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Abstract

The Calabria-Peloritani Orogen is an arcuate segment of the peri-Mediterranean orogenic 
Alpine nappe system that comprises the whole Calabria and the north-eastern sector of 
Sicily. It comprises the Sila and Catena Costiera Massifs in northern Calabria, the Serre and 
Aspromonte Massifs in central and southern Calabria, and the Peloritani Mountains in Sicily.

In Sila and Catena Costiera Massifs, three tectonic complexes are recognisable: a) the 
basal Apennine Complex, which consists of carbonate platform sequences of passive 
continental margin; b) the intermediate Liguride Complex, made of oceanic-derived units, 
affected by HP/LT metamorphism; and c) the upper Calabride Complex, which represents a 
nearly entire section of continental crust. The Catanzaro Line separates the northern sector 
from the Serre Massif that also represents a nearly entire segment of Variscan continental 
crust unaffected by Alpine metamorphism. Further to the south, the Palmi Line separates 
the Serre from the Aspromonte Massif and the Peloritani Mountains. These two latter nappe 
edifices consist of either Variscan metamorphic units, Variscan units with Alpine overprint 
and units of continental derivation that are exclusively affected by Alpine metamorphism. 
The comparison between the geological evolutions of the various chain sectors, as well as 
their structural setting and their direction of tectonic transport, indicates that the Calabria-
Peloritani Orogen is a composite terrane derived from the amalgamation of crustal blocks 
of different continental provenance. Northern Calabria represents a fragment of the Adria 
palaeomargin, whereas southern Calabria and northeastern Sicily are relics of an accretionary 
wedge resulting from the deformation of the European continental margin. As a consequence, 
nowadays a segment of the Europe-Adria collisional suture crops out in central Calabria.
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Introduction

The circum-Mediterranean Variscan chain, 
developed as a consequence of the late 
Paleozoic convergence between Gondwana and 
Laurussia, includes numerous fragments of pre-
Mesozoic basements that, if pieced together, 
may be considered as a single terrane before the 
Mesozoic disaggregation of Pangea. The history 
of each fragment is delineated by the various 
metamorphic and magmatic events associated 
to either the Variscan or the Alpine orogenesis 
and, in many cases, also involving pre-Variscan 
basements. The main problem in the study of 
crystalline basements from collisional-type 
orogens is that of locating the main  events in 
space and time, in the frame of plate tectonics;. 
to this aim, several efforts have been also made 
for the Calabria-Peloritani Orogen .

Since the first half of the 19th century, the abrupt 
interruption of the lithological continuity of the 
Italian peninsula passing from the relatively 
thin-skinned sedimentary slices of the Apennine 
chain to the deep-seated crystalline rocks of 
northern Calabria has stimulated a great interest 
of both Italian and foreign geologists, who 
envisaged the southernmost sector of the Italian 
peninsula as a fragment of the same crystalline 
basement widely exposed in the Alps and in the 
other Massifs of Europe (Figure 1 - Haccard et 
al., 1972). This southward shifted fragment of 
the European continent, initially known in the 
literature as Calabrian-Peloritani Arc and later 
as Calabria-Peloritani Orogen or Terrane, soon 
became a natural laboratory for Italian as well 
as European scientists. Its marginal geographic 
position did not diminish its importance: indeed 
the location in the central Mediterranean area 
and the important geological-petrographic 
open questions have been keeping alive and 

continuously animating the scientific debate. 
Several authors elaborated a number of 

tectonic models where the whole orogen did 
bounce from one margin of the Tethyan basin 
to another one, with  contrasting interpretations 
that, mostly over the last thirty years, nurtured 
a lively scientific debate. Papers published 
within this time span (e.g. Amodio Morelli 
et al., 1976; Ogniben, 1981; Bonardi et al., 
2003; 2008; Stampfli, 2005; Van Dijck et al., 
2000; Vai, 1990; 1992; Beccaluva et al., 2011; 
Cavazza and Ingersoll, 2005; Alvarez and 
Shimabukuro, 2009) share this joint purpose: to 
explain the complex geometries of the Calabria-
Peloritani Orogen  in the frame of the Central 
Mediterranean geodynamics. 

This work is meant to review, debate as well 
as re-organise the strongholds of the entire 
Calabria-Peloritani Orogen architecture, by 
examining its constituting massifs in terms of 
tectono-metamorphic complexes. These latter, 
recording  different stages of the orogenic 
history, altogether provide the key to  define 
the geological significance of the orogen itself. 
This moved us to design a unitary model able 
to consistently integrate and synthesize all of 
the existing data for each segment, in order to 
facilitate the correlations among the various 
orogenic fragments that have been scattered by 
subsequent geological events. 

Geological outline

The term Calabria-Peloritani Orogen (CPO) 
is referred to an arcuate ribbon-like segment of 
the peri-Mediterranean orogenic Alpine nappe 
system that comprises the whole Calabria and 
the north-eastern sector of Sicily (Figure 2). 
It is geographically identifiable as an orogen 
located between the Pollino Fault Zone (PFZ), 
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to the north, and the Taormina Line (TL) to 
the south, acting as a connecting element 
between the Apennine thrust-and-fold belts 
of southern Italy and the Maghrebian chain 
in Sicily (Figure 2a - Bonardi et al., 1980a; 
Tortorici, 1982; Carminati et al., 1998). The 
overall architecture of the CPO is made up of a 
series of basement nappes and ophiolite-bearing 
tectonic units that are considered to be remnants 
of the Cretaceous-Paleogene Europe verging 
Eo-Alpine chain involved, during the Neogene, 
in the building of the Apennine orogenic belt. 
Thrusting has been related to the slab roll-back 
of the African subducting plate, accompanied 
by the progressive back-arc opening of the 
Tyrrhenian sea (Figure 2a) and the consequent 
southeastward migration of the entire belt in the 
present-day geographic coordinates (Rossetti et 
al., 2001; Cifelli et al., 2008; Carminati et al., 
2010). From a physiographic point of view, the 
CPO is clearly constituted by the amalgamation 
of two different sectors, subdivided by the 
Catanzaro line (CL) (Figure 2b): a northern 

sector, composed by the Sila Massif and the 
Catena Costiera and a southern one, formed 
by the Serre and Aspromonte massifs together 
with the Peloritani Mountains, in Sicily. From 
a geological point of view, on the other hand,  
the origin and evolution of these chain sectors 
is still matter of debate: some authors argue 
that the CPO would entirely derive  from the 
European continental margin of the neo-Tethys 
(Ogniben, 1973; Bouillin, 1984; Knott, 1987; 
Dietrich, 1988; Dewey et al., 1989; Thomson, 
1998), while others hypothesize that it can be 
considered a portion of the Austroalpine domain 
belonging to the African plate (Haccard et al., 
1972; Alvarez et al., 1974; Amodio-Morelli et 
al., 1976; Scandone, 1979; Bonardi et al., 1982; 
1993); other authors still propose a derivation 
from a micro-continent located between African 
and European plates (Guerrera et al., 1993; Cello 
et al., 1996; Perrone, 1996; Critelli and Le Pera, 
1998). Lastly, it has been also considered as the 
result of the accretion of six different crustal 
micro-plates (Vai, 1992). The subdivision into 

Figure 1. Distribution of the Alpine and Pre-Alpine Basement in Western Europe (redrawn after Cirrincione et 
al., 2012a).
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northern and southern sector, suggested for 
the first time by Tortorici (1982) on the basis 
of the alleged absence of Alpine metamorphic 
overprint as well as by the lack of Liguride units 

in the southern one, has been also continuously 
re-discussed. In fact, several units exclusively 
characterised by Alpine metamorphic evolution 
have been successively recognised also in 

Figure 2. Geological map representations of the Calabria-Peloritani Orogen: a) Schematic map of the Alpine 
belt in the southern Mediterranean area (GK= Grande Kabylie; PK = Petit Kabylie; Sa = Sardinia; CPO = 
Calabrian Peloritani Orogen) (modified after Carminati et al., 1998); b) Geological sketch map of the Calabria-
Peloritani Orogen with distribution of its massifs and related Alpine and pre-Alpine basement rocks (modified 
after Angì et al., 2010; c) Geological sketch map of the Sila and Catena Costiera Massifs; d) Geological sketch 
map of the Serre Massif; e) Geological sketch map of the Aspromonte Massif and Peloritani Mountain Belt. 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 The Calabria-Peloritani Orogen, a composite... 705

the southern sector (Cirrincione and Pezzino, 
1991; Pezzino et al., 2008; Cirrincione et al., 
2008a;2012a). Nevertheless, this subdivision 
can be still considered geologically significant 
since it separates two sectors with remarkably 
different geological histories. The northern 
sector is represented by an Europe verging 
nappe-like edifice of pre-Lutetian age (Dietrich, 
1988; Cello et al., 1996) overlapped during 
early-Miocene onto the African continental 
margin. The nappe edifices of the CPO southern 
sector show instead  exclusive Africa verging 
transport, since early Oligocene and up to 
Miocene, with associated deposition of a huge 
flyschioid succession known as Stilo-Capo 
d’Orlando Formation (Cavazza and Ingersoll, 
2005), whose basal conglomerate components 
have been proposed to  derive from the Sardinia-
Corsica domain (Atzori et al., 2000; Cirrincione, 
1996).

Nappe edifices and crustal domains

Overview
The nappe edifices of Sila and Catena 

Costiera make entirely up the northern sector of 
the orogen (Figure 2c). They are separated by 
the Crati valley, a N-S trending graben ascribed 
to the Upper Pleistocene (Cello et al., 1982; 
Tortorici et al., 1995); these edifices consist 
of three main tectono-stratigraphic complexes 
(Figure 3 - Ogniben, 1973; Morten and 
Tortorici, 1993 and references therein) each of 
them formed by distinct tectono-metamorphic 
units (Figure 3b - Amodio-Morelli et al., 1976; 
Piluso et al., 2000; Scandone, 1982).

The basal complex, known as “Apennine 
Complex”, is made of a thick Mesozoic partly 
metamorphosed carbonate succession (Ietto and 
Barillaro, 1993; Perrone, 1996; Ietto and Ietto, 
1998). Starting from Lower Miocene, the basal 
complex was involved in the collision between 
the Iberian and Adriatic domains (Critelli, 
1999 and references therein). The intermediate 

Liguride Complex consists of oceanic-derived 
units, which have been interpreted as remnants 
of the Tethys ocean (De Roever, 1972; 
Beccaluva et al., 1982; Guerrera et al., 1993; 
Cello et al., 1996; Tortorici et al., 2009), initially 
involved in subduction and later in Europe 
verging continent-continent collision events, 
as structural data suggest (Alvarez et al., 1974; 
Dietrich, 1988; Cello et al., 1991). Finally, the 
upper complex, known as Calabride Complex, 
mostly represents an uninterrupted continental 
crust section developed during the late Variscan 
orogeny, with the Longobucco Unit representing 
its original Mesozoic sedimentary cover, 
exclusively affected by brittle deformation 
starting from 23 Ma (Thomson, 1994; Zecchin 
et al., 2013). 

The Serre Massif and the Capo Vaticano 
Promontory, which are separated by the NE-
SW trending Pleistocene graben of the Mesima 
Valley, represent two portions of the same edifice 
(Figure 2d) (Ietto and Bernasconi, 2005). This 
sector of the orogen, especially along the Serre 
transect, is considered to represent a continuous 
continental crustal section (e.g., Schenk, 1980; 
1990; Caggianelli et al., 2007; Angì et al., 2010)  
whose metamorphic and magmatic evolution 
is closely associated to that of the Calabride 
Complex cropping out in the  Sila and Catena 
Costiera areas. Unlike the northern sector, no 
elements ascribable either to the Liguride or 
Apennine Units complex are present at the base 
of this massif.

The Aspromonte Massif occupies the southern 
end of Calabria, bordered to the north by the 
crustal-scale strike-slip fault system known as 
Palmi Line (Figure 2b-d - Ortolano et al., 2013). 
It is a south-east verging nappe edifice (Ortolano 
et al., 2015), where the two uppermost tectonic 
slices are constituted by two middle-upper crust 
derived units (the upper Stilo Unit and the lower 
Aspromonte Unit), both characterised by a multi-
stage Variscan metamorphism, locally involving 
only the deeper one during the latest stages of 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 R. Cirrincione et al.706

the Alpine metamorphic cycle (Bonardi et 
al.,1984a,b; 1992; Graessner and Schenk, 1999;  
Platt and Compagnoni, 1990; Ortolano et al., 
2005; Pezzino et al., 2008). The deepest tectonic 
unit, separated by the intermediate Aspromonte 
Unit by a thick mylonitic horizon and composed 
by medium grade metapelites, exclusively 
registered a complete Alpine metamorphic cycle 
(Madonna di Polsi unit; Pezzino et al., 1990; 
2008; Ortolano et al., 2005; Cirrincione et al., 
2008a; Fazio et al., 2008). 

The Peloritani Mountain belt consists of a 
set of south-verging basement nappes with 
metamorphic grade increasing upwards and 
remnants of a Mesozoic-Cenozoic sedimentary 
sequence (Figure 2d - Atzori and Vezzani, 1974; 
Lentini and Vezzani, 1975). The belt has been 
subdivided into two complexes on the basis of 
their different tectono-metamorphic histories 

(Atzori et al., 1994; Cirrincione et al., 1999). 
The Lower Complex, in the southern part of 
the belt, consists of Cambrian to Carboniferous 
volcano-sedimentary sequences (Acquafredda 
et al., 1994; Ferla, 2000; Trombetta et al., 
2004; Cirrincione et al., 2005; Somma et al., 
2013) affected by Variscan sub-greenschist to 
greenschist facies metamorphism, covered by 
Mesozoic-Cenozoic sediments (Cirrincione et 
al., 1999). The Upper Complex, in the north-
eastern part, consists of two tectonic units 
(Mandanici and Aspromonte units) comprising 
Variscan greenschist to upper amphibolite 
facies metamorphic rocks, the latter intruded 
by late Variscan granitoid plutons, both with a 
local Alpine greenschist facies metamorphic 
overprint (Cirrincione and Pezzino, 1991; 
Atzori et al., 1994; Festa et al., 2004; Punturo et 
al., 2005; Fiannacca et al., 2008; 2012; Appel et 

Figure 3. a) E-W geological cross section of the Sila and Catena Costiera Massifs with b) main complexes and 
related units (modified after Ogniben, 1973).
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al., 2011; Cirrincione et al., 2012a). Fragmented 
tectonic slices of a weakly metamorphosed 
Mesozoic-Cenozoic cover sequence are locally 
interposed between these two units (Cirrincione 
and Pezzino, 1991, 1994). 

Sila and Catena Costiera Massifs
The basal “Apennine Complex” (Perrone, 

1996) or “Panormide Complex” (Figure 3 - 
Ogniben, 1973) comprises three main units: 
the San Donato Unit, the Verbicaro Unit and 
the Mt. Cocuzzo sequence. These Middle 
Triassic-Miocene thick carbonate successions 
were interpreted by Grandjacquet (1962) and 
by Amodio-Morelli et al. (1976) as one whole 
tectonic “outgrowth” of the African foreland 
border through the overlying crystalline 
terrains. They are typical platform deposits up 
to the Norian, evolving to drowning conditions 
during the Rhaetian with the deposition 
of emipelagic sediments (Ietto and Ietto, 
1998). Sub-greenschist to greenschist facies 
metamorphism of the San Donato succession 
is detected in the metapelite layers interbedded 
in the carbonatic sequence that, however, 
retain Mesozoic fossil content, as well as in the 
metabasites that crop out as dykes in the Anisian-
Ladinian metasediments (Dietrich, 1976). The 
alkaline and transitional alkaline affinity of the 
basaltic protoliths and the related petrological 
considerations permit to indicate such products 
as precursors of oceanisation processes in the 
central Mediterranean area (Macciotta et al., 
1986; Barca et al., 2010).

The intermediate “Liguride Complex” of Sila 
and Catena Costiera comprises oceanic-derive 
units, which according to Amodio Morelli 
et al. (1976) were divided into four different 
ones: Diamante-Terranova Unit, Malvito Unit, 
Gimigliano- Mt Reventino Unit and Malvito Unit. 
Later, Liberi et al. (2006) suggested grouping 
them all together because of their relatively 
similar tectono-metamorphic evolution (Figure 
3b). The entire ophiolite sequence comprises: 

mantle-derived serpentinised ultramafic rocks 
that crop out in the area of Gimigliano-Mt 
Reventino (Figure 4a) closely associated with 
massive and foliated metabasites (Figure 
4b), sometimes showing well preserved 
pillow structure as in the area of Malvito 
(Figure 4c); the fragmentary cover consists 
of pelagic sediments such as metaradiolarites 
and Calpionella meta-limestones (Figure 4d 
- Lanzafame and Zuffa, 1976; Spadea et al., 
1976) and of flyschioid sediments represented 
by metapelites and metarenites of uncertain age 
and interpreted as proximal terrigenous deposits 
(Lanzafame et al., 1979). The age of magmatic 
protoliths is controversial: Colonna and Zanettin 
Lorenzoni (1972) suggest a Ladinian-Carnian 
age, whereas Amodio Morelli et al. (1976) 
indicate a Tithonian-Neocomian age. The 
geochemical features of the basaltic protoliths 
clearly attest a T-MORB affinity; serpentinites 
derive from harzburgitic-lherzolitic rocks 
(Liberi et al., 2006; Punturo et al., 2004). The 
mineralogical assemblages of metabasites and 
metapelites indicate a HP/LT metamorphism 
(De Roever et al., 1974; Dubois, 1976), with 
the metamorphic climax at pressure conditions 
ranging between 0.9 and 1.1 GPa at temperature 
of 350 °C (Piluso et al., 2000). The differences 
between the baric peaks in the outcrops that 
are displaced in the various areas of northern 
Calabria may be explained with the existence 
of tectonic slices inside an accretionary wedge 
(Figure 5, Cirrincione et al., 2002a). Structural 
analyses carried out suggest an Europe verging 
accretionary wedge connected to an eastward 
subduction of the oceanic lithosphere.

The upper “Calabride Complex” (Ogniben, 
1973) consists of continental derived units; 
authors recognise three main tectono-
metamorphic units: the basal one, mainly 
constituted by phyllites, known as Bagni Unit; 
this is followed by a mylonitic unit, known as 
Castagna Unit and, at the top of the complex, by 
the Sila Unit that includes metamorphic rocks 
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equilibrated under metamorphic conditions 
ranging from granulite (Polia Copanello Unit of 
Amodio Morelli et al., 1976) to sub-greenschist 
facies, late Variscan granitoids (Graessner and 
Schenk, 2001) and their relative sedimentary 
cover (Longobucco Unit, Perri et al., 2008; 
Critelli, 1999; Zuffa et al., 1980 - Figure 6a). 

In the past, the occurrence of a phyllitic unit 
at the base of the complex inspired a model 
accounting as an overthrow of the metamorphic 
complex. This was similar to the mainstream 
models of the first half of the XX century that 
used to interpret reverse metamorphic sequences 
as a result of huge folds, rooted in the adjacent 
oceanic basins (Figure 7).

However, serious doubts rise about the 
belonging of the Bagni phyllitic unit to the 

Calabride Complex: indeed phyllites with 
a Mesozoic cover in stratigraphic contact 
are observable only in a small area near to 
Guardia Piemontese (NW Calabria; Amodio 
Morelli et al., 1976); nevertheless, based on 
new field observations (Cirrincione, personal 
communication), these rocks are to be considered 
as the metamorphic basement of carbonate 
sequences ascribable to the Apennine Complex. 

In other areas of Southern Sila and Catena 
Costiera, phyllites are closely associated to 
Calpionella limestones and to serpentinites 
(Piluso et al., 2000). This evidence indicates 
that these phyllites may derive from the 
metamorphism of the siliciclastic deposits of an 
ophiolite cover and may be therefore considered 
belonging to the Liguride Complex (Figure 6b - 

Figure 4. Main rock types of the Liguride complex: a) serpentinite from Mount Reventino area (southern 
Sila); b) metabasiti from Gimigliano area (south-eastern Sila; c) relics of pillow structures in metabasalts near 
Malvito village (northern Sila); d) metalimestone representing the cover of oceanic crust illustrated in (c).
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Cirrincione et al., 2002 b). 
The interpretation of the overlying Castagna 

Unit is controversial as well: this is formed 
by medium to high grade mylonitic gneisses 
cropping out in a discontinuous way at the 
western edge of the Catena Costiera, as well as at 
the southern edge of the Sila Massif (Figure 2c). 
It has been considered to be placed at the base 
of the granulitic-migmatitic gneiss of the Sila 
Unit (De Vuono et al., 2004). Detailed structural 
investigations at 1:10,000 scale performed along 
two geological NW-SE trending transects of the 
Sila Piccola Massif (De Vuono, 2005; Sacco, 
2012), suggested as the shearing event involved 
various lithotypes at different crustal levels. 
These mylonites could be therefore considered 
as the product of a shearing event, which 
affected the granulitic-migmatitic gneiss, basic 
granulite, augen gneiss and granitoid rocks of 
deep and intermediate crust (De Vuono, 2005; 
Micheletti et al. 2011 - Figure 6b; 8a). 

Undeformed leucocratic aplite-pegmatitic 
dykes linked to the final stages of late-Variscan 
magmatic activity in the Sila Massif crosscut the 

Figure 5. P-T paths of the different units of the 
Liguride complex (Malv = Malvito Unit; Gim-Rev = 
Gimigliano, Mt Reventino Unit; Dia-T = Diamante 
Terranova Unit).

Figure 6. a) Old and b) new interpretation of the northern sector of the CPO (please see text for more details); 
(BU = Bagni Unit; CU = Castagna Unit; PCU = Polia Copanello Unit; SU = Stilo Unit).
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Figure 7. Tectonic structure of northern Calabria according to Limanowski (1913).

Figure 8. a) Mylonitic marbles of the Castagna Unit; b) aplitic dyke crosscutting mylonitic gneisses of the 
Castagna Unit; c-d) Photomicrographs of migmatitic gneisses from Sila Unit (Mt. Botte Donato) recording 
dehydration muscovite-out conditions. Field of view is 8 mm wide in c) and 5 mm wide in d) (crossed polars): 
c) sillimanite and plagioclase; d) white mica and K-feldspar .
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mylonitic foliation, constraining the shearing 
event to late-Variscan tectonic activity (Figure 
8b). In this scenario, the “Castagna Unit” can be 
interpreted as a late to post-Variscan extensional 
shear zone, locally re-activated during the 
building of the Alpine orogen (De Vuono et al., 
2007), as supported by geochronological data 
(56 Ma; Borsi and Dubois, 1968). 

The Sila Unit, at the top of the Calabride 
Complex, includes high grade gneisses intruded 
by late Variscan granitoids and by greenschist 
to amphibolite facies metamorphic rocks with 
Mesozoic cover. Two tectonic models are 
confronted: the first one suggested by Amodio 
Morelli et al. (1976) and by Lorenzoni and 
Zanettin Lorenzoni (1979; 1983) is complicated 
and assumes the existence of three different 
“Alpine crustal slices” of a nappe-pile edifice 
(Units of Polia Copanello, Mt Gariglione and 
Longobucco, respectively). The second model 
is simpler and was formerly proposed by Dubois 
(1970; 1976) and later remarked by Messina et 
al. (1991): it considers that the contacts at the 
two sides of the plutonic rocks are primary and 
not of tectonic origin. All of metamorphic and 
magmatic rocks may be considered as a whole 
Alpine unit, named “Sila Unit”. Graessner and 
Schenk (2001), support the continuity of “Sila 
Nappe” with petrological data, indicating it as a 
quite complete section of continental crust. The 
portion of exposed lower crust is represented 
by migmatitic metapelites, whose metamorphic 
peak conditions are of P = 0.6 GPa and T = 770 
°C at the base and of P = 0.4 GPa and T = 740 °C 
at the top (Graessner and Schenk, 2001). 

The lower crust cropping out in Catena 
Costiera represents deeper conditions than its 
analogous in Sila; metamorphic peak conditions 
are around 0.9-1.0 GPa at 800 °C (Piluso and 
Morten, 2004) and constituting lithotypes 
are migmatites and para-granulites, spinel-
harzburgites and pyroxenites; small volumes 
of gabbros with tholeiitic affinity intrude at the 
contact between the lower crustal rocks and the 

mantle slices within a thinned continental crust. 
The P-T conditions of these small gabbroic 
bodies are of 0.6 GPa and 800 °C, suggesting 
they set out after the metamorphic peak, during 
a decompression stage (Figure 9). The fact that 
the intrusion took place within a thinned crust 
(about 18 km) during the exhumation stage, 
preserved gabbros from re-equilibration under 
granulite facies conditions. U-Pb LA-ICP MS 
zircon dating suggest a middle Permian or 
middle Triassic emplacement age that would 
be therefore associated with the  continental 
rifting  stage preceding Pangea fragmentation 
(Liberi et al., 2011). Such Permian-Triassic 
gabbros, marking the post-Variscan continental 
lithosphere thinning, can be considered as 
analogous of those ones exposed in both the 
Austroalpine and Sudalpine domains of the 
Alps (Rebay and Spalla, 2001 and reference 
therein). In stratigraphic continuity over the 
lower crust there is the complex of intrusive 
magmatic rocks forming the Sila Batholith 
(De Vivo et al., 1991 - Figure 9). This is a 
NW-SE elongated small batholith (ca 600 
km2), made of undeformed (45%) and foliated 
(15%) tonalites and granodiorites, two-mica 
granites (25%) and of small gabbro-diorite 
bodies (5%); minor volumes of porphyritic 
granites and aplite-pegmatite dykes also 
occur. The magmatic affinity is calc-alkaline 
with geochemical features suggesting a post-
collisional geodynamic setting. Petrological 
investigations carried out by various Authors 
(Ayuso et al., 1994; Caggianelli et al., 1994) 
indicate that a simple fractionation model 
cannot explain the compositional variety 
neither among the different groups, nor within 
each group. Similarly to what supposed for 
other European batholiths, authors agree in 
considering that the Sila plutonic complex has a 
predominant crustal component with a variable 
contribution of magmas of mantle origin. Liotta 
et al. (2008) suggest magma emplacement along 
a shear zone and, by taking into account micro- 
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and meso- structure, define the succession of 
the magmatic pulses: porphyritic granites with 
large K-feldspars would be the first intruded 
magmas followed by tonalites, granodiorites 
and granites. The emplacement of gabbros and 
diorites is subsequent to the shearing event; the 
magmatic cycle is completed by aplites and 
pegmatites. By considering that U-Pb dating 
constrains the emplacement of foliated plutonic 

rocks to ~ 304-300 Ma (Graessner et al., 2000) 
and that undeformed dykes cutting the wall rock 
mylonitic foliation have been dated at ~ 280 Ma 
(Liotta et al., 2008), shearing was likely active 
during this time span. Moreover, the batholith 
construction also occurred in the same time 
span of ~ 20 Ma maximum. Rare andesite-dacite 
dykes close the late to post-Variscan magmatic 
activity (Romano et al., 2012).  

Figure 9. Geological sketch map of the Sila Massif (northern Calabria) with the main subdivisions of the Sila 
Unit rock types.
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The upper crust section comprises two units 
known in the literature as Bocchigliero Unit 
(sub-greenschist to greenschist facies) and 
Mandatoriccio Unit (greenschist to amphibolite 
facies; Bouillin et al., 1987; Acquafredda et al., 
1988). They consist of metapelites together with 
either acidic and basic metavolcanites originated 
from sedimentary or volcanoclastic sequences. 
The history of polyphase metamorphism for 
this upper crust portion is very similar to that 
one proposed for other European complexes: 
the early metamorphic event dates ~ 330 Ma 
at middle pressure conditions (Acquafredda et 
al., 1991) and is followed by a late low pressure 
event dating ~ 299 Ma (Langone et al., 2010). 
In this scenario, the time of the thermal peak of 
the upper crust coincides with that one of the 
granulitic peak of the lower crust and with the 
emplacement of the granitoids.

Serre Massif
The Serre Massif occupies the central position 

of the Calabria-Peloritani Orogen. It is bounded 
on the north by the Catanzaro Line and extends 
southward to the Piana di Gioia Tauro, where 
the Palmi-Line separates it from the Aspromonte 
Massif. The Serre Massif mainly consists of 
a crystalline basement made up of Variscan 
metamorphic and plutonic rocks; a relatively 
well preserved Mesozoic sedimentary cover 
devoid of any Alpine metamorphism is present 
along the south-eastern side of the Massif along 
the Ionian coast (Figure 10a). The massif has 
been segmented into a number of dislocated 
sectors as an effect of the intense  Alpine and 
Neogene tectonic reworking affecting the 
whole CPO; the main body, in the central part 
of the massif, runs with continuity from the line 
joining the towns of Curinga and Copanello to 
the north, to the town of Cittanova to the south. 
Another sector, important for its extension, 
occupies all of the Capo Vaticano Promontory 
and is separated from the main body by the 
Mesima graben (Figure 10a).

Early studies considered the Serre Massif 
formed as the result of the juxtaposition of 
several tectonic slices characterised by distinct 
tectono-metamorphic evolution that came into 
contact before the intrusion of the late Variscan 
granitoids (Colonna et al., 1973; Amodio 
Morelli et al., 1976; Borsi et al., 1976; Atzori et 
al., 1977; Del Moro et al., 1986). On the contrary, 
most authors now regard it as a nearly complete 
continental crustal section that showed a single 
tectonic evolution during most of the Variscan  
orogenic cycle (Schenk, 1980; 1984; Bonardi et 
al., 1984a; Thomson, 1994; Caggianelli et al., 
2000a,b; 2007; Festa et al., 2003; 2012; Angì 
et al., 2010).The magmatic and metamorphic 
rocks forming the different levels of the original 
cross section of Variscan continental crust 
were exhumed during the Variscan orogeny to 
middle-upper crustal levels, where they cooled 
down more or less isobarically during the 
Mesozoic and were finally uplifted to the surface 
during the Cenozoic (Schenk, 1980). In this 
crustal  section it is possible to distinguish three 
segments that crop out from the north-west to 
the south-east and are broadly representative of 
the lower, middle and upper crust, respectively: 
a) the lower crust portion, 7-8 km thick, which 
occupies the north-western sector of the massif 
and is composed by a basal granulitic complex, 
overlain by a migmatitic metapelite complex; 
b) the middle crust portion, 12 -13 km thick, in 
the central part of the massif, consisting of the 
late Variscan Serre Batholith; c) and, finally, the 
upper crust portion, in the southern part, made up 
of amphibolite to greenschist facies metapelites 
with interbedded metabasites (Figure 10b). 

The lower crustal granulite complex (~ 
2-3 km overall thickness) is composed of 
mafic granulites (Figure 11a), including basal 
metagabbros, with interleaved felsic granulites 
and rare fine grained metapelites (Figure 11b); the 
metagabbros are interpreted as basic magmatic 
rocks metamorphosed under granulitic conditions 
at 790 ± 30 °C and 800 MPa (Schenk, 1980) or, 
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according to Acquafredda et al. (2008), at 1 GPa 
and 900 °C (Figure 12). The overlying migmatitic 
metapelite complex (~ 5-6 km thick) comprises 

dominant migmatitic paragneisses (Figure10a) 
and lesser felsic granulites, with intercalated 
metabasites and rare marbles (Schenk, 1984; 

Figure 10. Geological sketch map of the Serre Massif and Capo Vaticano Promontory (after Fiannacca et al., 
and reference therein) with relative schematic lithological column for the Serre crustal section (modified after 
Festa et al., 2004).
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Figure 11. a-b) Granulite complex rock types: mafic and felsic granulite, respectively; c) migmatitic gneisses 
of the migmatitic metapelite complex (Vibo Valentia Marina); d) Field occurrence of peritectic garnet in 
metapelites from the migmatite border zone (Capo Vaticano area) with d’) close-up picture highlighting that 
garnet is always surrounded by  leucosome patches; e) porphyritic two-mica granodiorites from Capo Vaticano 
promontory (Parghelia; Cirrincione et al., 2013b) with e’) an enlargement highlighting the presence of ~ 6 cm-
sized K-feldspar megacrysts ; f) enclave in biotite granodiorite from southern Serre Massif.
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Acquafredda et al., 2006). P-T paths obtained 
by Acquafredda et al. (2006) for the migmatitic 
paragneisses at the top of the lower crustal section 
indicate peak P-T values of ~ 0.8 GPa at 700 °C, 
related to crustal thickening, followed by a multi-
stage decompressional path (Figure 12). According 
to Caggianelli et al. (1991) the Serre lower crustal 
section was a pile of meta-arenites, or arenite-
pelite mixtures, metapelites, metalimestones, 
and metavolcanic rocks intruded by the layered 
gabbros at about 553 Ma (Schenk 1980; Micheletti 
et al., 2008; Fornelli et al., 2011). This intrusion 
age has been recently questioned by Cirrincione 
et al. (2013 a), who have obtained preliminary 
SHRIMP U-Pb zircon data suggesting a possible 
mid-Ordovician or, even, late Carboniferous 
magmatic age of the metagabbro. In this regard 

work is still in progress, aimed also to verify if 
this basic magmatism could be correlated with 
that one typifying other Italian areas, such as the 
well known Ivrea-Verbano Zone (e.g., Peressini 
et al., 2007), but also the Catena Costiera, in the 
northern CPO (Liberi et al., 2011), where a late- to 
post-Variscan age is clearly documented.  

The intermediate portion of the crust is 
entirely composed by the intrusive rocks of the 
Serre Batholith (Rottura et al., 1990; 1991) that, 
alike the Sila Batholith, has a relatively modest 
extension of about 1200 km2, also including the 
granitoids from the Capo Vaticano Promontory. 
The batholith varies in composition from 
quartz diorite to leucogranite, with rare quartz-
gabbro; biotite tonalites and weakly to strongly 
peraluminous granodiorites are the main rock 

Figure 12 - Summary of P-T paths obtained for different portions of Serre Massif crustal section: 1) top and 
bottom portions of the lower crust (after Schenk, 1989); 2) top of the lower crust (after Acquafredda et al., 
2006); 3) bottom of the upper crust (after Angì et al., 2010); 4) bottom of the lower crust (after Acquafredda et 
al., 2008).
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types. Quartz diorites and tonalites occur close or 
at the contact with the lower crust portion while 
the more felsic rock types occur at shallower 
crustal levels.  Similarly to the Sila Batholith, 
most authors agree that the emplacement of the 
plutonic rocks took place along ductile shear 
zones in an extensional regime (e.g., Rottura 
et al., 1990; Caggianelli et al., 2007; Angì et 
al., 2010), at depths ranging from ~ 23 to ~ 6 
km (Caggianelli et al., 1997). In particular, the 
strongly foliated granitoids intruded earlier 
at somewhat deeper structural level, whereas 
the weakly foliated to unfoliated ones intruded 
later, in higher crustal domains (Rottura et al., 
1990; Caggianelli et al., 2007; Angì et al., 2010). 
Preliminary AMS data, integrated with field 
and microstructural information on the different 
granitoid rocks reveal a magnetic fabric, 
indicating syntectonic crystallization, also for 
the apparently unfoliated granitoids, with no 
evidence for inferring an extensional regime 
(Fazio et al., 2014). The contacts between the 
batholith and the metamorphic host rocks are 
considered primary: the bottom contact is marked 
by a thick migmatite border zone characterised 
by the presence of quartz diorites containing 
xenoliths of the migmatitic paragneiss host 
rocks and peritectic garnet-bearing silica-rich 
melt deriving by partial melting of the same 
metapelites (Clarke and Rottura, 1994 - Figure 
11 c,d,d’), while the top one by a well developed 
contact aureole (Figure 10a).

The granitoid rocks making up the Serre 
Batholith (Rottura et al., 1990; 1991; Fiannacca 
et al., 2015) can be grouped into two main 
suites: a) a dominant metaluminous to weakly 
peraluminous suite, representing more than 70% 
of the exposed granitoids, which includes quartz 
diorites, tonalites and biotite granodiorites 
(Figure 11e) and b) a strongly peraluminous 
association, consisting of two-mica ± Al-
silicates granodiorites and granites, which also 
include strongly porphyritic types typified 
by K-feldspar megacrysts up to 10 cm in size 

(Figure 11 f,f’). The geochemical features of the 
granitoids are consistent with an origin of the 
batholith from the assembling of several batches 
of magmas derived by dehydration melting of 
different crustal sources of likely magmatic arc 
derivation, such as magnesian igneous rocks and 
sediments derived from their rapid dismantling 
(Fiannacca et al., 2015).

The upper crustal section, cropping out in the 
south-eastern Serre Massif, is characterised by 
the juxtaposition of two units separated by a 
low-angle tectonic detachment, which divides 
a lower metamorphic grade hanging wall 
complex (Stilo-Pazzano complex) from a higher 
metamorphic grade footwall metamorphic 
complex (Mammola paragneiss complex), both 
overprinted by contact metamorphism induced 
by the intrusion of the late Variscan granitoids 
(Figure 10a - Bonardi et al., 1987; Rottura 
et al., 1990; Angì et al., 2010; Cirrincione et 
al., 2012b; Festa et al., 2013). The uppermost 
Stilo-Pazzano complex (SPC), includes lower 
greenschist facies metapelites and minor 
metalimestones, quartzite and metavolcanic 
levels, unconformably covered by a composite 
Mesozoic sedimentary succession (Festa et al., 
2003). The lowermost Mammola paragneiss 
complex (MPC), is formed by amphibolite 
facies paragneisses, leucocratic gneisses 
and amphibolites locally affected by a sub-
vertical mylonitic foliation (Figure 13 a,b) 
microscopically characterised by clear recovery 
effects as indicated by the recrystallised pressure 
shadows of the s-type porphyroclasts, as well as 
by widespread relics of re-crystallized ribbon-
like quartz (Figure 13 c,e). The metamorphic 
rocks from both complexes are locally intruded 
by late to post-Variscan felsic to mafic dykes 
(Figure 13d - Romano et al., 2011). P-T paths 
obtained by Angì et al. (2010) for the upper 
crustal paragneisses indicate a crustal thickening 
evolution analogue to that of the lower crustal 
metapelites, up to peak P-T conditions of 0.9 
GPa at 530 °C, and a subsequent fast exhumation 
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Figure 13. Lithotypes from the upper crustal levels of the Serre Massif: a) Field evidence of the locally 
developed late-Variscan subvertical mylonitic foliation; b) Asymmetric intrafoliar fold within late-Variscan 
mylonitic foliation highlighting a top to ENE sense of shear in the present-day geographic coordinates; c) 
s-type plagioclase porphyroclast indicating a top to ENE sense of shear characterized by pressure shadows with 
re-crystallized quartz (crossed polarizers 3.5 mm * 2.5 mm); d) Post-Variscan mafic dyke cutting the mylonitic 
foliation of the phyllite host rocks  in the southern Serre Massif; e) Relic re-crystallized ribbon-like quartz level 
in mylonitic micaschist with garnet porphyroclasts (crossed polarizers 11 mm * 2.5 mm).
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along a dominantly extensional shear zone 
which also favoured the emplacement of the 
granitoids, in turn responsible for late- to 
post-tectonic contact metamorphism in the 
upper crustal rocks (Figure 12). At its southern 
termination, the Serre Massif is in contact  
with a strongly peraluminous granite pluton, 
known as “Cittanova granite” (Hieke Merlin 
and Lorenzoni, 1972; Atzori et al., 1977; Crisci 
et al., 1979; D’Amico et al., 1982; Rottura et 
al., 1990; Graessner et al., 2000). In agreement 
with Bonardi et al. (1984 a,b) and Messina et 
al. (1988) this magmatic body, commonly 
considered as a single pluton, is instead likely 
composed by a northern portion belonging 
to the Serre Massif, where the granitoids are 
intruded in the greenschist facies rocks of the 
Stilo-Pazzano complex, and by a southern 
portion pertaining to the adjacent Aspromonte 
Massif, consisting of the granitoids emplaced 
within the migmatites of the Aspromonte Unit. 
The geological boundary between the Serre and 
Aspromonte Massifs  here represented by the 
Cortaglia river strike-slip fault (Critelli et al., in 
press) is considered as the natural prosecution 
of the strike-slip mylonitic Palmi Shear Zone 
(Ortolano et al., 2013), delineating together the 
Palmi line (Figure 14).

Aspromonte Massif
The Aspromonte Massif occupies the 

southernmost edge of the Italian peninsula 
(Figure 2d, 15a) (Cirrincione et al., 2013c). It is 
separated from the Serre Massif by a complex 
strike-slip system, operating since the early 
Eocene up to the Tortonian, as testified by the 
mylonitic deep-seated shearing activity of the 
Palmi Shear Zone (Ortolano et al., 2013 - Figure 
16). This is characterised in the present-day 
geographic coordinate by an average WNW-
ESE attitude which can be followed in outcrop 
for about 1200 m inland before disappearing 
below a Tortonian siliciclastic formation 
(Tripodi et al., 2013 - Figure 16). Field evidence 

(Figure 17a) accompanied by Rb-Sr biotite ages 
(Prosser et al., 2003) suggest mylonitic shearing 
activity at about 56-51 Ma. Structural analysis 
of mylonitic rocks, consisting of an alternance 
of mylonitic-skarns and mylonitic-migmatitic 
paragneisses (Figure 17 b,c), highlighted that the 
average attitude of the sub-vertical foliation as 
well as the stretching lineation range from W-E, 
to NW-SE with a transport direction top-to-E, 
SE in the present-day geographic coordinates 
(Ortolano et al., 2013).

Contrasting interpretations about the 
geological framework of the Aspromonte 
Massif can be summarized in two hypotheses. 
The first hypothesis, proposed  by Bonardi et al. 
(1984 a,b; 1992), Graessner and Schenk (1999) 
and Messina et al. (1990; 1992) considers  the 
Aspromonte Massif composed of three tectonic 
slices as follows: the Variscan low greenschist- 
to amphibolite-facies Stilo Unit at the top; the 
Variscan amphibolite-facies Aspromonte Unit 
in intermediate geometrical position, partly 
to totally re-equilibrated during the Alpine 
orogenesis (e.g., area of the sanctuary of 
Madonna di Polsi; Bonardi et al., 1984a; Platt 
and Compagnoni, 1990); the lowest greenschist-
facies metapelite tectonic slice, characterised 
by Variscan metamorphism with an Alpine 
overprint; this last slice crops out into two 
tectonic windows near to the villages of Cardeto 
and Africo (Figure 15a). The sequence cropping 
out in the Cardeto area was considered the 
northern termination of the Mandanici Unit that 
outcrops in Sicily in the same structural position 
(Bonardi et al., 1980b; Graessner and Schenk, 
1999). Conversely, according to Pezzino et al. 
(1990; 1992; 2008); Ortolano et al. (2005); Fazio 
et al. (2008; 2010; 2015a), and Cirrincione et al. 
(2008b, 2009), the geological framework of the 
Aspromonte Massif is the result of the stacking 
of: a) the Stilo Unit, as it was defined by previous 
Authors; b) the intermediate Aspromonte Unit, 
mostly corresponding to the Aspromonte Unit 
of the previous Authors, which  also crops out in 
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Figure 14. Geological sketch map of the boundary between Serre and Aspromonte Massifs along the Cortaglia 
River. 
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Figure 16. Geological sketch map of the Palmi area with location of the mylonitic Palmi Shear Zone (after 
Ortolano et al., 2013 modified).
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Figure 17. a) Sheath fold in mylonitic tonalite of the Palmi Shear Zone (after Ortolano et al., 2013); b) High 
resolution thin section scan (crossed polarizers 3.5 cm * 2.5 cm) of the mylonitic skarns developed along 
the Palmi Shear Zone; c) Microphotograph (crossed polarizers 3.5 mm * 2.5 mm) of mylonitic migmatitic 
paragneiss highlighting the alternance between the ribbon-liked leucosome levels and the melanosome, at 
present characterized by the development of SC-type structures and  sigma-type feldspar porphyroclasts; d) 
Alternance between mylonitic laminated leucogneisses and mylonitic paragneisses of the Aspromonte Unit, 
highlighting the folding of the original mylonitic foliation; e) S-C-C’ type structure in mylonitic micaschist of 
the Madonna di Polsi Unit indicating a top to NE sense of shear in the present-day geographic coordinates; f) 
Microphotograph (crossed polarizers 2.8 mm * 2 mm) of a mylonitic paragneiss of the AU, the main assemblage 
is given by K-feldspar, plagioclase, white mica and quartz; g) Microphotograph (crossed polarizers 1.8 mm * 1 
mm) of a mylonitic leucogneiss overprinted by brittle micro-normal faults showing a K-feldspar porphyroclast 
enveloped by a quartz micaceous matrix (Fazio et al., 2015b).
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the Peloritani Mountains; c) an underlying 
metamorphic sequence, exclusively affected 
by an entire Alpine orogenic cycle (Ortolano 
et al., 2005),  not completely recorded in the 
rocks of the overhanging unit (Figure 15b). 
This sequence crops out in the three tectonic 
windows, which were named after the localities 
where they surface (i.e. Cardeto and Africo 
villages as well as the area of Madonna di 
Polsi). Compared to the interpretations of the 
first group of authors, the sequence corresponds 
to the Variscan metapelite sequences cropping 
out in the Africo and Cardeto tectonic windows, 
together with the re-equilibrated Alpine zone 
of the Aspromonte Unit (Bonardi et al., 1984a; 
Platt and Compagnoni, 1990). 

The above interpretations suggest, for the 
southern sector of the Calabria Peloritani Orogen, 
two different tectonic frameworks which can be 
synthesized as follows: a) it represents a stacked 
structure of several basement rocks linked to 
the Variscan cycle, locally reworked (in part to 
totally) in an extensive Alpine shearing phase 
during late Oligocene - early Miocene orogenic 
exhumation (Platt and Compagnoni, 1990; 
Heymes et al., 2008; 2010); or b) it is the result 
of a complete Alpine orogenic cycle, involving 
either Variscan basement rocks and Mesozoic 
sedimentary sequences (Ortolano et al., 2005; 
Fazio et al., 2008). In this context, Pezzino et 
al. (2008) propose for southern Calabria a new 
simplified geological model based on new 
structural, petrological and thermobarometric 
data, where the lowest succession is unified 
into the sole Madonna di Polsi Unit (MPU). 
The resulting geological scheme, according 
to Pezzino et al. (1990; 2008), Ortolano et al. 
(2005), Cirrincione et al. (2008a,b), and Fazio 
et al. (2008), envisages, in the Aspromonte area, 
the presence of three polyphase metamorphic 
units: the uppermost Stilo Unit (SU) at the top, 
the intermediate Aspromonte Unit (AU), and 
the basal Madonna di Polsi Unit. The uppermost 
Stilo unit is made up of low greenschist- to low 

amphibolite-facies Palaeozoic metamorphic 
rocks (Crisci et al., 1982; Bonardi et al., 1984; 
Graessner and Schenk, 1999). Late Variscan 
magmatic bodies intruded into the metapelites 
produced a contact aureole (biotite, muscovite 
and andalusite blastesis). The SU lies along a 
brittle tectonic contact over the Aspromonte-
Peloritani Unit, which is made up of amphibolite-
facies Palaeozoic rocks locally intruded by 
late Variscan strongly peraluminous intrusive 
bodies (ca. 303-300 Ma; Graessner et al., 2000; 
Fiannacca et al., 2008), both locally overprinted 
by an Alpine mylonitic metamorphism which 
developed at about 25-30 Ma (Figure 17d) 
(Bonardi et al., 1987). A thick mylonitic horizon 
marks the tectonic contact between the AU and 
underlying low- to middle- grade metamorphic 
rocks of Madonna di Polsi Unit (Figure 17e). 
A siliciclastic succession, Late Oligocene to 
upper Miocene in age, known as “Stilo-Capo 
d’Orlando Formation” covers, with angular 
unconformity, the nappe edifice, sealing at 
times previously formed tectonic contacts. The 
back-thrusting of the Varicolori clays marks 
the final stage of the syn-sedimentary tectonic 
activity (Cavazza et al., 1997). According 
to the structural investigations by Fazio et 
al., (2015a) and Ortolano et al., (2015) the 
uppermost basement units of the nappe edifice 
(i.e. the Stilo Unit) underwent a mono-orogenic 
Variscan metamorphic cycle, characterised by 
an isoclinal folding deformation, with formation 
of a pervasive axial plane schistosity, followed 
by a microcrenulation associated with prograde 
PT conditions ranging in pressure from ~0.35 
to ~ 0.7 GPa for a temperature spanning from 
~ 480 to ~ 550 °C. (Figure 18 - Fazio et al., 
2012). Pressure of 0.7 GPa and temperature 
of 570 °C values were obtained for the peak 
metamorphic conditions reached in this area, 
successively followed by a retrograde evolution 
caused by the development of a deep-seated 
shearing activity locally producing a pervasive 
mylonitic foliation, which is often obliterated by 
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the static effects ascribable to the emplacement 
of the late-Variscan granitoids (Figure 18). On 
the basis of the available geological data, the 
exhumation of the SU can be solely attributed 
to the effects of a thin-skinned tectonics, coeval 
with the development of the south-eastward 
thrusting activity testified by tectonic contacts 
exclusively marked by cataclastic horizons, 
with no evidence of post-Variscan mylonitic 
activity. By contrast, the contact between the 
two lowermost tectonic basement units (i.e. AU 
and MPU), although similarly characterised 
by the presence of a  thick cataclastic horizon, 
also shows a clear evidence of a weak to strong 
pervasive mylonitic structure, well preserved 
in the rocks of both units (Pezzino et al., 1990; 
Ortolano et al., 2005). The pervasiveness of the 
mylonitic deformational stage mostly prevented 
the preservation of the pre-mylonitic structures, 
which are indeed only rarely observable at the 
micro-scale in the AU, as survived inclusion trails 
assemblages in Variscan garnet  (Cirrincione et 
al., 2008b), or rarely detected at the outcrop scale 
in the MPU rocks as relic isoclinal folds within 
late Alpine mylonitic foliation. According to 
Cirrincione et al. (2008b) the pre-mylonitic 
prograde PT paths of these two units indicate 
two different evolutions: a) the MPU prograde 
path is characterised by a HP-LT trajectory 
ranging from 0.95 to 1.25 GPa at temperature 
ranging from  400 to 600 °C (Figure 18), 
related to crustal thickening which, according 
to Puglisi and Pezzino (1994) and Cirrincione 
et al. (2008a), occurred during an early Alpine 
deformational episode: b) a Barrovian-type 
prograde path is instead characteristic of the AU 
rock-types, with temperature estimates ranging 
from 650 to 675 °C at relatively low pressure 
conditions of 0.4-0.5 GPa (Ortolano et al., 
2005, Cirrincione et al., 2008a) ascribable to an 
early Variscan tectono-metamorphic evolution, 
followed by a final widespread episode of 
hydration under decreasing temperatures 
(480 °C), probably caused by the massive 

emplacement of the  late-Variscan granitoids 
at about 300 Ma  (Figure 18 - Rottura et al., 
1990; Graessner et al, 2000; Fiannacca et al., 
2008). The subsequent deformational stage led 
to the formation of pervasive mylonitic foliation 
(Figure 17 d,f) in both the AU and MPU rocks, 
as well as to the development  of a pervasive 
stretching lineation averagely trending SW-
NE, with kinematic indicators consistent with 
top to NE sense of shear in the present-day 
geographic coordinates (Pezzino et al., 2008). 
Mylonitic foliation evolved in both units to 
an isoclinal folding deformation, putting into 
evidence as the two units have undergone the 
same deep-seated shearing event. MPU and AU 
rocks were then involved in the formation of 
centimeter to decameter up to hectometer sized 
SSE-SE asymmetric folds before being finally 
exhumed along a joint brittle tectonic contact. 
This compressional tectonic activity was often 
accompanied by the activation of a brittle 
strike-slip tectonics which locally re-activated 
relics of the early Alpine deep-seated strike-
slip tectonics, which are only rarely preserved 
(e.g., Palmi Shear Zone; Ortolano et al., 2013). 
The reconstructed tectonic activity terminates 
with the activation of a normal fault system that 
marks the switch from a compressional to an 
extensional regime (Cirrincione et al., 2008b; 
Fazio et al., 2015b). This last deformational 
system is delineated by the presence of 
widespread high-angled joint systems, spanning 
from microscopically sized joint system 
network (Figure 17g - Fazio et al., 2015b), 
passing from decimeter-sized fracture cleavage 
to arrive to kilometer-sized horst and graben 
structures averagely oriented WNW-ESE and 
WSW-ENE, linked to the main present-day 
seismogenic structural systems (Catalano et al., 
2008; Morelli et al., 2011).

Peloritani Mountain Belt
The Peloritani Mountain Belt, in NE Sicily, 

represents the southernmost sector of the 
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Calabria-Peloritani Orogen (Figure 2). It is 
bounded on the south by the Taormina Line, 
whose meaning is still widely debated: originally 
interpreted as a dextral strike-slip fault (Bonardi 
et al., 1976; Amodio Morelli et al., 1976), it is 
now likely considered to represent a thrust front 
displaced as a consequence of the anti-clockwise 
rotation of the entire orogen (Ghisetti et al., 
1982; 1991). The belt is a south-verging nappe 
edifice, formed by a set of tectonic units made of 
a pre-Alpine basement, with local Alpine 
overprints and Mesozoic covers (Figure 19a).  It 
may be subdivided into two complexes with 
different tectono-metamorphic evolution 
(Cirrincione et al., 1999; Atzori et al., 2001). 
The Lower complex, located in the south-
eastern sector of the mountain belt, consists of 
sub-greenschist facies Variscan Palaeozoic 
sequences with unmetamorphosed Mesozoic 
covers. The Upper complex, in the north-eastern 
sector, is made of low to medium-high grade 
Variscan basement with interbedded slices of 
fragmental Mesozoic covers, locally affected by 
a metamorphic Alpine overprint that produced 
belts of cataclastic to mylonitic rocks and, 
locally, pseudotachylites (Figure 19b; 
Cirrincione et al., 2012a). The Stilo-Capo 
d’Orlando formation seals the contacts between 
the tectonic units, postdating the main nappe 
emplacement. The Lower complex consists of 
three tectonic units (St. Andrea Unit, Taormina 
Unit and St. Marco d’Alunzio Unit) sharing the 
same sub-greenschist facies basement (Lentini 
and Vezzani, 1975; Pezzino, 1982; Acquafredda 
et al., 1994; Ferla et al., 2000; Trombetta et al., 
2004; Cirrincione et al., 2005; Somma et al., 
2013). They are mostly composed of metapelites 

and metapsammites with interbedded 
metabasites of volcanic and volcanoclastic 
derivation and with subordinate metacarbonates. 
Metamorphic conditions are estimated below 
the chlorite isograd (T ≤ 350 °C, P ≥ 0.2 GPa; 
Atzori, 1970; Atzori and Ferla, 1992). The 
Upper complex comprises two units: the 
Mandanici Unit and the overlying Aspromonte 
Unit. The tectonic contact between the two 
units, marked by a thick cataclastic horizon with 
widespread remnants of mylonitic relics zones, 
suggests that the juxtaposition of the two units 
took place in a ductile environment (Messina et 
al., 1990; Atzori et al., 1994). The Mandanici 
Unit (Ogniben, 1970; Atzori and Vezzani, 1974) 
consists of greenschist to lower amphibolite 
facies rocks; prevailing lithotypes are phyllites 
and phyllitic quartzites (Figure 20a) with 
interbedded levels of metabasites and 
subordinate marbles and calc-schists. Evidence 
of a clockwise P-T evolution, with peak  
estimates  of 0.9 GPa and ~ 530 °C is considered 
consistent with a Variscan crustal thickening 
stage at middle-lower crustal conditions, 
followed by a retrograde trajectory (constrained 
at 0.30-0.60 GPa and 420-460 °C) associated to 
exhumation (Fiannacca et al., 2012). A Mesozoic 
sedimentary succession, known as “Alì 
sequence” (Atzori, 1968) and characterised by a 
weak Alpine metamorphism (Figure 20b), 
occurs either at the bottom of the unit and as 
tectonic slices within the Variscan basement, 
mainly in proximity of the tectonic contact with 
the overlying unit (Ferla and Azzaro, 1976; 
Cirrincione and Pezzino, 1991; 1994; 
Cirrincione et al., 2012a). The anchimetamorphic 
rocks of the Alì sequence exhibit a succession of 

Figure 18. PT path trends of the crystalline basement units of the Aspromonte Massif nappe edifice subdivided 
into prograde and retrograde trajectories along the temporal scale of the Variscan and Alpine orogenic stages 
(PT constraints from Cirrincione et al., 2008 and Fazio et al., 2012). S = foliation; L = lineation; B = fold axis; 
numbers in pedicle represent the sequence of the deformational events, while apex A or V is for Alpine or 
Variscan, respectively.
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Figure 19. a) Geological sketch 
map of the Peloritani Mountain 
Belt with relative b) tectonic 
scheme of the nappe edifice 
(modified after Cirrincione et 
al., 2012a).
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Figure 20. a) Third-type interference figure produced by Alpine isoclinal refolding of Variscan isoclinal fold 
in phyllites from the Mandanici Unit; b) Metaradiolarites of the Alì sequence; c) Mylonitic augen gneisses 
from the Aspromonte Unit in the western Peloritani; d) Folded leucosomes in migmatitic paragneisses of 
the Aspromonte Unit (Capo Rasocolmo); e) Plagioclase-hornblende coronitic symplectites replacing garnet 
porphyroblasts in amphibolite of the Aspromonte Unit. Field of view 10 mm wide. f) Sillimanite-free,  biotitic 
melanosome and associated trondhjemite leucosome from a metatexite migmatite of the Aspromonte Unit 
documenting water-fluxed melting of the original paragneiss (after Fiannacca et al., 2005b). Field of view 6 
mm wide.
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deformational phases perfectly matching the 
Alpine ones in the phyllites of the Mandanici 
Unit; this led Cirrincione and Pezzino (1994) to 
interpret this sedimentary sequence as a remnant 
of the original cover of the Mandanici Unit. 
Both the Mandanici Unit and the Alì sequence 
were involved in the Alpine orogenic cycle 
(Cirrincione and Pezzino, 1991; Pezzino et al., 
2008; Cirrincione et al., 2012a) documented by 
Neo-Alpine sub-greenschist to greenschist 
metamorphic assemblages dated at 26 ± 1 Ma 
(white mica Rb-Sr ages; Atzori et al., 1994). The 
Aspromonte Unit represents the highest tectonic 
unit of the Peloritani nappe edifice. Similarly to  
the adjacent Aspromonte Massif, it consists  of 
amphibolite facies metamorphic rocks, mainly 
represented by paragneisses, migmatitic 
paragneisses and augen gneisses (Figure 20c), 
with minor marbles and amphibolites, 
diffusively intruded by late Variscan granitoid 
plutons (D’Amico, 1979; Paglionico and 
Rottura, 1979; D’Amico et al., 1982; Rottura et 
al., 1993; Fiannacca et al., 2005a; 2008). Unlike 
the batholiths of the Sila and Serre Massifs, the 
late Variscan granitoids of the Aspromonte Unit 
only occur as isolated plutons of a few km2 in 
size and of trondhjemitic and leucogranodioritic-
leucogranitic composition, typically intruded in 
migmatitic paragneisses (Figure 20 d,e). In 
particular, the weakly peraluminous trondhjemites, 
that are exclusive of the Aspromonte Unit, 
represent the earliest identified occurrence of Late 
Variscan granitoid magmatism in the CPO (314 ± 
4 Ma; Fiannacca et al., 2008), predating the 
emplacement of the widespread strongly 
peraluminous leucogranodiorite plutons by more 
than 10 Ma. Approximate P-T estimates in the 
range of ~ 0.5 GPa at ~ 550-680 °C have been 
obtained for the Aspromonte Unit in the Peloritani 
Mountains by Ioppolo and Puglisi (1988) and 
Rotolo and De Fazio (2001), with P-T peak 
conditions similar to those ones estimated for 
rocks of the same unit in the central Aspromonte 
Massif (0.4-0.5 GPa at 650-675 °C; Ortolano et 

al., 2005). Festa et al. (2004) reported the 
possible occurrence of pre/Eo-Variscan mafic 
granulites within the migmatites of the northern 
Peloritani, with assemblages suggesting slightly 
higher temperature and pressure values up to 
0.8-1.0 GPa. This possibility is reinforced by the 
occurrence of decompression microstructures, 
such as plagioclase+hornblende coronitic 
symplectites replacing, partly to totally, former 
garnet porphyroblasts in rare amphibolite 
samples from north-eastern Peloritani 
(Fiannacca, personal communication - Figure 
20f); furthermore, pressure up to 0.8 GPa at ~ 
600 °C were recently obtained by Ortolano et al. 
(2014) by pseudosection computation of garnet 
micaschists from Santa Lucia del Mela area. 
Although the Peloritani Mountains are a 
segment of the southern Alpine orogenic belt 
and an Alpine subgreenschist- to greenschist-
facies metamorphic overprint is indeed locally 
recorded in the rocks of the Upper complex 
(Atzori et al., 1994; Pezzino et al., 2008; 
Cirrincione et al., 2012a), the Peloritani 
basement is considered to represent, on the 
whole, a portion of middle-upper late Variscan 
crust. The dominant metamorphism recorded in 
the belt is of late Carboniferous-early Permian 
age (Atzori et al., 1990; 1994; De Gregorio et 
al., 2003; Appel et al., 2011) and some authors, 
such as Atzori et al. (1984) and Ioppolo and 
Puglisi (1988) proposed an entirely Variscan 
origin for the medium- to high-grade basement 
of the Peloritani Mountains. Other authors 
suggested instead that most of the northern 
Peloritani Mountains were part of a pre-Variscan 
basement (e.g. Ferla, 1978; 2000; Bouillin et al., 
1987; Acquafredda et al., 1994) or resulting 
from the amalgamation of various pre-Variscan 
and Variscan terranes during the last stages of 
the Variscan orogeny (De Gregorio et al., 2003). 
Recent SHRIMP U-Pb zircon dating of 
paragneisses and augen gneisses from different 
areas of the north-eastern Peloritani (Williams 
et al., 2012; Fiannacca et al., 2013) has 
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demonstrated that at least large portions of the 
Aspromonte Unit formed during the latest stages 
of the Cadomian Orogeny (~ 550 Ma), in the NE 
African part of the peri-Gondwana realm. 
Furthermore, by also considering the distribution 
of analogue augen gneiss bodies throughout the 
whole CPO (Fornelli et al., 2007; Micheletti et 
al., 2007) it appears evident the presence of a 
large late Precambrian-early Cambrian granitoid 
province related to the final assembly of 
Gondwana and produced through rapid 
recycling of late Precambrian crust (less than 
~10 Ma from crust erosion to granitoid 
emplacement; Fiannacca et al. 2013).  As far as 
the Mandanici Unit is concerned, Dubois and 
Truillet (1971) suggested that it was the 
sedimentary cover of a pre-Variscan basement 
metamorphosed during the Variscan orogeny, 
whereas Ferla (2000) proposed a pre-Variscan 
origin of the whole Upper complex basement, 
with only the basement units of the Lower 
complex representing the original Palaeozoic 
sedimentary cover of the old basement. 
Reconstructions by Williams et al. (2012) 
support a basement-cover relationship between 
the Upper and Lower complexes, but no relevant 
geochronological data are still available for the 
rocks of the Mandanici Unit to provide 
undisputable evidence in this regard. The tight 
compositional and structural analogies between 
the Peloritani Mountain Belt and the Aspromonte 
Massif are long known and have been discussed 
by a number of authors (Ogniben, 1960; Amodio 
Morelli et al., 1976; Bonardi et al., 1976). The 
largest debate is centered on the possible 
correlations between the tectonic units 
underlying the Aspromonte Unit. As already 
mentioned, the lowest tectonic units in the 
Aspromonte Massif have been considered as the 
northern continuation of the Mandanici Unit 
(e.g., Bonardi et al., 1980b; Graessner and 
Schenk, 1999; Messina and Somma, 2002), 
sharing the same structural position. On the 
contrary, the more recent tectonic model by 

Pezzino et al. (2008) considers the metamorphic 
sequences exclusively affected by Alpine 
metamorphism of the Madonna di Polsi Unit, 
cropping out in tectonic windows beneath the 
Aspromonte Unit, as the northern continuation 
of the Mesozoic Alì Sequence. All of these 
variously metamorphosed sedimentary 
successions would correspond to a portion of a 
thinned active continental margin that, following 
subduction, was extruded along the suture of a 
collision zone along a late Oligocene-early 
Miocene retrograde shear zone in a 
compressional regime (Pezzino et al., 1990 - 
Figure 21).

Geodynamic debate

As previously written, the evolution and 
geodynamic significance of the Calabrian-
Peloritani Orogen is still the subject of numerous 
and contrasting interpretations due to its vaguely 
defined position within the palaeogeography of 
Central Mediterranean. Indeed, this segment 
of Alpine chain is interpreted as: a) a fragment 
of the original Neo-Tethys European palaeo-
margin (Ogniben, 1970; Bouillin et al., 1986); 
b) a fragment of the Austroalpine domain of 
the Africa plate, emplaced onto the Apennine 
domains during Neogene times (Haccard et al., 
1972; Alvarez, 1976; Bonardi et al., 1976); and 
c) the basement and relative cover of a micro-
continent located between the Europe and Africa 
plates and involved in their collision (Critelli, 
1999; Beccaluva et al., 2011). Whatever be the 
different views, Authors are inclined considering 
the Calabrian Peloritani Orogen as a whole 
geologic body, interpreted as a remnant of the 
Variscan chain reworked during the Alpine-
Apennine orogeny. 

The comparison between the crustal 
sections exposed in the crystalline massifs 
of Sila-Catena Costiera, Serre, Aspromonte 
and Peloritani Mountains that are briefly 
outlined in Figure 22, permits to highlight the 
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correlation of the main Variscan and Alpine 
geological events, contributing thus to develop 
new perspectives which may be the basis for 
geodynamic models.

Late Variscan scenario
The outstanding occurrence of two nearly 

complete sections of continental crust that are 
well exposed in the Sila and Serre Massifs, 

Figure 21. Schematic cross section showing the main tectonic slices composing the Alpine edifice of the 
Peloritani Mountain Belt and Aspromonte Massif (modified after Pezzino et al., 2008; AU = Aspromonte Unit; 
MPU = Madonna di Polsi Unit; AS = Alì sedimentary sequence; MU = Mandanici Unit).

Figure 22. Comparison among schematic tectono-stratigraphic columns of the Sila and Catena Costiera, Serre 
Massif, Aspromonte Massif and Peloritani Mountain Belt.
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permits their tectono-metamorphic history 
to be compared as well as to highlight their 
similarities and differences. Within the orogenic 
metamorphic belt, the portions of deep crust are 
usually characterised by HT/LP metamorphic 
events and, according to England and 
Thompson (1984), the high geothermal gradient 
required to produce this kind of metamorphism 
is > 60 °C/km. In the opinion of same authors, 
these conditions may be obtained after either 
underplating of mantle-derived basic magmas 
or intrusion of large volumes of granitoids in 
the middle crust (De Yoreo et al., 1989). The 
granulitic peak reached within these crustal 
regions, together with the long period of rock 
staying under such high temperature conditions 
usually obliterates the prograde segment of 
the P-T-paths, erasing therefore evidence 
of episodes linked to continental collision, 
otherwise recorded by the baric peaks. The deep 
crust then becomes an exclusive chronicler of 
the post-peak history, without saving memory 
of previous events. The comparison between 
the two sectors of deep crust occurring in both 
Sila and Serre Massifs shows a quite similar late 
Variscan evolution (Figure 23a). The scenario 
depicted after the comparison is the following: 
a) metamorphic peak at ~ 300 Ma; b) isothermal 
exhumation at intermediate crustal levels; 
c) isobaric cooling at intermediate crustal 
conditions at ca. 10-15 km for the Sila segment 
and a little bit shallower (12-18 km) for the 
Serre segment; finally, an ultimate exhumation 
stage begun during the Oligo-Miocene, has been 
interpreted by Thomson (1994) as due to a post-
orogenic extension probably due to unroofing 
process related to a massive erosion event. 
Differently from the deep crust, the upper crust 
underwent metamorphism under amphibolite to 
greenschist conditions preserving the record of 
its prograde history and therefore, may provide 
important information for reconstructing the 
evolution of the entire chain sector, marking the 
transition from the collisional stage up to the 

final contact metamorphism event. Moreover, 
important analogies rise from the comparison 
between the evolution events of the two upper 
crust sectors (Figure 23b). The history of 
polyphase metamorphism of Sila upper crust 
depicts a sequence of episodes characterised 
by early-medium P metamorphic event dating  
~ 330 Ma according to Acquafredda et al. 
(1994). It follows a thermal peak coinciding 
with the age of the granulitic peak of the lower 
crust and with the granitoids emplacement. On 
the contrary, meaningful differences rise from 
the comparison between the middle crust sectors 
occupied by each batholith. In both cases most 
authors agree in considering the granitoids 
emplacement to have occurred along a shear 
zone (e.g., Liotta et al., 2008; Caggianelli 
et al., 2007), because of the occurrence of a 
marked foliation within the oldest magmatic 
products. However, in the Serre Batholith the 
foliated rocks are mostly the more mafic ones, 
represented by quartz-diorites, tonalites and rare 
cumulitic gabbros (e.g., Rottura et al., 1990), 
whereas in the Sila batholith the least evolved 
terms (gabbros, norites and diorites; Caggianelli 
et al., 1994) represent unfoliated late products 
of the batholith construction, ascribed by 
Liotta et al. (2008) to post-shearing events. 
According to the latter authors, the mantle 
involvement during the late stages of the Sila 
batholith construction undoubtedly testifies an 
extensional geodynamic context; conversely, 
this evidence lacks in the Serre batholith. This 
difference in lithotypes distribution within the 
two batholiths could thus outline a significantly 
different late-Variscan scenario in which the 
two respective crustal sections, characterised 
by a joint and almost overlapping Variscan 
evolution, were involved in the last stages of 
Pangea assembly. As supported by most authors, 
the genesis of the supercontinent concluded 
around 300 Ma ago with the amalgamation 
of Gondwana, Gondwana-derived micro-
continents, Laurussia and with the definitive 
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closure of the oceanic basins placed  between 
(Franke, 2000; Matte, 2001; Stampfli and Borel, 
2002; Stampfli and Kozur, 2006; von Raumer 
et al., 2003). This event likely occurred in a 

context of a complex pattern of coeval strike-
slip shear zones active up to 300 Ma (Padovano 
et al., 2014, and reference therein). A branch of 
this complex network of tectonic lines known 

Figure 23. a) Comparison between P-T-paths of the lower crust in Sila (blue line) and Serre Massifs (red line) 
(after Caggianelli et al., 2007; Graessner et al., 2000; Graessner and Schenk, 2001);  b) Comparison between 
the P-T- paths of the upper crust of Sila (curves 1 and 3; after Borghi et al., 1992; Langone et al. 2010) and Serre 
Massifs (curve 2 after Angì et al., 2010).
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as East Variscan Shear Zone (EVSZ) (Corsini 
and Rolland, 2009; Elter and Padovano, 2010; 
Padovano et al., 2012; 2014) and characterised 
by a complessive dextral strike-slip, runs from 
the external massifs of the Alps to the Variscan 
Massifs of Corsica and Sardinia, also involving 
the Calabria-Peloritani Orogen (Liotta et al., 
2008; Angì et al., 2010). In spite of the similar 
geological features, produced by an analogous 
metamorphic evolution, the presence of coeval 
transpressional and/or transtensional macro-
domains may be the reason of some of the 
different features observed in the Sila and Serre 
batholiths, such as the occurrence of post-
tectonic gabbros only in the Sila one. In the same 
context, the presence of late Variscan anatectic 
magmatism in the Aspromonte Massif and in 
the Peloritani Mountain Belt, responsible for the 
production of small silica-rich intrusive bodies 
and not able to form composite batholiths, could 
be explained by their peripheral position with 
respect to the EVSZ.

Alpine scenario
The architecture of the various tectono-

stratigraphic complexes that constitute the 
massifs of the Calabrian-Peloritani Orogen 
described in the previous sections, together with 
their geological setting, would exclude that CPO 
behaved as a whole geological body during the 
Alpine orogeny. On the contrary, the orogen 
features would be the result of juxtaposition of 
crustal blocks initially belonging to different 
continental palaeomargins. The Liguride 
complex, comprised between the Apennine 
complex and the Calabride complex and 
constituted of slices of oceanic lithosphere 
belonging to the neo-Tethys realm that crop 
out discontinuously in the western and in the 
southern part of northern CPO, exhibits a 
succession of deformation stages indicative of 
a subduction towards the present-day eastward 
direction (Lanzafame and Zuffa, 1976; Piluso et 
al., 2000). These data provide useful information 

for constraining the pre-Cretaceous position 
of the continental basement of the Northern 
CPO. Structural investigation carried out on 
ophiolite units indicates a deformation history 
developed during two stages: 1) subduction 
and exhumation processes associated with 
Alpine orogenesis; 2) overprint of brittle 
deformation related to Apennine orogenesis 
and to the opening of the Tyrrhenian Sea, 
which affected the whole orogen from early 
Miocene onwards (Cirrincione et al., 2002a,b; 
Liberi et al., 2006). The ductile deformation 
structures related to Alpine tectonics led to 
the detection and kinematic characterisation 
of the Alpine accretionary wedge: Cello et al. 
(1991; 1996) recognised a subduction-related 
deformation history with a northwest-vergency 
in the Diamante area; Carrara and Zuffa (1976) 
provided structural data for the northern Catena 
Costiera, indicating a top to the west  tectonic 
transport; in the southern border of the Sila 
and Catena Costiera, Dubois (1976) and Piluso 
et al. (2000) distinguished the same groups of 
Alpine structural deformations characterised 
by the same south-westward vergency. All the 
structural data related to Alpine deformation 
events consequently confirm an Europe-verging 
accretionary wedge connected to an eastward 
subduction of oceanic lithosphere (Figure 24 - 
West Calabrian accretionary wedge). Structures 
related to the same deformation stages are 
also present within the mylonitic rocks of the 
Calabride complex (Castagna Unit; De Vuono, 
2005). Locally, in the southwestern margin of 
the Sila Massif, fragments of the Calabride 
complex showing a HP metamorphic overprint 
(Colonna and Piccarreta, 1976) may represent 
the involvement of small volumes of continental 
crustal rocks in the Alpine accretionary wedge.  
The above observations suggest that the 
Calabride complex, which overthrusted the 
ophiolite accretionary wedge after the neo-Tethys 
closure, should be located in the eastern margin 
of the oceanic basin, and therefore be either part 
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of the African palaeomargin, or of a continental 
microplate once situated between the African 
and the European plates. As already pointed out 
in the previous sections, the opposite situation 
is observed in the Aspromonte Massif and in 
the Peloritani Mountain Belt, where structures 
linked to crustal thickening and exhumation 

indicate only an African vergency, thus implying 
the existence of an accretion wedge placed to 
the west of the continental basement (Pezzino 
et al., 2008; Cella et al., 2004; Cirrincione et 
al., 2012a). The above considerations envisage 
a pre-collision scenario schematically set out in 
Figure 25, where northern CPO (including the 

Figure 24. Schematic representation of the Euro-vergency of the Liguride complex in the northern Calabria. 

Figure 25. 3D block diagram of the pre-collisional Cretaceous palaeo-geodynamic scenario of the CPO within 
the central Mediterranean area (NCAL: Northern Calabria; ASP: Aspromonte; PEL: Peloritani; SER: Serre; 
SCB: Sardinia Corsica Block; PL: Palmi Line; CL: Catanzaro Line; PFZ: Pollino Fault Zone).
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Sila and Catena Costiera Massifs) and southern 
CPO represented by the Serre and Aspromonte 
Massifs and by the Peloritani Mountain Belt, 
were located on opposite continental margins 
separated by the neo-Tethys basin; as a result, the 
northern and southern sector are ascribed to the 
African and Iberian plate, respectively. In this 
context, the Catanzaro Line, formerly identified 
for explaining the lack of Alpine metamorphism 
in southern CPO (Tortorici, 1982), is given 
now greater significance. Indeed, this important 
sinixtral strike slip line pulls together the former 
margins of the two continents and therefore 
represents a mark of the collisional suture. The 
hypothesis of an Alpine composite orogen, 
originated after the amalgamation of the two 
fragments of Iberian and African continental 
crust, is supported by the occurrence of late to 
post orogenic deposits (Stilo-Capo D’Orlando 
Formation) which exclusively crop out in the 
southern sector of the orogen and whose clastic 
component is considered to derive from the 
Sardinia-Corsica domain (Mazzoleni, 1991; 
Cirrincione, 1992; Atzori et al., 2000).

Concluding remarks

The purpose of the present paper was that 
of introducing the reader to the geology of the 
Calabria-Peloritani Orogen (CPO), outlining the 
state of the art of its geological and petrological 
knowledge and focusing to unsolved questions.

Both the strongholds and the hiata of its 
geodynamic evolution since the final stages 
of the Variscan orogenesis were presented 
and discussed; besides new challenging 
interpretations were here provided.

 A basic unresolved issue is still that revolving 
around the possible geodynamic meaning of 
the subdivision of the CPO in a northern and 
a southern sector and the first key to address 
this issue is in the comparison of the crustal 
sections exposed in the Sila and Serre Massifs. 
These crustal sections were set up during the 

Variscan orogenic cycle and shared the same 
tectono-metamorphic evolution up to the final 
stages of batholith’s construction, which were 
instead marked by significant differences. In 
fact, the final products are represented by large 
volumes of granodiorites and granites in the 
Serre Batholith and by gabbroic and dioritic 
rocks in the Sila Batholith, attesting for a 
relatively significant mantle involvement in the 
latter. This would suggest, in turn, a different 
location of the Sila and Serre Massifs with 
respect to the transpressional/transtensional 
domains developed along the last stages of 
the East Variscan Shear Zone activity, with 
northern Calabria affected by transtensional 
kinematics, as already suggested by Festa et al. 
(2008) and Padovano et al. (2012), but with the 
southern Calabria located in a transpressional 
domain, where the Serre Massif likely occupied 
a inner part while the Aspromonte Massif and 
the Peloritani Mountains, only characterised 
by small volumes of silica-rich granitoids, 
represented the most peripheral sector.  

The areas of crustal weakness distributed 
across this continental-scale shear zone system 
did likely represent preferential breakup lines in 
the subsequent Permo-Triassic Pangea rifting 
and Tethys basin opening, with strong evidence 
suggesting, as far as the CPO is concerned, that 
the northern and southern sectors of the orogen 
were located into different continental margins 
(Figure 25).

The above interpretation, also largely rising 
from the observation of the present collisional 
setting, depicts a pre-collisional scenario where 
the Sila and Catena Costiera Massifs would 
represent a fragment of the Adria palaeomargin, 
overlapped onto the oceanic domain that is 
nowadays represented by the Liguride Units, 
which are exposed with European vergency 
along the northern and southern sectors of the 
orogen. Differently, the Serre and Aspromonte 
Massifs together with the Peloritani chain 
would represent the relic of an Africa verging 
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accretionary wedge that was resulting from the 
deformation of the European continental margin, 
where the front is represented by the nappe-
like edifices of the Aspromonte Massif and the 
Peloritani Mountains, while the Serre represents 
a fragment of a more inner chain domain (i.e. 
less shortened), today laterally juxtaposed due 
to the strike-slip tectonic activity of  the Palmi 
line.

In this new framework, the Catanzaro Line 
gets the rank of segment of a sinixtral strike-slip 
line of continental-scale importance; at the same 
time, the Calabria-Peloritani Orogen can be 
envisaged as a crustal raft passively transported 
as a single piece across the Tyrrhenian Sea 
but, in fact, enshrining a relic of the collisional 
suture between the Europe and Adria continental 
blocks.

Acknowledgements

We are  grateful to both reviewers, Salvatore 
Critelli and Manish Mamtani, who helped us to 
improve the initial version of the manuscript 
and to the guest editor Davide Zanoni for useful 
suggestions. We warmly thank Michele Lustrino 
for his editorial support.

References

Acquafredda P., Lorenzoni S., Minzoni N. and 
Zanettin Lorenzoni E. (1987) - The Palaeozoic 
sequence in the Stilo-Bivongi area (Central 
Calabria). Memorie Scienze Geologiche Università 
Padova, 39, 117-127.

Acquafredda P., Barbieri M., Lorenzoni S., Trudu 
C. and Zanettin Lorenzoni E. (1991) - The age of 
volcanism and metamorphism of the Bocchigliero 
Paleozoic sequence (Sila - Southern Italy). 
Rendiconti Scienze Fisiche e Naturali Accademia 
dei Lincei, 9 (2), 145-156.

Acquafredda P., Lorenzoni S. and Zanettin Lorenzoni 
E. (1994) - Palaeozoic sequences and evolution of 
the Calabrian-Peloritan Arc (Southern Italy). Terra 
Nova, 6, 582-594.

Acquafredda P., Fornelli A., Paglionico A. and 
Piccarreta G. (2006) - Petrological evidence for 
crustal thickening and extension in the Serre 
granulite terrane (Calabria, southern Italy).  
Geological Magazine, 143, 145-163.

Acquafredda P., Fornelli A., Piccarreta G. and 
Pascazio A. (2008) - Multi-stage dehydration-
decompression in the metagabbros from the lower 
crustal rocks of the Serre (Southern Calabria, 
Italy). Geological Magazine, 145 (2), 1-15.

Alvarez W. (1976) - A former continuation of the 
Alps. Geological Society of America Bulletin, 87, 
891-896.

Alvarez W., Cocozza T. and Wezel F.C. (1974) - 
Fragmentation of the alpine orogenic belt by 
microplate dispersal. Nature, 248(5446), 309-314.

Alvarez W. and Shimabukuro D.H. (2009) - The 
geological relationships between Sardinia 
and Calabria during Alpine and Hercynian 
times. Bollettino della Società Geologica 
Italiana, 128(2), 257-268.

Amodio Morelli L., Bonardi G., Colonna V., Dietrich 
D., Giunta G., Ippolito F., Liguori V., Lorenzoni S., 
Paglionico A., Perrone V., Piccarreta G., Russo M., 
Scandone P., Zanettin-Lorenzoni E. and Zuppetta 
A. (1976) - L’arco calabro-peloritano nell’orogene 
appenninico-maghrebide. Memorie della Società 
Geologica Italiana, 17, 1-60.

Angì G., Cirrincione R., Fazio E., Fiannacca P., 
Ortolano, G.and Pezzino, A. (2010) - Metamorphic 
evolution of preserved Hercynian crustal section 
in the Serre Massif (Calabria-Peloritani Orogen, 
southern Italy). Lithos, 115, 237-262.

Appel P., Cirrincione R., Fiannacca P. and Pezzino 
A. (2011) - Age constraints on Late Paleozoic 
evolution of continental crust from electron 
microprobe dating of monazite in the Peloritani 
Mountains (southern Italy): another example 
of resetting of monazite ages in high-grade 
rocks. International Journal of Earth Sciences 
(Geologische Rundschau), 100, 107-123.

Atzori P. (1968) - Studio geologico-petrografico 
dell’affioramento mesozoico di Alì Terme 
(Messina). Accademia Gioenia di Scienze Naturali 
in Catania, 20, 134-172.

Atzori P. (1970) - Contributo alla conoscenza degli 
Scisti epizonali dei Monti Peloritani (Sicilia). 
Rivista mineraria siciliana, 21, 124-126.

Atzori P. and Vezzani L. (1974) - Lineamenti 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 The Calabria-Peloritani Orogen, a composite... 739

petrografico-strutturali della catena peloritana. 
Geologica Romana, 13, 21-27.

Atzori P., Pezzino A. and Rottura A. (1977) - La massa 
granitica di Cittanova (Calabria Meridionale): 
relazioni con le rocce granitoidi del massiccio delle 
Serre e con le metamorfiti di Canolo, San Nicodemo 
e Molochio (nota preliminare). Bollettino della 
Società Geologica Italiana, 96, 387-391.

Atzori P., Ferla P., Paglionico A., Piccarreta G. and 
Rottura A. (1984) - Remnants of the Variscan 
Orogen along the Calabrian-Peloritan Arc, southern 
Italy: a review. Journal of the Geological Society of 
London, 141, 137-145.

Atzori P., Del Moro A. and Rottura A. (1990) - Rb/
Sr radiometric data from medium- to high grade 
metamorphic rocks (Aspromonte nappe) of the 
north-eastern Peloritani Mountains (Calabrian 
Arc), Italy. European Journal of Mineralogy, 2, 
363-371.

Atzori P. and Ferla P. (1992) - The pre-Alpine 
crystalline basement of the Peloritani Mountains 
(Sicily): acquired knowledge and open questions. 
IGCP Project n. 276 Newsletter, 5, 331-320.

Atzori P., Cirrincione R., Del Moro A. and Pezzino 
A. (1994) - Structural, metamorphic and 
geochronologic features of the Alpine event in 
south-eastern sector of the Peloritani Mountains 
(Sicily), Periodico di  Mineralogia, 63, 113-125.

Atzori P., Cirrincione R., Del Moro A. and Mazzoleni 
P. (2000) - Petrogenesis of late Hercynian 
calc-alkaline dykes of mid-eastern Sardinia: 
Petrographical and geochemical data constraining 
hybridization process. European Journal of 
Mineralogy, 12(6), 1261-1282.

Atzori P., Cirrincione R., Mazzoleni P., Pezzino A. 
and Trombetta A. (2001) - A tentative pre-Variscan 
geodynamic model for the Palaeozoic basement of 
the Peloritani mountains (Sicily): Evidence from 
meta-igneous products. Periodico di Mineralogia, 
70(2), 255-267.

Atzori P., Cirrincione R., Kern H., Mazzoleni P., 
Pezzino A., Puglisi G., Punturo R.  and Trombetta 
A. (2003) - The abundance of 53 elements and 
petrovolumetric models of the crust in northeastern 
Peloritani Mountains (Site 8). Accademia 
Nazionale Delle Scienze XL, 32, 309-358.

Ayuso R., Messina A., De Vivo B., Russo S., Woodruff 
L., Sutter J. and Belkin H. (1994) - Geochemistry 
and argon thermochronology of the Variscan Sila 

Batholith, southern Italy: source rocks and magma 
evolution. Contributions to Mineralogy and 
Petrology, 117(1), 87-109.

Barca D., Cirrincione R., De Vuono E., Fiannacca P., 
Ietto F. and Lo Giudice A. (2010) - The Triassic 
rift system in the northern Calabrian-Peloritani 
Orogen: Evidence from basaltic dyke magmatism 
in the San Donato Unit. Periodico di Mineralogia, 
79, 61-72.

Beccaluva L., Macciotta G. and Spadea P. (1982) 
- Petrology and geodynamic significance of the 
Calabria-Lucania ophiolites. Rendiconti della 
Societa Italiana di Mineralogia e Petrologia, 38, 
973-987.

Beccaluva L., Bianchini G., Natali C. and Siena F. 
(2011) - Geodynamic control on orogenic and 
anorogenic magmatic phases in Sardinia and 
Southern Spain: Inferences for the Cenozoic 
evolution of the western Mediterranean. Lithos, 
123, 218-224.

Bonardi G., Giunta G., Liguori V., Perrone V., Russo 
M. and Zuppetta A. (1976) - Schema Geologico 
Dei Monti Peloritani. Bollettino della Società 
Geologica Italiana, 95, 1-26.

Bonardi G., Giunta G., Perrone V., Russo M., 
Zuppetta A. and Ciampo G. (1980a) - Osservazioni 
Sull’evoluzione Dell’arco Calabro-Peloritano Nel 
Miocene Inferiore: La Formazione  Di Stilo-Capo 
D’orlando. Bollettino della Società Geologica 
Italiana, 99, 365-393.

Bonardi G., Messina A., Perrone V., Russo M., Russo 
S. and Zuppetta A. (1980b) - La finestra tettonica 
di Cardeto (Reggio Calabria). Rendiconti della 
Società Geologica Italiana, 3, 3-4.

Bonardi G., Cello G., Perrone V., Tortorici L., Turco 
E. and Zuppetta A. (1982) - The evolution of the 
northern sector of Calabria Peloritani Arc in a 
semiquantitative palinspastic restoration. Bollettino 
della Società Geologica Italiana, 101, 259-274.

Bonardi G., Messina A., Perrone V., Russo S. and 
Zuppetta A. (1984a) - L’unita di Stilo nel settore 
meridionale dell’Arco Calabro-Peloritano, 
Bollettino della  Società Geologica Italiana, 103, 
279-309.

Bonardi G., Compagnoni R., Messina A. and Perrone 
V. (1984b) - Riequilibrazioni metamorfiche di 
probabile eta alpina nell’Unita dell’Aspromonte–
Arco Calabro Peloritano. Rendiconti della Societa 
Italiana di Mineralogia e Petrologia, 39, 613-628.



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 R. Cirrincione et al.740

Bonardi G., Compagnoni R., Del Moro A., Messina A. 
and Perrone V. (1987) - Riequilibrazioni tettonico-
metamorfiche alpine dell’Unita dell’Aspromonte, 
Calabria Meridionale. Rendiconti della Società 
Italiana di Mineralogia e Petrologia, 42, 301.

Bonardi G., Compagnoni, R., Messina, A., Perrone, 
V., Russo S., De Francesco A.M., Del Moro A. and 
Platt J. (1992) - Sovrimpronta metamorfica alpina 
nell’Unità dell’aspromonte (settore meridionale 
dell’Arco Calabro-Peloritano). Bollettino della 
Società Geologia Italiana, 111, 81-108.

Bonardi G., Giunta G., Messina A., Perrone V. and 
Russo S. (1993) - The Calabria-Peloritani Arc and 
its correlation with northern Africa and southern 
Europe. Field Trip Guidebook, IGCP Proj., 276, 
1-87.

Bonardi G., Compagnoni R., Del Moro A., Macaione 
E., Messina A. and Perrone V. (2008) - Rb–Sr age 
constraints on the Alpine metamorphic overprint 
in the Aspromonte Nappe (Calabria–Peloritani 
Composite Terrane, southern Italy). Bollettino 
della Società Geologia Italiana, 127, 173-190.

Borghi A., Colonna V. and Compagnoni R. (1992) 
- Structural and metamorphic evolutionnof the 
Bocchigliero and the Mandatoriccio complexes in 
the sila Nappe (Calabrian-Peloritan Arc, southern 
Italy). In: L. Carmignani and F.P. Sassi (Eds) 
“Contribution to the Geology of Italy with special 
regard to the Paleozoic besements” IGCP, 276, 
Newsletter, 5, 321-331.

Borsi S. and Dubois R. (1968) - Données 
géochronologiques sur l’histoire hercynienne et 
alpine de la Calabre centrale. Comptes Rendus de 
l’Académie des Sciences de Paris, 266, 72-75.

Borsi S., Merlin H.O., Lorenzoni S., Paglionico A. 
and Lorenzoni-Zanettin E. (1976) - Stilo Unit and 
“Dioritic-Kinzingitic” Unit in Le Serre (Calabria, 
Italy). Geological, petrological, geochronological 
characters. Bollettino della Società Geologica 
Italiana, 95, 219-244.

Bouillin J.P. (1984) - Nouvelle interpretation de 
la liaison Apennin-Maghrebides en Calabre: 
consequences sur la paleogeographie tethysienne 
entre Gibratltar et les Alps. Revue de Geologie 
Dynamique et de Geographie Physique, 25, 321-338.

Bouillin J.P., Durand Delga M. and Olivier Ph. (1986) 
- Betic-Rifian and Tyrrhenian Arcs: distinctive 
features, genesis and development stages. In: Wezel 
F (Eds), The Origin of Arcs. Elsevier, Amsterdam, 

281-304.
Bouillin J.P., Majeste-Menjoulas C., Baudelot S., 

Cygan C and Fournier-Vinas C. (1987) - Les 
formations paleozoique de l’Arc Calabro-Peloritain 
dans leur cadre structural. Bollettino della Società 
Geologia Italiana, 106, 683-698.

Caggianelli A., Del Moro A., Paglionico A., Piccarreta 
G., Pinarelli L. and Rottura, A. (1991) -Lower 
crustal granite genesis connected with chemical 
fractionation in the continental crust of Calabria 
(southern Italy). European Journal of Mineralogy, 
3, 159-180.

Caggianelli A. Del Moro A. and Piccarreta G. (1994) 
- Petrology of basic and intermediate orogenic 
granitoids from the Sila Massif (Calabria, southern 
Italy). Geological Journal, 29, 11-28.

Caggianelli A., Prosser G. and Di Battista P. (1997) - 
Textural features and fabric analysis of granitoids 
emplaced at different depths: the example of the 
Hercynian tonalites and granodiorites from Calabria. 
Mineralogica et Petrographica Acta, 40, 11-26.

Caggianelli A., Prosser G. and Del Moro A. (2000a) 
- Cooling and exhumation history of deep-seated 
and shallow level, late Hercynian granitoids from 
Calabria. Geological Journal, 35(1), 33-42.

Caggianelli A., Prosser G. and Rottura A. (2000b) - 
Thermal history vs. fabric anisotropy in granitoids 
emplaced at different crustal levels: An example 
from Calabria, Southern Italy. Terra Nova, 12(2), 
109-116.

Caggianelli A., Liotta D., Prosser G. and Ranalli, G. 
(2007) - Pressure-temperature evolution of the late 
Hercynian Calabria continental crust: compatibility 
with post-collisional extensional tectonics. Terra 
Nova, 19(6), 502-514.

Carmignani L., Barca S., Cappelli B., Di Pisa A., 
Gattiglio M., Oggiano G. and Pertusati P.C. (1992) 
- A tentative geodynamic model for the Variscan 
basement of Sardinia. In: L. Carmignani, F.P. 
Sassi (Eds.). Contributions to the Geology of Italy 
with special regard to the Paleozoic basements. A 
volume dedicated to Tommaso Cocozza IGCP No. 
276, Newsletter 5, 61-82.

Carminati E., Lustrino M., Cuffaro M. and 
Doglioni C.  (2010) - Tectonics, magmatism and 
geodynamics of Italy: What we know and what we 
imagine. Journal of the Virtual Explorer, Electronic 
Edition, ISSN 1441-8142, volume 36(9) In: (Eds.) 
Marco Beltrando, Angelo Peccerillo, Massimo 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 The Calabria-Peloritani Orogen, a composite... 741

Mattei, Sandro Conticelli, and Carlo Doglioni, 
The Geology of Italy: tectonics and life along plate 
margins.

Carrara A. and Zuffa G.G. (1976) - Alpine structures 
in northwestern Calabria, Italy. Bulletin of the 
Geological Society of America, 87 (9), 1229-1246.

Catalano S., De Guidi G., Monaco C., Tortorici 
G. and Tortorici, L. (2008) - Active faulting and 
seismicity along the Siculo-Calabrian Rift Zone 
(Southern Italy). Tectonophysics, 453, 177-192.

Cavazza W., Blenkinsop J., Decelles P.G., Patterson 
R.T. and Reinhardt E.G. (1997) - Stratigrafia 
e sedimentologia della sequenza sedimentaria 
oligocenico-quaternaria del bacino calabro-ionico. 
Bollettino della Società Geologia Italiana, 116, 51-
77.

Cavazza W. and Ingersoll R.V. (2005) - Detrital 
modes of the ionian forearc basin fill (oligocene-
quaternary) reflect the tectonic evolution of the 
calabria-peloritani terrane (southern Italy). Journal 
of Sedimentary Research, 75(2), 268-279.

Cella F., Cirrincione R., Critelli S., Mazzoleni P., 
Pezzino A.,  Punturo R., Fedi M. and Rapolla, A. 
(2004) - Gravity modeling in fold-thrust belts: An 
example from the Peloritani Mountains, southern 
Italy. International Geology Review, 46, 1042-1050.

Cello G., Guerra I., Tortorici L., Turco E. and Scarpa 
R. (1982) - Geometry of the neotectonic stress field 
in southern Italy: Geological and seismological 
evidence. Journal of Structural Geology, 4, 385-
393.

Cello G., Morten L. and De Francesco A.M. (1991) 
- The tectonic significance of the Diamante-
Terranova unit (Calabria, southern Italy) in the 
Alpine evolution of the northern sector of the 
Calabrian Arc. Bollettino della Società Geologica 
Italiana, 110, 685-694.

Cello G., Invernizzi C. and Mazzoli S. (1996) - 
Structural signature of tectonic processes in the 
Calabrian Arc, southern Italy: Evidence from 
the oceanic-derived Diamante-Terranova Unit. 
Tectonics, 15(1), 187-200.

Cifelli F., Mattei M. and Della Seta M. (2008) - 
Calabrian Arc oroclinal bending: The role of 
subduction. Tectonics, 27(5), art. no. TC5001.

Cirrincione R. (1992) - Relazioni strutturali e 
composizionali fra cummingtonite, orneblenda 
ed attinoto coesistenti in porfiriti K-calc-alcaline 
della Sicilia nord-orientale. Mineralogica et 

Petrographica Acta.
Cirrincione R. (1996) - Geochronologic and 

petrologic features of porphyrite rocks in the 
Tortonian conglomerate of north-eastern Sicily: 
hypothesis on their provenance. Periodico di 
Mineralogia, 65(1-2), 21-33.

Cirrincione R. and Pezzino A. (1991) - Caratteri 
strutturali dell’evento alpino nella serie mesozoica 
di Ali e nella Unita metamorfica di Mandanici 
(Peloritani orientali). Memorie della Società 
Geologica Italiana, 47, 263-272.

Cirrincione R. and Pezzino A. (1994) - Nuovi dati 
sulle successioni mesozoiche metamorfiche dei 
Monti Peloritani orientali. Bollettino della Società 
Geologia Italiana, 113, 195-203.

Cirrincione R., Atzori P. and Pezzino A. (1999) - 
Sub-greenschist facies assemblages of metabasites 
from south-eastern Peloritani range (NE-Sicily). 
Mineralogy and Petrology, 67(3-4), 193-212.

Cirrincione R., Liberi F., Morten L. and Piluso E. 
(2002a) - Il cuneo di accrezione liguride nell’area 
di Gimigliano (CZ): cinematica ed evoluzione 
strutturale e petrologica. Plinius (2002), 28. pp. 111.

Cirrincione R., Critelli S., Distilo D., Liberi F., 
Longo A. and Piluso E. (2002b) - Alpine Tectono 
– Metamorphic evolution of the Metapelites of the 
Bagni Unit: Geodynamic Implication and Relation 
with “Liguride Complex”. Plinius, 28. 108-109.

Cirrincione R., Fiannacca P., Giudice A.L. and 
Pezzino A. (2005) - Evidence of early Palaeozoic 
continental rifting from mafic metavolcanics of 
Southern Peloritani Mountains (north-eastern 
Sicily, Italy). Ofioliti, 30, 15-25.

Cirrincione R., Ortolano G., Pezzino A. and Punturo R. 
(2008a) - Poly-orogenic multi-stage metamorphic 
evolution inferred via P-T pseudosections: An 
example from Aspromonte Massif basement rocks 
(Southern Calabria, Italy). Lithos, 103, 466-502.

Cirrincione R., Fazio E., Fiannacca P., Ortolano G., 
Pezzino A. and Punturo R. (2008b) - Petrological 
and microstructural constraints for orogenetic 
exhumation modelling of HP rocks: The example 
of southern Calabria Peloritani Orogen (Western 
Mediterranean). In: GeoMod 2008, Third 
International Geomodelling Conference, Firenze, 
22-24 September 2008. Bollettino di Geofisica 
Teorica e Applicata, 49(2) 141-146.

Cirrincione R., Fazio E., Fiannacca P., Ortolano G. and 
Punturo R. (2009) - Microstructural investigation 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 R. Cirrincione et al.742

of naturally deformed leucogneiss from an alpine 
shear zone (Southern Calabria - Italy). Pure and 
Applied Geophysics, 166 (5-7), 995-1010.

Cirrincione R., Fazio E., Heilbronner R., Kern H., 
Mengel K., Ortolano G., Pezzino A. and Punturo 
R. (2010) - Microstructure and elastic anisotropy of 
naturally deformed leucogneiss from a shear zone 
in Montalto (southern Calabria, Italy). In: Spalla 
M.I., Marotta A.M. & Gosso G. (Eds.) Advances in 
Interpretation of Geological Processes. Geological 
Society of London, Special  Publication, 332, 49-68.

Cirrincione R., Fazio E., Ortolano G., Pezzino A. 
and Punturo R. (2012a) - Fault-related rocks: 
Deciphering the structural-metamorphic evolution 
of an accretionary wedge in a collisional belt, NE 
Sicily. International Geology Review, 54, 940-956.

Cirrincione R., Fazio E., Fiannacca P., Ortolano 
G., Pezzino A. and Punturo R. (2012b) - Quartz 
annealing microstructures in sheared rocks from 
the Serre Massif (Calabria, Italy). Rendiconti 
Online Società Geologica Italiana, 21, 126-128.

Cirrincione R., Fiannacca P. and Williams I.S. (2013a) 
- Zircon U-Pb Ages and δ18O in a ‘Contaminated’ 
Lower Crustal Metagabbro (Serre Massif, 
Calabria). Mineralogical Magazine, 77(5), 891.

Cirrincione R., Fiannacca P., Ortolano G., Pezzino 
A. and Punturo R. (2013b) - Granitoid stones 
from calabria (southern italy): Petrographic, 
geochemical and petrophysical characterization 
of ancient quarries of roman age. Periodico di 
Mineralogia, 82(1), 41-59.

Cirrincione R., Fazio E., Fiannacca P., Ortolano G., 
Pezzino A., Punturo R., Romano V. and Sacco V. 
(2013c) - The Alpine evolution of the Aspromonte 
Massif: Contraints for geodynamic reconstruction 
of the Calabria-Peloritani Orogen. Geological 
Field Trips, 5, 1-73.

Clarke D.B. and Rottura A. (1994) - Garnet-forming 
and garnet-eliminating reactions in a quartz diorite 
intrusion at Capo-Vaticano, Calabria, southern 
Italy. Canadian Mineralogist, 32, 623-635.

Colonna V. and Zanettin Lorenzoni E. (1972) - Gli 
scisti cristallini della Sila Piccola. 2°: rapporti tra la 
formazione delle filladi e la formazione delle pietre 
verdi nella zona di Gimigliano. Memorie della 
Società Geologica Italiana, 11(3), 261-292.

Colonna V., Lorenzoni S. and Zanettin Lorenzoni E. 
(1973) - Sull’esistenza di due complessi metamorfici 
lungo il bordo sud-orientale del massiccio granitico 

delle Serre (Calabria). Bollettino della Società 
Geologica Italiana, 92, 841-860.

Colonna V. and Piccarreta G. (1976) - Contributo 
alla conoscenza dell’unità di Castagna in Sila 
Piccola: rapporti tra micascisti, paragneiss e gneiss 
occhiadini. Bollettino della Società Geologica 
Italiana, 95, 39-48.

Corsini M. and Rolland Y. (2009) - Late evolution of 
the southern european variscan belt: Exhumation 
of the lower crust in a context of oblique 
convergence. Comptes Rendus - Geoscience, 341(2-
3), 214-223.

Crisci G.M., Maccarrone E. and Rottura A. (1979) 
- Cittanova peraluminous granites (Calabria, 
Southern Italy). Mineralogica et Petrographica 
Acta, 23, 279-302.

Crisci G.M., Donati G., Messina A., Russo S. 
and Perrone V. (1982) - L’Unita superiore 
dell’Aspromonte. Studio geologico e petrografico. 
Rendiconti della Societa Italiana di Mineralogia e 
Petrologia, 38(3). 989-1014.

Critelli S. (1999) - The interplay of lithospheric flexure 
and thrust accomodation in forming stratigraphic 
sequences in the southern Apennines foreland basin 
system, Italy. Memorie dell’Accademia Nazionale 
dei Lincei, IV ,10, 257-326.

Critelli S. and Le Pera E. (1998) - Post-Oligocene 
sediment-dispersal systems and unroofing history 
of the Calabrian microplate, Italy. International 
Geology Review, 40, 609-637.

Critelli S., Muto F., Tripodi V. and Perri F. (2011) - 
Relationships between lithospheric flexure, thrust 
tectonics and stratigraphic sequences in foreland 
setting: the Southern Apennines foreland basin 
system, Italy. In: Tectonics 2 (ed. By Schattner U.) 
Chapter 6: Intech Open Access Publisher [ISBN 
979-953-307-199-1], 121-170.

Critelli S., Muto F. and Tripodo V. (in press) - Note 
illustrative della Carta Geologica D’Italia alla scala 
1:50.000 foglio 590 Taurianova.

D’Amico C. (1979) - General picture of Hercynian 
magmatism in the Alps, Calabria-Peloritani 
and Sardinia-Corsica. International Geoscience 
Program, 5, 50-68.

D’Amico C., Rottura A., Maccarrone E. and Puglisi 
G. (1982) - Peraluminous granitic suite of Calabria-
Peloritani arc (Southern Italy). Rendiconti della 
Societa Italiana di Mineralogia e Petrologia, 38, 
35-52.



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 The Calabria-Peloritani Orogen, a composite... 743

De Gregorio S., Rotolo S.G. and Villa I.M. (2003) 
- Geochronology of the medium to high grade 
metamorphic units of the Peloritani Mts., 
Sicily.  International Journal of Earth Sciences, 
92, 852-872.

De Roever E.W.F. (1972) - Lawsonite-albite facies 
metamorphism near Fuscaldo, Calabria (southern 
Italy), its geological significance and petrological 
aspects. GUA Papers of Geology, 1(3).

De Roever E.W.F., Piccarreta G., Beunk F.F. and Kieft 
C. (1974) - Blue amphiboles from northwestern and 
central Calabria (Italy). Periodico di Mineralogia, 
43, 1-37.

De Vivo B., Ayuso R.A., Belkin H.E., Lima A., 
Messina A. and Viscardi A. (1991) - Rock 
chemistry and fluid inclusion studies as exploration 
tools for ore deposits in the Sila batholith, southern 
Italy. Journal of Geochemical Exploration, 40(1-
3), 291-310.

De Vuono E. (2005) - Evoluzione Tettono-
Metamorfica dell’Unità di Castagna (Sila e Catena 
Costiera, Calabria). PhD thesis, Università della 
Calabria (Italy), pp 32.

De Vuono E., Cirrincione R., Liberi F., Piluso E. and 
Critelli S. (2004) - The Role of the Shear Zone 
in the Evolution of the Coastal Chain (Calabria 
- Southern Italy). 32° International Geological 
Congress; In: Abstract vol. 1, 152.

De Vuono E., Cirrincione R. and Piluso E. (2007) - 
Alpine shear reactivation in the Castagna unit (Sila 
Piccola and Coastal Chain, Calabria). Geoitalia 
2007 - In: Epitome, 2, 446.

De Yoreo J.J., Lux D.R. and Guidotti C.V. (1989) - 
The role of crustal anatexis and magma migration 
in the thermal evolution of regions of thickened 
continental crust. Geological Society Special 
Publication, 43, 187-202.

Del Moro A.,  Paglionico A.,  Piccarreta G. and Rottura 
A. (1986) - Tectonic structure and post-Hercynian 
evolution of the Serre, Calabrian Arc, Southern 
Italy: geological, petrological and radiometric 
evidences. Tectonophysics, 124, 223-238.

Dewey J.F., Helman M.L., Turco E., Hutton D.H.W. 
and Knott S.D. (1989) - Kinematics of the western 
Mediterranean. In: Alpine Tectonics. (eds): M.P. 
Coward, D. Dietrich, R.G. Park, Geological Society 
of London, Special Publication, 45, 265-283.

Dietrich F. (1988) - Sense of overthrusth shear in 
the Alpine nappes of Calabria (Southern Italy). 

Journal of Structural Geology, 10, 373-381.
Dubois R. (1970) - Phases de serrage, nappes de socle 

et metamorphisme alpin a la jonction Calabre-
Apennin: la suture calabro-apenninique. Revue de 
Geologie Dynamique et de Geographie Physique, 
2, 12(3), 221-254.

Dubois R. (1976) - La suture calabro-apenninique 
Cretace-Eocene et l’ouverture Tyrrhénienne 
Neogene; étude pétrographique et structurale de la 
Calabre centrale. Thèse, Paris VI. 

Dubois R. and Truillet R. (1971) - Le 
polymétamorphisme et la structure du domaine 
Peloritain (Sicile). La notion de socle Peloritain 
antehercynien. Comptes Rendus de l’Académie des 
Sciences, Paris, 272, 2134-2136 ser. D.

Elter F.M., and Padovano M. (2010) - Discussion of 
“Deformation during exhumation of medium- and 
high-grade metamorphic rocks in the Variscan 
Chain in Northern Sardinia (Italy)” by Carosi 
R., Frassi C., Montomoli C., (2009). Geological 
Journal, 45 (4), 481-482.

England P.C. and Thompson A.B. (1984) - Pressure-
Temperature-time paths of regional metamorphism: 
part I: Heat-transfer during the evolution of 
regions of thickened continental crust. Journal of 
Petrology, 25, 894-928.

Fazio E., Cirrincione R. and Pezzino A. (2008) 
- Estimating P-T conditions of Alpine-type 
metamorphism using multistage garnet in the 
tectonic windows of the Cardeto area (southern 
Aspromonte Massif, Calabria). Mineralogy and 
Petrology, 93, 111-142.

Fazio E., Cirrincione R. and Pezzino A. (2009) - 
Garnet crystal growth in sheared metapelites 
(southern Calabria-Italy): relationships between 
isolated porphyroblasts and coalescing euhedral 
crystals. Periodico di Mineralogia, 78, 1, 3-18.

Fazio E., Cirrincione R. and Punturo R. (2010) 
- Quartz c-axis texture mapping of mylonitic 
metapelite with rods structures (Calabria, southern 
Italy): clues for hidden shear flow direction. 
Special Issue “Structural Geology-From Classical 
to Modern Concepts“. Journal of the Geological 
Society of India, 75, 171-182.

Fazio E., Casini L., Cirrincione R., Massonne H.-
J. and Pezzino A. (2012) - P-T estimates for the 
metamorphic rocks of the Stilo Unit (Aspromonte 
Massif, Calabria) and correlations with analogue 
Sardinian Variscan crystalline complexes. Special 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 R. Cirrincione et al.744

meeting of French and Italian Geological Societies 
“Variscan 2012”, May-22-23 Sassari, Italy. 
Geologie de la France, 1, 111-113.

Fazio E., Fiannacca P., Ortolano G., Cirrincione R., 
Punturo R. and Mamtani M.A. (2014) - Integrating 
field, microstructural and AMS data to determine 
the timerelationship between granite emplacement 
and regional deformation: an example from 
Calabria (Italy). Rock Deformation & Structures 
Conference: RDS-III-2014 Dibrugarh University, 
Assam, India, 83.

Fazio E., Cirrincione R. and Pezzino A. (2015a) - 
Tectono-metamorphic map of the south-western 
flank of the Aspromonte Massif (southern Calabria 
-Italy), Journal of Maps, 11, 1, 85-100.

Fazio E., Ortolano G., Cirrincione R., Pezzino A. and 
Visalli R. (2015b) - Microstructures and quartz 
c-axis patterns of mylonites at the ductile-brittle 
transition: insights from a crustal scale shear zone 
(Southern Calabria, Italy). Rendiconti Online 
Società  Geologica Italiana,  35(2), 149.

Ferla P. (1978) - Natura e significato geodinamico 
del magmatismo pre-ercinico presente nelle filladi 
e semiscisti dei monti Peloritani. Rendiconti della 
Societa Italiana di Mineralogia e Petrologia, 34, 
55-74.

Ferla P. (2000) - A model of continental crust 
evolution in the geological history of the Peloritani 
Mountains (Sicily). Memorie della Società 
Geologica Italiana, 55, 87-93.

Ferla P. and Azzaro E. (1976) - Il metamorfismo 
alpino nella serie Mesozoica di Alì. Bollettino della 
Società Geologica Italiana, 97, 775-782.

Festa V. (2014) - The amount of pure shear and 
thinning in the Hercynian continental lower crust 
exposed in the Serre Massif (Calabria, southern 
Italy): An application of the vorticity analysis 
to quartz c-axis fabrics. Italian Journal of 
Geosciences, 133, 214-222.

Festa V., Messina A., Paglionico A., Piccarreta G. and 
Rottura, A. (2004) - Pre-Triassic history recorded 
in the Calabria-Peloritani segment of the Alpine 
chain, southern Italy. An overview. Periodico di 
Mineralogia, 73(2), 57-71.

Festa V., Fornelli A., Paglionico A., Pascazio A., 
Piccarreta G. and Spiess R. (2012) - Asynchronous 
extension of the late-Hercynian crust in Calabria. 
Tectonophysics, 518-521, 29-43.

Festa V., Caggianelli A., Langone A. and Prosser 

G. (2013) - Time–space relationships among 
structural and metamorphic aureoles related to 
granite emplacement: a case study from the Serre 
Massif (southern Italy). Geological Magazine, 150, 
441-454.

Fiannacca P., Brotzu P., Cirrincione R., Mazzoleni P. 
and  Pezzino A. (2005a) - Alkali metasomatism as 
a process for trondhjemite genesis: evidence from 
Aspromonte Unit, north-eastern Peloritani, Sicily. 
Mineralogy and Petrology, 84, 19-45.

Fiannacca P., Cirrincione R., Mazzoleni A., Pezzino 
A., and Sergi A. (2005b) - Petrographic and 
geochemical features of Hercynian migmatites 
from north-eastern Peloritani (north-eastern 
Sicily): preliminary data. Bollettino Accademia 
Gioenia Scienze  Naturali, 38, 151-172.

Fiannacca P., Williams I.S., Cirrincione R. and 
Pezzino A. (2008) - Crustal Contributions to 
Late Hercynian Peraluminous Magmatism in the 
Southern Calabria Peloritani Orogen, Southern 
Italy: Petrogenetic Inferences and the Gondwana 
Connection. Journal of Petrology, 49, 1897-1514.

Fiannacca P., Lo Pò D., Ortolano G., Cirrincione 
R. and Pezzino, A. (2012) - Thermodynamic 
modeling assisted by multivariate statistical image 
analysis as a tool for unraveling metamorphic 
P-T-d evolution: An example from ilmenite-garnet-
bearing metapelite of the Peloritani Mountains, 
Southern Italy. Mineralogy and Petrology, 106, 
151-171.

Fiannacca P., Williams I.S., Cirrincione R. and 
Pezzino A. (2013) - The augen gneisses of the 
Peloritani Mountains (NE Sicily): granitoid magma 
production during rapid evolution of the northern 
Gondwana margin at the end of the Precambrian. 
Gondwana Research, 23, 782-796.

 Fiannacca, P., Cirrincione, R., Bonanno, F., Carciotto, 
M.M. (2015) - Source-inherited compositional 
diversity in granite batholiths: The geochemical 
message of Late Paleozoic intrusive magmatism in 
central Calabria (southern Italy). Lithos, 236-237, 
123-140.

Fornelli A., Micheletti F. and Piccarreta G. (2007) 
- The Neoproterozoic-Early Cambrian felsic 
magmatism in Calabria (Italy): Inferences as to 
the origin and geodynamic setting. Periodico di 
Mineralogia, 76, 99-112.

Fornelli A., Langone A., Micheletti F. and Piccarreta 
G. (2011) - Time and duration of Variscan high-



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 The Calabria-Peloritani Orogen, a composite... 745

temperature metamorphic processes in the south 
European Variscides: Constraints from U-Pb 
chronology and trace element chemistry of zircon. 
Mineralogy and Petrology, 103,101-122.

Franke W. (2000) - The mid-European segment of 
the Variscides: Tectonostratigraphic units, terrane 
boundaries and plate tectonic evolution, in Franke, 
W., Haak, V., Oncken, O., and Tanner, D., eds., 
Orogenic processes: Quantification and modelling 
in the Variscan belt. Geological Society of London, 
Special Publication, 179, 35-60.

Ghisetti F., Scarpa R. and Vezzani L. (1982) - Seismic 
activity, deep structures and deformation processes 
in the Calabrian Arc, Southern Italy. Earth 
Evolution Sciences, 3, 248-260.

Ghisetti F., Pezzino A., Atzori P. and Vezzani L. 
(1991) - Un approccio strutturale per la definizione 
della linea di Taormina: risultati preliminari. 
Memorie della  Società Geologica Italiana, 47, 
273-289.

Graessner T. and Schenk V. (1999) - Low-pressure 
metamorphism of Palaeozoic pelites in the 
Aspromonte, southern Calabria: constraints for the 
thermal evolution in the Calabrian crustal cross-
section during the Variscan orogeny. Journal of 
Metamorphic Geology, 17 (2), 157-172.

Graessner T., Schenck V., Brocker M. and Mezger K. 
(2000) - Geochronological constraints on timing 
of granitoid magmatism, metamorphism and post-
metamorphic cooling in the Hercynian crustal 
cross-section of Calabria. Journal of Metamorphic 
Geology, 18, 409-421.

Graessner T. and Schenk V. (2001) - An Exposed 
Hercynian Deep Crustal Section in the Sila 
Massif of Northern Calabria: Mineral Chemistry, 
Petrology and a P-T Path of Granulite-facies 
Metapelitic Migmatites and Metabasites. Journal 
of Petrology, 42(5), 931-961.

Grandjacquet C. (1962) - Données nouvelles sur la 
tectonique tertiaire des massifs calabro-lucaniens. 
Bulletin de la Société géologique de France, 4, 
695-706.

Guerrera F., Martın-Algarra A. and Perrone V. (1993) 
- Late Oligocene-Miocene syn-late-orogenic 
successions in Western and Central Mediterranean 
Chains from the Betic Cordillera to the Southern 
Apennines. Terra Nova, 5, 525-544.

Haccard D., Lorentz C. and Grandjacquet C. (1972) 
- Essal sur l’èvolution tectogénétic de la liason 

Alpes- Apennines (de la Ligurie à la Calabre). 
Memorie della Società Geologica Italiana, 11, 
309-341.

Hieke-Merlin, O. and Lorenzoni S. (1972) - Il 
massiccio “granitico” delle Serre (Calabria). 
Memorie Istituto Geologico e Paleontologico, 29, 
1, 4.

Heymes T., Bouillin J.-P., Pêcher A., Monié P. and 
Compagnoni, R. (2008) - Middle Oligocene 
extension in the Mediterranean Calabro-Peloritan 
belt (southern Italy): Insights from the Aspromonte 
nappes pile. Tectonics, 27(2), art. no. TC2006.

Heymes T., Monié P., Arnaud N., Pêcher A., Bouillin 
J. and Compagnoni R. (2010) - Alpine tectonics in 
the calabrian-peloritan belt (southern italy): New 
40Ar/39Ar data in the Aspromonte Massif area. 
Lithos, 114(3-4), 451-472.

Ietto A. and Barillaro A.M. (1993) - L’Unità di 
San Donato quale margine deformato cretacico-
paleogenico del bacino di Lagonegro (Appennino 
meridionale-Arco Calabro). Bollettino della 
Società Geologica Italiana, 111, 193-215.

Ietto A. and Ietto F. (1998) - Sviluppo e annegamento 
di un sistema carbonatico piattaforma-bacino nel 
Trias superiore della Catena Costiera calabrese. 
Bollettino della Società Geologica Italiana, 117, 
313-331.

Ietto F. and Bernasconi M.P. (2005) - The cliff 
bordering the northwestern margin of the Mesima 
Basin (Southern Calabria) is of pleistocene age. 
Geografia Fisica e Dinamica Quaternaria, 28(2), 
205-210.

Ioppolo S. and Puglisi G. (1988) - Petrological study 
of some hercynian metamorphics from the NE 
peloritani mountains, sicily. [Studio petrologico di 
alcune metamorfiti erciniche dei Monti Peloritani 
Nord Orientali (Sicilia)] . Rendiconti della Societa 
Italiana di Mineralogia e Petrologia, 43(3), 643-
656.

Knott S.D. (1987) - The Liguride Complex of Sothern 
Italy- a Cretaceous to Paleogene accretionary 
wedge. Tectonophysics, 142, 217-226.

Langone A., Godard G., Prosser G., Caggianelli A., 
Rottura A. and Tiepolo, M. (2010) - P-T-t path 
of the Hercynian low-pressure rocks from the 
Mandatoriccio complex (Sila Massif, Calabria, 
Italy): new insights for crustal evolution. Journal 
of Metamorphic Geology, 28(2), 137-162.

Lanzafame G., and Zuffa GG. (1976) - Geologia e 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 R. Cirrincione et al.746

Petrografia del foglio Bisignano (Bacino del Crati, 
Calabria). Geologica Romana, XV, 223-270.

Lentini F. and Vezzani L. (1975) - Le unità meso-
cenozoiche della copertura sedimentaria del 
basamento cristallino peloritano (Sicilia nord-
orientale). Bollettino della Società Geologica 
Italiana, 94, 537-554.

Liberi F., Morten L. and Piluso E. (2006) - 
Geodynamic significance of ophiolites within the 
Calabrian Arc. Island Arc 15, 26-43.

Liberi F., Piluso E. and Langone A. (2011) - Permo-
Triassic thermal events in the lower Variscan 
continental crust section of the Northern Calabrian 
Arc, Southern Italy: Insights from petrological data 
and in situ U-Pb zircon geochronology on gabbros. 
Lithos, 124, 291-307.

Limanowsky M. (1913) - Die grosse Kalabrische 
Decke: Bulletin Societe Cracovie, Cl. Sc. Math., 
Nat., Serie, 6, 370-385.

Liotta D., Caggianelli A., Kruhl J. H., Festa V., Prosser 
G. and Langone A. (2008) - Multiple injections of 
magmas along a Hercynian mid-crustal shear zone 
(Sila Massif, Calabria, Italy). Journal of Structural 
Geology. 30(10), 1202-1217. DOI:10.1016/j.
jsg.2008.04.005.

Lorenzoni, S. and Zanettin Lorenzoni, E. (1979) 
- Problemi di correlazione tettonica Sila-
Aspromonte. Bollettino della Società Geologica 
Italiana, 98, 227-238.

Lorenzoni S. and Zanettin Lorenzoni E. (1983) - Note 
illustrative della Carta geologica della Sila alla 
scala 1:200.000. Memorie di Scienze Geologiche, 
36.

Macciotta G., Zuppetta A. and Zeda O. (1986) - 
Caratteri petrografici e significato geotettonico 
delle metavulcaniti basiche triassiche dell’Unita` 
di San Donato (Calabria). Bollettino della Società 
Geologica Italiana, 105, 195-202.

 Matte P. (2001) - The Variscan collage and orogeny 
(480-290 Ma) and the tectonic definition of the 
Armorica microplate: A review. Terra Nova, 13, 
122-128.

Mazzoleni P. (1991) - Le rocce porfiriche del 
conglomerate basale della formazione di Stilo 
Capo d’Orlando. Memorie della Società Geologica 
Italiana, 47, 557-565.

Messina A., Russo S., Stagno F., Calandra M. 
(1988) - Petrochemistry and mineralogy of Monte 
Cacciagrande granite. Stilo Unit (Calabrian-

Peloritan Arc, Southern Italy). Rendiconti della 
Societa Italiana di Mineralogia e Petrologia, 
43(2), 569-586.

Messina A., Compagnoni R., Russo S., De Francesco 
A.M. and Giacobbe A. (1990) - Alpine metamorphic 
overprint in the Aspromonte nappe of northeastern 
Peloritani Mts. (Calabria-Peloritani Arc, Southern 
Italy). Bollettino della Società Geologica Italiana, 
109, 655-673.

Messina A., Compagnoni R., De Vivo B., Perrone 
V., Russo S., Barbieri M. and Scott A.B. (1991) 
- Geological and Petrochemical study of the Sila 
Massif Plutonic rocks (Northern Calabria, Italy). 
Bollettino della Società Geologica Italiana, 110, 
165-210.

Messina A., Compagnoni R., De Francesco A.M. and 
Russo S. (1992) - Alpine metamorphic overprint in 
the crystalline basement of the Aspromonte Unit 
(Calabrian Peloritan Arc - southern Italy). IGCP, 
276, Newsletter, 5, 353-379, Siena.

Messina A. and Somma R. (2002) - Pre-Alpine and 
Alpine Tectonics in the Southern Sector of the 
Calabria-Peloritani Arc (Italy). Plinius, 28, 214-
216.

Micheletti F., Barbey P., Fornelli A., Piccarreta G. and 
Deloule E. (2007) - Latest Precambrian to Early 
Cambrian U–Pb zircon ages of augen gneisses 
from Calabria (Italy), with inference to the Alboran 
microplate in the evolution of the peri-Gondwana 
terranes. International, Journal of Earth Sciences, 
96, 843-860.

Micheletti F., Fornelli A., Piccarreta G., Barbey P. 
and Tiepolo M. (2008) - The basement of Calabria 
(southern Italy) within the context of the Southern 
European Variscides: LA-ICPMS and SIMS U-Pb 
zircon study. Lithos, 104, 1-11.

Micheletti, F., Fornelli, A., Piccarreta, G. and 
Tiepolo M. (2011) - U-Pb zircon data of Variscan 
meta-igneous and igneous acidic rocks from an 
Alpine shear zone in Calabria (southern Italy). 
International Journal of Earth Sciences, 100, 139-
155.

Morelli D., Cuppari A., Colizza E. and Fanucci F. 
(2011) - Geomorphic setting and geohazard related 
features along the Ionian Calabrian margin between 
Capo Spartivento and Capo Rizzuto (Italy). Marine 
Geophysical Research, 32, 139-149.

Morten L. and Tortorici L. (1993) - Geological 
framework of the ophiolite-bearing allochtonous 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 The Calabria-Peloritani Orogen, a composite... 747

terranes of the Calabrian Arc and Lucanian 
Apennine. In: Italian Eclogites and related rocks. 
L. Morten Ed. Accademia Nazionale delle Scienze 
detta dei XL, 13, 145-150.

Ogniben L. (1960) - Nota illustrativa dello schema 
geologico della Sicilia nord-orientale. Riv. Min. 
Sic., 64-65, 183-212.

Ogniben L. (1970) - Paleotectonic history of Sicily. 
In: Geology and History Sicily (Eds. W. Alvarez 
and K.H.A. Gohrbandt).PESL, Tripoli. 133-143.

Ogniben L. (1973) - Schema geologico della Calabria 
in base ai dati odierni. Geologica Romana, 12, 243-
585.

Ogniben L. (1981) - Relazione sul modello 
Geodinamico “Conservativo” della regione 
Italiana. ENEA, pp 357.

Ortolano G., Cirrincione R. and Pezzino A. (2005) 
- PT evolution of Alpine metamorphism in the 
southern Aspromonte Massif (Calabria - Italy). 
Schweizer Mineralogische und Petrographische 
Mitteilungen, 85, 31-56.

Ortolano G., Cirrincione R., Pezzino A. and Puliatti 
G. (2013) - Geo-Petro-Structural study of the 
Palmi shear zone: Kinematic and rheological 
implications.  Rendiconti Online della Società 
Geologica Italiana, 29, 126-129.

Ortolano G., Visalli R., Cirrincione R. and Rebay G. 
(2014) PT-path reconstruction via unraveling of 
peculiar zoning pattern in atoll shaped garnets via 
image assisted analysis: An example from the Santa 
Lucia del Mela garnet micaschists (Northeastern 
Sicily-Italy). Periodico di Mineralogia, 83(2), 257-
297.

Ortolano G., Cirrincione R., Pezzino A., Tripodi V. 
and Zappalà L. (2015) - Petro-structural geology 
of the Eastern Aspromonte Massif crystalline 
basement (southern Italy-Calabria): an example 
of interoperable geo-data management from thin 
section - to field scale. Journal of Maps, 11(1), 
181-200.

Padovano M., Elter F.M., Pandeli E. and Franceschelli 
M. (2012) - The East Variscan Shear Zone: New 
insights into its role in the Late Carboniferous 
collision in southern Europe. International 
Geology Review, 54(8), 957-970.

Padovano M., Dorr W., Elter F.M. and Gerdes 
A. (2014) - The East Variscan Shear Zone: 
Geochronogical constraints from the Capo Ferro 
area (NE Sardinia, Italy). Lithos, 196-197, 27-41.

Paglionico A. and Rottura A. (1979) - Variscan 
magmatism in the Calabro-Peloritani Arc 
(Southern Italy). In: Sassi F.P. Ed., IGCP Project, 
N.5, Newsletter, 1, 83-92. 

Peressini G., Quick J.E., Sinigoi S., Ofmann A.W. 
and Fanning M. (2007) - Duration of a large mafic 
intrusion and heat transfer in the lower crust: a 
SHRIMP U-Pb zircon study in the Ivrea-Verbano 
zone (Western Alps, Italy). Journal of Petrology, 
48(6), 1185-1218.

Perri F., Cirrincione R., Critelli S., Mazzoleni P. and 
Pappalardo A. (2008) - Clay Mineral Assemblages 
and Sandstone Compositions of the Mesozoic 
Longobucco Group, Northeastern Calabria: 
Implications for Burial History and Diaganetic 
Evolution. International Geology Review, 50, 
1116-1131.

Perrone V. (1996) - Une nouvelle hypothèse sur 
la position paléogéographique et l’èvolution 
tetonique des Unitès de Verbicaro et de San Donato 
(region Calabro-Lucanienne; Italie):implications 
sur le limite Alpes-Apennines en Calabre. Comptes 
Rendus de l’Académie des Sciences, Paris, 322, 
877-884.

Pezzino A. (1982) - Confronti petrografici e 
strutturali tra i basamenti metamorfici delle unità 
inferiori dei Monti Peloritani (Sicilia). Periodico di 
Mineralogia, 1, 35-50.

Pezzino A., Pannucci S., Puglisi G., Atzori P., Ioppolo 
S. and Lo Giudice A. (1990) - Geometry and 
metamorphic environment of the contact between 
the Aspromonte - Peloritani Unit (Upper Unit) and 
Madonna dei Polsi Unit (Lower Unit) in the central 
Aspromonte area (Calabria). Bollettino della 
Società Geologica Italiana, 109, 455-469.

Pezzino A., Puglisi G., Pannucci S. and Ioppolo S. 
(1992) - Due unita cristalline a grado metamorfico 
diverso in Aspromonte centrale. Geometria dei 
loro rapporti, ambientazione metamorfica del loro 
contatto e caratteri petrografici delle metamorfiti. 
Bollettino della Società Geologica Italiana, 111, 
69-80.

Pezzino A., Angi G., Cirrincione R., De Vuono E., 
Fazio E., Fiannacca P., Lo Giudice A., Ortolano 
G. and Punturo R. (2008) - Alpine metamorphism 
in the Aspromonte Massif: implications for a new 
framework for the southern sector of the Calabria-
Peloritani Orogen (Italy). International Geology 
Review, 50, 423-441.



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 R. Cirrincione et al.748

Piluso E., Cirrincione R. and Morten L. (2000) - 
Ophiolites of the Calabrian peloritan arc and their 
relationships with the crystalline basement (Catena 
Costiera and Sila Piccola, Calabria, southern Italy) 
Glom 2000 excursion guide-book. Ofioliti, 25(2), 
117-140.

Piluso E. and Morten L. (2004) -Hercynian high 
temperature granulites and migmatites from the 
Catena Costiera, northern Calabria, southern Italy. 
Periodico di Mineralogia, 73, 159-172. 

Platt J.P. and Compagnoni R. (1990) - Alpine ductile 
deformation and metamorphism in a Calabrian 
basement nappe (Aspromonte, south Italy). 
Eclogae Geologicae Helvetiae, 83, 41-58.

Prosser G., Caggianelli A., Rottura A. and Del Moro 
A. (2003) - Strain localisation driven by marble 
layers: The Palmi shear zone (Calabria-Peloritani 
terrane, Southern Italy). GeoActa, 2, 155-166. 

Puglisi G. and Pezzino A. (1994) - Metamorphism 
in the central Aspromonte area: geological, 
mineralogical and petrogenetic relationships. 
Periodico di Mineralogia, 63, 153-168.

Punturo R., Fiannacca P., Lo Giudice A., Pezzino A., 
Cirrincione R., Liberi F. and Piluso E. (2004) - Le 
cave storiche della “pietra verde” di Gimigliano e 
Monte Reventino (calabria): Studio petrografico 
e geochimico. Accademia Gioenia di Scienze 
Naturali Catania, 37, 35-57.

Punturo R., Kern H., Cirrincione R., Mazzoleni P., 
and Pezzino A. (2005) - P- and S-wave velocities 
and densities in silicate and calcite rocks from the 
Peloritani Mountains, Sicily (Italy): The effect of 
pressure, temperature and the direction of wave 
propagation. Tectonophysics, 409(1-4), 55-72.

Punturo R., Bloise A., Critelli T., Catalano M., 
Fazio E. and Apollaro C. (2015) - Environmental 
implications related to natural asbestos 
occurrences in the ophiolites of the Gimigliano-
Mount Reventino unit (Calabria, southern 
Italy). International Journal of Environmental 
Research, 9(2), 405-418. 

Rebay G. and Spalla M.I. (2001) - Emplacement 
at granulite facies conditions of the Sesia-
Lanzometagabbros: an early record of Permian 
rifting? Lithos, 58, 85-104.

Romano V., Cirrincione R., Fiannacca P., 
Lustrino M. and Tranchina A. (2011) - Late-
Hercynian post-collisional dyke magmatism 
in central Calabria (Serre Massif, southern 

Italy). Periodico di Mineralogia, 80, 489-515. 
DOI:10.2451/2011PM0032.

Romano V., Cirrincione R., Fiannacca P., Tranchina 
A. and Villa I.M. (2012) - Petrologic constraints 
on post-Variscan andesite dyke magmatism in the 
Sila Massif (northern Calabria). Rendiconti Online 
Societa Geologica Italiana, 21(part 1), 148-150.

Rossetti F., Faccenna C., Goffe B., Monie P., 
Argentieri A., Funiciello R. and Mattei M. (2001) - 
Alpine structural and metamorphic segnature of the 
Sila Piccola Massif nappe stack (Calabria, Italy): 
Insights for the tectonic evolution of the Calabrian 
Arc. Tectonics, 20, 112-133.

Rotolo S. and De Fazio P. (2001) - Clinopiroxene-
bearing garnet amphibolites from the Ferrà Valley 
(northern Peloritani Mts., Sicily). Bollettino della 
Società Geologica Italiana, 120(1), 31-35.

Rottura A., Bargossi G.M., Caironi V., Del Moro A., 
Maccarrone E., Macera P., Paglionico A., Petrini 
R., Piccareta G. and Poli G. (1990) - Petrogenesis 
of contrasting Hercynian granitoids from the 
Calabrian Arc, Southern Italy. Lithos, 24, 97-119.

Rottura A., Del Moro A., Pinarelli L., Petrini R., 
Peccerillo A., Caggianelli A. and Piccarreta G. 
(1991) - Relationships between intermediate 
and acidic rocks in orogenic granitoid suites: 
Petrological, geochemical and isotopic (Sr, Nd, 
Pb) data from capo vaticano (southern Calabria, 
Italy). Chemical Geology, 92(1-3), 153-176.

Rottura A., Caggianelli A., Campana R. and Del Moro 
A. (1993) - Petrogenesis of Hercynian peraluminous 
granites from the Calabrian Arc, Italy. European 
Journal of Mineralogy, 5(4), 737-754.

Sacco V. (2012) - Le miloniti dell’unità di Castagna: 
studio petrologico-strutturale ed implicazioni 
geodinamiche, http://hdl.handle.net/10761/986, 
PhD thesis, University of Catania, 127 pp.

Scandone P. (1979) - Origin of the Tyrrhenian Sea and 
Calabrian Arc. Bollettino della Società Geologica 
Italiana, 98, 27-34.

Scandone P. (1982) - Structure and evolution of the 
Calabrian Arc. Earth Evolution Sciences, 3, 172-
180.

Schenk V. (1980) - U-Pb and Rb-Sr radiometric 
dates and their correlation with metamorphic 
events in the granulitic-facies basement of the 
Serra, Southern Calabria (Italy). Contribution to 
Mineralogy and Petrology, 73, 23-38.

Schenk V. (1984) - Petrology of felsic granulites, 



Periodico di Mineralogia (2015), 84, 3B (Special Issue), 701-749 The Calabria-Peloritani Orogen, a composite... 749

metapelites metabasics, ultramafics, and 
metacarbonates from southern Calabria (Italy): 
prograde metamorphism, uplift and cooling of a 
former lower crust. Journal of Petrology 25, 255-
298.

Schenk V. (1990) - The exposed crustal cross section 
of southern Calabria, Italy: structure and evolution 
of a segment of Hercynian crust. In: M.H. Salisbury, 
Fountain D.M. (Eds.). Exposed Cross Sections of 
the Continental Crust. Dordrecht: Kluwer, 21-42.

Somma R., Navas-Parejo P., Martín-Algarra A., 
Rodríguez-Cañero R., Perrone V. and Martínez-
Pérez C. (2013) - Paleozoic stratigraphy of the 
Longi-Taormina Unit (Peloritanian Mountains, 
southern Italy). Stratigraphy, 10, 127-152.

Spadea P., Tortorici L. and Lanzafame G. (1976) 
- Serie ofiolitifere nell’area compresa fra Tarsia 
e Spezzano Albanese (Calabria): stratigrafia, 
petrografia, rapport strutturali. Memorie della 
Società Geologica Italiana, 17, 135-174.

Stampfli G.M. and Borel G.D. (2002) - A Plate 
tectonic model for the Paleozoic and Mesozoic 
constrained by dynamic plate boundaries and 
restored synthetic oceanic isochrones. Earth and 
Planetary Science Letters, 196, 17-33.

Stampfli G.M. and Kozur H.W. (2006) - Europe 
from the Variscan to Alpine Cycle. In: Gee 
D.G., Stephenson R.A. (Eds.), European 
lithosphere Dynamics, The Geological Society of 
London’s Memoirs, 32, 57-82.

Thomson S.N. (1994) - Fission track analysis of the 
crystalline basement rocks of the Calabrian Arc, 
southern Italy: evidence of Oligo-Miocene late-
orogenic extension and erosion. Tectonophysics, 
238, 331-35.

Thomson S.N. (1998) - Assessing the nature 
of tectonics contacts using fission-tracks 
thermochronology: an example from the Calabrian 
arc, southern Italy. Terra Nova, 10, 32-36.

Tortorici L. (1982) - Lineamenti geologico-strutturali 
dell’Arco Calabro Peloritano. Rendiconti Società 
Italiana di Mineralogia e  Petrologia, 4, 927-940.

Tortorici L., Monaco C., Tansi C. and Cocina 
O. (1995) - Recent and active tectonics in the 
Calabrian Arc (Southern Italy). Tectonophysics, 
243, 37-55.

Tortorici L., Catalano S. and Monaco C. (2009) - 
Ophiolite-bearing mélanges in southern Italy. 
Geological Journal, 44(2), 153-166.

Tripodi V., Muto F. and Critelli S. (2013) - Structural 
style and tectono-stratigraphic evolution of the 
Neogene-Quaternary Siderno Basin, southern 
Calabrian Arc, Italy, International Geology Review, 
55, 4,468-481.

Trombetta A., Cirrincione R., Corfu F., Mazzoleni 
P. and Pezzino A. (2004) - Mid-Ordovician U-Pb 
ages of porphyroids in the Peloritan Mountains 
(NE Sicily): palaeogeographical implications for 
the evolution of the Alboran microplate. Journal of 
the Geological Society, 161(2), 265-276.

Vai G.B. (1992) - Il segmento calabro-peloritano 
dell’orogene ercinico. Disaggregazione palinspastica. 
Bollettino della Società Geologica Italiana, 111, 
109-129.

Van Dijk J.P., Bello M., Brancaleoni G.P., Cantarella 
G., Costa V., Frixa A., Golfetto F., Merlini S., Riva 
M., Torricelli S., Toscano C. and Zerilli A. (2000) 
- A regional structural model for the northern 
sector of the Calabrian Arc (southern Italy). 
Tectonophysics, 324, 267-320. 

Von Raumer J., Stampfli G.M., and Bussy F. 
(2003) - Gondwana derived microcontinents - the 
constituents of the Variscan and Alpine collisional 
orogens. Tectonophysics, 365, 7-22.

Williams I.S., Fiannacca P., Cirrincione and Pezzino 
A. (2012) - Peri-Gondwanan origin and early 
geodynamic history of NE Sicily: A zircon tale 
from the basement of the Peloritani Mountains. 
Gondwana Research, 22, 855-865.

Zecchin M., Caffau M., Di Stefano A., Maniscalco 
R., Lenaz D., Civile D., Muto F., Critelli S. (2013) 
- The Messinian succession of the Crotone Basin 
(southern Italy) II: Facies architecture and stratal 
surfaces across the Miocene-Pliocene boundary. 
Marine and Petroleum Geology, 48, 474-492.

Zuffa G.G., Gaudio W. and Rovito S. (1980) - Detritial 
mode evolution of the rifted continental-margin 
Longobucco Sequence (Jurassic), Calabrian Arc, 
Italy. Journal of Sedimentary Petrology, 50, 51-62.

Submitted, March 2015 - Accepted, November 2015




