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Abstract: Asinara Island is located in northwestern Sardinia (Italy) and only 
recently has been divested as a maximum-security prison and returned to 
nature protection as a National Park with Marine Protected Area along the 
coastal perimeter. Geologically, the island is formed by a Paleozoic basement in 
transition between the metamorphic rocks and the Pre-Hercynian granitic 
batholith of Sardinia. New surveys carried out to reconstruct the recent 
evolution of the landscape have shown a lot of deposits formed by large blocks 
of granitoid and anphibolitic rocks representing a favorable situation to 
produce this material formation in terms of differential erosion in periglaciar 
environment. Similar morphologies are possible to observe in many places in 
Sardinia continental hard rocks as effect of the conditions of refreezing periods 
("glacial"). These deposits are commonly known as " block streams " or " block 
fields " and reported for the first time in Italy in 1990 in the central area of the 
island of Sardinia, about 500 meters above sea level. Their presence in Sardinia 
is always documented in a range of altitudes not less than 350-400 meters and, 
in this case for the first time they have been identified in close proximity to the 
coastline. In addition, some of these deposits cover the thalwegs present on the 
granite rocks in the central portion of the island. The most interesting cases are 
represented by the deposits located on the northwestern side, near the 
lighthouse of Punta Scorno. The widespread presence of these deposits 
suggests significant areal erosion of the island terrain; they probably 
accumulated during the colder episodes that have characterized the Middle and 
Upper Pleistocene of the entire western Mediterranean. These testify the 
existence of an energy relief higher than the present one and a coastline located 
about 25 kilometers from the current position, however, documented by the 
block stream of Cala Arena, the first deposit located for the first time under the 
sea. 
 
Key words:  Blockstreams, climate variations, natural resources management, 
National Park, Asinara Island, Italy. 
 
 
 

                                                 
1
 Corresponding author: Sergio GINESU. E-mail address: ginesu@uniss.it  



Journal of Environmental and Tourism Analyses                                                                                                                                                                                                
Vol. 2. 1 (2014) 19-32 

 

20 

 

 
1. Introduction 

Sardinia is the second largest island in the Mediterranean, situated in the western 

area, about 250 km off the coast of Africa; the collective imagination of Italians is to 

consider impossible a periglacial climate 10,000 years before present during the whole 

geologic history of the island because it is considered a semi tropical land. The presence 

of an important deposit of periglacial origin takes on a particular significance for the 

cultural, scientific and educational significance of its landscape. The great diversity of 

the Sardinian territory offers many exceptional geological and geomorphologiacl 

phenomena, worth to be called a cultural heritage, despite the fact that often they are 

little known. The natural emergencies can be considered a cultural assest, especially 

when they have a special aesthetic- spectacular value, linked to the quantity and quality 

of the meanings and symbols related to the environmental context in which they are 

embedded. From a scientific point of view, the cultural property of a natural type may 

be of importance according to four values: as a model of geomorphological evolution, as 

object of exemplary teaching, as a paleogeomorphological witness and, at last, as 

valence. The geomorphological value may have a social - economic property when used 

for tourism or sports. Last but not least, the scenic component must be analyzed both in 

a spectacular way and as a lure and attraction, facilitating the approach to the 

knowledge and to the environmental awareness. In some cases, heritages, little known 

to the general public, may be considered provided they are easily accessible and 

exploitable from the economic point of view. We must not forget that cultural-physical 

heritage increases the value of the landscape and of the territory, becoming part of the 

resource of the area; the relict forms present in the National Park fall into this category. 

The exceptional values present in an area, undoubtedly contribute to increasing the 

attractiveness of diversity as elements that increase the diversity of the landscape. 

Studies targeted to identify the morphogenetic processes that have affected the 

Sardinia during the Pleistocene have only recently allowed the identification of 

extensive and characteristic deposits of debris having an undeniable periglaciar origin.  

Until now, these deposits have been studied and recognized only in the mountainous 

areas of Sardinia, but recently it has been possible to recognize them even on the 

Asinara Island, an island park located in the northern part of Sardinia, where altitude 

reaches a maximum of 408 meters (Figure 1).   

 

2. Geographic setting 

Asinara is an island (area Approximately 51 km2) situated near the north-west tip of 

Sardinia (Italy). The Island has an elongated shape (length 17.5 km, width from 290 m 

to Cala di Sgombro, to approximately 7 km in the northern area), its main axis runs 

north-east to south-west, and the coastline length is approximately 110 km. The island's 
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landscape is characterized by a crest of ridges formed on the rocks of the Paleozoic 

basement of Sardinia; lithology’s of the passage between the granitic basement and 

lower Paleozoic metamorphic rocks show an increasing level from south to north. The 

profile of this chain is the old divide of a river basin when the wide Gulf of Asinara was a 

continental land and the sea level was to the present isobaths of 130 meters deep. This 

watershed deeply divides the island into two areas, the eastern sector facing the mother 

island, Sardinia, and the western sector exposed to the open sea (Sardinian Sea). The 

elongated island shape shows some very tight points because faults and fractures 

affected the geologic basement of the island during its long history. The narrowest point 

that separates the two seas is just 300 meters (Cala Sgombro di Dentro and Cala 

Sgombro di Fuori). Asinara Island is characterized by two models of coast which make 

the landscape unique: high schist cliffs that are found in the west, along with steep 

rocky slopes and many landslides in the cliffs, gullies and crevices. The eastern part of 

the Island has many inlets and small beaches with coarse sand, typical of the rias in 

granitic morphology, with wide rocky outcrops (Ginesu et al., 1998). Asinara does not 

have an actual hydrographic system: watersheds are short and waterways are 

ephemeral with low flow rate. From the climate point of view, Asinara Island is not 

different from the extreme north-western area of Sardinia. The average annual 

temperature is approximately 18.0°C, while the average annual rainfall is 480 mm, 

rarely reaching the annual average of Sardinia and primarily occurring in fall and 

winter. Today the island is an Italian Asinara National Park. Asinara National Park was 

officially founded by Italian Law n. 344 in 1997. The Park includes all surface areas 

lying above sea level, the small islands within 1 km of the coastline too, except for Isola 

Piana (Gazale and Congiatu, 2005). The Act of the President of the Italian Republic 

issued on October 3, 2002 and the Ministerial Act of August 13, 2002 established the 

Protected Marine Area of Asinara (Marine Protected Area of Asinara - AMP) having an 

area of 10,732 ha and a coastline length of 79.64 km (Ministero dell’Ambiente e della 

Tutela del Territorio e del Mare, 2010). In accordance with Law no. 394 of 1991, 

Asinara National Park divides the territory according to the functional degree of 

protection,as follows: zone A - integral reserve areas in which the entirely natural 

environment is protected and where access is denied, even on foot; zone B - the actual 

Park areas, in which all environmental and natural activities are allowed, as well as the 

interventions for the management of natural resources. However, new buildings or new 

alterations of the territory are not allowed any more, and any activity that does not 

pertain to the Park's institutional duties is forbidden; zone C-also known as agricultural 

zones, in which forestry and traditional agro-pastoral activities, fishing and harvesting 

of natural products can continue in accordance with the institutional aims of the Park, 

and moreover the production of quality craft is promoted; zone D - otherwise known as 

urban areas, These economic and social promotion areas are part of the same 
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ecosystem. Activities, which are compatible with the institutional aims of the Park, are 

allowed in order to improve the socio-cultural life of the local communities and to allow 

the visitors to enjoy the Park. In particular, Park Plan identifies current and potential 

environmental landscape units, which are applied in specific models of management 

(models for the management of water resources, wildlife, infrastructures, fruition 

system, fishing, etc.). Much progress has been made since Asinara opened to the public 

(1999). What is on offer to tourists is quite varied and many companies and 

cooperatives have been created to manage the different services (environmental 

education, transport, guided tours, tourist information, catering, accommodation, sports 

activities, etc.). Consequently, employment opportunities in the Park have increased. 

Thanks to the tourism, Asinara National Park has no doubt created new employment 

opportunities for the residents of Porto Torres and Stintino towns, notwithstanding the 

difficulties caused by it being an island. 

 

 
Figure 1. Asinara Island. Geographical position. 
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There are many attractions that appeal to tourists every year in Asinara National 

Park. In addition to the 'untouched' nature, the Island offers the visitors an experience 

of discovering its history and culture. The park is also a place of memory. The 2014 year 

is the centenary of the Great War that saw the Europeans on several fronts and the 

Asinara Island, during the war, was a prison for many soldiers of Germany and Austro-

Hungarian Empire. During the Great War were confined from Albania to Asinara 24,000 

Austro-Hungarian prisoners, of whom 7,000 died of cholera and starvation in the first 

three months. They have been dedicated an altar of peace (the Austro-Hungarian 

Empire ossuary) that is one of the most attractive locality of the island park. Another 

important tourist attraction is the 'white donkey', symbol of Asinara. 

 

3. Materials and Methods 

From the geological point of view, the island of Asinara has been widely studied and 

appreciated, however, did not take sufficient account of the attraction offered by the 

recent evolution of the landscape of this area that, during the Pleistocene, changed 

periodically its aspect offering different conditions depending on the climate that 

prevailed during the last two million years. The deposits of periglacial origin that one 

can still see in the island testify these events, and tell the story of a very different 

territory, where the actual landscape was the most important mountain. According to a 

study carried out by the Italian National Group of Physical Geography and 

Geomorphology that has identified in Italy the presence of these deposits by referring 

them to the " disappeared mountain ", we liked to introduce this topic with the same 

indication referring to the mountain that is no more in the island. The periglacial 

morphologies and deposits in Sardinia have been studied by many authors (Pelletier, 

1960; Ulzega and Ozer, 1981; Ginesu, 1990, 1993; 1997; 2001). Twenty years ago, for 

the first time, deposits formed by blocks, known as "block streams or block slopes" 

Logudoro in the region and in the central part of the Island on the top of Gennargentu 

Mountains are discovered (Ginesu, 1990). These deposits were attributed to periglacial 

phenomena occurred during the Pleistocene but without specification on the age. In 

general, the texture of the block slopes and the block streams is characterized by a 

fabric in which the main axes of each block tend to be aligned to the same direction of 

the local slope but less steeply. These landforms were attributed to the Pleistocene cold 

stages and at present, they are fossil forms. The mentioned landforms are located in the 

part of the Island where, still today, are lowest winter temperatures and snowfall 

occurs (Casarosa et al., 2003). The effects of cold climatic variations during the 

Pleistocene have led significant marks in the Sardinian landscape both as landforms and 

as deposits, widespread within the whole island. This evidence allowed us to identify a 

climatic limit along the Marghine-Goceano chain and in the Gennargentu Massif, 

separating the Sardinia territory into two climatic sub-regions: the northern one and 
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the southern central one. The study of the possible periglacial deposits in Sardinia 

started after the discovery of block streams at Pranu Mannu site, where the elements 

are characterized by basaltic blocks stocked along a gently inclined surface (2-3% 

slope); the blocks have a maximum size of about 80-120 cm. The Pranu Mannu deposits 

have been correlated with the Plio-Pleistocenic basaltic lava flows and therefore dated 

to a Pleistocene cold period. The great effects of relief inversion observed in the 

Logudoro region give some relevant contributions to a reliable reconstruction of the 

paleo-landscape and the possible age of these deposits. In the other sites, where the 

block streams and the block slopes occur, the ages of the deposits are still unknown, but 

all of them are likely referable to the Pleistocene. Only in one site, in the highest relief of 

Sardinia (Gennargentu Mountain, 1,860 m a.s.l.), the deposit of Punta Paolino are 

probably still partially active and could have formed by polycyclic numerous 

generations of block streams and block slopes during all the cold stages of the 

Pleistocene (Casarosa et al., 2004; Casarosa et al. 2005). These deposits are 

distinguished depending on the shape and the gradient of the slope and attempts have 

been made in order to diversify them. Can be distinguished:   

Deposits of scattered blocks (blocks); fragments inconsistent and coarse with a 

diameter greater than 10 cm, the shape of which does not show evident markers of 

alteration for the transport processes.  

Field of blocks (block field); normally a broad and weak side slope covered with 

boulders of moderate size and sharp edges. Practically more than 50% of the surface of 

the slope should be covered with a similar material. 

Glacis of blocks (block glacis); it is a field of blocks extended sideways along the 

direction of the slope. Occasionally, it is located at the base of the edges of the 

escarpments, tenacious and long slopes at very low gradient. 

Slope of blocks (block slope); similar to the block fields but it is located on steeper 

slopes: these deposits are generally found on slopes with steepness greater than 20% 

(11 °) and can be confused or include the debris at the foot of the slope.  

Channels of blocks (block stream); accumulation of very large blocks and confined 

along incisions or forming linear deposits and thick that extend down to where the 

slopes are steeper. As a rule, none of these deposits in the upper part shows a slope on 

the bedrock as occurs for normal rock debris, which may fall in a field of steepness 

between 3 ° and 15 °.  

Slope debris (talus); it is an accumulation of angular rock fragments due to the 

fracturing of the substrate by a rock wall placed at the top of the debris. The slope angle 

is usually high or very high, depending on the substrate.  

Generally, island slopes have gradients higher than 25-30 degrees. The study and 

mapping of all such deposits in the territory of Sardinia promotes climate 

reconstruction based on temperature values and provides a clear dividing line for the 
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isotherms within which the deposit can be formed. This can move and stop at the 

altitude where the effect of the ice is no longer active. For the present days, the 

reconstruction shows that the cold air masses coming from the northern and 

northeastern quarters have substantially influenced the genesis of these deposits, 

where the geological basement favored their formation. The main deposits located in 

Sardinia are represented by block streams and block slopes, which associate with other 

resistant rocks (mainly basalts and rhyolites, and sometimes granitoids, as in the case of 

Gallura area). Some years ago, other detrital deposits formed by thin layers made by 

amphibolitic fragments were mapped in the northern part of Asinara isle (Ginesu et al., 

1998). Usually located at more than 450 m a.s.l., in the central and inner part of the 

main island, only the Asinara deposits occur in a morphological and altitudinal 

condition different from the other ones, reaching the present sea level. In the latter, the 

shape of some valleys and the occurrence of boulder deposits suggest a strong climatic 

control during a past cold stage. New outcrops of similar deposits have been discovered 

in the southern part of the island Asinara, where they are characterized by blocks of 20-

40 cm in diameter. The possible location where the blocks flowed was identified: it is 

represented by a typical periglaciar small valley, with an U-shaped cross-profile and a 

digital geometry. The valley system cuts in the paleosurface formed on the granitic 

bedrock. In particular, in the middle of the valley a rocky crest emerges from the block 

deposits, like a monadnoks. These new observations seem to be very significant for a 

preliminary study of the periglacial environment in Sardinia, to improve information 

and survey methods to classify different kinds of deposits and, consequently, to 

interpret the different, related processes. 

 

4. Results and discussions  

The geomorphological survey of the Asinara Island has allowed us to locate near 

Punta Scorno, in the small bay of Faro, a deposit of debris that is the product of an 

episode of periglaciar environment. The material that makes up this morphology comes 

from a dyke, which stands out on the top of the slope formed by the rocks of the gneissic 

basement of the late Paleozoic. It is an outcrop of amphibolite with the characteristic 

black color, which shows an average thickness of few meters for a length of some 

hundreds of meters (Figure 2).  

Although this is a very local situation, this deposit is evident in the context of the 

landscape due to the noticeable color difference between the bedrock and the same 

amphibolitic rock. The Paleozoic basement, which constitutes a large part of the 

northern territory of the island, is defined by micaschists and paragneisses with 

megacrystals that show a different response to frost.  

Especially this character has influenced the amphibolite rock by freeze-thaw cycles 

that took place in the area during the last "glacial" stages. These deposits have been 
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detected in many locations on the island (Ginesu, 1997; Ginesu and Sias, 2006), 

however, they are almost entirely absent in the north of Nurra region and this has no 

scientific justification, yet.  

Although this region possesses many cryogenic lithologies such as Mesozoic compact 

limestones and dolomites which easily give rise, as éboulis ordonnées (stratified slope 

deposits). However, in this wide area the deposits of large blocks, known in the central 

sector and northeast Sardinia, were completely absent. So it was possible to 

hypothesize the presence of a morphological barrier that has affected the climatic 

difference between the north and the south of the mother island.  

 

 
 

Figure 2. The Punta Scorno blockslope deposit generated by fracturing of the 

amphibolitic rocks of the Paleozoic basement. 

 

The geomorphological survey has also highlighted other similar situations in the 

central part of Asinara Island, in Tumbarino locality within the small drainage basin of 

Chessa, whose total area is just over 2 km2, closed by Punta Tumbarino and Punta 

Romasino hills. The western part of this basin is located near the sea of Sardinia and it 

was affected by sea erosion, as was also the case of the entire western sector of the 

Sardinian coast.  
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This erosion effect is still visible in the extended arc shape of the coast to the west, 

revealing the presence of a large landslide niche that caused the progressive reduction 

of this basin. On the opposite east coast, the presence of a deep riass shows the 

development of the river system outside the Asinara Gulf where the stream of Chessa 

flowed when the river system was continental.  

The sea level changes during the last phase of the cold climate have caused the 

withdrawal of the waters in the Gulf of 'Asinara as low as the isobath of -130 (Ozer, 

1976; Antonioli and Leoni, 1998; Ginesu and Carboni, 2010). This retreat has had the 

effect of enhancing the energy of relief bringing Punta Tumbarino and Punta Romasino 

hills at an altitude close to 400 meters, keeping the situations where the block streams 

are formed within the continental Sardinia.  

 

 
Figure 3. The block streams near Chessa – Tumbarino basin occupy the thalweg of 

the hydrographic system with partly rounded blocks of granite basement. 

 

During the cold periods, the entire Gulf of Asinara emerged almost entirely, forming 

a continental surface in continuity with the neighboring island of Corsica, in France.  

The diurnal freeze-thaw cycles and temperature fluctuations caused the continual 

expansion and contraction of the rocks that responded to these stresses with different 

alteration products.  

The quantity and quality of the material, in reduced forms, is not due to the classic 

"blocks", but according to its distribution and shape the deposit of Punta Scorno is a 

block slope.  
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The deposits in the basin of Chessa, near Tumbarino, consisting of large blocks 

formed by the granite-metamorphic substrate (Figure  3), inserted along the thalwegs 

of improbable streams, without an effective energy relief response but just 150-200 

meters away from the western cliff and less than a kilometer from the current shoreline 

in the Cala di Sgombro Dentro. They are properly defined as classical block streams 

induced by refreezing and transported by a fluvial -glacial system for short distances.  

 

 
Figure 4. Cala Arena, located in the northern sector of the island, preserves the 

deposit of block stream close to the rocky coast at about 3-4 feet deep. 

 

The last part of the geomorphological survey was conducted with diving in some 

places of the island and it has made possible to locate a new deposit in the bay of Cala 

d'Arena, a beach with a total protection, located not far from the place of Punta Scorno 

(Figure 4). For the first time in Sardinia and in Italy is found a similar deposit below the 

sea level, at a depth of about 4 meters with a horizontal development calculated in a 

hundred meters. This recent acquisition merits further research in underwater 

environment near the coast and raises new questions about the possible climatic 

conditioning in the entire Gulf of Asinara. 

 

Conclusions 



Journal of Environmental and Tourism Analyses                                                                                                                                                                                                
Vol. 2. 1 (2014) 19-32 

 

29 

 

During cold weather, the rocks of the island of Sardinia were subjected to intense 

conditions refreezing, valued in the range of 8 + / -8 (Potts, 1970), which led to the 

crushing of the rocks in large blocks producing accumulations of this material due to 

the seasonal transport persisted when the snow or ice cover (Figure 5). In block stream 

and block slope deposits identified in the island of Asinara is possible to observe 

specific morphologies related to the conditions of transport of these materials, such as 

flat-bottomed valleys buried by deposits of blocks. The singularity of the phenomena is 

provided by the fact that these deposits come up to the current level of the sea and their 

altitude excursion is limited to a few tens of meters; the same deposits were detected 

for the first time even under the sea level. The size of the process of formation of these 

deposits should be considered as part of the imposing recession of the sea that affected 

the wide Gulf of Asinara; the climate situation appeared less "maritime", favoring the 

formation of these deposits. 

 
Figure 5. The Potts diagram shows the relationships between the cycles of freezing 

and fracturing present in the rock. The tests carried out on some rocks have indicated a 

temperature gradient between -8 / +8. 

 

In particular, these detrital layers suggest the presence of well-coded isotherms 

showing the close relationship between the topography of the territory of North 

Sardinia and the passage of cold air masses that concentrated their influence in 
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particular areas. Besides the paleoclimate character that can be learned in these 

morphologies, new further information about local situations can be obtained defining 

the topoclimatic characters. The recent discovery of a submarine deposit suggests new 

questions about the local situation of the climate in northwestern Sardinia, where, 

probably the morphological condition of the arc of the   Asinara Island may have caused 

the persistence of the slowing-down of the cold air masses from the north and north-

east quadrant, creating ideal conditions for the formation and transport of these 

deposits. The further investigation of this underwater site will provide new elements to 

the debate on the climatic boundary that affected the northern portion of the island 

where these rocks are not common throughout the southern Nurra. The numerous 

evidences of the intensity of the phenomenon in whole Sardinia, in its coastal and 

interior parts of the north and east, are also comforted by the presence of deposits like 

éboulis ordonnees (stratified slope deposits) of a thickness exceeding 20 meters in the 

area of east coast, like the pro glacial lacustrine deposits of the nearby Corsica and like 

the traces of cryogenic deformation within the northern sector of Sardinia. The data 

collected so far could help determine the speed indexes in the formation of these 

deposits and in which glacial stages they have been produced. The continuation of 

studies and surveys on the island of Asinara and in the whole Sardinia now has one 

more step in order to rebuild the influence of climatic factors in the landscape of the 

entire region in more detail. Also, we do not forget that even the little known 

geomorphological goods may be elements for knowledge, for enhancement of the 

natural landscape and for the dissemination of science in particular in a protected area. 

On the basis of further research, we will be able to consider the periglaciar relict forms 

as a geomorphological singularity, rare on the Italian territory and therefore the 

proposal for their appreciation in a park and in a marine protected area is justified. 
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