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Abstract: Salt harvesting through natural solar evaporation of salt brines is a practice notably
abundant in the Iberian Peninsula. Such activity has been relevant for human consumption, food
preservation, livestock feed, and various industries throughout history. The objective of this research
is to analyze the productive history and conservation state of the salt evaporation ponds located
in Naval and Peralta de la Sal (Huesca, Spain), as well as their didactic potential. These saltworks
are associated with clay and gypsum levels from the Upper Triassic (Keuper). The earliest written
records of salt production in the area date back to the 10th century, but they were exploited as early
as the Bronze Age. Remains of most of the ponds and some buildings are still preserved and are
easily accessed, which makes them very interesting from an educational perspective. Both on-site
and off-site activities can be carried out to analyze their historical and current significance through
modeling and argumentation practices. This can lead to a better understanding of how geology
relates to everyday life and facilitate the development of positive attitudes among students towards
geoheritage while raising awareness about its preservation and preventing its degradation.

Keywords: geoheritage; saltworks; salinas; geoeducation; science learning; outdoor learning

1. Introduction

The production and trade of salt has been a very relevant activity in the Mediter-
ranean zone even since prehistoric times, first for human consumption and later for food
preservation, livestock feed, and various industries.

Salt harvesting processes in continental saltworks can be carried out in different
ways. The most direct method of obtaining salt is through the evaporation of natural
salt brines, a technique that was already used in pre-industrial times. Still, depending on
the characteristics of the process, it can be divided into two types: first, by exposing the
brine to atmospheric agents (sun and wind), and second, if the climatic conditions are
insufficient for natural evaporation, mechanical means and artificial techniques involving
the application of heat can be used [1]. Besides using natural salt water, brines can also
be obtained artificially, forcing the circulation of water in galleries that run through saline
materials, collecting the salty water, and taking it to evaporation and crystallization ponds.

In the Mediterranean area, continental saltworks are usually too small for the introduc-
tion of mechanical means, even though this would lower costs and increase production [2].
Even so, numerous techniques have been employed, such as the use of forest timber
to evaporate water using heat, which generated environmental problems in the past in
Europe [3].

Saltworks in which salt is obtained through evaporation by the action of the sun
and wind are very rare in Europe but considerably abundant in the Iberian Peninsula [4].
They have given rise to a cultural heritage that is reflected not only in the buildings and
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infrastructures but also in the population and the environment, with these being areas of
great value.

In the case of Spain, there is a variation in the techniques used that is directly related
to the climatic variability of the territory. On the one hand, saltworks located in the north
are conditioned by a more accentuated rainfall, which makes it necessary to use methods
that accelerate evaporation and crystallization. On the other hand, those located in the
central, eastern, and southern parts are subject to less adverse weather conditions, with
more heat in summer and fewer storms, and mainly use natural evaporation [5]. The latter
was the predominant method used in Spanish saltworks in the mid-nineteenth century.

Saltworks are very relevant not only for the products they generate but also because
they encompass a vast span of values, including cultural, social, and natural ones [6]. In
the present day, saltworks face significant threats, such as exposure to the elements, and
are swiftly diminishing, posing a risk not only to cultural and social heritage but also to the
conservation of geological heritage, especially in less populated areas.

The purpose of this work is to highlight the geological, cultural, social, and educational
heritage of the saltworks located in the Huesca province (Spain). More specifically, those
situated near the villages of Naval and Peralta de la Sal (Figure 1). As such, the focus will
be first to summarize the history of these salt-producing areas, describe the remains and
cultural patrimony that is currently preserved, and analyze the potential of these saltworks
as educational resources.
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Figure 1. Geographical position of the saltworks of the Huesca province (Spain). In some cases,
villages, such as Peralta de la Sal, take their name from the presence of the saltworks.

2. Geoheritage: The History of Salt in the Huesca Province

Up until the mid-20th century, salt played a crucial role in the Spanish economy. The
transportation of salt from the coastal regions to the inland areas of the Iberian Peninsula
was challenging and costly, mainly due to the inadequate communication infrastructure.
Consequently, the exploitation of salt springs and brines emerged as a lucrative source of
wealth, resulting in the establishment of around 200 salt evaporation sites [1].

Salt evaporation ponds are large shallow basin reservoirs designed to extract salt from
brines, salty lakes, or seawater through natural evaporation, among other processes [7].
Usually, these ponds are carefully designed to maximize the surface area that is exposed to
the sun and wind, facilitating the evaporation of water and the crystallization of salt. In the
case of Spain, there are many geological formations that can become a source of sodium
chloride, such as Keuper materials (Triassic), and the climate, warm and dry in summer,
can favor evaporation in these ponds.

The first written records of salt production in the Huesca province date back to
the Christian conquest in the 11th century. The main references are primarily related to
periodic provisions of salt, provided free of charge to religious institutions, or the granting
of salt mine rights as compensation for services rendered or repayment of debts owed to
nobles and merchants [8]. In general, the ownership of salt mines, especially the larger
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salt production ponds such as Naval, Peralta, Calasanz, and Aguinaliu, was not in the
hands of single individuals. Instead, each set of evaporation and crystallization ponds
had a distinct owner. Additionally, it was common for a portion of the salt ponds to be
owned by religious institutions, either through donations from individuals or through royal
grants. This arrangement provided a steady source of income, enabling the construction of
significant churches and monasteries.

2.1. Saltworks in Naval

In Naval, there are multiple saltwater springs that might have been discovered and
used since prehistoric times. Archaeological remains suggest that the Naval saltworks were
exploited as early as the Bronze Age and experienced a significant boom during the Roman
era [9]. However, present saltworks were established during the Muslim period, and the
first written document referring to the salt activity in Naval dates to 1094 [10].

Studies have shown that the average salinity of the La Llastra ravine is around five
grams per liter, with a sodium-chloride composition [11]. This is mainly due to the presence
of numerous saline springs and to the geological composition of the terrain through which
it flows, where gypsum from Keuper facies predominates. Additionally, saline springs can
reach concentrations of up to 300 g per liter.

Two saltworks were mainly exploited in Naval. The first, known as the Iruelas
saltwork, is located approximately one kilometer northeast of Naval. The second, La Rolda
saltworks, is located to the south of the village. Even if there is evidence in different records
and documents that there were other saltworks in the area, such as Ranero, Cuestamonzot,
Rosico, Pisa, and La Cua [8], hardly any remains are preserved [12]. In the village of
Naval, a salt storage building was originally constructed around the mid-13th century. This
building has undergone several renovations, and it still stands today. Inside, it is possible
to see remains from various historical periods, with the oldest visible remains likely dating
back to the 16th or 17th century.

2.1.1. Iruelas Saltworks

The Iruelas saltworks are in the Guibano ravine bed. They were discontinued some
time ago due to their low economic productivity. However, most of the buildings and the
ponds are still in reasonably good condition (Figure 2a,b). They can be accessed by a road
that originates from Naval, leading from El Grado to Abizanda.

The site chosen for the construction of these saltworks, as mentioned by some geol-
ogists as early as the 19th century, was not the most suitable [13]. At that time, frequent
flooding resulted from water flowing down the ravine during heavy storms, causing signif-
icant damage to the saltworks present in the area. Furthermore, during the 19th century, a
public road, which used to lead to a village that no longer exists, traversed a considerable
portion of the salt flats, leading to several incidents.

The salt brine was extracted from a well of about twelve meters deep and about two
square meters in cross-section, which allowed for a yield of approximately 2350 cubic
meters each year. This spring provided a highly concentrated brine, more so than those of
La Rolda, enabling the filling of the ponds to a greater extent [10]. Since the property of the
saltworks was divided among different neighbors, each with its own facilities, they were
entitled to a certain amount of salt water per year.

During the 19th century, there were a total of 185 crystallization ponds [5]. These
ponds were traditionally constructed with rammed earth for the bottom and walls, which
were then covered by a thin layer of highly malleable clay, which probably gave the salt
a brownish color [14]. The separation between each pond was achieved using wooden
planks for the walls, while the floor was composed of thick ceramic tiles [5].
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To obtain the salt, first, the salt brine was accumulated in the concentration ponds and
transported, through wooden channels, to each of the crystallization ponds. From July to
October, salt was recovered, and the evaporation process usually lasted between six and
fourteen days.

When it rained, the less dense rainwater would stay on the surface while the salt water
remained underneath. To remove rainwater, the walls of the ponds were equipped with
holes in the upper part. These holes were typically covered, but they could be uncovered
when necessary [10]. Additionally, to prevent the salt water from mixing with the surface
water, each of the ponds had a small well attached to it so that salt water alone could be
extracted through the bottom. When rainfall was expected, the salt was collected, although
in more recent decades, in certain ponds, roofs were installed that not only protected them
but also accelerated evaporation and lengthened the production period [15]. Although the
remains of the ponds and some buildings are still preserved, these saltworks have suffered
significant environmental degradation [16].

2.1.2. La Rolda Saltworks

These saltworks are located on the right bank of the Llastra ravine, four hundred
meters south of the village. They can be accessed by road. Although historically, La Rolda
saltworks had 19 concentration ponds and 167 crystallization ponds [5], today, much less
are preserved. During the 19th century, as there was a public road that crossed the ponds
in the northwestern area, walls were built around them to prevent entry.

The salt brine was obtained from an artesian well and was accumulated in a deposit.
Then, it was distributed to the concentration ponds, which had auxiliary wells to extract
the more concentrated water from the bottom. From there, it went to the crystallization
ponds (Figure 3a,b). In La Rolda saltworks, the floors of these ponds are made of thick
ceramic tiles.
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The salt concentration of the springs that supplied La Rolda saltworks was lower than
those of other nearby saltworks, so a shallow layer of water was placed in the crystallization
ponds [10]. As salt water evaporates, salt crystallizes first on the surface, forming light,
partially hollow structures that float on top of the water. These structures are called fleur
de sel due to the influence of the French language. Pliny the Elder, two thousand years
ago, indicated that precisely this type of salt was especially appreciated in the kitchen,
besides mentioning many different uses for natural and artificial salt, such as salt-based
medical remedies [17]. As evaporation progresses, more salt crystallizes, which remains as
crystalline aggregates at the bottom of the ponds.

In the 1970s, some of the crystallization ponds were covered with transparent roofs
to be able to obtain salt throughout the year. Some of these saltworks were operated as
a condominium formed by 61 members, the Sociedad Cooperativa de Salinas de Naval
(Naval Salworks Cooperative Society). In 1995, the organization’s structure underwent
modifications to increase its competitiveness. However, despite the efforts, it was not
possible to overcome the low selling prices set by major industrial producers, which led to
the cessation of the operations. In 2001, a project to reconvert the salt mine was initiated to
resume its exploitation in an artisanal way, helping to preserve the geocultural and social
heritage of the area. With an investment of more than one million euros, in 2005, some 300
tons of salt were already being extracted, with this being the only salt mine that is currently
in operation in Huesca [10]. In 2009, a further step was taken with the intention of creating
the first open-air spa in Europe.

At present, next to the operating crystallization ponds, in the area, there are several
facilities intended for tourism and leisure. During the summer months, it is possible to
enjoy therapeutic baths, for a fee, in one of the five salt pools of different sizes and depths
that were restored in 2001. They are managed by the company Salinera Navalesa S. L.
(Naval, Huesca, Spain), in which the town council and neighbors participate. There are also
remains of the old ponds, currently not in use but well preserved, that can be visited [16],
as well as interpretative panels that illustrate the history of the site and explain how the
salt was exploited.
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2.2. Saltworks in Peralta de la Sal

Peralta de la Sal is situated about 30 km southeast of Naval. The saltworks known as El
Salinar are located about one kilometer away from this town, on the road leading to Gabasa.
Even though the materials that outcrop the lands surrounding these saltworks are mainly
Cenozoic gypsum, clay, and marls. The salt originates from Upper Triassic clay and gypsum
levels (Keuper), which are found beneath these Cenozoic outcrops [16]. Specifically, salt
water was extracted through a well from the Keuper materials. As a consequence of the
geology of the area, the Sosa River, which passes near the town of Peralta de la Sal, has a
high salinity [11].

As well as the Naval saltworks, these saltwater springs were probably already ex-
ploited as early as the Bronze Age, and evidence has been found that salt was already being
produced with the briquetage technique, using fire to accelerate the evaporation [18].

The oldest document that is preserved about these saltworks dates from 987, in
which a discussion about the possession of a salt well between two neighbors from nearby
towns is narrated [19]. Between the 10th and 13th centuries, salt, being an essential
commodity, became the subject of contention among various power groups competing for
its possession. In the following centuries, salt production and export saw a significant rise,
which led to nearby towns experiencing relative prosperity and the establishment of larger
populations [19].

During the first half of the 19th century, when a large part of these saltworks belonged
to the state, the saltwater was initially sourced from springs situated at the top of the
ravine. After recollection, the water was transported to two storage and concentration
deposits, one with a capacity of 250 cubic meters and the other with a capacity of 900 cubic
meters [12]. A wooden channel made of hollowed oak logs was used to carry the salt water
from the springs to the tanks and from the tanks to the crystallization ponds (Figure 4).
Each wood fragment had between 3 and 5 m, which made it possible to create a very wide
network [19].
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Figure 4. Peralta de la Sal saltworks (circa. 1950). The photograph shows the wooden channel
(indicated by the arrow) that carried the salt water from the concentration ponds to the largest tank,
from where it was distributed into the crystallization ponds.

Water flowed into the crystallization ponds. These ponds are generally square or
rectangular in shape, except for those at the ends, specifically designed to fit the terrain
(Figure 5a,b). Between each pond, there were several narrow paths that served as separation
as well as wider paths used for loading the salt [20]. Salt water was added until it covered
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about 15 cm in each pond. By sun exposure, fleur de sel soon appeared and, due to its
density, it settled at the bottom. To prevent all the salt from adhering to the bottom, these
crystallization ponds were stirred every two days, either at dusk or dawn [19]. Salt was
mainly recollected between the months of July and September, and up to 40 laborers,
including women, could be hired [1,20].
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Peralta de la Sal saltworks.

At the beginning of 1980, these saltworks were still operating. New sources of salt
water were sought, and new techniques were used, which increased production. The
number of crystallization ponds was reduced, and instead of using the springs, salt water
was pumped from a well that was 107 m deep and 18 cm in section [12]. This well had the
capacity to yield approximately 3000 cubic meters of brine annually. There were around
five persons recovering the salt, although in years of greater demand, there could be up to
twelve people [18]. During that period, an average of 1440 kg of salt per season could be
obtained, which, although a small amount was exported, mainly served the local needs
of the food sector and the chemical industry. As size increased, production gradually
increased and was around 3500 tons in 1995.

The site currently consists of 365 crystallization ponds distributed along the Sosa River
and two of its tributaries. These ponds, which have been preserved in their original state
since the mid-19th century, feature a floor composed of closely fitted pebbles (Figure 5a).
The walls of these ponds are constructed with masonry and covered with thick ceramic tiles.
These tiles are slightly angled, around 60 degrees, to aid in salt extraction and are filled with
clay between the joints to prevent any leaks. The condition of the crystallization ponds is
still good, although the rafts are in poorer condition. Moreover, remains of some buildings,
like the guardhouse and the warehouse where salt was stored, and other constructions that
were used, are also preserved.

Although salt production increased significantly, it was impossible to compete in
price with the salt of the large industrial producers, so these saltworks ceased operations
in 2000. In June 2007, Peralta de la Sal saltworks were declared BIC (Bien de Interés
Cultural (an asset of cultural interest in English)), a legal figure of protection of the Spanish
historical heritage.
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3. Geoheritage: Outdoor Learning and Science Education

Outdoor activities are fundamental tools for teaching Earth Sciences, as they allow
students to experience emotions and content in a practical way and in a more relaxed
atmosphere [21,22]. This encourages the knowledge of the planet within a complete,
holistic, and inclusive vision of our environment. It also promotes curiosity, creativity, and
personal growth; the establishment of a connection with the environment that, in many
cases, will translate into respect, care, and enjoyment of nature by society; and, if education
activities or visits are designed based on appropriate methodologies and adapted to the
students, geoheritage can also serve to promote scientific skills.

At the end of the 19th century, the pedagogical trend that advocated, among other
aspects, the importance of going outside the classroom as part of the teaching–learning
process for pupils gained momentum. In our time, outdoor learning is becoming more
important because today’s children play outdoors less than previous generations [23] and
spend more time in front of the television or other screens than at school [24]. There are
five main purposes for applying field trips as a teaching tool: (1) to provide experience,
(2) to stimulate students’ interest and motivation towards science, (3) to attribute relevance
to science learning, (4) to develop observation and perception skills, and (5) to promote per-
sonal and social development [25]. Along these lines, some governments have introduced
the need to incorporate field trips into the national curriculum [26].

The advantages of these field trips in terms of environmental literacy [27] and their
proper emotional and physical development [28] are widely described in the literature.
Early ages are fundamental to motivating scientific thinking, taking advantage of children’s
innate curiosity and interest in the world around them [29,30]. They can be used not only
for gaining knowledge [31,32] but also to stimulate students’ motivation and interest and
facilitate meaningful learning [33,34]. Moreover, spending time outdoors is related to an
increased respect for nature [35], pro-environmental behaviors of adults [36,37], reduction
of negative emotions [38], and health improvements [39].

Many authors underline the educational value of studying the geologic history of
the territory [22,40,41]. Promoting didactic experiences based on geoparks and geonatural
trails and even creating geo-gymkhanas can facilitate the development of a positive attitude
among students towards geoheritage and bring geological heritage closer to students [42].
In this context, the importance of geoenvironmental education for the promotion and
preservation of geological heritage and geoethical values is very significant [43]. This can
be achieved using geological heritage protected by different legal frameworks. As such,
territories of excellence, such as UNESCO Global Geoparks (UGGps), national, regional,
and institutional figures can be used to develop educational activities and help to show the
geo-richness of the planet [44,45].

Different authors have emphasized their significance from a geotouristic point of view,
using UGGps but also other geosites as local touristic products that offer a framework of a
holistic geotouristic approach by setting a link between culture and nature [46,47]. They
can also be linked with Sustainable Development Goals [48], and on their official websites,
many UGGps present materials that can be used both on-site and off-site [49].

In some cases, the reluctance or problems that may arise when using these resources or
going on outings outside the classroom may be due to unfamiliarity with the environment
or the lack of relevant geoparks or geosites nearby. Nevertheless, from an educational
perspective, the key is to take advantage of existing resources in the environment and
not only focus on areas of recognized geological prestige. In such a respect, in any area,
it is possible to locate interesting geological points and assess which elements may be
susceptible to be used as georesources [50].

Other alternatives that can allow using geoheritage as a didactic resource are combin-
ing the visits with information and communication technologies (ICT) or even only using
ICT. From virtual museums [51] to virtual samples or virtual visits to specific geosites [52],
any digital resource can become a significant teaching tool. Such is the case of the virtualiza-
tion of samples, such as fossils or minerals, which can contribute to improving the design
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and development of didactic sequences for out-of-school education [53,54]. Other options
are using virtual synchronous visits [55] or even immersive virtual reality [56]. These pro-
posals yield very positive results, indicating that, even in the case of not having a relevant
geological site nearby, there are other options to transfer these contents to the classroom.

Such activities can allow for the development of transdisciplinary didactic activities
for different educational levels and the general public, organizing teaching tools, and
developing awareness, values, and responsibility towards geoheritage [54]. Moreover, the
integration of georesources in the educational practice adds value not only to the local
geodiversity but also, in certain cases, to cultural and social heritage as well [57]. As such,
it can favor both the preservation of geological elements themselves and any other heritage
that can be linked to it, both tangible and intangible. In this context, it is possible to link
certain geosites with previous human activities, such as places where remains from antique
mining activities are still preserved [58].

4. Saltworks as an Educational Resource

Different authors have analyzed saltscapes and saltworks, carrying out qualitative
and quantitative assessments on the geotouristic, geoheritage, or educational value [44,59]
as they are cultural landscapes that can be linked to the development of communities [7].

Saltworks can be approached from an educational perspective, considering their
natural geological context and the physical and chemical processes that take place in them,
but also from a cultural and social perspective. As with any other geosite, they can be
used to encourage the development of scientific skills in visitors and students, promoting
modeling and argumentation practices [60]. Moreover, they can serve the purpose of raising
awareness about preserving this kind of heritage and preventing its degradation.

As summarized in [61], there are different relevant criteria that can be used to iden-
tify sites for educational use: (1) didactic potential, (2) geodiversity, (3) accessibility, and
(4) safety. For instance, when talking about the didactic potential of a site, it is important
that the geological features that are present can be easily understood by students of dif-
ferent levels [62]. In addition, in the case of geoheritage, and related to didactic potential,
other issues such as fragility or vulnerability, preservation of the ponds and/or the build-
ings, heritage importance, and historical relevance of environmental degradation must be
considered [16].

Regarding these last factors, saltworks in Peralta de la Sal are very well positioned,
as they have a very high heritage, cultural, and historical relevance. The salt ponds, as
aforementioned, are in a good state of preservation, allowing them to recreate the operating
system of the saltworks and facilitating the comprehension of the salt extraction process.
Conversely, the Naval saltworks, especially those of Iruelas, are in a poorer state, although
they are nonetheless interesting given the smaller size of the pond. As for La Rolda, a key
factor is that they are still being operated using traditional techniques. As for accessibility
and safety, all saltworks are also easily accessed; they are located close to villages, being
within walking distance. It is possible to reach them using roads and trails; the landscape
surrounding them is not very steep and is considerably safe for students of different ages.

As with other elements of interest (geodiversity), not only the saltworks are relevant,
but also the surrounding areas. In Naval, besides clay and gypsum levels from the Upper
Triassic Period, it is possible to see quaternary materials (terraces) near the La Llastra ravine
and sandstones and conglomerates belonging to the Graus Formation (Miocene).

In Peralta de la Sal, it can be interesting to analyze the relief of the area and the
disposition of the different materials. During the Alpine Orogeny, these materials were
strongly folded, becoming part of the flanks of an anticline. As such, they are arranged
almost vertically. This phenomenon is very frequent in the area, as in the surroundings of
Peralta de la Sal, it is possible to see vertical gypsum strata (Figure 6a).
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Just one kilometer northwest of the city of Peralta, in an outcrop that can be easily
reached, there are remains of an early Oligocene paleo-beach (Figure 6b). Along ripple
marks, ichnites from six different types of animals have been recently identified: two birds
and four small- and medium-sized mammals [63–65].

In the case of the didactic potential, as aforementioned, one of the key aspects is that
the site can be widely understood by students of different educational levels and that the
aspects that are relevant to the site are included in the official educational curriculum [62].
For instance, minerals and crystals are an object of scientific interest at different educational
levels, and, to that end, salinas and saltworks can be used to understand how salt crystals
form, specifically salt (halite) crystals, and under what conditions. Experimentation, in-
quiry, observation, identification, and establishment of conclusions by the students should
be encouraged by observation of real crystals’ natural formation, both in situ and through
the implementation of crystallization experiences in the classroom. Models and modeling
competence are considered an essential part of scientific literacy and science education [66].
Crystallization experiments help to unmask the specific properties of crystalline matter
(order, symmetry) through observation and allow the student to build their crystal with a
scientific perspective. As such, aspects related to the physical properties of halite (at the
macro level: color, streak, luster, among others; and at the micro level: chemical composi-
tion, internal structure), its origin, and its uses, along with the impact its extraction can have
from different perspectives (social, environmental, etc.) can be considered [67]. However,
an analysis of the compulsory education curriculum shows in Spain that these aspects are
not always taken into account, nor is there a sequence of progressive deepening in this
model [68,69]. Thus, it remains necessary to encourage students to establish relationships
between these key points to build a complete and holistic mineral model.

Moreover, education and knowledge transfer are key points to consider when in-
troducing geoheritage. It encompasses planning, traveling, arriving, visiting, leaving,
remembering, and sharing experiences. A first approach to work on all these aspects is
to make a field trip to the natural environment, tracing an itinerary that allows students
to focus on different aspects. It is important that they analyze the origin of the salt water
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and understand the different salt obtention processes, the environmental factors that are
involved, and its relevance from a cultural and social perspective, as well as the historical
relevance of the site chosen and the importance of its preservation for future generations.
All this can be carried out through different guiding questions, adapted to different educa-
tional levels, that can help students analyze and discuss what processes are taking place.
For example, how does the crystallization process work in this case? What characteristics do
the crystallization ponds have, or what are the uses of any visible remains (wells, wooden
channels, builds, tools to recover or store the salt, etc.)? At the same time, students can
also focus on other elements (other nearby geosites of interest, flora and fauna associated
with saline soils, and cultural heritage). These topics can be approached using several
procedures related to scientific activity and the natural environment: observation, compari-
son, classification, data collection, hypothesis formulation, argumentation, identification,
collections, or problem solving, among others [70].

Additionally, saltworks can be easily recreated on a smaller scale through different
experiments and situations. Starting from this contextualized situation, it is possible to con-
duct activities where students have a more active role and help them build new models that
allow them to describe, explain, predict, or propose hypotheses and interpret experimental
results [71]. Specifically, focusing on halite, cubic, transparent, or translucent crystals can
be easily created from artificially created salt brines through experiences in which different
hypotheses and variables are tested, allowing a more active and constructivist learning to
be achieved. The variation of the different conditions allows for obtaining different results
and favors justification. Practical experiences help manage variables, highlighting the need
to simplify complex issues to analyze their impact on outcomes.

Examples of variables that are involved in the formation of crystals are available
space, nature of the substance that crystallizes, the growth rate of the faces, degree of
supersaturation, presence of impurities and/or dopants, nutrient supply, temperature and
cooling rate, state of agitation, among other environment conditions [72]. In the case of salt
crystallization experiments, different variables can be changed to allow obtaining different
results (Figure 7). If salt crystals are formed, it can also be relevant to compare them to
the different types of salt found in supermarkets, such as table salt or flake salt, using a
microscope or hand-lens.
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Combined with the recreation of saltworks in the classroom and the crystallization of
salt, there are also other initiatives that can be of interest, such as crystallization compe-
titions [73]. In upper educational levels, other substances besides salt can be crystallized,
and experimental projects can be created working with complex variables that influence
the crystallization process. In addition, these initiatives are of great benefit to teachers, as
they help them to improve their teaching practice or to get to know their students better.
From the students’ point of view, it helps them to improve their motivation with respect to
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science classes and learn to plan and work autonomously [74]. Furthermore, studies have
shown that educators highly appreciate the competition as a valuable instrument [75]. This
hands-on experience serves as a basis for constructing scientific knowledge, making it an
essential aspect of the learning process.

Besides minerals, exploitation of minerals, and their uses, there are other geological
aspects and topics that can be addressed alongside these activities depending on the
educational level for which they are intended: life on Earth (study of past and present
fauna and flora), major geological events (Alpine Orogeny), reconstruction of the geological
history of an area (analyzing the different outcrops), main forms of relief modeling and
geomorphology (related to the hydrological network), geological heritage conservation,
among others. All these contents are studied, to a greater or lesser degree of depth, in
primary and secondary education and at university levels in certain degrees.

Considering all the aforementioned items, the global didactic potential of the saltworks
described in this paper is quite relevant, considering not only the possibilities during an
outdoor learning experience, which can include visits to other nearby sites of geological
and historical interest, but also in the classroom. Additionally, these field trips and activities
can be extrapolated to any other place where there are past and on-going exploitations
of saltworks.

5. Conclusions

In Naval and Peralta de la Sal, salt was obtained from continental saltwater springs
through natural evaporation by the action of the sun and wind, a technique that involves
the use of very specific techniques and structures. Both saltworks still preserve important
remains of the facilities and ponds that were used, some of them in good condition. And,
in the case of Naval, besides crystallization ponds that are still currently operating, there
are several facilities intended for tourism and leisure.

These saltworks have a considerable didactic potential as educational resources. In
both cases, the sites are easily accessible, are in a reasonable state of preservation, and can
allow a good understanding of the artisanal process of obtaining salt. Moreover, there
are additional resources in the environment that can be used for educational uses, such
as the geology of the area, the evolution of the landscape and life on Earth, the historical
and current use of the land, or the social and economic relevance of salt production,
among others.

Different studies suggest that primary and secondary school students tend to associate
less positive emotions with geological topics [76,77]. These topics make them experience
boredom or very little interest, and they find it difficult to understand their applicability in
everyday life [78]. This may be due to the traditional teaching methodologies employed
in classrooms. In this context, field trips to natural environments and geosites can help
motivate students and reduce negative emotions associated with geology. In the context of
visits to saltworks, this entails elements of geology as well as social and cultural factors. This
combination allows for a clearer understanding of the relationship and practical relevance
between daily life and geology. To that end, visits to saltworks and the realization of
subsequent work and activities in the classroom related to obtaining salt by crystallization,
such as inquiry-focused experiments or competitions, can help to contextualize them. It
can also help to enhance the geological, cultural, and social heritage of a region and the
importance of preserving it for future generations.

This work can be used as a preliminary study to lay the foundations of a contextualized
didactic sequence that includes both on-site (visits to geological heritage landmarks related
to the salt works) and off-site activities (crystallization experiments following an inquiry-
based or gamification approach) that can allow students at different educational levels to
work on the geological, historical, cultural, and environmental legacy of salt works and
their surroundings. All these didactic proposals would also help the preservation of the
saltworks, which are not currently being well maintained, increase their touristic value and
their value as geological heritage sites.
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