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preSentatIon

I
n the last decades, the geological herita-
ge has become of great interest for many 
researchers, who study the geological 
and geomorphological features of the 

Earth aiming at educating the local commu-
nities and transferring the knowledge to the 
future generations. 

For this reason, to achieve the aforemen-
tioned goals, two fundamental steps should 
be necessarily taken in the next future. First, 
promote the preservation of peculiar geologi-
cal sites. Second, raise people’s awareness of 
the resource represented by the geodiversity.

Europeans are on the right path due to the 
several Regional and National administra-
tions, which have recognized the importance 
of geological heritage. The idea to organize 
in Italy and, more specifically, in both Puglia 
and Basilicata Regions the VII International 
Symposium ProGEO on the Conservation 
of the Geological Heritage arises from the 
aspiration to show these lands of relevant 
geological interest to worldwide experts in 
geoconservation.

The International Symposium has been 
organized by SIGEA (The Italian Society of 
Environmental Geology) and ProGEO (the 
European Association for the Conservation 
of the Geological Heritage). The Symposium 
has been structured in a plenary session and 
four  thematic sessions:

1. Geosites, to discuss the recent de-
velopments in geodiversity assessment me-

thodologies and geosites inventories in Euro-
pe and, also, to discuss the legal framework 
supporting geoconservation strategies;

2. Geological heritage and land-use 
planning, to discuss land-use planning, th-
reats and constraints and to promote the best 
practices and lessons learned in regional and 
local land use planning;

3. Geoparks and Geotourism, to 
encourage a possible convergence between 
geoconservation and geotourism and to di-
scuss sustainable management policies and 
geosites exploitation within geoparks;

4. Cooperation and education; to 
improve international cooperation and local 
initiatives for the education and divulgation 
of science and to establish links between 
geoconservation specialists, mainly in Medi-
terranean area.

The aforementioned scientific sessions 
are organized to favoring dialogue among the 
professionals, administrators, academics 
and students dealing with geoconservation 
management, nature conservation, geotou-
rism, geoeducation, land use planning and 
other topics related to the focal theme of the 
VII International Symposium ProGEO. 

“Protecting and Sharing the Geological 
Heritage” is a very important point, which 
follows the phase of individuation, asses-
sment and evaluation. It should be aimed at 
identifying the most appropriate strategies to 
ensure the conservation of most significant 
geosites and all the geodiversity.

The volume contains, in the first part, the 
abstracts of the plenary session among which 
there are with important contributions by 
William A.P. Wimbledon (ProGEO President), 
Luca Demicheli (EuroGeoSurveys General Se-
cretary), Patrick De Wever (IUGS GeoHeritage 
Working Group Coordinator, Muséum National 
D’Histoire Naturelle) and Mario Panizza (Dept. 
of Earth Sciences - University of Modena and 
Reggio Emilia). Successively, in the second 
part, the volume include four chapters, each 
one related to the individual thematic ses-
sions, which begin with the most significant 
short papers that introduce all others listed 
in alphabetic order.

The organizers hope that this event will 
give out to raise the awareness of all people, 
especially those who live in the Puglia and 
Basilicata area, to be more responsible on 
what the nature has given us to be studied, 
protected and enhanced for future genera-
tions. 

In the proceeding volume there are also 
the field guidebooks of the pre and post con-
ference fieldtrip that are of great interest. 
Field trips will be held in different parts of 
Puglia and Basilicata to allow participants 
to observe landscapes belonging to different 
geological domains.

Mario Bentivenga & Francesco Geremia
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W. A.P. Wimbledon

Department of Earth Sciences University of Bristol, 
Wills Memorial Building, Queens Road, 
Bristol BS8 1Rj, United Kingdom - 

Geoconservation, shared proGeo 
ideals and objectives – the 
reality versus the aspirations

C
onservation of geoheritage in Euro-
pe still is a mix, of good and bad, of 
success and unrealised potential.  
Geologists in some countries still 

struggle to get their responsible government 
agencies to accept a list of geosites for pro-
tection: others have made a breakthrough 
and succeeded in getting new laws passed 
that are specifically designed for geosite pro-
tection. Some countries stagnate, with good 
conservation laws but uninspired usage of 
those laws.   Some, happily, have a good town 
and country planning system, and it is that 
rather than effective conservation agency 
actions,  that save geosites from disaster.  
Other countries have a plethora of laws, and 
administrations labour under the weight of 
ineffective or marginally relevant laws, no-
tionally applicable to geo(morpho) logical 
sites conservation, but never applied in any 
meaningful way. In countries where the em-
phasis is all on biological and archaeological 
protected areas, but no geological, some have 
turned to tourism to give some degree of re-
cognition to one or two sites. But this leaves 
most geosites, and usually the best, with no 
attention nor protection.

In the old soviet block, money can now 
speak louder than any party. Where regula-
tion and state administrations once listed 
many protected areas in national cadastres, 
economic growth and pursuit of personal 

wealth andleisure become the priorities. The 
old sicknesses of the ‘west’ have arrived. 
With this comes uncontrolled development, 
construction, tipping - destruction - and a 
flexible view by administrations of the loss 
of national heritage. In some developed 
countries of western Europe, where effective 
national agencies once oversaw conservation, 
decentralisation to the lowest governmental 
levels, to local government, results in a loss of 
nationalscientific overview and control, which 
cannot be healthy. In a period of seeming de-
cline, great encouragement comes from the 
initiative in countries like Spain and Portugal 
to remodel their methods for identifiying and 
protecting geosites. These countries have re-
volutionised their national methods by adop-
ting the ProGEO/IUGS Geosites methodology, 
making comparative lists of sites, based on 
wider and truly objective criteria.With this co-
mes even the creation of new related statutes.

In governmental circles, Geoheritage in 
Europe has become more threatened, not 
less, though changing priorities and empha-
sis. One of the biggestchanges in emphasis 
has been seen amongst biological/ecologi-
cal conservationists,moving from “nature 
conservation”, which could accommodate 
geological sites, to an emphasis instead on 
“wildlife” and “biodiversity”, in which there 
is no place for thoughts of geoheritage. This 
has squeezed geoconservation even in tho-

se countries where it was enshrined in law 
in parallel with biological conservation, and 
especially in EU countries where the vastly bu-
reaucratic and costly Habitats Directive has 
been enforced at the cost of a more holistic 
view of nature.

Further, the emphasis on geotourism, or 
tourism on geological landscapes, including 
the geopark movement, disguises ever-pre-
sent problems. Desirable though it is to pro-
mote geology to a wider public, very desirable, 
it has taken some minds off the ever present 
issue, and a larger priority – the survival of 
national geoheritage. If each country lacks an 
inventory of its geoheritage, it cannot work out 
its priorities for site protection. It is necessary 
to derive such priorities, because in a com-
petitive society only the best geosites can be 
and should be protected and managed. With 
no inventory any protection will bead hoc or 
even random. Sadly, it is still pretended in 
some countries that wilderness/biologically 
motivated designations of national parks and 
nature reserves contain all the geological ri-
ches that the country has or needs to protect. 
Clearly this is not true.

At the Hagen ProGEO international sym-
posium, the revitalisation of the ProGEO/IUGS 
Geosites project was discussed. Now is the 
time to put this agreement into action.



Geologia dell’Ambiente • Supplemento al n. 3/2012

10
French geosites of national or international 
relevance for example could be transfered to 
this international database. This would avoid 
doubling the work (or tripled if national, Eu-
ropean and international database are esta-
blished). 

outreaCh GeoherItaGe
During the recent International Year of 

Planet Earth (IYPE) France has chosen to put 
one of the emphases on outreach. The results 
have been much better than expected becau-
se more than half of the accepted projects 
had at least a part dealing with Geoheritage. 

Protection of geoheritage needs money 
and a wish of conservation. This can be obtai-
ned only if a proper knowledge is achieved. In 
order to popularise geoheritage several ways 
are used : Conferences, Books, Field trips, Col-
lections of booklets, Exhibitions …

According to different countries, to their 
various culture, one way or an other is fa-
voured. A recent study conducted in western 
Alpes (N. Cayla, 2009) reveals that Latin 
culture (Italy, France, the Romanian part of 
Switzerland) seems to prefer museums, whe-
reas German culture (Germany, Austria and 
German part of Switzerland) would prefer in 
situ fittings : hiking paths with signposts. 

Besides some “spare” books dealing 
with geoheritage or geoeducation which we-
re published by several editors with various 
formats, several collections of books were re-
cently launched : Stratotypes, Balades géolo-
giques, Géologie & tourisme.

Stratotype
The geological scale is based on the 

stratotype notion. Since Western Europe was 
the birthplace of Stratigraphy it hosts a lot 
of stratotypic sections. In France more than 
forty can be counted (Figure ). Several of them 
only bear an historical interest. However, all 
are good candidates to carry the geoheritage 
notion to a large public. They offer the possi-
bility to explain palaeontology, sedimentology, 
the importance of time in geology, paleogeo-
graphy … most of the main concepts used 
in geology. 

We therefore choose to launch a collec-
tion of books called : “Patrimoine géologique, 
Stratotype” (geoheritage, stratotype), edited 
by the Muséum, BRGM and Biotope. A volume 
will be devoted to each stratotype. Intended 
for a wide audience, this collection hopes to 
familiarize the public with these measuring 
rods for time, so private citizens will gain 
an awareness of their geoheritage. In these 
books we offer the historical aspects and ge-
ological ones obviously but we also underline 
what are the uses of the rocks of these ages 
(to build monuments, to carve sculptures i.e.). 
We also include as much as possible, the col-

lections associated wit this stage (content, 
number, museum). This allows to underline 
that geoheritage includes ex situ as well as 
in situ objects. At the moment two books are 
published : Lutetian, Albian. Stampian, Het-
tangian, should be published during the year 
2011. Others are in process : Barremian and 
Aquitanian Aptian, Berriasian, Brioverian, 
Cenomanian, Danian, Givetian, Sinemurian, 
Sparnacian and Toarcian.

“BalaDeS GéoloGIqueS” (GeoloGICal 
StrollS or GeoloGICal DISCovery 
WalK

Geology has generally a reputation of au-
sterity, when it is not that of a difficult, not 
to say boring, discipline. To overwhelm such 
a status we launched a collection of booklets 
corresponding to guided tour in several towns. 
In these visits we emphasize the connections 
existing between rocks, architecture, urban 
planning and we associate as much as pos-
sible art with science. One of the objective is 
to prove that science belong to culture as art 
does. Generally this approach receives a very 
good success. This project covers all France 
and associates the Muséum, Société géolo-
gique de France (french geological society), 
BRGM, and Biotope. Several towns are alrea-
dy set : Etampes, La Rochelle, Milly-la-Forêt, 
Bordeaux, Fréjus, Chambéry; circa twenty are 
in process (besides Paris with 19 booklets for 
itself) 

GeotourISm
A new collection called “Géologie & tou-

risme” will be launch this year (Muséum and 
Biotope editors) presenting touristic itinera-
ries dealing with geology. 

Geological walk in towns are a good tool 
to popularize geosciences. In nature, geotrails 
or georoutes allow an access to in situ geo-
logy at different scales : a walking distance 
or driving distance. Several routes have been 
established in such an objective : viageopal-
pina, georoute transpyrenéenn

 Via alpina and viageopalpina
This project was initiated by International 

Union for Geological sciences (IUGS) & UNE-
SCO in the context of the International Year for 
the Planet Earth (IYPE). It gathers several or-
ganizations from 6 alpine countries (Austria, 
France, Germany, Italy, Slovenia and Switzer-
land) (www.viageoalpina.org). The Via GeoAl-
pina project is being implemented alongside 
the Via Alpina, an itinerary crossing all the 
countries of the Alpine chain from Trieste to 
Monaco via footpaths. It seeks to develop and 
disseminate knowledge of Earth Sciences 
such as geology, geomorphology, hydrology, 
natural dangers and the uses of stone. They 
walk along a marked footpath, tourists and 
hikers are informed about the history of the 

formation of the Alps and the secrets of the 
planet Earth. 

 Georoute transpyrénéenne (Via 
pyrenea)

A geological route goes through the Pyre-
nees. It has been realized by several asso-
ciations from Spain (GeoAmbiente and Geo-
Transfert) and France (GeolVal). This georoute 
displays the geology from the Aspe valley to 
High Aragon along more than 200 kilometers 
with 25 stops along the road, fitted with si-
gnposts. 
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Geoheritage in france : from 
inventory to geotourism

In France for many years the protection of 
nature was understood as the protection of li-
ving nature (flowers, birds, bats, beetles …). 
During the past quarter century, the efforts of 
the geologists, are largely to be credited with 
progressively gaining this recognition. Se-
veral geological reserves were promulgated. 
From these activities resulted the “Interna-
tional declaration of the rights of the memory 
of the Earth” written during an international 
meeting 20 years ago.

Remarkable geological objects of whate-
ver size must benefit from in situ or ex situ 
protection and conservation. An inventory is 
required by the law enacted in 2002. In April 
2007, the ministry launched the inventory of 
the nation’s geological heritage. 

The data are collected at regional scale. 
They are gathered and homogenised then 
transferred to the National Museum of Natural 
History where they are examined. The ratified 
sites are stored at regional and national levels 
and will be transferred on a public website: 
http://inpn.mnhn.fr for a large public) on the 
same base as those dealing with other data 
on nature (with flora, fauna, ecosystems, ha-
bitats ….). 

These data are used to feed a databa-
se devoted to education, used by teachers to 
help them to conduct fields trips with their 
students.

In France, several categories and status 
exist for protection : 

- « Grands sites », are places of major 
importance. They all come under the 1930 May 
law, protecting sites with artistic, historical, 
scientific legendary or picturesque value and 
have exceptional renown (most rate as “three 
star” attractions in tourist guide books). 

- « Sites classés », that is to say natu-
ral monuments and sites (nature’s beauties). 
The first interest for this classification is not 
geology, because for 2700 sites only in 73 of 
them geology is concerned.

- « Réserve naturelle régionale » (Regio-
nal Natural Reserve) and « Réserve Naturelle 
Nationale » (National natural reserve) have a 
juridical status introduced by the 2002 Law. 
The national reserves are established at the 
state level, while the regional ones are re-
cognized at the regional level. Both include 
preservation and a managerial plan. 

Séquanien

Rognacien Fuvélien
Bégudien

Garumnien
Biarritzien

Burdigalien

Aquitanien

Stéphanien

Vésulien

Lotharingien

Sinémurien

Santonien

Cognacien

Toarcien

Redonien

Briovérien
Bajocien

Strunien

Albien

Sparnacien

Ludien

Givétien

Sannoisien

HettangienCuisien
Marinésien

Stampien

Autunien

Ardescien

Aptien

Auversien

Lutétien

Sénonien
Cénomanien

Turonien

Berriasien
Clansayésien

Gargasien Barrémien

Crussolien

Valdonnien

Pentévrien

Danien

Vitrollien
Bédoulien

Campanien

- for a long time, biological treasures were 
able to be protected by a rapid juridical act : 
“Arrêté de protection de biotope”, a prefectu-
ral bylaw. This efficient legal act is quite easy 
to proceed since it does not include prelimina-
ry public probe and no managerial plan. Since 
july 2010, this legal act should be applicable 
to geological sites under the name “Stratégie 
de Création d’Aires Protégées). 

The data are collected at regional scale. 
They are gathered and homogenised then 
transfered to the National Museum of Natural 
History where they are examined. The ratified 
sites are stored at regional and national levels 
and transferred on a public website : http:/
geologie.naturefrance.fr  for expert public and 
http://inpn.mnhn.fr for a large public) on the 
same base as those dealing with other data 
on nature (with flora, fauna, ecosystems, ha-
bitats ….). 

The inventory is a step, its value needs 
to be enhanced for administration and for 
urban and country planning, a lot of sites are 
destroyed only because decision-makers are 
unaware of their existence 

These data will also be used to feed a da-
tabase devoted to education, mainly used by 
teachers to help them to conduct fields trips 
with their students. (http://www.educnet.
education.fr/svt/actualites/litho-IGN/ ). By 
this way they will be available on Google Earth    

On an other hand, IUGS set up a Geohe-
ritage Task Group in 2010. One of its goals is 
to feed a database with geosites. Such a pro-
gram has been undertaken some years ago, 
with this name but till now only a little bit 
more than a hundred sites were concerned, 
all from the beginning of the program. A new 
departure would be possible if this database 
is settled using geosites which are already 
informed and validated at national level. The 
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aBStraCt

F
ollowing the concepts of Geodiversity 
and Geomorphodiversity, the extrin-
sic and intrinsic peculiarities of the 
Geomorphology and Geology of the 

Dolomites and of the Emilia Apennines are 
summarized. The first have been included in 
the UNESCO World Heritage List; the second 
is candidate for enrolment in the List of Eu-
ropean Geoparks.

Geodiversity (Panizza, 2009) is defined 
as: “the critical and specific assessment of 
the geological features of a territory, by com-
paring them in a way both extrinsic (with other 
territories) and intrinsic (with the territory it-
self). It takes into account the level of their 
scientific quality, the scale of investigation 
and the purpose of the research”. 

It should noted that some authors consi-
der the number and variability of “geological” 
elements to be the basic parameters on which 
the quantitative and qualitative assessment 
of Geodiversity should be founded; they use 
also mathematical indexes and formulas. 
This procedure can be considered as a me-
re statistical elaboration of geological data 
which, in most cases, had been previously 
collected: it does not constitute original do-
cumentation, but a simple spatial statistics 
that add nothing either from a conceptual 
viewpoint or regarding content.

Two examples of application of the con-
cept of geodiversity are presented: the first 
concerns the Dolomites, the second the Emilia 
Apennines.

The Dolomites have been included in the 
UNESCO World Heritage List (Gianolla, Miche-
letti & Panizza, 2008) because of their excep-
tional beauty and unique landscape (criterion 
VII), together with their scientific importance 
from the geological and geomorphological 
point of view (criterion VIII).  

In order to acquire correct geomorpholo-
gical understanding of these mountains, an 

original interpretation has been introduced, 
that is “geomorphodiversity” (Panizza, 2009) 
derived from the concept of geodiversity (Fi-
gure 1).  First of all, they have monumental, 
original and spectacular qualities distingui-
shing them from all other mountains in the 
world (extrinsic geomorphodiversity on a glo-
bal scale). Furthermore, in the context of the 
alpine environment, but not only, they offer a 
particularly varied, complex and emblematic 
range of morphological features (extrinsic ge-
omorphodiversity on a regional scale), with 
structural forms linked above all to old and 
more recent movements of the earth’s crust. 

On account of their variety and complexi-
ty, these phenomena are superimposed on 
other forms which offer an almost complete 
educational and scientific case study within 
the Dolomites (intrinsic geomorphodiversity 
at regional scale). The morphology is linked 
either to present climate conditions or to pro-
cesses taking place during recent geological 
periods. On a local scale, another example of 
intrinsic geomorphodiversity is offered by the 
wide range of karst formations, both epigeal 
and hypogeal.

Referring to “geological” values in a 
broader sense, subdividing them into ex-

Fig. 1 – Geomorphodiversity of the Dolomites

Fig. 2 – Geodiversity of the Emilia Apennines
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trinsic and intrinsic values (geodiversity), 
the stratigraphic-type geological values, like 
the various layers or formations whose na-
mes are derived from the Dolomites, such as 
“Ladinian” or “Dolomia principale”, should 
be mentioned. Among the values of palae-
ogeographic and palaeontological-type, the 
Triassic reefs made up of 200 million year-
old corals, algae and sponges, or the “San 
Cassiano” fossils could be quoted; also mi-
neralogical-type values such as “monzonite”, 
which got its name from the Monzoni chain, 
should be mentioned.

Concerning the Emilia Apennines, a dos-
sier is being prepared to present a portion of 
these mountains as a candidate for enrolment 
in the List of European Geoparks. Also for this 
area the concept of geodiversity has been ap-
plied (Panizza & Piacente, 2008) (Figure 2).

In the case of extrinsic geodiversity, 
the area selected can be considered as an 
exemplary case in the Apennines owing to 
its typical geological features: it is in fact 
an educational example for illustrating tec-
tonic evolution, stratigraphic sequences and 
lithological peculiarities in this chain com-
pared with other mountains in the world; 
other characteristic is the high frequency of 
landslides, which are also a sort of outdoor 
laboratory for investigations on their hazard. 
On the other hand, intrinsic geodiversity  con-
cerns first of all the complexity and variety of 
geomorphological features: LGM glacialism, 
karst landforms in the gypsum formation, 
the spectacularity of badlands etc. Other 

characteristics of intrinsic geodiversity are 
related to mineralogy (e.g., baritine, which 
Goethe defined as “phosphoric stone”), or 
petrography, such as the ophiolites (known 
also as the “Devil’s stones”) or palaeontology, 
including some specific types of fossils.

Finally, it can be observed that, conside-
red from the standpoint of geodiversity, the 
territory of this portion of the Apennines shows 
a multifaceted and complex image, depen-
ding on the various points of view of scientific 
observation. In order to carry out a thorough 
territorial analysis, it is therefore of para-
mount importance to first choose the goals 
of our investigations and, consequently, the 
most appropriate conceptual and methodolo-
gical path also for applied purposes.

As for the management of these mountains, 
a conceptual path is suggested and illu-
strated, following the phases of knowledge, 
communication, awareness, protection and 
appraisal (Panizza & Piacente, 2011).

Knowledge should be based on a strict 
analysis of the particularities typical of the 
Dolomites and of the Emilia Apennines. Such 
knowledge should be articulated  into:  I) a 
strictly scientific interdisciplinary research; 
ii) an accurate interpretation according to 
original reading codes, within an integrated 
holistic-type synthesis. Communication must 
be comprehensible and based on scientific ri-
gour. The two main aspects of communication 
should be popularization (meetings, folders, 
articles, books etc.) and education/formation 
(school and permanent education etc.).  Awa-

reness: any landscape can become common 
heritage and therefore a “cultural asset” in all 
its values only when communication leads to 
a shared awareness; not only would this allow 
participation but would also approve territo-
rial management choices. As for protection 
and appraisal, the idea is “not planning in 
order to protect and protecting in order to ma-
nage” but “planning in order to disseminate 
knowledge and develop awareness in order 
to appraise and self protect” (Panizza & Pia-
cente, 2003). Management: not a top-down 
planning (passive approach) but a bottom-up 
planning (active approach) with self involve-
ment; therefore this sort of management must 
be linked to an “open network”, intended as a 
cultural network of all the physical, biological 
and cultural elements of the territory.
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aBStraCt

A
n inventory of the geosites in a count-
ry is a suitable tool for identifying 
appropriate strategies for a correct 
management of the geological heri-

tage. Italy is still far from having a national 
geoheritage conservation strategy but it had 
already started a programme for geosites 
inventory at the beginning of 2000s. The in-
ventory was intended to collect knowledge of 
Italian geoheritage and make it accessible. In 
the past data on geosites came from publi-
shed resources, but in recent years field work 
has been gradually substituting old data. This 
paper deals with the procedures and crite-
ria adopted in order to create the inventory, 
starting from a card expressly designed and 
approved by the academic world. Data were 
organised in a database; afterwards it has 
been transformed into a geodatabase. Cur-
rently the geodatabase ‘Geositi’ is available 
at ISPRA website and can be freely consulted. 
The programme also includes the creation of 
an agreed list of major geological sites at the 
national or supra-national level (RNG). 

IntroDuCtIon
Italy is famous around the world for the wi-

de range of its landscapes whose uniqueness 
is strictly connected with its geodiversity. The 
geological diversity has also influenced land 
use and distribution of habitats and location 
of human settlements in Italy as anywhere 
else. Geoconservation is a key element in na-
ture protection as a whole and geodiversity 
deserves as much interest and recognition as 
landscape, biotic nature and other elements.

The protection and conservation of ge-
odiversity is integral part of ISPRA, Italian 
Institute for Environmental Protection and 
Research, statutory functions. In the last ye-
ars (since 2000) ISPRA (which includes the 
former Geological Survey of Italy) set up ‘Ge-
ositi’, a project focusing on the identification 
of geological significant sites, with the aim 

of developing an inventory of the Italian geo-
logical heritage. 

ItalIan leGISlatIon on GeoloGICal 
herItaGe 

The primary objective of the Geositi pro-
gramme was to increase the Italian geological 
heritage knowledge. 

Unlike what happened in other countries, 
where the development of a geosites inventory 
is considered the first step in any geoconser-
vation strategy, in Italy this was not deter-
mined by a public interest in undertaking an 
environmental preservation policy. As a mat-
ter of fact in Italy the Code of Cultural and 
Landscape Assets (2004) is the only national 
law concerning geological heritage. It deals 
with both cultural and environmental assets 
but not with geoconservation. This law refers 
to the territory as the result of the interaction 
between human and natural factors and sta-
tes both that geological peculiarities (geosi-
tes) are under protection, if they have been 
included  in the town-and-country planning, 
and that some of them must be comprised 
therein. That’s the reason why in the last few 
years local authorities in Italy developed geo-
sites regional inventories. Some regions, star-
ting from this law, have developed interests 
in geoconservation and issued regional laws 
dealing specifically with the geological heri-
tage (Emilia Romagna, Liguria and Apulia). 
They have also started regional programmes 
of compiling inventories. In 2012, Sicily is-
sued a law not directly dedicated to geological 
heritage but merely concerning the invento-
ry of Sicilian geosites; however it may be a 
first step towards a geoheritage conservation 
project of the Island.

the ItalIan natIonal GeoSIteS 
Inventory 

In the mid-1990s, a general discussion 
about geological heritage started in the Ita-
lian scientific community and a card for a 
geosites first inventory was drawn up by the 
collaboration among the Geological Survey 
of Italy, the University of Genoa (POLIS De-
partment), SIGEA (Italian Society of Envi-

ronmental Geology) and ProGEO (European 
Association for the Conservation of the Ge-
ological Heritage). The form was submitted 
to the academic world and later drafted in a 
final version. At the beginning of the 2000s, 
the Geosites Project of ISPRA started with 
the aim of producing a systematically com-
piled inventory of the most valuable sites 
of geological interest in Italy. The inventory 
was intended to be an instrument for gaining 
understanding of the Italian geological heri-
tage. Sites were selected on the basis of in-
formation from published resources and data 
and only a very small part of them came from 
adequate research or site visits undertaken. 
The entire Italian coverage was selected from 
scratch, in a relatively short time (about two 
years). The implementation was not based on 
a pre-established geological framework but 
it was approximately based on geological do-
mains such as geomorphology, palaeontology, 
stratigraphy, mineralogy, etc. Data collected 
for each geosite were related to a general and 
geological characterization, illustrations, re-
ferences and additional characteristics. All 
the information was then collected in a da-
tabase developed in Access. 

CharaCterIZatIon of GeoSIteS
Since 2009 and after a period of inactivity, 

the project started again with both a revision 
of the form used and a check of geosites and 
data collected. A team (Geosites Working 
Group) composed by experts from regional 
institutions, universities and ISPRA compa-
red and shared national and local experiences 
and modified the geosites form, taking into 
account local geological situations, admini-
strative use and touristic purposes. 

Currently, the general characterization of 
each geosite describes: 

- geosite identification: name of the geo-
site and identification of editor and geologist 
who proposed the site; date and type of repor-
ting (bibliographic or from field work);

- location: geographical and administra-
tive identification; shape (area, line or point); 
emerged/submerged; 
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- accessibility: type and quality of the 

access route; most appropriate time of year 
for access; 

- legal protection: if the geosite has or 
has not any kind of direct or, mostly, indirect 
protection; name of the conservation area or/
and of the legal constraints;

- vulnerability: identification of natural 
and human processes, that might affect the 
geosite, and risks of degradation.

The geological characterization describes 
and validates the geosite inclusion in the In-
ventory: 

- scientific interest (=geological contest) 
and its assessment: palaeontology, minera-
logy, geomorphology, etc.; rare, representative 
or illustrative;

- related interest: cultural, naturalistic, 
geotouristic, etc.;

- scientific relevance: local, regional or 
national; 

- geological content: main lithologies, 
geochronology, a brief geological description; 

- illustrations: pictures, excerpts of geolo-
gical maps, geological sections etc.

- references: pdf of scientific and divulga-
tive works and any other published document 
about the site. 

GeoSIteS ConCept anD SeleCtIon
The process of selecting geosites was ba-

sed on scientific interest; those rare cases, 
in which there was more than one scientific 
interest, were taken into account. The main 
criteria used for geosites selection are: repre-
sentativeness, rarity, scientific value, visual 
impact, evidence of geological history of an 
area.  Sometimes closely related sites have 
been grouped to form a single (polygonal) ge-
osite. A few man-made settings are included 
as well as mass movement of sediments. A 
quarry can be an important window on the 
geology of an area, showing us what we would 
never had the opportunity of studying. Lan-
dslides sometimes strongly affected people 
life in a territory, testifying to an important 
geological event and playing a role in the in-
terpretation of the geological evolution of an 
area. Archaeogeosites definition is still under 
discussion. Italian archaeological heritage is 
rich and widespread and sometimes strictly 
connected with the geology of the area.

The Inventory discriminates best sites 
from those of lesser significance but a we-
akness of the project could be that the discri-
mination had not got a systematic basis, sin-
ce judgments are not founded on established 
parameters. Scientific relevance is a delicate 
point as the over-grading of the site can easily 
occur and a site might appear of high level in 
a local context but would not be considered in 
a national framework. The inventory takes into 
account sites of local, regional and national 

relevance and ISPRA states the level, whoever 
signaled the site. 

hoW It WorKS
According to the original project the core 

of the inventory is based on literature data. 
Through the years an increasingly part of ge-
osites have been identified by field work and 
reported to ISPRA by researchers, students, 
local institutions and environmental organi-
zations. The old form has been replaced by 
the revised new one, an interactive pdf which 
can be filled in on line and automatically sent 
by email. 

A review of the geosites selected in the 
past has been launched by field verifications 
and new assessments with the help of experts 
opinions.  We are presently heavily handicap-
ped by being under-resourced but most of this 
work will be done in collaboration with local 
Institutions and their academic experts. 

Currently the amount and the quality of 
information available varies greatly from one 
site to another and from one part of Italy to 
another.

hoW It WorKS
According to the original project the core 

of the inventory is based on literature data. 
Through the years an increasingly part of ge-
osites have been identified by field work and 
reported to ISPRA by researchers, students, 
local institutions and environmental organi-
zations. The old form has been replaced by 
the revised new one, an interactive pdf which 
can be filled in on line and automatically sent 
by email. 

A review of the geosites selected in the 
past has been launched by field verifications 
and new assessments with the help of experts 
opinions.  We are presently heavily handicap-
ped by being under-resourced but most of this 
work will be done in collaboration with local 
Institutions and their academic experts. 

Currently the amount and the quality of 
information available varies greatly from one 
site to another and from one part of Italy to 
another.

‘GeoSItI’ GeoDataBaSe
Since 2012 the old Access database has 

been replaced by a geodatabase and all geo-
sites are going to be considered as polygons, 
except for springs, caves and a few others. 
The update of geosites already in the data-
base will take place gradually throughout the 
geodatabase. This latter is obviously dyna-
mic and may be updated as new outcrops are 
identified and others decay or are modified. 
The geodatabase ‘Geositi’ is published on 
the ISPRA website. The URL is: http://sgi2.
isprambiente.it/geositiweb/. 

For each geosite the geodatabase inclu-
des the location of the site, photos, referen-
ces and information on accessibility as well. 
A geological explanation, a description of the 
main geological features, a description of 
the main scientific interest and information 
about statutory protection of the area are 
provided. The geodatabase is easily accessi-
ble for the general public through the ISPRA 
website where an easy and quick registration 
is requested. Browsing the information in the 
geodatabase can be done by searching a ge-
osite by name, or location data or most of the 
categories of information collected for each 
site. A GIS interactive map is available so that 
an area on a map of the Italian territory can 
be selected and geosites in that area found. 
Clicking on a red symbol on the map, the re-
lated form can be opened and any information 
about that site, collected in the database, can 
be read. Further information about threats 
to geological sites and about their state of 
preservation are available too. In Italy, while 
waiting for a specific law dealing with the 
geological heritage, a site monitoring has a 
very important role in the process of geologi-
cal site conservation. We intend to update this 
information and to regularly check sites are 
not degrading in order to readily identify the 
appropriate actions to be implemented and 
the legislative measures which are required. 

the ‘ConfIDentIal’  GeoSIte
Until 2010 an internet application allo-

wed to consult only a selection of the data 
collected for each geosite in the old database. 
Presently the web application allows to con-
sult all data for each geosite. This has hi-
ghlighted the demand of ‘hiding’ some special 
geosites. We refer to scientifically important 
small outcrops: fossil-rich or mineral reserves 
which can be easily damaged. At such sites 
an irresponsible collecting can cause serious 
problems to these rare and irreplaceable si-
tes in Italy. For these reasons some geosites 
have been filed but data are not visible on the 
website and are available only for researchers 
or on documented request. 

GeoSIteS of natIonal IntereSt (rnG)
A national coverage is a prerequisite in 

compiling a national list of key localities. 
Starting from the Inventory, the goal of the 
RNG is to compile a list of geosites of na-
tional and, among these, of supra-national 
level. The Geosites Working Group faced the 
problem of identifying criteria and principles 
to guide the objective selection of the best 
geosites in Italy. They suggested they can be 
assessed via a numerical approach by a clas-
sification system which assigns scores to so-
me, chosen, values for each geosite. Currently 
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this method could be revised to adapt them to 
an agreed European methodology. 

popularIZatIon of GeoherItaGe 
ISPRA believes geodiversity has an edu-

cational value: it is the key to understand the 
evolution and history of our planet and how 
life evolved. There are numerous approaches 
to communicate geology and geodiversity and 
we think Geosites geodatabase may work to 
widen people understanding of the surroun-
ding environment. We plan to work both in 
improving the scientific quality of informa-

tion collected in Geosites geodatabase and 
in using a more understandable language to 
communicate geology and geodiversity to the 
public. 
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aBStraCt

T
he paper analizes the context in which 
the Apulian Regional Law 33/2009 on 
Protection and enhancement of the 
geological and speleological heritage 

is born and the earlier legislative actions, 

then exposes the objectives and contents of 
the Regional Law focusing on the Inventory 
of natural and artificial Cavities and the 
Inventory of Geosites. The geological and 
speleological heritage are finally seen in the 
contest of the strategies of land use, town-
and-country planning and sustainable forms 
of land fruition.



Geologia dell’Ambiente • Supplemento al n. 3/2012

19

quantitative assessment of 
geosites with national and 
international relevance in 
portugal: methodological 
procedures 

P. PereirA(1), J. brilhA(1) & d. PereirA(1) 

(1) Geology Centre of University of Porto/University 
of Minho, Campus de Gualtar, 4710-057
Braga, Portugal.
paolo@dct.uminho.pt; 

KeyWorDS: GeoSIteS; aSSeSSment; 
Inventory; portuGal

aBStraCt

D
uring the last years geoscientists of 
various institutions have developed a 
project aiming the establishment of a 
geoconservation strategy in Portugal. 

One of the main goals of this project was the 
inventory of the most important Portuguese 
geosites with scientific value. The first step 
concerning this inventory was concluded with 

Table 1 – Geological frameworks and number of geosites of the first systematic 
inventory of the Portuguese geological heritage. 
 

Geological framework Main geological theme(s) Geosites 
#01 Neoproterozoic-Cambrian Metasediments in Central-

Iberian Zone 
Stratigraphy; Petrology 6 

#02 Palaeozoic Marbles of the Ossa-Morena Zone Petrology  7 
#03 Ordovician of Central Iberian Zone Stratigraphy; Palaeontology 12 
#04 Paleozoic succession of the Barrancos region Palaeontology; Stratigraphy 6 
#05 Exotic Terranes of NE Portugal Petrology; Tectonics 7 
#06 Geotraverse of the Portuguese Variscan Fold Belt Tectonics; Stratigraphy 10 
#07 Geology and metallogenesis of Iberian Pyrite Belt Mineralogy; Petrology 8 
#08 Marine Carboniferous of the South Portuguese Zone Stratigraphy; Petrology  3 
#09 Continental Carboniferous Stratigraphy; Petrology 3 
#10 Pre-Mesozoic granitoids Petrology 10 
#11 The Iberian W-Sn Metallogenic Province Mineralogy 4 
#12 Gold mineralisation in Northern Portugal Mineralogy 7 
#13 Meso-Cenozoic tectonic evolution of the Western Iberian 

Margin 
Tectonics; Stratigraphy 18 

#14 Late Triassic SW Iberian rupture of the Pangea Stratigraphy; Petrology 4 
#15 Jurassic record in the Lusitanian Basin Stratigraphy; Palaeontology 6 
#16 Cretaceous rocks of the Lusitanian Basin Stratigraphy  3 
#17 Dinosaur footprints of western Iberia Palaeontology 6 
#18 Meso-Cenozoic of the Algarve Stratigraphy 13 
#19 Cenozoic basins of the Western Iberian Margin Stratigraphy; Palaeontology 4 
#20 Landforms and river network of the Portuguese Iberian 

Massif 
Geomorphology 39 

#21 Karst systems of Portugal Geomorphology; 
Hydrogeology 

38 

#22 Active and fossil coastal cliffs Geomorphology 6 
#23 Low coasts  Geomorphology 6 
#24 Neotectonics in mainland Portugal Tectonics; Geomorphology 30 
#25 Vestiges of Pleistocene glaciations Geomorphology 16 
#26 Volcanism of The Azores Archipelago  Volcanism; Geomorphology 30 
#27 Volcanism of The Madeira Archipelago Volcanism; Geomorphology 20 

Total 322 

 

 
 
 

the definition of the frameworks representing 
the most important geological features in 
Portugal and considering all geodiversity. 
With the participation of more than seven-
ty geoscientists, twenty-seven geological 
frameworks were defined according to their 
scientific value at both national and inter-
national levels. The scientific value together 
with the vulnerability was numerically as-
sessed in order to obtain a sorted list of all 
geosites. The Portuguese geosites inventory 
will be used in nature conservation policies 

and land-use strategies in different levels of 
the country’s administration.

1. GeoSIteS Inventory
The first systematic inventory of the Por-

tuguese geological heritage is the result of 
an academic collaboration between experts 
in different institutions (Pereira et al., 2012). 
Three hundred and twenty two geosites with 
international or national scientific relevan-
ce have been inventoried under the scope 
of the scientific research project “Identifi-

Table 1 - Geological frameworks and number of geosites of the first systemic inventory of the Portuguese geological heritage.
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cation, characterisation and conservation 
of geological heritage: a geoconservation 
strategy for Portugal”, sponsored by the Por-
tuguese Foundation for Science and Techno-
logy between 2007 and 2010 (PTDC/CTE-
GEx/64966/2006). The inventory (one of the 
project’s outputs) was coordinated by the Uni-
versity of Minho team with the participation 
of the universities of Algarve, Aveiro, Azores, 
Coimbra, Évora, Lisboa, Madeira, Nova de Li-

responsible for the scientific characterisation 
of the framework and to invite collaborators 
to identify representative geosites (Brilha et 
al., 2010). 

2. quantItatIve aSSeSSment of 
SCIentIfIC value anD vulneraBIlIty

The scientific value of geosites and their 
vulnerability were numerically assessed. The 
main aim of this task was the identification of 

Table 2 - Criteria to assess the scientific value of geosites. 
A. Representativeness Score 
Can be an example to illustrate processes and features related with the framework 1 
Good example to illustrate processes and features related with the framework 2 
The best example to illustrate processes and features related with the framework  3 
B. Key-areas  
Used as a national reference in scientific terms  1 
Used as a international reference in scientific terms 2 
Stratotype recognised by IUGS or a key area for IMA  3 
C. Published scientific data  
Referred in national publications (journals, abstract books, thesis, etc.)  1 
Main theme in national publications or referred in international publications 2 
Main theme in international publications 3 
D. Integrity  
Deterioration prevents the perception of essential geological features 1 
Deterioration exists but do not affect the perception of essential geological features 2 
Well preserved and without deterioration 3 
E. Geological diversity  
Two different geological interests with scientific value  1 
Three different geological interests with scientific value 2 
More than three different geological interests with scientific value 3 
F. Rarity  
One of the few examples at national level  1 
The only example at national level 2 
The only or one of the few examples at international level 3 

 
 
 

Table 2 - Criteria to assess the scientific value of geosites

 
Table 3 - Criteria used to assess the vulnerability of geosites. 
 

 

A. Contents loss Score 
Without possibility of deterioration  1 
Possibility of deterioration of secondary contents  2 
Possibility of deterioration of main contents 3 
Possibility of deterioration of all geological contents 4 
B. Proximity to threatening activities  
Located at less than 1 km from threatening activities  1 
Located at less than 500 m from threatening activities 2 
Located at less than 200 m from threatening activities 3 
Located at less than 50 m from threatening activities 4 
C. Present status of protection  
With protection status and access control 1 
With protection status but without access control  2 
Without protection status but with access control 3 
Without protection status and access control  4 
D. Accessibility  
With no direct access by road 1 
Located at less than 100 m from dirt road  2 
Located at less than 100 m from road 3 
Direct access by bus 4 
E. Town proximity  
Towns with more than 50.000 inhabitants within a 20 km radius  1 
Towns with more than 10.000 inhabitants within a 20 km radius 2 
Towns with more than 5.000 inhabitants within a 20 km radius 3 
Only towns with less than 5.000 inhabitants within a 20 km radius 4 

Table 3 - Criteria used to assess the vulnerability of geosites

sboa, Porto, and Trás-os-Montes e Alto Douro. 
The inventory procedures were based on the 
ProGEO methodology: definition of geological 
frameworks followed by the identification of 
representative geosites with national and in-
ternational relevance for each framework. Ge-
osites representing twenty-seven frameworks 
were selected exclusively for their scientific 
value (Table 1). Each geological framework 
was coordinated by a geoscientist that was 
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geosite vulnerability is expressed by an index 
that ranges from 100 to 400 according to:

A*35 + B*20 + C*20 + D*15 + E*10 
Scores between 100 and 200 means 

geosites with low vulnerability, while scores 
between 300 and 400 are considered as geo-
sites having high vulnerability.

ConCluSIon
More than seventy geoscientists took 

part in this numerical assessment that is 
now important raw data to support nature 
conservation initiatives regarding protection 
of geosites. Taking into account the scientific 
value and their vulnerability, the inventoried 
geosites are now being integrated in the na-
tural heritage database (SIPNAT) under the 
responsibility of the Institute of Nature Con-
servation and Forests (ICNF). This was alre-
ady expected in the Portuguese legislation 
for nature conservation (DL 142/2008) and 
established in a protocol signed between the 
ICNF and the University of Minho. 

the most important and most vulnerable ge-
osites in each geological framework in order 
to establish geoconservation priorities. This 
procedure was coordinated by the Universi-
ty of Minho team, which has developed the 
method and the assessment criteria. Each 
framework leader was responsible for the ge-
osites assessment. 

In what concerns the assessment of the 
scientific value all geosites were evaluated 
with scores from 1 to 4, in accordance with 
the parameters set for the 6 criteria (Table 
2) which have different weights in the final 
formula. The geosite scientific value is ex-
pressed by an index that ranges from 0 to 
100 according to:

A*30 + B*20 + C*10 + D*15 + E*10 + 
F*15 / 4

The vulnerability assessment considers 
the possible degradation of geological featu-
res with the use as a geosite. Geosites were 
assessed using values from 1 to 4 to score the 
parameters set for each of the 5 criteria (Table 
3). Each criterion has also a different weight 
in the determination of the final score. The 
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T
his study focuses on the issues of en-
vironmental and cultural conservation 
in open-pit mines and also geological 
heritage in Muğla Basin in southwe-

stern Turkey. The Directorate of South Aegean 
Lignite Establishment (GELI), also including 
the Yeniköy Lignite Establishment (YLI), is lo-
cated in Muğla County, SW Turkey. The main 
duty of GELI is to exploit lignite from Muğla 
province, in order to cover the fuel demand 
for three  thermal power plants, as well as 
for domestic heating (Inaner, 1994). For this 
reason, GELI currently exploits coal at open-
pit and underground mines. The power plants 
are equipped with electrostatic filters and de-
sulphurization units; the bottom and fly ash 
are hydro-transported and dumped; ash dum-
ping sites are afforested by the power plant 
authorities (Inaner and Nakoman, 2001). The 
antique city of Stratoniceia is located at the 
southeast and also the Lagina sacred temple 
at the northwest of Eskihisar open-pit coal 
mine. More than 4.3 Mt lignite located bene-
ath Stratoniceia, shall not be mined in order 
to avoid damages of the antique city (Inaner 
et al., 2004). GELI supports the excavations 
physically and financially. Archaeogeophysi-
cal studies in the area are carried out by the 
Directorate of Turkish Coal Enterprises. Tombs, 
ruins and graves were found during overbur-
den excavations at Husamlar and Cakıralan-
Belentepe open-pit areas. Environmental 
rehabilitation works have started in 1990 
in the broad mining area. On the 802.5-ha 
large internal and external dumping areas 
more than 1.5 million trees are planted. GELI 
is collaborating with universities and other 
companies in order to manage and improve 
the conservation plan. The lignite-bearing 
Neogene sediments cover large areas in and 
around the district of Yatağan and Milas, lo-
cated in the province of Muğla in southwe-
stern Turkey (Gursoy et al., 1993). In the Muğla 
Basin, the Pre-Neogene basement comprises 
Palaeozoic metamorphic gneiss and schist. 
Triassic-Upper Cretaceous marble reaches a 

thickness up to 2000 m. The Neogene lignite-
bearing formations, lie unconformably over 
the basement rocks of the Palaeozoic and 
the Mesozoic. Fossils of Mamalia, Gastropo-
da, fishes and leaves were found inside the 
Neogene formations. Altered Palaeozoic me-
tamorphic gneiss and schist outcrop in the 
area. All of these features are on the geolo-
gical heritage inventory of JEMIRKO. All the 
antique pieces and fossils of mamalia, leaves 
and gastropoda found in the area are exhibi-
ted in the Muğla Museum. Some of the fos-
sils are exhibited different museums in Izmir 
and Ankara. The Muğla open-pit mine areas 
could be considered as an area par excellen-
ce for the combined purposes of mining, ar-
chaeology, geoarchaeology, geoheritage and 
environmental protection in SW Turkey. After 
completion of the lignite mining, the mining 
sites will be afforested. The open-pit mines 
and the ancient ruins will be turned into a 
touristic attraction. The Muğla coal mines 
will represent a nice example for sustainable 

development comprising the conservation of 
cultural and geological heritage and the envi-
ronmentally conscious mining industry along 
with a mining museum.

IntroDuCtIon
Lignite coal deposits in Turkey are explo-

red and evaluated by the General Directorate 
of Mineral Research and Exploration (MTA), 
and exploited by the Turkish Coal Enterprises 
(TKI). Generally, large deposits are mined by 
TKI and small ones by private companies. 
The lignite reserves amount to about 12.6 Gt 
(Senguler, 2010). Most of the known lignite 
deposits in Turkey are of low calorific value 
displaying high ash yield, moisture and total 
sulphur content. Lignite is used mainly for 
power generation, for domestic heating, in in-
dustrial factories and domestic consumption.

The Directorate of South Aegean Lignite 
Establishment (GELI) is now producing lignite 
from Eskihisar-Tınaz-Bagyaka and Sekköy-
Ikizköy-Belentepe-Husamlar open-pit mines, 

Fig. 1. Location map of the Mugla coal fields, SW Anatolia, Turkey.
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as well as from Alatepe open pit and under-
ground mine (Figure 1). The total reserves 
amount 584 Mt being exploited in open pit 
and underground mines by public and priva-
te companies. Up to now about 147 Mt have 
been mined. Central (GELI) includes Yatağan, 
Bağyaka and Tınaz coal Fields; Yeniköy Ligni-
te Establishment (YLI) include Sekköy, Ikizköy, 
Cakıralan-Belentepe, Hüsamlar and Alatepe 
coal Fields (Figure 1). The remaining coal 
fields, namely these of Bayır, Turgut and Ka-
racahisar, are expected to be exploited by un-
derground mining methods in future based on 
the energy demands of the country (Nakoman 
& İnaner, 1996). The first prospection studies 
begun in 1956; drilling work was carried out in 
1970’s, and coal production started in 1979, 
firstly in the Yatağan-Eskihisar open pit mine. 
Total of about 971 boreholes have been drilled 
in the area. The coal is of Miocene age (Na-
koman, 1978) and has an average mineable 
thickness between 8 and 15 m (Inaner, 1994). 
In the open-pit mines production is carried out 
using excavators-trucks and draglines.

GeoloGICal SettInG
The lignite-bearing Neogene sediments 

cover large areas in and around the district 
of Yatağan and Milas, located in the province 
of Muğla in southwestern Turkey. These are 
the coal fields of Turgut, Eskihisar, Bayir, 
Bagyaka, Tinaz, Karaçahisar, Sekköy, Ikizköy, 
Cakiralan-Belentepe, Husamlar and Alatepe 
(Figure 1), being stratigraphically very simi-
lar (Gürsoy et al., 1993; Bulut et al., 2001). 
Figures 2, 3 and 4 display the stratigraphy 
and simplified geological maps of the Muğla 
Basin. In the Muğla Basin, the Pre-Neogene 
basement comprises Palaeozoic metamorphic 
gneiss and schist. Triassic-Upper Cretaceous 
marble reaches a thickness up to 2000 m. 
The formations are, Alatepe, Turgut, Sekköy 
and Yatağan. The Neogene lignite-bearing 
formations, namely these of Alatepe, Turgut, 
Sekköy and Yatağan, lie unconformably over 
the basement rocks of the Palaeozoic and the 
Mesozoic. The Alatepe Formation lies uncon-
formably on the Palaeozoic gneiss and schi-
st, and the Mesozoic marble. This formation 
hosts 1.5-2.0 m thick lignite seams having 
limited lateral extension and being mostly not 
economically exploitable. The marine Alatepe 
Formation occurs only at the Alatepe Field. The 
Turgut Formation consists of conglomerate, 
shale, siltstone, sandstone and gravelsto-
ne succeeds the Alatepe Formation. A 20-m 
thick lignite seam overlies the Turgut Forma-
tion and underlies the Sekköy Formation. The 
Turgut Formation is observed in the north and 
south of the Turgut sector. The Sekköy Forma-
tion is made up of marl and limestone up to 
150 m thick. The Sekköy Formation succeeds 
the Turgut Formation. The Sekköy Formation 

Fig. 2. Simplified stratigraphic sequence of Mugla Basin 
(modified from Gursoy et al., 1993; Bulut et al., 2001).

 Fig. 3. Simplified geological map of the coal fields in Milas  
sub-basin (modified from Yigitel, 1984; Unal, 1989; Gokmen 
et al., 1993; Bulut et al., 2001).

is observed in the northeast and southwest of 
Muğla Basin. The Sekköy Formation is succee-
ded by the Yatağan Formation which consists 
of gravels, clay, sand, tuff, marl and limesto-
ne having a thickness of 400 m. The Yatağan 
Formation crops out in a large area at the Tur-
gut and the Bayir Fields. Alluvial sediments 
and talus overlie the Neogene sediments. 

Cultural Conservation
The antique city of Stratoniceia is located 

at the southeast and the Lagina sacred tem-
ple at the northwest of Eskihisar open-pit coal 
mine (Figure 1). About 4.358.879 t of lignite 
located beneath Stratoniceia, shall not be mi-
ned in order to avoid damages of the antique 
city. Archaeological excavations are going on 
since 1967. GELI provides all kinds of physical 
and financial support for the antique city and 
the excavations (Inaner et al., 2004). During 
studies of Eskihisar open-pit coal mine, the 
first antique grave was found in 1996. The 
Ministry of Cultural Affairs and the General 
Directorate of Monuments and Museums 
agreed to protect the archaeological assets. 
Geophysical studies in the area were carried 
out in the years 1996, 1999 and 2000 by TKI 
in order to trace ancient tombs in the under-
ground. These studies have determined a lot 
of tombs in the area, which lie buried in the 
tuffs within the junction of both Yatağan and 
Sekköy formations. The excavations can be 
easily carried out as the tuffs tend to be qui-

te soft. No tombs have been detected within 
other geological formations (Kocak et al., 
1996, 1999; Erguder et al., 2000).
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Fig. 4. Simplified geological map of the coal fields in Yatagan sub-basin (modified from Yigitel, 1984; Unal, 1989; Gokmen 
et al., 1993; Bulut et al., 2001).

The antique graves were found during 
excavations in 2002. A new protocol was sig-
ned in order to carry out archaeological works 
in the excavation area and these works are 
still going on. GELI supported the archaeolo-
gical excavations financially. After these wor-
ks, 21 tombs from the Geometric Period (7th 
century B.C.) to the Roman Period, pertaining 
various artifacts, and two textile workshops, 
olive oil extraction place, two terrace walls, 
one Corinth head, many workshops and co-
lumn heads were found. All the antique pie-
ces are exhibited at the Muğla Museum, also 
the newly discovered scalptures of gladiator. 
Room tombs are placed at the sides of the 
sacred road at the front of the city entrance of 
Stratonicea. The sacred road connected once 
the city entrance gate with the Hekate sacred 
area in Lagina. The Lagina Hekate sacred area 
is Turgut townlet belonging to Yatağan town 
of the Muğla province. Lagina used to be one 
of the most important cult centre in Caria. 
Propylon, sacred road, altar, peribolos, Doric 
stoas and Hekate temple are placed in the 
Lagina sacred area. Other antique graves and 
ancient ruins were found during overburden 
excavations at Husamlar and Cakiralan-
Belentepe open-pit areas. Archaeological 
studies have continued by archaeologists in 
these coal fields. in 2007-2009 and accor-
dingly the overburden area was declared as a 
1st degree conservation site. For this reason 
the overburden operations were completely 
stopped at the Belentepe open pit and locally 
at the Husamlar pit.

As archaeological excavations take long 
time to bring to the light new findings and, 
on the other hand, coal production has to 
supply regularly the thermal power plant in 

order to secure covering the energy demand 
of the country, both activities (archaeology 
and mining) are in conflict and a solution is 
urgently needed. 

GeoloGICal anD envIronmental 
ConServatIon

The Neogene lignite-bearing formations, 
lie unconformably over the basement rocks of 
the Palaeozoic and the Mesozoic. Fossils of 
Mamalia, Gastropoda, fishes and leaves were 
found inside the Neogene formations. Altered 
Palaeozoic metamorphic gneiss and schist 
outcrop in the area. All of these features are on 
the geological heritage inventory of JEMIRKO. 
All the antique pieces and fossils of mamalia, 
leaves and gastropoda found in the area are 
exhibited in the Muğla Museum. Some of the 
fossils are exhibited different museums in 
İzmir and Ankara.

Environmental rehabilitation studies 
and works at the mining sites have started 
in 1990. The Turkish Coal Enterprises (TKI) 
and the Turkish Electricity Generation and 
Transmission Corporation (TEAS) have carri-
ed out reclamation and recultivation studies. 
On the 802.5-ha large area on and around 
the dumping areas various trees, like acacia, 
black cypress, aylantlus, oleaster, nut pine, 
red pine, olive, fig, walnut, ash tree, mapple, 
Ligistrium and gallnut, totally 1.542.309 in 
number, were planted. 

Lignite-fired Yatagan thermal power 
plant with 3x210 MWe installed capacity is 
located in the Yatagan district and occupies 
116.3 ha. Bottom and fly ash are transported 
by conveyer belts to the dumping sites. As the 
ash is moist, there is no dust problem in the 

area. Various trees have been planted on the 
dumping sites by TEAS.

These thermal plants are equipped with 
electrofilters and desulphurization units; 
bottom and fly ash and other solid wastes 
are hydro-transported and stored. The ash 
dumping sites have been afforested by the 
power plant authorities. Coal bunkers of the 
Kemerköy thermal power plant have been 
concealed in a way that cannot affect the 
landscape (Inaner & Nakoman, 2001). Total 
lignite consumption for these power plants is 
around 14 Mt per year. In addition, a minor 
part of the production is also used for dome-
stic purposes.

ConCluSIon
In order to sustain the environment in are-

as heavily affected by coal-mining activities 
for the forthcoming generations, afforestation 
efforts are going on since 1991. GELI has the 
goal to plant 100.000 olive trees. The Muğla 
open-pit mine areas could be considered as 
an area par excellence for the combined pur-
poses of mining, archaeology, geoarchaeo-
logy, geological and environmental protection 
in SW Turkey. After finishing with the lignite 
mining, the mining sites will be afforested. 
The open-pit mines and the ancient ruins 
will be turned into a touristic attraction. The 
Muğla coal mines will represent a nice exam-
ple for sustainable development comprising 
the conservation of geological and cultural 
heritage and the environmentally conscious 
mining industry along with a mining museum. 
GELI along with TKI and TEAS are collabora-
ting with universities and private companies 
with the aim about the management and 
improvement of the conservation of geologi-
cal, environmental and cultural after mining 
activities.
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aBStraCt
Greece has an interesting geology-ge-

omorphology, along with active processes, 
due to its geotectonic emplacement, in the 
collision zone of two tectonic plates.  Great ge-
odiversity, that is variety of formations, forms, 
landscapes and processes characterize Greek 
geological-geomorphologic heritage. 

Up to 1995 fewest initiatives or activities 
referred to this heritage in the country can be 
referred. Historically, the Institute of Geology 
and Mineral Exploration (IGME) of Greece un-
dertook the initiative for the registration of 
the most representative geological sites, as 
natural monuments according to the existing 
legislation, for the first time in 1982.  Some 
fifty sites have been recorded in this first in-
dicative list, sent to the Ministry of Culture.  
This first attempt didn’t continue.

Since 1995, the starting point for this kind 
of activities, things have changed conside-
rably and geological heritage conservation, 
relevant terminology and concepts, absent 
until that time, have entered the agenda, 
one way or another. In 1995, a first contact 
and cooperation established between IGME 
and ProGEO. Actually after ProGEO regional 
meeting in Bulgaria and the creation of the 
SEastern European countries working group 
(ProGEO WG1), a working group on geologi-
cal heritage conservation was created in the 
department of General Geology and Mapping 
of the IGME. The IGME working group since 
its creation undertook very actively several 
initiatives.  

This paper deals with the most represen-
tative activities since 1995, focusing on the 
activities of IGME, main actor in the domain.

IntroDuCtIon 
Roughly, the existing environmental legi-

slation at that time even the Law-framework 
1650/1986 (the last as a consequence of the 
1975 Constitution, article 24), refers margi-
nally to geological sites without a specific 
terminology (the terminology in the law re-
fers to formations especially geomorphologic 
or natural monuments). Only exception is the 
UNESCO Convention for the protection of the 
international cultural and natural heritage 
(Greek Law 1126/1981), referring clearly to 
geological sites, something that is invalida-
ted afterwards in the implementation of the 
law, as the big majority of the selected sites 
have been selected with cultural criteria, de-
spite the intentions of the Convention for a 
balance between natural and cultural sites. 

With the existing forestall legislation 
(Law Decree 996/71) for areas under protec-
tion, and later with the Presidential Decree 
443/85 specifically for the Lesvos Petrified 
Forest, a marine and four terrestrial parts of 
the Lesvos island western part, are characte-
rized as natural monuments and considered 
as areas of absolute protection. In 1994, a 
Law (L. 2260/94) provides for the Museum of 
the Lesvos Petrified Forest foundation, while 
the P. D. 183/96 provides for its operational 
rules. The Museum is another serious actor 
in the domain of Geological heritage con-
servation and one of the European geoparks 
network creators later, in 2000. 

The most important initiative during 
the year 1995, European Nature conserva-
tion year launched by the Council of Europe, 
was the “ Open Doors at IGME” event, on 
22 November 1995, dedicated to geological 
heritage conservation. With this event the 
terminology (geosites, geodiversity, geocon-
servation, geological heritage etc.) and the 

concept of geological heritage conservation, 
started being known and spread for the first 
time in Greece. Until that time the existing 
terminology referred to natural monuments, 
national parks, landscapes of special natural 
beauty, reserves, etc. Photo exposition of the 
event was transported the following year April 
1996, in the Archaeological Museum of Myti-
lene, Lesvos, for the Petrified Forest Sympo-
sium. Later same year, July 1996, IGME orga-
nized the first geological heritage conference, 
in Syros island, with the big and outstanding 
cooperation and participation, while a little 
later, August 1996, during the 30rd Interna-
tional Geological Congress in Beijing China, 
UNESCO Earth Sciences Division and ProGEO, 
organized an international geoconservation 
meeting, where IGME presented a first indi-
cative geosites list.  IGME cooperation with 
UNESCO Earth Sciences Division in geological 
heritage conservation was always very positi-
ve, being also one of the partners in GRECEL-
Socrates/Comenius project, coordinated by 
IGME. It was similarly very positive the partici-
pation of IGME in the international Geological 
Heritage Experts Group of UNESCO and the 
compilation of UNESCO Geoparks Operational 
Guidelines through.   

Thus IGME, as well as Lesvos Petrified 
Forest Museum, in cooperation certain times, 
but in parallel as well, organized, coordina-
ted and participated in numerous and various 
national or international events, conferences, 
workshops, initiatives, projects, of scientific 
or cultural significance. A worth mentioning 
event for the great public was the IGME orga-
nization of Minerals-Geological Maps-Geosi-
tes photos Exposition in Thessaloniki, Greece 
in the Framework of Thessaloniki, Cultural 
Capital 1997, where the Lesvos Petrified 
Forest was hosted. Sometimes other Institu-
tions, undertook relevant initiatives, but less 
systematically.   

A significant event is the Lesvos Petrified 
Forest Museum participation in the establi-
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shment of the European Geoparks Network in 
June 2000, by four european members. Today 
three more Greek areas are included, Psiloritis 
natural park (2001), Vouraikos national park 
(2009), Vikos-Aoos national park (2010). 

Worth mentioning is also the long-lasting 
participation of IGME in the ProGEO Executi-
ve Committee and the coordination of ProGEO 
SEastern countries WG for several years, ac-
tually 1998-2002. During this coordination, 
actually at the 9th International Conference of 
Greek Geological Society in September 2001, 
a workshop organized and a first attempt for 
the compilation of an indicative list of im-
portant SEeastern Europe geosites started 
systematically. The first indicative list after 
several relevant procedures, presented in the 
following international Conference supported 
by ProGEO in Ireland, September 2002.

In 2005, the Greek Geological Society, Ge-
ological Heritage Conservation Committee is 
founded.

Specifically for IGME, an important tur-
ning point is the project funded by the 3rd 
Community Support Framework, concerning 
geosites systematic registration, for scien-
tific, education and tourist uses, as well as 
the selection of areas   for potential geoparks 
studies, in 2005. Thus, 2005 could be consi-
dered a turning point for IGME, as decision 
was made to allocate funds for the identifi-
cation, evaluation and data bank compilation 
of geosites and potential geoparks. 

During the entire decade 1995-2005, 
various and numerous initiatives, projects, 
workshops, activities and participations in 
international fora provided IGME with the 
necessary critical mass of knowledge, infor-
mation and experience for the materialization 
of this ambitious project. 

The project run between 2006-2009 under 
the title: Geosites and Geoparks registration 
and promotion, a contribution to Sustainable 
Development. The results of the project are 
quite positive and confirm the primary idea 
for geosites density of several values and 
categories but also for geosite types density 

(geodiversity notion) and outstanding areas 
for geopark establishment in the greek terri-
tory. Some 1000 geosites have been registe-
red and additive knowledge and expertise is 
gained, in terms of potentiality for geoparks 
establishment, in several areas. The relevant 
products follow:    

Systematic and standardized registration 
of geosites, design and compilation of a rele-
vant Data Base and GIS. With the application 
of certain criteria (geosites density, diversity 
of geological features, size, access solutions, 
other facilities existence, cooperation with 
local authorities, local people, intention for 
tourism activities development etc), in the DB 
networks or groups of geosites were selected 
for geo-trails design and geoparks studies. 

Geotrails planning for 8 areas, included in 
a publication of 6 guides in Greek and English 
and production of in situ geosites panels with 
interpretation principles. 

Studies (master plans, tourist plans, in-
terpetation plans, development plans)  for 
2 areas with geoparks potential, Vikos-Aoos 
and Lavreotiki, and dossiers preparation for 
appropriate application to be included in 
European and UNESCO Global Geoparks Net-
works.  

Selective products, specifically maps, for 
various users either for development, envi-
ronmental, or planning purposes, promotion.

Vikos-Aoos member of the international 
geoparks networks (2010), Lavreotiki still 
candidate. 

Information and mentioned products can 
be found at www.igme.gr.

Besides, the foundation of  the Helle-
nic Geoparks Forum in 2011, with founding 
members the four Greek Geoparks, the IGME, 
the Greek Geolocical Heritage Conservation 
Committee and the Greek Commission for 
UNESCO. 

In 2011 as well, a new Law on Biodiver-
sity was adopted, where for the first time the 
terminology on geosites and geoparks is cle-
arly referred in the framework of Nature con-

servation (were only referred in a ministerial 
decision of 2007).

Today, 2012, a new project is under deve-
lopment at IGME, based on the results of the 
previous, afore mentioned project. 

ConCluSIonS
The profile of geological heritage conser-

vation in the Greek territory is rising and in 
accordance with the international coinciden-
ce. As a matter of fact, the concept of geolo-
gical heritage conservation, constantly gains 
ground, either through the geosites approach 
or the geoparks approach and relevant legi-
slation is updated. Unfortunately, since 2010 
due to international and European crisis that 
European leaders and Greek governments ha-
ve decided to be paid by Greek population and 
institutions, things have been deteriorated in 
every domain, Geoconservation is included. 
The efforts for success of these specific tasks 
should be incorporated in the efforts to protest 
against austerity.  
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aBStraCt

T
he Information Retrieval System (IRS) 
“Unique geosites of Russia” (UG) deve-
loped at VSEGEI includes a database of 
more than 1,800 geosites, which have 

official status of nature monuments (inclu-
ding European Russia – more than 1,000 
objects). The territory of the Krasnodar Region 
is situated within the Western Caucasus and 
the Fore-Caucasus, at the joint of different 
geological structures and tectonic zones.

Geological structure and topography of 
the Krasnodar Region is characterized by a 
wide variety, so there are many geosites. Most 
of the geosites of the Krasnodar Region are of 
geomorphological type (73%). The main task 
of assigning a legal status of nature monu-
ments to the geosites is their preservation 
in natural state for scientific, cultural aims 
and development of geotourism. Constant 
monitoring of officially approved geosites 
will make it possible to trace the dynamics 
of changes, prevent development of negative 
processes, find new geosites.

IntroDuCtIon
More than 1,800 geosites of regional and 

federal level, officially protected as nature 
monuments are included in a database of 
the Information Retrieval System (IRS) “Uni-
que geosites of Russia” (UG), developed at 
VSEGEI. More than 1,000 geosites with official 
status of nature monuments are situated in 
European Russia, four of them are of federal 
level.

The main task of geosites declaration as 
unique ones is their preservation under natu-
ral conditions for systematic comprehensive 
investigations, scientific, cultural goals, de-
velopment of geotourism.

There are 66 official geosites, which have 
regional status as nature monuments in the 
Krasnodar Region. Most of them are of geo-
morphological (73%) and 22% of hydrogeo-
logical type (the remaining 5% are paleon-

tological, petrographical and mineralogical 
ones).

Geomorphological geosites (UG) are re-
presented by uncommon forms of weathering, 
exotic rocks, unique river valleys with picture-
sque canyons, waterfalls and caves.

Hydrogeological geosites (UG) are repre-
sented by mineral springs, lakes, mud vol-
canoes unique in the way of their formation, 
physical and chemical properties and using 
in medical goals. 

GeoloGy of the KraSnoDar reGIon
Krasnodar Region is situated in the south 

of Russia, within the Western Caucasus and 
the Fore-Caucasus. Krasnodar Region is 
bounded by the Sea of Azov from the west, 

Fig. 1 Distribution scheme of unique geosites of the Krasnodar Region on the Geological map of the Russian Federation 

the Black Sea from the south. Main rivers are 
Kuban, Laba, and Belaya. 

The area is composed of rocks of different 
ages from the Precambrian to the Quaternary; 
they make up tectonic blocks, extending to 
the north-west. The Precambrian (Protero-
zoic) and the Paleozoic are exposed inn the 
southeast. Gneisses, mica slates, amphibo-
lites and rare quartzite interlayers represent 
the Proterozoic. Middle Paleozoic is compo-
sed of less metamorphosed mica slates, 
amphibolites with interlayers of marbles, as 
well as phyllites, metasandstones and con-
glomerates. These formations are intruded 
by supposedly Paleozoic pyroxenites and C1 
granodiorites and granites. Sandstones and 
conglomerates form C2-3 with rare aleurolite 
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interlayers. Mesozoic deposits are more wide-
spread in the Krasnodar Region. In the lower 
part, they are represented by limestones, san-
dstones, conglomerates of the Triassic, over-
lapping the nonconformably underlying rocks. 
Overlying Jurassic deposits are represented 
by sedimentary marine rocks - clay, mudsto-
ne, siltstone and sandstone, and in the up-
per sequence, by limestones with lenses of 
gypsum. Jurassic deposits contain numerous 
fossils of ammonites, belemnites, brachio-
pods, etc. Cretaceous sediments dominated 
by carbonate flysch concordantly occur on the 
Jurassic deposits. They represent a frequent 
alternation of thin-laminated limestones and 
marls, sometimes terrigenous rocks. There 
are shells of echinoids, ammonites, belemni-
tes and crinoids in the Cretaceous. Rocks of 
both marine and continental genesis (clays, 
sands, sandstones, limestones, marls, some-
times conglomerates) represent the Paleoge-
ne and Neogene deposits. Quaternary sedi-
ments are mainly of alluvial genesis: bench 
gravels, conglomerates, sandstones, sands; 
they cover the Kuban Plain and Taman Penin-
sula with a sheet of variable thickness. Mud 
volcanoes, erosive-accumulative processes, 
earthquakes, represent modern geological 
processes. 

In this way, specific features of geological 
structure and terrain of the Krasnodar Region 
promoted the formation of many unique ge-
osites dominated by objects of geomorpho-
logical and hydrogeological types (Figure 1). 

unIque GeoSIteS of the KraSnoDar 
reGIon

Vorontsov system of caves. It is the largest 
karst cave of the Krasnodar Region (11 720 
m). The cave system is formed in the Upper 
Cretaceous strongly karsted limestones 45 m 
thick. Walls of underground halls are decora-
ted with fanciful calcite formations (stalac-
tites, stalagmites) and travertine sinters and 
cascades. Caves are located at a height of 
419-680 meters above sea level, in the Sochi 
national park (UNESCO Heritage Site) (Karpu-
nin et al., 1998) (Figure 2). 

Fig. 2 Pantheon Hall. Photo by Bagriy K.
http://www.alpinfo.ru/Caves/Voronzov

Guamsky Canyon
The uniqueness of scenery of the Guam-

sky Canyon (length ~ 3 km, height – up to 
400 m) is emphasized by extraordinary mixed 
coloring of the Cretaceous limestone layers, 
building up the Kurdzhips River bed and the 
canyon slope: thick strata, tinted in yellow, 
brown, red, white and black colors dip from 
the east to the west. There is a narrow railway 
above the riverbed at the foot of cliffs (Karpu-
nin et al., 1998) (Figure 3).

Fig. 3 Narrow railway above the riverbed at the foot of cliffs

agursky waterfalls
A cascade of picturesque waterfalls in the 

Upper Cretaceous limestones and dolomites, 
located in the Sochi national park (UNESCO 
Heritage Site). The most beautiful and hi-
ghest waterfall is the first of them, 30 m high. 

Fig. 4 Powerful stream falls from the height of 12-15 m into a small blue lake
http://www.in-sochi.ru/images/pictures/Agurskie-vodopady

The third waterfall is of particular interest; 
there, a powerful stream falls from the height 
of 12-15 m into a small blue lake, whereof the 
water overflows as cascades through several 
reservoirs (Karpunin et al., 1998) (Figure 4)

Sail rock
A single cliff of sandstone, the form of 

resembles a four-cornered sail. It consists of 
fine-grained the Upper Cretaceous yellow-
grey limestone and is extended perpendicu-
larly to the seashore. The width of the above-
water portion is 27 m, the thickness is 1.5 m. 
The Sail Rock is a remainder of continuous 

Fig. 5 The Sail Cliff - single cliff of sandstone

sandstone layer that is clearly traced on the 
one side in the coastal cliff, on the other side, 
on the sea bottom. In the past, it was a com-
ponent of the coastal massif. Then the shore 
receded as a result of abrasion. The Sail Rock 
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Volcanic water belongs to chloride-carbona-
te-sodium type. Volcanic mud is recommen-
ded for appliqué method of treatment. Mud 
reserves, constantly renovated, are estimated 
at 36,000 m3 (http://www.rusouth.info http://
www.kurortkuban.ru) (Figure 6).

ConCluSIonS
Today, the state of many geosites is not 

safe. This is connected with the absence of 
legitimate borders of geosites, united system 
of management and measures in support of 
sanitary condition of the geosites, irregular 
recreational loading, etc. There are no orga-
nizations that could be responsible for geosi-
te preservation. Thus, constant monitoring of 

is a unique abrasive skerry cut in flysch rock 
masses of the Black Sea (http://www.insteco-
logy.ru/doc/gelendgik.pdf) (Figure 5).

the Shugo mud volcano
It is the largest mud volcano of the Taman 

Peninsula. The volcanic crater is a huge basin 
450 m in diameter. The dried light-grey mass 
of soil consists of chippings of rock debris of 
white and grey marl, fragments of siderite 
and is covered with desiccation cracks. There 
are craters of small volcanoes on its surface. 
Brackish, rather dense dark-grey with blue 
tint liquid flows out (pulsing and gurgling) 
from crater necks in different direction. One of 
the main components of mud volcano is gas. 
There are methane and carbon dioxide types. 

Fig. 6 Dark-grey with blue tint liquid flows out (pulsing and gurgling) from crater necks in different directions 
http://www.cosmo-travel.ru/shugo.html

the geosites protection, analysis of proposals 
for creating new geosites allows tracing the 
dynamics of changes, avoiding negative pro-
cesses and developing measures for geosi-
te conservation. Further development of the 
Information Retrieval System (IRS) “Unique 
geosites of Russia” supposes replenishing 
the database with new information, its ac-
tualization and input of this information in 
the Internet in late 2012.

referenCeS
kArPunin A., mAmonov s., mironenko o., orlov v., 

sokolov A. (1998) - Geological monuments of 
Russia.- Saint-Petersburg, 200 p.
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T
he information on a database of geo-
logical monuments of Ukraine created 
and supported by UkrSGRI is resulted. 
The structure and its semantic filling 

are described. The interface and mechanisms 
of visualization of objects of a geological he-
ritage in local software solutions and WEB 
portals is described.

The information on a database of geologi-
cal monuments of Ukraine created and sup-
ported by UkrSGRI is resulted. The structure 
and its semantic filling are described. The 
interface and mechanisms of visualization of 
objects of a geological heritage in local sof-
tware products and WEB portals is described.

The problem of saving of a geological he-
ritage has exceptional value and is carried to 
priority directions of operation of geological 
branch in many countries. In Ukraine, lately, 
to this question also began to pay much at-
tention.

 It is necessary to mark that the geology 
of Ukraine is unique the variety. Is here and 
crystalline boards (Ukrainian and Voronezh) 
with breeds age more 3,5 billion years, and 
uneven-age volcanic constructions. In many 
museums of the world it is possible to see 
adjournment with prints of very first of known 
organisms – medusoid and vendotenid 
(seaweed) of Volyno-Podolii (a southwest part 
of Ukraine). On a day surface it is possible 
to watch all Paleozoic – powerful thicknesses 
of coal and Perm adjournment in the east, 
Silurian and Devonian in the west. Mesozoic 
sediment occupies the considerable areas on 
Donbass, in Crimea, in Carpathians and in the 
north of Ukraine.

For information ordering on unique nature 
sanctuaries (geosites), at the Ukrainian Sta-
te Prospecting Institute (UkrSGRI) there is a 
database (DB) of geological monuments, uni-
form for all Ukraine. At its creation experien-
ce of our nearest neighbors - the Polish ge-
ologists, and also the requirement to objects 
which move in the register of international 
project Geosite was considered. Our variant 
of a DB, uniform for all Ukraine, is developed 
taking into account all requirements and the 
international standards and created on the 
newest technologies. 

CreatIon, attenDInG, the permanent 
analySIS of a DB of GeoloGICal 
monumentS of uKraIne of a Steel 
of one of the maIn Component 
operatIonS exeCutaBle By uKrGGrI 
WIthIn the lImItS of SuBJeCtS on 
SavInG of a GeoloGICal herItaGe of 
our State. 

At the moment in basis more than 600 
objects, representing this or that interest 
as a geological heritage of our country. All 
of them are described taking into account 
the accepted formalization, classified and 
visualized by means of geoinformation sy-
stems (GIS) in various projects.

Separately it is necessary to stop on the 
mechanism of formation of a DB of geolo-
gical monuments of Ukraine. Practically in 
all state geological enterprises, operations 
on geological additional research the areas 
(GARA) were conducted. They are initialized 
with the assistance of State Geological and 
Subsurface Survey of Ukraine (SGSSU). The 
subjects providing information gathering 
for monitoring of geological monuments are 
opened. Leading branch institute UkrSGRI 
concentrates the information of the regio-
nal enterprises, creates and replenishes a 
uniform DB within the limits of the subjects.

The question of semantic filling last was 
the pivotal question which stood at a stage 
of structure formation of a DB of geological 
monuments. The logical and physical infor-
mation model, with a certain level of forma-
lization suitable for storage of the informa-
tion on a geological heritage of Ukraine as 
a result was born. 

Thus, DB filling is presented by the sy-
stematized information which includes:

•	  Is administrative-geographical 
binding;

•	  Entrance ways; 
•	  Monument title;
•	  Monument type;
•	  The legal status;
•	  The significance status;
•	  Usage type;
•	  Character of visualization of a 

monument in the nature;
•	 The geological description;

•	  Scientific value;
•	  Ecological state;
•	  Centroid coordinates;
•	  Links to photos
The is administrative-geographical bin-

ding characterizes a position of geological 
monuments concerning administrative-ter-
ritorial division of Ukraine. Definition also 
position of objects concerning significant 
geographical objects of region: settlements, 
the rivers etc. Thanks to the information on 
administrative-geographical binding it was 
possible to specify position of many geolo-
gical monuments on terrain. The objects, 
which binding raised the doubts, have been 
modified in respect of coordinates by means 
of the industrial organizations responsible 
for given territories. Position of many objects 
managed to be specified also with usage of 
the accessible data of Earth Remote Sen-
sing, high and average resolution.

Entrance ways to a monument are the 
important characteristic showing availa-
bility of objects for visiting both within the 
limits of already existing tourist routes, and 
for designing of excursions and routes of 
scientifically-informative character. 

The monument type characterizes cha-
racter of the geological information which it 
personifies. By this criterion objects of a DB 
share, according to classification, on:

1. The stratigrafic; 2. The geomorpholo-
gical; 3. The tectonic; 4. The mineralogical; 
5. The paleontologic; 6. The petrographic; 
7. The hydro-geological; 8. Picturesque and 
complex.

The legal status and the status of signi-
ficance of geological monuments specifies 
in legislative security of objects, and also on 
administrative level of their value. 

Classification by type of usage of mo-
numents specifies in values of the informa-
tion on each object for the scientific, tourist, 
educational and other purposes.

Character of visualization of geological 
monuments in the nature specifies in the 
form in which type it quits on a day surface. 
It can be single object – a breakaway, an 
open-cast mine, a rock. Besides it can be 
combinations of natural outputs of various 
character, up to their join in national parks.
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The geological description of objects al-

lows to understand the semantic content of 
objects, according to their type. 

Scientific value of objects of a DB, is 
the expanded description of monuments as 
usage. In the given characteristic unique 
characteristics on each object which, as a 
matter of fact, and position each object as a 
geological monument are specified.

Also the ecological state of each object of 
a DB is described, recommendations about 
the organization of the actions hindering 
corrupting of described unique geological 
objects of the nature are made.

The database contains also the photos of 
the geological monuments which have been 
saved up as a result of works on geological 
monuments of Ukraine. Practically in all state 
geological enterprises, operations on geologi-
cal additional research the areas (GARA), and 
given by authors of the project and interested 
persons.

Coordinates of a centroid of objects serve 
for identification of geological monuments 
in the space relation. Besides it each object 
is visualized by a cartographical method by 
GIS. The geometry with which help geological 
monuments are visualized depends on their 
character and the propagation area. It crea-
tes possibility of positional classification of 
geological monuments to an administrative 
sign, by position concerning geological, tec-
tonic structures and other spatially-thematic 
regions. It is enough for the correct identifi-
cation of objects only spatially their correct 
display and presence subject GIS layers.

Creation of an independent software so-
lution (a picture 1) in the form of the search 
analytical interface to a DB “Geological mo-
numents of Ukraine is conducted also.” It be-
comes, first of all, for the purpose of populari-
zation of nature sanctuaries in wide ranges. A 
main objective of creation of a similar product 
– possibility of usage of the information from 
a database without engaging of heavy DBMS 
and GIS.

The DB is visualized also on layers of sy-
stem Google Earth. To get access to it in a 
test mode it is possible through the Internet 
in any point of the Earth, by means of the site 
interface www.ukrgeo.org. Also it is possible 
to load a file with *.kml extension, and Google 
Earth installed on the computer familiarizes 
with geological monuments of Ukraine by me-
ans of program Google Earth.

What does Google Earth represent a DB 
on layers of system Google? It is a set of point 
objects. At an object choice on a map the in-
formation from a DB in the form of the text de-
scription of a monument and its photographic 
image is loaded (a picture 2).

Besides to look at the information on a 
nature sanctuary it is possible against any 

Fig. 1. The interface of a DB of geological monuments of Ukraine. Zhitomir region

of layers of system Google Earth, for example 
against satellite photograph.
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Fig. 2. A DB in system Google the Earth
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aBStraCt

I 
n June 2009, Italy’s stunning Dolomites 
Mountains have been declared a United 
Nations World Heritage Site. In the Agor-
do territory, where the distinctive scenery 

of the Dolomites becomes the archetype of a 
“dolomitic landscape”, four UNESCO systems 
are included, the largest is the Pale di San 
Lucano and Belluno Dolomites system.

The combination of geomorphologic and 
geological values creates a property of global 
significance and is the ideal context to promo-
te public outreach activities (AA. VV., 2011) in 
order to develop programs for communicating 
geoscientific knowledge and environmental 
concepts at the geological site.

The aim of OPENALP 3D was to inherit all 
the past environmental, geological and cul-
tural data. San Lucano Valley (Taibon Agor-
dino municipality) (Giordano, 2011), already 
known to hikers and holiday tourism, holds 47 
geomorphosites (Bertini, 2011), identified as: 
“characteristic shape of the landscape with 
particular and significant geomorphological 
attributes that qualify as part of the cultural 
heritage of a territory” (Panizza & Piacente, 
2005). This is a perfect sample to test the new 
Territorial Information System (SIT), updated 
and integrated in a knowledge model.

IntroDuCtIon
A model for environmental and cultural 

tourism should achieve the following objec-
tives: to educate the general public about is-
sues in geological sciences and their relation 
to environmental matters for preservation 
of their geoheritage, to ensure sustainable 
socio-economic and cultural development 
(de Grosbois et al., 2008). OPENALP® is born 
in 2006, supported by European Fund for De-
velopment of Regional Community INTERREG 
IIIA Italy-Austria-ven111072. The cooperation 
among the Agordina Mountain Community 
(CMA), the Technical-Industrial Institute of 
Mining “U. Follador” (ITIM) of Agordo (BL) and 
the CNR-IDPA, produced in 2008 an Informa-

tion System regarding the Agordo area (Figure 
1), with ArcGIS platform (ESRI®).

The key requirement for any incentive 
project for geo-cultural tourism is the im-
mediate fruition of the information by more 
diversified users as possible.
openalp 3D

Since 2010, CNR is updating the OPE-
NALP® database with new original contents, 
focusing on to all the information of natural 
and historic-cultural value. 

The global structure of the information sy-
stem, follow the lines drawn by the “Directory 
of environmental and land interdisciplinary 
subjects” (Rallo, 1997), appropriately upda-
ted and reorganized. The strongly multidisci-
plinary connotation of OPENALP, imposes to 
maintain the completeness and detail articu-
lation of the entire repertoire. In the concep-
tual scheme (Figure 2) each subject collects 
data types (objects) with homogeneous cha-
racteristics. The subjects are related to hi-

gher hierarchical groups or disciplines. Each 
record (factual, documentary or cartographic) 
is accompanied by metadata and attributed 
to one or more subject or discipline as well 
to different disciplines. Disciplines are or-
ganized as non-hierarchical relations, in six 
gateways (views): air, water, earth, animals, 
plants, man. Each record is attributed to a do-
cumentary subject and linked to a geographi-
cal feature. The completeness of the display 
depends on the degree of discoverability.

The conceptual model also has been enri-
ched with the introduction of new categories 
(nature, culture, territory, itineraries, accom-
modations). Always in order to make easier 
the exploration of the spatial database, we 
have chosen to use the 3D Geo Browser, de-
veloped by “GIS Solution” professional studio: 
this new web-based application consists of a 
real-time system with interactive and three-
dimensional navigation of areas with a high 
level of details. This browser is designed to 

Fig. 1 - Agordino territory and San Lucano Valley location in UNESCO Dolomites.
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be a powerful tool to support knowledge and 
planning, but allows also an easy naviga-
tion, intuitive and fast for everyone. The ap-
plication OpenAlp 3D is aligned with recent 
european directive 2007/2/EC known as “Di-
rective INSPIRE” that defines guidelines and 
reference standards to create interoperable 
systems for publication and re-using distri-
buted geodata. It is derived from the Open 
Source World Wind project of NASA, which 
implements the technology, “3D Virtual Glo-
be” high performance developed in Java. It is 
compatible with cross-platform system. The 
3D performance is guaranteed by the use of 
the graphics library OpenGL® via Java (JO-
GL), normally supported in all modern PC. 
The data interoperability is guaranteed by full 
support for popular geographical formats as 
WMS (Web Map Service), WFS (Web Feature 
Servive) and KML (Keyhole Markup Language) 
recognized as standard by the Open GIS con-
sortium, interpreting the information returned 
by means of levels or layers. The levels consist 
of graphics that can be:

- superimposed images as satellite 
photos, Corine Land Cover, the geological 
map, etc.

- spatial elements: point data (eg, 
geological sites, place names, points of inte-
rest, etc..), linear data (eg geo-tourist routes, 
GPS tracks, etc.) or polygonal data (eg SIC, 
ZPS, parks, etc.)

GeomorphoSIteS aSSeSSment
To obtain the quantitative assessment 

of a Geomorphological item, in particular an 
evaluation of its “scientific quality” has be-

en used the method proposed by Coratza and 
Giusti (2005) and reported by Panizza (2005). 
Authors suggest to denoted this term by Q, a 
value derived from the sum of the following 
observations:

Q = sS + dD + aA + rR + cC + eE + zZ.
Where: S = “scientific research”, D = 

“teaching”, A = “area” total area of geo-
morphosites, R = “infrequency” of similar 
geomorphosites in the same area, C = “state 
of preservation”, E = “aspect”, Z = “ added 
value “. The value of each observation ranges 
from 0 to 1.

The global value is attributed to a geo-
morphosite adding the scientific value to an 
extra value, assigned based on the following 
indicators: NR - nature rarity, ME - model of 
evolution, DE - training example, PE - pa-
leoenvironmental highlights, EV - ecological 
value, SHV - historical – scientific value, MV - 
mineralogical value, PV - paleontological va-
lue, SCV-scenic value, PRV - prehistoric value, 
CRV - religious-cultural value, SEV - socio-
economic value. The obtained values, being 

Fig. 2 –  OPENALP: conceptual schem

 GEOMORPHOSITE NAME SCIENTIFIC VALUE EXTRA VALUE 
1 PIZÈT 4,56 ME, DE, DHV, SCV, CRV 
2 BRECCE PÓNT, CAVE MARMO NERO 4,19 SHV, CRV, SEV 
3 CASCATA DI PÓNT 4,06 ED, DE, SCV 
4 FORCELLA GARDÈS 4,06 DE, PE, ME 
5 CIRCO TESTATA VALLE ANGHERÀZ 4,00 ME, DE, PE, SCV 
6 PARETE NORD DELL'AGNÉR 4,00 NR, EV, SCV 
7 FRANA PRÀ E LAGUNÀZ 3,94 SHV, CRV 
8 DEPOSITO DI PÓNT 3,88 NR, ME, PE 
9 CASCATA DELL'INFERNO 3,81 DE, PE, SCV 

10 PIAN DI MIEL 3,81 ME, DE, SCV 
11 SILL DI MALGONERA 3,75 NR, DE 
12 VAN DEL PEZ 3,56 NR, DE 
13 LIVINAL DELL'ACQUA - LA SFÉSA 3,56 DE 
14 MORENE STADIALI VALLE ANGHERÀZ 3,50 ME, DE, PE 
15 LE PESCHIERE - LAGO 3,50 PE, DE, ME, SEV, SCV 
16 FRANA POSTGLACIALE DI PÉDEN 3,50 PE 
17 CAMPANILE DELLA BESÀUZEGA 3,44 DE, SCV 
18 GIACIMENTO FOSSILI FM. DI AGORDO 3,44 DE, PV 
19 FORCELLA CESURETTE 3,44 PE, SHV, MV, SCV, PRV, SEV 
20 CONGLOMERATO INTERGLACIALE 3,38 NR, PE 
21 L'ANFITEATRO SECONDA PALA SAN LUCANO 3,38 DE, PE, EV, SCV 
22 CAMPO BOARO 3,38 DE, EV, MV, SCV 
23 PIANO INCLINATO 3,25 DE, SCV 
24 CREPE ROSSE 3,06 DE, ME 
25 CASCATA VAL REIANE 3,19 DE 
26 FAGLIA BORDINA 319 DE 
27 LE PESCHIERE - MASARÈI DE LE TÒRTE 3,00 ME, DE PE 
28 TROMBA DI MIEL 3,00 NR, DE, SCV 
29 CIRCHI SOMMITALI PALE SAN LUCANO 2,94 ME, DE, PE, SCV 
30 GROTTA SAN LUCANO 2,81 DE, SHV, CRV 
31 SASS DA LE CRÒSS 2,81 SHV, CRV 
32 BORAL DI SAN LUCANO 2,81 DE, SCV 
33 TORRE ARMENA 2,81 DE, SCV 
34 VALÓN DE LE SCÀNDOLE 2,81 DE 
35 ALVEO EPIGENETICO BORDINA 2,81 NR, ME, PE 
36 LA GHIACCIAIA 2,75 NR, DE 
37 EL COR 2,56 NR, DE, ME, SCV 
38 BORAL DE LA BESÀUZEGA 2,56 DE 
39 BORAL DI LAGUNÀZ 2,56 DE, SCV 
40 LA SCUDÈLA 2,56 DE, PE 
41 CORN DEL BUS 2,56 DE, SCV 
42 COVOL MONT 2,31 ME 
43 ARCO DEL BERSANEL 2,31 ME 
44 CÓL DE  'L'USÈRTA 2,19 SHV 
45 PÒLES 2,13 NR, ME, SCV 
46 SORGENTI DI SAN LUCANO 2,06 ME 
47 ROA DEL FORN 1,94 PE 

 
Table 1 - Assessment of San Lucano Valley geomorphosites.
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relatively high, graduate San Lucano Valley to 
be enhanced by tourism point of view (Tab.1). 

ConCluSIonS anD future GoalS
Openalp 3D is an interactive application, 

the user can explore the valley by the screen 
across the 47 geomorphosites (Figure 3), see 
the attached documents as the pictures of the 
site, read the description of the location and  
their geological and/or geomorphological fe-
atures, acquiring information on both “scien-
tific quality” value and additional value (Ber-
tini, 2011). Looking for single elements, the 
user can obtain information both textual and 
graphic, and also offers more advanced to-
ols: by selecting the degree of transparency 
you can achieve the fusion between different 
layers; measuring tracks with the GPS exten-
sion, you can create, edit and save tracks; by 
the stereo mode you can activate stereoscopic 
vision (requires special glasses) for a full 3D 
effect.

Mobile devices, especially those equipped 
with GPS, are becoming more widely used 
for web mapping applications. So, the next 
solution for these devices will be an ‘apps’ 

dedicated to mobile devices into 2D version 
of the Geo OpenAlp browser (all major mo-
bile OS) and also in the 3D environment (for 
Android). Easy to use, it will be designed for 
touch screen interfaces for use with browsers 
on all mobile environments (also on the de-
sktop environments). It is based on HTML5-
CSS3 technologies, based on Open Source 
libraries, Open Layers, cross-device, visible 
to all major mobile operating systems (An-
droid, IOS, Windows Phone, etc.) and desktops 
(Windows, Linux, Mac).
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Fig. 3 – A) Visualisation of San Lucano Valley with GEO Browser 3D; B) Localisation of the 47 geomorphosites in San Lucano Valley.
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aBStraCt

T
he Middle Pleistocene site of La Pol-
ledrara di Cecanibbio, (NW of Rome, 
Italy), dated to about 300.000 years 
BP, is listed as one of Latium geosites. 

It was excavated since 1985 and investi-
gations are presently being completed. Two 
main depositional phases have been reco-
gnized at this site: an older one represented 
by a fluvial episode indicated by a segment 
of an ancient river bed where innumerable 
faunal remains (over 20,000), mainly re-
ferable to large mammals  (Palaeoloxodon 
antiquus, Bos primigenius, Cervus elaphus, 
etc.), were found. During the second phase, 
the area became marshy; recent excavations 
in these levels uncovered the remains of an 
elephant, trapped in the mud, that had been 
exploited by humans (Homo heidelbergensis) 
as indicated by numerous lithic artifacts, 
used for butchering, recovered around the 
carcass. The archaeological deposit has be-
en protected by a museum structure for its 
preservation and safeguard, allowing also 
enjoyment by a wider public. 

IntroDuCtIon
The Middle Pleistocene site of La Polledra-

ra di Cecanibbio, (NW of Rome, Italy) (Figure 
1) - identified in 1984 regularly excavated 
since 1985 by Soprintendenza Speciale per i 
Beni Archeologici di Roma and already inclu-
ded in the list of Latium geosites - provides 

an outstanding archaeological and palae-
ontological record as amount and preser-
vation status of archaeological and faunal 
remains (over 20,000), and the finding of a 
Homo heidelbergensis tooth. The site is not 
of noteworthy relevance as its archaeological 
and palaeontological heritage but also as the 
depositional context, which allows a better 
understanding of the palaeoenvironmental 

evolution of the area during the late Middle 
Pleistocene (Anzidei  et al, 2012 and referen-
ces therein). This is the reason why it has been 
decided to preserve in situ a large part the 
archaeological and palaeontological record, 
giving to scholars and public the opportunity  
to appreciate the taphonomical setting and 
its significance. 

Fig. 1 - Geological sketch of the Tyrrhenian margin, Central Italy. 1) Messinian to Holocene sedimentary deposits; 2) 
Pliocene-Pleistocene lavas and volcaniclastic deposits; 3) Meso-Cenozoic sedimentary deposits; 4) main buried faults; 5) 
strike-slip faults; 6) normal faults; 7) major thrusts (from Milli & Palombo, 2005)
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GeoloGICal Context anD DepoSItIonal 
SettInG

The site is related to deposits of the Ponte 
Galeria 6 sequence (Aurelia Formation in the 
lithostratigraphic subdivision, MIS 10 and 9, 
Conato et al, 1980; Milli & Palombo, 2005; 
Milli et al, 2008 and references therein). The 

outcropping sediments are mainly volcanicla-
stic in composition, and constitute the filling 
of incised valleys, mainly characterized by 
fluvial deposits at the base, passing upward 
to fluvio-lacustrine and palustrine deposits 
containing abundant fossil mammal remains 
and artifacts. The wide excavated surface is 
referable to the bed of a small water course, 
cut into a bank of compact granular tuffite, as 
well a portion of the deposit that is still being 
investigated (Anzidei et al, 1989, 1999). 

The interdisciplinary analysis carried 
out at the site (e.g., stratigraphical and se-
dimentological characterization of the de-
posit, morphology of the bottom of the river 
bed, spatial distribution and taphonomical 
features of the bone specimens) allowed  to 
reconstruct the geomorphology of the site, its 
environmental evolution and the way faunal 
and archaeological remains were accumu-
lated (Anzidei et al, 2012). The palaeoen-
vironmental reconstruction has shown that 
the site of La Polledrara represents the final 
filling of an incised valley, mainly characte-
rized by fluvial deposits at the base passing 
upward to fluvio-lacustrine and palustrine 
deposits. Transport of the bones occurred, es-
sentially, during flooding events, followed by 
progressive swampy phases that determined 

the formation of stagnant and muddy waters 
where some elephants became trapped (Fi-
gure 2A-B). 

The excavation of the site is now almost 
completed and allowed a comprehensive view 
of the spatial distribution of the faunal re-
mains on the palaeosurface, referable to a 

fluvial phase characterized by flood episodes 
with enough energy to transport large sized 
bones later deposited following the orienta-
tion of the water flow (Anzidei & Cerilli, 2001; 
Anzidei et al, 2012) (Figure 3).

The morphological features of the river 
bed indicate the presence of two different 
sectors separated by step of about 80 cm. 
Upstream, in the NW sector, the bed appears 
to be very irregular with raised areas alter-
nating with depressed ones where faunal 
remains of different sizes, including some 

tusks, were accumulated. Downstream of the 
step, the morphology of the bed becomes more 
flat and the consequent low energy of the stre-
am is unable to make relevant displacements 
of the specimens as indicated by the presen-

Fig. 2 - A) Palaeogeographical hypothetical reconstruction of the La Polledrara area at the time of fossiliferous layer formation. B) Palaeoenvironmental reconstruction of the Polledrara 
site. 1) The sketch shows a plan view of the two stream channel paths before and after the channel cut-off; 2) Cross-section showing the two channels just after the chute cut-off, 3) 
Cross-section showing the final stage of channel fills and waterlogging. Muddy deposits (black beds) constitute the product of sedimentation of suspended-load lapping onto inclined 
channels margins (modified from Anzidei et al, 2012)

Fig. 3 - La Polledrara di Cecanibbio: partial view of the ancient river bed
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ce of bones, in part referable to an elephant, 
just downstream of this step. Towards SE 
the direction of the flow can be traced by the 
alignment of some elephant tusks along the 
right bank of the bed (Anzidei et al, 2012). 

preServatIon anD valorIZatIon 
polICy

As provided for in the current Italian law 
(Dlg. 24/01/04, n. 42) both Prehistoric and 
Palaeontological sites fall within the rules for 
the archaeological protection that obviously 
needs to be extended also to the environmen-
tal context that allowed the preservation of 
the archaeological and palaeontological re-
cord. 

(Anzidei, 2012) Under such perspective, 
because of the geoarchaeological interest 
characterizing the La Polledrara di Ceca-
nibbio site, an about  900 sq. m surface has 
been preserved in situ, protected by a large 
structure built in 2000 by the Soprintendenza 
Speciale per i Beni Archeologici di Roma, and 
provided with an alarm system.

The museum structure was conceived 
and equipped not only to be opened to the 
public, but also to permit to excavate the si-
te with particularly accurate methodologies. 
This, in turn, allowed scientific observations 
and collection of data, which could have not 
been obtained in open air and/or emergency 
excavations. This is the case, for example, of 
the fine documentation of the carcass of an 
elephant, mired in the mud, and of numerous 
associated lithic artifacts. Such artifacts, 
presenting an extremely fresh appearance, 
were knapped by humans at the site (as con-
firmed by some refittings) in order to butcher 
the animal, as indicated by use wear analysis 
(Anzidei et al, 2012). The cranium - missing 
the cranial vault, but with well-preserved ma-
xillary and premaxillary bones, tusks still in 
the alveoli - and the mandible in anatomical 
position and some postcranial bones of such 
elephant have been partially brought to light. 
Both anterior and posterior limbs are also in 
quasi-anatomical connection. The upward 
flexed position of the left posterior limb shows 
how the animal was trapped in the mud, sin-
king with the anterior portion of the body, and 
did not have any possibility to escape (Figure 
4). In such context a left stylohyoideum belon-
ging to the same individual was also found 
very close to the skull. 

ConCluSIonS
The site of La Polledrara, besides cle-

ar evidences of human frequentation, has 
a significant palaeontological connotation 
(Anzidei et al, 1989, 1999, 2004; Palombo et 
al, 2003). The decision of preserving in situ 
the excavated bone remains has the indubi-
table advantage of allowing a repeated and 

thorough analysis of the geometric orienta-
tion of the specimens, useful for a correct 
evaluation of their accumulation dynamics. 
A further advantage, especially in the case of 
proboscideans, characterized by large sized 
bones whose ossification process prolongs 
through time, should be an easy comparison 
of bones belonging to the same individual. 
This for example, allows to compare the de-
gree of ossification of each bone and there-
fore an estimate, although preliminary, of the 
age of each individual. Although it could be 
objected that it is difficult to fully evaluate 
the morphological traits and the biometrical 
parameters of skeletal elements that are still 
partially embedded in the sediment, this pro-
blem may be overcome by a compared study of 
the bones still in situ and those deposited in 
the Soprintendenza storerooms. This is parti-
cularly true if the sample is very rich, as in the 

Fig. 4 - La Polledrara di Cecanibbio: the excavation of the elephant trapped in the mud

Fig. 5 - La Polledrara di Cecanibbio: detail of the painting with the palaeoenvironmental reconstruction (by Stefano Maugeri)

case of La Polledrara, a site where more than 
20,000 specimens have been collected so far.

The intimate interaction between preser-
vation-valorization of archaeological heritage 
and scientific interdisciplinary researches is 
stressed by an environmental reconstruction 
(28 x 5  m) of  the landscape at the time of 
faunal and archaeological remains deposited 
(Figure 5). The painting, with its indubitable 
visual but also emotional impact, represents 
an essential educational aid for the com-
prehensive understanding and enjoyment of 
such exceptional complex by visitors of every 
age and cultural level. 
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aBStraCt

I
n Piedmont, the stone has always been the 
most widely used raw materials for bu-
ildings, characterizing the architectural 
identity of the city of Turin. The great va-

riety of ornamental stones occurring in Turin 
is certainly due to the highly composite geo-
logical nature of Piedmont region related to 
the presence of the metamorphic Alpine chain 
and the sedimentary Tertiary Piedmont Basin. 

This research provides a list of the great 
variety of the historic and contemporary Pied-
mont ornamental stones, which have been 
used  over the centuries in buildings and ar-
chitecture. The main stones occurring in Turin 
were identified and studied by a petrographic 
and mineralogical point of view in order to 
find out the corresponding geological units 
and quarry sites. Multiple analytical techni-
ques such as optical and scanning electron 
microscope, electron microprobe, cathodo-
luminescence and microfluorescence were 
used.

IntroDuCtIon
Stones in Piedmont have always been 

widely used as construction materials: walls, 
floorings, cladding, roof tiles and roofing ele-
ments, as well as various architectural and 
statuary elements are often made using rocks 
outcropping in different geological units of 
the western alpine chain. Consequently, the 
cataloging and classification of individual 
rocks present in Turin together, with the reco-
gnition of the area of origin, is a difficult task.. 
This article, along with a brief description of 
the regional geology, exemplifies the orna-
mental stones of Piedmont and highlights 
their importance in the historical landscape 
and architecture.

the GeoloGy of the WeStern alpS anD 
ItS ornamental Stone reSourCeS

The great variety of ornamental and bu-
ilding stones exploited in Piedmont and their 
application in courtly and rural buildings, is 
certainly due to the highly composite geologi-
cal nature of this Region.

The geology of Piedmont is mainly rela-
ted to the Alpine chain. To a lesser extent, 
Piedmont has got also sedimentary rocks 
belonging to the Tertiary Piedmont Basin. The 
large variety of rocks outcropping in the Alpine 
system are grouped into four main domains 
characterized by similar paleo-geographic 
origin and geological history. These domains 
are named (outwards along the chain): South 
Alpine, Austro-Alpine, Penninic and Helvetic–
Dauphinois.  

In the Western Alps, the South Alpine do-
main is made up of geological units of deep 
and intermediate crust respectively named 
the Ivrea Zone and the Serie dei Laghi. They 
comprise very ancient metamorphic rocks 
subjected to both the Caledonian (about 500 
million years ago) and the Hercynian (about 
340 million years ago) orogenic events (Boria-
ni & Villa, 1997).

Two major varieties of ornamental stones, 
the so called “ Anzola Black Granite “ (1 in 
Fig 1) and the Toce Valley marbles (2 in Fig 
1), a high-grade metamorphic Paleozoic mar-
ble (coarse in size and isotropic in texture), 
belongs to the Ivrea Zone. The “Anzola Black 
Granite”, no longer quarried, consists of a 
gabbro - norite of Permian age, which was the 
only black granite quarried in Italy. Among the 
marbles, it has to be remembered the “Can-
doglia pink marble” quarried since the end of 
‘300 and still exploited for the exclusive use 
of the “Fabbrica del Duomo” in Milan.

The Serie dei Laghi includes significant 
bodies of granitic rocks of Permian age known 
as “Graniti dei Laghi”; which are rather im-
portant in Piedmont quarrying activity (3 in 
Figure 1). Indeed, columns and pillars of 

“Graniti dei Laghi” are widely used in historic 
building of Turin, e.g. the nineteenth-century 
façade of “Carignano Palace” which hosted 
the first Italian Parliament and the pronaos 
of the “Mole Antonelliana” (Figure 2), which 
became the tallest masonry building in the 
world when it was inaugurated in 1889.

The Austro-Alpine and Penninic domains 
are the portions most affected by Alpine oro-
genesis. In the western sector of the Alps,  
the Austro-Alpine domain is limited to the 
Sesia Lanzo Zone and the Dent Blanche sy-
stem, together with a relatively small klippe 
outcropping in Aosta Valley (Ballevre et al., 
1986). Among these rocks, from the orna-
mental point of view, it is worth noting the 
jadeite-bearing orthogneiss of Mount Mucro-
ne (4 in Figure 1) known as “Green silver” for 
the presence of abundant white mica, used 
in the sanctuary of Oropa (Biella).

In the Sesia Lanzo Zone two small plu-
tons occur: the “Balma Syenite” in the Cervo 
valley (5 in Figure 1), North of Biella, and the 
“Traversella Diorite” (6 in Figure 1), widely 
used in historic building of Turin; it has to 
be remembered  the colonnade and the pave-
ment of Roma Street and the paving of some 
stone bridges over the Po river. An example is 
the “Vittorio Emanuele I” bridge which is the 
first stone bridge of the city built by Napoleon 
I in the early ‘800.

The Penninic domain is classically di-
vided into tectonic units of both oceanic 
and continental crust. The various units 
made up of oceanic crust and sedimentary 
cover, dating from the Mesozoic, are gene-
rally named and grouped into the Piedmont 
Zone and crop out extensively in the valleys 
of the Cottian and Graian Alps (Dal Piaz, 
1999). The Piedmont Zone can be divided 
into lower (internal Piedmont Zone) and 
upper (External Piedmont Zone) complexes. 
The former is essentially made up of meta-
morphic rocks re-equilibrated under condi-
tions of high pressure and low temperature 
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Fig. 1. Legend: 1) Plio-Quaternary deposits, 2) Tertiary Piedmont Basin, 3) Northern Appennine. ALPS:  4) 
South Alpine Domain, 5) Canavese Zone, 6) Austroalpine Domain, 7) External Piedmont Zone, 8) Internal Piedmont  Zone, 
9) Internal Crystalline Massif, 10) Brianconnais Zone, 11) Lower Penninic Units, 12) Helvetic-Dauphinois Domain. 13) 
Tectonic line: LC = Canavese Line, LCE = External Canavese Line, LCI = Internal Canavese Line, FP = Penninic Line, LS 
= Simplon Line, VV = Villalvernia Line.  Quarry localities: 1)  Anzola Black Granite, 2) Toce Valley marbles, 3) Graniti dei 
Laghi, 4) M. Mucrone Orthogneiss, 5) Balma Syenite, 6) Traversella Diorite, 7)  Ophicalcites, 8) M. Pirchiriano serpentinite, 
9) Calcschists staele from Saint Martin de Corleans site, 10) Luserna Stone, 11) Malanaggio Stone, 12) S. Basilio Gneiss, 
13) Bargiolina quartzite, 14) Monregalese marbles, 15) Chianocco and Foresto marbles, 16) Beola gneiss, 17) Serizzo 
gneiss, 18) Crevoladossola marble, 19) Gassino limestone, 20) Cantoni stone

(eclogitic facies).  This complex provides the 
so called “green stones” mostly represented 
by serpentinites and ophicalcites (7 in Figure 
1). In serpentinite was built, shortly after the 
year 1000, the “Sacra of S. Michael” on Mount 
Pirchiriano in the Susa Valley (8 in Figure 1), 
one of the most important monasteries of 
the “Via Francigena”, the fortified medieval 
street across southern Europe. The upper 
complex is largely made up of metamorphic 
rocks originating from deep-sea turbiditic 
sediments now represented by schist-like 
rocks (calcschists) which are easily visible in 
many Alpine valleys. Even if these materials 
were not interested by an intensive quarrying, 
the calcschists have been used since ancient 
times for roofing, rural housing or other uses 
such as the anthropomorphic staele found 
in the archaeological site of Saint Martin de 
Corleans, near Aosta (Appolonia et al., 2011) 
and dating from the Neolithic to the Bronze 
Age (9 in Figure 1).

The continental Penninic units correspond 
to the lower Pennidic Unit of Ossola-Ticino, to 
the Briançonnnais Zone and to the so-called 
“Internal Crystalline Massifs” represented by 
the Monte Rosa, the Gran Paradiso and the 
Dora Maira Massifs. They consist of late-
Hercynian granitoids metamorphosed during 
the Alpine orogenic cycle (orthogneiss) and of 
poly- or mono-metamorphic schists. Among 
the orthoderivates it is notable the “Luser-
na Stone” (10 in Figure 1) in the Dora Maira 
Massif. It consists of an eclogite facies or-
thogneiss, tabular in appearance and light 
gray in color which found wide use as cover 
material (as example the slabs covering the 
dome of the Mole Antonelliana in Turin, Figu-
re 2). Other gneiss varieties quarried in the 
Susa Valley are: the Malanaggio Stone (11 in 
Fig 1), used for the colonnade of the ninete-
enth-century church of the Great Mother of 
God in Turin, and the “San Basilio Gneiss” 
(12 in Figure 1), a leucocratic orthogneiss 
characterized by the presence of tourmaline, 
used in the gunner of Exilles Fort (Susa) and 
in the floor of the Louvre Museum. At the Dora 
Maira Massif also belongs one of the few hi-
storical and contemporary Italian quartzites, 
known as “Bargiolina” (13 in Figure 1), and 
described by Leonardo da Vinci with the term 
“Marmorina”.

There are few ornamental stones coming 
from the Briançonnnais Zone, with the excep-
tion of its southern sector, where the “Mon-
regalese” quarry district  is located  (14 in 
Fig 1). This district has provided, since the 
fifteenth century, lots of marbles of different 
colors used in many churches and palaces of 
Piedmont (Badino et al., 2001).

The lower Pennidic Unit of Ossola-Ticino 
includes tectonic units outcropping NE of the 
Simplon line. They are mainly composed by 

Fig. 2  Mole Antonelliana, symbol of the city of Turin, built 
in the late ‘800 with material from the Alpine valleys: the 
Dome is covered with the Luserna stone and the colonnade 
are made of granite of Baveno. 

orthogneisses with minor metapelites, equi-
librated under amphibolite facies conditions, 
which  represent the deepest structural levels 
of the western Alps. The ornamental stones 
quarried in the Ossola valley (Beola and Se-
rizzo, 16 and 17 in Fig 1, respectively) pertain 
to these units. Crevoladossola marble, belon-
ging to the metamorphosed Mesozoic cover of 
Ossola continental crust units (18 in Figure 
1), is the unique white marble still quarried 
in Piedmont. 

In the Helvetic-Dauphinois Domain no or-
namental stones of great value occur. 

Among the ornamental stone of sedimen-
tary origin from the Tertiary Piedmont Basin it 
is notable the “Gassino Limestone” (19 in Fig 
1), an important building stone consisting of 
bioclastic calcirudite used in Piedmont un-
til the nineteenth century, and the “Cantoni 

Stone” (20 in Fig 1 ), a calcarenite employed 
mainly in the construction of Romanesque 
churches, such as the Vezzolano Abbey in 
central-eastern Piedmont. 
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Finally it worth to note that in several 

Piedmont valleys different white marbles 
were exploited and used in numerous pla-
ces over the last six centuries (Borghi et al., 
2009). These historical materials consists of 
white marbles coming from small lenses, in-
tercalated in different Alpine tectonic units. 
Although these marbles have been used since 
Antiquity in the field of Cultural Heritage (for 
example the Chianocco and Foresto marbles, 
15 in Figure 1, used by the Romans to build 
the Arch of Augustus at Susa in 9 b.C.), they 
are no longer quarried.

ConCluDInG remarKS
The wide variety of ornamental stones 

have always characterized the architectural 
identity of the city of Turin although the strong 
geo-diversity of the city and of the historic 
and contemporary architecture has so far 
been underestimated

This research aims to spread knowledge 
on the stone from the scientific to the cultural 
tourism making available to those working in 
planning an easy tool to emphasize the stone 
importance and providing operators with the 
basic knowledge necessary for any interven-
tion of restoration. Finally a historical-petro-
graphic route, along the historic center of Tu-
rin with information easily accessible not only 
by professionals but also by a wider audience, 
will be suggested.

referenCeS
APPoloniA l., borGhi A., de leo s., rubinetto v. , serrA 

m. (2011):  Area megalitica di Saint-Martin-de 
Corléans ad Aosta: Studio minero-petrografico 
delle stele antropomorfe. Bollettino della So-
printendenza per i beni e le attività culturali, Re-
gione autonoma della Valle d’Aosta, 7, 183-190

bAdino v., bottino i., bottino G., fornAro m., frisA 
morAndini A., Gomez serito m., mArini P. (2001) – 
Valorizzazione delle risorse lapidee del bacino 

estrattivo dei marmi del Monregalese. GEAM, 
giugno-settembre 2001, 97-108

bAllevre m., kienAst J.r, vuiChArd J.P (1986) – La 
nappe de la Dent Blanche (Alpes occidentales): 
deux unites austroalpines indépéndantes. Eclo-
gae Geol. Helv., 79, 57-74.

boriAni A. & villA i. (1997) – Geochronology of regio-
nal metamorphism in the Ivrea – Verbano Zone 
and Serie dei Laghi, Italian Alps. Schweitz. Mi-
neral. Petrol. Mitt., 77, 381-401.

borGhi A., vAGGelli G., mArCon C., fiorA l. (2009) 
- The Piedmont white marbles used in antiqui-
ty: an archaeometric distinction inferred by a 
minero-petrographic and C-O stable isotope 
study. Archaeometry, 6, 913-931

de leo s. (2006) – Etude pétrographique des stèles 
mégalithique de Saint Martin des Corléans - 
Aoste XIe Colloque International sur les Alpes 
dans l’antiquité. Bagnes/Champsec    15-17 
septembre 2006

dAl PiAz G.v. (1999) – The Austroalpine – Piedmont 
nappe stack and the puzzle of the Alpine Tethys. 
Mem. Soc. Geol. Padova, 155-176.

fiorA l., AlCiAti l., borGhi A., CAlleGAri G., de rossi A. 
(2002) - Pietre piemontesi storiche contempo-
ranee. L’informatore del marmista, 489, 50-59.



Geologia dell’Ambiente • Supplemento al n. 3/2012

43

the trani geodiversity: so much 
in a very restricted area

m. CAldArA(1) & v. de sAntis(1)

(1) Dipartimento di Scienze della Terra e 
Geoambientali; Università degli Studi di Bari 
“Aldo Moro”, via E. Orabona 4, 70125 Bari 
(Italy). 
massimoangelo.caldara@uniba.it

KeyWorDS: GeoDIverSIty, apulIan 
forelanD DepoSItS, quarrIeS, CoaSt.

aBStraCt

T
he territory of Trani summarizes, in 
a small area, all the more important 
aspects of the Apulian foreland geo-
logy; such richness, unique in its kind, 

suggests the institution of a “widespread 
geological park.”

IntroDuCtIon
The territory around the town of Trani 

is characterised by a wide exposure of se-
dimentary successions which cover a time 
span ranging from Middle-Upper Cretaceous 
to Pleistocene, thus representing an extraor-
dinary record of the most important stages of 
the geologic history of the Apulian foreland. 
This broad availability of outcrops is due to 
two major contexts (Figure 1): a) along the 
coast, a high cliff that cuts up to 10 metres 
of Pleistocene marine terraced deposits (cal-
dara et al, 2011), stretches of low rocky coast, 
and minor quarries; b) inland, numerous and 
deep quarries that make it possible to observe 
sequences whose thickness is of the order of 
several tens of metres.

GeoloGICal emerGenCeS
In the first context, it is possible to obser-

ve a succession of Pleistocene, mainly carbo-
natic deposits, characterised by an extraor-
dinary vertical and lateral variability, dating 
from the Marine Isotope Stage (MIS) 11 to MIS 
7 (caldara et al, in press). In particular, some 
salient features are: 

1) stromatolitic limestones: they consist 
of massive, porous, bioconstructed bodies 
made up of in situ Charophyta stems on 
which domal and columnar stromatolites ha-
ve grown (Figure 2b). The importance of this 
lithological unit is that the morphology of the 
columnar stromatolites, together with recent 
numerical datings (caldara et al, in press) 
that place the unit to MIS 11, could indicate 
the presence of tropical climatic conditions 
in our region during that warm interstadial 
(between 350 and 400 ka BP).

2) phytoclastic and phytohermal traver-
tine: they are porous and scarcely cemented 
phytoclastic calcirudite and phytohermal 

Fig. 1- Position of the main geosites around the town of Tra

Fig. 2 - a) T5 geosite: overall view of a stretch of the coastal cliff where Pleistocene marine terraced deposits crop out; 
b) T5 geosite: characean and stromatolitic limestones; c) T5 geosite: micritic limestones showing mudcracks and visible 
voids due to subaerial desiccation and, in part, to burrowing activity; d) T3 geosite: soft sediment deformation structures 
in the middle Pleistocene deposits; e) T6 geosite: phytoclastic and phytohermal travertine; f) T3 geosite: tectonic activity 
markers in Pleistocene deposits: faults in the lower part and soft sediment deformation structures in the upper part; g) T3 
geosite: fossil accumulation in the GRA formation; h) T3 geosite: unconformity between CBA (the lower) and GRA formations 
(the upper); i) T2 geosite: the narrow artificial gorge which cut the GRA deposits; l) T3 geosite: the vertical succession 
of deposits belonging to GRA formation; m) M2 geosite: dynoturbated surface on cretaceous limestones; n) M1 geosite: 
seismites in cretaceous limestones.

travertine; they show spectacular accumula-
tions of macrophytes, perfectly recognisable 
(Figure 2e).

Other salient features of the Pleistocene 
deposits are the abundance of fossils, the 
richness of sedimentological factors (such 
as groove casts, flute casts, load casts, bio-
turbations - Figure 2c), and elements which 
demonstrate a significant tectonic activity 

such as seismite levels and soft sediment 
deformation structures (Figure 2d,f). Last 
but not least, we have to remember the dino-
saur footprints found on Cretaceous limesto-
nes (Figure 2m) outcropping along the coast 
(caldara et al, 2011).

The quarries inland make it possible to 
observe the Calcare di Bari formation (CBA; 
Valduga, 1965), here Aptian in age (Luperto 
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Sinni & Masse, 1984), on which the Plio - Plei-
stocene sediments of Calcarenite di Gravina 
formation (GRA; Azzaroli et al, 1968) uncon-
formably lie (Figure 2h). Of particular interest 
are some inactive quarries and, among these, 
certainly the group sited in St. Elena locality 
deserves mention: here it is possible to ad-
mire how GRA deposited with sub-horizontal 
attitude on the substratum constituted by 
CBA, here characterised by anticlines and 
synclines.

One of the approaches to this group of 
quarries is a sort of narrow artificial gorge (Fi-
gure 2i) that allows you to get safely down to 
the bottom of the quarries. Along the way it is 
possible to observe a succession of facies be-
longing to GRA, in some respects, unknown so 
far and therefore deserving of scientific study 
(Figure 2l). From bottom to top, it can be sum-
marised as follows:1) fine white calcarenites 
organised in layers no more than 10 cm thick, 
containing an oligotipic lagoonal faunal as-
semblage with Cerastoderma glaucum; 2) 
yellowish calcarenites with alternating layers 
of gray-brown clay; this part  is characterised 
by seismites and contains a lagoonal faunal 
assemblage with Cerastoderma glaucum; 3) 
yellowish calcarenites of coastal marine envi-
ronment, containing a Cladocora caespitosa 
bioherm; 4) yellowish calcarenites of envi-
ronment deeper than the previous, also rich 
in macrofauna (Figure 2g).

The large exposures allow to observe how 
the GRA lagoonal facies characterise the lo-
west parts of the synclines, while upwards 
they pass into deeper environments: Pliocene 
marine transgression penetrated partially 
only into the synclines, establishing therein 
paralic sedimentary environments separated 
by not yet submerged ridges (anticlines). With 
continued transgression, even the anticlines 
were submerged and the sedimentary envi-
ronment became equally marine, gradually 
deeper. 

ConCluSIon
The geological features of the territory 

of Trani would suggest to institute a “wi-
despread geological park” that includes all 
the localities of greatest geological interest. 
Most geosites are within walking distance 
from the sites of great historical interest 
that characterise the city of Trani. This ma-
kes possible the establishment of integrated 
and historical-environmental tourist routes of 
considerable interest for a municipality that 
is changing from “the city of marble” into the 
city of touristic vocation.
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aBStraCt

C
alcareous tufas of the “Mannute Pic-
cola” cave (Salento, SE Italy) have 
been studied in order to obtain an 
interpretation of the accretion-pro-

cess. Results showed that physico-chemical 
and biological features affect the growth of 
carbonate deposits in this area.  Inside the 
“Mannute Piccola” cave, two types of tufas 
and one type of composite accretions were 
identified, respectively, erratic stalactites, 
bulky stalactites and pseudo-stalagmites. 
Each of them let us to reconstruct peculiar 
palaeo-environmental features. The location 
into the cave of the bulky stalactites appears 
incompatible with their accretion-process 
interpretation, suggesting that the entran-
ce of the cave was more narrow than today, 
when the accretion-process was in course. 
Age determinations of such accretions are 
in progress. This study, improving knowledge 
about this geosite, represents a valuable pre-
liminary phase for a geoheritage protection 
and valorization. 

IntroDuCtIon
Physico-chemical and biological featu-

res exert a primary control on the growth of 
carbonate deposits, including tufas and spe-
leothems, producing a wide range of morpho-
logic and petrologic differences among depo-
sits. These appear to be parts of a continuum 
genetically allied carbonate fabrics media-
ted by environmental factors (Ford & Pedley, 
1996; Taboroši et al. 2005). Among the abiotic 
hypogean accretions, speleothems are refer-
red to the CO2 degassing of dripping water. 
Nevertheless, cave environments can allow 
the development of composite accretions, 
characterized by different kinds of macro-
morphology, texture and fabric which can be 
interbedded or coalescent.

In this work, some calcareous tufas sam-
pled at the “Mannute Piccola” cave (Salento, 

SE Italy), which have already been described 
only from a morphological point of view (Cac-
ciatore & Delle Rose, 2003; Patianna et al., 
2008), have been studied to obtain an inter-
pretation of the accretion-process.  “Mannute 
Piccola” cave belongs to a system of caves 
located along the Apulian coast within the 
Regional Natural Park named “Costa Otranto 
– S. Maria di Leuca e Bosco di Tricase”, and 
it is also close to the next up Marine Protected 
Area which will be named “Penisola Salenti-
na (Grotte Zinzulusa e Romanelli)”. The study 
area has a relevant geological and ecological 
value, nevertheless its public accessibility is 
difficult and the cave needs a sustainable 
fruition strategy  (Posi et al., 2011). This study 
aims to improve knowledge about this geosite 
as a preliminary phase for a geoheritage pro-
tection and valorization through Information 
Comunication Technology (ICT) strategies.

GeoloGICal SettInG
Salento is the emerged south-eastern 

portion of the Puglia Carbonatic Ridge. It is 
formed by Jurassic-Cretaceous limestones 
and dolostones covered by Tertiary and Qua-
ternary clastic carbonates and subordinate 
marls. The carbonatic substratum is frag-
mented by high dip, NNW-SSE striking faults, 
into uplifted and lowered blocks. Due to the 
widespread presence of carbonate rocks, sur-
face and underground landforms were exten-
sively involved in dissolution processes. Such 
region took on its present conformation star-
ting from the Lower Pleistocene, when tecto-
nic uplift produced the regression of the sea. 
Such process is described as discontinuous, 
and resulted, during the middle and the late 
Pleistocene, in the formation of both marine 
terraced and coastal caves.

Along the south-eastern coast of the Sa-
lento, where the Mannute caves system is 
located (Figure 1, A), several platform-ma-
rine carbonate deposits, Late Cretaceous to 
Quaternary in age, are laterally disposed and 
grafted one upon the other within clinostrati-
fied slope systems. All around this area, the 
rocky cliff is formed by limestones belonging 
to lower Chattian Limestone of Castro and 

the early Messinian Formation of Novaglie 
(Bosellini et al., 1999). The latter consists 
of a discontinuous reef tract, and associated 
forereef slope, mostly characterized by Porites 
colonies preserved for a total height of about 
120 m. The morphology of the rocky coast is 
also due to the tectonic arrangement of the 
carbonate succession. The NNE-SSW strike of 
the coast is about perpendicular to the direc-
tion of the main regional fault systems and 
several WNW-ESE secondary faults dissected 
the substratum.

the “mannute piccola” cave
Many caves are located along the Mannu-

te rocky cliff (Delle Rose, 2008). Our attention 
was focused on the “Mannute Piccola” cave 
(Figure 1, B). Here, five types of accretions 
have been identified by macroscopic observa-
tions: a) vertical regular stalactites, b) vertical 
regular stalagmites, c) erratic stalactites, d) 
bulky stalactites (“elephant-paw” like) and e) 
pseudo-stalagmites (“stalagmoidi”; Caccia-
tore & Delle Rose, 2003). The biological origin 
of the type c is straightforward. The morpho-
logy of the cave was accurately measured 
and accretions have been positioned in the 
3D space with a precision of a few millime-
tres (Patianna et al., 2008). Later, some ac-
cretions were sampled and petrographically 
analyzed. Finally, the above mentioned types 
have been classified (Posi et al., in press) as 
abiotic hypogean speleothems (type a and 
b), calcareous tufas (c and d) and composite 
accretions (e).

reSultS anD DISCuSSIon
Tufas are commonly considered the pro-

ducts of calcium carbonate precipitation un-
der “cool” or “near-ambient” temperatures. 
They typically contain remains of micro- and 
macrophytes, invertebrates and bacteria, 
such as they include all the varieties of non-
hydrothermal, fluvial and hypogean drips 
related to freshwater calcareous deposits, 
regardless of degree of crystallization (Pedley, 
1990). Regarding tufas product within perco-
lation and waterfall sites, they are seen to be 
the results of both physico-chemical preci-
pitation and biogenic precipitation associa-
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ted with bio-film colonisation. Bio-films are 
closely associated with decaying vegetation 
actively metabolised from micro-organisms, 
which appear to precipitate calcium carbona-
te outer shells as an involuntary product, and 
consist of microbial communities characte-
rized by a coating of extracellular polymeric 
substances (Ford & Pedley, 1996). Over a hun-
dred species of bacteria have been identified 
in European deposits, among which calca-
reous precipitates have been both on diatoms 
stalks, within the sheaths of bacteria and also 
within the communal extracellular polymeric 
substances. The sticky bio-film surfaces also 
trap and stabilise detrital lime mud (Pente-
cost and Riding, 1986). 

Tufas usually tend to preserve their pe-
trological properties, escaping the destructi-
ve process of the sparmicritization resulting 
from boring activity of some micro-organisms, 
but can receive additional inorganic carbona-
te cements which progressively occlude the 
available porosity (Golubic, 1967). 

Active tufa precipitation is is prevented by 
low temperatures as this restricts soil respi-
ration and limestone dissolution (Pentecost, 
1995). On the contrary, regimes related to 
higher rainfall and temperatures should en-
courage tufa formation, according to the Late 
Quaternary Atlantic climatic optimum which 
appears to be associated with an acme in tufa 
precipitation. On the other hand, variations in 
tufa sequences have been related to climatic 
changes (Nicod, 1981; Goudie et al., 1993) 
and a sharp reduction in tufa development 
seem to interest the whole European continent 
from about 3500 yr B.P. (Ford & Pedley, 1996).

As a consequence, the relevance of this 
kind of accretion on the palaeo-climatic re-

Fig. 1: A, Mannute caves system geographical location; B, “Mannute Piccola” cave entrance; C, bulky stalactite object of the survey.

construction appears to be noticeable. In the 
temperate regions tufa accretion normally 
coincides with the interglacial phases, which 
are warmer than the glacial ones, whereas in 
the subtropical semi-arid regions the acme of 
the growth is related to the cooler pluvial pha-
ses. An obstacles to the palaeo-environmental 
reconstructions, is the difficulties to obtain 
certain ages for this kind of accretions (Srdoc 
et al., 1986; Viles & Goudie, 1990; Drysdale 
& Head, 1994). Thus, as an example, several 
unquestionably Holocene tufas have yielded 
older Pleistocene radiometric dates, because 
the carbon isotopic signature of tufa can be 
composite signal involving some carbon which 
has its origin in the contemporary atmosphe-
re, but with additions of geologically ancient 
carbon atoms derived from the dissolution of 
bed-rock. Secondary and later carbonate ce-
ments within interstitial cavities can give rise 
younger dates from adjacent part of the same 
layer within a deposit. Apparently valid ra-
diocarbon dates could be obtained providing 
that only the true microbial precipitates are 
carefully selected and all physico-chemical 
cements are avoided (Taylor et al., 1994).

Despite the aforementioned difficulties, 
age determination of a bulky stalactite sam-
pled at “Mannute Piccola” cave is in progress 
(Figure 1, C). The actual location into the cave 
of the bulky stalactites appears incompatible 
with their accretion-process interpretation, 
suggesting that the entrance of the cave was 
more narrow than today, when the accretion-
process was in course. Such a place, in fact, 
is now too illuminated while the accretion of 
the bulky stalactites needs sciophilous con-
ditions (cf. Taboroši et al., 2005).  Moreover, 
morphological evidences in the surrounding 

of the entrance of the cave suggest the oc-
currence of rockslide along the rocky coast. 
Hopefully, radiometric dating might provide 
useful tools for palaeo-environmental recon-
structions.

The “Mannute Piccola” cave has to be 
considered an interesting geosite already pro-
tected by regional and European laws (Apu-
lian law n. 33/2009 regarding the protection 
and valorization of speleological heritage; 
Directive 92/43/CEE known as “Habitats Di-
rective”), such as by a regional natural park 
and by a next up Marine Protected Area. A 
deeper knowledge of the accretion-process of 
the carbonate deposits, including tufas and 
speleothems, has to be considered as a pre-
liminary phase for a geoheritage protection 
and valorization which could be achieved by 
Information Comunication Technology (ICT) 
strategies, in consideration of the problems 
regarding public accessibility to the cave and 
a sustainable fruition of this natural and cul-
tural resource (Posi et al., 2011). 
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aBStraCt

T
his study seeks to emphasize the coe-
xistence of precious resources relating 
to both bio-heritage and geo-heritage, 
set within an enchanting landscape 

inside a protected WWF “Oasis”, on the NE 
slope of the Matese Mountains.

We begin with a description of the genetic 
context of the gorge of Quirino Torrent, loca-
ted near the village of Guardiaregia. It repre-
sents a geosite of regional interest, and was 
evaluated as such in the Inventory achieved 
by Molise University (Filocamo et al., 2010; 
www.moliseturismo.eu). This morphosite is 
a classic case of discordance between oro-
graphy and hydrography which originated a 
superimposed valley. It shows the characters 
of a youthful morphology in the relief.

We then move on to describe the karstic 
plateau sited on the top of adjacent relief 
known as mountain of Campochiaro. In con-
trast, it is characterized by senile landforms. 
Here we can see many epigeal karstic morpho-
logies of variable typologies and dimensions. 
Of particular interest are the entrances to and 
the presences of two principal endo-karstic 
systems, well known in the world of speleo-
logy. These are the Pozzo della Neve Abyss and 
the Cul di Bove Abyss and have been valued 
as geosites of national interest (Filocamo et 
al, 2010).

Finally, we draw attention to a presuma-
ble morpho-evolutive relationship between 
the genesis of the gorge and that of hypogeal 
karstic systems, both geo-chronologically re-
lated to a Middle Pleistocene age.

We think that cited geosites could be 
better known and appreciated by a wider 
public through the exploitation of a network 
of mapped footpaths (C.A.I., 2008) along a 
well defined and appropriately equipped geo-
environmental itinerary.

the GorGe of quIrIno torrent: 
the naturalIStIC, GeoloGICal anD 
GeomorpholoGICal Context

The gorge of Quirino Torrent, situated 
in Molise on the NE slope of the Matese 
Mountains (Figure 1), is part of a very beau-
tiful and extraordinarily interesting natural 
context, whose values are acknowledged and 
protected by planning regulations such as: a) 
“Piani Paesistici – Area vasta N. 3: Massiccio 
del Matese”; b) the SIC-ZPS area named “La 
Gallinola - Monte Miletto - Monti del Matese”; 
c) “Oasi Naturale di Guardiaregia-Campo-
chiaro”, recently (on October 2010) transfor-
med into a Regional Reserve, a great heritage 
of biodiversity run by WWF Italia. Covering an 
area of 2187 hectares it’s the second largest 
WWF oasis in Italy and the second largest 
natural protected area in Molise. Its territory 
is divided into three principal environmen-
tal sectors, which are: 1) the northern slope 
of Mutria Mountain, 2) the gorge of Quirino 

Torrent, 3) the karst featured upland on the 
mountain of Campochiaro (WWF, 2009).

In a study conducted by Molise University 
(Filocamo et al., 2010; website www.molise-
turismo.eu) the gorge of Quirino Torrent has 
been valued as a geosite of regional interest.

The geological context where it originated 
is, partially, representative of successions 
which are extensively exposed in outcrops 
of the eastern sector of Matese Mountain, 
both on the northern Molisan side and on the 
southern Campanian side (Serv. Geol. d’It, 
1970 – Figure 1). Particularly, the gorge is 
mainly carved in a thick succession in car-
bonate platform facies of Late Cretaceous 
age (upper Cenomanian-Turonian) formed by 
detrital (calcarenites, calcirudites) or orga-
nogenic limestones with Rudistids (Hippu-
ritids, Radiolitids). In some places, such as 
along the canyon of Quirino Torrent, Miocenic 
transgressive deposits concordantly follow 
in the upper portion of succession: they con-
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sist of calcarenites and calcilutites with red 
algae and bryozoans (Cusano Formation, of 
Langhian-Serravallian age).

In contrast, the upper basin of Quirino is 
enlarged in a gently inclined area at the base 
of Mutria Mountain, consisting of terrigenous 
Miocenic deposits (Pietraroja Flysch, with pe-
lites and arenaceous turbidites of Tortonian 
age), which are located in a morpho-structu-
ral depression with an anti-Apenninic trend.

From a geomorphological point of view, on 
the basis of some typical evidences, the gorge 
of Quirino Torrent represents a scenographic 
and classic case of discordance between 
orography and hydrography imputable to a 
phenomenon of superimposition, also named 
epigenesis. So it’s possible to suppose that 
the little river, during a constant deepening 
connected with a tectonic uplift of the relief, 
first eroded the terrigenous cover, which still 
remains in the above-mentioned neighbou-
ring depressed areas. Then it began to cut 
lower and more resistant carbonatic rocks, 
inheriting the traced route and also capturing 
old hypogeal karstic caves, whose relicts are 
still visible on the walls of gorge, hanging on 
the actual talweg.

In this case we can define this feature as 
a fluvio-karstic gorge, whereas the vertical 
fluvial erosion and the dissolution processes 
of limestones operated together, so that pre-
sumably the rate of incision was faster than 
usual.

Both processes, moreover, were guided 
by structural lineaments; the fluvial incision 
was controlled prevalently by N-S, W-E and 
WSW-ENE trending. This explains its pla-
nimetric trend, characterized by repeated 
abrupt deviations interposed between sub-
rectilinear segments which alternately mark 
these strikes, and leads us to define it as a 
subsequent trend.

Advancing towards the interior of the 
gorge, whose overall length measures about 
3.5 kilometres, it’s interesting, among other 
things, to see some attractive features on a 
smaller scale along the valley floor, such as 
little drops in the rocks with waterfalls alter-
nating with small basins, well known as “po-
tholes”. But the most spectacular example of 
this combination of morphological types is the 
San Nicola Waterfall. This originates at the 
confluence of San Giovanni deep valley with 
Quirino Torrent, on its right bank. This casca-
de, active in the rainy season, falls over three 
consecutive drops with a total difference of 
level of about 100 metres (Figure 2).

Indeed, it is a showy example of an inter-
rupted and hanging valley because it ends on 
a very steep slope, but other similar instances 
are present on the upper sides of the gorge. All 
these morphological aspects of longitudinal 
and transversal profiles of the valley, that is 

to say the longitudinal drops and the abrupt 
changes of slope on lateral sub-vertical walls, 
don’t correspond to an equilibrium profile of 
the water course: of fact, they show the di-
stinctive characters of youthful features in 
the relief.

the near KarStIC area of the 
mountaIn of CampoChIaro

The remarkable karstic forms of the 
landscape are among the valuable ele-
ments within the WWF natural reserve (WWF, 
2009). They are found at the summit of the 
mountain of Campochiaro, a nearby area of 
Matese massif (Figure 1). Here we can obser-
ve an orography without much articulation, 
on average about 1200-1400 metres above 
sea level. This topography is engraved in the 
same platform facies carbonatic succession 
of Late Cretaceous age (upper Cenomanian-
Turonian) in which the Quirino canyon is 
mainly carved (Serv. Geol. d’It, 1970 - Figure 
1). Said orography is assimilable to the senile 
morphology of a karstic plateau and is also 
visibly scattered by a myriad of epigeal karstic 
morphologies of variable typologies and di-
mensions, whose presence is also revealed by 
toponyms. The widest among these are some 
endoreic depressions such as tectono-karstic 
depressions or “polje” (Capo di Campo) and 
“dead” valleys (Valle Uma); generally, on their 
sub-levelled floor, there are eluvial deposits 
and are visible dolinas, clusters of anasto-
mosed dolinas with an irregular contour (or 
“uvala”) and ponors.

The diffuse presence of various typologies 
of caves is also very important, but two prin-
cipal endo-karstic systems, well known in the 
world of speleology, are exceptionally valua-
ble: the Pozzo della Neve Abyss (Figure 3) and 
the Cul di Bove Abyss, which have been valued 
as geosites of national interest (website www.
moliseturismo.eu). In fact, they both are re-

markably extensive, both horizontally and 
vertically: specifically, the Pozzo della Neve 
complex reaches a depth of –1048 metres and 
is more than 8000 metres linearly extensive, 
while the Cul di Bove complex is -913 metres 
deep and about 3500 metres linearly wide. 
Such numbers lead the Matese Mountains to 
be considered as the karstic massif with the 
greatest depths in central and southern Italy. 
Moreover they allow these caves to take very 
significant positions both in national classifi-
cations (sixth and fifteenth position, respecti-
vely) and in international rankings (fifty-first 
position for Pozzo della Neve).

outlIne of the morpho-evolutIve 
phaSeS of relIef

It is important to remark that in neighbou-
ring areas of this sector of relief, moreover 
in the same calcareous successions, both 
youthful features, e.g. the Quirino gorge, and 
senile features, e.g. the karstic plateau of the 
mountain of Campochiaro are present.

Some studies carried out on this sector of 
Apenninic chain have reconstructed the prin-
cipal phases of the morpho-evolutive sequen-
ces, which gave rise to the actual landforms, 
and their geo-chronology has been obtained 
on the basis of several regional geological and 
geomorphological data (Santangelo & Santo, 
1991). In particular these studies recognized 
that the endokarstic evolution of the carbona-
tic Matese massif was marked by at least two 
karstification phases. The older is characte-
rized by horizontal phreatic networks, often 
in a senile stage of evolution; such networks 
can be generally correlated to the relicts of 
mature erosional landscapes (Paleosurface 
Auct.), which were modelled during a long 
period included between the Middle-Upper 
Pliocene and the early Pleistocene. The kar-
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stic plateau of the mountain of Campochiaro 
and the upper parts of the Cul di Bove and 
Pozzo della Neve karstic systems, which have 
a prevalent horizontal trend, were presumably 
modelled in these conditions.

These horizontal karstic systems were 
broken and raised by neotectonic uplifts of the 
massif, so that the second karstification pha-
se is characterized above all by active vertical 
caves, in relation to a deepening of the local 
base level. These conditions started up the 
modelling of the lower parts of the Pozzo della 
Neve and Cul di Bove karstic systems, which 
have a prevalent and very imposing vertical 
trend. Presumably, they also caused the ge-
nesis both of the Quirino gorge and of the 
structural slope called “Coste della Defenza”, 
which delimits the mountain of Campochiaro 
on northern side and has been identified as 
a geosite of regional interest (Filocamo et al., 
2010). On the basis of said studies this pha-
se started not earlier the beginning of Middle 
Pleistocene, i.e. after the main uplift of car-
bonatic massif.

ConCluSIonS - a propoSeD Geo-
envIronmental ItInerary

In this paper we shortly described some 
geosites of national or regional interest that 
form a considerable geo-heritage located 
on the NE sector of the Matese Mountains. 
Together with the coexisting bio-heritage it 
creates beautiful landscapes. Moreover, they 
represent significant values protected within 
the Regional Reserve run by WWF. Here the 
volunteers of WWF frequently organize trips 

or seasonal calendars of excursions, such as 
during the current summer.

Thanks to a network of mapped footpaths 
(C.A.I., 2008), cited geosites are accessible 
both from the Campochiaro village and from 
a point behind the Quirino canyon (Figure 1: 
footpaths SG; 124SG, 124b, 128 and 124-
128). We think could be important to crea-
te a geo-environmental itinerary to connect 
these morphosites, appropriately equipped 
for educational purposes. In this way a wider 
public, and especially students, might better 
know and appreciate the values connected to 
the geo-diversity, whose comprehension and 
knowledge, under several aspects, result still 
difficult, probably because of the lack of an 
appropriate spreading.

Particularly, to achieve a didactic aim 
the itinerary which connects the described 
morphosites could be equipped with instruc-
tive panels with regard to geological and 
geomorphological aspects, supported also by 
guides and brochures purposely prepared. In 
this way the development prospects of geo-
tourism, as a type of cultural, “alternative” 
and sustainable tourism, will increase and 
this will represent the first step of an appro-
priate strategy to promote possible effica-
cious actions of valorisation and, in perspec-
tive, of preservation and care of sites (Dowling 
& Newsome, 2006; Robinson & Roots, 2008; 
Wimbledon et al., 2000).
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aBStraCt
“Il Pantano della Zittola”, located near 

the village of Montenero Val Cocchiara villa-
ge (Molise Region), is an large marshy plain 
characterized by the significant presence of a 
wide and thick (4-5 metres) peat bog, one of 
only two such sites in the Apennines. The plain 
is longitudinally traversed by the Zittola River 
and surrounded by a natural amphitheatre of 
wood-covered mountainous slopes.

A singular coincidence of geological, 
geomorphological and, particularly, hydro-
geological conditions, which we will briefly 
outline here, caused the genesis of a karstic 
depression and of its rare inner characteri-
stics, primarily due to the concentration and 
stagnation of water caused by the diffusion 
of numerous springs along the slopes on the 
contour of the plain and inside it too (De Ca-
terini, 2000; Gennarini, 2003).

In fact, such an abundance of water de-
termines the existence of an important wet-
land associated with an extraordinary biotope 
whose relevance has been recognized both 
nationally and at the European level (as CO-
RINE BIOTOPE). Here rare species of aquatic 
fauna and flora live, while important species 
of avifauna transitorily stop during migratory 
periods. Moreover, this fairy natural scenery is 
enriched by the presence of horses belonging 
to an autochthonous breed which is reared in 
a wild state: its name is “Pentro horse”.

Recent studies (APAT, 2005) recognized, 
however, the specific vulnerability of the wet-
land “torbiera” (peat bog), as a relict habitat 
of the last Würm ice age, identifying the pos-
sible measures of protection which should be 
activated.

We maintain that the combination of so 
precious and rare resources relating to bio-

diversity and to geo-diversity set in a won-
derful landscape could justify the selection 
of “Il Pantano della Zittola” as a geosite of 
national interest. We also believe that initia-
tives should be put in place to increase the 
regulations which protect the area, as well 
as to valorise it better.

prefaCe - GeoGraphIC anD 
naturalIStIC frameWorK

The study site is located in the Alto Molise 
area near the boundary of the region of Abruzzi 
(Figure 1). Specifically, it is within a peculiar 
geographic and geologic district known as the 
Montenero Val Cocchiara unit (or structure), 
situated at the junction between the Cen-
tral and Southern Apennines and interposed 
between two principal drainage basins: the 
Sangro basin on the northern side and the 
Volturno basin on the southern side.

This unit, which covers an area of about 
66,5 Km2, is clearly distinct from its neighbou-
rs, as can be seen from both topographical and 
geological maps. It has, indeed, a particular 
orography with a horseshoe or amphitheatre 
disposition, including “Il Pantano della Zitto-
la” in axial position (Figure 3: Serv. Geol. d’It, 
1971). The last site is a wide marshy plain 
longitudinally crossed by the Zittola River, a 
tributary northwards of the Sangro river. But 
its most extraordinary characteristic is the 
presence of an internal peat bog, which pro-
bably originated during the last Würm ice age, 
under cooler and more humid climatic condi-
tions than those of modern times, and still 
kept in relation with the occurrence of more 
or less extended swamping during the year.

Presumably such an abundant water sup-
ply can be related to the existence of a myriad 
of springs distributed along all the slopes sur-
rounding the Zittola plain and within the plain 
itself. Many other springs, moreover, can be 
found along the external slopes of the Monte-
nero Val Cocchiara unit. Recent hydrogeologi-

cal studies have recorded nearly 150 internal 
and external springs (De Caterini, 2000).

“Il Pantano della Zittola” is also very im-
portant as a wetland habitat (Figure 4) asso-
ciated with an extraordinary biotope of Euro-
pean relevance (CORINE BIOTOPE). Inside it 
rare species of aquatic plants and animals li-
ve, important species of avifauna transitorily 
stop during migratory periods and, moreover, 
wild cattle and horses feed on the unlimited 
grassland. The horses belong to an autoch-
thonous breed named “Pentro horse”, the only 
one in Italy to live in the wild (Bruzzone et al., 
2001; Cicia et al., 2003).

The following “numbers” characterize the 
study site: the overall extent of the “Pantano” 
(peat bog) measures about 900 hectares, its 
length is about 6 kilometres and its greatest 
width is about 1,5 kilometres; in the plain the 

Fig. 1 – Siting of the study area.

Fig. 2 – A view of “Il Pantano della Zittola” (Photo by Maria 
Pina Izzo).
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elevation is, on average, 820 metres a.s.l., 
while the highest peak of Montenero V.C. unit 
is Monte Curvale (1260 metres a.s.l.). Finally, 
the considerable thickness of peaty deposits, 
measured by logs, is about 4-5 metres (Gen-
narini, 2003).

GeoloGICal, GeomorpholoGICal anD 
hyDroGeoloGICal ConDItIonS

A schematic examination of the most re-
markable geological, geomorphological and 
hydrogeological aspects which characterize 
the Montenero Val Cocchiara Unit supports 
the interpretation of the particular conditions 
and of the phenomena present inside it. In 
fact “Il Pantano della Zittola” shows, in an 
exemplary manner, how a landscape of rare 
beauty, which also presents many aspects of 
scientific interests (primarily, of pedologic-
mineral nature), takes its origin from a spe-
cific and complex combination of different 
geological factors, such as lithologic, stra-
tigraphic, geo-structural, morpho-structural, 
sedimentologic, pedogenetic, geomorphologi-
cal and hydrogeological factors. Consequen-
tly, in the geological literature several authors 
(Serv. Geol. d’It., 1971; Celico, 1984; Di Bucci 
& Scrocca, 1997; Vezzani et al., 2004; De Ca-
terini, 2000; Gennarini, 2003) applied diffe-
rent interpretative models to the study area.

From a geological point of view the Mon-
tenero Val Cocchiara Unit is constituted by 
alternations of limestones, marly limestones, 
flinty limestones and marlstones; such de-
posits have been interpreted as pre-orogenic 
successions in scarp edge-to-basin facies 
of Albian-Late Tortonian age (Vezzani et al., 
2004). All around the external limit of Monte-
nero Val Cocchiara Unit there are silicoclastic 
deposits (pelitic and arenaceous turbidites) 
of Late Miocene age (Messinian), known as 
Agnone Flysch (Di Bucci & Scrocca, 1997; 
Vezzani et al., 2004).

With regard to aspects of interest in this 
paper, all the authors agree that the whole 
Montenero V.C. Unit has been structured as a 
wide syncline, so that by some of them (De Ca-
terini, 2000; Gennarini, 2003) the Montenero 
V.C. Unit takes form as a set of monoclinal and 
folded structural elements which generally 
dip with a low angle towards the axial zone, 
where the Pantano plain is found. Moreover, 
according to all recent studies, the same Unit 
can be interpreted as a klippe overthrusting 
the Agnone Flysch, which outcrops around the 
same Unit. In contrast, several authors main-
tain that the silicoclastic deposits are present 
also inside the Unit, around the limit of the 
Zittola plain, either in stratigraphic contact or 
in tectonic window (Serv. Geol. d’It., 1971; Di 
Bucci & Scrocca, 1997; Vezzani et al., 2004), 
while others maintain they are absent inside 
it (De Caterini, 2000).

Fig. 3 – An extract of the official geological map (Serv. Geol. d’It, 1971): we can see the horseshoe orography of Montenero 
Val Cocchiara Unit, including “Il Pantano della Zittola” in axial position (bounded in blue).

In geomorphological terms at least the 
following aspects are important to consider:

- the differential movements among 
adjacent sectors of the relieves, caused 
by neotectonic events prevalently through 
steep-dipping faults; they gave rise to the 
widest endoreic karstic depressions (Prato 
delle Fosse), where the water infiltration is 
favoured through dolinas and ponors; also 
the upper Zittola plain could be interpreted 
as a tectono-karstic depression, or “polje”, 
although in this case it could also be an exam-
ple of morphological convergence because we 
don’t see clearly its delimitation on both sides 
by sub-rectilinear structural slopes set up on 
fault: in effect, such evidence is best observed 
on the left side of the upper plain, towards 

Fig. 4 – Image of “Il Pantano” during a period of swamping, 
in January (Photo by Fedele Cuculo).

which the course of the Zittola River has been 
decentralized;

- the karstic processes, which take 
on an essential morphogenetic role on the 
relieves that are set in fractured limestones, 
giving, on average, high permeability to the 
present rock masses; specifically, it can be 
observed that on the relieves near to the cen-
tral plain the topographic surface forms well-
distributed hollows of various depths, which 

favour the infiltration in the karstified rock 
formations;

- the morpho-climatic systems, 
which followed one another during the Qua-
ternary period and probably, at the end of the 
last Würm glaciation, led to the formation of 
the peat bog (APAT, 2005).

Finally, especially the hydrogeological 
considerations and knowledges (Celico, 1984; 
De Caterini, 2000; Gennarini, 2003) help to 
interpret the peculiar phenomena which cha-
racterize the study area. The main conditions 
that have been delineated are:

- the Montenero Val Cocchiara Unit, 
also known as Colli Campanari Unit, is a 
stand-alone hydro-structure characterized by 
its isolation from the nearby great carbonate 
aquifers of Abruzzi-Molise; the Agnone Flysch 
would be the relatively impermeable forma-
tion, underlying the unit, which determines 
its isolation by means of functions of basal 
plugging, operating as a submitted threshold 
of permeability;

- the presence of tectonic and stra-
tigraphic discontinuities would affect the 
internal geometry and the hydraulic cha-
racteristics of the aquifer, whose principal 
groundwater flow follows two main lines of 

Fig. 5 – A specimen of “Pentro horse” within the partially 
flooded Pantano plain (Photo by Marco Carafa).
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drainage: indeed, on the one hand, impor-
tant structural discontinuities would divide 
the hydro-structure into two subunits, the M. 
Portella – M. Fosse Subunit, lowered toward 
SW, and the M. S. Croce Subunit, sited at E and 
NE; on the other hand, the intercalation of a 
marly-clayey-calcareous formation (of Eoce-
ne-Miocene age), with a lower permeability 
within the successions, would be a limit of 
permeability that separates two distinct and 
overlapping groundwaters, the deeper one 
that drains southward (Acquaruolo Spring, 
about 570 metres a.s.l.) and the other, closer 
to the surface, that drains northwards and 
feeds the springs around the Zittola plain (on 
average 820 metres a.s.l.);

- these last springs share similar 
hydrographs and physico-chemical characte-
ristics; some of them are temporary, other pe-
rennials; with respect to the classification we 
can say that: a) some minor springs (such as 
the Acquara spring) are generally related to a 
limit of permeability as draining groundwater 
flows of small entities suspended above levels 
with a lower relative permeability and located 
at altitudes higher than those of the plain; 
b) the main (specially on the left side: “La 
Pescara” spring) and more numerous springs 
surrounding the plain are to be connected to 
a superimposed threshold of permeability; c) 
in dependence on the thickness of the filling 
deposits within the plain, currently unknown, 
we can’t exclude the intersection with the 
topographic surface and the outcrop of the 
water table inside the same plain, during its 
rising period.

We can conclude that the abundance 
of water in the Pantano plain (Figure 4-5), 
mainly due to hydrogeological factors, as well 
as to geomorphological conditions (related to 
difficulties of drainage caused by low longi-
tudinal gradient in periods of rising flow of 
the springs), is the “intrazonal” pedogenetic 
factor essential for the preservation of the 
peat bog, though it is likely that cooler and 

wetter climatic conditions have led to its ge-
nesis during the last ice age.

ConCluSIonS - propoSal for a Better 
proteCtIon anD enhanCement

“Il Pantano della Zittola” has been in-
cluded as a geosite of regional importance 
in an Inventory achieved by Molise University 
(published in www.regione.molise.it).

We believe that the combination of se-
veral values, such as rarity, peculiarity and 
plurality, of so precious resources relating to 
geo-heritage and to bio-heritage set in a won-
derful landscape, could justify the elevation 
of this geosite to the level of national interest. 
We also believe that initiatives to increase re-
gulations protecting the study area, as well as 
towards its better valorisation, are required.

At present the site “Il Pantano della Zitto-
la” is covered by regional landscape planning 
regulations, inserted in the SIC area “Pantano 
Zittola-Feudo Valcocchiara” and included in 
the Zone of External Protection of the Natio-
nal Park of Abruzzi, Lazio and Molise (PNALM 
– ZPS IT7120132). In the future the imple-
mentation of actions aimed at conservation 
of the site would be desirable, possibly in line 
with the solutions proposed by APAT (2005), 
as well as its valorisation through a full inte-
gration in the protected area of PNALM. Thus 
the inclusion of the study site, as a geosite 
and a biotope of special interest, in national 
tourist routes and its enhancement through 
the promotion of policies aimed at the well-
considered use and sustainable development 
of the territory would be encouraged.
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aBStraCt 

T
he Apulia region is characterized by the 
extensive outcrop of a thick Mesozoic 
calcareous sedimentary sequence. Gi-
ven its prevalently calcareous nature, 

karst phenomena are very common.
The Apulian countryside is rich of features 

that, in an overall view, are the expression 
of those mechanisms that drove its evolution 
over tens of million of years. Given the growing 
awareness about the need of preservation of 
this unrenewable heritage, during the past ye-
ars several actions have been accomplished 
for geosites information sharing (among the 
many others, we recall here those dealing with 
the Apulia region: Fiore et al., 2002; Brancucci 
2004; Fiore & Valletta, 2010; Garofano, 2010; 
Bentivenga, 2011) and protection (such as 
the Apulian regional law n. 33 promulgated 
on December 4th, 2009; Chieco et al., 2011).

Among the distinctive features of the 
Apulian landscape, there are several large 
collapse dolines (locally called “Puli”) that, 
given their huge size, are representative of 
the amazing regional epigean karst. These 
forms are situated inside conservation areas 
such as the Gargano National Park (Dolina 
Pozzatina), the Alta Murgia National Park (Pu-
lo di Altamura and Pulicchio di Gravina) or in 
areas protected because their archaeological 
value (Pulo di Molfetta); the interest aroused 
by several among them is prevalently scenic, 
others yield evidence of historical - archaeolo-
gical nature. Despite their recognized scienti-
fic value and their favourable position (within 
protected areas), the social and potentially 
economic interest of these spectacular forms 
are almost unknown to the common people. 
Our aim is to give here all the information 
collected in a number of papers published on 
these dolines in the past years. 

the nature anD orIGIn of the pulI 
In Apulia common people use to call “pu-

lo” five large and deep dolines whose shape 
presents flat bottom and steep sides. These 
are the Dolina Pozzatina, situated within the 
Gargano headland area, and the “puli” of 
Molfetta, Andria, Altamura, and Gravina in 

Puglia, all situated in the Murge area (Figu-
re 1). All of them have been carved by karst 
processes within the Mesozoic calcareous 
bedrock. 

Fig. 1 - The Apulian Puli ubication

Since the early studies, a number of re-
searchers dealt with the origin of these sink 
holes; their formation has been ascribed to 
the collapse of the roof of large caves, to 
superficial dissolution processes and to the 
oscillations of the ground water level driven 
by sea level changes. According to Manghisi 
(2002) the Abbot Giovene (xVIII century) was 
the first one that understood the nature of 
the Pulo di Molfetta, thought as created by 
the collapse of a large cave. Checchia Rispoli 
(1916) ascribed to a similar cause the forma-
tion of the Dolina Pozzatina. Although Bissan-
ti (1966) and Colamoico (1971) admitted that 
rockfalls could have played an important role 
for the shaping of puli, they held the hypothe-
sis that these have been formed by the action 
of superficial running waters drawn under-
ground by shafts. Colamoico (1971), given its 
position in vicinity of the coastline, claimed 
that the Pulo di Molfetta has been created by 

dissolution processes strengthened by sea le-
vel oscillations. Grassi et al. (1982) supposed 
that the formation of puli occurred because 
the collapse of the roofs o large caves. Sauro 

(1991) suggested the hypothesis that the puli 
in the Murge (including those situated in the 
most elevated areas) could all be interpreted 
as blue holes whose evolution stopped at an 
early stage; these could have started to form 
during past periods of higher sea level.  

Interesting information about the birth 
of the Gurgo di Andria has been reported by 
Comparelli & Manghisi (1999); these authors 
quote several historical documents from 
which they found that the doline originated 
in relatively recent times by the collapse of a 
system of underground hollows. According to 
Castiglioni & Sauro (2000) the formation and 
development of the large Apulian dolines has 
been regulated by a series of factors such as: 
a) exhumation and reworking of Cretaceous 
and Caenozoic morphologies (Pulo di Altamu-
ra, Pulicchio di Gravina and Dolina Pozzati-
na); in these cases groundwater oscillations, 
also influenced by relative sea-level changes 
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occurred during the Plio-Pleistocene period, 
could have played a role in the removal of the 
sediments infilling former caverns; b) restart 
of the action of karst processes within inten-
sely karstified rocks resulting from major Up-
per Caenozoic eustatic cycles; in particular, 
according to Castiglioni & Sauro (2000) the 

Dolina Pozzatina

Fig. 2 - the Dolina Pozzatina, Gargano headland

Pulo di Molfetta could have been formed in an 
environment of enhanced dissolution created 
by the mixing of marine and fresh waters. In 
brief, the Molfetta doline could be described 
as a former cenote whose present aspect is 
due to later rockfalls. Finally, Palmentola 
(2002) hypothesised that the Dolina Pozza-

tina could be classified as a former cenote 
whose creation has been driven by sea-level 
shifts during the Miocene. 

In the next section we report some infor-
mation about these large dolines: 

Coordinates (from Italian Military Geographical Institute) 41°47'02"N; 15°33'46"E 
Elevation m a.s.l. (perimeter) 450 - 470  
Depth (m) 130 
Municipality Apricena,  

Sannicandro Garganico 
Protection - restrictions Gargano National Park 

 

 

Coordinates (from Italian Military Geographical Institute) 41°11'38"N; 16°34'33"E 
Elevation m a.s.l. (perimeter) 35 - 40  
Depth (m) 35 
Municipality Molfetta 
Protection - restrictions archaeological 

 
Pulo di Molfetta

Coordinates (from Italian Military Geographical Institute) 41°12'28"N; 16°16'32"E 
Elevation m a.s.l. (perimeter) 170  
Depht (m) 38 
Municipality Andria 
Protection - restrictions none 

 

 

 

 

Gurgo di Andria
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Fig. 3 - the Gurgo di Andria, Murge area

Coordinates (from Italian Military Geographical Institute) 40°53'19"N; 16°34'06"E 
Elevation m a.s.l. (perimeter) 470 - 480 
Depth (m) 90 
Municipality Altamura 
Protection - restrictions Alta Murgia National Park 

 
Pulo di Altamura

 

 

 

 

 

Coordinates (from Italian Military Geographical Institute) 40°54'12"N; 16°25'21"E 
Elevation m a.s.l. (perimeter) 550 - 565 
Depth (m) 100 
Municipality Gravina in Puglia 
Protection - restrictions Alta Murgia National Park 

 

 

Pulicchio di Gravina 

Fig. 4 - the Pulicchio di Gravina, Murge area
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ConCluSIonS

In our opinion, the preservation of a na-
tural good could be achieved in many diffe-
rent ways, such as through the action of the 
authorities (i.e., the promulgation of specific 
laws, the launch of promotional campaigns 
and so on) or by the tireless work of organisms 
devoted to environment protection (i.e., WWF, 
Greenpeace etc.); on the other hand we think 
that similar issues can be strengthened by 
scientific information sharing: nobody would 
deplete what is known as an unrenewable 
good or resource. We believe that the strong 
Apulian cultural-historical tradition needs 
to be complemented with the improvement 
of knowledge sharing and popularization of 
the meaning of those natural resources that 
characterise the landscape.

During the lasts few years, important 
signs came from the Apulian regional go-
vernment, that promulgated a regional law 
that set a legal frame for geological heritage 
protection, with the introduction of regional 
caves and geosites inventories. However, ge-
ological goods can not be protected only by 
law; we mean that the Apulian geosites, even 
those that are within protected areas, would 
need an integrated management plan for 
their protection, maintenance and correct ex-
ploitation, without being a mere penalization 
for citizens because the land use restrictions 
set by laws.

The aim of this short paper is to give a 
little contribution to the development of a 
“geological tourism” in Apulia, trying to give 
rise to interest in the rich Apulian geological 
heritage and its potential cultural and social-
economic value. 
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aBStraCt

T
he paper deals with the artificial caves 
of Apulia, that represent an extraordi-
nary, often not very well known, cultural 
heritage which only in a few occasions 

is properly exploited. Besides being one of 
the most interesting Italian regions for the 
presence of natural caves, Apulia has also a 
great number and variety of artificial cavities. 
These have been realized by man in different 
epochs and for different purposes: from rupe-
strian villages and settlements, to hydraulic 
works (including several km-long under-
ground aqueducts), to worship sites, and 
working places such as underground quarri-
es and olive oil mills. The Apulian territory is 
characterized for its whole extension by these 
features. So far, the official regional register 
of artificial cavities, managed by the Apulian 
Speleological federation, counts 1,000 caves, 
but the real number is estimated to be at least 
three times greater. In the present paper we 
briefly describe the main category of artificial 
cavities in Apulia, pointing out to the main 
elements to consider in order to reach a cor-
rect exploitation of this remarkable cultural 
heritage.

Apulia region of southern Italy, an almost 
entirely carbonate territory, therefore strongly 
interested by karst processes and displaying 
a great variety of surface and subsurface 
karst landforms, shows also an high number 
of artificial caves, realized by man in diffe-
rent epochs and for different purposes. So far, 
1,000 artificial caves are listed in the official 
regional register, managed by the Apulian 
Speleological Federation (FSP, website http://
www.fspuglia.it/), but it is estimated that 
at least 3,000 caves are actually located in 
Apulia, covering practically all the provinces 
and spread in very different geological and 
morphological settings.

History of Apulia has been accompanied 
during the centuries by development of arti-
ficial caves, that at places have become the 
main feature of the landscape, giving life to 

the so-called “rupestrian culture” (Fonseca, 
1980). Since the Middle Age, caves excavated 
by man had a remarkable role in the daily life 
of Apulian people, from working activities, to 
worship sites, water works, and as housing 
places. Over time, most of these artificial 
caves have been abandoned, and subject to 
degradation. In many cases, they have suffe-
red damage from later human activities, up 
to destruction. Notwithstanding this, there 
still exist in Apulia a huge heritage of under-
ground cultural sites, that only in a limited 
number of situations is adequately protected 
and exploited. In this contribution, we aim at 
highlighting the high potential of exploitation 
represented by the artificial caves of Apulia. 
To reach such a goal, we will briefly describe 
the main typologies of caves, subdivided as 
follows: a) underground aqueducts; b) civi-
lian settlements; c) worship sites; and d) wor-
king places (in turn, divided into underground 
quarries and olive oil mills).

Underground aqueducts are the main type 
of artificial cavities belonging to the category 
of hydraulic works: they are a precious testi-
mony of the efforts made by ancient popula-
tions to supply with water towns and villages. 
If we think of the time when these structures 
were realized, it is impressive the knowledge 
ancients had of the geological, morphological 
and hydrogeological characters of the territo-
ry. They also testify the engineering capability 
of ancient populations, that were able to build 
km-long complex hydraulic structures, with a 
mostly underground development. Within the 
framework of a nation-wide project by the 

Fig. 1 – Ancient aqueducts in Apulia: left, passage within the Fontana della Stella aqueduct at Gravina di Puglia (photo 
M. Traverso); right, the arches in the final sector of the Triglio aqueduct, near Taranto.

Italian Speleological Society (SSI; see Parise 
et alii, 2009) thirteen aqueducts have been 
inventoried in Apulia, the most important of 
which being the 18-km long Triglio aqueduct, 
serving in Roman time the town of Taranto 
(Delle Rose et alii, 2006), the middle age 
aqueduct at Gravina in Puglia (Bixio et alii, 
2007), and the roman aqueduct of Brindisi 
(Cera, 2008). Long sectors of these hydraulic 
structures are in good state of conservation, 
if not still working, and might be exploited 
to show to the young generations the efforts 
made in the past for a sustainable use of the 
hydric resources in karst territories.

The typical deep karst valleys of the ter-
ritory around Taranto (gravine, Figure 2; see 
Parise et alii, 2003) are the main scenario 
hosting the caves of the so-defined “rupe-
strian civilization” (Fonseca, 1980), mostly 
developed in medieval times. A great number 
of man-made cavities in the steep to verti-
cal walls of gravine, organized in multi-story 
and connected levels typically characteri-
ze the landscape, representing the main 
landforms. Notwithstanding several sites 
are affected by instability phenomena, which 
evolution already brought to partial or total 
destruction of several caves, many others are 
in good conditions and could be the perfect 
location for hiking or trekking paths, putting 
together naturalistic values and historical 
heritage. Some important events are already 
being organized in these settings, such as the 
Easter procession at Ginosa di Puglia, where 
the landscape of Rione Casale hosts a repre-
sentation of the passion of Christ.
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Rupestrian settlements are, however, not 

limited to the classical territory of gravine, 
and many other sites are distributed all over 
Apulia, from the Pulsano valley in Gargano, 
to other sites in Salento (Sammarco et alii, 
2008).

Strictly linked to the category of civilian 
settlements, and the gravine-like landscape, 
worship sites are very common in Apulia, whe-
re a high number of caves has been dug by 
man and used for religious purposes (Dell’A-
quila & Messina, 1998). Frescos and wall 
paintings make this type of artificial cavity a 
real artistic treasure, which unfortunately has 
suffered severe damage over the years due to 
illegal plundering.

As concerns working sites in underground 
Apulia, probably the most typical activity is 
represented by the production of olive oil in 
subterranean oil mills (Monte, 1995; De Mar-
co & Sannicola, 2001). The whole region is 
characterized by the presence of these sites, 
which locally can be considered micro-settle-
ments, that included also sites where to sleep, 
recover tools, stables for the animals, to crea-
te a real underground life. Oil mills have been 
restored in many localities of Apulia, some are 
open to tourists, and locally have become one 
of the main attractions of Apulian towns (for 
instance, at Presicce, in the Lecce province).

Another interesting typology of working 
site is represented by underground quarries: 

Fig. 2 – The Penzieri Gravina at Grottaglie, one of the many 
valleys that characterize the sector surrounding the Gulf of 
Taranto. Within this geomorphological scenario, very com-
plex settlements and villages were realized.

man choose in the past to extract the building 
materials from the underground due to seve-
ral reasons, the main ones being the presence 
of the rocks with the best characteristics at 
a certain depth, not exposed at the surface, 
and the need to preserve surface land to be 
used for agriculture (Parise, 2010). Very com-
plex systems of galleries were thus created 
underground. Once abandoned, these have 
often been affected by instability problems 
due to degradation of the rock mass, and de-
velopment of failures. In Apulia, underground 
quarries are without any doubt the type of ar-
tificial caves more prone to instability, with 
the possibility of sinkhole development at the 
ground surface (Barnaba et alii, 2010; Fiore & 
Parise, 2012; Parise, 2012).

At the same time, there also exist long 
stretches of underground quarries that do 
not show instability signs, and that could 
be therefore considered suitable for exploita-
tion, in order to attract a tourism interested 
in industrial archaeology, and to describe the 
working activities that in the past decades 
were the main (if not the only) possibility of 
work for many Apulian towns.

This brief description of the main catego-
ries of artificial caves in Apulia has as aim to 
point out the remarkable heritage present in 
the region, only a very limited part of which 
has been so far exploited. History, archaeology 
and culture are maintained in these sites, that 
might be brought to light to the local popula-
tions as well as to tourists visiting Apulia. In 
this sense, the recent issued regional law LR 
33/2009 “Safeguard and exploitation of the 
geological and speleological heritage” offers 
interesting possibilities (Fiore et alii, 2011): 
for the first time, artificial cavities are spe-
cifically mentioned, and considered as a part 
of the cultural heritage of the region, being 
included within the definition of “speleologi-
cal heritage”: “the network of underground 
sites, originated by karst processes in terre-
strial or marine environments, or created by 
anthropogenic activities in natural or urban 
settings”. Thus, possibility of exploitation do 
exist at present. It is, of course, necessary to 
identify and define the cultural value of arti-
ficial cavities, and to properly evaluate their 
stability conditions. Once this is done, they 
can be used as sites for industrial archae-
ology (underground quarries), testimonies of 
the rural life (working spaces, food storage, 
snow and ice storage, etc.) or as hydraulic 
systems (ancient aqueducts, channels for 
water transport, cisterns, etc.). It has also to 
be noted that at several sites the work carried 
out by man during the excavation resulted in 
exposing local stratigraphy of geological im-
portance, that are not visible at the surface, 
thus creating unique opportunities for esta-
blishing peculiar geosites where to observe 
different types of geological features.
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aBStraCt

T
he Calanche area is located in the 
Southern Apennines, between Cam-
pomaggiore and Albano di Lucania 
villages (PZ). This area represents 

an important geological heritage thanks to 
the occurrence of peculiar stratigraphic and 
morphological elements of Tethyan realm. In 
fact, a particular stratigraphic unit known as 
argille varicolori (auctt.) crops out, forming 
badlands of various colors (grey, green and 
red). Thanks to recent studies, this unit, late 
Valanginian (?) to Turonian in age, assumed 
a key-role in the understanding of regional 
geology of the Mediterranean Region and in 
the knowledge of the main Cretaceous clima-
tic changes occurred in world. In fact, along 
the sedimentary succession of the argille 
varicolori five particular horizons have been 
recognized. They are a few decimeter thick, 
thinly laminated, very dark, and carbon- and 
Radiolarian-rich. These horizons contain se-
veral layers of black shales or oil shales with 
a high content of TOC (Total Organic Carbon). 
Two of these horizons are equivalent to the 
Selli and Bonarelli horizons, respectively the 
Cretaceous Oceanic Anoxic Events 1a and 2. 
These layers, representing key beds of regional 
and global meaning, as well as the badland 
landscape, make unique and precious the 
geological heritage of this area. In order to 
preserve this place, that can be considered a 
geosite, firstly is necessary a local awareness 
that then can lead to the establishment of a 
protected area. Furthermore, the proximity of 
this site to other places of geological, natu-
ral and cultural interests, located in the mid 
valley of the Basento River, would enrich the 
offer of an already existing geotourist tour and 
could represent an important opportunity for 
the neighboring Campomaggiore and Albano 
di Lucania villages.

IntroDuCtIon
Recently, the study of important strati-

graphic and geochemical characters of the 

argille varicolori unit (auctt.) cropping out in 
Calanche locality (Basilicata, Southern Italy) 
(Gallicchio et alii, 1996, 2008; Sabato et alii, 
2007) allowed to characterize chronological-
ly and paleogeographically one of the most 
discussed and enigmatic lithostratigraphic 
unit of the Southern Apennines. In particular, 
the occurrence along the succession of the 
unit of five peculiars horizons, characterized 
by black shales and radiolarites, permitted 
the correlation with some of main global ano-
xic events known as OAE1-n (e.g. Cresta et 
alii, 1989;  Arthur et alii, 1990; ). The aim of 
this paper is to popularize the geological me-
aning of Calanche outcrops in order to insert 
this locality in the ISPRA’s National Inventory 
of Geosites. This is the first necessary step to 
lead the local communities and authorities to 
the awareness that these geological features 
(Gallicchio et alii, 2005; Cavalcante et alii, 
2011; Gallicchio & Sabato, 2011) must be 
protected because represent an added value 
for the country capable of promoting cultural 
and recreational activities. 

GeoloGICal SettInG
The study area is located on the outer 

edge of the Lucanian Apennines near Cam-
pomaggiore and Albano di Lucania villages 
(PZ). From a stratigraphic point of view this 
area is characterized by the occurrence of a 
sedimentary succession of grey, green and red 
clays belonging to the Membro Diasprigno of 
the Flysch Rosso Formation (APAT, 2007); this 
unit makes up the decollement level of Vaglio 
di Basilicata Tectonic Unit (Gallicchio et alii, 
2008; ISPRA, 2011) represented by the Creta-
ceous-Miocene sedimentary succession of the 
Lagonegro-Molise Basin sensu Mostardini & 
Merlini (1986).

the GeoSIte of CalanChe
The Calanche landscape is characterized 

by badlands made up of grey, green and red 
clays, representing an overturned sedimen-
tary succession (Figure 1). The latter, 200 m 
thick and late Valanginian(?) to Turonian in 
age, is characterized by the occurrence of fi-
ve horizons consisting mainly of black shales 
and radiolarites (Figg. 1, 2). These carbon-

rich horizons represent particular anoxic 
events (Calanche Anoxic Events CAE1-5 in 
Sabato et alii, 2007), that can be correlated 
to the main global anoxic events (Figure 2). 
Therefore, they can be considered important 
key beds.

The lower 100 m-thick succession is re-
presented by grey and green chaotic clayey 
deposits characterized by the presence of 
CAE1 key bed. It is made up of 6 m-thick 
light green claystones/shales which alterna-
te with siliceous siltstones/mudstones and 
black shale layers. The age of this part of the 
succession (late Valanginian ? - early Aptian) 
and the high organic matter content of the 
CAE1 key bed (TOC -Total Organic Carbon- up 
to 37 wt%) allowed to propose the correlation 
of CAE1 with OAE1a global event (e.g. Arthur 
et alii, 1990) which is equivalent to Selli Le-
vel (e.g. Coccioni et alii, 1987 and reference 
therein).

The intermediate part of the succession, 
95 m thick, is represented by green, grey 
and red clayey deposits which contain CAE2, 
CAE3 and CAE4 black shale key beds. Their 
age (early – middle Albian) and the high TOC 
content (up to 13 wt%) allowed to propose 
a correlation with the main anoxic events 
recognized in the Scisti a Fucoidi Formation 
(i.e.113, Monte Nerone and Urbino levels, e.g. 
Cresta et alii, 1989), and equivalent to the 
OAE1b global event (Arthur et alii, 1990).

The younger part of the succession, 10 m 
thick, is represented mainly by red clayey de-
posits and contain the CAE5 horizon. The age 
of this last horizon (Cenomanian-Turonion) 
and its very high TOC content (up to 41,9% 
wt%) make possible the correlation with the 
equivalent Livello Bonarelli, corresponding to 
the worldwide Second Ocenic Anoxic Event 
(OAE2) (e.g. Cresta et alii, 1989; Arthur et 
alii, 1990).

ConCluSIonS
The result of geological studies carried 

out along the sedimentary succession of the 
argille varicolori unit, cropping out in Ca-
lanche locality, provides stratigraphical and 
geochemical elements of local and global 
meaning. Indeed, this succession recorded 
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Fig. 1 - Panoramic view of the overturned sedimentary succession of Calanche, showing some main anoxic horizons (CAE1-
4). Modified from Sabato et alii (2007).

the palaeocenography of Tethys floor which 
was affected by climate changes known as 
Cretaceous Oceanic Anoxic Events (e.g. Arthur 
et alii, 1990). In particular, the key beds cor-
related to the worldwide Selli and Bonarelli 
horizons were recognized. These stratigraphic 
features, as well as the badland landscape 
which characterize the Calanche outcrops, 
make unique and precious the geological 
heritage of this area that can be considered 
a geosite. The knowledge and the populariza-
tion of these features (Gallicchio & Sabato, 
2011) represent the next step to lead to the 
establishment of a protected area. Further-
more, if properly managed with an itinerary 
equipped with educational panels, it could 
become capable of promoting cultural and 
recreational activities which can give an ad-
ded value to an already existing geotourist trip 
along the middle valley of the Basento River.
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aBStraCt 

D
uring the preliminary study for the 
preparation of the Municipal Coastal 
Plan (MCP), as specified by Apulia’s 
Regional Coastal Plan (RCP), also 

aimed to assess the stability and emergency 
conditions of some specific spots of Tricase’s 
rocky coast, a geomorphological survey was 
performed on 8 km of coastline considered 
high environmental sensitive.

This is a complex carbonate slope, some-
times gently sloping, other times high and 
steep, that involves different stratigraphic 
units conflicting with each other between the 
ages of the Cretaceous to Quaternary.

Due to the complexity of the out cropping 
formations, well marked by the deep excava-
tions near the port and by the engravings from 
the paleo river of Canale del Rio, which reveal 
both the formational attribution of the depo-
sits in subject and the Pleistocene evolution 
of Salento, we set the area enhancement and 
conservation with eco-friendly measures in 
order to allow a coastal fruition to geotou-
rists who have an interest in geology, but who 
do not know the national geological heritage.

Since geotourists generally arrive in small 
family groups, often with school age children, 
we think it opportune to provide the entire co-
astline with a share-use footway, for use by 
both pedestrians and cyclists, equipped with 
explanatory signboards containing short cap-
tions and a few scientific terms describing 
the geosite.

In order to make unique and picturesque 
the landscape in which the above formations 
are identified, we think it opportune to enhan-
ce any geosite with light effects and play of 
coloured light and shade.

Moreover, the state-owned coastal area 
management has always represented, in the 
urban design discipline an unresolved issue.

What a bed proposed for a correct urban 
evaluation of the costs for expert instead of 
mass tourists?

We believe that an appropriate redeve-
lopment of the entire coastal axis, achieved 
through the interest of an audience sensitive 
to environmental problems and completed 
with adequate accommodations and recrea-

tional facilities, to be built with environmen-
tally friendly techniques and materials, will 
bring the double benefit of the conservation 
and the economic appreciation of goods.

Summary
During the preliminary study for the pre-

paration of the Municipal Coastal Plan (MCP), 
as specified by Apulia’s Regional Coastal Plan 
(RCP), also aimed to assess the stability and 
emergency conditions of some specific spots 
of Tricase’s rocky coast, a geomorphological 
survey was performed on 8 km of coastline 
considered high environmental sensitive. This 
is a complex carbonate slope, sometimes gen-
tly sloping, other times high and steep, that 
involves different stratigraphic units conflic-
ting with each other between the ages of the 
Cretaceous to Quaternary.

Due to the complexity of the out cropping 
formations, well marked by the deep exca-
vations near the port and by the engravings 
from the paleo river of Canale del Rio, which 
reveal both the formational attribution of the 
deposits in subject and the Pleistocene evolu-
tion of Salento, we set the area enhancement 
and conservation with eco-friendly measures 
in order to allow a coastal fruition to geotou-
rists who have an interest in geology, but who 
do not know the national geological heritage. 
Since geotourists generally arrive in small fa-
mily groups, often with school age children, 
we think it opportune to provide the entire 
coastline with a share-use footway, for use 
by both pedestrians and cyclists, equipped 
with explanatory signboards containing short 
captions and a few scientific terms descri-
bing the geosite.

In order to make unique and picturesque 
the landscape in which the above formations 
are identified, we think it opportune to enhan-
ce any geosite with light effects and play of 
coloured light and shade. Moreover, the state-
owned coastal area management has always 
represented, in the urban design discipline an 
unresolved issue.

Therefore what a best proposal for a cor-
rect urban evaluation of the coasts for expert 
tourists instead of mass tourists?

We believe that an appropriate redeve-
lopment of the entire coastal axis, achieved 
through the interest of an audience sensitive 
to environmental problems and completed 
with adequate accommodations and recrea-
tional facilities, to be built with environmen-
tally friendly techniques and materials, will 
bring the double benefit of the conservation 
and the economic appreciation of goods.

1.1 GeoloGICal ClaSSIfICatIon
The geological structure of Tricase (LE) 

area is mainly characterized by the presence 
of a carbonate base of Mesozoic age (Apulian 
carbonate platform), located on the subsoil 
and covered with calcareous and calcarenitic 
sediments referable to a period of time span-
ning the Oligocene, the Miocene to the Plio-
Pleistocene (Ciaranfi et alii 1988).

  
Fig. 1 a) Location of the area

Fig. 1 b) General tectonic diagram
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Fig. 1 c) Geological Map

The area is characterized by a series of 
surfaces that slope from the inland, approxi-
mately 134 meters above m.s.l.,

to the sea level near the coast, where 
organogenic calcarenitic sediments (“Car-
pari”) outcrop, yellow-brown, coarsegrained,

well cemented and strong, stratified with 
intercalations of fossiliferous-calciruditici 
layers.

The study area appears to have been af-
fected over time by geodynamic events refe-
rable to two distinct tectonic

phases: the first one with predominantly 
compressive character in the Cenozoic resul-
ting in the bending of the

carbonate base, the second one with 
disjunctive effect.

In Tricase’s area, three major faults in 
NNW - SSE direction, that have strongly in-
fluenced the development of

landforms, are recognizable:
 the fault of Sant’Eufemia - Tiggiano, 

along which the deposits of preneogenici Ne-
ogene and

Quaternary are in contact;
 the fault of Tricase, whose plan is re-

cognizable at the coastal escarpment, south 
of “La Serra”

 the fault Castiglione - Depressa - Ma-
rina Porto, whose trace of the fault plane is 
recognizable at

Tricase Porto.
With regard to the tectonic history that 

has affected the coast in question over the 
last 18,000 years, few data are

available: some plain strips of abrasion 
placed at an altitude of 10 meters and 3-4 
meters above sea level, could

suggest a lifting block of Salento, which 
would have caused an increase in altitude of 
10 meters (Palmentola -

Vignola, 1980).

 

   
   

 

Fig. 2 a) Geomorphological map 

Fig. 2 b) Tectonic map of the area

1.2 GeomorpholoGICal Survey
In this study, a detailed geomorphological 

survey, specifically morphogenetic, has been 
conducted, on which the

genesis of forms is highlighted. The forms 
of marine origin are those that have the grea-
test weight in the present

landscape structure. In fact, the coastline 
roughly consists of a large plateau, situated 
at about 130 meters above

sea level (Serra del Mito), bordered by a 
steep slope towards the sea. This form is pro-
bably a pre-Quaternary form. It may in fact 
reflect the original shape of the landscape 

during the Oligocene, when a “fringing reef” 
developed on the

edge of a Mesozoic carbonate shelf (Bo-
sellini F. et al, 1992). So it would still be re-
cognizable the area back to cliff (the plateau 
situated at 100 meters), the cliff itself (the 
net step towards the sea that borders the 
plateau) and the area in front of the cliff (the 
steep slope that characterizes the coast). On 
this side, a serie of terraced surfaces sloping 
down towards the sea was subsequently 
modelled. These surfaces are usually repre-
sented by narrow abrasion platforms at the 
outcrops of tenacious rock, while they result 
more extended along the stretches on which 
the softer rocks outcrop

Tricase’s area is characterized by the 
absence of an active hydrography of surface, 
but there are only relict river-modelled forms, 
usually represented by a single erosion groo-
ve, not arranged as a grid, normally oriented 
to the coastline. The hydrographic network 
represents the morphological effect of the 
meteoric waters, whose action is however 
minor in changing the overall appearance 
of the landscape, due to both the facts that 
the area was subjected to flooding in seve-
ral stages and the outcropping of variously 
permeable rocks have hampered the surface 
runoffs (Palmentola, 1987)

The most obvious expression is Canale 
Rio: this groove, formed on lithoid rocks, di-
rectly flows into the sea. The valley that origi-
nated has a width up to 300 meters, and the 
slopes in places subvertical, the base level is 
located below the actual sea level. The deve-
lopment of the small “rias”, produced by the 
demolition action of the Holocene sea, in a 
period of limited contributions from the inland 
(Mastronuzzi et alii, 1989), has been conditio-
ned by the tectonic.
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2.0 meteo-marIne ClaSSIfICatIon

2.1 GeoGraphICal ClaSSIfICatIon 
of the area anD expoSure to Wave 
motIon

In all scientific studies of coastal and ma-
ritime engineering it is necessary to define the 
exact conditions of the “exposure” of the site 
of interest with respect to wind, wave motion, 
marine currents, sea levels.

Therefore, also in this case, it has been 
considered to report, in summary, the results 
of a detailed meteo-marine analysis carried 
out on the area belonging to coastal region 
of Tricase

The coastline of interest is located in the 
Salentino Adriatic, in the municipality of Tri-
case.

According to “Piano Regionale delle Co-
ste”, it belongs to Physiographic Unit 5, sub-
unit SUF 5.1 Otranto / Capo d’Otranto-Salve

The PRC classifies this area as:
- High environmental sensitivity for 82%, 

including the study area, and middle envi-
ronmental sensitivity for 18% where “envi-
ronmental sensitivity” means “... a variety of 
factors that represent the physical state of the 
coastal zone (including the State-Owned area 
and its territorial context), in relation to the 
norms and rules of the protection system that 
emphasize the environmental value”,

- - Low environmental criticality, becau-
se the criticality to the erosion identifies the 
historical evolution trend of the coast, the re-
cent evolutionary trend and the conservation 
status of dune systems that in this specific 
case is rocky coast.

To analyse the traversia sector, properly 
targeted to evaluate the conditions of possi-
ble exposure to sea states, it is now a well-
known practice to refer, instead of the sectors 
of geographical traversia, to the so-called 
effective fetch, portion of the sea which con-
stitutes, under the direct action of the winds, 
the area of wave motion generation. In semi-
closed basins with limited extension as the 
Mediterranean Sea, the identification of such 
measurement can be performed by using the 
distance (geographical) between the point of 
interest and the nearest land in relation to a 
predetermined direction.

In the case study, the sector is fixed at 
90° and the determination of the effective 
fetch, along all directions of the above said 
sector of traversia, is calculated through the 
expression of Faville:

 

 

on which the symbols used have the fol-
lowing meaning:

- jw è is the average direction (relative 
to geographic Nord) of possible origin of the 
wind responsible for the phenomenon of gene-
ration of wave motion and for which it has to 
be assessed the relative effective.fetch

- F and w, is the length of the effective 
fetch along the direction jw..

- q is the amplitude of the sector in que-
stion across the direction jw and on which 
it is believed to participate effectively in the 
generation of wave motion along this direc-
tion (in our case q=45 °).

- j-q<j<j+q w i w is the n-th direc-
tion (always referred to the geographic North) 
including in the sector of width 2q whose 
relative geographic fetch contributes to the 
determination of F e w.

- Fi is the length of the geographic fetch 
along the n th direction j i

- n is the exponential term defined ac-
cording to the law of distribution of the wave 
motions directional spectras that characteri-
ze the site of interest (it is assumed n = 2).

Given that this is a general Meteo-marine 
classification of the study area, at this sta-
ge, the wave climate has been evaluated in 
a single representative point along the coast, 
located in correspondence of the bathymetry 
-20.0 in front of the port of Tricase, 50.0 m far 
from the coast. 

 

 
Fig. 3 Geographic and effective Fetch

2.2 WInD reGIme anD preDICtIon of 
Wave motIon

In order to provide a whole picture of the 
climate situation of the interest area, the stu-
dy of wind regime has been

approached: statistical analysis of the 
anemometric data acquired every three hours 
by A.M.-meteorological station

of Brindisi during the observed period 
(1989-2008) and give in the present docu-
ment a brief summary and the results

of statistical assessment of the wave me-
tric data recorded at Monopoli (Ba) station in 
the observed period (1989-

2008) - series covering at least 19 years.
Such approach is needed to better under-

stand what types of improvements are com-
patible with the study area

because related to the state of erosion 
and instability.

2.3 WInD reGIme
The study found that the foranei winds, 

with intensity less than 15 knots, are distri-
buted in the form rather regular

(forane rulers wind). The origins of winds 
with higher intensity are North-West, North-
Est and South-South-East 

It is noted that a relatively low frequency 
is measured for calm, moderate and strong 
winds. Over 50% of frequencies

is due to winds with speed between 8 and 
23 knots.

The most common direction of the winds 
is N-NW, followed then by N and subsequently, 
but with a lower frequency,

by S. The seasonal frequencies of the wind 
direction and the speed show that in winter 
the windiness is higher than

in other seasons, while in summer and in 
autumn there are higher frequencies of light 
winds. The directions of greater persistence 

on annual basis are to be sequentially NW, N 
and S. In winter, the greater persistence (120

hours) occurs with winds from the S and 
N sector, in spring winds have origin from the 
S, and NW. In the autumn

there are still NW winds and, with rela-
tively high persistence, S winds of medium 
intensity that mean the occurrence

of weather instability phenomena in the 
area



Geologia dell’Ambiente • Supplemento al n. 3/2012

65

I ntensità del vento  
dalla direzione di provenienza

nel periodo di osservazione

0
5

10
15
20
25
30
35

1
2 3

4
5

6

7

8

9

10

11

12

13

14
15

16
1718

19
2021

22
23

24

25

26

27

28

29

30

31

32
33

34
35 36

F requenza del  
vento gg/anno

0

10

20

30

40

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

 
a)                                                                b)  

Fig 4 a) Polar diagram of wind Intensity (knots) vs. direction of wind origin direction
b) Directional distribution of frequency percentage of anemometric data acquired every three hours by. A.Mmeteorological
station of Brindisi, during the observed period

2.4. CharaCterIStICS of Wave motIon 
anD DetermInatIon of the referenCe 
WaveS

The anemometric data presented in the 
previous paragraph were used to predict the 
wave events with the indirect

method of prediction, known in literature 
as modified SMB, which takes its name from 
its authors Sverdrup and Munk

1947, Bretschneider 1958. This method 
carries out an energy balance, to take into 
account that the state of the sea,

in the hours following the first, is not star-
ting from a wind speed equal to zero but, it is 
already in evolution (Little,

1994). For confirmation, the wave metric 
data of Monopoli station, properly adapted to 
the interest area, have been also statistically 
evaluated.

In most cases, the use of two different 
methods gives rise to results quite similar.

 
Where: 
g=acceleration of gravity (9,81 m/s) 
UA= time adapted speed (m/s) : UA=0,71 U1,23 

F= effective Fetch (m) 
H= wave height (m); 
T= peak period (s) 
t= minimum duration for which the wind must blow in order   
to guarantee that wavy event fully develop 
 
 

 

 

 

 
Fig. 5 Distribution of storm surges recorded at the buoy of Monopoli for classes of wave height and direction of origin shifted to Tricase.

The SMB method provides the height and 
the period of the significant wave starting 
from empirical relationships in terms of the 
wind speed U measured at 10 m MSL, the 
extension of the fetch F (i.e. of the expanse 
of the open sea on which the wind blows with 
constant intensity and direction), and wind 
event duration t. This method is the prediction 
approach most widely used in the engineering 
practice, also because of its simplicity and 
efficiency.

The height of the wave spectrum Hm0, 
the peak period of the spectrum Tm and the 
duration t that the windy event must have for 
this to happen

2.5 StatIStICS of extreme offShore 
eventS

The characterization of the wave climate 
of Tricase Porto, as well as the prediction of 
extreme events related to fixed return periods 
has been carried out using the statistical 
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analysis of wave heights, recorded at the 
peak of the independent storm surges in the 
time history of reference, derived from the wa-
ve metric data. Wave metric buoy Datawell 
of Monopoli - National Wave Metric Network 
Table of records is the one from 01/01/1988 
to 31/12/2009, registered by the wave me-
tric buoy of Monopoli. The data are based on 
acquisition made every three hours. Data ac-
quisition: expected 64280, missing -44,526 
(-41% expected), Total Calms (<= 0.5): 
17,600 (16% effective).

2-6the extreme CharaCterIStICS of 
Wave motIon

By means of the regularization of the ex-
treme events series, according to known pro-
babilistic functions, it is possible to get the 
extreme characteristics of the wave motion 
(defined in terms of significant height and 
period) as a function of the return period.

The distributions of Gumbel has been then 
applied to process the data of the significant 
extreme wave heights that

consists of finding the probability distri-
bution that better approximates the cumula-
tive frequency curve of the

samples.
The law of Gumbel is characterized by the 

following distribution function:
Fx(x)=e - e  -a(x - e) where eis the modal value
and a is the function intensity calculated 

by the method of moments as a function of 
the average x and the standard deviation Sx 
of the n data available through the relations: 

2.7 SIGnIfICant Wave 
CharaCterIZatIon

The considered wave attacks, in terms 
of wave height, are those obtained from the 
statistical analysis of data, the

wave periods, however, due to the poor re-
liability of the values supplied by the analysis 
of such data, have been

calculated using the empirical correlation 
(Hs, Ts) :

 

 

                           a)                                                                          b) 

Fig 6 a) Significant wave in Tricase as a function of the return period T b) Gumbel for the wave height

 
Hs=0,06 Ts2 

Hs (m) 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5 6,0 6,5 

Ts(sec) 2,9 4,1 5,0 5,8 6,5 7,1 7,6 8,2 8,7 9,1 9,6 10,0 10,4 

3 ConCluSIonS
The geomorphological analysis of the stu-

dy area has suggested the need to enhance in 
an integrated form the

geological and environmental resources 
of the coastal area of Tricase, to create a 
geological-touristic park aimed to

the knowledge of the area that is repre-
sentative of the geological history of the whole 
coastal area.

The idea-project is thus not only the orga-
nization and management of the excellence of 
resources, but also to

provide adequate systems of territorial 
relationship.

The main aspect of the proposal does not 
correspond, in fact, with the magnificence of 
its landscapes only, but also

and especially, with the ability to affect 
participation in the tourist exploitation of the 
geological history of Tricase.
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aBStraCt
“The Lena Pillars” Nature Park (NP), si-

tuated in the Republic of Sakha (Yakutiya) (SE 
Siberian Platform) is currently nominated into 
UNESCO World Heritage List (WHL). The area 
contains almost a continuous succession of 
the Upper Ediacaran-Lower-Middle Cambrian 
deposits with finely preserved diverse fauna 
bearing the fullest record of the “Cambrian 
Explosion” – one of the most significant 
events in the earth’s biosphere evolution. 
The first in the earth’s history and largest 
for the whole Early Cambrian reefs formed 
with a participation of metazoans is situated 
there. The exceptionally valuable Sinsk biota 
locality, discovered within the park area, is of 
outstanding scientific value because of good 
preservation of soft tissues. The site conforms 
to requirements of the International Commis-
sion on Stratigraphy (ICS) to Global Stratot-
ypes Sections and Points (GSSPs), being one 
of standard candidates for the International 
Stratigraphic Chart (ISC) subdivisions. Besi-
des, the site is notable for the exceptional be-
auty, due to picturesque weathering outliers 
of carbonate rocks, spreading for dozens of 
kilometers along the right bank of the Lena 
River and banks of its tributaries Botoma 
and Sinyaya. The park meets the conditions 
of integrity necessary for maintaining opera-
tion of its natural complexes. It has adequate 
long-term legislative, institutional and tra-
ditional protection in place. Thus “The Lena 
Pillars” NP corresponds to all requirements 
of UNESCO World Heritage Committee (WHC), 
necessary for the inclusion into the WHL.

IntroDuCtIon
“The Lena Pillars” NP is situated in the 

Republic of Sakha (Yakutiya) and occupies 
4,850 km2. Five reserves adjoin the southern 
border of the park. The area is of great scien-
tific importance due to unique geological 
and natural sites. It is currently nominated 
into UNESCO WHL on the criteria vii (contain 
superlative natural phenomena or areas of 
exceptional natural beauty and aesthetic im-

portance) and viii (be outstanding examples 
representing major stages of earth’s history, 
including the record of life, significant on-
going geological processes in the development 
of landforms, or significant geomorphic or 
physiographic features). According to requi-
rements of WHC for inclusion into WHL a site 
must have the following characteristics: 1) be 
of outstanding universal value and meet at 
least one out of ten selection criteria, 2) meet 
the conditions of integrity, 3) have adequate 
long-term legislative, regulatory, institutional 
and/or traditional protection in place to ensu-
re that the outstanding universal value and 
the conditions of integrity are maintained.

The aim of the article is to analyze the 
correspondence of a WHL nominee “The Lena 
Pillars” NP to the necessary requirements of 
WHC. (Figure 1)

Fig. 1. Map of the Siberian Platform location, showing the 
position of “The Lena Pillars” Nature Park

1 - the Siberian Platform boundary

SCIentIfIC aSSeSSment of the parK 
area

Geological sections in “The Lena Pillars 
NP are the reference ones both for biostra-
tigraphic differentiation and interregional 
correlation of the Lower-Middle Cambrian 
deposits, as well as for detailed study of the 

“Cambrian explosion. This event is characte-
rized by the appearance, evolutionary deve-
lopment, and growth of skeletal and soft-
bodied organisms, including the first stages 
of the modern-type fauna development. The 
“Cambrian explosion” is included by the 
International Union of Nature Conservation 
(IUNC) into the List of key evolutionary events 
in the earth’s history.

These unique sections of the Cambrian 
system form a part of the northern limb of 
the Aldan anteclise in the southeastern Si-
berian Platform; they are exposed in bank 
sediments of the Lena River and estuarine 
areas of the Botoma and Sinyaya rivers. The-
se rivers have very deep erosion truncation. In 
extensive bank rock exposures and outcrops 
in valley slopes, one can study almost conti-
nuous sequences of both geological systems. 
Cambrian sediments on the northern slopes of 
the Aldan anteclise are overlain with a sharp 
unconformity by the Jurassic terrigenous stra-
ta or the Quaternary deposits. In general, the 
Upper Ediacaran and Cambrian formations in 
this area are a part of the carbonate cover of 
the Siberian Platform, formed in a vast an-
cient sea basin. During the Upper Ediacaran 
and Cambrian the main part of this basin 
represented a shallow carbonate platform 
(Varlamov et al., 2008; Zhuravlev et al.,1995).

On the vast considered part of the Sibe-
rian Platform, the Cambrian sediments are 
represented by two stable areal facial types 
of deposits. In the east, these are normal ma-
rine deposits with a sharp predominance of 
limestones, abundance and diversity of fauna 
assemblage, including many cosmopolitan 
species of trilobites, brachiopods and other 
organisms. In the west, evaporite deposits of 
“salt-bearing basin”, dolomites, sulphates, 
and rock salt are widespread. Western and 
eastern parts of the ancient basin are separa-
ted by a relatively narrow band of reef complex 
deposits, within which “The Lena Pillars” NP 
is located. Being a transition zone between 
the salt-bearing and normal marine parts 
of the paleobasin, existing carbonate depo-
sits are characterized by the development 
of reef structures (archeocyathids-algae) 
and the presence of various assemblages of 
small shelly fauna, trilobites, brachiopods, 
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and mollusks. Total thickness of the Cam-
brian deposits in the park is 1,500-2,000 m. 
“Marginal” position of sections in the facial 
pattern of the ancient basin and extremely 
rich faunistic characteristics enable to use 
materials of its study both for regional and 
global correlation and standardizing of stra-
tigraphic charts.

Relatively extended in time “Cambrian 
explosion” in the study area is divided into 
a series of relatively short episodes. Among 
them there are: Tommotian event, represen-
ted a global episode of rapid diversification 
of organism communities associated with 
bioherm structures of carbonate platforms; 
Atdabanian event characterized primarily by 
the appearance and rapid development of 
biomineralized trilobites, as well as signifi-
cant changes in the Early Cambrian biota; 
Botomian-Toyonian crisis, sedimentologically 
expressed in replacement of variegated low-
argillaceous, predominantly carbonate depo-
sits with black bituminous limestones and 
mudstones (Sinsk series). The crisis is a ca-
tastrophic destruction of finely organized and 
globally distributed biohermal ecosystems of 
shallow shelf with extinction of specialized 
archeocyathids taxa, sharp reduction in ta-
xonomic composition, survived taxa of arche-
ocyathids, hyolithid, brachiopods, metaphyte 
flora, revolutionary changes in trilobite fauna 
of the Early Cambrian.

Locality of a rich community of marine 
fauna and flora, including fossils of unique 
preservation, enabling to study not only their 
skeletons, but the anatomy details of soft bo-
dy organisms is confined to the same bitumi-
nous and enriched in organic matter deposits 
of the Sinsk series. E.g. a number of unique 
specimen of fossil mollusks with phosphati-
zed soft tissues and cells, as well as their 
embryos are described there. The Sinsk biota 
can be compared with the Burgess (Canada) 
and Chengjiang (China) ones (Ivantsov et al., 
2005).

Nominated site is recognized as a stratot-
ype area for the Lower Cambrian subdivisions 
of the General Stratigraphic Chart of Russia. 
Stratotypes of the Atdabanian and Botomian 
stages and its lower boundaries are conside-
red as candidates to GSSPs for the 3rd and 
4th stages of the Cambrian, so far as they 
meet the requirements of ICS, namely: verti-
cal continuity and lateral extension of layers; 
absence of significant tectonic dislocations 
and metamorphic alterations; abundance 
and diversity of fossils, as well as wide geo-
graphic distribution of individual species ap-
propriate for the global correlation; carrying 
out the detail chemostratigraphic and paleo-
magnetic investigations; thorough geological 
explorations by domestic and foreign experts, 
physical accessibility, etc. 

 “The Lena Pillars” is the only site in the 
earth where cryogenic weathering processes, 
characterized by fine disintegration of rocks 
during their damping by condensation, repre-
sent the leading ones in formation of carbo-
nate outliers. These events are accompanied 
with thermokarst topography, typical for the 
areas of permafrost rocks development, such 
as thermokarst depressions and lakes. 

The park area is famous for the excep-
tional beauty and aesthetic importance, due 
to picturesque weathering outliers of carbo-
nate rocks, represented fancy pillars, spires, 
towers with niches, etc., spreading for dozens 
of kilometers along the right bank of the Le-
na River and banks of its tributaries Botoma 
and Sinyaya. Pronounced climatic seasonality 
lends variety to aesthetic perception of the 
landscape and a special charm during the 
autumn term called in Russia the “golden 
autumn”. (Figure 2)

Fig. 2. General view of the C1 shallow limestone outcrops in “The Lena Pillars” Nature Park

manaGement of “the lena pIllarS” 
nature parK

“The Lena Pillars” NP was established in 
1995 under the Decree of Republic of Sakha 
(Yakutiya) RS (Ya) Government and is subor-
dinated to the Ministry of Natural Resources 
(MNR) of RS (Ya). The following bodies take 
part in the park protection: Department of 
Protection provided with the necessary tran-
sport and communication facilities, Yakutia 
Territorial Nature Protection Committee, Task 
Special Inspection on Poaching Fight of the 
MNR RS and social inspectors, as well as Ya-
kutia Aircraft Forest Conservancy Detachment 
performing necessary fire prevention in sum-
mer time. According to the Russian Federation 
(RF) and RS(Ya) legislation any economic ac-
tivities, which may threaten the integrity and 

safety of the outstanding natural and cultural 
objects is prohibited. Thus, the nominated si-
te for more than 16 years has been provided 
with adequate professional protection from 
the authorities, staff of the park and special 
services. As all economic activities in the park 
and its vicinities are restricted to traditional 
use of natural resources by members of eight 
communities of inconsiderable in number 
northern ethnic groups, there is no need for 
a buffer zone for it. Moreover, five reserves 
adjoining the southern border of the park pro-
vide for an additional guarantee of its safety.

Guidance and coordination of paleontolo-
gical and stratigraphic studies of the Ediaca-
ran and Cambrian formations in the park was 
carried out, first of all, by the Paleontological 
Institute (PIN, Moscow) of Russian Academy 
of Science (RAS) with the assistance and co-
operation of departments of the RF Ministry of 
Natural Resources (MNR). In the last decade, 
the park Directorate has made efforts to in-
clude it into WHL. In the course of more than 

50 year research, a number of international 
field geological excursions with the partici-
pation of the world-famous researches of the 
Precambrian and Lower Cambrian geology 
and paleontology was organized, such as: 
The International geological excursions on 
Precambrian-Cambrian boundary; the inter-
national excursion along Aldan and Lena ri-
vers. The 13th International Field Conference 
of the Cambrian Stage Subdivision Working 
Group (Yakutsk, 2008) (Rozanov et al., 2008.). 
Leading experts in carbonate sedimentology 
(Noel James, Canada), paleomagnetic events 
(Joseph Kirshvink, USA), reef ecosystem pa-
leoecology (Rachel Wood, Great Britain), or-
ganisms influence on sedimentation (Mary 
Droser, USA), as well as almost all foremost 
authorities in the Cambrian geology and pa-
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leontology of four last decades have worked 
there.

ConCluSIon
The area proposed for inclusion into UNE-

SCO WHL corresponds to all requirements of 
UNESCO WHC because it is characterized by 
the following:

- conformity with the criteria for outstan-
ding universal value (criteria viii and vii) so 
far as this area: 1) contains almost a con-
tinuous succession of the Upper Ediacaran-
Lower-Middle Cambrian deposits with finely 
preserved diverse fauna bearing the fullest 
record of the “Cambrian Explosion” – one 
of the most significant events in the earth’s 
biosphere evolution; 2) conforms to require-
ments of ICS to GSSPs, being one of candi-
dates, which are considered as international 
standards for ISC subdivisions; 4) contains 
the first in the Earth’s history and largest for 
the whole Early Cambrian reefs formed with 
a participation of metazoans; 5) contains 
fascinating weathering outliers of carbonate 

rocks with fancy pillar-like shape, spreading 
for dozens of kilometers; 4) is notable for an 
exceptional natural scenic attraction having 
an aesthetic influence on a person;

- meeting the conditions of integrity ne-
cessary for maintaining operation of its natu-
ral complexes and integral representation of 
objects and processes reflecting its worldwi-
de significance;

- adequate long-term legislative, regula-
tory, institutional and traditional protection in 
place to ensure that the outstanding univer-
sal value and the conditions of integrity are 
maintained so far as the nominated site for 
more than 16 years has been provided with 
adequate professional protection from the 
authorities, staff of the park and special ser-
vices based on the RF and RS (Ya) government 
laws and decrees dealing with the specially 
protected nature areas.

The final decision concerning the inclu-
sion of “The Lena Pillars” NP into WHL will 
be made during the WHC Meeting in July this 
year. 
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aBStraCt

T
he multidisciplinary research project 
“PROGEO-Piemonte” aims to achie-
ve a new conceptual and operational 
discipline in the management of the 

geological heritage of Piedmont. One of the 
9 strategic geothematic areas of the project 
addresses a controversial scientific theme, 
that of the climate and environmental chan-
ge, analyzing the record of the Messinian 
Salinity Crisis in Piedmont, characterized by 
dramatic paleobiological, paleo-environmen-
tal and paleoclimatic changes in the whole 
Mediterranean area some 6 Ma ago. We will 
show to non-specialists the successive steps 
of this event through a digital tour, aimed to 
improve people knowledge and awareness of 
environmental modification and past climate 
variability and to address the crucial question 
whether it could happen again in the future. 
We will produce a web-based digital itinerary 
that will cover different locations where the 
MSC steps are best recorded, augmenting the 
information possibly transmitted on-site by 
posters and other steady equipment, or ma-
king possible the virtual visit to unaccessible 
sites (active quarries, for example) in a digital 
environment.

IntroDuCtIon
The multidisciplinary research project 

“PROGEO-Piemonte” (PROactive manage-
ment of GEOlogical heritage in the Piemonte 
region: innovative methods and functio-
nal guidelines for promoting geodiversity 
knowledge and supporting geoconservation 
activities; Giardino et al., 2011) aims to 
achieve a new conceptual and operational 
discipline in the management of the geolo-
gical heritage of Piedmont by means of the 
development of techniques for recognizing 

and managing its rich geodiversity at the 
local and regional scale. Nine strategic geo-
thematic areas are investigated to represent 
the geodiversity of Piedmont. The recognition 
of the economic value of geodiversity will lead 
to the production of regional guidelines for 
Geoconservation, suitable for tourism and 
sustainable development strategies.

This project, presented in 2011 (Giardino 
et al., 2011), has been recently funded for the 
years 2012-2014. In this framework, the geo-
thematic area 3 of the project (Bernardi et al., 
2011) addresses one of the most controversial 
current scientific theme, that of climate and 
environmental change. These subjects will 
be highlighted by describing the record of the 
Messinian time slice, a crucial interval for the 
geological history, not only in the Piedmont re-
gion but also in the whole Mediterranean area.

WHY THE MESSINIAN DEPOSITS?
During the Messinian age the Mediterra-

nean sea became the largest saline basin in 
the Earth history, with dramatic impact on 
both marine and terrestrial ecosystems. This 
event, known as the Messinian Salinity Crisis 
(MSC), led to the deposition of sedimenta-
ry rocks testifying fluctuating salinity from 
hypersaline (evaporitic rocks) to hypoaline 
(continental and lacustrine rocks). 

After the discovery, in the early ‘70s, of 
thick sequences of evaporitic rocks buried 
under the Mediterranean sea bottom (Hsü et 
al., 1973) the theory of the desiccation of the 
Mediterranean was formulated. According to 
it, following the closure of the Gibraltar strait 
the Mediterranean was completely desiccated 
and thick sequences of shallow water evapo-
ritic rocks were deposited abruptly on deep 
water mud and marls. In this sense, ancient 
evaporitic deposits are useful paleoclimatic 
and paleo-bathymetric indicators.

Since then, innovative researches, de-
voted to the reconstruction of the complex 
MSC events, were carried out by international 

teams, leading to the formulation of a new 
complex model (Roveri et al., 2008).

What Can We See of the meSSInIan In 
pIeDmont?

The recent model envisages that the MSC 
developed through three main evolutionary 
stages (Roveri et al., 2008 and references 
therein). 

During the first stage (from 5.96 to 5.60 
Ma), sulphate evaporites (Primary Lower 
Gypsum (PLG); Roveri et al., 2008) formed in 
shallow-silled basins, whereas in deeper ba-
sins organic-rich shale were deposited.

In the second stage (from 5.60 to 5.53 
Ma) a prominent sea level drop is suggested. 
During this stage, the PLG unit underwent 
subaerial exposure and erosion; the products 
of erosion were transferred downslope and 
deposited in deep basins, where they form 
various types of gravity-driven deposits (Re-
sedimented Lower Gypsum, RLG).

During the third stage (from 5.53 to 5.33 
Ma) a cyclic alternation of gypsum and shales 
with brackish-water fossil assemblages (Up-
per Evaporites; South-Eastern Mediterranean 
basin) and shallow to deep water clastic se-
diments (Western Mediterranean basin) have 
been deposited. In the upper part of these 
units, fresh and brackish water sediments 
with Paratethyan fossil assemblages record 
the so called Lago Mare event.

Recent multidisciplinary researches sug-
gest that in the Tertiary Piedmont Basin these 
three stages are recorded, showing both mar-
ginal and deep basin sediments. Thus, their 
accurate paleobiological, paleoenvironmen-
tal and paleoclimatic characterization and 
the reconstruction of the timeframe during 
which they developed is of paramount impor-
tance to show, both to a specialized audience 
and to the general public, how fast the crisis 
developed and how deeply the biome and the 
environment where affected.
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The Piedmont record of Messinian events 

has a scientific relevance also outside the 
regional and national borders and represents 
one of the reference area for the study of the 
evolution of the Mediterranean area during 
the Messinian. New researches are now in 
progress (Dela Pierre et al., 2011, Lozar et 
al., 2010), on it through to the integration 
of physical stratigraphic, biomagnetostrati-
graphic and cyclostratigraphic data, focused 
to the reconstruction of a reliable chrono-
stratigraphic framework for the paleonvi-
ronmental, paleobiological, paleoclimate and 
paleohydrologic changes occurred during the 
MSC.

Another important interest of the Mes-
sinian deposits is their relevant role in the 
Piedmont economic system as the gypsum 
layers have been actively quarried both in 
the Monferrato area and in the Langhe region 
and are still exploited in some localities of 
the Monferrato.

hoW Can We ShoW It to the puBlIC?
Comprehension and appreciation of ge-

ological objects and situations rely mostly 
on direct observation of rocks and structures 
both in the field and in museum showcases 
for mineral and fossils. Arguably the best 
solution for improving people awareness of 
the importance and scientific interest of the 
Messinian deposits of Piedmont would be of-
fering to non specialist public the opportunity 
to discover the most representative outcrops 
of the Messinian succession directly on the 
spot by guided tours lead by trained geolo-
gists and/or illustrated through explanatory 
panels. However in the present contex, seve-
ral logistic problems arise: very few outcrops 
are available, due to both vegetation cover 
and human settlements; abandoned quarri-
es are dangerous sites; active quarries have 
restricted access (Figure 1a); outcrops along 
rivers are relatively dangerous for people not 
acquainted to outdoor activities (Figure 1b). 
Moreover, preparation of outcrop sites is ex-
pensive and their maintenance needs conti-
nuous care and funding by local authorities. 
In order to bypass the logistic and financial 
problems described above, we will start pro-
ducing a digital fieldwork track to be hosted 
on the dedicated web site of the PROGEO-
Piemonte project (under construction; Maga-
gna et al., 2012). This digital tour will con-
tain introductory texts, images, videos, and 
downloadable documents, describing the 
geosites showing the most significant steps 
of the Messinian Salinity Crisis, the paleo-
environmental modifications and their deep 
impact on ecosystems in two key areas, the 
Langhe and Monferrato. 

Interested people will have two options: 
simply follow the web-based itineraries at ho-

Fig. 1. a) Banengo quarry, accessible only via web-based guide; 

Fig. 1. b) Pollenzo outcrop, free but relatively dangerous;

me through the screen of their PC; or download 
the itineraries on a tablet device as a digital 
guidebook leading to a real field-tour across 
different geosites looking at interesting but 
dangerous or restricted access sites from safe 
panoramic points and reading the explana-
tions and seeing the details on their tablets. 
In this frame, we will produce an augmented 
reality web-based itinerary. This solution will 
allow to make reference and/or to include in 
the track existing geosites, Museums or tem-
porary exhibits organized by local authorities 
and related to the theme of the itinerary. For 
example, large and interesting collections of 
Messinian fossils and rocks are present in two 
local Museums in the town of Alba (Figure 1c) 
and Bra, and a visit to these collections will 

complete the itineraries allowing the visitor 
a close view of some exceptional specimens.

The further advantage of the foreseen 
multimedia platform will be the opportunity 
of proposing several points of view of outcrops 
and geosites from micro- to macro-scale (Ma-
gagna et al., 2012).

ConCluSIonS
This proposed digital tour will provide 

insights on past environmental, climatic 
and biological changes occurred in a short 
time span. It will stimulate people to deepen 
their knowledge and to increase their con-
sciousness of the current climate change and 
of the possible future consequences to the en-
vironment and live beings of the whole planet. 
Moreover this digital tour will also improve 
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Fig. 1. c) Eusebio Museum of Alba, free access.

people awareness of the need to protect and 
preserve geological sites; this is particularly 
important for the Messinian sedimentary re-
cord of Piedmont, exposed to damages related 
to human activities in a populated and eco-
nomically developed region as the Piedmont.
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aBStraCt

T
he Puglia region (southern Italy) has a 
huge geological and geomorphological 
richness and diversity. One example is 
the sea-cliff of the Vignanotica Bay 

that was studied in order to characterize and 
to define it as a geosite. The analysed area, 
located in the northern higher part of the 
Apulian foreland, lies in south-east Gargano 
between the towns of Vieste and Mattinata. 
The sea-cliff is made up of the Lower Creta-
ceous succession of the Maiolica formation 
that is represented by white thin-bedded li-
mestones with interbedded reddish or black 
chert layers and nodules. This succession is 
characterized by impressive multi-layered 
intraformational folded layers (slumps) in-
volving both limestones and cherts. Facies 
analysis performed along stratigraphic logs 
and by thin sections observations revealed 
that the Cretaceous succession was depo-
sited in basin environments where sedimen-
tation was occasionally interrupted by the 
arrival of sediments moving along a slope 
due to gravity. Terrestrial Laser scanner sur-
vey gave a general view of the whole cliff and 
data processing brought to the creation of a 
3D-model. The model allows ed thorough me-
asurements of height and length of specific 
geological elements and resulted also useful 
as a geomechanical survey to assess discon-
tinuities and degradation in the whole rock 
face, in particular in the unreachable upper 
part. Moreover, the obtained virtual images 
could be used to spread geological knowled-
ge and promote the geosite. Finally, a geosite 
inventory-form was compiled with the Vigna-
notica data in order to include the cliff in the 
ISPRA National Inventory of Geosites.

IntroDuCtIon
Geosites, places where it is possible to 

find evidences of the history and geological 
evolution of an area, are extremely important 

elements of landscape. These sites have al-
so great educational and cultural value and 
contribute in the dissemination of geological 
knowledge. Several italian laws were issued 
aiming at preserving and enhancing the en-
vironmental assets. The ISPRA’s National In-
ventory of Geosites is now under way to list 
italian geological sites also by filling-in a 
form available online at http://www.ispram-
biente.it. (ISPRA, 2011). The Apulian Regional 
Government issued a law to “protect and en-
hance its geological and speleological heri-
tage” (L.R. 33/2009) since many geologically 
interesting sites deserving preservation are 
spread all over the region (Fiore et al., 2009; 
AA.VV., 2010). One of them is the sea-cliff of 
the Vignanotica Bay, located in the south-east 
Gargano between the towns of Vieste and 
Mattinata (Foggia), that was studied in order 
to characterize it and to define this place as 
a geosite.

materIal anD methoDS
A detailed survey of the area was con-

ducted in order to provide any useful element 
to pursue the aim, performing a field survey 

and using a Terrestrial Laser Scanner (TLS). 
Field survey consisted of facies analysis 
carried out along some reconstructed strati-
graphic logs and observing at the microsco-
pe thin sections of carbonate and chert rock 
samples. The obtained data allowed to descri-
be the lithostratigraphic and environmental 
features of the Maiolica Formation compri-
sing the Vignanotica Bay sea-cliff.

A TLS gives a general view of the cliff 
(Adorno at al., 2009; Quinn et al. 2010; Viero 
et al. 2010). The instrument used is the Leica 
HDS3000 which is a high-speed, high-accu-
racy terrestrial laser; it can hit 2000 points 
per second with a maximum error of 6 milli-
metres on a single position as far as 100 m 
(Leica Geosystems 2006). Since the sea-cliff 
rises up to great altitude with a vertical slo-
pe, an high accurate, georeferentiated digital 
model provided by TLS surveys is used in order 
to approach a qualitative and not interpreti-
ve study of the outcrop. Morphological, rock 
mass degradation and slope instability data 
were acquired by processing the resulting 
points cloud.

Fig. 1 – a) Portion of Vignanotica sea-cliff: slumps and reddish chert beds and nodules are clearly visible; b) Stratigraphic 
log performed along the cliff portion in a)
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reSultS

The survey was carried out along the Vi-
gnanotica Bay sea-cliff (Nitti, 2012). The cliff 
consists of a vertical face about 90 metres 
high and 800 metres long. 

The outcrop is mostly made up of a car-
bonate succession (Maiolica Fm, Early Creta-
ceous in age) (Bosellini et al., 1993; Martinis 
& Pavan, 1967), erosionally overlaid by a few 
metres thick Quaternary siliciclastic deposits 
(Figure 1). The Maiolica Fm is composed of 
thin-bedded and finely laminated limestones 
with interbedded black and reddish chert no-
dules and layers. This analysed succession is 
also characterized by the occurrence of some 
intervals, up to 2/3 metres thick, made up 
of multi-layered contorted intraformational 
folds (slumps) of the same formation (Figure 
1). The data obtained from facies analysis 
confirm a basinal environment for the Maio-
lica Fm sedimentation and a gravity origin for 
the slump intervals.

The Laser scanning brought to the creation 
of a 3D model of the cliff and allowed to elabo-
rate the data collected. The 3D model clearly 
evidences all geomorphological and sedimen-
tary features of the cliff, accessible only in its 
lower part. It allows ed to evaluate these fea-
tures at higher level of the outcrop. Thorough 
measurements of  the whole cliff height and 
length and of the geological elements (slum-
ps, rifts, dislocations) were carried out (Figure 
2). It was also possible to observe crumbling 
and detachment of some portions of the cliff 
which were rather unstable (protruding chert 
levels likely to fall). Moreover, a 3D animation 
of the cliff was created to be used as an at-
tractive tool to disseminate knowledge during 
environmental education and social activities 

Fig. 2 – Some measurements on the 3D model: in particular the height and thickness  of two slump layers.

to promote the geological heritage. In fact, the 
virtual tour can be an exciting way to discover 
the geological features of a cliff, otherwise 
hardly accessible. 

Additionally, since the Vignanotica bay is 
located in the Gargano National Park, one of 
the proposed geotouristic itinerary could in-
clude the cliff.

ConCluSIonS
Through direct and indirect surveys of the 

cliff it was possible to discover and fully un-
derstand the value of this geological site. The 
suggestion to promote the Vignanotica Bay 
as a geosite lies in the awareness of the re-
levant geological and environmental value of 
the cliff. In fact, the studied sea-cliff testifies 
a part of the geological history of the Apulian 
foreland. On the other hand, the same geolo-
gical features make the area a fascinating 
landscape even to any kind of visitors.

In order to make a concrete suggestion 
and to analyse the value of the site through 
objective methods, a geosite inventory-form 
was compiled with the Vignanotica data to 
include the cliff in the ISPRA National Inven-
tory of Geosites.
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aBStraCt

T
he main activities and outcomes of an 
ongoing project between Regione Pu-
glia and the Apulian Speleological Fe-
deration are described in this article. 

Originating from the Regional Law 33/2009 
“Safeguard and exploitation of the geologi-
cal and speleological heritage”, the project 
started in 2010 thanks to funds from the Eu-
ropean Community, and was devoted to orga-
nization of the “Register of the natural caves 
and of the artificial cavities in Apulia”. Apulia 
is, as a matter of fact, one of the most remar-
kable Italian regions as regards presence of 
karst caves, many of which are of outstanding 
archaeological, palaeontological, and ethno-
logical importance. In addition, a further wi-
despread cultural heritage is represented by 
the artificial cavities in the region, belonging 
to a great variety of categories (rupestrian 
settlements, worship sites, hydraulic works, 
underground quarries, olive oil mills, etc.), 
and realized by man in different epochs. The 
whole heritage of natural and artificial caves 

Fig. 1 – Images from Apulian caves: from left to right, the skeleton in the Lamalunga Cave (Altamura), the wall paintings at Porto Badisco cave, and a burial found at the S. Maria di 
Agnano cave at Ostuni.

in Apulia is object of the project activities, 
starting from the precise location of the cave 
entrance, a crucial data for land planning and 
management.

Apulia is one of the most remarkable Ita-
lian regions as regards presence of karst ca-
ves. Due to its geological features (an almost 
entirely carbonate territory), and the peculiar 
geographical configuration (an elongated 
peninsula, with hundreds of kilometers of 
coastline), natural karst caves are very com-
mon, both inland and along the coast. In se-
veral cases, Apulian caves have resulted to 
be of extraordinary relevance because of the 
archaeological, palaeontological, and ethno-
logical remnants they host. Just to mention 
the most remarkable sites (Figure 1), the Ne-
olithic wall paintings at the Porto Badisco ca-
ve, in Salento (southern Apulia) are among the 
most well-known examples of rupestrian art 
in the Mediterranean basin (Graziosi, 1980). 
In the Altamura territory, in 1990 a comple-
te pre-Neanderthal skeleton was discovered 
(Pesce Delfino & Vacca, 1993). At Ostuni, in 
the Murge karst area, two burials were found 
by archaeologists in a karst cave (Coppola, 
1992), one of the burial being a pregnant wo-

man in advanced state of pregnancy, which 
allowed unique analyses for DNA research.

In addition to natural caves, Apulia also 
hosts a great variety of artificial caves, be-
longing to all the categories established in 
the classification of artificial caves by the 
dedicated Commission of the Italian Spe-
leological Society. From rupestrian villages 
and settlements (Fonseca, 1980; Sammarco 
et alii, 2008), to worship sites (Dell’Aquila & 
Messina, 1998; Sammarco & Parise, 2008), 
hydraulic works (Parise et alii, 2009), and 
working sites (i.e., underground quarries, 
olive oil mills, etc.), a great variety of arti-
ficial caves is present throughout the region 
(Figure 2).

In the last decades, the overall heritage 
of caves in Apulia suffered several problems 
because of mis-management and/or a num-
ber of human activities, that produced severe 
impacts (Figure 3) on the natural karst lan-
dscape, both at the surface and underground 
(Calò & Parise, 2006; North et al, 2009). In 
some cases, this brought to partial or total 
destruction of the caves, or to their pollution 
and degradation (Parise & Pascali, 2003).
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Fig. 2 – Examples of artificial cavities in Apulia: a) rupestrian settlements at Ginosa di Puglia; b) Crypt of San Nicola at 
Mottola; c) underground quarry at Cutrofiano; d) olive oil mill at Alessano.

In 2010, thanks to funds from the Europe-
an Community, a project was started, devoted 
to organization of the “Register of the natural 
caves and of the artificial cavities in Apulia”. 
After the Apulia Regional Law 33/2009, the 
Apulian Speleological Federation (Federa-
zione Speleologica Pugliese, FSP in the fol-
lowing) was appointed by Regione Puglia as 
the body in charge of the project, and a com-
mittee formed by members of both the orga-
nizations was established to follow the works. 
The project (Figure 4), that will end in October 
2012, took origin from the above cited Regio-
nal Law 33/2009 “Safeguard and exploitation 
of the geological and speleological heritage”, 
where all the caves are considered as a part of 
the cultural heritage of the region, being in-
cluded within the definition of “speleological 
heritage”: “the network of underground sites, 
originated by karst processes in terrestrial or 

Fig. 3 – Liquid (left) and solid (right) wastes in the underground quarries at Cutrofiano
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Fig. 4 – Headings of the project between Regione Puglia and Apulian Speleological Federation (FSP).

marine environments, or created by anthropo-
genic activities in natural or urban settings”.

Main aim of the project is to organize, 
according to modern technologies and tools, 
the regional registers of natural and artifi-
cial caves by locating precisely their entrance, 
thus putting order to the quite old databases 

that contained many errors. Beside the need 
to update the data, this work is also necessary 
as regards land planning and management, 
and to provide the Authorities in charge of 
these issues of tools and information to apply 
the existing laws and regulations, in order to 
allow actual safeguard and protection of the 
remarkable natural and cultural heritage of 
Apulia (Figure 5). Thus, since 2010, the 22 
caving groups of Apulia belonging to FSP are 
working to precisely locate the 2,100 natu-
ral and 1,000 artificial caves in Apulia, as 
well as to collect updated and documented 
information about the presence of liquid and 
solid wastes in the caves and nearby areas. 
This latter point is of extreme importance for 
environmental purposes, as testified by the 
fact that since the start of the project the re-
lated data are being transmitted in real time 
to the Ecological Operative Unit (NOE) of the 
Carabinieri force.

The outcomes of the project are being 
organized and managed in GIS environment 
(Figure 5), in order to allow also in the future 
further updating, and to facilitate consulta-
tion and query of the database by different 
typologies of users. In addition, all the data 
will be included in the existing webGIS of Apu-
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lia Region, and therefore will be available to 
the many offices dealing with land use plan-
ning and management.
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aBStraCt: 

G
laciation vestiges in Portuguese 
Mountains are the subject of an edu-
cational project evolving students 
and teachers from a secondary school 

and researchers in geoconservation. The Por-
tuguese scientific community did not always 
recognize the glacial features in the low alti-
tude mountains in the north of the country. In 
our days, these vestiges are well known and 
in some cases constitute a very rich geologi-
cal heritage, included in the recent inventory 
of geosites with national and international 
relevance. Erosional landforms such as cir-
ques and u-shaped valleys and accumulation 
landforms as moraines comprise particularity 
to a mountainous granite landscape influen-
ced by the nearby Atlantic Ocean humidity. 
Glacial geosites in Gerês Mountain are being 
used as tools to spread geoconservation is-
sues, glacial geomorphology and history of 
the glacial theory and earth sciences among 
young students. Theoretical approaches 
in the classroom are put into practice with 
fieldtrips and attendance of geoconservation 
strategies in selected geosites.

1. the aDvent of GlaCIal IDeaS
Catastrophic interpretations trying to 

draw a parallel between geology and religion 
prevailed until 19th century and William Buc-
kland (1784-1856) was one of the chief archi-
tects of these ideas. This Oxford scholar de-
fended the biblical catastrophic flood, arguing 
that the Earth surface was itself the result of 
divine creation. Charles Lyell (1797-1875), a 
Buckland’s pupil, tried to counteract this ca-
tastrophic trend experienced in the scientific 
community at that time. He perfected James 
Hutton’s (1726-1797) actualism and came up 
with ideas that were later named as uniformi-
tarism, current of thought that sprang from 
the middle of the 19th century. It accepted 
that the past is the key of the present phe-
nomena. These new ideas were the support 
to find what had caused striated rocks and 
the dispersal of some erratic boulders. Some 
naturalists like Jean de Charpentier (1786–

1855) or Ernst von Bibra (1806–1878) reve-
aled that the Alps and the Andes mountain 
inhabitants believe that the glaciers had once 
extended much farther. The idea of an earlier 
colder epoch could be something difficult to 
admit but since the middle of the 18th century 
some scholars defended that ice is a means of 
boulder transport. It was the case of Daniel Ti-
las (1712–1772) who suggested in 1742 that 
the Scandinavian and Baltic erratic boulders 
were the result of drifting sea ice, or even 
Hutton that in 1795 explained erratic boul-
ders in the Alps with the action of glaciers. In 
the following decades the theory of a colder 
climate in the past gained strength mainly 
with the works of Jens Esmark (1763–1839), 
de Charpentier, Ignaz Venetz (1788–1859), 
and Louis Agassiz (1807-1873). The glacial 
theory became well known in 1837 with Agas-
siz and Karl Friedrich Schimper (1803–1867) 
presenting it at the annual meeting of the 
Schweizerische Naturforschende Gesellschaft 
at Neuchâtel. The audience was very sceptical 
opposing the new theory because it contra-
dicted the established opinions on climatic 
history. Most contemporary scientists thought 
that the Earth had been gradually cooling 
down since its birth as a molten globe. Agas-
siz’s book “Études sur les glaciers” published 
in 1840 is a landmark in the knowledge on 
glaciations and climate history though it took 
several decades until the ice age theory was 
fully accepted.

2. the GlaCIal DeBate In portuGal
The glacial theory quickly spread amongst 

the scientific community with several findings 
in mountainous areas and northern territo-
ries. However, in Portugal these ideas were 
introduced with restraint once the country has 
not high mountains and the latitude is low. 
Despite this, in 1884 Frederico Pereira Cabral 
(1820-1886) has concluded that the highest 
mountains in Portugal were once covered by 
persistent ice and snow being the first to 
show the occurrence of glacigenic features 
in Estrela Mountain (1993 m a.s.l.). Other 
renowned Portuguese naturalists have erro-
neously mentioned glacial sediments in lower 
areas before. It was the case of Carlos Ribei-
ro (1813-1882), pioneer of modern geology in 
Portugal, who in 1866 identified the fluvial 

deposits in the footstep of Estrela Mountain 
as glacial. The same occurred in 1895 when 
Joaquim Nery Delgado (1835-1908) wrongly 
found glacial deposits in the Mondego Val-
ley. The fact that vestiges of past glaciations 
became noticed gave rise to the interest in 
the subject during the next decades. Hermann 
Lautensach (1886-1971) presented the first 
detailed study of the glacial geomorphology of 
Estrela Mountain, publishing it in Germany in 
1929. The most relevant scientific advances 
since then are the works of Daveau (1971) 
and Vieira (2008) that enclose a more com-
prehensive interpretation of the glacial geo-
morphology of the mountain. Estrela plateau 
above 1750 m contains erosional landforms, 
with areas of glacial scouring, cirques, knock-
and-lochan morphology and roches mou-
tonnées. In the areas between 1500 and 1700 
m few traces of glacial erosion occur. Here 
the valleys present cirques in the upstream 
sections, u-shaped cross-sections, different 
types of moraines and kame terraces.

Since the studies of Lautensach in the 
late 1920s the scientific community has 
accepted the existence of glacial vestiges 
in Estrela though the same did not happen 
with the lower mountains located in the north 
of the country (mainly Gerês and Peneda 
Mountains). In 1888 the physician Ricardo 
Jorge (1858-1939) was the first to suggest 
that glaciers could have affected Gerês in the 
past based on the discovery of some alluvial 
deposits in the footstep on the mountain. In 
1895 the Swiss geologist Paul Choffat (1849-
1919) discussed the issue of whether or not 
glaciers existed in the mountain, based on 
previous writings on the subject and on his 
own fieldwork believing that these vestiges 
were in the highest peaks. Ernest Fleury 
(1878-1958), another Swiss geologist tea-
ching in Portugal argued in 1916 that only 
Estrela had glaciation in the past and also 
Lautensach always denied the existence of 
glaciation of the mountains at north of the 
Douro river. Nevertheless, the geographer 
Aristides Amorim Girão (1895-1960) visited 
in 1958 the highest plateaus of Gerês and 
confirmed the existence of glacial erosional 
landforms such as cirques, lakes and valleys 
as well as moraines, publishing his remarks 
in various papers.
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Following Fleury and Lautensach, Car-

los Teixeira (1910-1982), one of the most 
important Portuguese geoscientists of the 
20th century, was always very cautious about 
admitting the existence of glacial vestiges 
in the north of Portugal. Despite raising this 
hypothesis in early papers on the geology of 
the Minho region, in his later years he pu-
blished his convictions on the absence of a 
local glaciation. Even after important results 
on the glaciation of Peneda and Gerês were 
revealed in comprehensive studies (Schmidt-
Thomé, 1978; Coudé-Gaussen, 1978) this au-
thor continued to defend the non-existence of 
glacial landforms and deposits there. 

In low latitude (about 41°N) and low al-
titude (below 1550 m) mountains, the con-
firmation of glacial vestiges would prove of 
great significance in palaeoclimatic terms. 
But it was precisely the low altitude of the 
vestiges presented by M. Schmidt-Thomé and 
G. Coudé-Gaussen one of the most important 
obstacles to the acceptance of the glaciation. 
However, since the end of the 1970s the Plei-
stocene glaciation in the NW Mountains has 
been considered as factual, based on studies 
and detailed geomorphological mapping with 
several authors being interested on the study 
of glacial landforms and deposits in Gerês, 
Peneda, Amarela and Cabreira Mountains. 
Typical glacial landforms as cirques (e.g. 
Coucelinho) and U-shaped valleys (e.g. Ho-
mem, Alto Vez, Sombras, Fichinhas) can be 
regarded. However, the typical alternation of 
ombilic and verrou in the valleys is absent. 
Several moraines can be seen, but not always 
clearly. The most part are simple alignments 
of rounded blocks in an interfluve position or 
across the slopes and valleys. The best gla-
ciation indicators in the NW Mountains are 
the subglacial tills that can be observed in 
several outcrops (Ferreira et al., 1999). 

Fig. 1. Class from Alcaides de Faria Secondary School visiting Compadre Valley geosite 

3. GlaCIal GeoSIteS aS eDuCatIonal 
toolS 

Under the Portuguese inventory of geolo-
gical heritage 322 geosites of national rele-
vance were inventoried based on the asses-
sment of their scientific value and according 
to twenty-seven geological frameworks with 
national and international importance (Brilha 
& Pereira, 2011; Pereira et al., 2012). Sixte-
en geosites were selected in the scope of the 
“Vestiges of the Pleistocene Glaciations” fra-
mework. The scientific value of these features 
is connected with the occurrence of relevant 
evidences of Pleistocene glaciations in the 
higher mountains of the country like erosion 
landforms (U shaped valleys, cirques), depo-
sitional landforms (moraines) and deposits 
(subglacial tills). From the sixteen geosites, 
fourteen are entirely located within protected 
areas, namely in Peneda-Gerês National Park 
(Homem Valley, Compadre Valley, Couce, and 
Gorbelas-Junqueira) and Serra da Estrela 
Natural Park (Zêzere Valley, Covão Cimeiro-
Cântaro Magro, Lagoa Seca, Nave de santo 
António, Pedrice, Salgadeiras, Covões de Lori-
ga, Nave Travessa, Covão do Urso, and Lagoa 
Comprida). The other two are partially (Alto 
Vez Valley) or completely (Toco-Soutinho) out-
side protected areas and despite being partly 
in the Natura 2000 Network they have not pro-
tection status regarding their geomorphologi-
cal value. Even when located inside protected 
areas protection actions are difficult in large 
geosites like these ones, mainly because: the 
absence of a proper protection status implies 
a lack of responsibility of the local admini-
strations that manage the territory; these 
areas have several owners and various types 
of land-uses; traditionally, the politicians and 
land managers have a low awareness of geo-
diversity and geoconservation values (Pereira 
et al., 2011). By the other hand, this geologi-
cal heritage lays also a great educational va-
lue. It has high potential as a tool to teach and 

discuss glacial processes, geoconservation 
issues and the historical debate related with 
the existence or absence of glacial vestiges in 
Portugal. All citizens have the responsibility 
to preserve geological resources for future 
generations, which imposes new challenges 
regarding education and these strategies 
must start at basic and secondary school le-
vels to form scientifically informed citizens. 
Therefore a project of education regarding the 
glacial geosites in Gerês Mountain is under 
development evolving teachers and students 
from Alcaides de Faria Secondary School. Dif-
ferent educational strategies are being used 
focusing on geosites historical and scientific 
issues as well as on protection and monito-
ring. Fieldtrips with students (Figure 1) are 
essential for the direct contact with glacial 
landforms and sediments and for the moni-
toring of potential losses in geoheritage va-
lues. First results indicate a growing interest 
in glacial geomorphology, geoconservation 
issues and earth sciences in general by the 
scholar population evolved in the project. 
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aBStraCt

A
ll-Russian Society for Environmental 
Protection  was founded в 1924 году. 
Since 60 partitions society carried out 
systematic work on the revealing, ac-

counting and arrangement of geosites protec-
tion. The first normative documents for native 
monuments were designed. This organisation 
gave an example of involving the wide public 
to environmental protection. Its public orga-
nization was responsible for the problem of 
geosite protection. The geographers were the 
most active members of this organization. The 
predomination of geomorphologic and water 
(lakes) targets among the approved geologi-
cal nature monuments is explained just by 
this active role of geography teachers. Many 
geologists do not carry the lakes to geosites. 
But in Russia, lakes with mineralized waters 
as well as lakes in which mineralized  muds 
accumulate, are, except for their subsurfa-
ce waters, the responsibility of the “Hydro-
geology” division. In recent decades, lakes 
with clear, potable water have become rare 
to extremely rare. This combination of facts 
makes lakes an important part of our national 
geological heritage. In The Central Scientific-
Researching Geological Prospecting Museum 
named after Academician F.N.Chernyshev, 
where I worked 25 years, work on a property 
documented “geosites” listing or “Cadaster” 
was carried  out. More 140 lakes (advantage 
local importance) represent a wide spectrum 
of lake reservoirs of different origin, hydro-
logical regime and chemical composition of 
water and bottom muds.

that IS SomeWhat exampleS only.
Lake “Glubokoye” – only well preserved 

lake of continental glaciation near Moscow. 
It is sample of multitude   glacier lakes, that 
formed middle-Russian landscape in Quarter. 
All this lakes disappeared or agrourded.                      

“Shaitan” (Figure 1) in the Kirov region is 
a unique karst lake with the siphon circulation 
of water. Release of water to the surface takes 
place without any periodicity. Such mode is 
explained by the peculiarities of the geologi-
cal structure of the territory. Lake bowl cuts 
in a packet of de-silt-loam soils, which cover 

the limestone-clay stratum. It is riddled with 
karst cavities and cracks, filled with water. 
This is the upper aquifer (up to 10 m depth).  
Under the 2-meter water-holding layer, there 
is a second aquifer with overpressure artesian 
waters. These two horizons are connected by 
vertical karst wells. The emission of water so-
metimes reach 20 m in height. Thus there is a 
separation of marsh coast and the formation 
of floating Islands.

Fig. 1

Karst lake “Vadskoye” (Figure 2) in the 
Nizhniy Novgorod region is located in the Perm  
gypsum deposits. In the center it has two 
karst sinks holes 30 m. depth.  Water beats 
out of them with great force, so the lake does 
not freeze in winter.

Lake “Abrau” near Novorossiysk. Length 
of approximately 3 km, width up to 800 m, 
depth up to 10 m. The lake is fed by a small 
river Abrau and several springs. The lake has 
no any surface runoff. The water balance is 
equalized by the evaporation. The sides of the 
lake are folded by flish deposits of Cretaceous 
age. There are several hypotheses of the origin 
of the lake. On one of them, the lake is a re-
lict of the Cimmerian  freshwater  pool, which  
occupied this territory in neogen. On the other 
hand - it was a result of retaining of the river 
by a giant landslide fault flysch. According 
to some scientists, the basin of the lake was 
formed at the turn of the new era as a result of 
the earthquakes. The earthquaes have led to 
the damming of the river Abrau, which before 
was emptying into the Black sea.

Lake “Raspberry” (Figure 3) - soda. It 
located in the steppe Altai. Its picturesque 
banks are composed of granite with ham-
mock jointing. The lake has a very original 

Fig. 2

color of the water, and this is reflected in its 
name. The presence in water of numerous tiny 
variously colored crystals of soda and the pre-
sence of tiny inhabitants of the lake - plankto-
nic crustaceans, gives the water an unusual 
pink and crimson shades.

“Kolyvanskoye” lake (the Altai territory) 
stretches from the North to the South for 4 
km in width from 0.6 to 2 km. It occupies a tec-
tonic depression, and lies between the granite 
banks. The weathering processes had formed 
on the banks the unusually picturesque grani-
te pillars and towers. In the xVIII the deposits 
of lead, silver and copper were discovered 
near the lake. Around the lake there is a lot of 
colorful Jasper. 

“Multinskiye” lakes. In the basin of the 
river Multa at the Northern slope of the Ka-
tunsky ridge (Mountain Altai) there are 42  
lakes. Among them there is a chain of small 
lakes of kar and morainal-retaining genesis, 
separated from each other bywalls and piles 

Fig. 3

of granite boulders of glacial origin. Upper 
lake (Figure 4) is located in the circus of one 
of the main ridge at a height of 1860 m. The 
length of the lake 2370 m, width-900 m. The 
depth varies from 47 m in the southern part  
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up to 10 m in the North. This is a typical  ar 
lake. The average lake  is located 5-6 km to 
the North, at the height of 1634 m. The length 
of it is 1990 m, width of 730 m, depth of 18.4. 
In 150 m from it the Lower lake is located 
. Both of them are morainic-retaining lakes. 
Lower moraine is represented by a powerful 
morainic complex of three fused glaciers in 
the beginning of their Holocene degradation. 
The average lake is backed by the moraining 
dam. At the banks the lake terrace of 2m 
height is observed. Multinskiye lakes are of 
great scientific value to determine the pro-
blem of glasiers of the Altay mountains which 
is unsolved up to now.

Lake “Taymenye” - the only great lake of 
the southern slope of the Katunsky ridge, is a 
typical morainal-damming. It is formed du-
ring one of the early stages of degradation of 
the last glaciation. The length of its 5420 m, 
width 1080 M. the maximum depth of about 
40 m. “Large Kucherlinskoye” lake (Figure 

Fig. 4

5). In the valley of the river oocherly, also 
flowing down to the Katunsky ridge, there are 
43 lakes. These lakes are mainly morainic, kar 
and riegel . The whole river basin, except the 
bottom of the plot, was subjected to the acti-
vity of glaciers in the late Pleistocene period. 
During the maximum stages, the glaciers of 
the side inflows went into the main valley. 
They formed the glacial-retaining near gla-
cial pools. One of the moraines of recession 
of the valley glacier   formed the two lakes, 
Big and Small Kucherlinskie, in the main 
valley. These lakes are  the typical example 
of morainal-damming lakes. Both lakes are 
dammed by a powerful course-moraining 

Fig. 5

complex, the base of which lies at an alti-
tude of 1630-1640. In this glaciation there 
are two sub-stages, which left two moraines. 
One of them separates the upper lake from the 
bottom. The Large Kucherlinskoye lake is one 
of the most beautiful at  Altai.  The turquoise 
color of the water and the rocky wooded shore 
are unusually picturesque.

Fig. 6

“Lopukhinskoye” lake (Figure 6) in the 
Leningrad region is a small shirt sky-blue 
lake. It`s powered by the springs, emanating 
from the fractured Ordovician limestone. In 
the early twentieth century hydrogeologist 
N.F.Pogrebov established the presence of ra-
don in the water of the lake. The enrichment 
by radon occurs due to the radioactive shale, 
underlying the limestone. In the 30-ies of the 
x1x century the great Russian surgeon N.I. 
Pirogov organized the infirmary for seafarers, 
suffering with rheumatism, as the medicinal 
properties of the water of the springs have 
long been regarded as therapeutic.

The Genesis of the lakes of Russia is very 
diverse. Many of the basins of the lakes have a 
karst and tectonic origin, and sometimes mi-
xed (development of karst on tectonic cracks). 
There are relict lakes, separated from the sea 
due to the elevation of the coast. Sometimes 
the unusual conditions for the existence of 
the marine and freshwater fauna are stored 
there. In the development zone of permafrost 
the thermokarst lakes are widely developed. 
The whole systems of lakes, connected by 
channels and elongated in one direction, 
are the result of movement of continental 
glaciations of different stages. The deep kar 
lakes lie in the mountains, in vehicles and 
circuses, under glaciers. Trougt lakes are 
formed while the retaining  of the mountain 
rivers by the mountain glacial moraines. In 
the arid steppe areas the lakes appeared as 
a result of the dying away of river networks 
because of the climate aridization. The  lake 
basins are characterized by the volatility of 
the water regime, brackish-water, significant 
fluctuations in the size in different  years , de-
pending on the humidity of the seasons. The 
lakes of the steppe Kulunda, located in the 
North of the Altai territory, are an unique set of 

reservoirs with a variety of the structure and 
degree of concentration of salts from almost 
fresh to brine. The load of salts of different 
composition happens in some of them.  Altai 
occupies one of the first places in the world for 
the stocks of mineral salts. This is still poorly 
studied area, which has great prospects of 
using the natural resources in the balneolo-
gical purposes. The lakes  in the calderas of 
extinct volcanoes are of unusual interest. And 
in Yakutia there is a unique lake that has the 
correct spherical form.  E.P.Gurov and others  
founded  that the lake basin is a young explo-
sive meteoritic crater. It is an insulated cavi-
ty, superimposed on the mid-mountain relief. 
Many lakes are characterized by an unusual 
hydrological regime caused by the structure 
and composition of the enclosing rocks. This 
is especially characteristic for karst lakes.

Even small lakes of Russia are extremely 
diverse in origin, hydrological and hydroche-
mical properties. Many of them are still poorly 
studied. And those, which are included in edu-
cational or tourist programs, are not provided 
with the necessary data on Geology. They can 
be used in research, training, educational, 
recreational and balneal purposes. A lot of 
small lakes of Russia are worthy to enter into 
the category of national geological heritage.
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aBStraCt

T
he Pozzo Cucù cave was discovered in 
the territory of Castellana-Grotte (SE 
Murge, Apulia) in late 1980 during the 
foundation works for a building at the 

northern outskirts of town, in an area where 
significant subsurface karst features were 
already known. The karst system (indicated as 
PU 1200 in the Regional register of caves, ma-
naged by the Apulian Speleological Federa-
tion) soon appeared as one of the longest ca-
ves in Apulia, with over 1 km of development, 
mostly through sub-horizontal passages lo-
cated at depth of some 20 meters from the 
ground surface. It consists of two main bran-
ches, showing a great variety of underground 
karst morphologies, and several elements of 
interest for karst research. For instance, due 
to presence of many species of importan-
ce for biospeleology, the cave was declared 
in 1995 a Site of Interest for the European 
Community (SIC, site code IT9120010). In this 
paper, we briefly describe the main features 
of Pozzo Cucù karst system, in the attempt 
to highlight its values as a natural heritage 
to protect and safeguard. On the other hand, 
we also mention some of the many episodes 
of mismanagement that have characterized 
the site in the last decades, thus testifying to 
an overall very low attention paid by the local 
administrators to this remarkable site of the 
Apulian karst.

Karst settings are well known as very de-
licate and fragile environments, which may 
often suffer severe damage due to anthro-
pogenic activities that do not take into any 
account the peculiarity of karst, and the si-
gnificance of the natural resources contai-
ned therein (Williams, 1993; Parise & Gunn, 
2007). Caves are the most typical expression 
of karst: beside representing the unknown, 
and in some ways the mystery of the fasci-
nating  underground world, karst caves have 
gained in the last decades a primary role for 
many branches of science. Being sites where 
it is possible to preserve sediments that at 
the surface are being eroded and/or canceled 

by mass wasting processes and erosion (Sa-
sowsky & Mylroie, 2004), caves may contain 
remarkable deposits and materials, and are 
nowadays considered very important for re-
searches in many fields (archaeology, pale-
ontology, anthropology, etc.), besides having 
become crucial for the development of studies 
on climate changes.

Apulia region of southern Italy hosts 
many sites of remarkable importance within 
the large number (over 2,100 caves; data 
managed by Apulian Speleological Federa-
tion, FSP, website http://www.fspuglia.it/) of 
identified and explored natural caves. Among 
these, the karst system of Pozzo Cucù, in the 
municipality of Castellana-Grotte (Low Murge 
sub-karst region), is one of the most valuable. 
Pozzo Cucù cave was discovered by chance in 
late 1980, during the foundation works for a 
building at the northern outskirts of town. It 
soon appeared as one of the longest caves in 

Fig. 1 – Geomorphological map of the Pozzo Cucù area, showing also the other 
caves mentioned in the text. Key: 1) karst valleys (lame); 2) temporary water 
lines; 3) ridge; 4) morpho¬logic saddle; 5) doline; 6) quarry; 7) cave entrance; 
8) urban area.

Apulia, with over 1 km of development, mo-
stly through sub-horizontal passages located 
at depth of some 20 meters from the ground 
surface.

Pozzo Cucù cave is located in an area 
where several other subsurface karst fea-
tures are present, starting from Grotta della 
Jena (PU 7 in the register of natural caves by 
FSP), where many palaeontological remains 
were found (Dell’Erba, 1881), including a 
hyaena skull, from which the cave takes 
name. Further, Grotta della Jena has also an 
historical importance, since it was the first 
show cave in Apulia: soon after discovery of 
the cave, the owner allowed entrance by me-
ans of wooden ladders, with a fee of 25 cents. 
Two other caves are located nearby (Figure 1): 
Grave Gentile (PU 11), a 35-m deep vertical 
shaft, and the Inghiottitoio of Chiancofreddo 
(PU 806). This latter has been clogged since 
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Fig. 2 – Plan view of the Pozzo Cucù cave (PU 1200). Data after FSP register of natural caves.

many years, and unfortunately it is no more 
accessible.

The karst system of Pozzo Cucù (PU 1200) 
consists of two main branches, respectively 
directed toward the SE and the NW, and of 
some other rooms (named Cavern of the Gre-
at Column), that are only a few meters from 
the main cave, but which direct connection 
has not been found so far (Figure 2). The SE 
branch is characterized by large caverns, 
which size mostly derives from frequent in-
stability phenomena, as shown by the wide-
spread breakdown deposits marking the cave 
floors. These deposits mask for most of the 
development of the branch the real pavement 
of the cave, located some meters below. The 
terminal part of the SE branch is characteri-
zed, before the very final sectors consisting 
of low and narrow conduits, by one of the 
largest cavern in the system, the Bones Hall: 
here, one of the natural accesses to the cave 
was located, as shown by the presence of a 
massive debris cone, with diffuse bones and 
fauna remains, most of which are covered by 
calcite deposits and flowstones, and fully en-
compassed in the rock debris.

The NW branch, on the other hand, is 
characterized by several low passages, cor-
responding to past phreatic conduits develo-

Fig. 3 – The complete skeleton of the wild cat, found in the SE branch of Pozzo Cucù karst system.

ped along the sub-horizontal bedding of the 
limestones, with intervening wider rooms. At 
the terminal NW part of the system, landslide 
deposits stop any further continuation.

As from the brief description above, it 
appears that the Pozzo Cucù system presents 
a great variety of underground karst featu-
res, and, due to its length, can be accounted 
in the first-rank group of caves in Apulia. In 
addition to this, many other points highlight 
the remarkable value of the cave: first and 
foremost, the high content of paleontological 
remains. The debris cone in the Bones Hall is 
rich of fragments and whole pieces of bones 
that have never been studied in detail so far, 
but could contribute to put light on the fauna 
that lived in this sector of Murge during the 
past epochs. The remains are not limited to 
the Bones Hall, however: in the first sector of 
the SE branch, a complete skeleton (Figure 
3) has been found nearby the southern wall. 
Analysis of the skeleton brought to its identifi-
cation as a wild cat (Montenegro et alii, 2005). 
All these data, considered together with those 
from Grotta della Jena and other sites in Low 
Murge as well, could be extremely useful in 
the reconstruction of the palaeo-climate and 
palaeo-environment of this sector of Apulia 
in the past.

Since discovery of the system, the Pozzo 
Cucù cave was soon considered very impor-
tant as concerns biospeleology. The first re-
searches carried out at the site pointed out 
the presence of several species, such as the 
Orthoptera Troglophilus andreinii and Coleop-
tera as Italodytes stammeri and Batrisodes 
oculatus (De Marzo & Vit, 1982). Due to these 
species, the cave was declared in 1995 a Site 
of Interest for the European Community (SIC, 
site code IT9120010).

From the surface karst geomorphology 
standpoint, the Pozzo Cucù karst system is 
located in a typical sector of Low Murge (Figu-
re 1; Parise, 1999, 2011), showing dolines and 
slight karst valleys (locally called lame, see 
Parise et alii, 2003), that become interested 
by surface runoff on the occasion of the main 
rainfall events, remaining otherwise dry for 
the rest of the time. Water infiltrates under-
ground at the many swallow holes, as well as 
through the network of discontinuities in the 
carbonate rock mass. Any action performed 
at the surface may have serious environmen-
tal consequences for the underground karst 
ecosystem.

Over the last decades, many episodes 
of mismanagement and pollution have been 
registered at Pozzo Cucù, which is quite sur-
prising since the site is included in the list of 
protected sites of the European Community, 
as before recalled. Lack of environmental 
consciousness and scarce attention paid by 
the local authorities to safeguard and pro-
tect the natural resources repeatedly put 
Pozzo Cucù cave at risk, as for instance 
occurred in 2005 when works were realized 
destroying the natural landforms nearby one 
of the terminal part of the karst system. This 
was not the only episode to be recorded in 
the Castellana-Grotte municipality, a territory 
which should, on the other hand, tribute much 
greater attention to the underground world, 
since it is exactly thanks to the Castellana 
caves (only some 1,5 km from Pozzo Cucù) 
that this small town of the Murge has beco-
me worldwide known. Unfortunately, lack of 
enforcement of existing laws and regulations, 
combined with the factors mentioned above, 
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Fig. 4 – One of the most beautiful sectors of the Pozzo Cucù karst system, highly decorated with speleo-
thems and calcite deposits (photo: V. Martimucci).

area, especially if linking the factors of inte-
rest here present to those that characterize 
the Castellana show caves.
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aBStraCt

I
n Russia, there are lots of diverse geo-
logical heritage sites (geosites). Hydro-
geological heritage sites (hydrogeosites) 
amount approximately to 10% of total 

quantity. They represent natural outflows of 
groundwater to the surface, unique or typi-
cal in discharge rate, ion-salt, gas compo-
sition and (or) temperature as well as yields 
of dry gas and mud volcanism products 
accompanying water discharge. Criteria of 
hydrogeosites selection are as follows: rarity 
or uniqueness, representativeness, a visual 
manifestation of active current geological 
processes, historical significance. To be se-
lected as a hydrogeosite a hydrogeological 
object must conform to at least one of the 
criteria mentioned above. According to the 
scale of criteria manifestation, hydrogeosites 
are divided into 4 ranks: global, subglobal, re-
gional and local. Hydrogeosites of global and 
subglobal ranks are considered in the paper 
as the most significant ones. Most geosites 
are within different protected areas, and they 
have the official status of regional and federal 
significance. However, this does not provide 

their protection. The springs that are located 
primarily in the resorts, where maximum wa-
ter production through wells has been in prac-
tice, are of particular concern. Springs dried 
out, or water in them changed its composi-
tion. To preserve mineral water springs the 
following conditions should be maintained: 
the volume of mineral water production near 
the spring should not exceed the quantity of 
natural resources of these waters, the spring 
buffer zone should include the groundwater 
discharge area, monitoring of groundwater in 
the site area should be organized.

IntroDuCtIon
In Russia geosites are widespread and 

very diverse. Hydrogeosites amount approxi-
mately to 10% of total quantity. It should be 
noted that most of them are of great scienti-
fic interest not only for hydrogeology, but for 
geology and other disciplines such as geo-
morphology, etc. Natural outflows of groun-
dwater to the surface, unique or typical in 
discharge rate, ion-salt, gas composition and 
(or) temperature as well as yields of dry gas 
and mud volcanism products accompanying 
water discharge are referred to hydrogeosi-
tes. Other objects, traditionally attributed to 
natural water monuments (lakes, waterfalls, 

Fig. 1 Karst spring “Krasny Klyuch” 

etc.), in our view, are not the sites of hydroge-
ological heritage. They should be considered 
as hydrological ones. 

CrIterIa of hyDroGeoSIteS SeleCtIon
The basic criteria of hydrogeosites selec-

tion are as follows:
- rarity or uniqueness (springs, characte-

rized by high discharge rate and temperature, 
rare - macro- and microelement composition 
as well as gas composition, etc.);

- representativeness (springs, characte-
rized by typical ionic-salt composition that 
allow one to select water of a certain spring 
as a standard, for example, definite type of 
potable mineral water, co-called hydrotype;

- a visual manifestation of active current 
geological processes, for example, travertine 
formation;

- historical significance.
To be selected as a hydrogeosite a hydro-

geological object must conform to at least one 
of the criteria mentioned above. According to 
the scale of criteria manifestation, hydro-
geosites are divided into 4 ranks: global, 
subglobal, regional and local. Hydrogeosites 
of global and subglobal ranks are considered 
below as the most significant ones.

The majority of hydrogeosites in the terri-
tory of Russia are of regional and local level of 
significance. In general, these are numerous 
springs of potable water and mineral groun-
dwater of cultural and historical significance. 
Sites of global and subglobal level are much 
rarer. To date, about 50 hydrogeosites of such 
levels have been identified. In future, sup-
plementation and specification of this list is 
possible.

A typical example of a global level hydro-
geosite is Krasny Klyuch karst spring (Figure 
1). This is the second largest karst spring in 
the world on its discharge rate (up to 58,000 
l/s), after Fontaine de Vaucluse spring in 
France. It is in the Nurimanovsky District of 
the Republic of Bashkortostan on the south-
western end of the Ufa Plateau. The spring 
represents an outflow of the Elga-Yaman 
River, disappearing in Karatau foothills in 
the Upper Permian karst limestones. A large 
water flow comes out of two huge connected 
sinkholes. Water is greenish-blue, clear and 
transparent, hydrocarbonate calcium with 
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Fig.  2 Yangantau Mountain

mineralization of 0.18-0.20 g/dm3, and tem-
perature – plus 5-60 C.

Such complex objects as the Valley of 
Geysers and Uzon caldera, Mount Yangantau 
where hydrogeological type is dominant are 
also of global level. Yangantau Mountain is 
afamous temperature anomaly with springs 
and outflows of hot dry steam and gas (Fi-
gure 2). Through fractures, gases rise to the 
surface, their temperature varies between 37 
and 1500 C, and increases with depth to 3800 
C. “Kurgazak” mineral spring with the rate of 
100-125 l/s and mineralization of 0.6 g/dm3 
is nearby. Spring water is hydrocarbonate ma-
gnesium-calcium, radon (134.4-229.0 Bq/l), 
and it is characterized by constant tempera-
ture throughout the year (16-16.50 C).

Most of the selected hydrogeosites are of 
subglobal level. These include high discharge 
rate (up to 500 l/s) Khakusy (Buryatia) ther-
mal water spring and Vitlaus spring (Chita 
Region) with discharge of dry carbon dioxi-
de streams flow to 8 l/s. Springs of mineral 
groundwater belong to the same level. The-
se are carbon dioxide (CO2 2.6-3.3 g/dm3) 
springs of the North Caucasus (Narzan me-
adow, Karmadon) (Figure 3), Transbaikalia 
(Unekskie, Shivanda, Shiviya, Olentuy) and 
Primorye (Medovy and Erldagou), radon (Rn 
200-400 nCi/l) springs of the Baikal Region 
(Shumak), Altai Territory (Belokurikha) and 
Transbaikalia (Yamkun), sulfide (H2S 76-200 
mg/dm3) springs in Republic of Bashkor-
tostan (Krasnoye Usolye) and in the North 
Caucasus (Chanta-Argun and Tamisk), si-
liceous thermae (SiO2 150-400 mg/dm3) of 
Transbaikalia and the Baikal Region (Synin-
sky, Davshinsky, Goryachinsky, Arshan, Nilo-
va Pustyn), and hot springs (76-1000 C) of 

Fig. 3 Carbonated spring of Narzan Valley 

the Baikal Region (Kuchigerskie, Garginskie, 
Allinskie) and Chukotka (Senyavinskie, Mi-
chegmenskie) (Figure 3). Springs with typi-
cal water composition are also of subglobal 
level - their water is taken as mineral water 
standard. Thus, Izhevsk spring in Udmurtia 
discharges chloride-sulphate mineral water. 
Waters of such composition are not uncom-
mon in Russia, however, they all refer to the 
Izhevsk type. This list can be continued.

ConCluSIon
Particular attention should be paid to the 

problem of hydrogeosites preservation. Most 
geosites are within protected areas, including 
nature strict reserves, reserves, resorts, and 
they have the official status of regional si-
gnificance nature monuments. However, this 

does not solve the problem of their protection. 
The springs that are located primarily in the 
resorts, where maximum water production 
through wells has been in practice, are of par-
ticular concern. Springs dried out, or water in 
them changed its composition, such as most 
springs of the Caucasian Mineral Waters, 
Marcial waters of Petrozavodsk, Polyustrovo 
mineral waters of St. Petersburg. To preserve 
the hydrogeosites - mineral water springs - in 
their original form, the following conditions 
should be maintained:

- the intake area should not exceed the 
amount of mineral water supply;

- the spring buffer zone should include the 
groundwater discharge area;

- monitoring of groundwater in the site 
area should be organized.
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aBStraCt

I
n this paper, a method based on GIS able 
to detect the most relevant geological si-
tes in  a region is proposed.

The method has been applied to the 
Salento leccese region. Starting-point of the 
method has been the bibliographical search 
of the scientific publications on the geology of 
studied area. Data obtained by bibliographic 
analysis have been organized in a databa-
se; for each scientific publication has been 
defined the area or the areas involved in the 
paper.

The study area (a polygon) has been as-
sociated to the relative scientific publication 
(one single record of database) using a GIS.

The Salento leccese peninsula has been 
divided in a number of elementary cells and 
for each cell the number of scientific publica-
tions has been determined. Areas of remarka-
ble scientific interest are marked by elevated 
values of density.

IntroDuCtIon
The growing interest of landscape and na-

tural heritage promoted the definition of geo-
logical sites inventory (i.e. Carton et al., 1994; 
Panizza & Piacente, 2002, see references). In 
this paper a method based on a Geographi-
cal Information System (GIS) aiming to indi-
viduate the areas of most scientific relevance 
in a region is proposed. The application of this 
method allows to constrain the research of 
geosites on few areas selected on the base of 
their scientific relevance.

First step has been the analysis of scienti-
fic papers about the geology of Salento which 
during last 150 years has been the object 
of numerous papers, testifying the high ge-
ological interest of this region. The analysis 
focuses on scientific papers about geology 
in a broad sense and about more specific 
papers about palaeontology, geomorphology, 

Fig. 1 - The scientific papers density map shows clearly the most geological 
relevant areas in the Salento peninsula.

structural geology, petrography, hydrogeology 
of Salento.

The collated data have been organized in 
a database. Each scientific paper is a record 
of this database, marked by a identificative 
number and a number of descriptive fields 
related to bibliographic and scientific proper-
ties. Descriptive fields are the following: “ID”, 
“author”, “title”, “review”, “pages”, “type of 
site”, “language”, “locality”, “key words”.

The constructed database has been ma-
naged by a Geographical Information System 
which allowed for each record an area of inte-
rest to be related. In this way it is possible to 

search the database using descriptive fields 
and to select papers also for geographical 
area. This tool is very important for land and 
natural heritage management.

the InDIvIDuatIon of relevant 
GeoloGICal SIteS.

GIS allowed areas of major geological 
relevance to be individuated. These sites, in 
fact, have been the object of numerous papers 
and can be easily detected by the analysis 
of scientific papers density distribution in 
Salento region. The area of interest has been 
subdivided in elementary square cells of 500 
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x 500 m size and the number of scientific pa-
pers related to each cell has been calculated.

The density map produced according to 
this method clearly shows areas of major 
scientific interest as they are marked by the 
highest values of density. A simply geographi-
cal query allow to obtain the list of scientific 
papers that are related to these particular 
areas.

the areaS of moSt SCIentIfIC 
relevanCe In Salento penInSula.

The analysis of bibliography and the use 
of GIS allowed to individuate 8 areas of major 
scientific interest in the Salento peninsula:

1 – Cursi-Melpignano area;
2 - Otranto-Torre dell’Orso coastal area;
3 - Castro-Santa Cesarea Terme coastal 

area;
4 – Gagliano;
5 - Santa Maria di Leuca coastal area;
6 – Gallipoli coastal area;
7 – Cutrofiano area;
8 – Cavallino area.

The same procedure has been applied to 
the palaeontological, stratigraphical and ge-
omorphological papers obtaining the relative 
density maps.

ConCluSIonS
The application of a Geographical Infor-

mation System to the analysis of relevant 
scientific papers regarding an area allows to 
identify the most relevant sites and to obtain 
the list of papers which focus on each parti-
cular site. This method is useful for projects 
aiming to identify and promote natutal heri-
tage in a region or in a natural park, to realize 
geo-touristic trips and maps, and so on.
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aBStraCt 

A
mong some 2000 geological sites, 
having the official status of pro-
tected areas, mainly nature monu-
ments, 80% ones represent different 

landforms, and mineral springs regardless of 
their scientific importance. So many scien-
tifically significant geosites do not have the 
official status of protected areas. Geosites 
revealing and selection is carried out by the 
authors on a basis of their conformity, at least 
to one of the suggested criteria reflecting their 
scientific, educational or historical and cul-
tural importance. The proposed classification 
covers all variety of geosites included into the 
database of Russia’s geosites (DB), created 
by the authors. Some 1,000 geosites of world, 
national and regional significance mainly 
of stratigraphic, palaeontological, ore-litho-
petrological and mineralogical types are kept 
in the DB.  As a rule, the selected geosites cor-
respond to several criteria, but most of them 
(64%) were selected first of all on the basis 
of “representativeness” criterion. These are 
mainly stratotypes of various stratigraphic 
subdivisions as well as typical mineral de-
posits. 41% of geosites are characterized by 
clearness, a comprehensive study, developed 
infrastructure, etc. that enables one to use 
them for educational purposes. 38% of geosi-
tes are rare or unique. Geodiversity is presen-
ted at 34% of geosites. 16% of geosites were 
selected owning to active on-going geological 
processes. Thus, DB of Russia’s geosites cre-
ated on a basis of the methodology discussed 
in the paper contains geosites, which differ 
essentially from those registered at the sta-
te level as nature monuments. Approval the 
methodical recommendations considered in 
the paper at the state level as well as DB of 
Russia’s geosites as an annex to it will be the 
first step towards conservation of the national 
geological heritage.

IntroDuCtIon
Currently in Russia some 2,000 geolo-

gical sites were assigned the official status 
of nature monuments. However, about 80% 
ones represent weathering forms, caves, and 

mineral springs of regional and local signifi-
cance because they were mostly revealed by 
teachers of geography and amateurs - mem-
bers of All-Russian Society for the Protection 
of Nature, responsible for that. So many world 
and national significant geological sites do 
not have the official status of protected areas. 
For example, preservation of stratotypes is not 
provided properly. Meanwhile, 21 stratotypes 
of the General Stratigraphic Chart (GSC), ap-
proved by the Interdepartmental Stratigraphic 
Committee of Russia and used by Russian ge-
ologists, are situated in Russia. Many of them 
correspond to the criteria developed by the 
International Stratigraphic Commission (ISC) 
for the Global Stratotype Sections and Points 
(GSSPs), but they have not been protected yet, 
and thus, may be damaged and lost. In order 
to preserve the national geological heritage, 
the following work was done at VSEGEI: elabo-
ration of criteria for geological heritage sites 
(geosites) revealing and its classification, 
geosites selection, creation of world, national 
and regional significance geosites database, 
containing some 1,000 ones more than half of 
which have not been protected yet (Lapo, et al. 
1993, Vdovets, 2008).

GeoSIteS ClaSSIfICatIon
There is no generally recognized classifi-

cation of geosites in Russia, although the is-
sues of geosites classification are discussed 
in some publications. Various factors, such 
as division of geology into different branches, 
genesis, geological processes, etc. are put in 
a basis of all known classifications. The most 
detailed classification was established by a 
team of VSEGEI with participation of authors 
(Lapo, et al, 1993). 17 types of geosites and 
many subtypes were identified, based on all 
factors mentioned above. The authors unified 
this classification on a uniform basis of divi-
sion of geology into some disciplines, since the 
set of geosites is divided into groups (types) 
corresponding to these disciplines (Figure 1). 
In reality, many geosites are polytypic, as they 
are the subject of several geological discipli-
nes, stratigraphy and palaeontology, etc. For 
the identification of the protected area profile 
(e.g., mineralogical or paleontological reser-
ve) and other purposes, the dominant type is 
indicated. It is determined by the geological 

discipline, in terms of which the geosite has 
the greatest scientific value (Vdovets, 2008).

CrIterIa of GeoSIte revealInG
The question concerning the criteria for 

geosites revealing was first raised by W.A.P. 
Wimbledon. He identified four categories of 
geosites: “the best”, “unique”, “first” and 
“pattern” (Wimbledon, 1990). Legally establi-
shed criteria for the geosites selection do not 
exist in Russia. A. V. Lapo distinguished the 
scientific (geological and non-geological) and 
non-scientific (didactic and touristic) crite-
ria. The significance of each geological object 
or site can be viewed in different aspects: 
scientific, educational, historical-cultural, 
aesthetic, cult, etc. To assign a geological 
object (site) to a geosite, the authors suggest 
considering its significance at least in one 
of the first three aspects. Thus, for geosites 
revealing, criteria reflecting their scientific, 
educational, and historical-cultural signifi-
cance were used (Vdovets, 2008).

the scientific criteria are the following: 
1) representativeness (a site possesses the 
characteristic features of a sites group that 
allow using it as a group standard); 2) uni-
queness or rarity (properties of a site, to which 
the following definitions are applicable: the 
only one or the best, the most, the oldest, the 
youngest, etc. – a unique site, and one of them 
– a rare site);  3) geodiversity (diversity of a 
phenomenon attributes and characteristics), 
4) significance of on-going geological proces-
ses manifestations. 

Representativeness is characteristic for 
stratotypes and reference sections, petrotypes 
of magmatic and metamorphic complexes, 
standard mineral deposits of different gene-
sis, etc. For example, Kholodninskoye pyritic 
polymetallic deposit (Republic of Buryatia) is 
a standard of stratiform polymetallic deposits 
in the Precambrian. Geosites can be unique 
or rare in different aspects. For example, the 
Earlier Devonian Barzas coal deposit (Keme-
rovo Region), being the oldest on the planet is 
a unique one. It indicates that the rapid de-
velopment of the terrestrial vegetation on the 
planet started in the Early Devonian. Voikar-
Syninsky ophiolite massif in the Polar Urals is 
the largest in Russia and one of the world’s 
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GEOSITE TYPE GEOSITE CHARACTERISTIC 

Stratigraphic Stratotypes and reference sections 

Palaeontological 

Micro- and macrofossil localities or traces of its vital activity 
characterized by taxonomic diversity and good preservation. They allow 

studying biological evolution, development of various ecosystems, as well 
as provide a basis for biostratigraphic division and correlation of fossil-

bearing deposits 

Palaeoenvironmental 

geosites, which are informative in terms of  palaeoenvironmental 
conditions of the earth’s geological history and allow making 

palaeoenvironmental reconstructions (palaeoclimate and 
palaeolandscape) 

Mineralogical 
localities containing great mineral diversity, unique or rare 

minerals, well-formed mineral crystals, precious stones, and areas of 
significant on-going mineral-forming processes 

Ore-litho-petrological 

petrotype (standard type of some rock variety) locations and 
outcrops (massifs) of rocks characterized by well expressed structures 

and textures that allow studying processes of their origin as well as unique 
and standard mineral deposits  

Volcanological active volcanoes and sites with post volcanic activity manifestation 

Tectonic geosites illustrating various tectonic processes manifested  in the 
form of different rank structures  

Cosmological geosites reflecting results of impact events influence on the 
earth’s surface  (falling asteroids and meteorites) 

Geomorphological landforms and their complexes, reflecting conditions of its origin as well as 
unique (rare) landforms 

Speleological subsurface cavities and deposits inside them, reflecting 
underground erosive and accumulative processes activity  

Hydrogeological 
natural discharges of underground waters, rare in their debit, temperature, 

ionic-salt and gas composition, as well as dry gases and mud volcano 
products output, associated with water discharges 

Historical-mining ancient mining and geosites, where significant geological 
discoveries were made 

	  
Fig. 1. Geosites classification

largest output of mantle rocks on the earth’s 
surface with clearly manifested boundary 
between the mantle and crust (Mohorovicic 
discontinuity) (Figure 2). Example of geodi-
versity are Khibiny and Lovozero Alkaline Mas-
sifs in the Kola Peninsula, where more than 
500 minerals were described. “Geosites with 
significant on-going geological processes 
manifestation such as volcanism and post-
volcanic activity (volcanoes of Kamchatka and 
the Kuril Islands), current continental rifting 
(Baikal Rift Zone) allow exploring geological 
processes visually, understanding conditions 
of the similar processes occurrence in the 
past, and making predictions for the future.

the educational criteria are as follows: 
1) significance of the volume and variety of 
information, needed for broadening of stu-
dents’ outlook, as well as providing students 
of a wide range of geological disciplines with 
material for practical lessons and research; 
2) visual manifestation of a geological phe-
nomenon, that allow studying a geosite with 
simple methods of geological field work; 3) 
comprehensive study, 4) developed infrastruc-
ture - a set of conditions, transportation links, 

Fig. 2 . View on the Voikar-Syninsky ophiolite massif; boundary between the mantle and crust. Photo by D. N. Remizov. 

etc., necessary for conducting excursions and 
student practices. Besides, it is also neces-
sary to provide safety when visiting, stability 
of geosite objects to anthropogenic pressure 
as well as relevant interpretative materials.

The historic-cultural criteria are the fol-
lowing: evidence of human activity on a geo-
site that is important for social development: 
the presence of old mine workings as well as 
significant geological discoveries made at 
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the geosite. E.g. Ruskeala marble quarries 
(Republic of Karelia), exploited in the 17th-
20th centuries, represent an evidence of 
mining history of four nations: Swedes, Rus-
sians, Finns, and Karelians (Figure 3).

To be selected as a geosite a geological 
object (site) must conform to at least one of 
the criteria mentioned above. Most geosites 
included into the databases conform to se-
veral criteria. E.g. The Popigai impact crater 
located in the North Siberian Platform is a 
well-preserved trace of giant cosmic cata-
strophe occurred about 35.7 Ma years. It is 
one of the largest impact craters on the earth; 
its diameter is more than 100 km. Diversity 
of rocks subjected to impact metamorphism 
stipulated developing of all types of impact 
rocks and minerals known on the Earth, inclu-
ding the world’s largest repository of technical 
impacted diamonds. Thus the geosite con-
forms to such criteria as rarity, uniqueness 
and geodiversity.

ConCluSIon
Most of the protected geosites have an of-

ficial status of regional significance nature 
monuments and represent geomorphological 
and hydrogeological objects (sites) regardless 
of their scientific importance. Their selection 
was carried out according to their scenic be-
auty, balneological or cult significance. It is 
suggested to reveal geosites on a basis of 
their conformity, at least to one of the crite-
ria reflecting their scientific, educational or 
historical and cultural significance. The pro-
posed classification covers all variety of ge-
osites included into the geosites DB, created 
by the authors. Some 1,000 geosites of world, 
national and regional significance mainly 

Fig. 3. View on the lake of the Ruskeala main quarry from the tourist path.

of stratigraphic, palaeontological, ore-litho-
petrological and mineralogical types are kept 
in the DB.  As a rule, the selected geosites 
correspond to several criteria, but most of 
them (64%) were selected first of all on the 
basis of “representativeness” criterion. 41% 
of geosites were selected due to their educa-
tional significance. 38% of geosites are rare 
or unique. Geodiversity is presented at 34% of 
geosites, and 16% of geosites were selected 
owning to active on-going geological proces-
ses. Thus, DB of Russia’s geosites created on 
a basis of the methodology discussed in the 
paper contains geosites, which differ essen-
tially from those registered at the state level. 
They have above all a high scientific value, 
as well as educational, historical and cultural 
ones. Approval the methodical recommenda-

tions considered in the paper at the state level 
as well as DB of Russia’s geosites as an annex 
to it will be the first step towards conservation 
of the national geological heritage.
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aBStraCt

T
he palaeontological heritage of Araripe 
Geopark has a worldwide recognition 
due to the diversity and quality of fos-
sils that occur in the Santana Forma-

tion (Lower Cretaceous). Unfortunately, this 
rich heritage has been under threat due to 
various reasons: illegal collecting, quarrying, 
inadequate legislation, and ineffectiveness of 
authorities. The solution depends on federal, 
state, and local initiatives. The Araripe Ge-
opark can play an important role in the life 
of local communities, namely by promoting 
a better knowledge on the region natural and 
cultural richness and by enhancing a sense of 
pride, which in turn can lead to the improve-
ment of fossil conservation.

IntroDuCtIon
The Araripe Geopark is located in the 

southern part of Ceará State in northeastern 
Brazil (figure 1). With an area of 3,796 km2, it 
is almost entirely situated in the Araripe sedi-
mentary basin, and it integrates the munici-
palities of Barbalha, Crato, Juazeiro do Norte, 
Missão Velha, Nova Olinda and Santana do 
Cariri. The Araripe Geopark  was the first geo-
park of the American continent to be included 
in the Global Geoparks Network (GGN) in 2006 
with the support of the Government of the 
Ceará State, which considers it an important 
socio-economical development project.

Due to the international relevance of Lo-
wer Cretaceous palaeontological record, the 
Araripe Geopark is well known throughout the 
world. The palaeobiodiversity of Araripe ba-
sin suggests that a favourable environment 
for life associated with special conditions 
of post-death existed there in the past. Both 
conditions were determinant for the excep-
tional preservation of fossils occurring in the 
famous Santana Formation constituted by the 
Crato and Romualdo members (figure 2). The 
Crato Member has multiple fossils: plants, 
arthropods, molluscs, fishes, amphibians, 
pterosaurs and birds’ feathers, all typical of a 

Fig. 1 - Location of the Araripe Geopark. 1- Santana do Cariri; 2- Nova Olinda; 3- Crato; 4- Juazeiro do Norte; 5- Barbalha; 
6- Missão Velha (modified from Geopark Araripe, 2010).

Fig. 2 – Some examples of the richness of the Araripe fossils; A, Brachyphyllum obesum Heer, 1881; B, Cordulagomphus 
fenestratus Carle & Wighton, 1990; C, Arariphrynus placidoi Leal & Brito 2006; D, Araripemys barretoi Price, 1973; E, Neopro-
scinetes penalvai Figueiredo & Silva Santos; F, Cladocyclus gardnery Agassiz, 1841 (Moura et al., 2006; Saraiva et al., 2010).

lower lacustrine sequence. On the other hand, 
the Romualdo Member represents an upper 
estuarine sequence with outstanding fossils 
of plants, arthropods, molluscs, echinoids, 

fishes, theropods dinosaurs and a variety of 
pterosaurs (Carvalho & Santos, 2005).

Illegal collecting 
In spite of the existence of legislation 

regarding fossil protection (Abaide, 2009), 
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illegal collecting constitutes a major pressu-
re on the Brazilian palaeontological herita-
ge. Like in many other countries, fossils are 
considered cultural heritage but the Institute 
for National Artistic and Historical Heritage 
(IPHAN) doesn’t act accordingly. The National 
Department of Mineral Production (DNPM) is 
another federal institution responsible for 
the control of fossil sites and for permissions 
regarding fossil scientific collecting. Never-
theless, due to staff limitations and to the 
huge extension of fossiliferous regions in Bra-
zil, DNPM actions are not enough to prevent 
illegal colleting of fossils.

Quarrying
The Santana Formation is very important 

for the local and national economy due to the 
exploitation of gypsum deposits and to the 
use of laminated limestone as ornamental 
rock. Most of the fossils of the Crato member 
occur in laminated limestone quarries and for 
many years this was an uncontrolled activi-
ty. The rocks of the Romualdo member occur 
near the surface and for most quarries they 
are considered a waste material that needs to 
be removed before reaching the gypsum and 

limestone layers. Many fossils are destroyed 
during this process or taken by local workers 
to be illegally sold to nationals and foreigners. 
The involvement of quarry workers in fossil 
selling is hard to stop due to their low salaries, 
low socio-educational levels, and no sense of 
pride concerning the existence of this rich and 
distinct heritage. 

poSSIBle SolutIonS
The protection of fossils has paramount 

importance to Araripe Geopark managers; 
they are facing the continuous loss of heri-
tage with international relevance. Unfortu-
nately some of the foreseen solutions are not 
possible to be implemented by them alone: 
the unsuitability of the existing legislation 
and the difficulties in the DNPM can only be 
solved by the federal government. Neverthe-
less, the geopark can do an important work 
with local communities especially in what 
concerns formal and non-formal education. 
Bringing together teachers, students, mining 
companies, DNPM, and the general public is 
something that the geopark can do in order 
to raise the awareness of the importance of 

Araripe fossils. Geopark managers are also 
promoting technical discussions about legal 
fossil protection. The desired and necessary 
change in local society is not a short-term 
endeavour but good results concerning the 
sustainability of this very important heritage 
will take place.
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aBStraCt 

T
he coastline of Albania with a length of 
427 km has a variety of land forms such 
as sandy beaches, capes, bays, lago-
ons, gravel beaches, caves, etc. Along 

this shoreline exist a number of monuments 
of nature (geomonuments, hydromonuments, 
biomonuments) of scientific, touristic, and 
educational value. A considerable part of 
the geomonuments is included in the list of 
the monuments of nature, the third category 
of protected areas, according to the law for 
the protected areas. The most important co-
astal geomonuments to mention are: Plazhi 
i Gjeneralit (General’s beach), Carina beach, 
Kallmi beach, Shenpjetri beach etc.. Besides 
beaches, there are also a number of other 
geomonuments with natural, cultural and hi-
storical values that are declared monuments 
of nature such as: Pirates’ cave, Grama cave, 
Shenpjetër cave, Surian cave etc.. The presen-
ce of these geomonuments along the coastli-
ne adds to the tourism values of this area, but 
so far the values of these geomonuments are 
not yet recognized and promoted. Precisely the 
purpose of this paper is to identify the scienti-
fic and touristic values of the geomonuments 
alongside the coastal area of Albania.

GeomorpholoGy of the CoaStal Zone
The coastal area of Adriatic Sea has a 

field-hilly landscape, dominated by the pro-
cess of accumulation, while the coastal area 
bordering the Ionian Sea is characterized 
by mountainous relief. The coastal area of 
Adriatic Sea has a complex geological and 
geomorphological construction as a result of 
its history of formation and different rocks. 
The morphotectonic and morphological evolu-
tion of the coastal lowland of the Adriatic Sea 
started during the Pliocene-Quaternary and 
continues even today. The coastal lowland is 
built by some anticline and syncline struc-
tures which contain molasses from middle 
Miocene and Pliocene. Above these deposits 
are placed quaternary deposits forming a flat 
relief (Gruda, 2010).

 The coastal area along the Ionian Sea 
is part of the Ionian tectonic zone. This area 

is built in the Upper Triassic and the oldest 
rocks of this area are the evaporite deposits of 
the Permian-Triassic. Above them lays a thick 
deposit formed by the limestone dolomites of 
the Upper Triassic and limestone rocks of the 
Upper Jurassic-Cretaceous-Paleocene. Along 
the Ionian coast the Cretaceous limestone are 
encountered in Karaburun peninsula and Llo-
gara and the carbonate rocks in Dhermi. The 
Paleocene flysch is found in Borsh but even 
Quaternary deposits such as those of Palasa 
coast and a part of the coast of Borsh.

Associated with geological construction 
but even with the geomorphological evolu-
tion along the Albanian coastal zone there 
are several types of beaches such as sandy, 
gravel and rocky beaches. Sandy beaches 
stretching along the Adriatic coast are tho-
se of Velipoja, Shengjin,  Lalzi Bay, Spille, 
Divjaka, Seman, Talja etc.. Rocky beaches 
are those that stretch along the Ionian co-
ast, but also the beaches such as Bardhori 
(Kavaja) and Currila in Durres. Some of these 
beaches as well as a number of sand dunes, 
capes, caves, small islands, etc. are declared 
monuments of nature for their geological, ge-
omorphological, and biodiversity values. The 
inclusion of these geomonuments in the list 
of the protected areas, not only increases the 
commitment to protect them, but also adds to 
the geo touristic values to the Albanian coast.

GeomonumentS alonG the CoaStal 
area

Changes in law for protected areas have 
changed the geomonuments’ list nationwide 
but also in coastal areas. In 1998 in the whole 
country there were 168 geomonuments while 
in coastal areas they were only 26. In 2002 
the number of the geomonuments increased 
both nationwide (248) and in the coastal zone 
(39). In 2008 there were in total 291 geomo-
numents 49 of which on the coast and in 2011 
this number increased to 398 geomonuments 
around the whole country, and 51 along the 
coast or 18% of the total number of geomo-
numents (MEFWA, 2010).

The cape and cliffs of Rodon. This geomo-
nument  is located in the northern part of Lalzi 
bay and entirely consists of Neogene molas-
ses. This cape is surrounded by cliffs about 
70-150 m high. It has rich flora and fauna 
and offers a very beautiful landscape. In this 

cape there is also a castle and a church of the 
Albanian National Hero (xV century). This geo-
monument has geological, geomorphological, 
historical and ecological values. 

Kavaja rock is situated near Shkallnur vil-
lage and is about 105 m high above sea level. 
This rock is made of sand, cemented clay and 
partly conglomerate of Neogene age. The cur-
rent interesting shape of the rock is created 
by the wind activity and the traces of the cor-
rosion and deflation are clearly evidenced on 
the rock. This geomonument has geological, 
geomorphological and aesthetic values.

Rëra e hedhur (Sand cast) is located in the 
northwest of Shëngjin port. It consists of sand 
dunes accumulated by the wind at the bot-
tom of the slope. The sand hills have rounded 
forms on the surface, but their shapes are 
continuously changed by the wind from year to 
year. The sand is composed of light minerals 
such as quartz, mica, etc.. The uniqueness of 
this geomonument is that it represents a sand 
pile accumulated by the wind on a high ro-
cky coast. This geomonument has geological, 
geo-morphological, ecological and touristic 
values and can be visited from the sea, but 
also from Velipoja and Shengjin.

Plazhi i Gjeneralit (General’s beach) is si-
tuated between two rocky capes and is formed 
by the accumulative activity of sea waves. It 
has the shape of a horseshoe and is sur-
rounded by hills, whose gentle slopes about 
100 m high are covered by Mediterranean ve-
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getation such as: laurel, heather, mare, etc. 
Both rocky capes in the north and south of the 
beach are built by neogenic sandstones and 
conglomerates. What makes this beach with 
pure sand so special is the sea turtle (Caretta 
caretta), which, at the time of breeding, lays 
down eggs on this beach. This geomonument 
has geological, geomorphological, biodiversi-
ty and touristic values.

Shpella e Piratëve (The Pirates’ Cave) is 
located in Vlora bay in a marine cliff where the 
monastery of St. Todhri is built. It represents 
a karstic cave carved in limestone rocks. The 
entrance to the cave is in the water and in 
its first meters the cave has water and fallen 
rocks. A piece of rock in the form of a column 
divides the entrance into two parts. The cave 
has a length above 30 m, and 8 m width, while 
the height reaches about 10-12 m (GEF, 2006). 
The cave has two chimneys. One of them goes 
up and crops out on the slope of the hill, but 
it is not yet known where the other one leads. 
This cave has geomorphological, cultural and 
touristic values and can be reached by boat 
from Jala or Dhërmi beach.

Gjipe Canyon is located downstream of 
Gjipe stream, between Vuno and Ilias villages. 
This canyon represents a narrow gorge formed 
by the corrosive activity of Gjipe stream and 
karstic processes. At the bottom of the canyon 
there are some rocks fallen from the slopes 
or brought down by the stream. Gjipe Canyon 
has geological, geomorphologic and touristic 
values.

manaGement of CoaStal 
GeomonumentS 

For the conservation, management and 
sustainable use of protected areas and na-

tural resources in Albania a number of laws 
operate such as the Law on protected areas, 
environmental laws, etc.. The legislation for 
the protection and management of geomonu-
ments is of European standards, but its en-
forcement has still major deficiencies mainly 
due to lack of funding and management plans 
for geomonuments. There are a number of 
institutions responsible for the functioning 
of these laws, the maintenance of geomo-
numents and other valued assets along the 
touristic coastal area such as: Ministry of 
Environment, Forests and Water Administra-
tion, Ministry of Tourism, Culture and Sports, 
Regional Environmental Agencies, Regional 
Forests and Pastures Directories, the admi-
nistration of the protected areas at county, 
municipality and district level, NGOs, etc.

Despite the laws and responsible insti-
tutions, a part of geomonuments on the coa-
stal zone are affected by human intervention. 
Recently the fast touristic development has 
significantly damaged the natural envi-
ronment of General’s Beach. As a result of 
overcrowding of the beach in summer time, 
the sea turtles are rarely seen. Also Shenpjeter 
beach, Bardhori cliffs, Saranda plates etc., 
are being damaged by touristic constructions 
in absence of long term urban planning. The 
same situation is happening in Kavaja rock 
surrounded by numerous buildings.

ConCluSIon
The coastal area of Albania is very rich 

in various types of geomonuments such as: 
beaches, cliffs, caves, sand dunes, capes, etc 
that bear great scientific, aesthetic, touristic 
and economic values. The presence of the-
se geomonuments adds value to the coastal 

zone and enriches the touristic tours. Howe-
ver despite the natural and cultural values 
of these geomonuments, they are still little 
frequented and known by tourists. This is due 
to poor promotion of these geomonuments va-
lues and poor quality of infrastructures. Even 
though these geomonuments are included in 
the protected areas list, still part of them have 
been damaged in recent years due to human 
interventions.
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Geoconservation in land use 
planning

aBStraCt  

G
eoconservation is the protection, 
preservation and management of the 
abiotic nature. Classical geoconser-
vation is about defining geosites by 

inventories and evaluations and secure these 
by management, monitoring and legislation. 
An important supplement to the classical 
geoconservation is geoconservation in land 
use planning. This includes the integration 
of geodiversity and geoheritage in existing 
protected areas such as national parks, the 
management strategies to secure sustaina-
bility in geoparks as well as the integration 
of geodiversity and geoheritage in local plan-
ning and environmental impact assessments, 
and national and international guidelines for 
planning. Geodiversity in land use planning 
is a supplementary activity to the classical 
geoconservation. Both are needed to embrace 
the complexity of geodiversity in management 
systems on all levels from the very local to 
the international. Geodiversity in land use 
planning is often linked to the local repre-
sentativeness of geodiversity rather than to 
rare occurrences. The link to landscape and 
local landscape strategies are important and 
the multidisciplinary element is normally 
stronger than in classical geoconservation. 
Geoconservation in land use planning is stra-
tegies that make geoconservation covering all 
elements of geodiversity i.e. our common and 
general natural heritage.

IntroDuCtIon
Geoconservation has a long history in Eu-

rope (Erikstad 2008) but has lately been vi-
talised through better specifications of aims 
and methods and the introduction of terms li-
ke geodiversity and its relation to geoheritage. 
Geodiversity is the natural range of geologi-
cal rocks, minerals, fossils, geomorphological 
forms and processes as well as soil features. 
It includes their assemblages, relationships, 
properties and systems (Gray 2004). Geologi-
cal heritage is an integral part of the global 
natural heritage – it encompasses the special 
places and objects that have a key role in our 
understanding of the history of the Earth – its 
rocks, minerals and fossils, and landscapes 
(ProGEO 2011). Geosites are localities or are-
as showing geological features of intrinsic in-
terest - features that allow us to understand 

the history of the Earth – its rocks, minerals 
and fossils, and landscapes (ProGEO 2011, 
adjusted).

Nature conservation is the protection, 
preservation, management, or restoration of 
wildlife and of natural resources such as fo-
rests, soil, and water (www.thefreedictionary.
com), and a simple definition of geoconser-
vation is therefore conservation of the abiotic 
part of nature i.e. the geological heritage in a 
restricted sense, geodiversity in a general sen-
se. Geoconservation concerns the protection 
and management of our shared geoheritage. 
It spans from strong regulation and protection 
of geosites to more general conservation and 
planning measures were appropriate. 

The geoheritage is defined on the basis 
of the world’s geodiversity (Erikstad 2012 
with references). Geodiversity is an increa-
singly accepted term that parallels the term 
biodiversity. Together they form what can be 
referred to as nature diversity, something 
we do not want to impoverish. Geodiversity 
is a complex term, as the diversity is about 
all the variation in the abiotic part of nature. 
Discussing geodiversity is therefore a matter 
of celebrating this complexity at the same ti-
me as to understand it within all segments of 
geographic scales and scientific disciplines 
(http://www.progeo.se/nordgeodiv.htm). 

GeoConServatIon In lanD uSe 
plannInG

Geoheritage value can be defined in diffe-
rent scales (both in terms of geographic scale 
and their level of value). Some sites have a 
clear international value, but geodiversity can 
also be described and valued on local levels, 
even down to small plots of land. My garden 
for example does not have much real nature 
in it, but I have one geodiversity element, a 
volcanic dike of Permian age intruded in Si-
lurian shale. My neighbour has a Weichselian 
erratic in its park. We both have elements of 
geodiversity in our build environment, which 
give our gardens elements to treasure.

The activity of defining geosites throu-
gh inventories, evaluation and implement 
conservation measures on these geosites to 
prevent their destruction are often defined 
as the aims of geoconservation (Henriques 
et al. 2011). This perspective of defining and 
protecting sites is called classical conserva-

tion (Bäurle 2001, Adomßent & Stoltenberg 
2011). It is, however, realised that nature con-
servation also must be integrated in a wider 
framework to facilitate both the complexity of 
nature diversity and society. Therefore it is 
needed to widen the aim of geoconservation 
in the same way that can be seen in nature 
conservation generally. 

Nature protected areas are normally esta-
blished without a firm connection to geohe-
ritage values. It is therefore a major task to 
analyse such areas and establish an under-
standing of their geodiversity profile, define 
their geoheritage values and include these 
in the management framework of the areas. 
As the aim of this activity is not to establish 
new protected areas, but to supplement the 
management of existing protected areas with 
the geoheritage perspective, this is one of the 
tasks we can define under geoconservation in 
land use planning. Methods are often a com-
bination of classical geoconservation inven-
tories and general geodiversity analysis that 
are integrated as a part of the management 
even outside defined geosites.

The tradition of geoconservation has 
always included an element of use in the way 
that interpretation of sites for a wider public 
has been included in management strate-
gies. Scientific use and reference has been 
an important value criterion, but so has also 
education and public experience. In the last 
decades this has been exemplified in a most 
recent and successful strategy – the geopark 
movement. Geoparks are linked to the aim of 
sustainable use of geoheritage together with 
other natural and cultural elements to pro-
mote local economic development. In itself 
this is not geoconservation, but the aim of 
sustainability links a clear geoconservational 
management imperative to the geopark prac-
tice. Geoconservation is therefore important 
for the geoparks. This will normally include 
a variety of strategies closely linked to the 
planning tools of the geoparks and here defi-
ned as a part of geoconservation in land use 
planning. Sustainability is easy to state, but 
sometimes very difficult to achieve. This is 
true not only for geoparks, but for all sorts of 
geosites, protected or not. The link between 
geoconservation in land use planning and 
classical geoconservation is therefore strong.
Local geodiversity management can of course 
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be organised as a downscaled classical geo-
conservation concept. However, there are two 
reasons that this may be of limited value. 
Local resources for inventories, management 
plans and practical management are low and 
as classical geoconservation will concentrate 
on a relatively few number of specific sites, 
a large part of the local geodiversity may be 
found outside them. Geodiversity has an im-
portant impact on landscape character, and 
to incorporate this in the local planning, the 
efforts must be both multidisciplinary and 
on a more general level that can be covered 
by traditional geosite management. These 
attributes to the landscape will best be eva-
luated as representative features in the local 
landscape rather than rare features. Often 
the geographical distribution and the scale 
of these features are large, widespread and 
difficult to delimitate into specific geosites 
(Figure 1), which also underpins the need to 
supplement classical geoconservation stra-
tegies with strategies that incorporate geo-
diversity and geoheritage values in existing 
local planning aims and practice.

The last important element of geoconser-
vation in land use planning is linked to central 
policies that give guidelines for local plan-
ning, environmental impact assessments 
(EIA), strategic environmental assessments, 
environmental incidence (or risk) asses-
sments etc. The integration of geoheritage 
understanding and geoconservation action 
within these fields is an important geocon-
servation task in land use planning.

ConCluSIon:  
Geoconservation in land use planning can 

be divided into four major subgroups:
•	 Geoheritage	and	geodiversity	 inte-

gration in management for existing nature 
protected areas and cultural heritage protec-
tions, such as mining heritage, use of monu-
mental stones, etc.

•	 Securing	sustainability	within	geo-
tourism (for example as a major strategic ac-
tivity safeguarding the geodiversity resource 
of geoparks).

•	 Geoheritage	 and	 geodiversity	 in-
tegration in local planning as well as envi-

ronmental impact assessment etc., normally 
in a multidisciplinary setting.

•	 Geoheritage	and	geodiversity	inte-
gration in national and international guideli-
nes for planning.

Geoconservation in land use planning is 
not an alternative to classical geoconserva-
tion. It is a supplement to classical geocon-
servation strategies. As nature diversity is 
diverse and complex our strategies to take ca-
re of nature heritage (geoheritage included) 
must be diverse. A multitude of strategies 
that works under different conditions and in 
different nature and legislative settings has 
the potential of synergy and mutual local, 
national and international inspiration. Espe-
cially in times with limited manpower and 
economic resources this may be an important 
asset to secure the aims of geoconservation.
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aBStraCt

S
tarting from the outcomes of many 
activities and projects promoted and 
carried out by SIGEA (Italian acronym 
for “Italian Society of Environmental 

Geology”) with different partners at national, 
regional and local scale, this paper presents 
some considerations to illustrate how Envi-
ronmental Geology should contribute with 
important innovation in the development of 
geoconservation management strategies.

Environmental Geology is not linked to 
an anti-industry/development philosophy, its 
purposes and perspectives are sustainable 
use and management of natural resources. 
Therefore, it could provide a good way for the 
development of geoconservation manage-
ment, ensuring a rational use, protection and 
monitoring of the most significant geosites 
in order to prevent threats and through legal 
and policy means at regional scale, where the 
decision making processes are often aimed at 
local economic development.

Froma point of view, there is a need to 
acquire a better sensitivity and awareness 
towards the geological heritage and all ge-
odiversity, mainly in urban areas, where the 
human-nature relationship has taken a criti-
cal configuration. 

IntroDuCtIon
With regard to geodiversity, the under-

standing that our planet is increasingly th-
reatened, generates feelings of anxiety and 
helplessness, but it also pushes many peo-
ple to react against the consequences of a 
socio-economic development not rightly ba-
lanced. The awareness that the future of the 
environment, included the geological heritage 
and the geodiversity in general, depends from 
our capacity of meeting challenges, raised by 
a diversity of key players (earth scientists, 
conservation practitioners, public authori-
ties, landowners, etc.) working for nature 

conservation and sustainable development, 
is slowly increasing.

In this scenery, some considerations on 
the role of the Environmental Geology in the 
development of Geoconservation manage-
ment strategies are illustrated by initiatives 
and projects promoted by the SIGEA, an Ita-
lian association of experts and professionals 
in the field of the Environmental Geology (Ge-
remia et al., 2012).

First of all, it is important in deepening 
and improving the understanding of the rela-
tionship between these two recently evolving 
Earth Science disciplines: Environmental 
Geology and Geoconservation. The first one 
is essentially a branch of geology that stu-
dies the interaction of human activities with 
earth environment, hazards and resources; 
the second one is basically considered as an 
emergent geoscience within the Earth and 
Space Sciences, whose main purpose is the 
conservation of geosites as basic units of the 
geological heritage through the implementa-
tion of specific inventory, evaluation, conser-
vation, valuation and monitoring procedures 
(Henriques et al., 2011).

envIronmental GeoloGy
Environmental Geology is an applied 

Earth Science concerning interpretation, stu-
dy and solution of environmental problems, 
that need an extensive interdisciplinary ap-
proach, embracing all the aspects of geology 
and socially oriented. It can also be delineate 
as the application of geological information 
to the entire spectrum of interactions between 
people and environment (Gisotti, 2003). 

Consequently, if the Environmental En-
gineer has a duty to implement the best 
technologies to the issues of the environment 
and the ecology, the Landscape Ecologist to 
focus on the effects of landscape structure 
and dynamics on ecological processes and 
patterns, the Applied Geologist to provide ge-
ological information more useful and efficient 
for solving geological-technical problems, the 
Environmental Geologist completes their con-
tributions to understand the environment by 

identifying the most suitable techniques and 
methods to generate the minimum impact 
and retrieve the situations already compro-
mised. 

In view of that, other main purpose is to 
define and evaluate the degree of degrada-
tion of a site, as consequence of disturbances 
caused by human activities, e.g. applying the 
procedures of Environmental Impact Asses-
sment (EIA) and Strategic Environmental As-
sessment (SEA).
GeoConServatIon

Geoconservation is a current term, in sub-
stitution of a preceding expression “geologi-
cal and geomorphological conservation”, that 
has been defined as “the preservation of spe-
cial geological sites areas and specimens for 
different use (scientific research, education, 
training and promotion of good conservation 
practice)” in a recent publication issued by 
ProGEO (2011).

Otherwise, Geoconservation has been de-
fined by Burek (2012) as “a process which 
starts with mere awareness of geodiversity 
existence followed by valuing and apprecia-
tion, recognition of the threats, protection 
through legislation and ends with inclusion 
of geoconservation within a holistic or in-
tegrated landscape scale approach to con-
servation” and by Hose (2012) as “the act 
of protecting geosites and geomorphosites 
from damage, deterioration or loss through 
the implementation of protection and ma-
nagement measures”, functional also to the 
improvement of three main components of su-
stainable development (environment, society 
and economics).

All these concepts and principles repre-
sent the starting point of Geoconservation 
as scientific discipline, that can be differen-
tiated in three different fields of action and 
research: a basic geoconservation for classi-
fication of the geological heritage, an applied 
geoconservation for its conservation and a 
technical applications of geoconservation for 
its valuation (Figure 1).
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Potential innovation and actions of Environmental Geology 

 To understand the threats and 
how they can be avoided or 
minimized 

 To give a contribute for 
mapping and assessing 
geosites, together with their 
monitoring 

 To support and make stronger a 
holistic approach, that is 
complementary and synergic to a 
reductionist perspective 

 To emphasize and promote the 
understanding of on-going 
geological processes with respect 
to the knowledge of single 
landscape elements 

 To share geological information 
applied to geoconservation 
management  

 To encourage a greater 
interdisciplinary collaboration in 
the promotion of knowledge and 
sustainable use of geological 
heritage 

"

Basic Geoconservation Applied Geoconservation Technical applications of 
Geoconservation 

 To recognize scope and 
methods, production and 
validation of knowledge 

 To realize inventory and 
evaluation procedures on the 
implementation of subsequent 
conservation, valuing and 
monitoring of geoheritage 

 To establish interrelations with 
other earth sciences with an 
interdisciplinary and holistic 
approach 

 To provide relevant knowledge for 
and integrate relevant meaning of 
other scientific disciplines 

 To use and produce specific 
knowledge of technical nature 
allowing the establishment of 
strong links with the society 

 To carry out the production of 
materials, methods and/or 
scientific services useful to society 

Fig.. 1 – The role of Environmental Geology: perspectives, potential innovation and actions for each of three dimensions of Geoconservation (modified from Henriques et al., 2011).

the role of envIronmental GeoloGISt 
Geoconservation management, especially 

if applied with GIS tools and in the early stage 
of input relative to the planning process, is a 
relatively new concept to most people com-
pared to biological conservation management 
(Erikstad, 1999; Burek, 2012). It needs en-
couragement at all levels as well as publicity 
and marketing.

In Italy, some regional administrations 
have already applied laws to protection of 
geological heritage, while other public insti-
tutions have produced methodological issues 
or management plans and/or projects (nature 
conservation, land-use planning, etc.) invol-
ving professionals and researchers in the 
field of Environmental Geology and members 
of the SIGEA. In this panorama several con-
siderations are introduced to put in evidence 
the perspectives of Environmental Geology in 
each of three dimensions of Geoconservation:

 understanding and minimizing the thre-
ats in Basic Geoconservation.

The aim of the Basic Geoconservation is 
the classification of the geological heritage of 
the Earth and the main fields of action and 
research are to recognize scope and methods, 
production and validation of knowledge and 
to develop inventory and evaluation proce-
dures on the implementation of subsequent 
conservation, valuing and monitoring of geo-
logical heritage (Henriques et al., 2011).

In a context of a continuing research deve-
lopment on the best quantitative assessment 
methodologies and inventory procedures (Bru-
schi et al., 2011; Pena dos Reis & Henriques, 
2009; Wimbledon, 2005), that could diminish 
the level of subjectivity, it is marked the need 
for a dynamic value assessment system. It 
increases with the use of database modelling 
or digital analysis of map data (GIS), but the 
lack of communication between disciplines, 
with different traditions in value assessment, 
makes the situation complex (Erikstad et al., 
2008).

On the other hand, it is also evident the 
need for a more adequate prevention and 
protection of the geosites by potential human 
induced threats (e.g. urbanization, human 
induced coastal erosion, waste disposal, mi-
neral/aggregate extraction).

In Italy, there is a great variety of geo-
sites of international and national relevance 
that are associated to highly sensitive and 
vulnerable areas. A typical example is the 
geological heritage of the Aeolian Islands 
(South Tyrrhenian Sea), included in the UNE-
SCO’s World Heritage List for the natural as-
sets since 2000 and characterized by a great 
diversity of volcanic coastal features with 
plunging and composite cliffs, pocket bea-
ches, stacks, sea arches and caves (Geremia 
& Massoli-Novelli, 2005).

In the context of a national project promo-
ted by SIGEA, twelve coastal geomorphosites 
of high scientific and educational value and 

two geological itineraries by boat have been 
individuated and tested along the coast of 
Lipari and Stromboli (Geremia & Massoli-No-
velli, 2005). It has been carried out taking into 
consideration the evaluation of high levels of 
vulnerability, induced by increasing tourism 
facilities, and of sensitivity caused by natural 
hazards (e.g. volcanic landslides).

In this field of research and action (Basic 
Geoconservation), the role of the Environmen-
tal Geologist is to understand the threats and 
how they can be avoided or minimized, and 
to give a contribute for mapping and asses-
sing geosites, together with their monitoring, 
mainly in urban areas (Figure 1).

Supporting a holistic approach in ap-
plied Geoconservation

The aim of Applied Geoconservation is 
the conservation of the geological heritage 
of the Earth and the main fields of action 
and research are to establish interrelations 
with other earth sciences with an approach 
interdisciplinary and holistic and to provide 
relevant knowledge for and integrate relevant 
meaning of other scientific disciplines, inclu-
ded the Environmental Geology (Henriques et 
al., 2011).

Driven by the development of the knowled-
ge in the field of geology and technology, many 
researchers have further focused more and 
more specific fields of earth science with a 
reductionist perspective. As a consequence, 
considering also the complexity of the Earth 
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systems and the multitude of the factors in-
volved, the management and the assessment 
of the geological heritage inevitably becomes 
a complicated task. In particular, it is most 
tricky to preserve relevant geosites, when the-
se are sited in urban areas and yet not totally 
integrated into broader urban development 
planning. On this theme, recent studies have 
been effectuated in Rome metropolitan area 
with the development of tools for mapping, 
assessing, protecting and managing “urban 
geosites” (Fabbri et al., 2010).

Instead, on the interaction between line-
ar infrastructures and geoheritage in Italy, 
environmental geologists and other experts 
have been working together to make public 
guidelines (Bentivenga et al., 2010). As a 
result, it has highlighted the importance of 
proper assessment on possible alternatives 
in planning phase and mitigation of potential 
threats.

In this field of research and action (Ap-
plied Geoconservation), the role of the Envi-
ronmental Geologist is to support and make 
stronger a holistic approach. So that it is no 
alternative to a reductionist perspective, but 
complementary and synergic to know better 
the geosites in their entirety and interdepen-
dence with on-going geological processes 
(Figure 1). Furthermore, this task is coherent 
with the “call for holistic and integrated ap-
proaches to sustainable development which 
will guide humanity to live in harmony with 
nature and lead to efforts to restore the he-
alth and integrity of the Earth’s ecosystem” 
(United Nations, 2012). 

Sharing geological information in tech-
nical applications of Geoconservation

The aim of the Technical Applications of 
Geoconservation is the valuation of the geo-
logical heritage of the Earth. The main fields 
of action and research are to use and pro-
duce specific knowledge of technical nature 
allowing the establishment of strong links 
with the society (scientific research, nature 
conservation, land-use planning, education, 
geotourism) and to carry out the production of 
materials, methods and/or scientific services 
useful to society (Henriques et al., 2011).

In these last years, SIGEA has promoted 
many activities in the sector of education and 
information, also supporting “good practices” 
in administration and specialization courses, 
giving efficient responses to specific requests 
of prediction and solution of environmental 
problems, mainly those related to urban and 
protected areas. 

Another important aspect is to improve 
knowledge of geoheritage and geodiversity 
to a wider public, including teachers and 
students of all grades. This includes not only 
rigorous scientific reviews and assessments, 

but also and above all public information, 
participation and involvement in decisional 
and educational systems, because we are 
responsible for the environment and the lan-
dscape, avoiding the elderly dualism between 
the Biodiversity and the Geodiversity. 

In this field of research and action (Tech-
nical Applications of Geoconservation), the 
role of the Environmental Geologist is to 
share geological information applied to geo-
conservation management strategies and to 
encourage a greater interdisciplinary collabo-
ration in the promotion of knowledge and su-
stainable use of geological heritage, also with 
experts of interconnected fields of research 
such as geoethics, geohistory, geointerpreta-
tion, geoeducation, etc. (Figure 1).

ConCluSIon
At the present time, the human-nature re-

lationship has taken a critical configuration, 
and rightly felt by many as an ethical issue. 
The relationship between human activities 
and geological heritage especially deserves 
further participation and education strate-
gies. These should involve the associations 
of environmental protection at national level 
(e.g. the SIGEA), called to give their contribu-
tion to this crucial requirement for more infor-
mation and formation. Probably, this underta-
king will be successful only with a change in 
school curricula, strengthening the teaching 
of earth science. 

From the SIGEA point of view, it has come 
the time for each of us to have a greater re-
spect and sensitivity towards the geological 
heritage (and all the geodiversity) mainly in 
urban areas, where the human pressure is 
strong. 

A second point concerns the need to 
clarify and articulate better the role of the 
Environmental Geology in the development 
of the Geoconservation management stra-
tegies. It seems particularly important that 
Environmental Geologists make a clear choi-
ce regarding the geoconservation purposes 
when they are called to efficient and effecti-
ve application of geological information. They 
could ensure a rational use, protection and 
monitoring of the most significant geosites 
in order to prevent threats and through legal 
and policy means at regional scale, where the 
decision making processes are often aimed at 
local economic development.
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Fig. 1: Location of Giant’s Causeway and Causeway Coast 
World Heritage Site

T
he principle of Outstanding Universal 
Value (OUV) forms the foundation of 
the World Heritage Convention and by 
definition suggests that natural and 

cultural World Heritage Sites are irreplacea-
ble. This paper discusses the current race to 
develop and make use of visually impressive 
and artistic digital tools which document 
heritage sites. Whilst applauding the con-
tribution these techniques make to records 
of local, national and global heritage, such 
techniques should not replace practical con-
servation initiatives. Attempts to develop 
management strategies at dynamic sites 
have relied heavily on the ability of techno-
logy to provide substitutes through remote 
access. To improve conservation of natural 
sites technology must support rather than 
substitute geoconservation measures. As a 
tourism ‘honeypot’, the Giant’s Causeway is 
Northern Ireland’s most significant heritage 
resource. The site, beset with slope failure and 
visitor safety hazards, represents a contested 
space, around and within which stakeholders 
capitalise on the world class values. Digital 
documentation involves collecting a range 
of natural heritage data within a single Ge-
ographical Information System (GIS). Slope 
failure and visitor data are collected using 

Global Positioning System (GPS) technology 
and the site is scanned using terrestrial Light 
Detection and Ranging (LiDAR) to produce a 
3D model. This enables development of inte-
grated hazard assessment techniques which 
provide managers with tools necessary to 
make informed decisions. The approach re-
presents a shift from re-active to pro-active 
management and promotes expansion of the 
geoconservation toolbox through appropriate 
application of digital technologies.  

IntroDuCtIon
Natural heritage can be considered a ca-

talogue of inherited “flora and fauna, geolo-
gical and physiographical features, natural 
beauty and amenity” (SNH, 2003). Dynamism 
is a common feature of natural heritage si-
tes and in many cases recognition of natural 
change has been a central tenet of their de-
signation (Smith et al. 2010). As a tourism 
‘honeypot’, the Giant’s Causeway, located on 
the north coast of County Antrim (Figure 1) is 
Northern Ireland’s key heritage resource and 
represents a contested space around and 
within which stakeholders capitalise on the 
world class aesthetic, scientific, educational, 
historical and cultural values. Described as 
a ‘spectacular, dynamic coastal landscape 
of Atlantic waves, rugged cliffs, unparal-
leled geological formations, secluded bays 
and magnificent views’, slope failures and 
visitor safety issues present challenges for 
the National Trust, who are constrained but 
financially supported through application of 
a range of bio-centric conservation designa-
tions (EHS, 2005).  

At the Giant’s Causeway problems related 
to slope instability are complex and their re-
sponse to environmental change may result in 
frequent, hopefully temporary closure of the 
visitor footpath network (Orford et al, 2007). 
Working within this dynamic environment, 
the National Trust aims to be pro-active in 
understanding where specific processes oc-
cur, their probability of occurrence and likely 
impacts. As the ‘flagship’ of a country’s pro-
tected area programme, the World Heritage 
Convention helps identify, protect, conserve, 
present and transmit to future generations, 

sites with values which transcend national 
boundaries i.e. Outstanding Universal Value 
(Dudley et al, 2010). Put simply, sites such as 
the Giant’s Causeway are irreplaceable trea-
sures, exposed to both natural and anthropo-
genic change (Bandarin, 2010). 

The reactive approach of the World Heri-
tage List may not be flexible enough to cope 
with conservation designations traditionally 
rooted in the preservation of biodiversity re-
gardless of natural let alone anthropogenic 
change (IUCN, 2009). In response to the per-
ceived limitations of international and indi-
genous conservation designations, a number 
of organisations are supporting application 
of visually impressive and artistic digital to-
ols to document heritage sites. CyArk and the 
Scottish Ten Project have been particularly 
successful in securing funding to digitally 
capture a list of cultural and natural herita-
ge sites using terrestrial Light Detection and 
Ranging (LiDAR). Whilst applauding the con-
tribution these organisations make to histo-
rical and contemporary records of local, na-
tional and global heritage, such techniques 
should not replace physical access and prac-
tical conservation initiatives at irreplaceable 
sites. To improve conservation of dynamic 
sites, technology must move beyond sim-
ple documentation and support rather than 
substitute geoconservation measures. The 
approach presented in this paper promotes 
Digital Documentation for the development 
of integrated hazard assessment. Figure 2 
shows how this approach moves beyond di-
gital preservation, towards support for pro-
active conservation and land management 
plans at natural heritage sites.

methoD
A new recipe for digital documentation 

developed at the Giant’s Causeway aims to 
deliver a suite of tools which support pro-
active management of dynamic sites (Figure 
3).  A database of natural heritage attributes 
(1) is established and terrestrial LiDAR and 
GPS surveys (2) provide data required to build 
a 3-dimensional model upon which natural 
heritage data is referenced. All information 
is integrated within a single Geographical 
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Information System (GIS) and analysed using 
tools developed in the GI Sciences to build in-
tegrated assessment techniques (3).

DISCuSSIon anD ConCluSIon
Figure 4 shows how data derived from 

terrestrial LiDAR surveys are integrated with 
data derived from GPS visitor surveys to 
provide simple measures of hazard across 
the World Heritage Site. This demonstrates 
how technologies, now regularly employed 
in digital documentation, provide data with 
potential far beyond artistic documentation. 
Application of off-the-shelf GIS software 
and associated tools, enable integration of 
impressive but previously isolated and con-
sequently limited data sources. Far from di-
scouraging Digital Documentation of dynamic 
heritage sites, managers should encourage 
documentation with a view to unlocking the 
full potential through integrated hazard as-
sessment. At the Giant’s Causeway provision 
of integrated hazard assessment maps has 
been instrumental in providing site managers 
with information necessary to make informed 
decisions about visitor safety, significantly 
reducing risk for both visitors and staff. Such 
informed decision making ensures managers 
work in tandem with a site’s natural dyna-
mics, allowing nature to guide their actions 
and plans. This marks a shift from re-active to 
pro-active management based on integrated 
hazard mapping.  

 

 
 

1st character = slope failure density 
2nd character = visitor density 

     1              2             3              4               5 
Very Low    Low     Medium      High     Very High 

Fig. 4: Integrated Hazard Assessment – Raw Terrestrial LiDAR Data Elevation Data (1), Slope Angle 
from Terrestrial LiDAR (2), Integrated Orthophotography, Terrestrial LiDAR Elevation Data, Slope 
Failure and Visitor Density Hazard Map (3)
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Fig. 2: Digital Documentation in Support of Conservation

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Digital Documentation for Integrated Hazard Assessment
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aBStraCt

T
his paper presents an ongoing work 
that is being developed under the scope 
of a master thesis. “Ponta da Ferraria 
e Pico das Camarinhas” is a protected 

area and a geosite with high geological rele-
vance in S. Miguel Island, Azores archipelago, 
Portugal. Because of its importance for the 
Azores Geopark geoconservation strategy, a 
monitoring work has been under development 
during the last year in order to assure that 
the main geological features of the geosite 
are preserved, even considering its present 
use. Among the many geological features of 
the geosite the littoral cone (or pseudocrater) 
is the most endangered due to its unique-
ness and high vulnerability. The monitoring 
strategy also intends to assess how visitors 
evaluate the interpretative panel located in 
the geosite based on visitors’ opinions. The 
number of visitors is being determined by di-
rect counting and the visitors’ profile is being 
outlined based on data obtained with short 
questionnaires. 

“Ponta da Ferraria e Pico das Camarin-
has” geosite is located in S. Miguel Island, 
one of the nine islands of Azores archipelago, 
Portugal. This volcanic archipelago (Figure 
1) has a remarkable geological heritage of 
international scientific relevance, which con-
stitutes the basis for the establishment of a 
geopark that is under evaluation by the Euro-
pean Geoparks Network (EGN). Its integration 
in the EGN is expected for September 2012 
(Lima et al., 2010a).

Lima et al., (2010b) have identified 121 
sites with geological interest in the 9 islands 
and surrounding sea floor, most of them with 
international and national relevance. Based 
on this inventory, 57 main geosites were se-
lected to be part of the Azores Geopark ma-
nagement strategies. In what concerns the 
scientific value, “Ponta da Ferraria e Pico das 
Camarinhas” geosite occupies the 14th posi-
tion among the 121 Azores Geopark geosites 
and the 3rd position among the 27 S. Miguel 
Island geosites (Nunes et al., 2011). The men-

tioned scientific value was evaluated under 
the scope of the research project “Identifica-
tion, characterization and conservation of ge-
ological heritage: a geoconservation strategy 
for Portugal”, funded by the Portuguese FCT 
Foundation (Brilha et al., 2010). The project 
sought to implement, in whole Portuguese 
territory, a methodology for the inventory and 
the classification of geological heritage, from 
the perspective of its geoconservation, valu-
ing and dissemination. The scientific value 
assessment was based on six criteria: repre-
sentativeness, key-locality, published scien-
tific literature, integrity, geological diversity, 
and rareness (Brilha et al., 2011).

Ponta da Ferraria is a lava delta formed by 
the basaltic lava flows emitted from Pico das 
Camarinhas scoria cone, 840 ± 60 years ago 
(Nunes & Lima, 2009; Moore, 1991). Among 
the many geological features of the geosite 
the littoral cone (or pseudocrater), the 62ºC 
submarine thermal water, the fossil sea-cliff, 
the trachyte lava dome, and the ultramafic 
xenoliths are worth mentioning (Figure 2).

This site is a formal protected area since 
2005 due to its unique geological heritage 
(e.g. its well-shaped littoral cone, the only 
one in Azores Islands) and its historical, geo-

 
Fig. 1- Location of Azores archipelago, Portugal.

graphical, biological, scenic, and socio-eco-
nomic importance. This Natural Monument 
has a high value in what concerns science, 
education, culture and economy (Nunes & 
Lima, 2009), together with other geosites of 
S. Miguel Island and the Azores Archipelago, 
equally unique and with a high scientific va-
lue. Presently, it is used for education and 
cultural activities, tourism, science and has 
also an economic use (Lima et al., 2010b).

In order to assure that all geological fea-
tures of this geosite are well preserved con-
sidering its present use, a monitoring work is 
under development for one year. The monito-
ring strategy intends to identify the factors 
affecting the geosite and to quantify the even-
tual decrease of relevance that this geosite 
has been experiencing throughout time. 

The factors that are affecting the relevan-
ce of this geosite can be divided into natural 
and anthropic ones. In the first category the 
marine and slope erosions can be mentioned. 
In what concerns anthropic factors, trampling 
in the littoral cone, vandalism and littering 
in the viewpoint, urban pressure on the lava 
delta and quarry activities in Pico das Cama-
rinhas scoria cone are the most important.
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Fig. 2 – Main geological features at “Ponta da Ferraria e Pico das Camarinhas” geosite: a) Fossil sea-cliff; b) Pico das Camarinhas scoria cone; c) Littoral cone (or pseudocrater); d) 
Trachyte lava dome; e) Ponta da Ferraria lava delta and f) Natural thermal swimming pool.

One of the geological features that is being 
monitored is a littoral cone (or pseudocrater), 
a very rare landform in the archipelago, highly 
vulnerable and that is being under increased 
treat due to trampling. The monitoring inclu-
des registration of the number of people that 
climb the cone and the periodic control of the 
path changes through marks measurements 
and photographical control.

The monitoring strategy also intends to 
evaluate how visitors evaluate the interpre-
tative panel located in the geosite. This eva-
luation is based on the time that each visitor 
spends looking/reading at the panel.

Finally, the monitoring strategy aims to 
produce a visitors’ assessment. The num-
ber of visitors is being determined by direct 
counting of persons visiting the geosite, 6 
hours per day, 70 days dispersed along one ye-
ar. The visitors’ profile is being outlined based 
on data obtained with short questionnaires.

The preliminary results of this ongoing 
study are the following:

- We detected a small number of people 
climbing the littoral cone; however, some 
tracks were found, like footprints and some 
abandoned objects in the paths, suggesting 
the opposite;

- The interpretative panel is not attracting 
much attention from the visitors. About 56% 
of the people spend less than 1 minute looking 
to the panel, 41% spend 1 to 5 minutes and 
just 3% more than 5 minutes.

- In all days of counting, there was always 
people visiting this geosite; the period betwe-
en November and January had the lower influx 
of people and from January to April, the period 
is marked by a high visiting rate on Sundays;

- In spite of the scenic view at the 
viewpoint, most visitors decide to go down to 
the lava delta and spend one or two hours 
wandering around the site; usually it is the 
first time they visit the site and they come with 
the family; according to visitors’ testimonies 
the main reason for visiting this geosite is 
the landscape. 

The analysis of the evolution of the con-
servation status of a geosite plays a very 
important role in the control of its decline. 
This decrease of relevance is caused either 
by direct degradation of a geological feature 
or by lack of concern in the maintenance of 
the site by local authorities. It is expected that 
the evaluation of the conservation status of 
this geosite will result in proposals to be in-
tegrated in the management plan of the site 
in order to assure a sustainable use by the 
public and the conservation of this protected 
area and geosite of the Azores Geopark.
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aBStraCt

R
ecent geomorphological research 
revealed the effects on the southern 
Apulia coast of historical destructive 
tsunamis. They are generally repre-

sented by spectacular boulder accumulations 
which formed in response of megaclasts de-
tachment, transport and deposition inland by 
tsunami inundation (Mastronuzzi & Sanso’, 
2000; 2004; Mastronuzzi et al., 2006, 2007; 
Mastronuzzi & Pignatelli, 2011).

The accumulation of boulder fields and/
or ridges depends on coastal morphology; the 
southern Apulian area is mainly characterized 
by rocky coasts with a gentle sloping and/or 
convex profile. The impact of a tsunami on 
rocky coasts can produce detachment of large 
boulders from both supralittoral and sublit-
toral zone and their scattering landward; as 
a result, large boulders are commonly found 
sparse, arranged in fields or in ridges. Many 
Authors have described different mechani-
sms for boulder transport along rocky coasts 
in different parts of the world. Generally they 
agree that boulder production easily occurs 
when local bedrock is affected by intersec-
ting discontinuities (e.g. fracturation joints 
and bedding planes) (Mastronuzzi and San-
sò, 2006).

The occurrence of several tsunamis along 
the southern Apulia coast during historical 
time is justified by geodynamic conditions. 
In fact, Apulia is a tectonically stable region 
surrounded by areas characterised by inten-
se seismic activity. For example, the 6th April 
1667 earthquake destroyed Ragusa (modern 
Dubrovnik) (Guidoboni & Margottini, 1988) 
and produced a tsunami which most likely hit 
the coastal area north of Brindisi. A stronger 
tsunami was generated by the 20th Februa-
ry 1743 earthquake whose epicenter was 50 
km south-east of Otranto (Mastronuzzi et al. 
2007).

Southern Apulia coast is intensely urba-
nized, so that tsunami risk can be at least 
expected (Mastronuzzi & Sansò, 2006); con-
versely, so far tsunami risk assessment has 

Fig. 1 –  Position of southern Salento coastal sites marked by spectacular boulder accumulations. They formed in response 
of megaclasts detachment, transport and deposition inland by tsunami inundation occurred in historical times. 

Fig. 2 – A spectacular boulder accumulation marks the coast near Torre Sant’Emiliano (Otranto, southern Salento). The 
accumulation is formed by two ridges placed from 50 to 80 m from coastline and reaching 11 m of altitude.

been neglected in civil defence plans. Fast 
tsunami propagation and proximity of tsu-
nami-generative epicenters make ineffective 
warning systems based on buoys. Hence, tsu-
nami risk mitigation can be realized almost 
exclusively by means of educational programs 

which would allow people to recognize pheno-
mena which often occur shortly before tsuna-
mi inundation (for example shoreline retreat) 
and to activate responsible behaviour.
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Boulder accumulations occurring along 

the coastline are the most effective tsunami 
risk admonition in Apulia. 

Most of sites where boulder accumula-
tions have been investigated can be conside-
red as geosites, as, beside their educational 
meaning, they could play an important role in 
tsunami risk mitigation plans with a very low 
economic effort. 
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aBStraCt

T
he Apulian Foreland offers a fragmen-
tary fossil record of Mesozoic vertebra-
tes, but it is turning out to be one of 
the most important regions in Europe 

for dinosaur footprints. Data coming from 
the ichnological studies should be integrated 
with those from the vertebrate findings which, 
in spite of their scantiness, can contribute to 
a more detailed reconstruction of the geologi-
cal history of the region. The dinosaur tracksi-
tes need to be protected in situ, as open air 
museums rather to indoor ones, which would 
also represent a noteworthy way for exploiting 
a scientific resource for public use. This is 
an urgent operation to be fast done in Italy 
by creating fossil dedicated laws, connecting 
land use programs with science and favou-
ring privates who support research, acting 
in agreement with international geoheritage 
protection trends.

GeoloGICal SettInG
The Apulian peninsula mainly consists 

of a carbonate foreland, ranging in age from 
the Upper Jurassic to terminal Cretaceous 
(Luperto Sinni 1996). Palaeogeographically, 
the Apulia foreland was a carbonate platform, 
one of the peri-Adriatic platforms, in the sou-
thern margin of the Tethys.

The foreland crops out as a slightly de-
formed highland, where three districts are 
present, north to south: Gargano, Murge and 
Salento, separated by NE-SW oriented fault 
systems (Figure 1). The Mesozoic sedimenta-
ry sequence mostly consists of fine-grained 
limestones and dolomites, with episodic red 
or gray clayey intercalations and a bauxite 
Turonian horizon. The shallow water forma-
tions include the Sannicandro Fm. (Callovian 
to Albian), cropping out in the Gargano pro-
montory, the Calcare di Bari Fm. (Hauterivian 
to Cenomanian) and the Calcare di Altamura 
Fm. (Coniacian to Maastrichtian), both crop-
ping out in the Murge and Salento area (Val-
duga et al., 1965; Ciaranfi et al., 1992).

Fig. 1. Schematic geological map of Apulia: in red the Mesozoic localities with vertebrate fossils and dinosaur tracks (after 
Pieri et al., 1997, modified).

the meSoZoIC foSSIl reCorD from 
apulIa

The fossil content in the Mesozoic carbo-
nates of Apulia is rich, but rather monotonous, 
mainly consisting of bivalves, gastropods, 
stromatolites, and benthic foraminifers, while 
vertebrates and plants are poorly represented. 
Such scant records of Mesozoic vertebrates 
have been considered not particularly impor-
tant for the geological history of the region.

At Surbo, Alessano and Nardò (Salento), 
Cretaceous marine fishes, reptiles and land 
plants, are known since the Second World 
War (Pinna 1974; Guidotti et al., 1993; Varola 
1999). Occasional findings of fishes and land 
plants are reported from Apricena sites and 
from two well drillings near Ceglie del Campo 
and Noci (Ciaranfi et al., 1988). A particu-
larly interesting site outcrops near Rutiglia-
no, where a Cenomanian fauna of large sized 

pycnodontid fishes was reported (Luperto 
Sinni et al., 1996). Remains of a probable 
crocodile were found near Casarano, and are 
now owned by a private collector (Dalla Vec-
chia, 1997). A varanoid found near Ruvo di 
Puglia (Varola, 1999), probably Turonian in 
age (Dalla Vecchia, 1997), is exposed in the 
Earth Science Museum of the Bari University. 
In the late nineties some fossil fishes and 
turtle remains were found at Ceglie Messa-
pica, and are now kept by the municipality. 
Cretaceous fishes were also reported from 
Manduria and Martina Franca, during mi-
ning sampling works (Casavola 2002). Some 
of the Manduria fishes are now exposed in 
Earth Science Museum of Bari.

Today, this fragmentary Mesozoic record 
may be integrated with an increasing record 
of dinosaur footprints, providing a richer 
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paleontological framework for reconstructing 
the geological history of the region. 

The dinosaurian tracksites are proving to 
be among the most spectacular in Europe, en-
compassing several geological intervals and 
an amazing ichnological variety. The known 
tracksites are distributed from Gargano to 
Murge, and here listed according to their 
age. Two Upper Jurassic records are known 
from Gargano, at Mattinata, on some blocks 
in the quay (Conti et al., 2005) and near Borgo 
Celano on a dozen of quarry blocks (Gianolla 
et al., 2001; Petti et al., 2008) exposed  open 
door in the local museum.

Some Aptian-Albian tracks crop out in 
north-east Murge coast, at Bisceglie, Mol-
fetta, Giovinazzo, Bari and Trani. In the last 
site, many footprints are present on the rocky 
shore (Caldara et al., 2010). At Bisceglie, a 
few footprints were found on blocks in the 
Lama Paterno quarry (Sacchi et al., 2009) 
and exposed ina publick garden, while In the 
same quarries, an ornitischian trackway was 
also reported (Petti et al., 2010), before its de-
struction. Near Molfetta, a densely trampled 
surface (2,000 m2), with hundreds of tracks, 
crops out in the S. Leonardo quarry (Iurilli & 
Petruzzelli, 2010; Petruzzelli et al., 2011), 
while a limestone block with two footprints 
occurs in the harbor of Molfetta (Petruzzelli, 
unpubl. data). Other bulwark blocks bearing 
dinosaur track are present in Bari harbor (Pe-
truzzelli et al., 2011). In situ footprints were 
found in a quarry near Giovinazzo on three 
surfaces (Petruzzelli, 2009).

In the area around Ruvo, Minervino and 
Spinazzola, six tracksites have been identi-
fied in limestone quarries, possibly Cenoma-
nian-Coniacian in age (Petti, 2006; Petruz-
zelli & Fraqncescangeli, 2008; Petruzzelli et 
al., 2011). At Altamura, the locality where the 
first dinosaur tracks were found (Andreassi et 
al., 1999), three sites are known, all Santo-
nian age. The most important site is the wide 
(12,000 m2), intensely trampled surface in 
the EcoSpi quarry (Nicosia et al., 2000 a,b; 
Iannone et al., 2000). More recently, two ad-
ditional small tracksite were detected, in the 
Via Matera quarry (Iannone 2004) and along 
the railway Santeramo-Altamura (Petruzzelli 
2008). An isolated block was also found near 
the cemetery of Altamura, now exposed in the 
local archaeological museum (Petruzzelli et 
al., 2011).

ConCluSIonS
In the light of the recent discoveries of 

dinosaur tracksites, the Apulian Mesozoic 
surely deserves to be revaluated. Data co-
ming from the ichnological studies should 
be integrated with those from the vertebrate 
findings which, in spite of their scantiness, 
can contribute to a more detailed reconstruc-

tion of the geological history of the region. The 
vertebrate sites, particularly those of Surbo, 
Alessano, Nardò and Rutigliano, would need 
more studies, beginning with a census of the 
available material, not always kept in public 
institutions.

Out of 18 territorially spread tracksites, 
only few have been objects of thorough stu-
dies, whereas most are poorly known or the 
available studies only cover very few tracks, 
compared with the thousands present, like the 
case of the Altamura site. On the protection 
meadow the situation is not different because 
the few grant and wills often seem to be  in 
favour of fast populist-lucrative proposals in-
stead of long scientific protection procedures.

Paleontological heritage have peculiar 
problems in all the world, but many countri-
es solved them with three main steps: First 
creating appropriate lows considering fossil 
as particular heritage, not confusing ar-
chaeology and natural science as in Italy, so 
creating procedures allowing fossil study in 
the same time than immediate and definitive 
protection operations. Second connecting in a 
indissoluble way who is planning the land use 
and who is studying local geoheritage so not 
allowing the restitution of important grants 
as append just in the recent past in Altamu-
ra. Third helping who spend time and money 
in the natural protection matter giving prises 
to who decide to support scientific research. 
Italy is making the first steps in favour of 
protecting in a modern way is geological he-
ritage, hoping that Apulia could be one of the 
first places where this change would happen 
using our unique dinosaur fossils.
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aBStraCt

A 
methodology meant to be used in the 
quantitative assessment and map-
ping of geodiversity was defined for 
regional scale, following the initial 

proposal of Pereira et al. (2012). The method 
was tested in the xingu Basin, Amazon, Bra-
zil (about 510,000 km2), Paraná State, Brazil 
(about 200,000 km2), and Portugal mainland 
(about 89,000 km2). It is a GIS method in-
tended to assess all features of geodiversity 
and to avoid overrating any particular one, 
such as lithology or relief, which is a com-
mon weakness in other methods. The pro-
cedure consists on the overlay of a grid over 
different types of maps at scales between 
1:250 000 and 1:1 000 000. The number of 
geological units (stratigraphical and litho-
logical) that occurs in each grid cell of the 
geological map is counted, producing a map 
of geological indexes. The geomorphological 
index map results from the sum of the relief 
and hydrographical indexes obtained from the 
geomorphological units map. Palaeontologi-
cal and pedological index maps are obtained 
from counting palaeontological units and soil 
units, respectively. The singular occurrences 
index map is based on the number of occur-
rences such as precious stones and metals, 
energy and industrial minerals, mineral wa-
ters and springs. The final Geodiversity Map 
results from the combination of those five 
partial indexes. The Geodiversity Map is a GIS 
automatically generated map, which allows 
an easy interpretation by non specialists. 
The map can be used as a tool in land-use 
planning, particularly for the identification of 
priority areas for conservation, and for the use 
and management of natural resources.

IntroDuCtIon
The concept of geodiversity is quite re-

cent and considered by most experts as 
“the natural range (diversity) of geological 
(rocks, minerals, fossils), geomorphological 
(landforms, processes) and soil features. It 
includes their assemblages, relationships, 

properties, interpretations and systems (Gray, 
2004). Usually, geodiversity is considered only 
as a theoretical approach with no particular 
use or application and is frequently associated 
with geological heritage and geoconservation 
issues (e.g. Alexandrowicz & Kozlowski 1999; 
Carcavilla et al. 2008; Gray, 2004, 2008a, 
2008b). Nevertheless, these concepts should 
not be misinterpreted as being one and the 
same. Whereas geodiversity refers to all abio-
tic variety of nature, geological heritage is the 
set of the most relevant geodiversity elements 
with particular importance for science, edu-
cation or tourism (Pereira et al., 2012). Du-
ring recent years, some attempts were made 
in order to give geodiversity a more practical 
approach. For instance, the Brazilian Geologi-
cal Survey (CPRM) published the Geodiversity 
Map of Brazil (at 1:2,500,000 scale; CPRM, 
2006), which is a synthesis of the major ge-
osystems that constitute the national territory, 
as well as their limitations and potential uses 
(Silva, 2008). However, the CPRM geodiversity 
map is based only on lithostratigraphical and 
mineral resources databases and does not ta-
ke into account other geodiversity elements 
such as landforms, soils, and hydrography, 
which are also important to support decision-
making and land-use management (Pereira 
et al., 2012).  In what concerns geodiversity 
assessment, the most promising methods are 
based on the definition and calculation of 
geodiversity indexes. However, most of them 
(e.g. Serrano and Ruiz-Flaño 2007; Jackova 
and Romportl 2008; Benito-Calvo et al. 2009; 
Zwolinski 2009; Hjort and Luoto 2010) do not 
consider the whole range of geodiversity ele-
ments. Pereira et al. (2012) developed a first 
approach for the calculation of geodiversity 
indexes by assessing all geodiversity compo-
nents and to avoid overrating any particular 
component, such as lithology or relief. A ge-
odiversity map based on the calculation of a 
geodiversity index and the outline of isolines 
was also produced by the authors. This type 
of map is a good planning tool and allows 
an easy interpretation by those with little or 
even no geological background.  The state 
of Paraná (Southern Brazil) with an area of 
about 200,000 km2 has a set of different car-

tographical data and for this reason was used 
in the work here presented as a first test for 
the methodology proposed. GIS software was 
used for counting the geodiversity occurren-
ces and the indexes calculation on the xingu 
River Basin, Amazon, Brazil, an area of about 
510,000 km2. The Geodiversity Map of the 
xingu Basin consists of a GIS automatically 
generated polygon map.

methoDoloGy
The above proposed method is based on 

the overlay of a grid over different types of 
maps, such as geological, geomorphological, 
and soil maps. The Geodiversity Map is an 
isolines map obtained from the calculation 
of a Geodiversity Index for each cell of the grid. 
Isolines join the central points of cells sha-
ring the same geodiversity index (Pereira et 
al., 2012). Other thematic maps, such as the 
geological diversity map or the geomorpholo-
gical diversity map can also be produced in 
a similar way. Maps at scales ranging from 
1/1,000,000 to 1/250,000 were used.  The grid 
gives raise to cells where units and occur-
rences can be counted and which allow the 
discrimination of results. Various grid sizes 
were tested in order to obtain the best balance 
between results discrimination and the num-
ber of cells. The best results were obtained 
with a grid-size of 25x25 km resulting in 371 
cells for the Paraná State map. For the xingu 
Basin, the GIS procedure has generated 2462 
cells on a 13.8 x 13.8 km grid. For the Geo-
diversity Map of Portugal the grid size is still 
being tested. For each grid cell, the Geodiver-
sity Index score is the sum of the following 
five partial indexes: i) The Geological Index is 
calculated by counting the number of geolo-
gical units occurring in each cell of the grid, 
which is overlaid on the geological map. ii) 
The Geomorphological Index is the sum of two 
sub-indexes: Relief and Hydrography. The Re-
lief Sub-index is calculated by counting units 
and contacts occurring in each cell of the 
grid overlaid on the Geomorphological Units 
Map, a three level classification of morpho-
structural units, morphosculptural units and 
morphosculptural sub-units (Santos et al., 
2009; Pereira et al., 2012). For this purpose, 
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a brand new map of geomorphogical units 
was produced for Portugal providing three 1st 
level units, nine 2nd level units, and 56 3rd le-
vel units. The Hydrography Sub-index is based 
on the assessment of stream categorisation 
using Strahler’s method (Strahler, 1957).  iii) 
The calculation of the Palaeontological Index 
follows a similar procedure to the one descri-
bed for the assessment of the Geological In-
dex: the number of different fossiliferous for-
mations is counted in each grid cell overlaid 
on a geological map (Pereira et al., 2012). iv) 
The Pedological Index is obtained for each grid 
cell by counting the soil orders represented in 
the Map of Soils (Pereira et al., 2012). v) The 
Singular Occurrences Index is related with ge-
odiversity features not covered in the previous 
indexes. It was considered: minerals such as 
precious stones, precious metals, metallic 
minerals, and industrial minerals; geological 
energy sources such as coal, oil shale, na-
tural gas, and uranium; mineral waters and 
springs. Each map occurrence of any of the 
above items scores one point for the corre-
sponding grid cell. Repeated occurrences of 
the same element in the same cell are not 
considered (Pereira et al., 2012).

reSultS 
Taking into account the minimum and 

maximum values obtained for the Geodiver-
sity Index, five Geodiversity Index classes 
were considered: very low (<11), low (11-15), 
medium (16-20), high (21-25), and very high 
(>25). The Geodiversity Map of Paraná State 
shows some hot spots of very high geodiver-
sity (> 25) in the east, a region with strong 
geomorphological contrasts and a large va-
riety of geomorphological and stratigraphical 
units (Pereira et al., 2012).  The Geodiversity 
Map of xingu Basin also highlights a hot spot 
of geodiversity in a region with a larger diver-
sity of rocks, soils and relief, as well as the 

presence of several mineral occurrences. The 
preliminary results for the Geodiversity Map 
of Portugal highlights the western region, 
which has a large diversity of stratigraphical 
and palaeontological Mesozoic and Cenozoic 
units. However, the rich geological diversity 
of Portugal also originates high values of 
the Geodiversity Index in other areas of the 
country. The three given examples show that 
areas where the occurrence of igneous pluto-
nic rocks is higher have the lower Geodiversity 
Index.

ConCluSIon
Geodiversity Index maps can be produced 

for large territories if solid geological, geo-
morphological and soil units mapping is avai-
lable. GIS procedures can be used to speed-up 
the calculation of the geodiversity index and 
its cartographic representation. Geodiversity 
can be represented as isolines or polygon 
maps allowing an easy interpretation by tho-
se with no or little geological background. 
Geodiversity maps can be used as a tool in 
land-use planning, particularly in identifying 
priority areas for conservation and the use 
and management of natural resources.
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aBStraCt 

T
he Cheesewring granite tor, in Cornwall, 
UK, has been illustrated and discussed 
in many publications for over 400 ye-
ars, but it was endangered by quarrying 

of the high quality granite of Stowe’s Hill, of 
which the tor forms a part. Protection has be-
en afforded by restrictive clauses in quarrying 
leases since at least 1845, by artificial props 
since the late 1860s and by statutory and non-
statutory designations in the 20th century.

IntroDuCtIon
The Cheesewring, a granite tor on Bod-

min Moor in SW Britain, has been recorded 
since the late 16th century (Norden c.1584). 
Appearing to be a pile of rounded boulders 
stacked on top of each other above a smaller 
base (Figure 1), it has elicited comment from 
many travellers in the past (e.g. Pococke, 
1750; Maton, 1797) and, despite its altered 
silhouette (Figure 2), has been described in 
guide books to the present day (e.g. Betjeman, 
1964; Macadam, 2003). It has also been the 
subject of more academic work (e.g. Borlase, 
1758; Stamp, 1946; Whittow, 1992) and is 
the type ‘cheesewring’ tor included in several 
dictionaries and encyclopaedias of geography 
(e.g. Stamp, 1966; Fairbridge, 1968; Bates & 
Jackson, 1987).

The Cheesewring today is highly valued 
as part of the landscape of Cornwall, indeed 
Bodmin Moor is part of the Cornwall Area of 
Outstanding Natural Beauty, a statutory de-
signation under the National Parks and Ac-
cess to the Countryside Act, 1949 which also 
was the enabling legislation for England and 
Wales’s National Parks and National Trails. 
Images of the Cheesewring are also used to 
sell Cornish biscuits, Cornish cheese, and no 
doubt other products, and it also is used in 
logos for several organisations. 

But the area around the Cheesewring is 
also famous for a more valuable product than 
biscuits and cheese and this nearly caused 
its destruction. Granite has been used since 

Fig. 1 The Cheesewring, probably in 1861(Royal Institution 
of Cornwall collection)

Fig. 2 The Cheesewring from a similar viewpoint in 2012: a 
prop of 3 granite blocks can be seen on the right hand side.

Neolithic times for construction in Cornwall. 
Moorstone (loose stone) was used for many 
hundreds of years for local buildings and 
other purposes, but the increasing use of 
granite dimension stone for engineering work 
required unweathered granite quarried be-
neath the weathered surface layers. Granite 
from Cheesewring Quarry, adjacent to the 
Cheesewring, has been used worldwide, for 
example in lighthouses (Fastnet, and Great 
Basses in Sri Lanka), docks (e.g. London, 
Copenhagen and Kolkata) and bridges (e.g. 
Tower Bridge in London) (Stanier, 1999).

Granite at surface on the top of Stowe’s 
Hill can be seen to have been worked by both 
the ‘wedge-and-groove’ method and the ‘ta-

re-and-feathers’ method which superseded it 
from about 1800. Both methods involved a 
straight line of holes (either grooves or hollow 
cylinders) into which wedges were hammered 
to split the rock. Though the Cheesewring ap-
pears undamaged other tors on Stowe’s Hill 
have not been so fortunate. The top of Stowe’s 
Hill is enclosed by Stowe’s Pound, a feature 
made of loose stone which may be of Neolithic 
Age, or may be of Bronze Age.

hIStory of GeoConServatIon
The Duchy of Cornwall, as landowner of 

Stowe’s Hill, granted leases for granite wor-
king. The earliest known lease (in the Duchy 
archives) dates from 1845 and required seven 
circles containing crosses (Figure 3, left hand 
side) to be cut around the top of the hill, with 
the protected area extending to 44 yards (40.2 
m) south of the Cheesewring. No act was to be 
done “which may lead to the injury or defacing 
of the Druidical remains or natural curiosities 
existing on the Cheesewring Hill or elsewhere” 
(Stanier, 1985).

Though the lease may have protected the 
Cheesewring and the other hill-top tors the 
flanks of the hill were the scene of busy in-
dustry: a contemporary guide book notes that 
“the destructive quarryman is now at work 
within a few feet of the Cheesewring itself” 
and “the ground about it is covered with rub-
bish, and the neighbouring rocks, which add 
so much to the effect of the scene, are daily 
diminishing in their numbers” (Paris, 1859).

A subsequent lease, signed in 1865 but 
in effect from 1864 (Stanier, pers. comm.), 
required 17 fleur-de-lis (Figure 3, right hand 
side) to be “cut in conspicuous granite rocks”, 
using a “template lodged in the office of the 
Duchy of Cornwall”, and these were to be 
painted white every year. The edge of the pro-
tected area was now to be only 14 yards (12.8 
m) south of the Cheesewring. Maps do not ap-
pear to exist which show the locations of the 
markers but the text of the lease document 
states that they should be “about forty yards 
on the Western and Northern sides and about 
thirty yards on the Eastern side” from the “ou-
ter foot of the Mound of Stones which encloses 
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Fig. 3 A cross in a circle, and a fleur-de-lis, cut in the rock (scale in cm)

the summit of the said hill”. The “Mound of 
Stones” is now called Stowe’s Pound.

By 1869 quarrying was being carried 
out very close to the Cheesewring and it was 
thought to be in danger of collapsing. A sub-
committee of the Royal Institution of Cornwall 
requested the Duchy to preserve the tor. The 
Duchy in turn commissioned Sir John Coode 
to investigate: his report concluded the tor 
was safe. But by early the next year, 1870, 
two piles of rock had been put in as props 
(compare Figs. 1 & 2). In publicity material 
(Figure 4) c.1933 Freemans, the quarry com-
pany, shows the close proximity of the tor to 
the quarry edge but, strangely, the artist has 
left out the props!

In 1951 the Cheesewring gained statutory 
protection as part of a SSSI, a Site of Special 
Scientific Interest, under the National Parks 
and Access to the Countryside Act, 1949. This 
SSSI was notified for both its biological and 
geological interest. The Cheesewring was in-
cluded as a geological highlight of the West 
Country (Macfadyen, 1970) but, after a review 
of the biological interest, the SSSI was de-
notified in 1986, although there is some do-
cumentary evidence that there was an inten-
tion to keep SSSI status, solely on geological 
grounds, for the Cheesewring.

In 1994 the Cheesewring gained a non-
statutory designation as a RIGS, a Regionally 
Important Geological/Geomorphological Site, 
and was adopted as the logo of the Cornwall 
RIGS Group, a voluntary conservation body 
which is part of the Cornwall Wildlife Trust, 
an NGO. RIGS are notified to local government 
and are shown on planning documents but 
have no statutory protection. More recently 
RIGS in Cornwall have been called Cornwall 

Geology Sites (CGS), to match Cornwall 
Wildlife Sites (CWS), the corresponding non-
statutory biological designation. The current 
extent of the Cheesewring RIGS / CGS is 10 m 
from the base of the tor but the intention is to 
extend the designated area to that defined by 
the 1865 lease, as far as the fleur-de-lis can 
be identified. Fieldwork by the author, using a 
guidebook (Berry, 1987) and local knowledge, 
has identified only 13 of the total of 17 in the 
1865 lease. Three out of these 13 fleur-de-lis 

Fig. 4 An illustration from a Freeman’s brochure c.1933

can be seen at the very edge of the quarry 
face, beyond the safety fence.

ConCluSIon 
The Cheesewring was saved from de-

struction by quarrying by restrictive terms 
in at least two leases from the land-owners, 
the Duchy of Cornwall, at some cost to their 
revenues. The restrictions in the later lease at 
least do appear to be the result of local pres-
sure. The silhouette of the tor has been chan-
ged by the addition of two props of quarried 
granite blocks (the most obvious prop is not in 

contact with the tor): this intervention saved 
the Cheesewring from possible destruction by 
toppling, and was the result of lobbying by 
a local learned society. In the mid-twentieth 
century the tor was protected as part of a lar-
ger site notified for both biology and geology 
under the UK’s nature conservation legislation 
as a Site of Special Scientific Interest (SSSI), 
covering a much larger area but when the 
larger site was denotified after  the biologi-
cal value had been reviewed the legal action 
needed to protect the tor as part of a smaller, 
purely geological statutory site was not com-
pleted. The tor now has a non-statutory desi-
gnation as a County Geology Site (CGS) as well 
as being within the statutory Cornwall Area 
of Outstanding Natural Beauty (AONB). SSSI, 
CGS and AONB are all shown on maps used 
for land-use planning. The conservation of the 
Cheesewring is probably the earliest example 
of geoconservation in the UK, and the history 
of its conservation since then is probably one 
of the most eventful!
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aBStraCt

W
ith regard to the Apulia region, 
this paper represents the evolu-
tion of the regulations concerning 
the geological elements of the 

region with regard to planning on different 
levels; a general picture is outlined of the 
geo-resources in the region, and of the way 
these help structure its landscape, in close 
interaction both with the biosphere and with 
the anthroposphere. As study cases, exam-
ples of planning in relation to the region’s 
geo-resources are presented. The first deals 
with the planning experience for the recovery 
and fruition of the large Pulo di Molfetta do-
line, a major site in terms of geomorphology, 
botany, prehistory and industrial archaeology; 
the second is the more recent work for the 
General Town Planning Scheme (PUG) of the 
Municipality of Ruvo di Puglia (Bari). In the 
case studies, in agreement with the laws on 
the subject, elements are identified within 
the field of the geoheritage, with the aim of 
guaranteeing their protection and promotion. 
These are pilot examples which could prove 
useful in drawing up guidelines for planning 
taking into account the physical-geological 
features of the region.

IntroDuCtIon
The Urban-Planning Reform in Italy, im-

plemented by the Regions, started with the 
Tuscan Law no. 5/1995 “Norme per il Governo 
del Territorio” (Regulations for the Government 
of the Region), followed by a series of identical 
laws in other Italian regions. Such reform puts 
at the centre of the reformed Municipal Ma-
sterplan the Statuto del Territorio Comunale 
(Municipal Area Statute), a reconstruction of 
the region’s identity structure.

Starting in those years, municipal and wi-
der planning shows an unusual attention for 
hydro-geomorphological aspects, to the same 

extent as that dedicated to the botanical-ve-
getation system and to anthropic and histo-
rical cultural aspects, after decades during 
which, municipal planning had viewed the 
district as a sort of two-dimensional tabula 
rasa on which to carry out - virtually - any 
kind of transformation.

The Apulia Region has acquired instru-
ments such as the Regional Law n. 20  dated 
27.07.2001 “Norme generali di governo e uso 
del territorio” (“General rules on area use and 
government”), able to safeguard and make 
the best use of natural resources, including 
those of the geological substrate, integrating 
them in the cognitive instruments at the di-
sposal of planning.

All legislative texts speak of Invariants 
to the Hydro-geomorphological System with 
close focus on dolines, caves, erosion chan-
nels, morphological steps, geomorphological 
emergencies, and among the latter Geosites, 
meant as non-renewable geomorphological 
assets, of scientific and environmental value 
to the landscape heritage.

While it is true to say that one of the foun-
ding principles of new Reform Planning is ar-
ticulated government action and promotion 
of the region’s resource systems, Geosites, as 
a major geological resource, provide an indi-
spensable contribution towards understan-
ding the geological nature of an area. They 
represent factors of exceptional importance 
as regards landscape aspects and cultural, 
recreational and tourist appeal, and are at the 
base of policies for local area development.

Apulia does in fact feature a variety of 
geological and geomorphological traits which 
act as a substrate to the many different lan-
dscapes which can be admired (generally 
“cultural” landscapes created by human 
beings throughout a long period of history) as 
well as to a biodiversity threatened by a num-
ber of different factors. More than elsewhere, 
in this region, thanks to the co-existence of 
physical conditions typical of the “Mediter-
ranean” context, the geological substrate 
represents not only the backbone, but also 

the shape of the landscape, perceived below 
the non-invasive layer of vegetation and sto-
ne structures bonded with the limestone rock 
strata. 

In this regional context, the protection of 
“geodiversity” has the dual purpose of pas-
sing down both the habitats, which support 
biodiversity, and the particular elements of 
the geoheritage inasmuch, as culturally usa-
ble by future as well as present generations.

elementS anD CharaCterIStICS of 
apulIa’S GeoherItaGe

In the variety of Apulia landscapes, karst 
landscapes stand out in terms of total exten-
sion (over 60% of the region), and wealth and 
particularity of shapes. 

Among these, the doline fields of the 
Murge, of Salento and Gargano, the extensi-
ve stony ground of the most exposed areas 
of the plateaus (Palmentola, 2002), the “lo-
wered cones” alternated with karst plains, in 
the High Murgia and Gargano (Sauro, 1991; 
Caldara & Palmentola, 1993) represent areal 
elements of the karst landscape.

The imposing escarpments which border 
the plateaus stand out in terms of their gra-
dients, steeper than the surrounding table-
land, as natural linear structures. Other linear 
shapes can be found in the coastal cliffs or 
in the deep gullies produced by ancient water 
courses. Such valleys are called “lame” or 
“gravine” and represent ecotones and eco-
logical corridors crucial for the survival of 
populations at risk of extinction.

Punctual elements are the characteristic 
outcrops of geological formations and units, 
fossil deposits, small-scale morphosculptu-
res, dolines, and thousands of caverns and 
caves (some of which dug out of the rock by 
human beings) (Inguscio et al., 2007). These 
must also be considered as habitats, isolated 
in the vast cultivated areas, where endemic 
living species still survive, along with testi-
monies of human and geologic history. In the 
same way, further examples can be found in 
the rare karst ponds, humid areas that are 
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slowly disappearing (Lopez et al., 2009; Quar-
tulli et al., 2008) or in isolated rocky envi-
ronments along the valleys.

CountInG the GeoSIteS
Some “geological assets” definable as 

“geosites” were already recognized by local 
communities in the past as identifying featu-
res of their areas. Though without appreciating 
their scientific significance, one principle of 
identification was tied to the place name and 
to the legends and history of the sites. This is 
the case of the “pietra di Orlando” (Orlando’s 
stone) in the municipality of Gravina in Pu-
glia (Bari), of the “Letto della Vecchia” (Old 
Woman’s Bed) in the municipality of Giuggia-
nello (Lecce), or of the “Grave del demonio” 
(Demon’s abyss) in the Municipality of Ruvo di 
Puglia (Bari) and many others still.

Up until 2009, in Apulia, only a few 
elements of the region’s geoheritage were 
considered to be “geosites”, the result of a 
partial and non-systematic account of such 
resources. Among these can be mentioned:

•	 the	proposal	 of	 the	new	Territorial	
Regional Landscape Plan (“Piano Paesaggi-
stico Territoriale Regionale”, approved with 
Regional Decree no.1/2010) which identifies 
just 8 “geosites” in the “System of landscape 
protections and assets”);

•	 the	database	of	the	 Istituto	Supe-
riore per la Protezione e la Ricerca Ambientale 
(ISPRA) which to date, following indications, 
has recorded 43 sites split up among the six 
Apulia provinces;

•	 the	Plan	for	the	Alta	Murgia	Natio-
nal Park and for the Gargano National Park, 
identifying 10 and 8 localities respectively;

•	 	the	Provincial	Coordination	Territo-
rial Plan (PTCP) of Foggia, with 27 sites;

•	 	the	SIGEA-Puglia	book	with	a	cata-
logue of 22 localities, identified from among 
the lesser known ones (Fiore & Valletta, 2010).

The fragmentary and occasional nature of 
these censuses has, among its practical con-
sequences, the fact that a number of parti-
cularly significant assets are not mentioned, 
such as the Pulo di Molfetta described below.

In order to overcome these failings, the 
Apulia Region, with the implementation of the 
intents of Regional Law n. 33 dated 4.12.2009 
(L. R. 4 dicembre 2009, n. 33 “Tutela e va-
lorizzazione del patrimonio geologico e spe-
leologico”), contemplates, in the immediate 
future, starting an initial systematic catalo-
guing of the geosites and of the elements of 
the geoheritage, thus gradually beginning to 
extend knowledge of the physical area.

In this context, the studies to be started 
at municipal level represent an important 
chance for a careful reading of the area to 
be considered as “geosystem” (Castiglioni 
& Sauro, 2002). At this level, it is possible 

to identify “geological assets” of particular 
local importance which, in many cases, are 
already known both to the local communities 
and to scientific literature. The identification 
of such assets aims at the more sustainable 
management of the areas and the promulga-
tion of specific usage norms for their protec-
tion so as to ensure their physical integrity, 
cultural identity and ecological and functio-
nal efficiency and quality. 

GeoSIte promotIon proJeCtS: the 
pulo DI molfetta CaSe StuDy

A particularly important case study is the 
“Pulo di Molfetta“ (Bari), where an archae-
ological park has been set up. This project 
(Martinelli, 2007) represents one of Apulia’s 
most important planning experiences, to be 
considered a forerunner of the methods and 
problems addressed in recent years.

The Pulo is a large “bowl shaped” doline, 
one of the largest karst macroforms of this 
type in the region (30 meters deep, with a 
major axis of around 130 meters). In Apulia, 
in fact, there are just five large dolines similar 
to this one, classified as “collapse dolines” 
(Maggiore, 2007).

Its location, close to the coast (about two 
kilometers), and to the town, has facilitated 
its anthropization, above all in the last one 
thousand years. Numerous archaeological te-
stimonies dating back to prehistory (Radina, 
2007) have been found in nearby areas. Ever 
since the Neolithic period, the presence of hu-
man beings has conditioned the surrounding 
environment through the selection of plant 
species (Macchia, 1997). It is therefore easy 
to appreciate that the biodiversity to be found 
within the site is based on its “geodiversity”.

The Pulo doline is therefore considered, 
from all points of view, to be a “geosite”; in 
it, natural and anthropic aspects appear per-
fectly integrated with the geological features 
of the substrate. As a geosite, it is one of the 
most anthropized in the region, including, as 
it does, not only the Neolithic location, but 
also religious settlements (Capuchin Mona-
stery dating back to the early 16th century) 
and examples of industrial archaeology (the 
nitriera, an old 18th-cent. saltpeter mining 
and processing industry. The mineral was 
mined in the Pulo caves for the production 
of gunpowder).

The project begun six years after the 
mine’s closing down, following the Irpinia 
earthquake (1980); it aimed at recovering and 
promoting this site, integrating the different 
specialist aspects that distinguish the doline 
(geology, botany, archaeology, industrial ar-
chaeology). The decisive impulse, given by the 
Municipality of Molfetta, to the start of work, 
was therefore based on a direct interest in 
promoting and protecting a site already re-

cognized by the local community as a natural 
and cultural heritage.
plannInG “In the” GeoherItaGe

Urban-planning schemes, coastal plans, 
protected-area plans, landscape plans all 
aim at regulating the management of speci-
fic areas, starting with a detailed knowledge 
of natural and anthropic elements and of 
the equilibriums and processes under way. 
On these bases, shared ways are thus iden-
tified for safeguarding regional resources, 
conveying equilibrium, quality and appeal, 
added values to be preserved for the benefit 
of the economy.

Most important for planning processes is 
the fact that the geoheritage can not only be 
important from a scientific viewpoint, but also 
with regard to the environment and landsca-
pe, and it is often associated with elements 
of a historical-cultural nature. This aspect 
of stratification and integration of different 
resources is at the centre of a new interest in 
regional disciplines.

Significant in this respect is the experien-
ce of the Alta Murgia National Park which has 
implemented two projects for the assessment 
of the state of environmental well-being in 
areas used by agricultural holdings, directly 
involving the operators themselves. Both 
projects intend promoting knowledge, pro-
tection and fruition of the natural elements, 
including the “geologic” elements, by also li-
sting them among the destinations of “ecolo-
gical walks” (“passeggiate agro-ecologiche” 
project).

Following planning directives and the new 
regulatory context of reference, the prospects 
of identifying and protecting geological as-
sets are also becoming more widespread 
at local level, with such environmental re-
sources being recognized by general planning 
as “invariants of the hydro-geomorphological 
system”.

Some information relating to the identi-
fication of “geosites”  (in a broad sense) in 
regional and local planning can be found in 
the archives of the Servizio Assetto del Terri-
torio (General Land Use Service) of the Apulia 
Region. Some examples of geosites can be 
found, identified in general urban-planning 
schemes defining specific provisions for go-
verning the ways of preserving and re-qua-
lifying “geological assets”.

The masterplan of the municipality of Ru-
vo di Puglia (Bari) has for example outlined 
two “geosites” which were not in fact official-
ly listed. Such sites were known to the local 
communities, being popular as caving explo-
ration and didactic excursion destinations. 
These are karstic elements of great landsca-
pe, environmental and didactic value, highly 
representative and also relatively rare. The 
“Lama delle Grotte” is a dry valley, typical of 
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karst areas, which contains rocky formations 
and habitats, caves, archaeological deposits 
and cultural landscape elements (Figure 1).

The other geosite is the “Notarvincenzo 
doline”, a “didactic” karst system made up 
of an epigeal (doline) part and of a hypogean 
(cave) part. These elements go to show the 
functional relationship between morphology 
and hydrology; the cave, in particular, is the 
deepest in the municipal area, and shows 
rare lithologic features (Iurilli, 2010). The 
identification of the sites was made possi-
ble following detailed studies performed on a 
local scale, which took into consideration all 
the aspects of the area conceived as a “ge-
osystem”. Currently, the two geosites, already 
included in the Territorial Information System 
of the General Urban-Planning Scheme, do 
not appear in any regional geosite database 
as this is currently in the project stage.

ConCluSIonS
The Apulia Region, by updating its ru-

les and regulations on the environment and 
large-scale planning to European directives, 
has defined a regulatory framework and co-
gnitive instruments, with the aim of making 
accessible subject databases containing all 
information acquired and to be acquired.

The current planning stage in progress in 
the Apulia region on different scales and on 
different subjects (coastlines, protected are-
as, urban-planning schemes, etc.) represents 
the first step during which experiences have 
been acquired and first results have been 
processed.

The analysis of these and of the problems 
addressed and solved can lead to the synthe-
sis of “guidelines” usable in future planning 
processes.

Fig. 1
Geosite “Lama delle Grotte“, in Ruvo di Puglia municipality: layers of the map proposed in the masterplan. A. The base map with the orthoimage of the area; B. The overlap of: valley 
morphological unit (light blue), panoramic area of a slope (light green), panoramic area of the valley (green); C. delimitation of the the geosite area (thick red line). Key: 1. Caves; 2. 
Stone buildings (not in use); 3. Stone buildings; 4. Municipal boundary; 5. Aqueduct bridge; 6. Municipal road; 7. “Tratturello” (ancient route for the cattle); 8. Drainage; 9. Geosite 
boundary; 10. Greatest trees (oaks); 11. Aqueduct route; 12. National road.

Objectives of the “guidelines” will there-
fore be:

•	 	to	define	criteria	for	the	identifica-
tion and delimitation of major assets of the 
geoheritage and of the physical landscape;

•	 	to	identify	rules	and	regulations	for	
the correct management and promotion of the 
“geological asset” through sharing with lo-
cal populations and the holders of the assets 
themselves.

The cultural objective should be gradual-
ly attained of ensuring that the cost/benefit 
analysis of each project takes into account 
the safeguarding of geological assets in the 
broad sense, which generally correspond, in 
the ecological field, to major habitats in the 
ecological network, for the support provided 
to biodiversity based on the geodiversity of 
the substrate.

referenCeS
inGusCio s., lorusso d., PAsCAli v., rAGone G., sAvino 

G. (eds.) (Federazione Speleologica Pugliese) 
(2007) - Le grotte e il carsismo in Puglia. ed. 
Federazione Speleologica Pugliese/Regione Pu-
glia, Assessorato all’Ecologia, 200 pp.

fiore A. & vAllettA s. (eds.) (SIGEA) (2010) - Il patri-
monio geologico della Puglia. Territorio e geositi. 
Suppl. a Geologia dell’Ambiente/2010, 160 pp.

CAldArA m. & PAlmentolA G. (1993) - Lineamenti 
geomorfologici del Gargano con particolare ri-
ferimento al carsismo. Bonifica VIII (3).

CAstiGlioni b. & sAuro u. (2002) - Paesaggi e ge-
osistemi carsici: proposte metodologiche per 
una didattica dell’ambiente. Scritti in ricordo 
di Giovanna Brunetta, a cura di M. Varotto e M. 
Zunica. Dipartimento di Geografia “G. Morandi-
ni”, Università di Padova, 51-67.

iurilli v. (2010) - Dolina e voragine di Notarvincen-
zo (Ruvo di Puglia). Scheda in Fiore & Valletta 
(SIGEA) (2010) - Il patrimonio geologico della 
Puglia. Territorio e geositi, Suppl. a Geologia 
dell’Ambiente/2010; 122-123.

loPez n., sPizziCo v., PArise m. (2009) - Geomorpho-
logical, pedological and hydrological characte-
ristics of karst lakes at Conversano (Apulia, 
southern Italy) as a basis for environmental 
protection. Environmental Geology, 58 (2009), 
327-337.

mACChiA f. (1997) - Aspetti botanici. In “Pulo di 
Molfetta. Guida alla visita”, 7-8.

mAGGiore m. (2007) - Geologia del Pulo di Molfetta. 
In Radina F. (2007).

mArtinelli n. (2007) - Il progetto di valorizzazione 
della dolina di Molfetta. In Radina F. (2007), 
21-28.

PAlmentolA G. (2002) - Il carsismo pugliese, pro-
blemi e prospettive di ricerca. Grotte e Dintorni, 
riv. d. Museo delle Grotte di Castellana (Ba), n. 
4, p. 203-220.

quArtulli t., iurilli v., frACChiollA m. & belmonte G. 
(2008) - Il geo-ecosistema carsico nella pia-
nificazione sul territorio dell’Alta Murgia. Atti 
del x Congresso Nazionale SIEP-IALE “Ecolo-
gia e e governance del paesaggio, esperienze 
e prospettive”, Bari, 22 - 23 maggio 2008; p. 
425-428.

rAdinA f. (ed.) (2007) - Natura, Archeologia e Storia 
del Pulo di Molfetta. Adda editore, Bari, 245 pp.

sAuro u. (1991) - A polygonal karst in Alte Murge 
(Puglia, Southern Italy). Zeitschrift für Geo-
morphologie, 35 - 2, 207-223.



Geologia dell’Ambiente • Supplemento al n. 3/2012

118

natural hazards at Cretaccio 
Island (tremiti archipelago, 
Southern Italy)

r. PAGliArulo

CNR- IRPI  Via Amendola, 122/I - 70126 Bari, Italy
r.pagliarulo@ba.irpi.cnr.it

Key WorDS: teCtonICS, 
GeomorpholoGy, WeatherInG; 
eroSIon, CretaCCIo ISlanD, 
GeoherItaGe

aBStraCt

A
mong the sites of geological and geo-
morphological interests in the Apulian 
region (Southern Italy) the Tremiti ar-
chipelago is to be taken into account 

for the great environmental, naturalistic and 
touristic value of the islands. This paper is 
mainly devoted to define the instability su-
sceptibility assessment of the Cretaccio 
island that is the smallest of the archipelago 
(~ 0.04 km2), where, due to the climatic and 
location context, weathering and erosional 
processes act on weak and low-cemented 
carbonate rocks that are morphologically 
and structurally controlled by the geodynamic 
evolution of the area. Such processes have a 
negative impact on the preservation and, in 
general, on the future socio-economic life of 
the whole archipelago. This study represents 
the background for engineering design for the 
stabilization works of the coasts.

IntroDuCtIon
The Cretaccio islet, not more than a major 

block of rocks, between the two larger San 
Domino and San Nicola islands, belongs to 
the Tremiti archipelago, (Fig 1). The archipe-
lago is located about 10 miles north from the 
Gargano promontory coast (Southern Adriatic 
Sea). Another small island, Pianosa, is qui-
te far away from the others. The cliffs of the 
islands are affected by severe instability pro-
cesses produced by different factors, trigge-
red the climate and the sea actions. Seismic 
activity also worsens the instability condi-
tions of the cliffs. From the geological point 
of view, the Tremiti Islands are made up by a 
discontinuous sequence of marine sediments 
consisting of bioclastic limestones, dolomitic 
limestones, calcilutites and calcarenite, with 
the age ranging from Paleocene to Middle 
Pliocene. These deposits are covered by a 
calcareous crust and loess deposits (Upper 
Pleistocene- Holocene). The structural set-up 
of the archipelago has  a great importance as 
it controls the erosional factors. (Ridente & 
Trincardi, 2002). Deep seismic reflection da-

Fig. 1 – The Cretaccio Island 

ta from Italian lithospheric exploration project 
CROP (Section M-13, Finetti & Del Ben), 2005) 
show the huge positive Tremiti rose with two 
major right strike-slip faults (NE-SW) defined 
north and south by the EW fault zone (Nicolai 
& Gambini, 2007). 

The fault systems observed are still 
seismically active. Since 1600 the Gargano 
region has been affected by several seismic 
events; most of them occurred offshore, the-
refore their epicentre, especially for the oldest 
ones, is uncertain. It is not already clear which 
are the local effects of seismicity but in the 
particular geological setting examined, the 
seismic stress may also result in important 
co-seismic effects, such as the weakening 
of the rock masses along the joint systems. 
The evolution of the coastal morphology of 
the Tremiti Islands is mainly related to mass 

Fig. 2 –Selective erosion in the southwestern coast.

movements and selective erosion processes 
which are, at present, very active.  (Figure 2) 
. The weathering processes of the rock mate-
rials forming the cliffs are related to the cli-
matic conditions (Stephensons & Kirk, 2000). 
The climate at the Tremiti Islands is typically 
Mediterranean with mild winters and warm 
and dry summers. The rainfalls are concen-
trated in the autumn - winter term ( ~ 476 
mm/yr on average) and the wind regime is 
characterised by predominant winds coming 
from the 2nd and 4th  quadrant. Rough seas 
and strong storms are frequent in the period 
autumn-winter. These storms are mainly re-
sponsible for the coastal erosional processes. 
(Trenhaile, 2008).

the CretaCCIo ISlanD anD the 
GeoloGICal haZarDS

The instability condition observed in the 
Tremiti Archipelago is characterized by dif-
fuse landsliding phenomena above all along 
the cliffs of the islands. The prevailing cau-
ses of destruction for Cretaccio are the wave 
and wind action, weathering and subaerial 
processes. The oldest geological formation 
outcropping  is represented by the San Domino 
Formation (Middle-Late Eocene). It consists of 
yellow-greenish doloarenites on which whitish 
diffusely recrystallized dolomitic calcarenites 
lie. This formation is overlain by the Cretaccio 
Formation, (Aquitanian- Tortonian), which is 
the most widespread unit in the small island. 
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The stratigraphic contact between the two 
formations can be observed in the western 
and northern coast. It is made up of well 
stratified yellow - greenish and yellow - red-
dish glauconitic laminate doloarenites, which 
pass upwards to marly biocalcilutites, yellow 
- whitish fossilliferous marls, yellow - whitish 
and occasionally greyish calcisiltites contai-
ning yellow limonite clasts. At the top, Qua-
ternary deposits of continental origin consist 
of brownish- red loess. 

The coastlines are intended and irregu-
lar. The inlets corresponds to structural we-
akness, typically along faults. Remarkable 
are the narrowing in the middle and an inlet 
that cuts the small island in two branches in 
the north - eastern part. The rock block “La 
Vecchia” is a stack, now almost completely 
eroded (Figure 3).

The severe erosional and weathering pro-
cesses all over the island are due to the poor 
characteristics of the Cretaccio Formation. 
The impact force of rainfall water, the rain 
infiltration and the wind erosion remove fine 
particles from the rock matrix, mainly along 
the calcisiltite and calcilutite  surfaces. These 
rocks are characterised by a high suscepti-
bility to erosion due to a weak cement and a 
fine grain size. In fact, flaking, pulverization 
and disaggregation of cement, cracking and 
dissolution weaken the levels composed of 
finer particles and make them more friable. 
Moreover, the disintegration of rock resulting 
from alternate wetting and drying causes the 
growth of salt crystals, (Stephensons & Kirk, 
2000).  The sea spray action, particularly ac-
tive during strong storms, contributes to the 
chemical and salt weathering and to the ge-
neral degradation of the rock surfaces. Ther-
mic stresses are also particularly effective on 
the calcarenite levels. (Cotecchia, 1999).

ConCluSIon
This research represents a basic study 

for the engineering design to find solutions 
to the instability and erosional phenomena. 
The interpretation of the processes here pro-
posed represents an important knowledge 
background to take into account in determi-
ning the design criteria for the restoration 
works. Due to the great value of the Cretaccio 
island from the naturalistic, geological and 
touristic point of view it can be considered a 
geoheritage and need urgent actions of con-
servation to prevent the complete destruc-
tion of the islet in a few years. The criteria 

Fig. 3- Aerial view of Cretaccio Island that shows the severe weathered surface and the erosion worsened by tectonic and 
wave action from the NW quadrant.

of conservation should optimize the intrinsic 
textures of the rocks outcropping, characteri-
zed by friable and weathered calcisiltites and 
calcilutites and the efforts should also result 
in sustainable works, not only to preserve the 
geoheritage from the natural hazard but also 
to develop the management and to contribu-
te to economic growth. The local government 
and the land –use planners must accept the 
challenge to work together to find the better 
solutions. The research team should verify if, 
for example, artificial protection structures 
to the wave action, along with the evolution 
of the natural phenomena resulted with the 
minimum environmental impact. Recently the 
municipality has proposed that the archipe-
lago has been inscribed in the UNESCO World 
Heritage.  
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aBStraCt

T
he Montalbano Jonico village (Basili-
cata, southern Italy) is surrounded by 
badlands which are noteworthy from 
both the scientific point of view and 

the naturalistic one. A lower-middle Pleisto-
cene composite section, about 500 m thick, 
has been reconstructed along the western 
steep slope of Montalbano Jonico.It consists 
of muds and muddy silts with nine interbed-
ded volcaniclastic layers (V1-V9). The section 
extends from Marine Isotope Stage (MIS) 37 to 
MIS 17-16; its upper portion contains the iso-
tope stage MIS 19,whose  major peak can be 
referred to the Brunhes/Matuyama boundary. 
This section, called ideale section,  repre-
sents a suitable interval for the definition of 
the GSSP (Global Boundary Stratotype Section 
and Point) of the Ionian Stage, lower-middle 

Fig. 1- a) Location of Montalbano Jonico village; b) Correlation of the partial stratigraphic sections; c) Composite Section of Montalbano Jonico (from Ciaranfi et al., 2011, modified).

Pleistocene boundary in age.
The scientific peculiarities of this section 

have made it possible to propose the Montal-
bano area as a geosite, after which the Regio-
ne Basilicata approved of the institution of the 
Riserva Speciale dei Calanchi di Montalbano 
Jonico. Several actions have been proposed 
to promote the geo-naturalistic patrimony in 
accordance to a sustainable development. In 
particular some geo-naturalistic routes of this 
area have been created in order to transform 
the badlands area of Montalbano Jonico into 
a didactic laboratory and a proper opportunity 
to improve environmental education. The ro-
utes cross nine partial stratigraphic sections 
that form the Montalbano  Jonico geosite. The 
routes, organized with illustrative panels, 
made it possible to observe the main strati-
graphic features in their natural framework, 
putting in evidence the presence of rich fos-
sil fauna. Finally, another suggestive geosite 

called Tempa Petrolla is well exposed in the 
northern area of the Riserva. 

IntroDuCtIon
A 500 m thick lower-middle Pleistocene 

composite section (Figure 1 a) has been re-
constructed along the western steep slope of 
Montalbano Jonico. It consists in an alternan-
ce (Figure 1b-c) of muds and muddy silts with 
nine interbedded volcaniclastic layers (V1-V9 
Figure 1b-c). The development of the astrono-
mical tuning of the section revealed that This 
section covers an interval of time from 1240 
ka to 645 ka through Marine Oxygen Isotope 
Stage 37 to 17-16. The upper portion of the 
section called “Ideale” Section contains MIS 
19, which is known to have occurred close to 
the Matuyama/Brunhes reversal, and which 
represents a suitable horizon for the defini-
tion of the GSSP (Global Boundary Stratotype 
Section and Point) of the Ionian Stage at the 
lower-middle Pleistocene boundary (Maiorano 
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et al., 2010). Taking into consideration the re-
levant scientific and naturalistic importance 
of the  Montalbano Jonico area, some resear-
chers of Bari University and the community 
of Montalbano Jonico village have worked 
together in order to popularize and preserve 
this interesting geo-stratigraphical heritage. 
Indeed, in January 2011, the Regione Basili-
cata ratified a specific law (L.R. 3/11) with 
the aim to protect the Montalbano Jonico ter-
ritory, thus establishing the Riserva Naturale 
Speciale dei Calanchi di Montalbano Jonico 
for its peculiar geo-stratigraphical interest. 
Successively, the Administration of Montalba-
no Jonico organized a working group, inviting 
some members of local environmental and 
cultural associations, local politicians and 
some researchers of Bari University, in order 
to promote the geo-naturalistic heritage in 
accordance with a sustainable development. 
The working group aimed at achieving the fol-
lowing main targets: 1) conservation and pro-
motion of the Montalbano Jonico geosites, 2)  
preservation of the autochthonous habitats 
related flora and fauna, 3) protection of the 
typical agricultural and sheep farming and  
promotion of the geo-naturalistic tourism.

the rIServa naturale SpeCIale  “I 
CalanChI DI montalBano JonICo” 

The Riserva covers  an area of 29 km2 and 
is characterized by a picturesque badlands 
landscape (Figure 2). The area has been di-
vided into three main zones on the base of 
their different environmental features:  1) A 
Zone – characterized by suggestive badland 
outcrops which include the geo-stratigraphic 
features of the area; 2) B Zone – characteri-
zed by woody landscape where several actions 
for the conservation of autochthonous flora 

Fig. 2 – Panoramic view of typical badland landscape of Montalbano Jonico area.

and fauna will be undertaken,  and 3) C Zo-
ne - characterized by cultural and historical 
elements.

Recently, a project for the realization of the 
geo-naturalistic routes (Ciaranfi et al., 2011) 
has been proposed in order to improve the ac-
cessibility of the area and promote the hidden 
beauties of these spectacular badlands and 
their scientific role. The aim is to convert the 
badland area of Montalbano Jonico into a 
didactic laboratory for all the visitors and a 
proper opportunity to improve environmental 
education. The proposed routes have been 
carried out along pre-existing pathway with 
historical relevance. They were the only com-
munication ways from the ancient village to 
the flat alluvial plain of the Agri river, locally 
called “giardini”  and devoted to the orange 
trees cultivation.

the montalBano JonICo GeoSIteS
The geosites of Montalbano Jonico, in-

cluded in the ISPRA geodatabase, are all in 
the A Zone of the Riserva: they consist of the 

Fig. 3 – Panoramic view of “Ideal section” and the more common fossils of the section (from Maiorano et al., 2010; modified).

two geosites of Montalbano Jonico and Tempa 
Petrolla.

The Montalbano Jonico geosite is repre-
sented by several partial stratigraphic sec-
tions that have been correlated on the base 
of their main physical and paleontological 
features. The geo-naturalistic routes, organi-
zed with illustrative panels, stretch along the 
main sections including the ideale one (Figure 
3), where the volcaniclastic layers V4 and V3 
are well exposed together with well-preserved 
macrofossils such as pectinids and Neopyc-
nodonte cochlear. These features have made 
it possible to reconstruct the main deepening-
shallowing cycles from inner-middle shelf up 
to deep circalittoral environments. The Ideale 
section includes the stratigraphical interval 
proposed for the GSSP  of the Ionian Stage 
(lower-middle Pleistocene Boundary). Moreo-
ver, the Tempa Petrolla geosite (Figure 4) is 
represented by an exotic block of calcareous 
Flysch, Paleogene in age, included in the 
Pliocene-Pleistocene Argille Subappennine 
formation. This site is not only important from 
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the geological point of view but from the hi-
storical one as well ; the remains of Neolithic 
Period and of Middle Ages testify the impor-
tant role of this area in the past propably due 
its geographical strategic position.
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aBStraCt

T
he article is devoted to the preservation 
of the unique geological object - Po-
lustrovo ferrous mineral water deposit. 
Medical properties of the water have 

been known since the 18th century. Polustro-
vo mineral water is produced by the “Polu-
strovo” factory. Many anthropogenic factors 
affect this deposit in Saint-Petersburg . To 
provide  the safety of the Polustrovo geosite 
the authors propose to provide a permanent 
hydrogeological monitoring of this deposit. 
The monitoring should include hydrogeoche-
mical and hydrodynamic investigations.

IntroDuCtIon
The Polustrovo geosite (the Polustrovo 

mineral water deposit) is situated in the nor-
thern part of St.-Petersburg. This deposit (3 
km long and 800 m wide, like a lens) contains 
ferrous mineral water. Medical properties of 
this water have been well known since xVIIIth 
century (Meyer, 1948; Korotkov et al, 1998). 
Nowadays, “Polustrovo” factory exploits this 
deposit. The Polustrovo deposit  is in very 
difficult conditions. There are many factories 
around the Polustrovo geosite and now the 
“Gasprom” sky-scraper and “Orlovsky” tran-
sport tunnel are expected to be constructed 
in only 600 m from “Polustrovo” factory. The 
investigation of “Polustrovo” deposit started 
in xIx century and is still going on. Many 
generations of Russian hydrogeologists and 
hydrochemists were involved in the deposit 
study. The work is still in progress. As of 1993, 
hydrogeochemical investigation of the “Polu-
strovo” mineral water has been conducted by 
the authors. 

Hydrogeological section of the site is 
shown in Figure 1.

There are the following aquifers:

Fig. 1 Hydrogeological  section

Uppermorainic aquifer - lgIIIbl-H;
Upper intermorainic (Polyustrovsky) Aqui-

fer - l, lg, fIIms-IIIos;
Redkinsky aquifer - V2.

. Analysis of the hydrogeological condi-
tions of the Polyustrovsky aquifer shows that 
its security can be defined as low, especially 
in the northern part of the territory. The re-
asons are: close proximity of the roof of the 
aquifer to the surface; lithological composi-
tion of the upper confining layer represented 
by boulder loam, sandy loam often alternating 
in the main area of supply aquifer in the north 
of the territory; existence of a “hydrogeologic 
windows” on the area where the upper aqui-
clude pinches out and is a direct hydraulic 

connection to the water table and other fac-
tors.

However, in the southern part of the field 
(near the factory “Polustrovo”), the upper clay 
aquiclude has a continuous distribution, its 
thickness reaches as many as 20 meters and 
more. Here we can assume that ferrous wa-
ters are well secured from the surface conta-
mination. Mineral water is pumped from the 
30¬¬-40 m depth. Piezometric level of the 
water is located above the day surface, it rea-
ches its maximum (> 5 m) near “Polustrovo” 
factory. The long-term regular observations 
show that the chemical composition of the 
mineral water hasn’t changed. It consists of 
hydrocarbonate magnesium-calcium water 
enreached with iron (20-30 mg/dm3). Its TDS 
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was 200-300 mg/dm3. Chemical composition 
of this water changed in 1970-1980’s becau-
se of the lowering of ground water level during 
intensive building construcrion that took pla-
ce in the deposit area (Petrov, 1997). Building 
water depressions caused material changes 
of chemical composition of the water. Over the 
last years, building water depressions have 
essentially decreased and the hydrodynamic 
regime has become stable. As of 1980s and 
up till now the water holds of hydrocarbonate-
sulfur-calcium-sodium-magnesium enrea-
ched with iron (50-70 mg/l) Its mineralisation 
is 500-550 mg/l. 

ConCluSIonS
The location of the Polustrovo geosite 

within the urban area of St. Petersburg im-
poses compulsory continuation of the regime 
hydrogeochemical studies as the primary 
method of monitoring groundwater quality. 
These studies help us to have timely infor-
mation about changes in the characteristics 

of waters . In addition, they allow answering 
a number of questions related to the problem 
of formation of mineral water. However, the 
chemistry of Polustrovo mineral water is ra-
ther complicated, and its variations cannot be 
explained only by the data of their chemical 
composition. These studies must be accom-
panied by an additional study of geology, 
hydrogeology, hydrodynamics of this mineral 
water, weather and other factors. A work is 
required to enable the compilation of all avai-
lable and additionally received physical and 
geographical, geological and hydrogeological 
and hydrogeochemical data. Only then it will 
be possible to justify the features of the for-
mation of mineral water at the moment and to 
forecast changes in its ion-salt composition 
in the future.

As a result of our study we conclude that 
the chemical composition of the “Polustrovo” 
mineral water has not changed since 1980’s. 
In case of possible further lowering of ground 
water level during intensive building constru-

crion in the deposit area, the mineral water 
may be contaminated and unsuitable for the 
public use. In order to save the “Polustrovo” 
deposit we recommend to develop a special 
complex of actions including creation of spe-
cial protection zone and to declare it as a 
regional geosite.
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aBStraCt

I
n our study we intended to plan a virtual 
guide to the scenery that opens up throu-
gh the train windows during a train tra-
vel in Hungary (Szeged–Budapest). This 

allows the presentation of a kind of thematic 
route (scenic route), in which the landscapes 
seen from the train are analyzed from envi-
ronmental aesthetic, ecological and cultural 
point of views, using GIS.

IntroDuCtIon
Thematic routes as linear attractions de-

veloped for tourists have become highly po-
pular all over the world (Kent & Elliot 1995; 
Jacobsen 1996; Meitner 2004; Denstadli & Ja-
cobsen 2011). The most important aim of the 
development of thematic routes focusing on 
a special theme is to present the natural and 
cultural values of a given area. Furthermore, 
the created attractions have major educatio-
nal role, especially in the field of environmen-
tal education.

Planning of thematic routes is an impor-
tant field of tourism product development, 
as both the organisation of the existing at-
tractions around a chosen theme and the 
development of new attractions provide an 
opportunity to increase tourism supply.

A special type of thematic routes, the 
so-called scenic route is still less known in 
Hungary. The main reason is that unique lan-
dscapes, as the attractions of these routes 
are not yet considered as independent values. 
For this reason, we aim to direct attention to 
the beauty of the landscapes surrounding us 
(Karancsi & Katona 2009).

The present study is based on the fact that 
travelling by train is a very popular means of 
travel, and in tourism it is considered as li-

near attraction (Howard 1997; Mitchell 1982; 
Halsall 2001). While travelling, it often hap-
pens that travellers get bored with reading or 
studying and therefore it is interesting throw a 
glance out the train window again and again 
and stare in wonder at unique landscapes. 
They often admire the special light or colour 
effects in the landscape, gaze at farmsteads 
with groups of trees or at leaping deer on 
plough-lands. This experience makes them 
feel happy, and, for long seconds, they even 
forget what previously dealt with. The expe-
rience increases when they put aside their 
daily concerns and travel as tourists longing 
for discovering unknown landscapes. This 
is why the idea of informing the passengers 
about the natural and cultural attractions lo-
cated along the railway line emerged.

In our study we intended to plan a virtual 
guide to the scenery that opens up through 
the train windows during a train travel in 
Hungary (Szeged–Budapest). This allows the 
presentation of a kind of thematic route (sce-
nic route), in which the landscapes seen from 
the train are analyzed from environmental ae-
sthetic, ecological and cultural point of views, 
using GIS. On the one hand, the different lan-
dscape characters formed under human im-
pact over the centuries are investigated along 
the given railway line, and on the other hand, 
the impressive sights, valuable elements and 
ecologically significant habitats of the lan-
dscape, as well as the spectacular examples 
of visual environmental pollution are presen-
ted in detail.

It was a deliberate decision to choose a 
railway line which runs through morphologi-
cally monotonous lowland areas poor in sce-
nic and cultural values, because it was our 
aim to prove that even a route of this kind 
could be suitable to arouse interest.

methoDS
Besides observations by train travels GIS 

methods were applied in the study. Visual 

observations focusing on landscape aesthe-
tics and ecology were simultaneously carried 
out. As a result, 1572 photographs were taken 
along the 191km long railway line (on both 
sides), and 219 geographic coordinates (GPS 
points) representing ecologically valuable 
areas were recorded. In addition, valuable, 
clearly visible architectural, cultural and hi-
storical elements were also marked out. The 
sceneries opening up from the train window 
were evaluated in a 1 km wide sector on each 
side of the railway line since this distance 
was considered as the limit of clear visual 
perception. Land use was studied using the 
CORINE land cover database, and the results 
were marked on thematic maps.

reSultS anD DISCuSSIon
The data collection revealed that all are-

as (marked as ecologically valuable areas by 
other studies) are visually clearly distingui-
shable. Several part of these areas are under 
protection, and as they are covered by varied 
vegetation, they are more interesting lan-
dscape elements than the vast arable lands 
mainly under monoculture.

Using the CORINE database, the study 
was narrowed down on five major land use 
categories (CORINE land cover nomenclature, 
level 1), which were evaluated in terms of eco-
logy, landscape and environmental aesthetics 
(Table 1.).

In terms of visual value, farmsteads in the 
Great Hungarian Plain are the most valuable 
landscape characters, because the farm bu-
ildings hiding among the varied vegetation 
(and fitting in the landscape) add variety to 
the monotony of the arable lands.

Of the non-domesticated animals living 
on the low-lying areas next to the railway li-
ne, the specimens of the protected avifauna 
of wetlands can be seen the most often, for 
instance pheasants (Phasianus colchicus), 
great egrets (Ardea alba), little egrets (Egret-
ta garzetta), grey herons (Ardea cinerea), pur-
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land cover categories 

(CORINE I) 
area km2 / area ratio % 

description ecological 
value 

landscape and 
environmental 
aesthetic value 

Artificial surfaces 
(109.168 km2, 28.57%) 
(settlements, 
infrastructure elements, 
industrial, commercial 
units, mine and 
construction sites, sport 
and leisure facilities as 
well as green urban 
areas) 

Buildings cover most of the 
land. Buildings, road and 
rail networks, artificially 
surfaced areas are 
associated with vegetated 
areas and bare soil. By the 
industrial utilisation of the 
surface, mines and 
construction sites are 
formed. 

low low-high 

Agricultural areas 
(212.689 km2, 55.69%) 
(arable lands, pastures, 
orchards and vegetable 
gardens) 

Areas occupied by larger or 
smaller arable lands where 
cereal crops, vegetables, 
fruit, industrial and fodder 
plants, and flowers are 
grown. 

medium low-high 

Forests and semi-natural 
areas 

Vegetation formation 
composed principally of high high 

Table 1. Description of the basic CORINE land cover categories and their evaluation in terms of ecology, landscape and environmental aesthetics 
(Karancsi, in press). Aqueduct route; 12. National road.

(51.226 km2, 13.41%) 
(forests, shrub 
vegetation, grasslands) 

broad-leaved and 
coniferous trees, including 
shrub and herbaceous 
understories. In natural 
grasslands, herbaceous 
species constitute 75% of 
all the plants. 

Wetlands 
(5.630 km2, 1.47%) 
(moory and marshy 
areas) 

Seasonally or permanently 
waterlogged areas. The 
water may be stagnant or 
circulating. Marshy areas 
are covered by reeds, rush, 
bulrush, and other aquatic 
plants. 

high medium 

Water bodies 
(3.287 km2, 0.86%) 
(rivers, lakes, water 
reservoirs) 

Natural and artificial water 
surfaces high high 

 

 

 

Fig. 1. A section of the map of the planned scenic route for the Szeged–Budapest 
railway line (Kitka & Karancsi,  in press)  
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ple herons (Ardea purpurea), rooks (Corvus 
frugilegus), hooded crows (Corvus cornix), 
European turtle doves (Streptopelia turtur), 
European magpies (Pica pica), lapwings 
(Vanellus vanellus), common buzzards (Bu-
teo buteo), Eurasian marsh harriers (Circus 
aeruginosus), etc. Of mammals, European 
hares (Lepus europaeus) (habitats: meadows, 
arable lands bordered by forests, gardens), 
red foxes (Vulpes vulpes), and European row 
deer (Capreolus capreolus) may pop up along 
their habitats (forest steppe, agricultural are-
as interspersed with groves of trees, reeds, 
scrublands, grasslands).

Railway stations near the railway line we-
re mapped as industrial monuments and the 
emblematic architectural monuments having 
considerable cultural and historical signifi-
cance were also marked on the maps.

Furthermore, we were interested in the 
opinion of the passengers. Based on the 
analysis of the questionnaires, it seems that 
there is a real need for informing travellers 
about the scenery that opens up through the 
train window. It could be a popular attraction 
for tourists that they could get useful infor-
mation about an unknown landscape and its 
culture during their journey in the Great Hun-
garian Plain.

ConCluSIonS
Scenic routes, a special type of thematic 

routes, have already appeared in Hungary, 
and they are playing more and more impor-
tant role in tourism product development. 
The train, as a means of transport, provides 
an opportunity to learn about the landsca-
pes and their elements, located next to the 
railway line. Providing the passengers with 
useful, additional information about the sce-
nery may arouse their interest in that specific 
landscape (or part of it) and tempt them to 
visit there. Based on the passengers’ opinion, 
it can be stated that there is a demand for this 
type of service.

Although we would publish the results of 
our study in the form of a printed brochure 
for passengers, it has to be taken into consi-
deration that getting information easily and 
fast is becoming more and more important in 
tourism as well, and therefore the application 
of audio guides, and smart phones could also 
be helpful. Using their GPS navigation units 
and well-designed programs, these phones 
could allow easy access to information about 
the place where their users are.
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aBStraCt

I
n the Apulia region with reference to 
Salento area you can find characteristic 
monuments and megalithic constructions 
(big stony structures). 
These structures date back to the Bronze 

Age (III-II millennium B.C.) and are known as 
dolmens, menhirs, dry-stone buildings like 
trulli and big defensive structures.

Moreover, there are lots of natural and ar-
tificial hypogeums used as residences as well 
as shelters. They have often shown important 
and old human traces.

Most of the Salento area is characte-
rized by carbonatic rocks of hard platform 
even if fractured and often karstified and 
cataclastic. They are surmounted by sandy-
calcarenitic layers with a different degree of 
compactness and cracking. Therefore, the 
Salento area shows favourable conditions 
for the development of a megalithic civili-
zation. Actually, a connection exists between 
the geological parametres of the ground, the 
building techniques and the deriving building 
products.

Hypogeums, both natural (part of the 
salentine karstic system) and artificial (dug 
into tufa covers) are very important structu-
res highly widespread within the primordial  
settlements.

On the Adriatic coast of Salento, espe-
cially between Otranto and Leuca, you may 
find a higher concentration of megalithic 
settlements that comprised both isolated 
communities and settlements organized as 
real villages which then evolved into towns 
surrounded by megalithic walls.

Direct mapping and techniques of pro-
specting from space carried out through the 
monitoring system called SIMONA have shown 
the presence of isolated megalithic structures 
of various shapes, types and importance as 
well as traces and mosaics of very advanced 
settlements for the Era in which they deve-
loped. 

This research represents a furthur ap-
proach towards a vision of the megalithic 
settlements in Salento (around Lecce area) 
considered not only from a geological point of 
view but also environmental and territorial, 
that is in a perspective of human and urban 
geography. The Salento region (Apulia, sou-
thern Italy) is characterized by the presence 

of characteristic monuments and megalithic 
constructions (big stony structures), dated to 
the Bronze Age (III-II millennium B.C.) and 
known as dolmens, menhirs, dry-stone buil-
dings like trulli and big defensive structures 
(Corrado, 2010). Moreover, there are several 
natural and anthropic caves, used as resi-
dences as well as shelters, in which important 
and old human traces have been often found 
(Centenaro et al, 2003).  

In particular, dolmens consist of some 
rocky slabs put vertically into the ground and 
surmounted by a large flat horizontal capsto-
ne. On the other hand, menhirs are monolithic 
standing stones of various shape and height 
whose function remains unclear. 

Dry-stone buildings, known as trulli (from 
the Greek word τρουλλα, cupola/dome), are 
buildings of different shapes, above all trunk-
conical, with dome-shaped corbelled vaults 
and generally composed of a single room. 

Heaps of stony materials, known as spec-
chie, and the terraced towers should also be 
mentioned talking about dry-stone buildings.

Defensive structures consist of big rocky 
calcarenitic elements (megalithic walls) that 
can be dated approximately to 2500 B.C. The-
se structures represent the defensive sectors 
of huge messapic settlements (for example 
Muro Leccese, Vaste, Castro etc., see (Figure 
1).

Fig. 1 - Messapic walls in Castro (LE)

All these structures are influenced by the 
nature of the geological substratum outcrop-
ping in the area and by the availability of 
stony materials that are easy worked.  

The most used materials are the calca-
reous and arenaceous lithotypes, above all 
if layered and fractured. Even rocky coarse 
incoherent elements are used. They are easily 
traceable and can be used especially with bad 

environmental conditions, far from quarrying 
and working places concerning proper buil-
ding materials. In the Salento area there are 
traces of old caves characterized by tufo. 

   They were used to build single structu-
res or entire settlements surrounded by me-
galithic walls like the caves of Santa Cesarea 
Terme’s baths up to Porto Miggiano. 

Most of the Salento area is characte-
rized by carbonatic rocks of hard platform 
even if fractured and often karstified and 
cataclastic. They are surmounted by sandy-
calcarenitic layers with a different degree of 
compactness and cracking. Therefore, the 
Salento area shows favourable conditions 
for the development of a megalithic civili-
zation. Actually, a connection exists between 
the geological parametres of the ground, the 
building techniques and the deriving building 
products.

Hypogeums, both natural (part of the 
salentine karstic system) and artificial (dug 
into tufa covers) are very important structu-
res highly widespread within the primordial  
settlements (Figure 2).  

Fig. 2 – Megalithic settlements in the province of Lecce

Researchers have sometimes underesti-
mated the environmental and territorial con-
text in which the megalithic civilization deve-
loped. In fact, the territory and its resources 
, the environment and of course the lithology 
have played a key role in the choice of those 
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sites in which this ancient civilization deve-
loped and stratified over time, thus, leaving 
important traces regarding the settlements 
and their organization. (Lazzari, 2005).

On the Adriatic coast of Salento, especially 
between Otranto and Leuca, you may find a hi-
gher concentration of megalithic settlements 
that comprised both isolated communities 
and settlements organized as real villages 
which then evolved into towns surrounded by 
megalithic walls. (Daquino, 2010)

Direct mapping and techniques of pro-
specting from space carried out through the 
monitoring system called SIMONA have shown 
the presence of isolated megalithic structures 
of various shapes, types and importance as 
well as traces and mosaics of very advanced 
settlements for the Era in which they develo-
ped. (Lazzari, 2011). 

Thanks to the above mentioned technolo-
gies it has been possible to identify lots of evi-
dence. For example, the systems of dry-stone 
walls used both as a separation for properties 
or a defense for the settlement. Other traces 
regard the delineations of paths and rest 
places, systems of hypogeums dug into the 
tufa rock, cisterns for the gathering of water 
and pits for the sampling of the superficial 
stratum together with many other traces of a 
primordial civilization whose growth and en-
vironmental adjustment was impressive. In 
fact, it created a sort of a union between na-
tural elements and human settlements that 
presumably developed also ways of bartering 
with people from the sea. 

Consequently, the numerous traces found 
can’t represent isolated elements. They are 
part of a mosaic that must to be reconstructed 
and interpreted on a higher level because ru-
pestrian settlements have gradually evolved 
into organized urban systems many of which 
have survived up to now (Figure 3).

Fig. 3 – Hypothetical reconstruction of the evolution of the megalithic settlement system in Salento. 

The megalithic traces are those of a ci-
vilization conditioned and favored in its de-
velopment by environmental components not 
only of geological nature but also climatic, 
vegetational and faunal as well as by com-
munity relationships.

In this regard the Salento area is thought 
to show some primordial organized settle-
ments whose communities were peopled and 
devoted to rudimentary forms of agriculture, 
hunting, fishing and also to the production 
of commercial products, such as sea salt. 
The rupestrian site of Castro Marina’s port 

is thought to be an example even if today it 
is partially destroyed by recent urbanization. 
(Lazzari, 2004).

Along the Adriatic coast the mapping from 
space has identified at least two organized 
systems of ancient megalithic structures su-
itable for the survival and the development of 
communities in expansion which had human 
and commercial relations with  inland areas 
where subsequently settlements surrounded 
by megalithic walls developed (Figure 4). 

Fig. 4 – Glimpse of a megalithic settlement along the Sa-
lento eastern coast line.

This research represents a further appro-
ach towards a vision of the megalithic settle-
ments in Salento (around Lecce area) consi-
dered not only from a geological point of view 
but also environmental and in a perspective 
of human and urban geography. 

As a consequence of these elements, it 
emerged the hypothesis of a civilization re-
lated not only to activities, such as hunting 
and harvesting, but also to more complex and 
rather advanced forms of life. 

The same evidence contribute to cha-
racterize the local landscape. The landscape 
is unique and it is connected with the sto-
ne, its colors and shapes, therefore with the 
karst area delineating significant geosites 
subjected to a rigid protection in order to 

safeguard  assets that are progressively and 
strongly compromised.

referenCeS
Ambrosi A., deGAno e., zACCAriA C.A.. (1990) Archi-

tettura in pietra a secco. Atti del 1° Seminario 
Internazionale “Architettura in pietra a secco”. 
578 pp. Schena Editore – Fasano.

bArlettA r. (2009) – Architettura contadina nel 
Salento – Muretti a secco e pagghiari, 95 pp - 
Capone Editore - Lecce. 

CentenAro e., mAstronuzzi G., selleri G., (2003). Le 
grotte della fascia costiera: geositi nel Salento 
leccese. Atti del Convegno “Il Carsismo nell’area 

mediterranea”. Thalassia Salentina, n. 26, 121-
133, Università di Lecce.

CiArAnfi n., Pieri P., riCChetti G. (1998). Note della 
Carta Geologica delle Murge e del Salento (Pu-
glia centro meridionale), Mem. Soc. Geol., 41, 
449 – 460, Ital., Roma

CorrAdo A. (2010) – Puglia preistorica – Dal Pa-
leolitico all’Eneolitico. 119 pp. Capone Editore 
- Lecce.

dAquino C. (2010) – I Messapi – Il Salento prima di 
Roma. 143 pp. Capone Editore - Lecce. 

lAzzAri m., lAzzAri s., de sAntis A. (2003). Rischi 
geomorfologici ed ambientali in un’area carsica 
urbanizzata del Salento. Atti del Convegno “Il 
Carsismo nell’area mediterranea”. Thalassia 
Salentina,. 41-54, Università di Lecce.

lAzzAri s., (2004) – Cavità, centri urbani ed aree 
archeologiche: rischi, tutela e valorizzazione. 
Spelaion 2003, Atti del raduno nazionale di 
speleologia, 45-56, San Giovanni Rotondo.

lAzzAri s., (2005) Tracce di antiche civiltà in un’a-
rea carsica salentina. Relazione presentata al  
convegno “Il Carsismo nell’area mediterranea. 
III incontro di studi, 16 pp., Cedat Europa ®, 
Potenza

mAlAGrinò P., (1997) – Monumenti megalitici in Pu-
glia. 230 pp. Schena Editore – Fasano.

mArtinis b., (1970). Note illustrative della Carta Ge-
ologica d’Italia 1:100.000, F 223 “Capo S. Maria 
di Leuca”, Servizio Geologico d’Italia, Roma.

lAzzAri s., (2011). Sistemi tecnologici avanzati per 
il controllo e la mitigazione dei rischi ambientali. 
In: le modificazioni climatiche e i rischi naturali. 
197–200. Polemio M., (Ed.), CNR – IRPI, Bari



Geologia dell’Ambiente • Supplemento al n. 3/2012

130

augmented reality and 3D 
scanner to Study and exhibit 
trampled limestone blocks from 
Bari’s harbor (Se Italy)

m. Petruzzelli(1), s. vAllettA(2), m. sAntAntonio(3)  & 
r. frAnCesCAnGeli(4)

1)Geologist, Via G. Fanelli 201/o, 70125 Bari, Italy
inzone@libero.it
2) SIGEA Sezione Puglia, puglia@sigeaweb.it 
3) Augmented Adventure, Via Purgatorio Vecchio 9, 
Matera, Italy 
santantonio.marcello@gmail.com 
4) CISMUS, Earth Science Museum of Bari, 
Campus - Via Orabona 4, 70125 Bari, Italy
r.francescangeli@geo.uniba.it

aBStraCt

I
n the Apulian Jurassic-Cretaceous li-
mestone exposure there is an intensive 
limestone quarrying activity. As normal 
and historically known local rocks result 

extensively used in many Apulian architecture 
and engineering operas. The most common 
use of the big blocks coming from this quar-
ries is bulwark in local wharfs. The Bari block 
finds in the Industrial harbor turns out to be 
very interesting from a scientific point of view 
due to that they belong to the Aptian age. Six 
trampled blocks were identified in 2006 by 
Petruzzelli and many other may be identified 
by supplementary survey on the wraft. Public 
display in strategic urban hot spots would 
represent a good protection solution to raise 
awareness on the matter “dinosaur track” to a 
vast public. Heavy duty handing operation, re-
storing of the fossils and exhibition facilities 
could be planned as routine urban activities 
or as a part of harbor maintenance, reducing 
drastically operation costs. These exhibits 
would be improved by adopting the Augmen-
ted reality technology using hi-tech supplies 
overlapping virtual tags including the sample 
description or a 3D interactive models con-
veying the inherent information with added 
value for touristic and scientific advantage. 

IntroDuCtIon
In the Apulian Foreland 18 dinosaur 

tracksites has been found during the last 13 
years (Petruzzelli et al 2011). Each of these 
finds normally outcrops in correspondence 
with fresh exposed rocks within the main Apu-
lian quarrying district (Baldassarre 2002). 
Where paleosurfaces outcrops naturally; in 
cliffs, canyons, etc. the sites maintain the 
stratigraphical meaning but the geological 
importance is hard to be public comprehen-
ded and logistically protected. The main pro-
blem in preserving this sites is not erosion 
but the ideas by local landowners that fossils 
represent a problem (Petruzzelli et al 2011), 
but a source to be old by quarries alternative 
requalification methods (Pavan 2002). Re-
ference samples in the form of big discard 
blocks coming from quarries are often found 
in bulwarks, in shafts and containing walls. 
So Apulian cities even if they do not possess a 

nearby dinotracksite could have dinotracked 
blocks within their city landscape. This is the 
case in towns such as Mattinata, Trani, Mol-
fetta, Bisceglie, Altamura and Bari.

SettInG anD Context
Refrence sample was found casually in 

the north part of the industrial arbor of Bari 
during 2006 by Petruzzelli and in 2012 with 
the cooperation of SIGEA and Bari Earth 

Science Department was proposed a study 
and a protection project to the National Ar-
cheological Authority, to the Apulia Region 
and to Bari’s municipality involving also the 
Port Authority. Dinotracked blocks are found 
near the “Spianata di Marisanbella” an em-
bankment built in the nineteen’s used as a 
truck park, and are grouped in a artificial 
channel built for the protection of migratory 
birds(Fig 1). The blocks result on the side of 

Fig. 1: Geographical setting and pictures of some of the Bari’s trampled blocks.
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the sea promenade built  during the fascist 
dictatorship so is probable that the blocks 
where posed there about eighty years ago. 
After the first survey 6 blocks show dinosaur 
tracks and other sedimentary structures as 
mudckacks and invertebrate borrows. The 
chaotic disposition of the artificial banc does 
not exclude that new dinosaur tracks will be 
found if blocks are tilted. If these blocks come 
from Bari’s extraction district, their age would 
be upper Cretaceous, probably belonging to 
Albian plane being part of the Calcare di Bari 
Formation. This monotonous limestone crop-
ping occurs extensively diffused in the north 
part of the Murge Highland (Ricchetti et al 
1992). Albian aged dinosaur tracks result very 
rare in the Italian peninsula and not common 
in all the world. In the quarries around Bari 
no dinosaur tracks are known so starting up 
from the harbor trampled blocks a better sur-
vey should be done systematically while new 
dinosaur data could be certainly acquired. 

proCeDureS
Moving samples from its original locality 

is a decontextualization and represent a loss 
of scientific data and geoheritage. But in our 
case for the reason that we do not know the 
provenience, the better use for the sample 
blocks would be posing them in a integrated 
urban exposition. The first thing to consider is 
to put the blocks in a indoor or covered situa-
tion to avoid their degradation. This does not 
often happen in Italian dinosaur track expo-
sitions Such as in S. Marco in Lamis (Petti et 
al 2008) or Boscieglie exhibitions (Sacchi et al 
2009). Other factors that should not be under-
valued is that if the municipality is involved 
in planning and handling the operation nee-
ded could be integrated in city improvement 
activities, reducing enormously the costs of 
the evaluation. The first operation should 
be a survey finding new blocks and origin 
quarries. Second operation would be placing 
a metal tag on each block to be surely iden-
tified. Then comes the blocks substitution, 
the relevant ones must be replaced with not 
fossiliferous ones. The fossils would be pla-
ced on the truck park area under a temporary 
protection where they can be restored (Figure 
1). Here  3D laser scan would be applied to 
obtain high definition models of the blocks, 
reference instrument is Konica Minolta VIVID 
910 used with a dedicate protocol reaching 
the tenth of millimeter precision (Petruzzelli 
& Razzolini 2011). After the study each block 
would be placed in an urban context, prefe-
rably in a indoor position, examples could be 
the Earth Science Museum of Bari, the new 
metro station near the airport or the same 
port Authority building. Exposition supply 
component would be just a metal laminate 
base on which place each block and some 1m 

metal columns and chains placed as a fence 
around the sample (Fig 2). Near each block 
a small explanation poster would be placed 
contextually with an interactive augmented 
reality supply. Augmented reality is a digital 
interactive system that trough I-phones, ta-
blets or 3D glasses use, allow to overlap to 
the real sample multimedia contents, in our 
case dinosaurs in motion and virtual visits 
on the other blocks (Fig 2). The application 
of the method is not invasive and uses the 
same 3D technology used for the study pha-
ses allowing multi-content argumentation. 
The system uploads all necessary data by the 
internet so the contents of the system could 
be periodically changed by web, allowing also 

Fig. 2: Possible show of one of the trampled blocks using 
Augmented reality overlapping a dinosaur walking and real 
time description and web data.

the user of the system to obtain much additive 
touristic or scientific information. 

ConCluSIonS
Bari’s harbor dinosaur tracked blocks 

exposed in an interactive mode would sa-
ve important fossil samples already moved 
from their geological context. Posing them 
in urban scientific and touristic hotspots 
would be an unique opportunity for raising 
awareness among the public for geoherita-
ge and local science museums, creating a 
public response in favor of new local geosite 
creation. Integrating the exposition with city 
planning will reduce costs and also raise of-
ficial territorial planning awareness that is 
not so informed about dinosaur heritage in 
Apulia. The integrated show facility allow the 
periodical renewing of digital contents to be 
explained renewing the visitor interest and 
would be an example to be repeated in all si-
milar expositions. Applying augmented reality 
method would also respect the international 
trend in modern scientific shows and would 
train locals for running on bigger similar 
projects. Building up a physical and virtual 
web of interest around dinosaurs would be 
the way to start international cooperation and 
sponsors. Small application as this will call 
outdoor research and tourism in remote mo-

de amplifying their interest in being involved 
in surveying Italian geoheritage and would 
introduce to the local land planning the ter-
ritorially spread dinosaur geosites problem.
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T
he hills of the Bradanic Trough (Basi-
licata, Southern Italy, Figure 1) rise for 
a few hundred of metres from the beds 
of the most important rivers of the re-

gion, have a truncated-cone shape, and often 
host a village, a church, or an archaeological 
site on top of them. Geologically, the Brada-
nic Trough represents the south Apennines 
foredeep and is a Quaternary uplifting region 
cut by a dendritic drainage network. Rivers 
deepen and widen their valley in an early Plei-
stocene succession mainly made up of clays 
and characterized by a thin (no more than one 
hundred metres thick) sandy and/or gravelly 
flat unit at the top.

Recent studies suggest that gravels are 
concentrated mainly in discrete bodies, which 
represent ancient small deltas (Pieri et al., 

 
 

 

 

 

Fig. 1 – Schematic structural map of Italy with location of the Bradanic Trough (from Pieri et al., 1997 mod.) and geological cross-section showing the main structural elements of the 
Southern Apennines orogenic system (from Sella et al., 1988 mod.).

1996, 2004; Sabato, 1996; Tropeano et al., 
2002; Sabato, 2003; Sabato et al., 2004). The 
distribution of villages indicates the original 
distribution of these deltas during a long-
term regression (induced by regional uplift, 
Figure 2) punctuated by high-frequency sea-
level changes.

According to Pieri et al. (1994; 1996), 
the highest and oldest deltas developed near 
the chain border, in the middle of the Bra-
danic Trough (Figure 2A). The younger ones 
progressively developed towards the Adriatic 
or the Ionian coast  (Fig 2B-D) (Tropeano et 
al., 2002).

The hills, showing the remains of these 
deltas, were populated in the past and conti-
nue to be because, due to their stratigraphic 
situation (porous deposits overlying clays), 
they represent important productive aqui-
fers. The available groundwater conditioned 
the development of a series of human acti-

vities, strictly linked to the presence of wa-
ter. It is possible to develop a geo-touristic 
itinerary embracing most of these hills, that 
besides allowing to observe the geological 
features, permits to appreciate other histori-
cal peculiarities (Genzano di Lucania and its 
monumental fountain; Grassano hills and its 
ancient cellars carved in the sands (Figure 3); 
Sant’Antuono hill and its sanctuary; Irsina hill 
and its cathedral...).

Each of these outcrops has a different 
origin and age, and apparently they do not 
have a common link. The only “leitmotif” is re-
presented by their geological meaning, which 
links a lot of small spots in the regression 
phenomenon occurred in the Bradanic Trough 
during the Pleistocene.

The described geological features have 
a large impact on the local landscape cha-
racter strongly linked to past and present 
settlements and culture. Integrating geology 
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Fig. 2 – Migration of coarse-grained coastal system during the Quaternay evolution of the Bradanic Trough (from Tropeano 
et al., 2002 mod.).

– 

in the local understanding of the landscape 
and in local landscape development and areal 
plans could enhance the local characteristics 
of the area and make it possible to achieve 
synergy between conservation of important 
geoheritage and modern land use.
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Fig. 3 – Cinti locality at Grassano during a field trip: a series of cellars are carved in the sands, just below the boundary 
with the overlying deltaic gravels.
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T
he Salento peninsula, corresponding to 
the southern part of the Puglia region, 
in South of Italy, ends seaward, betwe-
en the localities of Otranto and Santa 

Maria di Leuca, with an articulate and steep 
rocky slope. This latter connects the higher 
part of the region (the Serre Salentine, a small 
plateau consisting of gentle hills and wide 
depressions oriented almost perpendicular 
to the coast) to the Strait of Otranto (Ionian 
Sea). The rocky slope is made up of different 
carbonate deposits, ranging in age from Cre-
taceous to Quaternary. The youngest deposits, 
Pleistocene in age, occurring in the middle-
lower part of the rocky slope up to the sea 
level, are attributed to the “Calcareniti del 
Salento” formation. These deposits outcrop 
discontinuously, have thicknesses ranging 
from a few meters to several tens of meters 
and correspond to small isolated prismatic 
bodies developed in some slope indentations 
(Tropeano et al., 2004). The shape of these 
bodies resembles the aprons (“tamantili” in 
Salento dialect) worn by housewives with the 
same origin as the English geological term 
of “aprons” (Figure 1). In particular, in Porto 
Miggiano (at Santa Cesarea locality) and Ca-
stro Marina (both in the province of Lecce), 
these deposits are characterized by long ho-
moclinal beds (clinoforms) interrupted by the 
detachment of submarine landslides evolved 
in small ephemeral channels (Figure 2).

The resulting landscape is represented 
by a series of cliffs interspersed with natu-
ral “slides” (base of the clinoforms) used by 
swimmers. This landscape has also a histo-
rical significance as in the past the calca-
renites were extracted; this led the carving 
of vertical walls along which 3D views of 
large-scale sedimentological-features may 
be observed. 

This kind of heritage (geological and hi-
storical) needs to be safeguarded beginning 
from the local awareness that makes possible 
the coexistence of tourism with the knowledge 
and respect of these rocky monuments.

 
 

Fig. 1 - Suggested paleogeography of the flank of the Otranto strait during aprons sedimentation.  

 
 Fig. 2 - Calcarenite cliffs at Porto Miggiano. The base of the clinoforms produces a platform used by tourists during the 
summer.

KeyWorDS: Salento, pleIStoCene, 
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aBStraCt

G
eoparks and geosites directly lead 
on professional figure of geologists, 
who usually are not very involved in 
environmental conservation and va-

lorization politics.
Nevertheless a development of nature 

conservation systems in geological way must 
connect with a jobing outlet for geologists: it’s 

real that census, characterization and inter-
pretation of geological heritage are objectives 
of recent date, but it’s how true that opportu-
nity by the terms of alternative job for geolo-
gists must be yet matured.

The occupational outlet is relative to pre-
sent demand of job for geotourism activities, 
but it’s necessary from now get ready for that 

will be the future demand, in probably sup-
position of a strong increment of geoconser-
vation politics in next years.
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aBStraCt

I
n 1998 the Geological, Seismic and Soil 
Survey of Emilia Romagna Region (SGSS) 
began a census, compiling detailed re-
cords of regional sites of significant 

geological and geomorphological value. 
As well as recording places long-known for 
their scientific value, the census also relied 
on data collected in a period spanning over 
twenty years in the field during the survey and 
study of the regional territory; this enabled 
identification of countless sites, which can be 
described in the first instance as “elements 
of the geological heritage”.

Over the years, various forms of scienti-
fic popularisation have been introduced, and 
more recently this commitment to knowled-
ge-sharing has seen considerable resources 
channelled into the development of web tools 
(in particular webgis), adding to traditional 
printed media, which includes the “Geological 
Landscape Map” to scale 1:250.000 (2009).

Popularisation relating to geosites inclu-
des the installation of explanatory panels in 
situ. 2009 saw the opening of the “Le Con-
chiglie Geo-Paleontological Trail”, followed 
in 2011 by the inauguration of a series of 
educational panels (with geological itine-
raries clearly marked) relating to the Pietra 
di Bismantova rock, with the contribution of 
the University of Modena and Reggio Emilia 
(Prof. S. Lugli and Prof. C. A. Papazzoni) and in 
concert with the management of the National 
Park of the Tusco-Emilian Apennines, within 
which this geosite lies.

IntroDuCtIon
Emilia-Romagna has a wealth of geologi-

cal and geomorphological evidence testifying 
to the evolution of an area so critically impor-
tant for the geology of Italy. The region is a 
sort of fulcrum linking the Alps, the Apennines 
and the Adriatic region, encompassing quite 
structurally diverse territories of mountains, 
hills, the alluvial plain and coastal areas.

Together, these vastly contrasting envi-
ronments constitute the region’s geological 

  

Fig. 1 – Bismantova Stone and outcrops of Triassic Gyp-
sum along left versant of the Secchia’s valley, one of the 
most exemplary areas for the geological heritage of Emilia-
Romagna Region. 

  

Fig. 2 – The “Salse di Nirano”, a group of several mud vol-
canoes in the Modena’s hills.

heritage, the basis for the evolution of a hi-
ghly diversified landscape rich in biodiversity.

In 1998 the Geological, Seismic and Soil 
Survey of Emilia Romagna Region (SGSS) be-
gan a census, compiling detailed records of 
regional sites of significant geological and 
geomorphological value. As well as recording 
places long-known for their scientific value, 
the census also relied on data collected in 
a period spanning over twenty years in the 
field during the survey and study of the re-
gional territory; this enabled identification of 
countless sites, which can be described in the 
first instance as “elements of the geological 
heritage”.

The census must be regarded as an on-
going project requiring constant updating, 
both in terms of the content and the overall 
number of sites recorded.

To date, 714 elements of the geological 
heritage have been identified, and this task 
was followed by the selection and description 
of approximately 100 geosites, some of which 
group together several elements. In those ca-
ses where a geosite encompasses more than 
one element of geological heritage, users can 
consult information on each individual ele-
ment, facilitating identification of the various 

Fig. 3 – The location of Geosites, Hypogean Geosites and Elements of the Geological Heritage in Emilia-Romagna (elabo-
ration by Giulio Ercolessi).
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distinctive features in the wider, more 

complex area of the geosite.
A specific phase of the census, carried 

out in partnership with the Emilia Romagna 
Speleological Federation, examined karst 
areas and enabled selection, from the 775 
caves documented in the regional register 
of natural cavities, of 41 hypogean geosites. 
Geosites, hypogean geosites, elements of 
the geological heritage and caves have been 
recorded and catalogued according to their 
area of geoscientific interest (geomorpho-
logy, stratigraphy, sedimentology, structural 
geology, paleontology, mineralogy, geohistory, 
geomineralogy, epigean and hypogean karst), 
with context-specific areas of interest also 
noted (fauna, botany, landscape, history, ar-
chaeology) along with the merits of the site, 
i.e. its “usage value” (for science, education, 
eotourism, hiking, speleology). For each area 
identified, the census records and describes 
the level of conservation, the risk of deterio-
ration, any protection requirements, the pre-
sence of usable structures and any proposals 
for valorization.

For caves, in addition to the geographical 
location, the census describes the physical 
pattern, size and difference in height, the host 
geological formation, the type of karst area, 
the hydrology and access possibilities. Mo-
reover, topographic relief maps detailing the 
underground cave system are also available.

Sites recorded in the census extend over 
an area of around 53,000 hectares, the equi-
valent of 2.5 % of the regional territory. 30% 
of this lies within natural parks and reserves, 
approximately 45% within the boundaries of 
Natura 2000 network sites, and thus alrea-
dy benefits from regional legislation put in 
place to safeguard geodiversity (Centineo et 
al., 2012).

Data management is based on the use of 
a GIS and relative database. This makes the 
geographical, administrative and geological 
characteristics of each site, plus any existing 
restrictions, immediately visible. For each 
site, users can consult the geological car-
tography, one or more photographs, detailed 
descriptions and a bibliography.

The entire body of data can be consul-
ted online on a web-gis, at http://ambiente.
regione.emilia-romagna.it/geologia/temi/
patrimonio-geologico and http://ambiente.
regione.emilia-romagna.it/geologia/carto-
grafia/webgis-banchedati/catastocavita-
naturali-emilia-romagna providing access to 
files for individual sites and in-depth scien-
tific and educational documentation.

a laW SafeGuarDInG GeoDIverSIty
In July 2006, Emilia-Romagna Region 

passed a regional legislative decree (Norme 
per la conservazione e valorizzazione della 

geodiversità dell’Emilia-Romagna e delle 
attività ad essa collegate (D.L. 19/2006)) de-
signed to safeguard geodiversity and related 
activities.

This law established a regional register 
of geosites, inclusive of hypogean geosites, 
acknowledging the area’s geodiversity and 
geological heritage as of great public inte-
rest, in view of their inestimable scientific, 
environmental and cultural value, not to 
mention their importance in terms of tourism 
and recreational activities. The law promotes 
the knowledge and understanding of geosites 
and, conservation of the latter permitting, pu-
blic access and use for educational purposes. 
The law also makes provision for the proposal 
of new geosites by territorial agencies, rese-
arch institutes and environmental groups, 
appointing a Technical-Scientific Committee 
to rule on which elements of the region’s ge-
ological heritage actually have the right cre-
dentials to become geosites. Lastly, the law 
makes provision for the register of geosites 
approved by the regional council to be inclu-
ded in the knowledge framework of territorial 
and urban planning tools.

a GeoloGICal herItaGe aCCeSSIBle to 
all:

Geology is not an easy subject for po-
pularization and for the Geological, Seismic 
and Soil Survey of Emilia Romagna Region, 
facilitating knowledge and understanding of 
geology has always been a key activity, aimed 
at establishing a geological culture founded 
on an understanding of the region’s sites and 
their scientific importance. With this spirit, 
various forms of communication have been 
established over the years, and more recently 
a major commitment has been made to exploi-

Fig. 4 – Messinian gypsum along the spectacular outcrops of “Vena del Gesso”.

ting the full potential of web tools (especially 
webgis).

The online publication of data is intended 
to draw greater attention to the elements of 
the geological heritage, through which scho-
ols and local authorities have the opportunity 
to use outcrops and “minor” landforms (which 
are often actually of considerable importan-
ce) to teach Earth Sciences and to enhance 
local geotourism. To this end, the SGSS laun-
ched an educational website highlighting 
the geological heritage and the geological 
landscape map together with the network of 
agritourisms and countless museums dotted 
across the region with exhibits testifying to 
the regional geology and key periods in the 
history of Emilia-Romagna: 

http://ambiente.regione.emiliaromagna.
it/geologia/cartografia/webgis-banche-

dati/geologia-storia-e-turismo.
A number of printed resources also sup-

port popularisation: at the end of the ’90s 
the SGSS published the series “Geological-
environmental itineraries”, intended to hi-
ghlight a number of important places where 
geology and geomorphology can be observed 
in the field. Produced in leaflet form, they 
feature a simplified geological map on one 
side, complete with an intuitive map legend 
and a number of explanatory diagrams and 
photographs; the reverse side offers readers 
descriptions of walking itineraries with geolo-
gical and nature-related themes. Maps have 
been published relating to: the Ceno Valley 
(1999), Bolognese hills (2000), Trebbia Valley 
(2002), Casentino Forest (2002), Matildic ter-
ritories (2004) and the Piacenzian (2011). The 
same series also contains “Map of the stones 
of Bologna – Lithology of a city” (2005) which, 
notwithstanding its different 
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Fig. 5 – Bismantova Stone is maybe the “olotype” of the geosites in Emilia-Romagna, inside of National Park of tosco-
emiliano Apennine.

Fig. 6 – The educational panels, with geological itineraries, designed to the geosite of Bismantova Stone, inaugurated 
in November 2011. 

methodological approach, represents the 
first example of a map of geological itineraries 
for an urban area. The Survey also launched 
the publication of the series of books titled 
Acqua e Terra (Water and Earth), dedicated to 
key geo-environmental matters, and a series 
of educational booklets.

To make geological maps as easy as possi-
ble to read and understand, the Survey produ-
ced the “Geological Landscape Map” to scale 
1:250.000 (2009), used for popularisation ac-
tivities regarding the geological heritage. The 
aim of this great “simplified geological map” 
is also to ensure an intuitive understanding, 
through the pattern of “geological landscape 
units”, of the close link between geology and 
landscape, thus illustrating how geodiversity 
forms the basis of landscape diversification.

Popularisation relating to geosites inclu-
des the installation of explanatory panels in 
situ which favour direct observation of rocky 
outcrops and landforms, striving always to 
draw attention to their scientific importance. 
2009 saw the opening of the “Le Conchiglie 
Geo-Paleontological Trail”, followed in 2011 
by the inauguration of a series of educatio-
nal panels (with geological itineraries clearly 
marked) relating to the Pietra di Bismantova 
rock, one of the region’s most iconic geosites. 
The work was carried out with the contribution 
of the University of Modena and Reggio Emilia 
(Prof. S. Lugli and C. A. Papazzoni) in concert 
with the management of the National Park of 
the Tusco-Emilian Apennines, within which 
this geosite lies.

The Geological, Seismic and Soil Survey 
is now focusing its attention on the geosi-
tes of Trebbia and Marecchia valleys: lying 
at Emilia-Romagna’s western and eastern 
extremities respectively, they constitute criti-
cally important points for the region’s geology, 
and are areas of outstanding natural beauty 
which are ideally suited to the development of 
sustainable geotourism.
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K
uril volcanic Islands are located in 
the Pacific Ring of Fire between the 
Kamchatka Peninsula and the Island 
of Hokkaido. The islands are the se-

cond area of active volcanism in Russia after 
Kamchatka. Over one hundred volcanoes are 
here, of which 36 are active. The island of 
Kunashir is the most interesting for its ge-
ological and geomorphological structure, 
active volcanism and hydrothermal activity. 
Geological sites of natural heritage are repre-
sented by Tyatya, Mendeleev, Golovnin active 
volcanoes and genetically associated hot 
springs and fumarole fields. Unique volcanic 
landscapes, flora and fauna, marine and co-
astal ecosystems of Kunashir are protected by 
the Russian State in the Kuril Reserve. Unique 
natural complexes of the Kuril Islands ena-
ble the scientific study of the whole diversi-
ty of active volcanism. Unique in its beauty 
volcanic landscapes, lakes, waterfalls, and 
numerous hot springs may serve as a basis 
for geotourism development in the region. 
Development of tourist complex at the Kuril 
Islands, which may become an economically 
significant sector of economy, is provided by 
the federal target program of the Government 
of the Russian Federation. Currently, UN or-
ganization for rendering assistance to the 
participating countries develops the Concept 
of ecological tourism in the southern Kuril 
Islands. 

IntroDuCtIon
Volcanoes are the most interesting and 

exciting geological features. They are the true 
wonders of the planet. Volcanic eruptions take 
place mainly along lithosphere (tectonic) pla-
te boundaries or in “hot spots”. The scientific 
study of volcanoes provides important con-
clusions on the geological development histo-
ry and structure of the Earth. Molten magma 
solidified on the surface creates unique in be-
auty volcanic landforms. Universal natural-
scientific and aesthetic value of volcanic are-
as is reflected in the recognition of the most 
famous world heritage sites. Volcanic area 

of the Kuril island arc has a high potential 
for inclusion into the World Heritage List. The 
paper presents the geological heritage sites 
of Kunashir as the most interesting island 
of the Kuril Ridge, as a basis for geotourism 
development.

 KurIl volCanIC ISlanDS
Kuril Islands are a chain of islands 

between the Kamchatka Peninsula and the 
island of Hokkaido. The Kuril Islands repre-
sent a typical ensimatic volcanic island arc 
situated on the edge of the Okhotsk Plate in 
the transition zone from continent to Pacific 
ocean. The islands represent the highest part 
of two parallel submarine ridges, the Greater 
and Lesser Kuril Ridge. The Greater Kuril Rid-
ge extends for about 1,200 km; it comprises 
over 30 islands. Volcanic structures often 
join their bases forming narrow, ridge-like, 
steep (typically 30-40 °) ranges, mostly elon-
gated along islands strike. Often volcanoes 
rise as isolated mountains; Alaid-2,339m, 
Tyatya-1,819 m, Fussa-1,772 m reach the hi-
ghest elevations. Altitude of other volcanoes 
generally do not exceed 1,500 m. Volcanoes 
morphology is usually represented by regular 
or truncated cone. Often a young volcano for-
med during the post-caldera stage of large 
volcanic structures development raises in a 
crater of a more ancient truncated cone. Cal-
deras are often flooded by lakes or sea and 
form deep (up to 500 m) bays. Continuing 
volcanic activity adds particular colours to 
the Kuril Ridge landscapes: black magnetite 
sands, lakes, fumaroles, hot springs and gas 
outputs, waterfalls, bizarre forms of coastal 
cliffs. Kunashir Island is one of the most inte-
resting in the Kuril island arc system.

KunaShIr ISlanD
3.1 Kuril Reserve
Kunashir is the southernmost island of the 

Greater Kuril Ridge (fig.1). Length of 123 km. 
Well-preserved or half destroyed structures of 
the Quaternary and active volcanoes Tyatya 
(1,819 m), Mendeleev (887 m), Golovnin (541 
m) are stretched along the island in north-
eastern direction. Numerous hot springs on 
the island are genetically related to the foci 
of active volcanoes. Biological diversity of Ku-

nashir is of particular value. Representatives 
of the Manchu and Okhotsk-Kamchatka flora 
and fauna complexes are found here. Over 50 
species of plants listed as endangered grow 
on the islands. The island shows a high di-
versity of birds as the Kuril Islands lie on the 
flight path of birds seasonally migrating to 
the Arctic. Unique volcanic landscape, flora 
and fauna, marine and coastal ecosystems on 
Kunashir are protected by the Russian State 
in the Kuril Reserve. Kuril Reserve was esta-
blished in 1984. This is one of two Russian 
reserves, where active volcanoes are located. 
Along with the natural systems, historical and 
cultural sites, among which there are 66 ar-
chaeological and ethnographic monuments, 
including ones of the Okhotsk culture of Ne-
olithic age, are under the reserve protection. 
Currently, work on preparation a nomination 
of the Kuril Reserve to acknowledge it as an 
object of UNESCO World Natural Heritage is 
underway.

3.2. Geological structure

Fig_1. Location of Geosites on the Kunashir Island

Geological history of the island is closely 
related to volcanic activity. Volcanic, volcano-
sedimentary, and intrusive rocks of Miocene, 
Pliocene, and Quaternary age are involved in 
the geological structure of Kunashir. Strati-
fied Miocene-Pliocene deposits represented 
by sandstones, siltstones, breccias, lava 
breccias, and tuffs of mafic composition are 



Geologia dell’Ambiente • Supplemento al n. 3/2012

141
unconformably overlain by widespread lavas 
of the Quaternary and active burning volca-
noes. The Neogene strata form the basement 
of modern volcanic structures. A minor role in 
the island structure belongs to the loose Qua-
ternary deposits – marine, lagoonal-marine, 
lacustrine-alluvial, and diluvial-proluvial. 
Volcanic rocks are represented by basalt-an-
desite-rhyolite association with predominan-
ce of andesitic and andesite-basaltic rocks. 
After the volcanite composition on Kunashir, 
three petrochemical series are distinguished: 
calc-alkalic characterizing effusives of the 
Tyatya Volcano, calcareous and strongly cal-
careous characteristic of volcanic formations 
of the Mendeleev and Golovnin volcanoes 
(Shcheglov, 1984). 

3.3. Objects of geological heritage (Ge-
osites) 

Mendeleev Volcano is a complex object 
of geological heritage with features of petro-
graphic, hydrogeological, and geomorpholo-
gical type (Karpunin, 1998). The total monu-
ment area is 30,000 ha. Mendeleev Volcano 
is a stratovolcano with the central extrusive 
dome 886 m high, which is in the degradated 
crater. Volcano cone is surrounded by a large 
caldera and formed by andesitic and andesi-
te-basaltic lavas. A lot of fumaroles and hot 
springs are on the volcano slopes (fig.2). Gas-
vapour emissions and increase of fumarolic 
activity took place in 1880, 1901, 1946, and 
1977. Extremely picturesque volcanic area 
has a scientific value and is of training and 
educational significance, as well as has large 
balneological resources. 

Golovnin caldera located in the Kuril 
Reserve southern claster. The last eruption 
occurred in 1848. A characteristic feature of 
the volcano is the absence of clear-cut cone, 
which was destroyed thousands years ago in 
a gigantic explosion, comparable with the 
explosion of Tambora and Krakatau. Caldera 
is in place of the cone; two lakes, Goryachee 
and Kipyashchee, separated by magma pin-
ched domes are at the bottom. Water in Lake 
Goryachee is of normal temperature for Ku-
nashir lakes; temperature increase is obser-
ved only near its two solfataric fields. Mud 
lake Kipyashchee was formed in the explosive 
crater; its name is due to jets of boiling water 
and superheated steam rising from the bot-
tom (fig.3). 

Tyatya Volcano is located on the northea-
stern Pacific coast of Kunashir Island. Com-
posed of basaltic and andesite lavas. Has a 
regular truncated cone with diameter of 15-
18 km at the base and 2.5 km near the ring 
crest – a classic form of a “volcano in volca-
no”. The central cone rises for 337 m above 
the ridge-top caldera bottom. The last large 
eruption of the Tyatya Volcano took place in 

1973 and led to formation of several explosive 
craters on the volcano slopes. 

Cape Stolbchaty – a unique geological 
formation representing sheer cliffs to 50 m 
high running out into the Kunashir Strait in 
several rock ledges (fig.4). The cape is formed 
by basaltic lavas of the Mendeleev Volcano. 
Flooded at certain temperature conditions 
volcanic rocks form narrow, 4, 5 and 6-an-
gled piles with a diameter of about 40 cm, 
the so-called columnar jointing. Basalt piles 
form high ribbed walls of the marvelous Ca-

Fig_2. Solfataric field on the Mendeleev volcano slope

Fig_3. Kipyashchee Lake in the Caldera Golovnin 

Fig_4. Columnar basalt volcanic rock of Cape Stolbchaty 

pe Stolbchaty, which after its geological, ge-
omorphological, and aesthetic value is worth 
acquiring the status of geological heritage 
site of world significance.

GeotourISm Development 
At present, tourism economy on the Kuril 

Islands is not developed due to a significant 
distance from Central Russia. Volcanic areas 
with unique landscapes and active hydro-
thermal processes are available for study 
and observation mainly to a small circle of 
experts: geologists, volcanologists. Staff of 
the Kuril Reserve worked out the ecological 
trails and sightseeing routes, which are used 
by few individual tourists. In pre-perestroika 
Russia, Kunashir has served as a training 
ground for the Far Eastern higher educatio-
nal institutions, where the first year students 
were at practice. Author of the paper passed 
the geological route on Kunashir in 1976 in a 
group of students organized by V.V. Kuibyshev 
Technical University. A lasting impression on 
the observation and study of the major ge-
ological features was obtained: Mendeleev, 
Golovnin, Tyatya volcanoes. Resumption of 
such practice for students and pupils, as well 
as development of geotourism for the general 
public should be a task of paramount impor-
tance. Development of the tourist complex 
on the Kuril Islands, which can become eco-
nomically significant sector of the economy, 
is provided by the federal target program of 
the Government of the Russian Federation, 
“Socio-economic development of the Kuril 
Islands, 2007-2015”. A necessary condition 
for the development of travel industry based 
on the integrated use of unique natural re-
source potential is safe transportation, faci-
lities of necessary engineering and tourism 
infrastructure. Currently, UN organization 
for rendering assistance to the participating 
countries develops the Concept of ecological 
tourism in the southern Kuril Islands. UN pro-
gram involves participation and employment 
of local residents in the implementation of 
tourism projects, as well as the integration 
of specially protected natural areas into the 
sphere of social and economic development 
of the region.

ConCluSIon
Russian State has huge natural re-

sources, including a variety of geological 
heritage sites that have not only scientific 
and educational value, but are also famous 
for the extraordinary beauty. Kuril Islands 
with active volcanism belong to these unique 
natural complexes. Wonderful landscapes 
created by volcanoes, lakes, waterfalls, and 
numerous hot springs may serve as a basis 
for geo-environmental tourism development 
in the region. Certainly, development of touri-
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sm infrastructure on the Kuril Islands requires 
huge investments. Implementation of major 
national development projects on the islands 
provision with facilities is possible not only 
raising public funding but attracting private 
investors as well. 
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aBStraCt

T
he National Park of Prespa is a wi-
de area (26.622ha) extending at the 
north-western margin of Greece, along 
the boundary with Albania and the 

Former Yugoslavian Republic of Macedonia 
(FYROM). It is largely a wetland, the main 
extension being occupied by two freshwater 
lakes, the Mikri and Megali Prespa respecti-
vely, which have been connected until recent, 
historical times. 

A group of experts of different specialties 
(geology, botany, entomology (insects) and 
lepidopterology (butterflies)) was assembled 
and designed 14 walking trails in the area of 
the park and present them in a nature gui-
debook -Prespa walking guide in English and 
Greek for the general public. This edition has 
provided a good chance to include a short 
chapter to show the most relevant geological 
features of the area and some few relevant 
geological points of interest in the walking 
trails across the park. 

However, despite the relevance of this 
contribution to show the geodiversity of the 
park as a substantial component of nature 
values, it is remarkable to note how Geology 
is often dismissed from nature and touristic 
projects and publications, the chapter on 
Geology occupying only a very short part of 
the total extension of the guide, the inclu-
sion of geological points of interest within 
the marked trails of the guide finding a hard 
resistance by the guide editors. 

IntroDuCtIon
The National Park of Prespa is a wide area 

(26.622ha) extending at the north-western 
margin of Greece, along the boundary with  
Albania and the Former Yugoslavian Republic 
of Macedonia (FYROM). It is largely a wetland, 
the main extension being occupied by two 
freshwater lakes, the Mikri and Megali Pre-
spa respectively, which have been connected 
until recent, historical times. The area has 
a deep combination of natural and cultural 

features. There is no virgin land - human si-
gns can be found everywhere - although the 
co-occurrence of men and nature, marked by 
a wise management of natural resources, has 
allowed visitors to enjoy today the natural and 
cultural values of the area.

Prespa is protected by many Greek and 
international laws and conventions. First de-
fined as natural park, the area lying within 
the borders of Greece was subsequently de-
signated National Park in 1974.  Lake Mikri 
Prespa was declared by the Government of 
Greece as a Wetland of International Impor-
tance under the Ramsar Convention (1974). 

Fig. 1. Simlified  Geological map of 

Prespa area. 

!!

 

It has also been recognised as a statutory 
Special Protection Area (EU Directive 79/409/
EEC on the conservation of wild birds) and, 
together with other parts of the catchment, as 
a Special Area of Conservation (EU Directive 
92/43/ΕEC on the conservation of habitats, 
fauna and flora).  These last two declarations 
incorporate most of the Greek part of Prespa 
in the national network of protected areas 
“Natura 2000”. Prespa is also a “Landscape 
of Exceptional Natural Beauty” under Greek 
law. Althought, yet, the protection feature of 
the park was based exclusively on the impor-
tant nature and wildlife values of the area 
(Fermeli & Koutsouveli, 2009; Fermeli et al, 
2010).

preSpa nature GuIDeBooK
Standring, ed. et al, 2009 refer that the 

publication of Prespa guidebook aims to en-
courage the environmentally-minded visitor, 
as well as local residents, to learn about and 
to come to value more profoundly the natural 
world of Prespa and man’s relationship to it. 
Thus both maps and book have an educa-
tional purpose aimed at satisfying the infor-
med non-specialist, but also addressing the 
interests of school students. A side benefit 
of equal importance is that the maps should 
provide valuable resources for use by scien-
tists and others undertaking future conser-
vation-oriented research in the Prespa basin.

This edition of the nature guidebook (Fi-
gure 2, Prespa walking guide) of the Park 
(Standring, ed. et al., 2009) has provided 
a good chance to include a short chapter to 
show the most relevant geological features of 
the area by the present authors.

The guide book is supplemented by a se-
ries of detail 1:25.000 eco-touristic maps to 
show the walking trails across the park, in-
cluding some few relevant geological points 
of interest. However, despite the relevance 
of this contribution to show the geodiversity 
of the park as a substantial component of 
nature values, it is remarkable to note how 
Geology is often dismissed from nature and 
touristic projects and publications, the chap-
ter on Geology occupying only 5% of the total 
extension of the guide, the inclusion of geo-
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logical points of interest within the marked 
trails of the guide finding a hard resistance 
by the guide editors (Fermeli et al, 2010).

Main geological values of the area are 
first related with geomorphology (the beauty 
of the landforms), the geological, structural 
framework and the different types of rock 
that form the background of the land, the 
geological history of the materials, the fluvial 
deposits and terraces, the alluvial deposits, 
the  recent marshy deposits along the edges 
of the lakes, scree and talus cones and the 
few palaeontological sites, which might be 
proposed as potential points of particular 
educational value  and finally the interac-
tion between the geoenvironment and the 
local architecture. 

Among the most relevant landforms some 
erosional features of the granite, such as the 
so-called “standing blocks” or the “granite 
mushrooms” are specially valuable (Figure 
3).

ConCluSIonS
Sustainable tourism is a growing need all 

over the world, a sphere where man can ex-
perience and learn to enjoy our valuable and 
vulnerable environment. Among the national 
parks of Greece, the Prespa National Park is 
the largest and richest in terms of biodiver-
sity, and it is protected by various national, 
European and international laws and conven-
tions. But an important part of the protection 
of the natural and cultural heritage of Prespa 
depends on the everyday respect and love for 
the environment shown by the people who 
visit it or who live in the area. 

The publication of Prespa guidebook and 
the eco-maps essentially is an attempt to 
support this idea in Greek Prespa and the 
maps and the guidebook to be of great help 
to those who want to go on an adventure and 
enjoy wonderful walking experiences in the 
beautiful natural world of Prespa.

The landscape  in this area, which the 
visitor is invited to discover, is the result of 
490 million years of geological processes. 

Fig. 2. PRESPA Walking Guide. 

Fig. 3. General view of Prespa area. 
Fig. 4. “Mushroom” granite rock – formed by the eolian weathering, a recent  
geological process. 
Fig. 5. Granite rocks eroded into characteristic round shapes.  
Fig. 6. Metamorphic rocks from the Palaeozoic era in contact: gneiss from the 
Ordovician is the oldest formation of the area, lying below schists from the Silurian 
(Krina geotope, Prespa region).!

 

Cape Roti Trail: Psarades - Roti  

Floral Trail: Agios Georgios to Mount Devas  

Holy Island: Agios Achilleios  

Rivermouth Trail  

Lake Forest Trail: Laimos-Prodaina Circular  

Lookout Trail: Laimos to the Hill of Agios Ioannis 

Two Villages Trail: Laimos-Agios Germanos 
Circular  

Beechwood Trail: Agios Germanos Circular  

Talus trail: Platy-Kallithea-Platy  

Buffalo Trail: Kalé Hill and Wet Meadows  

Old Mule Trail: Mikrolimni-Kranies 

Zachariades’ Cave  

 Oakwoods Trail: Pyli-Daseri-Pyli  

War Hospital Trail: Vrontero-Agkathoto  
 

Fig. 7. The 14 trails in Prespa National Park 

These processes, including deposition, ero-
sion and deformation of rocks, account for 
the character of the area and the resulting 
geodiversity  that man observe through 14 
detailed designated  environmental trails 
in combination with the exceptional beauty 
of the landscape, the high biotope diversity, 
the huge biodiversity, and the high aesthetic, 
historic and scientific value of the regions 
traditional settlements and monuments. This 
way the geological parameter supports an 
holistic approach of the environment. 
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aBStraCt

S
ome field of environmental protection 
have developed terms and commu-
nication tools suited to obtain an 
effective and direct impact on the 

population. Two outstanding examples are 
whalewatching and birdwatching, terms 
that condense the concept of conservation, 
protection and use of natural and fragile re-
sources for scientific and cultural purposes. 
Even if only from a shorter time, compared to 
other scientific areas, the same case of ge-
neration and refinement of a new terminology 
is in process in Earth Science. Some neolo-
gisms could be introduced to get an identity 
related to the dual and symbiotic activity of 
conservation and proper use of the geological 
heritage. In this paper the author defines the 
particular term “geowatching”, makes histo-
rical comparisons and analogies and stress 
the neat differences with similar terms. A 
definition specifically intended for the Earth 
Science will be proposed in order to avoid, 
as much as possible, future confusion in the 
use of this term.

IntroDuCtIon
The Earth scientists in the last decades 

discovered that the subject of their studies 
is multi-faced and can be considered as a 
resource from new points of view, one of the 
latest being tourism resource. Geological 
landscapes, phenomenon and objects can 
be valuable to attract the new generation 
of cultural and scientific oriented tourists. 
Practising a new sort of stress to the geolo-
gical resources poses new threats to them. 
This generated the consciousness of the exi-
stence of a geological heritage that should be 
preserved (Wilson, 1994). The reasons for the 
preservation are many and even the selec-
tion criterion are still discussed (Zagorchev 
& Navok 1998; Barettino et al., 1999, 2000; 
Osborne, 2000). Also the actions to be taken 
for preservation are of many forms and may 

take place at different level of the society. 
One of the approach that can be considered 
is to generate a sense of responsibility over 
the geological heritage in the population. The 
means to convey this sense of responsibili-
ty are various. One of the tools that can be 
used is the language. Some terms can com-
municate synthetically the key concept that 
an activity can let you use and preserve at 
the same time. In geology-related scientific 
communication direct to non scientist do not 
exist any term explaining the act of obser-
vation and preservation as in other science 
fields like biology. In this paper we introduce 
such a neologism: geowatching. After giving 
a precise definition and contextualization of 
the term, the author makes a comparison 
with similar words that are in use in other 
scientific fields.

CommunICatIon aS a tool for 
proteCtIon

The activity of observation let one the 
opportunity to learn and better understand 
the subject of its examination. Following this 
easy principle some groups of scientists, 
especially biologists, started to introduce a 
concept where observation of animals in their 
own habitat could give the occasion to better 
understand them to non-scientists. 

Most of the time those environment and 
fauna observation activity are organized into 
small groups led by experts properly equipped 
and trained. Before and during the observa-
tion activity, scientific information are pro-
vided by the leader to the participants, also 
security information and how to behave are 
fundamental topics. 

Most of the time this communication gi-
ves to the leader the opportunity to discuss 
the conservation status of the fauna obser-
ved and the survival chances of the specie. 
In this role the scientist is a communicator 
working to improve the protection of a specie 
or an environment in a bottom-up way.

Some words have been issued as de-
scription of a new sort of observation of a 
specific natural phenomenon or subject. Let 
us analyse in particular two words. The first, 
and likely the best example of recent defi-

nition, is whalewatching. Whalewatching is 
the practice of observing whales and other 
cetaceans in their natural habitat. Whales 
are watched most commonly for recreation 
but the activity can also serve scientific or 
educational purposes. Organized water-
based whalewatching dates back to 1950s, 
in the eastern coast of the USA, in the first 
years the spectacle attracted thousands of 
visitors. The industry spread throughout the 
western coast of the United States. Over 
the following decade and in 1970s the first 
commercial whale watching activity on the 
eastern side of North America began, during 
the 1980s a rapid growth occurred in the New 
England area likely due to the relatively dense 
population of whales and to the close proxi-
mity of large cities.

Whale watching tourism has grown 
substantially since the mid 1980s and IFAW 
(International Fund for Animal Welfare) has 
commissioned three worldwide surveys of the 
whalewatching industry in 1991, 1999 and 
the latest in 2009. This last report (O’Con-
nor, 2009), estimated that in 2008, 13 million 
people went whale watching, 6 million mo-
re then ten years earlier. Commercial wha-
le watching operations were found in 119 
countries. Direct revenue of whale watching 
trips was estimated at US$ 872.7 million and 
indirect revenue of US$ 2.1 billion per annum 
in tourism revenue worldwide, employing 
around 13,000 workers. 

Whale watching is also considered of par-
ticular importance to developing countries. 
Coastal communities have started to profit 
directly from the whales’ presence, signi-
ficantly adding to popular support for the 
protection of these animals from commercial 
whaling.

Another example of observation of ani-
mal species is birdwatching, or birding: the 
observation of birds as a recreational activity. 
Some studies were curried out, to understand 
the diffusion of the activity of birdwatching, 
especially there are data from the USA. 

By the mid-1980’s independent samples 
suggested about one out of four Americans 
could be considered birders and 11% of the 
USA population watched birds during at le-
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ast 20 days per year (Kellert 1985). Birding 
was suggested (Kerlinger, 1993) to be a $20 
billion dollars industry per year on bird seed, 
travel, and birding paraphernalia in the mid-
1980’s for all of North America.

One of the most comprehensive and up 
to date survey about birdwatching were con-
ducted in 2001 in the USA by the National 
Survey of Fishing, Hunting, and Wildlife-As-
sociated Recreation (Pullis La Rouche, 2003). 
In 2001 there were 46 million birdwatchers 
or birders, 16 years of age and older, in the 
United States, more than one in five people. 
By the economic point of view the results of 
this analysis about USA can be synthetically 
explained by those numbers, US$32 Billion in 
retail sales, US$85 billion in overall economic 
output, US$13 billion in state and federal in-
come taxes, 863,406 jobs created. 

from SCIenCe to CommunICatIon: 
neoloGISm In earth SCIenCe

The Earth scientific research approach 
can be considered, now and in the past, as 
non-protective. It is based most of the time on 
a survey where sample collection is necessary 
due to the lack of field instrumentation and 
time for a complete analysis of the samples. 
Unfortunately the same approach is applied 
also by amateurs geologists whom are used, 
since a long time, to collect mainly fossils and 
minerals. The act of collecting those object 
is also related to the possibility to exchange 
them, to sell them, to watch and touch as 
many time as wanted those beautiful objects.

The modification of the geological herita-
ge operated by the scientific research is justi-
fied by the limited number of samples taken 
that usually are returned to the community 
into museums. Also the scientific research 
gives in return new geological knowledge to 
the community. On the other hand, the ama-
teur geologist who collect most of the time 
subtract a common asset and transform it 
into a private possession.

In the last decades a new approach to 
the geology resources as an heritage has be-
gun, accompanied by a change in perspective 
of the geological science itself. This recent 
change lead to the generation of neologisms 
specific for the purposes of the geological 
heritage conservation and of its use by me-
an of the tourism industry. Some of the more 
recognized and used neologisms are geo-
tourism, geoheritage, geodiversity, geoparks 
and geosites. Each one of these words has a 
unique history and some of them are still in 
the process of a widely recognized definition. 
Geotourism, for instance, after many modi-
fications acquired, for the geologists, the 
meaning of tourism related to geology (Hose, 
1995; 2000; 2008; Dowling, 2006; Garofano, 
2003; 2010). The most recent definitions also 

take into account the aspects of conservation 
of the geological subject as landscapes and 
geosites (Newsome, 2010). 

a propoSal for GeoWatChInG 
DefInItIon

The author introduced the term “geo-
watching” in the first edition of the Italian 
book “Geoturismo, scoprire le bellezze della 
terra viaggiando” (Garofano, 2003), later 
translated into English (Garofano, 2010). It 
was an invitation to the geotourist to practise 
a respectful behaviour during their geotouri-
sm activity. The text was as follows.

“Among nature lovers it is increasing the 
sensitivity towards the preservation of the 
environment and there are more and more 
people who tend to observe and photograph 
instead of capturing and carrying away items 
and animals. In this way they keep their emo-
tions and not the objects themselves. We must 
also take into account that some animals and 
objects reveal their full value only in their na-
tural home, where they are born and live or 
are placed by natural processes. Moreover, 
the removal of fossils, minerals or plants 
and the killing of animals eliminate forever 
these wonders of nature from the possibility 
of observation by others. At this wavelength 
are the birdwatching (bird observation), the 
whalewatching (observation of whales) and 
other activities practised outdoors. Here, the-
refore, it is made the invitation to all who lo-
ve nature, to practice geowatching! Observe 
the geological beauty but not remove them 
from where they are, being especially careful 
to preserve fossils and minerals which are 
often rare.”

Here the author propose a short defini-
tion to the community working on geological 
heritage and geotourism, in order  to clarify 
the meaning and to avoid confusion in the 
future use.

Geowatching is the activity of observa-
tion of the geological features of a place whe-
re they are located, or “in situ”. The relevant 
aspect of geowatching is the clear intention 
of not removing or damaging the objects or 
altering the phenomenon to let their preser-
vation in natural condition for future obser-
vations.

The definition is activity-oriented and 
could be useful for geotourism guides during 
their work to explain to geotourists what are 
they doing. In this perspective a profile of 
technical and cultural requirements, could 
be outlined. For instance some geowatcher 
tool could be suggested to geowatcher, the 
binoculars, to let them expand their view 
to wide landscapes, and the magnifier,  to 
observe tiny objects. Also the camera is use-
ful to feed the geowatcher images collection 
of geological beauties without subtracting 

them to the other observation. The definition 
could also be used to identify a special area 
where the protection of the geological heri-
tage is at an high level and only observation 
is allowed within a larger area where some 
sort of collection is allowed. It is important to 
underline that, even if similar to some recent 
geotourism definition, the geowatching term 
stresses the conservational aspect. 

ComparISonS WIth SImIlar termS 
The word “geowatching” can get a signi-

ficant benefit from the association with well 
known term such as birthwatching, whale-
watching, biowatching, photosafari, photo 
tours as discussed above. Geowatching dif-
fers from such terms for some aspects and 
has relevant similitude that could be point of 
strength for the popularisation of geological 
communication and geological heritage con-
servation. The relevant geology aspects that 
diverge and show analogies with the biology-
related fields are outlined as follows. 

Differences:
•	 Living	 organisms	 ↔ Abiotic 

objects,
•	 Moving	subjects	(need	a	“hunting”	

or “fishing” activity) ↔ Still subjects (need 
a search)

analogies:
•	 Can	extinct	(fragile)	↔ Can be uni-

que and disappear (fragile),
•	 Aesthetic	 aspects	 of	 the	 subjects	

(colours, shapes, size),
•	 Scientific	comprehension	provided	

by science communicator/guide, the need of 
an expert to properly understand the natural 
subject and its environment.

ConCluSIonS
The paper analyse some areas of eco-

tourism and science communication and 
outline the two-side aspect of conservation 
and use of the natural resources. In the bio-
logical field, these activities are well identi-
fied by specific terms ending with the suffix 
“–watching”, whose effectiveness is due to 
the fact that they contain both the subject of 
the observation (bird, whale) and the term 
“watching”, indicating the activity of pure 
observation. Those activities are in contrast 
to the hunting, fishing or “capturing” and 
“collecting” approach. The author proposes 
to expand the geology popularisation intro-
ducing a neologism, “geowatching”, which 
indicates the observation activity of geologi-
cal objects and phenomena without spoiling 
them.
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aBStraCt

M
ining heritage is very important 
part of the geoheritage and aban-
doned mines are obviously suita-
ble to introduce this geoheritage. 

Mines as geosites and geomorphosites have 
scientific, educational, cultural and historical 
significance, can play role in recreation and 
can be important destinations for tourism, 
especially for geotourism. In Hungary, there 
are some mines which are not only geosites 
but also “geo-exhibitions”. Most interesting 
of them are the open-air geological museum, 
Tata; the bauxite geologic park, Gánt; and the 
geological study park, Ság-hegy volcano. 

IntroDuCtIon
Mining heritage is very important part of 

the geoheritage. However, unfortunately aban-
doned mines are considered by the public and 
mostly by the media only “terrible cicatrices”, 
especially because of aesthetic point of view. 
Mines are also regarded as source of dangers 
which have to be liquidated as soon as pos-
sible. General thinking: they must be filled 
up or obliterated from the surface. Therefore, 
many shafts, galleries became backfilled or 
exploded; others has gone under reclamation 
e.g. by planation of the surface, or making sa-
fe the quarries’ walls; some of them became 
rubbish-heap etc. It must be stated that it is 
an erroneous thinking, since mining exposes 
hidden geological values; mines have great 
scientific and educational value; thus, most 
of the mines are geosites. Nevertheless, uti-
lization of abandoned mines is a big problem 
everywhere in the World. 

Opening or ceasing mines depends mo-
stly on the economic situation. Bad quality 
of products, unprofitable production, loss 
of market can result in liquidation. E.g. in 
the former Soviet Block after the political 
and economic turn very many big open-cast 
and underground mines (e.g. coal-, kaolin-, 
uranium-mines etc.) and quarries (mining 
of quarry stones, like basalt, andesite, lime-
stone etc.) have been closed. The question 
was, what to do with them? Pulling out some 
elements, they could be utilized as cultural 

historical, educational, recreational or as 
aesthetic heritage; maybe for energy supply 
(thermal mine water), for production of bio-
mass etc. Some of them were utilized for dif-
ferent special purposes, like motocross race, 
adventure park etc. and a smaller proportion 
of them as geosites. 

mIneS aS GeoSIteS
In the past years changes has been taken 

place in the nature conservation: the conser-
vation of the inanimate heritage has obtained 
much more importance as earlier. Setting out 
geosites (Wimbledon 1996) and geomorpho-
sites (Reynard et al. 2009), establishing geo-
parks, organizing international associations 
dealing with geoheritage were the main steps 
in this way. These tendencies revalued the 
role of the mines, as well. Former mines are 
obviously suitable to introduce the geoheri-
tage, among others the geologic evolution, 
rocks, minerals, strata, formations, rare or 
typical sequences, including stratotypes, 
paleontological sites with peculiar fossils, 
interesting geomorphic forms etc. Therefore, 
in abandoned mines it is worth creating ge-
ological parks or simple exhibition sites with 
study trails, interpretive tables etc. comple-
ted by visitor centres, which can introduce 
to the public films, popular presentations, 
can sell books, leaflets, „scientific” souve-
nirs etc. Of course, these exhibition sites play 
important role in the education, both on level 
of higher education (geologists, geographers, 
future teachers) and public education. Show 
mines promote these aims in particular being 
extremely popular.

GeoherItaGe anD GeotourISm
Geoheritage must not only be preserved 

but also to be introduced to the public. Mi-
nes as geosites and geomorphosites have 
scientific, educational, cultural and histori-
cal significance, can play role in recreation 
and in a whole can be important destina-
tions for tourism (Conlin & Jolliffe 2011), 
and this type of tourism, the geotourism is 
even more popular. According to Newsome & 
Dowling (2010, 3) “geotourism is a form of 
natural area tourism that specifically focu-
ses on geology and landscape… promotes 
tourism to geosites and the conservation of 

geodiversity and an understanding of earth 
sciences through appreciation and learning. 
This is achieved through independent visits 
to geological features, use of geotrails and 
view points, guided tours, geoactivities and 
patronage of geosite visitor centres”. Dow-
ling (2011, 1) completed it having stated that 
“the tourism element of geotourism includes 
tourists visiting, learning from, appreciating 
and engaging in geosites”. Many of these 
geotourists belongs the most educated and 
nature-fan ecotourists, who are fond of the 
natural environment and the speciality of the 
nature. It is really important, because accor-
ding to FAO Media Centre (www.fao.org/news 
2011), ecotourism – defined by Ceballos-
Lascuráin (1996) – is growing at a pace of 
more than 20% annually, much more faster 
than other segments of the tourism. Never-
theless, former mines can be destinations of 
geo- or ecotourism not only if they had any 
geo-curiosity, but have been built up, that is 
have adequate infrastructure. 

mIneS aS GeoSIteS anD Geo-
exhIBItIonS In hunGary

4.1. Nature reserve and open-air geolo-
gical museum, Tata, Kálvária-hegy (Calvary 
Hill), Komárom County

This 3.5 hectare territory is nature reserve 
since 1953 and open-air geological museum 
since 1991 (Figure 1). The Eötvös Loránd Uni-
versity was appointed as the trustee of the 
unique nature reserve in 1994. The exhibition 
space was improved between 1995–1997, 
the educational path was lengthened and the 
demonstration collection of the rock park was 
developed. The open-air geological museum 
plays an important role in the education of 
the students of geology, environmental stu-
dies and geography, however, it is open also 
for the public with prior notice. The values of 
this outdoor geological and paleontological 
exhibition are the mainly thick-bedded lime-
stones from Upper Triassic to Middle Creta-
ceous, the large scale of fossils, the chert  
beds with an excavated neolitic chert mine 
(mined 5,000-6,000 B.P.) Also a hydrother-
mal karst cave is found, named Megalodus 
Cave, because a large number of fossilised 
Triassic Megalodus shells can be found in its 
walls. The limestone is rich also in Ammonite 
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remains. Beyond these, special interest is an 
exhibition of rock-types of Hungary; besides 
the enormous big samples, also small pie-
ces can be found in mine cars, which can 
be collected by the visitors, promoting the 
geological and geographical education.

4.2. Bauxite geologic park – Open-air 
geological museum, Gánt, Bagoly-hegy (Owl 
Hill), Fejér County

This big abandoned mine (Figure 2) is 
one of the world’s largest reserves of readily 
accessible bauxite (age is Lower Cretaceous, 
overlying an uneven surface of Triassic do-
lomite. The remarkable continuous layers of 
bauxite range from 15 m to 30 m in thickness. 

Fig. 1 The open-air geological museum, Tata

Overlain in part by Tertiary strata, in part 
merely by unconsolidated materials. Having 
ceased mining activity, considerable erosion 
has taken place, forming special gullies on 
the surface. Hungary has karst-bauxites. 
The first mine in Gánt was opened in 1926; 
that was Europe’s richest bauxite mine until 
it has been abandoned on 31.12.1962, alto-
gether 13.6 million metric tons bauxite was 
extracted. The recent Bauxit Mine Museum 
was opened in 1974, the study path of the 
Bauxite Geology Park was established adja-
cent to the Bauxite Mine Museum and serves 
to demonstrate the geological particularities 
of the area.

4.3. Geological study park, Ság-hegy 
(Ság Hill) volcano, Celldömölk, Vas County

The Ság Hill volcanic complex is located 
in the Little Hungarian Plain Volcanic Field. 
According to 39Ar/40Ar geochronology, the 
age of the volcano is 5,42 million year. The 
evolution of the volcano included two clearly 
distinct events, at first ascending magma 

Fig. 2 Bauxite geologic park, Gánt

entered meteoric water in a fluvio-lacustrine 
environment and a phreatomagmatic tuff 
ring came into being, secondly the interior 
of the tephra ring was filled by a lava lake; 
locally the tuff ring wall collapsed and lava 
was able to flow out of the tuff ring. Due to 
intensive quarrying most of the effusive rocks 
have been removed, providing an excellent 
insight (Figure 3) to emplacement processes 
of feeder dykes, sills and lava lake remnant. 
The total history of the volcanic activity is 
explained due to mining. A study trail guides 
the visitors through this realm of rocks and 
geological events, the structure and the geo-
logical history are explained and demonstra-
ted by information plates. At the rim of the 
volcano is an exhibition housed in a former 
mining building, which is also a memorial 
to the geological research conducted in the 
area and famous Hungarian scientist Loránd 
Eötvös (also the famous Eötvös-pendle can 
be seen).

4.4. Other former mines as geosites
- Monoszló, Hegyestű (Sharp Needle): 

abandoned basalt mine, recently the visitor 
centre of the Balaton Upland National Park 
and planned centre of the future Balaton 
Geopark.

- Sámsonháza, andesit mine; key section 
of Miocene strata, namely Badenien andesite, 
covered by sarmatien Leitha Limestone; the 
section has great scientific importance.

Fig. 1 The open-air geological museum, Tata

- Villány, Templom-hegy (Temple Hill): 
former quarry in Middle Jurassic limestone 
with unique site of rich Ammonites fauna.

- Paks, mine of brickyard; well explored 
Pleistocene loess wall, where alteration of lo-
ess and paleosoils can be observed. The wall 
has great scientific importance and offers 
possibility for paleoclimate reconstruction.

ConCluSIon
Abandoned mines, quarries cause often 

troubles for the communes, municipalities, 
because they are thought to be an ‘aesthe-
tic catastrophe’ and ‘landscape-polluting 
element’, which are, moreover, ‘permanent 
sources of dangers’. Nowadays, when almost 
all countries suffer because of the economic 
crisis, high unemployment rate etc., an excel-
lent breaking point can be for improving this 
bad situation the development of the tourism 
and within that as a new (maybe we can say, 
fashionable) element that of the geotourism. 
Geotourism – combined with ecotourism – 
could take advantage of the fact that mining 
activity exposes geological values, several 
mines can be considered as geosites, giving 
opportunity to discover the curiosity of the 
history of the Earth, the special rocks and 
minerals, the geological processes etc. which 
can be made known only ‘on-the-spot’. The-
refore, local authorities, tourism destination 
managements, scientists, officials of natu-
re conservation and entrepreneurs ought to 
(and worthy) join their forces for an adequate 
utilization of mines as geosites and perspec-
tive objectives of geotourism. In this paper, 
we tried to show some examples in Hungary, 
how has been utilised mines as geosites for 
open-air geological museums or for interpre-
tive centres of nature protection areas etc. Of 
course, we can not think that such utilization 
is a panacea for solving the above mentioned 
economic problems, nevertheless, a small 
possibility which can contribute to mitigate 
the local problems, to strengthen the local 
identity and to improve the knowledge of the 
people.
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aBStraCt

C
anyons are among the most inte-
resting geomonuments of Albania 
distinguished for their magnificence 
and their esthetic, touristic values. 

The presence of a great number of rivers pas-
sing through a variety of geologic formations 
has conditioned the presence of so many 
canyons in Albania. The most interesting 
canyons are included in the Monuments of 
nature list (Third Category of Protected Areas) 
according to the law Nr.676 on 20.12.2002 
for “Protected Areas”. The most magnificent 
and frequented canyons in Albania are Osumi 
Canyons, Skrapari Canyons, Lengarica and 
Grunasi Canyons. Although their scientific 
and touristic values are so great, canyons are 
among the geomonuments that are still un-
familiar to tourists, because the information 
and their presence into tourist guide books 
and guide tours is almost missing. The geo-
information of the Albanian canyons would 
enhance their touristic use in the future.

tourIStIC anD SCIentIfIC valueS of 
CanyonS 

    Morphological features of canyons in 
Albania are different mainly due to the ge-
ology, river erosion activity, rock resistance 
etc. Canyon’s width may range from tens or 
more of meters to few meters, creating the 
view of narrow river straits with very steep, 
deep and spectacular almost vertical slopes 
of the valley. Another distinctive feature of 
the canyons is the intensive erosion activity 
in depth of the river valley associated with the 
strength and resistance of mainly the lime-
stone rocks. Canyons in Albania are mainly 
formed in resistant rocks, with steep slopes 
such as the case of Valbona Canyon at the 
river valley sector socalled “Ura e Shoshanit” 
(Shoshani bridge), Grunas Canyon in Theth, 
Osum Canyon, Lengarica Canyon etc. There 
are also cases where the canyons are formed 
in magmatic rocks, such as the canyons of 
Devoll. Therefore the canyons have scientific 
values where the geologists, geomorpholo-
gists, hydrologists, biologists, geographers 
etc., may find answers of many questions in 
their field. 

Despite that canyons represent river re-
lief forms with specific natural values they 
also offer touristic, recreational and educa-
tional values.  Unfortunately so far in Albania 
the use of these potentials is hampered by a 
number of economic and social factors. The 
lack of tourism infrastructure to attract local 
and foreign visitors is the main factor of the 
non utilization of these geo monuments. Poor 
access to national roads and the presence of 
rural roads that are not in proper conditions 
make difficult to reach the canyons. The risks 
that tourist may face due to lack of roads, rou-
gh terrain areas where these geo monuments 
are located and lack of a tour leader is an ob-
stacle for the development of geotourism at 
the canyons. Lack of tourist villages or houses 
for tourists near to the canyons as well as 
the lack of experience of residents to create 
familiar accommodation that can be offered 
to tourists is another problem encountered 
in many areas where these geomonuments 
are.  Also the lack of specialized travel agen-
cies that provide technical assistance to the 
sport fans with canyons or kayak is a sepa-
rate issue. All these facts together with the 
ongoing migration of population from these 
areas reduce the opportunities for promotion 
and marketing of the natural potentials that 
the Albanian canyons have.

moSt IntereStInG CanyonS of alBanIa
 Canyons of Osum river  valley are for-

med in limestone rocks and their distinctive 
feature is that they are located along the ge-
ological structure, unlike the other canyons 
that cut athwart them that go intersection 
cross-line.  They are distinguished for their 
vertical steep slopes and irregular forms 
of the river valley bottom. Gradeci canyon, 
which  is undoubtedly the most beautiful and 
spectacular  canyon on the valley of Osum 
river has a length of 4 km and is quite narrow 
from place to place with only 1.5m width. Its 
height reaches up to 40 meters with slopes 
falling straight to the river. This canyon is 
the largest canyon of Albania and one of the 
most fantastic in Europe, according to the 
comments of the European researchers that 
have visited it.  This canyon represents also 
an original ecosystem with Mediterranean ve-
getation covering its slopes and various fish 
species growing in the river. Some special 

rock forms are formed on the slopes of both 
riversides, which are among the rarest in the 
Albanian canyons. 

The other canyons of Osum river valley 
can be reached going to the south of the val-
ley. These canyons that are located about 3 
km in the south of Çorovoda are magnificent 
natural geomonuments about 15 km long, 
10-20 meters wide, but in specific sectors 
narrowed to 3 meters. Their height reaches 
up to 30-50 meters. In these canyons are 
developed water sports as rowing or kayak 
and some special ponds are suitable even as 
beaches such as Varishta beach. 

Along the Osum river valley, in the nor-
thern side of the Gradec canyon,  in the al-
titude of 450 meters is located the cave of 
Pirogoshi, which represents the longest cave 
explored so far in Albania, about 1853 m long 
(Dollma, 2011). The cave entrance is about 
12m wide and 4-5 m high (Dollma, 2011), 
while the most interesting part is the big hall 
with multiple interesting forms of stalactites 
and stalagmites. The cave ends with a deep 
well where colony of bats is found. Osumi 
Canyons along with Pirogoshi cave have com-
plex geological, geomorphological, aesthetic 
and touristic values.

Lengarica Canyon is noted for the ma-
gnificent severe nature in a length of several 
kilometers. The specific relief forms of the 
valley, such as the different slopes in height 
from 80-100 m, falling perpendicular to the 
river water surface, or the width of the river-
bed that rarely exceeds 1.5-2 meters provide 
stunning view of the canyon. On the canyon’s 
slopes there are numerous cavities and ca-
ves that are connected to each-other through 
tunnels and galleries. On the left slope of the 
valley is located one of the largest cave of 
the canyon socalled “Shpella e Pellumbit” 
(Dove’s cave). This cave is distinguished not 
only for natural values, but also archaeologi-
cal ones, where the archaeological findings 
have proved that the cave has been a prehi-
storic settlement. 

At the exit of the canyon, on both sites of 
the valley there are numerous thermal springs 
with sulfur base and large water outflow with 
temperature reaching 30o C. These springs 
have great curative values. The presence of 
these thermal springs and those of Postenan 
and Vromoneri of Leskovik is connected to the 
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presence of the deep tectonic faults in this 
area. The canyon is not passable throughout 
its length due to underground tunnels, esca-
lation, rapids and thresholds that form a very 
interesting ecosystem.

Grunasi canyon is the monument of na-
ture located in the southern part of Thethi 
Park which is formed in massive carbona-
te formations. It is about 2 km long and 60 
meters deep. Its width varies from 2-3 me-
ters to 30-40 m. The canyon stands for its 
incomparable beauty with sufficient water to 
navigate the canoe lovers. The water of Thethi 
River is crystal clear and cold all the times. 
In this river sport of rowing can be done in 
autumn and spring seasons when the river 
has abundant water coming from the melting 
snow of the mountains and high quantity of 
precipitation in these seasons. The realiza-
tion of this sport is helped by the river flow. 
What make this canyon special are also its 
typical ecosystem with alpine vegetation and 
many species of wild pigeons.  

Skrapari canyons are rare in Europe.  They 
have a length of 10 km and depth up to 340 
meters. The stunning beauty of these can-
yons was not used for tourism purposes until 
the early of 90s. Tourism in the canyon areas 
is being a yearly ritual of foreign tourists, 
mainly interested in driving the canoe or ka-
yak. The canyon can be reached in two ways, 
through the river by canoe, kayak or rubber 
boats or overland by car or on foot. Rowing in 
the river is possible in every season because 
the river is not so rapturous but usually the 
period from spring to late fall is preferable. 

ConCluSIonS
Albania has a considerable number of 

canyons with great scientific, esthetic and 
biodiversity values which offer a great chan-
ce for geo-tourism development. The promo-
tion of the touristic potential of the Albanian 
canyons, water sports and ecosystem values 
is the immediate duty of the responsible 
tourism authorities and agencies. Their in-
clusion in touristic itineraries will increase 
the tourists’ interests for the unique natural 
landscapes and the water sports that these 

canyons have. Also the improvement of the 
infrastructure, especially the roads leading to 
them will shorten the time and will increase 
their accessibility.   
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IntroDuCtIon

T
he Dolomites have been recently (in 
the year 2009) recognized by UNESCO 
as a World Heritage Site (WHS Dolomi-
tes UNESCO: Natural and Serial Site, 

consisting of nine different areas called Sy-
stems).

The World Heritage Convention (1972) 
criteria by what the Dolomites have been  
scheduled in the prestigious list are:

•	 criterion	VII:	Landscape	Aesthetics;
•	 criterion	 VIII:	 Geology	 and	 Geo-

morphology.
It is this incomparable terroir, located 

between the provinces of Belluno, Bolzano, 
Pordenone, Trento and Udine, that processes 
of confrontation are rising among different 
stakeholders. Useful steps are under discus-
sion, both in the private low and institutional/
administration domain, to settle issues re-
lated to management plans and to possible 
active participation of local people (Gianolla 
P. et al. 2008).

methoD:
Dolomiti Project Ltd. since its inception 

(2010) has been hoarding operational ex-
periences in the dolomitic context, with a 
mission focused on the enhancement of geo-
diversity (Gray M. 2004).

Given the experience, we assume that the 
primary requirement is to involve tourists in 
this particular way of territory’s exploration, 
while orienting local actors to make integra-
ted and systemic choices. It is necessary to 
determinate clear and coherent tourism of-
fers as well as appropriate promotion and 
marketing strategies.

It would be decisive any action to raise 
the awareness of the value of the Geoheritage 
(Gray M. 2008) and to introduce consequently 
sustainable practices in the property’s area.

In the fact few people have an idea of the 
design methods that could be put in place in 
a WHS, and even fewer know the Geo-touri-
sm’s practices and philosophy. That is why it 
is important to offer suggestions in relation 
to the basic definition of Geo-tourism (Hose 
T.A. 2012).

Furthermore, it is necessary to convince 
the operators about the economic potential 
of geotourism and the administrative impact 
determined by regional marketing (Farsani et 
al. 2011).

Over time we emphasize the need to de-
vise a method for geotourism in line with the 

Fig. 1 - GeoFun

characteristic of the Dolomites UNESCO pro-
perty (Gianolla P. et al 2009). It should be able 
to provide the right balance between science, 
sustainability, education, recreation, identity 
and awareness.

The possible modes of geotouristic atten-
dance are many and various.

By this phase Dolomiti Project Ltd has 
gained the following activities:

•	 GeoFun	(Fig.	1);	
•	 GeoTour;
•	 GeoSki;
•	 GeoTrek	(Fig.	2).
All of these activities are based on the in-

teraction between the “Dolomite rocky book” 
and the landscapes.

Beginning from sensorial experiences 
(sound of cliffs, colors, tactile perception, 
odors) we propose a real travel through time 
and space to discover the geologic exceptio-
nalities of the Dolomites.

Various modalities of frequentation are 
adopted (by foot, on skis, snowshoeing, by 
minibuses). Carried out rather in out-door, 
the activities include a continuous relation 
with the Dolomites landscape. The wonderful 
chapters of the dolomitic rocky book beco-

Fig. 2 - Geotrek
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me gradually “destructed” and read again, 
through new eyes.

The slow immersion in the contexts af-
fords the interaction with the local population 
and the understanding of exquisitely pheno-
menological aspects, also through direct 
observation. The imagery is adapted to the 
various types of public and the narration ma-
kes wide use of metaphors and connections 
with elements of the collective imagination.

These activities usually take place at the 
arrivals or departures of the cableway, on the 
tracks for ski, in the country’s public squa-
res, in the hotel’s gardens or outskirts, out of 
mountain huts, in the schools’ outskirt, du-
ring local festivals or traditional festivities or 
sport events. We use to join or to be in contact 
with Tourism Consortia, Skis Consortia, local 
Committees, Schools, private stakeholders 
(hotel/B&B/farm owner), Natural Parks and 
also directly with tourists thanks to speciali-
stic tour operator (Table 1).

 

 
attraction reply period topics target approach places supporters 

geofu
n 

tourists: poor 
operators: good good all year 

geological time; 
dolomitic rocky 

book; interaction 
with natural 

elements; enjoying 

local; tourists; also 
adaptable to 

specific type of 
tourism 

exhibition stand and 
samples collection; 
short lab; gadgets 

and animation 

at the arrivals or departures 
of the cableway, on the 

tracks for ski, in the 
country's public squares, in 

the hotel's gardens or 
outskirts, out of mountain 

huts, in the schools' 
outskirt, during local 
festivals or traditional 

festivities or sport events 

pro Loco; commons; 
associations; schools; 

Dolomiti UNESCO 
Foundation 

geoto
ur 

tourists: poor 
operators: good good all year geology-landscape 

relation; enjoying 

local; tourists; also 
adaptable to 

specific type of 
tourism 

frequent stops in 
areas served by 

simple loop paths; 
museums or similar 

on-road routes trough the 
Dolomitesand trough 

mountain passes 

tourism consortia; 
Hoteliers network, tour 

operators 

geoski 

tourists: 
average 

operators: 
excellent 

excellent winter time geology-landscape 
relation; enjoying 

researchers 
groups; mounatin 

fans; tourists 

Down-hill or cross 
country ski skitrails 

Tourism consotia; Skis 
consortia; ski 

instructors 

geotre
k 

tourists: 
average 

operators: 
excellent 

good all year 
Geology-landscape 
relation, adventure, 

slow frequenting 

universitary 
students; ski fans; 

tourists 
by foot; snowshoeing Italian Alpine Club official 

trails 

tourism consortia; 
Hoteliers network, tour 
operators; associations 

Table 1: activities experienced

Diffuse effects of our activities are to 
amuse, to intrigue, to remove the stereotype 
thanks to the experience of immersion in the 
natural habitat. Make use of illustrations and 
sketches may be helpful most of the time. The 
geotouristic products developed by Dolomiti 
Project Ltd enjoy cross-sectional attractive-
ness (f.e. university people; sport tourists; 
families...). It lay stress on the ubiquitous 
possibility to enjoy the activities in Dolomites. 

Dolomiti Project chose some particular 
places where to carry on the geotouristic ex-
perimentation, because of their attitude:

•	The	“Sella	Ronda”	ski	area.	Mt.	Sella	
has not become a part of the World Heritage, 
because of the anthropic impact it undergo. 
However its geological relevance is not que-

stioned. The Mount enjoys a good panoramic 
location so that skiing around the Sella Ron-
da it is possible to look at many other System 
of the Heritage. That is why we propose it as 
our first Geoski location. During the winter 
time, the snow shows off some particular de-
positional structures on the rocks, especially 
when looking at the landscape.

•	The	Val	Scura	(a	valley	located	in	the	
Belluno’s Dolomites). It has still wilderness, 
located out of the most common touristic 
path. Close to the Valley there are relevant 
tectonic lines, which influence the pretty par-
ticular landscape. It is in this area that we 
prefer to step by for a careful analysis of the 
natural context.

•	The	Vajont	Valley.	The	valley	offers	gre-
ats hits about geomorphology and about the 
landscape evolution during the Quaternary 
era. The Vajont location represents a place 
of memory for the big disastrous landslide 
(occurred in 1963): an emblem of the rela-

tionship between man and nature seen as a 
great geo-ethic value (Peppoloni et al. 2012).

At now, it is possible to say that geolo-
gical and landscape aspects of greater ge-
otouristic appeal in Dolomites are: 1. Deep 
Time and its implications 2. Memory of Earth 
3. Mass extinctions (P / T – T/J - K / T) 4. 
Fossil Atolls and reefs (evolution and the re-
sumption of Bioconstructors)

5. The Triassic archipelago evolution 
(Anisic/Ladinic/Carnic)

6. Volcanoes in the geological record 7. 
Perfect conservation of fossil paleo-enviro-
ments

8. processi evolutivi attuali: glacialismo, 
gravità, erosione e trasporto mezzo acqua. 

9. Geological heritage of the Landscape 10. 
Landscape for scenic and aesthetics aspects

11. The presence of the human being and 
his relationships with the landscape.

ConCluSIonS:
The dolomitic context  is particularly su-

itable for geotouristic practices, because of 
the high value concerning Geological Heritage 
(geodiversity and geomorfodiversity (Panizza 
M. 2001) are particularly well represented). 
Also the recent UNESCO recognition is moti-
vated by geological and landscape criteria.

This combination of geology and lan-
dscape allows an analysis of the area that 
offers great fascination hints and a chance 
to adapt this offer to many different targets 
(Reynard E., et al.  - 2008). This alliance also 
helps us to introduce kind of a synaesthe-
tic dimension: where knowledge inputs are  
transmitted through emotional experiences, 

involving the subject in a deep and intimate 
way.

The geological characteristics of the 
property may guide the visitors to a “se-
rial reading”: an experience that allows to 
travel through space and time, having the 
possibility to “see” at the same moment the 
actual and paleo-environmental landscapes 
and their relation. The perfect and rare con-
servation of geometric relationship between 
different depositional environments, in suc-
cessive geological record (especially during 
Triassic era) (Gianolla P. et al 2009), makes 
the geologist able to explain clearly the com-
plicated arguments.

Moreover, the accessibility in the Dolomi-
tes area is very inclusive. Indeed, it is possi-
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ble for everyone to come in contact with this 
exceptional Heritage. On the other hand, the 
harmonization and the usability of the infor-
mation for the people of the valleys remains  
critical so far. Museums, Visitor Centers and 
tourism oriented places are still far from de-
fine a network and there are still too much 
unbalanced opportunities in terms of availa-
bility of resources and personnel. 

However we point out as a right characte-
rization of the Dolomites like a geotouristic 
excellence area, is an important project to 
support and pursue. That is because it could 
help to pursue some aims like conservation 
(Sharples C. 2002) of the heritage and new 
economic opportunities and relationships. 
It is relevant how a proper geotouristic ap-
proach (Thomas M.F. 2012) in the Dolomites 
area depends on a right knowledge of the 
geological assets; an implementation and 
an increase of the information network and 
of the tourism services; last but not least a 
definition of disciplinary attendance of the 
natural WHS.
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aBStraCt

I
n this paper we propose the geo-touristic 
dissemination and valorisation of the di-
sused lignite mining site at Morcone (BN). 
The Idea that we offer, even in planning 

terms, is founded on a possible educatio-
nal training addressed to a wide diversified 
public of beneficiaries, especially students. 
Known methods and information have been 
applied, which have been successfully expe-
rimented on the other sites in similar condi-
tions to complete an already established  local 
tourism which is wide and varied and already 
established (religious routes as well as rou-
tes focusing on historical and architectural 
aspects, archaeology, wine and food, fauna 
and flora) which has a discrete tourist flow 
approximately 54,000 people per year whit 
- economic value 1.5 million euro per year. 
The mining site, active from 1915 to 1951, 
represented an importand economic resource 
for the community and could continue to per-
form this function, with his full potential, like 
a geo-touristic resource.

IntroDuCtIon
The disused mining sites, today repre-

sent a historical-social and cultural heritage 
of un-calculable value, which can be exploi-
ted as a geo-touristic resource by the local 
community  to a new social-economic deve-
lopment, especially if these can be merged or 
can increase an already solid asset of tou-
ristic activities. The contents of the present 
work of the geological and historical-cultural 
path offers an interesting opportunity to di-
scover a new area: Morcone in the province 
of Benevento (Campania, Southern Italy), 
characterized in the recent past by discrete 
quarrying: The lignite mine of Morcone. The 
work proposes a possible conservation project 
and development of the disused mining site 
and of other touristic resources featured in 
the studied area so as to update the already 
rich local geo-tourism, especially through the 
creation of  suitable cultural paths, leisure, 
scientific and educational type and further 
more exclusive eco-touristic and eco-educa-
tional activities.  

the StuDIeD area 
This mining site lies in the basin of the 

river Tammaro or Morcone in the province of 
Benevento (Campania, Southern Italy) (Figure 
1). It is located in an ample plain between 
The Matese Mountains and those of Samnium. 
Really it is a modest morphotectonic medium-
pleistocene hollow, filled by fluvial lakes and 
flooding, especially in the extremities of the 
upper pleistocene. Within the clastic series of 
the filling of the basin between the mountains, 
which for a long period had to be an endorheic 
drainage (GE.MI.NA., 1963), there are signs 
of lignite present which expose a sediment 
due to a limno-marsh. These discreet lignite 
banks were exploited during the first decades 

 
The Studied Area   

Fig.1 Location of the studied area.!

of the last century. Today the traces of mining 
activity in the area, are less evident and even 
the historical memory is seriously threatened. 
The area has a characteristically high risk of 
earthquakes but the rifts of the fluvial lakes 
appear mainly minor.  

BrIef hIStory of the mInInG SIte
The evidence of mining activity of lignite 

in Morcone’s territory are formed by traces of 
galleries, mining shafts, tools, written and 
verbal evidence of ex-miners who have exploi-
ted the lignite deposits in the past. The so 
called “old people” retain recollections which 
unfortunately have not been collectively ga-
thered and channeled towards an initiative 
of a lost geo-economic heritage recovery. The 
mining production started in 1915, formed by 

the establishment of the Anonymous Society 
of the “Lignite of Morcone”, merging small lo-
cal businesses employing approximately 300 
people. The mining activity had its highs and 
lows and in the aftermath of the first world 
war the mining site of Morcone was recogni-
zed as one of the most important in southern 
Italy (GE.MI.NA, 1963). With alternating fortu-
nes the local exploitation of lignite persisted 
till 1951. Since then all the mining machine-
ry and facilities have been abandoned and 
eventually even a large part of its traces have 
been forgotten or cancelled by the landscape. 
Today, the landscape shows little evidence of 
the remaining mining activity such as shafts 
to the main entrance once used by the wagons 
to transport the fossil fuel to the surface. The 
formation of the tunnels are only partially no-
table in the depths because they are totally 
flooded by the nearby fluvial layer. Moreover, 
the actually area of the mining shafts is to-
day covered by various industrial buildings. 
However, it isn’t difficult to resurrect and re-
pair the  remains of the old mining machinery 
which are testimony to a history of sacrifice 
and toil which makes it worthy to rediscover 
and appreciate not only its memory, but an op-
portunity for social-economical development. 

elementS for a proJeCt of Geo-
tourIStIC evaluatIon of the ex-
mInInG SIte of morCone

The area where the ex-mining site of 
Morcone stood, is in need of emergency land 
reclamation. On completion of the “exhuma-
tion” of the area, it will be necessary to be 
inspected, to assess the state of decay and 
therefore proceed if necessary, to plan the re-
quired safety measures for eventual use. For 

Fig.2 - Schoolchildren visiting an 
eco-museum.!
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the exploitation of the Morcone mining site for 
geo-tourism, it is necessary to develop plans 
to identify the elements capable to develop 
the area. Below are some illustrations of the-
se ideas, based on the possibility to carry out 
a fair and appropriate project design.

“BetWeen hIStory anD SWeat”
This could be the title of a plan capable 

of exploiting the knowledge and discovery of 
the workings of the mining site (Figure 2). 
This idea could be materialized by an eco-
museum (Bergamini and Pagliaro, 2011), 
containing findings and evidence partaining 
to the history of the mine which for many ye-
ars has offered employment to hundreds of 
workers. Obviously, it is advisable to collect 
or recover all of the items, from utensils to 
fragments of the rail path, significant to the 
mines history. Ex-miners could be involved in 
the mastery providing an historic account of 
social life, therefore the eco-museum would 
be used as a cultural institution capable of 
retaining the mine’s past knowledge and ex-
ploitation.

“DoWn In the mIne”
This idea is useful to stimulate interest 

to an already knowledgeable public (Figure 
3). The accessible galleries could represent a 
possible speleological route offered to youths 
in search of underground adventure. To carry 
out this idea tourist guides should be trained 
and qualified in this specialization. 
“on the raIlS”

The accomplishment of this idea is aimed 
towards a rapid fruition of the buried mining 
works, aiming to the concept of knowledge 

 
 

Fig.3- A look of the tunnels of 
Morcone’s ex-mining site.!

and exploitation. Descending into the mining 
site via rail line and carts, just as more than 
half a century ago, reminds us of the wor-
king conditions in the mine, awaking diffe-
rent emotions of a job which today is almost 
lost in Italy.   
4) “SearChInG lIGnIte”

This is about an idea aimed at the 
knowledge and exploitation of external paths 
leading to the mining site and which could 

above all involve students. This is intended 
to carry out a real and proper equipped ren-
dering (Figure 4) area (posters, multimedia 
information, etc.) with qualified personnel, 
and special events for groups and families 
(with correlated playgrounds). Therefore, a 
picnic area with appropriate structures and 
refreshment point with food and wine spe-
cialities – in which Morcone area is plenty 
full - and even information points, with spe-
cialized personnel about the characteristics 
of the mining site, the territory, the landscape 
and of the local touristic offer in which it is 
situated.  All project could be also provide 
advertisement brochures and maps and sale 
of specific touristic guide about the area.

fInal ConSIDeratIonS
In the course of this study we have made 

a geo-marketing investigation intended to 

comprehend the importance of tourism in 
the Morcone area. From this it has emerged 
that tourism in this area is already developed 
and enjoyed by a large and varied public, both 
national and international. It is essentially 
about types of tourism that focus on historic-
architectural routes as well as archaeologi-
cal, religious, outdoor, food and wine, etc. In 
all, this represents an important solution in 
the local economy and employment (fig . 5). 
Without a doubt, the recovery of the ex-mining 
site has a scientific importance and there-
fore represents a solid territorial resource to 
exploit under a geo-touristic aspect without 
implying excessive investments (Russo & Si-
sto, 2009). Carrying out these projects, the 
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Fig.4 rendering near the main entrance of the mine  
!

1) Rooms of the eco-museum 
2) Signs 
3) The “on the rails “ venture 

and correlated ticket office 
   4) Picnic area 

FIG. 5 – Main tourist resources in the area of Morcone: a) Percentage for each type; b) annual 
sharing and attendance.!

 

 

a b 

knowledge, development and the fruition 
of Morcone’s ex-mining site, can be reali-
zed. This would lead to an increase of local 
employment and economy. In conclusion, it 
has been shown that the implementation of 
a geo-touristic in the Morcone area, could 
be seen in a wider, diverse and varied local 
tourism, already partially existing and which 
needs to be promoted and enhanced.        
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aBStraCt

T
he multidisciplinary research project 
PROGEOPiemonte had selected 9 stra-
tegic geothematic areas that will be 
investigated as representative of the 

geodiversity of Piemonte. Geological history, 
climate and environmental changes, natural 
hazards, soil processes, and georesources 
will be disseminated not only at the geosi-
tes but also at museum collections, through 
evidencing of mining activity and quarrying, 
and by means of science exhibits and Nature 
trails.

One of the nine selected geosites is the 
Brosso and Traversella mining area. These 
two locations are among the most impor-
tant  mines in Piemonte since ancient time. 
Iron mining activity in Traversella was very 
important until the end of the second world 
war, whereas in the Brosso mine production 
was focussed on pyrite extraction for sulphu-
ric acid manufacturing. Not only these two 
sites are of primary scientific importance, 
(the Brosso-Traversella mining district re-
presents the only skarn-type mineralization 
in the Alps), but also the two localities are 
of the highest interest for science passiona-
te, mineralogist and collectors. Outstanding 
mineralogical samples coming from these 
two mines are displayed in the most famous 
museum all over the world. With the study we 
would like to expose the extraordinary impor-
tance of the Traversella and Brosso sites from 
a scientific point of view, but also we want 
emphasize the role of these sites from the 
point of view of the industrial development 
in Piemonte Region. We would alsoillustrate 
the impact on the surrounding region from a 
sociological and environmental point of view, 
investigating the lifestyle of people living 
and working, during centuries, in this small 
mining region. As expected results, we will 
produce a new series of books and booklets 
relative to the historical background of mi-
ning extraction, metallurgic dressing, mine-
ralogical richness in the area, and websites 

with virtual itineraries in the area (and in the 
mine galleries).

the SIteS
Traversella and Brosso in Valchiusella 

(Torino, Piedmont, Italy) are amongst the most 
important mineralogical and geological sites 
in the Italian Alps, and their significance in 
the extractive history of Piedmont region is of 
primary importance. The history of these sites 
starts in the late medieval age, and persists 
up to the second half of the xx century. In Tra-
versella the primary activity during the last 
centuries was the extraction of iron mineral 
for siderurgical purpose, mainly as magnetite 
(Gallo 2007) whereas in Brosso the extraction 
was focussed on pyrite, that was used for the 
production of sulphuric acid, one of the basic 
chemical for industry, with a wide range of 
applications (Campostrini 2001). 

The impact of the mining activity on the 
valley populations is unquestionable. The 
history, tradition and evolution of the small 
villages in the surrounding area are strictly 
linked to the history of the mines, and the 
skill of miners of these valley was recognized 
all over the world. During the late xIx and the 
early xx century people coming from Brosso 
and Traversella traveled and emigrated tho-
rough all the world, everywhere mines and 
caves do exist, as specialist and instructors, 
in places like Ethiopia, South Africa, Brasil.

What does still remain of the ancient 
mines (dismissed around the seventies of 
the nineteenth century), what does still stay 
of the buildings, wharehouses, mine works, 
decauvilles? How is possible to valorize the 
structures still observable in the old sites, 
and transform the ruins in some touristic at-
traction, from and historical but also scienti-
fic and environmental point of view?

Some action has already started; for 
example, the local association of mineral 
collectors (Gruppo Mineralogico Valchiusella) 
managed the restoration of a section of the 
mine buildings in Traversella -the old milling 
sector- , and in these newly restored block a 
small but interesting mineralogical museum, 
with a section devoted to ancient tools and 
machinery, can be visited by people coming 

from nearby city as well as from surrounding 
countries. The local collectors club still ope-
rates inside the mines, founding interesting 
minerals sample and new species or assem-
blages (Gruppo Mineralogico Valchiusella et 
al., 2005).

Picture 1. This scheelite from Traversella mine shows the 
highest quality of the samples that were extracted from the 
mine during its activity period. Sample of this quality are 
still in exhibition in famous Museum all over the world.
(Sample M/ 6674.1, Regional Museum of Natural History, 
Turin)

But there is more that could be organized 
devoted to the  valorization of these sites, and 
this is be the aim of the research group seven 
in the organization of the Progeo Piemonte 
project, the one that would operate in the 
above-mentioned two places.

As an example, these sites should also 
be considered from a different point of view:  
the industrial history and the evolution of the 
extraction methodologies, connected with the 
history of mine work, and the evolution of ex-
traction technology.

Also the social evolution and characte-
rization in the region is strictly connected to 
the mine work, so studies could also bring 
up some sociological and historical aspects, 
investigating the lifestyle of people living and 
working, during centuries, in this small mi-
ning region. The creation of media illustrating  
various aspects of these two sites, as well as 
the forecast for an open air museum in which 
the visitor can observe different aspect of the 
former activity is one of the main promoting 
goals. Also, is necessary to include these two 
localities as part of a wider site tour, boosting 
a minor and yet important class of tourism 
formed by amateur and professional minera-
logist: in fact, in others European countries 
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as Germany and England, tour packages in 
the most important mineralogical site are 
quite usual. Those would include visiting 
caves, mines and museum – a kind of tour 
organization at present almost disregarded 
by Italian tour operators. 

Among the forecasted media, there will 
be a new series of books and booklets rela-
tive to historical background of mining ex-
traction, mineralogical fertility of the area, 
scientific importance of the finding in various 
museums in the world, and a website contai-
ning virtual itineraries in the area -for a bet-
ter comprehension of the interaction between 
mines and geological environment-. Also, we 
plan to organize, in collaboration with the 
local mineralogical group, a virtual journey 
in the mine, containing pictures and video 
of the different section of the old galleries as 
well as geological cross section, mineralogi-
cal findings and description in different spot 
along the old excavation.

All of these scheduled tasks will be or-
ganized in close collaboration with the local 
and regional authorities and existing organi-
zations, as the Museum of the Mineralogical 
Group Valchiusella, the Museum of Brosso 
Mines, the Museum of Natural History of the 
Piedmont Region, the Comune di Traversella 
and Comune di Brosso, the Comunità Monta-
na, Regione Piemonte and Provincia di Torino.

Picture 2. The inclined “decauville” connecting, in the old 
Brosso Mine, the 558 level to the main washing plant in the 
plain, around 1930 (from the “Archivio dell’Associazione per 
gli studi di Storia, tecnologia e Archeologia industriale del 
bacino minerario e metallurgico dell’Assa”

ConCluSIon
In this multidisciplinary approach, the 

aim is to reconstruct the mineralogical fe-
atures of the Traversella and Brosso mines, 
through mineralogical, petrological, ore ge-
nesis and petrographical studies, and throu-

gh the acquisition of any information from 
every kind of historical sources, in order to 
promote, at high level, the knowledge about 
geological history and evolution of these 
geoheritage sites. We intend to proceed by 
studying the crystal chemistry of minerals 
and by mineral structure determination of 
known species as well as characterizing new 
unknown phases. The research will be also 
include the study of crystal shape and growth 
morphology of different minerals in samples 
coming from Traversella by crystal growth 
and thermodynamical mineralogy, as these 
aspects are essential to enlighten the gene-
sis and evolution of iron ore deposits of Tra-
versella zone. We will also perform studies of 
Systematic Mineralogy on the mineralogical 
wealth and variety of the two different areas 
and on the history of samples coming from 
different sites in Piedmont region, some of 
which are currently displayed in mineralogi-
cal collections all over important museums in 
the world. The metallogenetic evolution of se-
lected alpine areas (Cottian Alps and Brosso-
Traversella mining site) are part of the main 
project. Therefore, it would be considered also 
the contribution that the knowledge of mine-
ralisations can give to the understanding of 
the alpine chain. Last but not least, the past 
mining activity, as an important evidence of a 
complex socio-economic context, will be con-
sidered as well, including studies about mi-
ning engineering, techniques and technology 
of quarries and mines exploitation, recovery 
of ancient mining dumps and the valorisation 
of mineral waste deposits.

The obtained information will be organi-
zed also for teaching purposes, by editing of 
booklets, posters and promotional media, for 
all is concerning mineralogical aspects.

The task of the Group 7 within the lar-
gest main Progeo-Piemonte is to show the 
enormous importance of the Traversella and 
Brosso mines from a mineralogical, social 
and industrial development of the closest 
surrounding region point of view, relating it 
to the whole Piedmont Region.

Picture 3. The country surrounding the Traversella and Bros-
so village is plenty of pleasant natural environment and 
historical buildings, starting from the late middle age. In 
the picture, a stone bridge on the Chiusella stream, near 
Traversella.
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aBStraCt

A 
series of itineraries are proposed in 
order to illustrate the most signifi-
cant steps in the geological evolution 
through time of the stratigraphic suc-

cessions exposed in the Marguareis - Colle di 
Tenda area that geologically stretches from 
the Ligurian Briançonnais to the Dauphinois 
Alpine Domains. Here, rocks of very different 
nature (volcanic and sedimentary), and de-
positional environment (from carbonate tidal 
flats to deep sea turbidite basins) crop out 
and provide the solid record of a very long 
time span (from Permian to Eocene: over 200 
million years). On the whole, they record the 
main stages of the geological evolution of 
the European margin related to the opening 
and closure of the Alpine Tethys ocean and 
consequent genesis of the Alpine chain. In 
this paper, in particular, a first itinerary fully 
developed within the Ligurian Briançonnais 
Domain is described which enables also to 
show how the stratigraphic successions may 
be discontinuous with prolonged gaps, and 
how the occurrence of ancient faults may be 
documented by the geometrical relationships 
between rock bodies.

a trIp throuGh tIme anD 
envIronmentS

One striking feature of mountain chains 
is the exposure, often spectacular, of huge 
rock masses that commonly are of sedimen-
tary origin and contain fossils. They bear a 
very important geological significance as 
they represent the materialization of the 
geological time and allow to infer ancient 
depositional environments. Moreover, strati-
graphic successions are often separated by 
discontinuity surfaces mainly due to erosion. 
Sedimentary rocks therefore, may be conside-
red as natural archives of all the chemical, 
physical and biological evolutionary changes 

that took place through geological time on 
our planet. 

In the Piemonte sector of the Alps, sedi-
mentary successions are best exposed in the 
Maritime Alps where altitude and rock com-
position concur to provide superb geological 
exposures. This area is particularly complex 
as it appears as a mosaic of different units, 
pertaining to the European Mesozoic passive 
continental margin of the Alpine Tethys. The-
se units are at present juxtaposed and super-
posed by tectonic processes and, on the who-
le, record the main stages of the geological 
evolution of the European margin related to 
the opening and closure of the Alpine Tethys 
ocean and consequent genesis of the Alpine 
chain. These features, moreover, are exposed 
in a protected area (Parco della Alta Valle Pe-
sio), easily visitable through well indicated 
trails, that also bears an historical added 
value related to the presence of military for-
tresses of the late xIx century. The geologi-
cal knowledge of these successions and their 
evolutionary model is quite well established 
on the basis of both existing scientific lite-
rature, mainly produced in the 70’s and 80’s 
(Campredon et al, 1967; Carraro et al, 1970; 
Vanossi,1970; Gosso et al, 1983) and original 
data published by the proponents (Piana et 
al, 2009; Bertok et al, 2011, 2012). Howe-
ver, much is still to be clarified especially 
concerning the paleogeographic vs. tectonic 
relationships among the different units. This 
research falls within the multidisciplina-
ry project “PROGEO-Piemonte” (PROactive 
management of GEOlogical heritage in the 
Piemonte region) and has the goal to project 
a series of itineraries developed in a GIS en-
vironment, from the Marguareis Massif to 
the Colle di Tenda, aimed to illustrate, in a 
scientifically correct way, but accessible to 
a large public of non-specialists, the most 
significant steps in the geological evolution 
through time of the rock successions exposed 
in the area. 

In this paper, a first itinerary is proposed 
which is developed along a very well marked 
and renown trekking trail (GTA: Grande Tra-

Fig. 1 - a) Middle Triassic grey dolostone with gypsum 
crystals replaced by white dolomite. b) Upper Jurassic red 
nodular limestone.

versata delle Alpi) that starts from Valle El-
lero (Rifugio Mondovì) and leads to the Colle 
dei Signori (Rifugio Don Barbera). Along this 
way the entire geological history (Late Palae-
ozoic to Eocene for a total time span of over 
200 million years) of this part of the Ligurian 
Briançonnais may be followed. Starting from 
the Valle Ellero, and climbing up to the Biecai 
Pass, Late Permian to Early Triassic conglome-
rates and sandstones, composed of pebbles 
of quartz and of Permian volcanic and volca-
niclastic rocks, represent the first sediments 
deposited over the Permian volcanic rocks in 
continental to marginal marine environments 
under the effect of currents as documented 
by different kinds of sedimentary structures 
(parallel lamination and cross bedding). The 
overlying Middle Triassic carbonate rocks, 
mainly dolostones, record the transition to a 
completely different environment consisting 
of a widely extended, very shallow carbonate 
platform affected by tides. The most typical 
facies deposited in such an environment are 
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finely laminated dolostones with desiccation 
cracks and gypsum–bearing dolostones that 
typify arid conditions (Figure 1a). Just below 
the Biecai Pass, a thin and discontinuous lay-
er of breccias with dolomite clasts and yellow 
to reddish matrix is classically interpreted as 
the result of dissolution and karstification of 
the Triassic carbonate rocks. Immediately 
above, the presence of dark grey limestones 
of  Middle Jurassic (Bathonian) age demon-
strates that the emersion phase was very long 
as it encompassed the Late Triassic and the 
Early Jurassic (about 60 million years). Lo-
cally fossil bivalves and gastropods occur at 
the base of these Middle Jurassic limestones 
showing that a normal marine environment 
was settled by that time. A sharp surface, 
possibly associated to another gap but of 
much shorter duration, separates the Middle 
Jurassic grey limestones from Upper Jurassic 
reddish to whitish limestones that in other 
areas of the Marguareis Massif contain am-
monites and document a typical pelagic envi-
ronment (Figure 1b). A sea water depth incre-
ase, in other words, is clearly recorded  by this 
lithological change. A complete interruption 
of sedimentation, likely due to submarine 
current activity wiping away sediment from 
the top of these submerged plateaus, gave 
rise to a hard ground, characterized by a 
perfectly recognizable dark crust of authi-
genic minerals (phosphates, glauconite, Fe-
Mn oxides) that contains microforaminifera 
indicating the late part of the Early Creta-
ceous. More than 30 million years, therefore, 
are again missing in the stratigraphic record. 
The overlying rocks are Upper Cretaceous grey 
marly limestones that were deposited in a 
quite deep marine environment characterized 
by a clay input from emerged lands. These 
softer rocks were also much more affected by 
alpine deformation than the underlying more 
massive limestones and dolostones and thus 
appear intensely folded and crossed by se-
veral cleavage systems. Proceeding towards 
the Colle del Pas, however, the attention is 
kept by the reddish brown rocks of which 
the mountain ridge stretching from the Colle 
del Pas to Colle Sestrera is made. They are 
Permian rhyolites that perfectly preserve the 
magmatic structure made of whitish feldspar 
phenocrystals in a reddish microcrystalli-
ne groundmass. These rocks are abruptly 
bounded by an east-dipping steep surface 
over which the Cretacous marly limestones lie 
with a primary stratigraphic contact marked 
also by a thin body of fine-grained breccias 
mainly made of clasts of Permian volcanics. 
This anomalous contact is interpreted as an 
escarpment related to a Late Cretaceous nor-
mal fault that displaced down the east block 
by some hundreds metres and was covered by 
talus breccias and then by hemipelagic mari-

ne sediments. In spite of late Alpine faulting, 
grey massive limestones are recognizable at 
the top of the Cretaceous ones just close to 
the Colle del Pas. They contain Upper Eocene 
large foraminifera (Nummulitids) that indi-
cate two important geological facts: 1) the 
water depth was again shallow enough to 
allow life of these benthic organisms adap-
ted to platform environments (some tens of 
metres); 2) another important gap (more than 
20 million years) is recorded that in other are-
as of the Maritime Alps (Dauphinois Domain) 
is associated to evidence of emersion. Going 
down the pass, beautiful outcrops of Permian 
volcanoclastic rocks and of Lower Triassic 
conglomerates and sandstones with trough 
cross bedding may be observed. The trail then 
continues within Middle Triassic dolostones 
that show the described features, and the 
last tract of the itinerary, towards the Colle 
dei Signori, develops at the Upper Jurassic- 
Upper Cretaceous boundary with patches of 
the mineralized hard ground.

ConCluSIonS
The proposed itinerary from Valle Ellero to 

Colle dei Signori shows the remarkable scien-
tific value of this area of the Maritime Alps. 
In a one-day walk we can make an amazing 
trip through deep time and different sedi-
mentary environments. More than half the 
total geological time is not represented by 
rocks but just by surfaces separating rock 
bodies. The latter show completely different 
chemical, mineralogical and textural featu-
res that may be easily distinguished also by 
non specialists and that can be interpreted 
as the result of sedimentation in continental 
to deep marine and then again to shallow 
marine environments. This also demostrates 
how faithfully sedimentation records envi-
ronmental changes that in turn are related 
to up and down movements of the surface 
eventually due to tectonics i.e. to the dynamic 
life of our planet Earth.
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aBStraCt

T
he south part of Brindisi plain is cha-
racterized by the presence of a marine 
erosion scarp of the Plio-Pleistocene 
that expands to east-west direction 

in the middle of the two centers of Oria and 
Cellino San Marco. On its edge a cord of fos-
sil dune rises and degrades towards east to 
end when the Oria-Cellino and Mesagne-San 
Donaci province roads cross. The top of the 
scarp is a suggestive landscape point be-
cause it dominates on a wide territory that 
is represented by the north part of “Salento 
plain”. The outcrop of impermeable strata 
bears spring phenomena that, with different 
paleo-torrential grooves, dissect the scarp, 
they represent particularly interesting zones 
for human settlements since the prehistory. 
Behind the scarp there is “Limitone dei Gre-
ci”. With this name it is indicated a separa-
tion zone between two different geologic for-
mations where in the Pleistocene a coast line 
ran, which is marked today by a road  course 
that develops among Oria and the cross with 
the Mesagne – San Pancrazio Salentino road. 
Nowadays down the scarp the Oria-Cellino 
San Marco road runs, in medieval age it was 
the border for the lombard territories, in the 
north, and Byzantine territories in the south. 
In its course there are the Paleolithic, the Ne-
olithic and the Metal Age  settlements, roman 
country villas and medieval houses with their 
different survivor sacred buildings.

IntroDuCtIon
Special geomorphology in height on a 

plain and hydro-geologic situation, that is 
characterized by frequent spring phenomena 
and the paleo-torrential grooves of rain water 
which plow transversely the scarp, for exam-
ple the canals “Pezza dell’Abate”, “Masseria 
Pasuni”, “Crepacore” and “Malivindi”, have 
been ideal attraction situations for human 
settlements since the prehistory, traces of 
that are still there. An important element is 
the relationship between environment and 
geo-archaeology, that is shown in particu-

larly suggestive landscape contexts where 
there are human settlements.

 
For this we have planned a tour (Figure 1) 
to use the course that begins outside Oria 
to continue with the geo-sites of the scarp 
unto the intersection with the Mesagne-

San Donaci road where there is the last geo-
site, that coincides with the sacred medieval 
building of San Miserino.

 

Fig. 1 – On the map it is Via Appia (green) and
 Limitone dei Greci (red).

Geo-arChaeoloGy  alonG the 
“lImItone DeI GreCI”

The first site is the fount in Mandorino 
zone, on the east of Oria, the water of this 
zone create a particular wet habitat that 
allows the growing of large “Arundo Donax” 
cane thickets. This hydrologic source has be-
en always attractive for human groups that 
many times stopped there to hunt animals 
that used to come here to drink (the medium 
Paleolithic, the superior Paleolithic and the 
Mesolithic huntsmen) and to cultivate ce-
reals (Neolithic farmers and farmers of the 
Metal Age). Their presence is shown by the 
remains of meals, stone tools and fragments 
of ceramic.

Then further north there is Santa Maria di 
Gallana Church (Figure 2), that is in a nice 
countryside which is full of roman and me-
dieval olive trees. The church, that was built 
on the ruins of a gens Gerellana rustic roman 
villa, is the only building that survives from 
the medieval house with the same name that 
there was along the Via Appia (Taranto-Brin-
disi). The church, that through the centuries 
has been modified several times, originally  

 3

 

 

Fig. 2 – Santa Maria di Gallana Church in Oria territory.

had only a nave which was covered by a wo-
oden roof. Nowadays the sacred building has 
two lombard domes, the nave on the right (the 
left one crashed), a baptistery and byzantine 
frescoes inside. 

Before the cross of the Oria-Cellino ro-
ad and the Mersagne-Torre one, there is a 
depth torrential cut, that is called Canal of 
Crepacore (this name comes from the pre-
sence of the medieval Church), that shows a 
suggestive landscape with a rich vegetation 
because of several founts flow there. All area 
that is around the end of this canal was  in-
tensely lived because of the several territorial 
resources since the Prehistory, as we can see 
with the ceramic fragments of the Bronze 
Age, of the Roman period and the Medieval 
Age. The house that is on a crown belongs 
to this last period and has an important 
place for the control of the zone. From this 
medieval settlement San Pietro di Crepaco-
re Church survives (Figure 3), which recent 
archaeological excavations, that  Soprinten-
denza Archeologica della Puglia made, told 
the story about.. It is made of big stones that 
probably come from the reusing of materials 
of the Oria Messapic Walls. Inside we can see 
a wide central apse nave with two domes in 
axis, at the side two close nave. Among re-
mained fragments of fescoes, the panel on 
the right wall, that represents San Peter and 
an eminent politic byzantine Figure, probably 
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Fig. 3 – San Pietro di Crepacore Church in Torre Santa Susanna countryside.

 

 
Fig. 4 – San Miserino Church in San Donaci territory.

the governor of Oria and probably client for 
the building, stands out. In the basin of the 
apse there is a very important fresco, that re-
presents Christ’s ascension among apostles.

Then immediately on the east of Masseria 
Malivindi, and exactly on the cross of Oria-
Cellino road and Mesagne-San Pancrazio 
road, the territory is plowed by Malivindi (or 
Patri) torrent, near this torrent there are the 
messapic town Muro Maurizio, many roman 
villas and baths. Structure we can see no-
wadays is composed of four rooms that were 
operative in the I and the II century a. C., but 
the building should have had considerable 
dimensions and should have represented a 
public complex in a rural context, as melting 
pot for several surroundings rustic roman 
villas.

At the end of the tour of this article we 
mention the ruins of San Miserino Church (Fi-
gure 4), in San Donaci countryside, in Mona-
cello, near Masseria Camarda: its name has 
Lombard origins. It is a central plan building 
with four little apses which are opposed, the-
re are traces of a mosaic of black and white 
pieces. It was a Medieval Age construction, 
maybe it was a Ninfeo originally and then 
in Byzantine period it became a building for 
worship.
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aBStraCt

A
lbania has a great number of geomo-
numents due to its lithology, various 
relief forms, geomorphological evolu-
tion, exogene and indogene factors 

impacts, etc.  A major part of these geomo-
numents of scientific, educative and tourism 
values are included in the list of the protected 
areas, in the third category so called “Monu-
ments of nature”.  In this category are also in-
cluded the glacial geomonuments which are 
unique, rare and beautiful. Most important 
glacial relief forms of Albania such as glacial 
cirques, glacial lakes, etc, are situated in the 
high mountains of the Albanian Alps and in 
the Central Mountainous Region of Albania. 
The presence of these special glacial relief 
forms has attracted the interest of the resear-
chers but unfortunately not yet the attention 
of the tourists mainly due to the luck of the 
information.

IntroDuCtIon
Glacial relief in Albania occupies a small 

area comparing to the other types of relief. 
The traces of the Vürm glacial period in Alba-
nia are evidenced in the altitudes over 1500 
m in the north and over 1800 in the south 
(Gruda, 1990 a). In the valleys, the glacials 
got down till 300-800 m in the north and 900-
1200 m in the south where glacial moraines 
were formed (Gruda, 1990 a). The glacial 
landforms that inherited us are related to 
the lithology, topography, erosion, slope pro-
cesses, etc. On the loose (mostly Terri gene) 
formations the glacial landforms are rarely 
found, mainly over 1700 m altitude in the 
north and northeast slopes of the mountains 
of Korab, Vermosh, Gramoz. They are mostly 
disappeared due to the erosion or degrada-
tion.  Glacial landforms are well preserved 
in the carbonatic rocks, which are more re-
sistant to the erosion. However these relief 
forms, such as glacial valleys, are further 
varied by karstic processes. The most preser-
ved glacial landforms are found in magmatic 
rocks, especially ultrabasic rocks, which are 
insoluble and resistant to the erosion. In the-
se magmatic rocks are situated the biggest 

and most preserved glacial cirques and lakes 
of Albania. 

The features and sizes of the glacial 
landforms are attributed to the structure, li-
thology, morphologic evolution of the area be-
fore and after the glacial period, etc. Whereas 
their current shape depends to the altitude, 
erosion intensity, slope stability and climate 
change. The most common glacial landforms 
found in Albania are cirques, lakes, valleys, 
glacial-karstic holes, depressions, and bank 
of moraines.

Glacial cirques are the most widespread 
reliefs in Albania which are situated in the 
altitudes of 1500-2400 m. They are mainly 
situated on the north, northeast and east slo-
pes of the alpine crests. Their common form 
is that of a half circle with steep slopes. Both 
simple and complex cirques exist in Albania 
where simple cirques are formed due to the 
change of the everlasting snow border. They 
are relatively huge and are found in the Alps 
and Korab mountains. Complex cirques are 
formed over the everlasting snow border, at 
1700-1800 m altitude and are even bigger 
than the simple cirques. Complex cirques are 
found in the mountains of Alps, Lura, Korab, 
Shebenik, Jabllanica, Tomor, Valamara, Polis, 
Nëmërçka, etc.

 Glacial lakes were formed mainly in the 
complex cirques (Jezercë, Balgjaj, Dhoks, 
Shebenik, etc) and very few in the simple 
cirques in the altitudes over 1500 m (Pa-
no,1990). Glacial lakes were formed in the 
glacial cirques mainly on the magmatic and 
terregine rocks. Most of the glacial lakes are 
situated in the Central Mountainous Region 
of Albania (52 lakes) and in the Alps (32 la-
kes). In general glacial lakes are small in size 
and they have alpin regime. Their flora and 
fauna is represented by some algaes, hygro-
file plants and alpin triton. 

Glacial valleys are almost all situated 
in the Alps, in the upper parts of Valbona, 
Thethi, Boga, Vukli, Gashi and Vermosh val-
leys. They are all situated above 700-1100 m 
high and are 8-15 km long.

Glacial-karstic holes of 0.5-1.7 km2 
(Gruda, 1990 b) are also widespread in the 
Alps mainly in Jezerca mountain (Gropat e 
Bukura, Gropa e Jezercës), in Bjeshkët e Na-
muna (Klogjen, Radohinë, Livadh i Bogës, 
etc) and in Kollatë, Rupë, Mijushë, etc.

Glacial depressions are other glacial 
relief forms situated in the Alps, Central 
Mountainous Region and very few in the Sou-
thern Mountainous Region of Albania. They 
are mostly situated in 1500-2000 m altitude 
and their length is 0.7-1.6 km (Gruda,1990). 
Glacial depressions are found in Jezerca, Ver-
mosh, Korab, Nëmërçkë, Tomorr mountains.

Glacial moraines are also found in Albania 
due to the glacial deposits in the valleys, gla-
cial depressions and complex cirques. Glacial 
moraines are found in the valleys of Valbona, 
Gashi, Boga, Runica and in the mountains of 
Korab, Balgjaj, Dhoks, Shebenik, etc. 

GlaCIal GeomonumentS of alBanIa
The Law for the protected areas has in-

cluded in the third category of the protected 
areas, the monuments of nature that are di-
vided in geomonuments, biomonuments and 
hydromonuments. In 2012 the total number 
of the geomonuments declared monuments of 
nature is 291 or 41% of the total monuments 
of nature. Based on the Law for the protected 
areas, in the category of the geomonuments 
are included all the geological objects that 
are unique such as rare geological structures, 
geomorphological objects, etc. Glacial relief 
forms are geomonuments of complex values 
such as cirques, glacial lakes, moraines, gla-
cial deposits, etc. Most important glacial cir-
ques that are declared monuments of nature 
are: Glacial cirque of Zepë (Kukës); Glacial 
cirque of Beautiful hole of Jezerca (Shkodër); 
Glacial cirque of Livadhi in Boga (Malësi e 
Madhe); Glacial cirque of Nëmërçka (Përmet); 
Glacial cirques of Tomorr (Skrapar), Glacial 
cirques and moraines of Griba (Kurvelesh). 
Glacial moraines that are declared monu-
ments of nature are: Moraines of Fushëlura 
(Dibër); Moraines of Razma (Malësi e Madhe);   
Moraines of Ujanik (Skrapar). Monuments of 
nature are also declared the glacial-fluvial 
deposits of Boga (Malësi e Madhe); Shëmtira 
(Tropojë); Shoshaj (Tropojë), etc. 

GlaCIal laKeS
Great lake (Jezercë) is the biggest of four 

lakes of Jezerca trogue and all Alps mountains. 
It is situated in the altitude of 1792 m and 
has a prolonged shape of 443 m long, 178 m 
average width (maksimum width is 213 m) 
and 3.5-4 m depth (Gruda, 1990). This lake 
has been a glacial cirque and in dry season it 
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is almost dry. In this lake has its habitat the 
alpin triton (Pano, 1990).

Great lake (Lura) is the biggest (12 ha) 
and deepest (20m) lake of all the lakes of Lu-
ra Park. This glacial lake in winter gets frozen 
and in summer gets covered of white water 
lilies. Great lake is situated in the altitude 
of 1550 m and is one of the most beautiful 
lakes of Lura.

Black lake (Lura) is situated in Lura Park, 
in the altitude over 1600 m of the mountain 
“Kunora e Lurës”. It is a glacial lake with an 
area of 2.56 ha and maximal depth 10m.  
This lake is formed on an ultrabasic rock and 
consequently its color looks black. This lake 
constitutes a very interesting ecosystem of 
the alpine lakes with rich flora and fauna. 

Flowers’ lake is situated in Lura Park, on 
the altitude 1580 m of the mountain “Kunora 
e Lurës”. This lake has covered a glacial cir-
que with total area of 1.44 ha. It is an alpine 
lake with rare beauty and rich water flora and 
fauna. It is well known for the big white lilies 
that bloom in June turning this lake to an 
astonishing flower meadow.

Black lake (Martanesh) is situated on 
the northern slope of the Mali i Lopës (Cow’s 
mountain), in the altitude over 1800 m. This 
lake is formed on a big glacial cirque of 45 ha, 
400 m long, 200 m wide and 60 m deep. From 
three sides of the lakes the very steep slopes 
are covered by beech and pine forests, which 
create a lovely landscape. Due to the depth 
and the deposits of chromites in the bottom 
of the lake, the watercolor seems black. This 
lake has rich flora and fauna and creates an 
interesting alpine lake ecosystem. 

Lakes of Kacni are situated on the ea-
stern slope of the mountain Balgjaj, on the 
southwest of Kacni village of Dibra district. In 
the altitude over 1700 m these lakes cover the 
glacial cirques of 50-100 m long, 20-35 m 
wide and over 5-6 m deep. The lakes and the 
coniferous forests around them create very 
attractive ecosystem of alpine lakes. 

ConCluSIonS
Glacial relief forms in Albania are several 

and various such as glacial cirques, glacial 
lakes, moraines, glacial–fluvial deposits etc. 
However, although they bear great scientific, 
aesthetic, tourism and educative values, they 
are little frequented and known by the tourists. 
This is not only due to the poor infrastructu-

 

re to reach them but also due to the luck of 
information for these rare geomonuments. 
Therefore the need for the geoinformation 
creation for the glacial geomonuments is a 
necessity that will serve to the researchers, 
managers and the public. Geoinformation of 
the glacial geomonuments of Albania will not 
only create a detailed digital database pro-
viding geological, geomorphological, hydro-
logical and tourism information, but also it 
will inform and increase the tourists’ interest 
to explore them. 
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aBStraCt

I
n 2010 the Administration of Valstagna, a 
small Municipality located in the Pre- Al-
pine area of Veneto Region (North East of 
Italy) at 157 meters a.s.l. with a surface 

of about 27 square kilometers and a popu-
lation of about 2.000 inhabitants, decided 
to identify a strategy for the environmental 
and tourist enhancement of its territories. A 
consultancy group has been involved in order 
to assess the present situation and to develop 
a Master Plan as an initial stage of visioning 
for the implementation of an organic project. 
Giving to “geosite” definition an enlarged 
meaning, that is including both natural and 
anthropogenic geomorphic signs within the 
landscape, an innovative reading of the bro-
ad area (including the bottom valley river and 
the surrounding highlands) has been given 
and a systemic approach as been adopted in 
order to satisfy the Administration’s objecti-
ves. Through this perspective, an integrated 
geosites network has been recognized and 
the Master Plan has been developed giving 
to every single spot and itinerary a geological 
key to its own reading. The final work resulted 
as a merge of historical memories, hydroge-
ological emergencies and physiographic 
patterns, linked in a wandering geological 
itinerary underground, downstream and 
uphill. Eventually the Master Plan has been 
submitted to a Regional call and in 2011 a 
grant of 750.000 euro has been funded (on a 
total project value of

960.300 euro). At moment the project is 
under implementation.

IntroDuCtIon
Valstagna is a minor village of the Pre-Al-

pin range laying on the right side of the valley 
bottom of Canale di Brenta (the final strecth 
of Brenta Valley before entering the great Ve-
neto Plain in the North East of Italy). The local 

district includes both a river reach and the 
slopes and peaks of Western mountains (Set-
te Comuni Highlands).  Some  very  important  
geological  emergencies  are  located  within 
Valstagna boundaries and, amongst these, 
three are recognized as “geosites” according 
to the regional inventory (www.regione.vene-
to.it/NR/rdonlyres/62F19781-

8739-48AC-A3DF-33E9F4A302FA/0/Ge-
osititabella_lista.pdf),  i.e.  “orrido  della  Val

 
Fig. 1- Valstagna•s geosites identificatian (extract from Master Pian graphical ela-
borate #3)

Frenzela”, “calieroni di Valstgana” and 
“grotte di Oliero”.

Furthermore a lot of geomorphic signs 
present a remarkable peculiarity so that to be

(or have been) considered sites of en-
vironmental and/or tourist interest. For in-
stance

the Subiolo resurgence (supposed to be 
the deepest “Valchiusana” spring known in 
Europe), the San Gaetano’s “masiere” (old 
manmade terraces built and maintained to 
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find room for agriculture within the narrow 
valley bottom), the “Cala’ del Sasso (a 4.444 
steps stairway built in the upper Middle Age, 
supposed to be amongst the longest step-
path at international level) and a poorly 
known but well conserved basaltic chimney 
(once exploited for the surrounding marble of 
contact metamorphic genesis).

 In spite of this diffuse richness in term 
of geologica! emergencies, since decades 
Valstagna area and neighbouring sites have 
been facing a rragmentation pattern both in 
environmental protection and tourist deve-
lopment policies and management approa-
ches.  Just  a  few  local  sites  of  geologica! 
interest  are  protected  and/or

 
exploited (Gusmaroli G., Pontarollo I., 

2004; id., 2005), anyway in a weak standing 
alone way and with no territorial marketing 
approach at all.

By  now  it  is  widely  recognized  that  
marginal  territories  can  effort  to  face  that

demographic desertification process 
that led to an “abandonment geography” 
(D.Perco, M.Varotto, 2004) only recognizing 
their own identity signs and promoting a su-
stainable tourism approach based on diversi-
fied experiences. Moving form this paradigm, 
the authors developed a Master Plan for the 
tourist and environment enhancement  of  
Valstagna  (Gusmaroli  G,  Muttin  M.,  2010)  
based  on  a  locally featured geolandscape 
fil-rouge.

a neW perSpeCtIve
As a first step, a geo-thematic approach 

has been recognized as key for a systemic 
management of Valstagna’s area (possibly 
to be extended to neighbouring areas too).  
Remembering  the  historical  role  of  Valsta-
gna  as  fluvial  harbour  for  the highlands’ 
communities, the area has been recognized 
as a transversal door in the valley to be rege-
nerated in order to enhance the slow mobility 
locally based but also along a proposed new 
High Trail connecting all the Veneto Region 
Per-Alpine range and possibly more (see Fi-
gure 2).

Hence a field survey (supported with a 
field-form made of 10 specific attributes to 
be scored through expert based assessment) 
has been carried out, leading to a map based 
inventory (see Figure 1) in which geosities ha-
ve been identified not only for their natural fe-
atures but also for anthropogenic forms that 
evidence a peculiar human answer to geolo-
gical constrains.  Then a “network or systemic 
plan”” has been developed (see Figure 3) in 
order to link “what is above” (highlands with 
own geo- peculiarities) with what is below 
(valley bottom with its riversides) and “far 
down” (underground geosites, such us na-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 – LEFT: chorography of Sette Comuni Highland with Valstagna localization and the proposed
Prealpine High Trail; RIGHT: Master Plan logo (extract from Master Plan graphical elaborate #1)

tural caves, World War I trenches, subwater 
hypogee trails, old buildings).

The geolandscape has been recognized 
as a landmark itself and the constellation of

geosites as been connected as tools in 
the interpretation framework of the geolo-
gical and historical evolution of the valley. 
Eventually the network of (bike and foot) 
trails became   a   geoitinerary,   the   Master   
Plan   logo   synthesized   the   same   main ge-
omorphologic milestones of the area and also 
a toponym becomes a geosite (the so called 
“Sasso”, a mountain hamlet of Valstagna, 
that in Italian means “stone”).

ConCluSIonS
Valstagna’s Master Plan as been worked 

out for the local development of geological 
itineraries, set as basis for a geo thematic 
promotion of the area. A geolandscape ap-
proach has been adopted in order to let the 
visitor to experience an immersive (short or 
extended) journey through the peculiarity of a 
place written onto its own geosigns. The iden-

Fig. 3 – Valstagna’s geospots and the proposed geological itineraries network (extract from Master
Plan graphical elaborate #3)

tification of a network of geosigns has been 
considered strategic for the marketing of Val-
stagna area, both in terms of reinforcement 
of the valley image and for the delocalization 
and deseasonalization opportunities given by 
a (geo)land based vs a (geo)site based tourist 
promotion.
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aBStraCt

I
n Finland there are 37 national parks 
and several other state-owned trekking 
and conservation areas. The state finan-
ces recreational services in the national 

parks and trekking areas. Ten geologically 
significant national parks and the UNESCO 
World Heritage Site of Kvarken were selected 
for closer investigation. The economic effects 
of the parks on the neighbouring area were 
studied. Metsähallitus (National Board of Fo-
restry) and the University of Eastern Finland 
have carried out research on spending by tra-
vellers and its effects on the local economy 
in the vicinity of national parks and trekking 
areas. Financial investment in the national 
parks and trekking areas is profitable for the 
state. The money invested is returned many 
times over to society in the form of local busi-
nesses and jobs. In 2011, every euro that the 
state invested in the recreational services of 
the national parks generated on average 10 
euro for the local economy.

IntroDuCtIon
Nature tourism is the fastest growing 

sector of tourism in the world, and the sa-

me trend is also apparent in Finland. Our 
national parks are the popular destinations 
for nature tourism. In many cases, national 
parks represent also the best and most be-
autiful examples of Finnish geology and ge-
omorphology.

In Finland there are 37 national parks 
and several other state-owned trekking and 
conservation areas. The national parks are 
located on state-owned lands and are main-
tained by Metsähallitus (the Finnish Forest 
and Park Service). The state finances recre-
ational services in the national parks and 
trekking areas, while private companies pro-
vide chargeable travelling services. National 
parks are very important attractions for the 
tourist industry, bringing economic benefits 
and jobs to outlying regions.

Ten geologically significant national 
parks and the UNESCO World Heritage Site 
of Kvarken were selected for closer investi-
gation. The economic effects of the parks on 
the neighbouring area were studied.

materIalS anD methoDS
Metsähallitus (National Board of Forest-

ry) and the University of Eastern Finland have 
carried out research on spending by travellers 
and its effects on the local economy in the 
vicinity of national parks and trekking areas. 
Travellers spend money on accommodation, 

eating, organised activities and guide ser-
vices. The economic impacts of tourism on 
the local regions have been calculated with 
a method modified by Metsähallitus and 
Metla (the Forest Research Institute) from 
the MGM2 model (Money generation model) 
developed by the University of Michigan to 
estimate the local economic effects of the 
tourism in the national parks. 

The model uses factors that indicate the 
number of visits, spending by the visitors per 
visit and the circulation of money in the local 
economy. The model gives, as a result, the 
total revenue for the area. From this the ove-
rall effect on employment can be calculated.

In 2011 there were 2.1 million visits to 
national parks in Finland. The number of 
visits was calculated using counters that re-
corded passers-by and visitor questionnai-
res. The total income and jobs created by the 
national parks were 108.3 million euro and 
1394 man-years, respectively.  

Ten of the national parks in which geo-
logy and landscape/geomorphology play an 
important role were selected for closer in-
vestigation (Figure 1.). For almost all of the 
selected national parks, a geological outdoor 
map and numerous geological studies have 
been published. Rokua National Park is lo-
cated in the only geopark in Finland, which 
forms part of a long esker formation. In addi-

Fig. 1 The effect on the local economy caused by the visitors to ten geologically significant national parks and Kvarken World Heritage site in 2011. Geology is a part of the attraction 
in most of the Finnish national parks.
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tion to the national parks, the Kvarken UNE-
SCO World Heritage Site in western Finland 
was selected to the list. It was nominated as a 
World Heritage Site on the basis of geological 
criteria. The nomination criteria were rapid 
glacio-isostatic uplift and a distinctive array 
of glacial depositional landforms. 

Of the selected parks, Pallas-Yllästun-
turi National Park in western Lapland had 
the most visitors. It was also the biggest in 
terms of the total revenue and overall effect 
on employment. The park had 435 500 visits 
in 2011, the total revenue was 30.6 million 
euros and the effect on the total employment 
was 402 man-years. In second place with 
327 000 visits was Kvarken, with effects on 
local economy totalling 20.2 million euro in 
revenue and 242 man-years in employment. 
In third place in terms of visits was Urho 
Kekkonen National Park in eastern Lapland, 
with 277 000 visits, 20.5 million euros in total 
revenue and 269 man-years of employment 
generated. Pallas-Yllästunturi National Park 
was the biggest park of all in Finland ac-
cording to all the above-mentioned criteria. 
Finland has a population of 5.4 million and 
therefore the number of the visitors is smaller 
than in more populated countries.  

In Finland the Finnish Tourist Board (MEK) 
keeps statistics and makes reports of touri-
sm industry in general. In 2010, the highest 
number of visits from foreign countries was 
recorded in July, mid of the summer, when 
more than 800 000 visitors came to Finland. 
August was the second most popular month 
for visiting Finland. This is natural because 
of the harsh climate conditions during winter. 
The attractions that were the busiest in terms 
of number of visitors were concentrated to 
certain specific nature areas. These pristi-
ne areas are mainly in Lapland. The busiest 
area among the foreign tourists was North 
Lapland. In addition, foreign tourists visited 
more often certain major cities in southern 
Finland. 

Interest in outdoor recreation, hiking and 
experiencing nature and natural history has 
continued to grow each year (Figure 2). The 
popularity of true genuine nature experiences, 
open air trekking and live cultural festivals 
are rapidly increasing. Festivals and cultural 
events were visited by 2.2 million tourists in 
2011. Nature parks were also visited more 
than 2 million visitors. The popularity of na-
ture centers and science and teaching loca-
tion have increased. Instead the popularity 
of artificial-fictive amusement parks has 
decreased.   

ConCluSIonS
Financial investment in the national 

parks and trekking areas is profitable for the 
state. The money invested is returned many 

Fig. 2. Development of the attendance in the Finnish tourist attractions 2006-2007. Culture and nature experiences attract 
people increasingly today.

times over to society in the form of local busi-
nesses and jobs. In 2011, every euro that the 
state invested in the recreational services of 
the national parks generated on average 10 
euro for the local economy. In some popular 
areas the profit was even greater, being ap-
proximately 14 euro for each invested euro. 
However, in parks located near large cities, 
the profit was much lower. The size of the 
effects depends on what kind of diverse ser-
vices the neighbouring area has.

The number of visitors correlates well with 
the impacts on the economy and employment. 
Nuuksio National Park is an exception. With 
almost 200 000 visitors its’ effects on the lo-
cal economy and employment were relatively 
small. This is explained by the close proximi-
ty of Helsinki. The park is mainly a day-trip 
destination, and accommodation and other 
services are not required in the vicinity. In 
the parks located near large cities and me-
tropolitan areas the recreational and health 
advantages are emphasised instead of the 
effects on the local economy.  In any case, a 
large number of visitors does not guarantee 
cash flow into the area. Diverse services pro-
vided by private companies are also needed, 
in addition to interesting and popular printed 
material on the area. 

Kvarken was awarded UNESCO World He-
ritage status in 2006 and Rokua received ge-
opark status in 2010. Neither of them has yet 
carried out precise research into the impact 
of the status on tourism in the area. However, 
according to preliminary information, touri-

sm has increased in both areas in connection 
with the status. The number of the companies 
dealing with nature tourism has also increa-
sed. Also the value of land property has risen 
in Kvarken Wold Heritage area. Geological he-
ritage and well guided and presented geosite, 
geopark is the most sustainable way to utilize 
nature’s geological recourses. 

Although we have a lot of remarkable geo-
logy and geomorphology in our national parks, 
geological values in the national parks have 
not been systematically inventoried in Fin-
land. This kind of a systematic assessment 
project could increase the attraction of se-
veral national parks and, on the other hand, 
geology could be brought better known to the 
general public.
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T
his study examines the vast area of 
Matera’s Murgia and specifically a part 
of the ravine belonging to Matera, an 
area protected by numerous national 

and regional laws. This area is characterized 
not only by human settlements dating back 
to the early Paleolithic, but also by a very 
particular and intense landscape the area 
is marked by Matera’s Sassi, an ancient ru-
pestrian town protected by UNESCO, and the 
Regional Park of Matera’s Murgia as well, a  
public Institution aiming to the development 
of tourism as well as for the preservation of 
the territory and the environment.

Natural events combined with the action 
of man have caused some environmental de-
gradation phenomena and also slopes insta-
bility. These phenomena have been  analysed 
by the authors using advanced technologies, 
such as the Environmental Monitoring Sy-
stem called “SIMONA” (Lazzari, 2011).

The studied area is located between the 
Fossa Bradanica and the edge of the Apulian 
Murgia, called Murgia Materana, consisting 
of plateaux characterized by a tabular struc-
ture, delimited by clayey hills and interrupted 
by valleys  and deep erosional gullies whose 
sides are usually very steep, as the canyon of 
ravine (Figure 1).

Geologically, the area is characterized 
by a dolomitic-calcareous basement (Alta-
mura’s Limestone), dating back to the  Cre-
taceous period. It is affected by widespread 
karst phenomena such as dolines, and lime-
stone pavements covered in transgression 
by lower Pleistocene calcarenitic deposits 
(Calcareniti di Gravina formation).

In these rocks  the characteristic system 
of hypogeums of the area of Matera’s Sassi 
develops. Upward, the stratigraphical serie 
continues with blue-gray marls and clays, 
sands, sandstones and finally with conglo-
merates, (subappennine Clays, Monte Mara-
no’s and Staturo’s Sands and Irsina’s conglo-
merates) (Boenzi et Al, 1971).

Fig. 1 Map of the high basin of Gravina Torrent - (A) Ravine; (B) Jesce;  (C) Canyon; (D) landslides in rock; (E) Erosion in 
the area; (F) overflowing areas; (G) hypogeums in Matera’s Sassi; (H) rupestrian churches.

In the valleys and on the reliefs, the most 
recent soils are composed of both alluvional 
and detritic deposits as well as of terra rossa. 
The examined area occupies the upper basin 
of Gravina torrent in Matera, from the bor-
der with Apulia up to Montescaglioso. It is 
characterized by many elements of danger 
both natural and induced by human inter-
vention as it happens with Matera and its 
commercial, industrial and agricultural area 
located on the borders with the municipality 
of Altamura.

The main factors of environmental ha-
zard and risk identified by the prospections 
in the field and from remote sensing are:

a. Pollution phenomena of watercourses 
and aquifers;

b. Floodings and overflowings in the high 
basin;

c. Superficial and deep  landslides;
d. Instability of natural and anthropical 

hypogeums system

These factors determine a widespread 
environmental degradation, the loss of cul-
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tural properties of great value and a high risk 
for urban areas.

In order to follow a proper risk asses-
sment, the various elements were not consi-
dered separated from each other but as part 
of a single system of environmental instabi-
lity, which has to be  monitored and restored.

The surface and underground water sy-
stem is quite simple in its various physical 
components, with branches above all in the 
high basin at the border with Puglia region.

The climate is typically Mediterranean 
with dry summers and rainy winters cha-
racterized by extreme rainfall events which 
are rare but ruinous. The water system, made 
up of the Gravina torrent (tributary of Brada-
no) and its secondary branches (Jesce tor-
rent), is influenced, in its hydraulic system, 
by the degree of permeability of soil, that 
is  somewhat variable, and by the relation 
between areas composed of permeable and 
impermeable lithotypes, as well as by the 
rainfall. (Figure 2)

So, in autumn and in winter torrential 
run-offs are appreciable, whereas during the 
dry summer water-flows are quite low and 
sometimes absent (Caloiero, 1993).

Water-flows are generally quite low even 
for the slight water absorption due to calca-
reous formations.

In this context, the Murgia plateau drai-
nage network, which is sparsely branched, 
and often developed on permeable soils, does 
not show an active circulation of water and 
only during particularly intense or prolonged 
rainfalls may collect valuable water volumes.  

The sudden floods of the main river 
courses induce phenomena of unexpected 
inundations as it occurred in winter 2011 
when some people died because of flood.

It is, therefore, necessary to organize a 
better control of torrential channels, by re-
ducing the influx of debris in them, through 
vegetation covers and an adequate system of 
drainage for leaching waters.

A significant element is that the main 
watercourse is the final step of all purifica-
tion plants of civil refluents of Matera and 
Altamura. It is also the final step of the ef-
fluent treatment plants serving the industrial 
areas and certain purification plants of pri-
vate industrial and civil refluents. It follows 
that run-offs, flowing down into the Gravina 
torrent, are for long periods of the year fed by 
the waste of private purification and drai-
ning plants, consequently causing pollution.
(Figure 3)

The surface aquifer flows predominantly 
in sands and is supported by fine muddy-
clayey deposits (Subappennine clays), which 
are basically impermeable.

In autumn and in winter it is fed by 
rainwaters which enter the ground with slow 

Fig. 2 Rainfall and rainy days in Matera

Fig. 3  Pollution into Jesce torrent

movements of filtration. In rural areas it 
is subjected to drainings  through surface 
wells. It is rarely present in the urban area 
of Matera, but highly dangerous when deter-
mining the plastic deformation of clays in 
urban areas. The deep aquifer develops into 
the Mesozoic dolomitic-calcareous basement 
which is permeable through jointing and kar-
stification, giving to the aquifer a significant 
hydrogeological anisotropy.

In fact, sometimes the aquifer circula-
tes freely, at a considerable depth from the 
ground level, while in other cases it is in pres-
sure below impermeable horizons.

Coming from the highest Murgia’s are-
as, the karst stratum flows down to the sea, 
which is the first level of the subterranean 
water flow, bringing with it the polluting sub-
stances absorbed in the high basin.

It is,therefore, necessary to solve the pol-
lution phenomena with suitable public and 
private purification plants, while exerting at 
the same time an efficient control as well as 
an efficient prevention.

With regard to stability and evolution of 
slopes, mappings in the field and remote sen-

sing allowed to identify two different types 
of failures.

The first one appears on loose soils and 
lies mainly within the high   basin of  the 
Gravina and Jesce torrents where rapid ero-
sion phenomena (erosional gullies and flows) 
occur together with deeper landslides repre-
sented by clayey flows or by mixed landslides 
due to rockfall and subsequent flow. 

Further downstream, in the area of 
Matera’s Murgia, where more resistant but 
jointed rocks prevail, the  mass movements 
are activated. They are mainly related to the 
collapse and rolling of single rocky elements 
or to landslides due to collapse, especially 
along the edge of the ravine in the Sassi area 
and in those parts where there are artificial 
voids overlapped and weakened by weathe-
ring (Figure 4).

Fig. 4 Landslides in the ravine of Matera - (A) Fractures; (B) 
Collapses  

These phenomena cause damage  both to 
the most important hypogeums, such as the 
rupestrian churches, and to some districts 
of Matera’s Sassi, where the weakening of 
the subsoil affects  the safety and stability 
of houses.
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In order to protect the system of hypo-

geums and after a proper assessment on 
their state of preservation, it was necessary 
to realize renewal interventions  such as the 
barrings of unstable external rocky elements, 
anchorages and protective barriers, drainage 
systems and the strengthening of some inter-
nal structural elements. These interventions 
are useful in order to consolidate and protect 
the most important areas both from an arti-
stic as well as from an environmental point 
of view since they represent a unique geosite. 
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aBStraCt

T
he eastern coast of Salento (Lec-
ce province, southern Apulia, Italy) 
stretching from Otranto – Leuca is a 
remarkable geological area since it 

retains spectacular features of Salento geo-
logy. They allow to understand the events that 
have characterized the Mediterranean area 
from Cretaceous to Holocene. The Cretaceous 
to Quaternary succession shows a peculiar 
stratigraphic architecture where several mo-
stly carbonate systems are laterally disposed 
and grafted one upon the other. Numerous 
sites of stratigraphical, paleontological and 
geomorphological relevance are here reco-
gnizable. The Otranto - Leuca coastal area is 
marked by a valuable geological heritage and 
is included into a sustainable territorial de-
velopment strategy supported by a Regional 
program. Indeed, the Geopark so established 
could be well integrated in the Regional Natu-
ral Otranto-Santa Maria di Leuca Coast and 
Tricase Woodland Park (n.30 Puglia Regional 
law of 26/10/2006), including some SIC (Ha-
bitat 92/43/CE) and having a consortium for 
the management. So that the Geopark could 
have clearly defined boundaries, an acti-
ve role in the economic development of the 
territory through enhancement of a general 
image linked to the geological heritage and 
the development of Geotourism, direct im-
pact by influencing the communities living 
conditions and environment, and mostly, the 
interest of the geological sites should be also 
bounded to those ecological, historical, cul-
tural and archeological ones. 

IntroDuCtIon
The eastern margin of the Apulia Platform 

stretching , from Otranto to Santa Maria di 
Leuca in the southernmost part of the Salento 
Peninsula (Italy), is an important geological 
area as outlined by the numerous researches 
that have been carried out. Studies on this 
coastal area go back to the last two centuries 
and are principally related to the field work 
associated with the realization of the first 

(about 1901-1906) and second (about 1965-
1970) edition of the Geological Map of Italy. A  
remarkable geological advance came in the 
60’s due to research conducted by the Univer-
sity of Ferrara (Largaiolli et al, 1966, Nardin 
& Rossi, 1966; Rossi, 1969), Pisa (Giannelli 
et al., 1965, 1966), Bari (Luperto, 1962) and 
to the publication of the “Note illustrative” 
of the 223 Capo S. Maria di Leuca Sheet of 
Geologic map of Italy (Martinis, 1970). In 
the last three decades, researchers of Pisa 
and Siena University (Bossio et al, 2001 cum 
bibl.,2005 cum bibl.) defined in detail the 
Neogene stratigraphy whereas Napoli and 
Ferrara university research teams revised 
the stratigraphy of the Upper Cretaceous to 
Oligocene units (Bosellini et al, 1999 cum 
bibl.). Multidisciplinary and integrated stu-
dies on spectacular outcroppings of lignite 
clayey deposits of transitional environment 
involved researchers of Salento, Bari, Pisa, 
Siena and Roma University (Bossio et al, 
2006, 2009 cum bibl., Esu & Girotti, 2010). 
The high geological and paleontological in-
terest of this area was also underlined by 
the National Meeting organized in Salento by 
the Società Paleontologica Italiana in 1992. 
Some of the best outcroppings occurring in 
the area are illustrated in the Proceedings 
Volume (Guida alle escursioni, 1993, Conte 
ed.). Moreover, this area retains a number of 
outstanding geomorphological features that 
have been studied during last 20 years (Ma-
stronuzzi et al, 2008 cum bibl.). The  high 
geomorphological value has been stressed by 
the numerous pre- and post-congress field 
trips organized in occasion of national and 
international geomorphological congresses 
(e.g. the 2nd International Field Tsunami 
Symposium, Puglia 2003). Otranto - Leuca 
territory includes not only a particular geo-
logical and geomorphological heritage but 
also a sustainable territorial development 
strategy supported by a Regional program. 
Here Regional Natural Otranto-Santa Maria 
di Leuca Coast and Tricase Woodland Park 
(n.30 Puglia Regional law of 26/10/2006), 
including some SIC (Habitat 92/43/CE) and 
having a consortium for the management, 
has been recognized. The aim of this paper 
is to propose the identification of the Otranto 

– Leuca territory as a geopark showing so-
me of the most important sites of geological 
importance. 

the GeoloGICal anD 
GeomorpholoGICal SIteS

Starting from Otranto, the first site is lo-
cated immediately south of the town, in “Orte” 
locality (1 of Figure 1). Along a quarry scarp is 
exposed an Upper Oligocene sequence marked 
by lignite clayey layers characteristic of co-
astal restricted brackish waters episodically 
connected with the open sea. These deposits 
overlay a blanket of mineralized residual 
deposits (bauxitic residual deposits) resting 
on the local carbonatic mesozoic basement. 
Proceeding to south, in Porto Badisco cove (2 
of Figure 1), the Upper Oligocene calcarenites 
rest with a sharp angular unconformity of the 
Cretaceous limestone. The base of the Oli-
gocene formation is characterized by a very 
peculiar 1-2m thick horizon rich in rodolites. 
In the same locality a spectacular boulder 
accumulation produced by the 20th februa-
ry 1743 can be observed. At Santa Cesarea 
(Porto Miggiano locality, 3 of Figure 1) is well 
exposed a Pleistocene calcarenitic succes-
sion displaying cross lamination and slump 
structures well exposed on the face of active 
retreating cliffs and ancient quarries. An Oli-
gocene fringing reef complex widely outcrop 
from Otranto to Leuca. The local landscape 
still resamble the pre-Quaternary morphology 
marked by reef crest and a steep reef slope 
breaked by four orders of Pleistocene marine 
terraces. Spectacular exposition of the reef 
complex can be found at Castro (Grotta della 
Zinzulusa, 4 of Figure 1) and Vitigliano (5 of 
Figure 1). The coral fauna is highly diversified 
and the lateral zonation of the reef subenvi-
ronments and associated facies is well pre-
served. In Gagliano (Ciolo cove, 6 of Figure 1), 
a narrow inlet produced by the submergence 
of the lower part of a deep river cut retains the 
remains of a Messinian reef, the Oligocene 
Porto Badisco Calcarenite and Castro lime-
stone resting on the Cretaceous substratum. 
In Leuca (Punta Ristola locality, 7 of Figure 
1), the stratigraphic contacts between the 
Miocene succession and the Pliocene units 
are showed. Here, a megabreccia that the 
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published literature has not uniformly inter-
preted, unconformably overlies the typical 
Miocene deposits. Another phosphoric brec-
cia is interposed between the Lower Pliocene 
glauconitic biomicrites and the Middle to the 
Upper Pliocene calcareous organic sands. In 
the same area a sea cave (Grotta del Diavolo) 
fillings allow to estimate the evolution of the 
Otranto-Leuca coastal area during last 330 
ky in response of land movement and sea le-
vel and climate change. Grotta del Diavolo is 
only an example of the numerous sea caves, 
opening both at the subemerged and emer-
ged part of the coast that allow to reconstruct 
not only the human colonization of this region 
but also the sea – level changes in the Late 
Quaternary. 

Conclusions. Otranto – Leuca is a remar-
kable geological and geomorphological area 
stretching of the eastern coast of the Salento 
peninsula (Italy). A number of sites of geolo-
gical importance are here showed. These sites 
are geographically confined in the Regional 
Natural Otranto-Santa Maria di Leuca Coast 
and Tricase Woodland Park. These geological 
elements increase the natural park’s value so 
that it can become also a geopark with clearly 
defined boundaries, an active role in the eco-
nomic development of the territory through 
enhancement of a general image linked to 
the geological heritage. The development of 
Geotourism in this area, bounded to that eco-
logical, historical, cultural and archeological 
heritage, will produce a direct impact on local 
communities by influencing living conditions 
and environment.
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aBStraCt

K
orça County is located in the southe-
astern part of Albania and covers an 
area of 3697 km2 at an average alti-
tude of 850 m above the sea level. The 

County of Korça has a variety of landforms 
and geological peculiarities and consequen-
tly a lot of interesting geomonuments. Within 
Korça County there are three geoparks and 
twenty-eight geomonuments which have be-
en declared monuments of nature according 
to the law for protected areas. These geo-
monuments together with their biodiversity 
and hydrology of the region constitute com-
plex natural diversities with high geological, 
morphological and touristic values. Unfor-
tunately this geoheritage is not yet known 
and frequented due to poor promotion and 
information. Therefore geoheritage promo-
tion, conservation and management should 
be part of regional and local strategic plans.

GeomonumentS anD GeoparKS In 
Korça County

Korça County has three geoparks of na-
tional and international importance, seven-
ty-five natural monuments, twenty-eight of 
them are geomonuments (Qiriazi, 2008). The 
geomonuments include various lithostrati-
graphical units, morphological peculiarities,  
caves etc. The most important geoparks and 
geomonuments of the County are: Prespa 
geopark, Drenova spruce geopark, the cross 
border geopark of lake Ohrid, the island of 
Maligrad, cave of Tren etc.

Prespa geopark with an area of approxi-
mately 2500 km² is located in three countri-
es: Albania, Greece and the Former Yogoslav 
Republic of Macedonia (FYROM), (Serjani, 
2009). It includes two lakes, Big Prespa 
(285 km²) and Small Prespa (44 km²),  (Dol-
lma, 2011). These lakes constitute a cross 
boundary geoecosystem of great importance 
for these three states. The western part of 
this geopark, located in the Albanian territory, 
consists mainly of Triassic and Upper Creta-
ceous limestone and by flysch of Paleogene  
and molasses formation of Miocene (Serjani, 
2009). Lakes had been originated by neotec-

tonic-karst activity. This geopark stands out 
for numerous water springs, rare biodiversity, 
characteristic vegetation and birds (pelican). 
An important geomonument of this geopark 
is the island of Maligrad, wellknown for its 
natural and cultural values.

The Maligrad island is a geomonument 
of 200 m length and 700-800 m width, loca-
ted in Big Prespa lake, at the height of 900 
m above the sea level (Qiriazi, 2008). This 
island made up by limestone, represents the 
sinking residues of Prespa graben. Pelicans 
and snakes are the residents of this island. 
In the island there is also a fourteenth cen-
tury church and the island is visited for its 
geomorphologic, religious and fauna values.                                

The cave of Tren is located in the Gorge of 
Wolf (Prespa Small lake), at the height of 706 

Prespa geopark

m above the sea level. This cave was formed 
by karstic processes favored by the presence 
of calcareous rocks. The cave is 293 m long, 
has corridors, water basins, chambers and 
interesting forms of stalactites and stalag-
mites. There are also a bat colony and ancient 
wall drawings. The cave has geological, bio-
logical, historical and archeological values.

Drenova spruce geopark with an area of 
1.380 ha is declared National Park for its 
geology, morphology and biodiversity  (Dol-
lma, 2011). It is distinguished not only for 
the special natural habitats but also for the 
fresh air and cold curative springs. The pre-
sence of some geomonuments, such as the 
Goat stone, has increased the touristic values 
of this park.

The Goat stone is a geomonument repre-
sented by forms related to rare kind of ero-
sion. It is set in a conglomerate - sandstone 
rock with a length of 25 m and about 10 m 

high Qiriazi (2008). Its shape of a sitting ca-
mel has been created by the wind erosion in 
the sand stone. 

The cross border geopark of lake Ohrid 
represents a cross-border geoecosystem of a 
great value of both Albania and FYROM. This 
geopark is formed as a result of neo tectonic 
and karstic processes in the northern part 
of Albanian-Thesalian depression (Serja-
ni, 2009). Ohrid lake is the deepest lake in 
Balkan with a maximal depth 295 m and an 
area of 363 km²  (Dollma, 2011). This geo-
park is rich in water springs such as Drilon, 
Tushemisht, and Saint Naum that constitute 
hydrokarst geomonuments with touristic va-
lues (Dollma, 2011). The cave of Saint Marena 
is located near St.Marena monastery and the 
church of  St.Marena in the district of Pogra-

dec. It is a karstic cave formed in the lime-
stone of Crete. The already explored part is 
180 m long and is rich in karstic microforms. 
According to the legend, in this cave lives the 
miraculous Saint Marena. It is visited for its 
geomorphologic and religious values.

Kamja Stone is located in the village of 
Dardhas, at a height of 1461 m above the sea 
level. This geomonument rises immediately in 
the surrounding territories, resembling a ship 
floating on a “sea of green”. With a length 
of 80-100 m, 70-80 m wide and 60-70 m 
high, this geomonument is a conglomerate 
rock sculpted by the wind and water (Qiriazi, 
2008).

Virka canyon is located near the village of 
Gostivisht, 1000 m above the sea level. It is 
1 km long, 2-4 m wide and 80 m deep. This 
gorge was formed by a stream erosion of Virka 
and karst processes. It has also some karst 
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caves in the slopes creating a karst ecosy-
stem with geological and touristic values. 

Gramoz glacial lake is located at the al-
titude of 2400 m of Gramoz Mountain, in the 
district of Kolonja. The lake (0.4 ha) is loca-
ted at a glacial cirque surrounded with dense 
vegetation. It has hydrological, aesthetic and 
touristic values (Qiriazi 2008).

Huge Mounds of stones are found near the 
village of Trebinjë in Mokra highland, 1150 m 
above the sea level. This geomonument is re-
presented by a group of stones composed of 
conglomerate and sandstone. Their different 
structure and hardness is modeled by the 
wind and water, in the form of stone stack. 
Huge mounds of stones are 3-10 m high and 
occupy an area of 110 m long and 80 m wide 
(Qiriazi, 2008). 
tourISt uSe of GeoherItaGe

Korça County’s geoheritage, despite the 
scientific, aesthetic and tourist values, is 
still little known and therefore rarely visited. 
Unlike from the border areas of Greece and 
FYROM, where geomonuments are included 
in tourist guides and tours, geomonuments 
of Korça County are poorly known and visited. 
One of the reasons for not being included in 

tourist tours is the lack of knowledge by the 
tour operators about these geomonuments. 
Most of the geomonuments are not known by 
Albanian and foreign  tourists, because most 
of them are located within the mountainous 
areas and the lack of infrastructure and si-
gnage makes it impossible to reach them. 
Existing tourist maps do not reflect their lo-
cation and there is not an official inventory 
or geoinformation of geoheritage objects in 
Korça County.

GeoherItaGe manaGement
The management of natural heritage of 

Korça County, including geomonuments and 
geoparks, is made through legal and institu-
tional support in order to use, protect and he-
ritage their values to the future generations. 
Geoparks have the status of national parks 

and the geomonuments have the status of 
monuments of nature (the third category of 
protected areas). Their protection and mana-
gement is done by the Ministry of Environment, 
Forest and Water Management and by specia-
lized institutions. They are supported by Law 
Nr.8906 dated 06.06.2002 and Law Nr.9791 
dated 23.07.2007 “For Protected Areas”. 

Other bylaws exist to implement the previous 
act for protecting special areas, natural en-
vironment, flora and fauna, medicinal plants 
and other forest and non forest resources 
(Forest Directory of Korça Region). Local go-
vernment has the responsibility of preserving 
geomonuments situated in its territory and 
the regional tourism department has the duty 
to promote them for tourist purposes. 

ConCluSIonS
Currently in Korça County there are ge-

oparks and geomonuments of great impor-
tance, but a small number of them are used 
for tourism. Promoting their values by the 
respective institutions or other organizations 
interested and tourist guides, through publi-
cations and scientific articles, media, etc, is 
a necessity that will affect the development of 
geotourism. The involvement of geoheritage in 
action plans, regional and national strategy 
would help in the protection, management 
and sustainable development of the county. 
Scientific studies and research by experts 
in the field of geoheritage and other fields 
related to it, would influence to recognition 
the tourist values of them. The creation of a 
tourist map to locate all geoheritage objects 
with their values will increase the interest of 
tourists to visit them.
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aBStraCt

T
he Monviso Massif (MM) geothematic 
area is one of the most outstanding 
symbols of the Alps in general, and of 
the Cottian Alps in particular. In the 

framework of the “Proactive Management of 
Geological Heritage in the Piemonte Region” 
(PROGEO-Piemonte) Project, we propose a 
comprehensive study involving the MM area 
itself together with nearby, geologically re-
lated areas. More specifically, a number of 
different geologic topics involving different 
expertises and some additional non-geologi-
cal disciplines are considered: 1) A WHOLE 
OCEAN IN A SMALL PEBBLE: some of the best 
preserved ophiolites in the Alps at the MM and 
the associated Cu-Fe mineralizations; 2) THE 
GEOLOGICAL ARCHITECTURE OF THE COTTIAN 
ALPS: lithostructural units of the Dora-Maira 
Unit and Piemonte domain from Susa to Va-
raita Valleys; 3) PETROGRAPHY TOGETHER 
WITH PREHISTORY: the first primary source 
of jade in the Alps at Punta Rasciassa in the 
MM, and its importance in terms of Neolithic 
to Bronze-age polished stone implements; 
4) TYPE LOCALITIES FOR NEW MINERALS: 
the carlosturanite first found and described 
at Sampeyre, Val Varaita, as well as other 
minerals as for instance the ellenbergerite, 
bearthite, Mg-staurolite, Mg-dumortierite in 
lower Val Varaita; 5) A GEOMORPHOLOGIC AID 
TO RECONSTRUCTIVE GEOARCHEOLOGY: the 
area, now buried under a debris flow, where 
Hannibal is thought to have regrouped his 
army while crossing the Alps in the upper Po 
valley, downstream from Colle delle Traver-
sette in the Cottian Alps north of MM; 6) THE 
ROCK-DWELLING ORGANISMS ON THE OPHIO-
LITIC ROCKS: the biodiversity of lichens, mi-
crofungi and cyanobacteria colonizing the 
ophiolites, which can give additional value 
for the environmental assessment and valo-
rization of the MM outcrops.

IntroDuCtIon
The multidisciplinary research project 

“PROGEO-Piemonte” (PROactive manage-
ment of GEOlogical heritage in the PIEMONTE 
region) aims to achieve a new conceptual and 
operational discipline in the management of 
the geological heritage of the Piemonte Re-
gion. Within the project, 9 strategic geothe-
matic areas will be investigated to represent 
the geodiversity of Piemonte, each one being 
characterized by high potential for scientific 
studies, enhancement of public understan-
ding of science, recreation activities and eco-
nomic support to local communities (Giardino 
et al., 2012).

In the framework of the “PROGEO- Pie-
monte” Project, the Monviso Massif (MM) 
geothematic area may well be considered 
as one of the most outstanding symbols of 
the Alps in general, and of the Cottian Alps 
in particular (Figure 1). Its peculiar skyline 
above the Piedmont basin already impressed 
the ancient Romans more than 20 centuries 
ago. Moreover, the Monviso base at Pian del 
Re gives birth to the Po river, the historically 
most important source of life and welfare in 
northern Italy. From a geological point of view, 
the MM is an extraordinary well preserved 

composite ophiolite nappe, which represents 
the remnants of a former ocean that disap-
peared during the powerful orogenic proces-
ses due to the Africa-Europe collision, which 
eventually led to the building of the Alps.

The Monviso ophiolite nappe will be a 
great starting point for a comprehensive 
study involving the MM area itself together 
with nearby, geologically related areas. More 
specifically, a number of different geological 
topics involving different expertises and so-
me additional non-geological disciplines will 
be usefully considered (Table 1).

a Whole oCean In a Small peBBle
This topic will consider some of the best 

preserved ophiolites in the Alps at the Monvi-
so and the associated Cu-Fe mineralizations 
(e.g. Castelli & Lombardo, 2007). 

Possible scientific research actions are: 
(i) to improve the knowledge about the ge-
ologic origin and the tectonometamorphic 
(P-T-x) evolution of the Monviso ophiolites; 
(ii) to acquire new geologic, petrographic and 
petrologic data on selected mineralizations, 
considered as the evidence of hydrothermal 
activity of Jurassic age. As concerning the ge-
ological concepts and geodiffusion interests 
we aim: (i) to show, describe and explain the 
preserved evidence of the fossil ocean; (ii) 
to explain the birth and development of an 
orogenic chain; (iii) to emphasize that the 
Cu-Fe mineralizations are the products of 
an exhalative activity on the paleo-ocean 
floor, strongly similar to that occurring in the 
present-day oceans. Planned geodiffusion 
actions include concepts and design of a 
number of geological paths along the most 
interesting and representative cross sec-
tions, mostly devoted to show features of the 
paleo-ocean floor.

the GeoloGICal arChIteCture of the 
CottIan alpS

This topic will consider the lithostructural 
units of the Dora-Maira Unit and Piemonte 
domain from Susa to Varaita Valley (e.g. Bor-
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ghi et al., 1984). Acquisition of new struc-
tural, lithostratigraphic and petrographic 
data are planned for: i) a palaeogeographic 
reconstruction of the Alpine realm with spe-
cial regards to the Piemonte-Ligurian domain 
and its paleomargin; ii) reconstruction of the 
evolution and geometry of the most important 
mineralizations (e.g. talc and graphite) of the 
Cottian Alps. Among the geological concepts 
and geodiffusion interests we aim to explain 
how: i) the Alpine chain was built; ii) rocks de-
form and change their fabric, mineralogical 
composition and structural position during 
the building of the alpine chain. Geodiffusion 
actions include description of representative 
geosites of the different phases of the alpine 
evolution, as well as description of geologi-
cal transformations in space and time in de-
serted talc mine tunnels of the Germanasca 
Valley. 

petroGraphy toGether WIth 
prehIStory

This topic will consider the first recogni-
zed primary source of jade in the Alps at Pun-
ta Rasciassa in the MM, and its importance 
in terms of Neolithic to Bronze-age polished 
stone implements (e.g. Compagnoni et al., 
2007). By means of a detailed petrographic 
characterization of jadeitite and related li-
thologies, we aim to show and describe this 
lately discovered outcrop of jade, in order to 
determine the source area of neolithic axes 
widespread in all Europe. Geodiffusion ac-
tions will also include concepts and design 
of a number of panels to be placed in the 
source area at the foot of Punta Rasciassa 
in the MM.

type loCalItIeS for neW mIneralS
This topic will consider the type locality of 

carlosturanite at Sampeyre, Val Varaita (e.g. 
Compagnoni et al., 1985) and other minerals 
as for instance the ellenbergerite, bearthite, 
Mg-staurolite, Mg-dumortierite in lower Val 
Varaita (e.g. Compagnoni & Rolfo, 2003). In 
order to improve the knowledge about new 
minerals type localities in Val Varaita and 
surrounding areas, we aim to describe the 
occurrence and diffusion of these minerals in 
the selected area, as well as to characterize 
other mineral varieties (e.g. asbestiform ver-
sus elongated). Geodiffusion actions will also 
include organizing and producing a database 

for museums as well as selecting represen-
tative samples for temporary or permanent 
expositions.

a GeomorpholoGIC aID to 
reConStruCtIve GeoarCheoloGy

This topic will consider the area, now 
buried under a debris flow, where Hannibal 
is thought to have regrouped his army whi-
le crossing the Alps in the upper Po valley, 
downstream from the mountain pass Colle 
delle Traversette in the Cottian Alps north of 
MM (e.g. Mahaney et al., 2010). By means 
of geomorphological mapping supported by 
digital techniques and information techno-
logies (IT) applications, we aim to show the 
role geology may play in identifying this area.

the roCK-DWellInG orGanISmS on the 
ophIolItIC roCKS

This topic will consider the biodiversity of 
lichens, microfungi and cyanobacteria colo-
nizing the ophiolites, which can give additio-
nal value for the environmental assessment 
and enhancement of the MM outcrops (e.g. 
Favero-Longo et al., 2005; Favero-Longo & 
Piervittori, 2009). In order to assess the bio-
diversity on different ophiolitic lithologies, we 
plan to constrain the influence of structural 
and compositional petrographic features on 
the development of different (micro-) orga-
nism communities. Geodiffusion actions will 
also include identification and ecological 
characterization of hot spots of biodiversity 
along the geological trail.
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A
liano is a village in the Basilicata Re-
gion (Southern Italy) that is known for 
having “hosted” the antifascist Carlo 
Levi (1902-1975) during one year of 

his political exile (1934) (Figure 1). Levi was 
so tied to Aliano to ask to be buried in its 
cemetery after his death.

Fig. 1 - Mugshot of Carlo Levi. From: http://www.aptbasili-
cata.it/Carlo-Levi.558.0.html.

Fig. 2 – On the left: Turin in the 1930s. From: http://www.comune.torino.it/archiviostorico/mo-stre/antologia_immagi-
ni_2004/teca4.html. On the rigth: Aliano.  From: http://www.bluesintown.it/os-pitalita/aliano/

We cannot imagine what could mean 
for a young man of Turin to be confined in 
a small village in  the  “deep-south” of Italy 
(still difficult to reach today) (Figure 2), but 
the aspects of the landscape that Carlo Levi 
crossed during his confinement as well as 
several characters of local inhabitants had 

Fig. 3 – Panoramic view of the Aliano village and its “balze” (cliffs). From: http://www.aliano.it/aliano/galleria-fotografica.
php. The Aliano “balze” are made up of sandy-clay shallowing upward sequences corresponding to the cyclical aggradation 
of deltaic bars. 

leading roles in the writings and paintings 
that Carlo Levi left us. The rugged beauty and 
naturalness (we might say “authenticity”) of 
both landscape and people characters may 

be still captured moving toward Aliano (Fi-
gure 3).

The area of Aliano is now included in 
the “Carlo Levi” Literary Park, attracting a 
number of tourists looking for cultural heri-
tages; the same area could represent a uni-
que geosite for these careful visitors, since 

flanks of the Aliano hills show badlands, 
well represented in the Levi’s paintings, and 
geological features recording the syntectonic 
development of fluvial, lacustrine and marine 
systems (Figs. 4, 5 and 6).

So, some keys to the reading of the lan-
dscape of Aliano and surroundings can be 
offered to tourists through geological expla-
nations of some panoramic views during their 
cultural trip.
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Fig. 4 – Location of the Aliano area (asterisk) in a schematic map of Southern Apennines (Southern Italy). The Aliano area 
is part of the Sant’Arcangelo Basin, a large wedge-top basin belonging to the Southern Apennines foredeep-system and 
filled from middle Pliocene to middle Pleistocene. From Sabato (2000).

Fig. 5 – Geological map of the Aliano area and surroundings with geological cross-sections. From Onofrio et al. (2009), 
mod. Note that strike-slip tectonics led to the development of small lacustrine depressions.

Fig. 6 – Below: panoramic view of the area including the valley of the Agri River and the Aliano village (located on the 
right, back to the crest of the hill). Above: on the left, detail of the small synsedimentary fold called “Anticlinale dell’Agri”; 
on the right a painting of Carlo Levi representing the “Fosso del Bersagliere”, a gully (similar to those ones which develop 
in badlands) visible from the Aliano village.
The last image from: http://digilander.libero.it/trombealvento/indicecuriosi/fossa.htm
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aBStraCt

I
n some areas biodiversity is intercalated 
and correlated with geodiversity, forming 
geoecosystems of natural heritage. In Al-
bania, for the first time, there are defined 

and described the main geoecosystems, di-
vided in the following groups: Transboundary 
geoecosystems (the most important ones); 
karst geoecosystems on the surface of carbo-
nate and evaporate rocks; lagoons, beaches, 
and landscapes formed along the Adriatic 
and Ionian coastline; glacial geoecosystems 
at high mountains on limestone and ophio-
lite rocks. Geoecosystems are a good base 
for both development of geoecotourism and 
exploration purposes. As geoecotourism 
destinations we can recommend geosites 
of glacial, karst and fluvial-erosion origin, 
stratigraphical sections and fossil beds, pe-
trology of ophiolite rocks, geoparks and forest 
parks, Adriatic and Ionian coastline, alpine 
grassland-pastures etc.

Keywords: Geoecosystem, geodiversity, 
biodiversity, geoecotourism, geoheritage.

IntroDuCtIon
Albania is mountainous country,  and is 

made up of carbonate rocks and molasse 
formations, while full sequences of ophiolite 
rocks are distributed in Mirdita tectonic zone. 
In Albania are identified special geological 
sites with rare, beautiful and aesthetic na-
tural landscapes.  The complexity of Albanian 
geology, pedology, hydrology, climate, etc ha-
ve conditioned the present of a rich flora (mo-
re than 3250 species, which represent about 
29% of the European flora; 150 species of 
which are considered endemic). In many are-
as, biodiversity is intercalated and correlated 
with geodiversity, therefore these territories 
represent not simple ecosystems (as they are 
defined before), but geoecosystems of natu-
ral heritage (Serjani, 2011). Unlike former 
considerations in  geosciences, where geo-
diversity was included in biodiversity and in 
ecosystems, in  this paper, for the first time, 
are defined and presented the main geoe-
cosystems of Albania. The most distributed 
in Albania are karst geo-ecosystems and 
glacial  ones. Lagoons and beaches  along 
the Albanian coastline represent important 
geoecosystems in the Mediterranean context.  

GeoDIverSIty ConCeptS
The geodiversity concept includes natural 

heritage of geological-geomorphologic origin. 
Geological sites represent rare, unique, and 
pattern unrepeatable phenomena, reflecting 
in separated intervals of time of the history of 
the Earth Crust. Digne Declaration on “Rights 
of Earth Memory” was the first historical do-
cument about geoheritage. Systematic works 
on geological heritage conservation started 
after the foundation of ProGEO (The European 
Association for the Geological Heritage Con-
servation). The most important is the recent 
document on geodiversity “Resolution of 
World Congress of IUCN” in Barcelona (2008), 
where was stated that: “...geodiversity is a 
crucial factor conditioning biology, culture 
and landscape in their multiply forms and 
that geological aspect of high value must be 
preserved for future generations….”  

During last century, geological and geo-
morphologic sites were treated together with 
flora and fauna, included in ecosystems, fo-
rest reserves, national parks etc and lately 
Global Geoparks Network was found. In many 
areas, geodiversity is intercalated with biodi-
versity and these areas constitute combined 
geoecosystems. In general, geodiversity (geo-
sites and geoparks) together with biodiversity 
(flora and fauna) are used for development 
of tourism, especially geoecotourism. Geoe-
cotourism is strongly connected to land geo-
diversity, biodiversity and the cultural values, 
including both natural and cultural heritage. 

GeoeCoSyStemS In alBanIa
The main geoecosystems of Albania are 

grouped according to their geographical po-
sition and their origin of formation such as: 
Transboundary geoecosystems, which are 
considered as the most important (Serjani 
A., 2009); Karst geoecosystems on the sur-
face of carbonate and evaporate rocks. On 
limestone rocks and in caves different plants 
and specific fauna are grown, forming com-
plex, karst geo-eco-systems (Serjani, 2009, 
2011); Coastal geoecosystems formed along 
the  Adriatic and Ionian Sea coasts; Glacial 
geoecosystems at high mountains on lime-
stone and ultra basic rocks. 

In Figure 1, the cultural heritage sites 
under UNESCO protection are shown re-
spectively (1. Butrinti Archeological city. 2. 
Gjirokastra city. 3. Berati City. 4. Karavasta 

Lagoon, included in Ramsar Covention), and 
main geoecosystems of Albania are briefly 
described below.  

tranSBounDary Geo-eCo-SyStemS
5. “Bjeshket e Nemuna” (“Cursed 

Mountains”) in Albanian Alps, which repre-
sent an interborder area in Albania, Monte-
negro, and Kosovo (Progni K., 1993). 

6. Shkodra Lake represents a protected 
interborder geo-eco-system between Albania 
and Montenegro. 

7 Pogradeci  (Ohrid) lake (between Alba-
nia and FYROM). 

8. Big and Small Prespa lakes as inter-
border geoecosystem between Albania, Gree-
ce, and FYROM. 

Complex KarSt-GlaCIal-eroSIon 
GeoeCoSyStemS

9. Lura glacial lakes and pine forest. 
10. Mali me Gropa (“Honey Comb 

Mountain”) and Dajti National Park, east of 
Tirana, represent a miraculous   landscape of 
karst processes. 

11. Dumrea karst lakes in evaporite rocks. 
12. Drenova molasse section and Bozdo-

veci Pine Forest (Dragoti et al., 2007). 
13. Kurveleshi Highland as natural karst 

museum (Serjani, 2009). 
14. Kelcyra cold water springs.  
15. Blue Eyes springs and Muzina Meso-

zoic, carbonate section.
Geoecosystems along the Adriatic - Io-

nian sea coasts
16. Karavasta Lagoon and Divjaka pine 

forest.
17. Zverneci paleoenvironment site, Nar-

ta lagoon and forest.
18. Llogara geopark and Orikumi lagoon.
19. Borshi beach and cold water springs.
20. Butrinti lagoon-lake and Ksamili 

islands. 

GeotourISt valueS of natural 
herItaGe

Geoecosystems are great tourism at-
tractions worldwide due to their complex 
values such as geodiversity, biodiversity 
and cultural values. The most successful 
tourist researches and activities, are those, 
which include together natural and cultural 
heritage (Serjani . 2003). As geoecotourism 
destinations in Albania we can recommend 
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geosites of glacial, karst and fluvial-erosion 
origin, stratigraphical sections, fossil beds, 
petrology of ophiolite rocks, karst caves (Ro-
vena H., 2010), geoparks and forest parks, 
coastal area, alpine grassland-pastures in 
Albanian Alps, Korabi, Mali i Thatë, Zagori, 
Çika mountains and Kurveleshi highland. 
Different kinds of geotourism can be deve-
loped, depending on the natural conditions 
of regions. Geoheritage and geotourism in-
formation technologies, logistic information 
and better infrastructure  will guarantee 
pleasant and comfortable geotours, esta-
blishing a complex relationship between the 
visitors and the nature (rocks, soils,  landsca-
pes, flowers, plants, etc). 

GeotourISt valueS of natural 
herItaGe

Geoecosystems are great tourism at-
tractions worldwide due to their complex 
values such as geodiversity, biodiversity 
and cultural values. The most successful 
tourist researches and activities, are those, 
which include together natural and cultural 
heritage (Serjani . 2003). As geoecotourism 
destinations in Albania we can recommend 
geosites of glacial, karst and fluvial-erosion 
origin, stratigraphical sections, fossil beds, 
petrology of ophiolite rocks, karst caves (Ro-
vena H., 2010), geoparks and forest parks, 
coastal area, alpine grassland-pastures in 
Albanian Alps, Korabi, Mali i Thatë, Zagori, 
Çika mountains and Kurveleshi highland. 
Different kinds of geotourism can be deve-
loped, depending on the natural conditions 
of regions. Geoheritage and geotourism in-
formation technologies, logistic information 
and better infrastructure  will guarantee 
pleasant and comfortable geotours, esta-
blishing a complex relationship between the 
visitors and the nature (rocks, soils,  landsca-
pes, flowers, plants, etc). 

ConCluSIonS
The correlation of geodiversity and bio-

diversity in some areas is clearly expressed 
and they can be defined and named as  
geoecosystems.The most widespread geoe-
cosystems in Albania are those of karst ori-

gin in carbonate rocks, and in evaporates, 
glacial and complex glascial-karst-erosion 
geoecosystems in high levels of carbonate 
and ophiolite massifs,  and lagoons, and 
beaches along the Adriatic and Ionian sea 
coasts. The promotion of the geoecosystems 
values will increase the interest of tourists 
and scientists for both exploration and edu-
cation purposes. 
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aBStraCt 

T
his contribution intends to highlight 
the characteristics and values the Na-
tional Park of Llogara offers not only in 
a national context but also in a regional 

one, so that this park might be part of the 
European Geo-park net in the future. 

Firstly, we will make an introduction on 
the geographic position of the park, its mana-
gement by the local government of the Munici-
pality of Orikum (District and County of Vlore) 
as well as its present situation. 

Secondly, we will indicate the environmen-
tal values and assets the Geo-park of Llogara 
offers: along with a magnificent coniferous 
forest, the park has many geo-monuments 
and a double mountainous-marine climate 
therefore being a positive factor to the hu-
man health. 

Thirdly, the priority of the Development 
Strategy made by the local government with 
reference to the concerning area is the de-
velopment of any possible kind of tourism 
contributing to the economic growth and pro-
sperity of the locals. Considering the priority 
given to geo-tourism in the last years, we 
must anticipate and prevent previous bitter 
events when the tourist development has be-
en accompanied by negative phenomena to 
influence on the environment like pollution of 
beaches, forests etc. 

Finally, we will draw conclusions and 
make recommendations which focus on the 
protection, maintenance and management 
of such assets of not only national but also 
international values. 

IntroDuCtIon
Vlora is located in the southwestern part 

of Albania, by the southern Adriatic and the 
northern  Ionian Sea. Vlora has a very sui-
table geographical position, located 135 km 
from the capital city Tirana, 72 km from Italy 
(Otranto Channel) and 123 km from Greece 
(Corfu Island). It has an area of 1609 km² and 
includes four cities: Vlora, Himara Selenica 
and Orikum1 .

Orikum is located in the southern part of 
Vlora bay, in which the old city of Oriku flouri-
shed. Orikum had been part of the Amantians’ 
tribe land. Traces of this ancient

city, along with the theater, today sink into 
the water. Deep inside, a wall and 27 stairs 
carved in rock can be distinguished2 . 

Nowadays, as part of Vlora District and 
center of Orikum Municipality, Orikum City 
has 11 381 inhabitants, while the population 
represents 38% of the whole Municipality po-
pulation (4395) inhabitants3. 

Orikum is a country with touristic capaci-
ties and tourism is one of the most important 
sectors of the economy, through which locals 
acquire the main income. A specific of this 
region is that there are many natural assets, 
which under the law of the Albanian state and 
the IUCN (International Union for the Conser-
vation of Nature), have acquired the status 
of conservation, management, investments, 
etc.

lloGara Geo-parK, ItS valueS anD 
CapaCItIeS 

The Llogara Geo-park was proclaimed 
“National Park” on 21 November 1966 pur-
suant to nature and biodiversity protection 
law. National parks are small areas to be 
preserved and managed as they represent 
a natural heritage of great, incomparable 
values aimed at conserving and recreating 
ecosystems, as well as educating and rela-
xing. 

Natural heritage is a land or water pro-
tected and legally managed area of specific 
values for maintaining the biological diver-
sity of natural resources. IUCN (International 
Union for the Conservation of Nature), in a 
classification of conserved areas (1994), di-
stinguishes 6 categories, three of which are 
found in the following areas: a. National Parks 
(cat. II), b. Natural Monuments (cat. III), c. 
Managed Natural Reserve (cat. IV). The con-
servation and management level of the pro-
tected areas depends on their values4.   

“llogara national park” is located about 
40 km in the southeast of Vlora city on the 
space border between the Adriatic and Ionian 
Sea, where both seas meet. The height of the 
park ranges from 470 m to 2018 m. 

This park features beautiful landscapes 
and areas with fantastic views, steep parts 
of “Vetetima” mountains and a good part of 
the Albanian Riviera. Its vegetative areas are 
well defined: in a 400-600 m altitude one will 
find the Mediterranean bush, heather, cedar, 
while germander areas are to be found in a 
600-800 m altitude.

  In an 800-1300 m altitude extend beech, 
fern, black pine, juniper, maple areas and over 
a 1300 m altitude extends the alpine area 
with its aromatic herbs and medical vegeta-
tion, where one can particularly distinguish 
sage and mountain tea. The park is known 
for a very healthy climate and wonderful lan-
dscapes. For some years a range of tourist 
facilities such as small hotels, restaurants, 
open bars, etc. operate inside the park.

The Commission for Land Management 
in the Republic of Albania (KRRTRSH) has 
already approved the Llogara-Grame-Palase 
master-plan aimed at developing an elite tou-
rism having a capacity of 1000 beds5.  

The geo-park has many great values not 
only due to its being a National Park: an area 
covering the peak of “Cika” mountain to the 
seaside of Adriatic and Ionian Sea contains 
many unrepeatable geo-monuments and bio-
monuments.  

As far as geo-diversity is concerned, the 
Llogara National Park and its surrounding 
areas contain some geo-monuments, such as: 
the border between the African Plate (Adrias-
Apulias micro-plate) with neritic limestone of 
Sazan-Karaburun platform on the west side 
and the Euro-Asian plate with dolomites of 
the Ionian are on the east side. 

On the top there is the Llogara saddle 
(1027 m), a geo-morphological geo-monu-
ment of demographic and historical values, 
the gastropod and Rudists fossil strata 

1Publication of Municipality of Vlora, “An invitation to Vlo-
ra”, page 4  

2Krutaj, F.,Gaçe, B., Abazi, H. “Vlora Southern port of Adria-
tic”, Toena Publications,Tirana 2001, page 7

3Albanian Development Fund; Local Development Fund, 
Municipality of Orikum, Tirana 2009, page 9

4Dollma, M: Geography, Tiranë, 2006, page 55 

5Albanian Development Fund; Local Development Fund, 
Municipality of Orikum, Tirana 2009, page 29
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(“storm deposits”), the karst shapes and 

field in organogenic limestone, many karst 
sources, etc.6  

South of Llogara Saddle it continues the 
Ionian Sea Riviera, a rocky coast with many 
beaches of crystal blue sea water such as 
Dhermi, Jali, Himara, Qeparo, etc. 

peninsula of Karaburun Figure 1: a 
managed natural reserve is a bio-center or 
bio-corridor of regional and local importan-
ce or an area with conserved flora, fauna, 
minerals and paleontological discoveries, or 
an area used for study, educational or cul-
tural purposes. The Peninsula of Karaburun 
of 20.000 ha holds the status approved by 
the Municipality of Orikum, District of Vlora 
on 22.02.1968/1977/1983. 

Fig. 1 - Karaburun Peninsula

Any possible activity inside the protected 
area requires the issue of an environmental 
permit and the respect of fixed, controllable 
rules on short-term tours and of third-grade 
protective measures7.  

The Karaburun Coast lies on a 120 km2 
area, of which a 60 km coastline belongs to 
the Municipality of Orikum. The area is of a 
distinguished beauty especially when visited 
by boat. Such marine tours offer the tourists 
the possibility to discover caves, canyons and 
small beaches, some unique virgin areas in 
all Mediterranean. 

The submarine flora of this Peninsula is 
also of a rare beauty. The area represents 
the most impressive and beautiful part of 
the southern coastline as far as submarine 
tourism is concerned. Nowadays, more than 
8.000 divers are looking for new submarine 
destinations8.   

Gramata Bay Figure 2. Gramata Bay 
(locals call it Gramës Bay) is located nearby 
the western slope of Karaburun Peninsula. A 
deserted area to be reached almost by sea 
embraces a 50 m wide small natural beach. 

Fig. 2 - Gramës Bay

Being almost the only small bay along a ve-
ry rocky linear coast, the bay served to the 
ships as a shelter from the bad weather. On 
the craggy 30 m high cliffs many scriptures 
dating back from the III century B.C. to the 
Middle Age can be found9.  

Gramata, during the IV century B.C. ser-
ved as stone quarry and along with two other 
quarries of Karaburun Peninsula, it was used 
in the construction of Durrahu, Apollonia, 
Oriku and Amantia cities. On the rocks of Gra-
mata, many sailors travelling from Costan-
tinopoli to Rome and other way round have 
left their scriptures. The bay excited curiosity 
in Karl Paçi, an explorer who collected and 
published the scriptures of Gramata10.   

the cave of haxhi alisë Figure 3. It is the 
biggest cave of the Albanian coast. The ma-
jestic entrance is almost 60 m above the sea 
level. The entrance presents an immersed th-
reshold, 0.8 m away from the right wall, thus 

allowing the boats to enter. The hall is 60 m 
long and orientated to the northwest-southe-
ast direction. Its width from the base (above 
the sea level) is about 40 m in its widest point. 
In general, the outside cave is almost 100 m 
long. The rocky wall of the hall, in front of 
the entrance, presents sloping stalactites of 
maybe organogenic or mixed origin11.  

Bio-monument “flag pine” Figure 4. It 
is found in Dukat (Municipality of Orikum) 
within the woods of National Park of Llogara 
in a 900 m altitude. The Flag Pine was formed 
by wind effect, which gave it an attractive and 
uncommon shape. It is a 20 m high, 0.75 m 
wide and 100 years old pine. Presently, this 
monument is in a good state12.    

It’s worth mentioning other geo-mo-
numents sited in this geo-park, such as: 
Qorre Mountain Peak, Çika Mountain Peak, 
Drimadhes Beach, Ravena Plateau, Sazan 
Island, Orikum Lagoon, etc. 

Fig. 3  - Cave of Haxhi Alisë 

Fig.  4 - Flag Pine                                                        

The Geo-park of Llogara, with its great 
values, can successfully compete in the in-
ternational net of geo-parks. Having access 
to this geo-park by motorway, tourists visit it 
easily and frequently, therefore contributing 
to the economical growth of the area. 

The priority of the Development Strategy 
made by the local government with reference 
to the concerning area is the development of 
any possible kind of tourism contributing to 
the economic growth and prosperity of the 
locals, to be achieved through important in-
vestments and appropriate legislation.  

•	 Natural	conservation	is	a	strategic	
goal of special importance due to many re-
asons: It is a field where improvements are 
scarce while the negative phenomena pro-
ducing destruction are uncontrollably incre-
asing. 

•	 Increase	 of	 community	 awareness	
on environmental conservation issues  

•	 A	comprehensive	legislation	of	the	
local and central government on conservation 
and management of such a unique area. 

This should serve as an appeal either to 
the local and central governing authorities 

6Scientific Bulletin Nr.12 University “Ismail Qemali”, Euro-
print Publications, Vlora 2008, page 143

7Dollma, M: Geography, Tirana, 2006, page 65

8Albanian Development Fund; Local Development Fund, 
Municipality of Orikum, Tirana 2009, page 21

9Albanian Development Fund; Local Development Fund, 
Municipality of Orikum, Tirana 2009, page 21

10Krutaj, F.,Gaçe, B., Abazi, H. “Vlora Southern port of 
Adriatic”,Toena Publications,Tirana 2001, page 71

11Scientific Bulletin Nr.5 University “Ismail Qemali”, Euro-
print Publications, Vlora 2003, page 21

12Profile of Vlora County, Toena Publications, Tirana 2003, 
page 87

Fig. 5 Touristic village Llogara

Fig. 6 National Park Llogara
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or to International Bodies and Organizations 
dealing with conservation, financing and ma-
nagement of such natural and cultural areas 
of exceptional values. 
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T
he old town of Matera (Southern Italy) is 
called “Sassi di Matera” (“sassi” is the 
Italian word for stones) and was exca-
vated in Plio-Pleistocene calcarenites 

(Figure 1). A canyon (the “Gravina di Matera”) 
characterizes the geomorphologic landscape 
of Matera and its surroundings (the so called 
“Murge di Matera” area), running for several 
kilometres in a karstic area, and forming an 
up to 200 m deep incision which cuts Plio-
Pleistocene calcarenites and their bedrock (a 
Cretaceous limestone). Along the walls of the 
canyon, hundreds of rupestral churches were 
excavated during the Middle Age, and a town 
(the Sassi di Matera) developed (Figure 1).

During the first half of the 20 century, 
up to 20.000 people lived in this rupestral 
town, often in unhealthy conditions, and the 
town was defined “the national shame”. It 
was described as a hell-like scenario, in-
habitants were removed from their houses, 
and the town was abandoned. Today the old 
town lives again, and since 1993 the Sassi 
di Matera have been on the World Heritage 
List with the following justification: “This 
is the most outstanding, intact example of 
troglodyte settlement in the Mediterranean 
region, perfectly adapted to its terrain and 
ecosystem. The first inhabited zone dated 
from the Palaeolithic, while later settlements 
illustrate a number of significant stages in 
human history”. Tourists visiting Matera are 
attracted from a historical itinerary that re-
presents also an amazing geo-tour as the old 
town permits to make an itinerary along the 
canyon and a 3D geologic-stratigraphic tour 
(Figure 2).

A Regional Park, the “Parco Archeologico 
Storico Naturale delle Chiese Rupestri del 
Materano” comprises the whole canyon and 
other sectors of the Matera region. Unbeknown 
to tourists, it is a unique possibility to visit a 
geo-park looking for churches.
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Fig. 1 - On the left: the “Sassi di Matera” is the old town of Matera perched along the wall of a canyon (locally called “Gra-
vina”). Houses are excavated in Plio-Pleistocene calcarenites (P) lying on a Cretaceous basement made up of limestones 
(K). On the right: “Iazzo dell’Ofra” locality. “Iazzo” is the dialect name for a sheep-fold.

Fig. 2 - Basic information about geography and geology of the Matera area.
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aBStraCt

U
kraine it is country, which situated 
near Geographical Center of Europe. 
But long time it was in the shadow 
of former Russian Impery and then 

USSR. In time of USSR Geological tourism was 
limited from point of viuw military defence 
secretes. Now the country free from such 
secretes. Even no need visa to visit Ukraine 
for most sitizens of Europe. Often our count-
ry territory is polygon for Student Geological 
excursions. Scientific tourism is most impor-
tant kind of visits to our country because it si-
gnificant for international cooperation in this 
field. Geological sequences in many places 
of Ukraine better then in other countries. For 
instance we qualify Upper Vendian, Silurian 
and Lower Devonian of Podillia, Carbonife-
rous of Donez Basin, Mezozoic and Cenozoic 
of Cremea. There are many places of Strati-
graphical and Paleontological, Geomorpholo-
gical and Hydrogeological, Mineralogical and 
Geophisical interest in the Ukraine. 

There are so many places for geotouristic 
routes iIn Ukraine: Ukrainian Scield, Crimea, 
Donetsk Region, Dniester River and so on.

The Dniester River is a river in East Eu-
rope, rising in Ukraine, in the Carpathian 
Mountains from 900 m above sea level and 
flowing generally southeast to the Black Sea. 
Length: from 1352 to 1411 km (depend on 
source of information); collecting area – 
72100 square km; the intensity of flow 310 
m³/sec. The volume of annual flow is near 
10 milliard m³. The river is second number 
after Dnieper on Ukrainian territory. Time from 

Fig. 1. View on Dniester River near Goraivka Village in No-
vember

April to September is most favorable for trip 
or geological excursion. But we started last 
year trip at early November. By the way, we 
took a swim in Dniester River even in that 
time with great pleasure (Figure 1). 

Now we are ready represent touristic 
oportunity on example of Middle Dniester 
area. The river is very beautiful. Steep banks 
alternate with comparatively sloping ones 
(Figure 2). There occur islands and shallows, 
reaches and rapids. The rapids could be seen 
in Middle Dniester area before construction 
series of dam hydroelectric power plants. The 
river considers one of significant from geolo-
gical point of view in Ukraine. Outcrops along 

Fig. 2. View on so called “Kytaigorod Wall”. Geosite near 
Kytaigorod Village where outcropped Vendian, 

Dniester River demonstrated huge geological 
sedimentary rocks diversity of different facies 
and ages. In addition, we could find various 
fossils, which allowed define and correlate 
stratigrafical units. There are sequenses of 
Vendian, Lower Cambrian, Upper Ordovician, 
Silurian and Lower Devonian which covered 
by Cretaceos, Neogeneus and Quaternary 
deposits outcropped on the slopes (Figure 
3). Dniester River tributaries such as Derlo, 
Murafa and quarries, discover some outcrops 
of ancient shield with Proterozoic granite on 
South of Vinnitsa Oblast. There are absent 
only sediments of Paleocene, Permian and 
Carboniferous ages on Dniester Valley.

All of the sections may be objects of ge-
ological excursions. The succession of Ven-
dian (Ediacarian) it turned out, that one of 
most important in Europe. It is represented 
by clay, siltstone and sandstone sediments 
section more then 450 m thick with imprints 
and track fossils.

The outcropes which reperesented Silu-
rian Přidolian Stage succession are one of 

more interesting, on our opinion. There are 
a whole series of outcropes on both banks of 
the river which come to light fore suites of 
the section: 1 - Prigorodok (dolomitic mar-
les and dolomites extremaly shallow water 
and almost without fossiles), 2 - Varnitsa 
(alternation dolomitic rocks and limestones 
shallow water condition mostly with ostra-
codes, brachiopodes and stromatopores), 3 
- Troubchin (black limestones of oppen shelf 
condition with fossiles of different kindes) 
and 4 - Dzvenigorod (alternation platy and 
nodulare clayey limestones with much more 
then befor diverse of fossiles). The succection 
includes mostly thin beds of benthonitic cley. 
The sections continues without interuption by 
Lower Devonian succession of platy limestons 
with argillite interbeds wich represent sedi-
ments of marine origion. Discussion about 
position of the boundary among Silurian and 
Devonian lasted a long time (Figure 4). 

Some sections take mineralization. Frac-
tures in granite and sandstone Near Porogy 
Village (the name mean rapid) contain veins 
of galenite. Big deposit of fluorite as cement 
in sandstone was discovered near Bakhtyn 
Village. Deposits which hold rounded pho-
sphorite concretions redeposit from Vendian 
to the base of Cretaceous attracts attention 
of geologist. There are many deposits of con-
struction materials, which mine by industrial 
enterprises and local citizen for own aims, 
first of all for building basements and stone 

Fig. 4. Geosite near Dzvenigorod Village where outcropped 
parastratotype of boundary among Silurian and Devonian 

fences. The first discovery of Vendian fossils 
Cyclomedusa plana Glaessner was happened 
due to casual finding by members of geolo-
gical expedition of Kyiv University in such 
sandstone fence near Bernashivka village in 
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1965 (Zaika-Novatsky V., Velikanov V., Koval’ 
A., 1965).

So we can see that Dniester Valley and 
it tributaries are very picturesque (Figure 5, 
6). It is interesting from geological point of 
view and significant both for Scientific Ge-
ological Tourism (Grytsenko V., 2008), and 
Study of Geology for Students’ (Leschukh 
R., Paschenko V., Smishko R., 2004). There 
was route of Geological practice for students 
of Kyiv national university named by Taras 
Shevchenko. The students of Lviv national 
university named by Ivan Franko and Terno-
pil’ national pedagogical university named 
V. Gnatyuk uses opportunity to visit best 
geological sites and increase practical and 
theoretical knowledge’s every year.

There were hold some international con-
ferences with geological excursions (Tse-
gelnyuk P., Grytsenko V. et all, 1983, Gryt-
senko V., Derevska K., Konstantinenko L., 
Manyuk V., 2011).

ConCluSIon
Dniester River valley in middle currents is 

very good place for Scientific Geological tou-
rism. Wonderful outcrops discover geological 
strata from Precambrian to Miocene. Often 
outcrops consists fossils and minerals. The 
river runs into canyon which especially inte-
resting to take pictures of landscapes.

The small craft could be good transport 
for excursions and relax.

Fig. 5. The eroded column on the left side of Bagovichka 
River near Bagovitsa Village 
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aBStraCt

G
eoconservation is an emerging geo-
science. In order to gain recognition 
among the scientific community and 
in society in general, education lato 

sensu is of paramount importance. This work 
presents the experience of the University of 
Minho with geoconservation education du-
ring the past 10 years, namely with gradua-
tion and post-graduation courses, teachers 
training, research, and outreach. Working 
in those different levels enhanced the uni-
versity internationalisation with an increase 
in students and staff exchange. In order to 
reinforce worldwide recognition universities 
should strengthen their strategy towards ge-
oconservation by creating courses and deve-
loping research projects.

IntroDuCtIon
Geoconservation is an emerging geo-

science requiring further recognition by the 
general public and even by the geoscienti-
fic community (Henriques et al., 2011). The 
promotion of geoconservation education is a 
factor of great importance to broaden this re-
cognition (Van Loon, 2008). The University of 
Minho (UMinho) in northern Portugal already 
has a significant history in geoconservation 
education. UMinho is one of the so-called 
“new universities” that were created in Por-
tugal during the transition of the dictatorship 
to democracy. With two campi in Braga and 
Guimarães, UMinho is a middle-size univer-
sity created in 1973. Today it has around 
18,000 students and 1,100 members in the 
academic staff. The first works concerning 
geoconservation were developed in 1996 in 
the Earth Sciences Department. This research 
was related with the inventory of geological 
heritage in Alvão Natural Park under the 
scope of a master thesis on Environmental 
Sciences (Branco, 1996). In 2003, the Earth 
Sciences Research Centre started a research 
line dedicated to geoconservation supporting 

the development of more structured studies 
in this domain. The present activity on geo-
conservation at UMinho integrates teaching, 
teachers training, research and outreach. 

GeoConServatIon teaChInG
Geoconservation subjects are taught 

both in graduation and post-graduation 
courses. In what concerns graduation, there 
are optional courses (5 ECTS) on geodiversity 
and geoconservation for Geology, Biology and 
Geography.

Considering post-graduation, the uni-
versity offers a master degree on Geological 
Heritage and Geoconservation since 2005 
(Pereira et al., 2008a; 2009). Since then, 
around seventy students have enrolled in this 
master with an average of 10 new students 
each year. As far as we know, this 2-years de-
gree (120 ECTS) is the only post-graduation 
degree in the world totally dedicated to this 
geoscience domain. During the first year, 
students have to complete several multidi-
sciplinary modules such as Geodiversity; GIS 
and computers applied to geoconservation; 
Inventorying, conservation and interpreta-
tion of geological heritage; Environmental 
legislation; Geotourism; Education for su-
stainable development; and Mining heritage, 
among others. The second year is dedicated 
to the preparation of a dissertation or project. 
The research produced in some of the dis-
sertations became the backbone of several 
books that were published in different con-
texts (Alfama et al., 2008; Catana, 2009; Sá 
et al., 2008).

After finishing their master degree, stu-
dents are getting jobs as geoconservation 
experts in geoparks, protected areas, natural 
history museums, and also as teachers in 
secondary schools and in universities. Some 
students decide to follow their studies and 
enrol in PhD programmes.

An optional course on geotourism is also 
offered in the master on Tourism and Cultural 
Heritage.

UMinho is also engaged with geoconser-
vation at the PhD level. Several theses have 
been produced focused of themes centred in 

Portugal (e.g. Pereira, 2006), Cape Verde (Pe-
reira, 2010a) and Brazil (e.g. Pereira, 2010b). 
This last one concerns geoconservation in 
Chapada Diamantina (Bahia, Brazil) and was 
awarded in 2011 the best thesis in “Techno-
logies and Natural Sciences” by the House of 
Latin America/Bank Totta Santander.

UMinho experience on geoconserva-
tion education has enhanced international 
exchanges with other universities with the 
support of different grant programmes like 
Erasmus and Alβan (both from the Europe-
an Union) and Gulbenkian (from Portugal). 
While Portuguese students have travelled 
to Brazil and Greece, UMinho has received 
students from Argentina, Brazil, Cape Verde, 
Chile, Mozambique, and Thailand. Staff mo-
bility includes countries like Greece, Spain, 
Switzerland, Turkey, United Kingdom, and 
United States of America. 

teaCherS traInInG
In Portugal, geology and biology have the 

same importance in the secondary school cur-
ricula (namely, the number of teaching hours 
per week). Therefore, having teachers with a 
solid scientific and pedagogical background 
in these natural sciences has the highest 
relevance. UMinho has been committed in 
teachers training for more than 30 years gi-
ving degrees and organising lifelong training 
activities for in-service teachers. The Earth 
Sciences Department has been organising li-
felong training sessions dedicated to geocon-
servation subjects. These sessions consist of 
lectures where the main concepts concerning 
geoconservation are presented and discus-
sed and of fieldtrips where teachers learn 
how to use geosites with educative value in 
their classes.

reSearCh
The Earth Sciences Centre has been deve-

loping fundamental and applied research on 
geoconservation. This research is produced 
under the scope of master and PhD theses, 
sponsored research projects, and contracts. 
The main research project coordinated by 
UMinho in this area took place between 2007 
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and 2010 and was sponsored by the Portu-
guese Foundation for Science and Technology 
(Brilha et al., 2008; 2010). The project invol-
ved more than seventy experts from the vast 
majority of Portuguese geological institutions 
and has produced among other outputs the 
first systematic inventory of Portuguese geo-
logical heritage based on geosites scientific 
value. During recent years, researchers from 
UMinho have been developing research mainly 
related with concepts and methodologies to 
be employed in the quantitative assessment 
of geological heritage (e.g. Pereira & Pereira, 
2010). More recently, they are also engaged 
in the definition of methodologies for geodi-
versity assessment and cartographic repre-
sentation of a geodiversity index (Forte et al., 
2012; Pereira et al., 2012).

outreaCh
Another goal of UMinho is to increase pu-

blic awareness of geoconservation. In order to 
promote public awareness several strategies 
have been put into place: guided fieldtrips 
to selected geosites, participation in TV do-
cumentaries and radio shows, lectures for 
general public and for school children, and 
edition of written publications (e.g. Alfama 
et al., 2008; Pereira et al., 2008b; Brilha & 
Pereira, 2011).

In spite of the low number of staff mem-
bers involved in geoconservation, UMinho 
already has a remarkable experience which 
was built during the last 10 years. The work 
done in different academic levels (gradua-
tion, master and PhD) and for different types 
of public is a strategy to prepare the Por-
tuguese society for future geoconservation 
challenges.
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aBStraCt

F
or many teachers going outside the 
classroom complements their work, 
help them to develop subjects across 
curriculum borders, to develop part-

nerships, and some are searching for a way 
to involve students in community problems 
or activities. For students learning out of 
the school provides the possibility to learn 
in different frameworks, to feel free to add 
something to the subject or feel that their ca-
pacities are better evaluated. Educators from 
the non formal environment like museums, 
natural protected areas, geoparks, educa-
tional centres and associations have a large 
offer for out of the classroom activities which 
is still unexploited. It is well known the im-
portance of out of the classroom learning in 
the study of biology and earth sciences, in en-
hancing learning outcomes, motivation, so-
cial behavior of children and students. In this 
context experts and educators from Denmark, 
Germany, Romania and Sweden have focused 
on the cooperation between the formal and 
the non-formal professions in the frame of 
a Leonardo da Vinci project and developed 
courses for each partner country and related 
educational materials. The paper presents 
the concept of a three days interdisciplinary 
educational module developed for Romania. 
The main learning outcome of the module, 
in concordance with school curriculum in 
earth science, is the shifting in perception 
of space, time, and the science-real life con-
nection. Students could start to understand 
that each place still bear the continuous in-
teraction between geodiversity, biodiversity 
and human activities, even in places where 
geological features are not obvious. They can 
contextualize knowledge and integrate it in-
to its natural entities beyond the borders of 
school disciplines.

IntroDuCtIon
Learning outside the classroom is a 

broad concept and usually refers to release 
teaching and learning from the constraints 
of the classroom environment and could in-
clude environmental education, expeditions, 
field trips, camps or didactic activities in 

museums, visiting centers, and natural pro-
tected areas. 

The potential of out of the classroom 
science education is a key issue, mentioned 
by different studies and strategies, but not 
formally integrated in practice in European 
formal and non-formal educational systems. 
Its didactic potential remains largely unex-
ploited as revealed by the Association for 
Science Education Outdoor Science Working 
Group (ASE OSWG, 2011).

The In and Out project financed under 
the scheme of Leonardo da Vinci Lifelong 
Learning Program encouraged the schools to 
develop curriculum based activities outside 
the classroom connected with museums,  ge-
oparks, educational centres, visiting trails in 
order to offer a much broader and more ho-
listic learning environment for the children. 
The project focussed on cooperation between 
the educators from formal and non-formal 
sectors, development of new approaches in 
non-formal education and ‘hands-on’ experi-
mentation in connection with the school cur-
riculum. The main subjects have been Lan-
guage, Mathematics, Physical Education and 
Earth science. Subject experts and persons 
form the two target groups worked together in 
Denmark, Germany, Romania and Sweden in 
developing and evaluating two courses: one 
on the basic concepts of learning outside the 
classroom, and one on the practical deve-
lopment of the subjects` related curriculum. 
A special attention was paid to the way earth 
science subjects could be integrated in out 
of the classroom activities, in concordance 
with the secondary school curriculum, even 
for places where no obvious geological fea-
tures are present. 

methoDoloGy
In order to design out of the classroom 

activities the first step is to know the content 
and the main educational objectives of the 
school curriculum. In Europe the secondary 
school curriculum in earth science ranges 
from specific courses in geology to interdi-
sciplinary courses related to Earth and Life as 
a system or integrated into the geography and 
biology curriculum. According to TIMSS docu-
ments (Mullins et al, 2009) secondary stu-
dents should be able to provide description 
based on concepts of time scale, describe 
earth materials, some physical process and 
geological events. Students are expected to 

interpret and use maps, know about natural 
resources and their uses. Also they are ex-
pected to have some knowledge of the solar 
system and how cosmic phenomena influen-
ce the Earth.

The second step is to know the offer and 
potential of non-formal sector (museums, as-
sociations, visiting centres, protected areas) 
then to answer to several basic questions. 
The first one is “why to go outside the classro-
om?” A plastic answer comes from ASE OSWG 
report on outdoor learning (2011) “the study 
of biology, geology and the rest is a living 
experience, and without fieldwork it can be 
(and often is) killed stone dead”. A second 
question is “where to go?” To have a good 
answer we need to consider education out-
side the classroom in its full sense and not 
just a school trip (HSCS, 2005). This activity 
could take place in many different settings 
depending on some limiting factors (safe-
ty regulations, teacher involvement, time, 
costs etc) and on the significance we assign 
to a certain place, the so-called “concept of 
place”.  A place is not only a geographical 
location but is also a subject to be used in 
education, or could be a subject of stories 
(Stewart, 2008), or an overlapping of five 
different dimensions (Grunewald, 2003, p 
627), or a space shaping our learning expe-
rience and our lives (Greenwood, 2009, p 1). 
The last question is “what to do outside of 
the classroom?” The main objectives going 
outside is not just to offer a conventional 
school earth science lesson, but to achieve 
“changes in pupils‘ attitudes to science and 
the values that they place on the process and 
modes of learning beyond school” (Braund & 
Reiss, 2004, p 4). 

reSultS anD DISCuSSIonS
During the project activities four subject 

courses were organised for the four partner 
countries in concordance with the existing 
places potential, curriculum content, and 
local partnership. For earth science teaching 
activities we have selected three main ge-
ological items with a great potential to be 
used almost everywhere: space, natural re-
sources, and geologic time. Specific termi-
nology, concept and models were adapted to 
be used during the course. The space is seen 
both as place of Earth’s subsystems relations 
that could be partially represented in maps 
and diagrams and as part of time evolving 
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landscapes. A correlation between the geolo-
gical offer of different places and the earth 
science curriculum items is presented below 
in table 1.  

the course. The space is seen both as 
place of Earth’s subsystems relations that 
could be partially represented in maps and 
diagrams and as part of time evolving lan-
dscapes. A correlation between the geological 
offer of different places and the earth science 
curriculum items is presented below in table 
1.  

For Romania the subject course was 
planned to be held in Bucharest and we had 
to cope with the offer of different places in 
terms of earth science subjects and with ge-
neral items of earth science curriculum that 
could be observed. A three day module was 
designed, each day dedicated to a specific 
place and major subjects related to curricu-
lum items as presented in table 1. For the 
first day in the Botanical Garden (category 
D) the subjects were space, Earth’s subsy-
stems relations and visual representation of 
natural bodies in maps and diagrams. On the 
second day in the open-air Village Museum 
(category E) the subjects were dedicated to 
natural resources, their exploitation and use 
and the Man – Earth relationship. The third 
day in the Geological Museum (category G), 
was dedicated to outdoor and indoor activi-
ties combined with the understanding and 
use of specific geologic terms, concepts and 
models. For each day specific exercises were 
planned in order to combine earth science 
with language and mathematics. A special 
attention was paid to geologic time or “deep 
time” considered by Trend (2008) to be “at 
the heart of geology and providing a context 
for many topics within the geosciences”. 
Time line exercises were designed based on 
the idea that we start the perception of time 
when some repetitive events occur and we 
can create a history when changes or events 
of our life, of a place and of the Earth systems 
could be identified and placed in a chrono-
logic order.

ConCluSIonS
The main learning outcome of the module 

is the shifting in perception of space, time, 
and the connection between science and real 
life Students could start to understand that 
each place is part of some larger territory 
and, regardless of location, it is possible to 
identify the continuous interaction between 
spatial and non-spatial realities (phenome-
na, process), shaped by its physical structure 
(geodiversity), biological structure (biodiver-
sity) and human activities during its historic 
evolution. Each place still bears the traces of 
these interactions and both physical struc-
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Geologic time, Earth history ++++ ++ +++ + ++ + ++ + 
Space. Earth’s subsystems 
relations, landscape, environmental 
threats 

++++ ++ +++ +++ + + + + 

Earth materials, borders, spatial 
and temporal relations 

++++ ++ +++ ++ ++ + + - 

Visual representation of natural 
bodies. Drawing and understanding 
maps and  diagrams 

++++ +++ +++ +++ + + + - 

Recognize rocks, fossils, processes 
and patterns 

++++ + ++ +/- + - ++ - 

Understand and use of specific 
terms, concepts, models 

++++ ++ ++ ++ +/- - +++ + 

Natural resources, exploitation and 
use and the Man – earth 
relationship 

+++ + ++++ + +++ + + + 

Landscape evolution ++++ ++ +++ ++ + + - - 
Geological heritage + +/- +++ + ++ +/- ++ + 

Table 1 – Degree of coverage of curriculum items in earth science in outdoor and indoor places

ture and tangible and intangible heritage 
define a place. 

An interdisciplinary approach to places, 
the continuous interference of mathematics, 
language, science knowledge, methods and 
models for the same place help students to 
understand that nature is studied in school 
in separate disciplines for didactic or hi-
storic reasons. Quoting Edgar Morin (1999, 
p16) “minds shaped by disciplines lose their 
natural aptitude to contextualize knowledge 
and integrate it into its natural entities. A 
weakened perception of the global leads to 
a weakened sense of responsibility (each 
individual tends to be responsible solely for 
his specialized task) and weakened solidarity 
(every individual loses the feeling of his ties 
to fellow citizens)”.
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aBStraCt

D
rawing is commonly considered a 
merely artistic activity mainly devo-
ted to communicate emotions. Diffe-
rently, scientific drawing is based on 

a careful observation and choice of features 
useful to be studied in deep. We suggest that 
drawing and description of scientific objects 
could be an informal laboratory to be given 
before a boring systematic classification of 
natural objects. In order to learn science, 
taking drawing and field book note could 
stimulate a specific skill in observing reality, 
understanding complex and heterogeneous 
natural objects, and developing coherence 
and scientific thinking. These tools were in-
troduced in didactic experiences with fourth 
and fifth grade children and with undergra-
duate students. The experience demonstrates 
the persistence of common misconceptions in 
developing three-dimensional thinking and 
geological time perspective. The meanings 
of a representative sample is not obvious at 
all. Furthermore,  experience suggests that 
contemplation of nature with a field book note 
could bridge the gap between scientists and 
public during outreach activities.

IntroDuCtIon
Since the nineties, both public under-

standing and teaching activities of Science 
have been progressively shifted from unidi-
rectional communications (books, ex cathe-
dra lessons and so on) toward participatory 
experiences, as for example theme parks, 
science festivals or didactic curricula based 
on hands-on laboratory (e.g. Barth, 2007; Bo-
sio, 2007; Wellington, 1990; Hofstein & Ro-
senfeld, 2007). In spite of this evolution, Earth 
Sciences represent today a critical subject for 
science communication. As an example, plate 
tectonics is a multidisciplinary subject, very 
difficult for teaching in scientifically rigorous 
terms. Thus Earth Sciences are teached in 
didactic curricula that postulate kinematic 
models more than providing evidences, or 

that give axioms instead of a theory explai-
ning data and phenomena. 

On the other hand, geotourism has the ta-
sk of capture the audience with spectacular 
geologic phenomena often explained in terms 
of Plate Tectonics. In this case, because of 
the knowledge deficit, scientific explanations 
for the public must be fascinating and sur-
prising more than rigorous.  Therefore, both 
public understanding and teaching reverse 
logical connections among data and theori-
es and tell geology to the public in a ma-
gical perspective more than as a scientific 
discipline. In order to change this model in a 
constructivist perspective, this work points to 
three key questions: i) What do children see 
in a rock sample? ii) What do undergraduate 
students see in a rock outcrop? iii) What do 
tourists see in a natural landscape? 

This work reports didactic experiences 
with fourth and fifth grade students at pri-
mary school and with undergraduate stu-
dents. Results suggest that field geology is 
more attractive and more explanatory than 
geological theories and that the gap between 
scientist and public is effectively bridged if 
public is involved in qualitative field rese-
arch.

ChIlDren anD roCK SampleS
In order to investigate spontaneous ideas 

of children about rock samples, the Museo 
Friulano di Storia Naturale in collaboration 
with the University of Udine submitted six 
classrooms of fifth and fourth grade-stu-
dents to a specific test. One hundred thirty-
three students without a specific background 
in Earth Sciences were asked to give a) a writ-
ten description of a rock sample; b) a drawing 
of the sample; c) a written short story about 
the sample.

The selected thirty-five samples in the 
opinion of the researchers contain 255 geolo-
gically relevant self-evident characters such 
as fossils, clastic textures, planar disconti-
nuities and so on.  Childs spontaneously de-
scribed 209 geological characters.

Forty percent of the short stories concern 
rocks with human characters and affairs. 

Children use uniform schemes in the 
object description. First, the object is iden-
tified by its external shape. In a short story 
we found this statement: the stone slipped 
and broke, thus forming a new stone type. 
Consequently, children describe and draw 
objects looking for similarities between their 
shape and that of other already known things 
as a car or a mouse in Figure 1A. In children’s 
opinion, color is a second crucial character 
in the object identification.  In Figure 1B a 
magmatic contact between a tonalite and a 
sandstone is shown. As the color is perceived 
as an identity the black plus gray plus white 
color of the tonalite is defined a stracciatella 
color like the well known ice-cream flavor. 
Children have no idea of the sample as a 
representative object, they see it simply as 
an opaque solid with a somewhat irregular 
shape. Therefore, the components such as 
fossils or clasts of a conglomerate are de-
scribed as foreign objects, just attached to 
the surface. As expected for an opaque solid, 
every interior surface as layers, cracks, lami-
nations, schistosity, contacts (Figure 1B) are 
described as two-dimensional objects (lines, 
strips, petroglifs and so on ...). Finally, con-
sistency between drawing description and 
verbal description is not obvious at all. We 
found these inconsistencies in a thirty per-
cent of the children’s works. This increases 
to a fifty percent taking into account textural 
characters only. Usually the drawing contains 
more information than the written works. In 
the magmatic contact example (Fig, 1B), the 
drawing always shows a line that separates 
two domains with different colors, but the text 
often does not mention this separation. 

unDerGraDuate StuDentS anD roCK 
outCropS

Twenty-nine undergraduate students in 
natural sciences at the Udine University ha-
ve been asked to organize a didactic field trip 
for primary schools focused on the drawing 
of a rock outcrop. Figure 1C shows a drawing 
with artistic intent, but without any reference 
to a possible scientific content. In Figure 1D 
we found an excellent subject represented, 



Geologia dell’Ambiente • Supplemento al n. 3/2012

196

Fig. 1 Drowing rocks. A) A fifth grade child draw the surface of a travertine deposit; B) a fith grade child draw the magma-
tic contact between a tonalite and a sandstone; C) an undergraduate students draw folded strata; D) an undergraduate 
student draw a rock outcrop. 

but the book notes don’t give any mention of 
this fold. As well as children, they describe 
unusual clasts within a sandstone as foreign 
objects and no attention is given to the consi-
stence between drawn description and verbal 
description.

SuGGeStIonS for outreaCh 
GeoloGICal aCtIvItIeS

As widely reported on studies in geoscien-
ces education (e.g. King, 2008 and ref. the-
rein) geosciences requires high-level spatial 
ability thinking (three dimensional thinking) 
and the development of peculiar time per-
spectives particularly those of geological 
time. These difficulties are revealed by the 
problems in recognizing representative and 
textural characters of rock samples (three 

dimensional thinking) and human affairs 
attributed to rocks (geological time). The 
experience with undergraduate students 
demonstrates the persistence of these mi-
sconceptions. Geologists working on the field 
know the role of a good description in their 
work and they know the role that drawing 
has for a good description. What do tourists 
see in a natural landscape? Both didactic 
experiences were received with great favour 
by students. How geosciences can usefully 
and nicely communicated to the public? The 
presented data suggest that field research 
activities such as contemplation, drawing or  
writing field book notes are probably better 
accepted than theories or ready interpreta-
tions. This working hypothesis will be tested 
with tourist groups during summer 2012. 

Data on tourists spontaneous observations 
and drawings will be collected, analyzed and 
reported to the VII geoheritage symposium. 

referenCeS
bArth l. (2007) - A Revamped Science Expo. Scien-

ce and Children 45, 36-39
bosio s., CAPoCChiAni v., miChelini m., PuGliese JonA s., 

sArtori C., sCilliA m.l., stefAnel, A. (1997) - Play-
ng, Experimenting, thinking: exploring informal 
learning within exhibit of simple experiments. 
In “New Way for Teaching” Girep Book, Ljublja-
na, 1997

hofstein A. & rosenfeld s. (1996) – Bridging the 
gap between formal and informal science lear-
ning. Studies in science education 28, 87-112.

kinG C. (2008) – Geoscience education: an over-
view. Studies in science education 44, 187-222.

WellinGton J. (1990) – Formal and informal lear-
ning in science: the role of the interactive scien-
ce centers. Physics Education 25, 247-252.



Geologia dell’Ambiente • Supplemento al n. 3/2012

197

Geosciences’ teaching and 
students’ interest in secondary 
schools - the case of Greece 
and Spain 

G. fermeli(1), An. koutsouveli(2), G. meléndez(3) & 
A. CAlonGe(4) 

(1) Dpt. of Hist. Geology and Palaeontology, 
Faculty of Geology and Geoenvironment, 
National and Kapodistrian University of Athens, 
Panepistimiopolis, 15784 Zographou, Athens, 
Greece,
gfermeli@geol.uoa.gr
(2) Committee of Geosciences Didactics, Athens, 
Greece 
(3) Dpt. of Earth Sciences (Palaeontology), 
University of Zaragossa, Spain
(4) Dpt. of Geology, Faculty of Sciences, University 
of Alcald de Henares, Madrid, Spain

Key WorDS: GeoSChoolS, IntereSt 
reSearCh, CurrICula ComparISon, 
GeoDIDaCtICS. 

aBStraCt

A 
research on Geosciences curricu-
la of secondary school in European 
countries and topic preferences of 
students (Interest research) is car-

ried out within the frame of the research 
project of EU- Long-life Learning Program: 
GEOschools. A Comparative analysis of Earth 
Sciences curricula has been carried out by a 
detail comparison of Educational programs 
in different European countries (Austria, 
Greece, Portugal, Italy and Spain), which are 
the partners of GEOschools project, in Se-
condary teaching levels, from 14 to 17 years. 
The Interest research analysis was made on 
the basis of a questionnaire designed as the 
main data-collection instrument and based 
on the results of a comparison on geosciences 
curricula among five European countries. 

Preliminary results of the curriculum 
comparison research show big differences on 
what concerns the time and contents of ge-
ological subjects and concepts in secondary 
schools in different European countries, Por-
tugal holding the highest values and Greece 
the lowest rates. The topic-interest research 
on geosciences was carried out in different 
schools of the partner countries among 14 to 
17 year-old school students. The question-
naires were distributed in 20 schools (20 
teachers and around 600 students) in each 
participating country in order to identify exi-
sting geosciences interest. 

Results indicate that the most attractive 
topics for children are Natural hazards and 
Palaeontology. Teaching strategies also raise 
high interest as a topic they feel concerned 
with. Children from Spain have less interest 
in geosciences generally than do children of 
the same age from Greece.

IntroDuCtIon
Although the knowledge of geosciences 

is important in everyday life of all European 
citizens, in most European countries Geo-
logy does not exist as a separate subject in 
secondary education. Geology is included, 
indirectly, through other subjects such as 
Education for environment and sustainable 
development. 

A research based on the review of the ge-
ological contents of curricula in schools from 
Greece and Spain was organized by GEOscho-
ols project in order to investigate the level of 
geosciences teaching in secondary schools 
(Fermeli et al, 2011a; Fermeli et al, 2011b).

 

"

SPAIN

GREECE

Table 1: General view of geosciences subjects in obligatory education and upper high school in Spain and Greece (Calonge, 
2011; 2012).

Curriculum research 
Two approaches can be recognized: a) The 

«Horizontal approach» which is the classic of 
Natural Sciences, where a subject includes 
several scientific disciplines: Biology (the 
most relevant), Geology or Earth Sciences, 
Chemistry and Physics, this is the case in 
Spain and b) a «Vertical approach», the ca-
se of Greece, where Geology is included with 
Geography, which is closely related (Table 1; 
see: Calonge, 2011; 2012).

At the higher secondary level some 
countries, such as Portugal, hold an impor-
tant presence of Geology in school curricula 
of Secondary Schools. But in most European 
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countries, the geological concepts are distri-
buted in other disciplines vaguely related. 
Specifically, in Spanish educational system 
geology exists in Upper High school however it 
is excluded from the university access tests, 
and in Greek educational system it is totally 
absent in the upper cycle of Secondary Tea-
ching.

IntereSt reSearCh  
Why is the presence of geosciences 

subjects in secondary schools curricula so 
limited? Are students interested in these 
subjects? Do students recognize the impor-
tance of the knowledge of geosciences in 
everyday life? 

An interest research study was organized 
among 700 secondary school students from 
Greece and Spain by a series of specific que-
stionnaires, in order to investigate their inte-
rest in natural sciences and, more precisely, 
in specific subjects of geosciences. Results 
indicate that the most attractive topics for 
children are Natural hazards and Palaeonto-
logy, dinosaurs occupying a prominent place 
within preferences. Teaching strategies and 
educational innovative techniques also raise 
high interest. Children from Spain have less 
interest in geosciences generally than do 
children of the same age from Greece.

This research showed that Greek stu-
dents rated with the same score biology and 
physics followed by geology and chemistry in 
the same rate and Spanish students showed 
a higher interest on biology, followed by che-
mistry, physics and geology (Table 2). 

Greek students would like to have a Geo-
logy subject in the school at 68,6% but only 
22.9% would think about studying Geology 
in the university. They instead recognize in 
78.2% that geology is useful for other scien-
tists and technicians (engineers, biologists, 
conservationists etc.) and they accept in 
73.8% that basic geological knowledge is 
useful for everyday life of people. Spanish 
students in turn, are less inclined to have a 
Geology subject in the school (32.9%) and only 
15.6% would like to study Geology in the uni-
versity. However, they also recognize in high 
percentage (75.5%) that geology is useful for 
other scientists and technicians (engineers, 
biologists, conservationists etc.) and accept 
in 66.5% that basic geological knowledge is 
useful for everyday life of people. Concerning 
the general interest in geosciences, this is 
confirmed by students from both Greece and 
Spain. The most interesting subjects in total 
score for students from both countries are 
“Natural hazards” and “Palaeontology” and 
the less interesting “The measure of time” 
and “Geological maps”. Both groups give a 
high rate to “Teaching strategies”.

Table 2: Natural sciences interest for Spanish (ESP) and Greek (EL) secondary school students.

ConCluSIonS
The progressive decrease of the amount 

of Geology being taught in schools, both in ti-
me assigned and in contents’ share in scien-
ce programs, could bring highly negative 
consequences to the university background 
and future research and knowledge of Earth.

The interest research of GEOschools 
showed the general interest of students in 
geosciences both in Greece and Spain. The 
high interest of students in some specific 
geosciences topics should perhaps make us 
think on the convenience to drive the curricu-
la contents and teaching strategies towards 
these “interest topics” rather than trying to 
follow a perhaps excessively rigid, or acade-
mic, development of teaching programs.

The ultimate goal of this research is to 
find effective ways of engaging students in 
a new learning approach, and placing Geo-
logy at the same level of other sciences in 
secondary school programmes. The challen-
ge, perhaps, would be how to combine a good 
structural and conceptual teaching of Earth 
Sciences with permanent links to attractive 
interesting topics, i.e. making Earth Sciences 
something present and related to daily life. 
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www.dolomitiproject.it 
info@dolomitiproject.it 

IntroDuCtIon:

T
he Dolomites have been recently sche-
duled in the UNESCO World Heritage 
list (WHL).

The meaning of the Dolomites 
UNESCO World Heritage Site (WHS) revolves 
round geological and landscape points, also 
educational, scientific and cultural perma-
nent formation oriented.

It has been noticed that the property 
values communication is of paramount im-
portance in the Dolomites area (Gianolla P. 
2008). To prioritize the communication me-
ans to achieve the property potential by en-
hancing residents and tourists awareness. As 
a result, this could influence the conservation 
and upgrading of the geo-heritage (Gray M. 
2004)

To extend people’s knowledge of Dolomi-
tes is one of our goal, by a communication 
method which combines emotional domain, 
affective sphere and cognitive value.

Therefore it is necessary to make science 
attractive and funny, easy to be in contact 
with.

Concepts like the synthesis between ge-
ology and landscapes (Thomas M.F. 2012) 
should become popular by means of anthro-
pology, traditional arts and lifestyles, reco-
vering the universally recognized aesthetic 
appeal of Dolomites.

In that way, people should realize that the 
Dolomites World Heritage Site is characteri-
zed by human resources, ideas and inspira-
tions. (Figure 1)

DefInItIon anD methoD:
Beginning with public meeting, than 

listening to local people, Dolomites Project 
Ltd has been  establishing the innovative 
concept of Geomimesis: scope aimed at the 
provision of values of the dolomitic territo-
ry, which provides a reinterpretation of the 
geological record trough educational and 
civic aspects. The concept introduces an at-
tendance time to rediscover what mountain 
environment (specifically Dolomites envi-
ronment) can communicate, beginning with 
the information contained in the rocks and in 
the geological structures and events.

Fig. 1 - Visual interface of the multimedia product “Geological tours in Italy”: from the map, it is possible to select 
geological tours.

The Geomimesis implies a relationship 
between nature and human being, where 
the geological limits become “masters” of 
the community values, looking at a real su-
stainability. Specifically, the story contained 
in the wonderful “book of dolomitic rocks” is 
fraught with suggestions about Universal Va-
lue for the entire humanity (like the UNESCO 
philosophy suggest). In this sense, the Do-
lomites represent a messages of rediscovery 
of the Memory of the Earth, increasing the 
collective awareness in relation with the role 
of the human environment (Turri E. 1974). So 
the stones are no longer considered abiotic at 
all: thanks to the Memory that they contains, 
they could be considered “alive”.

In the Dolomites area there are some good 
examples:

•The	solidarity	expressed	by	the	symbio-
tic Anisian, Ladinian and Carnian biocon-
structors responsible for designing carbo-
nate platforms of the Dolomites (there was 
times when, in response to changes in living 
conditions, the biological world has structu-
red the dynamics of solidarity to cope with 
difficulties).

•The	 reinterpretation	 of	 the	 structural	
geometry of the landscape focused on the 
sense of the geological and physiographic 
limits (the limits of the mountain intrinsi-
cally define the limits of human being and of 
technological and modern approach).

•The	 geochemical	 and	 stratigraphic	
cycles, to emphasize the cyclical nature of 
events and phenomena. Cycles life-death-

life or otherwise regressive and transgressi-
ve dynamics, indelibly marked in the rocks 
sequences across the great mass extinctions 
in geological history so well represented in 
Dolomites. Steps of scale, what happens in 
the large also takes place in the small and 
vice versa. Man’s time and geological time 
like the expression of our “short life” versus 
the deep geological time . 

•The	variety	of	forms	and	the	geomorpho-
diversity (Panizza M. 2001) of Dolomites are 
emblematic of the dynamic equilibrium that 
dominates the ecosystem and that responds 
to the rhythm of evolution inherent of these 
places.

•The	erosion	of	Dolomites	rocks	involving	
reintroduction of carbon in the circle of life.

The aging of this reading provides im-
portant insights values and specifications 
for the placement of the presence of human 
being in a natural context as well as the way 
of settlement of human community, which 
must never be separated from non-interac-
tive and not interfering with the environment 
and the ecosystem.

GEOMIMESIS has an educational dimen-
sion, due to a new approach with the places 
and to the attitude at address widespread 
problems, related to geological risk and to 
the growing trivialization of the mountains. 
It has been noticed that the extension of this 
reading could also be connected with a good 
planning and management of tourism infra-
structure and programmatic administration.
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ConCluSIon:

The communication strategy developed 
by Dolomiti Project Ltd in the Dolomites con-
text follows different paths and points in a 
synthesis between geology and landscape 
that is based on searching “sensory trails”. 
It should be translatable into an appropriate 
tale of images, sounds and graphics for a 
compendium of learning experience, using 
a simple and immediate but right language 
instead of scientific terms.

The results are GEOMIMESIS installations 
that could be permanent or temporary. The 
use of the art as a method of communica-
tion, also through the exhibition of objects 
(containers, devices, fossils, rock samples 
and materials of various kinds) stimulates 
an interaction between discovery and sensory 
sphere (Turri E. 1998).  The operation as a 
whole is intended to return the dimension of 
the Serial Site, going to frame the specific 

nature related appropriately to the presence 
of human beings.

The strong relationship between the na-
tural environment and man is still of great 
importance for education, as well as for cre-
ative development or for the management of 
the territory. 

The connection between particular local 
values with universal values becomes effec-
tive and engaging when during the commu-
nication some skills are considered:

•	the	dimension	of	the	discovery	and	sen-
sory interaction;

•	 the	 choral	 dimension	 of	 the	 property	
going to frame the naturalistic topics rela-
ted appropriately to the presence of human 
beings;

•	the	orientation	dimension	through	the	
use of geographical and place names;

•	 the	 dimension	 of	 development	 of	 an	
educational plan on the KNOWLEDGE together 

with an education plan on the LIFE (with all 
the civic and social implications).

referenCeS:
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aBStraCt

N
atural History museums are institu-
tions devoted to scientific research, 
collections management, science 
education and scientific dissemi-

nation. As such they are important places 
for non-formal education and science public 
outreach. When planning for any sort of ac-
tivity Museu Nacional de História Natural e 
da Ciência (MNHNC) aims to provide reali-
stic experiences that reproduce the scienti-
fic methodologies used by scientists. When 
undertaking these activities, members of the 
museum staff have realized that the public 
reacts very positively when observing sand 
with some sort of magnifying device, which 
made them realize that sand has a great 
potential in engaging people into geology. 
Therefore a new teaching lab was created, 
on the theme “Sand”, mainly addressing 
grain size and composition analyses, which 
is due to be available in the school year of 
2012/13. This new teaching lab will allow ad-
dressing several geosciences domains such 
as: mineralogy, petrology, regional geology 
and geodynamics as well as other scientific 
disciplines such as mathematics (more spe-
cifically statistics), forensic science and even 
life sciences (the presence of bioclasts might 
provide some sense of local biodiversity).

IntroDuCtIon
Since the 21st General Conference in 

Vienna, held in Austria in 2007, the statutes 
of ICOM (International Council of Museums) 
define museum as a  “ (…) non-profit, per-
manent institution in the service of society 
and its development, open to the public, 
which acquires, conserves, researches, 
communicates and exhibits the tangible 
and intangible heritage of humanity and its 
environment for the purposes of education, 
study and enjoyment” (http://icom.museum/

who-we-are/the-vision/museum-definition.
html).  

Museums are, therefore, much more 
than knowledge producers and collections 
keepers’ institutions. They also have become 
knowledge transmitting vehicles that intend 
to reach all kinds of public. Museu Nacional 
de História Natural da Ciência (MNHNC) is no 
exception and it does have a long tradition 
concerning scientific research, collections 
management, science education and scien-
tific dissemination. 

When designing any sort of activity (indo-
ors, outdoors, exhibition or teaching lab) the 
Geology and Mineralogy Department (GMD) of 
the MNHNC aims to improve the interest of 
the public and its knowledge on geology and 
also to enhance its awareness of the impor-
tance of Geology as a science and of Geodi-
versity as part of nature and as a resource 
provider. In order to reach these goals one has 
to be aware that most people that came to 
visit museums are not necessarily aiming to 
learn something but rather to enjoy themsel-
ves. (Falk & Dierking, 2000; Falk & Aldemar, 
2003). This explains why the MNHNC visitors 
claiming to have a high interest in geology 
are not necessarily those who increased their 
knowledge the most, neither are those who 
claim having increased  their knowledge the 
ones that increased most their interest.(Leite, 
2009).  

This is particularly true for visitors that 
are not part of a school group, so it is impor-
tant that when planning activities to assure 
that there is some sort of appealing factor. 
However, the importance of the public from 
schools should not be forgotten and so it is 
also important to consider if the new activity 
is somehow related with school curricula.

In the currently offered teaching labs pe-
ople are able to handle geological samples, 
learning how to identify minerals (through 
some of their physical and chemical pro-
perties), use magnifying devices such as 
the hand lens, the stereo microscope, and 
the polarizing microscope, to observe small 
samples of minerals, rocks’ thin sections and 

sand. Also, at field trips, both in urban and 
natural settings, people can learn to look at 
the world from a geologist’s perspective. The-
se lab activities are not meant to be restricted 
to a set of random manipulations, but instead 
to reproduce as much as possible the steps 
seen in scientific methodologies, using, whe-
never suitable, the same kind of instruments 
used in scientific research, in order to make 
these experiences more realistic. (Póvoas et 
al 2010).

A new teaching lab devoted to the theme 
sand is being created, expanding the offer of 
MNHNC (GMD) educational activities under 
the above considerations. 

    
materIalS anD methoDS

Portugal is a country with a vast coastli-
ne that has a considerable geodiversity. With 
a wide range of outcrops and several kinds 
of geological features to look at, sand can 
be easily overseen. However, it was realized 
that sand has actually a great potential to 
engage people into geology. A simple internet 
search allows us to realize that sand collec-
tion is actually a common worldwide hobby. 
Sand is usually abundant and untreated, so it 
can easily be used in formal and non-formal 
educational settings, leading people to see 
a familiar object from a new and different 
perspective. Besides eolic deposits, sand can 
also be found in river and dam reservoir beds, 
and the study of sandstones, albeit brief, pro-
vides the temporal dimension so characteri-
stic of geology.

Several staff members have recognized 
that the public reacts very positively in ac-
tivities held in indoor and outdoor settings, 
when observing sand with some sort of ma-
gnifying device (see Figure 1 and Figure 2). 
This realization lead to the creation of a new 
teaching lab dedicated to the theme sand, in 
which the study of grain size and composi-
tion will be addressed. When communicating 
a scientific approach by analyzing a sample 
of sand one can find out what was its source 
(or sources) and if it is proximal or distal; 
infer some aspects of sedimentary dynamics; 
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infer some aspects of the local geodiversity; 
and check the possibility of a relation to a 
geological resource.

A set of sand samples representing a 
variety of sedimentary environments is being 
prepared. These samples came mainly from 
national sites (main land and islands) but 
some came from abroad. It is intended to be 
created a virtual data base with photos and 
data concerning the several samples. 

Fig. 1: a – Placer deposit at Granja beach (north of Portugal, roughly 20 km south of Porto); b, c and d photos of a sample of the placer deposit taken under 
the stereo microscope: b – 7x general aspect of the placer, c- 45x grains of garnets, quartz and one grain of tourmaline d- 30x different silicates and oxides.

ConCluSIonS 
Observation and the study of sand can 

provide much more that pretty images. With 
just grain size and composition analysis there 
are several domains of the geosciences that 
can be grasped, including mineralogy and 
mineral resources, petrology, regional geo-
logy and geodynamics. Besides geosciences, 
other scientific fields can also be called upon, 
such as statistics, forensic science (sand mi-

nerals can be used as trace evidence that can 
give clues to where a person or an object has 
been) (Palenik, 2007) and even life sciences 
(the presence of bioclasts might provide so-
me sense of local biodiversity).

One way to make people more aware of 
the importance of geodiversity and geological 
heritage is to enhance their geoscience lite-
racy and their interest in geology. Museums 
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Fig. 2 -  Photos of single grains from different samples taken under the polarizing microscope:  and – andalusite; Ky – Kyanite; ol- olivine; cpx- clinopyroxene

can provide learning and leisure experiences 
that can achieve just that. 
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aBStraCt

T
he multidisciplinary research project 
“PROGEO-Piemonte” aims to achie-
ve a new conceptual and operational 
discipline in the management of the 

geological heritage of the Piemonte Region 
by means of the development of techniques 
for recognising and managing its rich ge-
odiversity at the local and regional scale. 
After a systematic review of inventoried ge-
osites, 9 strategic geothematic areas have 
been chosen to represent the geodiversity of 
Piemonte, each characterized by high poten-
tial for scientific studies, enhancement of 
public understanding of science, recreation 
activities and for economic support to local 
communities. Critical aspects to advancing 
knowledge about the geological history of the 
Piemonte Region, climate and environmental 
changes, natural hazards, soil processes and 
georesources have been considered. Scienti-
fic concepts and techniques have been cou-
pled with didactic interests and products: not 
only geosites but also museum collections, 
evidences of mining activity and quarrying, 
science exhibits and nature trails. The dis-
semination of our work to the general public 
started with the support of Virtual Reality 
MultiMedia Park (VRMMP, Torino); we focused 
on 3D virtual environments with interactive 
and immersive audiovisual interfaces, which 
can shed light over many issues concerning 
geodiversity and geoheritage.

IntroDuCtIon
“Geoheritage” is a generic but descripti-

ve term applied to sites or areas of geologic 
features with significant scientific, educatio-
nal, cultural, or aesthetic value (O’Halloran et 
Al., 1994). Geoheritage is part of the landsca-
pe whose meaning encompasses an area, as 
perceived by people: its character is the result 
of the action and interaction of natural and/
or human factors (European landscape con-

vention of Firenze, 2000). For addressing the 
study of the geoheritage of Piemonte Region 
(NW-Italy), we proposed this project (Giardino 
et Al., 2011) that has been funded for the 
2012-2014 time span; we analysed landsca-
pes to detect the variables and mechanisms 
that controlled the regional geological and 
geomorphological evolution and their rela-
tionships with human activities.

We considered different techniques for 
identifying and managing geodiversity at 
the national, international and global sca-
le (Serrano & Ruiz Flano, 1995; Ellis, 1996). 
Since management of any natural heritage 
requires a balance between the need to pro-
tect and enhance the natural heritage and 
the legitimate needs of local populations or 
visitors, we modelled our approach to that 
of the European ProGEO association, devoted 
to geodiffusion activities and to the establi-
shment of an international network for geo-
site inventory and conservation.

Even if the site-based approach has 
worked extremely well for geoconservation 
(Wimbledon et Al., 1999), geosites cannot by 
themselves maintain and enhance geodiver-
sity. Their benefits to geoconservation can 
be enhanced by a PROactive management 

of “geothematic areas”, where GEOlogical 
heritage will be improve with conservation 
practices, action plans and active local com-
munities.

GeoDIverSIty of the pIemonte reGIon
In the case of the Piedmont region, the 

diversity of its geological heritage, that is 
known worldwide thanks to thousands of 
scientific publications produced by Italian 
and international research teams, may serve 
to illustrate the concepts expressed above. 
This geological heritage that includes rem-
nants of a typical collisional belt composed 
of stacked, deeply metamorphosed, conti-
nental and oceanic units, post collisional 
sedimentary basins developed in a highly 
mobile geodynamic setting, and Quaternary 
landforms and deposits related to recent exo-
genetic processes, represents a cultural and 
environmental wealth that must be diffused, 
preserved and valorized not only for education 
and scientific reasons but also for economic 
interests.

An innovative “visual” approach can be 
proposed for the assessment and manage-
ment of the geoheritage of the Piemonte Re-
gion (Figure 1a-e) by considering both its ge-

Fig. 1. “Visual” approach of the PROGEO-Piemonte project (see text for description).
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ographical/administrative components (a), 
and geological diversity (b). Earth scientists 
use different colours to highlight different 
geological units belonging to different geoen-
vironments, in term of distinctive processes, 
materials and position in the Earth structure: 
a regional geodiversity whose analogue can 
be individualized in the disassembled Rubik 
cube (c). Proper activities of geoheritage pro-
motion and management can be developed 
first by selecting (d) geological and territorial 
components of the geodiversity (as different 
colours in the Rubik cube) and then reassem-
bling (e) them, in order to balance natural 
heritage protection with sustainable tourism.

proaCtIve manaGement of 
GeoloGICal herItaGe

Our project aims to achieve a new com-
prehensive conceptual and operational 
discipline in the management of the geolo-
gical heritage of the Piemonte Region. Our 
assumption is that geoheritage sites (“geo-
sites”) can serve both the public and private 
interests, our activities  contribute to the 
quality of life in the Piemonte region by:

 identifying symbols of the Piemon-
te geoheritage, with large numbers of visitors 
attracted, in order to stimulate respect for 
nature;

 conducting advanced scientific 
researches on geosites to enhance regional 
Earth Sciences knowledge;

 enhancing the awareness on natu-
ral resources or hazards;

 promoting geosites as valuable 
products – not only as commercial material 
resources, but also as cultural and geotouri-
stic assets bringing enjoyment to individuals;

 elaborating strategies for driving 
economical support to local communities 
responsible for geoheritage management.

The foundations of our project are in the 
Regional Geosite Inventory by the Centre for 
Geodiversity and Geoconservation (Regional 

Fig. 2. Rubik cube describing the disassembled Geothema-
tic areas of the PROGEO Piemonte project. 

Natural Sciences Museum and University of 
Torino). A critical review of the inventoried ge-
osites has been performed. Since geodiversi-
ty is a complex matter with a disassembled 
character, either for its variegated geological 
contents or its disperse distribution due to 
landscape fragmentation, we reassembled it 
by using key-themes. Nine (9) strategic “ge-
othematic areas” have been individualised to 
offer a complete representation of the geodi-
versity of Piemonte (Figure 2).

prelImInary reSultS of the 
multIDISCIplInary reSearCh proJeCt

Each “geothematic area” is characteri-
zed by high potential for scientific studies, 
enhancement of public understanding of 
science, recreation activities and for eco-
nomic support to local communities. Asses-
sment of geodiversity contents of each area 
has been conducted to extract useful con-
tents to be re-organized for different possible 
points of view (accessibility, Earth Sciences 
contents, climato-touristic indexes) either 
within the same area or by criss-crossing 
different themes.

Specialized research teams of different 
scientific backgrounds (Structural Geology, 
Sedimentary Geology – Stratigraphy - Pale-
ontology, Petrography, Mineralogy, Physical 
Geography - Geomorphology, Lichenology) 
analyzed critical aspects to advancing 
knowledge on the geological history of Pie-
monte, climate and environmental changes, 
natural hazards, soil processes and geore-
sources (Borghi et Al., 2012; Costa et al., 
2012, d’Atri et Al., 2012, Lozar et al., 2012, 
Rolfo et Al., 2012).

For the development of geodiversity ac-
tion plans, a selection has been performed 
within the studied geosites. Our preliminary 
choice has been devoted to sites being part 
of relevant geothematic areas: they offer a 
system of relationships between the envi-
ronmental and human history, and can be 
easily understood by a broad public.

A series of experiments have been carri-
ed out to evaluate best solutions for visual 
representation of geological processes and 
present/past evolutionary scenarios of lan-
dscapes. With the support of Virtual Reality 
MultiMedia Park (VRMMP, Torino) we focused 
on 3D virtual environments with interactive 
and immersive audiovisual interfaces, which 
can shed light over many issues concerning 
geodiversity and geoheritage.

Didactic materials have been produced 
for science exhibits (European Researcher’s 
Night; “ScopriAlpi” in the Alpi Cozie Geopark) 
and made available to teachers for local scho-
ol projects and natural science museums of 
Piemonte. Long-term objectives and short-
term targets for geodiversity actions will 

meet the requirements of local communities 
in the geothematic areas. Local partners will 
offer human and financial resources for the 
achievement of these objectives.

The TIQMS, Territorial Integrated Quality 
Management System (Beltramo & Duglio, 
2010), have been set up for analysing the ma-
nagement of an Alpine geosite from different 
points of view, connected to quality, climate, 
environment, landscape, occupational health 
and safety, social responsibility (following the 
ISO standards) and the European Landscape 
Convention.

ConCluSIonS 
The recognition of scientific, envi-

ronmental, economic values of geodiversity 
will support the proposal of Geoconservation 
guidelines for the Piemonte Region, including 
planning considerations, tourism and su-
stainable development strategies in general. 
Among other outcomes, the scientific results 
and dissemination activities are currently 
uploaded to the Project website and will pro-
gressively updated during the next two years 
of the project duration (Magagna et Al., 2012).
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aBStraCt

I
n Italy, the interest for geoconservation 
is greater than ever including a rising 
awareness that there is still much to do 
especially at a regional and local level, 

where institutions and communities work to 
become more and more dynamic in actions of 
protection and enhancement of their geohe-
ritage.

The present paper has not the character 
of scientific research but it illustrates an 
example of how an association of envi-
ronmental protection, structured in regional 
and thematic working groups, through the 
involvement of professionals, public autho-
rities, researchers, academics and teachers, 
can become a benchmark for study, research 
and promotion of the geological heritage.

During the past 20 years in Italy, the SI-
GEA (Italian acronym for “Italian Society of 
Environmental Geology”) has planned a ran-
ge of geoconservation activities, mainly after 
the organization of the Second International 
Symposium on the Conservation of Geological 
Heritage/World Heritage (Rome, 1996) in col-
laboration with the European Association for 
the Conservation of the Geological Heritage 
(ProGEO) and the National Geological Survey. 
At present, the plan for the future is to de-
epen the relationship with geoconservation 
specialists and local administrators, not only 
in Italy but also in the Mediterranean area, 
together with ProGEO. 

IntroDuCtIon
Since the approval of the “Declaration of 

the Rights of the Memory of the Earth” in Di-
gne in 1991 (Martiny & Pages, 1994), in Italy 
like most countries in the world, the scientific 
and public community has begun to get more 
and more interest in the protection and the 
management of areas of geological interest 
(ProGEO, 2011; Wimbledon, 2011). This hi-
gher awareness has resulted that in some 
Regional and Provincial administrations ha-
ve produced laws for the protection of their 
most significant geosites.

During all these years, ISPRA (Italian 
Institute for Environmental Protection and 
Research) and public administrations, uni-

versities and research centres and also the 
SIGEA have had a relevant key role in Italy 
for the development of “Geoconservation” as 
an emergent geoscience (Henriques et al., 
2011).

The SIGEA directly (organizing meetings, 
workshops and excursions) and indirectly 
(participating and sharing information with 
different partners at national, regional and 
local scale) has contributed to raise aware-
ness for study, research and promotion of the 
geological heritage in Italy. This effort has led 
many researchers to study with a more and 
more scientific approach and local admini-
strators to pursue positive actions of ratio-
nale and sustainable use of areas of relevant 
geological interest.

What’S SIGea?
SIGEA is an Italian association structured 

in regional working groups coordinated by a 
national executive committee. It is open not 
only to geologists, but to all the people who 
have an interest in any of the topics related 
to the “Environmental Geology” subject. It 
has been founded in Rome on the 12th May 
1992 and it was recognized by the Ministry 
of the Environment as an association of en-
vironmental protection at national level, in 
accordance with the article 13 of the Law 
349/1986, amended in Italian Official Journal 
n. 127 of 04/06/2007. 

Since 1993 SIGEA publishes the “Geolo-
gia dell’Ambiente” (The Geology of the Envi-
ronment), a quarterly journal distributed to 
members and many institutions and organi-
zations in Italy. Recently, the website (http://
www.sigeaweb.it) has been updated in order 
to make it easier to navigate and where the 
most significant publications edited by SIGEA 
can be downloaded. 

SIGEA aims to promote the advancement 
and the diffusion of the Environmental Geo-
logy and to encourage the coordination and 
the collaboration at interdisciplinary level. In 
particular, it pursues its goals through the 
following activities: diffusing the knowled-
ge of Environmental Geology at educational 
and university levels; approaching the public 
through conferences, excursions, debates, 
etc.; encouraging publications of technical 
handbooks or textbooks; organizing profes-
sional and training courses on traditional 

and new topics; collecting, coordinating and 
publishing information and studies on Envi-
ronmental Geology; cooperating with national 
and international organizations and public 
administrations sharing similar goals.

In addition, the SIGEA has established 
some working groups related to important 
aspects of its activities. One of these thema-
tic areas is on the “Geological Heritage and 
Geosites” and it aims to promote the role of 
the Earth Science in the protection of the ge-
ological heritage and to transfer the informa-
tion and the knowledge on geoconservation 
principles and the sustainable management 
of geosites in Italy.

SharInG InformatIon on the 
GeoloGICal herItaGe

During the last 20 years, on the topics 
related to the VII International Symposium on 
the Conservation of the Geological Heritage, 
SIGEA has been very active and at the same 
time been the official representative in Italy 
of ProGEO.

The first works have covered the most 
important geological landscapes in Italy 
and have been published as reports (SIGEA, 
1994-95). The interest in geoconservation 
principles and in geotourism opportunities 
has continued with other publications (Fabbri 
& Zarlenga, 1996; Gisotti & Massoli-Novelli, 
1997; Burlando & Gisotti, 1998).

SIGEA has also dedicated some special 
issues to scientific research, planning, moni-
toring and management of geosites (Zarlen-
ga, 1996), on protected areas (SIGEA, 1997), 
on the conservation of the geological herita-
ge, the interpretation of geomorphosites and 
the promotion of geotourism activities, aimed 
to integrate scientific and heritage importan-
ce with the need of local socio-economical 
benefit (Massoli-Novelli, 2002). These pa-
pers show the ideas and actions that have 
moved the geoconservation forward in Italy, 
at local, regional and national level, through 
the enthusiasm and interest of many SIGEA 
members. 

The SIGEA Working Group on “Geological 
Heritage and Geosites”, before named as 
“Geosites and Protected Areas” and coordi-
nated by Mario Bentivenga, has also worked 
to create and organize a preliminary list of 
areas and/or structural units, seen as “Geo-
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sites frameworks” considered representative 
of Italian geology (Benvenuti et al., 1998). 
This working group has also been active in 
the identification, classification and pro-
motion of geosites at national, regional 
or provincial scale (Bondesan & Levorato, 
2008; Brancucci & Paliaga, 2008; Fiore & 
Valletta, 2010; Bentivenga, 2011) and ap-
plying the methodological criteria proposed 
by Arnoldus-Huyzendveld et al. (1995) and 
Wimbledon et al. (1995).

Other significant contributions of the SI-
GEA Working Group have been:

- The organization of advanced and 
specialized courses on geological heritage 
and landscape planning, in collaboration 
with different universities and associations 
in Italy (Roma, 2003-2011);

- The participation with a National 
Research Project (2001-2003) financed by 
the MIUR (an Italian acronym for the “Ministry 
of Education, Universities and Research”) on 
the theme of “Geosites in the Italian landsca-
pe: research, assessment and improvement” 
(Piacente & Coratza, 2005);

- The production of a guideline “In-
teraction between linear infrastructures and 
geological heritage ” in collaboration with 
the ISPRA and the CATAP (Coordination of 
Technical and Scientific Associations for 
the Environment and Landscape) in order to 
define methodologies and operative tools to 
design infrastructures compatible with the 
environmental protection.(Bentivenga et al., 
2010);

- Finally, SIGEA has since 2010 orga-
nized a photo competition “Walking around 
the geological landscapes of Puglia Region” 
including three sections: “Geological lan-
dscapes or geological sites”, “The geology 
before and after man” and “A look at the 
geology of the micro world”.

In the meantime, a number of initiatives 
have been organized by some SIGEA regional 
groups in collaboration with geoparks and 
other institutions. These have contributed to 
raise the knowledge of the geological heri-
tage and the responsibility of local admini-
strators to be aware that the landscape and 
the nature have to be studied, protected and 
enhanced for future generations.

Some of the main national workshops and 
conferences, organized by SIGEA in Italy:

- Roma (20-22 May 1996) for the Se-
cond International Symposium on the Conser-
vation of Geological Heritage/World heritage 
in collaboration with ProGEO and the National 
Geological Survey (Gisotti & Zarlenga, 2000);

- Rionero in Vulture, Potenza (13-14 
April 2002) on the principles of conservation 
and promotion of geological heritage (Fiore et 
al., 2003);

- Genova (27-29 June 2002) with a 
thematic session on the relation between the 
landscape and the geological heritage in the 
context of strategies and policies for the new 
millennium (Gisotti, 2003);

- Piacenza (4-5 October 2008) on the 
debate around geoheritage between conser-
vation or fruition (Gisotti, 2009);

- Sasso di Castalda, Potenza (29-30 
April 2010) attended by many Italian and 
foreign experts presenting 73 abstracts, of 
which 44 were accepted for printing (Benti-
venga, 2011);

- Bari (1 February 2012) on the the-
me “Geoparks and local sustainable deve-
lopment: a Mediterranean common strategy” 
in collaboration with National Forum of Ita-
lian Geoparks and with the participation of 
Nickolas Zorous, EGN (European Geoparks 
Network) coordinator.

DISCuSSIon anD ConCluSIon
Associated members of SIGEA come from 

different areas of research and academic 
studies (Geological and Natural Science, En-
gineering, Agricultural and Forestry Science, 
Land Planning and Management, Landscape 
Ecology, etc.). Starting from this situation, 
among the SIGEA colleagues the awareness 
is rising that the development of geocon-
servation principles is strongly connected 
to a holistic understanding and approach 
to nature conservation, putting in evidence 
the interdependence of all biotic and abiotic 
components of Earth system. For this reason 
it is important to avoid the excessive “reduc-
tionism” and specialization in Earth Science.

In 20 years, SIGEA has promoted and par-
ticipated in different initiatives at national, 
regional and local scale. However, there is 
still much to do, at least for local commu-
nities to become more and more dynamic in 
actions of protection and enhancement of 
their geological heritage.

In future plans of SIGEA, there is the de-
termination to continue the activities of in-
formation and formation for local experts in 
geoconservation management in collabora-
tion with regional institutions and geoparks. 
Besides, there is also the idea to increase the 
own “capacity building” in collaboration with 
ProGEO, establishing stronger links between 
geoconservation specialists and national/
regional authorities and other stakeholders 
directly concerned, not only in Italy but also 
in Mediterranean area. 
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aBStraCt

A 
multimedia product devoted to Se-
condary Schools has been developed, 
proposing geological tours in Italy. It is 
the results of the collaboration among 

researchers, teachers, professionals and In-
stitutions involved in studying or preserving 
geosites. The aim is to stimulate students 
and teachers to explore some Earth Science 
topics through the proposal of real and vir-
tual geological tours, in order to enhance the 
awareness of the Italian geoheritage and the 
inclination to geological field trips.

The design of the multimedia product 
posed a lot of attention to the visual aspect, 
using many pictures and videos accompa-
nied with short captions. A careful selection 
of images was made to bring out the fasci-
nating aspects of Earth Sciences, as well 
as their relevance in everyday life. Both the 
selection of the images and the editing of 
the texts took into account the conceptual 
obstacles in a teaching/learning process of 
Earth Sciences.

A test was set up for different users, in 
order to verify the effectiveness of the multi-
media product. The results will clarify if the 
fascinating aspect, combined with an editing 
awareness of the “hidden” threats to Earth 
Science education, could affect the learning 
process, by stimulating curiosity. The new 
multimedia product is ready for applications 
in the multidisciplinary project PROGEO-
Piemonte (PROactive management of GEO-
logical heritage in the Piemonte region), in-
cluding both the use in the field trips, thanks 
to tablet, smartphone or palm-PC with GPS 
devices and the web dissemination.

IntroDuCtIon
The interdisciplinary research team “C” 

on “Geodiversity action plans for dissemina-
tion activities” is a part of the multidiscipli-
nary project PROGEO-Piemonte (PROactive 
management of GEOlogical heritage in the 

Piemonte region). The role of the team is to 
produce didactic tools for educators, schools 
and public in general, focused on the main 
results obtained by 9 scientific teams invol-
ved in the project (Belluso et al, 2011; Giar-
dino et al, 2011).

This group has been collaborating with 
a the publishing house SEI (www.seieditrice.
com) to edit a multimedia product in Earth 
Sciences devoted to Secondary Schools, en-
titled “Geological tours in Italy” (Figure 1). 
The aim is to stimulate students and teachers 

to explore some Earth Science topics through 
the proposal of virtual and real geological 
tours in Italy.

The editing has been carried out taking 
into account the existence of conceptual 
obstacles for the teaching/learning process 
in Earth Sciences. Particular attention was 
posed to the selection of the images and to 
relate images with texts. Each image would 
trigger curiosity about a geological topic and 
the related caption would give a short and ac-

cessible explanation about it. Besides, tours 
suggest both geological aspects of the geosi-
tes and the relevance of the Earth Science in 
everyday life. The combination between fasci-
nation, wonder, curiosity and the pleasure of 
learning some geological aspects about the 
Italian territory would be a way for enhancing 
the awareness of Italian geoheritage. Due 
to the similarities between the multimedia 
product “Geological tours in Italy” and the 
PROGEO-Piemonte’s aims, we believe that a 
similar product can be realized to dissemi-

nate the geoheritage of the Piemonte region, 
taking advantage of the previous experience 
acquired.

materIalS anD SKIllS
Within the PROGEO-Piemonte project, the 

role of the interdisciplinary group “C” is to 
join different skills useful to make scientific 
products accessible to a non-specialist au-
dience.

Fig. 1 - Visual interface of the multimedia product “Geological tours in Italy”: from the map, it is possible to select 
geological tours.
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To produce virtual tours for the PROGEO-

Piemonte project, the selection of data has 
to be shared with colleagues, reasoning on 
the best data to disseminate. Besides, these 
meetings are useful to plan the web disse-
mination strategy of the project, that will be 
equipped of a dynamic dedicated website.

Cooperation with the interdisciplinary 
research team “A” (Geomatic applications 
for evaluation and management of Piemonte 
geoheritage) is useful to develop mobile mul-
timedia products.

3D virtual environments and a linear vi-
deo for promotional and learning purposes 
are the outputs of the interdisciplinary group 
“B” (Visual representation of geological en-
vironment and processes). They could be in-
cluded as a part of the multimedia product.

Integration of teaching/learning ex-
periences makes the team “C” aware of 
the conceptual obstacles, as well as of the 
“hidden threats to Earth Science education” 
(Huntoon, 2012).

The multimedia product takes advanta-
ge from the collaboration with the publishing 
house. The graphic design of “Geological 
tours in Italy” will be maintained and the 
appropriate changes will be made, basing 
on the feed-back obtained through the test 
of the product.

methoDS
Each virtual tour is composed of an in-

troductory text, several images, videos, short 
captions and downloadable documents. Be-
low, some features:

- High quality images and videos were se-
lected, being meaningful from the geological 
point of view, effective for didactical purpo-
ses, able to stimulate wonder and curiosity 
(Carrada, 2006; Orion, 2007).

- Each image is accompanied with a short 
caption, paying attention to the structure and 
extension of each text and using accessible 
geological terms. To highlight the keywords, 
bold and italic have been used. The goal is 
to provide easily readable text, that quickly 
suggests an image interpretation.

- To facilitate the geomorphological inter-
pretation of the sites, photographs and sche-
mes are supplemented with maps, drawings, 
satellite imagery, aerial photographs, 3D vir-
tual environments and thematic cartography 
(Reynolds et al, 2002). The advantage of a 
multimedia platform is given by the opportu-
nity of proposing several points of view on the 
same subject, at different scales (Figure 2).

- A downloadable document includes a 
list of contacts, book and website references, 
giving suggestions for visiting the proposed 
geosites and discovering other relevant geo-
logic aspects of the territory.

“Geological tours in Italy” and the 
PROGEO-Piemonte project suggest that 
Earth Science is a fundamental discipline in 
everyday life. In this context, attention is paid 
to geological notions, as well as to applica-
tive and cultural aspects of Earth Science, 
having care on arguments like the use of the 
land and the prevention of risks (Penas dos 
Reis & Henriques, 2011).

reSearCh anD hypotheSIS
A test of multimedia product will be car-

ried out, based on different hypotheses of 
fruition by different types of users.

- In- and pre-service teachers: they could 
appreciate the combination between high 
quality images and short captions, as well 
as the variety of multimedia materials offe-
red, in order to support their lectures and to 
introduce some difficult geological concepts. 
In-service teachers could give a feed-back on 
the effectiveness of the product in the tea-
ching-learning process. In-training teachers 
could take advantage in their formation pro-
cess. Both could suggest changes, in order 
to improve the effectiveness with students.

- Students and non-specialist audience: 
at first, they could appreciate the aesthetic 
value of some images, they could be attracted 
by videos and 3D virtual environments. We 
speculate that an attractive image will 
trigger the desire to learn something about 
it. The captions could be read later, as the 
answer to a spontaneous need to deepen the 
knowledge about the object of the images. 
Even if graphs, drawings or more complex 
images are skipped, basilar concepts could 
be effectively transmitted.

Fig. 2 - Integration of overhead and perspective images of the territory helps the comprehension of the geomorphological 
features. As an example, in the figure different kind of representation are used to show the Veny Valley and the Miage 
glacier (Valle d’Aosta region).

The research will lead to the detection of 
conceptual obstacles and the feed-back will 
be useful to improve the multimedia product 
on the Piemonte region.

ConCluSIonS: InteGratInG multImeDIa 
anD fIelD trIpS

This project involves many materials 
and skills, improving and making accessible 
the products of the researches to teachers, 
students and non-specialist audiences. The 
question we posed reasoning on the goals of 
the multimedia product is: how this product 
can be useful not only to enhance the geohe-
ritage of Italy and Piemonte region, but to 
stimulate a real comprehension of the rele-
vance of the Earth Science in everyday life? 
We expect that such a complex product will 
help in interpreting some geomorphological 
aspects of the landscape, but we believe that 
this goal can be more effectively reached lin-
king the multimedia and the field trips.

We will develop this connection using 
augmented reality and QR codes (e.g. on 
explanatory boards in the geosites), as well 
as georeferencing the multimedia materials. 
It will be possible to visit the tours in the 
PROGEO-Piemonte website and to download 
them as an application, to be used offline 
with smartphone, tablet and palm-PC during 
the field trips. This approach would close a 
circle of relations: the users, who used the 
multimedia materials acquired from the ter-
ritory, have the opportunity to verify the cohe-
rence between the virtual and the real tour.
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aBStraCt

T
he Tresayes granitic pegmatite forms 
part of the late-Variscan granite in-
trusions in south-west England. The 
pegmatite was worked intermittently 

in the 19th and 20th centuries for its ortho-
clase which was used in making glaze and 
glass, but its geology has not been described 
since the early years of the 20th century. The 
disused quarry now forms part of a geologi-
cal nature reserve with on-site interpretation, 
but this was installed in 2007 and prelimina-
ry results from new research suggest a more 
complex paragenesis than that on the inter-
pretation panels and the potential for the pre-
sence of high purity quartz. Conservation of 
the pegmatite and appropriately sympathetic 
research could develop currently limited un-
derstanding of high purity quartz genesis. 

IntroDuCtIon
The geology of Cornwall, in South West 

England, consists primarily of upper Palaeo-
zoic clastic sediments deformed in the Vari-
scan orogeny then intruded by post-tectonic 
granites. The multiple intrusions of the St 
Austell granite are chiefly notable today for 
the economically important kaolinisation but 
in the past a range of metal ores, mica and 
feldspar were worked as well as different va-
rieties of ‘granite’ being quarried for dimen-
sion stone and aggregate. Two pegmatites 
were sorted by hand: that at Trelavour Downs 
for lithium mica and the one at Tresayes for 
orthoclase feldspar (Ussher et al., 1909). 
Several sites in the St Austell granite have 
statutory conservation designations as SSSI, 
Sites of Special Scientific Interest, including 
the Trelavour Downs pegmatite (Floyd et al., 
1993). The Tresayes pegmatite quarry is not 
designated as a SSSI, possibly because of 
the absence of any significant research li-
terature, and was finally designated in 2003 
as a RIGS, Regionally Important Geological/
Geomorphological Site, by the geological 
group of the local NGO, the Cornwall Wildlife 
Trust. RIGS are non-statutory but appear as 
constraints on land-use planning maps. The 

quarry had already been partially infilled by 
china clay waste and domestic rubbish, and 
is also partially flooded resulting in an eco-
logically interesting wetland habit in addition 
to the geological interest of the remaining 30 
m long, 4 m high north-south quarry face. The 
conservation value was emphasised in 1999 
(Macadam & Shail, 1999) and in 2001 the 
owner, Goonvean, a kaolin producer, leased 
the quarry to the Trust for 25 years as a geolo-
gical nature reserve. The long-term lease not 
only allowed management for conservation by 
the Trust but also allowed the latter to draw 
down grants for this purpose. 

InterpretatIon for the puBlIC
The first author was invited to produce 

interpretation of the geology for the St Austell 
area as part of a sustainable tourism initiati-
ve of the local LEADER board, after successful 
interpretation elsewhere in Cornwall (Maca-
dam, 1995; Macadam, 1998). These initiati-
ves were funded by a mixture of LEADER (a 
European project), local government, indu-
stry, the National Trust and English Nature 
(now Natural England, the statutory nature 
conservation body). The St Austell interpreta-
tion was published in 2001 (Macadam, 2001) 
and included a pack of laminated cards, one 

of which was for the “Pig’s Egg Trail”, which 
included Tresayes as well as Bodelva China 
Clay Pit (now the site of the Eden Project) in 
which large twinned orthoclase crystals (cal-
led “pig’s eggs” by the clay-workers) could 
be collected. 

Some years later the first author was 
invited by Cornwall Wildlife Trust to use En-
glish Nature funding for interpretation of the 
Tresayes Quarry Nature Reserve. As part of 
good interpretive practice (Veverka, 1994) an 
interpretation strategy was produced. Since 
the quarry was hard to find the interpretation 
plan was to link the quarry to the well-known 
Roche Rock (a quartz-tourmaline tor 1 km 
away) by a trail with its descriptive leaflet 
available in local shops and on-line. Other 
parts of the plan included an interpretive pa-
nel with the theme “Roche Rock is a special 
place for geology, wildlife, history and local 
people and visitors – for hundreds of years” 
set unobtrusively in a granite boulder besi-
de the main access path, with the granite 
contrasted to the quartz-tourmaline of the 
Rock and so part of the interpretation. At 
Tresayes there are two panels set 20 m apart 
along the main 30 m long N-S quarry face. 
These are interactive, with a question about 
the sequence of crystallization posed in the 

Fig. 1 First panel at Tresayes: “Every rock tells a story! Or two or three”
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first panel and answered in the second. The 
text of the panels follows Tilden’s mantra for 
interpretation of “Provoke, Relate, Reveal” 
(Tilden, 1957). The panel texts, and indeed 
the draft panels, underwent formative testing 
with both experts and the local community in-
volved. The heading for the first panel (Figure 
1) is “Every rock tells a story! Or two or three” 
while the second panel (Figure 2) has “The 
plot thickens!”. To match these, the next layer 
down is “A tall story…” (about the geology), 
“A gritty, human story…” (about the workers) 
and “A caring sharing story …” (about the 
nature reserve) plus the inter-active “A de-
tective story…”. The panels can be down-
loaded as pdfs, as well as the leaflet, Roche 
Rock & the Tresayes Trail (Macadam, 2007), 
from both the Earthwords and the Cornwall 
Wildlife Trust websites. The panels were in-
stalled in 2007 and the reserve is managed 
both for its geology and ecology, as well as to 
maintain access.

In 2012 the second author, already wor-
king on pegmatites in Norway, became invol-
ved and produced an initial analysis of the 
granitic pegmatite. The pegmatite appears 
to be sheet-like, dipping variably (20 – 40°) 
to the west, and has a maximum visible 
thickness of approximately 4 m. The pegma-
tite is primarily quartz and K-feldspar, with 
accessory minerals of tourmaline, cordierite, 
biotite and muscovite micas, apatite, colum-
bite and (arseno)pyrite. The pegmatite is cut 
by coarse quartz-tourmaline veins up to 6 cm 
thick and dipping west, which in turn are cut 
by ‘blue elvan’ i.e. fine grained quartz-pla-
gioclase (and variably tourmalinised) aplite, 
reminiscent of the quartz-tourmaline schorl 
of Roche Rock.

Locally, the K-feldspar phenocrysts appe-
ar fragmented and infilled with low-tourma-
line aplite and coarser quartz-K-feldspar 
intergrowths (Figure 3a). Additionally, 0.2 m 
killas xenoliths appear incorporated into this 
phase of the pegmatite. This may represent 
a forceful emplacement of the later aplitic 
phase.

Textures are typically pegmatitic; extre-
mely coarse crystal sizes and massive mine-
ral phases which are often aligned perpen-
dicular to direction of crystallisation. Worthy 
of note is the inward growth texture of quartz 
crystals between two parallel K-feldspar 
megacrysts (Figure 3b), very different to the 
massive quartz observed in the pegmatite co-
re. This is reminiscent of hydrothermal quartz 
growing between two fracture surfaces, and 
perhaps is indicative of several phases of 
quartz crystallisation. Recent work (e.g. 
Müller et al., 2008) indicates the potential 
for secondary quartz to be of a higher purity 
than primary magmatic quartz; the Tresayes 
pegmatite could be utilised as an important 

Fig. 2 Second panel, 20 m further on: “The plot thickens!”

Fig. 3 Brecciated K-feldspar megacrysts and infilling aplite (a) and hydrothermal quartz textures (b) in the Tresayes 
pegmatite

model for high purity quartz formation el-
sewhere in Cornwall.

ConCluSIonS
Tresayes Quarry was known to the geo-

logical community but it had no protection 
through the planning system until 2003. Con-
servation allowed sympathetic development 
with interpretation for sustainable tourism 
(“geotourism”) and education in 2007. The 
pegmatite is also now available for research 
into the genesis of high purity quartz, the re-
sults of which will need to be incorporated 
into revision of the interpretation, which in 
any case would need to be renewed after ten 
years.
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aBStraCt

T
his work describes the students’ per-
spective obtained by the end of the first 
curricular year of the master degree on 
Geological Heritage and Geoconserva-

tion, offered by the University of Minho, Portu-
gal. The different activities and assignments 
gave the students the capacity and the com-
petences to deal in the future with issues in 
the domain of geodiversity, and geological 
heritage for land using planning, geoconser-
vation, and geotourism. All these tools and 
knowledge are essential for the development 
of a thesis research during the second year 
of this master degree.

The master on Geological Heritage and 
Geoconservation is a two-years post-gra-
duation degree offered by the Earth Sciences 
Department of the University of Minho, Bra-
ga, Portugal (Brilha et al., 2012). Running 
uninterruptedly since 2005, this is the only 
post-graduation degree in the world totally 
devoted to this domain.

The master degree provides general 
and technical competences that will help 
students to better understand all aspects 
related with geological heritage and the im-
portance of geoconservation in society.

During the first year of the master de-
gree students have to complete eight cur-
ricular units: “Geodiversity”, “Biodiversity”, 
“Geomorphology and Landscape Evolution”, 
“Tools applied to Geoconservation”, “Geocon-
servation Strategies”, “Geoconservation and 
Society”, “Heritage and Culture”, and “The-

mes and Examples of Geoconservation”. The 
second year of the master is dedicated to the 
development of a thesis or a project.

The coordination of the master degree 
takes the practical component of the tea-
ching very seriously. Students are engaged 
with hands-on assignments in many of the 
curricular units, developing the competences 
that will help them to solve real problems in 
the future. Some team works were promoted 
in pilot areas allowing the use of assorted 
knowledge and techniques learnt during 
classes. In what concerns the modules rela-
ted with geodiversity and geological heritage 
characterization, the following projects were 
developed in some areas of northern Portugal:

i) Identification of all geodiversity ele-
ments categorized by rocks, minerals, fossils, 
landforms, and soils, based on bibliographi-
cal references and fieldwork. The values and 
threats of these geodiversity elements were 
also characterised.

ii) Considering the different occurrences 
of geodiversity elements, some geosites we-
re selected and assessed using quantitative 
methods.

iii) Regarding management issues, th-
reats and possible solutions were evaluated 
for these geosites, together with the deve-
lopment of proposals for their geological 
interpretation applied to general public and 
school children.

In what concerns the modules related 
with geoconservation and society, students’ 
teams have developed the following activi-
ties:

i) Evaluation of the awareness of uni-
versity students from other study domains 

regarding geological heritage and the im-
portance for its conservation;

 ii) Fieldwork in the Arouca Geopark in 
order to understand if its creation was really 
a benefit for local populations;

iii) Web survey based on some geoparks 
of the European Geoparks Network to un-
derstand how they work and why they were 
implemented.

A fieldtrip in northern and central re-
gions of Portugal allowed students to know 
and understand some of the most significant 
landforms of these regions. This field activity 
was integrated in the curricular unit of “Ge-
omorphology and Landscape Evolution” and 
was assessed by individual written reports. 
Some other fieldtrips and projects were de-
veloped under the scope of “Heritage and 
Culture” curricular unit, exploring the rela-
tionships between mining and archaeologi-
cal heritage with cultural factors.

In conclusion, the different types of acti-
vities and assignments done during the first 
year of the master degree were very important 
for students to better understand the multidi-
sciplinary of geoconservation and how diffe-
rent problems can be solved using different 
types of methodologies linked to land use 
planning, conservation, management, etc. In 
particular, students learnt that an integra-
ted approach using detailed bibliographical 
data, fieldwork and different skills, could be 
effective to achieve problems’ solution. 
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a geological cross - section 
through the southern apennine 
thrust belt

IntroDuCtIon

T
he Southern Apennines represent a NW-
SE oriented segment of an arc-shaped 
thrust-belt extending from the northern 
Africa to the Alps including the Magre-

bian area in Sicily, the Calabria arc and the 
central and northern Apennines (see Gueguen 
et al., 1998, for a regional scheme of the Me-
diterranean area). The considered sector is 
bounded by major transversal tectonic linea-
ments, represented by the Sangineto - Pollino 
faults to south and the Tremiti - Ofanto faults 
to north (Figure 1). According to the current 

Fig. 1 - Synthetic geological map of the central and southern Apennines and surrounding areas (Critelli & Le Pera, 1998, 
modified).

models (Malinverno & Ryan, 1986; Doglioni, 
1991; Gueguen et al., 1998; Rosenbaum e 
Lister, 2004; Mattei et al., 2007; Patacca & 
Scandone, 2007), the Southern Apennine arc 
originated above the NW dipping subduction 
of the African palaeomargin, represented by 
the Adria - Apulian element, beneath the Eu-
ropean margin. The Tyrrhenian sea opened 
as a backarc basin starting from the early 
Miocene, due to the southestwards retreat of 
the subduction hinge. Backarc opening was 
accommodated by a series of extensional 
faults, whose activity was synchronous with 
thrusts in the frontal sector of the Apennine 

chain (Kastens et al., 1988), in a time span 
comprised between Late Miocene-Pleistoce-
ne. Therefore, contractional and extensional 
tectonics migrated progressively towards the 
E-SE, according to the displacement of the 
subduction hinge in the same direction (Do-
glioni, 1991).

The geological history of the Southern 
Apennines thrust-belt is connected with the 
complex geodynamic evolution of the Mediter-
ranean Sea, reflecting the interaction between 
the African and the European plates. During 
the Triassic-Jurassic time, the Africa - Euro-

pe continental separation led to the opening 
of the so-called Ligurian - Piedimont Ocean 
that is considered the western branch of the 
Alpine Tethys Ocean (Stampfli et al., 2002). 

Fig. 2 - The Southern Apennine depositional realms du-
ring Cretaceous-Paleogene times according to palaeoge-
ographic model proposed by Mostardini & Merlini (1986).

In the same time interval, the northern margin 
of the African plate was characterized by a 
series of fault-bounded structural highs and 
lows, which favoured the formation of a series 
of platforms and basins. The main palaeodo-
mains were, from W to the E, the Apennine 
or Campano-Lucana Platform, the Lagonegro 
Basin and the Apulian Platform (Figure 2).

The Mesozoic paleogeographic domains 
have been progressively inverted when we-
stward subduction of the Piedmont – Ligurian 
ocean was activated during the late Creta-
ceous – Eocene times (Knott, 1994; Cello & 
Mazzoli, 1999). This led to the formation of 
an accretionary wedge, which collided with 
the northern African paleomargin during the 
Early Miocene.

A stack of tectonic units derived from the 
Mesozoic paleogeographic domains domi-
nates the present-day structure of the Sou-
thern Apennines (Figure 3). From the top to 
the bottom the units are: i) the Liguride and 
Sicilide complexes, derived from the Liguride 
– Piedmont ocean and the ocean to continent 
transition; ii) units derived from inversion of 
the northern African paleomargin, namely, the 
Campano-Lucana Platform, the Lagonegro 
Basin and the Apulian Platform. The litholo-
gies of the 

Fig. 3 - Schematic representation of the geometric relationships between the tectonic units of the Southern Apennines in 
correspondence of a transects cutting across the Campania and Basilicata regions.
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main tectonic units are briefly summa-

rized below.
The Liguride Complex, (Ogniben, 1969) 

consists of a deep-water sedimentary suc-
cession scraped off from the subducted crust 
of the Ligurian – Piedmont Ocean. According 
to the scheme proposed by Bonardi et al. 
(1988) it is possible to distinguish a lower 
portion, called the Frido Unit, composed of 
slightly metamorphosed sedimentary rocks, 
including lenticular bodies of mafic and ul-
tramafic rocks. This unit is overlain by the 
Episcopia-San Severino tectonic mélange, 
mostly made up of metapelites, huge blocks 
of serpentinites, granulites, amphibolites and 
granitoids. A non-metamorphic unit, identi-
fied as the North-Calabrian Unit, is present 
upwards. The sequence consists of pillow ba-
salts overlain by upper Jurassic radiolarites, 
shales and quartzarenites (Timpa delle Murge 
Fm), black shales (Crete Nere Fm) and mixed 
calcareous-siliciclastic turbidites (Saraceno 
Fm). Units whose provenance was closer to 
the northern paleomargin of the Africa plate 
have been referred to as the Sicilide Complex 
(Ogniben, 1969). These are made up of a Cre-
taceous – Miocene succession which includes 
varicoloured clay and marly limestone.

The succession of the Campano-Lucana 
Platform consists of a thick pile of shallow-
water Meso-Cenozoic carbonates, formed in 
peritidal to lagoonal environments (Alburno-
Cervati-Pollino Unit), passing laterally to the 
adjacent marine basins through gently dip-
ping slopes characterized by bioclastic and 
detrital resediments (Capri-Bulgheria and 
Monti della Maddalena Units; D’Argenio et 
al., 1973; Scandone & Bonardi, 1968; Mar-
sella & Pappone, 1987; Carrannante et al., 
1999; Iannace et al., 2005).

The succession of the Lagonegro Basin 
consists of Meso-Cenozoic shallow-water to 
pelagic sediments, recording a progressive 
subsidence below the CCD. These are repre-
sented initially by shallow-water siliciclastic 
deposits (Monte Facito Formation), followed 
upward by pelagic cherty limestones (Calcari 
con Selce Formation), cherts and radiolarites 
(Scisti Silicei Formation) and finally by sili-
cified marls and clays (Galestri Formation; 
Scandone, 1967).

The Apulian Platform succession consists 
of a thick pile of Meso-Cenozoic shallow-
water carbonates stratigraphically overlying 
a Permian-Triassic evaporite-siliciclastic 
succession (Crescenti, 1975; Mostardini & 
Merlini, 1986; Ricchetti et al., 1988). The 
entire succession has been drilled in the 
Puglia 1 exploration well and partially crops 
out in the Monte Alpi tectonic window (Figure 
1; Van Dijk et al., 2000).The inversion of the 
relative motion between the African and the 
European plates led to convergence in the 

Apennine-Apine system since the Cretaceous 
time. As a consequence contractional defor-
mation involved the southern sector of the 
Ligurian-Piedimont ocean and, in turn, the 
northern margin of the African plate during 
the Oligocene time. As the orogenic wave mo-
ved toward the foreland, the previously cited 
paleodomains experienced contractional de-
formation with the development of a series of 
E-NE-vergent low angle thrusts and NW-SE 
trending folds. 

During contractional stages a first series 
of piggyback basins were originated and la-
ter involved in mountain building processes. 
Remains of these basins, showing progressi-
vely younging toward the foreland, represent 
a useful geological marker for giving age 
constraints to the tectonic evolution of the 
southern Apennines. 

Deposits of the older piggyback basins 
are represented by the lower Miocene Albidona 
Formation. According to Bonardi et al. (1985) 
and Lentini et al. (1987), these deposits seal 
the tectonic contact between the Ligurian and 
the Campano Lucana Platform units as well 
as the contact between the Campano Lucana 
Platform and the Lagonegro units.

The middle-upper Miocene piggyback de-
posits, generally referred to as the Irpinian 
basin (Pescatore, 1988), are represented by 
the deep-sea turbidites of the Serra Palazzo, 
Gorgoglione, Castelvetere and Faeto Forma-
tions. Sedimentation of the Irpinian units fol-
lowed the tectonic closure of the Lagonegro 
Basin. 

The renewed contractional tectonics du-
ring the Messinian-Pleistocene time caused 
the deformation of Irpinian basin and the nor-
theastward translation of Southern Apennine 
accretionary wedge on the Apulian Platform. 

During the Plio-Pleistocene time deposits 
of piggyback basins unconformably overlay 
the southern Apennine allochthonous sheets 
filling the major structural depressions (Ofan-
to, Sant’Arcangelo, Potenza and Anzi-Calvello 
basins). The Sant’Arcangelo Basin (Caldara 
et al., 1988; Hippolyte et al., 1994) is defined 
as a triangular-shaped basin, bounded by 
oppositely verging thrusts (Benvenuti et al., 
2006). Following Pieri et al. (1994) the basin 
infill, up to 5 km in thickness, is made up 
of four depositional sequences, bounded by 
major basin-wide unconformities, spanning 
from the late Pliocene to the middle Pleisto-
cene. Every sequence is composed of diffe-
rent lithofacies assemblages recording cyclic 
activation of fluvial, deltaic, shallow marine 
(Caliandro, Agri and Sauro cycles) and la-
custrine (San Lorenzo Cycle) environments, 
with evidence of synsedimentary tectonics 
(i.e. growth faults or folds). 

The frontal portion of the Southern Apen-
nines consists of imbricate thrust sheets, ma-

de up essentially by Irpinian and Lagonegro 
units that tectonically overlie the Pliocene 
- Early Pleistocene foredeep deposits of the 
Bradanic Trough (Piedilato & Prosser, 2005; 
Palladino, 2011). The allochtonous units are 
thrust over the Plio-Pleistocene sediments 
along a shallow-dipping surface. In turn, 
the imbricate thrust sheet is unconformably 
covered by Early-Middle Pleistocene foredeep 
deposits. The structural setting of this portion 
of the chain may be studied using surface da-
ta integrated by subsurface information, be-
cause of the presence of a series of wells for 
hydrocarbon exploration. Data from seismic 
lines and oil wells have been used to obtain a 
detailed map of the top of the buried Apulian 
carbonates (Crescenti, 1975; Balduzzi et al.; 
1982; Sella et al., 1988; Bigi et al., 1991; Ni-
colai and Gambini, 2007).

Geological data suggest that when the 
southern Apennine nappes overthrusted the 
Apulian carbonates, the foreland area un-
derwent a progressive flexure that was largely 
accommodated by the development of normal 
faults, roughly dipping towards the W-SW. The 
resulting accommodation space was filled up 
with the siliciclastic deposits pertaining to 
the Bradano foredeep (Patacca & Scandone, 
2001). The progressive subsidence affecting 
the Apulian plate, well imaged by published 
seismic lines, is marked by an evident onlap 
contact of the Pliocene siliciclastic deposits 
of the Bradano foredeep on the meso-cenozoic 
carbonates. Starting from the Early Pleisto-
cene the buried Apulian carbonates were 
involved by thrusting, through the activation 
of a series of medium- to high-angle, out-
of-sequence, reverse faults, giving rise to 
a series of structural highs. Actually, some 
structural highs of the Apulian carbonates are 
the main target for hydrocarbon exploration 
in Southern Italy. They commonly show a ste-
ep frontal ramp usually connected to oblique 
lateral ramps characterized by a significant 
strike-slip component. The main example is 
the Stigliano ramp (Catalano et al., 1993; Mo-
naco et al., 1998; Lentini et al., 2002), consi-
dered as a prominent Middle Pleistocene out-
of-sequence thrust, bounded southwards by 
the left-lateral Scorciabuoi Fault (Pieri et al., 
1997; Bonini & Sani, 2000; Patacca & Scan-
done, 2001). The latter structure produced 
km-scale left-lateral displacements during 
the Early – Middle Pleistocene times at the 
northern margin of the Pliocene – Pleistocene 
S. Arcangelo basin.

Stop 1 – the GeoloGy of the CraCo 
vIllaGe area

The Craco area displays some of the best 
outcrops of the frontal part of the Southern 
Apennines (Figure 4); therefore it is a key 
area for interpreting the recent evolution of 
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Fig. 4 – Geological map of the Craco-Tempa San Lorenzo area.

Fig. 5 – View of the Craco village from the south. At the right, the old guard tower and part of the village are located at 
the top of steeply inclined Pliocene conglomerates.

impressive morphology of the steeply dip-
ping conglomerate layers where the abando-
ned Craco village is located (Figure 5).

The outcropping lithologies basically 
consist of strongly deformed pre-Pliocene al-
lochtonous units unconformably covered by 
Pliocene thrust top deposits (Ogniben, 1969; 
Lentini, 1979; Lazzari & Lentini, 1980; Carbo-
ne et al., 1991; Patacca & Scandone, 2001) 
(Figure 6). The foredeep succession crops out 
extensively east of the Craco area, along the 
Salandrella River valley.

The allochtonous units are mostly com-
posed of strongly tectonized varicoloured clay 
of Cretaceous – Oligocene age (the so-called 
“Argille Variegate” or “Argille Varicolori”, 
see Ogniben, 1969; Lentini, 1979; Pescato-
re, 1988; Carbone et al., 1991). In this area 
the varicoloured clay can be considered as a 
tectonic mélange (Casero et al., 1988; Roure 
et al. 1991) that includes disrupted beds of 

calcarenite, calcilutite, marl, carbonate plat-
form limestone and quartz-arenite. 

The Pliocene deposits can be divided into 
two cycles separated by an evident unconfor-
mity (Lazzari & Lentini, 1980; Carbone et al., 
1991, Bentivenga et al., 2005). 

The older cycle is generally made up of 
conglomerate and sandstone, bioclastic 
sand and minor marly clay. The marly clay 
outcropping in the upper part of the succes-
sion display an Early Pliocene age and they 
are referred to the Globorotalia puncticulata-
Globorotalia margaritae Zone (Iaccarino & 
Salvatorini, 1982, modified in Foresi et al., 
2000-2001). The cumulative thickness of the 
first cycle can be estimated to approximately 
160 m.

The younger cycle is sometimes marked at 
the base by a sandstone interval, which gra-
des upwards to clays with intervening sand 
levels (Craco clays according to Patacca & 

Scandone, 2001). A remarkable feature of the 
second cycle is the presence of tuff levels, 
which are useful key beds in the monotonous 
clayey succession. Thickness of the second 
cycle ranges between 500 and 600 m. At the 
base of the second cycle, near the sandy in-
terval, we have obtained Early Pliocene ages 
(G. puncticulata – G. margaritae Zone). The 
upper part of the succession is remarkably 
younger (Late Pliocene), and can be related 
to the Globorotalia aemiliana Zone in the 
western side of the Craco hill, whereas near 
Macinecchie it has been referred to the Globo-
rotalia inflata Zone. These data are coherent 
with earlier findings by Bigazzi & Bonadonna 
(1988), which obtained Middle Pliocene ages 
(2.93 ± 27 – 2,60 ± 26 Ma) using fission track 
method on glass fragments from a tuff layer 
sampled in the nearby Tempa Petrolla area.

Detailed geological mapping (Figure 4) 
shows that the Craco area is characterised by 
laterally discontinuous contractional struc-
tures that include thrusts, steeply dipping 
monoclines, backthrusts and non-cylindrical 
folds. Steeply-dipping faults, striking N-S 
to N50E, offset the contractional structures 
(Bentivenga et al., 2005). 

The whole area can be divided into two 
domains characterised by different tectonic 
features, portrayed by the two cross-sections 
of (Figure 6 ) In the north-western part of the 
area (corresponding to Craco village) the two 
Pliocene cycles, together with the varicolou-
red clay, are arranged into a NE – dipping 
monocline striking almost parallel to the bu-
ried front of the Apenninic chain (NW-SE). This 
structure is responsible for the presence of 
steeply dipping layers, formed by conglome-
rates of the first Pliocene cycle, at the base of 
the Craco village.

In the southeastern part of the area the 
deposits are involved in an anticline (Tempa 
S. Lorenzo) (Figure 4). 

Two belts composed of varicoloured clay, 
outcropping along the eastern and western 
slopes of the Craco hill, are related to the pre-
sence of two backthrusts. These structures are 
developed within a triangle zone near the front 
of the Southern Apennines (Figs. 4 and 6). The 
south-western backthrusts dips of about 60° 
to the NE and emplaces the varicoloured clay 
over the upper Pliocene clays of the second 
cycle (Figure 4 and 6). The north-eastern bac-
kthrust carries in the hangingwall the whole 
Pliocene succession, with a well exposed con-
tact between the first and the second cycle. 
This contact is characterised by the onlap of 
the basal sands of the second cycle over the 
bioclastic sands of the first cycle.

Emplacement of the allochtonous units 
generated uplift and tilting towards the NE of 
the Pliocene succession. It can be observed 
that units of the first cycle (Early Pliocene) 
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are steeper than units of the second cycle 
(i.e., Early to Late Pliocene). This suggests 
that active thrust propagation started at least 
during the Early Pliocene in this area of the 

Southern Apennines. Contractional deforma-
tions continued also during and after the Late 
Pliocene, as suggested by dips of 25-30° to-
wards the NNE in the clays of the second cycle.

Fig. 8 – Panorama view of the Aliano badlands.

Stop 2 – the alIanello antIClIne
The Alianello anticline is relatively re-

cent since it involves the Pleistocene coarse 
- grained deposits filling the Sant’Arcangelo 
Basin (Figure 7). The main characters of the 
structure are represented by the N140 - 150 

axial trend, an evident asymmetry and the 
marked lateral thickness variations display-
ed by the conglomerate-sandy strata forming 
the limbs. The fold trend is in good agree-
ment with the NE-SE shortening direction 
recognized in the whole Southern Apennines 
thrust belt. The clear fold asymmetry has been 
related to a SW - directed blind backthrust 
linked to the development of a buried out of 
sequence structures. Therefore, the Alianello 
anticline is considered a fault-propagation 
fold. The asymmetry is displayed by a steeply 
dipping forelimb and a gentle dipping bac-
klimb (Figure 7). The lateral thickness varia-
tion of the conglomerate - sandy beds forming 
the limbs of the Alianello fold is considered a 
clear evidence of the contractional synsedi-
mentary tectonics acting during the Pleisto-
cene time (Pieri et al., 1994). In particular this 
can be observed in the backlimb, where the 
progressive thickness increase of the beds, 
moving away from the fold crest, is clearly 
related to the growth of the Alianello anticline. 
In fact, the progressive uplift of the structure 
during blind thrusting cause the progressive 
steepening of the backlimb with a consequent 
increase in the accommodation space. Above 
the fold, the Sant’Arcangelo Basin deposits 
assumed a wedge-shaped geometry. Pieri et 
al. (1994) suggested that the growth of the 
Alianello fault propagation fold during early 
and middle Pleistocene (large Gephyrocapsa-
P. lacunosa zones) split the basin into two 
parts: in the northeastern part, marine sedi-
mentation continued until the middle Pleisto-
cene (Sauro Cycle), whereas in the southwe-
stern part a lacustrine system developed (San 
Lorenzo Cycle). The syntectonic sedimentation 
during the Alianello anticline’s growth is also 
documented by the progressive unconformity 
realised by the onlapping lacustrine deposits 
onto the soutwestern fold limb.

Fig. 6 – Geological cross-sections showing the most representative structures recognized in the Craco area.

Fig.  7 - Panorama view from the southwest of the Alianello 
anticline. Note as the layers are thinner in the hinge and 
thicker moving toward the backlimb.
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Stop 3 – the alIano BaDlanDS

The badlands area of Aliano is considered 
one of the most striking landscapes that it is 
possible to observe in the Southern Apenni-
ne thrust-belt. Badlands, the Italian term of 
which is “calanchi”, are defined as a form 
of rapid and severe linear erosion acting in 
semiarid climates. They are usually characte-
rized by deeply-incised, transversally V-sha-
ped gullies, separated by steeply-inclined, 
very thinned ridges (Del Prete et al., 1994) 
(Figure 8). The badland erosion is considered 
the main cause of soil degradation leading 
to non-compensated continuous removal of 
productive soils and, consequently, to the de-
sertification. The badland morphology affects 
about one third of the territory of Basilicata 
and occupies most of the hilly areas of the 
Ionic coast inland (Del Prete et al., 1994).

The Aliano badland area develops in the 
correspondence of the Plio-Pleistocene ma-
rine-related clays (“Argille grigio-azzurre” 
and Subappennine clay formations) filling 
the piggyback Sant’Arcangelo Basin and the 
Southern Apennine foredeep area represented 
by the Bradanic trough.

A series of converging geological and cli-
matic factors contribute to the development 
of badlands. The fundamental geological 
condition is the grain size of the silty clays 
that crop out in the areas where the badlands 
are developed. In the Aliano area this condi-
tion is satisfied by the widespread outcrops of 
the “Argille grigio-azzurre” clayey formation. 
Bed attitudes are also considered an impor-
tant factor for badland development. In the 
Aliano area the “Argille grigio-azzurre” clay 
is exposed in a gently NE-dipping monocline, 
probably connected to contractional tectonics 
during the Pliocene - Pleistocene time. Com-
monly, when affected by erosion, monoclines 

Fig. 9 – Particular of “biancane” protected at the top by a 
bush of “Pistacia lentiscus”, a typical plant belonging to the 
“macchia mediterranea”.

assume typical flat iron geometry. In the Alia-
no monocline badlands develop always on the 
S-SW-facing, steeper slopes. The maintenan-
ce of the characteristic concave topographic 
profile is guaranteed by the local occurrence 
of conglomerate bodies capping the “Argille 
grigio-azzurre” clays or by vegetation (often 
represented by Pistacia lentiscus, a typical 
plant belonging to the “macchia mediterra-
nea” (Fascetti et al., 1990; Bentivenga & Fa-
scetti, 1999). Along strike, badlands can form 
a series of well-developed fronts that can be 
followed for many tens of metres. Badland 
fronts show average dip angles comprised 
between 35 and 45°. 

Climate factors play a fundamental role in 
the development of areas affected by badlan-
ds erosion. Elevations in the Aliano area are 
comprised between 163 and 395 m a.s.l. By 
climate studies this area is characterized by 
a dry period that span from middle May to late 
September. The average annual temperature 
is equal to 14.2° C and for eight months at 
year it is constantly above 10° C. During the 
dry periods this value range from 21.6° C and 
24.6° C. The average annual precipitation 
amounts to 723 mm. By these considerations 
the climate of Aliano badland area is typically 
Mediterranean. 

The prolonged sun exposure of S-SW-
oriented badlands fronts, which dries the clays 
resulting in a network of cracks, combined 
with rain splash and water circulation, results 
in an effective erosive action (Piccarreta et 
al., 2006). In fact, during a rainstorm period, 
the kinetic energy of raindrops is considered 
an additional factor in removing the clayey 
soil. Often, along the front, the most superfi-
cial and altered soil portion (which is around 
60 cm thick) is subject to landslides during 
short but intense rainy events. The effect of 
rain splash is also testified at small scale by 
the presence of small earth pyramids having 
the top protected by fragments of fossils and 
small pebbles, or by popcorn structures. 

Fig. 10 – The Monte Volturino structure seen from the south-
east.

Relics of badlands are represented by 
the so-called “biancane” that are isolated, 
small-scale rounded hills, completely sepa-

rated by the active front through gullies and 
pediment deposits (Figure 9). A direct correla-
tion between the degree of maturity of “bian-
cane” and morphological parameters as well 
as size and shape it has been found (Del Prete 
et al., 1994). Finally, intermediate morpholo-
gies between badlands and “biancane” are 
shown by areas having a typical hummocky 
shape (“aree mammellonari” in the Italian 
literature).

Stop 4 – the monte volturIno 
StruCture

From the Eocene time onwards (Knott, 
1994) the paleogeographic domains forming 
the present-day Southern Apennine thrust-
belt experienced contractional deformation 
related to the subduction of the Tethys Ocean 
and the interaction between the European 
and African plates (Monaco et al., 1998). 
According to Mazzoli et al. (2001) and Patac-

Fig. 11 – Detail of the M - shaped geometry observable at 
the hinge of the Monte Volturino syncline

ca & Scandone (2007), thrust propagation 
was locally preceded and accompanied by 
buckling of the rheologically more compe-
tent stratigraphic units embedded between 
less competent shaly and marly units. Deve-
lopment of kink and box folds at both regional 
to local scales can be related to this shorte-
ning episode. The most remarkable folds are 
exposed along the left flank of the Agri river 
and Melandro Valleys (Figure 2). One of these, 
the Monte Volturino structure, consists of a 
nearly constant N10-trending axis anticline 
- syncline pair involving the Mesozoic, thinly 
– bedded, deep - water Lagonegro deposits, 
represented by Calcari con Selce, Scisti Sili-
cei and Galestri formations (Scandone, 1967; 
1972) (Figure 10). The syncline axial plane 
dips about 45-50° toward W. The fold is af-
fected by weak undulations that determine 
local plunge variations, ranging between 12 
and 20° toward the S or N . The origin of the 
fold is linked to the buckling of a multilayer 
succession consisting mainly of competent li-
mestone and chert, with thinly bedded shale 
intercalations (Calcari con Selce and Scisti 
Silicei formations). The occurrence of shale 
and marl of the Lower Cretaceous Galestri 
Formation above this relatively competent 
multilayer further facilitated the buckling 
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mountain building processes of the Sou-

thern Apennine. The antiform show a box fold 
geometry characterized by a flat top linked 
to the adjacent syncline by an overturned 
eastern limb. The major fold is associated 
to different orders of well - exposed s and 
z - shaped parasitic folds, particularly well 
developed at the transition between The Cal-
cari con Selce and Scisti Silicei formations. 
In addition, M - shaped geometries can be 
observed at the hinge of the Monte Volturino 
syncline (Figure 11). Orientation and asym-
metry of parasitic folds are consistent with 
trend, geometry and style of the host, large-
scale fold. Although substantially preserved, 
the described fold is locally affected by more 
recent high-angle normal faults related to 
the Pleistocene extensional tectonics, re-
sponsible for the formation of the Agri Valley 
graben. These faults are sometimes replaced 
to the south by left-lateral strike-slip faults, 
analogue to those described at the Lucania-
Calabria boundary by Catalano et al. (1993).

Stop 5 – the monte lama –Serra DI 
Calvello StruCture

The Monte Lama - Serra di Calvello struc-
ture consists of a more than 8 km long promi-
nent N-trending box fold, with a marked plun-
ge to the N, involving the Mesozoic Lagonegro 
Basin deposits (Scandone, 1972; Mazzoli et 
al., 2001). The structure is characterized by a 
vertical western limb and a steep to overtur-
ned eastern limb offset by minor thrusts. The 
presence of basal thrusts with double vergen-
ce indicates a pop-up structure, as commonly 
recognized in thrust-and –fold belts. A series 
of extensional faults, cross-cutting the Mon-
te Lama - Serra di Calvello fold, interrupt its 
lateral continuity favouring, at the same ti-
me, the complete exposure of natural sections 
oriented, in many cases, orthogonally to fold 
axis (Figure 12). This is the case of the sou-
thern side of Monte Lama crest, where the core 
of the Monte Lama - Serra di Calvello struc-
ture is completely exposed for many hundreds 
of metres. Here the stratigraphy includes a 
basal Carnian level (the Sorgente Acero Mem-
ber according to Patacca & Scandone, 2007), 
mainly made up of clay and limestone. This 
unit is characterized by intense cleavage and 
widespread calcite veins since it represents 
the detachment level that allowed buckling of 
the overlying Late Triassic-Cretaceous strata. 
This latter consists of a multileyer made up of 
limestone, chert and marl of the Calcari con 
Selce (Upper Triassic), Scisti Silicei (Jurassic) 
and Galestri (Cretaceous) formations.

Looking at the west side of Serra di Cal-
vello crest, it is possible to observe a series 
of pentagonal facets, modelled in the Calcari 
con Selce limestones, giving rise to a very 
impressive morphology. These morphologies 

Fig. 12 – The structure of the MonteLama-Serra di Calvello seen from the Marsico Nuovo village.

Fig. 13 - Examples of flat-irons observable at Serra di Calvello.

Stop 6 – the GeoloGICal StruCture 
of SaSSo DI CaStalDa 

In the Sasso di Castalda area both con-
tractional and extensional structures, respon-
sible for the present tectonic setting of the 
southern Apennine thrust belt, are exposed 
in spectacular outcrops. In particular, meso- 
and large-scale thrusts, folds and faults are 
clearly exposed along the La Manca gorge. In 
this locality, the southwestern limb of a ki-
lometre scale box fold, here identified as La 
Manca Fold, can be observed in detail (Figure 
14). The two hinge lines of the box fold are 
oriented around NW-SE showing a gentle 
plunge toward NW. In the southwestern limb 
the dip angle of the bedding planes changes 

from some degrees to around 70°, showing 
a well developed kink geometry. At a smaller 
scale a series of parasitic folds, showing an 
asymmetry consistent with the main anti-

cline, develops along the fold limbs (Figure 
15). Parasitic folds may be associated to low-
angle, outcrop-scale thrusts.

Other outcrop–scale kink folds located at 
the base of “Il Castello” cliff and Buccaglione 
hill are probably unrelated to the development 
of the main anticline.

Bedding planes in limestone of the Calca-
ri con Selce Formation, exposed at the hinge 
zones of the box fold, are frequently styloliti-
zed. Often, a series of calcite steps, in good 
agreement with folding by flexural slip pro-
cesses, have been recognized on the strata 
surfaces. In the area of Sasso di Castalda the 
contractional structures are largely dissected 
by younger faults. In particular a prominent 

have been considered to represent remarka-
ble example of flat-irons (Bucci et al., 2007), 
developed upon inclined beds of Monte Lama 
- Serra di Calvello structure (Figure 13).
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Fig. 14 - The La Manca Fold structure seen from the Sasso di Castalda village.

NNE-SSW oriented oblique dextral-normal 
(transtensional) fault cuts the previously de-
scribed box fold, interrupting its lateral SE 
continuity. This structure, here identified as 
the Arenatra Fault, offsets the ScistiSilicei/
Galestri boundary with a throw of about 100 
m (Figure 16).

A series of shear sense indicators, well 
visible at the outcrop-scale, can be used to 
obtain the kinematics of the fault plane. The-
se structures can be easily recognized on the 
main slip surface and in the fault damage 
zone. The most evident kinematic indicators 
are represented by oblique slickensides. In 
addition, the Calcari con Selce Formations 
strata at the footwall are dragged along the 
fault plane assuming a syncline geometry, in 
agreement with a dextral normal oblique-slip 
kinematics. Coherently, a series of en-echelon 
tension gashes, clearly related to the dextral 
slip component of the fault, can be observed 
in the vicinity of the fault plane. The fault has 
visible effects on the landscape, since part of 
the Arenatra stream follows the fault trend.

referenCeS
bAlduzzi A., CAsnedi r., CresCenti u., mostArdini f. & 

tonnA m. (1982) - Il Plio-Pleistocene del sotto-
suolo bel bacino lucano (Avanfossa appennini-
ca). Geologica Romana, 21, 1-28.

bentivenGA m., foresi m.l., PresterA A., Prosser G. & 
sAbiA m. (2005) - Structural setting at the front 
of a thrust and fold belt: the Craco area (Sou-
thern Apennines, Italy). Boll. Soc. Geol. It., 124 
(2005), 367-376.

bentivenGA m. & fAsCetti s. (1999) - Le aree calan-
chive della Basilicata: aspetti geomorfologici e 
geobotanici. Biologi Italiani, n°5, maggio, pp 
16-24.

benvenuti m., bonini m., morAtti G. & sAni f. (2006) - 
Tectonosedimentary evolution of the Plio – Plei-
stocene Sant’Arcangelo Basin (Southern Apen-
nines, (Italy) - In MORATTI, G. & CHALOUAN, A. 
(eds.), Tectonics of the Western Mediterranean 

and North Africa. Geol. Soc. London, Spec. Publ., 
262, pp. 289–322.

biGAzzi G. & bonAdonnA f. P. (1988) - Fission track 
dating of a volcanic ash layer near Pisticci (Ba-
silicata, Italy) Il Quaternario, Italian Journal of 
Quaternary Sciences, 1(2), 127-129.

biGi G., Cosentino d., PArotto m., sArtori r. & sCAn-
done P. – (1991) Structural model of Italy (sheet 
6), scala 1:500.000 (Quaderni de «La Ricerca 
Scientifica», 114, 3), Consiglio Nazionale del-
le Ricerche, Progetto Finalizzato Geodinamica, 
Sottoprogetto Modello strutturale tridimensio-
nale.

bonArdi G., CiAmPo G. & Perrone (1985) - La for-
mazione di Albidona nell’Appennino calabro-
lucano: ulteriori dati stratigrafici e relazioni 
con le unità esterne appenniniche. Bollettino 
della Società Geologica Italiana, 104, 539-549.

bonArdi G., Amore o., CiAmPo G. de CAPoA P., miCConet 
P. & Perrone v. (1988) - Il complesso Liguride 
Auct.: Stato delle conoscenze e problemi aperti 
sulla sua evoluzione pre-appenninica ed i suoi 
rapporti con l’Arco Calabro. Memorie della So-
cietà Geologica Italiana, 41, 17-35.

bonini m. & sAni f. (2000) - Pliocene-Quaternary 
transpressional evolution of the Anzi-Calvello 
and Northern S. Arcangelo basins (Basilicata, 
Southern Apennines, Italy) as a consequence 
of deep-seated fault reactivation. Marine and 
Petroleum Geology, 17, 909–927.

buCCi f., d’onofrio d., tAvArnelli e., Prosser G. 
(2007). Triangular Facets or Flatirons? A note 
of caution from the Lucanian Apennines, Italy. 
Rend. Soc. Geol. It., 5, Nuova Serie, 91.

CAldArA m., loiACono f., morlotti e., Pieri P. & sAbA-
to l. (1988) - I depositi Plio-Pleistocenici della 
parte Nord del Bacino di S. Arcangelo (Appenni-
no Lucano): caratteri geologici e paleoambien-
tali. Mem. Soc. Geol. It., 41, 391-410.

CArAnnAnte, G., GrAziAno, r., PAPPone, G.,ruberti, d. 
& simone, l. (1999) Depositional system and 
response to sea level oscillations of the Senno-
nian rudist-bearing carbonate shelves. Exam-
ples from central Mediterranean areas.Facies, 
40, 1-24.

CArbone s., CAtAlAno s, lAzzAri s., lentini f. & monACo C. 

Fig. 15 - Parasitic folds observed along the north-eastern 
fold limbs of the La Manca Fold.

Fig. 16 – View of the Arenatra Fault that offset the La Manca Fold in the correspondence of the Sasso di Castalda village.



Geologia dell’Ambiente • Supplemento al n. 3/2012

VIII
lentini f., CArbone s., di stefAno A. & GuArnieri P. 

(2002) - Stratigraphical and structural con-
straints in the Lucanian Apennines (southern 
Italy): tools for reconstructing the geological 
evolution. Journal of Geodynamics, 34: 141-158.

lentini f., CArbone s., CAtAlAno s. & monACo C. (1987) 
– Confronti sedimentologico-petrografici e po-
sizione strutturale dei Flysch di Albidona e di 
Gorgoglione nella media Val d’Agri (Appennino 
Lucano). Mem. Soc. Geol. It., 38, 259-273.

lentini f. (1979) - Le Unità Sicilidi della Val d’Agri 
(Appennino Lucano). Geol. Romana, 8, 215-225.

mAlinverno A. & rYAn W.b.f. (1986) - Extension in the 
Tyrrhenian Sea and shortening in the Apennines 
as a result of arc migration driven by sinking of 
the lithosphere. Tectonics, 5, 227-245.

mArsellA e. & PAPPone G. (1987) - Sediment gravity 
flows on a Mesozoic carbonate slope. Monti del-
la Maddalena (Southern Apennines). Rend. Soc. 
Geol. It., 9, 219-224.

mAttei m., Cifelli f. & d’AGostino n. (2007) - The 
evolution of the Calabrian arc: evidence from 
paleomagnetic and GPS observations. Earth 
and Planetary Science Letters doi: 10.1016/j.
epsl.2007.08.034.

mAzzoli, s., bArkhAm s., Cello G., GAmbini r., mAttioni 
l., shiner P., & tondi e. (2001) - Reconstruction 
of continental margin architecture deformed by 
the contraction of the Lagonegro Basin, sou-
thern Apennines, Italy. J. Geol. Soc., 158, 309 
– 319.

monACo C., tortoriCi l. & PAltrinieri W. (1998) - 
Structural evolution of the Lucanian Apennines, 
southern Italy. Journal of Structural Geology, 20, 
617–638.

mostArdini f. & merlini s. (1986) - Appennino cen-
tro meridionale. Sezioni geologiche e proposta 
di modello strutturale. Memorie della Società 
Geologica Italiana, 35, 177-202.

niColAi C. & GAmbini r. (2007) – Structural ar-
chitecture of the “Adria platform-and-basin 
system”. Bollettino della Società Geologica 
Italiana,Volume Speciale 7, 453-763.

oGniben l. (1969) - Schema introduttivo alla geo-
logia del confine calabro-lucano. Memorie della 
Società Geologica Italiana,8, 453-763.

PAllAdino G. (2011) - Tectonic and eustatic con-
trols on Pliocene accommodation space along 
the front of the southern Apennine thrust-belt 
(Basilicata, southern Italy). Basin Research, 23, 
591-612.

PAtACCA e. & sCAndone P. (2001) - Late thrust 
propagation and sedimentary response in the 
thrust-belt–foredeep system of the Southern 
Apennines (Pliocene-Pleistocene). In G. B. Vai 
and I. P. Martini (eds). Anatomy of an Orogen: the 
Apennines and Adjacent Mediterranean Basins, 
Kluwer Academic Publishers, 401-440.

PAtACCA e. & sCAndone P. (2007) - Geology of 
the Southern Apennines. Boll. Soc.Geol. It. 
(Ital.J.Geosci.), Spec. Issue No. 7 (2007), pp. 75-
119, 14 figs., 1 pl., CROP-04 (ed. by A. Mazzotti, 
E. Patacca and P. Scandone).

PesCAtore t. (1988) – La sedimentazione miocenica 
nell’Appennino Campano – Lucano. Mem. Soc. 
Geol. It., 41, 37-46.

PiCCArretA m, fAulkner h, bentivenGA m & CAPolonGo 
d (2006) - The influence of physico-chemical 
material properties on erosion processes in the 
badlands of Basilicata, Southern Italy. Geo-
morphol. 81: 235-251.

PiedilAto s. & Prosser G. (2005) - Thrust sequences 

and evolution of the external sector of a fold 
and thrust belt: An example from the Southern 
Apennines (Italy). Journal of Geodynamics, 39, 
386–402.

Pieri P., vitAle G., beneduCe P., doGlioni C., GAlliCChio 
s., GiAno s. i., loizzo r., moretti m., Prosser G., 
sAbAto l., shiAttArellA m., trAmutoli m., & troPe-
Ano m. (1997) - Tettonica quaternaria nell’area 
bradanico-ionica. Il Quaternario, 10, 535-542.

Pieri P., sAbAto l., loiACono f. & mArino m. (1994) – Il 
bacino piggyback di Sant’Arcangelo: evoluzione 
tettonico-sedimentaria - Boll. Soc. Geol. It., 113, 
pp. 465-481.

riCChetti G., CiArAnfi n., luPerto sinni e., monGelli f. 
& Pieri P. (1988) - Geodinamica ed evoluzione 
sedimentaria e tettonica dell’Avampaese Apulo. 
Memorie della Società Geologica Italiana, 41, 
57-82.

rosenbAum G. & G. s. lister (2004) - Neogene and 
Quaternary rollback evolution of the Tyrrhenian 
Sea, the Apennines,and the Sicilian Maghrebi-
des. Tectonics, 23.

roure f., CAsero P. & viAllY r. (1991) - Growth pro-
cesses and melanges formation in the southern 
Apennines accretionary wedge. Earth and Pla-
netary Science Letters, 102,395-412.

sCAndone P. (1967) - Studi di geologia lucana: la 
serie calcareo-silico-marnosa e i sui rapporti 
con l’Appennino calcareo. Bollettino Società 
Naturalistica in Napoli, 6, 1-175.

sCAndone P. & bonArdi G. (1968) - Synsedimentary 
tectonics controlling deposition of mesozoic and 
tertiary carbonatic sequences of areas surroun-
ding Vallo di Diano (southern Apennines). Mem. 
Soc. Geol. It., 7, 1-10.

sCAndone P. (1972) - Studi di geologia Lucana: carta 
dei terreni della serie calcareo-silico-marnosa e 
note illustrative. Bollettino della Societa dei Na-
turalisti in Napoli, 70, 114-299.

sellA m., turCi. & rivA A. (1988) - Sintesi geopetro-
lifera della Fossa Bradanica (Avanfossa della 
catena appenninica Meridionale). Memorie del-
la Sociètà Geologica Italiana, 41, 87-107.

stAmPfli, G.m., borel, G.d., mArChAnt r., & mosAr J. 
(2002) - Western Alps geological constraints on 
western Tethyan reconstructions. Journal of the 
Virtual Explorer, 8, 77 – 106.

vAn diJk J. P., bello m., brAnCAleoni G. P. CAntArellA 
G., CostA v., frixiA A., Golfetto f., merlini s., rivA 
m., torriCelli s., tosCAno C. & zerilli A. (2000) 
- A regional structural model for the northern 
sector of Calabrian Arc (Southern Italy). Tecto-
nophysics, 324, 267-320.

(1991) - Presentazione della Carta Geologica del 
Fiume Agri (Basilicata). Memorie della Società 
Geologica Italiana, 47, 129-143.

CAsero P., roure f., endiGnoux l., moretti i., muller C., 
sAGe l. & viAllY r. (1988) - Neogene geodinamic 
evolution of the Southern Apennines. Memorie 
della Società Geologica Italiana, 41, 109-120.

CAtAlAno s., monACo C., tortoriCi l. & tAnsi C. (1993) 
- Pleistocene strike-slip tectonics in the Luca-
nian Apennine (Southern Italy). Tectonics, 12, 
656-665.

Cello G. & mAzzoli s. (1999) - Apennine tectonics 
in southern Italy: a review. Journal of Geodyna-
mics, 16, 191-211.

CresCenti u. (1975) - Sul substrato pre-pliocenico 
dell’avanfossa appenninica dalle Marche allo 
Jonio. Bollettino della Società Geologica Italia-
na, 94, 583-634.

Critelli s. & le PerA e. (1998) - Post-Oligocene se-
diment-dispersal systems and unroofing history 
of the Calabrian microplate, Italy. International 
Geology Review, v. 40, p. 609–637.

d’ArGenio b., PesCAtore t. & sCAndone P.(1973) - 
Schema geologico dell’Appennino Meridionale. 
Atti del convegno “Moderne vedute sulla geolo-
gia dell’Appennino”. Accademia Nazionale dei 
Lincei, Quaderno 183, 49-72.

del Prete m., bentivenGA m., CoPPolA l. & rendell h. 
(1994) - Aspetti evolutivi dei reticoli calanchivi 
a sud di Pisticci. Conv. Naz.le Giovani Ricerca-
tori di Geol. Appl., Geologica Romana, Vol. 30 
pp. 295-306, Roma.

doGlioni C. (1991) - A proposal of kinematic model-
ling for W-dipping subductions – possible ap-
plications to the Tyrrhenian-Apennines system. 
Terra nova, 3, 423-434.

fAsCetti s., ColACino C., de mArCo G. (1990) - Alcuni 
aspetti della vegetazione dei calanchi della Ba-
silicata. 85° Congresso S.B.I. Giorn. Bot. It. 124.

foresi l.m., mAzzei r. & sAlvAtorini G. (2000-2001) 
– Appendice biocronostratigrafica . In BOSSIO 
A. et al.-Note illustrative alla carta geologica 
della zona di S. Maria di Leuca. Atti Soc. Tosc.
Sci. Nat., Mem., Serie A, 106, 97-163.

GueGuen e.; doGlioni C. & fernAndez m. (1998) - On 
the post-25 Ma geodynamic evolution of western 
Mediterranean. Tectonophysics. 298, 259-269.

hiPPolYte J. C., AnGelier J.; roure f. & CAsero P. (1994) 
- Piggy-back basin development and thrust belt 
evolution: structural and paleostress analyses 
of Plio-Quaternary basins in the Southern 
Apennines. Journal of structural Geology,16, 
159-173.

iACCArino s. & sAlvAtorini G. (1982) - A framework 
of planktonic foraminifera biostratigraphy for 
early Miocene to Late Pliocene Mediterranean 
area. Pal. Strat. Evol. 2, 115-125.

iAnnACe A., PArente m. & zAmPArelli v. (2005) - The 
Upper Triassic platform margin facies of Sou-
thern Apennines and their Jurassic fate: state of 
the art. Boll. Soc. Geol. It., 124, 203-214.

kAstens k., mAsCle J. et al., (1988) - ODP Leg 107 in 
the Tyrrhenian Sea: Insights into passive margin 
and back-arc basin evolution. Geological Socie-
ty of America Bulletin, 100, 1140-1156.

knott s. d. (1994) - Structure, kinematics and me-
tamorphism in the Liguride Complex, Southern 
Apennines Italy. Journal of Structural Geology, 
16, 1107-1120.

lAzzAri s. & lentini f. (1980) - Note illustrative del 
F.507 Pisticci. Regione Basilicata, Potenza, 
1-55.



Geologia dell’Ambiente • Supplemento al n. 3/2012

Ix
G. mAstronuzzi(1) & P. sAnsò(2)

(1) Dipartimento di Scienze della Terra e 
Geoambientali, Università degli Studi Aldo Moro, 
Bari
giuseppeantonio.mastronuzzi@uniba.it
(2) Dipartimento di Scienze e Tecnologie Biologiche 
e Ambientali, Università del Salento,
paolo.sanso@unisalento.it

field trip along the Salento coast

T
he field trip allows the main features 
of southern Apulia coastal landscape 
to be observed. Main topics are the in-
fluence of climatic and sea level chan-

ge effects on landscape evolution as well as 
the impact of recent tsunamis.

8.00: departure from Bari
9.00: Stop 1 – T.S. Sabina: Coastal evolu-

tion in response to Holocene sea level change 
(mid-Holocene dune belt, solution pipes, hi-
storical sea level change)

10.30: coffee break
11.00: departure to Otranto
12.30: stop 2 – The bauxite quarry of 

Otranto: the tropical island (Tertiary tropical 
soil, lagoonal deposits)

13.30 – Lunch
15.30 – stop 3 – Porto Badisco: Pleisto-

cene sea level change and historical tsuna-
mi (marine terraces, megaboulders, karstic 
landforms)

16.30 – Coffee break
17.00 – stop 4 – Porto Miggiano: Steno-

ne’s laws don’t rule here (Oligocene coral reef, 
Pleistocene sedimentary structures, cliffs and 
coastal management)

18.00 – departure to Bari

IntroDuCtIon
GeoloGICal anD GeomorpholoGICal 
SettInG of puGlIa reGIon

Puglia region belongs to the complex 
structural environment of the Central Medi-
terranean region (Slejko et al., 1999) (Figure 
1). Here African and Eurasian plates collide, 
giving rise to some seismically active belts. 
The Padan-Adriatic region is currently inter-
preted as a rigid microplate bordered, on the 
eastern, northern and western margins, by 
a mobile mountain belt which includes the 
Albanides, the Dinarides, the Alps and the 
Apennines. The southern margin of the pla-
te, that is the Africa-Adria boundary, is still 
undefined although geological and geodetical 
evidence points to a significance divergence 
between Southern Sicily and Apulia. The re-
lative motion of Adria versus Europe during 
the Neogene-Quaternary period is marked out 
by a counter-clockwise rotation around a pole 
located in Western Liguria (RP in Figure 1). 

Geographical position of stops interested by the field trip.

Fig. 1 -  Geodynamic scheme of Italian region (after Slejiko et al., 1999).
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In particular, Puglia region is the emer-

ged part of the Adria plate which constitutes 
the foreland of both Apenninic and Dinaric 
orogens. It comprises a Variscan basement 
covered by a 3-5 km thick Mesozoic carbo-
nate sequence – the Calcari delle Murge unit 
-, and overlain by thin deposits of Neogene 
and Quaternary age (Ricchetti et al., 1988) 
(Figure 2). The Apulian foreland is weakly 
deformed and affected by Apenninic (NW-SE) 
and anti-Apenninic (NE-SW) trending faults 
which subdivide it in to five main structural 
blocks characterized by different landscapes 
and uplift rates – Gargano, Tavoliere, Murge, 
Taranto-Brindisi plain and Salento peninsula.

A – APENNINIC Units. 
B - APULIAN FORELAND: 1  - Open shelf 

carbonate sequences (Miocene); 2 – Calcare-
nites and limestones (Paleocene-Oligocene); 
3 – Limestones and dolomites (Cretaceous).

C – FOREDEEP: 1 – Sands anc conglo-
merates (Lower Pleistocene); 2 – Clay (Lower 
Pleistocene); 3 – Calcarenites and calciluti-
tes (Pliocene); 4 – Calcarenites (Lower-Middle 
Pleistocene).

D- QUATERNARY: 1 – Alluvial, beaches 
and coastal dune deposits (Upper Pleisto-
cene-Holocene); 2 – Lacustrine terraces de-
posits (Lower-Middle Pleistocene); 3  - Slope 
deposits (Late Pleistocene); Marine terraces 
deposits (Middle-Upper Pleistocene); 5 – 
Volcano-sedimentary deposits; 6 – volcanic 
deposits.

uplIft rateS
The general subsidence of the Apulia fo-

reland, occurred after the early Miocene, was 
followed by the uplift of the entire area. Ac-
cording to Doglioni et al. (1994) the reversal 
of the general tectonic behaviour of the Pu-
glia region started in the Middle Pleistocene 
when the thick continental lithosphere of the 
Apulian swell reached the Apenninic subduc-
tion hinge, offering larger resistance to the 
flexure. The subsequent slowing down of the 
eastward rollback of the subduction hinge 
and the penetration of the slab induced the 
buckling of the foreland which is responsible 
for the uplift of this region (Figure 3).

In particular, uplift rates of the Puglia 
region have been estimated by means of the 
last interglacial (oxygen isotope substage 5e) 
marine terrace elevation (Cosentino & Gliozzi, 
1988; Westaway, 1993; Bordoni & Valensise, 
1998; Ferranti et al., 2006). This terrace is  
marked along the Ionian coast by a distincti-
ve faunal assemblage containing the index 
fossil Strombus bubonius Lmk.. Taking into 
account an average eustatic elevation of 
6 m above p.s.l. and an age of 125 ka for 
the Tyrrhenian (substage 5e) sea level hi-
ghstand, Bordoni and Valensise (1998) point 
out a decreasing uplift rate from north-west 

Fig. 2 -  Schematic geological map of Apulia region. Legend

Fig. 3 – According to Doglioni et al. (1994) the uplift of Apulia region started in the Middle Pleistocene due to the larger 
resistance to the flexure of the thick continental lithosphere of the Apulian swell reached the Apenninic subduction hinge. 
Legend: 1- Late Pliocene; 2- Early Pleistocene; 3 – Middle Pleistocene; 4 – Late Pleistocene

to south-east along the Ionian side of Apulia. 
Rates range, in fact, from 0.31 m/ka at the 
north-west of Taranto (Ponte del Re locality), 
to 0.18 m/ka  in the surroundings of Taranto 
(Santa Teresiola di Galbe and Masseria San 
Pietro localities) and to the southwest ( Torre 
Castelluccia locality), to 0.11 m/ka at Torre 
Colimena, to –0.03 m/ka at Torre Castiglione, 
to 0.03 m/ka at Gallipoli, and to 0.02 m/ka at 
T.S. Giovanni (Figure 4).

Uplift rates along the eastern side of 
Apulia are more difficult to determine as it 
was most likely never colonised by Senega-
lensis fauna during the last interglacial. In 
literature, uplit rates are often calculated 

from data collected at Grotta Romanelli, 
near Castro, where a notch and an abrasion 
platform covered by a coarse marine deposit 
are placed between 8 –10 m above present 
sea level (Blanc, 1921). However, Strombus 
bubonius was never be found in this deposit 
(as in some cases erroneously reported) nor 
valid radiometric data exist so far. 

Recently, Mastronuzzi & Sansò (2002a) 
using a combination of geomorphological 
and radiometric data from the northern coast 
of the Gargano promontory (comprising the 
Fortore River coastal plain and Punta delle 
Pietre Nere) estimate the uplift rate of about 
1.5 mm/yr in this area during the Holocene. 
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Fig. 4 – Mean uplift rates since last interglacial period (MIS 5.5) along the southern Apulia coast

the puGlIa lanDSCape
Puglia region shows six different landsca-

pes in response of the geological evolution: 
the Subappenino Dauno, the Tavoliere plain, 
the Gargano promontory, the Murge plateau, 
the Brindisi-Taranto plain, the Salento penin-
sula, the Metaponto plain (Figure 5).

The Subappenino Dauno is a small part 
of southern Apennines. The highly dissecated 
landscape is here dominated by mass-move-
ments and intense fluvial erosion. The Tavo-
liere plain is a wide alluvial plain stretching 
from the Apennine Chain front to the west 
down to the Manfredonia Gulf to the east. It 
is crosses by the Ofanto, Carapelle, Cervaro 
and Candelaro rivers which at present are 
marked by a very low solid load because of  
dams construction in their drainage basins. 
The Gargano promontory is a carbonatic horst 
widely affected by karstic landforms and  by 
the devolpment of a relict drainage network. 
Active tectonic structures are responsible 
for the development of numerous tectonic 
landforms and for the historical sismicity of 
the area. The Murge plateau is marked by a 
rolling surface constituted by an etchplain of 
Tertiary age, partly modified by more recent 
karstic landforms. The Taranto-Brindisi plain 
is a Middle Pleistocene wide sediplain placed 
between the Murge plateau to the NW and the 
Salento peninsula to the SE. This last one is 
marked by a landscape composed of narrow 
and low-elevated carbonatic ridges which se-
parate small plains shaped on Pliocene and 
Quaternary sediments. The peninsula is drai-
ned by an endorheic drainage network which 
flows in the underground circuits through 
karstic sinkholes; an esorheic relict draina-
ge can be recognized along the coastal area. 
The Metaponto plain is a coastal alluvial plain 
formed in the Apennine foredeep (Fossa Bra-

Fig. 5 – Apulia region can be subdivided in 6 different areas with peculiar geological and geomorphological features: 
the Subappenino Dauno, the Tavoliere plain, the Gargano promontory, the Murge plateau, the Brindisi-Taranto plain, the 
Salento peninsula, the Metaponto plain.

danica region) by the Bradano, Basento, Agri 
and  Sinni rivers.

the CoaStal lanDSCape
The coastal landscape of Puglia region 

is generally characterized by a number of 
marine terraces produced by the superimpo-
sition of regional uplift and glacio-eustatic 
sea level changes which have occurred since 
the Middle Pleistocene. Terraces are arranged 
in a stair-case and stretch from an elevation 
of about 450 m to present mean sea level. 
Some of them display a thin sedimentary 
body composed of calcareous sandstones 
(panchina), in some places accompanied by 
dune deposits, whereas others are only re-
presented by abrasion platforms.  The higher 

terraces are generally shaped on Mesozoic 
limestones whereas the lower ones are cut on 
the overlying calcareous sandstones of Upper 
Pliocene – Lower Pleistocene age (Calcarenite 
di Gravina unit) or more recent units. 

Middle Pleistocene terraces have been po-
orly defined because of the difficulty to pro-
perly date them. These terraces show in fact 
a low grade of preservation and lack of cha-
racteristic macrofauna assemblages which 
makes the recognition of related sediments 
difficult. On the contrary, the last intergla-
cial marine terraces are marked by deposits 
containing a rich Senegalese fauna. In parti-
cular, the occurrence of Strombus bubonius 
(Lamarck) marks out the oldest deposits of 
Last Interglacial age, which should locally 
deposited only during the OIS 5e, about 125 
ka (i.e. Hearty & Dai Pra, 1992).

However, marine terraces marked by de-
posits with Senegalensis fauna lack along the 
western and eastern coasts of the Adriatic 
Sea, notwithstanding marine terrace deposits 
in the region of Bari (Iannone & Pieri, 1976) 
are at about the same altitude of Tyrrhenian 
marine terraced deposits occurring along 
the Ionian coast. The absence of S.bubonius 
specimens is probably due to the cold marine 
current pattern in the eastern Mediterranean 
Sea, which impeded the diffusion of this spe-
cies in the Adriatic Sea (Malatesta, 1985). For 
this reason, the occurrence of last interglacial 
deposits has been hypothetically suggested 
by Di Geronimo (1969; 1970; 1979), Iannone 
e Pieri (1979) but never validated by chrono-
logical or paleontological data.
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The monotony of this landscape is broken 

by a relict drainage network characterized by 
deep valleys, locally named gravine or lame, 
which dissect the sequence of marine terra-
ces. These valleys belong to different gene-
rations, each one of them related to a high 
sea level stand as their mouths are constantly 
located at the inner edge of a marine terrace, 
i.e. - in correspondence of an ancient coa-
stline.

The high permeability of the Mesozoic and 
Plio-Pleistocenic successions cropping out in 
the central part of the Apulia region and the 
low local relief cause the lack of overland flow. 
Rain-water rapidly infiltrates feeding a wide, 
deep aquifer which rests on sea-water intru-
ded from the nearby coastal area (Ghyben-
Herzberg principle) (Figure 6). At present, in 
the Murge plateau, the piezometric surface 
reaches the maximum altitude of about 200 
m above m.s.l. in its innermost area. This 
surface slopes about 0.2-0.8‰ towards the 
coastline (Cotecchia, 1977) which is studded 
by a number of coastal springs.

Morphological features of valleys along 
with the hydrogeological characteristics of 
the area mark the leading role of the sapping 
processes in the genesis of these landforms 
(Mastronuzzi & Sansò, 2002b). These proces-
ses were enhanced by groundwater flow and 
produced a network of narrow, straight val-
leys showing a box transverse profile whose 
growth has been affected in several localities 
by joints.

Sapping processes were strongly influen-
ced by Pleistocene sea level changes in con-
sequence of the aquifer resting on sea water, 
intruding from the nearby coastal area. Highly 
favourable conditions for the development of 
sapping valleys  occurred several times du-
ring the Middle-Upper Pleistocene sea level 
highstands as each relict shoreline shows its 
own generation of sapping valleys. However, 
at Ionian side the longest and deepest valleys 
formed during the OIS 7 sea level highstand 
probably in response to the combined effect of 
high rainfalls and rapid sea level rise, which  
increased the hydraulic head at springs and 
the intensity of the sapping processes (Figure 
7). 

At the Adriatic side, the longest valleys 
are linked to the +13 and +4 m relict shore-
lines which have been not dated yet (Figure 
8). However, the occurrence of sapping valleys 
partly submerged along the Adriatic coastal 
area suggests the presence of relict coastli-
nes below the present sea level and a slight 
subsidence of this area.
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Fig. 6 - Hydrogeological sketch of Puglia coastal aquifer. Legend: a - Mesozoic limestones; b - fresh  groundwater; c - 
intruding seawater.

Fig.  7 - Geomorphological sketch of Taranto-Mottola area (Ionian coastal area). Legend: a - relict cliff; b - denudational 
scarp; c - alluvial fan; d - elevation (m). I - Gravina Petruscio; II - Gravina Capo di Gavito; III - Gravina Canale Lungo; 
IV - Gravina Giulieno; V - Gravina Portico del Ladro; VI - Gravina Palombaro; VII - Gravina Colombato; VIII - Gravina 
Madonna della Scala

Fig.  8 - Geomorfological sketch of  T. Canne –  Monticelli 
area (Adriatic coastal area). Arrows mark the position of 
relic cliffs; black areas represent last interglacial dune belt. 
I – Lama di Torrebassa; II – Vallone Difesa di Malta, III – il 
Fiume, IV - Lamacornola, V – Vallone del Pilone; VI – Fiume 
di Rosa Marina.
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Stop 1 – torre Santa SaBIna

Fig. 1.1 - The submerged medieval quarry of Santa Sabina shows the bottom 1.4 m below mean sea level.

H
uman activity and settlements deve-
loped along the coast of southern Pu-
glia since the Neolithic promoted by 
the presence of coastal lagoons for 

hunting/fishery activities and coastal plains 
for agricultural practices. At Torre Santa Sa-
bina, human presence could be ascribed to 
the Palaeolithic time. In particular, during the 
second millennium b.C., the southern Adria-
tic and Ionian coasts were studded by nu-
merous settlements and interested by Greek 
colonization. During Roman times, the major 
towns of Puglia - Tarentum, Brundisium, 
Hydruntum and Callipolis – were connected 
to Rome by a network of roads. The most fa-
mous of these roads, Via Appia Traiana, run 
along the Adriatic coast of southern Apulia 
close to Torre Santa Sabina where was placed 
a mantiones, a small village named Karbina.

During the Middle Ages the coastal area 
was deserted because of malaria desease 
with the exception of major towns. The coastal 
area was marked by small fishery harbours 
and, because of the presence of calcarenitic 
outcroppings, studded by large quarries. They 
supplied the building material for a defensive 
network of castles and towers built along the 
coast against pirates fleets.

The area of Torre Santa Sabina played an 
important role during the Roman and Middle 
ages as testified by the presence of an impor-
tant harbour and by large quarries.

Detailed underwater geomorphological 
and archaeological surveys put in evidence 
the presence of three wrecks of Roman age 
in the second inlet placed to the south of the 
tower. More important for the reconstruction 
of sea-level change is the presence of a wide 

Fig. 1.2 – The position of former shoreline is marked out by the occurrence of ancient Greek ships.

submerged medieval quarry at the headland 
which separates the two inlets placed few 
meters to the southeast of the tower (Figure 
1.1) and the remains of ancient Greek ships 
(Figure 1.2).

Fig. 1.3 – An ancient Roman sewage channel flow at present 
about 1 m below mean sea level.
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b. colluvial deposits made of continental 
reddish clayey sands with numerous small 
pebbles of quartz, pedogenetic pisolites and 
coatings. A flint shred was found in this depo-
sits; it could be referred to a not well defined 
Late Paleolithic – Mousterian on the base of 
the general scheme of the human presence 
on the Murgia Plateau reconstructed so far;

c. brownish fine and well sorted calca-
renites with intense bioturbation mainly due 
to worms and crustaceans activity. This sho-
reface deposit could be referred to the last 

Fig. 1.1.1 – The stratigraphical section recognisable along the coast of Torre Santa Sabina is marked by a colluvial deposit 
and last interglacial (?) marine terraced deposits.

interglacial period on the base of elevation 
and stratigraphic relationships.

Both calcarenites are affected by irregu-
lar fractures sealed by calcitic filling showing 
a well defined lamination. The filling is about 
5-15 cm thick, vertically laminated and more 
resistant to weathering and erosion than the 
bedrock.

According to Magagnosc (1984) similar 
structures develop in semi-arid regions in 
response to local earthquakes. In northern 
Africa, the strong 1980 earthquake produced 
numerous fractures marked by different width 
and depth which affected either the soil and 
the bedrock. Detailed analysis of fractures 
shows that they often developed along former 
joints and that they were rapidly cemented 
by crystallisation of sparitic calcite (Figure 
1.1.2).

At Torre Santa Sabina, some fractures 
are not sealed by sparitic calcite suggesting 
a very recent activity. Moreover, seismogenic 
sedimentary structures have been found in 
marine sediments of Last Interglacial period 
cropping out along Apulian coastal area north 
of Bari and south of Brindisi (Moretti and Tro-
peano, 1996; Moretti, 2000). Their presence 
would confirm that this region has been af-
fected by active tectonics during recent times.
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Stop 1.2 – BoulDerS aCCumulatIon 
anD hIStorICal tSunamIS

At the Torre Santa Sabina an accumu-
lation of about 80 boulders was found (Ma-
stronuzzi & Sansò, 2004) (Figure 1.2.1). The 
coast is locally composed of a rocky platform 
gently sloping seaward, placed between 0.5 
and 2 m above m.s.l. and shows a mean slope 
lower than 4°. In greater details, the platform 

Fig. 1.1.2 - Model of coseismic fractures genesis and laminated sparitic calcite development (after Magagnosc, 1984).

Moreover, the northern side of the Mezza-
luna pocket beach, north of the tower, is cut 
by a sewer channel of Roman age. It have 
the outlet at 0.8±1.0 m below the biological 
sea-level (Figure 1.3).

Stop 1.1 - the late pleIStoCene 
raISeD BeaCh DepoSItS

The local stratigraphical sequence can be 
observed along the coast few meters to the 
west of the Torre Santa Sabina.

Locally the gently sloping rocky coast is 
shaped on the following stratigraphic se-
quence (Figure 1.1.1):

a. bioclastic calcarenites marked by large 
bivalves, echinoids and algal pellets related 
to the Calcarenite di Gravina formation of 
Plio-Pleistocene age; few km to the NW of 
Torre Santa Sabina area, near Monopoli, the 
sequence was ascribed to the Early Pleistoce-
ne (D’Alessandro and Iannone, 1982; 1984);
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seaward limit. Wave erosion has sha-
ped in its easternmost part a short, wide 
channel open to the NNE direction. The de-
tailed submerged profile of the coast was 
reconstructed by direct scuba surveying. It is 
marked by an irregular, steep surface which 
joins the low tide platform, up to 8 m wide, 
to a sandy plain placed at a depth of appro-
ximately 4.5 m. This surface shows variable 
length (from 12 to 22 m) and mean slope 
(from about 14% to 25%); it is also marked 
at several points by deep potholes and to a 
greater extent it has been colonized by brown 
algae. Some boulders, with major axis up to 
4 m in length, rest on this surface; many of 
them moved recently as can be ascertained 
from the lack of colonization or by the presen-
ce of white, unweathered rock on some parts 
of their surface.

Boulders are scattered along a strip 
stretching from the coastline to the maximum 
altitude of 2 m; however, the largest boulders 
are to be found concentrated along a narrow 
belt WSW-ENE oriented, between 0.5 and 1.5 
meters above m.s.l.. The largest boulders are 
slabs of calcareous sandstones (a-axis>b-
axis>>c-axis) with size up to 2.9x2.4x0.7 m 
and weighing up to 8 tonnes. They are ge-
nerally arranged in small groups of three or 
four elements, often imbricated and disposed 
in lines. The surface of some boulders was 
colonized by marine organisms living in the 
mid-infra littoral zone as Dendropoma sp. 
and bored by Lithophaga shells. In a few 
cases, biogenic encrustations can be obser-
ved at the lower face of boulders, indicating 
that they must have overturned during their 
transportation. Boulder 72 covers man-made 
features (most likely small salt pools) which 

Fig. 1.2.1 – The coast of Torre Santa Sabina is marked out by an accumulation of about 80 very large boulders.

most probably date back to the late Middle 
Ages (Figure 1.2.2).

Samples of Vermetids were gathered 
from the surface of four imbricated elements 
(B47,B46, B49, B45) and their age establi-
shed by using radiocarbon dating techniques. 
With the exception of B47, the other boulders 
are overturned. The conventional age of the 
samples is 610+/-60, 540+/-60, 1200+/-
80 and modern age respectively. We expect 
that the age of B45 and B49 boulders, the 
youngest elements of imbricated row, should 
be younger or very similar to B47 and B46 
age. The obtained conventional age for B49 
boulder can be explained either taking into 
account boulder reworking, pollution coming 
from older fossil remains or particles of Plio-
Pleistocene bedrock included within the Den-
dropoma encrustation. The modern age of 

B45 sample, performed with AMS techniques 
on a shell of Vermetid, indicate a very recent 
deposition of this boulder.

The calibration of radiocarbon age de-
terminations, carried out using CALIBRA 
4.3 software and adopting a deltaR value 
of 43±48 (Stuiver et al., 1998), yielded the 
calibrated age range from 1667 to 1843 for 
boulder number 47 and from 1797 to 1904 for 
boulder number 46.

An attempt to determine the approach di-
rection of the actual waves responsible for the 
boulders accumulation has been made by me-
asuring the spatial distribution of elongated 
boulders’ major axis (a-axis) (49 elements), 
and assuming the a-axis to be parallel to the 
crest of waves responsible for depositing the 
boulders, and while considering as of no great 
relevance any disturbance due to a few irre-
gularities in the surface of the rocky platform. 
Boulders a-axis (Figure 1.2.3) shows a bimo-
dal distribution marked by two frequency pe-
aks at N80E and at N110E orientations which 
should indicate directions of wave approach 
of N350E and N20E, respectively. Furthermo-

Fig. 1.2.2 - The B72 boulder cover a man-made features, 
probably a small salt pool which dates back the late Middle 
Age.

re, notwithstanding the spatial distribution 
is of a complicated pattern, it does clearly 
indicate that boulders with different a-axis 
orientation intersect with each other at seve-
ral points and that some groups of imbricated 
boulders are made up of elements belonging 
to both sets. In details, boulders transported 
by waves approaching the coast with N350E 
direction are in several cases much heavier 
than those ones transported by N20E wave 
trains.

The large boulders accumulations stu-
died in our survey are seen to share features 
with others which have been commonly de-
scribed in other coastal regions of the world. 
These latter accumulations have been often 
related to catastrophic waves but it has gene-
rally proven difficult to make any distinction 
between the action of storms waves and that 
of tsunami.

At Torre Santa Sabina locality, field data 
point out that the observed large boulders ac-
cumulation is the cumulative effect of several 
storm waves events. The effect of each event 
is superimposed on the preceding effects of 
one or two tsunami run-up events.

Fig. 1.2.4 - Long axis distribution of elongated boulders in 
Torre Santa Sabina locality. A bimodal distribution can be 
recognized; it is marked by two frequency peaks at N80E and 
at N110E orientations which should indicate directions of 
wave approach of N350E and N20E, respectively.
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Stop 1.3 – the SolutIon pIpeS
Apulia region is characterized by a com-

plex karst landscape shaped on Mesozoic, 
Miocene and Plio-Pleistocene carbonatic 
rocks and developed in response of several 
morphogenetic phases which took place since 
the late Mesozoic under different climatic and 
tectonic contexts. In particular, numerous lo-
calities placed along the Adriatic coast show 
a particular type of karstic landforms, the so-
lution pipes, which developed on Plio-Pleisto-
cene calcarenites during the late Pleistocene 
(Marsico et al., 2003).

The pipes of Torre Santa Sabina (Figure 
1.3.1) are nearly cylindrical and concave-bot-
tomed; the section changes from circular to 
slightly elliptical, with diameter ranging from 
few centimeters to around 40-50 cm, decrea-
sing in depth. Pipes diameter increases where 
they intersect bedding planes. The maximum 
depth is about 2 meters, but some forms are 
few decimetres deep.

Fig. 1.3.1 – Numerous solution pipes can be recognised 
along the coast of Torre Santa Sabina.

Sandy silty clay or clayey sandy silt fill the 
pipes. Clay rate increases toward the pipes 
bottom most likely because of the dissolution 
of the carbonatic bedrock and to the insolu-
ble residue concentration inside pipes and on 
their walls. The carbonatic fraction is nearly 
absent.

Pipes walls are covered by a brownish 
concretion, from a centimeter to more than 
a 10 centimeters thick. Brownish carbonatic 
nodules of different sizes can be found fre-
quently inside the pipes, near the walls and 
at the bottom. The concretion also covers with 
discountinity the Plio-pleistocene calcareni-
tic bedrock. Some pipes are longitudinally cut 
by joints and diffusely tapered by whitish cal-
cite (Figure 1.3.2).

Root traces represented by vertical, tu-
bular and twisted calcitic concretions, with 

Fig. 1.3.2 – Pipes walls are covered by a brownish concre-
tion, from a centimeter to more than a 10 centimeters thick. 
Some pipes are longitudinally cut by joints and diffusely 
tapered by whitish calcite.A small shift of about 1 centi-
meter has been measured between the two edges of a pipes. 

thickness of 2-5 mm and convex endings, 
have been recognized inside the crust. Ro-
ots traces are constituted by cryptocrystal-
line calcite and show a concentric structure 
in cross section. These data would suggest 
that the calcium carbonate has not gradually 
replaced the vegetable structures but that it 
precipitated in the void originated by roots 
degradation.

Pipes cluster in groups of numerous ele-
ments of different sizes, separated by large 
areas where pipes are almost absent. It is not 
possible to put in evidence a relationships 
between pipes distribution and geometry and 
frequency, geometry and position of the joints 
affecting the bedrock.

Torre Santa Sabina pipes can be inter-
preted as cryptokarst forms (Nicod, 1976). 
According to Fabre and Nicod (1982), during 
the Pliocene and the Quaternary this type 
of corrosion played an important role in the 
evolution of the Murge karst landscapes and 
in other regions at the same latitudes in the 
Mediterranean area.

Several theories exist on the formation of 
cryptokarst surfaces. In literature different 
importance is given to the presence of per-
ched groundwater, to the seepage chemi

culate a maximum breaking wave heigth 
of about 24 m and a tsunami height of 1.5 m  
(Mastronuzzi and Sansò, 2004).

Breaking wind waves with this characte-
ristics can be produced by deep water waves 
which should have a significant height of 11 
m and a peak period of about 22 seconds. It is 
very unlikely that waves with such characteri-
stics could be generated in the semi-enclosed 
Adriatic Sea. A significant height of about 6.5 
m has been calculated from Monopoli buoy 
data for storm waves in the southern Apulia 
area for a return period of 100 years (Corsi-
ni et al., 2002). This figure corresponds to a 
breaking wave height of about 12 m, capable 
to overturn a boulder weighing about 2.5 tons.

Taking all these considerations into 
account, it can be surmised that the deta-
ching and depositing of very large boulders 
(weight>2.5 tons), could be the effect of the 
run-up of unreported tsunamis, occurred du-
ring the last three centuries.

However, no tsunamis have been re-
ported as having struck the Adriatic coast 
of southern Apulia in the course of the last 
five centuries, and this notwithstanding 
the fact that numerous tsunami-generative 
earthquakes have taken place in the southern 
Adriatic and northern Ionian regions during 
last millennium.

According to the chronological and 
morphological data at our disposal, two di-
stinct tsunamis may have struck the Adriatic 
coasts of southern Apulia. The first to take 
place would be linked to the strong earthquake 
which struck Ragusa (modern day Dubrovnik) 
on the 6th April 1667. The epicentre of the 
earthquake, which was accompanied by a de-
structive tsunami, was located a few kilome-
ters offshore the Dalmatian coast, about 190 
kilometer to the NNE of southern Apulia coast 
(Guidoboni and Margottini, 1988). Very pro-
bably the second tsunami to take place was 
produced by the strong earthquake which hit 
southern Apulia on the 20th February 1743. 
The actual epicentre of this earthquake re-
mains unknown, though it is generally indica-
ted as having been somewhere to the south of 
the island of Corfù. However, the areas most 
severely affected by this earthquake are to be 
found at the southeastern border of studied 
area. A strip of land stretching from Taranto 
to Brindisi was affected by an “increase of 
intensity” (Margottini, 1981), and the histo-
rically reported  sea withdrawal in the harbour 
of Brindisi could support the hypothesis of the 
generation in the area of a tsunami. 
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cal characters, to the role of the vege-

tation (p.e. Fabre et Nicod, 1982; Jennings, 
1987; Nicod, 1992; Walsh & Morawiecka-Za-
charz, 2001). According to Quinif (1998) this 
type of corrosion is connected exclusively to 
the structural context of the region. The cryp-
tokarst landforms developed by dissolution of 
the carbonatic bedrock beneath a permeable 
and not karstifiable cover. The permeable rock 
allows slow infiltration and it can hold per-
ched groundwater which feeds seepage.

The resulting forms consist in depres-
sions, pipes, pinnacles, ruinforms, crypto-
dolines and crypto-kluftkarren. During the 
cryptokarst evolution, the permeable cover 
sinks in the voids of the bedrock created by 
dissolution. This process produces on the 
topographical surface closed depressions 
which could be subsequently filled with pa-
lustrine and alluvial sediments. Along pipe 
walls, crypto-dolines, etc. walls a concretion 
constituted by insoluble minerals origina-
ted by carbonatic bedrock dissolution forms 
(Bonte, 1963).

The erosion of the soil cover exposes a lan-
dscape characterised by cryptokarst. At Torre 
Santa Sabina the cover, which promoted pipes 
formation, is still preserved since it has been 
fossilized by a calcarenitic beach deposit. The 
cover is made of reddish sandy clayey silt or 
continental silty clayey sands, up to 1.5 meter 
thick. The silty and sandy fractions are consti-
tuted almost exclusively by sub-spherical and 
well rounded grains of quartz in the coarse 
fraction. Subangular granules with smoothed 
edges have been found in the fine fraction 
as well as small quantities of pyroxenes and 
opaque minerals; grains surface is covered by 
thin layer of reddish oxides.

The carbonatic fraction is almost exclu-
sively constituted by fragments and shells of 
continental Gastropods; they are scattered in 
the sediment or disposed in discontinuous 
and thin layers. The deposit is also marked 
by lithoclasts and bioclasts coming from 
calcarenites as well as by little pebbles and 
clasts of Mesozoic micritic limestone. Rare 
Foraminifera and reddish or dark rounded 
aggregates of oxides can be recognized. Thin 
layers or lens of sands made of well rounded 
quartz grains and, subordinately, of limestone 
mark the lowermost levels of the cover.

This cover formed most likely from the 
erosion of the soil which developed on marine 
terraces surface and its following deposition 
as colluvial deposit. The stratigraphic rela-
tionship and the presence of a flint shred in 
the deposit indicate that this event should 
occurred during the Middle Pleistocene.

Field data collected at Torre Sabina locali-
ty allow the reconstruction of the geomorpho-
logical evolution of this coastal area since 
Middle Pleistocene (Figure 1.3.3). 

At the end of Middle Pleistocene a collu-
vial cover deposited on a wave cut platform 
shaped on the Plio-Pleistocene bedrock (steps 
A and B).

Solution pipes formed beneath this cover 
in response to a significant dissolution of the 
carbonatic bedrock (step C). Pipes distribu-
tion was affected by the permeability of the 
colluvial cover; during this phase, vegetation 
colonized the cover surface.

A period marked by semi-arid climatic 
condition stopped cryptocorrosion processes 
promoting the precipitation of calcium carbo-
nate with the development of a crust on the 
contact surface between cover and bedrock. 
Many traces of roots of the vegetable that co-
lonized the cover surface were

preserved in this way (step D). The col-
luvial cover and the cryptokarst forms have 
been fossilized during the last interglacial 
period by the deposition of marine calcare-
nitic deposits (step E). Finally, solution pipes 
have been exposed during the late Holocene by 
wave action which eroded the last interglacial 
marine deposits and the colluvial cover.
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Stop 1.4 – the mID-holoCene aeolIan 
DepoSItS

Westward to the Torre Santa Sabina, a 
large relict dunefield can be recognised on 
the southern slope of a small inlet formed 
where the shoreline intersects a relict river 
valley (locally named lama). The aeolian de-
posit is made of weakly cemented well sorted 
grey sands and up to about 6 m thick (Figure 
1.4.1). Its composition is characterised by 
prevalent terrigenous components (carbonate 
and silicoclasic grains = 60%).

The deposit retains rare remains of ga-
stropods pulmonate and is characterised by 
high angle cross lamination. South-dipping 

Fig. 1.4.1 – A view of the mid-Holocene dune belt which 
marks the coastal landscape of Torre Santa Sabina locality

stratification and the aeolian deposits di-
stribution indicate a prevailing of the most 
frequent and strongest winds which, as at 
present, blow from the N-NE (Fig 1.4.2).

The dune buried a small prehistoric set-
tlement of Neolithic age represented by a wall 
made with limestone blocks (Coppola, 1977); 
an uncalibrated C14  age determination carri-
ed out on some Helix spp. specimens collected 
from the aeolian unit just above a Neolithic 
wall yielded an age of 5290 ±120 years BP 
(calibrated age 6062 ± 130).

Dune belts and deposit of this age can be 
detected at numerous sites along the coastal 
area of southern Apulia and are linked to 

Fig. 1.3.3 - Model of solution pipes evolution along the 
Adriatic coasts of Puglia region.
1 – Plio-pleistocene calcarenites; 2 – last interglacial 
calcarenites (?); 3 – colluvial sandy-silts; 4 – colluvial 
silty-sands with small pebbles; 5 – carbonatic crust and 
nodules; 6 –pulmonate gastropods; 7 – flint she
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beach deposits placed slightly above pre-
sent mean sea level. This event marks the end 
of the rapid postglacial transgression that 
occurred during the Holocene Climatic Opti-
mum. A younger phase of dune development 
can be dated at about 2500 years BP.

Archaeological and morphological eviden-
ces suggest that this phase should be related 
to a low sea-level stand followed by a slow 
sea-level rise up to the present position and 
by humid-temperate climatic conditions. The 
collected data about the Holocene dune belts 
occurring along the Apulian coastline suggest 
that main phases of dune development could 
be related to the effects of sea-level changes, 
climatic conditions, and in a subordinate way, 
to human activity.

holoCene Sea level ChanGe reCorDeD 
alonG the puGlIa CoaSt

The general trend in “eustatic” sea level 
is reasonably well-constrained, with a sea 
level rising rapidly in the early Holocene but 

Fig. 1.4.2– High angle cross-lamination marked the internal structure of mid-Holocene dune belt

decelerating sharply around 6500 years BP, 
after which there was a slight sea level rise. 
Although many “far-field” sites (those distant 
to the former ice sheets) record a mid Holo-
cene highstand, Miyauchi et al. (1994) report 
no evidences of a Holocene high stand around 
the Italian peninsula. Emerged Holocene ma-
rine deposits here only occur where net tecto-
nic uplift has exceeded the rise in “eustatic” 
sea-level. Good examples of Holocene sea-
level highstands occur in northeastern Sici-
lia and Ionian Calabria, which are two of the 
most uplifted Italian areas since MIS 5e (Firth 
et al., 1996; Pirazzoli et al., 1997; Stewart et 
al., 1997; Rust and Kershaw, 2000). 

There are few Holocene sea-level curves 
for the Mediterranean Sea, those that exist are 
from the coast of the Tyrrhenian Sea (Antonioli 
et al., 2000). Alessio et al. (1994) reconstruct 
a sea level curve for the last 22000 years de-
rived from the study of Vermetid encrustations 
on speleothems preserved in coastal caves 
on the stable coasts of the Tyrrhenian Sea. 

They suggest that following the rapid rise in 
sea-level during the early Holocene, sea level 
stabilised at about 3.5-3.0 m below the pre-
sent position between 6500 and 2500 years 
BP. A similar but smoother Holocene sea level 
curve has been proposed by De Muro and Orrù 
(1998) based on an analysis of beach rock 

Fig. 1.4.3- Relative sea level changes and morphogenetic 
phases recognized along the Adriatic coast of Apulia region 
(from  Dini et al., 2000).

data from the northeastern coast of Sardinia. 
Laborel et al. (1994) reconstruct the sea-level 
curve for the last 4500 years along the Medi-
terranean rocky coasts of France and Corsica. 
Sea level rise here was estimated to be about 
0.4 mm/year between 4500 and 1500 years 
BP, falling to 0.2 mm/year from 1500 years 
BP to the present time. According to Lambeck 
and Bard (2000), sea level along the French 
Mediterranean coast  has risen continuously 
since the time of the last glacial maximum 
with no Holocene highstands. They suggest 
that sea level was about 3 m below present 
at 6000 years and at about - 0.5 m at 3000 
years BP. Lastly, Morhange et al. (2001) report 
a 1.5 m steady rise in relative sea level from 
5000 to 1500 years BP from their analysis of 
the ancient harbour of Marseilles. This was 
followed by a near stable level close to present 
until the start of the last century. 

Few data about Holocene sea level chan-
ge have been published for the Adriatic and 
Ionian coast of Italy. However, several studies 
suggest that there is evidence in this area for 
a mid Holocene sea-level highstand. In the 
northen Adriatic Sea, which is dominated by 
long-term crustal subsidence, sea level data 
have been obtained from cores containing 
datable biological markers (Correggiari et al. 
1996) and from archaeological remains (Pi-
razzoli, 1976). Along the Ionian coast of Apu-
lia, Dai Pra and Hearty (1989) identify a sea 
level highstand around 7000-5000 years BP 
(conventional 14C ages) at about 2.5 m below 
present, followed by a low stand around 4000 
years BP and then by a sea level rise up to the 
present. Using data collected along the Ionian 
coast of Basilicata, Westway (1993) suggests 
for southern Italy that the Holocene relative 
sea level peaked at about + 2 m between 7000 
and 6000 years BP before falling to present 
about 4000 years BP. Finally, along the Adria-
tic coast of Apulia Dini et al. (2000) suggest 
a relative high sea level stand at about 6000 
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years BP (conventional 14C ages) 1 m 

above p.s.l. followed by a low stand at about 
-2 m during historical time (Figure 1.4.3). Mo-
re recently, Auriemma et al. (2003) suggest on 
tha base of available geomorphological, ar-
chaeological and radiometric data collected 
on the Apulian coast the occurrence of a 
Middle Holocene sea level stand slight higher 
than present position followed by a deep low 
stand during the Bronze Age first and by a fast 
rise of sea level during Greek-Roman times.

Interestingly, these field observations 
do not match with Holocene sea level curve 
reconstruct on the Tyrrhenian coast of Italy 
and contradict rebound model predictions for 
the southern Adriatic and Ionian Sea. Thus, 
according to Lambeck and Johnston (1995) 
sea level along the Gargano coast was at c. 
-6 m around 6000 years BP and at -1.5 around 
2000 years BP. According to the M2 model of 
Peltier (Pirazzoli, 1998), at Bari sea level rose 
rapidly until -0.5 at 5000 years BP (calibra-
ted age) before slowing to increase gradually 
to its present position. These discrepancies 
could rise from the limited number and inac-
curacy of field data and/or by the complex ge-
odynamic structure of Adria plate most likely 
neglected during the model construction.

the CoStal DuneS of puGlIa reGIon.
Pleistocene aeolian deposits are very of-

ten associated to terraced marine deposits. 
The oldest are represented by small remnants 
because of erosion as those ones occurring 
along the Adriatic coast near Ostuni at 280 
m of altitude. The most recent and lowest 
aeolian deposits still constitute well-preser-
ved dune belts; they can be found along the 
Apulian Ionian coast (Cotecchia et al., 1969; 
Palmentola, 1989) and in the surroundings of 
San Giorgio Jonico, along the Adriatic coast 
near Bari (Pieri, 1988) and between Monopoli 
and Brindisi. In this last case, the aeolianite, 
up to 17 m high,  is formed by a well cemented, 
light brown, fine bioclastic calcarenite with 
high angle cross-lamination, marked by ce-
mented fractures. It retains minor quantity of 
quarts and silicates; levels rich in pyroxenes 
and garnets coming from the Monte Vultu-
re volcanic complex have been found at its 
base. Red continental clayey sands are often 
recognisable behind the dune belt. They are 
to 4 m thick, and generally massive and rich 
in pedogenic pisolites and manganese coa-
tings. These deposits partly fill the backdune 
depression and are easily recognisable where 
the present coastline has overcame the older 
one.

The coastal area of Apulia is characteri-
sed by the presence of widespread Holocene 
aeolian deposits, cropping out mainly along 
the present main beaches (Figure 1.4.4). In 

Fig. 1.4.4- Distribution of Holocene aeolian deposits recognised along the coast of southern Puglia. Legend: A - Greek-
Roman aeolian deposits; B - Mid-Holocene aeolian deposits; C - cliffs;  D - sloping rocky coasts.

Fig. 1.4.5- Age distribution of pulmonate Gastropods collected at several localities of Puglia region. Lined bars: partly 
cemented grey aeolian sands; white bars: loose, light brownish sands marked by numerous levels of brownish soil; black 
bars: loose, yellow-grey aeolian sands.

particular, three Holocene aeolian units are 
recognizable.

the mID-holoCene Dune Belt 
The oldest aeolian unit forms a dune belt 

lengthened about parallel to the present coa-
stline; its remains  crop out along the Ionian 
coast from Lido Checca to Porto Cesareo and 
from Gallipoli to Torre San Giovanni whereas 
along the Adriatic one at main beaches from 
Monopoli to Torre Guaceto. This unit is consti-
tuted by grey sands partly cemented and cha-
racterised by high angle cross-lamination. 

This aeolian unit formed along numerous 
coastal tracts of Apulia region in a relatively 
short span of time ranging from 6780 BP to 
about 5290 conventional years BP, correspon-
ding to 7651 - 6062 cal years BP (Mastronuzzi 
and Sansò, 2002) (Figure 1.4.5).

In this period stable, well-nourished bea-
ches fed dune belts which formed without 
significative breaks as marked out  by the 
lack of soil levels. The development of   mid-
Holocene dune belts was most likely promoted 
by a sea level stand. In fact, the Holocene 
relative sea level curves reconstructed from 
data collected along the coasts of southern 
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Fig. 1.4.6- Chronological framework of stratigraphy, climate change, morphogenetic coastal phases, radiocarbon data and 
sea-level changes occurred during the last 7ka in Puglia region.

Apulia (Dai Pra & Hearty, 1989; Dini et al., 
2000) show that the last glacial low stand, 
placed at about 120 below present sea level, 
was followed by a rapid sea level rise which 
ended roughly 6000 years BP, when an high 
sea level stand occurred. This last period  was 
characterised by the warmest and wettest 
climatic conditions of the Holocene and it is 
known in literature as Climatic Optimum (i.e. 
Bertolani-Marchetti, 1985; Rossignol-Strick, 
1992; Yan & Petit-Maire, 1994) (Figure 1.4.6). 
Warmer sea water probably increased the 
amount of bioclastic material available for 
beach nourishment. Dune belts referred to the 
Holocene Climatic Optimum are wide spread 
in several Countries belonging to different cli-
matic zones, i.e. England (Pye & Neal, 1993) 
and Spain (Zazo, 1993).

the “GreeK-roman” Dune Belt
The second aeolian deposit is made by lo-

ose, light brownish sands, up to 10 m thick, 
characterised by numerous dark brown soil 
levels and very rich in Helix spp. remains. This 
deposit is widely diffuse along the entire co-
astal perimeter of  Apulia region. It deposited 
mainly from 3910 to about 2000 conventional 
years BP, corresponding to 3019 - 1961 cali-
brated years BP . 

 This unit is the most widespread 
aeolian cover in the Apulian coastal area sin-
ce it borders all the present beaches and it 
is present along several coastal tracts which 
are at present constituted by rocky coasts. Its 
formation occurred during the historical low 
sea level which followed the mid-Holocene 
high stand. 

During this period, dune development was 
most likely promoted by the rapid progadation 
of main coastal plains which surround Apulia 
region. To the North, the Fortore River formed 
in this period a cuspidate delta and its mate-
rials moving eastward by littoral drift fed the 
spits which closed in Roman times the Lesina 
lake first and the Varano lake then. 

To the West, the Ionian coastal plain, 
placed in the Taranto Gulf and formed by 
Bradano, Basento, Sinni and Agri rivers,  was 
affected during the Greek period by frequent 
floods which brought to the filling of main 
valleys (Boenzi, 1984) and, most likely, to the 
rapid progradation of shoreline. This last pro-
cess was accompanied by the development 
of several dune belts and of  wide coastal 
swamps infested by malaria which induced 
the decline of the Greek colonies settled in 
this area around the VI century b.C..  

To the southeasternmost part of Apulia, 
the Salento peninsula, dune belts and coa-
stal swamps formed along numerous coastal 
tracts (Casalabate, Alimini coastal tracts on 
the Adriatic side, Punta Prosciutto, Padule 
Bianco, etc. on the Ionian one).

 This phase of major solid load of 
main rivers has been related to the pressure 
of Greek and Roman activities on  landscape 
(Neboit, 1975; Brückner, 1983). The diffuse 
agricultural use of plains and the deforesta-
tion of Apenninic slopes would have brought 
to a significative increase of soil erosion and 
then to the filling of main valleys. However, 
the effects on the coastal area of the anthro-
pic pressure could be overestimated especial-
ly as regards Greek  age,  suggested by dune 
age as the period of  shoreline main phase of  
shoreline progradation. Greek colonies were 
small settlements which studded and exploi-
ted the coastal area and it is most unlikely 
that their limited activities could have effects 
of regional importance. 

On the other hand, valleys filling and 
shoreline progadation could be the combined 
effect of the rise of sea level from the histori-
cal low stand and  the humid climatic phase 
which affected Europe between x and the IV 
century b.C.(Lamb, 1977; Pinna, 1996) and in 
particularly for southern Italy, between the V 
and the III century b.C. (Boenzi, 1984) (Figure 
1.4.6).

the mIDDle aGe aeolIan DepoSItS 
Younger aeolian deposits, made by di-

scontinuous yellow - grey sands, crop out 
locally along the coast. They have been reco-
gnised on the top of the cliff occurring along 
the northern coast of  San Pietro island, near 
Taranto; they, about 1 m thick, cover the re-
mains of Late Roman farms, about IV – VI 
century a.C.. Along the Adriatic coast, Poma-
tia spp. collected at Santa Sabina from 
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these deposits yielded an 14C uncalibra-

ted age of 565± 80 years BP (745 cal years 
BP) (Dini et al., 2000; 2001). On the Ionian 
side, Cotecchia et al. (1969) point out an 
aeolian loose deposits near Torre Castiglione 
dated at 865±90 years BP (615 cal years BP) 
by means of radiocarbon age determination 
on Helix spp. specimens.

The last eolian unit is surely of a minor im-
portance as regard the geographical extent. 
The few available radiometric age determi-
nations mark out a medieval phase of dune 
development. However, further data need to 
recognize the significance of this event and 
to relate it to sea level changes, climatic fluc-
tuations or human activities.

 At present, the Holocene dune belts 
are under severe erosion because of natural 
and  human factors. The first ones are mainly 
represented by the present sea level rise, 
which according to data of Trieste  tide-gauge 
is of about 1.33 - 1.61 mm/yr (Mosetti & Pur-
ga, 1991), that forces the coastal system to 
modify towards new , stable configurations. 
The latter are mainly constituted by  the lack 
of sediment input to the coastal zone due to 
human activity during last fifty years, which 
have brought to the damming of main rivers 
and to the construction of  harbours and co-
astal defence structures which dramatically 
reduce the sediment input and impede the 
longshore transport of sediment.
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Stop 2 – the BauxIte quarry at le 
orte loCalIty (otranto)

A very interesting stratigraphic sequence 
is well exposed along the quarry walls at Le 
Orte Locality (Otranto) (Esu & Girotti, 2010). It 
is a complex transgressive sequence deposi-
ted after a long period of emergence of 
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Fig. 2.1 – A remarkable stratigraphic sequence is exposed along quarry walls at Le Orte locality (Otranto). The sequence 
is marked by bauxite deposits and by freshwater and lagoonal deposits.

Mesozoic limestone basement under wet 
tropical climate conditions which promoted 
the development of a thick bauxitic soils.

The sequence ranges from freshwater 
lignitic seams and brackish lagoonal depo-
sits to littoral marine sediments and can be 
referred to the Chattian Galatone Formation 
as well as some other successions of Salento 
based on the lithological and palaeontologi-
cal content. 

Esu & Girotti (2010) describe the taxo-
nomy of eighteen gastropod and five bivalve 
species. Among these, Tectarius (Echininus) 
japigiae, Hydrobia dubuissoni hydruntina, 
Pseudamnicola messapica, Pseudamnico-
la palmariggii and Stenothyrella salentina 
are new taxa. Nonmarine and lagoonal en-
vironments characterize almost the whole 
succession, as testified by species-poor as-
semblages rich in specimens of freshwater 
and oligo- to meso-haline prosobranchs, such 
as Neritinidae, Hydrobiidae, Stenothyridae, 
Thiaridae, Potamididae, Batillariidae, pul-
monates, including Planorbidae and bivalves 
comprising Dreissenidae and Cyrenidae. The 
genera Theodoxus, Hydrobia, Melanoides, 
Potamides, Terebralia, Batillaria, Granulola-
bium, Mytilopsis and Polymesoda alternately 
dominate. Littoral marine elements, such as 
Tectarius, Turritella, Barbatia, Anadara and 
Chama, are scattered present in the succes-
sion, but some prevail towards the top. The 
fauna is palaeobiogeographically significant 
having strong affinities with those of the Oli-
go–Miocene basins of Aquitaine, Mainz, Ba-
varia, North Alpine Foreland, Vienna, Greece 
and Turkey. 
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Stop 3 – porto BaDISCo

Stop 3.1 – the rhoDolIth layer
Along the northen side of Porto Badisco 

cove a spectacular rhodoloth layer belonging 
to the Porto Badisco Calcarenite formation 
crops out (Brandano et al., 2010). Fig. 3.1 – The base of Porto Badisco calcarenite is marked by a spectacular rhodololith layer.

The Porto Badisco Calcarenite is consti-
tuted by poorly cemented bioclastic calcare-
nites with a maximum thickness of 50-60 m 
that can be ascribed to the upper Chattian 
(Bosellini et al., 1999). The base is marked by 
1-2 m thick horizon rich in rhodolites which is 
spectacularly evident due to differential wea-
thering. The lensoid rhodolith-rich lithosome 
is made of rhodolith rudstone and floatstone 
which infill a channel-like depression inheri-
ted from the substrate. 

Changes in the texture of the rhodolith fa-
cies and in the inner structure of the rhodo-
liths reflect variations in submarine current 
velocity across the section of the channel. 
Inherited topography controlled both the locus 

and the mode of rhodolith accumulation. The 
rhodolith lithosome is bounded by a flat surfa-
ce above which rhodoliths are notably absent 
and beds are tabular. This implies that rhodo-
lith accumulation ended as soon as substrate 
topography was completely levelled off. The 
taxonomic composition of the red algal and 
larger foraminiferal assemblages suggests 
that the rhodolith-rich unit deposited in the 
oligophotic zone. The abundance of tropical 
genera among the coralline algae (Lithopo-
rella and Sporolithon) and the high diversity 
of larger foraminiferal assemblages indicate 
that the deposition of the Porto Badisco Cal-
carenites took place in the warm waters of the 
tropical to subtropical zone.



Geologia dell’Ambiente • Supplemento al n. 3/2012

xxIII

Fig.  3.2.1 – A view of the boulders accumulation occurring along the coast stretching from Torre S.Emiliano to Porto Badisco.

Fig. 3.2.2 – The boulders accumulation of Torre S.Emiliano is compound of two ridges. The highest ridge reaches 11.5 m 
above mean sea level.
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Stop 3.2 – the torre Sant’emIlIano 
BoulDer aCCumulatIon.

An impressive accumulation of large 
boulders has been recognized between the 
Torre S. Emiliano and Porto Badisco localities 
(Mastronuzzi et al., 2007) (Figure 3.2.1, Fi-
gure 3.2.2). 

The boulder accumulation rests on a wide 
marine terraced platform, about 150 m wide, 
and stretches from 10 m to about 4 m above 
sea level. A 13 m high paleocliff, with the ba-
se marked by the final course of small river 
cuts, borders the platform landward; the ou-
ter border is a steep cliff, deeply modified by 
coastal karstic features (pinnacles, grooves, 
and so on).

The marine terraced surface is mantled by 
a thin colluvial cover made of red clayey sands 
which thickens seaward. Geophysical survey 
reveals that this cover reaches the maximum 
thickness of about 2 m at a distance of about 
100 m from the shoreline.

The boulder accumulation is about 40 m 
wide and stretches in a parallel way along 
the present coastline for about 2.5 km, with a 
variable distance from 15 to 40 m. The coastal 
landscape is marked by a wide submerged 
plain placed 20 m below m.s.l. which is joi-

ned to the coastline by a very steep surface. A 
cliff marks the coastline, up to 4 meters high, 
followed landward by a rampart; at its back a 
ramp produced by the carving of boulders and 
extended from 20 to 60 m from the coastline 
can be recognized. The ramp is studded by 
some of the largest blocks, weighing up to 
70 tons. The boulder accumulation starts at 
the inner margin of the ramp, represented by 
a small step covered by very large boulders 
emplaced in a near-vertical position (Figure 
3.2.3).

The detailed morphological survey of the 
boulder accumulation shows that it is com-
pound by two ridges. The ridge closest to the 
coastline shows seaward a very steep slope 
and the top placed at about 11.5 m above 
the mean sea level. The inner belt is about 1 
m lower than the outer one and is generally 
compound by smaller imbricated boulders 
and, landward, by sparse boulders.

The two ridges are separated by a trough 
about 15-20 m wide and 2 m deep. The 

Fig. 3.2.3 - Geomorphological scheme of the Torre S. Emiliano boulders accumulation.
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landward margin of the boulder accumu-

lation partly covers the marine terrace collu-
vial cover.

Boulder accumulation is made of limesto-
ne imbricated boulders, mostly coming from 
the supratidal zone, detached from the carved 
platform along joints and strata planes which 
locally dip seaward. However, some spheroi-
dal boulders which can typically be found in-
side potholes in the wave breaking zone have 
been detected on the landward border of the 
accumulation. No significant differences in 
the morphological appearance of the boulder 
surfaces have been found between the two 
ridges.

The 18 largest boulders have been sur-
veyed; they weigh up to 70 tons and are 
entrapped into fractures widened by storm 
waves and karst processes occurring along 
the carved surface or rest on the crest of the 
outer, higher ridge (Figure 3.2.4).

A further analysis has been carried out on 
the A-axis orientation of the elongated boul-
ders and on the imbrication axis. The collected 
data are comprised into the ESE – S sector 
with a slight prevalence in the SSE direction 
(Figure 3.2.5).

BoulDerS aCCumulatIon GeneSIS
The huge number of mobilized boulders, 

their great weight and anomalous position 
mark out this peculiar landform of the local 
coastal landscape. Hydrodynamic calcula-
tions made according to Nott (2003) relations 
indicate a tsunami wave height for the mobi-
lization of the five largest boulders surveyed 
at the Torre S.Emiliano locality ranging from 
about 6.5 to more than 11 m. By contrast, the 

Fig. 3.2.4 - A view of the largest boulder detected at the Torre S. Emiliano locality. It is 5.0 × 3.5 × 1.5 m large and weigh 
about 70 t. The coastal karstic features at the base indicate that the boulder was overturned during transport and the 
zone of detachment.

removal of such large boulders requests wind 
breaking waves marked by heights ranging 
from 27 to 45 m.

Mastronuzzi & Sansò (2004) calculated 
by using Nott (1997) relations that along the 
Adriatic side of Apulia extreme storm waves 
can not transport boulders weighing more 
than 2.5 tons. So, the boulder accumulation 
of Torre S.Emiliano is clearly an out-of-size 
coastal landform in respect to local storm 
wave power.

Fig. 3.2.5 - Distribution of the perpendicular to the A-axis orientation of elongated boulders and embrication axes at the 
Torre S. Emiliano boulders accumulation.

Finally, calculations agree with boulders 
accumulation morphology that suggest a mi-
nimum run-up at Torre S. Emiliano of about 11 
m. Moreover, the uniform morphological ap-
pearance of the boulders’ surfaces suggests 
that the two ridges of the Torre S. Emiliano 
accumulation most likely formed as a con-
sequence of two tsunami waves occurring 
during the same catastrophic event.

BoulDerS aCCumulatIon 
ChronoloGICal ConStraIntS

The boulders accumulation of Torre S. 
Emiliano has been dated by using morpho-
logical, radiocarbon and archaeological data.

Some suggestions about the age of the 
Torre S.Emiliano boulders accumulation arise 
from the analysis of spheroidal boulders that 
have been carved form large potholes in the 
wave breaking zone. Some of these boulders 
have been found at the landward margin of 
the accumulation, partly covered by the col-
luvial cover.

Some of them have been capsized aiming 
to detect some morphological differences 
between the aerial-exposed surface and the 
colluvium-covered one.

In fact, the presence or absence of a co-
ver is a very important factor, because karstic 
processes operate differently on exposed rock 
surfaces and at cover-rock surface interfa-
ce. On the bare rock surface small rainpits, 
solution flutes and bevels develop producing 
an irregular appearance of the surface. On 
the contrary, a smooth surface is produced 
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on limestone below a cover surface because 
of solution promotion due to water retained 
in the soil cover that provides a biogenic 
CO2 supply. The rock surface below the cover 
surface is smoothed and characteristically 
bleached white; a solution notch generally 
develops just below cover surface.

It would be expected that the greater the 
morphological difference between exposed 
and covered boulder surfaces the longer the 
time of boulder emplacement will be (Figure 
3.2.6).

The removal of some boulders occurring 
at the innermost margins of the accumula-
tion has shown no morphological differences 
between exposed and covered rock surfaces 
(Figure 3.2.7). In conclusion, karstic features 

Fig. 3.2.6 - Geomorphological model of a partly covered boulder evolution. t1 — a spheroidal boulder is transported from 
the wash zone inland, covering a colluvial cover. t2 — Sheet surficial waters produce the partly covering of the boulder. 
t3–t4 — the difference of karstic processes acting above and below soil surface determines a different morphological 
appearance of boulder surface; a solution notch forms at soil surface.

Fig. 3.2.7 - Appearance of a capsized spheroidal boulder surface. Note the absence of morphological differences between 
the air-exposed (below, grey) and soil-covered (above, white) surface of the boulder which would indicates a very recent 
transport and deposition.

Fig. 3.2.8 – Some shells have been found inside the boulders accumulation. Three specimens of Columbella rustica was 
dated by means of AMS radiocarbon determinations

would indicate a very recent age for boulder 
depositions.

More precise data have been obtained by 
radiocarbon dating. Most of the boulders we-
re carved by the supralittoral zone so that no 
biogenic encrustations able to supply a radio-
carbon age for this tsunami event have been 
found on the boulder surface. However, nu-
merous marine shells have been found inside 
the seaward boulder ridge, in correspondence 
with the outer slope.

Three AMS radiocarbon age determina-
tions have been performed on Columbella 
rustica (L.) (Figure 3.2.8); since this mollusk 
is not edible any possible accidental contami-
nation due to the human and bird frequenta-
tion of the area can be excluded.

Results indicate that the samples have a 
very recent age; their deposition would have 
occurred about two or three centuries ago.

Unfortunately, radiocarbon analyses on 
recent marine samples do not allow us to 
obtain very precise age determinations. Ho-
wever, the removing of one of the innermost 
groups of imbricated boulders allowed the 
finding of intertidal bioconcretions (Litho-
phyllum lichenoides Phil.) clasts and pebbles 
as well as some archeological remains and 
vertebrate bones within the top layers of the 
colluvial deposits covered by boulders (Figure 
3.2.9).

The AMS radiocarbon age determination 
of bioconcretions fits with the other available 
radiometric data. Moreover, the occurrence of 
a pottery fragment allows the attribution of 
the archeological material to the 16th-17th 
centuries. The whole of this evidence indicates 
that the investigated boulder accumulations 
were produced about three centuries ago by 
at least two large tsunami waves propagating 
from the SSE, with a run-up of about 11 m.

Taking into account these data and the 
available strong earthquakes catalogue (Bo-
schi et al., 2000) the best candidate for 
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the generation of this tsunami is the 
strong earthquake that struck southern Apu-
lia on the 20th of February, 1743. This strong 
earthquake reached its maximum intensity 
(Ix grade of Mercalli scale) in the area of the 
Otranto Strait causing the most relevant da-
mage to the villages of Nardò and Francavilla 
Fontana in southern Apulia and Amaxichi, on 
the Lefkada island, in Greece. The epicenter 
has been placed in the northern Ionian Sea, 
between the Greek Ionian Islands and sou-
thern Apulia (Figure 3.2.10).

Chronicles report three main shocks 
which could justify the recorded occurrences 
of multiple tsunami waves and a withdrawal 

Fig. 3.2.10 - The 20th of February, 1743 earthquake. Circles 
size supplies an indication of MCS earthquake intensity at 
different localities. The dotted circle marks the estimated 
position of the epicentre (data from www.ingv.it).

Fig. 3.2.11 – The geodinamical sketch of Italian region (after 
Slejko et al., 1999).

Fig. 3.2.12 - Geographical distribution of tsunami-genera-
tive earthquake epicenters in southern Adriatic and Ionian 
seas. Legend: Tsunami intensity: 1— very light, 2—light, 
3—rather strong, 4—strong, 5—very strong, 6—disa-
strous. White dots mark the epicentres of earthquakes which 
produced tsunami of unknown intensity

Table 3.2.1 - Tsunamis with known epicentres occurred in  southern Adriatic and Ionian seas during last two millennia 
according to Soloviev (1990) (a) and Tinti and Maramai (1996) (b). Latit. and Longit.: position of the epicenter of tsunami-
generative earthquakes; Reliab.: Reliability; 0 - very improbable tsunami, 1 - improbable tsunami , 2 - questionable 
tsunami, 3 - probable tsunami, 4 - definite tsunami; M_Earth.: Magnitude of tsunami-generative earthquake; Tsun_In: 
Intensity of tsunami: 1 - very light, 2 - light, 3 - rather strong, 4 - strong, 5 -very strong, 6 – disastrous.

of the shoreline at the Brindisi harbour (Mar-
gottini, 1981). The absence of written records 
of this catastrophic event which severely 
struck the coast stretching from Otranto to 
S.Maria di Leuca could be explained by the 
lack of settlements along the coast, with the 
only exception of Otranto, placed in a shelte-
red position at the back of the Torre S.Emiliano 
area, and Castro, situated on a ridge at 90 m 
above sea level.

Mid-southern Puglia is a low seismic 
region surrounded by highly seismic zones 
which constitute the borders of Adria plate 
(Figure 3.2.11): the coast of Albania and 
Ionian Islands (western Greece) to the east, 
the Calabrian arc and southern Apennines to 

the west, and the Gargano promontory to the 
north. Seismic activity has been responsible 
for the recording of numerous earthquakes in 
this region during the last millennium and 
can explain the historical tsunamis which 
have struck the southern Adriatic and Ionian  
coasts (Soloviev, 1990; Tinti et al., 2004;, Ma-
stronuzzi & Sansò, 2000, 2004; Gianfreda et 
al., 2001) (Figure 3.2.12, Tab. 3.2.1).
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Fig. 3.2.9 - A pottery fragment was found in the colluvial 
cover below the boulders accumulation at its landward 
margin. The pottery has been attributed to the 16th–17th 
centuries.
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Stop 4.1 – the lonG-term lanDSCape 
of otranto-leuCa CoaSt.

T
he coastal landscape from Otranto 
to Leuca, along the eastern coast of 
southern Salento, is dominated by a 
steep slope extending from about 100 

m above m.s.l. to about 50 m of water depth 
(Figure 4.1.1). This first magnitude landform 
has been interpretated by several Authors as a 
high, degradated fault scarp (i.e. Palmentola 
and Vignola, 1980).

However, recent geological studies poin-
ted out that this regional slope roughly coin-
cides with the Late Cretaceous margin of the 
Apulia platform (Bosellini and Parente, 1994) 
(Figure 4.1.2). Along this margin several car-
bonate systems are laterally disposed and 
grafted one upon the other. Three of these 
systems are clinostratified and include well 
developed reef tracts of Priabonian, early 
Chattian and early Messinian age (Figure 
4.1.3) (Bosellini et al., 1999).

The cause of this unusual stratigraphic 
architecture is the relative tectonic stability 
of the Salento peninsula which acted since 
the late Cretaceous as an elevated area in the 
center of the wider Mesozoic Apulia carbonate 
platform.

This elevated area recorded the most im-
portant geodynamic events occurred in the 
area such as the mid-Cretaceous emersion 
and retreat of the Apulia platform margin, the 
yo-yoing movement associated with the deve-
lopment of a foreland bulge and subsequent 
foreland basin related to both the Hellenides-

Fig. 4.1.1 – The Otranto - Santa Maria di Leuca coastal 
landscape is dominated by a steep slope extended from 100 
m above m.s.l. down to 50 below m.s.l.

Fig. 4.1.2 – The inner margin of the Apulia platform according to: 1 – De Dominicis & Mazzoldi (1989); 2- Ricchetti et al. 
(1992); 3 – Bosellini et al. (1999).

Fig. 4.1.3 – Schematic diagram showing platform margin and slope stratigraphy of the eastern coast of Salento peninsula 
(from Bosellini et al., 1999).

Dinarides and Apennine thrust system, and 
the final Pleistocene uplift.

The submerged and emerged part of the 
coastal slope is marked by platforms, discon-
tinuous notches and relict sea caves (Mastro-
nuzzi and Sansò, 1991; Parroni and Silenzi, 
1997; Centenaro et al., 2002).In details two 

platforms, at about 5 m and between 20 and 
50 m of depth, are well recognisable in the 
area of Torre del Serpe. To the south of Capo 
d’Otranto, a steep slope joins the outer edge 
of IV order terrace to a 2 km wide platform 
placed at about 50 m of depth (Figure 4.1.1).
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The outer edge of this platform is repre-
sented by step about 10-16 m high sloping 
about 12°. The surface of platform is widely 
covered by coralligenous with intervening 
patches of sands, bedrock or silt.

The emerged part of the steep coastal 
slope is marked by four raised abrasion plat-
forms (Figure 4.1.4). The highest is placed at 
65 m and cut through the Sabbie di Uggiano 
Formation. Its inner margin is marked by so-
me caves, most likely of marine origin, and a 
notch largely modified by the long subaerial 
exposure so that it does not retain biogenic 
features anymore. The second platform can be 
recognized at an altitude of 40 m, shaped on 
the Calcarenite di Porto Badisco Formation. A 
tectonic phase occurred before the formation 
of the third surface, as testifies by a 10 m 
displacement of the second surface.

Two lower platforms mark the along the 
Otranto - Castro coastal slope at 15-20 m 
and at 8-10m above p.s.l..The lowest sur-
face is represented by a narrow wave-cut 
platform, recognizable at Grotta Romanelli 
and Le Striare localities. In the first place the 
platform is at about 7.4 m above the present 
biological mean sea level and is related to a 
notch and a belt of boreholes by Lithophags 
ending at about 9.8 m above biological m.s.l.. 
In the second locality the platform is placed 
at about 2 m above the biological mean sea 
level and seems related to a notch whose base 
is placed at about 6.7 m above the biological 
mean sea level. Both the platforms constitu-
ted the pavement of coastal caves and are 

Fig. 4.1.4 – Morphological profiles reconstructed along the coastal slope in the Otranto-Castro area. Colours indicated the 
four different marine terrace orders

marked by potholes covered by a thin beach 
deposits made of pebbles with rare fossil re-
mains without any significance (Patella lu-
sitanica Gmel., Conus mediterraneus Brug., 
Trochus umbilicoris L., Littorina neritoides, L.) 
(Blanc, 1921). Notwithstanding no absolute 
age determinations have been obtained for 
these deposits, they have been referred to the 
last interglacial on the base of their altitude 
and are often used to calculate the late Qua-
ternary uplift of this region (i.e. Cosentino and 
Gliozzi, 1988; Bordoni and Valensise, 1998).

Fig. 4.1.5 – The wave-cut platform most likely developed 
during last interglacial period is covered by a thick slope 

The subsequentely development of a thick 
slope deposits, generally represented by red 
breccia, covered the small abrasion platform 
and the cave placed at its inner margin. Brec-
cia deposits is marked by numerous bones 
of vertebrates indicating temperate-warm 
climatic conditions (Elephas sp., Hippopota-
mus sp., Cervus sp., and so on) (Di Stefano 
et al., 1992). This deposit has been generally 
referred to the last interglacial period (OIS 5c 
or 5a) on the base of its altitude. However, the 
occurrence of some archaic carnivores (Canis 
cf. mosbachensis) pointed out by Sala (1980) 
and by Masini et al.(1991) would indicate the 
terminal part of Middle Pleistocene.

Mastronuzzi et al. (2007) detected at 
Grotta del Diavolo, in the area of Santa Maria 

Fig. 4.1.6 – The last glacial slope deposit are made of breccia which shade upward into thin laminated sandy layers.
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di Leuca, three beach levels at about 3.0, 

3.5 and 5.9 m above msl. They are either co-
vered by or overlie speleothems that yield an 
U/Th age of 340, 78 ka and between 170.3 and 
146.5, respectively. Geomorphological evi-
dence and radiometric ages indicate that the 
area after a period of uplift has been tectoni-
cally stable since the last part of the Middle 
Pleistocene so that marine landforms close to 
the present shoreline underwent a polycyclic 
evolution. The sedimentary fills of sea caves 
formed during Middle-Late Pleistocene gla-
cial stages, when arid or semiarid conditions 
promoted the removal of regolith and the de-
velopment of thick breccia deposits (Figure 
4.1.5, Figure 4.1.6). During Marine Isotope 
Stages (MIS) 9.3, 5.5 and 5.1, cave sediments 
were partially eroded whereas beach layers 
and related speleothems developed. These 
are, in fact, the only marine isotope stages 
marked by a sea level position which in this 
Mediterranean region was either close to, or 
slightly higher than, the present one.
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Stop 4.2 – the apron of porto 
mIGGIano

Fig. 4.2.1 – Soft sediment deformation structures characte-
rize the Lower Pleistocene calcarenites cropping out at Porto 
Miggiano locality (Santa Cesarea Terme).

At Porto Miggiano locality, near Santa Ce-
sarea, Lower Pleistocene calcarenites outcrop 
along the coast These deposits are marked 
by long clinoforms broke up by slump heads 
which are sealed by backset (deposits show-
ing lamination against the slope) (Tropeano 
et al., 2004). Slumps and other soft-sediment 

Fig.  4.2.2 – Paleogeographic reconstruction of Salento eastern coast during the deposition of Porto Miggiano calcarenites 
(from SIGEA Puglia, 2010).

deformation structures can be recognized in 
the sequence lower part where clinoforms lo-
wer gradually their inclination (Figure 4.2.1). 
Sedimentological data suggest that these 
deposits are submarine slope deposits fed 
both by shallow carbonatic systems occuring 
at the top of submarine slope and by debris 
production on the slope (Figure 4.2.2).Spec-
tacular cliffs have been shaped by waves on 
the Lower Pleistocene calcarenites. Generally 
they are produced by rockfall or by toppling 
enhanced by the occurrence of a sealed joints 
system and by soft layers at the base of the 
stratigraphic sequence (Figure 4.2.3).

Fig. 4.2.3 - Spectacular rockfalls by toppling are triggered 
by wave erosion along soft strata at the base of cliff posing 
a threat to private property.
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matera and the alta murgia 
national park (apulian foreland)

C
rossing the area between Matera, 
Altamura, and Gravina, in southern 
Italy, we will spend a day along the 
geographic boundary between the 

foreland (the Murge area of the Apulian Fo-
reland) and the foredeep (the Bradanic Trou-
gh) of the south Apennines orogenic system 
(Figure 1).

The growth of the Apennines chain started 
during late Oligocene times (Boccaletti et al., 
1990), when the Adria Plate began to sub-
duct back to the Alpine-Betic thrust belt, and 
was progressively involved in the Apennines 

Fig. 1. - a) Map of Italy with location of the Apulian Foreland; b) Geological map of the Apulian Foreland (from Pieri et al., 1997), mod.; c) Geological cross section through the structural 
domains of southern Italy (from Sella et al., 1988), mod..

accretionary wedge (Doglioni et al., 1998). 
The Apennines foredeep is the late Oligocene 
to present-day foreland basin related to the 
Apennines thrust belt and developed on the 
flexured Adria Plate (on the flexured sector 
of Apulia). Apennines foredeep depocenters 
moved towards the E-NE (Ricci Lucchi, 1986; 
Boccaletti et al., 1990) and Oligo-Miocene 
deposits are today tectonized and added in 
the accretionary wedge. Younger (Plio-Plei-
stocene) foredeep deposits are less deformed 
and, in southern Italy, they are well exposed as 
a consequence of a severe Quaternary uplift 

that affected and affects the whole south-
Apennines orogenic system (chain, foredeep 
and foreland settings) (Tropeano et al., 2002). 
This allows us to observe, during our field trip, 
stratigraphic, sedimentological, and tectonic 
features of Plio-Pleistocene successions as 
well as contrasting geomorphologic aspects 
developed on the outer flank of the south-
Apennines foredeep system (the flank of the 
Murge high), basically along canyons (locally 
named “gravine”) running in the area and 
featuring the Matera and Gravina regions(1). 

(1). “Gravina in Puglia”, basically named only “Gravina”, is a village located close to the Murge flank, but “gravina” (singular - the plural is the term “gravine”) is the local name 
of canyons cutting the carbonate rocks of the Murge (this geographic name is plural; basically the singular, “Murgia”, is used when accompanied by a locality name, i.e. “Murgia di 
Matera”, but also “Murge di Matera” or “Murgia Materana”). Note that the first deposits of the foredeep on the flank of Murge is the “Calcarenite di Gravina Formation”. So, it could be 
found the “Calcarenite di Gravina” along the “Gravina” (the canyon) of “Gravina” (the village). Finally, the Italian term “torrente” means stream; so the “Torrente Gravina di Gravina 
(or “di Matera”, or “di Laterza”, etc.)” is the river inside the canyon (the Gravina of Gravina Stream, the Gravina of Matera Stream, etc.).
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1 - the apulIan forelanD 

(M. Tropeano and L. Sabato)

1.1 - GeoloGICal SettInG of murGe
The Apulian Foreland (“Avampaese apulo” 

by Selli, 1962) represents the south-Apenni-
nes foreland and is a sector of the Adria Plate 
characterized by a relatively thick lithosphere 
and by a weakly deformed and autochthonous 
sedimentary cover. According to data deriving 
from the Murge area, the Apulian Foreland 
shows a uniform crustal structure with a Va-
riscan crystalline basement and an approxi-
mately 6 km thick Mesozoic sedimentary cover 
overlain by relatively thin and discontinuous 
Tertiary and Quaternary deposits (Ricchet-
ti et al., 1988). The sedimentary cover was 
drilled by exploration wells and is composed 
of a syn-rift and passive-margin succession 
whose upper part is composed of about 3 to 
5 km thick well-bedded Jurassic-Cretaceous 
carbonates (the Apulian Carbonate Platform).

The long history of the Apulian Carbonate 
Platform is that of a flat shallow-marine area 
characterized by carbonate sedimentation (a 
carbonate factory), cyclically exposed. Du-
ring these phases of relative short exposition 
the platform was crossed by reptiles, whose 
record is represented by several sites with 
dinosaur tracks (see stop of Cava Pontrelli 
described by O. Simone). A longer phase of 
exposition was marked by the occurrence of 
bauxites inside the Cretaceous succession.

Regionally, the Apulian Foreland corre-
sponds to a wide WNW-ESE trending anti-
form (Ricchetti, 1980; Ricchetti and Mongel-
li, 1980). Large deformation zones, striking 
oblique or perpendicular to the main antiform 
trending, segment the outcropping portion of 
the Apulian Foreland in three main blocks with 
different degrees of uplift, from the higher 
Gargano and Murge to the lowland Salento 

Fig. 2 - Geological map of the Murge area (from Pieri et al., 1997), mod..

towards the SE (Ricchetti et al., 1988) (Fi-
gure 1). 

As regards the Murge area (to which the 
Matera, Altamura and Gravina localities be-
long) (Figure 2), a 3 Km thick Cretaceous suc-
cession crops out, showing SW and SSW dip 
directions (Pieri, 1980; Ricchetti, 1980). This 
succession is mainly characterized by mo-
notonous, well-bedded, restricted carbonate 
facies (Ricchetti 1975; 1980). Discontinuous 
and thin Late Pliocene-Quaternary deposits 
belonging to the Bradanic Trough sedimen-
tary cycle overlie the Cretaceous succession of 
the Murge high. The latter is characterized by 
a large central NW-SE trending plateau (the 
“Murge alte” or “Alta Murgia” plateau), about 
15-20 km by 60-80 km and about 500-600 m 
above sea-level, flanked to the NE by fault-
bounded displaced blocks (the “Murge bas-
se” plateau and the Apulian Adriatic shelf). 
Between blocks, two narrow and regionally 
elongated main grabens occur (Iannone and 
Pieri, 1982; Festa, 2003) (Figure 2).

At the end of Cretaceous, rocks of the 
Apulian Platform experienced a very long pe-
riod of exposure, spanning from the end of 
Cretaceous up to the Pliocene. This exposure 
favoured the development of karstic features 

(both on surface and underground, see stops 
described by V. Iurilli).

During Pliocene, subsidence of the Apu-
lian Foreland, induced by the eastward roll-
back of the Adria Plate, produced a severe 
transgression onto the Murge plateau, except 
for the highest one (the Murge alte plateau). 
The karstic features on surface were basically 
erased during this transgression, except for 
those located in the uppermost part of the 
Murge that was not reached by the sea. The 
transgression is recorded by deposition of 
shallow-marine carbonates (the Calcarenite 
di Gravina Formation), followed by silty clay 
hemipelagites (the Argille subappennine For-
mation), overlied by coarse-grained deposits 
(marine sand and gravel) (Pieri et al., 1996) 
(Figure 3)

The thin Calcarenite di Gravina Fm. (no 
more than 70-100 m in thickness) records the 
beginning of the transgression (Figs 7, 10, 
12) and derives from a mantle of bioclastic 
and/or lithoclastic carbonates deposited on 
the faulted rocks of the Apulian Foreland. The 
formation crops out on the outer margin of 
the Bradanic Trough and on the flanks of the 
Murge plateau, from the present-day sea level 
up to more than 400 m in elevation (Iannone 
and Pieri 1979; Tropeano and Sabato, 2000).

The lower boundary of the Calcarenite di 
Gravina Fm. is a long-term ravinement sur-
face abraded onto the bedrock. Carbonates 
of the formation were deposited in shallow-
marine systems which regionally covered the 
Apulian Foreland highs (with a backstepping 
configuration), or covered the lower plateaux 
(Tropeano and Sabato, 2000; Pomar and Tro-
peano, 2001). Skeletal grains are the basic 
components of the Calcarenite di Gravina Fm. 
and consist of abundant bivalves, echinoids, 
red algae, serpulids and benthic foramini-
fera, fragments of barnacles, brachiopods, 
gastropods, bryozoans and rare planktonic fo-
raminifera. A particular feature characterizes 
the lithology of the formation: the presence of 
terrigenous carbonate grains. The latter are 
mixed within bio-lithoclastic facies or may 
form either isolated bodies, or, locally, may Fig.  3 - Geological cross section of the Murge area. In the photo, the “Gravina di Gravina” (from Tropeano & Sabato, 2000).
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commonly composed of coarse sand- and 

gravel-sized lithoclasts (calclithites and cal-
crudites) eroded from the Cretaceous bedrock 
of the Murge islands during transgression. 
Sedimentary structures are mainly indicative 
of deposition in wave- and/or storm-domina-
ted environments. As faulting of the Murge 
high mostly occurred prior to Plio-Pleistocene 
transgression, the antecedent topography 
of the Murge area was an important control 
factor on the development of the Calcareni-
te di Gravina Fm. and, during drowning, the 
Murge region became an island archipelago. 
Horst-and-graben structures in the foreland 
controlled the distribution of emerged land, 
basins, islands and straits and, consequen-
tly, deposits of the Calcarenite di Gravina Fm. 
progressively covered the Murge palaeoarchi-
pelago by; i) aggradation against degraded 
fault scarps; ii) flooding of narrow shore plat-
forms around palaeoislands (horsts) or their 
tops; iii) drowning narrow straits (grabens) 
(Tropeano and Sabato, 2000). Carbonates 
were diachronously covered by hemipelagites 
of the Argille subappennine Formation at pro-
gressively higher levels on the flanks of the 
foreland-highs (Pieri et al., 1996). 

Murge is uplifting at least from the begin-
ning of the Middle Pleistocene, with uplift ra-
tes in the order of at least 0.2-0.3 mm/yr; this 
phenomenon is testified by the occurrence of 
uplifted shorelines (recorded by palaeocliffs, 
abrasion platforms, and/or by thin marine ter-
raced deposits) and by the deep incision of a 
well developed drainage network characteri-
zed by the occurrence of canyons locally called 
“lame” and “gravine”.

One of this canyon is the main feature of 
the city of Matera, since the old town develo-
ped on the right flank of the rocky valley.

1.2 - the olD toWn of matera 
(“SaSSI”) anD SurrounDInGS

The Matera Horst (Murge di Matera) was 
a small island during late Pliocene-early Plei-
stocene times that finally drowned during the 
regional subsidence-driven transgression. 
Towards the north, it was separated from the 
main Murge archipelago by a 6- to 7-km-
wide graben (Viglione Graben) (Figure 4). To 
the southwest, a seaway about 50 km wide 
(the Bradanic Trough) separated this small 
palaeoisland from the Apennines highlands 
and connected the open Mediterranean (Io-
nian Sea) with the Adriatic Sea.

Structurally, the Matera Horst is loca-
ted within the middle-outer foreland ramp, 
between the wider Murge area to the N-NE (in 
the Apulia Region) and the Bradanic Trough 
to the S-SE (in the Basilicata Region). Both 
the Murge area and the substrate of the Bra-
danic Trough are characterized by a horst and 
graben system, and the Matera Horst, today 

Fig. 4 - Geology of the Matera area (from Tropeano, 2003).

Fig. 5 - On the left: The “Sassi di Matera” is the old town of Matera perched along the wall of a canyon (locally called “Gra-
vina”). Houses are excavated in Plio-Pleistocene calcarenites (P) lying on a Cretaceous basement made up of limestones 
(K). On the right: “Iazzo dell’Ofra” locality. “Iazzo” is the dialect name for a sheep-fold. The geological section shows the 
position of the Sassi (the old town) respect to the canyon. From Beneduce et al. (2004), mod.
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Fig. 6 - Basic information about Geography and Geology of the Matera area (from Tropeano, 2003).

partially exposed, is one of the most ele-
vated horst of the system. Today, the Matera 
Horst, a few tens of km2 wide and up to 500 
m in elevation, stands out from clays of the 
Argille subappennine Fm., which filled both 
the Viglione Graben and the Bradanic Trough. 
A spectacular deep canyon, the “Gravina di 
Matera” (Figure 5), cuts the horst and widely 
exposes both the Cretaceous substrate of the 
foreland and the Plio-Pleistocene covers.

The old town of Matera is called “Sassi di 
Matera” (“sassi” is the italian word for sto-
nes) and was excavated in the Plio-Pleistoce-
ne calcarenites of the Calcarenite di Gravina 
Fm. (Figure 5). The “Gravina di Matera” cha-
racterizes the geomorphologic landscape of 
the old town and runs for several kilometers 
in the karstic area, forming an up to 200 m 
deep incision which cuts Plio-Pleistocene cal-
carenites and their bedrock (the Cretaceous 
limestone). Along the walls of the canyon, 
hundreds of rupestral churches were excava-
ted during the Middle Age, and a town (the 
Sassi di Matera) developed (Figure 5).

During the first half of the 20 century, up 
to 20.000 people lived in this rupestral town, 
often in unhealthy conditions, and the town 
was defined “the national shame”. It was 
described as a hell-like scenario, inhabi-
tants were removed from their houses, and 
the town was abandoned. Today the old town 
lives again, and since 1993 the Sassi di Ma-
tera have been on the World Heritage List with 
the following justification: “This is the most 
outstanding, intact example of troglodyte set-
tlement in the Mediterranean region, perfectly 
adapted to its terrain and ecosystem. The first 
inhabited zone dated from the Palaeolithic, 
while later settlements illustrate a number of 
significant stages in human history”. 

Tourists visiting Matera are attracted from 
a historical itinerary that represents also an 
amazing geo-tour as the old town permits to 
make an itinerary along the canyon and a 3D 
geologic-stratigraphic tour (Figure 6). A Re-
gional Park, the “Parco Archeologico Storico 
Naturale delle Chiese Rupestri del Materano” 
comprises the whole canyon and other sectors 
of the Matera region. Unbeknown to tourists, 
it is a unique possibility to visit a geo-park 
looking for churches.

2 - folloWInG the apulIan DInoSaurS 
footStepS 

(O. Simone)

2.1 - altamura DInoSaurS
In the spring of 1999, two geologists of 

the University of Ancona, prospecting in the 
middle of Murge for hydrocarbon deposits, 
made one extraordinary (and unexpected, 
actually) discovery that changed our way to 
think at the Mesozoic Tethys Ocean. In the 

countryside around Altamura, they found, in a 
quarry opened in the Cretaceous limestone of 
the Calcare di Altamura Formation (Figure 7), 
a layer of hard, fine-grained limestone exhi-
biting a great number of round hollows that 
they soon interpreted as dinosaur footprints 
(Figure 8). The quarry was excavated for con-
struction aggregate production, so that the 
workers did not touch the imprinted surface 
by chance, probably because it was too hard 
and economically inconvenient to exploit. The 
exposed sub-horizontal rock surface in the 
quarry covers an area of about 12,000 square 
metres and the footprints are estimated 

Fig.  7 - Altamura (Apulia), view of the quarry where about 
30,000 Cretaceous dinosaur footprints were found in 1999.

Fig. 8 - This picture can give an idea on the huge number of 
animals that walked of the Altamura surface. 
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to be around 30,000 in number (Nicosia 
et al., 2000a). Among the so many footprints 
it is possible to recognise several trackways 
(Figure 9); the longest one being composed of 
176 marks (Dal Sasso, 2003). So far, seems 
that only plant-eating dinosaurs frequented 
this place (Nicosia et al., 2000a,b), they 
can be tentatively classified as hadrosaurs 
(mainly in quadrupedal gait) and medium-
sized Ankylosauria, a taxon that is rare in the 
ichnological record (Nicosia et al., 2000a; Dal 
Sasso, 2003). 

A detailed investigation, performed on 
two exposed successions and on a core about 
30 m long, showed that the accumulation of 
calcareous mud occurred, during the Upper 
Cretaceous (late Coniacian - early Santo-
nian), in a peritidal to shallow subtidal envi-
ronment (Perugini & Ragusa, 2004; Perugini 
et al., 2005). Sedimentological analysis and 
the morphological study of the marks suggest 
that all the Altamura footprints were left on 
a soft layer of mud (Figure 10 and Figure 11) 
and within a very short time span, perhaps 
simultaneously. In fact, when the tracks 
cross one another, the footprints impressed 

Fig. 9 - This is one of the most recognisable tracks on the 
dinoturbed surface.

Fig. 10 - Manus-pes couple attributed to a plant-eating 
dinosaur that moved with a quadrupedal gait.

by first have been plastically deformed, and 
not crushed or cracked, by the passage of the 
second animal; this suggests that the mud 
was still fresh (Dal Sasso, 2004).

2.2 - DInoSaurS footprIntS from 
other apulIan areaS

Following the discovery of the Altamura 
megatracksite, a number of trampled surfa-
ces were found in Apulia, whose age spans 
from Upper Jurassic to Upper Cretaceous. 

Several footprints, ascribed to medium-
sized theropods, were recognized on loose 
blocks of the piers of Mattinata (Gargano 
headland); they can be referred to the San-
nicandro Formation that dates back to Late 

Fig. 11 - Single deeply impressed footprint left by a plant-eating dinosaur.

Jurassic - Early Cretaceous (Gianolla et al., 
2001; Conti et al., 2005); 

Near San Marco in Lamis (Gargano he-
adland), in beds belonging to the San Giovanni 
Rotondo Formation, has been recognised a Lo-
wer Cretaceous (late Hauterivian - early Bar-
remian) ichnocoenosis represented mainly by 
tridactyl footprints ascribed to medium-sized 
theropods (Gianolla et al., 2000a,b; Gianolla 
et al., 2001; Petti et al., 2008).

Near Bisceglie, several footprints, found 
on isolated blocks extracted from of the early 
Aptian horizons of the Calcare di Bari Forma-
tion, showed a quite differentiated dinosaur 
ichnocoenosis, including theropods, sauro-
pods, thyreophorans and ornithopods (Sacchi 
et al., 2006; Sacchi et al., 2009).

Fig. 12 - Schematic geological map of Apulia. In red are shown some among those sites that yielded dinosaur 
footprints. (from Petruzzelli et al., 2011)
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In the Aptian - Albian levels cropping out 

in the area surrounding the towns of Giovi-
nazzo and Molfetta, have been found several 
tracks imprinted by small flesh-eaters, thyre-
ophorans, iguanodontids and sauropods (Pe-
truzzelli, 2008; Petruzzelli and Francescangeli 
2008; Petruzzelli, 2009; Petruzzelli, 2010; Pe-
truzzelli et al., 2011).

Apart those sites quoted above, in Apu-
lia there are many more dinosaur tracksites 
that, although have been discovered several 
years ago, still need to be scientifically stu-
died and described. In fact, Petruzzelli et al. 
(2011) counted circa 20 Apulian sites yielding 
dinosaur footprints (Figure 12).

2.3 - the ImportanCe of apulIan 
DInoSaurS In paleoGeoGraphIC 
reConStruCtIonS

The Mediterranean area originated from 
the complex interaction of two main crustal 
plates, Africa and Eurasia, and of other in-
tervening microplates. The reconstruction of 
the Mediterranean Mesozoic paleogeography 
is complicated by those orogenic processes 
that markedly changed the original position 
of emerged areas and oceans.

According to different studies, the Peri-
adriatic region was interpreted as a single 
microplate or as part of Africa. Among the 
geodynamic models suggested by the results 
of a number of pieces of research, two seem to 
be the most accepted (Fig. 13). In the first one, 
the Ionian an the Alpine basins are connected, 
separating Adria from Africa (Finetti, 2005a). 
Another model shows two independent ba-
sins, the Alpine Tethys and the Ionian Tethys, 
separated by a continental crust sector; in the 
central Mediterranean area, several carbona-
te platforms (including the Apulia) are seen 
as isolated by pelagic domains, far from any 
main continental areas (Rosenbaum et al., 
2004; Stampfli and Borel, 2004).

Bosellini (2002) and Rosenbaum et al. 
(2004) were the first to concentrate their at-
tention on the dinosaur tracks and bones of 
southern Italy. The revision of geophysical and 
palaentological-geological data led these Au-
thors to conclude that Adria was part of the 
African landmass for most of the Cretaceous.

The “African Promontory” paleotecto-
nic model seems to be also confirmed by a 
number of dinosaur records in southern Italy 
(for example, see Nicosia et al., 2000a,b; 
Dal Sasso, 2003; Conti et al., 2005; Nicosia 
et al., 2007; Petti et al., 2008; Sacchi et al., 
2009). The following figures show several 
paleogeographic reconstructions as they we-
re published by different Authors. Bosellini 
(2002) proposed a paleogeographic map of 
the central-western Mediterranean area du-
ring the Early Cretaceous (Figure 14). Here, 
the Apulia carbonate platform is considered 

Fig. 13 - Palaeogeographic reconstructions of the Central Mediterranean area during the Early Cretaceous. In the first 
(left) the Ionian Tethys and the Alpine Tethys are fully communicating (140 Ma; after Finetti, 2005). In the second (right) 
the two oceanic branches are separated by a continental crust sector (120 Ma; after Rosenbaum et al., 2004). (from 
Zarcone et al., 2010).

as a spur, part of the African landmass, sepa-
rating two deep ocean branches called Ionian 
(to the west) and Levantine (to the east). The 
fluctuating sea level repeatedly exposed large 
parts of the Apulia and surrounding carbo-
nate platforms, allowing Cretaceous fauna 
to migrate from Africa northward. Zarcone 
et al. (2010) show a paleogeographic map 
of the Central Mediterranean area during the 

Fig. 14 - Central-western Mediterranean area during the Early Cretaceous. (from Bosellini, 2002)

Aptian-Cenomanian interval, representing 
the probable connection between African 
continent and Apulian and Adriatic carbonate 
platfoms (Figure 15).

In Brief, is likely that the Altamura site (as 
well as the other Apulian ichnosites) was part 
of one of the temporary continental bridges, 
already hypothesised by Dal Sasso (2003), 
that connected Laurasia and Gondwana in the 
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Fig. 15 - Central Mediterranean area during the Aptian-Cenomanian (after Turco et al., 2007, as modified in Zarcone et 
al., 2010). Ad=Adriatic–Dinaric Carbonate Platform; ACP=Apenninic Carbonate Platform; AP=Apulian Platform; AT=Alpine 
Tethys Ocean; Au=Australpine; BA=Bagnolo Carbonate Platform; Br=Briançonnais; Cl=Calabria; Co=Constantine Plat-
form; Ga-Tr=Gavrovo-Tripoliza; Hy=Hyblean Platform; Ib=Iberia; Im=Imerese Basin; KP=Kasserine Platform; LB=Lombard 
Basin; Li=Ligure-Piemontese Ocean; LM=Lagonegro-Molise Basin; NCA=Northern Calcareous Alp; PCPA=Panormide Car-
bonate Platform; Pel=Pelagonian; Pi=Pindos; Sa=Saccense Pelagic Plateau; SB=Sellaoua Basin; Si=Sicanian Basin; 
Tp=Trapanese Pelagic Plateau; TT=Tellian Trough; U-M=Umbria-Marche Basin; Val=Valais Ocean. (from Zarcone et al., 
2010).

central Tethys, allowing migrations between 
the two hemispheres and colonisation of the 
local coastal habitats. 

3 - the alta murGIa KarSt plateau 
anD the “pulI” 

(V. Iurilli)

3.1 - GeomorpholoGICal SettInG of 
the alta murGIa area

The “Alta Murgia” karstic plateau corre-
sponds to the highest horst of Murge, whose 
elevation ranges between 360 and 670 me-
ters a.s.l. It strikes WNW-ESE for about 55 
kilometrs and is about 15 kilometers wide. 
Near the south-western flank of the plate-
au, in an asymmetric position respect to the 
whole Murge area, may be traced the main 
watershed divide between the Adriatic Sea 
and the Ionian Sea. The southwestern flank 
of the plateau corresponds to a long plio-
pleistocene fault line escarpment, passing 
near the Altamura and Gravina localities; the 
fault displacement reaches 200 meters west 
of Gravina.

The Cretaceous succession cropping out 
in the Alta Murgia area records huge palaeo-
karstic cavities full of bauxite and terra ros-
sa developed during a Turonian phase of ex-
position of the Apulian Carbonate Platform. 
Abandoned mines represents important 
geo-heritage elements of the region and are 
located 30 km north west of Gravina, in a lo-
cality known as as “Murgetta Rossa” whose 
ore deposits have been exploited till 1980 
(Iurilli, 2010a). After this phase of exposi-

Fig. 16 – Geomorphological sketch of the Murge Alte plateau (north-western Murge), showing the polygonal pattern of the karst depressions, and the location of “puli”. 1. Pulo di Alta-
mura basin (red); 2. The basins of the three largest dolines at the top of the relief, near Gravina and Altamura, including the Pulicchio di Gravina doline (in red). (Sauro, 1991, modif.).
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tion, the platform was submerged again and 
survived in a shallow marine realm until the 
end of Cretaceous, when the whole platform 
definitively was abandoned by the sea and 
karstified. A morphometric study of the Alta 
Murgia plateau pointed out a “honeycomb” 
pattern (polygonal karst) for the depressions 
that resulted peculiar in Southern Italy (Sau-
ro, 1991) (Figure 16). However, shape is not 
that of a typical “cockpit karst”, but it could 
be considered as a “low relief cockpit karst”, 
due to the low energy of the “Alta Murgia” in 
the Tertiary age. The Author emphasizes the 
effect that volcanic ashes from Mt. Vulture 
have had on the karst morphogenesis as an 
interfering factor. The study of the soils and 
cave fillings puts into evidence the signifi-
cance of volcanic products in determining 
some chromatic shades of Murge landscape 
(Iurilli, 2010b).

Although karstified, the top of the plateau 
is a planation surface with a well developed 
drainage network, made up of dry valleys, for 
the most part directed to north (Adriatic sea). 
The drainage is endorheic in the narrow up-
permost area, and in other restricted areas. 
Local drainage networks, having 3rd or 4th 
order, run toward karst depressions. Among 
many dolines, two “very large” collapse doli-
nes, called Pulo and Pulicchio, can be found 

Fig. 17 – Aerial view of the Pulo doline, near Altamura. N-North direction, Etw-Eastern tributary valley, Wtv- Western tributary valley, dol-Solution doline, 
DN-Drainage network, VP-Viewpoint, Ds-Debris slope, Nrp-natural rocky pastures, Rca-recently cultivated area; the yellow stars indicate some of the 
other caves. (photo courtesy of A. Fiore - Sigea).

in the Alta Murgia; their diameter is about 500 
meters and their depth is about 100 meters. 
“Pulo” and “Pulicchio” are local names, used 
only in Puglia, for large dolines but also so-
me other depressions, having different geo-
morphologic meanings, are locally called with 
the same terms (Colamonico, 1917, 1919).

On the other hand, there is almost an 
example of a different word used to name a 
form of the same kind: the “Pozzatina”, in the 
Gargano plateau (northern Puglia), is another 
large collapse doline, 600 meters in diameter 
(Castiglioni & Sauro, 2000). It is also worthy 
of note the fact that in Murge, as well as in 
Gargano, there are equally large (and even 
larger, but less deep) solution dolines. Near 
the “Pulicchio di Gravina” (site 2 in Figure 
16), for example, there is the elliptical “Tre 
Paduli” doline, whose NS striking major axis 
is by far the longest in this region (about 1300 
meters), but its depth is only 30 meters.

The Pulo di Altamura and Pulicchio di Gra-
vina are two easy destinations in an excursion 
around Altamura, where the geomorphologic 
and landscape characters of “Alta Murgia” 
karst area can be observed. The former is 
particularly accessible and, thanks to the 
lack of vegetation, it shows its geologic and 
morphologic characters. (Figure 17)

Pulo and Pulicchio areas show the featu-
res of both a polycyclic karst and an erosive 
morphogenesis. 

 
3.2 - pulo DI altamura

The Pulo di Altamura doline is located 7 
km north of Altamura. It reaches 90 meters 
in depth and its maximum diameter (oriented 
WSW-ENE) is about 510 meters. Its location 
corresponds to a larger endorheic basin, so-
me square kilometers wide, adjacent to the 
main watershed of Alta Murgia plateau. The 
polygonal shape of the doline perimeter is due 
to its straight slopes, that in some places are 
almost vertical.

The doline developed on the axis of a 
syncline, and the rock layers and tectonic 
structures are exposed on its walls and slo-
pes; equally the steep walls cut some karst 
caves making them accessible to man. In this 
stop it is possible to notice the differences 
and relationships between recent and ancient 
landforms; in the first group there are the ste-
ep slopes and walls of the Pulo (Figure 17), the 
debris deposits at the bottom, the V-shaped 
tributary valleys cutting its slopes (the ea-
stern and the western one). Among the latter, 
there are the nearly flat dry valleys draining 
the surface (DN, in Figure 17), the solution 
dolines “cannibalized” by the drainage net-
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work, the large endorheic depressions inside 
the planation surface, relic of a “low relief 
tropical karst”.

Ten caves have been found around the 
Pulo di Altamura, and many others in the 
area surrounding the “large dolines”. One of 
these caves is a perfect example of a phreatic 
gallery uplifted in the vadose zone (PG in Fi-
gure 17); its entrance is near the base of the 
western tributary valley. On the opposite side 
a 40 mt. deep pothole captures the streams 
of the eastern tributary valley, into a deeper 
cave system (P in Figure 17). Some hanging 
remnant caves open in the northern wall of 
the doline (HC in Figure 17), dissected by the 
doline collapse and the slope evolution. They 
have origin in different phases of karstifica-
tion, depending on the tectonic evolution of 
the area, showing the results of a polycyclic 
karst (Grassi et al., 1982).

It is also possible to imagine an old phase 
of evolution of this environment, when in the 
place of the Pulicchio or the Pulo there were 
cenote-like depressions in the “Alta Murgia” 
island, where the debris falling from their ver-
tical faces was removed by brackish water in 
the bottom; in a later stage, extending until 
the present, the original cylindrical form turns 
into a truncated cone due to the debris accu-
mulation at the foot of the slopes (Castiglioni 
& Sauro, 2000).

3.3 - the ConServatIon StatuS of the 
pulo GeoSIte

In a recent past, the Pulo environment 
underwent a period of decay, due to the 
uncontrolled discharge of waste (including 
many cars and tires). Currently, the doline 
has partly recovered its original appearance, 
after the removal of the waste (in 2006). The 
surrounding environment, however, has lost 
much of its landscape and ecological features 
it had till twenty years ago: the natural pastu-
res have been transformed into arable lands 
by grinding the upper and outcropping layers 
of carbonate rocks, together with many sto-
ne artefacts that disappeared from the lan-
dscape (Moretti et al., 2004). The arid karst 
landscape with rocky hills and farmed valleys, 
was a “cultural landscape” with pastures and 
cereal fields, dotted with piles of stones orde-
red by men in the form of “trulli”-like houses, 
“specchie”, and a network of stone walls. This 
was an example of coexistence between geo- 
and bio-diversity, still surviving in restricted 
areas. Another effect of the land use changes 
in the Alta Murgia area is the increase of fine 
sediments eroded by rain and surface stre-
ams and transported into sinkholes, active 
cave systems and on the bottom of the Pulo.
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cazione, informazione e formazione ambientale: con CATAP (Coordinamento delle associazioni tecni-
co-scientifiche per l’ambiente e il paesaggio) cui SIGEA aderisce, Associazione Idrotecnica Italiana, 
Federazione Italiana Dottori in Agraria e Forestali, Italia Nostra, Legambiente, WWF, ProGEO, ecc.
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