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Abstract
The Pollino National Park, located on the Calabria-Lucanian boundary (Italy), was included in the European Network of 
UNESCO GEOPARKS in 2015 because it is characterized by notable geodiversity regarding geological-structural, geo-
morphological, hydrogeological and paleontological peculiarities. In the Pollino UNESCO Global Geopark, 69 Geosites 
have been defined. The definition of geosite derives from the combination of two words, one Greek “geo” (Earth) and 
the other Latin “situs” (site) which means geological site or site of geological interest. Geosites have great landscape and 
environmental value, and their geological characterization and accessibility are particularly important. In this study, we 
focused on the geosite of Timpa delle Murge, near the village of Terranova del Pollino (PZ) in the Pollino Massif. The 
Geotourism route, starting from the village of Terranova del Pollino, testifies to the existence of the ocean basin (Tethys) 
at around 1300 m and its subsequent closure. Along the route it is possible to observe the ophiolitic rocks and a detailed 
panel, which explains how, by following the geological itinerary described, you are walking on the bottom of what was 
once an ocean. The Geotourism route is easily practicable with well-developed roads and there are several hotels in the 
area which make the area attractive for Pollino tourism. The Geoturistic route is valuable from both a touristic and sci-
entific aspects, and for these regions it is important to try to improve its knowledge not only for its territory but also to 
more distant territories that can benefit of its peculiarities.
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been widely studied by recent and less recent research stud-
ies (Amodio Morelli et al., 1976; Lanzafame et al. 1978; 
Munich 1993; Spadea 1994; Gueguen et al. 1998; Cello 
and Mazzoli 1999; Sansone et al. 2011, 2012a, b; Sansone 
and Rizzo 2012; Dilek and Furnes 2014; Franceschelli et al. 
2021; Fancello et al. 2022).

In the area of Timpa delle Murge, rocks of ophiolitic 
suites can be observed and are relatively rare in the national 
panorama, which characterizes the landscape of the Pollino 
UNESCO Global Geopark which represents one of the most 
fascinating geological “archives” of the Mediterranean.

This study describes the Geological Route of the Timpa 
delle Murge ophiolitic sequence which is one of the most 
significant geological outcrops in the Southern Apennines, 
serving as a preserved fragment of the ancient Tethys Ocean 
and representing the most complete ophiolitic sequence in 
the region (Spadea 1979; Sansone et al. 2011).

The geo-tourist itinerary outlines the evidence of the for-
mation and subsequent closure of the Tethys Ocean basin. 

Introduction

Ophiolite sequences are geological formations of great 
interest, since they act as “fossil fragments” of ancient 
ocean floors, providing a direct window into mantle com-
position and the tectonic processes that drive the closure 
of oceans and the birth of mountain ranges. Due to their 
geological, geodynamic and tectonic importance, these rock 
formations, which is found in only a few areas of Italy, has 
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The route includes stops with detailed boards explain-
ing that visitors are walking on the bottom of an ancient 
ocean. The geological path, through four stops, shows the 
origin and evolution of the exposed rocks, allowing visi-
tors to understand the area’s geological and environmental 
changes over millions of years. Along this path, visitors 
can observe parts of the ancient Jurassic Ocean and touch 
various types of rocks from the Tethys oceanic crust. The 
itinerary is shown on a 1:75000 geological map and a hik-
ing map. Points, called Stops, are marked on the map and 
some have panels with QR codes for additional informa-
tion. This work aims to demonstrate how the rocks of the 
Pollino Massif are not just a geological outcrop, but a nar-
rative of our planet’s past and a key resource for the ter-
ritory’s identity. The Pollino UNESCO Global Geopark’s 
geological and landscape features are a valuable cultural 
heritage that must be preserved for future generations to 
appreciate and learn from.

Geology of the Studied Area

In the Pollino Massif of the southern Apennines (Fig.  1), 
there are well exposed rocks with peculiar characteristics, 
known as ophiolitic sequences. These rocks, fascinating in 
their beauty, are especially concentrated near to the Cal-
abria-Lucanian boundary. They represent fragments of oce-
anic crust with a relatively deep-sea sedimentary cover and 
are evidence of an ancient Jurassic oceanic basin, known in 

the literature as Tethys (Western Tethys according to Mar-
roni et al. 1998 or Alpine Tethys according to Stampfli et 
al. 2002).

The southern Apennines chain is one of fold and thrust 
structures formed of different tectonic units from the Apu-
lian and African Mesozoic paleo margins. On a regional 
scale, the different tectonic units in the Calabro-Lucanian 
boundary are the results of compressive tectonics which, in 
an initial stage, involved the rocks of the ophiolitic sequence 
and, later, the rocks of the Mesozoic-tertiary platform made 
up of the limestone dolomitic successions (Fig. 2). There-
fore, the geological characteristics of the rocks that crop 
out in the Calabro-Lucanian sector of the southern Apen-
nine area constitute fundamental elements which allow us 
to reconstruct the main evolutionary stages of this orogen.

The Pollino UNESCO Global Geopark is located in the 
southern Apennine chain at the Calabria-Lucanian bound-
ary and consists of thrust belts that derived from the conver-
gence between African and European plates (Knott 1987, 
1994) in the Oligocene and Pleistocene (Patacca and Scan-
done 2007) and includes the Ligurian ocean ophiolitic crust 
(Knott 1994; Monaco and Tortorici 1995a, b). The Liguride 
Complex also defined Liguride Units consists of rocks of 
oceanic and continental crust and sedimentary sequences 
(Vezzani 1969; Monaco and Tortorici 1995a, b; Laurita et 
al. 2014). The Liguride Complex has been subdivided from 
bottom to top in different tectonic units: the North Cal-
abrian Unit or the non-metamorphic flysch Calabro-Lucano 
Unit (Monaco et al. 1995; Cavalcante et al. 2009; Tortorici 

Fig. 1  Geological sketch map of Southern Italy (modified after Rizzo et al. 2018) with the localization of Timpa delle Murge area
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et al. 2009), the Frido Unit and the Crystalline metamor-
phic Units (Bonardi et al. 1988; Di Leo et al. 2005). The 
metamorphosed Frido Unit, which tectonically overlies the 
North Calabrian Unit, consists of a sedimentary sequence 
of low-grade phyllites, meta-arenites, meta limestones, 
calcschists) (Rizzo et al. 2016; Paternoster et al. 2021) with 
blocks of oceanic and continental crust rocks (Knott 1994) 
(Fig. 3). Oceanic crust rocks as ophiolites consist of serpen-
tinites with metadolerite dykes and metabasalts (Sansone et 
al. 2011, 2012a, b; Sansone and Rizzo 2012; Dichicco et 
al. 2015, 2017; Bloise et al. 2017; Rizzo et al. 2016, 2018). 
Some authors (Laurita et al. 2014) stated that the slivers 
of continental crust in the Frido Unit are a thrust fault that 
delimits the upper portion of the Frido Unit from a lower 
portion. The North Calabrian Unit, which exhibits no signs 
of orogenic metamorphism, covers the Crete Nere Forma-
tion, the Saraceno Formation, and the Albidona Formation 
(Di Leo et al. 2005). This unit is characterized by a pelitic 
matrix containing blocks of ophiolites, pelagic sediments, 
and turbiditic sequences (Tortorici et al. 2009). Sansone et 
al. (2012a, b) have documented that this unit has undergone 
oceanic alteration.

Timpa Delle Murge Ophiolitic Sequence

In the southern Apennine chain, ophiolites are widely found 
on the northeastern slope of the Pollino UNESCO Global 
Geopark. These rocks formed at mid-ocean ridges about 
150–170 MA ago during the opening of the Tethys Ocean. 
They later became part of the southern Apennines through 
orogenic processes, playing a crucial role in understanding 
orogeny and plate reconstruction. Ophiolites are remains of 
a fossil oceanic lithosphere Late Cretaceous-Oligocene age 
(Knott 1987, 1994; Monaco 1993; Mazzoli 1998; Cello and 
Mazzoli 1999), resulting from north-westward subduction of 

the Jurassic western Tethys below the European continental 
margin (Dewey et al. 1989; Bortolotti and Principi 2005); 
some authors (Vezzani 1969; Amodio-Morelli et al. 1976; 
Spadea, 1976, 1982, 1994; Knott 1987, 1994; Lanzafame et 
al. 1979; Tortorici et al. 2009) have been attributed ophiol-
ites to the Jurassic Tethyan ocean. Ophiolitic rocks are pres-
ent both in the Frido Unit and in the North Calabrian Unit. 
In the Frido Unit, the ophiolitic rocks are mainly formed 
by serpentinites derived from a lherzolitic and subordinately 
harzburgitic mantle (Sansone et al. 2011, 2012a, b; Dichicco 
et al. 2015; Dichicco et al. 2017) and secondarily by meta 
gabbros, metabasalts, diabases and with sedimentary cover 
(Spadea, 1982, 1994). The Timpa delle Murge ophiolites, 
belonging to North Calabrian Unit, do not exhibit any sub-
duction-related high-pressure metamorphism (Lanzafame et 
al. 1978; Bonardi et al. 1988). They are composed of scarce 
Mg-gabbro cumulates (Spadea 1979) and stratigraphically 
overlined by pillow lavas pillow breccias, hyaloclastites, 
diabases. The sedimentary cover comprises siliceous shales, 
radiolarian cherts and limestones (Lanzafame et al. 1979).

The ophiolitic sequence at Timpa delle Murge (Fig.  4) 
comprises dark green serpentinites, which are tectonized 
and visible in small outcrops at the base of the sequence. 
Ascending the sequence, small bodies of gabbro, often 
of the euphotid type, can be observed. These exhibit both 
granular and porphyritic textures and contain clinopyrox-
ene with a diallage composition. The effusive rocks are 
primarily basalts displaying pillow structures character-
ized by radial fractures formed due to thermal contraction 
during solidification. These pillows and associated pillows 
breccias are cemented by a hyaloclastic matrix that is fre-
quently chloritized, exhibiting red and green colours. The 
sedimentary cover includes siliceous shales followed by a 
range of red and green radiolarites from the Late Jurassic, 
which continuously transition upwards to pinkish marly 
limestone. Radiolarites have nodular structures, highlighted 

Fig. 2  Relationship between platform calcareous domains and ophiolitic rocks in Timpa delle Murge area, at the Calabrian-Lucanian boundary
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by the chromatic variations of the flint. This is followed by 
variegated clays containing some layers of quartz-arenites.

The Geoturistic Trail Route

The Geoturistic trail route is located at Terranova del Pollino 
(PZ), with a total length of 720 m, and is composed of four 
stops (Fig. 5). The Geoturistic trail route aims to describe 
the geological heritage found in Timpa delle Murge and this 

description has been organized together with explanatory 
panels along a “geological hiking route” (Fig. 6).

Along this itinerary, it i.a. possible to observe the dif-
ferent portions of the ancient Jurassic Ocean and touch 
the different rock types of the Tethys oceanic crust. The 
route stops are the following: Stop 1: the ultrabasic com-
plex, the dominant rocks of which are serpentinites (Fig. 7); 
Stop 2: the intrusive complex in which gabbros are present 
(Fig. 8); Stop 3: the volcanic complex, consisting of basalt 
lavas, often with a pillow-like structure (Fig. 9); Stop 4: an 

Fig. 3  Schematic geological map 
of the northeastern area of the 
Pollino Massif (modified after 
Laurita et al. 2009)
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overlying sedimentary series including deep sea deposits 
(radiolarites, cherts and shales) (Fig.  10). This geological 
hike/study might interest scientists from around the world 
because their attention will render it possible to identify 
those rocks which are difficult to study due to their hav-
ing emerged from the bottom of the oceans. It was used to 
identify dark green rocks which could flake and leave a sur-
face resembling the skin of a snake (Kerr, 2019). Following 
oceanographic research which permitted samples collec-
tion from the Atlantic Ocean to be compared with others 
from the Pollino massif, revealing a consistent presence of 
sedimentary series and the pillow structure of the volcanic 
rocks, it was possible to identify the oceanic origin of the 
Pollino rocks. This attracts the attention of international sci-
entists because it allows us to learn about rocks that are dif-
ficult to study because they emerge on the ocean floor.

The Pollino Geoturistic Trail Route Stops

Stop 1. Ultrabasic Complex – Serpentinites

Serpentinite, or “snakestone,” resembles snakeskin, which 
is why it is called ophiolite. Millions of years ago, the 
Tethys Ocean opened, and oceanic lithosphere fragments 
were tectonically displaced onto continents, forming ophi-
olitic suite rocks. These rocks result from metamorphic 
transformation in water-rich environments of original peri-
dotites (ultrabasic rocks mainly of olivine). They are rich in 
magnesium, iron, nickel, and chromium. In outcrops, they 
appear barren with minimal soil cover and distinct shapes. 
Serpentinites have a proto-mylonitic texture, and a schis-
tosity defined by recrystallized serpentine, clinopyroxene, 
and opaque minerals. The rocks in the area contain veins of 

Fig. 4  Columnar section of the Timpa delle Murge ophiolitic sequence with selected photographs. (a) serpentinites; (b) gabbros of the intrusive 
complex; (c) pillow lavas of the volcanic complex; (d) pelagic sedimentary rocks
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serpentine, calcite, and occasionally amphibole. The miner-
alogical composition includes primary minerals such as ser-
pentine, olivine, orthopyroxene, clinopyroxene, amphibole, 
calcite, and chlorite, along with accessory minerals like spi-
nel, magnetite, and other opaque minerals.

Stop 2. Intrusive Complex – Gabbros

The gabbros of the North Calabrian Unit are only a small 
part of the ophiolites from the Calabria-Lucania area and 
occur as bodies not exceeding one km3 in volume (Bec-
caluva et al. 1984; Rizzo et al. 2018). They consist mainly 
of sussuritized plagioclase, olivine and relics of clinopy-
roxene (diopside according to Beccaluva et al. 1984; or 
diallage according to Lanzafame et al. 1978). The occur-
rence of brown hornblende suggests a recrystallization 
under amphibolite followed by greenschist facies conditions 

(Beccaluva et al. 1984). The nearby diabase shows interser-
tal, subophitic textures (Lanzafame et al. 1978). Meta-
morphism of the gabbros and diabases is characterized by 
prehnite-pumpellyite facies to greenschist facies mineral 
assemblages. The oceanic metamorphic evolution is char-
acterized by albite, chlorite, tremolitic hornblende, white 
mica and epidote. Pillows and pillow breccias preserve their 
original structure and minerals. The prevalent basaltic rocks 
have intersertal structure, while porphyric rocks are rare 
(Lanzafame et al. 1978, 1979; Bonardi et al. 1988).

Stop 3. Volcanic Complex - Pillow Lava

The pillow lavas exhibit porphyric texture, variolitic rims, 
and a hyaloclastic matrix. They are intersected by calcite 
veins with polysynthetic twinning and rhombohedral cleav-
age. The mineral assemblage includes phenocrystals of 

Fig. 5  Satellite image indicating 
the Geoturistic hiking route and 
the stop numbers with the route 
distances
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plagioclase and clinopyroxene embedded in an intersertal 
plagioclase matrix. Plagioclase appears as euhedral to sub-
hedral phenocrystals, often altered by secondary minerals 
like sericite and saussurite. Clinopyroxene grains, predomi-
nantly augite, are frequently replaced by chlorite. Chlorite 
crystals and other secondary minerals form lamellar or 
radial aggregates. Pumpellyite fills veins, while prehnite 
forms radiused fibrous aggregates. Opaque minerals are 
dendritic in the groundmass, and clay minerals replace pla-
gioclase and clinopyroxene, appearing in patches within the 
glassy groundmass.

Stop 4. Sedimentary Cover

The sedimentary cover emerges in the upper part of the 
ophiolitic sequence of Timpa delle Murge, above the volca-
nic complex. The characterizing lithotypes are represented 
by radiolarites on which a level of red and green argillite 
rests. The radiolarites, red in colour, emerge, at the sam-
pling site, with stratigraphic contact on the pillow lavas in 
a variable thickness range. Lamination surfaces are visible 
and calcite veins subparallel to the stratification can also be 
seen. Radiolarites also alternate with red marly limestones 

Fig. 7  Stop 1 - The ultrabasic complex. On the right, the graphic scheme of the first main phases of the opening of a new ocean domain

 

Fig. 6  Explanatory panels along 
the geological hiking route
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Fig. 10  Stop 4 - The sedimentary cover

 

Fig. 9  Stop 3 - The volcanic complex. On the right, expansion and tearing of the continental crust with generation of a new oceanic crust with the 
focus of the outflow which generated the pillow lavas

 

Fig. 8  Stop 2 - The intrusive complex. On the right, a schematic focus of the movement of molten material from the mantle causing the outflow 
of basaltic lavas
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containing thin intercalations of marl and calcareous marl. 
Above the radiolarites lies an interval of red and green sili-
ceous shales, which are associated with very thin layers of 
fine-grained quartz arenites.

Conclusions

The ophiolitic sequence of Timpa delle Murge represents 
a geological heritage of inestimable value, both for the 
understanding of the geological and geodynamic processes 
that have shaped the region, and for its tourist and cultural 
potential. Its peculiar and complex stratigraphy offers schol-
ars an important testimony of the evolution of the oceanic 
crust, while its geomorphology and landscapes attract tour-
ists looking for immersive experiences in nature. Preserving 
this site means not only protecting a unique ecosystem, but 
also ensuring scholars, scientists and future generations the 
opportunity to study and admire a key element of the geo-
logical history of the area. Enhancement through educational 
tours, guided excursions and awareness-raising initiatives 
can promote greater awareness of its scientific importance 
and promote sustainable tourism, which combines research 
and responsible use of the natural heritage. The integration 
between environmental protection and tourism develop-
ment could transform the territory of Timpa delle Murge, 
in the Pollino UNESCO Global Geopark, into an interna-
tional reference point for geo-conservation, demonstrating 
how scientific knowledge can translate into opportunities 
for cultural and economic enhancement. In this context, the 
Pollino UNESCO Global Geopark plays a key role, offering 
a virtuous example of biodiversity conservation and the pro-
motion of nature tourism. Its spectacular geological forma-
tions, contribute to making the area a privileged destination 
for hikers, scholars and nature lovers, reinforcing the need 
for protection policies that guarantee a balance between 
enhancement and conservation of the territory.
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