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ABSTRACT: The peninsular and insular ltaly are punctuated by Quaternary volcanoes and their rocks constitute an important
aliquot of the Italian Quaternary sedimentary successions. Also away from volcanoes themselves, volcanic ash layers are a
common and frequent feature of the Quaternary records, which provide us with potential relevant stratigraphic and chronological
markers at service of a wide array of the Quaternary science issues. In this paper, a broad representation of the Italian volcano-
logical community has joined to provide an updated comprehensive state of art of the Italian Quaternary volcanism. The eruptive
history, style and dynamics and, in some cases, the hazard assessment of about thirty Quaternary volcanoes, from the north-
ernmost Mt. Amiata, in Tuscany, to the southernmost Pantelleria and Linosa, in Sicily Channel, are here reviewed in the light of
the substantial improving of the methodological approaches and the overall knowledge achieved in the last decades in the vol-
canological field study. We hope that the present review can represent a useful and agile document summarising the

knowledege on the Italian volcanism at the service of the Quaternary community operating in central Mediterranean area.
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1. INTRODUCTION (S.C.,B.G.,P.P.)

Volcanic products undoubtedly represent an im-
portant part of the Quaternary deposits in Italy. For this
reason, we have decided to take the opportunity offered
by the INQUA conference to be held in Rome in 2023 to
present a review of the state of the art and knowledge of
the Italian Quaternary volcanism. A few remarks should
be made to explain why we felt the need to do this.

The activity of the Italian Quaternary volcanoes
during the last century has been the subject of intense
investigations, although at first the main focus was on
mineralogical-petrographical-magmatological ~ aspects
other than on the strictly volcanological ones. It was
probably in the decade 1980-1990, with the publication
ne sgd g drPtogetor FinalizzatosGgabinaBicat

of the Italian National Research Council (CNR), that
monographic works were published on some volcanic
areas, such as the Neapolitan volcanoes or Etna, which,
in addition to the petrographic features, proposed a
systematic study of the stratigraphic aspects of the
products, mapping their distribution and thus providing a
reconstruction of their eruptive history (e.g., Santacroce,
1987 for Somma-Vesuvio, Rosi & Sbrana, 1987 for
Campi Flegrei, Vezzoli, 1988 for Ischia, Romano et al.,
1979 for Etna, etc.).

Since then, and especially in the last two decades,
this reconstruction has been progressively refined due
to the improved knowledge of volcanic history and stra-
tigraphy, in particular thanks to the Cartografia geologi-
ca e geotematica (CARG) project (e.g. Groppelli & Vi-
ereck-Goette, 2010), dedicated to updating the geologi-
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Fig. 1 - Location of the Italian Quaternary volcanoes with indication of the time interval of activity (Ma, unless differently indicated).
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cal mapping of the Iltalian territory. A multidisciplinary
approach (stratigraphic, geomorphological, geochemical)
allowed the reconstruction of the time-space history of
most of the Italian Quaternary volcanic areas, which has
been furthered by the increased ability to obtain reliable
“OAr/*°Ar ages on both pyroclastic deposits and lavas. In
fact, the significant technological developments of noble
gas mass spectrometers over the last decade (Mixon et
al., 2022), have improved the effectiveness of the meth-
od and the possibility of getting accurate and high-
precision *°Ar/*°Ar dating allowing a detailed and robust
reconstruction of the eruptive history. This has been
made possible and facilitated by the peculiar potassic
nature of the magmas feeding the peri-Tyrrhenian potas-
sic Quaternary volcanoes (e.g., Peccerillo, 2017), which
generated products bearing K-rich minerals (e.g., sani-
dine and leucite), ideal for direct “°Ar/**Ar dating. Further-
more, with regard to the explosive activity, the great deal
of tephrostratigraphic research on distal stratigraphic
successions, i.e., located tens to thousands of km from
the volcanic sources, substantially contributed to in-
crease the knowledge on the recurrence, temporal extent
and dynamics of explosive activity, providing integrative
information that are difficult to detect in the proximal are-
as (e.g., Monaco et al.,, 2021, 2022a; Leicher et al.,
2023). Finally, the last twenty years have seen an in-
crease in research aimed at evaluating volcanic risk in
areas of active volcanism, with particular reference to
hazard assessment based on knowledge of past eruptive
history (e.g., Cioni et al., 2003; Lirer et al., 2010; Del
Negro et al., 2013; Bevilacqua et al., 2022 and refer-
ences therein).

Given these premises, it seemed important to gath-
er the contributions of various members of the Italian
volcanological community in order to present an updated
review on the ltalian Quaternary volcanoes. To empha-
size the volcanological aspects over the petrographic-
magmatological ones as companion papers we deliber-
ately decided to not adopt the division into magmatic
provinces (see Conticelli et al., 2010, 2015a; Peccerillo,
2017; and references in these papers and book) but to
list the Italian Quaternary volcanoes in a simple and neu-
tral geographical way, starting the from Tuscany and
then moving southward on to those located in Lazio,
Campania, Tyrrhenian Sea and Sicily (Fig. 1).

For each volcanic area or volcano dealt with, a
summary of the eruptive history is proposed, focusing on
the dynamics in relation to time, with emphasis on the
most recent researches, and shortly mentioning the
chemistry of the products. For the active volcanic areas,
particularly those exposed to higher risk, information is
also given on the state of hazard and risk assessment
research.

We hope that this paper will be a valid support for
the studies of the Quaternary community, which very
often has to deal with the eruptive history of the Italian
volcanoes and for which it is extremly necessary to have
an agile, exhaustive and up-to-date general framework.

2. GEODYNAMIC FRAMEWORK OF QUATERNARY
VOLCANIC ACTIVITY IN ITALY (S.C., B.G., P.P.)

The Tyrrhenian Sea is one of the most geologically
complex areas in the world (Faccenna et al., 2001b;
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Cavazza et al., 2004; Beltrando et al., 2010). The rea-
sons for this complexity are mainly linked to its role in the
convergence of the African and European plates, which
starting from the Cretaceous to the Present time, has led
to the formation of two orogenic belts (Alpine and Apen-
nine Chain) and several back-arc basins of progressively
younger age moving from W to E in the western Mediter-
ranean (Sartori, 2003). Magmatic processes are integral
part of this geodynamically complex region and punctuat-
ed all stages of its evolution. In the initial stages this ac-
tivity was concentrated in the Alps (e.g., Conticelli et al.,
2009b, 2010; Alagna et al., 2010) along the margins of
the colliding plates and, to a lesser extent, within the
Africa-Adria plate. The last phase of this complex geody-
namic magmatic pattern began in the Upper Eocene-
Oligocene and is still on-going. This is coeval with the
formation of the Apennine-Maghrebian chain, and the
opening of the western Mediterranean basin (Lustrino et
al., 2011; Di Capua et al., 2016), and has therefore been
gdedqgqgdc sn Tr 9sgd
2017). Opening of slab tears and incipient slab detach-
ment also occurred in the late evolution of the Apennine
orogen, favouring the channelling of intra-plate volcanism
that mixed with the orogenic one during the final stage of
Vulture volcanism (e.g., Faccenna et al., 2001a, 2001b,
2004; Avanzinelli et al., 2008, 2009; Conticelli et al.,
2009b). The Apennine orogen has been subject to back-
arc extension since the Late Miocene due to the rapid
slab roll-back of the Calabrian block (Malinverno & Ryan,
1986), which has produced two major extensional basins
in the abyssal plain of the Tyrrhenian Sea, the Vavilov
and the Marsili basins, located at north-west and south-
east portions of the Southern Tyrrhenian basin, respec-
tively (Marani and Gamberi, 2004). The opening of the
Marsili back-arc basin also coincides with the formation
of the Aeolian volcanic arc, whose spatial evolution is
linked to the decoupling and roll-back of the slab beneath
the Calabrian Arc (Loreto et al., 2020). At the back of the
eastward migrating Apennine orogen intense extension
occurred since the Upper Miocene (Jolivet et al., 1998,
and references therein). In the central Tyrrhenian margin,
the onset of extensional tectonics can be dated at Late
Miocene, the age of syn-rift sedimentary sequences fill-
ing in the extensional basins located between the Tolfa-
Bdghsh “mc Qnbb I nmsm’
The Tyrrhenian margin of southern Italy, on the counter-
part, has been mainly characterized by Plio-Quaternary
back-arc extension, with the development of NW-SE
normal faults (Acocella and Funiciello, 2006); coeval NE-
SW transverse systems are also present. Despite the
overall NW-SE alignment of the Quaternary volcanoes
along the Tyrrhenian margin, most of them formed where
NW-SE normal faults intersect transverse NE-SW tecton-
ic lineaments which, thanks to the higher vertical depth
with respect to the NW trending features, represent a
preferential structure for magma uprising and fluids
upwelling (Acocella and Funiciello, 2002). The volcanic
edifices consist of poli-phase calderas and large ignim-
brite plateaus, which identify vast areas with negligible
topographic relief (Vulsini, Sabatini, the Vulcano Laziale -
the early edifice of the Colli Albani volcano, Campi Fle-
grei) and stratovolcanoes with summit calderas (e.g.,
Vico, Faete - the intracaldera edifice of Colli Albani, Roc-
camonfina and Vesuvius).
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Fig. 2 - a) Distribution of ultrapotassic rocks in the Central Italian region revealing the location the Torre Alfina, Radicofani and Monte
Amiata volcanoes (spots within the large rectangular shapes) and the distribution of the major magmatic potassic and ultrapotassic
events. Red spots and areas (kamafugites) and dark green spots (lamproites) mark the location sites of the most extreme endmembers of
the orogenic magmatic activity. Modified after Conticelli et al. (2010, 2013, 2015a) and Giinther et al. (2023); b): Geological sketch map of
the Torre Alfina volcano. Legend: 1) Cretaceous carbonaceous and argillaceous sedimentary rocks; 2) blocky olivine-latite lava flows, type
B; 3) low viscosity olivine-latite lava flows, type B; 4) low-viscosity olivine-latite lava flows, type A; 5) lapilli and scoriae; 6) leucite-tephrite
to leucite-phonolite Vulsini lavas; 7) leucite-phonolite to leucite-trachyte Vulsini pyroclastic rocks. Redrawn after Conticelli (1998) and

Avanzinelli et al. (2017).

3. THE CENTRAL ITALY QUATERNARY VOLCANOES

3.1. Tuscany (S.C., J.P.S.-B.)
3.1.1. General background

The oldest Potassic to Ultrapotassic volcanic rocks
of the Central Mediterranean region are found on the
western margin of the Tyrrhenian basin, distributed N-S
(Fig. 2), in Corsica at Sisco (14.1 Ma; Civetta et al.,
1978), at Capraia Island (7.5-4.6 Ma; Gasparon et al.,
2009) and at Cornacya Seamount (12.6 Ma; Mascle et
al., 2001). These are leucite-free, lamproite-like, ultrapo-
tassic rocks associated with shoshonitic and high-K calc-
alkaline volcanic rocks (Conticelli et al., 2009a). Follow-
ing the rollback of the slab and the consequent opening
of the Tyrrhenian basin, the volcanism shifted diachroni-
cally eastward, from Miocene to Pliocene, from Corsica
to Tuscany (Fig. 2) (e.g., Avanzinelli et al., 2009; Conti-
celli et al., 2010, 2015a).

In Tuscany, lamproite like, leucite-free ultrapotassic
rocks and associate shoshonitic and calc-alkalic volcanic
rocks of ultimate mantle origin are distributed on both
sides of the western shoreline of the Italian peninsula
(Fig. 2a; e.g., Peccerillo et al., 1987; Conticelli & Pecceril-
lo, 1992; Conticelli et al., 2009a, 2010, 2015; Peccerillo,
2005, 2017), and in some cases these volcanic rocks are
intimately associated, in space, but not in time, with crus-
tal-derived rhyolitic to granitic rocks (Peccerillo et al.,
1987; Conticelli et al., 2002, 2004, 2010; Conte & Dolfi,
2002).

The oldest ultrapotassic to high-K calc-alkalic igne-
ntr gnbijr ne Fugain Magmatib Prhowk d
incek€E ' Bnmshbdkkh % Odbbdghk
Island, in the archipelago between lItalian Peninsula and
Corsica with a “°Ar/**Ar age of 5.89 Ma (Conticelli et al.,
2001). These were followed by the emplacement, in the
| " hmk mc+ ne sgd U k cqoDq"
bissal minette of Montecatini Val di Cecina, emplaced at

4.1 Ma (K/Ar; Borsi et al.,, 1967), and lamproite-like
O9nqgdmchsd€&€ ne Ngbh > shbn
dykes at Campiglia (Conticelli et al., 2004), and in the
Latium region of the volcanic products of the Tolfa-
Manziana-Ceriti dome complexes (Fig. 2a) between 4.3
and 1.9 Ma (e.g., Evernden & Curtis, 1965; Fazzini et al.,
1972; Bigazzi et al., 1979; Lombardi et al., 1974; Villa et
al., 1989).

The Quaternary volcanic rocks are instead found at
Radicofani, Torre Alfina, Monte Cimino, Ponza Island
(Monte La Guardia) and in drills in the Campania region.
These leucite-free ultrapotassic, lamproite-like, to sho-
shonitic and calc-alkalic rocks were emplaced between
1.3 and 0.85 Ma (e.g., Evernden & Curtis, 1965; Nicoletti,
1969; Pasquare et al., 1983; Sollevanti, 1983; D'Orazio
et al., 1991; Laurenzi et al., 2015; Conte et al., 2016;
Nappi et al., 2022).

3.1.2. Torre Alfina monogenetic volcano

The Torre Alfina Volcano (Fig. 2b) is located a few
kilometers north of the Vulsinian district (Fig. 2; 42°
34Q0@B&M45Q30ED( "~ mc bnmr hr
erupted from a small volcanic centre, and a small neck
cropping out North of Torre Alfina castle. Torre Alfina is a
monogenetic volcano characterised mainly by lava flows
and minor Strombolian activity (Conticelli, 1998). The
Torre Alfina volcanic rocks rest directly on the sedimen-
tary substratum of the Monte Cetona horst.

The Torre Alfina lava flows were erupted at the top
of the hill and flowed partly into the canyon formed by the
Paglia river. Field characteristics indicate that they had
tow GisEdBitle§, and game lava ttunmels may beDécag-
nised in the eastern part of the vent. Two slightly different
types of lava can be also recognised. They were em-
placed contemporaneously. They have different colours,

“vésiculptioh, saddr porphyritid indexes. $hg dnosy rmafic

lava (type-A, Fig. 2b) is dark grey, almost aphyric, and

S

Bnms hbdk



The Italian Quaternary volcanism

contains abundant green ultramafic microxenoliths
2-4 cm in diameter (Conticelli & Peccerillo, 1990),
as well as a few lower crustal xenoliths of variable
size (5-10 cm) and nature (Orlando et al., 1994).
Type-B lava is the most widely represented at
Torre Alfina volcano. It is dark grey to light grey in
color, with a variable porphyritic index and vesicu-
lation, showing some flattened vesicles of a few
centimeters in length. Type-B lavas contain abun-
dant crustal xenoliths of variable size (2-30 cm),
some large (3-20 cm) magmatic mica-rich inclu-
sions, and rare green ultramafic xenoliths. Torre
Alfina lavas are leucite free ultrapotassic rocks of
lamproitic nature of ultimate mantle origin generat-
ed by low degrees of partial melting of a veined
mantle wedge at low Xco2 conditions (Conticelli et
al., 2015a).

3.1.3. Radicofani monogenetic volcano

The Radicofani volcano is a monogenetic
volcano lying within the central portion of the Radi-
cofani basin, few kilometers North of the Torre
Alfina volcano (Fig. 2b). The Radicofani basin
represents the southernmost branch of the Siena-
Radicofani graben, one of the most important post
-orogenic extensional tectonic features of the
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Fig. 3 - (a) Scoria and lapilli of the cinder cone containing the lava lake at
the roof of the neck; (b) Reddish shoshonitic lava forming the lava lake at
the roof of the neck; (c) Oxidised septum that separates shoshonitic lava
of the upper neck from the high potassium basaltic andesitic lava of the
lower neck (redrawn after Conticelli et al., 2011; Avanzinelli et al., 2022).

Northern Apennine (e.g., Pasquaré et al., 1983;
Acocella et al., 2002; Bonini & Sani, 2002). The Radico-
fani monogenetic volcano is formed by a 90 m-high well-
preserved volcanic neck, with remnants of a cinder cone
and of a lava lake at its top, and by several lava flows
(Fig. 3).

The lava flows are scattered around the neck and
lie on top of the Pliocene marine sediments (Liotta, 1996;
Disperati & Liotta, 1998; Ghinassi & Lazzarotto, 2005;
Conticelli et al., 2011). The original volcanic edifice was
made up by a cinder cone a few hundred meters high.
Today only a thin layer of red scoriae is preserved on the
edge of the top of the neck, just West of the homonym
castle. The top of the neck is made up of red vesicular
lava that becomes dense and grey downward (Fig. 3).
Columnar jointing is present in the middle and lower por-
tions of the neck in grey and dark grey aphyric to sub-
aphyric lavas. Oxidised septa dividing the different por-
tions of the neck can also be observed. Rocks of different
portions of the volcano yield radiometric ages in the
range between 1.315 Ma and 1.08 Ma (e.g., Barberi et
"k-+ 0860: O ' rpt > qa ds "k
but the uncertainty in the age determination is relevant.

The Radicofani volcanic rocks have significant com-
positional variations from basaltic andesite (high-K calc-
alkaline), at the bottom of the neck to ultrapotassic sho-
shonite for the lava-lake lavas, scoria and lava flows. The
overall volcanic rocks show aphyric to sub-aphyric tex-
tures with small euhedral phenocrysts of olivine set in a
microcrystalline matrix made of clinopyroxene, sanidine,
ilmenite, and magnetite. Rare microliths of orthopyroxene
are found in the groundmass of calc-alkaline samples.
Chemical and isotopic variations along the necks are
thought to be a primary feature due to incremental partial
melting of a veined mantle wedge under conditions of low
Xcoz2, favouring the genesis of silica-saturated, leucite-
free, ultrapotassic magmas (Conticelli et al., 2011).

3.1. 4. Ami
cano

The Monte Amiata volcano is a small linear Late
Pleistocene volcano located some tens of kilometers
North of the Vulsini district (Fig. 1) and few kilometers
west of Radicofani monogenetic volcano (Figs. 2a and
4). It is found where the Roman and Tuscany magmatic
provinces overlap in space but not in time (Conticelli et
al., 2004, 2010).

The Monte Amiata volcano produced a sequence of
several viscous lava flows and exogenous domes out-
poured from NNE-SSW tectonic structures (Fig. 2a), both
hosting abundant cognate magmatic enclaves (e.g., Fer-
rari et al., 1996; Marroni et al., 2015). The volume of
magma outpoured is smaller than the amount of magma
erupted in Roman volcanoes, but consistently larger than
that produced by Tuscan volcanoes (Conticelli et al.,
2009a; 2010). According to Laurenzi et al. (2015) the
onset of magmatic activity was at 305 ka with final lavas
emplaced at 230 ka. Lavas and enclaves are character-
&l by high-KCaglptajkalipenta shaghonitic affinities rang-8 0 ( +
ing in composition with time from trachydacites to tra-
chyte, latite, and olivine latite, with a progressive in-
crease of the amounts of mafic enclaves. Monte Amiata
rocks, lavas and enclaves, are leucite free, with
phenochrysts of olivine, confined to the most mafic terms,
biotite, plagioclase, sanidine, clinopyroxene and orthopy-
roxene, set in a microcrystalline to glassy matrix. Fine-
grained magmatic enclaves range from porphyritic to
aphyric and invariably display chilled margin texture,
ranging in compositions from trachybasaltic to sho-
shonitic and latitic. Petrographic and compositional char-
acteristics of fine-grained magmatic enclaves suggest
that they were molten at the time of inclusion by the host
trachytic magma. Their chemical, mineralogical, and
isotopic characteristics are strongly suggestive of genesis
by mixing/mingling between a resident trachydacitic mag-
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Fig. 4 - Geological sketch map of the Amiata region. Legend: 1) sedimentary sequences of the Ligurid units; 2) Pliocene marine sediments;
3-4) Radicofani volcano, neck and dismembered lavas, respectively; 5-14) Monte Amiata Volcano - 5-6) Basal trachydacitic lava flows (6);
7-11) trachytic domes and lava flows; 13) latitic lava flows; 14) olivine latitic lava flows; 15) Quaternary alluvial deposits (redrawn after

Conticelli et al., 2015a,b; Laurenzi et al., 2015; Marroni et al., 2015).

ma, derived by crystal fractionation from a high-K calc-
alkaline basaltic-andesitic magma (Tuscan type), similar
in composition to the Radicofani magma and a younger
Roman-type, silica-undersaturated, basanitic magma
(Conticelli et al., 2015b, and references therein).

3.1.5. The other Leucite -free volcanoes in Latium and
Campania

Other leucite-free ultrapotassic associated to sho-
shonitic and calc-alkalic volcanic rocks of ultimate mantle
origin were emplaced along the Tyrrhenian border of the
Italian peninsula in a period of time between 2 and 1 Ma
(Fig. 2) at Monte Cimino volcanic complex, in Northern
Latium underlying the Vico Volcano (Conticelli et al.,
2013), at Tolfa-Maziana-Cerite volcanic complexes, in
Central Latium underlying the Sabatini volcanoes
(Bertagnini et al., 1995), offshore in the Pontine archipel-
ago, in Southern Latium (Conte & Dolfi, 2002; Cadoux et
al., 2005), and in the Neapolitan area, in the Central
Campania, beneath the Campi Flegrei volcanoes (Albini
et al., 1980; Barbieri et al., 1979; Brocchini, 1999). In
most of these localities the older leucite-free igneous
rocks preceded by a few hundred thousand years the
younger strongly silica-undersaturated, melilite- to leucite
-bearing Roman volcanic rocks (Conticelli et al., 2010,
2015a).

3.2. Latium and northern Campania
(D.M.P,,S.C.,,J.P.S.-B.,, M.G.B.G,, G.G., F.M,, G.S)

3.2.1. General background

The Quaternary (Middle Pleistocene to present)
ultrapotassic magmatism of Central Italy fits into the geo-
dynamical context of the Tyrrhenian back-arc extension
related to the NE retreat of the west-directed Adriatic slab
(Malinverno & Ryan, 1986; Conticelli & Peccerillo, 1992;
Faccenna et al.,, 2001a; Acocella & Funiciello, 2006).
This originated a NW-SE trending volcanic belt extending
between the Tyrrhenian Sea coast and the Apennine
orogen from southern Tuscany, through Latium and
Campania. Defined as the Roman Comagmatic Region
since Washington (1906), this volcanic region is known
worldwide for its peculiar potassic and strongly silica-
undersaturated and melilite- to leucite-bearing ultrapotas-
sic magma: feeder magmas display a wide compositional
range and multiple differentiation trends, ranging from K-
basalts to K-foidites, phonolites and trachytes, and even
K-rhyolites. Based on isotope geochemistry, the Roman,
Ernici-Roccamonfina and Campanian districts are distin-
guished (Peccerillo, 2005, 2017; Conticelli et al., 2010).

Here, we focus on the Roman Province volcanoes,
i.e., from NW to SE, Vulsini, Vico, Sabatini and Colli Al-
bani, as well as on the Volsci Volcanic Field (formerly
erroneously defined Ernici volcanoes) and Roccamonfina
volcano, which belong to the Ernici-Roccamonfina dis-
tricts (Fig. 5). These volcanoes show a full spectrum of



The Italian Quaternary volcanism

Colli Alba
Tyrrhenian

] Sea

141°20'

km
i 0 10 20

227

Roccamonfina

Fig. 5 - Location and geological sketch of the Quaternary peri-Tyrrhenian potassic volcanoes of central Italy.

eruptive dynamics and related morphologies, ranging
from small-scale Strombolian and phreatomagmatic
events from monogenetic centers (scoria cones, maar-
tuff rings and tuff cones), with associated effusive activity,
to highly explosive Plinian and pyroclastic flow-forming
events, often related to caldera collapses. Major volcanic
districts with a dominant areal character (i.e., Vulsini and
Sabatini), characterized by multiple caldera depressions
and networks of monogenetic eruptive centers, alternate
with essentially central volcanoes, such as stratovolca-
noes with summit calderas and subordinate eccentric
activity (i.e., Vico and Roccamonfina), or polygenetic
caldera volcanoes with ignimbrite plateaux (i.e., Vulcano
Laziale in the Colli Albani district). In some cases, central
volcanic edifices with summit calderas, such as Latera
and Montefiascone (Vulsini), Sacrofano (Sabatini) and
Faete (Colli Albani), superimposed in time and space
with areal volcanism. Quite peculiarly, the Volsci Volcanic
Field consists of small-scale, isolated or locally clustered,
eruptive centers.

The onset of potassic volcanism is documented by
the oldest exposed products in the Volsci Volcanic Field
that date back to at least ca. 760 ka (Boari et al., 2009b;
Cardello et al., 2020; Marra et al., 2021) (Fig. 6). Howev-
er, evidence of even earlier activity in the Roman area is
provided by ca. 750-810 ka tephra layers found in the
Tiber River delta (Marra et al., 2014; Fig. 6). Since ca.
600 ka, the Vulsini, Sabatini, Colli Albani, Volsci and
Roccamonfina volcanoes were all simultaneously active
(Fig. 6) (e.g., Marra et al., 2003; Saottili et al., 2004; Rou-
chon et al., 2008; Boari et al., 2009b; Conticelli et al.,
2010; Palladino et al., 2010; Soligo & Tuccimei, 2010),
followed at ca. 415 ka by the onset of volcanic activity at
Vico (Pereira et al., 2020).

3.2.2. Vulsini Volcanic District (ca. 590 -111 ka)

The northernmost and largest (ca. 2200 km?) vol-
canic district in the Roman Province developed along the
southern termination of the NNW-SSE trending Miocene-
Pliocene Siena-Radicofani Graben from the superposi-
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Fig. 6 - Temporal distribution of the Middle Pleistocene volcanic activity from the peri-Tyrrhenian potassic volcanic systems, plotted against
the LRO4 benthic stack record (Lisiecki & Raymo, 2005). Data source: Vulsini: Palladino et al. (2010), Marra et al. (2020a); Vico: Perini et
al. (2004), Pereira et al. (2020); Sabatini: Sottili et al. (2010), Marra et al. (2014, 2020b); Colli Albani: Marra et al. (2009); Volsci: Boari et al.
(2009), Centamore et al. (2010), Marra et al. (2021); Roccamonfina: Giannetti (1996a, 1996b), Giannetti & De Casa (2000), Rouchon et al.

(2008), Scaillet et al. (2008).

tion of five major volcanic complexes (or lithosomes),
partially overlapping in space and time: Paleovulsini,
Vulsini Fields (formerly defined as Southern Vulsini),
Bolsena-Orvieto, Montefiascone and Latera (Vezzoli et
al., 1987; Palladino et al., 2010 and reference therein;
Figs. 7 and 8).

The most prominent volcano-tectonic feature in the
district is the wide caldera depression hosting Lake Bol-
sena, which is intersected, respectively to the W and SE,
by the Latera and Montefiascone central volcanoes, fea-
turing collapse calderas (Nappi et al., 1991; Acocella et
al., 2012). The whole area is dotted with several tens of
monogenic cones and craters, either isolated (e.g.,
Lagaccione maar, tuff cones of Bisentina and Martana
islands in Lake Bolsena) or clustered (e.g., the Valentano
scoria cones on the SE rim of Latera caldera) or located
along volcano-tectonic lineaments (e.g., the N-S scoria
cone alignment along the eastern rim of Bolsena calde-
ra).

Overall, volcanic activity spanned a broad spectrum of
eruptive styles, intensities and magnitudes, ranging from
small-scale explosive (Strombolian and hydromagmatic)

and effusive eruptions from monogenetic centers, up to
Plinian and pyroclastic flow, caldera-forming, events
(Sparks, 1975; Conticelli et al., 1987; Nappi et al., 1994,
Palladino & Valentine, 1995; Palladino & Agosta, 1997;
Palladino & Simei, 2005; Palladino et al., 2014). Figure 9
shows an example of interbedded volcanic units from
different source vents and their unconformity boundaries.
In the following, the five lithosomes are briefly described:
1) the Paleovulsini lithosome groups the early eruptive
products of Vulsini (ca. 590 to <490 ka; Nicoletti et al.,
1981; Vezzoli et al., 1987; Cioni et al., 1989; Nappi et
al., 1995), which consist of trachytic welded pyroclastic-
flow deposits (basal ignimbrites or Nenfri, ca. 550-505
ka) and associated Plinian pumice fall horizons ex-
posed at the periphery of the district on top of the sedi-
mentary substrate. An early collapse caldera possibly
related to the basal ignimbrites, inferred from the Bolse-
na lake bathymetry and deep drillings, controlled the
location and style of the following eruptive activity,
which followed as areal volcanism (Vulsini Fields litho-
some);
2) the Vulsini Fields (former Southern Vulsini complex;
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Fig. 7 - Geological sketch map of the Vulsini Volcanic District (modified after Palladino et al., 2010). The boundaries of the Sheet No. 344-
Tuscania of the 1:50,000 Geological Map of Italy (CARG project) are also shown. Towns and other localities: A, Acquapendente; B, Bolse-
na; C, Canino; F, Farnese; G, Grotte di Castro; M, Montefiascone; O, Orvieto; P, Pitigliano; S, Sovana; So, Sorano; T, Tuscania; TA, Torre
Alfina; Cm, Capodimonte; LR, La Rocchetta; Ps, Piansano.
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Fig. 8 - Sketch of the legend of sheet 344-Tuscania (after Palladino et al., 2010, modified), where representative lithostratigraphic volcanic
units are grouped into lithosome units and organized in the framework of the unconformity-bounded stratigraphic (UBS) units recently
defined for the volcanic and Tyrrhenian coastal areas of northern Latium. Note that major UBS unit boundaries correlate to even-
numbered oxygen isotope stages, corresponding to low-stands of sea level (1 *0 curve after Shackleton et al., 1990; Shackleton, 1995).

Vezzoli et al., 1987) is a composite lithosome consisting
of a gently sloping volcanic plateau, extending through-
out the whole district, which developed by long-lasting
(ca. 490-111 ka) effusive and subordinate explosive
activity from a network of scattered eruptive centers.
Volcano-tectonic lineaments related to the early Pale-
ovulsini caldera might have favoured the eruption of
poorly differentiated, small magma batches from multi-
ple source vents around the present Lake Bolsena de-
pression. Although this areal volcanism largely preced-
ed the onset of central explosive activities at Latera and
Montefiascone at ca. 280 ka (Nappi et al., 1995; Broc-
chini et al., 2000), it was also contemporaneous and
even followed the Montefiascone and Latera explosive
climax until the waning phases of activity in the district.
In particular, the Monte Bisenzio spatter cone repre-

sents the most recent volcanic product dated so far at
Vulsini (ca. 111 ka; Marra et al., 2020a). In lack of evi-
dence of major caldera-forming eruptions that could
explain the size of the Bolsena depression, Walker
(1984) and Cole et al. (2005) classified it as a downsag
caldera end-member. The relationships among eruptive
sources and volcano-tectonic lineaments may suggest
that the prolonged magma drainage during the Vulsini
Fields activity was accompanied by incremental caldera
growth that extended the early Paleovulsini caldera
collapse and eventually resulted into the wide depres-
sion hosting Lake Bolsena (Acocella et al., 2012);

3) the Bolsena-Orvieto lithosome includes lava and
pyroclastic successions that are mainly exposed in the
northeastern sector of Vulsini, from Lake Bolsena to the
Tiber Valley, including a series of Plinian fall deposits
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Fig. 9. Field pictures of the Vulsini volcanic successions. (a) La Rocchetta locality (6 km SW of Capodimonte): major pyroclastic units of
Latera (i.e., Canino, Sorano, Grotte di Castro formations) on top of a lava flow from the Vulsini Fields and intervening stratigraphic discon-
tinuities, such as paleosols (e.g., D1, p) and high-relief erosional surfaces (e.g., D2, D3, D4), related to UBS boundaries of different rank
(see Fig. 8). Note the U-shaped channel (D2) mantled by a thin ash-fall layer and filled by pyroclastic current deposits of the Sorano for-
mation (flow direction toward the page; d-example of flow unit boundary). (b) 5 km SW of Montefiascone: interbedded Vulsini Fields and
Montefiascone volcanic successions, showing the slightly undulating erosional surface bounding the Barca di Parma (BP) and Fiume Fiora
(FF) synthems, and local stratigraphic discontinuities representative of temporal hiatuses in the eruptive activity, as evidenced by steep
erosional channels (black arrow) or paleosols (p). (c) Close-up of the upper part of the Canino formation at La Rocchetta, showing the
depositional boundary between temporally closely spaced pyroclastic flow and fall units, topped by the Canino-Farnese inter-eruptive
paleosol.



