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Abstract

:

Geosites represent important elements of geoheritage for promoting geotourism sustainable practices aimed at education and conservation. The Santa Elena Peninsula Geopark Project has several locations with geological, cultural and historical richness and the potential for geosites and tourist development. However, these places lack infrastructures that improves tourist reception and local geoeducation. In this study, Geotourism Interpretation Centres (GICs) were designed using sustainable and architectural criteria to improve geoeducation and geotourism in geosites of the Santa Elena Peninsula Geopark Project. The work included two stages: (i) selection of the geosites and (ii) design of the GICs. Four geosites were selected for the design: Barrio Ingles Ancon Parish, Manglaralto’s Coastal Aquifer, San Vicente Hot Springs, and San Rafael Mines. A GIC design adaptable to the four sites is proposed based on three zones: recreational–passive, services and cultural. The design prioritises sustainability, considering four criteria: political–economic, social, cultural and environmental. The proposal takes advantage of the area’s natural materials and the natural climatic conditions to offer a space that improves the geotourism experience in mimicry with the environment, promoting cultural roots and community benefit.
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1. Introduction


Geoheritage comprises the set of natural geological resources [1], in situ or ex situ, of territory with outstanding scientific values, which, by having added aesthetic, cultural and educational values, can be important for society [2]. Geoheritage is also a driver of conservation and sustainable use [3]. Within geoheritage, geosites are some of the greatest exponents [4], constituting places with recognised scientific, cultural and aesthetic content, which makes them viable for science, education and tourism [5]. Geosites can contain diverse wealth linked to their geological, geomorphological [6], hydrogeological [7], structural [8], mineralogical [9] or archaeological [10] content and are key to the proposal of routes or itineraries that promote the development of geotourism.



Geotourism is a type of sustainable tourism based on the responsible tourist use of geology, which enables teaching about local geological manifestations, promoting the protection of these natural areas [11,12]. Geotourism also contributes to the economic development of communities, which benefit from the increase in local businesses and the creation of sources of employment [13].



Regarding conservation, education and sustainable economic development, geoparks are among the most important strategies [14]. Geoparks are well-defined areas encompassing geographic or geological heritage sites selected for their rarity, history, scientific importance, occurrence of processes and natural quality [15]. Geoparks realise the sustainable use of the territory through geotourism, education and other activities that take advantage of local natural and cultural resources [16]. At a global level, the increase in the number of geoparks has allowed greater awareness of geological heritage and its scientific and cultural benefits to the community in general [17].



Since 2015, geoparks have been officially recognised by the United Nations Educational, Scientific and Cultural Organization (UNESCO) through the UNESCO Global Geopark (UGGp) designation [18]. There are a total of 195 recognised geoparks in 48 countries worldwide at the moment [19]. In Latin America and the Caribbean, there are a total of twelve geoparks recognised by UNESCO, in the countries of Brazil, Mexico, Uruguay, Peru, Chile, Nicaragua and Ecuador [20].



Geopark attractions can be divided into two categories: (i) the main (geosite) and (ii) support (physical infrastructure and facilities) [21]. Various methods exist to interpret geological heritage, ranging from guided tours and walks to information and visitor centres [22]. Specifically, the presence of information panels, public information infrastructure, exhibition rooms or museums, and a website are included in the checklist to assess aspiring UGGps [23]. According to Began [24], information and visitor centres must be designed and built to integrate harmoniously with the natural environment. Indeed, these centres need to adapt to the unique characteristics of each geosite to enrich the geoeducational and geotourism experiences of visitors.



The literature emphasizes the multifaceted nature of interpretation centres in tourism, highlighting their potential to offer a combination of museum content, themed attractions and tourist information services [25]. The flexibility of interpretation centres is highlighted, ranging from open-air shelters with basic exhibits [26,27] to sophisticated air-conditioned museums [28]. The design of an interpretation centre must be a balanced combination of aesthetics, functionality and effectiveness in transmitting information and should promote a holistic approach to integrating different cultural, biological [29] and geological values [30,31].



The limited existence of education/interpretation infrastructure and museums are among the five main difficulties identified by geoparks when managing and organizing educational programs [32]. However, there are worldwide examples of geotourism, where interpretation centres play an important role in geoconservation and education. In Belgium, Bernissart’s case study illustrates the integration of paleontological discoveries into the tourism industry. The village, where 29 Iguanodon skeletons were unearthed in 1878, established the “Le musée de l’Iguanodon” interpretation centre in 2002 [33]. This centre seeks to recreate the sense of place and contextual events surrounding the remarkable discovery of the dinosaurs. Despite the inaccessibility of the original discovery outcrop, the interpretation centre attracts approximately 7000 visitors annually. The success of Bernissart’s interpretation centre underscores the economic and cultural benefits of connecting natural heritage with tourism, emphasising the importance of geoconservation in the development of local geotourism offers.



In the context of UGGps, some examples of interpretation centres are “Natur and Geopark Mëllerdall” (Luxembourg) and “Basque Coast Geopark” (Spain), which share common characteristics like having spaces dedicated to thematic exhibitions, including information panels, 3D models and multimedia, where visitors can actively participate through touch screens, simulations and ex situ specimens related to the geology and cultural history of the region. Natur and Geopark Mëllerdall’s design emphasizes a comprehensive 3D exhibition illustrating the evolution of the geological subsoil from its origins as a seabed to the transformation of the landscape upon solidification [34]. The centre further explores human interaction with natural resources from the Stone Age to the modern era. This centre links the development of cultural landscapes with diverse ecological niches. Similarly, the Algorri Interpretation Center (Spain) [35] in Zumaia centres its design on interpreting the geological significance of the K/T boundary and Flysch formation, offering visitors an engaging and informative experience (e.g., walking and boat tour services) [36,37]. Both centres employ an integral approach, merging geological processes, human history and ecological development to provide a multidimensional understanding of their geopark regions’ interconnected natural and cultural elements.



Ecuador officially recognised its first geopark in 2019, called Imbabura UGGp [38]. Starting this year, the number of geopark initiatives has increased, with two aspiring geoparks (Tungurahua Volcano [39] and Napo-Sumaco [40]) and several geopark projects (Santa Elena Peninsula, Ruta del Oro, Puyango Petrified Forest, Quito, Jama-Pedernales and Galapagos [41]).



The Santa Elena Peninsula Geopark Project’s area enjoys a unique aesthetic, geological, archaeological, historical, cultural and tourist richness [42], making it an exceptional place for geotourism. However, due to a lack of government investment and its rural location, most of the sites that make up the geopark have a limited plan to promote tourist attractions, and the physical facilities need improvements to stimulate understanding of the geological heritage of the area. The tourist infrastructure in the geoparks not only enriches the visit of tourists but also helps in the purpose of geoeducation by creating spaces for the dissemination of relevant scientific information regarding the geosites, generating a growing interest in the public and contributing to a deeper appreciation of the local geology, history and culture, which can guide the recommendation of these places and the attraction of a greater number of tourists [43,44].



In this sense, the planning of tourism infrastructure in the Santa Elena Peninsula Geopark Project is essential to improve the geotourism and geoeducational experience and, at the same time, minimize the impact on the geoheritage. Design recommendations are a key step in the implementation of architectural infrastructure. In conservation sites, new trends promote concepts of sustainability and aesthetic harmony through the use of ecological and local materials [45].



In this way, sustainable infrastructures are a preferable option to conventional infrastructures (e.g., reinforced concrete), offering numerous advantages, such as a lower environmental impact in their construction and use phase, when considering the use of highly durable materials and resistance, often natural and local, and designing for energy savings. In this context, the study addresses the research gap related to a design proposal that not only meets the sustainability criteria promulgated by UNESCO but also provides triaxial connections between the geosites (geoheritage value), interpretation centres (geoeducational value) and additional values (the cultural and ecological heritage) of the environment to satisfy the interests of the different geotourist profiles. This work aims to design Geotourism Interpretation Centres (GICs) considering sustainability criteria using (Computer-Aided Design) CAD tools and the selection of sustainable resources for sustainable infrastructures in geosites of the Santa Elena Peninsula Geopark which promote the development of the geoeducation and geotourism.




2. Study Area


The study focuses on the province of Santa Elena (Ecuador), located on the Eastern Pacific coast, specifically in the area of the Santa Elena Peninsula Geopark Project, which mainly comprises the northern, southern and southwestern territory of the province (Figure 1a,b). The province consists of three cantons (Santa Elena, La Libertad and Salinas), with its main city being Santa Elena (Figure 1a,b). The main activities of the province include commerce, agriculture, livestock, forestry and fishing [46]. Furthermore, tourism is promoted as an alternative to economic development [47], using coastal landscape resources and areas with biological, geomorphological, cultural, archaeological and paleontological interests [48,49,50,51].



At a socioeconomic level, Santa Elena is one of the provinces with the highest poverty rates in Ecuador due to the high degree of inequality and the lack of employment opportunities, which affect the province’s development. Poverty due to unmet basic needs in the Santa Elena province is 72.2%. At the cantonal level, it is 80.8% in Santa Elena Canton, 67.0% in La Libertad Canton and 61.0% in Salinas Canton [46]. Regarding the educational level of the population, it generally reaches the levels of primary and secondary education.



The Santa Elena Peninsula Geopark Project has been developed to offer the province of Santa Elena an opportunity for community improvement through sustainable tourism, promoting the enhancement of geoheritage and creation of sources of employment, along with the protection and preservation of the territory [42,48,49,52]. At the moment, the geopark initiative has an extensive inventory that includes 51 geosites (Figure 1b) of diverse interest: geological, geomorphological, stratigraphic and hydrogeological (e.g., caves, beaches, cliffs, hot springs, and aquifers), industrial and geo-industrial interest (e.g., oil wells and mines), paleontological interest (e.g., museums), and cultural–archaeological sites (e.g., Barrio Ingles Ancon Parish) [49,53,54]. It is important to mention that some sites of geological interest to the project are located in the Ancon parish, which has been declared a Cultural Heritage of Ecuador because of its historical legacy of oil activity [55,56].




3. Materials and Methods


Our methodological approach considers geoheritage sites to which value is added through a sustainable tourism infrastructure that provides facilities for tourism development in compliance with four sustainability criteria: political–economic (economically accessible), social (benefiting the community), cultural (integrated with local cultural values and their promotion) and environmental (with materials from the area and taking advantage of the local climate). For this, the structure of the study was developed in three phases (Figure 2): (i) the selection of geosites, (ii) acquiring the geoeducation and community perspective and (iii) the sustainable design of the Geotourism Interpretation Centres.



3.1. Phase I: Geosite Selection


In this phase, a group of geosites from the Santa Elena Peninsula Geopark Project was selected to design sustainable architectural adaptations. The geosites were selected through expert evaluation by applying the Delphi Method [49,57], applying a questionnaire as the main tool to allows the knowledge of the perspectives of experts within the geological (scientific, academic, tourist value), social (impact of the geosites at the level of community geological knowledge), economic (potential economic development of the province) and academic (possibility of learning environments that integrate community, academia, business, and government entities) fields. The experts were recognised as researchers of geotourism, environment, civil engineering and architecture, including the opinion of the authors of the work. In general, the group of experts who participated in this phase included four professionals and eight article authors, in which gender equality was highlighted (six women and six men) with an age range of 28–60 years. Three Universidad Estatal Península de Santa Elena (UPSE) teachers and researchers from the Santa Elena Peninsula Geopark project were included with experience in three main areas: (i) mining–industrial heritage, (ii) ecological infrastructure design and (iii) sustainable tourism development. Five ESPOL Polytechnic University researchers–teachers with experience in (i) civil engineering and environment, (ii) water management and nature-based solutions and (iii) geodiversity and geoheritage comprised the rest of the team. Finally, the team had the support of the scientific committee director and the management committee director of the Santa Elena Peninsula Geopark and Ruta del Oro Geopark Projects, who contributed with their knowledge of geological heritage and sustainable community development.



The selection criteria were based on four main aspects: (i) the local geological environment, (ii) geosites’ representativeness, (iii) geographical location, and (iv) the protection priority (geoconservation) of the geosites based on previous evaluation studies [42,48,49,52]. Finally, within this work phase, field visits to the selected geosites were included to define the potential location of the geotourism interpretation centres, avoiding alterations to the geological richness of the sites or the surrounding ecosystem and environment.




3.2. Phase II: Geoeducation and Community Perspective


This phase included a process of socialising the geological wealth of the Santa Elena province and the importance of the Santa Elena Peninsula Geopark project in local, sustainable development. The authors of this work and a focus group of community representatives and municipal authorities from the four sites selected in Phase I participated in the process.



The community intervention was recorded through a semi-structured questionnaire (Questionnaire S1) divided into four sections: (i) general information about the participant, (ii) limitations within the tourism sector (financing, promotion and basic services), (iii) estimated tourism statistics for each site (affluence, frequency of visits, tourist profile, preferential tourist season, the objective of visits and average stay) and (iv) interest in the construction of geotourism interpretation centres (e.g., types of identified geological interest, conditioning needs, geoconservation and geoeducation). The data allowed us to obtain a detailed view of the tourism situation in each sector and establish considerations for the approach to the design of the interpretation centres (dimension, materials, geo-education strategies and community participation). The questionnaire was carried out virtually through the Zoom platform with a moderator for the rounds of questions for each stage.




3.3. Phase III: Sustainable Design of Geotourism Interpretation Centres


In this phase, the design of the Geotourism Interpretation Centres was developed by considering the general needs of the four geosites selected in the previous phase. The design considered sustainable constructions that respond to the political–economic, social, cultural and environmental axes. From a political–economic and cultural point of view, the design considers the use of construction materials typical of the area with design and finish according to the culture of the place, adhering to the construction regulations of Ecuador, in particular, the NEC-SE-Housing [58] and NEC-SE-Guadua chapters of the Ecuadorian Construction Normative [59] (NEC, by its acronym in Spanish), which specify the guides and standards for the design and construction of buildings in the country for safety, durability, seismic resistance, accessibility and energy efficiency [60]. Additionally, proposals for sustainable energy sources are proposed that, combined with construction materials from the area, will reduce construction and maintenance costs.



Within the social axis, the proposed design combines technical criteria with the needs and proposals of the inhabitants, highlighting the community’s cultural identity and the geological richness of the area to create continuous learning environments in which geotourism is promoted as a tool to achieve sustainable community development. The selection of construction materials considered the proposals of the inhabitants, giving special attention to the materials commonly used by artisans and builders in the area, with the aim of guaranteeing their participation when the project is implemented and generating employment opportunities in the community. On the other hand, the proposed design addresses the environmental axis, with proposals coupled to the surrounding environment, minimising the environmental impact and degradation of geosites due to conditioning.





4. Results


4.1. Selected Geosites


Of the total number of sites that constitute the Santa Elena Peninsula Geopark Project, based on the literary review and field visits, the group of experts selected four places for the architectural design of Geotourism Interpretation Centres.



The selection considered the places that, due to their influx of visitors, present the need for a space for tourist services and in which, at the same time, there is already a certain intervention of anthropic infrastructure, so the possible implementation of the designs will not cause significant geological, physical or aesthetic alterations. The selected places were: (i) Barrio Ingles Ancon Parish, (ii) Manglaralto’s Coastal Aquifer, (iii) San Vicente Hot Springs and (iv) San Rafael Mines, as detailed in Table 1. Figure 3 shows photographs of the four places.




4.2. Geoeducation and Community Perspectives


The results obtained from the questionnaire administered to the focus group reflect three main aspects related to tourism development at each site:




	
The first is related to the present tourism limitations, in which effective public and private investment in construction projects or conditioning of tourist sites to provide facilities to different visitors stands out as a common factor. On the other hand, they highlight the need to strengthen promotion strategies that reflect the geological, cultural and historical importance of the areas and promote a greater tourist influx, representing a tool for community economic development.



	
The second aspect relates to the estimated tourist statistics of the participants at each site. In general, the three identified profiles of visitors include: (i) national and international tourists, (ii) academics and researchers and (iii) businessmen or entrepreneurs who generally visit the sites on holidays or in summer with interest in ecotourism, marine tourism, gastronomy, archaeology, history and culture. A summary of the statistics provided by the focus group for each selected site is presented in Table 2.



	
Finally, the third aspect is related to the community’s interest in geotourism interpretation centres. According to the people who participated in the questionnaire, the community of the province and country need strategies to disseminate scientific wealth, in which community participation is a key aspect. The importance of designing an infrastructure where interpretive panels are implemented to geoeducate tourists at different levels of education or tourist profiles was highlighted. In accordance with their culture, the need for sustainable designs that use local materials and adapt to the environment was expressed. The community and authorities of the different sites consider that the conditioning project will attract more tourists as long as dissemination is strengthened, as well as community, academic and business participation in the social, cultural, economic and environmental axes.









4.3. Proposed Design of Geotourism Interpretation Centres


Since the four selected sites have different geological, landscape and aesthetic characteristics, the design of the Geotourism Interpretation Centre considered the provision of a general infrastructure that can be easily adapted to the needs of each sector. Figure 4 shows the location of the Geotourism Interpretation Centre at each geosite, established according to field visits to the selected locations.



The design proposal was prepared following the four sustainability criteria mentioned above. In this way, to respond to the geotourism needs of the geosites, the design proposes a three-component structure made up of a recreational–passive zone, a cultural zone and a service zone, including additional spaces for pedestrian circulation, vehicular parking (cars and bicycles) and green areas. The surfaces of each zone are 48.00 m2 for the recreational–passive zone, 23.10 m2 for the cultural zone and 20.12 m2 for the service zone (Figure 5).



The three components of the design (Figure 6) are detailed below:




	
Component A, “terrace”: corresponds to an area designed for passive contemplation and the rest of visitors and shelter from solar radiation.



	
Component B, “public bathrooms”: corresponds to the area of hygienic services for men, women, children and people with disabilities under the requirements of Ecuadorian regulations for public spaces [23].



	
Component C, “cultural station”: corresponds to an area for geoeducation, designed for the exhibition of information panels, photographic galleries, models and samples of the local geology of each site to promote its dissemination.



	
Furthermore, these three modules can be used individually or together, depending on each place’s geotourism needs and requirements.








The design meets the four sustainability criteria proposed by [64]:




	
Economic–Political Sustainability: A general design adaptable to all geosites was considered, with a simple, modular and versatile structure, ensuring savings and economic viability, as well as the possible attraction of public and private investment.



	
Social Sustainability: The design emphasizes community contribution to create a place suitable for community meetings, considering the rural lifestyle and integration into social customs. These spaces promote the tourist attractiveness of the sectors, improving the tourism industry and local development opportunities (e.g., development of local entrepreneurship, such as souvenir shops (geoproducts), catering services, transportation and cultural performances, and promotion of geotour guides that meet the needs of visitors). Its inclusive design guarantees the accessibility and comfort of any user, with minimum circulation spaces and access ramps, ensuring the free movement of people with reduced mobility and visual disabilities, according to Ecuadorian regulations [65].



	
Cultural Sustainability: The design serves as a contribution to the geopark project, seeking the preservation of heritage, geoeducation and the cultural roots of the four geosites: the Barrio Ingles Ancon Parish, recognized for its oil legacy of English origin; Manglaralto’s Coastal Aquifer, a place of culture and awareness about underground water resources as an alternative source of water supply; San Vicente Hot Springs, with a cultural legacy of medicinal waters and muds; and San Rafael Mines, with a historic community artisanal mining culture dating back to 1968 [66], representing the main economic support of this community. In addition, the construction has community participation for the workforce, promoting the unity and integration of the inhabitants.



	
Environmental Sustainability: The design considers local eco-friendly materials for construction and operational energy efficiency (Figure 7 and Figure 8). Table 3 shows the architectural proposal for environmental sustainability.










5. Discussion


This article presents the design of a Geotourism Interpretation Centre for four geosites of the Santa Elena Peninsula Geopark Project. The design considers sustainable tourism infrastructure as a strategy for enhancing geotourism in the geopark project, preserving the fragile geoheritage and promoting local development.



The four selected sites correspond to geosites of diverse interest in the Santa Elena Peninsula Geopark Project, linked to the geological, natural, cultural and historical wealth of the province of Santa Elena, as a representative sample of the present geoheritage. However, considering their tourist conditioning, they lack adequate infrastructure to meet local geotourism initiatives. According to Tomić [44], tourism infrastructure can play an important role in promoting geosites, mainly by providing spaces for pertinent information about the visited places, helping to increase their interest and tourist attraction.



The resulting design considers aspects of sustainability at the political–economic, social, cultural and environmental levels [64]. At a political–economic level, the design highlights simplicity, versatility, and the consideration of local materials as a viable economic proposal that requires a minimal investment with the participation of public and private actors. At a social level, territory tourist attraction is promoted, creating development opportunities for the benefit of local communities. Specifically, the creation and operation of interpretation centres promote spaces for generating employment, such as tourist guides and maintenance workers, as well as the development of geoproducts and administrative functions, stimulating a sense of community empowerment. At a cultural level, the design promotes cultural embeddedness, geoeducation and community participation. At the environmental level, the design promotes eco-friendly materials and energy efficiency, making the most of natural resources and minimizing the environmental impact. All this follows the objectives of the geopark project [53] and the current architectural trends [45,67,68,69] under the Sustainable Development Goals (SDGs).



The design approach highlights the cultural dimensioning that seeks to disseminate the geological and cultural heritage of the province of Santa Elena, marked by its oil history and the resilience of its communities, in this case, the Ancon parish and the communes of Manglaralto, San Vicente and San Rafael. Similarly, it prioritises environmental care, considering the use of ecological materials for the functionality of the centre, such as guadua cane, a local material often used for construction in rural and peri-urban areas, for its characteristics of high resistance and durability [70], and the use of eco-bricks of adobe [71]. Additionally, specifically in the case of Manglaralto’s Coastal Aquifer, the geosite rescues ancestral knowledge through nature-based solutions [72] and a geoeducation process in which the local university closely intervenes [62].



In this context, the design proposal can provide added value to the geosites for adaptation and future tourism implementations. An example of geotourism implementation has occurred in the Ruta del Oro Geopark Project, where strategies were proposed to improve the tourist interest in the Zaruma Urcu Hill geosite through civil designs such as viewpoints and showrooms [73]. Another example is the Gunungsewu Geopark (Indonesia), which is beginning the planning for green tourism by offering lodging and cafeteria services, built with the traditional architecture of the area with eco-friendly materials, such as eco-bricks, bamboo, geotextiles and leaves from local trees (coconut, sugar cane and ylang-ylang) [74].



Although the existing literature has focused on describing didactic activities, showing visitor centres and interpretation centres with exhibits designed not only to show geological heritage but also as entertainment and recreation centres, such as three-dimensional virtual models (Paleontological and Archaeological Interpretation Center of Tamajón (CIPAT)) [75] and the geopark interpretation system (Longhushan Geopark and Taining Geopark) [30], the present study presents design strategies based on cultural values (in situ clay/adobe bricks) and ecological values (guadua cane) that encompass the selected geosites, sustainable criteria (energy efficiency) and focus on three visitor profiles: (i) geotourists, (ii) independent explorers and (iii) general visitors [76]; these strategies can serve as a guide to promote the public dissemination of geological heritage and geosciences in general. Regarding the limitations of the design, there are still gaps in establishing a circular economy system, for example, through the reuse of wastewater to allow for maximum use of the water resources in these communities characterised by water scarcity problems.



Santa Elena Province is positioned in the top three destinations with Ecuador’s highest tourist spending (USD 36,650) and annual trips (769,932) [77]. Within the province are the Chocolatera cliff (geosite) and Montañita beach (tourist site), two of the most visited destinations on the Ecuadorian coast [48,52,78], with records of 315,584 [79] and approximately 137,000 annual visits, respectively. In this context and considering the community’s interest in projects to prepare sites for tourists, the proposed geotourism interpretation centres will allow the addition of tourist value to four sites with outstanding geological, cultural and natural wealth values within the same province. This enables the renewal of the Santa Elena Peninsula Geopark Project, allowing the geotourism experience of national and foreign visitors to be improved with a sustainable and geoconservationist approach for the benefit of the communities of Santa Elena, considering that geotourism is an important component of the holistic concept of the geopark [80].




6. Conclusions


In this study, a proposal for a Geotourism Interpretation Centre was designed to promote the development of geoeducation and geotourism in four geosites of the Santa Elena Peninsula Geopark Project. The sustainability of the proposed design emerges as a promising option with significant economic, social, cultural and environmental benefits. The development of this design can encourage the tourism industry and economic development, attract public and private cooperation, encourage community participation, improve the quality of life of inhabitants, enrich the appreciation of geological and cultural heritage and contribute to geoconservation.



While the existing literature often focuses on educational activities and exhibitions based on the “sense of place,” this study proposes a design strategy rooted in cultural and ecological values with sustainability criteria. Cultural values are exemplified by using in situ clay/adobe bricks, emphasizing a connection with local heritage. In contrast, ecological values are represented by the guadua cane, showing an environmentally friendly approach. The selected geosites, sustainable criteria and consideration of the perception of community representatives collectively form a guide to promote the public dissemination of geological heritage. This approach aligns with the concepts and characteristics of interpretation centres that offer valuable services to communities and visitors, functioning not only as information repositories but also as dynamic spaces that encourage exploration, empowerment and local engagement within the context of the geopark.



With proper planning, low investment and academic–community collaboration, the design can help unleash the potential of the geosites of the Santa Elena Peninsula Geopark Project, positioning the project as a leading tourist destination providing lasting benefits on the provincial and national levels. The design of the Geotourism Interpretation Centre is an artificial enclave which adapts to natural conditions in conditions of sustainability to promote local development with community participation.
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Figure 1. Map of the study area: (a) location of the Santa Elena Province within Ecuador, and (b) cantonal limits of the Santa Elena Province and location of the geosites of the Santa Elena Geopark Project. 
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Figure 2. Methodological outline of the study. 
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Figure 3. Photographs of the selected geosites: (a) Barrio Ingles Ancon Parish, (b) Manglaralto’s Coastal Aquifer, (c) San Vicente Hot Springs and (d) San Rafael Mines. 
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Figure 4. Location of the Geotourism Interpretation Centres within the four selected geosites: (a) Barrio Ingles Ancon Parish, (b) Manglaralto’s Coastal Aquifer, (c) San Vicente Hot Springs and (d) San Rafael Mines. 
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Figure 5. Proposed design of the Geotourism Interpretation Centre (GIC). (a) Conceptual diagram showing the three zones: recreational–passive, service and cultural; (b) Plan view showing all areas of the GIC. 
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Figure 6. Conceptual scheme of the Geotourism Interpretation Centre. 
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Figure 7. Geotourism Interpretation Centre: side view of the architectural plan showing areas, materials and levels (L) considered in the design. 
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Figure 8. The proposed 3D design for the Geotourism Interpretation Centre: (a,b) right lateral view and (c,d) cultural and geo-education module (interpretive panels). 
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Figure 9. Simplified side view of the Geotourism Interpretation Centre, highlighting air circulation as natural ventilation and the entry of natural light. 
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Table 1. Details of the selected sites for the design of the interpretation centres.
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	Selected Sites
	Description
	Tourism Information
	Heritage Value





	Barrio Ingles

Ancon Parish

(Figure 3a)
	Site of historical and architectural interest located in Ancon. The neighbourhood has infrastructure dating back to 1911, exhibiting the cultural legacy of the English settlement that began oil exploitation in Ecuador in the city of Ancon [53].
	The attraction comprises buildings with English-influenced architecture in wood and pumice, oil pumpjacks and proximity to a viewpoint overlooking the sea. In addition, Barrio Ingles encompasses five geosites of varied geological and geomorphological characteristics, such as bituminous exudations, the first Ancon oil well, the Anconcito badlands, Anconcito cliff and Anconcito gypsum veins [54].
	The cultural legacy of the Barrio Ingles began with the oil history in Ecuador; it is located within the San Jose de Ancon Parish, was declared a Cultural Heritage of Ecuador in 2011, and the cultural wealth is complemented by heritage houses, artisans and “paja toquilla” weavers.



	Manglaralto’s

Coastal Aquifer

(Figure 3b)
	Geosite of hydrogeological interest located in the parish of Manglaralto. It is the main water supply source for six communes in the parish. Among its secondary characteristics are the ecological and fluvial landscaping of the Manglaralto River [61].
	The main attraction is the technical–artisanal dam built on the Manglaralto River for damming water and recharging the aquifer. The place has become a site for fishing, recreation and university hydrogeological education [62].
	It is located in a semi-arid area of the Ecuadorian coast (Santa Elena Province), in which water supply is possible owing to the joint use of surface and underground water through ancient techniques of Water Sowing and Harvesting (WS&H) (e.g., tapes, technical–artisanal dykes and artificial wetlands (“albarradas”)) that guarantee the availability of resources to the community and control the advance of saline intrusion into the aquifer. Since 2007, these techniques have been strengthened with academic intervention (ESPOL University), in which the inclusion of technical criteria has allowed the functionality of WS&H systems to be enhanced in the long term.



	San Vicente

Hot Springs

(Figure 3c)
	It is a geosite of hydrogeological and petrological interest located in the Baños de San Vicente commune. The place contains hot springs and a mud volcano, both of underground natural origin [48].
	Since 1922, there has been a tourist complex for using the thermal waters and volcanic muds, which local people consider natural medicinal treatments. The place has an area of 4 hectares. In 2014, it was visited by around 126,000 people [48].
	San Vicente hot springs is one of the two representative hot spring sites on the Ecuadorian coast; its inhabitants attribute medicinal values to the water and mineralogical content of the volcanic mud typical of the area through hydrotherapy and thermotherapy. This type of activity is aimed at the cure and prevention of physical diseases (inflammation and muscle pain) and mental diseases (stress and anxiety).



	San Rafael Mines

(Figure 3d)
	It is a geo-industrial type geosite located in the San Rafael canton. It is characterised by presenting rocks typical of the Chanduy-Playas Mountain Range, such as quartzite and granite [54].
	The largest tourist resource in the area is the granite quarries that expose the natural geology. In the place, you can see the artisanal extraction process of this material [63].
	Artisanal mining identity of the extraction of stone material is the main source of economic income for approximately 60% of the population.










 





Table 2. Estimated tourism statistics obtained from the focus group.
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	Parameter
	Barrio Ingles (Ancon Parish)
	Manglaralto’s Coastal Aquifer
	San Vicente Hot Springs
	San Rafael Mines





	Monthly tourist number
	1300
	2000
	900
	2300



	Visit frequency
	Monthly
	Monthly
	Daily
	Daily



	Estimated stay
	2 to 3 days
	2 to 3 days
	Just a few hours
	Just a few hours



	Average expenses per day
	Between $25 and $50
	More than $50
	Between $25 and $50
	Between $25 and $50



	Travel reasons
	Tourism, education, research and work
	Tourism, education and research
	Tourism, research and health
	Tourism, education and work
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	Environmental Sustainability
	Proposals





	Eco-friendly materials
	
	
Guadua cane (Guadua angustifolia Kunth bamboo) is proposed as the main structural component of the beams and columns, and as a decorative element on facades and doors.



	
The use of compressed clay/adobe bricks or bahareque is proposed for the service and cultural zones, in finishes with stones from the area, with waterproofing additive.



	
The use of living fences around the interpretation centre using local trees (e.g., Neem) to provide shade and improve the aesthetics of certain sites (e.g., San Rafael Mines) is proposed.








	Energy efficiency
	
	
A semi-open structure is laid out, using wooden sunshades to moderate natural light for lighting (Figure 9).



	
Natural ventilation is emphasized through air circulation, taking advantage of the wind flow through the strategic positioning of the infrastructure (Figure 9).



	
Provision is made for electrical energy, taking advantage of solar energy through photovoltaic systems located on the roof, for the garden lamps in the green areas and the parking bollards (Figure 7 and Figure 8).
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