
Citation: Morante-Carballo, F.;

Gurumendi-Noriega, M.;

Cumbe-Vásquez, J.; Bravo-Montero,

L.; Carrión-Mero, P. Georesources as

an Alternative for Sustainable

Development in COVID-19 Times—A

Study Case in Ecuador. Sustainability

2022, 14, 7856. https://doi.org/

10.3390/su14137856

Academic Editor: Nicoletta

Santangelo

Received: 17 May 2022

Accepted: 17 June 2022

Published: 28 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Georesources as an Alternative for Sustainable Development in
COVID-19 Times—A Study Case in Ecuador
Fernando Morante-Carballo 1,2,3 , Miguel Gurumendi-Noriega 4, Juan Cumbe-Vásquez 4 ,
Lady Bravo-Montero 1,2,5,* and Paúl Carrión-Mero 1,6

1 Centro de Investigaciones y Proyectos Aplicados a las Ciencias de la Tierra (CIPAT),
ESPOL Polytechnic University, Guayaquil P.O. Box 09-01-5863, Ecuador; fmorante@espol.edu.ec (F.M.-C.);
pcarrion@espol.edu.ec (P.C.-M.)

2 Facultad de Ciencias Naturales y Matemáticas (FCNM), Campus Gustavo Galindo,
ESPOL Polytechnic University, Km 30.5 Vía Perimetral, Guayaquil P.O. Box 09-01-5863, Ecuador

3 Geo-Recursos y Aplicaciones GIGA, Campus Gustavo Galindo, ESPOL Polytechnic University,
Km 30.5 Vía Perimetral, Guayaquil P.O. Box 09-01-5863, Ecuador

4 Junta Administradora de Agua Potable de Manglaralto (JAAPMAN), Manglaralto 241754, Ecuador;
migangur@espol.edu.ec (M.G.-N.); jcumbe@espol.edu.ec (J.C.-V.)

5 Centro de Agua y Desarrollo Sustentable (CADS), ESPOL Polytechnic University,
Guayaquil P.O. Box 09-01-5863, Ecuador

6 Facultad de Ingeniería en Ciencias de la Tierra (FICT), ESPOL Polytechnic University,
Guayaquil P.O. Box 09-01-5863, Ecuador

* Correspondence: lkbravo@espol.edu.ec; Tel.: +593-95-914-1436

Abstract: Georesources comprise spaces of relevant geological value with the potential to be used
and managed as a resource. Therefore, georesources are an essential development factor in the world,
mainly oriented to their rational use to improve the quality of life of the surrounding population.
This work aims to analyze the main applications, conservation strategies and sustainable use of geo-
resources in the rural area of Manglaralto (Ecuador) through their inventory, assessment and analysis
for the adaptation of alternative uses to particular circumstances (e.g., the COVID-19 pandemic). The
method used consists of four phases: (i) inventory and mapping of georesources; (ii) description and
assessment of georesources using international methodologies (e.g., GtRAM for georoute assessment,
hydrogeological characterization using GeoModeller for groundwater assessment, GIS tools for
assessing materials with industrial–artisanal interest, and KFM matrix method for the assessment of
the level of construction difficulty of sanitary landfills); (iii) georesources complementary applications
and (iv) SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) and TOWS matrix prepara-
tion (Threats, Opportunities, Weaknesses, Strengths), seeking strategies to guarantee the viability of
the use of georesources. As a main result of the investigation, the geolocation of the georesources
of the area was obtained. In addition, the assessment of the main georesources such as (i) potential
geosites and sites of geological interest (e.g., beaches, cliffs, waterfalls, capes), (ii) groundwater
(aquifers), and (iii) materials with artisanal and industrial interest (e.g., clays, sands). Finally, the
study allowed us to define areas to develop landfill infrastructure, identify ecosystem services, and
construct tsunami refuge site proposals. The case study addressed shows that the inventory and
definition of the use of geological resources constitute a fundamental process for the economic, social,
and environmental development of the population.

Keywords: geological resources; geosites; geotourism; sustainability; SDGs; Manglaralto-Ecuador

1. Introduction

Geodiversity is defined as “the range of geological, geomorphological and soil fea-
tures” [1]. The appreciation of abiotic natural resources manifests this [2]. Geodiversity
reflects the geological processes and events that have taken place throughout its history.
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From prehistory to the present, the planet’s geodiversity has supplied resources to the
cultures and civilizations that inhabit it.

Georesources or geological resources are elements in a liquid, solid or gaseous state,
susceptible to exploitation on or within the earth’s crust, depending on their concentration
(e.g., industrial rocks, metallic or non-metallic minerals). They also include those non-
renewable elements of the earth that have their use and value for the science, economy and
education of humans [3–6]. Georesources supply raw materials for different industries.
However, they are limited resources that require rational extraction [7]. For this reason,
their conservation faces new challenges in all sectors of society [8]. One of these challenges
is the current mining policy that tries to solve problems related to exploiting quarries
and drilling wells that disturb the environment [9,10]. In addition, greater attention to
geoscientific aspects is required in land-use decisions since most georesources are non-
renewable resources [11–13].

Non-renewable georesources include: minerals, rocks, fossils, petrogenetic features,
mines, landforms, glaciers, ice age phenomena, and some geomorphological features [14–16].
Their main applications include building construction [17,18]; development of smartphones
and computers [19,20]; illumination [21]; farming [22,23]; jewelry (gemstones) [24,25],
drinking water supply, and development of renewable energies [26].

Within non-renewable georesources are geosites, which are places with one or more
geographic elements of geodiversity that have a unique intrinsic, scientific, tourism, and
management tourist, cultural or scientific value [27–29]. They also associate geology,
environment, culture, aesthetics, heritage and well-being of their residents [30]. Also, they
are considered recreation sites that allow economic income to be obtained from a place of
geological interest [31]. The quantitative and qualitative assessment of the geosites follows
a process of inventory, evaluation and selection that contributes to developing a threat
management and prevention plan [32]. Geoheritage or geological heritage is a fundamental
part of cultural heritage [33–35]. However, Reynard and Brilha state that mining heritage
is at the interface between geoheritage (georesource) and cultural heritage, establishing
that these two are not joined together [36]. Geoheritage includes geosites and elements of
geodiversity with scientific, educational and aesthetic significance [27,37–39].

Geoconservation is another critical term in understanding geodiversity, which focuses
on managing geological components of scientific, tourist and cultural importance within
a responsible social context [8,40]. Correct management helps to adequately protect the
geological heritage [41], where the scientific knowledge of the community is essential
to implement conservation strategies [42,43]. Figure 1 summarizes the concepts related
to geodiversity.

The production of georesources reduces poverty standards and allows the develop-
ment of a nation [26], because developing countries focus on the sustainable use of natural
resources [44]. Moreover, these resources have a positive and significant impact on the
economic growth of all countries [45]. An example is the case of Brazil, which is a producer
of mineral resources that foster the conservation and promotion of sustainable development
through geotourism (e.g., Araripe UNESCO Global Geopark) [46] and the conservation of
its paleontological heritage in initiatives related to the use of mineral resources [47].

Geotourism provides information on geological elements, landscapes, and history
to travelers who visit specific places on Earth (including urban places). Their interest in
these natural areas seeks to motivate the protection of geoheritage and geodiversity. Hence,
geotourism is the basis for converting a locality into a geopark [15].

In Ecuador, there are non-renewable georesources such as rocks of industrial interest,
including igneous rocks (e.g., granite and basalt), metamorphic rocks (e.g., slate and schist)
and sedimentary rocks (e.g., gypsum and clay) [48–59]. In addition, this country has
metallic mineral resources (e.g., Au and Ag) [60–65] and non-metallic mineral resources
(e.g., sands, kaolin, fluorite) [66–68]. Water is a renewable georesource in Ecuador, and it is
an essential element in the country’s management, having a record of the hydrographic
division since 2002 [69–74].
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In the study area, there is no evidence of metallic minerals (e.g., Au, Cu, Ag) but non-
metallic minerals (e.g., gypsum, zeolites), which have not been well explored. Therefore,
there is a potential possibility of finding significant volumes for exploitation. The potential
consumers of geotourism in the sector are the inhabitants of the neighboring parishes and
national-foreign tourists who have already visited certain study areas (e.g., Montañita
beach). However, these visits would not be in a geological context but for recreation. On the
other hand, regarding the educational potential of georesources, it would be valued by the
country’s educational institutions, mainly by third-level institutions related to geosciences,
to carry out geotourism plans and other contributions aligned to this area of research.

Regarding the presence of geosites, the country has broad potential in this area [75],
and great potential for geotourism development. However, this activity was seriously
affected by the SARS-CoV-2 (which causes COVID-19 [76–78]) pandemic due to the restric-
tions imposed to contain its spread [79,80]. As a result, the decline in tourism is estimated
at between 60 and 80% compared to pre-pandemic values, representing economic losses of
1.1 billion dollars in 2020 [81].

In Ecuador, tourism was also affected by the state of health emergency declared on
16 March 2020, which included restrictions on mobility and free association [82–84]. Con-
sequently, it is imperative to value the georesources of a defined area, which need to be
developed to alleviate the effects of the pandemic, climate change and other factors. It is
recorded that existing businesses in the Manglaralto parish had to close, leading to financial de-
cline during the restrictions, with 68% of people earning less than 200 USD/per month [85,86].

The study area includes the upper part of the Manglaralto River basin (Santa Elena).
Also, there is an important aquifer, where its geometry, flow, and transport have been
modeled in a previous study [87]. This work aims to analyze the main applications,
conservation strategies and sustainable use of georesources in the rural area of Manglaralto
(Ecuador) through their inventory, assessment and analysis for the adaptation of alternative
uses to particular circumstances (e.g., COVID-19 pandemic).
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In the Republic of Ecuador, a geopark recognized by UNESCO Global Geoparks was
established in 2019 [88]. The place called “Imbabura Geopark” is characterized by its
geological and cultural wealth. It encompasses volcanic complexes, archaeological remains,
mines and cultural heritage, where sustainable development has also been a fundamental
part of the protection of ecosystems [89,90].

According to the Ministry of Tourism, the tourist offer in Ecuador in 2020 had
19,490 tourist activity establishments, where 87.78% was comprised of microenterprises
(1 to 9 employees), 11.72% of small businesses (10 to 49 employees), 0.46% of medium-sized
companies (50 to 199 employees) and 0.05% large companies (more than 200 employ-
ees) [91]. Regarding tourist demand, in 2020, the primary source was international arrivals
by air, comprised mainly of United States citizens, represented by 140,484 arrivals and
participation of 29.9% [92].

In the pandemic context (COVID-19), at the national level, there was a significant
impact on the tourism sector since in 2019, before the pandemic, tourism contributed 2.2%
to the gross domestic product (GDP), while in 2020, the percentage dropped to 1.2% [93].
Therefore, the economic sector of the local communities was mainly based on sun and beach
tourism, which was seriously affected. Given this, new sources of economic development
have been identified, made up of the geological resources that its territory possesses, such
as the establishment of geosites, geotourism routes and construction materials.

2. Geographical and Geological Setting
2.1. Geographical and Geological Situation of the Area

The study area is located in the Manglaralto River watershed, which belongs to the
north of the Santa Elena province. This watershed has an area of 132.38 km2 [94], which
includes the Manglaralto, Cadeate and Simón Bolívar Rivers sub-catchments (see Figure 2).

Sustainability 2022, 14, x FOR PEER REVIEW 5 of 32 
 

 
Figure 2. Location of the study area: (a) continental Ecuador; (b) Santa Elena province; (c) Geology 
of the Manglaralto River watershed. Source: Adapted from [74]. 

The geology of the area comprises sedimentary rocks, volcanic rocks of basic compo-
sition and alluvial deposits made up of gravel and sand, which make up the aquifers of 
the sector [95]. In the geological-mining aspect, two essential resources stand out: (i) zeo-
lite, which has beneficial surface and structural properties applied in agriculture and the 
environment [96], and (ii) the Manglaralto River aquifer, the primary water source [97,98]. 
Among the applications in the environment of zeolite is the use of zeolite to neutralize a 
heavy metal (Nickel) in a soil environment [99]. Also, in the Al-Ahyuq sector, Yemen, the 
zeolite showed effectiveness as an adsorbent for the ammonium and phosphate as single 
and binary components from an aqueous solution [100]. The main applications of zeolite 
worldwide focus on water treatment (e.g., drinking water, wastewater, grey water), re-
moval of heavy metals, ammonium, ammonia and construction [101]. Finally, in Ecuador, 
it was shown that cation exchange through zeolite represents an economically affordable, 
environmentally compatible and highly selective and effective way of removing cations, 
which are generally found in acid mine drainage and municipal and agricultural 
wastewater [102]. 

2.2. Socio-Economic Aspect  
The rural parish of Manglaralto’s main economic activities is tourism, agriculture, 

livestock and fishing. In addition, there are other activities such as construction, transpor-
tation and teaching [103]. According to Ron-Chóez [104], 60.1% of the region’s economi-
cally active population receives a monthly income below Ecuador’s Unified Basic Salary 
(UBS). In addition, this economic activity corresponds to activities derived from tourism 
(hotels, restaurants, recreational activities) concentrated on weekends and holidays. 

The Manglaralto Regional Potable Water Management Board (JAAPMAN, acronym 
in Spanish) is the entity in charge of supplying water to ⁓38,830 inhabitants of the six 
communities of the Manglaralto parish (Montañita, Río Chico, Cadeate, San Antonio, Lib-
ertador Bolívar, and Manglaralto). JAAPMAN had 3866 users by 2021, where each user 
corresponds to a family, between six and eight people [105]. Furthermore, in the organi-

Figure 2. Location of the study area: (a) continental Ecuador; (b) Santa Elena province; (c) Geology of
the Manglaralto River watershed. Source: Adapted from [74].



Sustainability 2022, 14, 7856 5 of 30

The geology of the area comprises sedimentary rocks, volcanic rocks of basic compo-
sition and alluvial deposits made up of gravel and sand, which make up the aquifers of
the sector [95]. In the geological-mining aspect, two essential resources stand out: (i) zeo-
lite, which has beneficial surface and structural properties applied in agriculture and the
environment [96], and (ii) the Manglaralto River aquifer, the primary water source [97,98].
Among the applications in the environment of zeolite is the use of zeolite to neutralize
a heavy metal (Nickel) in a soil environment [99]. Also, in the Al-Ahyuq sector, Yemen,
the zeolite showed effectiveness as an adsorbent for the ammonium and phosphate as
single and binary components from an aqueous solution [100]. The main applications
of zeolite worldwide focus on water treatment (e.g., drinking water, wastewater, grey
water), removal of heavy metals, ammonium, ammonia and construction [101]. Finally, in
Ecuador, it was shown that cation exchange through zeolite represents an economically
affordable, environmentally compatible and highly selective and effective way of removing
cations, which are generally found in acid mine drainage and municipal and agricultural
wastewater [102].

2.2. Socio-Economic Aspect

The rural parish of Manglaralto’s main economic activities is tourism, agriculture,
livestock and fishing. In addition, there are other activities such as construction, transporta-
tion and teaching [103]. According to Ron-Chóez [104], 60.1% of the region’s economically
active population receives a monthly income below Ecuador’s Unified Basic Salary (UBS).
In addition, this economic activity corresponds to activities derived from tourism (hotels,
restaurants, recreational activities) concentrated on weekends and holidays.

The Manglaralto Regional Potable Water Management Board (JAAPMAN, acronym
in Spanish) is the entity in charge of supplying water to ~38,830 inhabitants of the six
communities of the Manglaralto parish (Montañita, Río Chico, Cadeate, San Antonio,
Libertador Bolívar, and Manglaralto). JAAPMAN had 3866 users by 2021, where each
user corresponds to a family, between six and eight people [105]. Furthermore, in the
organization and water resources management, the women’s participation is relevant in the
organization of community boards and associations, specifically through women’s groups
(i.e., Ana Mar Women’s Organization, Association of Autonomous Women Artisans of Dos
Mangas, Ruta del Sol Women’s Association) [103,106–108].

The area stands out for being a tourist site since, by hosting beaches, national and
foreign tourists can enjoy the landscape and the local gastronomy. For this reason, the
economy of these communities lies primarily in sun and beach tourism [94]. Dos Mangas
commune, located in the northern part of the Manglaralto parish, is characterized by the
development of ecological tourism (visits to waterfalls and natural pools), handicrafts
(products made with toquilla straw and tagua), and hiking (congregates 60 beneficiaries).
It is highlighted in the existing sustainability plan [109–111]. Likewise, in the Libertador
Bolívar commune, there are craft areas with various products (e.g., rigid-soft fabrics, looms,
pottery or ceramics, carving, ornaments, hunting instruments, fishing, music, utensils) [112].
Finally, in the Cadeate commune, they use the clays to construct bread ovens.

In the Montañita commune, 56% of the population is within the group of economically
active people whose income areas in which they operate are commerce, agriculture, tourism,
crafts and fishing [113]. The income received by 72% of this group is below UBS, and 83%
are not affiliated with social security. The type of tourism recognized in this commune is
sun and beach, where rest, relaxation, entertainment and fun are enjoyed [113–116].

3. Methodology

This work is based on a methodology that comprises four phases (see Figure 3): (i) in-
ventory and mapping of georesources; (ii) description and assessment of georesources using
international methodologies (e.g., Brilha method for geosites [27], the Geotouristic Routes
Assessment Matrix (GtRAM) for georoute assessment [117]); (iii) georesources complemen-
tary applications and (iv) SWOT analysis (Strengths, Weaknesses, Opportunities, Threats)
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and TOWS matrix preparation (Threats, Opportunities, Weaknesses, Strengths), seeking
strategies to achieve the Sustainable Development Goals (SDGs) and thus guarantee the
viability of the use of georesources.
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3.1. Inventory and Georesources Cartography

This phase included field trips to georeference the georesources of the Manglaralto
River watershed (e.g., waterfalls, natural pools, coastal aquifers, a cape and some beaches).
Coastal aquifers are the primary source of water for the communities. Additionally, the de-
scription of various geological environment elements was included in the characterization
of sedimentary rock outcrops (e.g., conglomerates, sandstones and claystones) and sand
and gravel deposits. In addition, cartographic information was used to obtain primary data
from the rocks of the study area previous to the field trips [95].

3.2. Description and Assessment of Georesources
3.2.1. Sites of Geological Interest (SGI) and Potential Geosites Assessment

For the evaluation of SGI and geosites, the inventory method proposed by Brilha [27]
was considered. This method has the advantage of being adaptable to particular in situ
characteristics in different regions, having mixed analysis parameters (qualitative and
quantitative), of defining the protection level of potential geosites and sites of geological in-
terest [27]. Also, this method has been applied to other locations in the country [75,118–123].
This method consists of a quantitative evaluation, considering the four criteria: scientific,
educational, tourism and risk of degradation, with their respective indicators and sub-
indicators. These criteria contain indicators, whose assessment is in the range of 1 to 4 (see
Table S1) [122]. The value attributed depends on the situation or state that characterizes the
potential geosite, with the final score being the weighted sum of the assigned values.

3.2.2. Groundwater Resource Assessment

There are three aquifers in the sector: (i) coastal aquifer of the Manglaralto River,
(ii) aquifer of the Cadeate River, and (iii) aquifer of the Simón Bolívar River. For evaluating
the volume of the Manglaralto aquifer, a geological-hydrogeological characterization of
a previous study was used [124]. Subsequently, in estimating the volume of the other
two aquifers, the GeoModeller software was used, considering three parameters: Digital
Elevation Model (DEM), geology, and processing of Vertical Electrical Soundings (VESs).
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The VESs were interpreted based on the permeability of subsurface rock materials. In
addition, the value of the average porosity of the permeable materials (gravel and sand) of
said aquifers was also considered.

3.2.3. Assessment of Materials with Industrial-Artisanal Interest

This phase included field trips to outcrops of sedimentary rocks (e.g., conglomerates,
sandstones and claystones). These materials with industrial–artisanal interest are consid-
ered rocks with industrial interest and used as construction materials. Complementarily,
according to previous interpretations of VESs, zones with materials such as clays and sands
were also considered materials with industrial interest. On the other hand, outcrops, where
clays predominate, were visited to identify materials of artisanal interest, which are used in
the construction of bakery ovens.

Once the places with materials of industrial–artisanal interest were defined and repre-
sented in the ArcGis Pro program [125]. Also, base information was used that included:
(i) DEM of the Manglaralto River watershed, (ii) delimitation of the watershed, (iii) aquifers,
(iv) visited outcrops, and (v) VESs. The representation of the outcrops and VESs allowed the
selection of lands between 5 and 10 m deep in materials with industrial–artisanal interest
(e.g., sands and clays). Once we identified these zones, the polygons were digitized by
extracting the DEM area and applying Surface Volume’s 3D Analyst Tools tool. In this way,
the volume of materials with industrial–artisanal interest was calculated, considering the
determining elevation.

3.3. Georesources Complementary Applications

Human population growth and rising rates of resource use per person have greatly
expanded the human ecological footprint [126]. Therefore, the sustainable use of the
intangible resources of the sector was considered, such as tsunami refuge areas, landfill
areas, and Ecosystem Services (ES).

Identifying refuge zones before tsunamis is of vital importance, especially in coastal
areas in subduction zones, as is the case in Ecuador [127]. Historically, Ecuador has been
impacted by the effects of tsunamis in the years 1906 [128], 1933, 1953 [129], 1942, 1958, and
1979 [130,131]. Given this, the refuge areas include meeting places as a form of response by
the communities to this type of geological event, which seeks to significantly minimize the
impact on human life [132,133].

The value of building a sanitary landfill site (SL) technically would prevent the creation
of improvised and illegal landfills [134]. Likewise, solid waste management through
landfills indirectly benefits the water georesource since it would prevent the content of
gases and leachates from contaminating such geological resources. In addition, having a
site where all solid waste is collected offers a more efficient way to collect material that
can be used as nutrients for the crop soil [135]. Also, the recycling of certain products
(e.g., plastics, glass, metals) would lead to the generation of economic resources for the
population [136].

Environmental awareness of ES implies the preservation of species and their habitats,
providing economic benefits in the form of ecotourism. Ecotourism promotes conservation,
low environmental impact, respect for local cultures, and support for local economies [137].
The ES represent a comprehensive approach to incorporating the environmental dimension
in decision-making and promoting human well-being, favoring the articulation between the
scientific system and decision-makers, public and private [138,139]. Therefore, compliance
with the principles of the ecological economy is ensured in a practical way [140].

3.3.1. Sanitary Landfill (SL) Assessment
This phase includes the selection of sanitary landfill sites. First, some parameters

were considered, such as the watershed’s water table, the permeability of the lithological
material (according to the interpretation of VESs), and the distance to surface water sources.
Subsequently, to evaluate the level of construction difficulty of these sites, the Key Fac-
tor Matrix (KFM) method was applied [141]. This method considers emplacement area,
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socio-economic analysis, volume and area of SL, demographic aspects and landfill infras-
tructure. It is possible to manage georesources sustainably through the analyses destined
for this application [134]. The KFM method requires some parameters of the study area:
groundwater, wind direction and solar radiation [142], temperature and precipitation [143],
population [144–147], and permeability [148], as shown in [141]. The general equation that
governs the Key Factors Matrix method is shown below.

TV = 2 × Tp + 3 × Gw + 3 × SW + W + 2 × SR + T+ 2 × P + Po + 2 × k + 2 × ST + DC (1)

3.3.2. Tsunamis Shelter Areas

The coast of Ecuador is located in the Pacific Ring of Fire, presenting high seismic
activity [149], so the study area is exposed to frequent earthquakes with high repercussions
on its inhabitants. For example, on 16 April 2016, there was an earthquake in the vicinity of
the area, magnitude of Mw = 7.8, and catastrophic consequences [150,151]. Therefore, it is
imperative to locate tsunami protection areas in the sector because these events put human
lives, infrastructure, and the development of geotourism at risk.

Tsunami shelters proposed by the National Secretariat for Risk and Emergency Man-
agement (SNGRE, acronym in Spanish) were considered and other shelter sites were
included considering three main criteria: (i) proximity, (ii) elevation and (iii) load capacity.
For the geographical representation of these sites, Geographic Information Systems (GIS)
were employed and sites were located at a shorter distance and access time. In addition,
they have a good load capacity that ensures the protection of those potentially affected and
high levels that generate safety in this type of disaster.

3.3.3. Identification of Ecosystem Services (ES)

This phase identifies the ecosystem services present in the Manglaralto River water-
shed. The ES represents humanity’s benefits from geodiversity and biodiversity, related to
the functioning between all organisms and abiotic bodies and their characteristics [152–155].
Another way of perceiving ecosystem services is considering the biophysical structure and
its interactive processes, which are the “means” to generate the “good or final product” for
human well-being; this model is known as “waterfall” [156,157].

Subsequently, with the GIS application, the ecosystem service areas were represented.
In the watershed of the Manglaralto River, there is an ecological reserve declared by the
Ministry of the Environment, Water and Ecological Transition. In addition, JAAPMAN has
considered a protection zone for its coastal aquifer within this watershed.

3.4. SWOT Analysis

This phase includes the approach of mechanisms based on the fundamental pillars of
sustainable development (economic, social, environmental and cultural) through a SWOT
matrix, which includes internal (strengths and weaknesses) and external (opportunities and
threats) aspects. In addition, sustainable development strategies were established consider-
ing the SDGs. Additionally, this phase includes the proposal of a georoute, evaluating the
16 sites of geological interest using the Geotouristic Routes Assessment Matrix (GtRAM)
method [158]. The GtRAM method was used because it is based mainly on evaluating
tourist characteristics concerning what the Ministry of Tourism of Ecuador establishes
about a tourist site [121,159]. Additionally, this method has already been applied in some
case studies in the country [158–160].

This method considers six parameters, evaluated in the range between 1 and 5, estab-
lished in four categories (see Table 1). Sites whose scores are below the value are discarded
from the georoute.
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Table 1. Parameters used for the geotouristic routes assessment through the GtRAM method. Source:
Adapted from [158].

Qualitative Parameters Value Range Category

Accessibility

1–5

1–1.9 (low)
2–2.9 (medium)

3–3.9 (high)
4–5 (very high)

Preparation and logistics
Registration with the Ministry of Tourism

Regarding heritage
Contribution to scientific knowledge

Ecotourism

4. Results
4.1. Location of Georesources

The existing georesources in the Manglaralto River watershed were identified, includ-
ing 16 potential geosite zones in the sector (e.g., aquifers, waterfalls, natural pools, a cape
and some beaches). In addition, three zones with materials of industrial interest (construc-
tion materials) and an area for materials of artisanal interest (raw material extraction) were
also represented, as shown in Figure 4.
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4.2. Potencial Geosites and SGI Assessment

Within the study area, 16 Sites of Geological Interest (SGI) were identified, of which
four have been previously evaluated (sites from 13 to 16). The selected sites have character-
istics that highlight their geological potential (see Table 2).

In the SGI, the following features are highlighted: the hydrological, ecological, fluvial,
landscape, erosive, cumulative, edaphological and geomorphological (see Figure 5).
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Table 2. Characteristics of geosites, potential geosites and Sites of Geological Interest (SGI).

N Sites Main Features Secondary Features Site Classification

1 Dos Mangas natural pools river ecological and hydrological SGI
2 Manglaralto dykes (tapes) hydrological river Potential Geosite
3 San Antonio beach erosive and cumulative geomorphological SGI
4 Manglaralto viewpoint landscaped - SGI

5 Cadeate River aquifer hydrological ecological, fluvial and
landscaped Potential Geosite

6 Simón Bolívar River aquifer hydrological ecological, fluvial and
landscaped Potential Geosite

7 Libertador Bolívar beach erosive and
cumulative geomorphological SGI

8 Cadeate beach erosive and
cumulative geomorphological SGI

9 Manglaralto beach erosive and
cumulative geomorphological SGI

10 Montañita beach erosive and
cumulative geomorphological SGI

11 Dos Mangas ecological reserve ecological edaphological, fluvial and
landscaped Potential Geosite

12 Montañita cape geomorphological erosive and landscaped SGI

13 Manglaralto River aquifer hydrological ecological, fluvial and
landscaped

Geosite
(prior evaluation)

14 Dos Mangas waterfalls landscaped ecological, hydrological and fluvial Geosite
(prior evaluation)

15 Dos Mangas trails ecological edaphological and landscaped Geosite
(prior evaluation)

16 Montañita viewpoint landscaped - Geosite
(prior evaluation)

Note: N: Number.

Figure 6 shows the results corresponding to the evaluation of the SGI and potential
geosites based on scientific, educational, tourism and degradation risk criteria using the
Brilha method [27]. According to scientific criteria, the ecological reserve in Dos Mangas
and the cape in Montañita have the highest score (310 points). In the educational criterion,
Libertador Bolívar beach stands out (325 points). Finally, in the tourist criteria, Libertador
Bolívar beach stands out (290 points).

The risk of degradation of sites of geological interest and potential geosites is organized
into three categories (low, moderate, and high), with 17% in the low category and the rest
in the medium category. Sites such as the Ecological Reserve and the natural pools of Dos
Mangas have the lowest risk of degradation since the reserve is a protected area where
entry to the site requires the company of a guide, guaranteeing protection and care of flora
and fauna. Therefore, the risk of degradation was calculated, where 83.33% (10) of the
potential geosites and sites of geological interest presented a medium risk of degradation,
including aquifers, beaches, cape, dikes (tapes), and viewpoint of Mangrove tall. On the
other hand, 16.67% (2) have a low risk of degradation, including the ecological reserve and
natural pools of Dos Mangas. For a better understanding of the results obtained with the
Brilha method, a figure was generated for each value evaluated in this method: Scientific
(S) (see Figure S1), Educational Potential Use (EPU) (see Figure S2), Potential Tourism Use
(PTU) (see Figure S3), and Degradation Risk (DR) (see Figure S4).

4.3. Groundwater Resource Assessment

With the application of the GeoModeller software in previous studies, three-dimensional
(3D) models were generated, which allowed estimating the volume of the aquifer capacity
in the coastal aquifer of the Manglaralto River [97]. In this study, 3D models of the
Cadeate River and Simón Bolívar River aquifers were generated. Table 3 summarizes the
groundwater volume of the three aquifers mentioned.
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4.4. Assessment of Materials with Industrial and Artisanal Interest

The VESs with the same lithology (clay and sand) that were closer to each other were
chosen. As a result of estimating the volume of materials of industrial interest, we had a
volume of 37,519 m3 of sand. Regarding the materials of artisanal interest, 2499 m3 of clay
materials were obtained (see Table 4).
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Table 3. Estimation of aquifers volumes of the Manglaralto watershed. Source: Adapted from [97].

Aquifer Name Volume
(Hm3) Area (×106 m2)

Average
Thickness (m)

Porosity
(%)

Manglaralto 9.88 8.87 17.6 0.2
Cadeate 7.1 3.76 9.03 0.2

Simón Bolívar 3.76 3.92 7.83 0.2

Table 4. Materials with industrial and artisanal interest.

Materials Type Thickness (m) Volume (m3) Interest

Sands 10 37,519 Industrial
Clays 5 2499 Artisanal

In Figure 7, the sandy material is located in the western part of the watershed (green
color) and the clay material in the north-central part (orange color). The size difference
in the boxes representing the clay and sand resources is because previous geophysical
studies [97,161], and Google Earth satellite images were considered. With the previous
geophysical studies, it was analyzed that there were concentrated points of such interpreted
lithology and validated with experts on the size of the chosen area. On the other hand,
with the satellite images of Google Earth, it was verified that there was no interception with
vegetation in those areas.
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The materials with artisanal interest (clays) are extracted mainly from the beaches to
make bracelets and bread ovens in the commune of San Antonio, Libertador Bolívar, and
mainly in Cadeate (see Figure 8).
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Figure 8. Materials with artisanal interest: (a) Bread ovens built with clay in the San Antonio
commune, (b) Crafts in the Libertador Bolívar commune, and (c) Bread ovens built with clay in the
Cadeate commune.

4.5. Tsunamis Shelter Areas

In the area, there are 10 refuges against tsunamis proposed by the SNGRE, located
between 500 m and 2 km from each other. Additionally, in this study, three additional sites
have been proposed (see Figure 9). Three main parameters were considered: elevation,
distance from the coast and the carrying capacity of the three proposed refuges (see Table 5).
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The three proposed refuges meet the primary criteria established by the SNGRE [162],
where parameters such as the distance to the coast are established, considering a minimum
approximate distance of 400 m from the coastline. Another parameter considered is the
height where the refuge is located, with a minimum height of 20 m above sea level (see
Figure 10). In addition, a third parameter was incorporated, represented by the adequate
carrying capacity, which indicates the maximum number of people who can stay in each
shelter [163,164], as shown in Table 5.
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commune, (b) Shelter B in Cadeate commune, and (c) Shelter C in Montañita (Mirador) commune.

4.6. Assessment of Areas for Sanitary Landfill (SL)

This section was analyzed based on information on the characteristics of the terrain
and the watershed’s water table [165,166]. According to the geological characteristics of the
sector, two sites showed suitable qualities for the establishment of a sanitary landfill. These
sites met the soil-type criteria (silt-clay material with low permeability) and a water table
depth of 10 m in the Manglaralto River watershed. These considerations made it possible
to establish sites with the probability of no contamination in the water sources, including
the rivers and the coastal aquifer (see Figure 11). However, prior to the recommendation of
landfill sites, it should be considered how to avoid the agglomeration of homes near these
sites, which is the sole responsibility of the political authorities [167].
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The KFM method was applied to evaluate possible landfill sites since this tool is based
on technical-environmental foundations and considers human health [141]. Finally, the
Total Value (TV) is rated according to this range:

• TV > 50: Constructible with minor precautions;
• 35 < TV < 50: Constructible under essential considerations;
• TV < 35: Not buildable.

The parameters evaluated by this matrix are shown in Table 6.

Table 6. Values assigned to the parameters evaluated by the Key Factors Matrix. Source: Adapted
from: [141].

Site 1: MA-26

Tp Gw SW W SR T P Po K ST DC

3 1 1 3 2 2 3 3 1 3 2

TV Interpretation

40 Constructible under essential considerations

Site 2: MA-27

Tp Gw SW W SR T P Po K ST DC

3 1 2 3 2 2 3 3 1 3 2

TV Interpretation

43 Constructible under essential considerations

Note: Total Value: TV; Topography: Tp; Groundwater: Gw; Surface Water: SW; Wind direction: W; Solar
Radiation: SR; Temperature: T; Precipitation: P; Population: Po; Permeability: k; Soil Type: ST; and Distance to
Commune: DC.

4.7. Ecosystem Services (ES) Identification

There is a widely recognized classification of ecosystem services, divided into four
categories [152]: (i) provisioning ecosystem services are the products that are obtained
directly from nature (e.g., fiber, food, genetics, natural chemicals, water, and plant and
animal ornaments) [168]; (ii) regulation ecosystem services are the processes that lead
to a balance between all ecosystems for the conservation of each one, and mitigation of
environments harmful to humanity (e.g., climate control processes, water, air, waste, pests
and natural hazards) [156]; (iii) cultural ecosystem services that include indirect goods, to
which an abstract meaning is assigned (e.g., spiritual experiences, cognitive development,
recreation and aesthetics) [153]; (iv) supporting ecosystem services that very often indirectly
and long-term support other systems to function correctly (e.g., photosynthesis, soil and
rock formation) [169]. In some cases, the products of this last service described can fall into
the category of regulatory systems, such as the water cycle.

The ES identified in the Manglaralto watershed belong to “provisioning services”,
“regulation services” and “cultural services”. In each service, some specific activities and
processes are mentioned in Table 7 and include the geographical distribution of each service
in Figure 12.

The ecosystems in which the ES are developed are mangrove, marine-coastal, humid
coastal forest and western dry forest. These ES present geological elements such as cliffs,
beaches, and waterfalls, whose places are the habitat of bird species (e.g., Ardea alba), fish
(e.g., Centropomus armatus) and crustaceans (e.g., Uca sp.) [143]. In these ecosystems, the
fishing activity of the communes takes place, but in turn, it is affected by contamination by
residual water waste. There is also the Dos Mangas Protected Forest, which is a protected
ecosystem [143].
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Table 7. Ecosystem Services (ES) in the Manglaralto River watershed. Source: Adapted from [170].

Category Activities and Processes

Provisioning
Fishing

Agriculture
Cattle raising

Regulation

Air purification
Species habitat

Water monitoring
Erosion control

Coastline defense

Cultural

Ecotourism
Recreation

Sun and beach tourism
Environmental education

Cultural identity
Spiritual experiences
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4.8. SWOT Analysis

The SWOT matrix analysis of the georesources provided essential information on
the strengths, weaknesses, opportunities and threats, highlighting the geological and
cultural richness of the study region (see Table 8). Moreover, it allowed the implementa-
tion of socio-economic development strategies through the relationship of external and
internal qualities.
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Table 8. Georesources SWOT Analysis Matrix.

Strengths (S) Weaknesses (W)

Internal Panorama vs.
External Panorama

1. Presence of geosites.
2. Scientific research in the study area
(hydrogeology, tourism, ecology, chemistry).
3. Proximity to recreational places (beaches).
4. First order pathway (Spondylus route).
5. Geomorphological processes of
educational and scientific relevance
(Montañita cape).
6. Cultural heritage.
7. Tropical climate.

1. Lack in the evaluation of geosites.
2. Some sites are exposed to human
activity.
3. Ignorance of the geological resources
of the sector.
4. Absence of geotourism promotion.
5. Difficult accessibility to certain
geosites.

Opportunities (O) Strategies: S + O Strategies: W + O

a. Economic development alternatives.
b. Incorporation into projects of
international significance (Santa Elena
Geopark Project).
c. Creation of scientific dissemination
centers.
d. Cultural enhancement of
communities.
e. Exploitation of certain georesources.

1-a. Promote the relevant characteristics of
geosites through tourist centers.
6-d. Disseminate cultural particularities
through documentaries in educational
institutions.
2-b. Cooperation between scientific
organizations for the dissemination of
geosites.
4-e. Scientific research provides tools for the
use of georesources in the sector.
5-e Use the geological knowledge of
georesources as a new offer within the
popular and solidarity economy.

1-b. Additional evaluations of scientific,
educational and tourism criteria.
3-d. Use of geological resources for the
preservation of local cultural practices.

Threats (T) Strategies: S–T Strategies: W–T

a. Decrease in the national economy
due to restrictions in the face of the
pandemic.
b. Reduced funding for scientific
research.
c. Little culture of geosites.

1-c. Training (workshops) for communities
on the importance of geosites for their
sustainable management.
2-b. Technical reports show the favorable
profitability of managing geosites.

4-b. Creation of a website with images,
videos and virtual tours through
geosites to encourage visits to such
places.
5-b. Obtaining investment credits with
the lowest interest rates and extended
payment terms for the infrastructure
and signage of the geosites.

4.9. Georoute Proposal

The mapping and evaluation of these georesources allowed for the proposal of a
georoute that contributes to the tourist reactivation of the sector and the socialization of
places of geological and geotouristic interest. Concerning the information obtained in the
field, an itinerary is proposed that includes various geological, biological, cultural and
recreational components (see Figure 13). The route in the proposed itinerary considers
the accessibility to the sites and the contact with the natural environment (coastal marine
environment, ecological reserve, mangroves, forests). Two entry forms are shown, one
in a north–south direction and the second in a south–north direction, both through the
Spondylus Route, a first-order road. In addition, the georoute has a total estimated distance
of 27 km with an approximate time of five hours.

The south–north entrance begins in the Libertador Bolívar commune, where there
are two options: to the east (New Site) or to the north, where the other communities are
found, such as San Antonio, which has a sanctuary; Cadeate for being a place recognized
for hosting bakery artisans, followed by Manglaralto for its mangroves and coastal aquifer.
Then, there are two more options: to the east are the communities of Pajiza and Dos Mangas,
where horseback riding is offered through trails that lead to waterfalls and natural pools in
the Cordillera Chongón Colonche.
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Finally, suppose a person chooses the north direction. In that case, that person will
reach the commune of Montañita, renowned for its nightlife and surfing and from whose
beach the person can see a geoform (cape) that characterizes the sector and houses a
sanctuary on its top. The itinerary can be completed in three or four days, being a potential
geotourism route that seeks to promote the sustainable development of the communities.

The application of the GtRAM method in the 16 sites (SGI and potential geosites)
allowed the evaluation of the proposed georoute in the sector. As a result, it shows a
general average value of 3.69/5, considered a high value where eight sites present a
very high value (4–5) in which the trails and the Dos Mangas ecological reserve stand
out (see Figure 14). As a result, four sites have a high value (3–3.9) in which the dikes
(tapes) stand out in Manglaralto. Three sites present an average value (2–2.9) in which the
Cadeate beach and the Manglaralto viewpoint stand out. Finally, one site has a low value
(1–1.9) comprised of the Simón Bolívar River aquifer. The disaggregated results of the six
parameters evaluated with the GtRAM method [160] in the 16 sites (SGI and geosites) are
shown in Figure S5.
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5. Discussion

In the present study, a georesources analysis of the Manglaralto River watershed was
carried out through its registration and evaluation (SGI, potential geosites, groundwater
reserves and materials of industrial–artisanal interest), focused on sustainable development
and proposing strategies framed in the SDGs, as has been applied in some studies [171,172].
Similar studies show that geotourism allows the establishment of geoeducational trails
and viewpoints [173], and promotes knowledge of earth sciences through geology and
landscape [174]. Additionally, the authors proposed complementary applications of the
sector’s georesources (tsunami refuge areas, proposed landfill sites, and ES identification).

The COVID-19 pandemic has notably affected the sector, as communities depend
mainly on sun and beach tourism [175]. However, people could take advantage of their
georesources for sustainable development with the valuation and aesthetic adaptations
(sites of geological interest and geosites). In this way, they would be prepared for any ad-
verse event that might come their way. Likewise, the commercialization of some industrial
resources (sands) and the use of materials with artisanal interest for the elaboration of bread
ovens and other handicrafts in the communities of the sector would be promoted, which
would promote the socio-economic development of the communes. Finally, it is essential to
mention that in the sector, there are non-exploitable geo-resources such as groundwater,
represented by the three coastal aquifers that belong to the Manglaralto River watershed,
to comply with the SDGs.

The SGI and potential geosites were evaluated by applying the Brilha method to
expose the value of the 16 sites evaluated [27]. This method allowed estimating the scientific
value and educational and tourist potential of geodiversity sites in different geological
scenarios and areas of different sizes. As a result, 25% of the sites have a high scientific
value, highlighting the Ecological Reserve of Dos Mangas and Cabo de Montañita, which
reflects in the edaphological, fluvial and landscape characteristics that have given rise to
the Ecological Reserve. On the other hand, the cape stands out for its geomorphological
characteristics shaped by the action of wind and water. Furthermore, the Brilha method
was applied due to its high frequency of use in other geosite evaluations [120,176,177],
validating its excellent quantification in different geosites, highlighting the proposed criteria
for geoeducational activity since these qualify the geological characteristics of geosites
in a profound and objective manner [27]. In addition, with the application of the Brilha
method, it is possible to bring geoscientific knowledge to the different levels of education
(primary, secondary and third levels) [178,179]. In the study sector, since 2016, support
has been provided in strengthening geotourism with the Santa Elena Peninsula Geopark
Project and, thus, expanding the tourist offer by taking advantage of geographic resources
strengthening the sustainable development of local communities [180,181]. Additionally,
the coastal aquifer of the Manglaralto River located in the Manglaralto parish represents
the primary source of groundwater and is considered a highly relevant geosite [98]. In this
way, an efficient application of geoscientific knowledge is evidenced due to communication
between the community and academy [105,182].

Materials with industrial interest include sands and clays. The applications of the
sand include constructing houses, study centers, hospitals, and water supply wells. As
agriculture is one of the main activities of the parish, it is necessary to correct the sand for
crops concerning its acidity and its use as a filter for the water destined for this activity [183].
On the other hand, clay is used by combining it with limestone to forge cement [184] and
concrete (avoiding the excessive use of clay). Clays represent the materials of artisanal
interest since they are used to elaborate vessels with details of the cultural habits of the
sector [143]. In addition, clay handicrafts show the skills, knowledge, and experience of
those who made them and support other types of craftwork within the home, creating
communities of different craft disciplines [185].

There are tsunami shelter zones among the complementary applications of geore-
sources to mitigate the risk of these geodynamic events since the study area is close to a
subduction zone [186]. These areas are considered a meeting point when these types of
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events occur. Three refuge zones distributed along the coastal profile were identified in the
study area, contributing to more areas through GIS than those previously established by
the SNGRE. In Mauritius, a country in the Indian Ocean, GIS tools have been applied to
map accessible refuge areas [187]. Other studies show that GIS has favored the analysis
and models, obtaining refuge maps of which the purpose is to safeguard the lives of people
who live in coastal areas susceptible to tsunamis [117,188,189].

In response to the problem of the solid waste generation that can affect health and
the environment in the sector, two landfill sites were considered in relation to the possi-
bility of their construction, considering the variables of the evaluation through the KFM
method [141]. With the construction of a sanitary landfill, solid waste management would
be responsible for environmental, economic, and hygienic matters [167,190]. Furthermore,
from sanitary landfills, services of high benefit to humans can be obtained, such as thermal
or electrical energy by processing gases and liquids from accumulated solid waste [191].

This study identified three types of ecosystem services (provisioning, regulation and
cultural) in the Manglaralto River watershed. Awareness of these ecosystem services would
allow the goods and services they provide to be managed to maintain a constant flow of
ecosystem services for citizens [152]. Therefore, the authors propose the implementation of
some management tools for these ecosystem services:

1. An online database.
2. Spatial visualization of ecosystems allows the design of indicators formulated by

specialists and the local population, merging knowledge scientific-ancestral for correct
decision-making [157,192–196].

3. Delimit strictly protected areas that contribute preserving species, geological land-
scapes and ecosystems.

4. Selection of areas for scientific use, monitoring, education and training.
5. Areas for economic activities responsible for the socio-cultural and ecological aspects

of the communities [197].

The geodiversity sites inventory allowed to establish a georoute that links geology,
culture, biodiversity, and tourist wealth features. It promotes a new alternative to sus-
tainable development for the communities. According to Brundtland [198], sustainable
development is based on meeting the needs of the present without compromising those of
future generations, using this type of strategy in various studies [159,199–202]. The case
study in Zaruma-Portovelo focuses on the geotourism part and the geoheritage of the routes
to expand the knowledge of georoutes and their use for local development [159]. However,
this article evaluated geosites and SGI from a conservation approach. Additionally, this
study includes the applications and evaluations of georesources that can be exploited under
a sustainable context and global impact.

In Santa Elena province, the productive activity and the popular solidarity economy
strategies have been evaluated, as well as the yield generated by the elaboration and
commercialization of salt as a raw material [203]. However, due to human interventions,
commercial fishing has devastated local marine resources in the last decade, mangroves
and estuaries have been seasonally flooded, and wetlands in the west of the province have
disappeared, affecting the conservation of natural resources of local communities [204]. In
previous studies of the Manglaralto parish, the quality and quantity of groundwater have
been evaluated, evidencing problems such as the advance of saline intrusion and increased
demand for water [98,124,182]. Finally, this study identifies deficiencies in the use and
exploitation of georesources in the sector and proposes strategies to implement to ensure
the sustainable development of local communities.

In the economic aspect, it is recommended to promote the necessary tools to strengthen
the value chain in its different phases: in the provision of primary inputs, in the transfor-
mation of the raw material, which in many cases is done manually, in the direct marketing
or through intermediaries, and finally in the sale [205]. The operating cost of a sanitary
landfill is less than solid waste treatment [206]. Therefore, the cost of a sanitary landfill
is indicated by Toro [207], stipulating the price at 20,270 USD/kg. Regarding the cost per
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landfill construction area, the United States Environmental Protection Agency indicates a
range of costs from 74,131,500 to 19,684,000 USD/Km2 [208].

Work with the community has been demonstrated since 2005 up to the present, begin-
ning with a project of cooperation with the International Atomic Energy Agency (IAEA)
of the United Nations, supporting projects and scientific articles. Additionally, in 2018,
a project was implemented in a Linking program of the ESPOL Polytechnic University.
This project provides technical support to rural communities, such as in the Manglaralto
parish, where some problems have arisen and have been addressed mainly with meet-
ings with the leaders of JAAPMAN and local governments. Also, fieldwork to monitor
water quality from wells in the sector [105]. As a result, it has contributed to construct-
ing a technical-artisanal dyke (tape) to contribute to the water supply [209]. During the
COVID-19 pandemic, several activities have been carried out to ensure the application of
the circular economy through (i) wastewater treatment projects with green filters [141],
(ii) socialization of the problems of the sector through informative brochures, (iii) model
3D of green filters and (iv) educational videos on the problems. Therefore, this article’s
development represents a contribution to the community. Furthermore, it also addresses
a problem due to lack of tourism, proposing strategies for the geotourism development
of the sector through a degree thesis. From this thesis, much of the information has been
obtained for the preparation of this article [210].

6. Conclusions

The present study allowed the registration and georesources evaluation of the Manglar-
alto watershed, to respond to the critical situation during COVID-19; the area need not
depend entirely on sun and beach tourism but should promote other socio-economic ac-
tivities concerning the territory and its georesources. As a result, a considerable number
of geological resources and various applications were shown to contribute to society’s
sustainable development through the establishment of geosites and SGI, water supply
to communities (e.g., rivers and coastal aquifers), and the exploitation of materials of
industrial–artisanal interest. Additionally, three main complementary applications of geo-
resources were recognized: (i) evaluation of landfill sites, (ii) establishment of refuge zones
in the event of tsunamis, and (iii) identification of ecosystem services in the sector.

According to the Brilha method, the study area is characterized by hosting potential
geosites and SGI with a medium-to-high scientific assessment between 155 and 310 points.
The degradation risk values show favorable results since the present site scores are low to
medium (110–295).

A georoute was established that connects the geological wealth, biodiversity, tourist
sites, and communities’ cultural heritage. Another way of taking advantage of the sector’s
georesources is using the clay used in handicrafts and industrial rocks (sand, clay) to
construct houses and centers of commerce. Moreover, 37,519 m3 of sand and 2499 m3 of
clay were calculated, representing a premise of discovering new areas with content, not
only of these materials found but also of other characteristics through technical processes,
for the strengthening of economic activities and living place.

With the application of a SWOT Matrix, some strategies framed in the SDGs were
established:

1. Creation of a website with images, videos and virtual tours through geosites to
encourage visits to such places;

2. Training for communities on the importance of geosites for their sustainable management;
3. Cooperation between scientific organizations to disseminate geosites;
4. Use of georesources for the preservation of local cultural practices.

One of the georesources complementary applications of the sector was evaluating the
construction of sanitary landfills through the KFM methodology application. It demon-
strated that its implementation requires fundamental technical parameters to achieve a
structure that efficiently complies with the country’s solid waste regulations to avoid hu-
man health diseases and deterioration of the environment in which the communities settle.
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In addition, appropriate supervision is necessary so as not to reduce the useful life of the
built landfill and the synergy of each of the responsibilities that correspond to the residents
and parish authorities.

Three refuge zones were also identified for the occurrence of tsunamis apart from
those suggested by the SNGRE. These zones are intended to show a significant distribution
of meeting points and the coastal profile. Another georesources application is the ecosystem
services recognition of the sector, which is related to the knowledge of its products and
services, relationships between them, participation of the inhabitant, authorities, public
institutions and the academy, where each makes their knowledge and tools available to
the other.

Some limitations were identified in this study. The Brilha method does not show an
average score of the values and the risk of degradation of the places of geological interest
and potential geosites since they are different criteria. Therefore, in future studies, it is
recommended to complement the method of the Spanish Inventory of Places of Geological
Interest (IELIG), and the Geosite Assessment Model (GAM). Another limitation would
be the ignorance of the benefits of the sanitary landfill by the citizens and the distrust of
the control authorities, which would generate a conflictive environment in the decision to
build it. Finally, the artisans of the rural communities do not have adequate knowledge
of productivity and commercialization of the rocks with industrial–artisanal interest. Ad-
ditionally, there is evidence of a lack of promotion of the existing workforce in the area,
limiting the local market.

This study contributes to the extensive use of the diverse geological wealth of the
sector and how it contributes to the sustainable and economic development of a commu-
nity, thus diversifying its sources of income. Furthermore, using elements of the natural
environment guarantees the improvement of the community’s lifestyle, generating work
in areas that concern the geosites (e.g., geotourism guides, transportation, lodging, food,
recreation areas), materials for crafts and construction (non-metallic mining), and water
resources. Therefore, a way to link the various geosites would be through the georoute es-
tablishment, which would be promoted through local organizations (e.g., JAAPMAN, GAD
of Manglaralto), the Ministry of Tourism of Ecuador and the academy through publications
and the creation of websites that include images, videos and virtual tours. This work forms
an elementary investigation for similar national or international studies, especially in rural
communities, since it considers geological and cultural aspects, ensuring a better future for
our society.

Finally, from this study, some lines of future research emerge, including (i) modelling,
(ii) GIS analysis and remote sensing of tsunami events in the coastal communities of the
Manglaralto parish, (iii) seismic evaluation of the areas of refuge proposals, (iv) economic
analysis and (v) environmental impact assessment for the establishment of geosites.
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