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AB STRACT

High amounts of Chattian-Langhian orogenic magmatism have generated volcaniclastic deposits that are interbedded
within the penecontemporaneous sedimentary marine successions in several central-western peri-Mediterranean
chains. These deposits are widespread in at least 41 units of different basins located in different geotectonic provinces:
(1) the Africa-Adria continental margins (external units), (2) the basinal units resting on oceanic or thinned conti-
nental crust of the different branches of the western Tethys, (3) the European Margin (external units), and (4) the
Western Sardinia zone (Sardinia Trough units). The emplacement of volcaniclastic material in marine basins was
controlled by gravity flows (mainly turbidites; epiclastites) and fallout (pyroclastites). A third type comprises volca-
niclastic grains mixed with marine deposits (mixed pyroclastic-epiclastic). Calc-alkaline magmatic activity is char-
acterized by a medium- to high-potassium andesite-dacite-rhyolite suite and is linked to complex geodynamic pro-
cesses that affected the central-western Mediterranean area in the ∼26 to 15 My range. The space/time distribution of
volcaniclastites, together with a paleogeographic reconstructions, provide keys and constraints for a better recon-
struction of some geodynamic events. Previous models of the central-western Mediterranean area were examined to
compare their compatibility with main paleotectonic and paleogeographic constraints presented by the main results
of the study. Despite the complexity of the topic, a preliminary evolutionary model based on the distribution of
volcaniclastites and active volcanic systems is proposed.

Online enhancements: appendix tables
Introduction

The stratigraphic record, timing of deformation, and
geodynamic evolution of the central-western Medi-
terranean orogens are still debated because the in-
terpretation of their geological history is linked to
both the reconstruction of the initial paleogeography
and the closure of the different branches of the Te-
thys oceanic basin (e.g., Durand Delga 1980; Frizon
de Lamotte et al. 2000; Guerrera et al. 2005; Handy
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et al. 2010; Carminati and Doglioni 2012; Guerrera
andMartín-Martín 2014; vanHinsbergen et al. 2015;
Critelli et al. 2017).
The presence of volcaniclastic deposits, inter-

bedded within the uppermost Chattian-Langhian
marine sedimentary units of some chains (the Ap-
ennines, the Maghrebids, the Betic Cordillera, etc.),
has been known for a long time (e.g., Clari et al.
1988; Critelli and Monaco 1993; Bonci et al. 1994;
Ruffini et al. 1995; D’Atri et al. 2001; de Capoa et al.
2002;Guerrera et al. 2015;Giordano et al. 2017). The
study of these deposits provides important con-
straints for the reconstruction of the paleogeography
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and orogenic evolution of the central-western Med-
iterranean region.

Volcaniclastic products have been generated by
a consistent penecontemporaneous orogenic calc-
alkaline magmatism, which has been recognized in
some sectors of the Mediterranean area (e.g., Dug-
gen et al. 2005; Allagna et al. 2010; Carminati et al.
2010, 2012; Lustrino et al. 2011, 2013; Savelli 2015).
The emplacement of volcaniclastic materials trans-
ported into the depositionalmarine areas is due to two
main mechanisms: reworking processes and volcanic
fallout.

Current knowledge does not allow direct corre-
lations between specific volcanoes or related ac-
tivity and secondary products, mainly because the
primary volcanic products are usually missing. In-
terdisciplinary studies, integrated with literature
data, have been carried out on the secondary prod-
ucts (stratigraphy, age, field lithofacies, grain size,
emplacement processes, and sedimentary structures
and microscopic analytical determination of petro-
facies), allowing characterization of the volcano-
sedimentary successions, which is a prerequisite for
recognition and location of volcanic source areas.
Unfavorably, minero-petrographic studies are scarce;
especially lacking are the geochemical studies con-
cerning the volcaniclastic deposits studied, thus pre-
cluding reliable areal and lateral correlations over
long distances. For these reasons, it is clear that a
study of volcaniclastites could provide some impor-
tant indications for paleogeographic and paleotec-
tonic reconstructions, although interpretations at a
regional scale still prove difficult given the limited
coverage of the literature.

Taking into account that volcanic ash, depending
on the grain size, can be transported over long dis-
tances and that the reworking processes of volcanic
material constitute important keys for the locating
of volcanic source areas, two main problems have
been approached in this paper: Can the areal distri-
bution, characterization, and correlation of volca-
niclastites be used as indicators in reconstructing
the space-time relationships between these products
and the location of the volcanic activity? And could
the paleogeography and geodynamic evolution of
the central-western Mediterranean region be better
defined?

This study presents new data plus a review of
available literature on the peri-Mediterranean chains.
The study (1) shows the distribution and main fea-
tures of the uppermost Chattian-Langhian volca-
niclastites deposited along theApennine-Maghrebian-
Betic Chains; (2) shows the distribution of the
penecontemporaneous volcanites, which are paleo-
geographically and paleotectonically contextualized;
and (3) proposes an evolutionary model for the
central-western Mediterranean area.
Geological Framework

The central-western Mediterranean region is bor-
deredbytheAlpineChains (developedduringarifting-
drifting-oceanization Mesozoic phase, followed by
convergence, subduction, and collision during Ce-
nozoic times). According to the ages of the subduc-
tion, collisions, and deformation, the Alpine evolu-
tion can be divided into Eo-Alpine, mainly during
theCretaceous to Paleogene, andNeo-Alpine,mainly
during theNeogene. The IberianRange, the Pyrenees,
the north of Corsica, the Alps, and some units of the
northern Apennines havemainly experienced an Eo-
Alpine evolution (Martín-Martín et al. 2001). The
Betics, the Maghrebides (Rif, Tell, Sicily, and south-
ern Calabria), and the Apennines are related to the
Neo-Alpine phase and thus are affected by Oligo-
Miocene volcano-sedimentary events, themain focus
of this paper (fig. 1). According to previous studies
(Guerrera et al. 1993, 2005; Guerrera and Martín-
Martín 2014) the Cenozoic successions involved in
the Neo-Alpine chains were deposited in three ma-
jor paleogeographic elements on which many au-
thors agree: (1) the internal domains of the Betic, Rif,
Tell, and Calabria-Peloritani Arc Chains with a pre-
Alpine continental basement (Paleozoic or older
crystalline rocks previously affected by the Variscan
orogeny) with carbonate Mesozoic-Cenozoic cov-
ers strongly deformed into nappes and frequently
affected by Alpine metamorphism (Martín-Algarra
1987); (2) the Maghrebian Flysch Basin Domain,
stretching from the Betic Cordillera up to the south-
ern Apennines Lucanian Basin (oceanic and/or tran-
sitional crust); and (3) the external domains, belonging
to the Iberia and Africa-Adria Margins and made of a
pre-Alpine continental crust, were followed by sedi-
mentary carbonate Mesozoic-Cenozoic covers also
deformed into nappes.

The origin of the internal domain units of the Betic
Cordillera, Rif, and Tell (Maghrebian Chain) and the
Calabria-Peloritani Arc is related to convergence
and collision, mainly during Oligo-Miocene times,
of an intermediate terrane or microplate (meso-
MediterraneanmicroplatesensuGuerreraandMartín-
Martín 2014orAlboran-Kabylides-Peloritani-Calabria
[AlKaPeCa] sensuMichard et al. 2002) against the re-
spective margins (south Iberian and north Afri-
can margins) of the Iberia and Africa-Adria plates.
Since the Jurassic-Cretaceous, this terrane or micro-
plate was located between the African and Euro-
pean plates surrounded by oceanic branches of the
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westernTethys (Martín-Algarra 1987;Doglioni 1992;
Michard et al. 2002; Perri et al. 2013; Guerrera and
Martín-Martín 2014; Critelli et al. 2017; Puga et al.
2017).
The resulting units from the Maghrebian Basin,

located southward of the intermediate terrane or
microplate, and its extension in the southern Apen-
nines, and the Betic Cordillera are characterized by
Cretaceous-Miocene thick clayey terrigenous suc-
cessions deposited on deep oceanic/transitional crust
that formed during the Jurassic and EarlyCretaceous.
These successions were deformed into nappes and
tectonic mélanges during the early to middle Mio-
cene due to the convergence and subduction of the
Maghrebian Basin beneath the intermediate terrane
(e.g., Durand Delga 1980; Durand Delga and Font-
boté 1980;Wildi 1983; deCapoa et al. 2004;Guerrera
and Martín-Martín 2014).
The units of the external domains are represented

by nappes of different Mesozoic-Cenozoic succes-
sions deposited on the continental margins of the
Iberian, Africa, and Adria plates. During the Mio-
cene, with the new conditions of convergence and
precollision, the formerly passive margins evolved
into foreland basins (because of the flexure of base-
ment in relation to the loading of the orogenicwedge
of the internal units) characterized by prevalence of
pelagic-hemipelagic sedimentary rocks or shallow
marinesedimentation.Thedevelopmentof theBetic-
Maghrebian-Apennine nappes was diachronous
(Guerrera and Martín-Martín 2014 and references
therein). Indeed, the ages are synchronous and older
in the Betic (Oligocene to early Miocene) and north
Africa branches and become progressively younger
from Sicily (Langhian) to the southern Apennines
(Serravallian).
Volcaniclastic Deposits

In general, volcaniclastites can be derived from ero-
sion of old volcanites (dating before the time of sed-
imentation) and pyroclasts-epiclasts (related to
active volcanism penecontemporaneous with sedi-
mentation). Only the latter have been considered in
this article. When studying the pyroclasts-epiclasts,
two main emplacement processes can be recog-
nized. First, pyroclasic, epiclastic, and tuffites (sensu
Figure 1. Simplified tectonic map of the peri-Mediterranean chains showing the Betic-Maghrebian-Apennine sys-
tem, in which volcaniclastites interbedded within different sedimentary units are recognizable and coeval volcanic
remnants are present. A color version of this figure is available online.
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Schmid 1981 and Le Maître 2002) fallout generate
volcaniclastites with several grain sizes: ashes, cin-
ders, lapilli, etc. In distal areas, the normal hemipe-
lagic sedimentation is sometimes interrupted by ash
fallout deposits coming from the most explosive
volcanic activity or by redeposition of ashes due to
extremely diluted turbidites. Second, gravity flows
(turbidites, slumping, etc.) generate volcanic epiclas-
tites (volcanogenic material resulting from erosion
and reworking of all type of volcanites in adjacent
basins that are difficult to place).

These two emplacement processes have different
paleogeographic implications. Reworked gravity-
flow deposits imply the absence of morphological
barriers between volcanic sources and sedimentary
basins, whereas the volcanic ash involved in the fall-
outprocessescanbetransportedover longerorshorter
distances, which can be evaluated both according to
the deposit thickness and grain size. The frequent
occurrence ofmixing of volcanoclastic materials and
marine sediments generates different lithofacies that
must be evaluated, case by case.

Volcaniclastic deposits show petrofacies consist-
ing of different lithotypes, listed as “petrofacies” and
“subpetrofacies” (sensu Schmid 1981 and Le Maître
2002). These deposits in the current study are always
interbedded within marine successions. Volcanic-
lastiteswere classified into the followingmain types:
pyroclastic deposits, mixed pyroclastic-epiclastic
deposits, and epiclastic deposits mixed withmarine
deposits.

Pyroclastic deposits (volcanic clast content less
than 90%) are characterized by a gradual decrease in
thickness and grain size of beds (from agglomerate
to fine tuff) away from the possible source. Three
subpetrofacies have been included in this typology:
1A, vitroclastic/crystal-vitroclastic tuffs; 1B, non-
vitroclastic tuffs with bentonitites; and 1C, non-
vitroclastic ocraceous and blackish tuffs.

Mixed pyroclastic-epiclastic deposits (volcanic
clast content of 25%–75%) characterized by the ap-
pearance of the volcaniclastic material in turbiditic
deposits (redeposition of eroded volcanic materials).
In this typology four subpetrofacies have been in-
cluded according to the sedimentary structures of
the turbidites (Bouma 1962) and the volcaniclastic
content: 2A, high-density turbidites with volcanic-
lastic content; 2B, low-density turbidites with vol-
caniclastic content; 2C, low-density turbidites with
crystal-rich volcaniclastic content; and 2D, low-
density turbiditeswith glauconite andvolcaniclastic
content.

Epiclastic deposits mixed with marine deposits
(volcanic clast content of 5%–25%) consisting of non-
volcanic marine sediments (terrigenous, chemical
precipitates or organogenic components), quartz or
mica and a mixture of carbonates, siliceous rocks
(cherts and siliceous marls) with fragments, or or-
ganic remains such as radiolaria and variable con-
tents of fragments of volcanic ash.

Themain features of thementioned volcaniclastic
deposits are synthesized in table A1 (tables A1–A4
are available online) with references to the original
papers from the literature (Giammetti et al. 1968;
Giannello and Gottardi 1969; Boulin et al. 1973;
Chauve et al. 1973; Pieri and Rapisardi 1973; Hoyez
and Andreieff 1975; Rivière and Courtois 1975;
Bellon 1976; Rivière et al. 1977; Chiocchini et al.
1978; González Donoso et al. 1982; Borsetti et al.
1984; Perrone 1987; Clari et al. 1988; Rivière 1988;
Carmisciano et al. 1989; Russo and Senatore 1989;
Critelli and Le Pera 1990; Feinberg et al. 1990;
Grandesso and Stefani 1990; Critelli 1991; Balogh
et al. 1992, 1993; Faugères et al. 1992; Guerrera et al.
1992, 2004; Patacca et al. 1992; Puglisi and Car-
misciano 1992; Santo and Senatore 1992; Soria et al.
1992, 1993; Critelli and Monaco 1993; Papini and
Vannucci 1993; Tateo 1993; Bonci et al. 1994;D’Atri
andTateo 1994;Delle Rose et al. 1994a, 1994b; Soria
1994, 1998; Maaté et al. 1995; Ruffini et al. 1995;
D’Atri et al. 1999, 2001; Cornamusini 2002; de
Capoa et al. 2002, 2003; Di Staso and Giardino 2002;
Zaghloul et al. 2002, 2007; Bonardi et al. 2003, 2005;
Delfrati et al. 2003; Cammarosano et al. 2004; Poli
et al. 2007; Hlila et al. 2008; Pescatore et al. 2012;
Guerrera et al. 2015). Their areal distribution is
shown in figure 2. The units containing volcani-
clastites, mentioned in the literature, in the peri-
Mediterranean chains have been listed according to
their sedimentary basins in reference to the respec-
tive geotectonic provinces.

The frequency of the litho- and petrofacies, related
to the different emplacement processes, results in all
considered basins as follows: 32 units containmixed
deposits, 30 units show volcanic epiclastites, and
18 contain pyroclastites. Thismeans that lithofacies
2 and 3 prevail on pyroclastites (lithofacies 1) even
though the three types are often variably associated
in the different successions (table A1). In addition,
siliceous deposits (cherts and siliceous marls) are
common in almost all units. A relationship seems to
exist between volcanic activity and the “bloom” of
siliceous organisms due to a major presence of silica
in the ocean. These deposits are represented by the
following lithofacies: siliceousmarls, chert bedsand/
or nodules, deposits very rich in radiolarian (silex-
ites), spongolites, and so forth.

In summary, the analyzed volcaniclastites show
great variability regarding the lithofacies, vertical
and lateral distribution, the amount of volcaniclastic
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material, thickness, color, sedimentary structures,
minero-petrographic features, and paleogeographic
location of the basin.
Volcanites

Calc-alkaline magmatism (sensu Best 2003; accord-
ing to the International Union of Geological Sci-
ences) is mainly represented by medium- to high-
potassium andesite-dacite-rhyolite suites that are
typical products resulting from convergent platemar-
gins and subduction. In the central-western Mediter-
ranean area the Oligo-Miocene, calc-alkaline oro-
genic magmatism constitutes a signature recording
the geodynamic activity along the involved conti-
nentalmargins (Carminati et al. 2012 and references
therein) and plate boundaries. In fact, major calc-
alkaline volcanic activity (fig. 3), derived mainly
from the convergent plate-margin tectonics, affected
the Mediterranean Neo-Alpine chains during the
latest Chattian-Langhian (∼26 to 15 My). Further-
more, this activity characterized backarc areas and
is also affected, by extensional and strike-slip de-
formation, the zones along the southern European
Margin. Despite the diffusion of volcaniclastic de-
posits, the recognized penecontemporaneous vol-
canic sources so far are limited. The calc-alkaline ac-
tivity is considered to be geologically coeval with the
active subduction, but in some cases (e.g., Mattioli
et al. 2012 and references therein), a primary conti-
nental (Adria) volcanism occurs only during the Ru-
pelian pro parte (∼32 to 29 Ma). The climax of volca-
nic activity occurred in the early Miocene, related to
the Aquitanian tectonic events responsible for the
beginning of the orogenic building of the Betic, Ma-
ghrebian, and Apennine Chains. Acid-intermediate
calc-alkaline volcanic products are recorded in dif-
ferent areas of the Betides, Maghrebides, and Apen-
nines and in theMediterranean Sea (e.g., the Valencia
Trough) and the Corsica-Sardinia block (e.g., Duggen
et al. 2005; Carminati et al. 2010, 2012; Lustrino et al.
2011, 2013; Savelli 2015). All these products may
represent potential source areas for volcaniclastites,
as inferred from their compatible age and geochem-
istry (Ryan et al. 1972; Bellon 1976, 1981; Bellon and
Letouzey 1977; Coulon 1977; Savelli et al. 1979; Ri-
vière et al. 1981; Bellon et al. 1983; Marignac and
Zimmermann 1983; Penven and Zimmermann 1986;
Hernandez et al. 1987; Rivière 1988; Mitjavila et al.
1990; Comas et al. 1992; Anelli et al. 1994; Belanteur
et al. 1995; Assorgia et al. 1997; Morra et al. 1997;
Rossi et al. 1998; Mattioli et al. 2000; Scotney et al.
2000; Chalouan et al. 2001; Downes et al. 2001;
Mattioli et al. 2002;Duggen et al. 2004; Lustrino et al.
2009; Conte et al. 2010; Beccaluva et al. 2011, 2013;
Lustrino et al. 2011; Réhault et al. 2012; table A2).
Figure 2. Distribution of the uppermost Chattian-Langhian volcano-sedimentary units along the Betic, Maghrebian,
and Apennines orogens.
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The volcanic activity, consisting of frequent high-
magnitude eruptions, was generated in different geo-
dynamic contexts: (1) subduction of the Africa-Adria
plate beneath the European plate or beneath the
intermediate microplate marked by different vol-
canic arc systems; (2) backarc basins of the Betic-
Maghrebian-Apennine systems (Valencia Trough,
southwestern Corsica Margin, and Sardinia Trough
andmainland), due to the rollback of the subduction
slab; and (3) basins developed in a strike-slip fault
zone context (eastern part of the Betic Cordillera
during the middle-late Miocene).
Resulting Geological Constraints and Discussion

Paleogeographic Constraints. General features and
distribution of volcaniclastic deposits present the
following main constraints for paleotectonic and
paleogeographic interpretations:

1. The wide distribution of volcaniclastic deposits
implies the occurrence ofmultiple volcanic source
areas located in different geotectonic provinces.

2. Volcaniclastites were often deposited in limited
basin sectors and show thickness and grain-size
variations, vertical variability of litho- and petro-
facies, and very limited lateral continuity. These
deposits indicate vertical and lateral variability of
the volcanic supply and an irregular morphology
of depositional areas that acts as a “trap basin” for
reworked sediments.

3. Some indicators such as thickness, grain size,
very poor continuity, and lateral correlations of
volcaniclastic beds argue in favor of a distance
between volcanic sources and depositional areas
that is not excessive, as can be inferred in com-
parison to paleogeographical-geodynamicmodels.
In particular, the occurrence in some sectors of
very thick volcaniclastic reworked deposits (e.g.,
the Tusa Flysch in Sicily and the southern Apen-
nines and the Bisciaro Formation in the Umbria-
Marche Apennines) supports this hypothesis (e.g.,
de Capoa et al. 2002; Guerrera et al. 2004, 2015;
Perri et al. 2012).

4. As verified in different successions (e.g., Algerian
Tell and external Betic units), when the values of
the previous indicators (thickness, grain size, and
continuity) in marine successions are high, the
presence of pyroclasts-epiclasts in original em-
placements is very likely. Moreover, it is notewor-
thy that in most of cases, both processes (rede-
position and fallout) coexist in the same succession.
This lastobservationsuggests that inmostcases, the
source or basin distance is not discriminant for the
emplacement processes.

5. Despite the great diffusion of volcaniclastic de-
posits, the original amount of volcanic material
Figure 3. Distribution of the uppermost Chattian-Langhian volcanites in the tectonic provinces of the central-
western Mediterranean area.
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emitted had to be much larger and should have
been drastically reduced mainly because of (1) high
dispersion, especially during the fallout processes;
(2) erosion and transport during redeposition; and
(3) alteration and transformation processes during
diagenetic phases.

Some parameters of volcaniclastites that are use-
ful for quantitative evaluation are shown in tableA3.

Volcano-tectonic Constraints. First, the available
petrochemical data for volcaniclastic deposits con-
firmed the substantial penecontemporaneity be-
tween volcanism and marine sedimentary succes-
sions. The penecontemporaneity of the volcaniclastic
products was deduced from specific mineralogical
characteristics such as the freshness of certain para-
genesis (e.g., feldspars) and the textural character-
istics of volcanic glasses (unaltered and with intact
edges). More generally, the correlation at small and
large scales (formations of the same basin context or
between different basins) and the connection be-
tween primary and secondary products was deduced
through the definition of geodynamic events on a re-
gional scale. In fact, in the Miocene history of peri-
Mediterranean chains, different volcanic and volca-
nogenic events, even of regional extension, are well
identified. The current state of knowledge is some-
times lacking in various analytical aspects (e.g., geo-
chemical analysis) and does not yet allow us to spec-
ify, in a more rigorous way, a detailed picture of the
phenomenology involved. The interdisciplinary
study of volcanogenic deposits, in relation to pri-
mary volcanic events, also offers the opportunity to
investigate the location of the original volcanic areas
and thus to formulate compatible paleogeographic
and paleotectonic models. Finally, the wide distri-
bution of volcaniclastic deposits needs the presence
of multiple magmatic sources because a single source
area, even if extensive, cannot be sufficient to justify
the amount present in the peri-Mediterranean chains.
Second, calc-alkaline magmatism is related to geo-

dynamic processes linked to convergent plate mar-
gins and subductions during the latest Chattian-
Langhian (∼26 to 15 Ma) early stages of the building
of the Betic, Maghrebian, and Apennine Chains.
This magmatism constitutes a potential source of
volcanoclastic deposits listed in table A1.
Third, acid-intermediate volcanism, located in the

eight provinces listed in table A2, also constitutes a
potential source of volcanoclastic deposits listed in
table A1.
Fourth, it is necessary to identify the different

volcanic districts generating products compatible
with volcaniclastic deposits and, at the same time,
to define the emplacement processes.
The known volcanites, which represent remnants
of widespread regional magmatic activity, do not
seem to be sufficient to justify the abundance of
volcaniclastic deposits. However, the severe alter-
ation and erosion of the poorly resistant volcanic
sources, the development of convergence and sub-
duction processes, the burial by thrusting and “can-
nibalization” related to fault-systems activity, and
so forth, caused a rapid dismantling of the volcanic
arcs that can explain this apparent anomaly. Instead,
caution is required when interpreting the scarcity or
absence of volcanites in some sectors (e.g., offshore
from the Maghrebian Chain and Tunisian-Algerian
Tell). In other sectors volcanic products are preserved,
demonstrating a clearer relationship between the
volcanic source and sedimentary basin (e.g., Sardinia
Block). The volcanic source of the volcaniclastites of
the Apennines and Sicily is more problematic.
The possible geodynamic events responsible for

the volcanic activity (table A4) are (1) the subduc-
tion of the western Tethys oceanic lithosphere
attached to the Adria microplate beneath the in-
ternal domain (Tuscanides) during the Miocene;
(2) the subduction and consumption of the oceanic/
thinned crust of the Maghrebian Basin beneath the
intermediate microplate during the Miocene (to-
ward the north in Betic, Rif, and Tell zones; toward
the west in Apennine zones due to the Calabria-
Peloritani curvature of the subduction zone); and
(3) the backarc basin opening (as a consequence of
the above-mentioned subduction), as in theValencia
Trough and the Provençal Basin with differences in
the speed accommodated by transform faults.
The evaluation of the distance between volca-

noes and sedimentary basins is difficult for many
reasons, especially because of the space and time
variability in the magnitude of explosions. For this
reason, it is better to analyze each single system
and check for elements that can provide useful
indications. Some correlations between sedimen-
tary foreland basins with possible volcanic sources
are (1) Sardinia Trough/western Sardinia volcanism,
(2) Tertiary Piedmont Basin/Po Plain volcanism rec-
ognized in theMortara 1well, and (3) Bisciaro Basin/
Tuscany volcanism recognized in the Pieve Santo
Stefano 1 well. These reconstructions could support
models in which this distance could be constrained
up to a maximum of 100–200 km.
Regarding the Miocene volcaniclastic deposits of

the southern Apennines and Sicily, most authors
consider volcanismofwestern Sardinia as the source
area (e.g., Perri et al. 2012; Critelli et al. 2013; 2017;
Giordano et al. 2017). The volcanic centers that
supplied local depositional units (e.g., Tusa Flysch
and Troina and Poggio Santa Maria Sandstones in
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Sicily; Tusa Tuffites and Albanella-Corleto Sand-
stones in the southern Apennines; e.g., de Capoa
et al. 2002; Guerrera et al. 2015, 2016) were probably
related to volcanic arcs linked to subduction pro-
cesses and consumption of oceanic basins (e.g.,
Maghrebian and Lucanian Basins). Taking into ac-
count some features of these formations (amount of
volcanic products is up to 85%–90%; frequent lava
clasts, crystals, glass shards, pumices, thickness of a
single volcaniclastic bed is up to 2m; grain size is up
to 2.5mm; total thickness of volcaniclastic beds in a
single succession is up to 200 m; sediment redepo-
sition processes, etc.), the volcanic arcs should be
closer to the depositional areas. Consequently, ex-
cluding the European Margin, other solutions that
provideadequatedistancesbetweenvolcanicarcsand
basins and that are compatible with the characters of
volcaniclastites should be proposed.

Moreover, several evolutionary models of the
central-western Mediterranean consider the paleo-
geographic distance between the Sardinia-Corsica
Block and the Apennine-Sicily Basins to have been
several hundred kilometers ormore in the earlyMio-
cene (e.g., Gueguen et al. 1998; Edel et al. 2001; Gior-
dano et al. 2017). This would seem incompatible
with the above-described features (mainly grain size)
of volcaniclastites. In addition, the presence of im-
portant morphologic dams (i.e., the extension of the
Alpine Chain of northern Corsica to the south) be-
tween the Sardinia-Corsica Block and the Apennine-
SicilianBasinsintroducesproblemswhenconsidering
Sardinia as the provenance area, which in different
models is considered to be at least 500–600 km away
from the different Apenninic basins containing volca-
niclastites. In fact, the exceedingly large distance—in
particular, the presence of submarine morphologic
reliefs related to building the Alpine Chain—would
not allow the passage of turbiditic sediments. There-
fore, the presence of turbidite volcaniclastic deposits
with the observed grain size is unlikely to have been
possible.Alsotakingintoaccountthepaleogeographic
models, which consider the presence of an interme-
diate microplate between the African and European
plates (Doglioni1992;Guerreraetal. 1993, 2005,2007,
2012; Maillard and Mauffret 1993; de Capoa et al.
2002; Guerrera and Martín-Martín 2014; Amendola
et al. 2016), provenance fromSardinia seemsdifficult
to admit. A relationship between pyroclastites and
the primary Sardinia volcanism seems possible only
forpyroclasticdeposits,especially forthoserelatedto
the large explosions that generated great volumes
of the Sardinia ignimbrites (Assorgia et al. 1997). In
fact, the role of thevolcanismof theSardinia-Corsica
Block in the supply to the Miocene basins of the
Maghrebian-Apennine Chains is probably restricted
to thin pyroclastic beds (fallout deposits) given the
long distances according to the paleogeography from
the supply point and the basin.

However, the SardiniaTrough,where the sedimen-
tary basins with volcaniclastites are located (∼50 to
100 km from the volcanic sources; e.g., theMarmilla
Basin; Guerrera et al. 2004), may represent a realistic
key case applicable elsewhere. A further comparable
case is presented by the Bisciaro Formation (Adria
Margin), where the distance between the volcanic
source and the sedimentarybasinwas estimated tobe
less than 100 km (Guerrera et al. 2015). A similar ap-
proach in examining the proximity between source
areas and sedimentary basins has been adopted in
other sectors of the Apennines (Clari et al. 1988;
Ruffini et al. 1995; D’Atri et al. 1999, 2001; de Capoa
et al. 2002; Guerrera et al. 2015).

Figure 4 shows an evolutionary model based on
the paleogeographic model by Guerrera and Martín-
Martín (2014). Three stages in the evolution (late
Oligocene, early Miocene, and Langhian, respec-
tively) are presented showing the possible position
of source volcanic areas and sedimentary basins. In
this figure, the main late Oligocene (fig. 4A), early
Miocene (fig. 4B), and middle Miocene (fig. 4C) geo-
dynamic features, postdating the Eo-Alpine andNeo-
Alpine history, are noted. The syn-orogenic volcanic
activity and related volcaniclastites occur in very few
areas (tables A1, A2; figs. 2, 3). In fact, the volcanic
activity is restricted to the southern and eastern
margins of the intermediate microplate (subduction
zone), located between the European and Africa-
Adria plates, and in the Valencia Trough (rifting). In
figure 4A, the distribution (fig. 2) of the late Oligo-
cene volcaniclastites (table A1; fig. 2) is reported. In
this period only a few volcaniclastites and a possible
volcanic source point are documented. In figure 4B,
the maximum distribution (fig. 2) of the Aquitanian-
Burdigalian volcaniclastites (table A1; fig. 2) and the
climax of the volcanism are reported; in addition, a
geodynamic evolutionary phase of the central-
western Mediterranean chain systems is shown. In
our interpretation, the volcanic source areas are
prevalently located along the margins of the above-
mentioned terrane or intermediate microplate (vol-
canic arcs systems), in the Adria Margin (continental
collision), theCorsica-Sardinia Block (backarc zone),
and the Valencia Trough-Ligurian Basin (rifting). In
the last stage (fig. 4C), the distribution of volcanic-
lastites during the Langhian is presented. A marked
reduction of volcanic products and volcaniclastites is
recorded (tables A1, A2; figs. 2, 3). In this last time
interval, the volcanic source areas are located mainly



Figure 4. Paleogeographic and paleotectonic evolutionary model of the central-western Mediterranean region
sketched in four steps (Schettino and Turco 2006, 2011 and Guerrera and Martín-Martín 2014; modified). A, Late
Oligocene. B, Early Miocene. C, Middle Miocene pro parte (Langhian). The relationships between sedimentary basins
and volcaniclastites, and the distribution of active volcanic systems during the late Oligocene-middle Miocene pro
parte (Langhian) are shown.
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in the Corsica-Sardinia Block and near the Alboran
Basin (backarc zones). The different geotectonic
contexts and recognized geodynamic processes are
summarized in table A4.
Final Remarks

In our opinion, the occurrence of volcano-
sedimentary successions marks geodynamic events
that impose constraints for the paleogeographic and
paleotectonic reconstructions.

Regarding the central-western Mediterranean re-
gion, the abundantuppermostChattian-Langhianvol-
caniclastic deposits are penecontemporaneous with
an acid-intermediate and calc-alkaline orogenic mag-
matism showing a climax during the early Miocene.
Eight different geotectonic provinces marked by var-
iable volcanic products derived from this volcanism
were recognized.

Volcaniclastites are grouped in three main types
interbedded within marine successions: (1) pyro-
clastic deposits, (2) mixed pyroclastic-epiclastic de-
posits, and (3) epiclastic deposits mixed withmarine
deposits. Redeposited volcaniclastic beds are more
frequent and thicker than fallout deposits. However,
most frequent volcaniclastites are represented by
tuffites.

Volcaniclastic deposits provide significant indica-
tions of both the distance of volcanic source area-
basin and the physiography of depositional basins. In
particular, the distribution, thickness, and grain size
of redeposited materials imply the absence of mor-
phological barriers (i.e., continuous morphological
ridges, submarine reliefs or orogens) between source
areas and basins. In addition, the thickness and grain
size of pyroclastic deposits, which decrease rapidly
when receding from volcanic centers, indicate a
short distance between volcanic source and basins.
In particular, the grain size of volcaniclastites nor-
mally ranges from fine- or medium-grained sand to
coarse-grained sand, whereas the thickness, in some
cases, reaches severalmeters, suggesting provenance
from areas not far away.

The scarcity of primary volcanic products makes
it difficult to define the direct relationship between
volcanic centers and sedimentary basins, thereby
making all reconstructions strongly dependent on
the adopted geodynamic model. However, in the
Sardinia Trough, the closeness of basin areas and
volcanic districts is still recognizable. Taking into
consideration the general sedimentary features of
the studied volcaniclastites, in our opinion, this case
may represent a basicmodel for interpretation of the
relationships between volcanic sources and second-
ary products and may permit interpretations for
other sectors (e.g., Bisciaro Basin, northernApennines,
Tertiary Piemontese Basin, etc.).

In conclusion, we believe that the volcaniclastic
deposition in the central-western Mediterranean
area occurred much closer, regarding the volcanic
centers, than is considered today (i.e., the southern
margin of the European plate). In fact, the presence
of the young Alpine Chain between the European
Continental Margin and the depositional areas of
volcaniclastites in the late Oligocene-early Mio-
cene would have made the turbiditic feeding im-
possible. For this reason, the volcanic detritus had
to be provided by volcanoes related to the nearby
subduction zone. This subduction area could be
the eastern margin of a microplate located between
the Eo-Alpine Chain and the Neo-Alpine Betic-
Maghrebian-Apennine system, the presence of which
has long been hypothesized in the literature. Several
possible sources of supply of volcaniclastic mate-
rial are located in the three stages of the evolution-
ary model displayed in figure 4. Our interpretation
suggests that during the latest Chattian-Langhian
period, the central-westernMediterranean regionwas
characterized by a complex geodynamic framework
with different subduction zones and resulting open-
ing backarc basins. The resulting different tectonic
elements were included in the Betic-Maghrebian-
Apennine orogens to constitute the internal zones
(e.g., the Betic-Rifian and Calabria-Peloritani Arcs).

The space-time evolution of the central-western
Mediterranean volcaniclastites provides keys for
recognizing interconnected geodynamic events
(e.g., volcanic activity) and sedimentary and tec-
tonic events and interpreting them in a more co-
herent paleogeographic-paleotectonic framework.
The proposed interpretations should be considered
as a preliminary contribution to this complex topic,
which needs further interdisciplinary investigation,
especially the petrochemical characterization of
volcaniclastites.
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