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Abstract

:

Majella National Park is located in the central Apennines (Italy), in a vast mountainous area of about 740 km2. Owing to the complex geological history of the Majella Massif and surrounding areas, it features many different landforms. Woodlands rich in water characterize the wide tectonic depression of Caramanico, which separates the rounded gentle profile of the Majella to the east from the impervious steep slope of the Morrone Mt. to the west. Bare pitted highlands, like lunar landforms, characterize the top of the Majella (i.e., Femmina Morta Valley) shaped by flowing ice that long ago covered the higher parts of the massif. Sedimentary structures and fossil content recovered in carbonates attest to a long period of sedimentation in warm, shallow-marine environments, revealing that the Majella and the surrounding carbonate mountains looked, approximately from 140 to 7 Ma, like the present-day Bahamas and Persian Gulf. The Park hosts at least 95 geosites, some of which (22) are well-known in the international literature because of their scientific relevance. In addition, its natural and cultural wealth, deeply fused together with geoheritage, preserves several features of national and world rarity. Therefore, the Park Authority decided to put forward its territory as a candidate to become part of the United Nations Educational, Scientific and Cultural Organization (UNESCO) Global Geoparks Network.
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1. Introduction


The aim of this paper is to present the geological peculiarities of the Majella National Park (MNP) together with other natural and cultural main wealths, as well as the history of the park and its network of facilities for tourists, features that motivated the Park Authority to propose it as a candidate to become a United Nations Educational, Scientific and Cultural Organization (UNESCO) Global Geopark.



Geoconservation concerns the protection of peculiar places on Earth, that represent open windows on the past [1]. It was first introduced among the other conservation disciplines by the European Working Group of Earth Science Conservation in 1988, that turned into ProGeo, the European Association for the Conservation of Geological Heritage, in 1993.



The main focus of the Geosites Project, promoted by the International Union of Geological Sciences (IUGS) in 1994, was to involve the global geological community in providing inventory and data to support national and global outreach to protect geological resources for scientific and education objectives. Its goals were designed to mesh with national and global initiatives and address the issue of how best to represent the diversity and richness of key geoscientific sites [2]. In 1995, ProGeo promoted a project aimed to compile a list of European geosites. At the end of the same year, IUGS, with the support of UNESCO, promoted the project of implementing a global inventory and related database.



Geoparks comprise substantial territorial areas within which there may be several geosites [3]. They are also concerned with promoting sustainable development and tourism [4]. UNESCO’s work with geoparks began in 2001. In 2004, 17 European and 8 Chinese geoparks met at UNESCO headquarters in Paris in order to establish the Global Geoparks Network (GGN) [5]. During the 38th General Conference of the Organisation, in November 2015, the 195 Member States of UNESCO ratified the creation of the UNESCO Global Geoparks label, that expresses governmental recognition of the importance of outstanding geological sites’ and landscape management.



The system of protected areas and nature conservation legislation vary greatly around the world, but there are important geoconservation efforts being made in the UK, Australia, New Zealand, United States, Canada, Europe, and some countries elsewhere in the world. The Geoparks network, since the beginning, has been stimulating thinking about geological conservation in many developing countries where few efforts have been made in the past. UNESCO has played an important role in supporting the Global Geoparks initiative mainly because of the interdisciplinary and international nature of the co-operation in studying Earth systems while also sustaining local communities [3].



In Italy, there has been an upsurge of interest in geoconservation, partly through the passing of the outline law on protected areas (Law no. 394/91). The law aims to protect geological and geomorphological features of national or international significance due to their “natural, scientific, aesthetic, cultural and recreational value” [6].



Location


MNP, the aspiring Geopark, is located in Abruzzo, a region of central Italy, about 150 km from Rome (Figure 1). It includes 39 municipalities (4 of them having their historical center inside the protected area) distributed in 3 provinces (Chieti, L’Aquila and Pescara). It is located in the heart of the Apennines very close to other national parks (namely Abruzzo-Lazio-Molise National Park to the south and Gran Sasso-Laga National Park to the north).





2. Material and Method


The huge amount of publications available on geoconservation, geoheritage, geoparks and geosites subjects were very important while writing the Majella aspiring Geopark dossier needed to gain admittance to the UNESCO GGN. The published works of Wimbledon, Gray, Henriques, Ruban, Bradbury, Habibi and other authors [1,3,4,7,8,9,10,11,12,13] allowed work to start on the aforementioned dossier from an important and interesting framework of information and rules for selecting the geosites of the Majella National Park.



An important starting point was the first group of 17 geosites listed in 1999 by the Majella National Park’s management plan, and the 31 listed in 2014 on the occasion of the Natura 2000 Sites’ Plan editing. In 2005, the Geological Survey of Italy (currently belonging to Ispra–Istituto superiore per la ricerca e la protezione ambeintale) founded a National Project on Geological Heritage and Geodiversity [14,15] and started compiling the National Geosite Inventory. Almost 191 geosites have been mapped in the Abruzzo region.



In this paper, and while compiling Majella aspiring Geopark’s Geosite Database (GD), a simplified version of the Ispra geosite inventory format [14] was used. It represents the Italian standard for those are wishing to make a geosites’ inventory and are planning to propose its incorporation in the national inventory [15]. This is another goal of MNP. In fact, the work for preparing the UNESCO dossier has not had the intention to achieve a complete inventory of MNP geosites, although it may be considered a first attempt towards it, but to give an idea of the geoabundance and geodiversity of the area as conceptualized by [8]. The simplified format contains geographical and geological information about each site, with an emphasis on their usability and accessibility. It also integrates the UNESCO rules in order to evaluate the relevance of the geological heritage of the aspiring geoparks, based on the international peer-reviewed, published research conducted on the geological sites within the area, or citing them.



Therefore, the GD comprises the following fields: an alphanumeric ID, the name of the geosites, the relevance (RELEVANCE: I = International; N = National; R = Regional), the value (VALUE: S = Scientific; E = Education; G = Geotourism), the main interest (TYPE), the location (name of the municipality). Last, but not least, the accessibility is evaluated, considering roads and trails of the MNP included in their classification (condition, difficulty, etc.), but also protection measures which straighten or interdict the access to a few geosites. Moreover, a list of the main references per each identified geosite was prepared. The main interest (TYPE) is coded with an abbreviation consisting of two capital letters: Stratigraphy and sedimentology (ST); Structural geology (SG); Palaeontology (PA); Geomorphology (GM); Hydrology and hydrogeology (HD); Quaternary geology and archaeology (QA); Mining and industrial archaeology (MA); Hydrocarbon genesis and migration (HM). As about half are geomorphosites, a second distinction has been operated (even if not reported in this paper) on the basis of the type of geomorphic processes and landforms: Karst (GM1); Glacial (GM2); Glacio-karst (GM3); Fluvial and fluvio-lacustrine (GM4); Morphotectonic (GM5); Mass-movement (GM6); Erosion (GM7); Various and viewpoints (GM8). These types were chosen starting from the Ispra classes, named “Scientific interest”, present in the section C of the aforementioned geosite inventory format.



We compared the MNP types with the 21 types of geosites distinguished by [8,9]. Some differences are due to the intention to fit better to the MNP’s geological features and to the goals of the dossier for applying to the UNESCO GGN. Another difference with the Ispra geosite inventory format is the following: the format reports “Geotourism” as a class of “Scientific interest” while in this paper and in the aforementioned dossier it is part of the VALUE which is an attribute of each recorded geosite. Moving back to the GD, many of the occurrences could be attributed to a second type (the Ispra secondary “Scientific interest”) as important as the first one. In this paper, we considered only the primary type (i.e., the Ispra “Scientific interest”) defined on its representativeness in relation to the territory of the aspiring Geopark. Moreover, sites with a particular panoramic position or that are good for the observation of geological landscape are identified and encoded too. In the GD, the alphanumeric ID code, assigned to each geosite, is made of three letters referring to the municipality followed by a progressive number consisting of three digits (i.e., sul001). The name assigned to each geosite is composed by the primary, and sometimes the second geological interest or phenomenon, and the locality, namely the most important and closest toponym from the 1:25,000 topographic map by the IGM (Istituto Geografico Militare), the main Italian official cartographic body. A new map showing the GD occurrences has been elaborated by means of ArcGIS 10.3, ESRI, Redlands, CA 92373, USA (Figure 1).




3. General Features of the Majella Aspiring Geopark


3.1. Geographic and Climate Outline


The aspiring Geopark covers more than 740 km2 (74,095 hectares). It is made up predominantly of carbonate reliefs separated by valleys and karst plateaus and it presents a great morphological and altitudinal variety (130–2793 m). The wide area of Majella Massif has more than 60 peaks, half of them exceeding 2000 m a.s.l., like Mt. Amaro (2793 m) the second highest peak of Apennines, followed by: Mt. Acquaviva (2737 m), Mt. Focalone (2676 m), Mt. St. Angelo (2662 m), Mt. Macellaro (2636 m), Cima Murelle (2598 m), Pesco Falcone (2546 m), Cima dell’Altare (2542 m) and Tavola Rotonda (2403 m). Other than Majella, there are the narrow and elongated reliefs of Morrone Mts. (whose homonym main peak is 2061 m elevated), the mountains of Porrara (2137 m), Rotella (2129 m) and Pizzalto (1966 m). Toward the south-west, the Pizzi-Secine Mts. rises up, less high than the previous ones but still exceeds 1880 m a.s.l. The high altitudes together with proximity to the sea (Adriatic Sea at just 30 km) guarantee a rigid but also variable climate that makes this a unique park, preserving the most rare and valuable part of Italian biodiversity. The main watercourses are: the Orta and the Orfento rivers, the upper part of the Lavino River (Santo Spirito–Capo Lavino Creek), the Gizio and the Vella rivers, which belong to the Pescara River basin, the Aventino and the Verde rivers, the Avella, the Laio and the Parello creeks which belong to the Sangro River basin, and the Foro and the Alento rivers. The eastern Majella is carved by a series of canyons, namely the Mandrelle-Santo Spirito, the Taranta, the Izzo and the Lettopalena valleys, which despite their barren appearance contribute to increasing the water amount of the Sangro basin. Noteworthy are the so called “quarti”, karstic highlands which belong to the “Altipiani Maggiori d’Abruzzo” (main Abruzzi highlands). These plateaus extend in the south-western part of the aspiring Geopark, at an elevation of about 1250 m, and are: Quarto Santa Chiara, Quarto Grande, Quarto del Molino and Quarto del Barone. Small and few, but even more important for wildlife, are the perennial water bodies: the Ticino Lake, near Campo di Giove, and the Battista and Pietra Cernaia lakes, south-eastward. With a slightly elliptical shape and the major axis oriented N–S, the aspiring Geopark is characterized by a typical mountain and high-mountain climate with particularly abundant snowfalls. Cool and breezy during summer, the climate presents cold and rainy winters in the lower areas, often maintaining quite good weather conditions and visibility at high altitudes. Spring does not last long, quickly giving way to summery conditions, whereas during the autumn weather is more stable since it is mitigated by the presence of the nearby Adriatic Sea.




3.2. Natural and Cultural Wealth


The Majella aspiring Geopark is extremely rich in sites of naturalistic, historical, artistic and cultural interest. Some examples are: in the northern part of the Park, the Orta Valley, one of the most fascinating canyons in this protected area; almost at the opposite extreme, in the south sector at the foot of Mt. Pizzalto near the village of Pescocostanzo, the St. Antonio’s Wood is a beautiful case of ancient wood mainly composed by beech, with hundreds of centennial monumental specimens. Beech woods are in fact the most common wood formation within the park. Worth mentioning are those of Lama Bianca as well as those in the Foro Valley, at Palena and in Pizzoferrato. Very interesting and spectacular, although not numerous, are also the park’s perennial streams, like the Orfento River (MNP North West) and St. Giovanni’s waterfall, in the territory of Guardiagrele, one of the main towns of the area (Figure 1). The latter is one of the few sites where the Fiori Butterwort, a little and rare worm-eating plant, grows.



Among the numerous visitable caves, the Cavallone Cave in the Taranta Valley is to be mentioned. It is known for having inspired the setting of Gabriele D’Annunzio’s tragedy “La figlia di Iorio”. Its entrance is located at 1475 m a.s.l., and therefore it is the highest touristic cave in Europe, reachable by means of a panoramic cableway.



Worth a visit are also the numerous hermitages (about 40) built or carved especially on the Majella and on the Morrone rocky slopes by shepherds and hermits and mostly placed in very spectacular but not so accessible naturalistic contexts in the northern sector of the park. Two examples are St. Bartolomeo di Legio’s (Figure 2) and St. Giovanni’s hermitages, both located in the northern and north-western area of the park and the latter is only reachable by crawling in the final part of the way along a stone ledge. Other religious places to be seen are the Madonna dell’Altare Hermitage, visited by Pietro da Morrone who later became Pope Celestino V, and the beautiful and famous Benedictine Abbey of St. Liberatore a Majella. Near the Abbey, along an easy itinerary leading to the source of the Alento River, it is possible to admire the stone tombs of the early Christian era. This site is also interesting from a botanical point of view, thanks to the presence of the rare Bladdernut (Staphylea pinnata). In addition to the aforementioned historical sites, the park hosts, moreover, some notable examples from the Italic and Roman era: Juvanum, at Montenerodomo, an important roman city of the first century BC, and the Italic Sanctuary of Ercole Curino Temple, at the foot of the Morrone mountain ridge just outside Sulmona, the largest MNP town (Figure 1). The dry-stone buildings are typical testimonies of ancient agricultural and pastoral activities, and they are widespread within the entire territory of the park, but above all along the northern side. Some of these, like the ones located in the Giumentina Valley in the territory of Abbateggio, or those in the territory of Roccamorice, two villages of the MNP (Figure 1), are particularly complex and show the locals’ great intelligence and building skill. These structures were created only with locally available materials: the stones removed from the cultivated fields were employed using the false vault technique (tholos), which was common in the Mediterranean area during the Prehistoric Era. Today a lot of these structures, inserted in a mainly re-naturalized environment, can be visited thanks to dedicated itineraries. In the territory of the park, some important castles are also present, including the fourth-century castle at Pacentro, a peculiar village sited along the western side of the Morrone mountains, and the remains of the striking Menardo Castle at Serramonacesca, another MNP village standing in the northern part of its territory (Figure 1). Especially interesting is, finally, the Bandit’s Board, which shows the names and thoughts of some of the bandits that were active in this territory after the Italian state’s unification.



Other attractions are: the aforementioned Sulmona, birthplace of poet Ovidio and city with many monuments, located near to Morronese Abbey (which hosts the technical headquarters of MNP), St. Onofrio’s Hermitage and the remains of the Italic Sanctuary of Ercole Curino, other than some towns which are often well conserved, namely Pescocostanzo, one of the most striking historical centres of the park, Fara San Martino, Palena, Rapino, known for its pottery, and Guardiagrele, an old town where the legal headquarter of the MNP is sited (Figure 1).




3.3. Short History of the Aspiring Geopark and Regulation


As specified above, the area of the aspiring Geopark corresponds to the territory of MNP which was instituted in 1991 with the Frame Law on Natural Protected Areas (no. 394 on December 6th, 1991). This institution means that the park holds a nationally and internationally relevant natural and cultural heritage. The national code of the MNP, as reported in the official list of Italian protected areas, is EUAP0013. As proof of the significant natural and cultural value of the area, it should be mentioned that before the 1991 law, seven national reserves (protected areas) had been established in the same area, the oldest of which was founded in 1971 (Valle dell’Orfento Natural Oriented Reserve). Another four regional reserves, established before the institution of MNP by Region Abruzzo, complete the framework of the protected areas recognized in the territory’s application to become part of the UNESCO GGN.



All the aforementioned national and regional reserves are currently part of the MNP. On 5 June 1995, by decree of the president of the Italian republic and with the institution of the Park Authority, the ordinary managing activity of the territory was initiated. The Park Authority is a non-economic public entity under the supervision of the Italian Ministry of the Environment and Protection of Land and Sea. The legal and administrative headquarter of the Park Authority is located in Guardiagrele (CH), while its operative and technical headquarter is in Sulmona (AQ). The MNP Plan, approved in 1999 by the Directive Council of the Park Authority, was adopted in 2005 and later underwent the approval of the Regional Council of Abruzzo. After being published in the Official Gazette of the Italian Republic in 2009, it definitively entered into force.



The territory of the MNP, as it is determined in the national Law 394/91, is divided into 4 areas, denominated as “A”, “B”, “C” and “D” depending on the different level of protection needed. More precisely, in the “A” area—Integral Reserve—the environment is conserved in its integrity. The “B” zone—Oriented General Reserve—includes areas where activities such as hunting and the construction of new buildings are forbidden. The activities concerning agriculture, woodlands, pasture, as well as fishing and the harvesting of natural products (edible plants, mushrooms, truffles etc.) are allowed, with some restrictions and rules, in all the territories included in the “C” area—called Protection Area—whereas in the “D” area economic activities are permitted when compatible with the MNP’s mission and objectives, especially if aimed at improving the social and cultural life of local populations and visitors’ enjoyment.



Collecting rocks, fossils and minerals is forbidden in the whole area of the MNP. Under specific conditions, researchers can obtain a temporary authorization to pick them. For fossil collection it is also necessary to obtain the permission of the archeological survey of Abruzzo (Soprintendenza Archeologia, Belle Arti e Paesaggio dell’Abruzzo, in short, SABAP Abruzzo), with which the MNP cooperates since 2001. Mining activities are also forbidden in the whole area of the MNP. The park’s Carabinieri corps is in charge of surveillance in the MNP, through the coordination of the local board located in Guardiagrele (CH). They operate to ensure that MNP’s rules are observed.





4. The Geological Heritage of the Area


4.1. Geological and Geomorphological Framework


The MNP is located in the central Apennines (Figure 1). The core part of the park coincides with the Majella Massif, an arc-shaped asymmetrical anticline gently plunging towards the NW and SSW. In correspondence of the fold axis culmination, an alignment of carbonate peaks exceeding 2500 meters in elevation is spectacularly exposed. To the west the MNP includes the NNW–SSE trending high reliefs of the Morrone, Porrara, Pizzalto and Rotella Mountains and south-east the relatively less high reliefs of the Pizzi-Secine Mts.



Looking at the geological aspect, the territory of the MNP is one of the most interesting regions of the central Apennines, where geology is quite complex but exposures are superb and subsurface features well-known among the scientific community. A prominent geological lineament running NE–SW, from the south-eastern foot of Majella to the Pizzalto-Rotella Mts., divides the territory of the park into two regions characterized by different structural architectures (Figure 3). The area to the west of this lineament, which corresponds to almost all of the entire territory of the MNP, is a mountain chain constituted by an imbricate fan of thrust sheets transported piggy-back towards the Adriatic between the latest Messinian (about 5.5 Ma) and the early Pleistocene (1.8 Ma). These thrust sheets, grouped in two major tectonic units (Morrone-Porrara Unit and Majella Unit), are made up of the Mesozoic-Tertiary platform-and-basin-derived carbonate sequences capped by siliciclastic flysch deposits. Mesozoic shallow-water carbonates characterize the southern portion of these units whilst basinal cherty limestones characterize the northern portion. Sedimentary structures and fossil content recovered in the shallow-water carbonates attest a long period of sedimentation in warm, shallow-marine environments, revealing that the Majella and surrounding carbonate massifs looked, at least from about 140 to about 7 million years ago, as the present-day Bahamas and Persian Gulf.



A spectacularly exposed platform-to-basin transition, with very well preserved paleoslope and adjacent talus breccia, progressively filling the proximal areas of the basin, crops out in the central part of Majella (Figure 4) and is widely described in international scientific papers [16,17,18]. The overlying flysch deposits, Messinian (from 6.4 to about 5.5 Ma) in age in the western unit (Morrone-Porrara Unit) and lower Pliocene (from 5.3 to about 4 Ma) in the eastern one (Majella Unit), indicate the progressive forward migration of the thrust belt-foredeep system towards the Adriatic foreland. The area to the south-east of the prominent structural lineament, represented in the MNP by the Pizzi-Secine Mts., belongs to the Molise Nappe, a rootless stack of basin-derived allochthonous sheets which tectonically overlies the lower Pliocene flysch of Majella. The Molise Nappe consists of a thick pile of Mesozoic-Tertiary basinal limestones and siliciclastic deposits that, in the area of the park, lies over the Majella unit in correspondence of its southern termination.



The complex geological history of the Majella Massif and surrounding areas closely matches the unusual geomorphological heterogeneity of the territory. In fact, a variety of different landforms, resulting from a combination of karst, glacial and fluvial processes, characterizes the MNP. Bare pitted highlands shaped by flowing ice that covered the higher parts of the massif long ago, similar to lunar landforms, characterize the top of the Majella (i.e., Femmina Morta Valley). Impressive narrow canyons (i.e., Inferno Valley) sided by vertical cliffs cut across the Majella exposing thick sequences of basinal and platform-derived carbonates. Wide sunny karstic plateaux covered by Holocene lacustrine deposits, younger than 10,000 years, (i.e., Quarto di Santa Chiara at 1250 m a.s.l.; Figure 5) are interposed between the NW–SE elongate reliefs of Rotella, Pizzalto and Porrara.



Woodlands rich in water characterize the wide tectonic depressions like that of the Caramanico Valley (carved by the Orta River) which separates the rounded gentle profile of the Majella Massif (Figure 6) from the impervious steep slope of the Morrone. Finally, an area with gently sloping mountains rich in woods and water (Secine-Pizzi Mountains), ideal shelter for many rare wildlife species, borders on the south of the Majella Park.



Thanks to its peculiar setting (high reliefs not far from the sea), unique in the European framework, and to the wide geomorphological heterogeneity, the park is characterized by a great variety of microclimates, ecosystems and ecological niches, which has allowed a precious and rare heritage of biodiversity to develop and be preserved. One third of the entire Italian flora (including numerous endemic species) and several rare wild animals are preserved within the MNP.



The park also preserves evidence of how much the geomorphologic features can be deeply fused with cultural inheritance. The first human presence in the area dates back to the Early Paleolithic (about 600,000 years ago), as testified by the stone tools recovered in lacustrine deposits at Giumentina Valley Site (730 m a.s.l.) which is one of the oldest human settlements of Western Europe [19,20,21,22,23,24,25,26,27,28,29,30]. 115 [31] are the karstic caves currently known within the MNP, many of which are of significant archeological interest. Together with the steep calcareous slopes of the MNP, they were also preferred by hermits as places of solitude and asceticism. Since the medieval period and until the last century many human activities, such as agro-pastoral practices and mining, left evident signs on the landscape and are strictly linked to geological features and resources of the territory.



Every year several Italian and foreign researchers visit the MNP for their scientific programs and educational field trips. Owing to the well-preserved platform-to-basin carbonate depositional system, the Majella Mountain acts in fact as a model for hydrocarbon genesis and oil migration.




4.2. Geosite Database and Case Studies


It is understandable that in the framework just outlined many dozens of interesting sites are worthy to become geosites. Following the criteria briefly illustrated above, more than 95 geosites were recorded in the GD of the aspiring Geopark and a new map was elaborated (Figure 1). Some of the geosites included in the GD (22 in total) are well-known in the international geological and palaeontologic literature because of their scientific relevance. The most part are geomorphosites, the majority of which consist in karst and glacio-karst landforms, with one rare example of tropical karst, then the most representative are the stratigraphy and sedimentology type, followed by the Quaternary geology and archaeology type (Figure 7). Almost three quarters of them are of international or national relevance (Figure 8a). Among sites with an international stratigraphic interest, the most prominent is the Decontra key section which allows correlation of Mediterranean shallow water deposits with global Oligocene–Miocene stratigraphy [32,33,34,35,36,37,38,39,40,41,42,43,44]. Last, but not least, palaeontological, hydrogeological and structural geology geosite types are to be mentioned. Even if just 3 sites belonging to the hydrocarbon genesis and migration type and the mining and industrial archaeology type have been recorded up until now in the MNP GD, they represent a peculiarity of the aspiring Geopark. Thanks to the recent increasing interest for the former Majella Mining Bitumen Complex [45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61] from both researchers and institutions, their number is expected to rise. The MNP GD format also furnishes the value of each geosite (Figure 8b) in geoturistic, educational and scientific terms. A site could be included in all the mentioned categories.



The most prominent example of these “multi-valued” geosites is surely the fossil field of Capo di Fiume [62,63,64,65,66,67,68] (Figure 9), which is visitable since 2001 thanks to some facilities (wood fence, educational panels, picnic area). It is connected to the Alto Aventino Geopalaeontologic Museum (Figure 10), sited inside the Ducal Castle of the nearby village of Palena, one of the MNP municipalities. Other important international geosites are the aforementioned archeogeosite of the Giumentina Valley [19,20,21,22,23,24,25,26,27,28,29,30], the so-called “Petroleoum Springs” of Tocco da Casauria [47,48,50,51,52,54,55,56,57,58,59,60,61], the groundwater-fed springs of Verde [50,69,70] and the Nera Cave with abundant moonmilk concretions [71,72].



In Table 1, a comparison between the Majella and Ruban types of geosites [9] based on the effective presence of the latter within the aspiring Geopark territory, is illustrated. Considering that in the GD complex geosites have not yet been identified for the reasons previously discussed, at least two other Ruban types, namely mineral and pedological (soil), could be added to the list. Therefore, there are 13 (11 + 2) geosite types occurring in the aspiring Geopark territory. However, with some differences, the MNP GD types match quite well with part of the 21 types of geosites distinguished by [9]. Some differences are due to the intention to fit better to MNP geological features and to the goals of the application dossier for the UNESCO GGN. For example, geomorphological sites are the most represented in the area and need to be further detailed (i.e., 8 resulting subcategories in MNP dossier vs. 3 listed by Ispra [14] and 3 by [9]). In order to manage this issue, the keyed classification of natural geodiversity for land management and nature conservation purposes of [11] could be considered. However, in this phase of the work, it is premature to assess this kind of evaluation which deserves a separate work and discussion.



According to [8]:



Geodiversity 1 = Total quantity of geosite types occurring on a given territory



Consequently, the Geodiversity score for the Majella aspiring Geopark is 13.



At the same time, we evaluated the Geoabundance [8] which is defined as follows:



Geoabundance 1 = Total quantity of geosites on a given territory



The Geoabundance score for the Majella aspiring Geopark is 95.



Considering that 8 of the total amount of geosites in the GD could be associated to other sites if considered as complex geosites [8], the geoabundance score drops to 87. At the moment, we have not yet identified any complex geosites [8] during this first census of geosites in the Majella aspiring Geopark area.



The evaluated scores for Geodiversity and Geoabundance could increase when achieving a complete inventory of MNP geosites, that is beyond the goals of the present work as already mentioned.





5. Tourist Activities and Facilities


In the aspiring Geopark there is a hiking network about 720 km long, which is complemented by numerous secondary roads suitable for mountain-biking (MTB) and horse riding. The MTB trails extends for about 426 km, while the horse trails are overall 400 km long. The excursion trails are diversified for people of all skill levels, from very experienced hikers to families with children. This framework is completed by several non-managed bivouacs and refuges of different sizes, suitable for temporary recovery, emergencies or short stays, and some managed refuges, like “Rifugio Pomilio” on the eastern side of Majella and “Rifugio Paolo Barrasso” in the northern part of the Majella Massif. The network of trails and refuges is in direct connection with other MNP facilities and structures scattered throughout the territory.



Currently the park can count on 12 info points, 4 visitor centres (three of which host a museum), 1 museum, 2 botanical gardens and 7 wildlife areas (Figure 8). These structures are either directly managed by the park or outsourced to local associations and cooperatives, often composed of young people. Five of these structures are proper Environmental Education Centres (ECC) and obtained the recognition of “CEA di interesse regionale” (EEC of regional interest) from Region Abruzzo according to the regional Law 122/99, while another one is soon to obtain the same title. A network of park centers and structures exists and has been operating for almost two decades. Some of them pre-exist the MNP’s institution, as visitor centers of the former natural reserves are currently part of the park. Some museums, managed from other local and regional entities and organizations, are closely linked to this network. There are numerous activities that one can choose to do in the aspiring Geopark: hiking and nordic-walking (with or without guided tour), MTB riding or horse riding, country cross-skying, snowshoeing, skiing and snowboarding (where it is allowed and infrastructure is present), climbing (where permitted), mountain running, orienteering, tree climbing (where infrastructure is present), environmental education activities, birdwatching, naturalistic or geological trips and excursions, picnicking and camping in equipped areas. Among these, there are also visits to the Cavallone Cave, a well-known cave with more than 10,000 visitors per year, and to the Scura Cave, which can only be accessed with the park’ authorization. Caving is allowed under a specific authorization to speleological groups. In the park area there are also some spas. The most famous and frequented are the Caramanico spas where one can benefit from sulphourus thermal waters and other mineral waters. Just outside the aspiring Geopark’s boundaries, other outdoor activities such as canyoning are practiced. Added to the above listed activities are handicraft laboratories and workshops to watch or attend, tasting of local food and beverage in restaurants, bakeries, wineries and even breweries, as well as shopping. Finally, the park offers the possibility for people passionate about nature to attend voluntary field-trips and try out typical park activities as volunteers alongside geologists, botanists, zoologists, veterinarians, environmental educators and other technical members of its staff.



5.1. Main Park’s Visitor Centres Available for Geotourists


The “Paolo Barrasso” Visitor Centre, the venue of the homonym CEA (ECC), is the ideal starting point for excursions in the Orfento Valley. It houses a small museum with a naturalistic section set up with show cases dedicated to the geology and fossils of Majella, a model of the Majella and Morrone with the Orta Valley among them, that allow for an appreciation of the geomorphology of the area, and reconstructions of the otter habitat. The main habitats of the Orfento Valley, such as beech, cliffs and Mugo pine formations, are also explained with panels and showcases. Very fascinating for children is the burrow of the otter. Upstairs there is an archaeological section with numerous artifacts found in the northern part of the Majella Massif, dated from the lower Paleolithic to the Roman era. In particular, there is some information on the Giumentina Valley, an archaeological and geological site of international importance. The archaeological section can also be accessed by people with motor disability and by blind and visually impaired visitors. Near the visitor centre there is the European otter wildlife area. Close to the centre there are also a library and a conference room, itself hosting another well-stocked library. The centre faces another structure called “Casa del Lupo” equipped with a conference room, a space for temporary exhibitions, as well as a guesthouse mainly open for scholars and university students, schools, park collaborators, volunteers and educational nature camps. The guest house has 25 beds, distributed in 13 rooms with a private bathroom, and it is equipped with a kitchen and a dining room. The same structure hosts the scientific offices of the MNP with some employees.



Another visitor centre is located in Fara San Martino, which is venue of the CEA (ECC) “La Porta del Sole”. From this Centre, it is possible to visit the so called Fara Valley which, with its 14 km of length, which is among the longest canyons in Italy. It is also possible to reach the San Martino in Valle Monastery and the Verde river springs, which together with the San Martino narrow canyon and an important outcrop of Rudistes, constitute a highly valued but easy enough to access group of geosites. Inside the centre, which is located in the historical core of Fara San Martino, there is an interesting naturalistic museum with show cases about typical habitats, flora and fauna of the eastern Majella Massif, especially of the gorges environment. Several panels and showcases are dedicated to Majella geological history and geomorphology, including a collection of rock samples and fossils. There are also some reconstructions illustrating the life of the shepherds who, in the past, used to frequent the area. The structure is also equipped with a scientific educational laboratory dedicated to schoolchildren and researchers, a small guest house, and a scientific library.



The “Maurizio Locati” naturalistic-archaeological museum, located inside the Lama dei Peligni Visitor Centre, venue of the homonym CEA (ECC), hosts a large section dedicated to the Apennine Chamois set up with educational panels and dioramas illustrating the environment of the park’s rock fauna. Here there is a small geological section which clearly explains the geological evolution of the Majella Massif from the Cretaceous to the Quaternary, and includes an exhibition of some representative rock samples and fossils. Alongside this exhibition, there is a diorama of the Caprara Cave where rock paintings from the Prehistoric Era have been found. A model shows the whole territory of the aspiring Geopark with its municipalities and allows visitors to have an overview of both geographical and geomorphological features of the protected area. On the upper floor, there is also an interesting archaeological section that allows one to retrace the history of the eastern Majella from the present days, back to the Middle Ages, the Romans and Prehistory. Among the most ancient finds, there is the skull of the so-called “Man of Majella”, found in Fonterossi near Lama dei Peligni, dating back over 7000 years ago. Here are also preserved the Pleistocene palaeontological findings of various mammals from the Orsi Volanti Cave located in Rapino, one of the geosites of the aspiring Geopark. An additional showcase with fossil findings of the same origin and period is going to be implemented soon in the museum. Close to the centre, and adding to the aforementioned visitor attractions, there are the “Michele Tenore” Botanical Garden, with about 500 plant species inserted in flowerbeds that show the various habitats of the eastern Majella, the Germoplasm Bank of the Majella, aimed at preserving rare, endemic and endangered botanical species, and the Neolithic Village (reconstruction). An indoor conference hall and an open-air auditorium overlooking the Majella, a bookshop, and a small library complete the structure. The visitor centre is also connected to the wildlife area of the Apennine Chamois. The structure hosts some of the offices of the Park Authority where several of its staff members are located too.




5.2. Other Relevant Museums


Inside or just outside the aspiring Geopark boundary, there are several other noteworthy museums which allow geotourists to complete the visit. Particularly important are those that are strongly linked to geology and geosites of the aspiring Majella Geopark. These are the Alto Aventino Geopalaeontological Museum in Palena (Figure 10), the Museum of Ambers and Fossils in San Valentino in A.C., the Cavallone Easy virtual museum in Taranta Peligna, the Paleolithic Ecomuseum at the Giumentina Valley (Abbateggio) and the Nature History Museum of Sulmona which hold a wide collection of minerals. There are also two archaeological museums located in Juvanum di Montenerodomo and in Guardiagrele, as well as various installations dedicated mainly to the history, culture and local traditions that often have a strong connection with the availability of raw materials and natural resources of the area due to its geological features.



The Alto Aventino Geopalaentological Museum, housed in the Ducal Castle of Palena, is surely the most peculiar. It is a unique visit system together with the aforementioned palaeontological and stratigraphic site of Capo di Fiume and the facing hydrologeological site of the Aventino springs. Inaugurated in 2001, it is the result of a fruitful collaboration between different institutions (the SABAP Abruzzo, the Municipality of Palena and the Province of Chieti). The system bears the logo of the MNP (the aspiring Geopark) as it cooperates with the others to settle and maintain the geosites’ infrastructure. The museum holds the fossil collection from Majella by Erminio Di Carlo with rare and important fish remains of about 7 million years ago, unique plant remains and the famous Prolago, a small terrestrial Upper-Miocene mammal. Most findings come from the Porrara slopes, and are therefore from the eastern sector of the Geopark. Inside the museum, there are also fossil findings from the nearby town of Torricella Peligna and some more recent specimens of mammals that have inhabited the hills in front of the Majella. The museum starts with an educational section on general geology and palaeontology and has a space called “Geologiocando” with activities for children. Standing outside the terrace called the “Geological Observatory” visitors can appreciate the amazing panorama of the Majella Massif, the Mt. Porrara, the Pizzi Mts., and of the Aventino Valley enjoying the geological-geomorphological peculiar landscape of the area. The museum has a conference room too.





6. Discussion and Conclusions


Geology and natural and cultural heritage are deeply fused in the MNP. Many habitats have a strong geological connotation. Those listed in annex I of the European Community Habitat Directive, linked to rocky and scree bare grounds, are: 8130 “Western Mediterranean and thermophilous screes”, 8120 “Calcareous and calcshist screes of the montane to alpine levels (Thlaspietea rotundifolii)”, 8210 “Calcareous rocky slopes with chasmophytic vegetation”, 8240 “Limestone pavements”, 8310 “Caves not open to the public”. The latter hosts important European species of Chyroptera. The 8240 is even a priority natural habitat. The combination of geographical, lithological, geomorphological and climatological peculiar features of the aspiring Geopark have allowed the existence of more than 2250 botanical entities, more than 40 species of mammals, several hundred bird species, about 30 species of reptilians and amphibians, and thousands of invertebrates.



The first human presence in the area dates back to the Early Paleolithic layers of the Giumentina Valley (600,000 years ago), one of the oldest settlements and archeogeosites in Europe. Many caves have been frequented by humans since the Prehistoric Era, while steep rocky slopes and deep gorges hosted monasteries and hermitages during the Middle Ages (Figure 2). In the last centuries, pastoral, agricultural and mining activities left evident signs on the landscape. Even second world war events in the area are closely linked to the geological and geomorphological features of the territory.



The geosites of the aspiring Geopark currently identified and listed, in total 95, satisfy people at any level of interest from scholars and schools, to simply geology amateurs. In fact, other than the accepted scientific and educational value of its geological heritage, the aspiring Geopark can count on other strong points: its short distance from Rome; internal, quite good road connections; a long network of trails for hikers, MTBs and horse riders; and the experienced network of info points, visitor centers, museums, environmental education centers, already operating for decades. Among the aims of the MNP authority is to catalogue and include all the data concerning its geosites in the Ispra Geosite Inventory. The main goal, however, is to make these geosites known to the public, including local administrators, tourist operators, guards, inhabitants and geotourists. In fact, there are many natural and anthropic threats that can compromise the integrity of a geosite. The mere knowledge of their existence and importance is the first step for removing any risk of losing the site forever or of compromising its fruition. Although with some differences, the MNP GD types match quite well part of the 21 types of geosites distinguished in [9]. In the following steps of the candidature process, we consider refining the classification used for the Majella aspiring Geopark GD and comparing it with the classification proposed in [9,11].



For the reasons discussed above, the Park Authority, supported by the regional association of professional geologists (OGRA—Ordine dei Geologi della Regione Abruzzo), decided to put its territory forward as a candidate of the UNESCO Global Geoparks Network. Other partners of the project are: the regional archeological survey (SABAP Abruzzo), the Region Abruzzo, its provinces and municipalities, as well as other local stakeholders, and the national speleological society (SSI—Società Speleologica Italiana). The Park Authority, which already has similar experiences in international contexts, firmly believes in cooperation among geoparks which share the same goals and that are strongly characterized by real geological heritage, as a “cradle” for plants, animals and humans. It is certain that, in case of recognition, sharing experiences and good practices through the aforementioned network will promote mutual knowledgment and peaceful coexistence among peoples, and will lead to the application of advanced and effective strategies of sustainability in the economic, social and environmental fields.
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Figure 1. The map shows the territory of the Majella National Park (MNP) with its towns and villages, main peaks and rivers, the network of facilities (info points, visitor centers, museums, botanical gardens, and park’s headquarters), other than international, national and regional geosites’ location. Base cartographic data: MNP and Region Abruzzo. Map elaboration: E. Liberatoscioli (2018). 
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Figure 2. The St. Bartolomeo in Legio’s Hermitage on the northern side of the Majella Massif. Most hermitages are located in the numerous canyons and caves of the park, as well as on steep slopes, and are as a result deeply fused with the rock. Photo: MNP Archive/M. Anselmi. 
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Figure 3. Simplified geological-structural map of the Majella and surrounding areas showing the areal distribution of the recognized tectonic units. 1: continental deposits (middle Pleistocene p.p.—Holocene); 2: marine and subordinate continental deposits post-dating the nappe transport (lower Pleistocene—middle Pleistocene p.p.); 3: marine and paralic thrust-top deposits (Pliocene); 4: Molise Nappe (b: uppermost Tortonian—Messinian p.p. siliciclastic flysch deposits, a: Jurassic—Tortonian p.p. basinal carbonates); 5: Gran Sasso-Genzana Unit; 6: Morrone-Porrara Unit (b: Messinian p.p. siliciclastic flysch deposits, a: Jurassic—Messinian p.p. platform-to-basin carbonates); 7: Queglia Unit (b: Messinian p.p.—lower Pliocene p.p. siliciclastic flysch deposits, a: upper Cretaceous—Messinian p.p. platform-to-basin carbonates); 8: Majella Unit (b: lower Pliocene siliciclastic flysch deposits, a: lower Cretaceous—Messinian platform-to-basin carbonates and evaporites); 9: Casoli-Bomba Unit (Pliocene hemipelagic clays); 10: anticline axis; 11: syncline axis; 12: normal faults; 13: low-angle thrusts; 14: boundary of the MNP Park. Modified after [16]. 
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Figure 4. Panoramic view on the Upper Cretaceous platform-to-basin depositional system of central Majella. Figure 3 shows the location of the Monte d’Ugni and Cima Murelle Mts. Photo: E. Patacca Scandone. 
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Figure 5. The karstic plateaux covered by Holocene (0.01 Ma) lacustrine deposits of Quarto Santa Chiara, located at 1250 m a.s.l. In the photo are clearly recognizable the La Vera Stream meanders. Photo: MNP Archive/L. Di Martino. 
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Figure 6. The northern and western side of the Majella Massif with its main peak Mt. Amaro (2793 m a.s.l.). Photo: MNP Archive/L. Del Monaco. 






Figure 6. The northern and western side of the Majella Massif with its main peak Mt. Amaro (2793 m a.s.l.). Photo: MNP Archive/L. Del Monaco.



[image: Geosciences 08 00256 g006]







[image: Geosciences 08 00256 g007 550] 





Figure 7. The main interest (TYPE) of the geosites in the Majella aspiring Geopark. Legend: Stratigraphy and sedimentology (ST); Structural geology (SG); Palaeontology (PA); Geomorphology (GM); Hydrology and hydrogeology (HD); Quaternary geology and archaeology (QA); Mining and industrial archaeology (MA); Hydrocarbon genesis and migration (HM). 
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Figure 8. The RELEVANCE (a) and the VALUE (b) in % of the geosites in the Majella aspiring Geopark area. 
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Figure 9. Fossils from Capo di Fiume stratigraphic section (see location in Figure 4): (a) lumachella layer containing Dreissena, potamidids, cerithiids, litiopids, and diastomids indicative of Messinian estuarine-bay deposits; (b) fish remains of Diaphus edwardsi from laminated diatomitic layers; (c) leafd from diatomitic marls. Photo: G. Carnevale. 
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Figure 10. The Alto Aventino Geopaleontogical Museum housed in the Ducal Castle of Palena. The photo shows some fossil findings from the hilly area facing eastern Majella (defenses of Mammuthus meridionalis). Photo: MNP Archive/M. Spera. 
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Table 1. Comparison between Majella and Ruban [9] types of geosites based on the effective presence within the aspiring Geopark.
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	Majella
	[9]
	Presence of Ruban Type





	Stratigraphy and sedimentology (ST)
	Stratigraphical
	Yes



	
	Sedimentary
	Yes



	Palaeontology (PA)
	Palaeontological
	Yes



	Industrial archaeology (MA)
	Economic
	Yes



	Hydrocarbon genesis and migration (HD)
	
	



	Structural geology (SG)
	Structural
	Yes



	
	Neotectonic
	Yes



	Quaternary geology and archaeology (QA)
	Palaeogeographical
	Yes



	Geomorphology (GM)
	Geomorphological
	Yes



	
	Geocryological
	Yes



	
	Engineering
	Yes



	Hydrology and hydrogeology (HD)
	Hydrological and hydrogeological
	Yes
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