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ABSTRALCT: The paninsular and insular Raly are punciualad by Quatemary vocanoes ard their rocks constiule an important
aliquct of the |talan Quaternary sedimentary successions. Ao away from volcanoes thomzelves, volcanic ash layers are a
common and fraquent festure of the Quakmmary records, which provice us with polenta relevan! stratigranhic and chronoiogical
markers ot service of & wice amay of he Quatemary sCince isauss. In thia paper, 8 broad ropresentation of the Halian volcano-
logical commundy has pined to provide an updated comprehensae siate of &t of the Italian Quaterrary volcansm The enptve
history, style and dynamics and, in some caaes, 1he hazard assessment of about thity Quaternary voicaroes, from the noh-
smmas! ML Amila, i Tuscany, 10 the southerrmost Panteleria and Lnosa, in Sicly Channed, are here reviewed in e ight of
the substantial improving of $he mathodologicat approaches and the ovaal knowiedge achieved in the last decades in the wol-
canological llek study, We hope thal the present review can epresen! a useful and agie documen! summarising the
knowladege on tha Ralian volcarsm at tha service of tha Quatarnary community oparating in central Medtarranaan ama.
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1. INTRODUCTION (S.C, BG,, PP,

Volcano products undoubtedly represert an im-
poriant part of tha Quaternary capasits in Italy. For this
reascn, we have decided 10 ke e opportunity offered
by the INQUA conference to ba held in Rome In 2023 to
present & review of the state of the an and knowledge of
tha Italan Quatemary volcaniam. A fow remarks should
be made 1o expiain why we felt the need to do this,

The activity of the Isalian Quatemary volkances
dufing the last century has been the subject of inlense
nvestigations, athough at first the main focus was on
minecalogical-petrographical-magmatalogical  aspects
other than on the strictly volcanciogical ones. i was

in the decade 1880-1600, with #e publication
of the results of the “Progetro Finalzzarn Geodinamica

ol the italian National Ressarch Councl (CNRA), that
morographic wodks were pubished on same valcanic
areas, such as Ne Neapoktan volcances or Etna, which,
in add%on o ! pelrographic fealures, proposed a
systematc sludy of e straticraghc aspects of the
products, mapping ther distibution and thus providing a
reconstruction of thelr eruptive history (e.g., Saracroce,
1987 for Somma-Vesuvio, Res & Sbeana, 1967 for
Campi Flegrai, Vezzoli, 1988 for ischia, Romano et &,
1979 for Ema, etc.).

Since then, and especially in the last two decades,
this reconstruction has been progressively refined due
1 the impraved knawledpe of velcanic history and stra.
tigraphy, in particular thanks to the Cartografia geclogi-
ca ¢ geoternatica (CARG) project (e.g. Greppell & Vi
ereck-Goetle, 2010), dedicated 1 updating the geologl-
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cal mapping of the Halian teritory, A multidsciplinary
approach (siatigraphic, gaomorphoiogical, geochermical)
allowed the reconstruction of the tme-space history of
most of the Italian Quatemery volcanic areas, which has
bean futhered by he Increased ablity to oblain reliable
““Ar"Ar ages on Doth pyrociastic deposits and lavas. In
fact, the significant technofogical developments of nobie
gas mass spectrometers over he last dacade (Mixon et
al,, 2022), have improved the effectiveness of the meth-
od and the possibdity of getting eccurate and high-
precision “Ar™*Ar datng alowing a detaded and robust
reconstruction of the eruptive history, Ths has been
made possible and faclitaled by the peculiar polassic
nature of the magmas feading ?e ped-Tyrrhanian potas-
sic Quaternary volcanoces (0.9, Peccerdilio, 2017), which
generated products bearing K-rich minerals (6.g., seni-
dine and leucite), ideal for drect YAr“Ar cating. Furthae-
mare, with regard to the explesive achity, the great deal
of taphrostratigraphic research on dsial stratigraphic
successions, L.e., looated ters to thousands of km from
the wolcanic sources, substantally contnbuted %o In-
crease he knowledge on the recurrence, temporal axtent
and dynamics of explosive activity, pravidng integrative
Information that are difficuit to detect in the proximal are-
as (89, Morace et al, 2021, 2022a; Lelchar et al,
2023). Flhalty, the last tworty years have seen an In-
crease n ressarch aimad at evaluatng volkcanie nsk in
areas of active volcanism, with particular reference 10
hazard assassment based on knowledge of past snuptive
history (0.9, Coni et &, 2003: Lirer ol al, 2010; Dol
Nogro et al., 2015 EBevimcqua et al, 2022 and refer-
ancos therain).

Given these promises, i seemed important to gath-
ar the conlributions of varous membars of the Hakan
volcanclogical community in order to present an vpdated
review on the lallan Quaternary volcanoes, To empha-
size the volcgnoiogical aspects over the petrographic-
magmaiclogical ones as companion papers we delibar-
aledy decided to not adop! the division IS magmatic
provinces (see Conticedl et al, 2010, 2015a; Pecoerilic,
2017; and reforances in these papers and book) but 1o
list the Htallan Quatemary volcanoas in a simple and neu-
tral geagraphical way, starting the from Tuszany and
then moving southward on to those located In Lazio,
Campania, Tyrrhenian Sea and Sialy (Fig. 1).

For each volcanic arsa or volcano dealt with, a
summary of the eruptive histary & proposed, focusng on
the dynamics in refation 10 Sme, with erphasis on the
most recent ressarches, and shorlly mentioning the
chemisty of the products, For !1e 3cive voicanse areas,
particularty those expoeed to higher risk, informason is
also gven on the state of hazard and risk assessment
reseanch.

We hapa at this paper will be 3 valid support for
the sludies of the Qu community, which very
aften has 1o deal with he erupfive history of the Itakan
volcanoes and for which It Is extremly necessary to have
an agie, exhaustive and up-fo-date general framewark.

2. GEODYNAMIC FRAMEWORK OF QUATERNARY
VOLCANIC ACTIVITY INITALY (SC, BG, PP}

The Tyrrhanian Sea i ang of 1he mest geslogically
complex areas in the world |[Faccenna & al., 2001Db;

16/08/23, 16:50

Cavazza ot &, 2004, Beltranco &t &, 2010). The rea-
sone for this compiexity are manly linked to its role in the
convergence of the Afrcan and European plates, which
starting from the Cretacecus to the Pragent time, has led
to the formation of two crogenic balts (Alpine and Apen-
nine Chaln) and severel back-arc basns of progressively
YOunger age m from W 1o E in the wesiern Maediter:
ranean [Sarton, ). Magmatic processes are Integral
part of this gecdynamically complox region and punctuat-
ed gl stages of its evolution. In ?e intial stages thes ac-
tivity was concentrated in the Alps (2.9, Consoell ot .,
2004b, 2010; Alagna et al,, 2010) aleng the margins of
the collidng plates and to a lesser exort, within the
Afnca-Adnia plate. Tha last phase of this complex gaoay-
namic magmatic pattern began in the Upper Eocene-
Qligocane and Is still on-going. This is coaval with the
formation of the Apannire-Maghredian chain, and the
opening of the western Mediteranean dasn (Lustrino of
&., 2011, D1 Capua et al, 2016), and has mersfore teen
referred 1o as ‘the Apennne magmatism® [Feccerilo,
2017). Openng of slab tears and inciplent slab detach-
ment ¥so oosurred In the late evolution of the Apennine
orogan, favouring the charneling of intra-plate volcanism
that mixed with the orogenic one during the firl stage of
Vulture volcanism (e.g, Faccenna et al, 2001a, 2001h,
2004; Avanzirel et al., 2008, 2009; Conticelli et a,,
2009b). The Aperning orcgen has besn subject to back-
ac extension Sinoe the Late Miocens due 1o the rapx
siab roll-back of the Calabrian block (Malnverno & Ryan,
1968), which has produced two maor exlansionral basing
in the abyssal plain of the Tyrhenian Sea, the Vavioy
and the Marsli hasing, located at narth-west and south.
east portions of the Scuthern Tyrthenian basn, respec:
tively {Marari and Gamberi, 2004). The opening of the
Marsill back-arc basin aso colncides with the formation
of the Acollsn volcanic arc, whose spatial evolution is
linked 10 the decoupling and roli-back of the siab beneath
the Calabrian Arc (Loreto ot &, 2020). At the back of the
eastward migratirg Apenning orogen ntense exiension
ocourred snce the Upper Miocene (Joivet ot al, 1998,
and referances theren), In the central Tyrhersan margin,
the enset of extensional tectorics can be dated at Late
Miocane, the age of synift sedimeniary sequences fill
ing In the extensional basns located between the Toda-
Ceriti and Aoccamontina volcanoes (Matied et al_, 2010)
The Tyrrhenian margn of southern Haly, on the counter:
part, has been mainly characterized by Plie-Quatemary
back-are exiension, with the develcpment of NW-SE
normal laults (Acocella and Funiciello, 2008); cceval NE-
SW transverse Systems are @80 presen, Despie the
overall NW-SE signment of the Quaternary volcanoss
aong he Tyrhenan margin, mast of them formed where
NW-SE normal faults intersect lransverse NE-SW tectan-
le lineamerts which, thanks to the higher vertical depth
with respect to the NW trending features, rapresent a
preferential stucture for magma uprising and fluids
upwelling (Acocella ard Funiciello, 2002). The volcaniks
edifices consiet of poli-phase calderas and large ignim-
brite plateaus, which dentily vast areas with negligitie
topographic relief (Vulsini, Sabatin, the Vulcano Laziale -
the earty edifice of the Colll Albars voicane, Campl Fle-
g} and stralovolcanose with summit calderas (e.g.,
Vico, Faele - tha ntracaidera edifice of Colli Albani, Roo-
camorfina and Vesuvius).
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Fig. 2 - 2) Dustribution of Uirspotassic ocks N the Cential Bxlan
Amiata vaicanoas (5pots within the larga mectangular shapes; and the dstrbutian of the major magmatc pofassic and uR@ApOlassc
m Rod spota and sross (amefugites] and dark groon spots (lerproites) mark the location sies of the moot extrome sndmembers of

crogenic magmac activty. Modfied afier Cortcedi &1 al (2070, 2013, 20152) and Gunther &1 &L (2023, b): Geoogicsl skaxh mep ol

mofmmm Legard: 1) Crataceous carhenacaous and

region reveading the locaton the Tome Alfine, Radoolan and Mome

padimentary ocks; 2] blocky ohvire-latite lava fows, type

B; 3) iow viscosity olivino-lafte lava Sove, type B; 4) fow-vacssity olivine-laiie bva llows, tpe A; 5) Bl anc scorine; 8} loucie-tephiite
1o leudte-phanatie Vulsini lvas. 7) leucte-ghonalie 1o leucs-rachyte Vidsrl pyroclsstic rocks. Redraan after Contloslh (1866) and

Avarzinell et af (2017).
3. THE CENTRAL ITALY QUATERNARY YOLCANOES

3.1, Tuscany (SC., JP.S5.-B.}
3.1.1, General background

Tha odest Fotassic to Ultrapotassic valcanic rocks
of the Central Mediterrarean regon are found on the
weatam margin of the Tyrrhenian basin, distributed N-S
{Fig. 2), In Corsica &t Sisco (141 Ma; Civetta et al,
1978), st Caprala sland (7.5-4.6 Ma; Gasparon et sl ,
2009) and at Comacya Seamount (1286 Ma: Mascle o
al., 2001). These are leucite-free, |amproite-Ske, ulirapo-
1285iC rocks associated with shoshonitic and high-K cale-
alkaine volcanic rocks (Conticelll 8t &l., 2009a). Follow-
ing the rallback of the slab and the consaquent opaning
of the Tyrmhenian basin, the volcanism shifted clachroni-
cally eastward, from Miccene 1o Pliocens, fam Corsica
o Tuscany (Fig. 2) (e.g, Avanzinell et af., 2008 Conti-
celll gtal, 2010, 2015a).

In Tuscany, amprote like, leucite-free Wrapotassic
rocks and assocate shoshonttic and calc-sikalic volcanic
rocks of ultimate martte ofgin are distibuled on both
sikdas of the western shorgling of the Itakan peninsula
(Fig, 24; e.g., Pecceriio et &, 1987; Conticed| & Pecceril-
io, 1092; Conticelll ot &, 2009a, 2010, 2015; Peccenlio,
2005, 2017, and in Some cases NHese valcanic rocks are
ntmasely associated, in space, but not in time, with crus-
talderived rhyoitic b granite rocks (Peccedlio et al,
1987, Contoelli 81 al, 2002, 2004, 2010; Conte & Doifs,
2002).

The oidest utrapotassic to high-K calc-alkalc igne-
ous rocks of the so caled “Tusean Prow-

incy” (Comtcelll & Peccerlio, 1952) are found @t Elba
leland, in the archipaiago botween Ralian Perinsula and
Oormma“mf‘nmotammccmuwmu
2001). Thuage wers followed by the amplacement, in the
mairiand, of the Val dEma lamproiles made of the hypa-
bissal minette of Montecatini Val & Cecing, emplaced at

41 Ma (KA Borsi ot al. 1967). ang lamprodedike
‘orerdite” of Orclatico (Corticel ot al,, 1992), of the latitic
dykes at Campiglia (Conticell at af, 2004), and in the
Latum region of the voicanc products of the Tolfa
Manziana.Carif dome complexes (Fig 2a) betwean 4.3
and 1.9 Ma (e.g., Evernden & Curtis, 1965; Fazziri ot al,,
1472 Bigazzi et al., 1979, Lombardi at al , 1974; Viia at
al, 1389).

The Quaternary volcanc rocks are instead found at
Aadicofani, Torre Alfira, Monte Cimino, Ponza Island
(Mente La Guardia) and in drifs in the Campania region,
Thesa lewche-free ultrapotassic, lamprode-like, 10 sho-
shonitic and calc-alkalic rocks ware emplacad between
1.3 and 0.85 Ma (0.9, Everrden & Curnts, 1965; Nicolati,
1969, Pasquare ot al, 1883; Solevanti, 1963; D'Orazic
at Al 1991; Laurenzi of al, 2015; Conte of al., 2018;
Nappi ot &., 2022),

3,1.2 Torre Alfina monogenetic volcano

The Torre Alna Velcana (Fig. 2b) is located a few
kiometers north of the Vulsinian distict (Fig. 2; 42°
45"19°N-11"55'41"E) anrd consists of a few tiny lava flows
eupted from a smafl volcanic centre, and a small neck
cropping out Nerth of Torre Alfina castie. Tarre Alfina is a
monogenatic volsans charactensed mainly by lava flows
and minor Strombelian actvity (Conticelll, 1998), The
Tare Alna volcanic rocks rest drectly on the sedimen-
tary substratum of the Morte Cetona horst.

The Torre Alfira lava flows wers erupted at the lop
of the hit and flowed party into fhe canyon formed by the
Pagha river. Field characleretice indicate that they had
low viscostes, and some fava funnels may Lo recog-
nised in the eastem part of the vent. Two sighty different
types of lava can be also recognised, They wera em-
placed contamperanecusly. They have different colours,
vesicusation, and pophyriic indexes, The mes! mafic
lava (lype-A, Fig. 2b) is dak grey, aimosl aphyric, and
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containg abundant green ultramafic micraxenciths
2-4 cm in diameter (Conticelli & Peccariio, 1980),
as wall as a few lower crustal xanolths of variable
size (5-10 cm} and natura (Oriando et al.. 1994).
Type-8 lava 8 the most widaly reprasented at
Torra Alfina volcano. It Is dark grey to ignt gray in
color, with a vasiabie porphyritic index and vesiow
lation, showing soma flattened vesices of a faw
centmeters n length. Type-B lavas contain abun-
dant crustal xanokths of variable size (2-30 cm),
some large (3-20 cm) magmatic mica-rich Inclu-
slons, 8nd rare green ulvamafic xenoiths. Torrs
Alfina lavas are leudite free ultrapotassic rocks of
lamproitic nature of Utmate mantle origin genarat-
ed by low degrees of partial metsng of a veined
mantte wadge at low Xog, condisons {Conticalll et
al,, 2015a).

3.1.3. Radicotan! monogenetic volcano

The Radicofard voicano is @ monogenetic
voicano lying within the caniral portion of the Rad-
cofani basin, few kiometers North of e Torre
Alfina voicano (Fig. 2b). The Radicofani basin
represents the southemmost branch of the Siena~
Radicofani graben, one of the most Important post
-Orogenc exiensional teclonic featwes of ihe
Northen Apennine {e.g., Pasquard ot al, 1933;
Acocella et al, 2002, Borini & Sani, 2002), The Radico-
fani monogenetic voicano is formed by a 80 m-high wall-
presended velcanic nock, with mmmants of a Gnder cone
o’;uoinlavnhk-uiutcp.mdbysmllmf\om
(Fig. 3).

The lava fows are scattered around the neck and
lie on top of tha Plocane marina sedimants (Liotta, 1996,
Disperatl & Uota, 1998, Ghnass! & Lazzarono, 2005,
Conticalll et al., 2011). The original voicanic sedifice was
mace up by & cinder cone @ ‘ew hundred meters high,
Today only a thin layer of red scoras Is preserved on the
edge of the 10D of the neck, just West of the homonym
casie, The top of the neck Is made up of red vesicular
lava that becomes dense and grey dowrward (Fig. 3),
Calumnar jointing is present in the middle and lower por-
tiors of the neck in grey and dark grey aphyre to sub-
aphyric lavas, Oxidised septa divking the differert por-
tons of the neck can also be abserved. Rocks of diferent
portons of the volcano yield adiometric ages n the
range bolwean 1.315 Ma and 1.08 Ma (e.g., Barberi &t
al, 1971; Pasquaré @1 al, 1983; D'Crazic et al., 1991),
bt the uncertainty in the age datarmination is relevant.

The Radicefan volcanic recks have sgnifican com-
posiional variations from basallic andesite (high-K cale-
alkadine), at the boftam of the neck 1o ulirapotassic sho-
shonite for the lava-lake lavas, socria and lava flows. The
averal valeanic rocks show aphyric to sub-aphyrio tax.
tures weh smail euhedral phencorysts of olivine set in a
microorystalline matrix made ol cinopyroxens, sanidine,
limenite, and magnette. Rare misroliths of othopyroxene
are found in the greundmass of calc-akaline samples.
Chemical and isotopic vardations along the noecks are
thought to be a primary leature cue 1o inoremertal partial
meting of & veined mante wedge under condtions of low
Xoaz, favouring the genesis ol slica-saturated, leucite-
frae, Utrapatassic magmas (Consicelli o al., 2011),

16/08/23, 16:50

Fig. 3 - (a) Scora and Epili of the cindar cone conlainirg the lovs ke &
he roal of e neck; (b) Reddsh sroabonitc lava forring he lava ke o
e rool of the necc (¢) Cuodised Saptum hat
of tha uppar neck from tha high
ovess nack (madrawn afer Corticeli ot &, 2011, Avarzinell & al, 2022),

Separales shoshontic lave
potassum basaltc andasitic lava of e

3.1.4, The Monte Amiata: a Guaternary "hybrid” vol-
cano

The Monte Amialis volcano s a small near Lute
Fletstocsne volcano Iccated scme tens of killometers
North of 1ha Vuisni gsyict (Fig 1) and faw kiometers
wost of Radcofanl monogenstic volcans (Figs. 2a and
4), Itis found where the Roman and Tuscany magmatic
provinces overap in space but not In time (Conticelli ot
al, 2004, 2010).

The Morte Amiasa volcano produced a sequence of
several viecous lava floas and ous domes out-
poured from NNE-SSW tectonic structures (Fig, 2a), both
hosting abundant cognate magmase erclaves (0.9, Fer
ran et al, 1956 Mamoni o1 al, 2018). The volume of
magma outpoured s smalier than the amount of magma
erupted in Roman volcances, bul consstantly iarger than
that greduced by Tuscan volcances (Corvicelli et al,
2008a; 2010). Accordng 10 Lawens et al. (2015) the
onsgel of magmatic activity was at 305 ka with final lavas
erplaced at 230 ka. Lavas and enclaves are character.
ised by high-X calc-alkalne to shoshonitic affinities rang-
ing in composition with time frem trachydacites to fra-
chyte, laste, and olivine lathe, with a progressive in-
crease of the amounts of malic enclaves. Mente Amiata
rocks, lavas and enclaves, ame leucile free, with
phenochrysts of oivine, confined to the most malic terms,
bictim, plagicciase, saniding, clinopyraxane and orfogy-
roxene, gel in a microcrystaling to glassy matrix. Fine-
graned magmatc enclaves range fram porphyritic to
aphyric and invariably display chilled margn lexiure,
ranging in compositicns fam trachybasaitic o sho
shonitic and lastic. Petrographic and compositional char-
acleristics of fine-grained magmatic enciaves supgest
that they weare molten at the time of inciusion by the host
trachy$ic magma. Their chemical, mineralegical, and
Isolcpic characteristics are strongly suggestive of genasis
by mixirg/minging between a recident trachydacitic mag-
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Fig. 4 - Gaologea shanch map of the Amiata regon. Legend. 1) sedmentary sequences of the Ligund units; 2) Phiocene mring sadments;
34| Rodicolan vokans, reck and diemembered s, rapacivoly, 5-14) Moo Amiata Vaceno - 5-8) Basal trachydaditic lava flows (8);

7-11) badytc domes and ava flows;, 13)

ma, darived by crystal Irecticnation from a high-K caic-
alkalng basaltc-andeaitic magma (Tuscan type), similar
in composition to the Redicolani megma and a younger
Roman-type, slica-undesaturated, basantic magma
{Conticelll et &l , 2015b, and referencas theran).

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

Other leucite-fres ultrapotassic assoclated to sho-
shoritic and caic-alkalic velcanic rocks of ultimale mentie
origin ware emplaced along the Tyrrhanian border of the
Italan peninsula in a pericd of &me Detween 2 and 1 Ma
(Fig. 2) at Monta Cimino volcanic compiax, In Northern
Latium underlying the Vico Voicano (Conticelli et al.,
2013), at Tolfa-Maziana-Certa volcanic complexes, in
Central Letum underying te Sabatnl voicanoes
{Bertagnini o1 al,, 1995), ofishore in the Pontne archipel:
ago, In Southern Latum (Conte & Dolfi, 2002; Cadoux et
al., 2005), and in the Nespolan area, in the Central
Camparia, beneath the Camp Fagrel volcanoes (Albine
et al., 1980; Beartéeri et al., 1979, Brocchini, 1889). In
most of thess ocalties the clder leucite-iree igneous
rocks prececded by & lew hunteed thousand years the
yourger strongly silica-undersaturated, malilie- to lsucte
-bearing Roman vaicanic rocks (Conticelll et al., 2010,
2015q).

Ao tava Nows; 14 oliving lsitc ava flows; 18) Cuaternary dluvial deposits (redamwn after
Conticel 8t 3l 2015ab: Laumnzi et al., 2015; Maroni et &, 2015),

3.2. Latium and northern Campania
(DMP.,SC,JPS-B,MG.BG,GG..FM,GS)

3.2.1. General background

The Cuaternary (Middle Fleisiocene to present)
ultrapctassic of Centrd Italy f2s IniD the pao-
dyramical context of the Tyrienian back-arc extension
related 1o tha NE ratreat of the west-directad Adnatic stab
(Malinvernc & Ayan, 1988, Conticelli & Paccarillo, 1992,
Faccenna e al., 2001a; Acocefia & Funcedo, 2006).
This onignaled a NW-5SE trending voicanic belt exlending
betmeen the Tyrrhenian Sea ccast and tha Apennine
orcgen from scuthern Tuscany, through Latium and
Campania. Dealined as the Roman Cormagmatic Region
since Washirgion (1806], this veicanic ragion is known
worldwide for it pecular potassic and strongly silica-
undersaturated and meliite- to leucite-beanng utrapotas-
sic magma: feeder magmas display & wide compositicnal
renge and muitple diferantiabon trands, ranging from K-
basalts to K-foidtes, phonolites and trachyles, and even
K-rhyaolitas. Basad on Isotope gaochemistry, the Roman,
Emici-Roccamorfina and Campandan districts are distin-
guishad (Paccerlio, 2005, 2017; Conticalli &t al, 2010},

Here, we focus on e Roman Province voicances,
I.@,, from NW to SE, Vulsini, Vico, Sabatiné and Calll A-
bani, s well as on e Voisci Vdcanic Fiekld (formady
arorecysly defined Ermicl volcanoes) and Reccamonfing
voicano, which belong 1o the Emici-Roccamontfina dis-
tricts (Fig. 5). These volcances show a full spectrum of
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aruptive dynamics and related morphologies, ranging
from smalscalke Stombokan and phreatomagmabic
evonte from mencgenesic cenlers [soora cones, maar-
W nings and Wit cones), win associated effusive activity,
to highly expiosive Plinlan and pyreciastic flow-forming
events, often refated 10 caidera collapses, Major volcanio
districts with & dominant areal charactar (1.8, Vulsini and
Sabatni), chasacienzed by multiple cakien depressions
and networks of monogenatic eruptive centers, altemate
with essantially central valcanoes, such as stralovelea.
noas with summit colderas and subordinate ecoantric
activity (Le., Vica and Reosamonfing), ar palypenetic
calkdera volcances with ignimbrite plateaux (.e., Yulkcano
Laziale in the Coli Albani distict). In some cases, central
voicanic edifices with summit cakieras, such as Latera
and MonteRascone (Vulsind), Sacrefane (Sabatini) and
Fape (Col Albani), superimposed in Sme and space
with areal volcanism. Quite peculiarly, the Veled Velcanic
Field consists of small-scale, 1solased or localy clustersd,
eruptive centars.

The ansel of potassio velcanism is documentad by
the oldest exposed products in the Volsc Volcanic Flelkd
that date back to at least ca. 760 ka (Boan et al., 2008b;
Cardello o1 al,, 2020; Marra o1 al,, 2021) (Fg. 6). Howey-
o, eviderce of even earier activity In the Roman area s
provicdec by ca. 750-810 ka tephra layers found In the
Titer River doita (Marra et &, 2014; Fig. §). Since ca,
600 ka, the Vusni, Sabatini, Colli Abani, Volsa and
FRoccamonfina volcances were all simultanecusly active
(Fig. B) (e.g., Marra et al, 2003; Sottii ot al., 2004; Row
chon et al,, 2008; Boarl ot al, 200%0; Conticelll et al,
2010; Palladino et al., 2010; Saigo & Tuscimei, 2010),
followed at ca, 415 ka by the onset of voicanic activity at
Vice (Pereira et al., 2020).

3.2.2. Vulsinl Voicanic District (ca. 580-111 ka)

The norhernmaost and fargest (ca. 2200 km®) vol-
canic district ;m the Roman Province developad along the
southem jecrination of the NNW-SSE tranding Miozene-
Fliocene Siena-Aadiccfeni Graben from the superposs
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al 42004), Pereira af &. (20X]); Sabatin: Sotth at al. {2010), Mara ot al (2014, 20200); Call Alank Narm 6t al. (2009); Yoot Boar et al.
{2008), Centamcre € al (2010}, Marra ot &, (2021); Roccamantra: Gianvent (12964, 18965}, Giannetti § De Casa (2000), Rouchon et al

(2008€), Scaibet et al. (2008).

tion ol fiva major valcanic complaxes (or EBhosomes),
partially overlagping In space and time. Paleovulsin,
Vusnl Fieds (formery oefined 38 Southam Vussinl),
Bosena-Orvieto, Montefascone and Latera (Vezzoll et
al., 1987; Palladino et al, 2010 ard rafarence tharain
Figs. 7 and 8},

The most prominent valcano-tectonic featurs In the
aistrict is the wide caldera depression hasting Lake Bol-
sena, which is Intersected, respectively 1o the W and SE,
by the Lalera and Montefiascone central volcanoes, 'ea-
tunng collapse caldems (Nappl et al., 1991; Acocella e
al., 2012). The whale area = dolted with several tens of
monogonic cones and craters, either isolated (o.g.,
Lagaccione maar, fuff cones of Bisenting and Martana
Istands 1 Lake Bolsena) o clustered (e.g , the Valentano
scona cones on the SE fim of Latera caldera) or located
dlong velcano-tecionic Ineaments (eg, the N-§ soorda
cone alignment along the eastern rim of Bolsona calde-
ra).

Owveral, volcanic actvity spanned a broad spectrum of
oruptive styles, imensites and magnitudes, ranging fom
small-scale expiosive (Strombolan and hydromagmatic)

and affusive eruptions from monogenetic canters, up 0
Pinian and pyroclastic flow, cademadomming, events
(Sparks, 1975; Conticall et al, 1987, Nappl ot &, 1904,
Palladino & Valentine, 1535 Paladino & A 1997,
Pallading & Simal, 2005; Pakadno et al, 2014), Figurs 9@
shows an example of inlerbedded volkcanic units from
differant source vents and their unconformity boundarnes.
In the folowing, T1e five Ikhosomes are brielly descnbed.
1) thae Paleovulsiné Ithosome groups the sary eruptive
produets of Vulsini (ca. 590 to <490 ka: Nicalott et al,,
1681, Vezzoll ot o, 1987; Ciord ot al., 196%; Napgl ot
al., 1995), which congist of trachytic walded pyroslastic.
flow deposits (basal Ignimbries or Nenin, ca, 550-505
k1) and associated Plinian pumice fal herizons ex-
posed at the periphery of the district on top of the sedi
mantary subetrate. An eary collapse caldera possibly
refated 1o the basal ignimdrites, Inferred from the Bolse-
na iake batymetry and deep dillings, cantrolied the
ocation and styie of the ‘llowing eruptive activity,
which folowed as areal volcarsam (Vulgini Felds Bho-
seme).
2) the Vusini Fields (former Scuthem Vulsini complex:
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Fig 7 - Goslagcal skeich map of the Vbt Veolsane District (modfied aler Pallacing ot al,, 20105, The bourdares of the Sheet No, 344-
Tuscania ot ma 1:50,000 Geclogical Map of taly (CARG project) are aisc shown, Towns anag other ocaitias: A Acquapendenis; B, Bolkse-
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Vazzol et ., 1987) is a compagite lithosame consisting
of a gendy sloping voicanic plateau, extendng through-
out the whole district, which developed by long-lasting
(ca 490-111 ka) sftusive and subordirate axplosive
activity from a network of scatlerad eruplive centars.
Volcano-tectonic linsamerts related %o the aarly Pale-
ovulgini caldera might have lavoured the erupSon of
poorly dffarentisted, small magma batchas from multi-
pie source venls around the prasent Leke Bolsera de-
pression, Although this areal volcanism largely preced-
ed :he onset of central explosive actvities at Latera and
Montefisscena at ca. 280 ks (Nappi et al,, 1995; Broc-
chini et al., 2000), it was also contemporanecus and
even foliowed the Montefiascone ard Latera explosive
climax until the waning phasas of activly in tha dsinct.
In particular, the Monte Bisenzic spalter cone repre-

sents the most recent valcanic product datad so lar at
Vutsinl (ca. 111 ke Marra et al.. 2020a). In lack of avi-
dence of majer caidera-forming eruptions thal could
axpiain the size of !a Bolsens depression, Walker
[1984) and Cole et al. (2005) classified & as a downsag
caloera end-mamber. The relationships among aruptive
Sources and volcanc-tecionic lineaments may suggest
that the prolongad magma drainage during !e Vulsini
Falds aclivity was accompanied by incremental celdera
growth that axtended the sary Paleowvulsini caldera
collapse and eventually resulad into ™ wice depres-
sion hosting Lake Bolsana (Acocala et al, 2012);

3) the Boisera-Orvieto lithcsome Inciudes lava and
pyrodiastic successions that are mainly exposed in the
norhaastem secior of Vusini, from Lake Bolsana 1o the
Tiber Vabey, including a sedies of Plinian &l daposils
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Latea (.0, Canno, Borang, Crote & Casro lomasons) o top of a Bva Aow Irom the Vilan Felds and inervenng stratigraphic dscon-
inuites, such as paleasols (6.0, D1, p) and high-relef srosconal surfaces (g, D2, 03, Dd), related 1o UBS bourcares of dfferent rank
(sca Fig. €). Now tha U-shapod channal {O2) mantiod by a thin ash{al layer and flled by pyrcclastic cument doposits of the Sorano for.
ration (Now dkclion 1oward 1he page, d-examele of Tiow LN boundary), () 5 km SW of Momeliascone: imetaddsd Vidsn Fislcs aw
NMOrEd AScons vOISING SUOCESECNS, SHOowry the sightly unddating eroaonal surtacs boundirg e Baxsa & Parma E7) and Fiume Fiers
(FF) synthame, and local siratigraph o docond nuites reprosontative of fomparal Natuses In the cruptiva acthity, as evidancod by sosp
€rgsional channals (Diack araw) or palecsdis (p). (¢) Cose-p of the upper pan of the Canino formation al La Roochetia, showing the
ceposifonal bourdary betwasn lamporally cloealy spaced pyrociastio fow and sl urvte toppad by the Canino-Famese inter-aruptive
palecsol
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Fig. 10 - (a) Gecloges skeich map of he Cimne Vocank Corpex (Tuscan Magmate
200, 2015a). Legend: 1) sedimantary substrate; 2) domas and va flows of tha | Cimino phase: 3)

Proviece, Avanonell & &, 2003 Conticelli @! al.,
fiows of il Cimiro phase; 4)

pyrocaste
labitic to eachitic lava fows of the Il Cimino ghese, 5) clivies [atitc 1o shashenitic lava Bows of Ihe IV Cimino phass, 6] Roman-type Lauchs
-bearng Vico volcenc rocks (Homan Magreasc Prownce); 7) quatemisry fuvisl deposite: (receawn alter Parini e 8l 1937, 2004: Contcell
of al., 2007, 2010; 2013, 2015a). b} Gecloglkal skatch map the Vico wolcane. Logend: E) caldora im; &) Macigno Fiyach; ) Allkechtonous

Fiysch; 10)

Plocene-Plasiocene marhe sedimants; 11-13) Cimino dome complex (1300-500 ka). 11) lamproitic lsve: 12)

rhyndactic domes; 13) Mycdactic Papenna Tpco ignimteiia; wwuooommummmmaowsw

tham is nol repreaentable al £ map scals); 14] sirvicccne bulding locilo-beadng livag, 15) celdea forming phonoitic

igimbrites; 16)

Carbognend phrestarragmatc ignimbriie; 17) Morte Yenere Ithosome: post-caldens scora cores (third périad); 18] travertng; 15) Hoo-
oena aluvial and lacustrine depasts; (c} Geological skatoch section through tha Marta Cimine (1.3.09 Maj and Vizo {0.45-0.05 Ma) neatad

volcanoes (recraan aller Cortioals of al, 2013, Avarzinedi ol ol 2017),

(Nlpplcul. 1984, 1895) and the interbedded ca. 332
Orvieto-Bagnoregio ignimbrite mlated o a8 major
aidu-abmll\gm(l’mnd 2014; Marra
al, 201% Paladno & Pettini, 2020),
4) the Monlefascone lithosome, SE of Lake Bolsena
congists of a8 ceniral voicanic edifice cut by a nearly
ciroular palygenetic caldera, ca, 3 km across, The onset
of activey (<286 ka), broadly contemporaneous with
Latara. Is reprasented by the Hthic-rich Montetiascone
basal ignimbrita (Napp & Marini, 198€), a hydromag-
mesc evem releted 0 an eerly siage cf caidera col-

lapse:
5) Laters = a genty stopng, central volcanc sdfice (&t
least 30 km acress) locased in the western part of

Vulsini (Fig, 9). Its chmactic actvity [ca. 253177 ka,
Monaco et al, 20223 and referancs therain) produced
widespread Plinian fal (Pallaciro & Agosta, 1997 and
ash-pumica fiow deposits (Sparks, 1975, Paliadino &
Valentine, 199%; Paladno & Giordaro, 2019, Valentine
st &l 2019), resulting In the Latara-Veps nasted calds-
ra system (9 km by 7 km acrass) through mulliple cob-
apse s4ages (e.g., Nepp., 1968; Sparks, 1975; Barben
at al., 1584, Vezzol et al, 1987; Nappl e al., 1991,
Pafadine & Smel, 2008), In padticular, the Sovana and
Onaro eruptions, which empaced wypical lag braccla
deposits, are identified as major utbn-funir? ovonts
|Palledino & Simat, 2005; Palladino et al, 2014) The
fale volcanic activty was characierized by effusive (e.9.,

it%2Findex.php%2Famqg%2Farticle%2Fdownload%2F734%2F665%2F2910
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tha ca 157 ka shoshonitic Selva dal Lamone lava plat-
€au), Srombokan and phreatomagmatic eruptions from
int@m- and peri-cakdara mencgenetic centars,
The Vuisnl voicanics span a full rangs of potassic
rock types, from the least differentiated {l.e., K-basalts,
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trachybasalts, basantes, and tephrites), which maostly
characterize lava flows and plateaus, as well as Strombo-
lian and hydromagmatic products, 1o the mest diferanti-
ated ones (L.e.. phonolites, and trachytes), typical of Flink-
an pumice-fall and ash-purice fiow ceposits from major
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axplosive eruptions (Conticall et s, 1587, 1991, Napp
el gl, 1994, Palladino & Agosia, 1897, Palladino et al.,
2010, 2014 and reference thamsin). In particular, the Mon-
tetiascone lavas {e.9., from the circum-caidera Orio Piat-
to eruptive center; ca. 226 ka; Napp! et al,, 1905) dispiay
pacullar compositional features (1.e., nigh Ca0 and Mgo
and low SIO;, ALLO, and alkali contents) and are

nizad among the mast primitive rock types In the Vusin
district and in the whole Roman Province as well (Conte
et al, 2009).

In dista! settng, he activity of the Vulsini Volkcank:
Distict 8 paricularly well documented for the Laters
stage (Ga 255-157 ka) n Fuwcino Basn, central Italy
(Monaco et al, 2021) From the same basin, saveral
tephra layers originated from Vulsin have been also
found in the Interval 430-30C ka (e.g. Orviewo-
Bagnoregio unit of 335 ka; Leicher et &, 2023; Moraco
et al, 2021), whie activity of the Paleovulsind is possibly
documentad in Lake Ohnd (Leicher et al., 2019, 2021).

32.3. Cimino (ca. 1.1-0.8 Ma) and Vico (ca. 415-95 ka)

On the bass of morphological, geologlca, and mn-
ecslogical data the Cimine and Vico volcances (Fig. 10}
represont tao dstinct edifices active In diferent times,
but fed by the same plumbing systam (6.5, Pern, 1097,
Perrs o al., 1897, 2000, 2003, 200<; Peccerilio, 2005
Conticadli o1 al,, 2010, 2013, 20154; ). According to Pec-
cenlix et al, (1987) the Cimiro voicanic complex, active
during the Early Plaistocene, belongs to the Tuscan Mag-
malic Province, whilst 1e nestod and younger Vico stra-
tovoicano, active during the Late Floistocens, belongs to
the Roman Magmatic Provincs.

The Cimino voicanks complex is the okdest edifice of
the Cimino-Vico area, and it is & relatively simple volcano
with an evclution through four man phases (Conticeli et
al, 2013] in & short tima span from 1352008 to
0.5440,20 Ma (0.9.. Evernden & Curis, 1965 Nicolet,
1969; Borghettl ot al,, 1981).

The Cimino voicano & made up of: i) an initial align-
mant of trachydaciic 1o trachytic cryplodomes along &
NV/-SE trend (aucior. “peparing debe allure™: i) two
waeidad pyrociastc flow units, outpoured when the actwity
was concenirated in the central part of the velecano
(aucior, “peperino tipica™y. i} lava fows of the Monte
Cimino cone; N| final maSc lava flows unit (e.p.
Puxeddu, 1571; Lardind & Nappl, 1987, Perinl ot al,
2003; Crnarelli & de Rita, 20068ab; LaBerge et al., 2006,
2008; Conticelll ot &, 2013; Nappi ot al,, 2022).

The Cimino volcanic rocke are nvariably leucite-free
ranging with tme from trachydacite, 1o trachyte, lathe,
clivine-latite, and shoshonites. Details on mineralogical
and petrographic features are provided in  Perini ot al
{2003) and Conticelli ot al. (2013)

After a hatus of some hundreds of thousands of
yoars, renewal of volcanic astivity occurred in e area, o
450 ka, lew kilometers soutbweast of the Mante Cimino
with eruption of Roman-type, silica-under-saturated, leyu-

cite-bearing [Fig. 10). The Vico velcano was
Bultin the form of & conic Stralovoicano cul Dy & summe
polygenetic caldera (Perini et al, 1997, 2004). Post-
cadera activity, subordinate in volume, both within and
on the N and W edges of the caldera do occur (FRg. 10k
Perirs & Corticelli, 2002; Perini et al. 1997, 2004). Vico
voicanic rocks were sbrong o mild slica-undersaturated,

Crunca £, otal

leucite- 10 plagicciase-leucita-baaring generated by par-

Gal melting of a lihcspheric mante weadge undar high

Xexe condtions,

The eruptive history of the Vico voicano is subdivid-
od Into three pericds and corrasponding lithosomes
(Ferinl et al., 2004, Conticel et al., 2013).

1) R0 Femiera Synthem (sensu Perinl et &, 2004),
nvoiving &n eany effusive period, alternating with explo-
sive phases at ca. 415-400 ka that produced the Vico «
and Vico 8 Plinian all markars (Clon et al, 1987, Peral-
ra ot al,, 2020);

2) Lago di Vico Synthem, invclving tha buld-up of the
main stratovolcano by essentidly effusve actvity (ca
305-258 ka), followed by a climactic, caldara-forming,
expicsive phase a1 ca, 250-144 ka thal produced ignim-
brites A, B, C {also known as Tufo Rosso a Scorie Nere
Vicano| and D (Locardi, 1565 Benagnini & Sbrana,
1586), corresponding to the Farine, Roneiglione, Sutn
ancs Carbognano farmations (Perni et al, 2004; Bear ot
al,, 20093 b);

3} Menie Venare Synthem (ca. 138.85 ka), character.
zed by phroatomagmatic and Strombdiar-effusive
actiiies from peri- and intra-caldara menogenosc cen-
or's,

Vico a and Vico p are geochericaly peculiar within
the perl-Tyrhentan volcanism. In fact, in addtion o the
usual trachy-phonolitic onee, the juvenie faction of the
deposits of Both erupbons contans rhyolitic pumice
clasts (Fig. 11), which reprasent a puzzling exception
among the Quatemary polassic volcanocas ol centrd
Italy. Isotopic and trace element dala indicate an orign of
these riyolitic magmas by fractional erystafization pro-
cesses (Perini of al, 2004), coourred &t unusually high-
prassure conditions: the Myokse glasses in pumice dasts
show, Indeed, high volatile conterts (M0 ca. 57 wt's)
and are in equilibrium with amphibole (Monaco, 2022).
The deep level of the Vico o a1d Vico § pre-eruptive
magma systems is corgistent with the wide dispersal of
the fallout products and the lack of co-eruptive pyrocias-
56 currants asgociated with caldera- iNg processed.

Conversely, the Tulo Rosso a Scorie Nere Vicano
(ca. 150 ka: Laurenzi & Villa. 1967) ia releted to the main
caldera collapse at Vico (Bear et al., 2009a . Paladine
et al., 2014). The eruption succession inciudes. 1) a basal
Pinian fall horzon containing whitish sub.aphyric pum-
ica, related to a cantral feeder conduil; ii) Dlack spatter-
bearing, ccarse lthicrich, codgnimbrte lag breccas,
related 10 deveioping ring ‘sults during caidera coilapss;
iii} red tulf with leuche-bearing black scora, that is the
man pyrociastc fiow ceposit emplaced at the eruption
climax, extending with remarkable continuity as lar as 25
km from the vent, over an area of 1200 km® The facies
architecture and 1he variation patltems of juvenile extural
featwres and glass compostiors, aleng with minaral
chemistry, reved a chamibar characterized by
thermai and volatiles gradients (which refiect in erystal
corcentration gradients) and changing magma withdraw-
al dynamics in the ccurse of a typical caldera-forming
avent (Bear e al. 2009a; Pakadino et &., 2014).

Owing 1o their peouiar rhydiiic components andiot
wids dspersal, Vico a end Vico § and the Vico Ignim-
britee C and B are key siratigrashic markers for ragicnal
and ultre-regional comelations (Clont e al,, 1987, Persra
ol al,, 2020, Monaco el al, 2021, lwino e al,, 2022), as
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Fg 12 - Skech geclogical map of the Sabatnd Volcanc Distrot (after Sotik ot al. 2010&), showing e amal dsibuions of the man
activity parods. insats ghow the lacations of the Sabatind and the other walcanc distécts of the Roman provinos, ceciral Haly. Legend: 1-
Sedimentary terrans; 2-M.11 Certh- Toletano-Marzixie lava domea (Plocene) 3- Moriupo phase products (0.6-0.6 Ma); 4- Scuthom Saba-
uni prockets (0.540.4 Ma), S Braccano Cadsra produets [0.3-0.2 Ma), 6+ Sacofano Camera products 10,302 Ma|, 7- Vico Vokano [0.4-
0.1 Mg); 8- Sabalini Lass activity {< 0.15 Ma): 8- Scoris cones; 10- Maas: 11- Calders fims; 12- Bured source smas.

far as Lake Onrid, Albania-Noth Macedonia (Leicher et
al, 2021).

3.2,4. Sabatini Volcanic District (ca. 810-70 ka)

The Sabatni Volcanio District extends over an area
of ca. 1,800 km” narth of Rome (Fig. 12). Voicanism was
dominated by explosive activity ranging through a bread
spostrum of intensities and magnitudes, from Strombati-
an ard phreastomagmatic eruplions from rmanoganetic
cemers o Plinan and pyrodsaste fiow-loeming evenss
associated with caldera collapees (Sotéh et al, 2004,
201048; Marra o1 al. 2014, 20186). Today. the man land-
forms in fhe area are by e Braccano cak-
dera, hosting a ke ca, 9 km in diamater, and by the 6 x
4 km Sacrofano caldeca to the East Although quite sub-
ardinate velumetdicaly, a number of monogenatic wulf
rings and scoria cones that posicate $e main caldere-
forming events are either ciustered or scattered in the
northermn area of the distict and between the Bracciano
and Sacrofane calderas (Sotti et &l 2010a; Valentine et
al, 2015)

Eruptive activity mostly took place in the 0.6-0.1 Ma
tme span, aithough okler wicdespread Pinan fall depos-
its of uncertain source (yel lentatively atiributabie to a
Sabatni paleo-activity) were alsoe found in dill sites aleag
the Tiber Valley and daled al ca. 610-B14 ka (Kamer et
al., 2001), Convensianally, the Sabatini actvity = diviced
into three main phases |Cioni et al., 1687, 1933, da Fila

it%2Findex.php%2Famqg%2Farticle%2Fdownload%2F734%2F665%2F2910

of al, 1993, 1996 Barban of al, 1954; Contoell of al,

1997, Kamer et al., 2001, Soldli et &, 2004, 2010, 2012,

2019; Masotta ef &, 2010).

1) eardy phase from the Morfupo (ca. 539500 ka) and
Sauthern Sabatini (ca 500.400 ka) source areas, m-
speclively o the East and South of the present Lake
Bracciano, charactafized by widespread pyroclastic
faws and Subplindan to Plinan falout (VEI 3-5). During
this phace of acivity, the main eruptions of the ca. 548
ka Tulo Glalko della Via Tiberina and the ca. 445 ka
Tulo Roseo a Scorie Nare Sabatino oocurred, the latier
being the volumetdcaly most mpocant  caldera.
farming event in tha whole activity histery of Sabatini
(Sottdi et &, 2004, 2010; Masotta ef al., 2010; Marra af
al., 2014, Paliadino et &l., 2014),

2) intermediale phase of effusive and explosive astivity
(ca. 400-200 &a) trom Lake Braccianc and Sacroanc
source arsas, marked by two major caldera-farming
eruplions, respactvaly the ca. 310 ka Tuto & Braccan
and fe ca. 286 ka Tufe Giallo di Sacrofang;

3) late eruptive phase (ca. 150-70 ka), dominatea oy
phreatomagmatic and subordinate Strombeiian and
effusive activtias from monogenetic and polypansac tuft
rings and ecorla conse in the central area of Sabatini
(Sattli et al., 2012; Valentine et &., 2015), mostly be-
tween the Bracciano and Sacrolano cadesas (e.5.,
Baccana, Martignano and Stracciacappa centers).

Compesitonally, the Sabatini volcanics cover a
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wide spectrum of potassic rock types, ranging from
trachybasahs 1o trachytes and phonoites (Contcals et
al, 1697, 2010; Peccerilio, 2005; Sottill et al, 2019)
Marra et al, (2020b) highlightad a noticaable paralielism
In sme and eruption magritude betwean Sabatini anc
Colll Albani during mast of their lifetime, and suggasted a
common regional tectonic trigger, such to define them
twin volcanic systems.

The explosive activity of the Sabatinl Volcanie Dis-
trict i3 well documenied in dstal satting The most wice-
spread unit Is Fall A [~500 ka) of the Mordupo phase,
found In central-southarn  Italy intermountain  basing
(Sumona, Mercure and Acerno; Giacslo et al, 2014;
Petrocino at al,, 2014; Di Fita & Sctth, 2019) and Lake
Ohvid (Lexcher ot al., 2021), Many other tephva tayers
sparning tha intarval 550-120 ka, of either wall Icentiisd
or suppesed Sabatini ongin, have bean jound In Fucino
and Acemo basins, Lake Mcnticchi> ard even Lake
Ohrd (Wulf et al, 2012; Glaccio et al., 2012; 2017a
2019; Petresino ot al,, 2014; Moraco ot @, 2021; 2022a
Laikcher at g, 2023}, Tephra layers with Sr isotope com-
pasition and age o the putative Sabasni
pakso-activity (~-615-810 ka) have been found in the Sul-
mona basin (Glacsio et af, 2013b; 2015 Sottlll ot al.,
2019), aithough their stiribution to the Sabatind Volcanic
Desines 15 s31) uncertan,

3.2.5. Colll Alban| Yolcanic District (ca. 608-38 ka)
Following a poorly documented earty activity panod,
the Celli Albani velcanism ook place i three main phas-
e3 mavked by diferent eruptive mechaniams and magma
volumae (da RAits et al., 1888, 1985b; Giordano et al.

2006; Fig, 13):

1) the cimectic actwvey penod, known as Tuscolano-
Astemisio Phase (de Aita ot al, 1988) or, referring to
the evolution of ths adifice, as Vulcano Laziale
complex {Glordano & the CARG Team, 2010), pro-
duced &t east five subsequent eruptive cycles, domi-
nated by large mafic and caklera-forming ignimbrites, m
the ca, 561-351 ka ¥me span (Kamer &t al,, 2001; Mar-
ra ot al,. 2009), allernaled with effusive and mild axpio-
sive activity. Strkingly, large-volume (up to several sens
of km®] pyroclassc fows weace fod by Koiditic magmas
with Si0; as low as 42 wt%, e.g,, during the early Trigo-
ria-Tor de' Cenci and Palatino "pisolife wff” anuptions
and e main ca. 456 ka Pozzolane Rosse and ca. 365
ka Villa Senri caldera-forming eruplions (Freda ot al.,
1997, 2011; Pasadino o al., 2001, Boari et al, 2009&
Marra el al, 2009, Vinider et al., 2012, Gaela o al_,
2018),

2) the Faste Phase (de Rita et al., 1838), durihg which
the Tiscolano-Artamisio per-caldera ring Iracture Sys-
tem and the intra-calcera Fasie stratovoicano were buikt
(Giordano & the CARG Team, 2010), occurred at ca
306-280 ka (Mamra of al., 2003) and was characterzed
mainly by Stramboian and effusive activities;

3) following a ca. %0 kyr-long dormancy, the Late Mydro-
magmatc Phase (ca. 200-38 ka; Marra et al,, 2003,
2078; Freda et al., 2008; Giacoio el a2, 2007, 2009), of
Via dei Laghi lithesome (Giordano & e CARG Team,
2010), was dominated by maar and wif rfing forming
eupfons (e.q, Arccia, Nemi, Valle Marcana, Laghetto
or Gituna, Albano). In patcular, the Albano polype-
netic maar (ca 69-38 ka) hoated the most recant and
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snergatic activity (Giordano &t &, 2002; Freda &t al.,
2006, Glaccio et &, 2007, De Benedetii a1 al., 2008).

The age of the last eruption at Colli Albani has baen
a matter of debate (see the above references and Soligo
& Tuccimel, 2010 for a review). A wide data-set of accu-
rete ‘Ar™Ar dating corsisiently Indicetes tat the last
documented eruptve event ccourred at the Albano maar
at ca. 36 ka (Marra et al, 2003; Glaccio et al., 2007,
2009), in spite of younger ages reported in the literature
(eg., ca 26 ka; Villa et al. 1599) that are affected by
stratigraphic inconsistencies and’or methodological un-
cerianties. In additon, a seres of ishar daposits
(Tavolato Forrmation) have been atiributed to the repeat-
ad overflows of the Lake Albano and possibly associsted
with intrusicn-irigoered Emnic eruptions (Funiciello et al,,
2003 De Beredeti ot al., 2008), although the cccurrence
and exact ege of these events, possibly exiensing Into
the Holocene, has boon a matter of controversy (Marma &
Kamar, 2005; Glaccio et ai., 2007, D’Ambrosio et a.,
2010), On these grounas, v considering the lorg-lasting
quisecence panods occumed in ?he past (ca 40 kyr; Mar-
ra of al. 2004), it cannot be excluded that Colk Aban! can
be potentialy actve (de Rita ot &1, 19953; Mara et &,
2016), also in light of the several | (Chilarabba
at al,, 1997) and gecchemical (Carapezza et &l 2010
Indicatons of volcanic unrest.

Aithough tha Colli Albani rock-types apan he teph-
rite, phonatephmite and K-foidie fiekds of the TAS classifi-
cation dlagram, they show invarably, regartiass of arup-
Ban size, a leucititic mingrdl asserblage. Tha latler is
charactenzed by the virtual absence of feldspars, with a
few axceptions in the groundmass of alivine-bearing k.
vas, and in gass-bearing juvende pyrccasts formed at
high cooling rates (Trigia ef al, 1995, Gaeta, 1998,
Gaeta & Freda, 2001; Gasota et al,, 2006, 2016; Glordano
ot al, 2006; Boas ot 8., 2008a; Marra t al , 2009, Gozz!
et al, 2014), The poculiar magma differentiason trend,
leading to K-foiditic magmas with SIO, contents <50 wi%,
has been explained by the assimiation of sedmeniasy
carbonate. This process allows the astablishment of CO,-
rich conditions in the Celli Aani magmas and reduces
the stabiity fields of olivine and phiogopite in favcur of
cinapyraxane and leucite (Gaela of ai, 200D, 2009,
2021; Freda et al,, 2008, DI Rocco of al, 2012), The
anamalous highly explesive behaviour of SiOg-paor mag-
mas al Coll Abanl has also boen attributed to CO, en-
trainment in the pre-eruptive system due to magma-
carbonale wall rock interaction at supra-crustal leveds
(Freda et al, 1807, 2011; Soltii et al, 2010b; Cross et
al, 2014). An awrnative hypothesis suggests that the
man location for magma-carbonate fiuds inleraction,
cardroling both the pecuiar lne of descent and the ex-
plosivity, is within the metasomatized mantle source
(Boari at al., 2009a; Jorgenson et al., 2020)

The uncommon lithology and K-ioidiic ¢
and ather ar features of the Coili Albari tephra
(e.g., the V'So™Sr time-dependent variablity; Gasta et
al, 2016) make thern among the most distinctive markere
In the framework of the central Medterranean 1ephrostra-
tigraphy (Giaccio et al., 2013a). The pyrociastic products
of the man activity phase of Coll Albani {ca. 561-351
ka), as well as of the Lale Hydromagmatic Phase (ca
200-36 ka), are widely dispersed in central-Southerm Italy
(Giaccio et al, 2009, 2013, 2017e,; 2019, Petroaino et &.,
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Fig 13 - Stasgrapric-chronoiogical scheme ana geclogical skach of the Coll Alban (Alban HEts) Vokare Districr (Mama ot al., 2011:

Gaeta et al , 2016),

2014; Monaco et al,, 2021} The largest events, such as
the ~486 ka Pozzolane Rosse, can be traced in the 1eph-
ra record as far 6 Lake Ohvid (Lalcher st al, 2049,
2021).

3.2.8, Voisci Volcanic Field (ca. 760-2307 ka)

This voicanic field (a/so krown as Monti Emici or
Middle Latin Valley volcanoes) groups saveral menoge-
netic centers (8,9, sooria cones, maar-datremes and wif
nngs) scattered through the Middle Latin Valley and the
Volsal carbonate range, as far as the adiohing Pontina
Plain [Pasquaré et &, 1985; Boarl &1 al , 20090, Cents-
more ef &., 2010; Cardedlo et al,, 2020; Mara o1 &, 2021
and reference therein; Fig. 14), The Volsci eruptva pal-
tern was characterzed by small volume (in the order of
0,01-0.1 km’) eruptiors from a netwark of monoganetic
caners. 1otaling neary 4 km?’, i.0., two orders of magni-
tude lower than the major potassic volcanic distros of
the Roman Pravince. Three main phases of activity have
bean distnguished (Marra et al, 2021), a3 follows:

1) the “Early Eruptive Phase’ (ca. 781-541 ka) mainly
coourred along the carbonale Volscl Range (e.g,, Palri-
ca eruplive center) and was essentially fod by K.rich,
leucie-mellile-bearng (XS] magmas, showing evi

denca of high degres of carbonate assmdation, posss-
bly cue to multi-stage ascert through thick carbonase
successions (hance he difuse phreatomagmatic char-
aster);

2) subsequerntly, dwing the *‘Main Enuptive Phase" (ca.
424,349 ka), MKS rock types allernated with poorly
differentiated, plagicciase-bearing (KS) rock types from
aruptive sources close in time and space (e.g., in the
Ceccanc and Pofl areas), in particuar, the eruptive
activity alang the major faults bounding the Midde Latin
Valley Graben testifies for the fast ascent of nearly pri-
mary KS magmas (K-basaltic in composition; Centa.
more ¢ al,, 2010);

3) during ?e “Late Eruptive Phase (ca. 300-2317 ka),
KS magmas prevalled, although stll accompanies by
HKS evants. The low-intensity and low-volums {l.9,,
Hawaiian-Strombolian, phreatomagmatic, and subordd-
nase effusive) eruptive events, fed by poordy differertiat-
od pofassic magmas, refect ihe lecionically cantrolled,
fast ascent of primitive magma batches from the mantie
saurce ("tulet eruptions™; Cardello of ai., 2020).

Cwing ' the lack of glass chemical compasitions
from the Volsci pyroctastic deposits, idertitying patental
dsial correlatives is hardy feasdle. Newvertheless, the
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Fig. 14 - Geologeal sketch map of southern Latum, showhng the lcation of the Volsol Voicank Feld (square ansa) batwean the maor

Coli Abars and

Voiscl is cumently the sola volcanic source jor which an
actvity as cld as 760 ka Is documerted in near-vent set-
ting, which Is geachronoiogically compatible wih a senes
of Sulmona tephra layers dated between -805 and ~715
ka (Giaccio et al |, 20130; 2015)

3.2.7. Roccamontina Volcano (630-557 ka)

Roccamonfina voicano (Fig. 15) is the result of the
superposition of different morphostructures. The oidest
editice is & siratovocano made up mesily of leucite-
baaring, highly sllica-undersaturated (High-K seres;
HKS; Conticelll ot al., 2008b), phonotephrtic lava flows
and Strombolian deposits {Roccamonfna Synthom, de
ita & Glordano, 1986). An age of 630 ka was obiainad
for the pyrociasic deposits & the very base of the voi-
canic plie sampled from a deep borehole drlled at the
center of the present caldera (Balint et al, 1985a). Some
K-Ar ages a8 old as -1.2 Ma (Gasparnl & Adams, 1967)
and ~700 ka (Radicali G Erozolo et al., 1968) reported
for tha products of this eary stage may be not reliable for
modam enalytical standards. As a result of NE-trending
axtansional faults cutting the adifice, a major latersd sec-
tor colapse interrupted the growih of the stratoveicano
(de Rita & Gicrdano, 1995) at around -440 ka (end of
Fio Rava stage; Chiesa et al., 1995, Gianrettl, 2001;
Rouchon et al,, 2008),

Subeagquent activity (refated to e Rlardo Synthem;
de Aita & Glordano, 1936) shifted fo deminanty expio-

valcances (afer Marra ot &, 2021, modifed)

s&ve and a seres of VEI 3-5 Subpinian %o Plinian erup-
tors shaped a summit caldera, superm-
poead to the aarier sector collapse (Cole et al., 1983, ce
Fita & Gicrdano, 1896 Gannets, 2001). Auchon et al.
(2008) subcividad this caldera-forming stege Into severa!
subsiages. The oldest one, between 410 Ka and 380 ka,
culmnated with the first caldera-forming event of the
Brown Leuctic Tufl (BLT, Luhr & Glannets, 19887, Cole at
al, 1993), which is tha last aruption involving HKS mag-
mas a1 Reccamoenling. The foBowing activity was fed by
sightly silca-satumied leucite-free magmas with a sho-
shonite affinity (SBO, Conticelil ot al., 2003b). Betwaen
~331 ka and ~230 ka, the White Trachytic Tuffs (WTTs;
Ballini etal., 1889b; Cole et al., 1993, Giordano, 1998a,b:
Gannetti & De Casa, 2000) originated from multiple tra-
chytic Plinlen eruptions. At sast two of them (l.e., WTT
Cupa and WTT Galuccio of Giordano, 1998a, or LWTT
and UWTT of Giannsts & De Casa, 2000) resultad Into
caldera collapses in the central area of the volcano, The
pyrociastic deposits of the Yellow Trachytic Tuff
mm«u.mnmmmmmmgm

The youngest activity at Hoccamontna (Vezzara
Syntherr;; do Rita & Giordano, 199€; or 170-150 ka Santa
Croca stage; Rouchon et &, 2008), was controlled by N-
trending tectonic ineaments and gave birth to the intra-
caldera lavtc domes of Lattani and Mte Santa Croca
Erupive activity ended at -150 ka acoordng to Rouchon
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Fig. 15 - Skexch peclogical map of the Roccamontna Valsano shawing the main volcanc unds grouped inlo tha respective synhams

(rodraam attor Cordicoll ot @, 2010)

&t al. (2008), though & youngar ags of ~55 ka is raported
in Radicat & Brozolo et al. (1988)

In disial setting, taphra layers attributad to the Roc-
camonfina activity have been recognized on regicnal and
extra-regional scales. Rio Rava s documented in Molise
rogion, irmodialely east of Poccamonfica volcano
(Russo Ermolll et al., 2010), while BLT has been recently
identified in the Fucino basin {central italy) ard associat-
ed to the widespread "Bag taphra” of Danublan Miadia
Pleistocens ioess suscession (Leicher et al, 2023). The
LWITT s aso wel documented In Moise aluval-
lacustiine successions |Amalo el al., 2014, Gali & al,
2017) and, more dsally, In the Fucino basin (Lacher et
al., 2023). Of nots, distal records, spanning the 600-200
ka interval, indicale the ocourrence of a rumber of tephra
layers with Roccamonfing-like geochemical composiions
that ourrertly lack specifio prosimal counterparts (e.g.,
Glaccio et al., 2074; Patrcano et al., 2014, Lecher et al.,
2021), providing evidence for a conspicuous, yet sl not
wel-defined, Micdie Pelsiocene axpiosive aciwty at
Aoccarmaniina volcana.

3.2.8. Final remarks: the state of volcanic activity

Ongoing research ams at refining the chranelogy of
voicanic activity in cantral ltaly, in order to betler corr
strain the eruption frequency and the duralion of quies~
cance peviods, which s crucal for hazard as-
sessment In thie regard, tephra ocrrelaticns from distal
archives provide adaitional, detased Infarmation for a
comprehensive reconstruction of tempo and dynamics of
the perl-Tyrmenian Quetemary veoicanoes (8.g. Giaccio
et &, 2019, Leichar ot o, 2019; Monaco et al, 2021;
2022a),

Basad on the ages of the lasl decumentad eruplive

events in the Roman Province, e, ca. 111 ka at Yulsini,
ca. 95 ka at Vico, ca. 70 ka at Sabatini and 38 ka at Colll
Albani (tha latest activity at Voisci and Roccamonting is
nat yet well constrained), it appears that the waning (or,
possibly, cessation) of eruptive actvly shited progres-
sively from NW to SE. Strkingly, $ieee volcances reveal
& "relay penevior' (Marra et gl., 2020a), l.e.. e waning
stags of activity at Vulsini (ca. 150-110 ka) was corcomi-
tart to an acevity climax at Vico (third period, Ferini e &l.,
2004; also inciuding the main caldera-forming event ol
Tudo Rosso a Scona Ners Vicano); then, waning activity
atl Vico (ca 95 ka) occurred during a peak of phrealko-
magmatc activity at Sabatin; again, the last documanted
eruption at Sabatini (ca. 70 ka) was accompaniad by the
onset of the Albano maar cycie 3t Colli Albani. Firally,
the last eruptive phase et Albano (40-36 ka) was broadly
coinciden! with the dimactic super-eruption of the 40 ka
Campanian gnimbmie 8t Campl Fegrel. The focus of
volcanic activity seeme therafore to have shiftad threugh
time from Northermn Latum, through the FRoman area,
toward the Neapolitan area. However, considering that
the sme lapee sinca the Iast decumentad erupticns at
Sabatini (ca. 70 kyr) and Colli Abani (ca 36 kyr), is in the
sama order of tha dormancies occurred n e activity
histcry of the two volcances (ca. 70 kyr and ca. 40 kyr,
respactively), ha possible occurrence In the near future
of eruptive codas from the domant “twin™ volcanoces at
the gates of Rome carnct be ruied cut (Mamra et al,
2020b].

In additon, & recant werk by Glordano & Caricehl
(2022) poimts out that defining the state of activity of voi-
canoes based on recurence tmes alne requires the
assumption that the magma plumbing sysiam |5 sisady-
state, whie even at constant magma fluxes, the thermal
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and geomstric configurations and chamical raactivity of
plumbing systems may change signilicantly ower time.
This means that as thay thermally matura, pumbing sys-
1ems may allow the growih and coalescence of progres-
sively larger magma bodies, Implying progressively a
longer quisscance, which may |eac to lerger eruptions. In
this sense, refinng cur knowledge of the longevity of a
vpicano Is as important as knowing the ape of s last
enuption, and thés is why recent efforts in extending back
the distal tephrochronology cf the perl-Tyrrhenian Qua-
termary volcanoes Is so imporiant {e.g, Glacclo et al,
2019; Leicher at al., 2019; Monaco et al, 2021). At the
same time Giordano & Carcchi (2022) ponted out that
the heat fhix of the Roman wolcanoss, especially at
Vusni and Sabatini s as high as, and lecaly even higher
than, at the certalnly actwa lscha and Campl Fegre!
voicaroes end much higher than at Vesuvius, suggeeting
that in order to define the state of activity of these volca-
noes a much befter Imaging of their praseni magma

plumbing system 5 required, although again none should
ba considared axtinct.

4. PENINSULAR-INSULAR SOUTHERN ITALY VOL-
CANOES AND SEAMOUNTS

4.1, The Pontine Archipelage (AMC., C.P)

The Pontne Archipslago consists of #ve major vol-
canic isiands dvided in western islands, Fonza, Faimarno-
la ang Zannore and eastam Islands, Venictens and S
Stefaro (Fig. 16a). The westam isiancs 18 on @ NE-SW
clongated struciural high dividing two major areas of
sedimantation |.e, the Palmarola and Ventotene Intra-
siope basins (Fig. 16a) created by the Plo-Pleistocene
exdiensional daformations, which also gave res to & very
steep NW-SE trending contnental slope and an intense
magmatic sctivity caveloped from late Flocene to Late
Pleistccere (Conte & Dolfi, 2002; Cadoux et &., 2008)
The eastemn slands are e emerged portiens of the cal-
dera rim of 2 large strato-wolcano nsing ca. 700 m from
the sea-floor emplaced at the center of the subsiding
Venwlene basin (Fg. 16a; Matrich ot al, 1988, Belluoci
ot al., 19939),

In the westen =ands the Pliccene velcaric oycle
(4.5-2.9 Ma; Cadoux of al,, 2005, Fg, 17a) produced a
large effusion of HghK, Cakc-Alkaline (HKCA) rhyoiite
lavas from extensional fissures i a submarne environ-
ment, This led to e emplacemeant of dfferantly taxturad
hyaloclastites and ava dykes which formed the typical
cryptodome-dyke Systems that corstitude most part of
Ponza Istard (Fig. 16b, ©).

Indead, throe main coalescing domas of about 1 km
radus, cantered at Cala M 1e Paglaro and aligned along
a NE trending regioral fracture, have been identified at
Ponza en a mecphoingical basis [de Rita et &, 2001)
The same tkely occurred In the submerged SW sector of
Pamarecla (Conte of al, 2018; Fig. 18b). At Zannane, as
a consequence of local eustaic movermants, rhyolite

similar, ard coeval 10 those of Ponza
(Corse ot al, 2016), were emplaced as crypiodemes in a
subaqueous/subaeral environment and aiso intruded into
a substrale made up of sedmentary and metamarphic
unite, which are locally exposed (de Rita et al., 1088)
This pravented the fne white hyalociastte to lom and
led to tha formaton of a stangly brecciated iava in which

Crunca £, otal

flow struciures are often recognized. Simlar brecciated
lewa lecies are cbserved in the NW sector of Ponza is-
land, inchading the islet of Gawi, suggesting a slmilar sub-
aqueous'subeerial environment of empiacamant.

The second vokank cyde started In Earty Plaisto-
cere age {1.64-1.52 Ma: Fig. 17a} during which Paimaro-
Ia was entirely bult owing to the emplacement of a sub-
marnne hyalociastite unit intruded by dyxes ranging in
compositions from near to perakaline trachytes and
rhyolites belonging o the Transtional Rock-senes (TR
Conte ot al,, 2016). The Pleistocene activily progressed
with the ‘ocal emission ol comendRe lava (1.2 Ma:
Savel, 1967) and the emplacemoent of pyroclastic tra-
chytic producss In tha southemn part of Ponza (12-08
M, Saved|, 1567; Belluosi et al,, 1999, Fig. 17a), where
the resumption of wolcanism coinclkdes with the ransition
from a submerine 1o a subasrial environment. The Fleis-
tocene cycle ended at ca. 1.0 Ma with the emplacement
of trachytes of potassc saries (K-alkalne, KA Fig. 170) In
the southeastem part of Ponza (i.e., the Monte la Guar-
dia lava gome, Punta della Guardla lava dyke, Fig, 16c)
This episode represents the debut of the potassic alka-
liré magmatism that succassively davelopad southeast-
ward to the eastern Pontine siands up to the Roman-
Campanian Magmatic Provinces, The eastem Pontine
islands, Ventolene and S. Stedano, dspay a similar
chronclogicad sequence of the oulcropping units, which
ware erupted dunng ihe 0.9 and 0.1 Ma tmme span (Fg,
17a). It was initially charactanzed by effusive actvity
comprising a number of frachybasaitic lava fows (Fig
17b) followes by a huge explsive phase, which ended
with the caldera forralion. The composition ol the vl
caniclastic products ranges from latitc to trachydc and
pharaltic (Fig. 17b; Balucei ot al,, 1999)

Further nsights on the magmatic spectrum exising
In ;e Pontine Archipalago (Fig. 17b) wera provided by
subranne rocks of rel@ively undifferentiated cormposi
tiors (basalt to andesites), 50 lar missing n the literaturs,
coliected in cuicrops along the continenta sicpe (Conte
ot al., 2016), and in submarine volcanic edifices (i.e,, the
Vertotene Vokanic Ridge: Conte et &, 2020; Fig. 18a,
17a, 17b). Geochamicaé data from these new findings,
and hermodynamic modeling allowed 1o rule out an ana-
tectic onghn for both subalkaine and perakaline riyoltes
recognized in the Archipelago (Pacne, 2013) and 10 infer
that the whole HKCA-and TR-seres letsic rocks, and the
KA 2z well, derived by the rospactively poordy evolved
recks by fractional cryssaliization processes (Fig. 170),
Moreover, the new geachemical data confirm the
o signature of the three sultes and Indicate Nighly hetero-
gensous mantie scurces, due to crustal components
varously recycied in the manse via subduction, In addc-
son, the age of these new lindings (Conte et &, 2020)
lod ta irfer that the Piocena and Pleistocena walcanic
cyces develcped in the Ponne Archipelago are likely
associated 1o the Plicoene E-W directed rifting stage of
the Tyrrhenian back-arc basin, which produced a more
intense actiity during the fime span -5.0-2.0 Ma [the
emplacement tme of HKCA and TR series). Alwer that,
this fault activity docreased and the extensional direction
changed 1o NW-SE causirg the begiming of the KA ac-
bivity (<—2.0 Ma).
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Fig. 16 - [8) Lecation of the Postine Archipeinge in the cenirsl Tyrfenan Sea. The sl indcates the mamphological high of Vertoders
Vokanic Ridge (modfted after Conle et al, 2016 and 2020); (b Selectec portion of the 1:50,000 geologicsl map of Foglo 413-Bogo Gap-
pa {reporiad at reduceda 5038), In the simpited map lagend am raponed only the man wicank: urits: (c] Plocena: hyaociasats cryplodo-
ma ininuded by dyla ot Pores; (0] Ploslocens: tractny$c fave dyke at Punta dolix Guardia, Ponza, showing cocling structunes (vertcal and
curved caumnar [ointrg).
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Fig. 17 - (8) Crwonoiogy and seral afinity of Piotene-Quanamary voicanam of the Pontihve Archipelago and Veniolene Voicanic Ridge.
Yadow, HKCA: pale graen, KA dack green, TR See (he baxt for $8 abbreviston; (b) Tols! Alcdi-Siics [TAS; Le Msitre & &1 2002) classi-
tication dagram reporting the whale range of compositons of voloario rocka from Pontne Archipeinga. The aerows indicate the fquid Ines

ol cescanm simuating Iractional crystalization Yends leading 10 tha 18isiC 10cks consinuing
Spechically. a tachybasat simiar 1o that of Vertotenes led 1o the XA irachyie and

parectal mels racovamd in the Blands sard suroundings.

e Slancs from the seaively undfamntiaied

trachym-phoncits of Ponza and Ventotene, mapactively, andeste rocks recovened by dmdoss in the deen wassr (yaliow 1l crees) sd %
the HKCA Puocens mydites, and transitioral basalts from both deep water (green small Bl trchas) ane Ventotere Volcene Ridge lad the
TR Plastocane paraialine rhyaites from Paimaroila [Conte ot al. 2016, 2020)

“ The age of Zannone |skand § teduced by the morpholagical continuity wih Poraa and 1he compostiona attinitss of the producss of 1he
two isande, Ndead, snce now no absolute dateg exsls lor the Zannone dua 1o the kigh Sleration dagree of the volcanic rocks (Dolfi &

Conto, 2018).

42 The Neapolitan volcanoes: Somma-Vesuvius,
and Ischia Island

(RS . RAC. SdV MADV_ RI SM)

Somma-Vesuvius, Campl Fegrer and Ischia Isiand
are among he most famous active volcances in the
works and are part of the Neapoltan landscape. The ac-
tivity of e voicanoss punctuated the huran history
since Bronze Age, & lesified by archasclogical findings
racogrised in the plain and relieves surounding the vol-
canic area, The word-famous enupton of 79 CE con-
signed the Somma-Vesuvius 1o the , because of
the burying of some impartant Roman towns like Pempaii
and Herculaneum. The Campi Flegrei voicanic field
fargely confributed to the birth of myths, and was one of
the seven gates of Roman heil. Ischia Island was always
a favorite place for frermal baths since Roman times.

This briet chapter summarzes the main characterns-
tica of theee Twee word famous velcanoes, resuming
their eruptive histary, eruptive bahavior, compasition of
their preducts and Snally, the man hazards they pesa to
the surroundings and diszal reglons.

4.21. Somma-Vesuvius (39 ka-1944 CE)

The Somma-Vesuvius volcanc complex consists of
an dder volcano dissecied by a summit caldera, Monte
Somra, and a recant cone, Vesuvius, built within the
caldera after the 79 CE "Pompei” eruption (Cioni et al,
1988). Tha original Roman namea Vesuvius {ar Vesbius)
was first apalied to the old volsano. Starting from tha filth
century, chroniclers maka menton of Mi. Somma, &s the
highest (“surmnma”) peak of the mountain. The new cone
grew discontinuously during periods of semi-pareistant,
low-itensity activity (om Strombolan lo violent Strom-
bolan, accompanied by wmportant efusive &ctivity).
These pariods possibly cosurred in the first to third centu-
nas, in the fifth 1o eighth cenmuries (after the 472 CE
“Pollena” ecuption), in the tenth 10 twedth cemuries, and
n 1631-1944 time span (Cloni 6t ai., 2008; Santacroce ot

al, 2008).

Until refativisly recent imes, fe formation of Som-
ma-Vesuvius (SV) calders wes ascribed to tha Pompel
aruptcn, Roman paintings from Pompei ang Herculane-
um prompted Stothers & Rampino (1883) to conclude
that, peicr %o 79 CE, the top of the voicano was asymmaet.
ricelly shaped, indicating that a Somma-type caldera was
already present. The volcarolagical interpretation of the
Aoman fresce from Pompel "Mars and Verus®, now at
Naples National Archasclogical Musaum, made by Naz-
zare (1837) waves foew douits about the presence of &
pra-gisting caldera (Cionl 6t al, 1999), The SV caldera
has a bbate, quasi-elliptical shape with a 5-km-long, eas!
-west major axds (Fig. 18a). The notthem rim of the cal-
dera is a woll-defined steep wal, with an average dleva-
ton of approximasety 1000 m, The drainage pattern of
the highesat portions of the volcana, unaffected by can.
splowous deposition of recent procusts, is clearly radial,
suggesting a symmetical ariginal cane. In this assump.
tan, the shape ard size of the ancient Mt. Somma can
be constrained, placing the apex of the oid vokane
around 1900 m edevation and apprexmately 500 m Nonh
ol he presant Vesuviue cratar. Althcugh the general
morphology of she voicans (Fig. 18a) could be suggestive
of he occurence of Iatersl collapees of the seaward,
wastem sector (Milia o &, 1998; Ventura e &, 1999,
Rolandi et &, 2004, feld evidence discards such a pos-
sibility al least for tha st 20,000 years (Sulpizio et al.,

About 22 cal ky BP, the manly effusive acthity of
Mt. Somma changed into largely explosive (Fig. 180). At
least four hgh-magritude Flinian erupSons occurred,
staggered with minor events covering & large range of
magnitude and intensity. High-ntensity, explceive erup-
bars sporadically occurred, the two largest being the
Subglinian events of 472 CE (ako known as Pollena
erupticon; Res & Santacroce, 1983 Sulpizia ot al, 2005)
and 1631 CE (Rosi el al., 1983, Berntagnini et al, 2008).
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Fg 18- {a) Goolodmlmdm!lmwmmmnd msmmun.zmo) For tha logend the mador has o
reder to the crignal mmm«smv-ummm 0 eplosve eruplions, length &nd oolour retiect
the estimatad VEL uoban:dwmﬁdwhimudm persistent mid Strombolan and e¥usive actuty, punctuated by VEI 2.3
expicsive anplions; (¢) Varalion of Somma-Vissuviug rocks and glasses from the major explasive engtions within Tolal Akalis vs, Sica
(TAS) diagram (Santacros et &, 2008). The vasasons of Ni, St and Ba of magor exgiosive eruptions of SV dstrivinale the thres grogs
of rocks, ana are pecular for mast of singla eruptions. Note the Pompaid in tha Sr va. 83 plal, complately out af ha “mildy slica-
undersaturmted” Seld (Trom Santacroce & al, 2008); (d) PDC inundation frequancy for the main srupbons of Somma-Viesuvius ihe
185t 22 ka. The map shows ansas st relale 10 high, medium, and low frequancy of POC iruncation during the last 22 ka of activity
Gurioh ot &, 2040). {o} Probablity hazard map for fallout laad axcooding 300 ky'm’ dor large cxpkene smuptions at Somma.-Vosuius (from
Sanari et al., 2018},
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The most recent perod (1631-1944) was charactensed
by summit or ateral leva elfusions and semi-persistant,
mild explasive activity (small lava fountains, gases and
VvEpour amissicn Yom the crater) inlerupied by pauses
lasting from months to @ maximum of seven years

(Santacroce, 1987; Armighi et al, 2001; Fig. 18D). Lateral

actvity was minor and, starting from the 79 CE, the few

eruptive fissures were confined ta e westem and south-

emn seciors of the volcano (Cortinl & Scandone, 1982,

Santacroca, 1987, Principe et al, 2004; Acocada at 8l

2006),

5V activity has been characterised in the last 20 ka

by the eruption of Potassic and Ura-Potassic magmas
sparning a wids compasitionsl spacirum and showing an
ncrease with Srme of bom K:O coment and siica under-
saturation (Fig. 18¢). Tha shift from Potassic magmas
(represenied by the twrachytes and |atites erupted in the
perod from the Pomici di Base to the Greenish Pumice}
to K-rich compositions occurred before 8 ka. The prod-
ucts younger an 8 ka have been characterised by In-
creasing alkalinty, and tha products of the las: 2 ka of
actwiy (foliowing the 78 CE Pompeti Pumice| show the
most slkak-rich compositons and the lowest SIO; content
of the whole set of the erupted produsts.,

Slightly slics - Uindersatwatad (i sahurated) msgmas

(bive fie, Fg, 18¢)
Two large eruptions related to Somma-Vesuvius activity
occuTed In the period preceding the Mercato Eruption
the Subpiinian, 19,000 cal yr BP “Greenish Pumice” and
the Flinan, 22,000 cal yr BP “Pomici & Bese™ The
most relevant common geochemical signatere of the
rocks of sl these eruptions, ralased to thelr K-trachytic
highly evolved compesiton, concerns fie higher sica
and jower alkali contants (with respect to rocks with
compaable degree of evoltion of the other two
groups), 53 well a3 their moderate Sr and Ba contants
(Fig. 185). As a whole, e geochemical leatures of
these rocks are coharent wih evolutionary trends of K-
basatic quids iniialy diven by orystalization of mase
phases and plagiociase and later involving K-feldspar
Iractionagion.

M;l:\c};aiﬂu « Undersaturated magmas (green fisld; Fg,
This group consiss of the pyroclastic products of three
Piiman eruptions (79 CE *Pompes”, 3910 cal yr BP
‘Aveling” and 8,900 cal yr B “Mercato”) and at least
six other explosive erupions cccurmed between the
Avellino and Pompeli everts (AP1 10 APE; Andronico &
Cicni, 2002). Differently from the Mercato deposits,
characierized by a strong composijoral homogenety
al aleng e whole enuptive sequence, the procucts of
Ihe cther erupbons of this group presant imponant com-
positional vanations, ¥om the most evolved produsts at
the base lo the least evolved toward the top. The Mer-
cato and Aveline enuptons [first-erupted white pumice)
are characiedized by the emission of the mast evolved
products o Somma-Vesuvius (CaO<2.0%, Nb>100
ppm; Zr>700 ppm, Th up to 100 ppm).

St'rgrc:)w siicar - Undersaturated magmas (pok fleld; Fg,
This group comprises all the products erupted after the
78 CE Pompei eruption. The most relgvant common
peochenscal signatures of mase rocks concem their
lower sdica and hgher alkall contants with respect to
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rocks with comparabie svolution from the other two
groups, as well as their very high S ang Ba cortents
[Fig. 16c). Thase faaturas are consistant with evalution-
ary wends (mesly hactonation wihin a pevodicaly
supplied magma chamber} of Kephritic ligukds domi-
nated by crystaiization of eucte and mafic minarals,
and characterdzed by a minor role of plagicclase and
the absence of K-teldspar fracticnaton.

The produces of the largest Somma-Vesuvius engp-
tors are widely cespersed In cantra Mediterranaan area,
many of which beng important stratigraphic markers for
the reglonal archseokgesl and paleodimatc Investga-
tars, Codola is dspersed in Tyrrhenisn Sea ant Adriatic
Sea and on land In San Gregorio Magno Basin
(Potrosino ot ai, 2019), Lake Mortiochio (Wulf et al,
2004) and Apulia. where acts as 8 marksr for the Palago-
lithic succassions (Giaccio et al.. 2008). Merceto Is &n
Important marker for synchronizing the sagrope! 81 in
Adriatic Sea seres with onland Holocene successions of
the central-scutham Kaly and western area of the Balkan
Paninsula (8.9, Zanchetta at &l . 2011). Tha Avellino and
Pampell tephra, with their quite opposite dispersal axis,
from mast to north and soutn-east, respactively &80 act
as relovart stratigraphic markers for dating and symhto-
nizing marine and and termrestial successions of the
southern-contral and southem ltaly (Zanchetta et al,
2011; Crocitti et al., 2019: Doronzo o1 al., 2022).

4.2.2 Campl Flegrel (>80 ka-1538 CE)

Campi Flegrei (CF) is a ca. 14 km wde wolcaric
caldera iocated in Sowthern ltaly, In a highly urbanized
area inciuding Mie westem part of the city of Napes.

The Campt Flogrel voicanic field (Fig. 15a), Inchides
small volcanic apparatus and sevaral monogenetic tuff
rings, tuff cones and rarely ander cones and lava domes.
Thesa volcanoes are exposed outsids, on the bordars,
and within a large polypenetic caidera formed by the
eruptions of the Campanian Ignimbrite (Cf) and the Nea-
politan Yellow Tuf! (NYT) (e.g., Amienti et al,, 1963, Dv
Grolamo st al., 1964, Rosi & Strana, 1687. Orsi et al,
1992 1995, 1596, 1999; Cole & Scarpati, 1993; Ros et
al, 1956, 1989, DI Wio et al,, 1999, De Vivo o1 al,, 2001;
Ort ot al | 2003). The nartharn and western parts of the
cakiera are above sea level and characterized by the
presance of many dispersed cones and craters, wheraas
the southern part is principally submarire and exiends
imo the Gull of Pozzuch. The cidest rocks date back 1l
ca. 80 ka and are represented Dy pryrociastic deposits
cropping cut outside and along the borders of the caldera
(Pappalardo et al, 1§93, Scarpad et &, 2012), Pre-
caldera volcanism mainly enetic tulf
oanes and subordinate lava domes widespread also with-
In the city of Naples (e.g., Rost & Ebrana, 1567; Scarpat
al al,, 2012). Thick pyrociastic sequances ganerated from
at least 80 ka also oocur (Orsi et al, 1996 Pappalardo ot
al. 1599; (Fig. 18a). The caldera lorming farge valume CI
enpton (Fisher et al,, 1593; Aosl ot al,, 1996) erupted
ca. 300 kmy’ of frachytic dense rock equivalent magma
(DRE). The CI erupticn was the largest magritude enup-
San 1o occur in the Mediterrarean region durning the late
Quatemary, and resulled in the formation of a 14-&km
wide caldera (Rosi & Sbeana, 1987). The eruption began
with a Plirian phase, during which a SE-distributed pum-
ica faliout was emplaced. This was followed by & succes-
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slon of pyrociastic density cumrents (PDC) that depositad
ash and pumice Nows and densely-welded ignimbritas
that covared the Campanian Plain ard surroundng hills
(Barberi et e, 1978). Proximal ceposits (e.g., Brectia
Museo, Piparmo) cropping out at the top of the eruption
aaposite along the caldara marging are nierpreted as
proxmal facies refated to the final caldera-forming phase
{Ros! & Sorana, 1987; Res et &, 1896). On these ce-
pasits, sevaral age data wore produced (ca, 37 ka, Deino
et al, 2004; ca. 39 ka, Da Vivo e gl , 200%; ca. 38 ka
Fodele ot al., 2008). A recent and high precision “*C and
TarAr age determinason of the Cl yielded an age of
39852014 ka (Giaoco et al, 20179),

After the Cl caidera forming aruption volcanic activi-
ty oocurred almost exclusively through the lormation of
pyroclastic deposits from several volcanic canters located
wsthin or along the border of the caldera. This parod o
actvity culminated wih fhe second large eruption at CF
occurrad at 15 ka (Deinc et al., 2004) ramad Neapolian
Yelow Tuff (NYT; Cole & Scarpati, 1883; Wohletz ot al.,
1985; Fig 18b), whose volume has been estimatad |ang-
or than 20 km DRE of latkic 1o trachytic magma (Orsi ot
al., 1992, 1995; Scamati ot al,, 1993). The eruption was
mainly phreatomagmatio producing pyroclastic density
curents and subordinate thin falowt layers. The PDC
cepasis close w0 CF callera were largely zeclitized and
form the substrate on which lies the city of Naples. Ashes
were mainly dspersed toward North-Noetheast from the
vent area,

The eruptans al the pest-NYT penod were confined
within the structural boundaries of the celdera and com-
prised &t least 70 knoan everts, domnated by low- to
medum-magnitude phieatomagmaticmagmatic  enup-
fions with voiumes of <0.1 km” (Di Renzo et al, 2011;
Smith et al, 2011), The Monte Nuovo tuff cone formed
uoonooqwncoolthemodmmtewbon in 1538 CE
(0.9., D'Oriano et &, 2005 Of Vilo ot al,, 20716), After the
NYT eruption, the caldara suffered significant ground
delomation phenamena. especially in its central sactor,
where the upkt is still cngoing.

The pamary magmas produced have a mid-ocean
rdge besalt (MOAB)Ike asthenospheric mantie wedge
compeaiion, and these are moedified by aguecus fuids,
oceanic sediments, and cortinental crust (Tonarind ot al.,
2004; D'Anionio et al., 2007). Tha mafic malls al Camrpi
Flegrel are K-basals (e.g., Webster ot &., 2003). These
mafic compositions are preserved as mall inclusions in
antecrystic Maerich ollvines and cinopyroxenes in Some
enplion deposits (e.g., Cannatelli et &, 2007). The com-
position of the erupted melis range fom shoshonitic to
phondlitic and trachytic, with the most diffarentiated com-
positions dominating (e.g., Mang@acapea of al., 2008
Smith et &, 2011, Temlingon et al., 2012, Fig. 19¢). The
phancorysts in these Campi Flegrei magmas are pre-
dommnantly plagiociase + K-faldspar + clinopyroxene =
biotite. Magneste and apatile oocur as acoessory phases
and eruption products ccoasionally contain olivine or rare
feidspatheids.

The SO; and NaO conents of the magmas n-
crease with differentiation, whareas CaO, FeO, MgO, and
P.O. contents decrease (e.g, Civella e &., 1591b).
There is & nclicaable inflaction n KO mellcomoalions
aenating K-feldspar-in, & ca. 60 wi% SO, (Fowler @t al
2007, Smith &t al., 2011, Tomlinson el al., 2012). The Sr,
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Ba, and Eu contents bahave compatibly, and reflact the
significant amount of feispar fractioration. Other REE
{emcluding Eu), ¥, Nb, Zr, Rb, Th, and Ta are all incom-
patbie (e.g., Civeltz et al, 1997, Bohrson et &., 2005,
Arenzo ot al, 2010; Tomlinson &t al, 2012). These ma-
|or and trace elament compositions follow an evoiutionary
trend that could be generated through fractional cryssalk-
zation of a single parenial met (2.g., Cwetta et al,
1991a; D’'Antonio ot &., 1999; Fourmentraux et al., 2012}
but isotopic variatons indicate that the melts that ampt
are dedived from déferent batches of magma (Pappalardo
et al, 1969, 2002; O'Antonio et al., 2007; DI Renzo &t al,,
2017; Fig. 19¢),

Sampias from Campl Flegred enupton deposits sug-
gest thal onfy evolved magmas were erupted in the early
history (Pappalardo &1 &, 1909) and it wes only after the
last caldera-torming NYT emuption (ca 15 ka) that more
compasitionally diverse melts were erupted (e.g., D'Anto-
nio et al., 1989; Smith et ef., 2011). The sotope (Nd, PD
and 57) and occasionally the major and trace eloment
glass compositons of the magmas indcata that 18 anp-
tons tap distnct batches of melt, and some have nter-
acted at depth (8.9, D¢ Renzo et al, 2011). This has
been well documented for the Qarge caldera-forming
avents (8.9, Form et 8l 2018) and for eruptions In the
last 18 ka (e.g., Tonarr et al, 2009; Fourmentraux et
al, 2012), The general trerd betwean 60 and 10 ka is
mmmpommicwmwmuuu;w

a8 became progressively Iess o
"’Nw"‘m 0.51252 to 0.51236 and ““Pa Py - 192
oo 16.9) while the Srisotope compasiion became meore
anriched (0.7070C 1o 0.70884) over time (Pabst at ai.,
2008 DI Renzo ot ., 2011). These changes in the Iso-
topic compasitions are consisient with an increase in
crustal contamination. However, the Campi Flegrel liguc
lire of descant and axdant of Sr and Pb isotopic hetern-
geneity 5 compatible only with very minor assimilation
(D'Antonio et al., 2007; Fowler at al,, 2007),

The continucus and intense activity of the Campx
Flegrel, makes this volcanic system the man source of
the late Plasicoens ephra in central Mediterranean ar-
ea. Y-5, tha sephra of the Cl, the largest Campl Flegre:
arupien, i 1o great axtent the mas! widespraad, and ane
ol the mast relovant stratigraphlc markers for synchroniz-
ing strafigraphic, paleodimatic and cultural events oo
cured in western Evrasia around 40 ka (e.g., Glacclo st
al, 2017b). Though =till pocely known in noar vent sec-
tors, 8 number of other widely dispersed 1ephva preced-
ing the Cl eruption, including, among other the X-6, X-5
and C-22 mirine layers, have been atiributed to provi-
ougly unknown 92-109 xa Campi Flegrai activity (Monaco
at al, 20220), Falowing he CI eruption, the twa other
tephrostraligraphic markess, which significanlly exceed
the regicnal dispersal, ara thase of the relativaly poorly
known Massera de Monte eruption of ca. 29 ka (Y-3,
Abert et al, 2018) and of the Neapoitan Yellow Tufl,
manly dispersed toward North and found unti central
Europe (e.g., Lane et al, 2011; 2015).

4.2.3 Ischia leiand (>150 ka-1302 CE)

The isiand of ischia Is pan of the Phegraesan vo-
caric district, relatad o extensional leclonic phases that
accompanied he anticlockwise ratation aof the Haian
peninsula (Ippolte el al, 1973, D'Argenio et al., 1973,
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Finattl & Morelli, 1974; Bartole, 1984; Piochi et al ., 2005),
Ischia is the emerged par ol an active volcanic field,
which rises mora than 1,000 m aboye the sea floor (Fig.
20a, Orsi et al., 1998, Bruno et al., 2002}, sfong the mar-
gin of an E-W trending scamp that borders to the south
tne Phiegraean voicanic disinct. The island covers an
area of 46.4 kom® and is marphol cominated by the
Monte Epomeo (787 m &.s.1.) In its cantral portion. and by
the NE-SW Monte Vezzi - Monte Cotto alignment in the
SE comer.

Volcanism at Ischia dales back to more $an 150 ka
and contirued, with centuries to milsnnia of quescancs,
url the most recem erupton oosurred In 1302 CE
(Vezzol, 1968; Sorana & Toccacell, 2011; Sbrana &t al,
2018; Fig, 200), The oliest eposed rocks, aged be-
twaen 150 and 75 ks, are lava fows and/or lava domas,
and a saquence of pyrociastic daposits with Insercalated
paleosois, manly exposed in the southem part of the
|sland (Scarrupata o Barano Formation in Vezzol, 1968,
Arcient Ischla Synthem »n Sbrara & Toccaced, 2011,
Phase 1 in Sbrara et a1, 2018; |.c. voicanics oider than
75 ka of Figs. 20b and c). Amast in the same time span,
a pravaling efiusive activity detsrmined the emplacament
of a seres of small vachytic and phonolitic lava domes,
which are prasently exposed at the penphary of the is-
land (Fig. 20a),

A very Irtense period of expiceive activity foliowed
betwean 74 ard 55 ka. During this period, many volcane
vents were active mainy in the southem sector of the
island, likely procucing the highest magnitude eruptions
recorded at ischia, The deposits of at Isast 10 explosive
eruptions, fed by phanaliic to trachytic magmas, ganarat.
ed pyrociastic dersty currents, fallout ceposits, block
ard ash flows from collapsing lava demes, mplosion
brecoias and hydromagmadc dikte and turbulent pyro-
clastic density currents (Brown st al, 2008; Rifugio al
San Nico@a Synthem in Sorana & Teosacsl, 2017; Phase
2in Sorana et &., 2018). Tha activity of this period culmi-
nated win the caldera forming eruptions of the Monte
Epomao Grean Tuff (MEGT) between 60 and 50 ka
(Brown et al., 2008; Sbrana & Toosacet, 2011; Sbrara et
al,, 2018; Fig. 20b),

This 1u# sensists mesty of trachylic ignimbrites that
partaly filed the caldera depresson in a submarine en-
vironmen!, and were also emplaced on land outside its
margins. The caliera depression was ‘ater the sie of
marne sedimantafion, which formed & succession of
days, wilites, sandstones and siistones by he rework-
ing of MEGT and sedimentary supply fram the maniand
(Strana & Toccacell, 2011}, After the MEGT eruptions,
voicaniam continuad with & seres of ic and
magmatic exposive aruplions up ta 33 ka. Most of the
vants were located along the present SW and NW of-
shora of the island. Voleanism in this perod was fad by
latitic and shosheniic magmas (Brown et al, 2014,
Phase 3 n Shrana &t al, 2018), whose injecton irta the
system trggered the asymmetic ence of the cak
dera floor, generating the Monte Epomeo block (Orss et
al,, 1981). After an about 5 ka long pericd of guescence,
volcaniem resumed at ca. 28 ka. The begnning of the
pericd of actvity was marked by he eruption ol sho-
ehonitic magmas, isctopically distingt from thosa charac-
terizing the previcus eruphons, suggesting the arrival of a
new balch ol magma irde the feedng system of lschia,
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fallowed by its diffarentation and mbong with the resident
magma (Poli et &, 1987, Givetta et al., 1991b; Casalini
et al,, 2017) Volcaniem continuad sporadically untl 18
Ka (or 13 ka, Phasa 4 in Sbeana el al,, 2018), with the
emission of shcehonitic to akall-trachytic magmas that
fed effusive and both hydromagmatic and magmasic ex-
plosive erupiions, with the emplacement of lava flows
and Stromboilen falowt deposits. and the constructon of
small tutf-cones and scona-cones, exposed along the SE
and SW coasts of he isiand (Fg. 20c; Campotase Sub-
synthem In Sbrana & Toocacel, 2011),

The radometric dating of the outcropping veicanic
progucts suggesss that between 18 and 10 ka there was
a period of aimost complete quiescence (Vezzoll, 1968),
whereas ather imerpresalions (Strana & Toccacell, 2011,
Sbrana @t al, 2018) seem 1o Indicate the occurmence of
SOMa erupions In this timespan. In any casa, &ll the au-
thors agree In considering the interval betwesn 18 and
10 ka as a penod of QUIESCENCE OF Very raguced voicanic
activity (Fig. 200). A period of more sustaned activity at
Ischia stanted at ca. 10 ka, and was fed by maindy trachyt-
¢ ard subordinatefy lattic magmas. These are character-
ized by & Sr sotopc ratio lower than thoss of the previ-
ous perkxds, leading to hypothesze tho arival of a naw,
paochamically distinct magma into the system Volcan-
ism was mainly censentrated arcund 5,5 ka and after 2.9
ka, with almost all the venis locasad in the eastem part of
the slang (Fig. 20¢), Only a few vents are lecated out-
sida this arza, along regional fault systams or along the
margng of the block: Mese vents genarated 4
mult-vent lava field in the NW comer of the island, a
pyroclastic sequence, oxposed to the SW, ard a lava
dome n the N sector of the island, Since 2.9 xa, about 34
eflusive and explosive eruptions lock place: the efiusive
eruptions emplaced lava domes and hgh-aspect ratio
lava flows, while tha axplosve enuptions, both magmatic
#d phreatomagmatio, generaied 1wl cones, it rings
and vanably disparsed pyrocastic-fall and-current depos-
its, which had a very varable impact on both the sand's
environment and human sattiements (de Vaa et al,, 2010
and references therein, Sbrana & Toocaceli, 2011. de
Vita ot o, 2013; Phases 5 and 6 in Sbrana et al,, 2013)
As volcarism was not continuous since 10 ka, but char.
aclerized by the akermnation of ceniuries of quiescence
and periods of vary intense astvly, it has been hypathe-
sized that repeated opiscdes of magma intrusiors oo
curred intarmittently (Tibaks & Vezzoli, 2004; de Vita et
#., 2006; Vezzoi ot al,, 2002, de Vima et al, 2070), liely
ascomparsed by . Even if, since the @ast erup-
tion, no evidence of renewal of LPIt due 10 fault reactiva:
tion has bean recoeded n concurranca with more recent
minor mass mavernenss, the magmatic system of Ischia
has 10 be considered a8l active, as leslilied by intense
volansm in hstodical tmes and widespread fumarcies
and tharmal springs.

The lschia volcanics belongs to the low-K series ol
the Roman comagmatic province, ranging In composition
from shoshonite to alite, trachyte and phenciite; the most
#undant expesod rocks are alkal-rachytes (Angihuli et
al., 1085; Pol ot al, 1837, 1089, Crisci of al., 1080
Civesta ot &, 1991; FAg, 200,

The activity of kschia volcano iz well documented in
dsial settings (e.9.. Wulf et al, 2004; 2008), The mos!
widespread lsciva tephra is the ana related 1o the Monts
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F13.20 - {o) Geclogcal and structural shaton map of lachia volcanic tielc. Deposits of dabris avalanches and vokanio vents are hghilghted
In manne areas [trom Sorana et al, 2018). For the legend T2 reader has o re'ar 10 the onginal puticanion; (b} simpiited chronosiras-
graphic sacusre nol to scale) of lschia volcanic feld (Yom Strans et & 2018); o] Total akak vs. sikca dassifcation dagram shawing
o variabilty of compoaition for lachia producta (from ©'Antonko ot al, 2021; Santacroce et ol 2008). X-8 = potassio besalt. K-T8 « potm-
sic iacmbasalt SH = shoghonie; LT = latie; TH = tachyte (Ihese ok names e relative 1o 4 poiassic alkalng senes); THBas = tephr-
bssanies, PH-TH « phonotaphrite, TH-PH « lephrighonaits; PH « phanaite; (d} distibution of PDC in the tast 10 ka (lrom Seiva & al |
2013}; (o} distrbution of pyrociastic fal-out deposits for all the eruptions In the last 10 ka (from Setva ot o, 20180
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fsom Putignand ot &, (2014).

Epomeo Grean Tu# eruption of ca. 56 ka (Tomlinsan ot
al., 2014), maiching the layar TM-18 of Montcchio (Wu#
ot al, 2004), 516 of San Gregorke Magno [Petrosine et
al., 2019) and TF-7 of Fudino (Glaccio et &, 2017a), and
a still unknown, siighty oider, ca 00 ka, eruption that
matches the widespread manna laysr Y-7 (Kaller ot al |
1878) and the Mecnlicchio tephva TM-20 (©'Antonio et al.,
202%). Savera! tephra layers that are compositionally
atributable to Ischia. preceding both MEGT ard the un-
known Y-7-related enuption, found, @.9., in the Tymhenan
Sea (Paterma et &, 2008) and Fucino (Monaco &t al,
2022a), econd the activity of this voicano at Isast to 200
ka

it%2Findex.php%2Famqg%2Farticle%2Fdownload%2F734%2F665%2F2910

4.2.4, Procida Island

Tha volcanic island of Procida formed dus to saver-
a monoganetic explosive erupticns that lad to he for-
mation of flve wolcaric centres characterizing the

emerged-sutmerged morpholegy of the island. Vivara.
Pozzo Vecchio, Terra Murata, Fumicello, and Salchiaro
(Fig. 21, Aucedli et al., 2022). Thesa twuff rings, except the
tuft cone of Terra Murata, are SW-NE onented following
a fault line crossing the centre of Procida and the naarby
igland of lschia (8.5., Pascatore & Rolard), 1081).

De Astis et al. (2004) tentatively constrained the
beginning of the voleanc activity of Procida Isiand
around 70 ka ano sevaral authors (Alessio et al, 1976
Urer ot ., 1991; Fedele ot al., 2012) |dentified the last
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volcario epigode of the area with the Solchiaro eruption,
coourred 22 ka (Fedele et al, 2012). The differert vol-
canic episcdes, which led to saveral velcano-lectonic
collapses, modSed the crignal structure of the Island
togethar with the actvity of the main fault systems
(Pusignano & Schiattarela, 2010}, The depcsas deriving
from these activities, mainky made up of stratified Lo mas-
sive ash levels, are coversd by a tephra succession,
crepging out along the SW llank of Vivara and Pazzo
Veochio and partially at Terra Murata, and interbedded
with the volcanic formation of Pignasello (55-74 ka, Fed-
elo et al, 2012).

Frocida rocks range in composiion from basalt to
shoshorite angd trachyte. The precence of a composition-
al gep in he range SK2=54-59 w1 % I5 evidence of mag-
ma bimodality, suggesting that the feeding magmatic
system was formed by &l east two different resenoirs
localed at different depths (De Astis et al., 2004).

4.2.5, Hazard assessment

The Neapclitan area represents one of tha highest
voicaric sk areas in the world due to the presence of
three active voicanoes. In the last decades, marny studies
assessed tephra fall hazard from them combining field
dala and numerical simulations. IniSally, conditional ash
load prcbabdility maps for one or faw reference voicanic
scenarios were provided (e.g., Barberi ot &, 1895; Cieni
et al., 200G; Macedonio et al,, 2008; Costa et al, 2008
Folch & Sulpizio, 2010; Sulpizio et &., 2012). The choice
of salecting a single scanario was very ussful 1o support
civi prolection emergency plans (e.g., Emergency Plan
of Veswvius; DPC 2015) and it is computationally less
expensive and more feasible for near-rea-fme appkca-
fions (eg, Selva of al, 2014). Howaver, his strategy
was not approprigte 10 achieve an unbiased Prebabilstic
Volcanic Hazard Assecsment [PVHA, Marzoochi et al.
2010; Seiva e1 al., 2010; Sandn et al.. 2016) since the
uncertainty only accounted for wind condifons (e.g.,
Macadonio et &l., 2008; 2016).

To overcome this Emitation, the analysis of the intra-
scenario variabiiity i3 cartamnly mara complata, sllowing &
reduction of ! epistemic uncertaintly (e.g., Selva et al.,
2014; Sandn et al, 2016; Titos ot al , 2022) in both lorg-
and short-term hazard assassments (e.g., Seiva et al.,
2010; Sandd et &L, 2012, 2014; Seva et &, 2014
Thompeon et al., 2015, Constantinescy et al., 2016).

In more recent PVHAS at the Neapolitan velcanoss,
new SaMping procacures have been sat 1o fully exglore
tha intra-size-class aleatory variabiity comparng the
resuls wih the cassical approecn based on reference
volcaric soenarics, in the case of proximalmedial areas
and arge tephra laads from Somma-Vasuvius and Campl
Flegres (Sandri et al, 2016) or by usng ensemble model-
ing of submaring eruptive vents and tephra o83l gmn-
size distributions considering varable mass fraction and
aggregates for ash (Seiva et al, 2018). Momeover, Mon-
1lesnos el gl (2022) have davelopad & new Bayesian
Event Tree based on high performance computing sp-
plled 0 Camgl Fegrel, éiming 0 robust and unbiased
shorl- and long-term PVHA on a large-scale {thousands
km) and high-rasciution (about 2 k) domain to be usad
by Cail Protestion agenclies, aviation companies and
orher stakaholoers.

A novel contribution In the quantification of volcanic
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hazard regards the estimation of the presant state of the
Neapolitan welcanoes tased on a simple physics-based
stalietical model thal saisfactorily f2s the eruplive hislory
ol each voicano (Selva et al, 2022). The mode! is com-
patble with exisling data [including isoated events and
long repose perods) and acceunss for two activity re-
gimes (high-Yow) able 1o describe the temporal modula-
Hars in eruptive activity and % provide a homogereous
quantificaton of the probability of eruplion, considering
the state of the volcano and the possibie transiticns.

More recently, Massarc et al. (2023) proposed a
new methodology for a probabilisic long-lerm tephea
faliout hazard assessmant In Southem Haly from the
active Neapelitan voicanoces (Somma.Vesunue, Campi
Flegral end ischia). By means of thousands of numerical
simulations thay quantity the mean annual frequency with
which the sephra load a1 the ground exdeeds critical
thresholds in 50 years. The output hazard maps account
fer changes in anuplive mgimes of each vocans and are
also comparable with those of other natural disasters in
which mare saurces are infegrated.

For pyrociestic density currents, Gurod et al. {2010)
provided the high, medum and low inurdation frequency
from the main enupions of Somma-Vesuvius during the
last 22 ka of aciwty (Fig. 1Bd). More recenty, quansta-
tve FVHAs wera camed out by Tierz e al. (2016) for
Somma-Veeuvius and Campi Flegrei testing the energy
core moded (Fig. 19d) and by Selva et al. (2018) for is-
chia Island (Fig. 20e-).

4.3, The ML Vulture and Monticchio Lakes nested
volcanoes {(>730-130 ka) (SC, PP, JPS-8)

The Monte Vulture and Morticchio nesled voica-
noes with few small sccantric explosive morogenatic
cantres along the Ofanto valiey and at Ripacandida make
up the Lucanian Magmatic Previnge (Fig. 1). The veican.
Ism of this magmatic province Is jocated East of the Ap-
annine syslam, at the culermost edge of the fold and
trust belt. The volcano #8e on & structucal high magde up
of Maso-Cenazeic units of the substratum cverdain by
Plocene continertal sediments (Schiattarala & Bene-
duce, 2008) and is situated cn a deep transfer fault
(Trinitapal-Paastum Lins in Ciaranfi st al, 1963; Vulture
Line in Schiattareila 1 gl., 2005).

The wolcanic activity at Vulture-Monticchio nasted
volcanoes (Fig. 22a) deveioped entirely within the Pleis-
tocena starting at about 0.74 Ma (Villa & Buettner, 2008),
A raconstruction of the eruptive history of tha voicang,
after the pioneering work of Heke Merln (1567), was
carmed out by Frincpe & L Voipe (1988a), who recog-
nized several markers useful to bulld a stratigraphic
frameworkc The aruptive history has baen systamaticaly
reinvestigated i the frame of the CARG project by Glan-
nandrea &t al. (2006), who adopted USBU systematics 10
map the primary volcanic products and the sedimentary
deposits of the saveral Huvislfacustrne succasscns that
cheracterise the perdvoicanic area [Fig. 22b). They high-
light the strong tectonic contral on the whale of the V-
ture activity and identry erosional phasas, epicastc sedl-
ments and'cr palessoks which testdy to the occurrance of
varably long quescence phasas. The very first dated
producta pertan 1o the Fara dOlivo sub-synthem
(Glannancrea et &, 2006} and are represeniad by wo
man igrimbrite units {ignimbrie A and B of Criscl et al,,
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Fg 22 - (a) Detailed gaclogical skeicn map of the Vulurs volcane prodocs Legend: 1) Monticchio Lakes; 2) Landsides, aluvial and
laoustrne deposts; 3] Laght di Nontiochia Synthem {Upper Pleistooeno); 4) Vale cal Grig - Foaszo del Corbe Synthem [Middie Plesio-
canal; 5) Melfl Synthem (Miads Peisiacens); 6) Barke Synthem (Middis Plaisiocsns); 7] Fomunolo Synthem (Middle Pleistocens); 8)
Furran di Alelia Supersysthem (Upper Pliocace-Lower Plaislooens?); 9) Crotacecus 1o Miccens Apennines units; 10) thruss; 11) -

verse faults; 12) normal fadts; 13) strke-sip fauls, 14) high-angle faulls, 10) oraterc ritc 16) secondary volcano

erugitve centres. (b)

Unconfoemy bounded stratigeaphic units tooming the whola volcanie pmducts of the Vulurs volcana. Modtied from Schiattaela 6t al
(2005) and Garo o al. (2002); (¢) TAS classficasve diagram (Le Maitre et al. 2002) for s Volture walcanic sacks (mocified from Corsi-
cell et al, 2010); (d) View of the Lago Granda dl Montiochio {avalable at londoambienie tluoghs'monsochio 7idc ).

1983), for the lowermost of which an “Ac™Ar age of
739+12 ka hazs baen determinad (Vika & Suetmear, 2009).
These ignimbntes, 1o which a caldera collapse has been
ascrbad (Principe & Glennandrea, 2008), unconformably
averday ®we doposits of an older explosive activity
(Campanie subsynthem, Giannandrea st al, 2006). A
subaerial erosional phase, with the associated epiclastc
sadimants, marks the passage to the Barle synthem, to
which the Toppo San Paclc subsyniem, & leva dome, on
the NW nim of the Vulture, belongs, togethar with the
Alonerc subsyntem, & compiex saguence of pyroclastic
fall and pyroclastic flow deposits. Among these deposits,
the fallcut of Massana Boccaghe (De at al, 1982)
has the prominent role of a stratigraphic marker (marker
M3 of La Volpe & Principe, 1988) younger than 720425
ka (Buettner et al,, 2006). Starting from the Ricnero, but
manly in the Vultura-San Mchals subsynthams (Princpe
& Gannandrea, 2006) the main stralovolcano was bult

it%2Findex.php%2Famqg%2Farticle%2Fdownload%2F734%2F665%2F2910

up betweoen ca. 670 and 600 ka (Brocchinl et al, 1994,
Villa & Bustinar, 2008) by aharnating milcly expiosive
and effusive activity, respectively emglacing tlock and
ash flow wvih minar pyrociastic 1all deposits, and thin lava
flows., A phreatomagmatic eruptive phase (Ventarucko
subeynthem) marks the beginning of an intense phase of
dastruction of the stratovoicane, cccurmed meinly during
the Melfi synthem doposition, In which parasitic vents
aong the north and north-eastem sida of he vocano
produced lava flows with the emisslon of tha Melfi
hatynophire (55747 ka, Bonadonng et al., 1988; 57314
ka, Vila & Buettner, 2009) and Plano d Croce lavas. The
volcanc and fecionic activity of the Vulture area has
boen sealed by a thick palecsol (Schiattarela ot al.,
2005), which La Volpe & Principe (1589) had idantfied
as marker M18, The last deposits, grouped in the Mon-
ticchio supersyntham by Giamandraa et al. [2006), were
erupted siartng from ca. 500 xa (Buettner ot &, 2006
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and referances therein) from & series of moncgenetic
conters, and mestly show evidence of phreatomagmatic
actvity. This supersynthern also includes the ash wff
dapasits of he two maardke centres of Lage Grande
and Lago Piccolo & Menticchio (Fig. 22d). The recom-
mended age of the Piccolo subsyrdhem, which
givas the youngest “Ar”"Ar age detarmined so far for
the Vulture sroducts, is 141411 ka (Vila & Buetiner,
2008).

The bulk of the erupted producte mostly belang 1o a
basanfe-1ephrite-phonoite serles (Fig. 22c), with madic
products (basanites and tephrites) dominating in bath
lavas and pyroclastc rocks (2.9, De Fino et al., 1985
Beccaluva et al., 2002). More sdica undersaturatad rocks,
though minor in volume, are typical of ths volcanic com-
plex (Hieke Merlin, 1964, 1967). Melilifites, haldynies,
hailyne-bearing leucitites are also found at the end of the
Monie Vulure voicanic acivity in the form of dykes, plugs
and lava Sows in the rarth.westem flank of the valeana
On the other rand, trachyphonolites are found as dykes
in the neighbordng of the valcanic complex, and may be
representatives of an earler, and less siica underssturat-
ed stage of activity (Meluso ef al., 1996; Beccaluva &
al., 2002).

A small carbonatitic lava fow has been aleo found
at Toppo ded Lupo (2 9., Stoppa & Prncipa, 1997, D'Ora-
zio el al, 2008; Stoppa et al., 2008). Within the hydro-
magmatic units of the Monticchio supersynthem, rocund
faplli 1 unite with ejecta of intrusive carbonatines and
mantle noduas are vsible (eg, Jores et &l 2000
Rosated et &, 2000, Downes et al., 2002). KO contents
of the volcanic products decrease with tme passing from
Mente Vuiture to Monticchio voicances. Sodic composi-
tions are a0 found among lapilll tuffs of e Monticchio
Iaka activity (Avanzinedl et a., 2008, 2008).

Two distal tephva atirbuted to Vulture activity and
tentativedy comralated with grémbntes A and B of Crsci et
al. (1983] despite the incomplets age overfap, were
found embeddad in the Montalbano Jorico marine se-
quence [Petrosine el al., 2015).

4.4, Asolian Islands (1.3 Ma-P

{F.L. GDA, RDR, PD., FF, LF, EN, MP,

AS.,CR,CA T, MV)
4.4.1, Goneral background

Tha Aaciian Iskands arc is tha most acive volcanic
struciure in the Maditerranean area, and is composed of
seven volcaric islends (Alicudl, Flicudl, Salna, Lipan
Vucano, Panarea, Strombol)) and several seamounts
nsing ca. 2000-3000 m above he seafioor in the South-
e Tyrrherian Sea (Romagnoli, 2013, Romagnoli et al,
2013) (Fg. 23a), They are amanged n an articulated
tecionically-contiafled arc-shaped structuge, crossed Inis
contrdd sector by the NNW-SSE lithosphenc Tindan-
Leto@|nni faull system, which hes developed in & com-
plax subduction-type scenario dunng the Quaternary
(Ventura, 2013). The oidest products from the submarine
soctors are dated to 1.3 Ma (Beccalwva et al, 1935),
whereas tha apa of amargant Islance ranges betwean
270-250 ka (Leocat, 2011) and the Presem (Fig. 23b)
Ditferant stages of volcanc actvty through time are es-
tablished on the basis of the avaiable radiometrc ages
and stratigraphic relationships with manne teraces and
tephra layers of Campanian andlor Asolan origin (Lucch
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ol al, 20134 and relerences therein). The Aeckan le-
lands volcances are typicaly characierized by a large
variety of volcanic landforms and rock typas which mosty
depencs upon he wide corpasitional range observed n
the erupted products from basals 1o Mmyoltes wilh calical-
kaline (CA) to potassic signature (De Astis of al., 2013,
Fomi et al., 2013, Francalanci et al., 2013, Lucchi et al.,
2013a, b, o, d, @; Nicotra e al, 2020) (Fig. 23¢), and the
corresponding  eruption  types  (from  Stombolieny
Hawaiian 10 Subplinian), urder the direct control of re-
gional fault systems and recurrent caloeras and lateral
callapses. The western Asolian volcanses (Salina, Filicu-
di end Alicud) are considerad extinct, and currantly ac-
Gve 1o quiescant volcanoee (Vulcano, Stromboli, Pana-
re@, Lipari) ara basically restrictad to the aestem and the
outer portions of e sector of the Asclian lelends arc.
Major explesive eruplicns involving more evaived mag-
mas occured during the last 75 k& on Stromood
(Pelrazza Tuffs), Salna (Grey Porri Tulfs, Lower and
Upper Poliare 1utfs) and Lipari (Monte Guardia, Vallone
del Gabellotto, Monie Filato) produsing widespread teph-
re layers recorded in the Tyrrhenian, ionéan and Adriatic
deep sea cores and other |ake or terresifial archives in
southern Ealy (Albert et al., 2017. Meschiari et &, 2020
for references).

Hereafter we descrina the most important geolog-
cal features and clvonology of the Aicud, Filicudi, Sa-
lira, Lipari and Panama volcanic complexes (from Wast
to East), whereas & pariculas atiention will be given to
Vulcano and Strombod n dedicated parsgraphs.

The island of Alicudi is the amerged porson of a
composite voicana construcied bewesan 106 and 28 ka
by lava flows, domes and Stromdolian scoras with a
compesition® range betwean CA basalts and high-K CA
andesites (Lucchi et al., 2013d). Six Eruptive Epochs
were chamctanzed by a mainly cental-typs volcaniam
Imerruptad by paricds of cormancy and thres summit
caldera-type collapsas (Lucchs et al., 2013d). The Alicud
rocks are charactarized by the most primitive peochami-
cal and isotopic signature of the entire Aeolian archipala-
go, with 5 prograssive shift toward more acid products
due 10 the evolution of Me magma leeding system and
polybaric crystal iractionation, and a ‘ower cortrol by
axtansional regional tectonics (Pecceriio et al., 2013).

The island of Filicoudl s the emerged portion of a
voicanic complex. result of the supermposition of lava
fliows, \ava domes and occulees and subordinate pyrocias-
te deposis ranging In composition from CA basaits to
(minor] HK CA dacites (Lucchy et al,, 2013e). Four Emp-
twe Epochs developed batwaen 246 and 29 ka, saparat-
ed by guiescence stages, erosional episcdes and partial
collapses of porsons of the vocaric edifices (Lucchi at
al, 2013e), Four partaily overlapping stamovolcanoes
and scotia cones (Casa Ficarisl Fossa Falci, Chiumanto
and Monte Guardia) wera mostly controled by the WNW-
£5E regional tectonic trend, with a pregressive shitting of
activity toward Souh-East. A variaton of compositions
toward the dackic terms was recorded in the lava domes
and couses and explosve eruptions in e south-aasiem
soctor of Flicudi at ca. 64-50 ka (Monte Temrione, Capo
Graziano, Morte Montegnola and Casa dello Zucco
Grarde; Luochi ot al, 2013e). Volcanic activity of Filcua
has been reguated by the interaction of differant evolu-
gorsary processes, such as fracsonad crystalkzation, crus-
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Fig 23 - (a) Sketch balhymetry of He Asoian Rilands and seamounts, southern ey (modfied from Bacsaluva ot o, 15985), The trace of
the Tindan-Lescianni fault system (TL) 1S shown. Dapth carmour lines in metres below 568 level (b) Schematc chromaiogics Yamawork of
the Aaxdian Ishnds volcances based an tha avalabla radometne ages and camalation of marne araces and tephra layers (soa Luoch ot
o, 20134 for age relerencas), () S0, va. K0 wih, (Peccerilo & Taylor, 1978) clasaficaton dagram of vaicanc »ocks from the Aedlian
Blends voicances: CA-csicakaing HKCAshigh potassium calcaikaine; SHOsshoshonitc; Bas<dasall, BasAndebasahic andeshs;
Sho-shoshonte And-andesta Lat-lathe; Dac-cdacse; Tm=trachyia; Ry-riyaiia. Source of data: Alcudi (Lucchi st al, 201 3d); Fllcud
(Lucchi o1 al, 20139); Seing (Lwccki ot al, 20130}, Lipar (Fomi el 8l 2013), Vukkano (De Astis of &, 2013} Pararea (Lucchi ot &,
2013¢) Stromboli (Frarcalenci & al. 2013). (d) Fascramc view from thia norh of the Rocehs Rosse cbsidan lava fow [rr) effused from
tha NE odo of tho Monte Plalo pumice cone (mp), the fanks of which aro ntenscly diasocted by guarry acdvty. (0) Aaral vew of tha oub-
Mars gas Dursts (arows) cocumad In 2002-200G In the area of the minge Blets; in he background e man isard of Panarea is visie,
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ts! assimilation and mixing. The youngest activity in this
area is recorded by the Canna neck and ave fows (29
ka), representing the few remnarts of an indapendart
voicaric center affshore e NW coast of Filcud.

The island of Salina, In e center of the Asclian
archipelago, s ha emergad porion of & larpe voicanic
complex developed through §me under the influence of
the three regional tectonic trends ecting in the archipea-
go (NNW-SSE, WNW-ESE, NE-SW). Six Eruptive

beween 244 and 15 ka procuced lava flows,
Strombollan scorae and hydromagmatic and subplinlan
pyroclastc deposits with 8 CA basaltic to high-K CA
dacitic compasition (Luoshl et al, 2013k; Nicorra et al,
2014; Sulpizio et al,, 2018), interrupted by majcr perods
of quigscence, volcanoectonc collapses and marine
ingreasion phases dunng MIS 7 and MIS 5 stages
{Lucchi et al., 20130). The typical twin-voicaroes shape
of the Islard is the mesult of the supedmposition of the
Monme Osi Por stratocons with the compound velcano
formed by the nested Pizzo Cape, Monte Rivi and Monte
Fossa delle Felc! stratovoicances. Magma compositions
and their variation through time are the result of congami-
nation of primary magmas with the Calabro-Psloritano
lower orust and subsequent differentiation domnated by
polybaric fractional crystaflization becomirg dominare
auring the actrity of Monte Fossa delle Fela and Monte
dal Porr, whereas the oldar Pizzo Cape and Monte R
were fied by deep magma reservoirs located at the crust-
mantle boundary (Nicotra et al,, 2014), Dunng the lates:
ecuptive activities of the Polliara crater (27-15 ka) magma
mixing and mingling processes triggered high-energetic
basalbic fo hyaise explosive eruptions.

The island of Panarea (Fig. 23d), together with the
Basiuzzo islet, the sral rocks of Le Fermiche ard the
minor Islets of Dattilo, Panarelll, Usca Bianca, Baottaro,
Lisca Nera ara the ramnarts of CA to high-K CA andesite
10 dadite lava dome-fiekis, with minor pyrociastic prog
ucts, representing the subasrial culmnatons of a large,
mainly submerged, ireguiatdy truncated cone-shaped
volcaric complex. Valcanism on Panarsa dates back to
155-149 ka, with different growth phasas inerupted by
ercsonal unconformities, whereas the latest explosive
eruption ocourred in the tima range betweaen 27.28 and
8.7 ka from an undefined eruptive vent in the area of
mincr islets (Calanchi et al., 1999; Lucehi ot al., 2013¢).
Although long conscered an exinct volcano going
through a weak fumarclic phase of activity, Panarea was
recently (2002-2003) characterized by signs of & possibée
eruptive renewal manifesting fircugh spectacular subera-
fine gas bursss ocourred in 2002-2003 In the area of the
minee Islets (Fig. 23d) ard accompanied by seismic
swirms and emission of high temparature fluids with
magmatic geochemical signature (Caliro et al, 2004,
Capaccioni et al, 2007).

Thea stand ol Lipari is the above-gea-level cukmina-
tion of a broad, largely submerged volcanic complex
belonging to the Vidcano-Upari-Saina vocanio belt. This
volcario complex ie composed of a large variety of lava
flows, domes and coulees and pyrociastio successions
produced by a epectrum of Mydromagmatio, Strombalian
10 Subpirian and effusive activibes, under the comrol of
majer regicnal tectonic trende and recurrerd volcaro-
tecionic colapses. Volcanism has devaoped between ¢.
267 ka and the Medieval age, showing progressive West-
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East and South-North shits of the eruptve vents through
tme, togeter with an overall chamical changs of erupted
products from early CA ard high-K basaltic ancesites 1o
latest thyclites with a notable gap in the daciies field and
a steep Increase In the K.O content through tme (Fomi
et al., 2013}. The youngast voicanic eruptions produced
the prominent Monte Piato pumice cone (VIIl century
CE) (Flg. 238) and me cbsidan ava flows of Hocche
Aosse and Forgia Vecchia (Xl century CE), sited in the
north-eastem eactor of the island, 85 wel as highly ds-
persest white-coloured, fine-gralned rhyolitic tephra layers
(Pistoles et al,, 2021) At presant, Lipari is in a quiescent
stage with a lew ow-temperature lmaroies and hot
sprngs.

4.4.2 Vuicano voicanic complex (130 ka-Present)

The island of Vulceno I8 the exposed summit of &
largely. suomerged volcanc complex that Is separated
from the nearby Lipan only by a shallow-water and nar-

gave orgin to the definiton of the “Vilcanan®
anptive style (Mercall & Sivestri, 1891), Voicanism dis-
played a wide spectrum of eruptive-eaplosive activities
from a number of volcanic edifices wheh bacore gradu-
aly younger movng north-westwarts uncer oontred of
tectonic structures associated to the NNW-SSE criented
Tindar-Letoiannl faull system. The deveicpment of the
two Il Plane (ca.100 ka) and La Fossa mult-stage calde-
ra structuras (78-8 ka| have the same NNW-SSE efonga-
ton and dsplay a p ive NNW-shifting through tme
(De Astis a1 &, 2013) (Fig. 24) Erupted prooucts have
varable K-afkaline character and degrees of evolution,
rengng from basalts to myoltes and changing through
time paraliol 10 the evolution of the volcanic system. It is
noteworty that successve larga-scale hydromagmasc
enpicns from the La Fossa Caldera empraced the wide-
ly distributed Brown Tuffs (70-8 ka) pyrociastic products
(Meschian et al,, 2020).

The Holocane activity mostly occurred from the La
Fossa and Vulcanelo eruptve contras (Fig. 24), fed by
magmas ranging from shoshonkies to thyoltes and alter-
natng each other (Da Astis et al., 2013 Nicotra et al.,
2018).

The La Fessa stratecone (LFO) (Fig 24a and b), in
the middle of La Fossa caldera, was but during the last
55 ka through recwrent hydromagmatic to Vucanian
explosive eruptors, which gave rse 10 muliple dilue
pyroclastic currents and fallout deposits, alternating with
a few rachytic to riwolits lava flows, Compasitionally, the
LFO preducts reach the maximum dagraees of magma
avolution and akali contents on Vulcana, The progres-
sve growth of the cone cosurred durng déferent eruptive
cydes irterrupied by short intervais of quiescence. Aler
the early activity (5529 ka), when mast of the present
care was buit up 1o 250-300 m in elevation, & younger
eruptve cycle dunng Roman to eardy Medieval times
produced pyroclastio successions deposiled by dilute to
corcentrated pyroclastic curents, two fallout fayers and
four lava flows from two differentt, intersecting craters (De
Astis et o, 2013; Malaguil el al, 2022), The activity of
the eccentric Forgia crater (Fig. 24¢) in Madieval frmes je
stll not chronoiogically well constrained, Another explo-
sive cycle of activity started from 1727 CE and culminat-
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Fig. 24 - Srpifed geological map of Vucana menged on & shadsd solol DEN ¢f the mand, showing the areal distrbution of the enupted
products and vants during Bs enptive Nistory, a3 well a3 he collapss NMS Comespenaing to Te mult-stage fomraion of the 1 Plano and
La Fosss calderas (modBed from De Astis & al, 2013) Main lrdiooms aad calders rims in the NE skallown-waler submarine porion are
2ino shown (from Casabere of al., 2018) Age references from Do Astis et al {2013) and referances therein. Magrea compoalicna: basak
(Bas), andesae (And), shashorte (Sha), lathe (L), vachite (Tra), rhyolta (Rhy), hgh-K (HK], shoshonRc (SHO), (3] Fancramic view of
e caetenl Sacior of the igdand of Vidcans with the feld avicace for the major wolcano-tectonic colapee ims (vel, w2, ved, ws) leading
to formation of the e || Plano and La Fossa cakderas, and the La Fossa stratocooe (LIFO) out in the middio of La Fossa
calders, (o) View from the south of the surmit area of LFO showing the crater (¢r1) anc vents (ve) of the AD 1853-1850 eruption, and s
products characiedzed by bread-crust bombs and lawa Blocks: this crier i rested within older crases fime [¢r2, <r3), The active furraraic
fiekd (arrow) Is s bie along $he nohem rim of the AD 1888-1830 crater. (o) Oucrop of the imersely hydrothermally aeved rocks ol the
Famagliona cone (fa) near o the Splagga of Levarte baach wham nterss gas amssion in shalow-watar areas (arrow) Nas ooourTsd
cuting the 2021-2022 unrest, In the background, $e scsentris Forgin crater (o} = visible alang the northern Rank of LFP. (d) View from
Upan of the Vulcanello ava patorm [18) and nested ston cones (<), with the LFO n the background. Al photogragins credt F. Lucch.
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&d with tha effusion of the cutssanding Pletre Cotie rhyo-
§ic ‘ave fiow In 1739 CE, the last effusive avent fram
LFO (De Fione, 1822), The Gran Craters explosive erup-
tive cycle developed between 1739 CE and the latest
paroxysmal sctivty of 1838-1890 CE, and was character-
ized by the dsdnclive emplacement Cf bread-crust
tombs and lava blocks widely dispersed In fie summit
area of LFO [Fig. 24b). Since e ast eruption, the LFO
has shown ony fumarcic acivity, associated with shal-
fow sesamicity, fad by a shallow |atitic magma body at a
cepth of 2.5-3.5 km (Paonita ef al,, 2013; Mandararo of
al.,, 2018), Gas emissions are concentrated in several
high-temperalure actve jumarncies aong e northem rim
of LFO crater, and subordinate ponts of erission and
hot $prings in the submariie areas ned the Porto di Le-
vante harbour {Granieri et al., 2006) (Fig. 24c), Urrest
panods of Increasa in 1emperature above the usugl range
of 330-400 “C and In the magmatic component of the
total gas fux (usually caled ‘crises’) have occurrad peri-
odically (19205, 1987-93, 199698, 2004-2009), with the
last one stared In Saptember 2021 and sbil ongong &
the tme o writing (Aluppa et al,, 2022).

Vulcanello Is located afong the northern border of
La Fossa caldera and consisis of three NE-SW-aligned,
nasted small Strombelian scoria cones from which a ‘ava
plateay, made up by a composite lava Now fiekd of pa-
hoshoa- 1o aa-lavas, formed (Fig 24d), The cidest re-
pored submarine ¢ Shallow-waler eruption oocurred
auring Roman times (Il century BC, Stothers & Rampino,
1983), whareas most of the subasrial activity took place
up 10 early Medleval times (De Astis ot al, 2013 Ma-
lagud et al., 2022), with latest erupfions around the XV
century and fumarolic activity persising urell 1878 CE
(Kellor, 1280]. In the eary stages, Vulcanelio deveioped
as an independent Islet and was sucoessively linked to
the main island of Vuicano through the prograssve accu-
mulation of ash enuted from La Fossa forming the st
mus area betwean 1525 CE and 1550 CE {Barbano et
al,,2017),

4.4.3, Stromboli compaosite volcano (85 ka-Present)
Stromboll is a largely submerged compesite volca-
no well-known for its pecsistant “Stromboian”™ aruptive
actwity from historical tmes. Controlled by a regional NE-
SW structural systerm, the exposed portian of Strembok
was entirely developed from ca. 85 ka to present times
(0.9. Gillot and Keller, 1993; Risica et al , 2018), whoreas
the Syomboloohio neck i dated to ¢a. 204 ka. The sue-
cessve apochs of astivity, represanted by Paleostrembol
11 {85-34 ka), Vancorl (26-13 ka), Neastromboll (13-4
ka) and Recent Strombol (<24 ka) (Fig. 25), mainly
oruptod mafic products (ca. <56 wits S0;) covenng a
large compositional affinity frem calc-alkakne to sho-
sharitie and potassic-alkaine seres [HornigKjaregaard
¢t al, 1993; Francalanci et al,, 2013). These epochs
were repeatedly interrupted by small, summit calderas
and ateral collapses cuting the NW and SE flanks of the
volcaro down o the basis of the edifice
(Tivalck, 2007; Romagnol ot al, 2009) (Fig. 25a. b). Thay
largely conditioned the localion of active verms and arupt-
ed products, with the cumrent Sciara del Fuoco (SDF)
scar develepad during the last 13 ka The activity has
Been mostly suppied from Summit vents through alternat.
ing effusive and Strembolian erugtions, whilst more n-
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tense Subplinian explosiors only characterzed the Pale-
ostromboli | and Yencor apochs, and subcrdinate (but
notable) flank eruptiors slong the NE ard SW butiressed
Marks of the valcano 1ok place during the Necstiombed
one. Recurrent NW-dipping lateral collapses cccumed
during the Holocene In altamation with sequences of
enuptons, and caused the unloadng of the magmatic-
hycrothermal system, likedy triggering atypical hydromag-
matic eruptions and pyroclastic dersty curents (PDC)
that affectad the lower sicpas of the volcano (Lucchl at
al, 2018). The Aecent Siromboli epech started during
Roman times and reautied in the constuction of the sum-
mit Pizzo scona cone, whist the San Bartole fissure
aupted pahoshos lava flows that largely nvaded the NE
coasial seckr forming a fan-shaped celta, and represent-
od tha last effusive activity cutside the SOF. The pregant-
day activity of Stromboll, starting from (a8t least) eany
Medioval times, has occured from a crateric terrace
located at edevations of ¢. 750 m as.l. near the SOF
headwall (Rosl ot al, 2013)(Fig. 25¢). This activity is
typicaly characterized by continuous active degassing
(pufting) and rhythmic, discrete, weak 10 mederate explo-
sions ‘asting a few saconds (Fig. 25d) that eect gark
highty-porphyritic {hp) scoracecus lapil, bombs and ash,
accumulating In the araa around the craters and along
the steep SDF scar, Occasional more violent explosions,
covering a large ntensity range from major explosions to
paroxysms (Beviacqua of al,, 2020), produte convective
plimes rising up o 7-8 km (Fig. 25¢) and eject mingled
sooriacecus hp and “pumiceous”, light-coloured and law-
porphyritic lapilli, bombs and spatter, together with kthic
blacks derived fram deaper craledzation of the upper
cordul and vent system, Balistic fallbut can overcome
the SDF walis impactng the fanks of the cone, and oe-
casionally reaching the inhabhed areas of Strombol and
Ginostra, whereas short-lived POCs due to column col-
lapse generaly flow within the SDF (Fig, 25%1). Curng
historical times, pasoxysms occurmed repeatedly In the
XVEXVI and the XX centuses, with the more energesic
avent In 1630 and 1944, whilst recent paroxysms oo-
curred on 5 April 2003, 15 March 2007, and the close
events of 3 July and 28 August 2019 (Giordano & De
Astis, 2021, Melrich et al, 2021; Ripepa et al. 2021
Vicoaro et al, 2021), Effusive eruptions from summit
crales or xteral ventsfissures opaned al various dava-
gors within SOF, recurrendy interrupt the ‘normal’ Strom-
bolian asctivity, lasting from ca. 1 day ‘o a few monthe
(eg. In 20022003, 2007, 2014)( Fig 25q). For (at east)
the past three centuries, lava flows have dascended the
swep skpes of SDF, and eventualy reached the sea
{e.g. in 2007, 2014, 2022), representng & negigitie haz-
ard for people anrd infrastructures. Up 1o the Micde Age,
leva Mows have episcdically sumounted the SDF lateral
rims and expandoed along the upper 15 lawer flanks of the
conre.
Aecurrent gravitational irstabiiSes and collapses at
varous scales aong the oversteepened siopes of SOF
are rocorded during e las! ocantury (Barbardi of al,
1993), eventually resulting in tsunami waves along the
Strombaeli and surrcunding coaste, as obsarved aseociat.
ed 1o the December 2002 submarine and subaerial land-

sida developed siong the SDF (Tnti ot al,, 2006).
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4.4, Mt, Etna (500 ka to Presant)

{SB.MG., EN,M.V)

Tha auptva history of Mt Etna began about 500 ka
(De Beni et al., 2011) in the eastem Siclly, an area of
geodynamic complexites, where the Apannine-
Magnhredlan Chaln overaps the undeformed margin of
tha African continental plate, the Hyblean Foreland
boundng westwards the ocesnic lonian Ithosphere
{Lentini, 1982; Cristofolini ot al, 1985; Branca et al,
2004; 2008; 2011a,b; Fig. 286).

Volkcanic aclivity in the area davelopad alter an ear-
Iy long paricd of scattered basalic magmatism i the
Hyblean Plateau that migrated northwards durng Miadie-
Late Plistocene towards the region of the present Mt
Etna {Ner et al, 2018). Volcanism in this area beagan
with fissura-type eruptions with tholsiltic affinity emplac-
ing fava fows In submenne and subaanal snvwronment
{Tanguy et al, 1576). Remnants of the submarine actwity
are pllow-lavas and columnar oulcrops on the eastem
shore nerth of Catania {about 500 ka; Gilot @t al., 1594;
Corsaro & Crstofoling, 1967; 2000; De Bare &t al, 2011;
Fig. 26). Subaerial tholeiltes date back to 330 ka (De
Bani &t al,, 2011) and mostly crop out on the SW slopes
of the volcanc (Fig. 26), The erupted lavas gradualy
charged in composition from subslkaline wards Na-
alkatne, while the fissure actvity manly concentrated on
the lonian coast alkeng the Timpe faull system starting
from about 220 ka (Tanguy @t al., 1997; Corsaro & Cris-
tofolink, 1997; Branca o1 al, 2004; 2008; 2011a,b; Fig
28).

During the last 130 ka the major eruptive axes mi-
greted westwerds, gracually sligning amselves on a
contral wds, This transition from fissuro % contral vert
actvity led to the construction of a senas of central-
concuit edifices producing Strombolian to Pinan erup-
tions In the area of tha present-day Vals del Bove As
the centrad activity stabilized at ca. 57 ka (De Beni et al,,
2011), a nuge stratovecicano, tha Ellittico, grew up. The
interse enplive actihvity both effusive and highly expio-
shve of e Ellittico created a roughly 3600 m-high cone,
which constitutes the frame of the present edfice of Mt
Etna (Fig. 26}, The Elittico actvity ended 15 ka ago after
four Pinian eruptions [CoXelll et al., 2000 Del Carlo of
al., 2017) that created a 4 km-wide cakiera. This became
the sile of persisient volcanic activity that progressively
lod 10 the emplacement of a new siratovolcano, the
Mengibello, over the last 15 ka (Fg. 26). The formataon of
the Valle del Bove, a horseshoe depression about 7 x 4.5
km wide that iz located on the eastern fark of ML Elna
carles back 1o the acthaty of the Mongibello stratovolksiano,
namaly 1o 7478 - 7134 BCE (Malaguti at al., 2023).

The acwvity of Mangibelo marks the begirning of
the recent volsanic history of Mt Etna, whioh also dis-
played a wida range of eruptive styles from purely affu-
sive to violent oxplesive (Branca & Dol Carlo, 2004).
Historical records of erupliors date back to the Greek
colonization of Sicly (734 BCE), passing through other
chronicles during the Roman Age and the XVII century
(Branca & Abate, 2019) with reference, respectively, 1o
the 122 BCE Pinian eruption |Coitedi ot al., 1898) and
the Impressive 1669 eruption (Corsara et &, 1936, Moo~
tra & Viccaro, 2012; Kahl et al,, 2017). The last few cen-
funies ware dominated by effusive and Strombolian erup-
tions (Branca & Del Cario, 2005) with emission of ha-
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waltic products and suboednate mugeantes (Viccaro &
Cristofolinl, 2008). Over the last five decades, the aup-
ton frequency and explosivity incressad, while tha com-
peeiton of voicanic producis shiftad towards K-
trachybasalts (Tanguy et &f,, 1997; Tonarni et al., 2001;
Viccaro etd., 2011, Viccaro & Zuccarello, 2017).

Mt. Etna has been particulary active during the last
30 yeers, experiencing contnuaus morphological modfi-
cations (Harrs et al,, 2011). Most of the mompholegical

were caused by the opening of eruptive fissures
on the flanks of the voicano that produced lava flows, as
in 1991-1983, 2004-05 and 2008-09, and large scorla
cones, as durng e 2001 and 2002-2003 eruptions
(Tonarini et al,, 1995; Clocchiatti et al, 2004; Métrich ot
al, 2004; Andronico et @b, 2005; Allard et &, 2006,
Ferlito et al,, 2012; Palano ot al,, 2017). Since ningtes,
there was also a clear growth In the number of paroxys-
mal eruptions from the summit craters (Fig. 26), which
axiensive eruptive columns, abundant tephra
fallouts and ash-lapill dispersion up 1o hundreds of ko
far from craters (Ardronico et al . 2021). Main paroxys-
mal epsedes coourred in shori-term sequonce of multple
avents Iasting weaks 0 years. Remarkable sequences
were In 1996-1699 (23 events in 6 months), 2000 (64
avents in & months) and 2007 (7 events in 7 months),

The fast decade bas also seen the development of
some of the most energetic, yat long-lastng paroxysmal
secuences of recert limes, which have been fed by the
most volatie-nch magmas ever found at Mt Etna
(Zuccarelio ot al,, 2021), Thase ircude a itvee-year-long
secuence of 44 lava fountains durng 2011-2013
(Behncke of al | 2014; Guffrida & Vicecara, 2017; Giuflrie
da et al, 2018; Zuccareliio o al, 2022), and the very
recent sequence of 82 events thal lock place between
December 2020 and February 2022, These sequences
alemnate with periods of dominant effusive activity from
both the summit and the velcano Harks (Viecaro et al,,
2019, Borzl et al,, 2020; Giufirida ot al,, 2021), with the
only brief ntenyce of two shon, tut powerful paroxysma
saras In December 2015 (4 events) and May 2016 (3
apisodas) (Corsara et al, 2017; Calvarn ot al,. 2018; Can-
nata et al,; 2018; Zuccarelic atal,, 2022).

The recurrerce ol highly explosiva events at the
summit, which produce severe tephra fallout and episod-
io formation of pyroclastic darsy currents due to partial
colpses of the South East Crater cone (Bahncks,
2000a; Ferl2o et al., 2010; Scollo ot al., 2013; Costa ot
al, 2023), and effusive flark eruptions from vents located
at low altitude (Del Negro ot al., 2013) have the potential
o cause significant scco-economic damages because of
the high probabilty to impact tha densely populated ars-
as around the vacano, as will as hundreds of thousands
of tourists who visit M. Etna yearly.

4.5. The Hyblean volcanism (M.G., M.V.)

The HyHean volcanism began in Upper Triassic ca
200 Ma (Cristofolinl, 1966} and continuad unil Lower
Pleistocene, with both submarine and subaerial episades
of maic voicanism widely scattered across the arsa of
southeastern Sicily (Cartone & Lenting, 1881, Schrincke
el al., 1997). No volcanism Is kXnown 10 bave ocourred
fram the Upper Cretaceous to the Midde-Upper Miocene.
The Mesczoic volcanism produced lavas of Na-alkane
allinity thal cutcrop in the scuthernmost and eastern part
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Fig 26 - Synthamic geclogical map of ML, Elra velcano with the main maphotacionic fasturas (upper parsl, modified aftor Branca o al,
2011); a =chame of the siraligraphic relaticrships of the volcanic succession using he supersynthem, syntem and litosomes classiica-
tons and he rRdoiscioNc AgRs have basn a0 reparad cown-iaft i tha tigure (modfed after Banca a1 al, 2011b) and a2 view of e
Ne. Etra summit groa takan o0 Jarary 2021 with $he 5 active cragers, namaly (owor panel Veeagrs (VOR|, Norh East Crater (NEC),
Boods Nuova 1 and Bocce Nuava 2 (BN1 and BN2), Scuth East Crater (SEC].
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of e Hyblean Platasu, A histus of ca. 50 Ma separates
these earlier emissions from he later activity hat re-
sumed during Mocensa in the cartral-northem area of the
pleteau with enuptions of toth thoselitic and alkaine mag-
mas (De Rosa ot al, 1991, Tonannl ot al., 1095, Bec-
caluve et al., 1988; Trua ot al., 1988). The Neogere-
Quaternary wolcanism includes two ditferent eruptive
cycles a) the Miocenic cycle, prevalently alkaling in com-
pasition (mostly basanites and alkali-olvine basaits),
which iz dominated by axplosive eruptions testified by
datreme-refated volcanociastic deposits bearing a signifi-
cant amount of mantie xencliths (Scribano, 19873, b
Scribano et o, 2009; Sutng & Schmincke, 2010; 2012
b) the Plie-Plasiccene cycle aimost axclusively charac-
lerized by relaively basic magmas, ranging in composi-
tion from extremely siica-undersaturated akaling mag-
mas 0 slica-oversaturated tholeles. The  Plio-
Pleistocers cycle was the most widespread, takng place
ower an area of ca 500 km* a: the nontham margin of the
Hyblean Plateau. Large volumes of tholeitic products
were erupted In a shallow marine anvironment durng the
Upper Pliccers, fdlowed by at least fve epsodes of
alkal basaltic volcanism between the end of the Upper
Pliccene and e Lower Pleistocene, The first of these
eplsodes emplaced In the rorthernmost sector of the
Hyblean Plateau a corsdesable volume of akall basaits
as plow breccias, subaerial lavas and scora depesits
(Behncke, 20050), while the latest eruptions (ca, 7.4 Ma:
Schminckas et al., 1997) emitted scarce volumes of basa-
nitic ana nephalinitic favas,

4.6. The Siclly Channel

(AC,MG,.SR, MV)
4.6.1. General background

The Siclly Charmned is sot In the thinned continental
crust of the Palagian block (Fig 278, A rifted zona in the
Sicillan Maghrebian Chain jorgiand (Caraiane et al.,
2014), The man morphotecionk features are three desp
fecionic troughs, NW-SE orented, ramely the Pamelier-
a3, Unosa and Malta grabens, which axert control on
magma panreration and ascent (Fig. 27a). Magmatism in
the Sicily Charnel is widespread and results in the cocur-
rence of sevaral volcaric submaring centres (Civile at al_,
2008; Fotoic ot al, 2006) and two subaeriad volcanic
complexes, the Pantelleria (Fig. 27b) and Linasa islands.
Submarnne vokanism began arcund 10 Ma, with the
Igtest event of e 'Fardirandea' sphemeral isiet amer-
sion in 1831 CE and he 1891 CE Foestner entirely sub-
marine erupton (Conte et al., 2014; Coltali et al, 2016
Kely et al., 2014), Submarne volcanic rocks are matic
and dominantly mildly alkalic regarding the sarial affinty
(Hotola ot al.. 2006, White et &, 2020), Ascent of mafic
magmas Is criven by tectonc structures, with the excep-
tion of Pantalieria, whare the route 1o the suface is fasli
tated In the northem part of the island (Giutirida et al.,
2020) and inhibited in the central sector, with production
of abundant felsic derivatve products,

4.6.2, Pantelleria (3204 ka)

The subaanal volcanic actvity at Pamellena statad
around 320 ka and Is charactenzed by emesson of pan-
teflarite products emplaced as lava flows and pumice fall-
oul deposts (Civeta et al, 1984; Mahooa & Mikireth
1986; Rotolo et &, 2013; Jordan et al, 2018), Nine ig-
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nimbme eruptions covered the istand (entirely to partly) in
the ape imerval 181-48 ke and afemated with inter-
Ignimbrita periods, during which tens of local eruptive
centers were active (Jordan et al, 2018, Roldlo €t al.,
2021; Fig. 27¢c). Two ignimbrites cut of ning, namely the
Capre and Green Tult Formations (age 140 and 46 ka,
respectively) are associated with caldera ocllapses and
relatea scamp remnants (La Vecchia and Cirque Dent
caldera, respectmvely; Fig. 270, Speranza et al, 2012;
Hotoio et al., 2013]. Other tive potental celdera colapsas
(now buwrled) have been hypothesized based on the oo
currance of thick pyroclaste breccia horizons within or at
e top of some igrembritic depoests (Jordan et al,, 2018).
Owver the perod 181-46 ka, basatic manfestatiors were
rare and limited only o some l[ava flow units dating tack
to 118 ka anc 83 ka (Civetta ot &, 1984) that were found
In the nothwestem part of the Isiand (Fig. 27c). Tre post-
Green Tuft volcanic activity was domhated by low-
anergy Strombollan aruptions and effusive evants, mosidy
Inside and along the dm of the Cngue Denti caldera.
This sctvity producad pumce fall deposis, lava flows
and domes of dominant pantefierntc compositons
(Civetta ¢ al,, 1988; Rotolo et al, 2007), An updated
stratigraphy of the posi-Green Tuff evolution s ﬁm in
Aotoio et &, (2021) based on high resolution “An™Ar
ages (Scadlet et al, 2011) and palecmagnetic daa
(Speranza et al., 2010), with two paricds of activiy aiter
e Graen Tulf eruption, instead of the fve propesed by
Civetta et al. (1988).

Basaltic volcarism acoounts for ca. 5 % of outcrop
ping rocks and is centered in the NW secior of the Island
with short ava flons and sceria cones (Guffrida et al.,
2020). Matic volcanism is dated (X/A7) in the age nterval
31213 ka and 27+10 ka, with possibie yeunger ages
guﬂtg, 10 ka (unpublished data; Civetia ot al., 1984,

4,6.3. Linosa (1,.06-0.5 Ma)

Linosa is & small wolcanic isiand (ca. § km®) whose
subaptia porticns represant only 4% of the entire volcan-
io edifice, which axtends for ca. 20 ko alarg the NW-SE
tectonic ineamant charasterizng the whale Siclly Chan-
nel (Fig- 28; Romagnoli ot al., 2020). While no age data
are avalable for its suomaring aclivity, the subaerial
aruptve history can be corsirained batwaen ca. 1.06 and
0.5 Ma, during which volcanism was effusive % explo-
give, meatly hydromagmalic, and occurred over three
maor percds (Ross et al, 1996), Erupted magmas
show mited compositional variation, being only mafic
(dkali tasalts o hawaies'mugearites), sightly more
primitive than the Panteliena basalls. Rare intrusive lith-
its in pyroclastic products have mere avaved, syeniic
compositions never enupsed as magma,

4.7. Seamounts of the Tyrrhenlan Sea (6 Ma-Present)
(RDRA,SdaV. PD,FL EN AS, CAT MV)
The Tyrrhenian Sea staried its opening 15 Ma dur-
ing the Apennine orogenosis as a result of back-are ex-
tensional processes. In the southem sector, e rol-back
of the lonian slab caused the SE migration of the Calabr-
an Ac and accelerated the process of back-are exien-
sion, leading 1o fe progressive thinning ard substitution
ol ?he contnental crust with a new oceanic one. This
process is rasponaidle for the opening of the Vavilov (6
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volsans phazes

ord 5-25Msa} and Marsih (1.8 Ma-pres ) oceanic basins
and the birth and growth of a great number of seamounts
(Fig. 28a; Trua ot al,, 2004), whose ages decrease from
NW towird SE,

Marstl i5 a huge (70x30 km) volcanic submarne
compiex, elongated alarg a N-S drection with 25 summit
placed 3 km above the seafivor, Although the oldest
products date back to 1 Ma, Marsii is considered an
active volcanc system due % |) setsmic acevity typical of
voicanic and hydrothermal areas (D'Alessandro of al,
2012); 1) vokcank gases detected above the water cok
umn (Lupton ot al, 2011); ii) the predusts of the two
eruptive episodes occured 3000 and 5000 years ago,
recegnized &t its top (lezzi ot al., 2014). A tamporal pro-
gression characiorizes the Marsii magmasc activity from

IAB-a basalts with calc-alkaline afnity to OIB-4ke bas-
A1s (Trua ot &, 2007). The summit area Is marked by
vokanic cones perfectly presarved, with soms avidence
of lava flow Selds and volcano-iegionic  structures
(Ventura et al, 2013). Magnaghi and Vavilov are the
othar two important seamounts of the Tyrhenian Soa,
with an elongated shape ower 20 km, Magnagh! sea
mount is reiated ta the ancient activity (3.2.7 Ma; Serri el
¥, 2001), whereas Vaviiov seamount formed cuning the
Quaternary (0.73-0.1 Ma) and & coud £till be considerad
active (Savell & Lgl, 2017). Alhough they le on a sea-
floor with MORB-fke gaochomical signature (Trua ot &,
2007), 1he few rocks colected a1 Magnaghi and Vavioy
gaamounts show a midly alkaline OIB-fke geochemical
affity (Trua ot al. 2007). Palinuro seamount, consic
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Fig. 28 - (a) Momphometric map of the Tyrhenan Sea. seemourts are labsed in wike, whereas emergad vocanoes in yetkow, (o] Simplk
fiad geologeal map of Ustica, (¢) Pancramic view of the wisiam coast of the Ustcs island and of the Monts Costa del Falo stealnoons
{Ensptive Epoch 2], (2) Fancramic view of the northam asaai of the Ussca island and of lavas and scorias balonging to Eruptive Epoch 3.

https://amq.aiqua.it/plugins/generic/pdfisViewer/pdf.js/web/vi....it%2Findex.php%2Famq%2Farticle%2Fdownload%2F734%2F665%2F2910 Pagina 42 di 65



PDF.js viewer

https://amqg.aiqua.it/plugins/generic/pdfJsViewer/pdf.js/web/v....it%2Findex.php%2Famq%2Farticle%2Fdownload%2F734%2F665%2F2910

The Haten Qualarary wocaresm

erad active or quisscant (Miano &t al,, 2012), presants a
50 km E-W elongated shape, resulting from the superim-
position of differant voicanic edfcas. The composivon of
emitted products s very simiiar to the emerged portion af
the Aeciian slands (Trua et al,, 2004),

4,8, Ustica (730-cn.130 k
(A.DAR,SAV.PD . FL.EN. RS CAT.MY)

The Isfard of Ustica is the exposed summi of a
largely submarged NE-SW elongatad voicanic complex
riging about 2000 m above the Tyrrhenan sealioor, ir-
cludng an extensive fskd of su voicanic cones
(up 10 thiny) to ha noeth of tha island. £ is located over 2
transitonal zone betwsen a northem doman charactar-
ized by thinned oceanic crust (ca. B km thick) and a vari-
ably thick (25-30 km) westem-seuthern domain of conti-
nental crust (Savelli, 1986; Sulll, 2000).

Based on lterature data and new unpublished stud-
les, the eruptve nistory of the Island of Ustica, entraly
developed during the Quatemary (de Vita et al, 1968;
Benomo & Ricd, 2010), s arranged into five epochs of
activity (Fig, 260) that empiaced submarine to subaerial
voicanic rocks with & Na-akaline signatwre. Tha first
epoch (730-516 ka) Inchudes submarine basalitlc lavas
emittad from fissural vents and basatic to hawaitc and
mugearitic lavas relevant o the Srge ML Guarda del
Turchi strasocore, which progressively amarged from the
sea, Basallic 10 haaaitic and mugearitic fva llows and
pyreciastic products of the second epoch (400-441 ka)
are resated 10 the Monte Costa del Falo stratocons and
its lateral sruptive vents, partly located offshore the west
coast of the s@and. Tha third epoch (424-412 ka) Is char-
acterized by the emplacement of hawalte/'mugearite lava
fiows (Fig. 28c and d| and trachytic pumcs pyroclastic
proccts from the Monte Costa del Falo stratocone, to-
gether with e products of a sares of |sterad vants In-
dudng ®e trachylic, amphitde-beaing sub-imrusive
body exposed at Punta San Paolo (Allstti ot al., 2005).
The fowrth ervptive epoch was fed by lateral dykes in the
NW sector of Monts Costa del Fallo stratocone that em-
placed hawabc %0 mugeartic lava flows and minoe
strombolian deposits. Finaly, the fifth eruptive epoch
includes the alkas.basaltic w8 cone and lava neck of
Capo Falkoniera, which was active at about 130 ka (de
Vita et al, 1938). The whale island of Ustica has bean
eroded and reworked by cifferent orders of manne ferrac-
s, whereas the volcaric producte of Capo Faleoniera
are imedayered within marine wrraces of the Last inter-
glacial (de Vita et al., 1996).
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