the volcanic evol-
ution of Stromboli during its Holocene history. The collapse sc3 in
fact played a pivotal role in conditioning the subsequent eruptive
history of Stromboli, the location of active vents and the develop-
ment of the successive lateral collapses mostly along the north-
western flank of the island (Fig. 13.30).

Holocene activity (Neostromboli)

The Holocene products erupted during the last 13 ka after the
Upper Vancori collapse (sc3) are those of the Neostromboli
activity. They were supplied from vents mostly located in the
upper portion of the collapse depression, as the consequence
of decompression induced by the lateral displacement that unbut-
tressed the north-western flank of the edifice (cf. Tibaldi 2004).
They display a remarkable compositional change from the SHO
products of Vancori to KS compositions (Fig. 13.28). We subdi-
vide the Neostromboli volcanic succession into several strati-
graphic units which did not appear in the previous mapping
(Keller et al. 1993; Tibaldi & Pasquarè 2010). Accordingly, the
Neostromboli activity of Epoch 5 is subdivided into three succes-
sive sequences of eruptions developing from c. 13 to 4 ka: the
Lower Neostromboli (Epoch 5a), Upper Neostromboli (Epoch
5b) and Late Neostromboli (Epoch 5c) (Figs. 13.6b & 13.30).
These were characterized by dominant effusive eruptions from
summit vents and subordinate (but notable) eccentric activities.
The onset of the Neostromboli activity is marked by the Roisa pro-
ducts (Epoch 5a) because they mantle the sc3 collapse rim in the
area of Liscione. This new stratigraphic outcome, together with
the newly reported Sr isotope ratios of the Roisa shoshonites
which are similar to those of the Frontone products erupted at
the end of the Upper Vancori activity (Epoch 4c), suggests a differ-
ent hypothesis for the evolution of the Frontone magmas. The latter
were previously considered hybrid magmas between the latitic
magmas of Upper Vancori activity and the subsequent mafic KS
melts of Neostromboli (Francalanci et al. 1988, 1989, 1993a;
Cortés et al. 2005). Here, we propose that the Frontone magmas
formed by fractional crystallization from the Roisa parental
melt. Frontone therefore represents the mafic end-member mixed
with the latitic magmas in a possibly zoned, shallow magma reser-
voir (Figs 13.24, 13.28 & 13.29). The compositional character-
istics of the different stratigraphic units recognized within
Neostromboli have allowed definition of a number of different
magma groups of KS rocks (LLSr, LSr, HSr, KS-evolved;
Fig. 13.9), further specifying the data of Francalanci et al. (1989,
1993a). This provides insights into a more complex magmatologic
picture for the Neostromboli activity than that derived from pre-
vious research (Francalanci et al. 1988, 1989, 1993a; Corazzato
et al. 2008; Speranza et al. 2008, Petrone et al. 2009). The
KS-evolved magmas, in particular, are assumed to derive by frac-
tional crystallization from the mafic LLSr magmas, with the latter
also evolving by complex processes and possibly mixing with

Roisa-like magmas towards the compositions of the upper Filo
del Fuoco lavas.

Recurrent NW-dipping lateral collapses developed in alterna-
tion with the eruptive phases of Lower, Upper and Late Neostrom-
boli, leading to recurrent dismantling and reconstruction of the
eruptive craters (Figs 13.30 & 13.31). Three different major
NW-dipping sector collapses (sc4, sc5a, sc5b) cutting the Neos-
tromboli series are distinguished. They run at the base of the
Upper Vancori collapse, consistent with the development of a
complex, multi-stadial collapse structure along the north-western
flank of Stromboli, which mostly corresponds to the Neostromboli
collapse by Tibaldi (2001, 2010). The development of successive
collapses in the area where Stromboli experienced the early
event of lateral failure is explained by Tibaldi (2004) and Acocella
& Tibaldi (2005) as the consequence of high eruption rates produ-
cing rapid accumulation of products along the steep and unstable
slopes of the collapse acting as a zone of structural weakness, com-
bined with recurrent dyking along the circum-collapse zones. Our
reconstruction involving multiple failure events during the
Neostromboli period seems consistent with the recognition of
several relative small-scale landslide-driven turbidite layers in
the deep-sea cores to the north of Stromboli by Di Roberto et al.
(2010).

Hydromagmatic eruptions during the Holocene. The broadly similar
hydromagmatic successions recognized in distinct sectors of
Stromboli (Semaforo Nuovo, Secche di Lazzaro and Semaforo
Labronzo) are distinguished on the basis of new stratigraphic
and geochemical data. This provides the evidence for recurrent
hydromagmatic eruptions which occurred during the Neostromboli
activity at c. 12.5 ka (Semaforo Nuovo), c. 7 ka (Secche di
Lazzaro) and c. 4 ka (Semaforo Labronzo). Previous publications
were generally based on the assumption that the hydromagmatic
deposits cropping out on Stromboli belonged to a single hydro-
magmatic eruption known as the Secche di Lazzaro explosive
event (cf. Hornig-Kjarsgaard et al. 1993; Bertagnini & Landi
1996). A partly different reconstruction is that proposed by
Porreca et al. (2006) and Giordano et al. (2008), according to
which the Semaforo Nuovo succession (called ‘COA succession’)
is differentiated from the Secche di Lazzaro unit. Petrone et al.
(2009), moreover, considered the latter unit to be represented by
two eruptive events. Our field evidence reveals that the Semaforo
Nuovo, Secche di Lazzaro and Semaforo Labronzo pyroclastic
units are placed in different stratigraphic positions for the follow-
ing reasons: (1) the Semaforo Nuovo unit in the north-eastern
sector of Stromboli is placed below the 8–7.5 ka Nel Cannestrà
lavas, and displays a link with the 12.5 ka San Vincenzo scoriae
due to a close geochemical similarity; (2) the Secche di Lazzaro
unit cropping out in south-western Stromboli is stratigraphically
defined above the 7.5–7 ka Vigna Vecchia lavas as confirmed
by a new radiocarbon dating to c. 7 ka, thus being younger than
the Semaforo Nuovo unit; and (3) the Semaforo Labronzo unit
lies above the c. 4 ka Serro Adorno lavas in the northern sector
of Stromboli. As well as stratigraphy, the Semaforo Nuovo,
Secche di Lazzaro and Semaforo Labronzo units also have slightly
different volcanological characteristics and sedimentological fea-
tures that allow classification of one from another. Moreover,
they are characterized by distinctive textural characters of the
juvenile fragments and display different geochemical features
(i.e. different trace element and isotopic compositions; Petrone
et al. 2009; see the table of full geochemical data for Stromboli
in the attached DVD), although belonging to the same KS-evolved
group of Neostromboli rocks (Fig. 13.9). Accordingly, the Sema-
foro Nuovo, Secche di Lazzaro and Semaforo Labronzo units
record distinct hydromagmatic eruptions during the Holocene,
substantially more frequent than previously thought. This also
means that evolved KS magmas repeatedly erupted during Neos-
tromboli, in contrast to the previous hypothesis of a single occur-
rence at the end of Neostromboli corresponding to the Secche di
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Fig. 13.30. Sketch maps showing the location and structural control of the eruptive vents (and relative volcanic products) during the successive Eruptive Epochs of

Stromboli.
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Lazzaro event (cf. Francalanci 1987; Francalanci et al. 1988, 1989,
1993a; Corazzato et al. 2008; Speranza et al. 2008; Petrone et al.
2009).

The interpretation of the dynamics of hydromagmatic eruptions
and their possible connection with lateral collapses is a crucial
point towards the evaluation of the eruptive behaviour and
hazard of Stromboli. As largely discussed in the previous literature
(cf. Bertagnini & Landi 1996; Porreca et al. 2006; Giordano et al.
2008; Petrone et al. 2009), the hydromagmatic eruptions on Strom-
boli were most likely driven by the interaction between magma and
external water favoured by the decompression of the magmatic
system induced by the lateral collapses. Alternatively, the hydro-
magmatic events could be related to the occasional lowering of
the magmastatic level below the groundwater table, which poss-
ibly creates the conditions for explosive magma–water interaction
(Revil et al. 2004). In the case of Stromboli, it is usually hypoth-
esized that a stable column of magma has been present within
the conduit constantly located above the groundwater level, that
is, not resulting in an explosive magma–water interaction. In
agreement with the previously published literature, we consider
it possible that the hydromagmatic eruptions were triggered by
successive events of lateral collapse of the Neostromboli edifice.
The distinct and successive hydromagmatic eruptions of Semaforo
Nuovo, Secche di Lazzaro and Semaforo Labronzo can be associ-
ated with different Neostromboli collapses developing in the same
stratigraphic windows. A one-to-one correspondence between the
Semaforo Nuovo (c. 12.5 ka), Secche di Lazzaro (c. 7 ka) and
Semaforo Labronzo (c. 4 ka) and the successive NW-dipping col-
lapses sc4, sc5a and sc5b of Neostromboli may be established. The
link between the Semaforo Nuovo hydromagmatic succession and
the sc4 collapse is also supported by a similar stratigraphic pos-
ition. The correlation of the Secche di Lazzaro and Semaforo Lab-
ronzo successions with the sc5a and sc5b collapse branches is
instead mostly speculative, because these two collapses are both
documented in a stratigraphic interval between 7.5–7 ka (the age
of termination of the Upper Neostromboli-Ginostra activity) and
c. 2.4 ka (corresponding to the onset of the Pizzo activity). The cor-
relation between hydromagmatic eruptions and collapses is also
based on their areal distribution. Indeed, the sc5a collapse is recog-
nized in the south-western side of the summit collapsed area and is
consistent with the preferential distribution of the Secche di
Lazzaro unit in the south-western coastal sector of Stromboli.
The sc5b collapse is instead observed in the north-eastern side of
the summit region and is linked with the Semaforo Labronzo suc-
cession which is distributed along the northern slopes of Strom-
boli. According to this scenario, the occurrence of different
hydromagmatic eruptions and their link with successive collapse
events is a main feature of the eruptive behaviour of Stromboli.
This is also outlined by the Scari hydromagmatic eruption associ-
ated with the SE-dipping flank collapse sc2 developed at the end
of the Paleostromboli III activity (Epoch 3). It may be speculated
that the major lateral collapses which occurred on Stromboli have
affected the central conduit of the volcano (sector collapses), trig-
gering an effective magma–water interaction and driving hydro-
magmatic explosions. A direct link between collapses and
hydromagmatic eruptions would have an important effect on the
definition of the most probable eruptive scenario; a major event
of lateral failure within the Sciara del Fuoco may trigger an hydro-
magmatic eruption, generating PDCs able to reach the lower
inhabited slopes of Stromboli island. However, the structural and
magmatic conditions for an effective magma–water interaction
and the development of hydromagmatic eruptions are still to
be established.

Holocene eccentric activity. In addition to the summit craters, the
Neostromboli activity during the Holocene (Epoch 5) was charac-
terized by the development of several explosive and effusive erup-
tions from vents and NE-trending fissures located along the
north-eastern and western (buttressed) flanks of the cone, to both

sides of the Sciara del Fuoco collapse (Fig. 13.30). In the present
paper, we provide new improvements in the knowledge of the
chronology and distribution of the products of the eccentric vol-
canism during the Holocene after the contribution by Calvari
et al. (2011). The early eccentric activities are those of the Roisa
fissure (c. 13 ka) and the San Vincenzo scoria cone (c. 12.5 ka)
during the Lower Neostromboli period (Epoch 5a). The subsequent
activities of Nel Cannestrà, Piscità, Vallonazzo and Punta Lab-
ronzo in the north-eastern sector and those of Vigna Vecchia and
Timpone del Fuoco in the western side of Stromboli occurred
during a restricted 8–7 ka time interval at the end of the Upper
Neostromboli (Epoch 5b). The eccentric Serro Adorno activity
took place at c. 4 ka during the Late Neostromboli (Epoch 5c) in
the northern sector of Stromboli. These eccentric eruptions were
generally associated with activity of the summit craters of
Lower, Upper and Late Neostromboli, which were interrupted by
the above-mentioned collapses and hydromagmatic eruptions of
Semaforo Nuovo (c. 12.5 ka), Secche di Lazzaro (c. 7 ka) and
Semaforo Labronzo (c. 4 ka). In agreement with Tibaldi (2004),
it may be stressed that: (1) the eccentric vents and fissures depict
a NE–SW zone that crosses the Stromboli edifice along the direc-
tion of the main regional (extensional) structural trend, which
indicates that dyke emplacement was directly controlled by tecto-
nically oriented fractures; (2) the flank eruptions mostly occurred
during the latest stages of the Lower, Upper and Late Neostromboli
activities with the Sciara del Fuoco collapse scar almost entirely
filled up to the rim, which did not allow magma ascent along the
central conduit and favoured the migration towards the lateral con-
duits emerging on the lower flanks along the NE-trending zone of
structural weakness; and (3) the phases of eccentric activity pre-
ceded the lateral collapses during the Neostromboli activity (sc4,
sc5a, sc5b), suggesting that magma ascent along the related NE–
SW feeder dykes have promoted the lateral failures.

Roman-age to present-day activity (Recent Stromboli)

After Neostromboli, the latest stages of development of Stromboli
occurred from vents and fissures located in the summit region near
the presently active craters with subordinate eccentric activity
(Fig. 13.30). The erupted products mostly filled the multi-stage
collapse structure formed by collapses sc3, sc4, and sc5a-b, and
were characterized by a substantial shifting of magma composition
to SHO and HKCA mafic compositions (Figs 13.28 & 13.29). This
is the Recent Stromboli activity (Epoch 6), which is subdivided
into three successive sequences of eruptions (Epochs 6a–6c)
which developed during the last c. 2.4 ka and gave rise to a
number of stratigraphic units which were mostly not distinguished
in the previous maps (Keller et al. 1993; Tibaldi & Pasquaré 2010).

The early explosive activity of Pizzo occurred in Roman to early
medieval times (Epoch 6a) and mainly resulted in the construction
of a major scoria cone in the area of Pizzo o Sopra La Fossa. The
eruption types were slightly different from those of the present-day
activity. The Pizzo explosive activity was in fact unsteady, inter-
rupted by periods of quiescence recorded in discontinuous ero-
sional surfaces, and probably developed in a relatively prolonged
time interval. A main outcome of the present paper is the recog-
nition of two distinct compositions in the coeval magmas
feeding the Pizzo o Sopra la Fossa explosive eruptions. Indeed,
dominant SHO products in the lower–middle portion of the pyro-
clastic succession are associated with HKCA components in the
middle–upper portion. This seems to indicate the activity of
double vents tapping two distinct magma reservoirs during the
Pizzo activity (Francalanci et al. 2012b). The HKCA components
are correlated with the so-called ‘Lower Sequence’ pyroclastics
defined by Rosi et al. (2000); radiocarbon dates between
380–100 BC and AD 45–245 for the latter can therefore be trans-
lated to the Pizzo succession. This gives a robust chronological
assessment of the Pizzo activity, which was lacking from the
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Fig. 13.31. Sketch geological cross-sections showing the succession of caldera-type and lateral (sector and flank) collapses recognized in the history of Stromboli along

both the north-western and south-eastern flanks, and their cross-cutting relationships with volcanic products of the successive Epochs of activity. A schematic

chronostratigraphic framework of the Eruptive Epochs and the caldera-type and lateral (sector and flank) collapses is reported, providing a comparison to collapses

recognized in the previous work of Hornig-Kjarsgaard et al. (1993), Tibaldi (2001, 2010) and Romagnoli et al. (2009a). The most recent lava flows of Epoch 6c (1941–

43–44, 1954, 1956, 1959, 1967, 1985–86, 2002–03, 2007) are also shown within the Sciara del Fuoco collapse. The current topographic profile of Sciara del Fuoco (in

2012) along the geological section B–B0 is different from that resulting from the 1994 topographic map adopted in the attached geological map due to the emplacement of
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previous literature. The HKCA products of Pizzo scoria cone are
also correlated with the San Bartolo lava flows based on a
similar geochemical composition and palaeomagnetic dating
(360 BC–AD 7). Accordingly, the San Bartolo NE-trending
eccentric fissure is assumed to be almost contemporaneous with
part of the Pizzo activity, and represents the latest flank eruption
on Stromboli. Minor explosive activity is recorded after that in
the post-Pizzo scoriaceous succession (Chiappe Lisce unit),
whereas recurrent effusive activities during Epoch 6a (AD 355–
557) resulted in the Bastimento stacked lava flows.

A SE-dipping lateral collapse (sc6) truncates the summit and
south-eastern flank of the Pizzo cone and the Upper Vancori
lavas and breccias in the area of Rina Grande, partly covered by
the products of the present-day activity. The collapsed area basi-
cally corresponds to that defined by Finizola et al. (2002, 2003)
on the basis of fluid circulation and degassing patterns, although
they report two distinct and parallel collapse rims suggesting a
polygenic formation. We instead assume that the collapse sc6 is
an individual collapse structure with an articulated scar and a
maximum vertical displacement of about 50–60 m, gradually
decreasing towards the lower slopes of Rina Grande. This collapse
does not therefore have a deep origin and is interpreted as a flank
collapse which originated by conditions of oversteepening along
the upper south-eastern slopes of the Upper Vancori edifice, also
affecting the summit Pizzo cone by retrogressive dynamics. Out-
crops of the Upper Vancori lavas dipping in the opposite direction
are exposed within the sc6 collapse scar, and interrupt its morpho-
logical continuity. These outcrops run along the interpreted curvi-
linear trace of the older Upper Vancori collapse (sc3), and are
therefore interpreted as (sectioned) relics after truncation by col-
lapse sc6. This collapse is related to detrital deposits recognized
at the border of Rina Grande and, as suggested by Romagnoli
et al. (2009a), to a field of lava megablocks with a Vancori com-
position recognized offshore of the eastern flank of Stromboli. In
the present paper, we specify the stratigraphic position of collapse
sc6 after the general information (post-Neostromboli) provided by
Finizola et al. (2002) and Romagnoli et al. (2009a). The collapse
sc6 is in fact assumed to have developed at the end of the Pizzo
activity in early medieval times (between 1.8 and 1.2 ka), reveal-
ing the occurrence of recent processes of gravitational instability
along the south-eastern flanks of Stromboli island which have
an important effect on hazard evaluation. The possibility that
the collapse sc6 was the site of other and older events of flank
instability along the slopes of the Upper Vancori edifice cannot
be excluded. Recalling the collapse sc2 developed at the end of
Paleostromboli III, we can construct a complex history of volcano-
tectonic and gravitational failures along the south-eastern flank of
Stromboli as the result of a structurally controlled, bilateral flank
instability of the volcanic edifice, as suggested by Romagnoli
et al. (2009a).

Chronological assessment of the onset of the present-day
activity of Stromboli is a major stratigraphic and volcanological
topic in the literature on Stromboli. The present-day activity is
assumed to be characterized by persistent and mild explosive erup-
tions with intermittent more energetic explosions (paroxysms) and
episodic lava effusions within the Sciara del Fuoco depression,
with an eruption style similar to that of the currently active
craters of Stromboli. The erupted products are characterized by
the distinctive occurrence of bimodal juvenile fragments, which
are the SHO and high-K basaltic HP black scoriae and LP
golden pumices derived from mingling between HP- and
LP-magmas. Conforming with Rosi et al. (2013), the onset of
the present-day activity (at the beginning of Epoch 6b) occurred

in the 8th century. This is based on the recognition of pyroclastic
products with the typical scoria-pumice pairs above the M.
Pilato ash layer from Lipari in several stratigraphic trenches in
the north-eastern sector of Stromboli. This ash layer is dated to
AD 776 (Keller 2002) and provides the best age estimation for
the beginning of the present-day activity. However, its timing is
not precisely defined due to the absence of direct radiometric
dating of the corresponding products. Rosi et al. (2000) recognized
the present-day products of the ‘Upper Sequence’ above a thin
palaeosol sitting on the products of the ‘Lower Sequence’,
which is here correlated with a part of the Pizzo succession. This
palaeosol therefore marks the stratigraphic hiatus between the
older Pizzo activity (Epochs 6a) and the present-day activity
(Epoch 6b). However, it is loosely dated to a large time interval
from AD 55–235 to AD 320–615, with the ages for the palaeosol
partly overlapping those obtained for the underlying ‘Lower
Sequence’ products (Table 13A.1; cf. Rosi et al. 2000). Moreover,
the time interval corresponding to the palaeosol was not character-
ized by an effective quiescence of the whole Stromboli edifice, as
shown by the post-Pizzo summit activities of Chiappe Lisce and
Bastimento which occurred at AD 355–557. These units still
have the characteristics of the Pizzo activity. We therefore
propose that the magmatic and eruptive conditions for the onset
of the present-day activity were established during the time inter-
val between the 4th and 6th centuries (age of Chiappe Lisce and
Bastimento units) and the 8th century (age of Monte Pilato).
During Epoch 6b, between AD 776 and AD 1350 (age of Le Rocc-
ette lavas), the present-day explosive activity of Stromboli was
characterized by the recurrent emission of stacked lava flows con-
stituting the lava successions of Le Roccette and Fossetta which
progressively piled up and filled the Neostromboli collapse
depression (sc5a – b) to the rim.

A NW-dipping sector collapse along Sciara del Fuoco is
assumed to have interrupted the development of the present-day
activity. This is represented by two collapse rims (sc7a and sc7b)
truncating the stratigraphically equivalent lava successions of Le
Roccette and Fossetta emitted during Epoch 6b. The collapsed
lavas are dated to AD 1350 (Le Roccette lavas), whereas the
collapse is plastered by a spatter stack dated to AD 1630 by
palaeomagnetism (Speranza et al. 2008). Accordingly, the collapse
sc7a – b occurred in late medieval times between the 14th and 17th
centuries. This specifies the previous age attribution to after AD
1350, proposed by Arrighi et al. (2004) and Speranza et al.
(2008). The collapse sc7a – b groups together the Pizzo Sopra La
Fossa and Sciara del Fuoco collapses described by Tibaldi
(2001) and Tibaldi & Pasquarè (2010), although with a different
chronostratigraphic assessment. This collapse resulted in a con-
spicuous lateral failure associated with a hundreds-of-metres ver-
tical displacement and a substantial downward shifting of the
active vents. Accordingly, this was the latest major gravitational
failure along the NW flank of Stromboli and led to development
of the Sciara del Fuoco in its present morphology (Fig. 13.31).
The collapse sc7a – b may be associated with a thick volcanogenic
turbidity current deposit recognized by Di Roberto et al. (2010)
in the deepsea cores offshore of Stromboli, assumed to have
occurred with a multi-phase or retrogressive dynamics which poss-
ibly explains why a single major tsunami event is not recorded in
the historical reports for the late medieval times.

Following collapse sc7a – b, the present-day activity assumed the
current characteristicss (Epoch 6c) with mild explosive phases of
activity alternating with episodic lava flows and large-scale
spatter-forming paroxysms (similar to the 1930 paroxysm). The
products erupted by paroxysms have the typical pumice-scoria

Fig. 13.31. (Continued) the lava flow fields emitted in 2002–2003 and 2007, and the collapse event occurred during the 2007 activity. The current topographic profile

is therefore derived by adding the reconstructed thickness of the 2002–2003 and 2007 lava flow fields to the 1994 topographic profile, and using the most recent

topographic data available on Stromboli (a digital orthophoto, April 2007, and a shaded relief map, May 2009; DICEA of Università di Roma La Sapienza). Additional

information was extracted from sketch topographic maps available on Google maps.
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pairs, which are also present in the deposits preceding the collapse
(Epoch 6b). Conversely, the paroxysmal spatter deposits seem to
be a distinctive character of the present-day activity subsequent
to the collapse. The palaeomagnetic datings by Speranza et al.
(2004, 2008) and Arrighi et al. (2004) in fact establish that the
spatter-forming eruptions almost entirely occurred during the
16–17th centuries and the 20th century. There is no convincing
evidence of spatter-forming eruptions before AD 1400 (Speranza
et al. 2004). The palaeomagnetic dating of some spatters to AD
550 provided by Arrighi et al. (2004) is in fact still uncertain
and needs further chronological and geochemical support. This
is also confirmed by the absence of spatter deposits along the
older part of the present-day products corresponding to the
‘Upper Sequence’ of Rosi et al. (2000, 2013). We therefore
suggest that the characteristics of the present-day activity
changed slightly after collapse sc7a – b (Epoch 6c), assuming a
higher probability of spatter-forming paroxysmal eruptions. More-
over, Epoch 6c seems to have been characterized by the emission
of a lower volume of lava flows with respect to the activity preced-
ing the collapse, although it must be noted that the lava flows older
than the 20th century are currently not preserved due to the cover
of the more recent scoriae and lavas. The change of eruption types
during the present-day activity was possibly the consequence of
a reorganization of the shallow magmatic system induced by
the collapse.

Insights into the magma plumbing system

The geological and petrological investigation of Stromboli has
provided insights into the plumbing system structure and the
magma feeding dynamics. Several times throughout the history
of Stromboli, and especially in the latest period, volcanic activity
was nearly coeval from central and eccentric vents. In some cases,
this activity was fed by different magmas spilled from separate
reservoirs generally sited at different depths. This is the case for
the HSr, LLSr and LSr magmas of Neostromboli, and the HKCA
and SHO magmas of the Pizzo activity. At other times the same
magma reservoir was tapped by coeval lateral and central activi-
ties, giving rise to the contemporaneous San Vincenzo–Semaforo
Nuovo activites, Vallonazzo–Secche di Lazzaro, and Pizzo–San
Bartolo activities). This implies a complex plumbing system in
which several small polybaric reservoirs are present, with two
levels of persistent magma rest (Fig. 13.29). The deeper is recog-
nized at depths of 7–10 km as the reservoir of the CA magmas and
the present-day LP-magmas (Vaggelli et al. 2003; Métrich et al.
2010). The shallower magma chamber is located at depths of 2–
3 km as a zone of short-lived rest for the CA magmas, and is the
reservoir of the present-day HP-magmas (Francalanci et al.
1999; Vaggelli et al. 2003; Aiuppa et al. 2009). Horizons of poss-
ible magma rest at higher depths are suggested by Laiolo & Cigo-
lini (2006) by studying the cumulate xenoliths found in the San
Bartolo lavas.

At different times, the multiple magma bodies have been refilled
by different melts and alternatively tapped by the volcanic activity
subsequent to the recurrent caldera/lateral collapses which
occurred in the history of Stromboli. This seems to be the most
suitable hypothesis for explaining the intriguing time correspon-
dence between the magma compositional changes and the
caldera/lateral collapses typical of Stromboli.

Concluding remarks

A detailed time-stratigraphic reconstruction of the geological
history of Stromboli and a new 1:10 000 scale geological map
are provided by merging results from original geological
mapping, structural fieldwork and geochemical investigation
together with the available radiometric and palaeomagnetic ages

and available tephrochronological constraints. In addition to
Strombolicchio, six main growth stages (Epochs 1–6) are
defined in the time interval between c. 85 ka and the present-day,
interrupted by several caldera (cc1–5) and lateral (sector and
flank) collapses (sc1–7) and periods of quiescence. The activity
is fed by a polybaric magma system made up of several small reser-
voirs with persistent magma rests at depths of 7–10 km and 2–
3 km, refilled at different times by distinct melts, variably
evolved and/or derived from different parental magmas (CA,
HKCA, SHO and KS) and which originated in a highly hetero-
geneous mantle source. These reservoirs are alternatively tapped
by the eruptive activity as a consequence of the successive
caldera/lateral collapses. The other most important outcomes of
this paper are as follows.

(1) The Pleistocene development of Stromboli (85–13 ka) is
characterized by the building of a central-type composite
volcano during several phases of volcanic activity (Paleos-
tromboli I, II, III and Vancori; Epochs 1–4) interrupted by
five caldera collapses (cc1–5) and quiescences, with a
dominant role of volcano-related processes of deformation
and a subordinate influence of regional tectonic trends
under the NE–SW direction.

(2) After the major NW-dipping sector collapse of Upper
Vancori (sc3, c. 13 ka), a complex history of recurrent con-
struction (Lower, Upper and Late Neostromboli; Epoch 5)
and dismantling by subsequent lateral failures sc4 and
sc5a – b is documented during the Holocene evolution of
the KS Neostromboli activity.

(3) An evolutionary link by fractional crystallization is assu-
med between the Frontone (end of the Vancori period)
and Roisa magmas (early Neostromboli), leading to a
different hypothesis for the origin of the Frontone melts
and the transition from the Vancori to the Neostromboli
activity.

(4) Several eccentric eruptions along NE-trending fissures and
vents are documented for the Neostromboli period in the
time interval between 12.5 and 4 ka (San Vincenzo, Nel
Cannestrà, Punta Labronzo, Piscità, Vallonazzo, Vigna
Vecchia, Timpone del Fuoco, Serro Adorno), evidence of
a fundamental role played by flank activity along the
lower slopes of Stromboli during its Holocene history.

(5) Three successive hydromagmatic eruptions are distin-
guished during the Holocene evolution of Neostromboli at
c. 12.5 ka (Semaforo Nuovo), c. 7 ka (Secche di Lazzaro)
and c. 4 ka (Semaforo Labronzo). They are linked with
the subsequent collapses of Neostromboli (sc4, sc5a, and
sc5b), suggesting that recurrent hydromagmatic eruptions
driven by lateral collapses occurred in the recent history
of Stromboli with important insights on the definition of
the most probable eruptive scenario.

(6) Several magma groups (LLSr, LSr, HSr, KS-evolved) are
compositionally and stratigraphically recognized within
the Neostromboli KS rocks (13–4 ka), also demonstrating
a threefold recurrent eruption of evolved KS magmas in
the phases of activity associated with the sector collapses
sc4, sc5a, and sc5b.

(7) A detailed stratigraphic and geochemical reconstruction
of the Recent Stromboli activity (Epoch 6) developed
during the last 2.4 ka is provided, with the evidence of
alternating recurrent explosive and effusive eruptions of
mafic SHO and HKCA magmas, showing an age-related
decrease of Sr isotopic ratios spanning over the whole
time interval.

(8) The Pizzo activity (2.4–1.8 ka) is characterized by the
contemporaneous (and alternating) eruption of mafic
SHO and HKCA magmas from distinct vents, respectively.
The HKCA component is compositionally similar to
the San Bartolo lava flows, suggesting that the episodic
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NE-trending fissure-like activity of San Bartolo occurred
during the latest phases of the Pizzo activity (c. 2 ka).

(9) A SE-dipping flank collapse is recognized in the area of
Rina Grande, cutting the summit of the Pizzo cone and
the flanks of Upper Vancori in the 1.8–1.2 ka time interval.
This also reveals the occurrence of very recent processes of
gravitational instability along the south-eastern flank of
Stromboli.

(10) The structural and magmatic conditions for the onset of the
present-day activity are assumed to have occurred during
the time interval between the 4–6th centuries (age of the
post-Pizzo activity) and the 8th century (age of the Monte
Pilato tephra from Lipari).

(11) A NW-dipping sector collapse (sc7a – b) affected the sum-
mit area of Stromboli in late medieval times (between AD
1350 and AD 1630–1731) interrupting the present-day
activity and leading to the development of Sciara del
Fuoco in its present morphology.

(12) Subsequent to the collapse sc7a – b, the present-day activity
was characterized by several spatter-forming paroxysms
(lacking in the preceding interval of activity) and lower

volumes of lava flows alternating with the persistent mild
strombolian activity.
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Appendix

Table 13A.1. Summary of radiometric ages obtained for volcanic rocks of Stromboli

K–Ar Sample Stratigraphic unit* Generic description Lithology Sampling locality

Gillot & Keller (1993) ES31 Strombolicchio Formation Strombolicchio neck Lava Strombolicchio

89–08 Malpasso Formation Lower Paleostromboli I lavas Lava flows Petrazza

910

22–90 Malpasso Formation Lower Paleostromboli I lavas Lava flows Malpasso

STR 1121 L’Omo Formation Omo lavas Lava flows Vallonazzo

40T L’Omo Formation Omo lavas Lava flows V.ne di Rina

37Q L’Omo Formation Omo lavas Lava flows La Petrazza

37O Middle Vallone di Rina Formation Middle Vallone di Rina lavas Lava flows V.ne di Rina (325 m)

1016 Cavoni Formation – caa member Scari lava Lava flow Scari

1120 Portedduzza Formation Lower Vancori lavas Lava flows Schicciole

38P Costa San Vincenzo Formation Middle Vancori lavas Lava flows Frontone (690 m)

38O Costa San Vincenzo Formation Middle Vancori lavas Lava flows Frontone (780 m)

37S I Vancori Formation Upper Vancori lavas Lava flows Gramigna

37R Ginostra Formation Neo-Stromboli lavas Lava flows Ginostra harbour

37P Punta Labronzo Formation Punta Labronzo eccentric vent Lava flows Punta Labronzo

Quidelleur et al. (2005) A4 Lower Rina Formation Lower Rina lavas Lava flow V.ne di Rina (10 m)

A14 L’Omo Formation Omo lavas Lava flow V.ne di Rina (100 m)

B1 Lower Rina Formation Lower Rina lavas Lava flow V.ne di Rina (110 m)

B7 (dyke?) Lava flow V.ne di Rina (130 m)

B9 L’Omo Formation Omo lavas Lava flow V.ne di Rina (150 m)

B12 ? Lava flow V.ne di Rina (280 m)

B13 ? Lava flow V.ne di Rina (280 m)

B18 ? Lava flow V.ne di Rina (320 m)

C6 Middle Vallone di Rina Formation Middle Vallone di Rina lavas Lava flow V.ne di Rina (410 m)

C10 Upper Vallone di Rina Formation Upper Vallone di Rina lavas Lava flow V.ne di Rina (490 m)

Ar/Ar Sample Stratigraphic unit* Generic description Lithology Sampling locality

Calvari et al. (2011);

Wijbrans et al. (2011)

STR 101 Roisa Formation Roisa scoriae and lavas Lava flow Roisa (275 m)

STR 117 San Bartolo Formation San Bartolo lava flow Lava flow Piscità (1 m)

STR 65 San Vincenzo Formation San Vincenzo lava flow Lava flow Punta Lena (1 m)

STR 72b Vallonazzo Formation Vallonazzo lava flows Lava flow Piscità (2 m)

STR 112 Punta Labronzo Formation Punta Labronzo dyke Lava Punta Labronzo (2 m)

STR 115b Punta Labronzo Formation Punta Labronzo lavas Lava flow Punta Labronzo (1 m)

STR83a Nel Cannestrà Formation Nel Cannestrà lavas Lava flows Nel Cannestrà (450m)

STR83b

STR83a-b

STR83

STR 110 Piscità Formation Piscità lavas Lava flow Piscità (1.5 m)

STR 114 Vallonazzo Formation Vallonazzo lava flows Lava flow Punta Frontone (2 m)

STR 106 Vallonazzo Formation Vallonazzo scoriae Spatter San Bartolo (30 m)

STR 108a Serro Adorno Formation Serro Adorno lava flows Lava flow Semaforo Labronzo (120 m)

STR 108b

STR 108a-b
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Mineral K (wt%) 40Ar (%) 40Ar (1010 at/g) Age (ka) Preferred age (ka) Accepted age (ka)

Groundmass 1 4.03 19.0 177 + 26 204 + 25 (average) 204 + 25

5.12 21.7 202 + 25

4.08 25.0 233 + 30

Groundmass 3.1 ,0.12 ,32.5 ,100

Groundmass 2.4 ,0.15 ,27.5 ,110 ?

Plagioclase 0.5 1.45 22 464 + 155

Groundmass 3.4 5.62 29.2 82.3 + 2.2 85.3 + 2.0 (average) 85.3 + 2.0

6.31 30.6 86.2 + 2.0

6.94 31 87.3 + 2.0

Plagioclase 0.4 6.70 30 719 + 14

Groundmass 1.6 1.81 10.9 64.3 + 4.9 64.3 + 4.9

Groundmass 1.4 1.62 9.0 61.0 + 12.0 61.0 + 12.0

Groundmass 1.4 0.83 8.3 56.0 + 10.0 54.8 + 9.1 (average) 54.8 + 9.1

0.88 8 53.6 + 9.1

Groundmass 2.2 2.55 7.9 35.0 + 6.0 35.0 + 6.0

Groundmass 3.4 1.25 12.3 35.2 + 3.0 34.6 + 3.0 (average) 34.6 + 3.0

1.23 11.6 33.9 + 3.2

Groundmass 2.2 0.45 5.8 25.7 + 5.8 26.2 + 3.2 (average) 26.2 + 3.2

0.88 6.1 26.8 + 3.2

Groundmass 3 0.42 5.8 18.4 + 6.6 21.0 + 6.6 (average) 21.0 + 6.6

0.49 7.3 22.9 + 6.8

Groundmass 2.7 1.68 6.4 22.5 + 2.0 22.0 + 2.0 (average) 22.0 + 2.0

1.12 6.1 21.5 + 2.9

Groundmass 3.7 1.00 4.8 12.4 + 1.9 13.0 + 1.9 (average) 13.0 + 1.9

0.85 5.1 13.2 + 2.3

0.80 5.2 13.4 + 2.5

Groundmass 3.4 1.04 4.5 12.8 + 1.9 13.8 + 1.9 (average) 13.8 + 1.9

1.06 5.2 14.8 + 2.1

Groundmass 4 0.21 2.3 5.4 + 3.8 5.6 + 3.3 (average)

0.22 2.1 4.9 + 3.3

0.29 2.8 6.6 + 3.4

Groundmass 1.9 2.59 13.5 67 + 4 65 + 4 (average) 65 + 4

2.77 12.8 63 + 4

Groundmass 1.7 1.44 9.37 54 + 6 54 + 6 (average)

1.49 9.36 54 + 6

Groundmass 1.9 1.69 13.0 67 + 6 67 + 6 (average) 67 + 6

1.80 12.9 67 + 6

Groundmass 2.8 1.64 16.8 57 + 5 59 + 5 (average)

1.79 18.3 62 + 5

Groundmass 1.9 1.03 10.7 55 + 8 52 + 8 (average)

0.87 9.4 49 + 8

Groundmass 1.7 0.54 6.26 35 + 10 37 + 8 (average)

0.54 5.99 33 + 9

Groundmass 2.4 0.87 10.4 41 + 7

Groundmass 3 4.47 18.7 59 + 2 61 + 2 (average)

6.58 19.9 63 + 2

Groundmass 3.30 5.10 20.9 61 + 2 63 + 2 (average)

6.17 22.4 65 + 2

Groundmass 3.31 2.03 14.7 43 + 3 41 + 3 (average) 41 + 3

1.45 12.8 37 + 4

Groundmass 2.30 1.44 9.61 40 + 4 40 + 3 (average) 40 + 3

1.83 9.7 40 + 3

% 39Ar (Plateau) n (steps) K/Ca MSWD Age (ka) Plateau age (ka) Accepted age (ka)

56.7 5 0.46 2.2 15.2 + 2.8 15.2 + 2.8

96.4 8 0.25 0.3 13.1 + 4.6

86.4 8 1.10 0.7 12.5 + 2.6 12.5 + 2.6

98.4 10 1.07 0.7 8.7 + 2.0

98 11 0.89 1.5 8.2 + 1.8 8.2 + 1.8

60.6 4 0.90 1.5 8.3 + 1.6 8.3 + 1.6

88.4 16 0.85 0.5 7.0 + 1.2 7.9 + 1.2 7.9 + 1.2

92.3 6 1.08 0.1 9.6 + 2.3

89.2 22 0.88 0.4 7.6 + 1.1

100 18 0.86 0.89 7.9 + 1.2

99.1 10 0.73 2.2 7.7 + 1.4 7.7 + 1.4

95.8 8 1.24 0.4 6.9 + 1.1 6.9 + 1.1

97.1 7 1.14 0.6 6.8 + 1.4 6.8 + 1.4

50.5 5 0.55 1.2 3.9 + 1.6 4.0 + 0.9 4.0 + 0.9

59.6 5 0.75 0.5 4.0 + 1.2

55.5 10 0.63 0.7 4.0 + 0.9

(Continued )
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14C Sample Stratigraphic unit* Generic description Lithology Sampling locality

Present work STR 53–09F Secche di Lazzaro Formation Pyroclastic products Carbonized

wood

Secche di Lazzaro (4m)

Rosi et al. (2000) ST66 palaeosol above the

Pizzo succession

Palaeosol (from the top to the

base)

Liscione (trench)

ST67

ST67

ST69 Pizzo o Sopra la Fossa Formation ‘Lower Sequence’ pyroclastic

succession (from the top

to the base)

ST84

ST85

ST86

ST87

ST92

ST93

230Th/238U Sample Stratigraphic unit* Generic description Lithology Sampling locality

Condomines &

Allègre (1980)

Stb12 Malpasso Formation Lower Paleostromboli I lavas Lava flow Petrazza

Stb42 Lower Rina Formation Lower Rina lavas Lava flow Secche di Lazzaro

Stb34 Middle Vallone di Rina Formation Middle Vallone di Rina lavas Lava flow V.ne di Rina

Cosmog. He Sample Stratigraphic unit* Generic description Lithology Sampling locality

Foeken et al. (2009) STR 05–01 Vigna Vecchia Formation Neostromboli lavas (HSr) Lava flow Ginostra harbour (43m)

STR 0504 /06/07 Timpone del Fuoco Formation Timpone del Fuoco lavas Lava flow Timpone del Fuoco

(140 m)

The samples and corresponding ages from the original papers are attributed (when possible) to the stratigraphic units introduced in our stratigraphy (*) based on the reported geographic information and lithological and

petrochemical features. In the last column, the radiometric ages accepted in our stratigraphy are indicated; the non-accepted ages are considered doubtful due to high analytical errors, uncertain localization of the sampled

rocks or inconsistency with the reconstructed stratigraphic relationships or other ages. V.ne, Vallone. Note that most of the samples of Quidelleur et al. (2005) cannot be unequivocally attributed to any stratigraphic units

due to uncertain localization of the samples and doubtful petrochemical characters. 14C analyses: The ‘corrected pMC’ indicates the percent of modern (1950) carbon corrected for fractionation using the 13C measurement.

The calibrated (calendar) age (2s, probability 95.4%) in the present work is calculated using ‘CALIB rev 5.01’.

Table 13A.1. Summary of radiometric ages obtained for volcanic rocks of Stromboli (Continued )
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Fraction Corrected pMC Conventional age

(ka)

Calibrated age Accepted age (ka)

Sediment, alkali reside,

0.6 mg C

46.95 + 0.53 6.07 + 0.9 5222–4768 BC 5222–4768 BC

organic sediment 1.61 + 0.07 AD 320–615 AD 265–290 up to AD 320–615 (top of palaeosol)

Charred material 1.89 + 0.04 AD 55–235

Charred material 1.75 + 0.05 AD 160–415

Charred material 2.26 + 0.14 780 BC to AD 45 380–100 BC (base) to AD 45–245

(top)Charred material 1.88 + 0.05 AD 45–245

Charred material 1.86 + 0.04 AD 75–245

Charred material 2.00 + 0.06 150 BC to AD 130

Charred material 2.00 + 0.05 100 BC to AD 110

Charred material 2.01 + 0.05 115 BC to AD 100

Charred material 2.20 + 0.05 380–100 BC

Mineral U (ppm) Th (ppm) 238U/232Th 230Th/232Th Age (ka) Accepted age (ka)

Whole rock 3.8 15.70 0.728 0.834 + 0.016 156 (þ45/-32)

Whole rock 2.6 9.77 0.79 0.841 + 0.008 61.5 + 6.5 61.5 + 6.5

Whole rock 4.6 17.20 0.81 1.007 + 0.017 35.0 + 9.0 35.0 + 9.0

Uncertainty of the 3Hecos

age measurement

Samples Exposure age (ka) Accepted age (ka)

4.1% (1s) n ¼ 3 7.1 + 0.3 7.1 + 0.3

4.1% (1s) n ¼ 10 6.8 + 0.2 6.8 + 0.2
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Table 13A.2. List of lithostratigraphic units introduced at Stromboli (cf. stratigraphy of Fig. 13.6). Map labels are formatted in bold text

Unit Lithological features Interpretation Petrochemistry Age (ka)

Strombolicchio lithosome (submerged edifice)

Strombolicchio

Formation (sr)

Brecciated and massive lavas of the Strombolicchio islet

(49 m high), located 1.7 km off the north-eastern

coast of Stromboli. These products are crossed by

several large dykes with vertical flow lineations and

intrusive features and are characterized by

centimetre-sized xenoliths of methamorphic rocks

and restitic quartzite.

Volcanic neck or plug

related to an

independent, submerged

eruptive centre

Bas-And 204 + 25(9)

PALEO-STROMBOLI INFORMAL UNIT

(ERUPTIVE EPOCH 1)

Paleostromboli I lithosome (stratocone)

Malpasso Formation

(ma) (Lower PST I

lavas11)

Succession (up to several metres thick) of massive to

blocky, metre-thick, grey lava flows exposed between

Punta Lena and La Petrazza. In the area of Malpasso,

they are characterized by distinctive green amp

phenocrysts (up to 2% vol.), whereas near La Petrazza

only relics of resorbed amp are visible.

Effusive activity of the

Paleostromboli I

stratocone

HK Bas-And to HK

And (more basic

towards the top)

(156 + 45/32, 6)

(,100, 9)

85.3 + 2.0(9)

La Petrazza

Formation (pe)

(Petrazza tuffs17;

Petrazza pyroclastics11)

Medium to thickly planar bedded pyroclastic succession

(10–40 m thick) composed of pumiceous and

scoriaceous massive tuff and lapilli-tuff layers with

variable content of lithics (up to 50 cm in diameter)

alternating with cross-laminated tuffs (i). Two thick

chaotic units (Grey Petrazza Scoria and Orange Petrazza

Scoria11) are recognized in the middle portion of the

succession. They consist of poorly sorted

pyroclastic-breccias with light-coloured (orange)

amp-bearing pumices mixed with darker scoriae, bombs

(up to 1–2 m large) and abundant lithic blocks and

xenoliths (metamorphic, contact hornfelses, comagmatic

subvulcanics, cumulates) set in an ash-rich matrix. The

upper unit (20 m thick) in particular is characterized by

abundant banded pumices and an accumulation of grey

pumice bombs at the top. Flattened black scoria bombs

(1 m) are present at the base, passing into a massive

scoriaceous lapilli-tuff layer. Heterolithological

disorganized tuffaceous-breccia layers are interbedded at

various stratigraphic levels. The La Petrazza unit is

correlated with the Y-9 marine tephra layer, dated at

77–75 ka(12).

Strombolian to subplinian

fallout eruption units

and dilute PDC eruption

units (i) of the

Paleostromboli I

activity. The two

chaotic units are

interpreted as the

deposits of PDCs with

high clast concentration.

The tuffaceous-breccia

layers are volcanic

debris (or lahar)

deposits.

HK Bas-And (scoriae)

to HK And

(pumices)

77–75(12)

Vallone del Monaco

Formation (vm)

(Upper PST I lavas11)

Metre-thick, massive to blocky, pale-grey lava flows,

overall constituting a succession up to several metres

thick, exposed along the southern flanks of Stromboli in

the area of Vallone del Monaco. The lava flows in the

area of La Petrazza (vma member) are associated with

loose to welded tuff-breccias of scoriae and spatter

clasts (i).

Effusive activity of

Paleostromboli I

(i ¼ near-vent

strombolian fallout

deposits)

HK Bas-And

La Petrazza-2

Formation

Medium to thinly planar bedded succession (up to 4 m

thick) of loose dark-grey scoriaceous lapilli-tuffs and

tuffs cropping out in the area of Petrazza. This unit

corresponds to the portion of the Lower Scari Tuffs(11)

below the Ischia Tephra and is correlated to the PET 4

layers of the PST I pyroclastic series(11).

Strombolian fallout

eruption units

HK Bas

SERRO BARABBA SYNTHEM

(ERUPTIVE EPOCH 2)

Paleostromboli II lithosome (stratocone)

Lower Rina

Formation (lr)

(Lower Rina lavas11)

Volcanic succession (50 m thick) of metre-thick, massive

to blocky lava flows alternating with beds of red welded

scoriaceous agglomerates, cropping out along the lower

slopes of the amphitheatre of V.ne di Rina. A lentiform

accumulation (up to 20 m thick) of thickly bedded

scoriaceous tuff-breccias made up of loose, red oxidized

scoriaceous (and lithic) blocks and lapilli (with shards of

px megacrysts, up to 3 cm in diameter) set in an ashy

matrix is recognized at the top of the unit in the area of

V.ne di Rina. This laterally passes into a metre-thick

scoriaceous (stratified) lapilli-tuff layer with increasing

distances from the vent (e.g. at La Petrazza). Large

Alternating lava flows and

strombolian fallout

eruption units of the

Paleostromboli II

stratocone (with

interbedded subvolcanic

lava bodies).

HK Bas-And

transitional to

Bas-And

67 + 6(16)

65 + 4(16)

61.5 + 6.5(6)

(Continued )
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Table 13A.2. Continued

Unit Lithological features Interpretation Petrochemistry Age (ka)

intrusion-like bodies with concentric fractures, flow

foliation structures and granite-type granular fabric are

visible.

L’Omo Formation

(om) (Omo lavas11)

Succession (up to 50 m thick) of 6–7 massive to blocky,

black to dark-grey lava flows, distinctively characterized

by high amounts of large, conspicuous green px

phenocrysts, xenoliths of comagmatic cumulates,

metamorphic rocks and restitic quartzite, and

glomeroporphyritic aggregates of cpx, pl and ol. The

lava flows are frequently interlayered with metre-thick

beds of scoriaceous lapilli-tuffs. They widely crop out

along the southern (towards V.ne di Rina), eastern

(towards Punta dell’Omo) and north-eastern (towards La

Petrazza) flanks of Stromboli. In the south-western

outcrops (particularly within the V.ne di Rina

amphitheater), a thick accumulation (up to 25 m) of

crudely-bedded scoriaceous tuff-breccias (with reddish,

black and whitish layers, the latter hydrothermalized)

with bombs up to 20 cm in diameter is present at the top

of the unit.

Effusive activity (and

strombolian fallout

eruption units) of the

Paleostromboli II

stratocone.

Bas-And (with high

MgO contents of 6–

7 wt%) to And

64.3 + 4.9(9)

61.0 + 12.0(6)

54.8 + 9.1(9)

54 + 6(16)

(52 + 8, 16)

Ischia Tephra Layer (25–30 cm thick) of yellowish-whitish fine ashes

discontinuously recognized in the area of La Petrazza at

the top of the L’Omo lavas and Paleostromboli I

products.

Distal fallout layer

originated from Ischia

Island (Campanian area)

Tra (ac-bearing) 56 + 4(12)

V.NE DI RINA SYNTHEM–MALO PASSO SUBSYNTHEM

(ERUPTIVE EPOCH 3a)

Paleostromboli III lithosome (stratocone, lower portion)

Vallone di Rina-Malo

Passo Formation (ri)

(Vallone di Rina–Malo

Passo pyroclastics11)

Medium bedded pyroclastic succession (up to 25 m thick)

composed of numerous layers (tens of centimetres thick)

of variably sorted, massive to normal graded lapilli-tuffs

and tuffs. These are interbedded with inversely-graded

layers. A metre-thick layer of tuff-breccias with coarse

bombs and lava fragments is visible at the base of the

unit, and a layer of (partly) welded banded pumices

occurs. Metre-thick layers of disorganized

tuffaceous-breccias are visible at different stratigraphic

levels along the outcrops of the southwestern coastal

sector.

Strombolian (to

subplinian) fallout

eruption units (and

fall-and-roll reworked

deposits). The

tuffaceous-breccia

layers are volcanic

debris (or lahar)

deposits.

Banded pumices are

HK And to Lat

V.ne di Rina

Formation (vm)

Crudely-bedded pyroclastic-breccia deposit (up to 15 m

thick) made up of thick to very thick beds of alternating

dark and reddish scoriae (from loose to moderately

welded) with dense cognate lava litich blocks, cropping

out uniquely in the area of V.ne di Rina.

Near-vent strombolian

fallout eruption units.

HK Bas-And

transitional to

Bas-And

Malo Passo

Formation (ml)

Succession (up to 30 m thick) of thin massive to blocky

lava flows (1–2 m thick) alternating with layers of

scoriaceous lapilli-tuffs (up to 10 m thick). This unit is

recognized in the area of Malo Passo, and corresponds to

the Malo Passo lavas of the Middle Vallone di Rina

lavas(11).

Effusive activity and

strombolian fallout

eruption units of the

Paleostromboli III

stratocone.

HK Bas to HK

Bas-And

V.NE DI RINA SYNTHEM–CUGNO AGHIASTRO SUBSYNTHEM

(ERUPTIVE EPOCH 3b)

Paleostromboli III lithosome (stratocone, upper portion)

Middle Vallone di

Rina Formation (rn)

Succession (up to 70 m) of light-grey, massive to blocky

lava flows (2–4 m thick) with aa-type scoriaceous

carapaces (corresponding to the main portion of the

Middle Vallone di Rina lavas11). They are widely

distributed from the area of V.ne di Rina (with a

subhorizontal bedding attitude) to the coastal sector of

Malo Passo. These lava flows are characterized by

distinctive bt phenocrysts (,1% vol.) (Epoch 1–3

activities; Table 13.3). A roughly cylindrical diatreme

pipe (Diatreme vent of Malo Passo11) and several

pyroclastic dykes cross-cut this unit in the area of Malo

Passo. The diatreme deposits are composed of chaotic,

poorly sorted, heterolithological pyroclastic-breccias

with pumiceous and scoriaceous blocks and bombs and

loose crystals set in an ashy matrix.

Dominant effusive activity

of the Paleostromboli III

stratocone. The diatreme

deposits are related to

localized explosive

events of an eccentric

dyke or vent.

HK Bas-And to HK

And

41 + 3(16)

35.0 + 6.0(9)

35.0 + 9.0(6)
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Table 13A.2. List of lithostratigraphic units introduced at Stromboli (cf. stratigraphy of Fig. 13.6). Map labels are formatted in bold text (Continued)

Unit Lithological features Interpretation Petrochemistry Age (ka)

Upper Vallone di Rina

Formation (vri) (Upper

Vallone di Rina lavas11)

Volcanic succession (up to 150 m thick) composed of thin

massive porphyritic lava flows alternating with thick

layers of reddish welded scoriaceous agglomerates.

Effusive activity and

strombolian fallout

eruption units of

Paleostromboli III.

HK Bas-And to Sho

(at the base) to HK

Bas (towards the top

of the unit)

40 + 3(16)

Cugno Aghiastro Formation (Aghiastro lavas and pyroclastics11)

ag1 member Volcaniclastic deposit (5–8 m thick) made up of poorly

sorted lapilli-tuffs and tuff-breccias with scoria bombs

and lapilli, lava fragments and interbedded tuff layers.

The deposit shows an overall inversely-graded tendency.

Strombolian fallout

eruption units and

grain-flow reworking

deposits.

HK Bas-And

ag2 member Succession (up to 15 m thick) of massive to blocky,

porphyritic lava flows (2–3 m thick) alternating with

scoriaceous tuff-breccia and lapilli-tuff layers. These

products (and the underlying ag1 member) are

recognized along the upper slopes of the south-western

flank of Stromboli.

Effusive activity of

Paleostromboli III.

Cavoni Formation (ca)

(Cavoni pyroclastics11)

Pyroclastic succession (up to 50 m thick) composed of

thick beds of reddish-brown welded scoriaceous

agglomerates and tuff and layers of dark-grey loose

scoriaceous lapilli-tuffs. Heterolithological disorganized

tuffaceous-breccia layers are interbedded in the oucrops

along the south-western coastal slopes near Punta del

Monaco. These products crop out in the summit area

between Gramigna and Guardiani, and are recognized

along the southern slopes of the volcano up to the

coastal sector of Punta del Monaco. Moreover, this unit

is correlated with the medium bedded pyroclastic

succession (14–15 m thick) composed of variably sorted

(mostly well sorted) dark to black scoriaceous

lapilli-tuffs with diffused bombs (up to 20–40 cm) and

lava fragments cropping out in the area of La Petrazza-

Scari. These correspond to the portion above the 56 ka

Ischia Tephra of the Lower Scari Tuffs and the Upper

Scari fall units(11). A single, laterally extensive, massive,

dark grey to black lava flow with aa-type carapaces (caa

member – Scari lava11) and almost constant thickness

(2–4 m thick) is interlayered from Scari to Pizzillo. This

lava flow is dated at 34.6 ka (9). A layer of yellow-brown

ash tuffs correlated with the Intermediate Brown Tuffs

(Pianoconte Formation ¼ pi,a) is interbedded within the

middle portion of the unit at Scari.

Latest strombolian fallout

activity of

Paleostromboli III.

HK Bas to SHO Bas.

The caa member is

HK Bas-And to Sho

(with ol megacrysts)

34.6 + 3.0(9)

Scari lithosome (eccentric vent)

Scari Formation (sc) Pyroclastic succession corresponding to the upper portion

of the Upper Scari Tuffs(11). Its basal portion consists of

a crudely bedded, poorly sorted tuff-breccia deposit (4–

5 m thick, Scari breccias11) composed of highly

vesicular to dense grey pumiceous lapilli and blocks and

minor banded pumices, olive-grey to black cauliflower

scoriaceous bombs (up to 30–50 cm in diameter) and

angular to subrounded lithic blocks (up to 1.5 m in

diameter) of variable nature (volcanic, gabbroic and

hornfelsic metamorphic), frequently forming NW–SE

impact sags. Few rounded beach pebbles (up to 30 cm in

diameter) are present. The top portion of the unit is a

thin to medium bedded succession of lapilli-tuff and tuff

beds with planar to low-angle cross-lamination,

cauliflower bombs and impact blocks (up to 12 m thick;

Phreatomagmatic Sequence11). Some tuff layers show

accretionary lapilli and coated clasts. Erosional channels

(filled with reworked deposits) are present.

Lag-fall breccia deposits

(Scari Breccias) and

deposits from PDCs

with variable clast

concentration

(Phreatomagmatic

Sequence) most likely

related to a

hydromagmatic

eccentric eruption

which occurred near

Scari and probably

related to the

SE-dipping flank

collapse sc2.

Pumices and bombs

are Sho to HK Bas

(from the base to

the top)

FRONTONE SYNTHEM–GUARDIANI SUBSYNTHEM

(ERUPTIVE EPOCH 4a)

Vancori lithosome (stratocone, lower portion)

Portedduzza

Formation (pd) (Lower

Vancori17; Lower

Vancori lavas11)

Volcanic accumulation of thin massive porphyritic lava

flows embedded within a thick autoclastic aa-type

scoriaceous breccia deposit. These lava flows are

characterized by distinctive macroscopic (up to 1 cm

long) black cpx and smaller ol phenocrysts. They crop

Initial effusive activity of

the Vancori stratocone.

HK Bas to SHO Bas

(LVL-A at the base)

to Sho (LVL-B

towards the top)

26.2 + 3.2(9)
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Table 13A.2. Continued

Unit Lithological features Interpretation Petrochemistry Age (ka)

out in the Frontone wall (with subhorizontal bedding

attitude and maximum thickness of c. 100 m) and along

the southern and eastern flanks of Stromboli.

Hornig-Kjarsgaard et al. (1993) subdivide this unit into

the LVL-A and LVL-B (from the base towards the top)

based on differences in major element and incompatible

element composition.

FRONTONE SYNTHEM–SERRO MONACO SUBSYNTHEM

(ERUPTIVE EPOCH 4b)

Vancori lithosome (stratocone, middle portion)

Costa San Vincenzo Formation

cv1 member Metre-thick, yellowish lapilli-tuffs (partly welded and

cemented) with flattened purplish and dark-grey (partly

yellowish and oxidized) scoriaceous lapilli and blocks

(fiamme-type) and abundant cpx fragments set in an

altered ash matrix mostly cropping out in the area of

Frontone (near-vent areas). With increasing distances

from the vent, this unit is represented by thinly to

medium bedded, planar to cross-laminated, yellowish

lapilli-tuffs with diffused lithic blocks, scoriaceous

bombs and cpx crystals.

Fallout and PDC eruption

units.

cv2 member Succession (tens of metres thick) of thin, grey to black

massive lava flows interbedded within autoclastic

aa-type scoriaceous breccia deposits. This unit

corresponds to the Middle Vancori(17) and Middle

Vancori lavas(11). Reddish welded scoriaceous

agglomerates (and a feeder dyke) are recognized in the

area of Serro Monaco.

Effusive activity of the

Vancori stratocone. A

minor vent is probably

recognized in the area

of Serro Monaco.

Sho (with distinctive

smaller-size

phenocrysts than the

Portedduzza

Formation)

22.0 + 2.0(9)

21.0 + 6.0(9)

FRONTONE SYNTHEM–GRAMIGNA SUBSYNTHEM

(ERUPTIVE EPOCH 4c)

Vancori lithosome (stratocone, upper portion)

I Vancori Formation (Upper Vancori complex17)

va1 member Thickly bedded pyroclastic succession (up to 20 m thick)

made up of yellowish welded lapilli-tuff and tuff layers

(each several metres thick) with flattened fiamme-type

scoriaceous bombs (and low amounts of mafic minerals)

alternating with reddish welded (partly oxydized)

scoriaceous agglomerate layers. Their best field exposure

is in near-vent areas along the collapse wall of I Vancori

near Le Croci, where they allow separation between the

Middle and Upper Vancori units. The yellowish layers

have a larger distribution along the southern slopes of

Stromboli. In the sector of Scari, this unit is represented

by a metre-thick layer of bt-bearing, trachytic,

pumiceous lapilli-tuffs recognized above a palaeosol on

top of the Scari Formation. Scattered (reworked) loose

pumiceous lapilli are visible near to Semaforo Nuovo

along the footpath from the summit craters to the village

of Stromboli. Lentiform accumulations of

heterolithological tuffaceous-breccias with matrix-

supported lithic clasts and pumices are recognized along

the eastern slopes, particularly near San Vincenzo.

Fallout eruption units.

Some of the layers

(those with flattened

scoriaceous bombs) may

have been derived from

PDCs with high clast

concentration. The

tuffaceous breccias are

lahar deposits.

Pumices are Lat to Tra

va2 member Very thick (up to 30 m), massive to foliated lava coulee

cropping out at the top of Le Schicciole amphitheatre.

Effusive activity of the

Vancori stratocone.

Lat to Tra

va3 member Very thickly bedded pyroclastic-breccias composed of

poorly sorted, partly cemented, angular to subrounded

dense lava blocks set in a finer matrix (Upper Vancori

breccias11). Rough inverse grading is recognized in

places. This unit is organized in several layers (each

several metres thick) interbedded at various stratigraphic

levels with the lava flows of va4 member.

Vulcanian-type fallout

eruption units, partly

reworked and

redeposited along the

steep slopes of the

Vancori cone.

Lat (non-juvenile)

va4 member Succession of thick (up to 6–7 m), light grey, viscous

(dense) lava flows (Upper Vancori lavas11), with

distinctive large pl phenocrysts (up to 5 mm in

diameter). These lava flows are interlayered with

successive layers of the va3 member breccias generating

a very thick volcanic accumulation (up to 100 m).

Latest effusive activity of

the Vancori stratocone.

Lat to Tra 13.0 + 1.9(9)
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Table 13A.2. List of lithostratigraphic units introduced at Stromboli (cf. stratigraphy of Fig. 13.6). Map labels are formatted in bold text (Continued)

Unit Lithological features Interpretation Petrochemistry Age (ka)

Frontone Formation

(fr) (Frontone

breccia11)

Crudely bedded, barely consolidated pyroclastic succession

(.10 m thick) made up of layers of tuff-breccias and

pyroclastic-breccias with reddish scoriaceous ( juvenile)

bombs, bread-crust bombs and (minor) lithic blocks

alternating with layers of dark-grey lapilli-tuffs with thin

cross-lamination (i) and yellowish massive tuff layers.

Yellowish pumiceous lapilli are diffused along the whole

succession. Large flattened bombs resemble

lava-flow-like intercalations at different stratigraphic

positions (e.g. at top of the unit nearby the summit of I

Vancori).

Strombolian fallout

deposits and dilute PDC

eruption units (i) during

the latest explosive

activity of Vancori

(associated with the

development of sector

collapse sc3).

Sho to Lat, showing

evidence of

interaction processes

with the previously

erupted Upper

Vancori magmas

LISCIONE SYNTHEM–FILO DEL FUOCO SUBSYNTHEM

(ERUPTIVE EPOCH 5a)

Roisa lithosome (summit and eccentric activities)

Roisa Formation (ro) Scoriaceous pyroclastic succession. A metre-thick layer

of loose lapilli-tuffs to tuff-breccias of dark grey

scoriaceous lapilli and blocks (frequently with a

yellowish alteration patina) and abundant lithic

fragments (up to 20 cm, with a few oversized blocks with

4 m diameter) is visible at the base of the unit near

Liscione (i). This layer gradually passes upwards into a

distinctive massive to crudely bedded blanket (up to

15 m thick) of welded and agglutinated reddish

scoriaceous bombs (forming mega-fiamme structures

1–2 m long) and lava spatter fragments. This scoriaceous

blanket is recognized in the area of Liscione and near

Roisa along the north-eastern flank of Stromboli (Roisà

scoriae and lavas11), and is characterized by a remarkable

thickness increase towards the foot of the slope

influenced by the palaeo-topography (valley-ponding

effect).

Strombolian to hawaiian

fallout activity

(i ¼ crater opening) of

both the summit

Neostromboli vent(s)

and an eccentric fissure

in the area of Roisa.

These activities were

subsequent to the sector

collapse sc3 (Upper

Vancori collapse).

Sho 15.2 + 2.8(5)

Neostromboli lithosome (Lower Neostromboli summit activity)

Filo del Fuoco

Formation (ff)

Very thick succession (up to 80–100 m) of sheet-like,

pahoehoe-type, grey porphyritic lava flows (tens of

centimetres- to metre-thick) embedded within thick

autoclastic aa-type breccias. This unit is exposed along

the whole northern shoulder of the Sciara del Fuoco

collapse, with best exposure in the area of

Liscione-Bastimento near the summit of Stromboli,

where it is represented by a succession of thick (up to

5 m each) massive and fractured lava flows interlayered

with autoclastic blocky carapaces.

Effusive activity of the

summit Neostromboli

vent(s).

HK Sho (LLSr

Neostromboli) with

MgO ranging from

6.0 to 4.3 wt%

passing from the

base to the top of

the lava sequence

San Vincenzo lithosome (eccentric scoria cone)

San Vincenzo Formation

sv1 member Thickly bedded pyroclastic succession (up to 15 m thick)

consisting of welded to weakly coherent tuff-breccias

and lapilli-tuffs with red and black scoriaceous bombs

(up to 40 cm in diameter).

Strombolian fallout

deposits of a peripheral

scoria cone.

HK Sho (KS-evolved

Neostromboli)

(6.2, 20)

sv2 member Massive lava flow (up to 20 m thick) with scoriaceous

carapaces and foliation structures very discontinuously

exposed near Punta Lena. This lava flow is dated to

12.5 ka by K–Ar(5) and to 6.2 ka by

archaeomagnetism(20).

Effusive activity of the

San Vincenzo scoria

cone.

12.5 + 2.6(5)

(6.2, 20)

Neostromboli lithosome (Lower Neostromboli summit activity)

Semaforo Nuovo

Formation (sn)

Pyroclastic succession (up to 4–5 m thick) exposed in

two outcrops in the vicinity of COA (Civil

Protection-Advanced Operative Center) behind the

Stromboli village (mostly corresponding to the COA

succession15). This unit is dominantly medium to thick

beds of massive lapilli-tuffs composed of matrix-

supported golden pumices (up to 5 cm in diameter) and

lithic clasts (up to 10 cm) set in a vesicular ash matrix, in

places showing inverse-grading of pumices and rough

normal-grading of lithics. A number of thinly bedded

varicoloured tuff layers with abundant accretionary (and

armoured) lapilli are interlayered. A metre-thick layer of

Eruption units of PDCs

with variable clast

concentration from

hydromagmatic activity

of the summit

(Neostromboli) vent(s),

probably associated with

the sector collapse sc4.

A lahar layer at the

top (i).

Pumices are HK Sho

(KS-evolved

Neostromboli)
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Table 13A.2. Continued

Unit Lithological features Interpretation Petrochemistry Age (ka)

massive tuff-breccias of matrix-supported pumices (up to

4 cm) and heterolithological lithic blocks (up to 20 cm)

is present at top of the unit (i).

LISCIONE SYNTHEM–PUNTA DEI CORVI SUBSYNTHEM

(ERUPTIVE EPOCH 5b)

Neostromboli lithosome (Upper Neostromboli summit activity)

Ginostra Formation

(gn)

Succession (up to 70 m thick) of thin (tens of centimetres-

to metre-thick) laterally persistent, grey pahoehoe-type

lava flows embedded within autoclastic aa-type breccia

deposits (similar to the Filo del Fuoco Formation). This

unit dominantly crops out at both sides of the Sciara

del Fuoco, representing the main portion of the

Neostromboli lavas(11). Thick (up to 10–15 m) massive

lava flows with evident foliation structures are

interlayered in places, for example in the area of

Ginostra–Pertuso. Metre-thick layers of dark grey planar

(to cross-) bedded lapilli-tuffs are discontinuously

interlayered (i). The lava flow of the Ginostra harbour is

dated to 13.8 ka(9). Lobate, stacked metre-thick massive

lava flows are exposed along the south-western border of

the Sciara del Fuoco near Fili di Baraona (gna member).

Effusive activity of the

summit Neostromboli

vent(s) following the

sector collapse sc4.

Minor fallout (and

PDC) activity is

recorded (i). The gna

member is probably

outpoured from an

eccentric eruptive vent

localized at c. 500 m

a.s.l.

HK Sho (HSr

Neostromboli)

13.8 + 1.9(9)

Vallone del Gabellotto

tephra-layer

Loose whitish pumiceous lapilli found dispersed within a

palaeosol below the Nel Cannestrà lava flow near the

COA center.

Distal fallout lapilli of the

Vallone del Gabellotto

Formation of Lipari(a),

dated to 8.7–8.4(22)

Rhy 8.7–8.4(22)

Nel Cannestrà lithosome (eccentric fissure)

Nel Cannestrà

Formation (nc) (Nel

Cannestrà lavas11)

Lobate metre-thick blocky lava flows with vesicular-foamy

appearance and scoriaceous carapaces cropping out

along the north-eastern flank of Stromboli up to

elevations of 350–450 m. The source area is marked by

the occurrence of welded scoriaceous agglomerates (up

to 10 m thick; nca member).

Effusive activity (and

strombolian fallout

deposits) of an eccentric

fissure.

HK Sho (HSr

Neostromboli)

7.9 + 1.2(5)

7.5–8(20)

Punta Labronzo lithosome (peripheral shield volcano)

Punta Labronzo

Formation (pl)

Volcanic products cropping out in the northern coastal

sector of Stromboli near Punta Labronzo (Labronzo

lavas11). The inner portion is represented by thick,

weakly coherent scoriaceous lapilli-tuffs and

tuff-breccias showing crude reverse grading, with

interbedded metre-thick massive grey lava flows. These

deposits are surmounted by a 35-m-thick succession

(with lense-tabular shape) of metre-thick, pale coloured,

massive lava flows, at places deeply fractured. Several

nearly vertical dykes and some shallow subvolcanic

bodies (5–20 m thick) are visible, representing the

feeding system of the Punta Labronzo vent.

Strombolian fallout

eruption units and

effusive activity of a

peripheral shield

volcano in the northern

side of Stromboli.

HK Sho (HSr

Neostromboli)

8.3 + 1.6(5)

8.2 + 1.8(5)

7.5(20)

(5.6 + 3.3, 9)

Piscità Formation (ps) Succession (up to 8 m thick) of thin massive grey lava

flows (tens of centimetre-thick) embedded within

autoclastic aa-type breccias exposed along the coastal

cliff of the north-eastern side of Stromboli near Piscità.

These lava flows are largely covered by the Vallonazzo

scoriaceous products and do not provide an

unequivocal correlation with any stratigraphic units of

Neostromboli.

Effusive activity of a

Neostromboli eccentric

vent of uncertain

location along the

north-eastern flank.

High-K shoshonites

(LLSr

Neostromboli) with

MgO ¼

5.5–6.0 wt%

7.7 + 1.4(5)

Vallonazzo lithosome (eccentric fissure)

Vallonazzo Formation

(vn)

Massive, strongly welded agglomerates of reddish

scoriaceous bombs and spatters (up to 1m diameter)

with associated metre-thick lava flows, cropping out

on the sides of the Vallonazzo gorge in the north-

eastern sector of Stromboli. These deposits mostly

form an extensive blanket of flattened and agglutinated

large scoria bombs (fiamme-type structures)

resembling a thick lava-like sheet. This unit shows

remarkable thickness variations (up to 20 m)

controlled by the palaeo-topography (valley-ponding

effect).

Strombolian-hawaiian

fountain-fed fallout and

reomorphic scoria flow

eruption units from an

eccentric fissure parallel

to the Vallonazzo gorge.

HK Sho (KS-evolved

Neostromboli)

8.7 + 2.0(5)

6.9 + 1.1(5)

6.8 + 1.4(5)

6.5–7(20)
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Table 13A.2. List of lithostratigraphic units introduced at Stromboli (cf. stratigraphy of Fig. 13.6). Map labels are formatted in bold text (Continued)

Unit Lithological features Interpretation Petrochemistry Age (ka)

Timpone del Fuoco lithosome (peripheral shield volcano)

Timpone del Fuoco

Formation (tf)

Succession of metre-thick, sheet-like, dark-grey lava flows

with typical pahoehoe attributes interbedded within

autoclastic aa-type breccias cropping out in the

western-most corner of Stromboli, near to Ginostra

(corresponding to Timpone del Fuoco lavas11 and

Timpone del Fuoco lava flows17).

Effusive activity of a

peripheral shield lava

cone.

HK Sho (LSr

Neostromboli)

7–7.5(20)

6.8 + 0.2(7)

Vigna Vecchia lithosome (eccentric fissure)

Vigna Vecchia

Formation (vv)

Lobate lava flow field (up to 30 m thick) composed of a

series of stacked, metre-thick, laterally persistent, grey

pahoehoe-type lava flows embedded within autoclastic

aa-type breccias (mostly corresponding to the Vigna

Vecchia lavas17). This unit is exposed along the

south-western slopes of Stromboli behind the Ginostra

village up to elevations of c. 600 m.

Effusive activity of an

eccentric fissure along

the upper slopes of

Vigna Vecchia.

HK Sho (LSr

Neostromboli)

7–7.5(20)

7.1 + 0.3(7)

Neostromboli lithosome (Upper Neostromboli summit activity)

Secche di Lazzaro

Formation (sl)

(Lazzaro pyroclastics11)

Pyroclastic succession (up to 8 m thick) exposed in two

outcrop sites near Secche di Lazzaro and Punta del

Monaco (Lazzaro pyroclastics11; Secche di Lazzaro

pyroclastics3; Secche di Lazzaro phreatomagmatic

succession10,14). This is exposed in a continuous and

quite large outcrop at Secche di Lazzaro and in small

outcrops at Punta del Monaco. From the base to the

top (mostly in agreement with ref.14), the Secche di

Lazzaro succession is subdivided into three portions

(a, b, c).

Explosive activity of the

summit Neostromboli

vent(s) associated with

the sector collapse sc5a.

.6(4)

a (basal portion) Thinly bedded yellowish to grey ash-rich lapilli-tuffs (0.5

to 1.5 m thick) composed of abundant accretionary

lapilli, blocky glass shards, crystals (cpx, pl, bt), small

lithics and a few highly-vesicular light-coloured,

bt-bearing pumices, showing planar to

cross-stratification. The individual beds have highly

variable thickness (valley-ponding), and frequently

display inverse grading. Unburnt cane and charcoal

fragments are present at the base, and gave uncalibrated
14C age of 5222–4768 BC (c. 7 ka; present work). A

thinly bedded layer of loose, light pumiceous lapilli (1

cm), black scoriae and crystals with numerous

hydrothermalized angular clasts is present at the top (i).

Dilute PDC eruptions

units. (i ¼ subordinate

fallout deposits ?)

Pumices are HK Sho

(KS-evolved

Neostromboli)

5222–4768 BC

(present work)

b (middle portion) Massive to diffusely stratified layer of coherent,

matrix-supported lapilli-tuffs containing a few

light-coloured, highly vesicular, low porphyritic

bt-bearing pumiceous lapilli, abundant accretionary and

armoured lapilli and variably altered heterolithological

lava blocks (up to 1 m) embedded from the substrate.

Low-angle cross-stratification is visible at the base. This

unit shows remarkable valley-ponding thickness

variations (from 25 cm to 2.5 m on a 40 m length).

Eruption unit from PDCs

with high (variable)

clast concentration.

c (middle portion) Thickly bedded, coherent, matrix-supported, massive and

disorganized lapilli-tuff layer (up to 5 m thick) including

heterolithological lava blocks.

Lahar depositional unit.

LISCIONE SYNTHEM–PUNTA FRONTONE SUBSYNTHEM

(ERUPTIVE EPOCH 5c)

Serro Adorno lithosome (eccentric vent)

Serro Adorno

Formation (sa)

2-m-thick massive to blocky lava flows with brecciated

carapaces forming the top of the north-eastern rim of the

Sciara del Fuoco (with average thickness of 3–5 m) up

to elevations of c. 550 m. The source area near

Bastimento is marked by the occurrence of reddish

welded scoriaceous agglomerates.

Effusive activity (and

near-vent fallout) of an

eccentric vent.

HK Sho (HSr

Neostromboli)

4.0 + 0.9(5)

Neostromboli lithosome (Late Neostromboli summit activity)

Semaforo Labronzo

Formation (lb)

Pyroclastic succession (up to 1.5 m thick) discontinuously

exposed above the Serro Adorno lavas along the old

footpath towards the active craters starting from

Semaforo Labronzo (corresponding to the Secche di

Lazzaro Nord sequence14). This unit mostly consists

Eruption units from dilute

PDCs originated from

summit explosive

activity (Neostromboli),

probably associated with

Both scoriae and

pumices are HK Sho

(KS-evolved

Neostromboli)

(Continued )
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Table 13A.2. Continued

Unit Lithological features Interpretation Petrochemistry Age (ka)

of massive to crudely planar-stratified (minor

cross-stratified) loose lapilli-tuffs composed of blocky

and vesicular glass shards, crystals (cpx, pl, bt), lava

lithics (up to 15 cm) and sparse brownish scoriae and

poorly porphiritic, highly vesicular light-coloured

pumices (up to 3–4 cm). Accretionary and armoured

lapilli are abundant. A centimetre-thick (up to 20 cm)

layer of slightly reworked, loose lapilli of light-coloured

pumices (up to 7–8 cm) and grey scoriae (and a few

lithics) is present at the top of the succession, showing a

slight pedogenesis.

the sector collapse sc5b.

The layer at the top is a

fallout deposit.

SCIARA DEL FUOCO SYNTHEM–BASTIMENTO SUBSYNTHEM

(ERUPTIVE EPOCH 6a)

Pizzo lithosome (summit activity)

Pizzo o Sopra la Fossa

Formation (psf) (Pizzo

Sopra la Fossa

Pyroclastics11)

Medium to thickly planar bedded pyroclastic succession

consisting of yellowish to pale brown coloured

tuff-breccias, lapilli-tuffs and tuff beds, at places

showing thin stratification. These deposits are

interlayered with massive (to roughly normal-graded)

lapilli-tuffs composed of moderately vesicular, yellowish

to black scoriaceous lapilli and bombs and lithic blocks.

Minor thinly bedded lapilli-tuffs with cross stratification

are recognized towards the top of the succession near

to Liscione (i). Strongly altered and hydrothermalized,

this pyroclastic succession is best exposed in the Pizzo

relief displaying a WNW-dipping and a maximum

thickness of 50 m. Three unconformable surfaces

marked by slight pedogenesis allow subdivision of

distinct portions of the unit. In the outcrop site near Le

Croci, at the beginning of the path from the active

craters to Stromboli village, some bomb sags are visible.

A part of this unit is correlated to the so-called Lower

Sequence pyroclastic products (18), which are dated to

the time interval between 380–100 BC and AD 45–245

based on calibrated 14C ages of embedded charred

material.

Strombolian fallout

eruption units (and

subordinate dilute PDC

deposits ¼ i)

representing the

remnants of a cone

structure in the summit

area of Stromboli.

SHO Bas to Sho and

HK Bas to HK

Bas-And (in the

middle-upper

portion). The HK

Bas are similar to

the San Bartolo

lavas

380–100 BC to

AD 45–245(18)

San Bartolo lithosome (eccentric fissure of the Pizzo activity)

San Bartolo

Formation (sb) (San

Bartolo lavas11)

Massive, aa-type, black (highly) porphyritic lava flows with

well-developed scoriaceous carapaces forming a lava

flow field (1.5 km long, 1.2 km large) with two lava

channels and a lava tube along the north-eastern slope of

Stromboli and in the coastal sector between Ficogrande

and Piscità. This lava is characterized by several

centimetre-sized mafic and ultramafic cumulitic

xenoliths. The vent area is recognized at elevations of

650 m marked by welded scoriaceous agglomerates. The

San Bartolo lavas are dated to 360 BC–AD 7(20) and AD

100(1) by means of magnetostratigraphy.

Effusive activity of a

NE-trending fissure.

HK Bas to HK

Bas-And

360 BC–AD 7(20)

AD 100 + 100(1)

Pizzo lithosome (post-Pizzo activity)

Chiappe Lisce

Formation (ch)

Pyroclastic succession (up to 2 m thick) exposed on the

eastern border of the Upper Vancori collapse in the

area of Liscione (Post-Pizzo series13), unconformably

overlying the Pizzo o Sopra La Fossa Formation. It

mostly consists of thin to medium beds of massive

agglomerates composed of grey welded scoriae and

spatters with reddish oxidized surfaces, at places forming

continuous lava-like layers. Thin and discontinuous

yellowish massive tuffs are interbedded.

Strombolian fallout

eruption units of

uncertain vent(s) during

the post-Pizzo activity.

Scoriae are Sho (at

base) to SHO Bas

(at top)

Bastimento Formation

(bs)

Succession (up to 15 m thick) of metre-scale, poorly

vesicular, grey to black lava flows with scoriaceous

carapaces. These lava flows crop out in the area of

Bastimento with subhorizontal to gently dipping

bedding attitude in the inner side of the Sciara del

Fuoco collapse headwall, hanging above the 2003–

2007 lava flow fields. They correspond to the Flow

hanging over the Sciara(20) and are therefore dated to

AD 355–557 by means of magnetostratigraphy.

Effusive activity of the

summit vent(s) during

the post-Pizzo activity.

SHO Bas AD 355–557(20)

(Continued )
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Table 13A.2. List of lithostratigraphic units introduced at Stromboli (cf. stratigraphy of Fig. 13.6). Map labels are formatted in bold text (Continued)

Unit Lithological features Interpretation Petrochemistry Age (ka)

These lava flows are directly crosscut by the sector

collapse sc7a.

M. Pilato tephra layer Thin (millimetre-thick) and discontinuous ash layer found

in several trenches in the north-eastern part of

Stromboli and along the old footpath from Semaforo

Labronzo to the summit active craters below the

present-day scoriae and spatters of the Sciara del Fuoco

Formation(2).

Distal fallout layer of the

M. Pilato products from

Lipari (Sciarra

dell’Arena Formation,a).

Rhy AD 776(12)

SCIARA DEL FUOCO SYNTHEM–LE ROCCETTE SUBSYNTHEM

(ERUPTIVE EPOCH 6b)

Active craters lithosome (present-day activity)

Sciara del Fuoco

Formation (sf)

Strombolian products of the present-day activity consisting

of loose lapilli-tuffs and tuffs with the typical

association between highly porphyritic (LP) black

scoriae and highly vesicular golden pumices with a low

phenocrysts (LP) content. This is the lower portion of

the Sciara del Fuoco Formation, and is correlated with

the so-called Upper Sequence(18,19) which is recognized

in several trenches along the north-eastern flank of

Stromboli, immediately above M. Pilato tephra layer

(AD 776). The age of M. Pilato defines the onset of the

present-day activity of Stromboli(19).

Strombolian fallout

eruption units related to

the persistent or

quasi-persistent,

rhythmic explosive

activity of the summit

craters.

SHO Bas to

(subordinately) HK

Bas. LP Pumices

have K2O lower

than HP scoriae.

,AD 77619

Le Roccette

Formation (rc)

Succession of metre-thick, poorly vesicular grey to black

lava flows with scoriaceous carapaces reaching a

maximum thickness of 35 m. They crop out in the area

of Bastimento–Le Roccette with a gently-dipping to

subhorizontal bedding attitude in lateral contact on the

border of the sector collapse sc5b, overflowing the

collapse rim near Le Roccette. One of these lava flows is

correlated with the so-called Sciara del Fuoco lava

overflow and is therefore dated at AD 1350(1) and

AD 1264–1418(20) by magnetostratigraphy. These

lava flows are directly cross-cut by the sector

collapse sc7a.

Effusive activity of the

summit vent(s) during

the present-day activity.

SHO Bas AD 1264–1418(20)

AD 1350 + 60(1)

Fossetta

Formation (fo)

Succession of poorly vesicular, dark-grey to black lava

flows (metre-thick) with autoclastic blocky carapaces

reaching a total thickness of more than 30 m. They crop

out with a subhorizontal bedding attitude in the sector of

Fossetta (Fossetta lava11), to the SW of the present

craters, unconformably overlying the Pizzo o Sopra la

Fossa Formation pyroclastic products. These lava flows

fill the morphological depression produced by the

coalescent sector collapses sc3 and sc5a and are directly

cross-cut by the sector collapse sc7b. These lava flows

have the same composition of the major NE-trending

vertical dyke (corresponding to DAB3 of Corazzato

et al. 2008) emerging in the area of Fossetta from the

cover of present-day scoriae and cutting the Pizzo

products.

Effusive activity of the

summit vent(s) during

the present-day activity.

The NE–SW dyke

(DAB3) is considered as

one of the feeder dykes

of this activity.

HK Bas

SCIARA DEL FUOCO SYNTHEM–FILI DI BARAONA SUBSYNTHEM

(ERUPTIVE EPOCH 6c)

Active craters lithosome (present-day activity)

Sciara del Fuoco

Formation (sf)

Scoriaceous products related to the present-day activity of

the summit craters situated at elevations of 750 m at the

top of the Sciara del Fuoco depression. They mostly

consist of dark-grey to black loose highly-porphyritic

(HP) scoriaceous ashes, lapilli and blocks, with

scoriaceous bombs and large flattened spatter clasts

(cow-dungs). Overall, these products are mostly confined

within the Sciara del Fuoco collapse scar and in the

area around the active craters. Lapilli-tuff layers with

coexisting HP black scoriae and golden pumices

with a low phenocryst content (LP) are widely

recognized, together with layers of welded spatter

clasts mostly distributed along the sides of Sciara del

Fuoco. The major paroxysms occurred in the 16–17th

centuries (2,21) and the 20th century (1907, 1920, 1930

Strombolian fallout

eruption units related to

the persistent or

quasi-persistent,

rhythmic explosive

activity of the summit

craters (present-day

activity). The

widespread spatter

layers and the

pumiceous-scoriaceous

deposits record the

higher-energy eruptions

(paroxysms).

SHO Bas to

(subordinately)

HK Bas

AD 1631–173020

to the present

(Continued )
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Table 13A.2. Continued

Unit Lithological features Interpretation Petrochemistry Age (ka)

and 1944). A layer of spatter clasts unconformably

sealing the rim of the sector collapse sc7a in the area of

Le Roccette is dated to AD 1631–1730 (20). Within the

Sciara del Fuoco collapse, the scoriaceous products of

this unit are repeatedly interlayered with thin, laterally

extensive, pahoehoe to aa-type, dark-grey black lava

flows that frequently give rise to lava flow fields, at

times reaching the seashore and forming lava deltas. The

latest lava flows are subdivided in two time intervals

(sf1 ¼ 1941–44, 1949–52, 1954, 1956, 1958, 1959,

1967, 1975, 1985–86; sf2 ¼ 2002–2003, 2007, 2010),

and are displayed in the map by the year of formation.

Rina Grande

Formation (rg)

Volcaniclastic deposits made up of loose black ashes and

lapilli, frequently with a yellowish alteration patina.

They crop out as thin sheets widely distributed along the

slopes of Stromboli and reach maximum thickness of

several metres in the areas of preferential accumulation

in the morphologic amphitheater of Rina Grande, within

the valleys of Le Schicciole and Portedduzza and behind

the Stromboli village. They also form the material

supplying the typical black sandy narrow beaches of

Stromboli in the areas of Le Schicciole, Scari,

Ficogrande and Piscità. Scattered loose pumiceous lapilli

are intercalated in the area of Le Mandre, particularly in

the vicinity of Osservatorio Geofisico.

Distal strombolian fallout

deposits related to the

present-day activity,

mostly wind-drifted and

variously reworked

along steep slopes.

cf. Sciara del Fuoco

Formation

AD 1631–1730

to the present

Labels conform to the mapped units (cf. Lucchi et al. 2013a): V.ne ¼ valley. Abbreviations: PDC, pyroclastic density current. Composition: HK, high-K; SHO, shoshonitic series; Tra, trachyte; Lat, latite; Sho, shoshonite; Bas,

basalt; Bas-And, basaltic-andesite; And, andesite; Rhy, rhyolite. Mineralogy: pl, plagioclase; px, pyroxene; cpx, clinopyroxene; kf, k-feldspar; amp, amphibole; bt, biotite; ol, olivine; lc, leucite; ac, acmite. Composition and

mineralogy conform to present work (general framework). Compositional groups for the Neostromboli period (Liscione Synthem) conform to Figure 13.9. References cited: (1) Arrighi et al. 2004; (2) Bertagnini et al.

(2011); (3) Bertagnini & Landi (1996); (4) Bertagnini A. and Rosi M., personal communication 2009; (5) Calvari et al. 2011; (6) Condomines & Allègre 1980; (7) Foeken et al. 2009; (8) Gillot 1987; (9) Gillot & Keller

1993; (10) Giordano et al. 2008; (11) Hornig-Kjarsgaard et al. 1993; (12) Lucchi et al. 2008; (13) Petrone et al. 2006; (14) Petrone et al. 2009; (15) Porreca et al. 2006; (16) Quidelleur et al. 2005; (17) Rosi 1980a, b; (18)

Rosi et al. 2000; (19) Rosi et al. 2013; (20) Speranza et al. 2008; (21) Speranza et al. 2004; (22) Zanchetta et al. 2011. Ages in brackets are considered to be uncertain (they are either inconsistent with other more precise

radiometric ages in our stratigraphic framework or not attributable with certainty to any litostratigraphic units). Correlation of stratigraphic units: (a) Forni et al. 2013.
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L. FRANCALANCI ET AL.464

Table 13A.3. Representative geochemical data of the Strombolicchio to Paleostromboli III products from Stromboli

Synthem Paleo-Stromboli Informal Unit Serro Barabba

Subsynthem

Lithosome Str.cchio Paleostromboli I Paleostromboli II

Sample STR STR STR STR STR STR STR STR

144 64 105 106 26 102–1/2011 6 8

Map symbol sr ma pe pe vm pt lr lr

Formation Str.cchio Malpasso La Petrazza Vallone

Monaco

LaPetrazza-2 Lower Rina

Series CA HKCA HKCA HKCA HKCA HKCA CA-HKCA CA-HKCA

Data source 1 M:1 T,Is:3 M:1 T,Is:3 M:1 T,Is:3 2 þ 2 2

SiO2 53.93 58.48 60.48 53.99 53.39 50.78 54.29 52.94

TiO2 0.77 0.84 0.76 0.94 0.86 0.93 0.76 0.79

Al2O3 17.17 17.39 15.96 16.94 17.71 16.91 18.23 18.53

Fe2O3 3.21 2.19 2.65 3.82 3.14 – 2.04 2.20

FeO 4.00 4.07 3.15 4.00 4.07 8.13 4.96 5.11

MnO 0.15 0.14 0.14 0.16 0.15 0.172 0.14 0.15

MgO 6.13 3.31 2.31 3.64 5.77 5.67 5.34 5.36

CaO 9.65 7.05 5.61 8.25 9.12 10.64 9.05 9.55

Na2O 2.59 3.26 3.28 2.89 2.71 2.18 2.68 2.86

K2O 1.33 2.60 2.81 1.96 2.43 1.84 1.78 1.80

P2O5 0.18 0.25 0.23 0.25 0.27 0.27 0.19 0.21

LOI 0.83 0.35 2.54 3.11 0.33 0.48 0.49 0.43

Sum 99.94 99.93 99.92 99.95 99.95 98.89 99.95 99.93

Li – 16.6 16.9 16.8 – – – –

Sc 34.0 14.2 10.0 17.6 – 28 – –

V – 175 137 185 – 271 – –

Cr 226 – – – – 70 – –

Co 34 17.0 12.4 21.0 – 31 – –

Ni 55 7.6 4.1 11.6 51 30 34 32

Rb 39 65.6 79.2 61.3 65 56 48 51

Sr 427 581 426 536 653 711 636 635

Y 22 26.5 25.2 25.7 40 21 22 22

Zr 106 180 198 156 115 120 118 129

Nb 9 19.2 17.3 15.1 32 11 15 20

Cs – 4.3 5.5 4.0 – 2.3 – –

Ba 328 777 797 681 874 514 665 637

La 26 40 35.2 31.9 – 37.1 – –

Ce 49 78.1 67.2 61.8 94 73.8 66 65

Pr – 9.0 7.6 7.3 – 8.2 – –

Nd 27 34.7 28.5 28.5 – 31.9 – –

Sm 4.6 6.5 5.3 5.7 – 6.1 – –

Eu 1.3 1.65 1.38 1.52 – 1.6 – –

Gd – 6.6 5.7 5.9 – 5.5 – –

Tb 0.58 0.86 0.76 0.80 – 0.8 – –

Dy – 4.8 4.4 4.5 – 4.3 – –

Ho – 0.92 0.87 0.90 – 0.8 – –

Er – 2.7 2.61 2.63 – 2.3 – –

Tm – 0.38 0.38 0.37 – 0.33 – –

Yb 2.1 2.51 2.56 2.43 – 2.2 – –

Lu 0.39 0.40 0.41 0.39 – 0.35 – –

Hf 2.6 4.32 4.68 3.72 – 3 – –

Ta 0.6 0.95 0.90 0.74 – 0.6 – –

Pb – 14.6 16.2 12.9 – 11 – –

Th 6.9 16.5 17.9 13.8 – 9.5 – –

U – 4.0 4.7 3.7 – 2.2 – –
87Sr/86Sr 0.705370 0.705821 0.705795 0.705776 – 0.706091 0.705210 –

2s 0.000008 0.000006 0.000007 0.000007 0.000005 0.000008
143Nd/144Nd 0.512561 0.512566 0.512591 0.512590 – – – –

2s 0.000009 0.000004 0.000004 0.000004
206Pb/204Pb – 18.988 18.994 19.024 – – – –

2s 0.004 0.004 0.002
207Pb/204Pb – 15.671 15.676 15.680 – – – –

2s 0.004 0.004 0.002
208Pb/204Pb – 39.059 39.076 39.117 – – – –

2s 0.004 0.004 0.003

 at Instituto Nazionale Di Geofisica e Vulcanologia on February 11, 2014http://mem.lyellcollection.org/Downloaded from 

http://mem.lyellcollection.org/
http://mem.lyellcollection.org/


Serro Barabba V.ne di Rina

Malo Passo Cugno Aghiastro

Paleostromboli II Paleostromboli III

STR STR ST STR ST STR STR ST STR STR

123 143 154 76–2009 1011 162 131 1012 27 33

om om ri vrn ml rn vri vri caa sc

L’Omo Rina-Malo

Passo

V.ne

Rina

Malo

Passo

Middle

Rina

Upper Vallone di Rina Cavoni Scari

CA CA SHO CA-HKCA HKCA HKCA HKCA SHO SHO SHO

M:1 T,Is:3 M:1 T,Is:3 4 þ 4 M:2 T,Is:3 M:1 T,Is:3 4 M:1 T,Is:3 2

55.13 55.58 55.69 53.86 51.68 56.41 52.47 53.45 53.05 50.84

0.68 0.67 0.93 0.74 0.90 0.85 0.85 0.92 0.96 1.02

16.01 16.08 18.25 15.59 19.93 18.37 17.64 19.39 18.34 16.73

1.73 1.92 2.44 – 3.96 1.81 2.44 3.35 1.77 4.02

5.84 5.31 3.99 8.07 3.68 4.56 4.88 3.98 5.68 5.15

0.15 0.15 0.15 0.19 0.13 0.14 0.15 0.14 0.15 0.17

6.47 6.47 2.28 5.68 3.72 3.64 6.63 3.05 5.13 5.64

9.20 9.02 6.08 10.11 10.13 7.11 9.24 8.69 8.54 10.49

2.31 2.35 3.89 2.34 2.85 3.26 2.61 3.21 2.89 2.31

1.43 1.63 3.59 1.51 2.16 3.07 2.02 2.91 2.68 1.99

0.19 0.23 0.50 0.15 0.38 0.31 0.29 0.38 0.39 0.39

0.81 0.54 1.98 0.86 0.45 0.43 0.75 0.48 0.37 1.19

99.95 99.95 99.77 99.10 99.97 99.96 99.97 99.95 99.95 99.94

11.6 11.6 – – – 15.1 11.5 – 13.6 –

28.9 29.6 15 24 17 15.1 25.8 19 19.7 –

198 203 172 220 274 168 210 249 190 –

– – – 255 12 – – 9 –

25.2 25.8 21 28 21 18.6 26.7 27 20.8 –

42.0 51.7 – 67 19 13.1 55.2 11 25.9 44

46.5 46.2 104 54 58 89.2 64.3 88 82.1 64

543 551 669 526 738 622 612 679 632 665

19.3 19.2 31 14 25 28.6 26.1 26 28.3 30

107 108 238 87 151 207 150 182 180 166

9.31 9.86 23 16 15 23 16.8 17 20.2 20

2.2 1.6 – – – 4.2 1.5 – 4.0 –

520 524 1430 544 750 976 737 886 872 881

22.5 23.2 83 31 46 43.2 34.8 64 41.9 –

43.7 44.7 134 55 91 81.9 67.6 114 81 91

5.2 5.4 – – – 9.5 8.1 – 9.6 –

20.7 21.1 47 – 27 35.9 32 43 37.2 –

4.2 4.2 – – – 6.8 6.2 – 7.1 –

1.15 1.17 – – – 1.67 1.62 – 1.82 –

4.4 4.5 – – – 7.0 6.5 – 7.3 –

0.60 0.60 – – – 0.91 0.85 – 0.96 –

3.4 3.4 – – – 5.0 4.7 – 5.2 –

0.67 0.66 – – – 0.97 0.90 – 1.01 –

1.97 1.95 – – – 2.87 2.61 – 2.93 –

0.28 0.27 – – – 0.41 0.36 – 0.40 –

1.83 1.8 – – – 2.69 2.34 – 2.68 –

0.29 0.28 – – – 0.42 0.37 – 0.42 –

2.65 2.65 – – – 4.82 3.59 – 4.42 –

0.48 0.51 – – – 1.21 0.84 – 1.04 –

9.02 8.47 – – – 17.7 13.5 – 15.5 –

8.4 8.9 – – – 22.6 14.1 – 17.1 –

2.2 2.4 – – – 5.8 3.5 – 4.3 –

0.705374 0.705094 – – – 0.706273 0.706071 0.706110 0.706096 –

0.000006 0.000006 0.000006 0.000007 0.000060 0.000008

0.512560 0.512604 – – – 0.512524 0.512538 – 0.512538 –

0.000004 0.000004 0.000004 0.000004 0.000005

19.063 19.029 – – – 19.126 19.121 – 19.121 –

0.003 0.002 0.005 0.003 0.004

15.688 15.675 – – – 15.684 15.686 – 15.686 –

0.003 0.003 0.005 0.003 0.004

39.137 39.100 – – – 39.139 39.144 – 39.143 –

0.003 0.004 0.005 0.004 0.004
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Synthem Frontone Liscione

Subsynthem Guardiani Serro M. Gramigna Filo del Fuoco Punta dei Corvi

Lithosome Vancori Neostromboli Timpone V. Vecchia

Sample STR STR STR STR STR STR STR STR

158 52 34 57 86B-10 87 4 116

Map symbol pd cv2 va1 fr ro ff tf vv

Formation Portedduzza Costa San

Vincenzo

I Vancori Frontone Roisa Filo del

Fuoco

Timpone

del Fuoco

Vigna

Vecchia

Series SHO SHO SHO SHO SHO KS KS KS

Data source M:1 T,Is:3 M:1 T,Is:3 M:1 T,Is:3 1 þ M:2 T,Is:3 M:1 T,Is:3 M:2 T,Is:3

SiO2 50.05 54.09 65.03 55.62 51.21 51.85 51.93 52.25

TiO2 0.93 1.02 0.57 0.81 0.92 0.96 0.90 0.95

Al2O3 18.61 18.78 15.95 17.84 17.94 17.00 17.45 16.49

Fe2O3 3.46 2.84 1.78 1.80 2.58 1.26 2.39

FeO 4.80 4.68 2.32 4.84 7.79 5.27 6.03 5.52

MnO 0.15 0.14 0.15 0.15 0.16 0.14 0.14 0.15

MgO 6.13 2.81 1.15 3.81 4.49 5.80 5.93 5.31

CaO 10.17 8.25 3.11 7.28 8.34 9.41 8.76 9.28

Na2O 2.43 3.11 4.28 2.89 2.69 2.18 2.18 2.27

K2O 1.94 2.98 4.35 3.50 2.86 3.79 4.63 3.98

P2O5 0.37 0.63 0.23 0.43 0.51 0.49 0.50 0.76

LOI 0.91 0.58 1.02 0.99 2.53 0.48 0.23 0.60

Sum 99.95 99.91 99.94 99.96 99.44 99.95 99.94 99.95

Li 9.32 14 24.8 – – 10.4 10.7 10.7

Sc 26.2 12.2 4.0 – 24.0 26.5 26.2 25.4

V 216 199 41 – 241 208 199 201

Cr – – – 20 – 140 –

Co 27.9 18.0 3.7 – 28 25.4 24.7 25.1

Ni 40.5 9.6 1 24 20 43.1 32.5 32.3

Rb 58.3 70.2 105 114 86 128 146 117

Sr 668 727 400 661 678 714 781 804

Y 26.1 30.3 25.1 42 28 27.1 26.4 26.8

Zr 131 212 275 244 181 186 190 196

Nb 16.6 24.3 32.4 27 23 24.2 26 25.5

Cs 2 4 8 – 6 3 8 10

Ba 845 1020 1390 1565 1292 1460 1590 1660

La 36.9 45 38.8 – 54.5 40.8 43.7 44.9

Ce 71.4 90.5 83.2 120 110 83.3 90.6 91.9

Pr 8.9 10.9 8.9 – 12.0 10.4 11.6 11.7

Nd 35.1 43.7 33 – 47.5 42.1 47.6 47.8

Sm 6.8 8.5 6.0 – 9.6 8.6 9.9 9.8

Eu 1.77 2.2 1.53 – 2.3 2.17 2.42 2.39

Gd 7.0 8.5 6.1 – 7.9 8.4 9.2 9.2

Tb 0.89 1.09 0.83 – 1.1 1.05 1.11 1.10

Dy 4.8 5.7 4.7 – 5.7 5.3 5.4 5.3

Ho 0.91 1.07 0.94 – 1.1 0.95 0.96 0.94

Er 2.53 3.06 2.89 – 3.0 2.65 2.6 2.61

Tm 0.35 0.42 0.43 – 0.4 0.35 0.34 0.34

Yb 2.22 2.69 2.94 – 2.8 2.27 2.19 2.17

Lu 0.35 0.42 0.48 – 0.44 0.34 0.33 0.33

Hf 3.2 4.88 7.09 – 4.0 4.54 4.84 4.79

Ta 0.78 1.20 1.47 – 1.2 1.26 1.39 1.18

Pb 12.6 17.5 23.4 – 23.0 20.6 20.6 24.6

Th 13.3 19 24.4 – 19.1 19.1 21.2 22.2

U 3.4 4.8 6.5 – 5.4 5.6 6.5 6.7
87Sr/86Sr 0.706041 0.705815 0.706050 0.706590 0.706537 0.707222 0.707544 0.707543

2s 0.000006 0.000006 0.000006 0.000009 0.000006 0.000007 0.000007 0.000006
143Nd/144Nd 0.512556 0.512587 0.512562 – – 0.512491 0.512464 0.512460

2s 0.000005 0.000005 0.000005 0.000004 0.000004 0.000004
206Pb/204Pb 19.066 19.130 19.146 – – 19.085 19.201 19.086

2s 0.005 0.004 0.003 0.002 0.005 0.002
207Pb/204Pb 15.673 15.685 15.682 – – 15.685 15.685 15.686

2s 0.005 0.004 0.004 0.002 0.005 0.002
208Pb/204Pb 39.079 39.147 39.144 – – 39.128 39.172 39.132

2s 0.005 0.005 0.004 0.003 0.005 0.002

Notes: Abbreviations – Names of the stratigraphic units: Str.cchio, Strombolicchio; Vallone Monaco, Vallone del Monaco; Rina–Malo Passo, Vallone di Rina–Malo Passo; V.ne Rina, Vallone di Rina; Middle Rina, Middle

Vallone di Rina; Serro M., Serro Monaco; V. Vecchia, Vigna Vecchia; P. Front, Punta Frontone; Cannestrà, Nel Cannestrà, Timpone, Timpone del Fuoco. Adorno, Serro Adorno. Magmatic series: CA, calc-alkaline; HKCA, high-

K calc-alkaline; SHO, shoshonitic; KS, potassic. Lithotypes of the present-day activity: P, pumice; S, scoria; L, lava. Data source: M, Major elements; T, Trace elements; Is: Isotopes. References: 1, Francalanci et al. 1989; 2,

Francalanci et al. 1993a, b; 3, Tommasini et al. 2007; 4, Hornig-Kjarsgaard et al. 1993; 5, Francalanci et al. 2004; 6, Landi et al. 2006; 7, Francalanci et al. 2008; 8, Landi et al. 2009; þ , new data from the present study (major and

trace elements were analysed at the Actlabs labs of Ancaster, Ontario, Canada, by ICP and ICP/MS and Sr isotopes at the Dipartimento di Scienze della Terra, Università di Firenze by TIMS).

Table 13A.3. Representative geochemical data of the Vancori to Active-Craters products from Stromboli (Continued)
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Liscione Sciara del Fuoco

Punta dei Corvi P. Front Bastimento Fili di Baraona

Cannestrà Vallonazzo Adorno San Bartolo Active Craters (present-day activity)

STR STR STR STR STR STR STR STR STR STR

76 62 20 72 9/96d 9/96e 281202c 050403k 150307A 020407

nc vn sa sb sf-P-1996 sf-S-1996 L-2003 sf-P-2003 sf-P-2007 L-2007

Nel

Cannestrà

Vallonazzo Serro

Adorno

San Bartolo Sciara del Fuoco

KS KS KS HKCA SHO SHO SHO SHO SHO SHO

M:1 T,Is:3 M:1 T:3,þIs:3 M:2 T,Is:3 M:1 T,Is:3 M,Is:5 T,Is:3 M,Is:5 T,Is:3 6 7 8 þ Is: 8

51.80 55.43 51.94 52.24 48.59 49.52 49.80 49.77 49.15 50.41

0.97 0.89 0.92 0.76 0.99 0.96 0.98 0.98 0.92 0.92

17.68 18.22 17.68 17.82 16.31 18.07 18.15 16.85 17.53 17.17

3.03 1.86 3.32 1.34 3.60 2.87 5.37 3.03 1.34 1.00

5.07 4.72 4.19 6.00 5.75 6.00 3.15 5.76 6.72 6.72

0.16 0.13 0.14 0.14 0.18 0.17 0.16 0.17 0.16 0.15

4.81 3.31 5.48 6.80 7.84 6.08 6.48 6.86 6.39 6.18

8.67 7.06 8.80 10.14 12.21 11.21 10.60 11.67 11.61 11.18

2.56 2.63 2.44 2.09 2.05 2.49 2.51 2.47 2.53 2.52

3.51 4.87 4.05 1.74 1.68 2.08 2.19 1.77 1.88 2.16

0.69 0.51 0.54 0.24 0.37 0.38 0.40 0.37 0.56 0.60

1.00 0.31 0.43 0.64 0.43 0.17 0.21 0.30 0.99 0.61

99.95 99.94 99.93 99.95 100.00 100.00 100.00 100.00 99.76 99.62

13.8 14 11.1 8.95 8.26 10.7 – – – –

22.2 14.7 24.6 29.0 29.6 26.8 30.0 29.0 – 30.0

205 162 200 203 230 227 252 273 255 274

34 34 – – – – 53 31 50 40

25.7 17.8 23.5 26.9 28.7 27.9 31 34 31.5 28

25.6 15.3 29.7 59 36.4 35.1 35 34 45 40

126 184 120 60.7 57.9 74.7 61 48 54.8 64

955 797 887 495 746 762 785 829 679 711

30.8 26 28.3 20.6 25.8 27 26 25 24 26.4

216 217 194 109 147 173 154 132 138 159

35.8 32 29.9 12.4 18.6 23.2 22 18 14.9 19.6

10 9 8 4 4 5 5 4 3 4

2050 1728 1790 775 896 1050 950 825 843 960

54.5 58.1 49.5 23.8 34.5 41.3 46.5 41.1 40.1 46

104 113 93.3 47.6 71.2 82.5 103 91.1 81.3 90.6

13.5 13.2 12.6 5.8 8.9 10.1 12.1 11.1 – 10.3

54.4 47.6 50.5 23.1 36.7 40.6 46 42.6 38.2 40.7

10.6 9.2 10.1 4.8 7.3 8.0 9.1 8.3 7.7 7.9

2.73 2.08 2.62 1.32 1.98 2.1 2.43 2.40 2.08 2.22

10.3 7.4 9.7 5.0 7.5 8.0 7.5 7.0 – 6.9

1.24 1 1.18 0.68 0.94 1.00 1.14 1.07 0.88 1.00

6.1 5.1 5.8 3.8 5.0 5.2 5.6 5.4 – 5.2

1.07 0.9 1.02 0.73 0.91 0.952 1.06 1.01 – 0.93

2.97 2.5 2.79 2.09 2.53 2.69 2.81 2.71 – 2.63

0.38 0.38 0.36 0.29 0.33 0.355 0.385 0.361 – 0.381

2.46 2.4 2.32 1.92 2.14 2.30 2.58 2.49 2.16 2.40

0.38 0.38 0.36 0.30 0.33 0.36 0.39 0.38 0.33 0.34

5.13 4.7 4.7 2.69 3.39 3.96 4.0 3.5 3.31 3.6

1.99 1.7 1.67 0.65 0.97 1.23 1.6 1.4 1.03 1.14

32.6 30 25.2 13.3 14.7 17.7 23 20 – 17

23.2 25.3 20.7 11.6 12.5 17.2 16.5 13.0 12.1 14.7

6.2 7.9 6.2 3.2 3.3 4.7 4.1 3.2 3.1 3.7

0.706625 0.707274 0.706825 0.706252 0.706105 0.706165 0.706154 0.706098 0.706140 0.706153

0.000007 0.000008 0.000006 0.000006 0.000006 0.000007 0.000006 0.000007 0.000006 0.000007

0.512513 0.512485 0.512504 0.512558 0.512573 0.512563 0.512558 0.512567 0.51256 0.512549

0.000005 0.000004 0.000005 0.000005 0.000004 0.000004 0.000004 0.000004 0.000004 0.000004

19.084 19.039 19.099 19.019 19.178 19.073 – – – –

0.002 0.002 0.002 0.002 0.008 0.004

15.686 15.684 15.691 15.681 15.672 15.676 – – – –

0.002 0.003 0.002 0.003 0.008 0.005

39.130 39.126 39.128 39.116 39.125 39.091 – – – –

0.003 0.004 0.003 0.003 0.008 0.007
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Bertagnini, A., Métrich, N., Francalanci, L., Landi, P., Tommasini,
S. & Conticelli, S. 2008. Volcanology and magma geochemistry
of the present-day activity: constraints on the feeding system.
In: Calvari, S., Inguaggiato, S., Puglisi, G., Ripepe, M. & Rosi,
M. (eds) The Stromboli Volcano. An Integrated Study of the 2002–
2003 Eruption. AGU, Washington, Geophysical Monograph, 182,
19–37.

Bertagnini, A., Di Roberto, A. & Pompilio, M. 2011. Paroxysmal
activity at Stromboli: lessons from the past. Bulletin of Volcanology,
73, 1229–1243.

Bosman, A., Chiocci, F. & Romagnoli, C. 2009. Morpho-structural
setting of Stromboli volcano revealed by high-resolution bathymetry
and backscatter data of its submarine portions. Bulletin of Volcanol-
ogy, 71, 1007–1019.

Calvari, S., Spampinato, L. et al. 2005. Chronology and complex vol-
canic processes during the 2002–2003 flank eruption at Stromboli
volcano (Italy) reconstructed from direct observations and surveys
with a handheld thermal camera. Journal of Geophysical Research,
110, B02201.

Calvari, S., Lodato, L., Steffke, A., Cristaldi, A., Harris, A. J. L.,
Spampinato, L. & Boschi, E. 2010. The 2007 Stromboli eruption:
event chronology and effusion rates using thermal infrared data.
Journal of Geophysical Research, 115, B04201.

Calvari, S., Branca, S. et al. 2011. Reconstruction of the eruptive
activity on the NE sector of Stromboli volcano: timing of flank erup-
tions since 15 ka. Bulletin of Volcanology, 73, 101–112.

Casalbore, D., Romagnoli, C., Chiocci, F. L. & Frezza, V. 2010.
Morpho-sedimentary characteristics of the volcaniclastic apron
around Stromboli volcano (Italy). Marine Geology, 269, 132–148.

Chappell, J. & Shackleton, N. J. 1986. Oxygen isotopes and sea level.
Nature, 324, 137–140.

Chiocci, F. L. & Romagnoli, C. 2004. Terrazzi deposizionali sommersi
nelle Isole Eolie. In: Chiocci, F. L., D’Angelo, S. & Romagnoli, C.
(eds) Atlante dei terrazzi deposizionali sommersi lungo le coste ita-
liane. Memorie Descrittive della Carta Geologica d’Italia, Istituto
Poligrafico dello Stato, Roma, Italy, 58, 81–114.
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