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Abstract: Biostratigraphic and petrographic studies on carbonate turbidites of the Apenninic and Si-
cilian Maghrebian tectonic units derived from the Lucanian and Maghrebian Flysch Oceans, respec-
tively, indicate that they were deposited during the Oligocene and fed from unconsolidated calcareous
shelf sediments and from calcareous meso-cenozoic covers exposed on land. The intercalated fine-
grained siliciclastic beds and the siliciclastic fraction within the calcareous turbidites indicate that the
carbonate shelf belonged to a continental margin. The activation-deactivation of the turbidite systems
was related to sea-level changes with local tectonic contribution. The overlying thick siliciclastic tur-
bidite foredeep successions were deposited during the early Miocene, up to the Burdigalian, so con-
straining the first deformation phase of the Lucanian and Maghrebian Flysch Oceans to the late
Burdigalian. Petrographic data indicate that these successions were fed mainly from metamorphic and
plutonic rocks, with minor contribution of sedimentary rocks, which decreases towards the top of the suc-
cessions. This records the unroofing of a complete crustal section from sedimentary covers to granulite
rocks. Preliminary biostratigraphic and petrographic data on the Maghrebian Flysch Basin units crop-
ping out in the Gibraltar Arc show quite similar ages and petrographic features, and confirm a common
tectono-sedimentary evolution for the Western Betic, Maghrebian and Apenninic Chains.

Key words: Stratigraphy, sedimentary petrography, oceanic units, Oligocene, early Miocene, Apennic
Chain, Maghrebian Chain, Betic Cordillera.

Resumen: Se ha realizado un estudio biostratigráfico y petrográfico de la formación de turbiditas car-
bonatadas y de los depósitos siliciclásticos de antefosa suprayacentes que caracterizan las unidades tec-
tónicas derivadas de las cuencas oceánicas externas de los Apeninos y de los Magrébides sicilianos
(Océano Lucano y Cuenca de los Flyschs Maghrébides, respectivamente). La formación carbonatada,
generalmente considerada de edad Eoceno, está formada por sedimentos redepositados durante el Oli-
goceno a partir de sedimentos no consolidados de plataforma y de coberteras calcáreas meso-ceno-
zoicas emergidas. La existencia de una fracción siliciclástica en las turbiditas calcáreas y de capas
siliciclásticas de grano fino indica que la plataforma carbonatada se localizaba en un margen conti-
nental convergente. La activación-desactivación de los sistemas turbidíticos se relacionó con cambios
del nivel del mar y se reconoce, localmente, una contribución de la actividad tectónica. Las sucesiones
siliciclásticas de antefosa se depositaron durante el Mioceno temprano y sus niveles más altos, en par-
ticular, alcanzan el Burdigaliense, lo que permite precisar la edad de la primera fase de deformación
de los Océanos Lucano y Magrébide como Burdigaliense tardío. Los datos petrográficos indican que
estas últimas sucesiones se alimentaron principalmente a partir de rocas metamórficas y plutónicas, con
una contribución menor de rocas sedimentarias que decrece hacia arriba en las sucesiones. Se reco-
noce, por tanto, el desmantelamiento de una sucesión cortical completa desde las coberteras sedimen-
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tarias hasta rocas granulíticas. Datos biostratigráficos y petrográficos preliminares de las unidades de
los Flyschs Magrébides del Arco de Gibraltar muestran edades y características petrográficas compa-
rables y confirman que las cadenas Apenínicas, Magrébides y Béticas occidentales sufrieron una evo-
lución tectonosedimentaria común.

Palabras clave: Estratigrafía, petrografía sedimentaria, unidades oceánicas, Oligoceno, Mioceno tem-
prano, Cadena Apeninos, Cadena Magrebí, Cordillera Bética.
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In the Betic Cordillera and the Maghrebian Chain, Mid-
dle-Late Jurassic paleogeographic reconstructions indicate
the presence of a Mesomediterranean Microplate separated
from the Europa-Iberia and Africa Plates by two Tethyan
basins (Guerrera et al., 1993, 2005; Michard et al., 2002;
Vera, 2004; de Capoa et al., 2013 and others). The southern
oceanic belt, known as Maghrebian Flysch Basin, was lo-
cated between the Mesomediterranean Microplate and the
African margin and closed at the Burdigalian-Langhian
boundary due to the collision between theAfrican Plate and
the Maghrebian paleochain docked to the Mesomediter-
ranean Microplate (Guerrera et al., 1993; de Capoa et al.,
2004, 2007; Zaghloul et al., 2007, among others). The pres-
ence of an oceanic belt showing a tectono-sedimentary evo-
lution similar to that of the Maghrebian Flysch Basin and
that is the continuation of the oceanic belt towards north-
east is also demonstrated in theApennine Domains (Bonardi
et al., 1993, 2001; Perrone et al., 2008, 2014; de Capoa et al.,
2013). This basin, named Lucanian Ocean, separated the
Mesomediterranean Microplate from the Adria Plate.
In the Maghrebian Flysch Basin two sub-domains have

been recognized since Bouillin et al. (1970): a northern
Mauretanian sub-domain, at the southern margin of the Me-
somediterraneanMicroplate, and a southern Massylian sub-
domain, close to the African margin. The Mauretanian and
Massylian successions are characterized by Cretaceous sili-
ciclastic and calcareous turbidite sediments, and by pelagic
marly-clayey deposits. In the Paleogene, both successions
are mainly marly-clayey, but a widespread formation of
carbonate turbidites, generally considered to be of Eocene
age, occurs in the Mauretanian sub-domain Mauretanian
and Massylian successions strongly differ since the early
Miocene, however. In the Mauretanian sub-domain silici-
clastic immature turbidites coming from continental areas
of the Mesomediterranean Microplate indicate the begin-
ning of the foredeep stage in the basin. In the Massylian
sub-domain the ultramature Numidian Flysch, fed from the
African craton, was deposited. In theAppenninic Lucanian
Ocean no stratigraphic succession reminding that of the
Massylian sub-domain has been recognized and only suc-
cessions similar to the Mauretanian ones are present. Gen-
erally, they have been considered to be constituted by
Cretaceous-Paleocene mainly pelagic deposits with in-
terbedded more or less abundant calcareous turbidite beds,
followed by a carbonate turbidite formation, considered to
be, as in the Maghrebian Flysch Basin, of Eocene age (Og-

niben 1969;Abbate and Sagri, 1970; Boccaletti et al., 1987;
Principi et al., 2004, and references therein). According to
Perrone et al. (2008) this calcareous turbidite formation
grades, upwards, into varicoloured clays and siliciclastic
turbidites, these latter testifying to the foredeep stage of the
oceanic basin.
In this paper we report the results of biostratigraphic

and petrographic analyses on both the above mentioned
carbonate formation and the siliciclastic turbidite
formations, capping the Lucanian Ocean and the
Maghrebian Flysch Basin units of the Apennine and
Sicilian Maghrebian Chains. We also present new
preliminary data on, and a comparison with, equivalent
formations of the Maghrebian Flysch Basin in the Rifian
Maghrebian Chain and of the Betic Cordillera.
The biostratigraphic study was performed by analyzing

calcareous nannoplankton and, in some samples, also
dinocysts (biozones are those of Okada and Bukry, 1980
and of Biffi and Manum, 1988, respectively). The tech-
niques described by Eshet (1996) and de Capoa et al.
(2003a), implying the concentration of taxa, have been used
in the preparation of samples. In this way, the youngest
taxa, which are rare and scattered in turbidite deposits dom-
inated by reworked specimens, can be more easily recog-
nized. In any case, taxa are frequently deformed, more or
less overgrown or dissolved and many samples resulted
barren. Reworked Cretaceous and Paleogene specimens
prevail in all samples.

Field and biostratigraphic data

Northern Apennines.

In the Northern Apennines the Monte Morello and
Canetolo Units have been studied.

Monte Morello Unit

The stratigraphic succession of the Monte Morello Unit
(Boccaletti et al., 1987) crops out in the Tuscan-Marchean
area (Fig. 1). According to Plesi et al. (2002) and Perrone
et al. (2008) it consists of (Fig. 2):
– ophiolites, made up of peridotite, basalt, pillow-lava
and pillow-breccia of Middle-Late Jurassic age;

– red and violet radiolarites and siliceous shales, 20 m
thick (Diaspri Fm: Upper Jurassic);



– Calpionella limestones, 10-20 m thick (Lower Creta-
ceous);

– shales, clays and lead-grey allodapic limestones, 100-
150 m thick (Argille a Palombini Fm; Lower Creta-
ceous);

– pelagic, grey, sometimes varicoloured, marls and clays
with interbedded calcareous turbidites, up to 300 m
thick (Sillano Fm; Upper Cretaceous-Eocene);

– a carbonate turbidite formation, consisting of marls, cal-
cilutites and calcisiltites with minor calcarenite beds,
and some beds of thin fine-grained siliciclastic tur-
bidites (Monte Morello Fm). The formation is 250-
350 m thick, but in some areas it reaches 700 m. Beds
are generally 30-40 cm-thick, but strata up to several
metres thick, in which intervals of the Bouma sequence
are visible, frequently occur;

– varicoloured clays with rare beds of carbonate and sili-
ciclastic turbidites, 100-150 m thick (Argille Varicolori
Fm);

– siliciclastic coarse-grained sandy and sandy-pelitic tur-
bidites, up to 250 m thick (Monte Senario Sandstone
Fm).
The uppermost beds of the Sillano Fm have been sam-

pled in the Torrente Messe section, 2 km South of
Pennabilli in the Marecchia valley, where the stratigraphic
transition to the Monte Morello Fm is well exposed and
marked by a 4 m-thick layer of pinkish marls. In these sam-
ples (DS 51-55) the following taxa have been recognized:
Cyclicargoliyhus floridanus, Chiasmolithus oamaruensis,
Helicosphaera euphratis, Reticulofenestra gartneri, Sphe-
nolithus predistentus and Sphenolithus pseudoradians,
which indicate an age not older than Priabonian (Biozones
CP15-CP16).

Uprising the Torrente Messe the entire Monte Morello
Fm crops out up to the overlyingArgille Varicolori Fm. The
nannofossil assemblages (samples DS 60-102) are reported
in Table I. Taxa indicating an age not older than late Pri-
abonian-early Rupelian (Biozone CP16) are present in the
lowest part (Chiasmolithus oamaroensis, Discoaster orna-
tus, Reticulofenestra gartneri, Sphenolithus tribulosus).
Upwards, Sphenolithus distentus (Biozones CP17-CP19a)
indicates an age not older than early Oligocene, whereas
taxa starting from the late Oligocene (Biozones CP19a-
CP19b) are present in the upper part (Coccolithus
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Fig. 1.- Schematic geologic map of NorthernApennines, with lo-
cation of the sampled sections.

Fig. 2 – Schematic stratigraphic succession of the Monte Morello
and Canetolo Units. Not to scale: thickness and age are reported
in the text.



Table I.- Calcareous nannofossils of the Monte Morello Fm.
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miopelagicus, Cyclicargolithus abisectus, Helicosphaera
obliqua, H. recta, Sphenolithus ciperoensis, Tri-
quetrorhabdulus carinatus).

The base of the Argille Varicolori Fm is well exposed,
due to a recent landslide, at the top of the Torrente Messe
section, where it is characterized by a turbiditic bed 30-cm



Table II.- Calcareous nannofossils in the Argille Varicolori Fm. of the Monte Morello Unit
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thick of white marly-limestone. In this bed the samples DS
103-105 have been collected. Elsewhere, it has been possi-
ble to collect only scattered samples due to the extensive
creep and frequent landslides characterizing this formation
(samples DS 104-111). Only south of Sasso Simone 150-
200 m of the formation can be observed, but the location of
samples (DS 112-125) in the stratigraphic succession is un-
known because the base and top are not observable and tec-
tonic redoublings are surely present. The nannofossil
assemblages are reported in Table II.
The youngest taxa found within the carbonate turbidites

of the Argille Varicolori Fm span the late Oligocene-Aqui-
tanian time interval (Helicosphaera carteri, H. obliqua, H.
recta, Sphenolithus ciperoensis, S. conicus, S. delphix, S.
dissimilis, Triquetrorhabdulus carinatus, T. milowii, Um-
bilicosphaera rotula; Biozones CP19-CN1).
Finally, the Monte Senario Sandstone Fm has been sam-

pled at Monte Benedetto, along the watershed between the
Marecchia and Savio valleys (samples DS 178-189). Some
scattered samples have also been collected in the woods
surrounding the Monte Senario Monastery, near Florence
(samples DS 203-207). The nannofossil assemblages are
reported in Table III. The first occurrence of some taxa (He-
licosphaera carteri, Sphenolithus conicus, Triquetrorhab-
dulus milowii, Umbilicosphaera rotula) is reported in the

early Miocene (Biozone CN1), and the presence of S.
belemnos, in particular, testifies for an age not older than
Burdigalian (Biozone CN1c).

Canetolo Complex Units.

The stratigraphic succession of the Canetolo Unit, crop-
ping out in the Emilian Apennines (Figs. 1 and 2), is made
up of:
– alternation of grey, sometimes varicoloured, clays and
marls with allodapic limestones, 300-400 m thick, of
Cretaceous-Eocene age (Argille e Calcari Auct.);

– a carbonate turbidite formation similar to the Monte
Morello Fm (Calcari di Groppo del Vescovo Fm), con-
sidered to be of early-middle Eocene age (Perilli et al.,
2009, among others), up to 200 m thick;

– varicoloured clays followed by siliciclastic and vol-
caniclastic turbidite successions (Ponte Bratica, Petri-
gnacola and Aveto Fms), up to 700 m thick, mainly
considered to be of early Oligocene age.
The Calcari di Groppo del Vescovo Fm has been sam-

pled along the southern versant of the relief, a few kilome-
ters East of the Cisa Pass along the Tuscan-Emilian
watershed (DS 161-175). The nannofossil assemblages are
reported in Table IV.
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Taxa indicating an age not older than
latest Eocene-early Oligocene (Dis-
coaster adamanteus, Reticulofenestra
gartneri, Sphenolithus distentus and S.
tribulosus; Biozones CP16-CP18) have
been recognized in the lower part of the
formation. Specimens starting from late
Oligocene (Biozones CN19a-CN19b) are
present in the middle-upper part of the
sampled section (Coccolithus miopelagi-
cus, Cyclicargolithus abisectus, Heli-
cosphaera obliqua, Helicosphaera recta,
Sphenolithus ciperoensis and Tri-
quetrorhabdulus carinatus).
The siliciclastic and volcaniclastic

formations capping the Canetolo Com-
plex Units (Ponte Bratica, Petrignacola
andAveto Fms) have been sampled in the
type localities in the Parma andAveto val-
leys.Agreat amount of samples were col-
lected but most of them resulted barren
and taxa are usually affected by dissolu-

tion and overgrowth. The youngest recog-
nized nannofossils (Discoaster adaman-
teus,D. ornatus, Reticulofenestra gartneri
and Sphenolithus predistentus) indicate an
age not older than early Oligocene (Bio-
zone CP16-CP18). In any case, the pre-
sence ofHelicosphaera recta, testifying to
an age not older than the late Oligocene, is
reported in Elter et al. (1997).

Southern Apennines.

In the Southern Apennines, the Frido,
North-Calabrian and Parasicilide Units,
considered to be originated from the Lu-
canian Oceanic domain, have been ana-
lyzed. These units crop out from Southern
Campania (Cilento area) to the Lucania-
Calabria border (Fig. 3) overthrusting the
carbonate units of the Campania-Lucania
Platform, which constituted the western-
most zone of the Adria margin.

Frido Unit.

The Frido Unit is affected by LT-HP
metamorphism, is intensively deformed
and consists of 500-600 m of metapelites
with minor metarenites and metalime-
stones (Fig. 4). In its upper part a metali-
mestone succession, 50-80 m thick, has
furnished a nannofossil association (Coc-
colithus miopelagicus, Coccolithus pelag-
icus, Cyclicargolithus abisectus, C.
floridanus,Dictyococcites antarcticus,D.
bisectus, Discoaster spp., Helicosphaera
euphratis, Pontosphaera bicaveata, Sphe-

Table III - Calcareous nannofossils in the Monte Senario Sandstone Fm.

Fig. 3.- Schematic geologic map of Southern Apennines and Sicilian Maghrebides
with location of the sampled sections.
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nolithus ciperoensis, S. distentus, S.
moriformis, S. predistentus, Tri-
quetrorhabdulus sp., Zygrhablithus bi-
jugatus) indicating a late Oligocene age
(Biozone CP19; Bonardi et al., 1993).

North-Calabrian Unit.

The succession of the North-Cal-
abrian Unit (Bonardi et al., 1988; Fig.
4) is made up of:
– pillow-lavas and pillow-breccias,
some tens of metres thick, of Late
Jurassic age;

– radiolarites and siliceous shales, 20-
30 m thick (Timpa le Murge Fm), of
Late Jurassic age (Marcucci et al.,
1987; Bonardi et al., 1988);

– quartzarenites and siliceous shales
(100 m), followed by 400-500 m of
black shales with minor beds of
fine-grained arenite and limestone
(Crete Nere Fm);

– calcareous and marly-calcareous
turbidites, with some siliciclastic
beds, up to 500 m thick (lower-mid-
dle part of the Saraceno Fm);

– siliciclastic arenaceous-pelitic tur-
bidites, up to 100-150 m thick
(upper part of the Saraceno Fm).
The Crete Nere Fm mainly consists

of black shales and quartzarenites. Nan-
nofossil associations have been recog-
nized only in the calcareous and marly
turbidite beds occurring in the upper
part of the succession (samples DC 181-
200), and are reported in Table V. The
first occurrence of some taxa (Heli-
cosphaera compacta, Reticulofenestra
hillae, Sphenolithus intercalaris and S.
predistentus) is known since the late
Bartonian (Biozone CP14b); therefore,
the upper part of the Crete Nere Fm
must be considered as not older than
middle Eocene.
The transition from the Crete Nere Fm to the Saraceno

Fm is exposed at Cozzo Sarcone, at the Lucania-Calabria
border, where the lower part of the Saraceno Fm has been
sampled (samples DC 201-207). In the same area, the mid-
dle and upper part of the formation has been sampled in the
well-known section of the Saraceno stream (Vezzani, 1968;
De Blasio et al., 1978; samples DS 349-377), whereas its
upper part, made up of siliciclastic turbidites, was sampled
also in the Cilento area, near the Rodio village (samples DS
378-386). The nannofossil associations are reported in
Table VI.
The samples collected in the Cozzo Sarcone Section in-

dicate an age not older than late Priabonian for the lower
beds of the Saraceno Fm (Discoaster ornatus, Reticulofe-

nestra gartneri, Sphenolithus tribulosus; Biozone CP 16).
Upper Oligocene taxa already occur in its lower part in the
Saraceno Stream section (Cyclicargolithus abisectus,Heli-
cosphaera recta, Sphenolithus delphix, S. dissimilis, Tri-
quetrorhabdulus carinatus; Biozone CP 19) and, upwards,
the presence of Helicosphaera carteri, H. gertae, Retic-
ulofenestra perplexa and Triquetrorhabdulus milowii indi-
cate an age not older than Aquitanian (Biozone CN1). The
same taxa confirm this age for the siliciclatic turbidites cap-
ping the formation both in the Saraceno Stream and Rodio
sections. Dinocysts strengthen these Oligocene-Aquitanian
ages: the presence of Hystrichokolpoma pusilla (Biozone
DO3) and H. truncata (Biozone CN1) indicate ages not
older than Oligocene and Aquitanian, respectively.

Table IV.- Calcareous nannofossils in the Groppo del Vescovo Limestone Fm.



Table V.- Calcareous nannofossils in the Crete Nere Fm.
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Parasicilide Unit.

The succession of the Parasicilide Unit (Bonardi et al.,
1988) has been recently reconstructed in the Sele valley by
Ciarcia et al. (2009; Fig. 5) and consists of:
– varicoloured clays and silicified slates with fine-grained
siliciclastic and carbonate turbidite beds, up to 400 m
thick, of Late Cretaceous-middle Eocene age
(Postiglione Fm);

– calcareous and marly-calcareous turbidite beds with
minor micaceous sandstones, up to 300 m thick, of late
Eocene-late Oligocene age (Monte Sant’Arcangelo
Fm);

– thin-bedded marls and calcareous turbidite beds, with
reddish Scaglia-type marls, passing upwards to sand-
stones, 100 m thick (Contursi Fm);

– siliciclastic turbidite beds with minor white marls, up

to 250 m thick, of Burdigalian age (Albanella Sandstone
Fm).
In the Monte Sant’Arcangelo Fm, the nannofossils rec-

ognized by Ciarcia et al. (2009) in the lower part of this unit
(Chiasmolithus grandis and Reticulofenestra bisecta) indi-
cate an age not older than late Eocene (Biozone CP15a),
whereas upper Oligocene taxa, asHelicosphaera recta (Bio-
zone CP19), are present in the upper part. Finally, the Al-
banella Sandstone Fm resulted to be not older than

Fig. 4.- Schematic stratigraphic succession of the
Frido and North-Calabrian Units. Not to scale: thick-
ness and age are reported in the text.



Table VI.- Calcareous nannofossils in the Saraceno Fm.
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Burdigalian (Critelli et al., 1994), due to the presence ofDis-
coaster aff. druggi,Helicospaera carteri,Helicosphaera cf.
rhomba, Sphenolithus belemnos, S. heteromorphus andUm-
bilicosphaera rotula; Biozones CN1-CN3).

Sicilian Maghrebian Chain.

In the Sicilian Maghrebian Chain the Troina-Tusa Unit
has been studied (Fig. 3). Its succession (de Capoa et al.,
2000; Fig. 5) is made up of:
– Upper Cretaceous to Eocene greyish and variegated
clays with intercalations of siltstones and allodapic
limestones, up to 400 m thick (Argille Scagliose Fm);

– carbonate turbidites, up to 150 m thick, consisting of
marls, calcilutites and calcisiltites with minor calcaren-
ite beds (Polizzi Fm);

– varicoloured clays with beds of calcareous and marly
turbidites, up to 100 m thick (Argille Varicolori Fm);

– an alternation of volcaniclastic and marly-calcareous
turbidites (Tusa Tuffite Fm), heteropic of the turbiditic

Troina Sandstone Fm, made up of feldspatic litharen-
ites and arkoses, up to 600-650 m thick.
The Polizzi Fm has been sampled in the type area, close

to Polizzi Generosa village (samples DS 314-340) and the
recognized nannofossil associations are reported in Table
VII. Chiasmolithus oamaroensis and Reticulofenestra gart-
neri, whose first occurrence is reported in the Biozones
CP15-16 (late Eocene-early Oligocene), occur in the lower
samples. In the middle-upper part of the section, taxa indi-
cating an age not older than late Oligocene are frequent
(Cyclicargolithus abisectus, Sphenolithus ciperoensis, S.
delphix, S. dissimilis, Triquetrorhabdulus carinatus; Bio-
zone CP19).
The Argille Varicolori Fm was sampled in several sec-

tions of central-northern Sicily, at Rio Campella, near Las-
cari, Cefalù-Gibilmanna road, Halaesa archeological site
(samples DS 010-027), Mt. Grottelle of Cerami (samples
DC 112-126), Serro Scarvi (samples DC 142-157), and at
San Teodoro (samples DS 284-295). In all these sections,
samples have been collected from beds immediately un-



Fig. 5.- Schematic stratigraphic succession of the Parasicilide, Troina-Tusa, Beni Ider and Algeciras Units. Not to scale: thickness and
age are reported in the text.
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derlying the turbiditic formations capping the Troina-Tusa
Unit. The results of significant samples are shown in Table
VIII.
The stratigraphically significant taxa (Discoaster drug-

gii, Helicosphaera ampliaperta, H. carteri, H. gertae,
Reticulofenestra perplexa, Sphenolithus conicus, Umbili-
cosphaera rotula) indicate an age not older than early
Miocene (Biozone CN1). In particular, D. druggii and H.
ampliaperta start in the Biozone CN1c, which marks the
base of the Burdigalian. Consequently, the upper layers of
the Argille Varicolori Fm are of early Miocene age and, at
least in some areas, reach the Burdigalian. This age is
strengthened by dinocyst analyses, due to the presence of
Nemathosphaeropsis labirinthea, whose first occurrence is
reported since the Aquitanian Biozone DM1, coeval of the
Biozone CN1b, and of some taxa (Hystrichokolpoma
rigaudiae, Paleocystodinium golzowense, Selenopemphix
nephroides, Spiniferites ramosus and Systemathophora pla-
cacantha) compatible with an Aquitanian age.
As regards the siliciclastic formations capping the

Troina-Tusa Unit, the Tusa Tuffite Fm was sampled near
the hill on which the ruins of the greek town of Halaesa rest

(samples DS 036-058) and in the well know outcrops of
San Teodoro (samples DS 296-310). The recognized nan-
nofossil associations are reported in Table IX. Several taxa
indicate that the age of this formation is not older than early
Miocene (Discoaster druggii, Helicosphaera carteri, H.
gertae, Umbilicosphaera rotula, Triquetrorhabdulus
milowii; Biozone CN1). Moreover, the presence of Sphe-
nolithus belemnos, whose first occurrence is indicated in
the Biozone CN2, testifies for an age not older than middle
Burdigalian. This age agrees with foraminifera recognized
by de Capoa et al. (2000). As regards the dinocysts even in
the Tufiti di Tusa Fm, the most relevant datum is given by
the presence of Nemathosphaeropsis labirinthea.
Finally, the Troina Sandstone Fmwas sampled along the

slopes of the hill on which stands the Cerami village (sam-
ples DC 090-110 and DC 127-136) and east of Troina (sam-
ples 158-168). The recognized nannofossil associations are
reported in Table X. These data indicate an age not older
than early Miocene for the lower part of the Troina Sand-
stone Fm owing to the presence ofHelicosphaera carteri,H.
gertae and Umbilicosphaera rotula. Instead, a late Burdi-
galian age is documented in the middle–upper part of the
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formation because of the occurrence of Calcidiscus lepto-
porus, C. macintyrei and Discoaster variabilis, whose first
occurrence is reported within the Biozone CN3.

Petrographic features.

Two groups of petrofacies can be identified in the tur-
bidite carbonate formations characterizing the Lucanian
Ocean and Maghrebian Flysch Basin successions. Simi-
larly, two groups of petrofacies are recognizable in the sili-
ciclastic formations capping the same successions.

Carbonate formations.

The first group of petrofacies is found in the Monte
Morello, Groppo del Vescovo, Monte Sant’Arcangelo and
Polizzi Fms, which are characterized by marls, calcilutites
and calcisiltites with minor calcarenites and some beds of
fine-grained siliciclastic arenites. The second group of
petrofacies is represented only by the lower-middle part of
the Saraceno Fm, consisting of medium- to coarse-grained
calcarenites, with an abundant siliciclastic fraction, cal-
careous microbreccias and minor siliciclastic arenites.

Three petrofacies (carbonate microfacies) have been
recognized in the carbonate turbidite formations of the first
group; they are represented by:
– wackestone, most commonly containing rare
foraminifera and peloids;

– foraminifera-rich packstone, dominanlty composed of
pelagic foraminifera with minor benthic foraminifera,
rare peloids and shallow water skeletal debris;

– skeletal packstone, consisting of benthic macro-
foraminifera and skeletal debris, including red algae,
echinoids and crinoids.
These microfacies indicate provenance from a low to

moderate energy open carbonate platform or ramp. Faunal
assemblages of the third microfacies, in particular, point
out to a typical Heterozoan association (Nelson, 1988; Hay-
ton et al., 1995; Flügel, 2004), implying a carbonate shelf
located in a temperate-cool water environment. Skeletal
fragments are well preserved and indicate short transport
from very close source areas. Moreover, they are never in-
cluded in limestone fragments but constitute single grains.
A siliciclastic fine-grained fraction is frequently pres-

ent in these carbonate beds. It consists of quartz, subordi-
nate lithics (white mica, metasedimentary and phyllitic
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grains) and rare feldspars. This fraction, usually limited to
3-5%, may reach 30% in some beds.
As regard the beds of siliciclastic arenites locally in-

terbedded within the above carbonate formations, they are
moderately to well sorted and show quartzolithic (sub-
litharenitic or litharenitic) composition characterized by
prevailing quartz (up to 77%), lithic fragments and low per-
centages of feldspars (Q61 F8 L33). Lithic fragments con-
sist of sedimentary (micritic and biomicritic limestones)
and low-grade metasedimentary clasts (slate, phyllite, and
fine-grained schist), with a very low percentage of higher-
grade metamorphic and plutonic grains.
The second group of petrofacies, occurring in the lower-

middle part of the Saraceno Fm, is made up of:
– a few of calcilutite beds, frequently silicified, consisting
of wackestones with pelagic foraminifera, peloids and
calcareous spiculae;

– calclitites and calcareous microbreccias, abundant in the
lower part of the succession;

– hybrid arenites, characterized by a major content of in-
trabasinal carbonate bioclasts;

– siliciclastic arenites and microbreccias.
Hybrid arenite is the most common petrofacies

(NCE5420 CE3413 CI1211; Fig. 6A). Non carbonate extra-
basinal fragments (Q5215 F197 L2911) consist of quartz,
chert, siltstone, fine-grained sandstone and phyllite grains,
while carbonate extrabasinal fragments are made up of
limestones and minor dolostones. It is noteworthy that frag-
ments of extrabasinal provenance indicate erosion of sedi-
mentary covers, consisting mainly of Triassic dolostones
and clastics, Mesozoic limestones and minor cherts, and of
low-grade metamorphic basements. The siliciclastic aren-
ites and microbreccias (NCE8415 CE54 CI1112; Fig. 6A),
which gradually become more and more frequent upwards,
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are characterized by abundant quartz, white mica, metased-
imentary and low-grade metamorphic grains and minor
extra- and intrabasinal carbonate fragments; therefore they
reflect a progressively greater erosion of the basement with
respect to the sedimentary cover.

Siliciclastic formations.

The first group of siliciclastic formations (Fig. 7A)
comprises quartzose-feldspatic (Albanella Sandstone Fm)

and quartzolithic petrofacies (Monte Senario Sandstone and
upper part of the Saraceno Fms), while both petrofacies are
present in the Troina Sandstone Fm.
The Albanella Sandstone Fm (Qt62 F26 L12) is char-

acterized by P/F = 0,74 and by a reduced content of lithic
grains, represented prevailingly by clasts of granitoids and
gneisses, minor micaschists and phyllites, and rare sedi-
mentary and volcanic grains. In the Monte Senario Sand-
stone Fm (Qt4712 F235 L307), feldspars are mainly
represented by plagioclase (P/F = 0,66) and lithic fragments



Table X - Calcareous nannofossils in the Troina Sandstone Fm.

are prevailingly formed by low- to medium-grade meta-
morphics (slate, phyllite, chlorite-schist, garnet/epidote-
schist), subordinate granitoids and gneisses, rare
metavolcanics, serpentine-schists and micritic limestones.
In the upper part of the Saraceno Fm (Qt477 F217 L329),
plagioclase is more abundant than K-feldspar (P/F = 0,60)
and lithic fragments are represented by fine-grained meta-
morphic clasts (schist and mostly phyllite) and, prevail-
ingly, by coarse grains of micaschist, gneiss, granulite and
granitoids (granodioritic to tonalitic); sedimentary detritus
(chert, siltstone and micritic limestone) is subordinate. Fi-
nally, the lower part of the Troina Sandstone Fm is charac-
terized by the presence of a consistent volcaniclastic
fraction (up to 30%) which decreases upwards up to 1-3%.

Lithic fragments point out a similar trend, while feldspars
(P/F = 0,71) increase up to 40%. Consequently, the forma-
tion shows a sharp trend (Fig. 7A) from feldspatic litharen-
ites (Qt44 F25 L31) to arkoses (Qt53 F36 L11). Low-grade
metamorphites and sedimentary grains are scarcely repre-
sented among lithics, whereas clasts of middle- to high-
grade metamorphic and granitoid rocks are clearly
prevailing. In all these formations, it seems evident a more
or less pronounced upward increasing in the amount of
clasts of plutonic and high-grade metamorphic rocks with
respect to clasts of epimetamorphic and sedimentary rocks.
The second group of siliciclastic sandstones (Aveto,

Petrignacola and Tusa Tuffite Fms; Fig. 7A) is mainly rep-
resented by volcaniclastic formations, usually related to
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Fig. 6.- Ternary plots NCE (non-carbonate extrabasinal)-CE (car-
bonate extrabasinal)-CI (carbonate intrabasinal) of the Saraceno,
Losas de Tarifa and Rifian Carbonate Fms. Polygons are one stan-
dard deviation on either side of the mean.

Fig. 7.- QFL (quartz-feldspars-lithics) ternary plots (Dickinson,
1985). (A) Composition of the studied siliciclastic formations. (B)
Relations between sandstone composition and geodynamic set-
ting.

calc-alkaline volcanic activity (Mattioli et al., 2012 and re-
ferences therein).
In theAveto Fm a first petrofacies shows a composition

similar to that of the lower part of the Troina Sandstone Fm
(Qt4211 F286 L308) and is characterized by a content of

feldspars (P/F = 0,90) close to 30% and a clear prevalence
of metamorphic lithics (up to 80%) on volcanic ones (up to
23%). The second petrofacies (Qt73 F466 L476) is charac-
terized by P/F = 0.99, and plagioclase clearly shows its vol-
canic origin. Among lithics, sedimentary and plutonic

165P. de Capoa, M. D’Errico, A. Di Staso, S. Morabito, V. Perrone y S. Perrotta

Revista de la Sociedad Geológica de España, 27(1), 2014



grains are very scarce and made up of micritic and biomi-
critic limestones and granitoids, respectively; volcanic
grains (up to 52%) are represented by andesite, basalt and
volcanic glass, and prevail on metamorphic fragments (up
to 47%), consisting of phyllite, chlorite-schist, garnet-epi-
dote schist, serpentine-schist and gneiss. These two petro-
facies alternate irregularly in the succession and, on the
contrary that in the Troina Sandstone Fm, no trend is rec-
ognizable moving upwards.
The Petrignacola Sandstone Fm shows QFLpercentages

(Qt12 F45 L43), feldspars (P/F = 0.98) and lithics similar to
those of the second petrofacies of the Aveto Fm. The Tusa
Tuffite Fm (Qt13 F17 L70) shows a relatively lower content
of feldspars (P/F = 0.98) and a very high percentage of
volcanic lithics (up to 82%), represented by andesitic and
subordinately dacitic fragments and by glass shards. Non-
volcanic grains consist mainly of high-grade metamorphites
and granitoids and of rare sedimentary clasts (micritic
limestones and bioclasts).
The provenance of detritus of studied arenites is re-

ported in Fig. 7B, which points out a provenance from re-
cycled orogen and volcanic arc (Dickinson, 1985).

Preliminary data on the Rifian and Betic units of the
Gibraltar Arc.

The geological homologies of both sides of the Gibraltar
Straits were firstly pointed out by Didon et al. (1973). Later,
a similar tectono-sedimentary evolution was recognized also
in the entire Maghrebian and Apennine Chains (Durand
Delga, 1980; Durand Delga and Fontboté, 1980; Bouillin,
1986; Martín-Algarra, 1987; Guerrera et al., 1993 and
Perrone et al., 2008, among others). In particular, the Rifian
Beni Ider Nappe and the Betic Algeciras Nappe, originated
from the Mauretanian Zone of the Maghrebian Flysch
Basin, show stratigraphic successions quite comparable with
those of the above described nappes of theApennine Chain
and Sicilian Maghrebides. In this chapter, results of
preliminary biostratigraphic and petrographic studies,
carried out on the carbonate turbidite formations of the Beni
Ider and Algeciras Nappes, are reported. With regard to
siliciclastic successions at the top of theAlgeciras and Beni
Ider nappes, biostratigraphic data are available (de Capoa
et al., 2007; Zaghoul et al., 2007), while recent petrographic
data are limited to Zaghloul et al. (2002).
The stratigraphic succession of the Algeciras Nappe

(Fig. 5) is made up of:
– alternation of lead-grey and locally varicoloured clays
with sometimes prevailing yellowish allodapic lime-
stones and with fine-grained siliciclastic turbidite beds,
up to 150 m thick (Upper Cretaceous-Eocene);

– a carbonate turbidite formation, 200-300 m thick, con-
sisting of calcarenites and calcisiltites, with interbed-
ded red and green marls and clays, and locally coarse
calcareous conglomerates, characterized by an upwards
growing percentage of siliciclastic arenite beds (Losas
de Tarifa Fm);

– varicoloured clays and siltstones with rare beds of cal-
cilutites, 60-100 m thick (Colorín Fm);

– siliciclastic coarse-grained arenitic and arenaceous-
pelitic turbidites, 850-1000 m thick (Algeciras Flysch
Fm).
The succession of the Beni Ider Nappe (Fig. 5) consists

from bottom to top of:
– alternation of grey, yellowish and varicoloured marls
and clays with sometimes prevailing allodapic lime-
stones, up to 200 m thick (Upper Cretaceous-
Eocene);

– a carbonate turbidite formation, 100-150 m thick, con-
sisting of calcisiltites, calcarenites and microbreccias,
with red and green marls and clays and, locally, coarse
conglomerates;

– varicoloured clays and siltstones with rare beds of cal-
cilutites, 50-80 m thick;

– siliciclastic coarse-grained arenitic and arenaceous-
pelitic turbidites, with silexite beds in the upper part, up
to 2.000 m thick (Beni Ider Flysch Fm).

Biostratigraphic data

All formations of theAlgeciras Nappe were sampled in
the Arroyo de Guadalmedina, NE of Jimena de la Frontera
and along the RN 340 North of Tarifa. The Losas de Tarifa
Fm was also sampled from Km 87+600 and 86 of the RN
340 NE of Tarifa and the conglomerate layers were exam-
ined in a large quarry 2 km north of Los Barrios. Moreover,
samples of the uppermost part of the Losas de Tarifa Fm,
Colorín andAlgeciras Flysch Fms were collected along the
coast from Punta de Getares to Punta Carnero, south ofAl-
geciras. Finally, the Colorín andAlgeciras Flysch Fms were
sampled at the Cortijo de Bacia Cámara, 10 km South of
Antequera.
Several taxa whose first occurrence is reported in the

Eocene (Coccolithus eopelagicus. Discoaster deflandrei,
D. nodifer, Coronocyclus nitescens, Helicosphaera com-
pacta, Reticulofenestra hillae R. minuta, Sphenolithus
moriformis) are present in the samples collected in the for-
mation underlying the Losas de Tarifa Fm; among them
Reticulofenestra euphratis indicates an age not older than
late Eocene (Biozone CP15).
In the Losas de Tarifa Fm, Coccolithus miopelagicus,

Cyclicargolithus abisectus, Discoaster adamanteus, Heli-
cosphaera recta, Sphenolithus ciperoensis, S. delphix, S.
dissimilis, and S. distentus, testify to an Oligocene age (Bio-
zones CP17-19).
The occurrence of Helicosphaera recta, Sphenolithus

dissimilis and S. ciperoensis in the varicoloured siltstones
and mudrocks of the Colorín Fm in the Punta Carnero and
Tarifa sections testifies an age not older than late Oligocene
(Biozone CP19b), while in the Cortijo de Bacia Cámara
section the presence of Helicosphaera carteri indicates an
age not older than Aquitanian (Biozone CN1a).
The age of the basal levels of theAlgeciras Flysch may

be subject to discussion since the youngest taxa recognized
in the Punta Carnero and Arroyo del Guadalmedina sec-
tions (Helicosphaera recta and Sphenolithus ciperoensis)
indicate an age not older than late Oligocene, whereas Bur-
digalian taxa (Orthorhabdus serratus, Helicosphaera
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mediterranea, H. ampliaperta and D. druggii; Biozone
CN1c) occur in the Tarifa and Cortijo de Bacia Cámara sec-
tions. As regards the upper layers of the Algeciras Flysch,
in the section of Punta Carnero they resulted to be not older
than Aquitanian (Biozone CN1a; occurrence of Heli-
cosphaera carteri), whereas in the Arroyo del Guadalme-
dina section Sphenolithus heteromorphus bears witness to
an age not older than late Burdigalian (Biozone CN3).
The carbonate formation of the Beni Ider Nappe has

been sampled in four sections near Tetouan. The first sec-
tion was carried out at Anasser, 500 m NW ofAin el Agaiz
village. The second is located in a meander of the Oued
Ouedeyne (Oued el Kebir) along the road to Moulay Ab-
desslam village, where the carbonate formation consists of
grey calcisiltites, nummulite-rich calcarenites and minor
conglomerate beds with some cm-sized calcareous and
cherty clasts. The third section was carried out starting from
the Tanger-Tetouan road close to the Esperada station of
the old Spanish railway. The fourth section is located 300
m south of Beni Harchane village. Although in these sec-
tions many thrust sheets are recognizable in the strati-
graphic successions, all formations of the Beni Ider Nappe
are exposed, from the Cretaceous clays and limestones to
the Beni Ider Flysch Fm. In particular, in the Esperada sec-
tion it is possible to recognize at least three thrust sheets, in
which the middle-upper part of the carbonate formation
crops out. It is represented by calcarenites and calcisiltites,
and by grey, green and reddish mudstones that become
thicker in the upper part. The transition to the overlying
varicoloured siltstones and clays and to the siliciclastic tur-
bidites of the Beni Ider Flysch Fm is well exposed. This
latter formation has been sampled also in the Ksar-es-
Seghir area, east of Tanger. Finally, coarse conglomerates
interbedded within the calcarenite formation have been ex-
amined at Sidi Zahara along the east coast of Tanger.
Upper Cretaceous taxa are dominant in the samples col-

lected in the successions underlying the carbonate forma-
tion in the Anasser and Beni Harchane sections, but
Chiasmolithus gigas, Coronocyclus nitescens, Nannotet-
rina sp. and Reticulofenestra bisecta testify to the presence
of middle Eocene layers (Biozones CP13-CP14b).
Nannofossils testifying to an Oligocene age (Discoaster

adamanteus, H. obliqua, Sphenolithus ciperoensis, S. cal-
culosus, S. dissimilis and S. distentus; Biozones CP17-
CP19) have been recognized in the carbonate formation.
The presence ofHelicosphaera obliqua, H. recta, Sphe-

nolithus ciperoensis and S. delphix (Biozone CN19) indi-
cates an age not older than late Oligocene for the
varicoloured clays and siltstones similar to the Betic Colo-
rín Fm.
Finally, nannofossils in the basal levels of the Beni Ider

Flysch Fm testify to an age not older than late Oligocene
(Helicosphaera recta, Sphenolithus ciperoensis, S. delphix,
S. dissimilis and Triquetrorhabdulus carinatus; Biozone
CN19). Taxa not older thanAquitanian (Helicosphaera car-
teri, H. truempyi, Sphenolithus conicus, Triquetrorhabdu-
lus milowii and Umbilicosphaera rotula; Biozone CN1)
and early Burdigalian (Helicosphaera mediterranea and
Sphenolithus belemnos; Biozone CN2) have been recog-

nized in higher levels. The presence of Discoaster exilis,
D. musicus and D. variabilis in the uppermost marly and
silexitic beds of the Dchar Foual section, indicates an age
not older than late Burdigalian (Biozone CN3).

Petrographic data

Three groups of petrofacies have been recognized in the
Losas de Tarifa Fm, from bottom to top (Fig. 6B):
– intrabasinal calcarenites (NCE33 CE112 CI861);
– hybrid calcarenites (NCE1913 CE2419 CI5720) and
– siliciclastic arenites (NCE933 CE53 CI21).
The first two petrofacies are characterized by planktonic

and benthic foraminifera, shallow water fossils, fragments
of limestones and minor dolostones. The siliciclastic frac-
tion in these petrofacies is made up of quartz, low- to mid-
dle-grade metamorphites, few grains of feldspars (max 4%)
and cherts. The siliciclastic petrofacies is constituted by
litharenites with a low content of feldspars (Q3418 F67
L6024; P/F = 0,63) and abundance of low-grade metamor-
phic lithics.
Similarly, in the carbonate formation of the Beni Ider

Nappe, from bottom to top, it can be observed (Fig. 6C):
– intrabasinal calcarenites (NCE33 CE3421 CI6323);
– hybrid calcarenites (NCE4325 CE2410 CI3326) and
– siliciclastic arenites (NCE917 CE52 CI55).
Intrabasinal calcarenites and hybrid arenites are quite

similar to those of the Losas de Tarifa Fm; the major dif-
ference is given by the lower content of intrabasinal car-
bonate grains in the moroccan samples. The non-carbonate
fraction consists of quartz, low- to middle-grade metamor-
phites, minor granitoids and feldspars. Siliciclastic arenites
are rich in quartz and show a very homogeneous composi-
tion: subarkoses with low differences in the content of
quartz, feldspars and lithics (Q762 F163 L83). They differ
from those of the Losas de Tarifa Fm in the scarcity of
lithics and the higher content of feldspar and mainly of
quartz.
As regards the Algeciras Flysch Fm, petrographic data

were reported only by Puglisi and Carmisciano (1992):
arenites (Fig. 7A) are lithic arkoses (Q51 F29 L20) and
lithic fragments were eroded from low- to high-grade meta-
morphic and felsic plutonic rocks.Arenites of the Beni Ider
Flysch Fm (Chiocchini et al., 1978; Zaghloul et al., 2002)
are very similar (Q46 F30 L24) and show the same lithic
fragments (Fig. 7A).
In summary, the preliminary data available on the

Gibraltar Arc, seem to indicate an Oligocene age also for
the carbonate turbidite formations of theAlgeciras and Beni
Ider Nappes. This age is confirmed by the Aquitanian age
of the overlying varicoloured siltstones and mudstones
(Colorín Fm). Petrographic data indicate that the lower part
of the carbonate formations was fed, in particular in the
Betic successions, by the erosion of non-consolidated car-
bonate deposits. Upwards, it is documented a gradual
change in the composition, due to an increase of clasts orig-
inated by the erosion of sedimentary covers, consisting of
limestones and minor radiolarites. Siliciclastic grains indi-
cate the erosion mainly of low-grade metamorphites.
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With regard to theAlgeciras and Beni Ider Flysch Fms,
data point out a Burdigalian age for the upper part of their
successions. They were mainly fed by erosion of basements
made up of low- to high-grade metamorphites intruded by
granitoids (Fig. 7B).

Discussion

The above reported biostratigraphic data indicate that
the age of the peculiar turbidite carbonate formations
present in all units originated from the Lucanian Ocean and
Maghrebian Flysch Basin along the entireApennine Chain
and the Sicilian Maghrebides is younger than Eocene. Their
documented Oligocene age is also strengthened by the age
of the pelagic and siliciclastic formations occurring at its
base and top, that resulted to be not older than latest Eocene
and latest Oligocene-Aquitanian, respectively. Actually, a
late Priabonian age for the lower beds of some of the
studied carbonate formations cannot be excluded due to the
reconnaissance, in them, only of taxa starting since the
Biozone CP16, e.g. for the basal part of the Saraceno Fm.
However, an early Oligocene age is more likely according
to the probable causes of the change in the nature and rate
of sedimentation (see below).
The microfacies of the Monte Morello, Groppo del

Vescovo, Monte Sant’Arcangelo and Polizzi Fms indicate
a provenance of calcareous mud, silt, sand and bioclasts
from carbonate platforms or ramps. In particular, the cal-
carenite beds point out typical Heterozoan associations (red
algae, echinoids, crinoids, etc.) consisting of well preserved
and uncemented fossils, mainly of Eocene age, that consti-
tute single grains and that have been never found within
limestone clasts. Heterozoan associations indicate the pres-
ence of cool water carbonate environments, in which the
relatively low temperature of sea water can be responsible
for not-cementation of the calcareous sediments (Nelson,
1988; Hayton et al., 1995). It is noteworthy that cool water
platforms are present in the Central Mediterranean area
since Late Cretaceous (Carannante et al., 1988, 1995, 1997)
and that Upper Cretaceous-Oligocene sediments generally
lack in these platforms. Taking into account the Oligocene
age of the carbonate turbidite formation and the coeval
strong fall of the sea level, it is reasonable to admit that
Upper Cretaceous to Eocene unconsolidated carbonate sed-
iments were easily re-mobilized and re-deposited as tur-
bidite beds in contiguous deep basins. The early Miocene
sea level rise led to an almost complete deactivation of the
turbiditic systems and to a general restoration of the pelagic
sedimentation, mainly characterized by varicoloured clays
(Perrone et al., 2008). Moreover, all these formations doc-
ument the unroofing of stratigraphic successions as most
of re-worked taxa are of Eocene age while the Cretaceous
ones are much less abundant, whereas in the overlying
Argille Varicolori Fm re-worked taxa are almost exclu-
sively represented by Cretaceous specimens.
The systematic presence of a fine-grained siliciclastic

fraction in the carbonate beds indicates that the carbonate
shelfs were located on a continental margin made up of
epimetamorphic basements and not on a raised continental

or oceanic crustal block. This exclude the intraoceanic car-
bonate platforms of the Adriatic margin as possible source
areas of the detrital supply, in agreement with the sedi-
mentary structures indicating a provenance from west (Pon-
zana, 1993). Carbonate shelf successions younger than
Hettangian in the Internal Units of the Apennine and
Maghrebian Chains are known only in the Stilo Nappe,
cropping out in Southern Calabria and constituting the
highest nappe of the Sicilian Maghrebides (Bonardi et al.,
2002; 2003). The results of this study, together with the
presence of abundant calcareous neritic clasts, and also olis-
toliths, in both the up-thrust Burdigalian deposits sealing
the Internal Units of the entire Maghrebian Chain (Bonardi
et al., 1980, 1982; Kotanski et al., 1988) and in the deposits
of the Ghomaride-Malaguide Units of the Rifian Maghre-
bides and of the Betic Cordillera (Leal et al., 1971; Martín-
Algarra et al., 2000), allow us to consider very likely the
presence of a nearly continuous belt of carbonate shelfs
along the entire eastern and southern margins of the Me-
somediterranean Microplate, from the NorthernApennines
to Gibraltar. Paleogeographic reconstructions of the cen-
tral–western Mediterranean area during the Oligocene are
reported in the figure 8 (A and A1).
On the other hand, lithological features of the Saraceno

Fm indicate the erosion of Triassic clastics and dolostones,
Jurassic-Cretaceous limestones and probably minor Juras-
sic cherts, which constituted a sedimentary cover locally
present on an epimetamorphic basement similar to the one
which fed the other carbonate formations. Moreover, the
peculiar development of the Saraceno Fm, in which the car-
bonate turbidite sedimentation continued at least up to the
Aquitanian, testify to a more complex paleogeographic sce-
nario and erosion-sedimentation not closely related to
changes in sea level but also influenced by tectonics. In this
case, also a beginning of the carbonate turbidite sedimen-
tation in the latest Eocene can be considered likely.
As regards to the siliciclastic turbidite formations cap-

ping the Lucanian and Sicilian oceanic units, biostrati-
graphic data indicate that oceanic basins evolved to foredeep
during the Burdigalian. Only the age of the units referable
to the Canetolo Complex is debated (see discussion in Elter
et al., 1997). They are prevailingly considered to be of early
Oligocene age, but early Miocene ages have also been pro-
posed since the sixties of the past century, and also recently,
on the base of the presence of foraminifers recognized both
in the pelitic intervals of the turbidite beds and in calcareous
pebbles of the conglomerate layers (Boni et al., 1968, 1969;
Vannucci andWezel, 1978; Vescovi, 1998; Montanari et al.,
2004). Nannofossils recognized in these formations are very
scarce and associations are almost exclusively composed by
large taxa, more or less affected by dissolution and over-
growth, the youngest of them starting since the early
Oligocene or late Oligocene. However, in our opinion, an
early Miocene age is considered likely also for the Aveto,
Petrignacola and Ponte Bratica Fms, taking into account, at
a regional scale, the age of the foredeep deposits of the
oceanic units analyzed in this paper.
The petrographic study on these foredeep deposits

points out that they were fed from a re-cycled orogen, made
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Fig. 8.- Paleogeographic reconstruction of the Apenninic and Sicilian Maghrebian Domains during the Oligocene (A and A1) and dur-
ing the Burdigalian (B; B1 = Northern Apennines; B2 = Southern Apennines; B3 = Sicilian Maghrebides). A and B after de Capoa et
al. (2003b), modified; A1 after Perrone et al. (2014), modified.



up of metamorphic basements and carbonate sedimentary
covers, and by a calc-alkaline volcanic arc in which basalts,
andesites and dacites were eroded (Fig. 7B). The
metamorphic basements were made up of tectonic units in
which an almost complete crustal section, from granulite to
phyllite intruded by granitoids, was exposed. Actually, the
composition of the siliciclastic fraction of the studied
carbonate turbidites and its evolution towards the overlying
siliciclastic turbidites evidences a basement unroofing, as
demonstrated by the change from litharenites to arkoses and
the upward replacement of epimetamorphic grains by high-
grade metamorphic fragments. This unroofing is particularly
evident in the detrital modes of the Saraceno Fm, which is
characterized by an upward evolution from sedimentary-
low-grade metamorphic-rich versus plutonic-high-grade
metamorphic-rich sources. Finally, the presence of the same
volcanic and metamorphic detritus in the quartzolithic
petrofacies of theAveto and Troina Sandstone Fms testifies
that the volcanic arc was located just on tectonic units that,
most likely, were represented by the Internal Units of the
Paleo-Apennine Chain, as those cropping out in the
Calabria-Peloritani Arc. It is noteworthy that the same age
of deformation can be recognized for the North-Apennine
Sub-ligurianMonte Morello and Canetolo Units, the South-
Apennine North-Calabrian and Parasicilide Units and also
the Maghrebian Troina-Tusa Unit, i.e. all along the
Apennine Chain and also in the Sicilian Magrebides.
Paleogeographic reconstructions of the central–western
Mediterranean area during the Burdigalian are reported in
the figure 8 (B and B1-3).
As far as the Arc of Gibraltar, the biostratigraphic data

on the carbonate turbidite formations indicate mainly an
Oligocene age, and petrofacies are similar to those of the
lower-middle part of the Saraceno Fm. These formations
were also deposited during the Oligocene and mainly fed
from the erosion of sedimentary and epimetamorphic rocks
exposed on land. These rocks constitute the basements and
sedimentary covers of the Malaguide and Ghomaride Units
(Martín-Algarra et al., 2000, 2009; and references therein),
which also fed the foredeep deposits of the Algeciras and
Beni Ider Flysch Fms. Even in this case, the unroofing of
the Internal Units is clearly recognized, as the siliciclastic
formations capping the successions and testifying to the
foredeep stage of the oceanic basins and their deformation
are Burdigalian in age (Burdigalian paroxysm, Martín-
Algarra, 1987) as in theApennine and Sicilian Maghrebide
Chains.

Conclusions

Biostratigraphic and petrographic data obtained from
the study of the upper part of successions deposited in the
Lucanian Ocean of theApennine Chain and in the Maghre-
bian Flysch Basin of the Sicilian sector of the Maghrebian
Chain can be summarized as follows:
1) A formation of carbonate turbidites, made up of calci-

lutites, calcisiltites and minor calcarenites, is present
in the succession of the Monte Morello, Canetolo,
Frido, North-Calabrian, Parasicilide and Troina-Tusa

Units, cropping out from NorthernApennines toWest-
ern Sicily. This formation is interposed between mainly
pelagic deposits consisting of variegated clays and
minor allodapic limestones.

2) The carbonate turbidite formations everywhere re-
sulted to be of Oligocene age, and only in some of them
the presence of uppermost Eocene layers at their base
cannot be excluded.

3) Bioclasts are well preserved and constitute single
grains, highlighting in this way a short transport and
the erosion of uncemented sediments. Neritic bioclasts
in the calcarenite beds, in particular, point out Hetero-
zoan fossil associations, indicating that the turbidite
systems were fed from cool water carbonate shelfs in
which calcareous mud, silt, sand and fossils remained
uncemented and were re-mobilized and re-deposited as
turbidites in the contiguous deep basins.

4) The carbonate turbidite beds systematically contain a
fine-grained siliciclastic fraction, usually consisting of
quartz and white mica, which in some beds can reach
a percentage of 30%. Moreover, an upwards increas-
ing content of siliciclastic turbidite beds is interbedded
in the carbonate formations.

5) Sedimentary structures and the presence of a silici-
clastic fraction indicate a western provenance for the
carbonate supply and the location of the carbonate
shelfs on a continental margin. Both these data well fit
with shelfs located on the Mesomediterranean Mi-
croplate.

6) The Oligocene age of the formations and the Late Cre-
taceous-Eocene age of the re-worked fossils allow to
envisage that the Oligocene sea level fall favoured the
erosion of the carbonate shelfs and the activation of the
turbiditic sedimentation.

7) Thus, carbonate turbidite sedimentation substituted the
previous pelagic deposits, which became again domi-
nant due to the early Miocene sea level rise that led to
the deposition of the Argille Varicolori Fm, in which
calcareous turbidite beds are locally abundant.

8) The carbonate turbidite succession of the Saraceno Fm
is peculiar because it received an abundant siliciclastic
fraction and a consistent contribution from erosion of
lithified sedimentary covers. Moreover, the turbidite
succession is continuous up to the Burdigalian, thus
testifying that the turbidite system persisted also after
the early Miocene sea level rise and that the importance
of sea level changes in the activation-deactivation of
the turbidite sedimentation is lesser.

9) The siliciclastic turbidite deposits capping the succes-
sion of the Lucanian Ocean and Maghrebian Flysch
Basin and testifying to the foredeep stage of the basins,
everywhere resulted to be of Burdigalian age, with the
possible exception of the Canetolo Unit, where the
Oligocene or early Miocene age of the foredeep de-
posits is still debated.

10) The foredeep successions were fed from basements
consisting of metamorphic and plutonic rocks and of
thin and prevailingly calcareous sedimentary covers.

11) Detrital mode evolution shows the unroofing of an en-
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tire crustal section from granulites to metasedimentary
rocks.

12) The abundance of volcaniclastic arenites indicates the
presence of an active volcanic arc, located on the same
metamorphic basements.
Preliminary data on the Maghrebian Flysch Basin units

cropping out in the Gibraltar Arc confirm the Oligocene
age of the carbonate turbidite formations of the Beni Ider
and Algeciras Units. Litho- and petrographic features are
similar to those recognized in the Saraceno Fm and testify
to the erosion of lithified carbonate covers. As regards the
foredeep deposits (Beni Ider and Algeciras Flysch Fms),
their upper part resulted to be of late Burdigalian age, while
ages spanning between the late Oligocene and Burdigalian
have been recognized for the lower beds. These different
ages are more likely to be related with the inadequacy of the
biostratigraphic data, which is common in turbidite de-
posits, or with uneven and erratic development of the tur-
bidite fans in the basin.
To conclude, an almost continuous belt of cool water

carbonate shelfs was located on the southern and eastern
margin of the Mesomediterranean Microplate, which fed
turbidite systems following the strong Oligocene sea level
fall. Moreover, the fall of sea level has increased the erosion
that deeply affected carbonate covers in the Gibraltar Arc
and in some areas of the Apennine domains. During the
Burdigalian foredeep stage, the terrigenous supply to the
basins was fed by the erosion of units forming the
paleochain docked to the Mesomediterranean Microplate,
as the Malaguide, Ghomaride, Peloritanian and Sila Units,
in the Betic Cordillera, Rifian-Sicilian Maghrebides and
Apenninic Chain, respectively. In the late Burdigalian, or at
the Burdigalian-Langhian boundary, the Lucanian Ocean
and Maghrebian Flysch Basin were closed and their
deposits deformed and accreted to the orogenic wedge. All
data are in agreement with a common evolution of the
Alpine Chains of theWestern Mediterranean from the Betic
Cordillera to the Northern Apennines.
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