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Abstract The Messinian coral reef of Santa Pola, one of
the most relevant geosites in the geological heritage of the
western Mediterranean, is quantitatively assessed in terms
of geoscience and features of potential use. Two different
methodologies are used, one developed by the Geological
and Mining Institute of Spain (IGME) for the Spanish
Geosite Inventory (IELIG) and the other prepared by the
Paleontological Museum of Elche (MUPE) for the Fossils
and Heritage Project of Alicante (FOPALI). Santa Pola
scores very high with both methods, which is a clear indi-
cation that this exceptionally relevant scientific geosite (in-
cluded in the Spanish Geosite Inventory) also has a high
didactic and tourism-recreational potential. In addition, the
paper compares and discusses the two different methodol-
ogies, concluding that the selection of a model depends on
the purpose of the evaluation (representativeness of the
geosite in the Spanish territory associated to the Spanish
Geological Inventory (IELIG) and a comparison of
palaeontological and geological features (FOPALI) be-
tween different geosites). This work is a starting point to
develop a specially designed management plan and
geoconservation strategy for this exceptional geosite of
the western Mediterranean.
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Introduction

TheMessinian coral reef (atoll type) of Santa Pola cape (prov-
ince of Alicante, SE Spain; Fig. 1) is one of the most signif-
icant geo-sedimentary enclaves from the Neogene record of
southeastern Spain (e.g. Esteban 1979; Esteban et al. 1996;
Calvet et al. 1996; Feldmann and McKenzie 1997; Soria et al.
2008a, b; Corbí and Yébenes 2010, 2012; Corbí and Soria
2016). Its scientific and didactic value has been recognized
by various institutions that have included Santa Pola moun-
tain, where the Messinian coral reef is located, in various
inventories and catalogues on specific topics: (a) geosite
(Spanish Geosite Inventory (LIG) carried out by the
Geological and Mining Institute of Spain); (b) geo-scientific
map of the province of Alicante (Auernheimer 1989); (c)
palaeontological catalogue of the Community of Valencia;
and (d) the geological context of international value associated
with the Global Geosites project (García-Cortés et al. 2008;
Carcavilla and Palacio 2010). In addition, this singular geosite
has been included in the didactic guidebookGeological Walks
of the Province of Alicante (GeoAlicante Research Team
2010). Moreover, the notable geological and palaeontological
heritage of Santa Pola mountain, of great interest to the gen-
eral public, is evidenced by the selection of this geosite to hold
the 2013 Alicante BGeolodía^ public field day (Crespo-Blanc
et al. 2011, 2016; Aberasturi et al. 2013). Finally, its didactic
and outreach potential is also reflected in various chapters in
books on the geology of the province of Alicante (Alfaro et al.
2004a, 2004b; Corbí and Yébenes 2012). All these recogni-
tions are combined with remarkable geo-scientific interest as,
since the 1970s, this fossil coral reef has been studied by
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numerous researchers and by petroleum companies that have
organized specialized geosedimentary field trips (Montenat,
1977, 1990; Esteban and Giner 1977; Esteban, 1977,
Esteban and Giner, 1977, Esteban et al., 1978, Esteban,
1979, Esteban et al., 1996, Esteban, 1997; Vallés 1985,
1986; Montenat 1990; Calvet et al. 1991, 1994, 1996;
Feldmann 1995; Feldmann and Mackenzie 1997; Sáez-
Martínez et al. 2008; Soria et al. 2005, 2008a, b; Corbí
2010; Corbí and Soria 2016).

Geological heritage today is a specialized scientific disci-
pline and professional development field that has been gaining
importance in recent years (e.g. Wimbledon et al. 1995; Lapo
et al. 1993; Alexandrowicz and Kozlowski 1999; Grandgirard
1999; García-Cortés et al. 2001; Carcavilla et al. 2007, 2009;
Brilha et al., 2005, 2010, Brilha, 2016; Henriques et al. 2011;
Wimbledon and Smith-Meyer 2012; Vegas et al., 2013; Fierro
2015; Hilario et al. 2015; Sánchez-Ferris 2015). The
geoheritage quantitative assessment models currently in use
are based on three groups of criteria or parameters (e.g.
Carcavilla et al. 2007; Sánchez-Ferris et al. 2008; García
Cortés et al. 2014; Brilha 2016): scientific interest, potential
use, and degradation risk. Of these, not surprisingly, only the
scientific criteria provide significant information about the
intrinsic scientific value of the area that is intended to be
evaluated in terms of geological heritage. The other two
criteria (potential use and degradation risk) are particularly

interesting as regards proper geosite management and must
be used jointly with the former. Therefore, quantitative assess-
ment (considering these three criteria), together with the iden-
tification and characterization of the geosite inventory, is the
first essential step in a geo-conservation strategy (García-
Cortés et al. 2001; Brilha et al., 2005; Brilha, 2016
Carcavilla et al. 2009; Henriques et al. 2011). This first phase
brings us to the next steps related to the conservation, inter-
pretation, promotion, and finally monitoring of geosites (e.g.
Brilha 2016). Taking as a point of reference these general
guidelines in geo-conservatory strategy, the profuse scientific
and outreach literature on the Santa Pola atoll coral reef pro-
vides an essential starting point for the in-depth investigation
of the geological heritage of this exceptional enclave, which is
the purpose of this paper.

In order to analyse the quantitative assessment, in particular
the scientific and potential use of theMessinian atoll coral reef
of Santa Pola, we have used two different geological quanti-
tative assessment models: (a) the model developed by the
Geological and Mining Institute of Spain (IGME) for the
Spanish Geosite Inventory (IELIG) (García-Cortés et al.,
2014) and (b) the model prepared by the Paleontological
Museum of Elche (MUPE) for the Fossils and Heritage
Project of Alicante (FOPALI) (Sánchez-Ferris et al. 2008;
Fierro 2015; Sánchez-Ferris 2015). This approach allows us
to compare the two methodologies by discussing the

Fig. 1 Geographic location of the
geosite (figure courtesy of
Francisco Asensio-Montesinos)
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applicability of the results. In short, this work represents the
stepping-off point to develop a geo-conservation strategy leading
to a specifically designed tool to endorse the geo-scientific inter-
est of the site, which would enable appropriate management and
conservation of this exceptional site in the western
Mediterranean.

Geological Context of the Geosite

Santa Pola mountain comprises a calcareous platform 5 km in
diameter, isolated and elevated above the surrounding area
(Fig. 2). It is an exceptionally preserved coral reef that is one of
the best examples of a Mediterranean atoll-type reef. This atoll
formed during the Messinian, developing close to the outer mar-
gin of the continental shelf, about 20 km northeast of the
Messinian palaeocoast, which corresponds to the current Los
Colmenares mountain (south of Alicante city). After burial with
more recent (Pliocene) sediments, the atoll was exhumed due to
Quaternary erosion and neotectonic activity. Consequently, the
current relief shows the original morphology of the atoll, provid-
ing excellent outcrops where the three-dimensional geometry of
the different parts of the coral reef can be recognized. It was
precisely during the formation of this coral reef structure that
theMediterranean Sea was subjected to dramatic changes related
to the Messinian Salinity Crisis. Therefore, Santa Pola not only
records the Messinian atoll coral reef but also evidences the
profound transformations that the Mediterranean basin
underwent during this period (Esteban 1979; Calvet et al. 1994,
1996; Soria et al. 2008a, b; Corbí and Soria 2016).

Santa Pola mountain lies in the northern Bajo Segura basin,
a western Mediterranean Neogene basin of the eastern Betic
Cordillera (Fig. 3) (Montenat 1977, 1990; Soria et al. 2005,
2008a, b, 2014; Corbí 2010, 2017; Caracuel et al. 2011; Corbí
et al. 2016; Corbí and Soria 2016). By examining the general
stratigraphic architecture of the above authors and incorporat-
ing the information of other investigations and our own field
observations (Calvet et al. 1996; Esteban et al., 1996;
Feldmann and Mackenzie 1997; Goy and Zazo 1988), the
following units have been differentiated (in stratigraphic or-
der): (a) Tortonian yellowish calcarenites with rhodoliths
equivalent to the Tabarca Unit defined in nearby Tabarca is-
land by Calvet et al. (1996) (see Martínez-Martínet et al. 2017
for a detailed description of the unit); (b) the reef complex, the
Messinian atoll coral reef, which constitutes the basic frame-
work of the mountain; (c) the terminal carbonate complex
(TCC of Esteban 1979), an upper-Messinian marine unit char-
acterized by predominantly stromatolite (mainly dome-
shaped) and oolite facies; (d) Pliocene marine marls and fos-
siliferous sandy limestones related to the Pliocene reflooding
of the Mediterranean (Corbí and Soria 2016); (e) upper
Pliocene–Pleistocene continental red claystones and lime-
stones (Sucina Formation of Montenat 1990); (f) the pre-

Tyrrhenian marine terrace (middle Pleistocene), which occurs
above an abrasion surface carved in materials of the marine
reef slope from the reef complex (Goy and Zazo 1988); (g)
breccias of the subaerial slope, a deposit of the continental
bottom ledge formed by fragments of the exhumed reef front;
and (h) Tyrrhenian marine terraces (upper Pleistocene) carved
in the distal sectors of the colluvial border, where three levels
of marine beaches and eolian dunes can be differentiated (Goy
and Zazo 1988).

Methodology

For the quantitative assessment (scientific and potential use), two
different methodologies have been used. One was developed by
the Geological and Mining Institute of Spain (IGME) for the
Spanish Geosite Inventory (IELIG). The other one was designed
by the Paleontological Museum of Elche (MUPE) for the Fossils
and Heritage Project of Alicante (FOPALI).

The IELIG methodology focuses on establishing a criteria
to select the most significant geosites in Spain (Spanish
Geosite Inventory byGarcía-Cortés et al. 2014). As established
by these authors, the proposed model is based on seven param-
eters: representativeness, key locality, scientific knowledge,
state of preservation, observational conditions, rarity, and geo-
logical diversity, which are scored with different weights (from
10 to 30). The score of each parameter is based on a scale of 0
to 4 (excluding a score of 3). It should be noted that this model
provides a high weight to the representativeness parameter
(30%). On the other hand, in this methodology the potential
use assessment is based on separately analysing the didactic
and the tourism-recreational parameters based on 13 and 11
parameters, respectively (see García-Cortés et al. 2014 for the
description of these criteria and the quantification of each pa-
rameter; see Table 3). Note that six of these didactic parameters
are also considered in the scientific assessment (only the sci-
entific knowledge criterion is not included), although the
weight of each parameter is different. Therefore, seven addi-
tional parameters have been included (didactic content, logis-
tics, population density, accessibility, geosite size, other heri-
tage elements, and spectacular or beautiful landscape). As
shown in Table 3, geological diversity, didactic content, and
logistics have a high weight in the quantitative assessment (10,
20 and 15% in the final numerical value, respectively). Eleven
parameters are used to calculate the tourism-recreational value
(Table 3; García-Cortés et al. 2014 for the description of the
numerical criteria used). In this case, one of the scientific pa-
rameters (observational conditions) and six of the didactic pa-
rameters (logistics, density of population, accessibility, geosite
size, presence of other heritage elements, and spectacular or
beautiful landscape) remain, although the weight is different.
Additionally, four other parameters have also been included
(outreach content, potential to develop tourism and recreational
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activities, proximity to recreational zones, and socio-economic
context). Note that, in this model, the parameters with the
greatest weight are spectacular or beautiful landscape (20%),
geosite size (15%) and outreach content (15%).

In contrast, the FOPALI methodology for scientific assess-
ment (Sánchez-Ferris et al. 2008; Fierro 2015; Sánchez-Ferris
2015) is based on ten criteria or parameters (abundance of
similar outcrops, key locality, palaeodiversity-geodiversity,

Fig. 3 Geological context of the geosite in the northern Bajo Segura basin (figures courtesy of Dr. Jesús M. Soria)

Fig. 2 Digital elevation model
(DEM) combined with hillshade
map (implemented with QSIG) of
the study area (figure courtesy of
Francisco Asensio-Montesinos)
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palaeodisparity, conservation status of the immovable and
movable property, taphonomic-genetic interest, geological in-
terest (including biostratigraphy, lithostratigraphy, tectonics,
and geomorphology), utility to illustrate processes, and scien-
tific potential) equally weighted and ranked from 0 to 4
(Table 1). Table 1 displays the scores to quantify each of the
parameters or criteria. As can be seen, the maximum scientific
value of a site or area is 40 points, which can be normalized to
a scale of 0 to 10. In the FOPALI model, the potential use
assessment is based on eight parameters or criteria with the
same weight: degree of knowledge or investigation, historical
value, didactic interest, complementary value, proximity to
populations, number of inhabitants in the surrounding area,
visibility, and accessibility (Table 2). Note that, unlike the
IELIG model, there are no scientific parameters included in
this list. Moreover, each of the proposed parameters (ranked
on a numerical scale from 0 to 5) has the same weight in the
final score of the site. Finally, in this model the maximum
potential use score of a site or area is 40 points, which can
be normalized to a scale of 0 to 10.

Results

Sedimentary Environments Recorded

This section summarizes the main features of the sedimentary
environments and facies distribution in the Messinian atoll of
Santa Pola (reef complex). The sedimentary facies character-
ization based on the review of the literature and our own field
observations is one of the starting points to the clear scientific
and potential use assessment provided in the paper’s next
section.

In the reef complex, three sedimentary environments can
be distinguished (Fig. 4):

(a) The reef front, which corresponds to the semi-circular
ledge defining Santa Pola mountain, reaching a height
of more than 40 m close to the lighthouse (Figs. 4 and
5). The reef front has notable regularly spaced channels
(gullies up to 30 m wide) with an average separation of
490 m, as well as regularly distributed buttresses along
the entire reef crest (Fig. 4). These singular geomorpho-
logical characteristics are probably directly related to the
spur and groove system (SAG formations; see Blanchon,
2011for a review) of the atoll during its formation during
the Messinian. Parallel ridges of coral and algal material
(spurs) separated by regularly spaced channels (grooves)
form a characteristic toothcomb pattern (Gischer 2010)
that is one of the most prominent features of fore reefs
worldwide. Related to erosional and construction pro-
cesses (Duce et al. 2016), such formations regulate the
hydrodynamic energy and nutrients received by reef

platforms by acting as natural breakwaters (Munk and
Sargent 1954). The reef front of Santa Pola is almost
exclusively dominated by Porites genera (Esteban,
1979) (Fig. 6). This singular feature, together with the
size and morphology of the Porites colonies, made
Esteban et al. (1978) consider Santa Pola to be an
Baberrant^ or Banomalous^ type of coral reef. In the reef
front, the Porites assemblages show clear morphological
zoning, with three zones distinguishable in the reef wall
(from lower to upper): (a) dishes or plate-like zone; (b)
branching zone of finger-like morphologies more or less
branched, constituting the main section of reef wall; and
(c) a massive coral zone, cropping out in the upper part of
the reef crest. It is especially noticeable that fan-shaped
Halimeda packstones and grainstones and yellowish
calcarenites developed in front of the channels (Fig. 4).

(b) The reef slope, which spreads from the reef front to the
ancient open platform. Fragments from the coral reef
were deposited in this zone. It coincides with the current
slope, and thus the deposits are partially covered by
rocks fallen in more recent times in subaerial conditions.
A large number of these fallen blocks (of metric scale)
can be observed near the Marine Research Centre of
Santa Pola (CIMAR, Santa Pola municipality,
University of Alicante) (Fig. 7). Therefore, this area is
the ideal didactic and outreach site to recognize different
Porites coral assemblages. In fact, one of these blocks is
part of the rock garden of the University of Alicante
(Fig. 8), a didactic space inside the university, where a
selection of the different rock types from the Betic
Cordillera are represented.

(c) Lagoon or back reef zone. It is formed mostly by reef
patches (of metric scale) and calcarenites with Halimeda
and bivalves. Unfortunately, not too many outcrops have
been preserved since the lagoon sediments were mostly
eroded before sedimentation of the newest, Pliocene–
Pleistocene materials, which comprise the upper part of
Santa Pola mountain.

Scientific Assessment

In this section, the scientific assessment parameters are char-
acterized considering the two methodologies described,
discussing their proposed scores (expressed in Table 3). As
shown in Table 3, the two methodologies yielded the same
score (8 on a scale of 10), which will be further analysed in the
BDiscussion^ section. In the next section, all the parameters
considered from both methodologies are examined.

The Santa Pola coral reef receives the maximum score in
the Representativeness parameter (Model IELIG, Table 3)
since its formation is directly related to the Messinian
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Salinity Crisis, one of the most significant palaeoceanographic
events in the geological history of the Mediterranean (see
Corbí et al. 2016; Corbí and Soria 2016 for references).
Moreover, Messinian coral reefs such as the one recorded in
the Sorbas basin (similar to the one analysed in this work)
were the last to appear in the geological history of the
Mediterranean (Martín et al. 1997). Therefore, there are nu-
merous published scientific works on the Santa Pola coral
reef, which can be summarized in five doctoral, master’s,
and undergraduate theses, 11 papers in international journals
referenced in the Journal Citation Reports (2 papers in unin-
dexed peer-reviewed journals), 10 congress communications,
and 10 outreach and didactic publications. Consequently, the
site has the maximum score in the Scientific knowledge

parameter (Table 3). Additionally, if we take into account
the units (or geological contexts or domains) defined by the
Geological and Mining Institute of Spain (García-Cortés et al.
2001), the Santa Pola coral reef belongs to contexts 12
BMessinian evaporitic episodes^ and 3 BStructures and singu-
lar geological formation of the continental and marine
Cenozoic basins from Spain^. Furthermore, due to its dimen-
sions, state of preservation, type of coral reef, and the associ-
ated stratigraphic record, the Santa Pola coral reef is the best
known example of this type of carbonate systems, in particular
atoll-type coral reefs from the Messinian in the Bajo Segura
basin. Finally, in the Santa Pola and Sorbas basins, a regional
reference locality crops out containing a regional geological
unit (key locality parameter, Table 3), the Terminal Carbonate

Table 1 Scientific criteria and
scores in the FOPALI model Scientific parameters Weight/points Weight/points

Abundance of similar outcrops ×10 Key locality ×10

Present in more than one place
in the municipality

0 No 0

Unique in the municipality 1 Specific level/one
geological unit

2

Unique in the community 2 Generic level/more than
one geological unit

4

Unique in Spain 3
Unique in the world 4

Palaeodiversity/geodiversity ×10 Palaeodisparity ×10

1–5 species/geological elements 0 1 phylum 0

6–10 species/geological elements 1 2 phyla 1

11–15 species/geological elements 2 3 phyla 2

16–20 species/geological elements 3 4 phyla 3

>20 species/geological elements 4 > 4 phyla 4

Status of preservation
(immovable property)

×10 Status of preservation
(movable property)

×10

Heavily deteriorated 0 Very bad 0

Key characteristics deteriorated 1 Bad 1

Affected but the key
characteristics can be recognized

2 Average 2

Some deterioration 3 Good 3

Perfectly preserved 4 Very good 4

Taphonomic/genetic interest ×10 Geological interest ×10

Very low 0 Very low 0

Low 1 Low 1

Medium 2 Medium 2

High 3 High 3

Very high 4 Very high 4

Utility to illustrate processes ×10 Scientific potential ×10

Very low 0 Very low 0

Low 1 Low 1

Medium 2 Medium 2

High 3 High 3

Very high 4 Very high 4
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Complex, a terminal Messinian unit on a Mediterranean scale,
which records oolite and stromatolite facies (Esteban 1979;
Roveri et al. 2009).

In the study area, the outcrops have suffered deterioration,
with almost 15% (Corbí and Fierro 2016) of the geosite pe-
rimeter affected by human activities (mainly urbanized areas,
industrial parks, mining sites), natural erosion (strong incised
by the water network on the western side), and the widespread
Quaternary development of carbonate crusts over the various
geological units that constitute the coral reef. Thus, the stage
of preservation can be considered positive with alterations
(Table 3) since the sporadic deterioration does not decisively
impact the site’s value and interest. Nevertheless, the geo/
sedimentary interpretation of the coral reef (as a large geolog-
ical structure) has been affected in some places that could be
considered representative viewpoints. It is worth mentioning
that, in the FOPALI model, the preservation status parameter
is divided into the immovable property, being the entire geo-
logical structure (the coral framework), and the movable
property, the fossils (mainly corals of Porites genera,
Halimeda, molds of gastropods and bivalves), and geological
elements such as different types of sedimentary structures and
representative stratigraphic levels. Therefore, the geosite’s
fossil content is in a good state of preservation (Table 3) since,
although slightly deteriorated (the Porites assemblages are
partially dissolved), their taxonomic characteristics are per-
fectly recognizable. Moreover, the site is a representative ex-
ample of a large geosite where the main geological and
palaeontological characteristics (sedimentary environments
of a coral reef, megastructure of the crest, and fossil assem-
blages of the reef wall) are entirely interpretable at different
scales of observation, especially emphasizing the panoramic
views at a certain distance from the coast (excellent
Observational conditions, Table 3).

Coral reef formations are relatively frequent in Neogene
basins from the Betic Cordillera, such as the Bajo Segura
basin (Soria et al. 2008a, b). However, in most cases, the
carbonate systems recorded are fringing reefs close to the
Messinian palaeocoast. The peculiarity of Santa Pola is that
it records an atoll-type coral reef, and it is the only known
example at a regional scale, in particular in the Valencian
community (Rarity parameter IELIG model, Table 3). Note
that the rarity parameter, which considers the Bgeological
peculiarity^ of the geosite according to the IELIG model, is
reported (differing little in meaning) in the FOPALI model as
Abundance of similar outcrops, in this case referring to the
number of sites of the same age, fossil content, and/or geolog-
ical characteristics with regard to a particular geographic
setting.

Apart from the coral reef system itself, there are other geo-
logical and environmental elements of great interest

Table 2 Potential use criteria and scores in the FOPALI model

Potential use

Degree of knowledge or investigation ×12.5

Unpublished 0

1–2 publications 1

3–5 publications 2

6–10 publications 3

11–15 publications 4

> 15 publications 5

Historic value ×12.5

After 1990 1

1990–1936 2

1935–1900 3

19th C. 4

17th C. or earlier 5

Didactic interest ×12.5

Fossils/geological elements or levels 1

Above items and palaeoenvironments/sedimentary
environments or processes recorded

3

All of the above 5

Complementary value ×12.5

One element 1

2 elements 2

3 elements 3

4 elements 4

5 elements 5

Proximity to populations ×12.5

> 50 km 1

26–50 km 2

11–25 km 3

5–10 km 4

< 5 km 5

Number of inhabitants in the surrounding area ×12.5

< 10,000 (25 km ratio) 1

10,000–25,000 2

25,000–50,000 3

50,000–100,000 4

> 100,000 5

Visibility ×12.5

Nil 0

Levels or movable property 1

Levels and movable property 3

Levels, movable property, and signage 5

Accessibility ×12.5

Hard to access on foot 1

Hard to access by vehicle 2

Accessible by jeep 3

Accessible by car 4

Accessible by bus 5
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associated with and inside the perimeter of the geosite. These
elements support the consideration of the setting surrounding
the site as an area of great geodiversity with high geological
interest from the point of view of biostratigraphy, lithostratig-
raphy, tectonics, and geomorphology (Geological diversity
parameter: IELIG model; Geological interest parameter:
FOPALI model). In this regard, the following considerations
in the quantitative assessment should be noted: (a) the major-
ity of the litostratigraphic units recorded at this geosite can be
correlated with other sectors of the Bajo Segura basin; (b) the
evolution of the Mediterranean sea-level during the Messinian
and Pliocene constrains the evolution of the landscape; (c) the

exceptionally well-preserved original geomorphology of the
coral reef system; (d) the oolite and stromatolite facies
(Terminal Carbonate Complex recording different
sedimentary cycles; Esteban 1979) with levels containing par-
ticular euxinic fauna and small gastropods and bivalves of a
certain biostratigraphic interest; (e) the Pliocene unit with
abundant marine fossil content, rich in biostratigraphic
markers of planktonic foraminifera (Lancis et al. 2004;
Corbí and Soria 2016) in a stratigraphic section inside the
Clot de Galvany area; (f) Pleistocene marine terraces or
beaches (Goy and Zazo 1988) and their possible correlation
with other coastal deposits of the Spanish coastline; (g) the
Quaternary water network of geomorphological interest; (h)
the wetlands of great environmental interest surrounding the
geosite (e.g. Aymerich et al. 1991); (i) the sedimentary fill of
Elche hollow by the Vinalopó and Segura sedimentary river

Fig. 4 Sedimentary environments of the reef complex

Fig. 5 Panoramic views of the reef wall in the foreground and the
Alicante coastline in the background Fig. 6 Branch-like morphologies of Porites in the reef wall
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inputs; (j) the compressive tectonics (expressed by neotectonic
activity, Alfaro et al. 2002), folding the terrain, which has had
a significant role in shaping the landscape; (k) the marine
oscillations of the Quaternary, conditioning the evolution of
the landscape; and (l) the current and dune formations, starting
at Carabassi beach (Arenales del Sol area) and extending
northwards for several kilometres.

The Paleodiversity and Paleodisparity of the analysed
site, parameters contemplated in the FOPALImodel in terms
of number of taxa and phyla recorded, is quite significant.
This is evidenced by: (a) the abundant rhodophyta algal con-
tent in the oldest unit (Tortonian) recorded in the area; (b) the
Porites colonies of different morphologies recorded (plate,
branching, andmassive), which are crusted by the activity of
heterotrophic bacteria in certain parts of the reef complex, as
described by Riding (2011) in similar Messinian coral reefs;
(c) the thrombolite colonies cited by several authors in the
reef complex (e.g. Feldmann and Mckenzie, 1997); (d) the
Halimeda fans deposited under the slope reef (Esteban
1979); (e) red algae, vermetids, bryozooa, serpulids,

decapod crustaceans, together with bivalves and gastropods
cited by several authors in different parts of the geosite (e.g.
Esteban et al., 1978; Müller 1984). Additionally, other geo-
logical units associated to the perimeter of the geosite record
different taxons such as: (a) stromatolites of the Terminal
Carbonate Complex (Esteban et al., 1978), with at least one
genera, Conophyton (Feldmann and McKenzie 1997); (b)
lumachella with a high diversity of mollusks in the Pliocene
unit; and (c) a monospecific assemblage of Glycimeris re-
corded in the Quaternary marine terraces. Given this abun-
dant palaeontological record, and based on our personal field
data observations, certain specific interesting aspects regard-
ing the taphonomic-genetic significance of the geosite canbe
listed: (a) theHalimeda deposits and their specific morphol-
ogy in a context of fans deposited at the bottom of the reef
slope; (b) the reef breccias recorded in the reef slope; (c) the
relation between the Porites growth and the encrusted car-
bonate laminate; and (d) variations in the coral reef assem-
blages recorded related to depth, energy, and lighting
conditions.

Finally, the FOPALI model also contemplates the Utility of
the outcrop to illustrate processes and the Scientific potential
(Table 3). The first parameter addresses whether a geosite can
illustrate a particular geological process since this possible char-
acteristic can involve added scientific value. In the case of the
Santa Pola reef, the sedimentary process represented is a singu-
larity in the context of the basin—an atoll-type coral reef. Only
one equivalent example occurs inside the same basin, but it does
not crop out, and is identified only in seismic lines (Torrevieja C-
1 drill, Martínez del Olmo 2011). The second criteria (scientific
potential) is given a maximum score (Table 3) since, despite the
large number of researchers who have worked on the Santa Pola
coral reef, much scientific work remains to be done. Most papers
centre on sedimentology and petrology but, as Santisteban
(1991) states, from the palaeontological point of view, there is
still much to learn, in particular about the systematics and palaeo-
ecology of the different fossil groups recorded (corals, algae,
mollusk, foraminifera, etc.). The official palaeontological mu-
seums in the area that are permitted to hold and conserve the
movable property lack significant collections from this geosite.
The size of the outcrop is large, and the quantity of events and
processes recorded will permit scientific research far into the
future.

Potential Use Assessment

As presented in the BMethodology^ section in the IELIG
model, the potential use assessment comprises didactic and
tourism-recreational criteria (see García-Cortés et al. 2014
for a detailed description of the methodology). According to
these authors, the first six parameters of the didactic assess-
ment correspond to the same ones used in the scientific as-
sessment (Table 4). Consequently, there is no justification for

Fig. 7 Fallen blocks from the reef wall near the Marine Research Centre
of Santa Pola (CIMAR, Santa Pola municipality, University of Alicante)

Fig. 8 Rock garden of the University of Alicante, where a representative
block of the Santa Pola coral reef wall can be observed
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using these parameters again since they have already been
ranked in the previous section. As shown in Table 4, the study
area receives the maximum score in most of the parameters for
the IELIGmodel. Consequently, the didactic assessment has a
high score (8.875 on a scale of 10).

The geosite is circular on a kilometric scale (north-south
axis of 5 km and east-west axis of 6 km); therefore, it has the
maximum score in the Geosite size parameter (Table 4). Santa
Pola mountain is a natural promontory more than 140 m high
directly in contact with the coastline, with numerous outcrops
representative of the different sedimentary environments of
the coral reef structure, especially the fossil record (mainly
corals), some in life position. Therefore, it also receives the
maximum score in the Spectacular and beautiful landscape
parameter (Table 4). Santa Pola mountain is a common desti-
nation for didactic field trips in the undergraduate and gradu-
ate programs of various universities. In fact, there are several
outreach papers published on the area (Estévez et al., 2004;
Corbí and Yébenes 2012). The site is associated with other
natural and cultural heritage places, which have interpretation
centres offering field trips in the area. This proximity to
protected environmental enclaves such as Tabarca island,
Santa Pola, and the Clot de Galvany salt marshes illustrates
its exceptional nature with a high Didactic content (Table 4).
Among these three sites, Tabarca island deserves special men-
tion for its excellent cultural and natural offering, including an
exceptional landscape, diving, archaeology, gastronomy, and

more (maximum score in the Other heritage elements
parameter, Table 4). Additionally, the geosite has good logis-
tics with good accessibility (Logistics and Accessibility
parameters; Table 4) since it is in a geographic area that rep-
resents one of the most significant coastal settings in the prov-
ince of Alicante. Moreover, even though the oriental domain
is limited by the Mediterranean Sea, the area exceeds the
100,000 inhabitants per 50 km ratio (maximum value in the
Density of population parameter; Table 4), determined by the
presence of the sizable towns of Alicante, Elche, Santa Pola,
Torrevieja, Orihuela, Elda, Petrel, and so on.

With regard to the tourism-recreational assessment of the
IELIG methodology, seven of the total parameters have been
used before, one of them in the scientific quantitative assess-
ment and six in the didactic quantitative assessment. Thus,
only four new parameters have been justified below. As
shown in Table 4, the normalized score is 8.25, which is high
but a little lower compared to the didactic score. The Santa
Pola coral reef clearly illustrates the importance of geology to
any audience, ranging from scientific experts to the general
public. Consequently, this excellently preserved reef structure
has a high Outreach content since the interpretation does not
need any previous specialized knowledge, as evidenced by the
numerous outreach activities in recent years. The most signif-
icant activity is the Geolodía initiative promoted by the
Geological Society of Spain, for which the 2013 edition was
on Santa Pola mountain (Aberasturi et al., 2013). Although

Table 3 Scientific assessment
(score) of the Messinian atoll
coral reef of Santa Pola, according
to the Geological and Mining
Institute of Spain (IELIG model:
García Cortés et al. 2014) and the
Paleontology Museum of Elche
(FOPALI: Fierro 2015; Sánchez-
Ferris 2015)

IELIG model (IGME) FOPALI model (MUPE)

Parameter/weight Points Partial
value

Parameter
(all the same weight)

Points Average
score

(0–4)

Representativeness (30%) 4 120 3.2
Type locality (10%) 1 10 Type locality 2

Scientific
knowledge (15%)

4 60

Preservation status (10%) 2 20 Preservation status of the
immovable property

3

Preservation status of the
movable property

3

Observational
conditions (10%)

4 40

Rarity (15%) 2 30 Abundance of
similar outcrops

2

Geological
diversity (10%)

4 40 Palaeodiversity/geodiversity 4

Palaeodisparity 4

Taphonomic/genetic interest 4

Geological interest 3

Utility to illustrate processes 3

Scientific potential 4

Total 21 320 Total 32

Normalized score (0–10) 8 Normalized score (0–10) 8
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there are no tourism activities offered by specialized compa-
nies in the area, the place has tourism and recreational possi-
bilities (Potential to develop tourism and recreational
activities parameter; Table 4) since it has good logistics, ac-
cessibility, and number of inhabitants. The site has an excep-
tional location less than 500 m from various recreational spots
such as beaches with infrastructure, camping grounds, and the
downtown area of the tourist-destination city of Santa Pola
(Proximity to recreational areas parameter; Table 4).
Additionally, the Socioeconomic context is framed in the
Comarca del Baix Vinalopó, an area with high unemployment
and per capita incomes below the Valencian Community av-
erage, which is in turn lower than the overall average in Spain.

On the other hand, the FOPALI model considers (as shown
in Table 2) that the Degree of knowledge or research is a
parameter of socio-cultural interest, as pointed out by
Morales (1996) and Castillo et al. (2001). Therefore, better
scientific knowledge of a site involves more information and
a higher potential use. As mentioned above, the degree of
knowledge of the Santa Pola Messinian coral reef is very high
(more than 15 publications). Moreover, the older geological
publications correspond to the MAGNA geological map
(Pignatelli et al. 1972), and to Dumas (1977), Esteban
(1977), Esteban and Giner (1977), and Montenat (1977).

Therefore, the Historical value parameter has a medium score
(Table 5). Note that, in the FOPALI model, this parameter
considers that a site has a higher potential use when it has
more older publications or more older knowledge about the
site. This model deems that any geological element can have
didactic interest, and this interest is related to the presence of
fossils, geological elements or levels, and the record of sedi-
mentary environments and processes. In consequence, as ar-
gued above, the geological and sedimentary record of this
geosite achieves the maximum score for the Didactic interest
parameter.

The FOPALI model also contemplates the Complementary
value of the site in the sense that the potential use is directly related
to the presence of other significant sites of interest due to
palaeontology, archaeology, landscape, geology, and logistics in
the immediate setting. North of the site, on Los Colmenares
mountain, there are significant outcrops scientifically studied that
have served as a practice area for several undergraduate and grad-
uate programs from the University of Alicante (eg Soria et al.
2005; Gamonal et al. 2017). In addition, close to the site, it is
worth noting the El Cabezó Pliocene stratigraphic section, with
abundant Pliocene marine fossils. Moreover, in the Santa Pola
area, there are several archaeological sites, museums, and other
locations of historical interest. Santa Pola mountain is surrounded

Table 4 Summary of the didactic
and tourism-recreational assess-
ment using the IELIG model

Potential use IELIG model

Parameter/weight Points Partial
score

Parameter/weight Points Partial
score

Didactic valuation Tourism-recreational
valuation

Representativeness (5%) 4 20 Observational conditions (5%) 4 20

Key locality (5%) 1 5 Logistics (5%) 4 20

Observational
conditions (5%)

2 10 Density of population (5%) 4 20

Status of
preservation (5%)

4 20 Accessibility (10%) 4 40

Rarity (5%) 2 10 Size of geosite (15%) 4 60

Geological
diversity (10%)

4 40 Other heritage elements (5%) 4 20

Didactic content (20%) 4 80 Spectacular or beautiful
landscape (20%)

2 40

Logistics (15%) 4 60 Outreach content (15%) 4 60

Density of
population (5%)

4 20 Potential to develop tourism and
recreational activities (5%)

2 10

Accessibility (10%) 4 40 Proximity to recreational
areas (5%)

4 20

Size of geosite (5%) 4 20 Socio-economic
environment (10%)

2 20

Other heritage
elements (5%)

4 20

Spectacular or beautiful
landscape (5%)

2 10

Total 43 355 Total 38 330

Normalized score (0–10) 8.875 Normalized score (0–10) 8.25
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by several nature parks with varying levels of protection, includ-
ing the municipal nature area of Clot de Galvany, the Salinas de
Santa Pola Nature Park (salt marshes), and Tabarca island with a
marine reserve protected area. Finally, as mentioned above, the
surrounding geology is of notable interest since the northern sec-
tor of the Bajo Segura basin records the palaeoceanographic
changes related to the Messinian Salinity Crisis and current sed-
imentary environments of notable interest, such as Santa Pola salt
marshes and El Hondo Nature Park. Consequently, the
Complementary value parameter receives the maximum score in
the FOPALI model (Table 5).

The next two parameters of the FOPALI model (Proximity
to populations and Number of inhabitants in the area) also
receive the maximum scores. The outcrop is less than 5 km
from Santa Pola city, and the geographic area (25 km radius)
has more than 100,000 inhabitants (Santa Pola, Elche, and
Alicante towns).

Finally, the last parameters (Visibility and Accessibility)
also receive the highest score (Table 5). The reef structure
and the fossil content are perfectly visible and interpret-
able from different outcrops and panoramic views.
Notably, interpretation to a non-specialized public re-
quires the support of a geological guide and interpretative
panels. In fact, some initiatives have already taken place
(see Aberasturi et al., 2013, and interpretative panels in
the lighthouse area), so the Visibility parameter has the
maximum score (Table 5). Furthermore, accessibility is
excellent (Table 5) since, as noted above, the area is a
coastal tourism zone.

Discussion

This paper presents the quantitative assessment of the poten-
tial use of a geosite of high scientific relevance, using and
testing two methodologies (IELIG and FOPALI). First, both
methodologies have a high score for scientific assessment (8
out of a maximum of 10). This indicates, without a doubt, that
the Santa Pola Messinian atoll coral reef (included in the
Spanish Geosite Inventory of the Geological and Mining
Institute of Spain) is a geosite of great scientific significance
in the western Mediterranean. It is worth mentioning that the
IELIG methodology for the scientific assessment considers
Brepresentativeness^ to have a high weight in the scoring.
Moreover, this methodology deems that a geosite with a score
higher than 6.65 (Bvery high scientific level^) must be includ-
ed in the Spanish Geosite Inventory. Therefore, the main ob-
jective of the IELIG methodology is to find and complete the
most significant geosites, which must include representative
Spanish geological domains. In this regard, the FOPALI mod-
el for scientific assessment does not propose a specific score to
establish the greater or lesser significance of a site. This is
because the FOPALI model was developed to compare the

results of different geo/palaeosites with each other, which al-
lows the order of importance for subsequent management to
be established. Therefore, although the final scores of the sci-
entific assessment are exactly the same (8 using the two dif-
ferent methodologies), this does not imply that the models can
be used interchangeably. Another point of difference be-
tween these models is the consideration of the fossil record
in the scientific scoring. In terms of fossil content, the
FOPALI model has considerably more scientific parame-
ters (palaeodiversity, palaeodisparity, status of preservation
of the movable property, taphonomic-genetic interest, and
biostratigraphic interest). Consequently, the selection of a
model also depends on the purpose of the assessment (find-
ing and completing the Spanish Geosite Inventory versus
comparing different sites with a significant fossil record in
order to establish a ranking for their subsequent manage-
ment). It is worth noting that, in the FOPALI model, ap-
proximately 50% of the parameters are assessed relatively
(very low to very high), without establishing concrete data
to justify the proposed score. This inevitably leads to an in-
depth discussion justifying the proposed score. This could
mean that the FOPALI model would demand better train-
ing and knowledge of the geological region on the part the
team that is performing the quantitative assessment. Note
that the FOPALI model was designed to be used in a shared
subjectivity context, where different local sites must be
assessed by a multidisciplinary team of specialists.

On the other hand, the results of the potential use assess-
ment indicate that the Santa Pola Messinian coral reef is a
geosite with significant features for social and cultural use.
Both methodologies offer high scores (didactic score: 8.875
and tourism-recreational score: 8.25 in the IELIG model, and
potential use score: 9.2 in the FOPALI model). The scant
difference between the didactic and tourism-recreational
scores (using the IELIGmodel) does not allow the preferential

Table 5 Score for potential use considering the FOPALI model

Potential use (FOPALI model)

Parameter Points Average value
(0–5)

Degree of knowledge or investigation 5 4.6
Historic value 2

Didactic interest 5

Complementary value 5

Proximity to populations 5

Number of inhabitants in surrounding area 5

Visibility 5

Accessibility 5

Total 37

Normalized score (0–10) 9.2
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scoring of didactic use over tourism-recreational use in the
geosite. Furthermore, although the differences in the scores
using the two methodologies is low (6.4% between FOPALI
and the average in the IELIG model), there are considerable
differences between the two. The FOPALI model uses only
eight parameters of the same weight, whereas the IELIGmod-
el uses 13 didactic parameters and 11 tourism-recreational
parameters with different weights. Therefore, the IELIG mod-
el could be consideredmore exhaustive in terms of the number
of parameters analysed, but this might lead to greater delays in
completing the model. On the order hand, the FOPALI model,
with less parameters to consider, seems to be more synthetic
and consequently more efficient. In this regard, consider that
this study reveals that, although the number of parameters are
quite different in the two models, the final scores for the po-
tential use assessment are practically the same.

The results of the quantitative assessment evidence the
need to establish a series of management measures intended
to preserve the geosite. The results show a significant, but not
predominant, area (15%) of the geological structure affected
by urban development and other anthropic impacts. To pro-
mote these management actions, it is also necessary to address
the quantitative assessment of Degradation risk and the local
geosite inventory, which are of crucial importance for the im-
plementation of an integrated management plan, the next step
in geoconservation strategy (Brilha 2016). The results also
reveal that, although sporadic geological outreach activities
and didactic texts have been carried out on the geosite (e.g.
Aberasturi et al. 2013; Corbí and Yébenes, 2012), the geosite
has more tourism and recreational potential to develop a
broader outreach strategy. This outreach plan could contem-
plate establishing and promoting regular didactic field trips at
different learning levels, interpretative panels at the significant
panoramic views, and establishing an interpretative centre for
the geosite.

Conclusions

From the research that has been performed, it is possible to
conclude the following:

The first scientific quantitative assessment of theMessinian
atoll coral reef of Santa Pola has been carried out based on two
different methodologies, revealing, first, that the study area
represents a significant geosite of scientific interest in SE
Spain. Second, the quantitative assessment of potential use
shows that the area offers significant opportunities for recrea-
tion in a coastal tourism area in the western Mediterranean. In
addition, and considering the IELIGmethodology, this geosite
is representative of Spanish geoheritage since the scientific
score obtained exceeds the specific score proposed to view it
as representative of Spanish geological domains.

The two different methodologies (IELIG and FOPALI)
used for the scientific quantitative assessment and potential
use provide somewhat different perspectives. The IELIG
model scientific assessment provides a high weight to the
representativeness parameter as the goal of that model is to
select the most representative geosites in Spain. In turn, the
FOPALI model is designed to be used in a shared subjectivity
context where the order of importance of different geosites in
a territory with potential palaeontological content has to be
established. Consequently, model selection depends on the
objective and characteristics of the valuation. On the other
hand, and considering the potential use assessment, the
FOPALI model covers few criteria, which makes this model
more synthetic and quicker to implement compared to the
IELIG, which also separates the didactic evaluation from the
tourism and recreational evaluation.

Further research is necessary on this geosite to extend our
knowledge in order to establish the degradation risk and the
inventory of local geosites of special relevance, which will
constitute a solid base to develop a possible management
strategy.
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