
INTRODUCTION

In the Catena Costiera (Coastal Chain) and the Sila Pic-
cola (northern sector of the Calabrian Peloritan Arc), South-
ern Italy, remnants of continental and oceanic lithosphere
still preserve the records of a geodynamic history developed
throughout the Mesozoic rifting and Jurassic oceanic open-
ing stages followed by the Cretaceous-Tertiary convergence
phase, mainly consisting of subduction- and continental col-
lision-related events. The main aims of the present Guide-
Book is to illustrate the main features of the oceanic and
continental rocks involved in the related magmatic and
tectonometamorphic processes.

A GEOLOGICAL OVERVIEW OF THE CALABRIAN
PELORITAN ARC

The Alpine nappe system of the Calabrian Peloritan Arc
(CPA) represent a bend segment of the Perimediterranean
orogenic chain located between the Maghrebian-Sicilian and
Apennine thrust-and-fold belts (Fig. 1). The CPA has been

subdivided into northern and southern sectors separated by a
tectonic line running along the Catanzaro trough (Fig. 1)
(Bonardi et al., 1980, 1982; Tortorici, 1982; Boccaletti et
al., 1984; Vai, 1992). Two mountain chains are present in
the northern sector: the Catena Costiera and the Sila moun-
tains. They are separated by the Crati valley where an elon-
gated basin bounded by N-S trending normal faults was de-
veloped from late Pleistocene onwards (Cello et al., 1982;
Tortorici et al., 1995). In the Sila and Catena Costiera
chains a stack of thrust sheets consisting of Apennine Meso-
zoic sequences, Mesozoic ophiolitic sequences, pre-Hercyn-
ian to Hercynian crystalline basement rocks intruded by
late-Hercynian plutonic rocks crops out (Amodio Morelli et
al., 1976; Dubois, 1976; Dietrich, 1976, 1988; Lanzafame
and Zuffa, 1976; Tortorici, 1982; Ayuso et al., 1994; Piluso,
1997; Piluso et al., 1998). The crystalline basement rocks
represent the remnants of a continental crust that underwent
a long-lived and complex evolution from pre-Alpine to
Alpine orogenesis. During the Alpine orogenesis this conti-
nental crust was separated from the southern portion of the
Iberian plate and thrusted over the Adria plate from the late
Oligocene onwards (Thomson, 1998; Critelli, 1999 and
therein references).

The nappe system of the northern CPA has been subdi-
vided into three main tectonic complexes, from bottom to
top: the Panormide or Apennine units Complex, the Lig-
uride Complex and the Calabride Complex (Ogniben, 1973;
Morten and Tortorici, 1993 and therein references), each di-
vided into several tectonics units (Amodio Morelli et al.,
1976; Scandone, 1982; Messina et al., 1994) (Figs. 2 and 3). 

The Apennine units Complex is represented by low-
grade Palaeozoic crystalline basement covered by Mesozoic
carbonate deposits (Ietto and Barillaro, 1993; Iannace et al.,
1995; Perrone, 1996; Ietto and Ietto, 1998). The Apennine
units Complex was involved in the collision between the
Iberian and African plates during the early Miocene leading
to present-day Africa-vergent Apennine belt (Critelli, 1999
and quoted references). Their origin as African or European
paleomargin is still matter of debate (Alvarez, 1976; Chan-
nel et al., 1989; Dewey et al., 1989; Cello et al., 1990; Ietto
and Barillaro, 1993).

The Liguride Complex consists of two Mesozoic ophi-
olitic units regarded as neo-Tethyan oceanic remnants (De
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Fig. 1 - Geodynamic sketch of the Mediterranean area, after Platt and
Compagnoni (1990) partly modified.



Roever, 1972; Lanzafame et al., 1979; Beccaluva et al.,
1982; Guerrera et al., 1993; Cello et al., 1996). According to
stratigraphic and structural data (Alvarez, 1976; Carrara and
Zuffa, 1976; Dietrich, 1988; Cello et al., 1991, 1996), these

units record subduction and continent-continent collision
processes related to E-NE dipping subduction during pre-
Lutetian time (Cello et al., 1991).

The Calabride Complex occurs at the highest structural
level in the nappe system. It is represented by a late-Hercyn-
ian continental crust with Mesozoic sedimentary cover
(Longobucco Unit) (Messina et al., 1994; Piluso and
Morten, 1999). This sequence experienced only brittle de-
formation from 23 Ma onwards (Thomson, 1994). The sig-
nificance and the paleogeographic location of this complex
are still matter of debate and the following hypotheses have
been put forward: i) it represents the neo-Tethys European
margin (Ogniben, 1973; Bouillin, 1984; Dietrich, 1988;
Dewey et al., 1989; Knott, 1994; Thomson, 1998); ii) it is a
portion of the Austroalpine domain of the Africa plate (Hac-
card et al., 1972; Alvarez et al., 1974; Alvarez, 1976;
Amodio Morelli et al., 1976; Scandone, 1979, 1982; Bonar-
di et al., 1982, 1993); iii) it can be regarded as the basement
and relative cover of a microcontinent located between the
Europe and Africa plates (Wildi, 1983; Guerrera et al.,
1993; Cello et al., 1996; Critelli and Le Pera, 1998; Piluso
and Morten, 1997, 1999); iv) it is the result from the accre-
tion of three crustal microplates (Vai, 1992).

STRUCTURAL SKETCH OF THE SILA PICCOLA

The Sila Piccola is located in the southern part of the
northern sector of the CPA. It is bounded to the north by the
geographic parallel running across the Lago Arvo and to the
south by the Catanzaro trough.
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Fig. 2 - Schematic reconstruction of the Complexes and Units of the CPA
northern sector taking into account the subdivision by Ogniben (1973),
Amodio Morelli et al., (1976), Beccaluva et al. (1982), Messina et al.
(1996) and Piluso (1997).

Fig. 3 – Geological sketch
map of the CPA northern sec-
tor (Piluso, 1997). 1. Apen-
nine Units Complex; 2. Ophi-
olite Units; Continental crust
Units: 3. Castagna unit; 4.
Calabride Units; 5. sedimenta-
ry cover of the Calabride
Units; 6. Liguride Complex of
the Calabrian-Lucanian
boundary; 7. Miocene-
Oligocene sedimentary se-
quences.



In the Sila Piccola, the nappe system consists of three
main Complexes: (Panormide) Apennine Units, Liguride
and Calabride (Ogniben, 1973). This nappe system is un-
conformably covered by Neogene-Quaternary sedimentary
deposits (Fig. 4).

The Panormide (Ogniben, 1973) or Apennine units Com-
plex can be recognized in the Bagni di Caronte tectonic win-
dow, where limestone and dolomite sequences crops out
(Amodio Morelli et al.,1976; Lorenzoni and Zanettin Loren-
zoni, 1983).

The Liguride Complex has been subdivided, from bottom
to top, into two units: Frido and Gimigliano-Monte Reventi-
no units (Amodio Morelli et al., 1976; Colonna and Piccar-
reta, 1977). The Frido unit, probably of late Cretaceous age,
consists of alternating low-grade phyllites and
metaquartzarenites with subordinate metalimestones
(Amodio Morelli et al., 1976; Lorenzoni and Zanettin
Lorenzoni, 1983). The Gimigliano-Monte Reventino unit
consists of serpentinites, metabasalts, matagabbros/metado-
lerites with a metasedimentary cover made up of marble al-
ternanting with calcschists and quarzites. Its age is still a
matter of debate: Amodio Morelli et al. (1976) claim a late
Jurassic-Cretaceous age, whereas Colonna and Zanettin
Lorenzoni (1972) propose, according to palaeontological
data, a Ladinian-Carnian age. Conversely, Vai (1992) sug-
gests a middle Triassic age by the correlation of the basic
volcanics of the Gimigliano window with the southern
alpine and dinaric “Pietra verde” magmatism. The
metabasalts and the metasedimentary cover display HP-LT
mineral association (De Roever et al., 1974; Dubois, 1976;
Lorenzoni and Zanettin Lorenzoni, 1983). The related meta-
morphic peak (350°-370°C and 0.7-0.8 GPa) is defined by
the occurrence of Na-clinopyroxene and Na-amphibole in
the metabasalts and for Mg-carpholite and phengitic white
mica in the metasedimentary rocks, as reported by Dubois
(1976) (Fig. 5). The chlorite, epidote, albite, actinolite and
pumpellyite association indicates a retrograde history into
green schist facies conditions.

The Bagni, Castagna, Monte Gariglione and Stilo units
are represented by an Hercynian crystalline basement, in-
truded by late-Hercynian granitic rocks with a Mesozoic
cover (Amodio Morelli et al., 1976; Dubois, 1976; Colonna
and Piccarreta, 1977; Lorenzoni and Zanettin Lorenzoni,
1983; Messina et al., 1994). The Palaeozoic Bagni unit is
mainly made up of greenschist-facies metamorphosed
metasandstones and metapelites (Amodio Morelli, 1976).
The Castagna unit includes of medium-high grade gneisses,
augen gneisses, amphibolites and marbles intruded by
granitic rocks of the Sila batolith. Palaeocene (56 Ma) HP-
LT signatures have been reported (Dubois, 1976). The
Monte Gariglione unit is in turn formed of garnet-sillimanite
gneisses, biotite gneisses, migmatites, metabasites and sili-
cate-bearing marbles. Radiometric datings suggest that the
metamorphic peak (750°C, 0.4-0.6 GPa), developed in the
granulite facies conditions (Zanettin Lorenzoni, 1980;
Graessner et al., 2000) at about 300 Ma. This age is roughly
comparable to that of the peraluminous Sila granites em-
placement (Graessner et al., 2000). The Stilo unit, which
partly corresponds to the Tiriolo unit (Lorenzoni and Zanet-
tin Lorenzoni, 1983), consists of a Palaeozoic basement
made up of low-grade metamorphic rocks unconformably
covered by the Verrucano-facies siliciclastic deposits
capped by Jurassic limestones and dolomites (Amodio
Morelli, 1976; Lorenzoni and Zanettin Lorenzoni, 1983;
Critelli and Ferrini, 1988).

THE STRUCTURE AND EVOLUTION 
OF THE CATENA COSTIERA

The Calabrian Catena Costiera is a 70 km long mountain
chain, running in a N-S direction. It is located in the north-
western part of Calabria between the Tyrrhenian sea to the
west and the Crati valley to the east. It is bounded to the
north by the Pollino massif and to the south by the Savuto
valley that separates it from the Sila Piccola. The Catena
Costiera underwent to impressive uplift from the Middle
Pleistocene onwards as a result of normal, still active N-S
faults with a displacement of about 300-400 m (Lanzafame
and Tortorici, 1981; Tortorici et al., 1995). It has uplifted at
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Fig. 4 – Sila Piccola tectonic sketch (after Ogniben, 1973, Amodio Morelli
et al., 1976 and Colonna and Piccarreta, 1977).

Fig. 5 – P-T path of the Monte Reventino-Gimigliano Unit.
clinozoisite+tremolite+H20=prhenite+chlorite+quartz (Liou et al., 1985);
clinozoisite+tremolite+H20=pumpellyite+chlorite+quartz (Liou et al.,
1985); albite=analcime+quartz (Thompson, 1971); heulandite=lawsonite+
quartz (Nitsch, 1968, 1972); laumontite=lawsonite+quartz (Liou, 1971);
wairackite=lawsonite+quartz (Liou, 1971); lawsonite=clinozoisite+mar-
garite+quartz (Nitsch, 1968, 1972); glaucophane-out field (Maresch, 1977);
glaucophane+clinozoisite+quartz+H2O=tremolite+chlorite+albite (Maruya-
ma et al., 1986); aragonite=calcite (Carlson, 1980); lawsonite+albite=parag-
onite+zoisite+quartz+H2O (Poli 1993); albite=jadeite+quartz and isopleths
Holland (1983); Fe-carpholite stability field (Chopin & Schreyer, 1983).



an estimated rate of about 0.8-1 mm/year over the last
700,000 years (Westaway, 1993; Tortorici et al., 1995). The
Catena Costiera is a nappe system (Amodio Morelli et al.,
1976; Carrara and Zuffa, 1976; Dietrich, 1976; 1988; Lan-
zafame and Zuffa, 1976; Piluso, 1997) covered by Neogenic
sedimentary sequences and by Quaternary alluvium. It is
formed of three complexes, from bottom to top: Apennine
Units, Liguride and Calabride (Ogniben, 1969, 1973, 1985;
Lanzafame and Zuffa, 1976), each subdivided into different
tectonic units (Amodio Morelli et al., 1976; Colonna and
Compagnoni, 1982) (Fig. 6).

The Apennine Units Complex, cropping out only in some
tectonic windows, is made up of thick Mesozoic succession
including cherty limestones, dolomites, evaporites overlying
a Palaeozoic phyllites basement (Amodio Morelli et al.,
1976; Dietrich, 1976; Ietto et al., 1992; Iannace et al., 1995;
Perrone, 1996; Ietto and Ietto, 1998). 

The Liguride Complex has been divided into two main
tectonic units (Fig. 7): the Lower Ophiolite Unit and the Up-
per Ophiolite Unit (Spadea, 1980, 1994; Beccaluva et al.,
1982). Both units underwent to pre-Lutetian HP-LT meta-
morphism (Cello et al., 1991).

The Upper Ophiolite Unit (Fig. 7) is characterised by
metabasalts, locally with well-preserved pillows and meta-
ialoclastites, topped by a metasedimentary cover made up of
calcschists and metaradiolarites associated to minor phyl-
lites and metaarenites (De Roever, 1972; Dietrich, 1976;
Lanzafame and Zuffa, 1976; Spadea et al., 1980; Piluso,
1997). A Tithonian-Neocomian age has been proposed for
the cover (Lanzafame and Zuffa, 1976). The metabasalts
show an HP-LT mineral association that has enabled a re-
construction their P-T evolution (Fig. 8). Relics of the
pumpellyite-prehnite association on which growth of law-
sonite + albite ± Na-amphibole ± Na-pyroxene can be
recognised (De Roever, 1972) allows to define the prograde
P-T path. A metamorphic peak of about 0.7 GPa and 350°C
(Fig. 8) has been calculated from the Jd-content in clinopy-
roxene and the glaucophane-lawsonite association (De
Roever, 1972). Subsequently, the metabasalt experienced an
isothermal decompression up to about 0.3 GPa under green-
schist facies conditions. This stage is characterised by the
decreasing of glaucophane mol content in the amphibole,

associated to lawsonite breakdown and by actinolite,
pumpellyite and prehnite crystallisation.

The Lower Ophiolite Unit discontinuously crops out in
the most northern sector of the Catena Costiera and near
Terranova da Sibari, in the Sila Greca (Fig. 7). It is repre-
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Fig. 6 – Tectonostratigraphic sketch
of the northern Catena Costiera, after
Piluso (1997).

Fig. 7 - Geological sketch map of the northern Calabria and of the Calabri-
an-Lucanian boundary showing the location of the Upper and Lower Ophi-
olite Units from Beccaluva et al.(1983).
1. Quaternary and Neogene deposits; 2. Sicilide Units (Mesozoic-Tertiary);
3. Calabro-lucanian flysch (Late Cretaceous to Miocene); 4. Sedimentary
cover of Calabride continental rocks (Mesozoic); 5. Calabride continental ig-
neous and metamorphic rock Units (Palaeozoic); 6. Upper Ophiolite Unit
(Malvito and M.te Reventino-Gimigliano Units, Late Jurassic-early Creta-
ceous); 7. Lower Ophiolite Unit (Frido and Diamante Terranova Units,
Jurassic-early Cretaceous); 8. Apennine Units Complex (Mesozoic-Tertiary).



sented by metabasalts and metaialoclastites plus a sedimen-
tary cover mainly made up of calcschists (Hoffmann, 1970;
Spadea et al., 1980; Cello et al., 1991; Morten and Tortorici,
1993, Morten; 1993) of early Cretaceous age (Lanzafame
and Zuffa, 1976). The mineral association lawsonite + Na-
pyroxene + Na-amphibole + albite + quartz indicates HP-LT
metamorphic conditions. The P and T conditions are con-
strained by the glaucophane and jadeite mol contents of Na-
amphibole and Na-clinopyroxene, respectively, as well as by
occurrence of aragonite in veins within the basalts (Hoff-
mann, 1970; Cello et al., 1991; Morten, 1993) and Fe-
carpholite in the metasedimentary rocks (Hoffmann, 1970).
The P and T conditions of the metamorphic peak have been
calculated as 0.1 GPa and about 350°C (Fig. 9). Subsequent-
ly, a retrogression along a P-T path characterised by more or
less isothermal decompression up to about 0.3 GPa may be
deduced from the glaucophane and jadeite mol contents of
the amphibole and pyroxene. Also the growth of crossite and
actinolite around the glaucophane, the lawsonite breakdown
and the crystallisation of chlorite, actinolite, pumpellyite and
prehnite support this P-T path (Fig. 9). From the geochemi-
cal point of view both units’ metabasalts are subalkaline
tholeiitic basalts with transitional MORB affinity (Spadea,
1980, 1994; Beccaluva et al., 1983; Morten, 1993).

The Calabride Complex has been divided into four tec-
tonic units as follows, from bottom to top: the Bagni,
Castagna, Polia-Copanello and Stilo units (Amodio Morelli
et al., 1976) (Fig. 2).

The Bagni unit consists of alternanting greenschist-facies
metamorphosed phyllites and metaarenites. Its significance
are still a matter of debate; they have been considered as a
low-grade palaeozoic basement with a Mesozoic sedimenta-
ry cover by Amodio Morelli et al. (1976), whereas Piluso
(1997) and Cirrincione and Piluso (in prep.) suggest that
they derived from the metamorphism of the siliciclastic and
pelitic deposits from the ophiolite cover.

The Castagna unit crops out near the village of Fuscaldo
in the southern sector of the Catena Costiera. It is formed of

micaschists, para- and orthogneisses, metagranites and sub-
ordinate marbles and amphibolites, partly affected by my-
lonitic deformation. It underwent to Alpine and Hercynian
metamorphism. In particular, the Alpine metamorphism
took place under HP-LT conditions as suggested by the
presence of lawsonite and glaucophane in the upper levels
of the Castagna unit (De Roever, 1972; Dietrich et al., 1976;
Dietrich, 1988). In the central part of the Catena Costiera
(Monte Luta-Paola), recent phase-petrological studies of the
blastomylonites, still in progress, suggest that they belong to
the overlying, high-grade Polia-Copanello unit and that the
mylonitic event cannot related to the Eo-Alpine deforma-
tions (Cirrincione and Piluso, unp. data) as previously re-
ported by Dietrich (1988).

The Polia-Copanello unit consists of garnet-sillimanite
gneisses, felsic and pyroxene granulites, migmatites, strong-
ly serpentinized harzburgites, pyroxenites, metagabbros,
small granitic bodies and small oxide and silicate-bearing
marble lenses (Lanzafame and Zuffa, 1976; Dietrich, 1976,
1988; Piluso, 1997; Piluso et al., 1998). In the Monte Calo-
ria area (SW of the village of Fagnano Castello) the
migmatites are crosscut by an alkaline, unmetamorphosed
basaltic dike (Piluso and Morten, 1997). The Polia-Copanel-
lo unit underwent to a long and complex tectonometamor-
phic evolution (Fig. 10) (Piluso, 1997; Piluso et al., 1998)
that may be summarised as follows:
1. A probable prograde event under amphibolite-granulite

facies conditions (about 0.5 GPa and 550°C ) with early
anatectic processes of pelitic-arenaceous sequence devel-
oped. A syn- to post-anatectic event (D1) led to the de-
velopment of isoclinal folds (F1).

2. The metamorphic peak (750-800° C and 0.9 -1.1 GPa)
was reached under granulite facies conditions. The oc-
currence of granulitic metagabbros with primary intru-
sive contacts within both subcontinental mantle harzbur-
gites and crustal basement rocks suggests that mantle-de-
rived melts were intruded at the crust-mantle boundary
pre- and/or syn- granulite event.
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Fig. 8 – P-T path of the Upper Ophiolite Unit. See fig. 5 for the reaction
curves. The XJd and XGln isopleths have been calculated from the micro-
probe data by De Roever (1972).

Fig. 9 - P-T path of the Lower Ophiolite Unit. See fig. 5 for the reaction
curves. The XJd and XGln isopleths have been calculated from the data by
Spadea et al. (1976) and Morten (1993).



3. The exhumation of high-grade rocks from the nearby
crust-mantle boundary towards shallower crust levels fol-
lowed a more or less isothermal decompression path.
This exhumation is associated to development of HT
shear zones, still under granulite facies conditions, where
all the previous structural elements are transposed by the
HT mylonite foliation (S2).

4. Retrogression under amphibolite facies conditions
(550°C and 0.4-0.5 GPa) affected the Polia-Copanello
unit. During this stage, LT shear zones (D3) developed
S-C mylonites. The kinematic indicators point out a NE-
SW to E-W stretching direction.

5. The last metamorphic event developed under greenschist
facies conditions (250°C and less than 0.3 GPa). Retro-
gression was widespread and pervasive, and almost com-
pletely obliterated the previous structures and mineral as-
sociations. The intrusion of basaltic dikes within the
migmatites occurred after the greenschist metamorphic
event and before a brittle deformation event (D4) that lo-
cally led to the formation of pseudotachylites.
There are no reliable geochronological data on the high-

grade rocks from the Catena Costiera that may constrain the
above-mentioned stages of evolution. Nevertheless it is pos-
sible to extrapolate to the Polia-Copanello unit the data ob-
tained from neighbouring areas of the CPA, i.e., the Sila and
Serre massifs.

The metamorphic climax occurred at 290 Ma according
to the proposed age for the Serre granulites (Schenk, 1980,
1990). The age of the decompression stage is uncertain,
even if an age younger than 290 Ma has been assessed. Rb-
Sr ages ranging from 200 to 110 Ma have been calculated
for muscovites, biotites and feldspars from the Serre massifs
(Schenk, 1980, 1990). Sm-Nd ages of 214±10 and 234±6
have been calculated for garnets (Schenk, 1989) and garnet-
sillimanite granulite bulk-rock (Caggianelli et al., 1991).
Rb-Sr ages ranging from 103±3 to 205±7 Ma and from
210±6 to 253±8 Ma from biotites and muscovites, respec-
tively, and K-Ar ages ranging from 117±4 to 187±6 from
muscovites and biotites have been calculated from the Sila

massif rocks (Dubois, 1976).
From the above data it seems possible to hypothesise that

the isothermal decompression stage occurred between 250
and 190 Ma. The K-Ar age of 120±1 obtained on the
groundmass of an unmetamorphosed basaltic dike intruded
within the migmatites suggests that the crystalline basement
rocks must have been exhumed at shallow crust levels (less
than 0.2 GPa and 250°C) in early Cretaceous time. The
complete exhumation of the high-grade rocks occurred in
the 23-10 Ma time span as suggested by fission-track dat-
ings (Thomson, 1994, 1998). This is supported also by the
changes in the detrital modes of the Miocene sandstone, in-
terpreted as the result of the crystalline basement unroofing
(Critelli, 1999 and therein references).

The Stilo unit crops out in the southern part of the Catena
Costiera in the highest geometric position in the nappe sys-
tem. It consists of a basement made of phyllites and parag-
neisses intruded by Hercynian granitic bodies covered by a
meso-Caenozoic unmetamorphosed sedimentary deposits
(Amodio Morelli et al., 1976; Dietrich, 1988).

FIELD TRIP (See fig. 11 for location)

Sila Piccola

Stop 1. View of the Gimigliano tectonic window along
the road from the Tiriolo to Gimigliano Inferiore villages.

The stop provides a general view of the Gimigliano tec-
tonic window: the ophiolite sequence of the Gimigliano –
Monte Reventino Unit outcrops below the Calabride Com-
plex, here represented by the Bagni and Castagna units. On
the opposite slope it is possible to see a limb of the large an-
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Fig. 10 - P-T –Deformation path of the Polia-Copanello Unit, Calabride
Complex from the northern sector of the Catena Costiera (Piluso et al.
(1998). Fig. 11 – Schematic map road with stops location.



ticline that affects the whole ophiolite sequence. The serpen-
tinites crop out in the core (Figs 12 and 16). In the upper part
the antiform is cut by the overthrusting of the Bagni unit.

Stop 2. View of the village of Gimigliano just before to
reach Gimigliano Inferiore.

It is possible to see the Gimigliano Inferiore village, built
on a metabasaltic cliff. The serpentinites outcropping north
of the Gimigliano Superiore village show tectonic relation-
ships with the metabasalts (Fig. 13 and 16).

Stop 3. Type-sequence of the Gimigliano-Monte
Reventino Unit. 

Starting from the bridge across the Torrente Melito locat-
ed along the Gimigliano Inferiore - Cavorà road, a sequence
of serpentinites, metabasites, metagabbros and Mesozoic
sedimentary cover can be observed.

The serpentinites occur in an abandoned quarry near
Gimigliano Inferiore village. They derived from former
harzburgites and consist mainly of lamellar and fibrous ser-
pentine. Nevertheless, relics of granoblastic portions made

of bastite after orthopyroxene and of serpentine after olivine
can be still recognized (Plate 1, a). The bastites are formed
of Fe-actinolite sometimes with a fibrous habit crenulated
during the D2 deformation event (see below). The relict
spinels are surrounded by a corona of serpentine and chlorite
(?). Ophicarbonates are often associated with serpentinites.
The metabasites are mainly represented by greenish to grey-
ish epidote-chlorite-actinolite schists (Plate 1, b and c). The
mineral association includes chlorite, epidote, actinolite,
white mica, albite, quartz and rare lawsonite (Plate 1, b).
The banded texture is characterised by thin alternanting lay-
ers of albite and subordinate quartz together with epidote,
amphibole and chlorite. Some actinolites show cores en-
riched in glaucophane component.

Coarse-grained metagabbros/metadolerites crop out
along the road. They often displays an ophitic-subophitic
texture (Plate 1, d) consisting of plagioclase, augitic
clinopyroxene, partly transformed into actinolite. They are
crosscut by thin calcite veins.

123

Fig. 12 - Sketch at hectometric scale of the antiform of the Gimigliano-Monte Reventino unit. 
Irregular folded hyphens: phyllites and metaarenites of the Bagni unit; thick dots: serpentinites (Gimigliano Unit); thin dots: metabasites (Gimigliano Unit);
paving-tiles: marbles (Gimigliano Unit); irregular subparallel hyphens: phyllites (Gimigliano Unit).
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Fig. 13 - Panorama of the Gimigliano cliff. Inclined spaced marks: metabasites (Gimigliano Unit); thick marks: serpentinites (Gimigliano Unit); paving-tiles
and irregular subparallel hyphens: marbles and phyllites, respectively (Gimigliano Unit).



The geochemical characteristics of the metabasalts are
similar to those of T-MORB (Morten and Piluso, unp. data)
(Figs. 14 and 15).

The sedimentary cover consists of schists, calcschists and
marbles, often with banded texture. Fossils of Ladinian-
Carnian age have been found in these rocks (Colonna and
Zanettin Lorenzoni, 1972). The most pervasive anisotropy
in both schists and metabasites is represented by a penetra-
tive foliation (S2) developed during a second deformation

event (D2). These schists display syn-kinematic (syn-S2) re-
crystallisation of white mica, calcite, quartz and albite. All
the previous structural elements are transposed during the
D2 deformation event and only few relics of the folds (F1)
hinges can be detected. During the later deformation event
(D3), a crenulation cleavage (S3) is developed (Plate 1, e
and f). The late brittle deformation is represented by frac-
tures filled by calcite and albite mainly recognized in the
metabasalts.
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(a) Bastite (serpentine+ Fe-actinolite) after orthopyroxene (crossed nicols, magnification x 100) (b) granoxenoblastic texture in metabasalt (crossed nicols,
magnification x 25); (c) orientation of S1 in the metabasalts (crossed nicols, magnification x 100); (d) subophitic texture in dolerite/metagabbro (crossed
nicols, magnification x 25); (e) crenulation foliation (S2) with S1 relics in the microlithons domain, cover metapelite (crossed nicols, magnification x 25); (f)
folded S1 and developing of S3 in fold limbs, cover metapelite (crossed nicols, magnification x 25).

Plate 1



Stop 4. The Castagna Unit augen gneiss
Castagna Unit is represented by a metamorphic complex

that includes augen gneisses, paragneisses, amphibolitic
gneisses, amphibolites and oxide- and silicate- bearing mar-
bles intruded by tonalites, granites, aplites and pegmatites.

In the Stop 4, an oucrop of augen gneisses intruded by
aplitic and pegmatitic dikes can be observed. The mineral
association of the augen gneisses is quartz, oligoclase, mi-
crocline, biotite and muscovite. The augens are generally
polycrystalline aggregates made up of microcline and subor-
dinate quartz sourrounded by thin lepidoblastic-textured lay-
ers of biotite and minor muscovite. The augen gneisses are
intruded by numerous tourmaline- and muscovite-bearing
aplitic dikes that crosscut the mylonitic foliation.

Stop 5. Deformation and metamorphism of the Monte
Reventino’s “Pietre Verdi” long the S. Mango
D’Aquino-Martirano Lombardo road.

Along the S. Mango D’Aquino to Martirano Lombardo
road the relationships between serpentinites and the overly-
ing metabasalts crops out.

Field, petrographic and microtectonic observations,
mainly performed on the metabasalts, have allowed to re-

construct the deformation and metamorphic evolution of the
ophiolite unit.

The first deformation event (D1) occurred at brittle-duc-
tile transition. During this event a cataclastic-mylonitic foli-
ation (S1) was developed. The foliation S1 is characterised
by well preserved flow textures around quartz-feldspars au-
gen microdomains.

The second deformation event (D2) is marked by isocli-
nal folds (Plate 2, a and b) associated to a well developed,
transpositive foliation (S2). The quartz crystals in the frac-
tures have lattice preferred orientation subparallel to S2
showing a 200°-210/40° NW trend. Chlorite, actinolite,
white mica, albite, quartz and calcite recrystallised during
the D2 deformation event.

The third deformation event (D3) is characterized by
decimetric asymmetric folds showing a crenulation cleavage
(S3) as axial plane foliation. The S3 shows a 140°/50 NE
trend. Shear bands are often developed on the S3 (Plate 2, c).

Catena Costiera

Stop 6. Diamante: evidence of subduction. Relation-
ships between blueschists metabasites and metasedimen-
tary cover

The relationships between blueschists metabasites and the
overlying calcschists can be observed few meters above sea
level along the rocky shore about 3 km to the south of Dia-
mante village. These relationships are locally marked by a
tectonic breccia consisting of metabasite clasts set up in a
calcite matrix. The calcschists show well developed perva-
sive foliation (Ss), marked by thin layers of white mica and
elongated titanite crystals, that is folded with SSE plunging
axes. Thin, closely-spaced veins cut the folded foliation. The
mineral association of the calcschists consists of calcite, rare
aragonite, lawsonite, white mica, quartz, albite, titanite and
graphite. The lawsonite porphyroclasts show an internal foli-
ation (Si) discordant at high angle to the main Ss foliation.

Stop 7. Diamante: evidence of subduction. The
blueschists along Diamante’s rocky shore

The metabasites consist of: (a) fine-grained banded rocks
with alternanting yellowish-greenish and deep-blue layers;
(b) massive deep-blue glaucophanites; (c) subordinate medi-
um- to coarse –grained rocks probably after diabase dikes.
At the microscale, the banded metabasites show Ss well-de-
veloped foliation that is locally affected by a late crenulation
cleavage (Plate 3, a and b) The blue bands have a porphyrob-

126

Fig. 14 - Incompatible elements spider dia-
grams normalized against primitive mantle (Sun
and McDonough, 1989) of the Gimigliano Unit
metabasalts (Morten and Piluso, unp.data). The
N- and E- MORB and OIB patterns (Sun and
McDonough, 1989) are shown for comparison.

Fig. 15 - REE patterns normalized against chondrite (Sun and McDonough,
1989) of the Gimigliano units metabasalts (Morten and Piluso, unp. data).
The N- and E- MORB patterns (Sun and McDonough, 1989) are reported
for comparison.



lastic texture and consist of glaucophane, lawsonite, titanite,
subordinate epidote and white mica. Elongated aggregates of
titanite occur parallel to Ss foliation. In the highly deformed
samples elongated grains of lawsonite and glaucophane also
are parallel to the Ss foliation. However, lawsonite porphy-
roblasts discordant to Ss foliation also occur. The yellowish-
greenish bands also display foliated texture consisting of
epidote, calcite, pumpellyite, actinolite, subordinate glauco-
phane and lawsonite. In the samples affected by late crenula-
tion cleavage, lawsonite and glaucophane are partly trans-
formed into epidote and albite plus chlorite.

The glaucophanites have texture and mineral association
similar to those of the blue portions of the banded type. In a
few samples they show very thin veins and/or aggregates of
lawsonite and pumpellyite.

The medium- to coarse- grained metabasites still display
relics of magmatic texture with clinopyroxene partly re-
placed by metamorphic aegirine-rich term, in turn rimmed
by a blue amphibole. In addition, lawsonite pseudomorphs
after plagioclase and blue amphibole and titanite aggregates
after magmatic ilmenite or Ti-magnetite also occur.

The Diamante metabasites have MORB tholeiitic com-
position (Figs. 17 and 18) (Spadea, 1980, 1994; Morten,
1993) and their geochemistry suggests an early sea-floor al-
teration (Beccaluva et al., 1982; Morten et al., unp. data).
Meso- and microtectonic data about the deformation and
metamorphic events allow to outline the following evolu-
tion (Cello et al., 1991):

Stage I (Fig. 19a)
– a pervasive foliation (Ss) affected both the metabasites

and the metasedimentary cover rocks. Ss foliation in the
metabasites are marked by HT-LP mineral phases, i.e.,
glaucophane and lawsonite. Few minor rootless intrafo-
lial folds associated with Ss have been observed.

– a discontinuous stretching lineation (Ls) occurs associat-
ed with Ss. In the metabasites, Ls is characterised by an
alignment of fine-grained aggregates of lawsonite, glau-
cophane, pumpellyite, epidote and chlorite.

– a set of non pervasive elements, i.e., i) minor sheat folds
with the direction of maximum curvature parallel with
Ls; ii) kink-bands deflect Ss in localised narrow, low-an-
gle shear zones; iii) centimetric shear bands with anti-
thetic (R’) orientation. At the microscale, both synthetic
and antithetic shear zones can be observed.
Stage II (Fig. 19b)

– centimetric to metric folds (Fc) with about SSE plunging
axes affected the Ss foliation in both metabasites and
cover metasedimentary rocks.

– a south plunging crenulation lineation (Lc) originated un-
der pumpellyite-actinolite facies metamorphic conditions.
Stage III (Fig. 19c)
All the structural elements originated at the ductile-brit-

tle transition are ascribed to this stage. They are minor ex-
tensional and/or transtensional faults, fractures and two gen-
erations of veins. The first generations of veins is formed of
up to 1 m thick veins that generally are faulted and/or fold-
ed by SE trending axes. The second generation, defined by
planar, 0.5 m spaced and up to 10 cm thick veins, crosscut
all the previous structural elements. These veins (S1 and
S2) are associated with fractures and minor faults.

Stop 8. View of the Catena Costiera nappe structure.
A lay-by on the Terme superhighway towards Guardia
Piemontese Terme at about 2 km before the San Lauro
gateway. 

From this stop it is possible to observe a complete view
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(a) Relict of folds hinges in metabasites (coin diameter 2.5 cm.). See text
for explanation. (b) Isoclinal folds of the mylonitic foliation in metabasites
(plane polarized light, magnification x 12); (c) asymmetric folds with de-
veloping of crenulation cleavage (S3) (coin diameter 2.5 cm.).

Plate 2



of the Catena Costiera nappe structure and in particular of
the overthrusting of the Polia-Copanello unit onto the Up-
per Ophiolite Unit (Fig. 20, see also the geological map in
Fig. 22).

Stop 9. View of the Malvito hill. Overthrusting of the
Polia-Copanello unit over the Upper Ophiolite Unit
(Malvito Unit).

In the Malvito hill the Upper Ophiolite Unit crops out.
The calcschists crop out in the front slope and the underly-
ing metabasalts crop out in the opposite slope. Toward the
north it is possible to observe in the panorama the southern-
most parts of the Pollino massif (Fig. 21, see also the geo-
logical map in Fig. 22).

Stop 10. The village of Malvito. Oceanic crust and
sedimentary cover.

The type-sequence of the Upper Ophiolite Unit outcrops
near the Carabinieri’s barracks, north of the Malvito village.
From bottom to top the following lithologies are present:
pillow lavas, slates with metaradiolarites, metalimestones
and metacalcarenites (Plate 3, c and d).

The pillow lavas crop out along the road to the ruins of
the Normans castle as well as the western slope of the hill
where the village has been built. The ellipsoidal, slightly
flattened pillows (Plate 3, d) generally consist of red-brown-
ish aphanitic basalts and sometimes glassy selvage. Howev-
er, in the upper part of the volcanic sequence, the pillows
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Fig. 17 - Incompatible elements spider
diagrams normalized against primitive
mantle (Sun and McDonough, 1989)
of the Diamante metabasalts (Morten,
1993; Mortn et al. in prep.). The N-
and E- MORB and OIB patterns (Sun
and McDonough, 1989) are shown for
comparison.

Fig. 16 – Geological map of the
Gimigliano area, after Colonna and
Picarreta (1977). Frido unit: 1. slates;
Gimigliano-Monte Reventino unit : 2.
serpentinites; 3. metabasites; 4.
metapelites; 5. marbles and schists; 6.
metaconglomerates; Bagni unit: 7.
phyllites and schists. Castagna unit:
8. augen gneisses; Stilo and Polia-
Copanello Units: 9. gneisses; 10.
granites; 11. Miocene-Quaternary de-
posits; 12. thrust; 13. faults.



display a porphyritic texture (porphyry index 25-30) with
large, whitish crystals set up in greenish-brownish fine-
grained groundmass. The interstitial cavities are filled with
fine-grained greenish material probably of sedimentary ori-
gin. The metabasalts are covered by a sedimentary se-
quence, that includes, from bottom to top: red siliceous
slates with interbedded metaradiolarites showing primary
relationships with the metabasalts. This portion, less than
25-30 cm thick, is in turn followed by grey well-banded
metalimestones. Locally, the beds, about 10 cm thick, are
separated by thin grey slate levels. In this sequence, beds of
mixed carbonatic/silicoclastic composition showing graded
bedding and sometimes cross-bedding also occur (Lan-
zafame and Zuffa, 1976). Tithonian-Neocomian age has
been proposed for the metalimestones by the micropaleonto-
logical ground (Lanzafame and Zuffa, 1976).

Despite its weak deformation, the sequence underwent a
complete metamorphic recrystallisation. The mineral associa-
tion of the metabasalts consist of lawsonite, albite, epidote,
prehnite, pumpellyite, white mica, calcite and opaque ores.
The magmatic plagioclase phenocrysts are isomorphously
transformed into a fine aggregate of albite, lawsonite, epidote
and very rare white mica and quartz. Relics of intersertal tex-
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Fig. 18 - REE patterns normalized against chondrite (Sun and McDonough,
1989) of the Diamante metabasalts (Morten, 1993; Morten et al., in prep.).
The N- and E- MORB patterns (Sun and McDonough, 1989) are reported
for comparison.

Fig. 19 – Equal area lower emisphere plot of: (A) per-
vasive planar and linear anisotropies developed during
Stage I (Ss- prominent mesoscopic foliation; Ls strtch-
ing lineation); (B) pervasive linear anisotropies devel-
oped during Stage II (lc – crenulation lineation, fc –
fold axes); (C) pervasive planar and linear anisotropies
developed during Stage III (S1,S2 and folded vein ax-
es). After Cello et al. (1991).
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Fig. 20 – Panorama showing the Catena Costiera nappe ystem. Irregular marks – Upper Ophiolite Unit; thin dots - Polia Copanello unit metagabbros; thick
dots - Polia Copanello unit metaultrafemics; white with few marks Polia-Copanello unit migmatites and granulites.

Fig. 21 – Malvito hill panorama. Thick dots – Upper Ophiolite Unit metabasalts; thin dots – Upper Ophiolite Unit calcschists; irregular marks – Polia Copan-
ello unit migmatite and granulites. The Apennine units Complex in the back.
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Fig. 22 - Gelogical map and sections of the area between Malvito and Fagnano Castello villages (after Piluso, 1997).
The Apennine units Complex: 1. Basement Palaeozoic phyllites; 2. carbonates; 3. Frido Unit ophiolitiferous flysch; Upper ophiolite Unit: 4. metabasalts; 5.
Tithonian-Neocarnian sedimentary cover of the metabasalts. Polia Copanello Unit: 6. garnet-sillimanite granulitic gneisses, pyroxenes granulites and
migmatites; 7. metagabbros; 8. harzburgite serpentinites, pyroxenites; 9. granites; 10. Neogenic deposits; 11. Quaternary deposits; 12. S2 foliation ; 13. strati-
graphic contacts; 14. faults; 15.. thrust.



tured groundmass are locally preserved (Plate 3 e and f).
The representative samples of metabasalts have subalka-

line, T-MORB tholleiitic affinity (Spadea, 1980, 1994; Bec-
caluva et al., 1982) as shown by the spider diagrams and
REE patterns normalised against primitive mantle (Figs. 23
and 24) (Morten and Piluso, unp. data).

Stop 11. Fosso della Madonna, west of Fagnano
Castello village. Gabbroic magmatism and subcontinen-
tal mantle-derived rocks

Following the path that starts under the superhighway
bridge crossing the Fosso della Madonna and walking up to
an altitude of 600-650 m on the left bank of the river a 350
m long outcrop can be observed. It consists of highly ser-
pentinized peridotites intruded by metre- to decimetre-thick
metagabbro dikes, a websterite lens and a small metagabbro
body. 

The massive serpentinites are locally affected by brittle
shear zones (Plate 4, a) along which elongated serpentine fi-
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(a) Deformed metabasite with a lawsonite porphyroblast (centre) crosscutting tne main foliation (plane polarized light, magnification x 20); (b) massif glauco-
phanite (plane polarized light, magnification x 10); (c) ophiolite type sequence from Malvito; (d) pillows lava from Malvito outcrop (pencil lenght 15 cm.); (e)
brown-blacked aggregate of epidote and white mica after plagioclase phenocryst set up in an intersertal groundmass, metabasalts from Malvito outcrop (plane
polarized light, magnification x 12); (f) lawsonite-epidote-albite after plagioclase phenocryst (crossed nicols, magnification x 25).

Plate 3



bres indicate a stretching lineation (Plate 4, a) can be found.
Small greyish, less serpentinised portions of the peridotite
protolith have been locally preserved (Plate 4, b). In addi-
tion, small amount of fresch peridotite showing porphyro-
clastic textures with millimetric orthopyroxene grains also
occur. At the microscale the serpentinised peridotites have a
net-like textures with the serpentine minerals form pseudo-
morphs after olivine and orthopyroxene showing hour-glass
extinction. Magnetite micrograins are concentrated in the
centre of the serpentine fibres, whereas large magmatite
grains form pseudomorphs probably after Cr-spinels. The
mineral association is: lizardite 1T + crysotile + bastite +
magnetite + calcite. 

The fresher portions are lens-shaped and are surrounded
by millimetric magnetite-free borders. Locally they are
crosscut by fractures filled with serpentine and calcite. Un-
der the microscope they show porphyroclastic texture (Plate
4, c) with olivine (Fo90-93) and orthopyroxene (En89-91) por-
phyroclasts surrounded by a fine-grained neoblastic matrix
of olivine and orthopyroxene that in places shows a gra-
noblastic-polygonal texture. The mineral association is:
olivine1 + orthopyroxene1 + olivine2 + orthopyroxene2 +
clinopyroxene (Ca/(Ca+Mg) 0.51-0.52) + amphibole (Mg-
hornblende-pargasite) + brown spinel (Cr/(Cr+Al) 0.07-
0.75) + chlorite + lizardite 1T + crysotile + magnetite + cal-
cite. Thermometric estimates on the Ol-Spl pairs from the
peridotites range from 650° to 750°C (Piluso, 1997).

In the same outcrop at about 660 m a.s.l., an about 30 cm
thick websterite lens occurs within the serpentinized peri-
dotite (Plate 4, d). The contacts are sharp. In the outcrop the
websterite shows granular, medium-grain size, with pyrox-
enes up to 3 mm in length. The websterite does not appear
serpentinised and is crosscut by thin fractures filled with
serpentine minerals. Under the microscope it shows porphy-
roclastic texture (Plate 4, e) with clinopyroxene
(Ca/(Ca+Mg) 0.48) porphyroclasts set up in a granoblastic
polygonal matrix of clinopyroxene, orthopyroxene (En89),
spinel (Cr/(Cr+Al) 0.54), amphibole (pargasite) and serpen-
tine. Thermometric estimates on the Opx-Cpx pairs point
out to about 790°C (Piluso, 1997; Morten et al., 1997).

The peridotites have a residual character suggested by
the Cr/(Cr+Al) ratio of up to 0.7 of some spinels, by the
MgO/FeOtot ratios 5.1-7.6 of bulk rocks and by the trend of
decreasing Sc at a more or less constant Ni/Co ratio (Fig.
25). The REE patterns (Fig. 26), except some zig-zag be-
haviour due to serpentinisation, are consistent with a de-
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Fig. 23 - Incompatible elements spider dia-
grams normalized against primitive mantle
(Sun and McDonough, 1989) of the Malvi-
to metabasalts (Morten and Piluso, unp. da-
ta). The N- and E- MORB and OIB patterns
are shown for comparison (Sun and McDo-
nough, 1989).

Fig. 24 - REE patterns normalized against chondrite (Sun and McDonough,
1989) of the Malvito metabasalts (Morten and Piluso, unp. data). The N- and
E- MORB patterns are shown for comparison (Sun and McDonough, 1989).

Fig. 25 - Ni-Co-Sc plot of the Polia-Copanello unit metaultramafics. The
abundances are normalized against the undepleted mantle (Jagoutz et al.,
1979).



pleted signature (CeN/YbN 0.03-0.65) (Morten et al., 1999).
The banded brown-blackish metagabbros are strongly

fractured. The thickness of the bands varies considerably
depending on the plagioclase/amphibole volumetric ratio
(Plate5, a). Under the microscope they show a nematoblas-
tic texture where amphibole predominates (Plate 5, b) and a
granoxenoblastic to porphyroblastic textures where the pla-
gioclase, almost wholly altered, predominate. The mineral
association is: plagioclase + clinopyroxene + orthopyroxene
+ amphibole + epidote + chlorite + prehnite + white mica +
opaque ores.

At about 50 m from the small river flowing in Fosso del-
la Madonna, two decimetre tick, coarse-grained metagab-
bro dikes outcrop at a distance of about 20 m from each
other. They crosscut the serpentinites with 137°/32 W
155°/23 WSW trend, respectively. The 10/30 cm thick
dykes display sharp contacts with the host serpentinite.

Large (6 to 8 mm) amphibole grains are conspicuous on the
fresh surfaces. In the same outcrop, a meter thick amphibo-
lite dike cuts with sharp contacts the serpentinite body
(Plate5, d). 

The metagabbro dikes within the serpentinites generally
show a porphyroclastic texture with large amphibole por-
phyroclasts set up in a locally granoblastic polygonal matrix
of amphibole, clinopyroxene, hercynitic spinel and ilmenite
(Plate 5, c). Also epidote-prehnite aggregates probably after
plagioclase as well are recognised. The mineral association
is: clinopyroxene + amphibole + epidote + chlorite + white
mica + prehnite + opaque ores. The metagabbros show a
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(a) shearing surfaces in serpentinites; (b) serpentinites (on the left) and harzburgite relic portions (top-right side) (crossed nicols, magnification x 25); (c) por-
phyroclastic texture of the harzburgitic relic portions (crossed nicols, magnification x 25); (d) spinel-websterite lens in serpentinites (pencil lenght 15 cm.); (e)
porphyroclastic texture of the spinel-websterite (crossed nicols, magnification x 25).

Plate 4



tholeiitic fractionation trend (Fig. 27). Incompatible ele-
ments spider diagrams normalised against MORB show
more or less flat patterns around 1, except for a conspicuous
negative Th anomaly (Fig. 28). The REE normalised pat-
terns show either a positive slope from La to Eu followed by
a more or less flat trend at about 10x Ch, or an almost flat
trend at about 10 x Ch. Some samples show a slight, posi-
tive Eu anomaly (Fig. 29). The LaN/YbN ratios range from
0.07 to 2.39. Their MORB tholeiitic geochemical signature
would be consistent with an underplating magmatism pro-
duced by partial melting of partly depleted mantle sources
under Spl-lherzolite facies conditions (Morten and Piluso,
1999; Morten et al., 1999).

Stop 12.Cirifusolo area, SW of the village of Fagnano
Castello. The continental crust: migmatites and the
Mesozoic magmatic dike.

Structural and petrological data to highlighted the
tectonometamorphic evolution of the Calabride crystalline
basement can be found in the migmatites from Cirifusolo
outcrop. The stromatitic migmatite shows banded texture
consisting of alternanting leucocratic and melanocratic lay-
ers (Plate 6, a). They are medium grained with an average
grain size of about 1 mm, even if large, more than 1 cm,
garnet crystals occur. The layers are generally cm-thick,
but rare leucocratic bands up to 30 cm thick can be also

identified. Their contacts are generally sharp and subparal-
lel. The leucocratic bands, made up of quartz, feldspars,
rare sillimanite, biotite and garnet (Plate 6, c), display a
granoxenoblastic texture characterised by a number of
elongated quartz grains (Plate 6, c). The melanocratic lay-
ers consist of garnet, sillimanite, cordierite, biotite and sub-
ordinate quartz and feldspars. They show a porphyroclastic
texture with large garnet porphyroclasts surrounded by bi-
otite and sillimanite (Plate 6, d). Nebulites have also been
recognised among the migmatites. They usually have a por-
phyroclstic texture with garnet and K-feldspar porphyro-
clasts, but granoxenoblastic, lepidoblastic and nematoblas-
tic textures are also present. The mineral association is:
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(a) Banded textured metagabbro (coin diameter 2.5 cm.); (b) nematoblastic-granoxenoblastic texture of the banded metagabbro (crossed nicols, magnification
x 25); (c) metagabbro dike (outlined in black) within serpentinite after harzburgite (hammer-hundle lenght 45 cm.); (d) porphyroclastic texture of metagabbro
dike (crossed nicols, magnification x 25).

Plate 5
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Fig. 26 - REE patterns normalized against chondrite (Frey, 1984) of the
Polia-Copanello unit metaultramafics.

Fig. 28 - Incompatible elements spider diagrams normalized against
MORB (Pearce, 1983) of the Polia-Copanello unit metagabbros.

Fig. 29 - REE patterns normalized against chondrite (Frey, 1984) of the
Polia-Copanello unit metagabbros.Fig. 27 - AFM diagram of the Polia-Copanello unit metagabbros.



quartz + plagioclase + K-feldspar + garnet + sillimanite ±
cordierite + biotite + muscovite ± staurolite ± rutile +
spinel ± epidote ±prehnite + ilmenite ± titanite + opaque
ores.

The observed relationships between leuco- and melano-
cratic rocks together with microtectonic analyses allow to
outline the deformation evolution (Piluso, 1997; Piluso et
al., 1998). Evidences of fhe first deformation event (D1) are

represented by the relics of quartz-rich hinges folds F1,
probably with isoclinal shape (Plate 6, b). A second defor-
mation event (D2) took place under granulite facies condi-
tions leading to the most pervasive and traspositive
anisotropy (S2) as well as the compositional layering of the
stromatites (Plate 6 a, Fig. 30). The foliation (S2) is marked
by stretching lineations represented by elongated ribbon-like
quartz in the leucocratic band, as well as by elongated silli-
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(a) Stromatic migmatite resulted from transposition of folds (F1) (pencil lenght 15 cm.); (b) relics of quartz-rich hinges of isoclinal folds in migmatites (pencil
lenght 15 cm.); (c) granoxenoblastic texture of the leucocratic bands in the stromatic migmatite (crossed nicols, magnification x 12); (d) porphyroclastic tex-
ture, with flattened garnet porphyroclasts surrounded by sillimanite, of the melanocratic bands bands in the stromatic migmatite (crossed nicols, magnification
x 12); (e) narrow shear bands in migmatite with development of S/C mylonites (D3) (plane polarized light, magnification x 50); (f) basaltic dike (outlined in
black) crosscutting structures (S2) of the migmatitic country rocks.

Plate 6



manite grains and flattened garnet crystals in the melano-
cratic bands (Plate 6, c and d). The deformations of the third
deformation event (D3) are less evident; they generally oc-
curred as localised shear zones characterised by grain-size
reduction and by partly rotated σ-type garnet porphyro-
clasts. The shearing developed S/C mylonites with shear
band cleavage texture (Plate 6, e). The D3 deformation
event took place at about 300-400° C and 0.4-0.5 GPa (Pilu-
so et al., 1998). The last deformation event (D4) developed
under brittle conditions and produced a more or less perva-
sive fractures (Fig. 30). A normal fault with about 1 m of
displacement occurs in the right side of the outcrop. A
basaltic dike intruded within the migmatite can be observed
in the central part of the outcrop (Plate 6, f). It crosscuts all
the structures of the host migmatites, but are in turn affected

by the brittle deformations. The 30 cm thick basaltic dike
display sharp contacts with the surrounding migmatites
marked by millimetric chilled margins. Under the micro-
scope it shows porphyritic texture with olivine and clinopy-
roxene phenocrysts set up in an intersertal groundmass of
clinopyroxene, plagioclase, opaque minerals and glass. The
geochemical characteristics suggest a slightly alkaline-tran-
sitional basaltic composition (Piluso and Morten, 1997). K-
Ar dating of the groundmass gives an age of 120±16 Ma
(Piluso and Morten, 1997). According to all the collected
petrological and structural data for the basement rocks the
following suggestions can be drawn (Piluso and Morten,
1997): i) 120 Ma ago this crust portion was exhumed to
shallow (less than 200°C and 0.2 GPa) crustal levels; ii) the
basement rocks (Polia-Copanello Unit pro parte) have not
affected by metamorphic events younger than 120 Ma, at
least in the northern sector of the Catena Costiera. This sug-
gests that these basement rocks escaped by Eo-Alpine sub-
duction-related deformation. 
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