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Abstract: The increasing interest in geotourism has prompted the need for quantitative assessments
of geosites as a fundamental step in the application of geoconservation strategies, in order to assure
sustainable planning, management and use of natural resources. The improvement of methodologies
used to evaluate geosites dictates the revision of previous assessments on a regular basis. Santa Maria
Island in the Azores Archipelago is renowned for its palaeontological heritage. Herein, we present
the results of a re-evaluation of 17 fossiliferous geosites, based on an updated methodology in which
four main independent criteria are considered: (1) scientific value; (2) educational value; (3) touristic
value; and (4) degradation risk. These new results were compared with a previous evaluation of the
same geosites, based on the Q-value. Our results show that an evaluation of the fossiliferous geosites
based on independent criteria is more suitable, especially for political and economic stakeholders.
The study of these geosites also permitted the development of high-quality promotional products
for the Regional Government of the Azores, as in the case of the “House of the Fossils” museum,
the “Fossils Route” and the newly formed “Santa Maria PalaeoPark,” making this island a good
example of a successful joint venture between science, political decision-makers, geoconservation
management strategies, sustainable tourism and education.

Keywords: Santa Maria Island; Azores; geoconservation; assessment; geosites; management strategies;
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1. Introduction

The term “geodiversity” was first used by geologists during the 1993 Malvern Conference on
Geological and Landscape Conservation in the context of “variety within abiotic nature” [1]. Currently,
geodiversity is defined as the natural diversity of earth materials, encompassing geological (rocks,
minerals, fossils), geomorphological (landforms, topography, physical processes), soil and hydrological
features [1], all representing abiotic elements [2].

Geosites (i.e., in situ geodiversity elements with high scientific value [2]) hold scientific,
educational, historical, cultural and recreational interests, and contain information about the state
and the dynamics of the Earth, whereas palaeogeographical geosites (i.e., geosites representing
palaeoenvironments, many of them containing fossils and/or ichnofossils), hold interest for science,
tourism and educational purposes [3,4]. These sites are exposed to natural and anthropogenic
influences and must be protected for their value. The set of geoconservation strategies designed
to protect geological heritage is focused on the management of the geological elements (e.g., rocks,
minerals, fossils, sedimentary sequences, folds/faults) present at the geosites [5] with the aim of
maintaining: (1) geodiversity, retaining significant representative examples; and (2) natural rates and
magnitudes of change, i.e., the capacity of natural systems to change and evolve in natural ways [6].
In situ conservation of the most important geosites and palaeogeographical geosites (sensu [2,3])
is an important task as it provides present and future generations of researchers the opportunity
of understanding the Earth’s history, past environmental changes, geological phenomena and the
evolution of (palaeo)organisms [7,8].

According to [9], geotourism may be defined as “a form of tourism based on the geological
environment.” This relatively new concept is related to and incorporates ideas taken from correlative
research areas such as geodiversity, geoheritage, geoconservation, and tourism geotours. As a result of
this holistic approach, which combines environmental and cultural issues, the final goal of geotourism
is to reach and maintain sustainable tourism development, using the most relevant geological elements
present in a particular landscape.

During the last few decades, several attempts have been made to evaluate the quality of
geoheritage in various contexts, and in the literature numerous methods are described for the
quantitative assessment of geosites, e.g., [10–15]. Brilha [2] recently developed a new framework
for the inventory and quantitative assessment of geosites and palaeogeographical geosites, aiming
for the implementation of geoconservation procedures in geoparks, worldwide (see also [16–18]).
The aim of this contribution is to update and compare previous results obtained on the quantitative
assessment of the palaeogeographical geosites of Santa Maria Island (Azores) [19], with those using
the new methodology proposed by Brilha [2]. This specific method [2] was selected because it is a
logical development of a previous version [19], which was successfully adapted to an oceanic island
setting such as the Azores, and tested with good results.

2. The Azores Archipelago: Geographic and Geotectonic Setting

The Azores is a volcanic archipelago located in the NE Atlantic Ocean, approximately 1500 km
west of the shores of mainland Portugal (Figure 1). The archipelago has a WNW-ESE general trend,
with about 615 km separating the most distant islands (Flores and Santa Maria), and is composed of a set
of nine volcanic oceanic islands that straddle an area where three major tectonic plates converge—North
American; Eurasian; and Nubian—known as the Azores Triple Junction [20]. This triple junction is,
in general terms, bounded by the Mid Atlantic Ridge (MAR) to the west, the Terceira’s Rift and Gloria
Fault to the northeast and east (the last two are the western and central parts of the Azores-Gibraltar
Fracture Zone), and the East Azores Fracture Zone to the south [21]. The islands rise from a prominent
bathymetric anomaly, termed the Azores Plateau, with depths shallower than expected within a plate
tectonics setting [22].
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Figure 1. Top: location of the Azores Archipelago in the Northeast Atlantic. The light blue area
represents the Azores plateau (see text). Bottom: location of the most important Pliocene and
Pleistocene palaeogeographical geosites (fossiliferous outcrops) of Santa Maria Island: 1—Ponta
dos Frades; 2—Cré; 3—Lagoinhas; 4—Ponta do Norte; 5—Ponta Negra; 6—Ponta do Cedro; 7—Ponta
dos Castelo; 8—Pedra-que-pica; 9—Vinha Velha; 10—Pedrinha da Cré; 11—Baía de Nossa Senhora;
12—Malbusca; 13—Ichnofossils’ cave; 14—Prainha; 15—Figueiral; 16—Pedreira do Campo; 17—Airport
area. The Pleistocene outcrops are restricted to the warmest interval of the Last Interglacial Period
(~130 ka to ~116 ka), which is known as MIS 5e-Marine Isotopic Substage 5e.

2.1. Santa Maria Island: Geological and Palaeontological Studies

Santa Maria is the oldest island of the Azores Archipelago, having emerged above sea level during
the Late Miocene, at about 6 Ma. The geological history of this island is complex, with a subsidence
trend from 6 Ma to about 3.5 Ma at a rate of 100 m/Ma, followed by an uplift trend from 3.5 Ma to
the present at a rate of 60 m/Ma (for a review, see [23]). The first island of Santa Maria was probably
completely eroded and a large, shallow, submarine bank was created, where marine life thrived in
both variety and abundance. In recent years, the geology and palaeontological record of Santa Maria
have been studied in detail. These works led to detailed knowledge regarding the location of the most
important fossiliferous outcrops (see Figures 2–5), as well as the biological composition and ages of
their palaeocommunities. Currently, 204 Pliocene and 146 Pleistocene (MIS 5e) species and at least
15 to 20 ichnospecies are reported for the island, ranging in size from megavertebrates (e.g., whales and
sharks [24–26]) to macrovertebrates (e.g., ray fishes [27]), and from macroinvertebrates (e.g., molluscs,
sea urchins, barnacles, annelids [28–31]) to microinvertebrates (e.g., molluscs, brachiopods, bryozoans,
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ostracods [32–36]), including marine algae as well [37–39]. For a recent review of the most significant
fossiliferous outcrops of Santa Maria Island, please see [40].

Figure 2. Fossiliferous geosites at Santa Maria Island. (A) Figueiral (Pliocene); (B) Pedreira do Campo
(Pliocene); (C) detailed view of the Figueiral outcrop, with disarticulated valves of Aequipecten macrotis
(Sowerby, 1847) and Aequipecten opercularis (Linnaeus, 1758); (D) detailed view of a pillow lava from
Pedreira do Campo outcrop, with the characteristic glassy texture; the pillow lavas cover the Pliocene
fossiliferous layer. Pedreira do Campo was the first fossiliferous geosite to be classified, in 2003, as a
Regional Natural Monument in the Azores.

Figure 3. Fossiliferous geosites at Santa Maria Island. (A) Prainha (Pleistocene, Last Interglacial);
(B) Lagoinhas (Pleistocene, Last Interglacial); (C) detail of the sandy fossiliferous layer at Prainha,
with an exposed valve of the bivalve Ensis minor (Chenu, 1843); (D) detail of the fossil algae layer at
Lagoinhas. The access to these geosites is done through hiking trails included in the “Fossils Route.”

2.2. Geoheritage Studies in Santa Maria Island

The first inventory and characterization of the Azorean geosites [41] was later complemented by
a large team whose work led to the Azores Geopark application to the ENGG (European Network
and Global Geoparks) [42] and, more recently, by Lima and co-workers [43], based on a geological
heritage management approach. Santa Maria Island was initially proposed with eight selected
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geosites [41], which were revised to 15 [44,45] and, recently, to 26 [19], 17 of which have palaeontological
interest. Of these 17 palaeogeographical geosites, two are of international relevance and six of national
relevance [19]. Based on the rarity of coquina and of tempestite deposits on volcanic oceanic islands,
the two geosites with international relevance (the fossiliferous outcrops of Pedra-que-pica and of
Ponta do Castelo), were recommended to the Regional Government of the Azores for classification as
Regional Natural Monuments [19].

The pioneer work of Brilha [46] led to the development of a quantitative system of classification
for geosites based on three criteria: A—Intrinsic criteria to the geosite; B—criteria related to potential
uses of the geosites; and C—criteria related to the necessity of protection of the geosite. These criteria
were calculated in a formula and the result was represented by a letter, Q. This methodology was
adapted to the insular context [41], making it possible to obtain a ranking of a geosite’s relevance based
on the Q-values.

More recently, Brilha [2] published a new methodology of inventory and quantitative assessment
of geosites that aims to reduce the subjectivity on attributing values to each parameter (see also [47,48]).
The quantitative assessment is thus made independently for each criterion (scientific value; potential
educational use; potential touristic use; and degradation risk) and each parameter has a different
weight. Following the publication of this new methodology, we intend to re-evaluate the relevance
ranking of the fossiliferous geosites of Santa Maria by comparing the results obtained by Ávila
and co-workers [19] and our new values, in order to verify whether or not the application of this
methodology changes the position of the geosites in rank of relevance.

Figure 4. Fossiliferous geosites at Santa Maria Island. (A) Pedra-que-pica (Pliocene and Pleistocene,
Last Interglacial); (B) Ponta do Castelo (Pliocene and Pleistocene, Last Interglacial); (C) Clypeaster altus
(Leske, 1778) outcropping at the Pedra-que-pica coquina; (D) partial view of the tempestite deposit
at Ponta do Castelo. Pedra-que-pica displays one of the largest multi-specific Pliocene coquina ever
reported from a volcanic oceanic island [26]. Ponta do Castelo shows a well-preserved hummocky
structure, which led to a better comprehension of the main processes responsible for the transport and
deposition of sediments around open-sea oceanic volcanic islands during the Pliocene [49].

3. Materials and Methods

Re-Evaluation of Santa Maria’s Geosites
A total of 17 fossiliferous geosites from Santa Maria Island were selected and their relevance

quantified: Prainha, Pedra-que-pica, Pedreira do Campo, Figueiral, Ponta do Castelo, Ichnofossil’s
Cave, Malbusca, Ponta do Cedro, Ponta dos Frades, Lagoinhas, Pedrinha da Cré, Ponta da Baía de
Nossa Senhora, Cré, Vinha Velha, Ponta do Norte, Airport area, and Ponta Negra (Figure 1).
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As described in the 2016 Appendix of Ávila et al. [19], the Q-values depend on three main
geoconservation criteria: A: intrinsic value of the geosite, with a total of nine indicators (A1 to A9); B:
potential use of the geosite, with a total of nine indicators (B1 to B9); and C: potential threats, with a
total of seven indicators (C1 to C7). Each parameter is quantified on a scale from 1 to 5, thus allowing
the ranking of the geosites. Two equations are used for the calculation of the Q-values:

Q =
(2 ∑ A + ∑ B + 1.5 ∑ C)

3
(1)

Q =
(∑ A + ∑ B + ∑ C)

3
(2)

Whenever any of the values attributed to parameters A1, A6, A9, B1 and B2 is <3, or whenever
any of the values attributed to A3 is <4, then Equation (2) is to be used (and thus Q-values will have a
regional or local relevance); in all other cases, equation (1) is to be used and such geosites will have an
international or national relevance (see Appendix of [19]).

In contrast to Q-values, for this work we used Brilha’s methodology [2], which is based on
four geoconservation criteria: (A) Scientific Value (with seven indicators evaluated); (B) Potential
Educational Use (12 indicators); (C) Potential Touristic Use (13 indicators) and (D) Degradation Risk
(five indicators). Since Santa Maria is a small island with just one municipality, we adapted some of
the indicators of Brilha [2] (e.g., distances (in km), population density, economic level) to this insular
context. For example, the distances were changed as follows: instead of 50 km, we used 10 km; and
instead of 100 km, we used 15 km. Several relevant scientific publications were taken into account
(cf. [24–39]; for a review, see [19,40] and references therein) for the attribution of values to each criterion
per geosite, and the quantitative evaluation attributed for each indicator was confirmed by experts
on the geology and palaeontology of Santa Maria Island, mainly as a result of 14 annual sessions
with international workshops on “Palaeontology in Atlantic Islands,” held on the island since 2002
(see Tables S1–S4). These quantitative values were converted into rankings (Table 1), which were then
compared with Q-values [19].

Figure 5. Fossiliferous geosites at Santa Maria Island. (A) Malbusca (Pliocene); (B) Cré (Pliocene);
(C) partial view of the Malbusca outcrop; (D) detail of a whale bone at Cré. In Malbusca, a layer of
Pliocene fossiliferous marine sediments is encapsulated between two submarine lava flows, with ages
ranging between 4.32 Ma (bottom) and 3.59 Ma (top) [50]. Cré is renowned for the presence of fossil
remains of whale bones. It is worth highlighting that the occurrence of such remains in volcanic oceanic
islands is extremely rare. As a matter of fact, fossil remains of cetaceans are only known from five out
of >20,000 volcanic oceanic islands worldwide [24,25].



Sustainability 2018, 10, 3596 7 of 14

Table 1. Comparison of the ranking positions of the 17 Santa Maria Island fossiliferous geosites
according to the two methodologies used: the Q-values [19], and the present results after Brilha [2].

Fossiliferous
Outcrops

Total/Value/Potential Use

Q [19] Scientific
Value

Potential
Educational Use

Potential
Touristic Use

Degradation
Risk

Ponta do Castelo 1 1 6 7 6
Prainha 2 4 1 1 1

Malbusca 3 3 12 12 7
Pedra-que-Pica 4 2 5 5 6

Figueiral 5 10 4 3 4
Pedreira do Campo 6 9 2 1 3

Lagoinhas 7 8 5 7 6
Cré 8 9 3 4 6

Airport Area 9 6 7 6 2
Ponta do Cedro 10 8 10 9 7

Ichnofossils’ cave 11 5 8 9 6
Ponta do Norte 12 11 9 8 5

Ponta da Baía de Nª
Senhora 13 12 14 12 7

Vinha Velha 13 7 11 11 7
Ponta dos Frades 14 11 13 10 7

Ponta Negra 15 11 11 2 6
Pedrinha da Cré 16 12 14 12 7

4. Results

The re-evaluation of the 17 fossiliferous outcrops resulted in different values for each criterion
(Tables S1–S4). Accordingly, the same geosite occupies distinct rank positions, depending on the
criterion evaluated (Table 1). For example, the Ponta do Castelo outcrop is ranked first for Scientific
Value, whereas for the remaining criteria (Potential Educational Use, Potential Touristic Use and
Degradation Risk), the first position is occupied by the outcrop at Prainha. On the contrary, the geosite
that presents the lowest ranking position in all criteria is Pedrinha da Cré. There are no sites with
high degradation risk (cf. Table S4, Supplementary Materials), but there are three sites with moderate
degradation risk (Prainha, Airport Area and Pedreira do Campo), the remaining 14 sites presenting a
low risk of degradation.

Our results (Table 1) show some similarities to those of Ávila et al. [19], mainly regarding scientific
value. However, significant differences were detected between the Q-values ranking and the rankings
obtained for potential educational use, potential touristic use, and degradation risk.

5. Discussion

5.1. Scientific Value

The similarities observed in the four top-ranked geosites as a result of the two methods of
quantitative evaluation [2,19] are mainly related to the high scientific value attributed to those geosites.
Ponta do Castelo occupies the first position in the ranking of scientific value because of its rarity
at an international level. This geosite represents a shelf tempestite deposit that provided important
information about sediment transport and deposition processes on the slope of reefless volcanic oceanic
islands [49]. The rapid deposition of these sediments and its posterior cover, and thus preservation, by
a lava delta on top, allowed an inference on the coeval water depth (~55 m) at the time of deposition of
the sediments, at about 4.13 ± 0.19 Ma to 3.96 ± 0.06 Ma [23,50].

Prainha, a Last Interglacial (Pleistocene: MIS 5e) and very fossiliferous deposit, is ranked second.
This easily accessible outcrop provides a secure and interesting visit for tourists, and is certainly
one of the best studied geosites in Santa Maria Island [28,40,51–58]. Prainha has abundant fossils
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and ichnofossils and it is well known for the presence of thin beds of the small Semelidae bivalve,
Ervilia castanea (Montagu, 1803). Recently, fossil cetacean remains (which are extremely rare on volcanic
oceanic islands) were reported from this outcrop [25].

Malbusca is located within a large volcano-sedimentary sequence consisting of pillow lavas and
marine fossiliferous sediments of the Touril Volcano-Sedimentary Complex, which were covered
by submarine sheet flows and marine (less fossiliferous) sediments of the Pico Alto Complex.
The transition to subaerial flows and tuffs occurs at about 130 m [23]. The thick, very fossiliferous
sedimentary package that forms the base of this sequence sits on pillow lavas, attaining a maximum
height of about 25 m, and was dated between 4.32 ± 0.06 and 4.02 ± 0.06 Ma [23,50]. The transport and
deposition of both marine sediments and associated organisms are here associated with storms [39].
In fact, several proximal tempestites (i.e., tempestites located close to shore) are visible throughout
the sequence, and the authors inferred the remobilization, transport and deposition of impressive
amounts of sediment onshore, under increasing water depths, during a transgression of around
80 m [23,39]. The fossil record at Malbusca is abundant and diversified, containing skeletal remains of
81 specific taxa of cetaceans, fishes, molluscs, echinoids, bryozoans, crustaceans (barnacles, decapods
and ostracods), brachiopods, annelids, corals, and coralline and Peyssonneliacean algae forming
rhodoliths [24,26,28,29,33,35–37,39,40]. The ichnofossil record is also relevant and displays traces made
by fishes, echinoderms, annelids and crustaceans (barnacles and decapods) [27,30,31].

Pedra-que-pica is, probably, the largest multi-specific shell bed (coquina) ever described for a
volcanic oceanic island. Its original area and volume are estimated to be >23,000 m2 and 160,000 to
250,000 m3, respectively [32]. This massive fossil shell accumulation is located on the southeastern tip
of Santa Maria Island (cf. Figure 1) and corresponds to at least three debris-fall storm-related events
that promoted a tri-part accumulation of sediments: a shell coquina in the base, a conglomerate in the
middle, and a second shell coquina deposit on top. The biological material, which originated nearby
in a shallow and highly productive carbonate factory, is formed mostly of disarticulated bivalve shells,
and dominated by small Ostraea spp., with secondary amounts of the large bivalve Gigantopecten
latissimus (Brocchi, 1814). The downslope transport and deposition below fair-weather wave base,
at around 50 m depth, as attested by the overlying volcanic succession, illustrates the geological
processes involved in the transport and sedimentation of both marine organisms and sediments,
that occur on the shelves that surround reefless volcanic oceanic islands [32]. Notwithstanding
its massive accumulation of shells, the fossil record at Pedra-que-pica is not as impressive for its
biodiversity as that of Malbusca, with fewer specific taxa reported (64 in total): cetaceans, fishes,
molluscs, echinoids, bryozoans, crustacean barnacles, brachiopods and corals [24,26,28,29,32,33,35,40].
The ichnofossil record includes traces made by echinoderms, annelids, crustacean barnacles and
crustacean decapods [27,30,31].

5.2. Educational and Touristic Potential Uses

These two criteria have 10 indicators in common (cf. Tables S2 and S3). Although being the same,
the weight assigned to each indicator is different, in order to distinguish their relative importance [2].
For tourism purposes, the natural scenario is a critical asset for the utility of the geosite, which is not so
relevant for educational purposes. In both criteria, Prainha—a small beach with a landscape of scenic
nature, with good conditions of access and safety—occupies the first position. Concerning education,
the Prainha geosite is viewed by researchers as an excellent educational resource as it presents several
geological elements that can be used at all levels of education from basic to university students. At the
tourist level, Pedreira do Campo is also in the first position, which can be justified by a combination
of natural and cultural reasons [59], the easy access from various means of transport, the amount of
information provided to visitors, and the existence of safety measures (e.g., phone network).

Curiously, the Ponta Negra outcrop ranks in the second position in regard to potential touristic
use. This geosite does not present geological elements that require great scientific knowledge to be
easily understood, and it is located nearby one of the staging points of the fossil marine tour around
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the island, allowing tourists good and safe access by boat (in São Lourenço bay). Finally, and most
importantly, the presence of cetacean remains [24,25], an extremely rare occurrence in oceanic islands,
is a tourist attraction with high potential.

5.3. Degradation Risk

The Prainha geosite has the highest risk of degradation of all 17 fossiliferous geosites, followed by
the Airport Area and Pedreira do Campo, the risks for which are classified as moderate. A good access
constitutes an advantage for tourist visitation, but it raises the chances of degradation to the outcrop.
Considering that Prainha is the geosite with the highest potential tourist use, it is expected that there
will be a higher flow of tourists than to other geosites, thus increasing the anthropogenic pressure and,
consequently, increasing the degradation risk of all the geological elements present [60]. The lack of
inspection and protection structures might promote the irresponsible collection of fossils that are in
good condition [51]. Moreover, Prainha is located in a shallow coastal zone, where all the geological
elements are exposed to marine erosion, thus raising the risk of natural degradation. Easy accessibility
and the fact that this is a bathing spot make this area the geosite with the greatest threat of destruction,
either from natural or anthropogenic origin.

The Airport Area geosite is located on private property and access is conditioned, thus decreasing
the degradation risk. The Pedreira do Campo outcrop was the first geosite to be classified as a Natural
Regional Monument. Its location nearby to Vila do Porto and access via a rural road grants safe access
by motor vehicles. Good accessibility in association with a high tourist potential results in a moderate
risk of degradation, mainly from anthropogenic origin.

5.4. Conservation and Management of Palaeontological Geosites

By definition, palaeogeographical (palaeoenvironmental) geosites should be designed and
implemented in order to preserve the main subtypes of the geological heritage (facies,
palaeoecological, ichnological, taphonomic, event, and geoarchaeological), which are present in
relevant palaeoenvironments and palaeoecosystems [3]. In the Azores, the palaeontological heritage
of Santa Maria Island is protected under four legal instruments. The first to be implemented was
the Regional Decree-Law No. 47/2008/A, dated the 7th of November, which created the “Island
Nature Park of Santa Maria,” which was designed to re-group the Azorean Protected Areas (e.g.,
Nature Reserves, Regional Natural Monuments) in neighbouring patches under a sole classification
based on the categories defined by IUCN [61], thus promoting more efficient management of the
island protected areas and fostering biodiversity conservation measures. It was followed by the
Regional Decree-Law No. 39/2012/A, dated the 19th of September, which implemented standards
for the use and intervention in the fossil deposits of Santa Maria, clarifying the procedures and
rules applied to those who wish to intervene or study these areas. On 21 March 2013, the Azores
Geopark was accepted as the 53rd European Geopark, and integrated into the European Network of
Geoparks. Five out of 15 geosites [47] were then considered at Santa Maria Island as a priority for
the development of geoconservation strategies, two of them containing fossils (Pedreira do Campo
and Ponta do Castelo). However, a revision of the geosites of this island, with a special focus on its
palaeontological heritage, increased the total number of geosites to 26, two of them considered of
international relevance [19]. The importance of Santa Maria’s unique palaeontological resources was
acknowledged by the International Palaeontological Association, which supported the classification of
the entire island as the first worldwide PalaeoPark. This achievement was legally recognized as such by
the Regional Government of the Azores, by means of the Regional Decree-Law No. 11/2018/A, dated
the 28 August. The “Santa Maria PalaeoPark” was thus implemented aiming to: (1) protect and divulge
the rich palaeobiodiversity of (so far) 20 fossiliferous geosites; (2) preserve notable palaeontological and
geological elements present on the island; and (3) promote the diversification of the Nature tourism
offered in the Azores. Within this context, several projects were implemented during the last decade:
the “Fossils Route,” a series of four terrestrial trails and one maritime tour around the island, all of
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them exploring the palaeontological touristic resources of the island; and the “House of the Fossils,” a
Science Centre aiming to divulge the island’s palaeontological heritage.

The implementation of the Regional Decree-Laws that protect the fossils of Santa Maria is
not always an easy task. Perhaps one of the most difficult situations that politicians and other
decision-makers face is choosing which outcrop should be open to visitors, and which should be open
only to researchers. In order to take on these management measures, a holistic approach is mandatory,
assuring that all relevant criteria for geosite assessment and sustainable geotourism (scientific use,
educational potential use, touristic potential use, and degradation risk) are fully screened, thus allowing
an informed consensus on these matters (cf. [9,16,18,62]). The “Santa Maria PalaeoPark” has a formal
consulting board, with members designated by the International Palaeontological Association and by
the University of the Azores, whose scientific expertise should be an invaluable asset to assist a more
informed decision on possible controversies regarding the societal use of the fossiliferous outcrops of
Santa Maria.

The main differences between our results and those of Ávila et al. [19] are in regard to the potential
tourist and educational uses, which, when evaluated independently as we did, and following other
criteria [2], result in quite different positions about the intrinsic value of the geosite (Table 1). In the first
work [19], geosites with high scientific value have an international relevance, so the potential tourist
and educational uses do not carry such a high weight in the final result. The absence of equations to
obtain a final result and the independence of each criterion distinguishes the geosites for what they
represent, making it useful for the political decision of management strategies [63,64], according to the
purpose intended. As proposed [2], the value of a geosite is not directly related to its vulnerability.
However, for management measures to be applied, it is necessary to evaluate all criteria in parallel,
so that the final decision is as rational as possible.

6. Conclusions

The fossiliferous deposits of Santa Maria are fundamental sources of information regarding the
geological history of the island and its associated biological evolution, which makes them important
for a wide spectrum of researchers. Considering their value to the scientific community and also to the
island inhabitants and visitors, these sites should be preserved for present and future generations [5].
In order to define geoconservation priorities, it is necessary to evaluate several aspects independently,
according to what each geosite represents to society. Geosites with high scientific value should be
preserved independently of their immediate use, which, for places with high resources for education
or tourism, is only justified by its utility.

Prainha has a high scientific value but it is also the outcrop with greater risk of degradation,
justifying reasons why it must have a greater conservation priority. Pedreira do Campo presents a
moderate risk of degradation and the greatest potential touristic use, becoming a priority geosite for
tourism strategic purposes [65,66]. Ponta do Castelo is the geosite with the highest scientific value
in both analysis ([19], this work), and must therefore be preserved independently of the remaining
criteria. In the case of the Airport area, although there is a risk of degradation higher than for most of
the other 16 outcrops, its intrinsic value is not so relevant at the moment to the scientific community
and is not a determining factor for its conservation.

The results obtained from this work suggest that the application of new evaluation methodologies
can be a useful tool in land-use planning policies and Nature conservation measures. The independent
numerical evaluation for each criterion enables the individual analysis of each geosite and reduces
(but does not eliminate) the subjectivity associated with the evaluation processes [2].

The geodiversity and the landscape nature present at these geosites warrant their potential uses
for touristic and educational purposes. These uses have been applied to the island, such as found in the
“House of the Fossils,” where the permanent exhibition features scientific results published over the last
years, displayed in a didactic, interactive and easily understandable way for visitors; on the production
of tourism resources, such as the “Fossils Route,” which reflect the palaeontological highlights of the
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island; and finally, in the newly formed “Santa Maria PalaeoPark,” which simultaneously protects and
promotes the sustainable touristic use of palaeontological heritage on Santa Maria Island. Together,
these initiatives make this island a good example of a successful joint venture between science, political
decision-makers, geoconservation management strategies, sustainable tourism, and education.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/10/10/3596/s1,
Table S1: Numerical assessment of scientific value. The letters A, B, C, D, E, F, G regard to representativeness,
key locality, scientific knowledge, integrity, geological diversity, rarity and use limitations, respectively; Table S2:
Numerical assessment of potential educational value. The letters A, B, C, D, E, F, G, H, I, J, K, L represent
vulnerability, accessibility, use limitations, safety, logistics, density of population, association with other values,
scenery, uniqueness, observation conditions, didactic potential and geological diversity, respectively; Table S3:
Numerical assessment of potential touristic value. The letters A, B, C, D, E, F, G, H, I, J, K, L, M represent
vulnerability, accessibility, use limitations, safety, logistics, density of population, association with other values,
scenery, uniqueness, observation conditions, interpretative potential, economic level and proximity of recreational
areas, respectively; Table S4: Numerical assessment of degradation risk. The letters A, B, C, D, E represent
deterioration of geological elements, proximity to areas/activities with potential to cause degradation, legal
protection accessibility and density of population, respectively. Geosites with a final value (last column) <200
are considered at low degradation risk; those with final values between 201 and 300 are considered at moderate
degradation risk; those with final values >300 are considered at high degradation risk.
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