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Abstract: In recent years there has been an increasing interest in the Geological Heritage, its eval-
uation, protection and promotion. The Geomorphological Heritage also interests the scientific
community, especially those sectors of great scientific relevance that are characterized by its reliefs.
For its part, the soil study provides information about the genesis of the soils and places them as a
non-renewable natural resource and highlights the importance of its conservation for future genera-
tions. The methodology followed consisted in the valuation of the geological heritage, identifying
different places and taking into account the geomorphological and pedological interests, presenting
the latter, an innovative character. In this way, a “Geomorphoedaphic” itinerary of the Arribes del
Duero Natural Park has been made. This is one of the first steps to its inclusion as a Geopark.
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1. Introduction

At present, there is a renewed interest in the Geological Heritage as well as its evalua-
tion, protection and promotion in various parts of the world [1-5]. Many countries have
conducted national geosite inventories to geoconserve them. An example of this is the
United Kingdom, with an inventory of geosites since the 1950s and more than 3000 sites,
which are currently protected under the figure “Sites of Special Scientific Interest” [6]. As
regards Spain, a national inventory was also carried out in the late 1970s. It distinguished
144 geosites of national and international interest [7,8]. Other countries, especially in Eu-
rope, carried out geoheritage inventories at national level, although worldwide at present,
very few countries have completed a national inventory [9].

First, before defining these Patrimonies, it is interesting to define Geodiversity as
“the variety of geological elements (including rocks, minerals, fossils, soils, landforms,
formations and geological units and landscapes) present in a territory and which are the
product and record of the evolution of the Earth” [10]. For its part, Geological Heritage can
be defined as “those natural geological resources (geological formations and structures,
geographical features, minerals, rocks, meteorites, fossils and soils) that have scientific,
cultural and/or educational value [11]. Likewise, Geomorphological Heritage can be
defined as “those places that, in addition to presenting a geomorphological value, also
stand out for their historical, cultural, aesthetic and/or socioeconomic values, which
deserve to be protected [12]. In this way, it can be concluded that Geodiversity is related
to Geological and Geomorphological Heritage but they are different concepts. The first
refers to the variety of elements and the second refers to the value of the elements [10]. In
recent years, Spanish legislation has significantly strengthened the concepts of Geological
Heritage and Geodiversity, as it has included the Places of Geological Interest in the Spanish
Inventory of Natural Heritage and Biodiversity. It is important to note that the Geological
Heritage has an intrinsic natural value with a social, scientific and landscape significance
which also intervene in the management of the territory [13-15].
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The study of the Geological and Geomorphological Heritage interests the scientific
community, especially those sectors that are characterized by its reliefs and are installed in
protected spaces of great scientific relevance [16]. The study of these heritages, which will be
based on the elaboration of inventories of adequate size and will identify places of interest,
will constitute the most valuable aspect of Geodiversity and will help to analyze their
conservation problems and ways of acting accordingly. In this way;, all of the above allow
to know its didactic and informative potential, as well as being used and disseminated and
helping in the definition of strategies, action plans and conservation [3,9,17,18].

Soil science allows to study the genesis of soils, determining the relationship between
the soil and the landscape. It is also useful for highlighting the value of soils as a non-
renewable natural resource, transmitting to society the importance of their conservation for
future generations. Finally, it could be useful to illustrate in a practical way some processes
of environmental degradation. An example of this is the “Itinerario edafolégico por la
provincia de Salamanca: La Armufia-La Dehesa-La Sierra de Francia” [19].

In 2000, a new name emerged for cases where there is a large abundance of relevant
geological elements in a region: “geopark”. It was not until 2015 when they were officially
recognized by UNESCO, which defined geopark as “territories that house unique geological
forms of special scientific singular or beauty importance and which represent the evolution
of geological history, events and processes that have made exclusive characteristics without
ignoring other aspects (ecological, cultural or archaeological) [3,9]. In this way, geoparks
seek the promotion of Geological Heritage and sustainable development together, being
able to become more than a scientific and educational resource. Last but not least, it serves
as an economic resource within the sustainable development strategies of natural parks
through geotourism [20-24].

Likewise, the study of geodiversity in a spatial context is of great relevance for geop-
arks and other protected natural areas to assess geoheritage and manage it, promoting
geotourism [25]. In this way, through effective exploitation, benefits can be obtained for
scientific, educational and tourism purposes. A suitable approach for such exploitation is
the UNESCO Global Geoparks network, as they provide adequate conservation of unique
geodiversity localities [26-33]. The fact of the existence of a geopark underlines the impor-
tance of the area from a geodiversity point of view, offering also infrastructures for research,
education and tourism [34].

In this article, we try to analyze and describe the most representative places in terms
of Geological and Geomorphic Heritage in the Arribes del Duero Natural Park (Salamanca-
Zamora). In addition, soil science will be taken into account, highlighting the most im-
portant soils of these places. In this way, the objective of this work is to carry out a
geoenvironmental itinerary, which shows the geological, geomorphological and pedologi-
cal interests, valuing the geodiversity of said Park, as well as a future inclusion in the list of
Geoparks.

2. Materials and Methods
2.1. Study Area

The study area (Figure 1) chosen for this work is the Arribes del Duero Natural Park,
located to the west of the provinces of Salamanca and Zamora, on the border with Portugal.
It is a protected area of 1061 km?, consisting of 38 municipalities and a population of about
17,000 inhabitants. Its landscape is characterized by a peninsula with a wavy surface (with
uniform heights of about 700-800 m) and the steep slopes that make up the canyons (with
heights of 130 m) carved by the river system (Duero, Tormes, Huces, Huebra and Agueda
rivers). As for the vegetation, the “peneplain” is a rich mosaic, delimited by walls of stone
and pasture, with species of the genus Quercus (holm oak, pyrenean oak, cork oak and gall
oak), mixed with other arboreal species (ash trees) and of scrub (woody trees and brooms),
pasture and non-irrigated land crops (wheat, barley, rye and vine. On the slopes, located
in terraces, olive and almond crops remain, only displaced by pyrenean oaks, holm oaks
and junipers, where the agricultural use has been abandoned [35,36]. It is also noteworthy
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that it is one of the areas with the greatest hydroelectric potential in the Iberian Peninsula.
Finally, as far as the climate is concerned, it is characterized by mild winters and long
and very warm summers in the valley areas, contrasting with the continental and extreme
climate that characterizes the plain [37].
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Figure 1. Study area. Source: Author’s elaboration.

2.2. Geological Context

From the geological point of view (Figure 2), it is located within the Iberian Massif,
specifically in the so-called Central Region, on the W edge of the “Tormes Dome”. It is char-
acterized by pre-cambrian and paleozoic formations that were metamorphized, deformed
and intruded by plutonic granites during the Variscan Orogen. The materials affected by
this orogeny are metasedimentary rocks belonging to the Upper Neoproterozoic or Lower
Cambrian of the “Schist-Graywacke Complex”, discordant in turn under the Armorican
Quartzites of the Lower Ordovician. Likewise, in the lower levels of the metasedimentary
series there are abundant fine grained glandular orthognesis. The metamorphism associ-
ated with this Orogen transforms the sedimentary sequence into metapelites and gneisses,
reaching a partial fusion with the generation and intrusion of anatechnic granites [38-44].

On the other hand, within the granitic rocks and associated rocks, which intrude
during the second and third deformation phase, there are a wide variety of types of rocks
such as two mica porfhyritic leucogranite, equigranular, from finte to coarse grained. The
first are porphyry, of two micas, equigranularity, of fine to coarse grain. The last one, in
occasions, can present tourmaline, garnet or cordierite and anatectic origin. Biotic granites
are always porphyry and may have muscovite and/or cordierite. As for the intermediate
rocks they are related to the previous ones, varying their composition from diorites and
monzonites, to tonalites and granodiorites [38,44-46].

The granitic and metamorphic basement is affected in its entirety by alpine faults that
determine the subsequent conditioning of the fluvial network. In addition, some of these
faults are associated with large quartz dikes that constitute morpho-structural alignments
of ridges in the peneplain, what is commonly known as “sierros” [47].
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Figure 2. Geologic map. Source: Author’s elaboration.

2.3. Geomorphological Context

Most of Arribes del Duero is part of the so-called “Zamorano-Salmantina peneplain”.
The geomorphological units of the study area (Figure 3), represent a large physiographic
unit which, initially, could be defined as a large polygenic erosion surface resulting from
the erosion of the Iberian Hercynian Mountain range with warm and humid conditions
that dominated during the Mesozoic. In terms of its shape, it is characterized by being
hilly or undulating, as a result of erosive processes involving alteration, scouring and
fluvial erosion. Although it could be considered as a large surface area, it is actually a
multi-cyclic and staggered group, a consequence of a relative lowering of the base level,
rejuvenation of the network and reactivation of the landscape [48]. In our study area, six
levels or erosional surfaces have been differentiated which are distributed gently staggered
towards the west-east, a consequence of the tilting of the plateau towards the Atlantic and,
therefore, with ages later than the Oligocene [49].
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Figure 3. Geomorphological map. Source: Author’s elaboration.

In addition to these erosive surfaces, on the monotonous profile of the peneplain, some
residual reliefs stand out topographically and in isolation in the form of island hills, known
as inselbergs. They are the result of differential erosion emerged from the action, over a long
period of time, of several morphogenetic processes typical of subtropical palaeoclimatic
conditions [50]. Four types of inselbergs can be distinguished in the study area: linear,
flat-topped, conical and domic [49].

Other polygenic forms that can be observed in the area are glacis and block chaos. The
former is characterized by a gentle slope (no steeper than 5 degrees), which serves as a link
between the riverbeds and the replans of steeper surfaces. Block chaos, on the other hand,
are characterized by the concurrence of two or more types of cleavage, generally curved
and subvertical, the former giving rise to scree and the latter generating parallelepiped
blocks which, by granular disaggregation and flaking, produce the boulders. This form
marks some alteration processes that are taking place on the granite and which are currently
active, so it is difficult to determine their age [49].

On the other hand, there are other types of forms associated with the presence of water
called “fluvial forms”. In the area, several types of these forms are distinguished: Alluvial,
Terraced, Dejection Cones and Abandoned Meanders. The first is run-up to the valley
bottom reservoir of the watercourses, being an area of little development. The terraces
are replants formed by alluvial plain deposits that have been hung by the dissection of
the drainage network. The dejection cones are elements resulting from the unloading
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of materials in those places where the morphology of the ground causes the channels
of concentrates to be semi-concentrated or dispersed. Also, the abandoned meanders
correspond to ancient valleys abandoned by the river or stream due mainly to changes in
the longitudinal profile. It is the least common form of the area [49].

Finally, it is possible to observe three other types of forms: hillside, endorheic and
anthropic. The first are characteristic of the colluviums found around the inselbergs or other
elevated surfaces, i.e., they articulate areas of high slope with other flatter areas. “Navas”
are the endorheic forms found in the area. These are characterized by being depressed
areas with water retention phenomena, decantations, development of hydromorphism
and located in areas of low slope, mainly linked to erosive surfaces. The anthropic forms
include dams and quarries [49].

2.4. Edaphological Context

After the fieldwork, the soils were identified (Figure 4), taking into account the geolog-
ical and geomorphological characteristics of the area, with the following results: Alisols,
Chromic Luvisols and Cambisols and Gleyic Luvisols, located on the oldest surfaces, such
as colluvium, glacis and “rafias”, are the most developed soils in the whole study area; on
the most degraded surfaces, less developed soils, Dystric and Eutric Regosols and Dystric
and Eutric Cambisols are located. Gleysols have been identified in the endorheic zones
(navas), and lastly, Leptosol-type soils with very little development have been described in
the canyons. It should be noted that, in the study area, there are no global edaphological
works, except for some specific ones.
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Figure 4. Edaphological map. Source: Author’s elaboration.
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2.5. Methodology

The methodology followed is based on the quantitative characterisation of the geodi-
versity, aiming to express, in a more objective way, the special variability of the elements
that compose it. In this way, these analyses are based on a set of parameters and numerical
indicators that determine the diversity of the geological characteristics of the study area.
Although some parameters can be derived from field measurements and remote sensing,
most of the quantitative procedures are based on the analysis of diversity maps, as well as
the distribution of geodiversity elements of the area in question [8].

Firstly, after an analysis of the existing literature on the area and the field work, the
selection of the different points, places or areas of geological importance is carried out,
identifying the interest of each element (Geomorphological, Stratigraphical, Mineralogical,
Petrological, Palaeontological, Structural or Edaphological) and the type of value it has
(scientific, defined by the importance of the element at regional level; didactic, in the case
that it clearly shows a process, structure or form of interest; or touristic when it has an
impact on the landscape). In addition to these data, the location of the stops, the processes
identified and any aspect of interest, the ease/difficulty of didactic and visual interpretation
are included, accompanied by illustrative photographs. Geological maps (scale 1:50,000),
geomorphological maps (scale 1:50,000) and satellite and Google Earth images of the study
area were used to locate the stopes and their accesses. In addition, in the field, each of the
stops was georeferenced using a portable GPS and photographs were taken to complement
the information described in each one of them.

The assessment of the different points of interest is then carried out, using the method-
ology used by the Spanish Geological and Mining Institute [51,52]. The evaluation of each
point is based on its scientific value (VC), didactic value (VD) and tourist value (VT) and
the parameters listed in Table 1. These parameters are based on 4 classes valued from 0
to 4, where the following values are established: intrinsic; intrinsic and use; use and use
and protection. In addition to these classes, 18 parameters are valued according to their
representativeness, type character, degree of knowledge, state of conservation, conditions
of observation, rarity, geological diversity and spectacular nature. These parameters have a
relative weight assigned to them (0, 5, 10, 15, 20 or 30). The final result will be the sum of
the different parameters for the 3 values obtained for each point.

Table 1. Parameter and Valoration.

Value Class

Parameter

Valoration

Description Parameter Characterisation

Aspects P. vC VD vT

INTRINSEC

Representative (R)

Type locality
character (T)

Unhelpful as a model to represent,

. 0 X30 X5 X0
even partially, a feature or process
Useful as a model to partially
It reports on the quality of the place represent a feature or process ! X30 X5 X0
to illustrate the adequately illustrate Useful as a model to represent, in 5 X30 X5 X0

the characteristics of the domain its entirety, a feature or process.
Best known example, at the
geological domain level, to 4 X30 X5 X0
represent a feature/process

It does not comply, by default, with

the following three premises 0 X10 X5 X0
Regional reference locality 1 X10 X5 X0
. . Internationally used reference
Informs about the quahty of the site locality (metallogenic, petrological,
as a reference stratigraphic, mineralogical, tech-tonic, 2 X10 X5 X0
palaeontological, mineralogical etc. stratigraphic, etc.), or fossil type
locality, or biozones for scientific use.
TUGS-accepted stratotype or IMA 4 X10 X5 X0

type locality
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Table 1. Cont.

Value Class Parameter

Description

Valoration

Parameter Characterisation
Aspects

P.

vC

VD

vT

Degree of scientific
knowledge of the site

®)

Conservation status

©

Observation
conditions (O)

Rarity (A)

Diversity (D)

Spectacularity or
beauty (B)

Indicates that its geological
relevance and scientific interest
make it the subject of publications
and scientific studies.

Reports the existence of physical
deterioration of the trait

Indicates the extent to which the
environment makes it easier or less
easy to observe the feature
environment to observe the feature

Reports on the scarcity of features
similar to the one described

Reports the existence of several
types of geological interest on the
same site

Reports the visual quality of
the feature

There are no published works or
doctoral theses on the site.
There are published works and/or
doctoral theses on the site.
Researched by several scientific teams
and the subject of doctoral theses and
published works referenced in
national scientific journals.
Researched by several scientific
teams and subject of doctoral theses
and published works referenced in
international scientific journals.
Heavily degraded/degraded: the site
is practically destroyed or very
deteriorated.

Altered: with deterioration that
prevents the appreciation of some
features of interest.
Favourable with alterations: some
deterioration that does not
significantly affect the value or
interest of the LIG
Favourable: the LIG in question is
well preserved, practically intact
With elements strongly masking the
features of interest
With elements masking the LIG and
preventing the appreciation of some
features of interest
With some elements that do not
prevent the LIG from being
observed in its entirety
Perfectly observable practically in
its entirety with ease
There are quite a few similar sites in
the region
One of the few known examples at
regional level
Only known example at
regional level
Only known example at national
(or international) level
The LIG only presents the main
interest rate.

The LIG has another interest rate, in
addition to the principal,
not relevant
LIG has 2 interest rates in addition
to the principal, or only one but
relevant one
The LIG has 3 or more interest rates
in addition to the principal, or only
two other but relevant ones
Does not meet, by default, all three
of the following three conditions
(1) high relief extent, or (2) large
watercourses/large sheets of water
(or ice), or (3) remarkable chromatic
variety. Also fossils and/or
colourful minerals
There are 2-3 of the first
characteristics. Also spectacular
fossils or minerals
Coincidence of the first
three characteristics

X15

X15

X15

X15

X10

X10

X10

X10

X10

X10

X10

X10

X15

X15

X15

X15

X10

X10

X10

X10

X0

X0

X0

X0

X0

X0

X0

X0

X5

X5

X5

X5

X5

X5

X5

X5

X5

X5

X5

X5

X10

X10

X10

X10

X5

X5

X5

X5

X0

X0

X0

X0

X0

X0

X0

X0

X5

X5

X5

X5

X0

X0

X0

X0

X0

X0

X0

X0

X20

X20

X20

X20
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Table 1. Cont.
Valoration
Value Class Parameter Description e
Parameter Characterisation P. ve vD VT
Aspects
It does not meet, by default, the
following three premises 0 X0 X20 X0
Didactic Content ‘Itndllfcates whelther thg lfe'f:tutre lir}ds It 111ust'ratles university 1 X0 X20 X0
(CDD) itself more or less easily to teaching ) curricular content
or is already used for this purpose. It illustrates curricular content at 5 X0 X20 X0
any level of the education system.
B Used regularly in didactic activities
)
=} at any level of the education system 4 X0 X20 X0
=) By default, it does not comply with
<ZC the following three premises 0 X0 X0 X15
Y It illustrates in a clear and
% Indicates whether the feature lends expressive way to groups of a 1 X0 X0 X15
~ Disclosure Content itself more or less easily to certain culitural level.
E (CDV) disclosure or is easily disclosed or is It 1llgstrates in a clear and
= already used for this purpose. expressive way to groups of any 2 X0 X0 X15
cultural level about the importance
or usefulness of Geology.
Itis 'belng‘habltually. u.sgd for 4 X0 X0 X15
dissemination activities.
Linked to the potential for use. It 1}13:;);?5? Oiﬁigzahzisizs;?lﬁ:ls 0 X0 X0 X5
Potential for tourism informs whether the site meets the pacst?vities So(;siblfe 0 1 X0 X0 X5
and recreational conditions for leisure activities or Tourist ossigilities and
activities (PTR) whether leisure activities are recreational:l) activities possible 2 X0 X0 X5
already taking place. Organised activities are available 4 X0 X0 X5
It does not comply, by defau@t, with 0 X0 X15 X5
the following three premises
Accommodation and restaurant for
- to 20 ithi 1 X0 X15 X5
7  Logistics Informs about the existence of groups up 025 kp;srsons witin
- infrastructure (L) accommodation and restaurants Accommodation and restaurant for
groups of up to 40 persons within 2 X0 X15 X5
25 km
Accommodation and restaurant for
groups of 40 people less than 5 km 4 X0 X15 X5
away
The LIG iny presents the main 0 X10 X10 X0
interest rate.
The LIG has another interest rate, in
Socio-economic tRepor{f’s thel eX.ist(lgr}cf of stevertali addltl(;l’;:(;etl};isrll‘inclpal, 1 X10 X10 X0
- ypes of geological interest on the
environment (ES) same site LIG has 2 interest rates in addition
to the principal, or only oneThe LIG
has another interest rate, in 2 X10 X10 X0
addition to the principal, not
relevant but relevant one
The LIG has 3 or more interest rates
in addition to the principal, or only 4 X10 X10 X0
two other but relevant ones
No natural or cultural heritage
elements within a radius of 5 km 0 X0 X5 X5
Association with Presence of a single natural or
other elements Whether the site has other cultural hi;giaiesfl%ng;lt within a 1 X0 X5 X5
natural, historical or non-geological features of interest, Presence of several natural or
ethnolo%l\cfﬂ heritage which may attract more visitors cultural heritage elements within a 2 X0 X5 X5
) radius of 5 km
Presence of several elements of both
natural and cultural heritage within 4 X0 X5 X5
aradius of 5 km
Less than 200,000 inhabitants
% within a radius of 50 km 1 X0 X5 X5
= Population density Linked to potential visits and the Between 200,000 and 1,000,000 > X0 X5 X5
= (PD) increased likelihood of vandalism inhabitants within a radius of 50 km
= More than 1,000,000 inhabitants 4 X0 X5 X5
8 within a radius of 50 km
A Does not meet, by default, the
% following three conditions (tarmac
< road with no parking facilities, 0 X0 X10 X10
= footpath or road, TT track,
=} il It means easier access for visitors, boat, etc.)
5 Accessibility (AC) but also easier access for vandalism.  Direct access by unpaved track but
@) 1 X0 X10 X10
passable for passenger cars
Direct access by asphalted road 2 X0 X10 X10
with parking for passenger cars
Direct access by asphalted road 4 X0 X10 X10

with parking for coaches
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Table 1. Cont.

Valoration
Value Class Parameter Description e
Parameter Characterisation P. ve VD VT
Aspects
Metric features

(vulnerable to visitation) 0 X0 X5 X15

Hectometric features (not

. vulnerable to visitation but

LIG extension (E) Related to the non-fragility of the sensitive to aggressive 1 X0 X5 X15

Proximity to
recreational areas
(ZR)

element relative to its extent anthropogenic activity)

Hectometric features (may suffer

some deterioration from 2 X0 X5 X15
human activities)
Kilometric features (difficult to
deteriorate by human activities)
Location more than 5 km from
Related to proximity to tourist or recreati%nal areas (campsites, 0 X0 X0 X5
. N eaches, etc.)

recreational areas Linked to Site within 5 km and more than

potential number of visitors and 1 X0 X0 X5

increased possibility of vandalism 2 km of recreation areas
P y Site within 2 km and more than

500 m from a recreation area
Site located within 500 m of a
recreation area

4 X0 X5 X15

In addition, as a novelty and complement, the soil characteristics of the study area have
been taken into account. In this way, by means of field and laboratory work, the characteristic
soils have been identified and can be visualised at each of the stops along the route.

3. Results
3.1. Geological, Geomorphological and Soil Itinerary

The studied itinerary consists of 13 stops located in the Arribes del Duero Natural
Park, in the provinces of Salamanca and Zamora (Figure 5). In the part of the province
of Salamanca, 7 stops have been established: P1: La Fregeneda; P2: Cachén de Camaces
and Puente de la Molinera; P3: Sierro de Cerezal del Pefiahorcada; P4: Mirador Pefia del
Aguila; P5: Mirador del Fraile; P6: Inselberg de la Pefia and P7: Pozo de los Humos. The
rest of the stops correspond to the area in Zamora: P8: Meandro del Duero viewpoint; P9:
Fornillos cork oak grove; P10: Sierro de Carrascalino; P11: Las Barrancas viewpoint; P12:
Pefia Gazén and Pefia la Galga valley and P13: Requejo bridge.

L)
P7: Pozo de los Humos

Figure 5. Itinerary of study. Source: Author’s elaboration.



Sustainability 2022, 14, 7066 11 of 18

The results have been compiled in two tables: Table 2 shows the evaluations of
the 13 stops, with the corresponding total value and Table 3 the values of the scientific,
educational and touristic interests.

Table 2. Data obtained from the evaluations of each parameter by stops and results of the scientific,
educational and cultural interest of each geosite.

Parameter P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
Representativeness 4 2 2 2 2 2 2 4 4 2 2 2 2
Type locality character 2 1 1 1 1 1 1 1 1 1 1 1 1
Degree of scientific knowledge of the site 4 1 1 0 4 4 4 0 1 1 2 2 0
Conservation status 2 4 2 2 4 4 4 2 4 4 4 4 4
Conditions of observation 4 4 4 4 4 4 4 4 4 4 4 4 4
Rarity 2 1 1 1 1 1 1 2 2 1 1 1 1
Diversity 2 2 1 1 2 2 2 1 1 1 2 2 2
Spectacularity or beauty 4 2 1 1 4 2 2 1 2 1 2 1 1
Didactic content 2 2 2 2 4 2 2 4 2 2 2 2 2
Informative content 1 2 2 2 2 2 2 2 2 2 2 2 1
Potential for tourism and recreational activities 4 2 1 2 2 2 2 2 1 2 2 2 2
Logistical infrastructure 2 2 1 2 2 2 4 2 2 2 2 2 2
Socio-economic environment 2 2 4 1 1 1 1 1 2 2 4 2 2
Association with other heritage elements 2 0 2 2 4 2 2 1 0 1 1 1 1
Population density 1 1 1 1 1 1 1 1 1 1 1 1 1
Accessibility 1 4 2 2 2 1 1 2 2 4 2 4 4
Extent of the LIG 1 4 4 4 4 1 2 4 4 4 4 4 4
Proximity to recreational areas 4 2 2 4 2 4 0 1 1 0 2 2 2
Total 44 38 34 34 46 38 37 35 36 35 40 39 36
Table 3. Assessment of Scientific, Educational and Tourist Interest.
Assessment of Scientific, Didactic and Touristic Interest
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
Scientific Interest 310 220 190 165 255 255 255 240 285 210 255 235 205
Educational Interest 230 245 215 215 285 200 235 250 230 235 250 245 245
Tourist Interest 205 225 185 235 265 170 175 185 195 200 210 210 195

3.2. Description of the Stops

Stop 1: La Fregeneda (4,539,844.00 m N/679,683.00 m E). This village is located to the
northwest of Salamanca, on the border with Portugal, coinciding with the mouth of the
Agueda River on the Duero. It is the scientific interest that is of greatest value, standing out
above all for its geological characteristics. As for the soil, in this area we can find Cambisols,
Leptosols and Regosols (Figure 6E), all of them eutric, due to the large amount of slate
existing in the area.It presents a swarm of discordant and concordant pegmatitic dikes rich
in lithium associated with hydrothermal quartz seams, which are visible a few kilometers
before the entrance to the village (Figure 7A-2). Also, in this area, there is a Tin and Lignite
mine “Mina Feli”, where you can see these hydrothermal seams cut by the pegmatite dykes
belonging to the Grauvacitic Schist complex. There is an impressive viewpoint, “Mirador
del Mafeito” (Figure 7A-1) where we can observe the different agricultural uses that can
be carried out on the slopes. On the other hand, from this village starts the “Camino del
Hierro”, a 17 km route where you can enjoy the tunnels and bridges of the old railway line
that used to connect Spain and Portugal. This stop has a Scientific Value of 310, a Didactic
Value of 230 and a Tourist Value of 205.
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Figure 6. (A) Chromic alisol. (B) Chromic luvisol. (C) Chromic cambisol. (D) Dystric gleysol.
(E) Eutric regosol. (F) Lithic leptosol. Source: Author’s elaboration.

Figure 7. (A-1) View from Mirador Mafeito; (A-2) Quartz hydrothermal seams in road cuts.
(B-1) Cachon del Camaces; (B-2) View from Huebra river valley. (C) Sierro Cerezal de Pefiahor-
cada; (D) View of the Duero from the Pena Aguila viewpoint. (E) View of Aldeadavila Dam.
(F) View Inselberg de la Pefia. Source: Author’s elaboration.



Sustainability 2022, 14, 7066

13 0f 18

Stop 2: Cachon de Camaces (4,543,441.00 m N/688,967.00 m E). This waterfall is
located in the town of Hinojosa de Duero. Its most important interest is didactic. It is both
geologically and geomorphologically rich. This waterfall, which belongs to the Camaces
river, hence its name, is wedged between two blocks of granite, in order to overcome
a great difference in level before flowing a few meters further on into the Huebra river
(Figure 7B-1). A few kilometers further on, following the road to Saucelle, is the “Puente de
la Molinera”, which joins two opposing slopes, crossed by the Huebra river, giving rise to a
V-shaped valley (Figure 7B-2). The soils that can be observed here are dystric Cambisols
and Regosols. The site has a Scientific Value of 220, a Didactic Value of 245 and a Tourist
Value of 225.

Stop 3: Sierro de Cerezal de Pefiahorcada (4,552,944,00 m N/694,768,00 m E). This is
a very characteristic mountain range of great geological and geomorphological interest.
The first thing that can be seen is the hollow that crosses it (Figure 7C), in which the quartz
can be seen surrounded by altered granite, but it is also possible to find, a few meters
further on, unaltered granite. The origin of these mountain ranges corresponds to the Late
Hercynian fracture, which occurred during the Variscan or Hercynian Orogeny during the
Carboniferous. In addition, it is also possible to visualize the inverted relief, characterized
by the presence of quartzite in the upper part, forming hanging sinforms. As far as the
Edaphology is concerned, it is possible to observe a toposequence of soils: Dystric Leptosol,
Dystric Cambisol and Gleic Cambisol. In addition, in the vicinity there are “navas”, which
are depressed areas, flooded by water for a large part of the year, in which the dystric
Gleysols (Figure 6D) are characteristic. Regarding the values presented at this stop, they
are as follows: Scientific Value: 190; Educational Value: 215 and Tourist Value: 185.

Stop 4: Petia el Aguila viewpoint (4,558,996.00 m N /691,388.00 m E). It is located in
the municipality of Mieza, from where it is possible to observe different panoramic views
of the great Duero River basin, which makes this area so characteristic. It is also possible
to see the great difference between the peneplain and the vertical slope called “Arribes”
(Figure 7D). These fluvial incisions condition the vegetation due to changes in temperature,
altitude and rainfall. On the other hand, it is possible to observe species of vegetation that
are of great ecological interest, such as rockroses, broom or lavender, thanks to the fact
that, due to the existing geographical limitations, they have slowed down the expansion
of agricultural and livestock farming activities. The characteristic soils of this area are
mainly chromic Cambisols and dystric Cambisols. The values obtained at this stop are the
following ones: Scientific Value: 165; Educational Value: 215 and Tourist Value: 235.

Stop 5: Mirador del Fraile (4,565,660.00 m N/694,802.00 m E). This is an impressive
viewpoint overlooking the Aldeadavila dam (Figure 7E). In addition to being able to see
the dam, it is possible to observe the fluvial canyon of the Duero, as well as the granite
modelling with characteristic shapes such as bell-shaped domes and crags. Therefore, it is
an area with very important geological and geomorphological characteristics. With regard
to the soil, it is characterized by chromic Cambisols (Figure 6C), dystric Cambisols and
dystric Leptosols, the latter in the vicinity of this viewpoint, in the area of the canyons. This
stop has a Scientific Value of 255, a Didactic Value of 285 and a Tourist Value of 265.

Stop 6: Inselberg de la Pefa (4,561,387.00 m N /708,791.00 m E). Also known as “La
Pefia de Cadalso”, it is a clear example of the residual relief of the Central System, which
perfectly characterizes what an inselberg is: isolated granitic forms that stand out from the
surface, although it is possible to observe formations of this type in other places in Arribes
del Duero (Figure 7F). It is approximately 71 m in diameter and 41 m high. Its geological
and geomorphological characteristics are noteworthy. Regarding the former, its lithology
corresponds mostly to fine grained leucocratic granites, a rock with pinkish tones without
quartz, called episienite. With respect to the latter, its maximum height coincides with that
of an ancient surface which has remained as residual relief, the result of the superficial
alteration of this sector, thus allowing us to know the existence of surfaces prior to the
Duero River being boxed in. On the other hand, on the south face of La Pefia, morphologies
due to the action of the wind can be observed, generating gnammas and tafonis, which are
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hollows generated by the atriction of the particles dragged by the wind over the rock. The
soils that can be observed are dystric Cambisols and dystric Regosols. The values obtained
are as follows: Scientific Value: 255; Educational Value: 200 and Tourist Value: 170.

Stop 7: Pozo de los Humos (4,565,818.00 m N /703,933.00 m E). It can be reached from
two places: Masueco, 2.8 km away, and Perefia, 4.5 km away. It is characterized by a waterfall
with a constant fall, except in summer. It is possible to observe a wealth of thin granitic
sills, alternating with metapelites. As a consequence of this alternation of erosion-resistant
granitic materials with more easily eroded metapelite materials, as well as the direction of the
orthogonal cleavage in the granite to the course of the Uces River, waterfalls such as this one
are formed. In this way; it is a point of great scenic and didactic interest, where it is possible
to learn about the factors that have controlled the circulation of water, something that is not
usual (Figure 8A). The characteristic soils of this area are the Eutric chromic Cambisols and
the Eutric Cambisols. The values obtained at this stop are the following ones: Scientific Value:
255; Educational Value: 235 and Tourist Value: 175.

Figure 8. (A) Pozo de los Humos. (B) Meander of the Duero. (C) Alcornocal de Fornillos. (D) View
of the Duero from the Mirador de Las Barrancas. (E) Sierro de Carrascalino. (F) block chaos Pefia
Gazon. (G) Requejo Bridge. Source: Author’s elaboration.
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Stop 8: Mirador del Meandro del Duero (4,582,453.00 m N/719,721.00 m E). It is
located in the town of Pinilla de Fermoselle, from where it is possible to observe the
most spectacular and eye-catching meander of all those formed by the Duero as it passes
through Arribes (Figure 8B). It stands out, logically, for its geomorphological characteristics,
clearly showing the asymmetry of the banks, as well as the development of a semilunar
bar, also known as “point-bar”. This is a meander in a valley where the geometry of the
river coincides with that of the valley. On the other hand, a few kilometres away, we
find the Cerro de San Miguel, which represents a domic mountain-island covered with
granitic boulders, originated by remaining at a certain distance from the river beds, whose
encasement follows the Late Hercynian fracturing [50]. As for the soils, they have very
little development, classifying them as dystric Leptosols. The values obtained at this stop
are as follows: Scientific Value: 240; Educational Value: 250 and Tourist Value: 185.

Stop 9: Alcornocal de Fornillos (4,545,889.00 m N/723,071.00 m E). Located very close
to the village of Fornillos de Fermoselle, although it is not very extensive, it is one of the
best examples of cork oak groves in the area (Figure 8C). It is located on a geomorphological
formation known as Rafia, giving rise to highly developed soils such as the chromic Alisols
(Figure 6A) and chromic Luvisols (Figure 6B) that can be found in this area. Thanks to
these soils, some species such as the alconorque can develop, therefore, this stop stands out
above all, for its edaphological characteristics. Finally, the values obtained are the following
ones: Scientific Value: 285; Educational Value: 230 and Tourist Value: 195.

Stop 10: Sierro del Carrascalino (4,588,684.00 m N/726,574.00 m E). It is located
between the villages of Fariza and Mdmoles. It is one of the most representative lithological
outcrops in the area in Zamora. It is characterized by a long, narrow mountain-island
associated with a quartz dyke more than 1 km long, standing out against the monotonous
profile of the peneplain (Figure 8E). The soils observed in this area are dystric Cambisols.
On the other hand, the values obtained at this stop are as follows: Scientific Value: 210;
Educational Value: 235 and Tourist Value: 200.

Stop 11: Mirador de las Barrancas (4,591,887.00 m N/726,475.00 m E). It is located in
the town of Fariza and is characterized by a granite balcony over the cliffs of the Duero
River (Figure 8D). In addition to the view of the river, it is also possible to observe the
typical vegetation of this area (rockroses, broom, lavender), as well as the morphology of
the place, with the whale backs standing out. In this area, low developed soils such as
Dystric Leptosols dominate. As for the values obtained at this stop, they are the following
ones: Scientific Value: 255; Educational Value: 250 and Tourist Value: 210.

Stop 12: Pefia Gazon and Pefia la Galga valley (4,596,238.00 m N/729,215.00 m E). This
area is very close to the cross-border town of Miranda de Douro and is another of the most
representative places of the Douro river gorge. The streams in this area cross the abrupt
change in slope, giving rise to a deep, narrow valley, in which waterfalls, giant marmites,
as well as crags and other residual reliefs such as granitic and gneissic nubbins can be
observed (Figure 8F). The soils observed are dystric Leptosols, i.e., poorly developed soils,
mainly because granites outcrop in most of the surrounding area. This stop has a Scientific
Value of 235, a Didactic Value of 245 and a Tourist Value of 210.

Stop 13: Puente de Requejo (4,605,060,00 m N/739,394,00 m E). This viaduct is situated
on the northern boundary of the Zamora part of the Natural Park over the Duero River
(Figure 8G). From here we can observe part of the interesting metamorphic series character-
istic of this area, which is made up of gneisses, schists and quartzites. In addition, this area
corresponds to the periclinal end of an antiform, and one of its flanks can be observed from
this bridge. In terms of geomorphological interest, this is the area where the canyon begins
to be the deepest. In terms of the area’s soils, we can observe lithic and dystric Leptosols
(Figure 6F). Finally, it is of great interest from the point of view of civil engineering as
this bridge, also known as “Puente Pino”, forms part of the assets of the National Plan of
Industrial Heritage. The values obtained in this stop are as follows: Scientific Value: 205;
Educational Value: 245 and Tourist Value: 195.
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4. Conclusions

A “Geomorphoedaphic” Itinerary has been created in the Arribes del Duero Natural
Park that highlights the characteristics of the Geological and Geomorphoedaphic Heritage,
as well as the most representative soils of the area.

The “Geomorphoedaphic” Itinerary consists of 13 stops, that is, 13 Places of Geological
Interest, which have been weighted according to their educational, scientific and cultural
interest. In addition, the innovative character of the geomorphological and pedological
characteristics of each have been taken into account. In this way, in terms of the Geological
Heritage, granite rocks, gneisses, metapelites and slates stand out in general terms.

On the other hand, as for the Geomorphology, the most remarkable thing is the box
that suffers the Duero River in this area, the Valleys in form of V and reliefs residuals of
different types called Inselbergs. Also, the observed soils were, in a dominant way, soils
of very little or medium development as Leptosols and Cambisols. On the other hand,
exceptionally more developed soils such as Luvisols and Alisols can be found.

Likewise, it also shows different processes of environmental degradation, which can
be of anthropic or natural origin. In this way, it is possible to transmit to the Society the
importance of preserving all these patrimonies.

In addition, it should be noted that all the stops have a high valuation of the Geological
Heritage, concluding that this area, as well as having an important Geological Heritage,
also has a Geomorphological Heritage and, to a lesser extent, a Soil Heritage. Thus, this
Natural Park could be interesting to be included in the List of Geoparks. For this possible
inclusion, a more exhaustive study of the characteristics of the area can be carried out, also
taking into account the investigations that have been carried out in the past, as well as
the present ones, such as this article. All the information related to this “future geopark”
project can be found on its web page: [53].

Finally, the inclusion in the Global Network of Geoparks could constitute an excellent
framework to promote the conservation, protection and sustainable use of biodiversity, as
well as to promote border relations with our neighbouring country, Portugal, by highlight-
ing the Portuguese part of the Arribes del Duero.
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