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Abstract

Knowledge of geodiversity plays a fundamental role in nature
conservation, yet it remains underexplored in educational contexts,
especially in primary and secondary education. This article
presents educational booklets developed to support the teaching of
geodiversity in five Brazilian protected areas: Serra do Cipd
National Park (Minas Gerais), Serra da Bodoquena National Park
(Mato Grosso do Sul), Furna Feia National Park (Rio Grande do
Norte), Campos Ferruginosos National Park, and Carajas National
Forest (both in Para). The booklets address geological and
geomorphological elements and processes that are relevant to
understanding the geodiversity of each protected area, with
particular emphasis on speleological heritage. The ecosystem
services provided by geodiversity in these environments are also
presented. The material was written in accessible language for
students, particularly those in secondary education, and includes
guidance on developing extracurricular activities. The booklets are
also intended to support teachers, protected-area managers, and
visitor guides by promoting the integration of geodiversity into
environmental education practices. The study highlights the
potential of geodiversity as a pedagogical resource, contributing to
a holistic approach to nature that values both geoconservation and
bioconservation and reinforces the importance of abiotic heritage
in the educational process.
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INTRODUCTION

The concept of geodiversity encompasses the
variety of  geological, geomorphological,
pedological, hydrological and natural processes
that make up the Earth's surface (Serrano;
Ruiz-Flano, 2007, Diaz-Martinez, 2010). This
set of characteristics not only shapes the
landscape, but also directly influences
biodiversity, natural resources and human
activities (Bruschi, 2007; Andrasanu, 2006;
Manosso; Ondicol, 2012). Although geodiversity
is widely recognised for its role in nature
conservation, few studies have addressed its
didactic value or sought ways to disseminate it
(Furtado; Valdati, 2023). Recent studies on this
subject have pointed to the considerable, and
still underexplored, interpretative potential of
geodiversity and have proposed strategies for
approaching and communicating it (Pinto et al.,
2023; Carneiro et al., 2024; Furtado;Valdati,
2023; Georgousis et al., 2022; Mosios et al., 2023;
Carrillo-Hernandez et al., 2024).

In this study, a distinction is drawn between
“educational potential” and “pedagogical
potential” to avoid using the terms
interchangeably. “Educational” is understood
here as the broad formative reach of the
material  (informing, raising awareness,
broadening repertoires and promoting ways of
reading nature in formal and non-formal
contexts), whereas “pedagogical” refers to
intentionally planned use in teaching, with
mediation by  teachers/guides, learning
objectives and possibilities for assessment and
didactic replanning. Thus, a booklet may have
high educational potential by supporting
awareness-raising and environmental
interpretation. Still, its pedagogical potential
depends on its integration into teaching
sequences, guided-visit itineraries, and
structured activities aligned with learning
objectives and criteria for monitoring learning.

Although geodiversity encompasses various
abiotic components, the operational focus of this
study emphasises, above all, geological and
geomorphological elements and processes
central to environmental interpretation along
trails and at wvisited sites, with particular
emphasis on speleological heritage. This focus
was adopted to remain consistent with visitation
itineraries, the demands identified among local
stakeholders, and the didactic objectives of the
booklets.

The educational potential of geodiversity lies
in its capacity to connect natural phenomena to
everyday experience, promoting an integrated
understanding of natural systems.

Environmental education, by incorporating
abiotic heritage, contributes to the development
of a broader ecological awareness that goes
beyond the traditionally biodiversity-centred
view.

Immersive activities in natural settings
foster environmental awareness, enabling
affective-cognitive interactions that can trigger
the re-elaboration of symbolic structures
constructed by individuals. Their effectiveness
is related to the interpretative strategies
adopted, insofar as these facilitate
understanding of what is immediately visible
during contact with natural elements (Neiman,
2007). From the same perspective, it has been
emphasised that an educational project on the
abiotic aspects of nature should promote the

reconstruction of  students’ perceptions
regarding the concepts of geodiversity,
geoheritage, geoethics and geotourism

(Georgousis et al., 2022).

Protected Areas (PAs) provide privileged
settings for activities exploring the relationships
among geodiversity, biodiversity, and culture.
Some studies have also highlighted the
importance of proposing ways of approaching
geodiversity through activities involving contact
with nature, especially in these protected areas,
given the uses and the diversity of protected
elements and processes found there (Viana et
al., 2024; Gordon et al., 2017; Santos et al., 2021;
Georgousis et al., 2021; Mayorga, 2022). Brazil
currently has more than 2,900 protected areas
at the federal, state, and municipal levels
(MMA, 2024), many of which stand out for
preserving a significant portion of Brazilian
speleological heritage, represented by more than
25,000 caves currently known (CECAV, 2024).

Speleological heritage comprises natural
underground cavities and the biotic, abiotic,
soclo-economic, and historical-cultural elements
associated with them (Brasil, 2004). Caves occur
in different lithologies, especially carbonate,
siliciclastic and ferruginous rocks.
Approximately one-third of them (31.95%) are
distributed across federal, state, and municipal
protected areas, both under strict protection and
sustainable use categories (ICMBio/CECAV,
2024). The national programme for the
conservation of speleological heritage proposes
guiding principles and components for the
valorisation of this heritage, including
knowledge production, dissemination and
sustainable use (Brasil, 2009).

National Parks (PARNAs, acronym in
Portuguese) belong to the strict-protection
category of protected areas; within them, only
indirect uses of natural resources are permitted.
National Forests (FLONAs, acronym in
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Portuguese), by contrast, belong to the
sustainable-use category, in which some
resources may be exploited (Brasil, 2000).
Although the scenic aspects of these areas are
among their main attractions, environmental
education activities related to their abiotic
characteristics remain underexplored. It is
worth noting that protected areas contain a
significant portion of the country’s geodiversity,
including a plurality of elements, processes, and
features associated with speleological heritage.

Among the objectives of protected areas is
encouraging educational activities to
disseminate knowledge and raise awareness of
nature conservation. Many of them receive
nearby schools in fulfilment of this objective;
however, in general, teaching activities tend to
focus on aspects of local biodiversity (Oliveira de
Sa; Carvalho, 2023; Santos et al., 2020; Silva,
Silva, 2022).

Given this gap, this paper presents
educational booklets developed for four national
parks and one national forest in Brazil. Initially,
all national parks that preserve part of the
country’s speleological heritage were identified.
Four representative units from different biomes
were then selected, each containing cavities
developed in distinct geological groups and with
different geological histories. The booklets were
designed to facilitate the teaching of
geodiversity by providing theoretical and
practical support to help readers understand
geological and geomorphological processes,
while also stimulating interest in the
conservation of natural heritage. The study also
seeks to discuss the didactic potential of this
material and to emphasise the importance of
integrating scientific knowledge with
educational practices, thereby contributing to
the formation of a more aware society that is
committed to nature conservation.

MATERIALS AND METHODS

Characterisation of the study areas

The project involved four distinct areas: Serra do
Cip6 National Park (PNSC, acronym in
Portuguese), in Minas Gerais; Campos
Ferruginosos National Park (PNCF, acronym in
Portuguese) and Carajas National Forest (FNC,
acronym in Portuguese), both in Para; Serra da
Bodoquena National Park (PNSB, acronym in
Portuguese), in Mato Grosso do Sul; and Furna
Feia National Park (PNFF, acronym in
Portuguese), in Rio Grande do Norte (Figure 1).

The PNSC covers an area of 31,617 hectares
(ICMBio, 2009) and lies in the southern portion
of the Southern Espinhaco Range, distinguished
by its geological and geomorphological
complexity. This mountainous area, of great
scenic beauty, contains numerous waterfalls
and clear-water streams and is heavily visited,
especially during the warmer months. Within it,
Palaeoproterozoic rocks of the KEspinhaco
Supergroup crop out, predominantly
metaquartzites (Knauer, 2007); Neoproterozoic
rocks of the Macatbas Group, deposited
approximately 900 Ma ago and composed largely
of siliciclastics (Fraga, 2013); Neoproterozoic
carbonate rocks of the Bambui Group, around
750 Ma old (Thomaz Filho et al., 1998; Iglesias;
Uhlein, 2009); and Cenozoic alluvial deposits
(Saadi, 1995). During the Brasiliano Orogeny,
around 600 Ma before present, the closure of the
Macatbas Basin and the formation of the
Aracguai Orogen led to the uplift of the Southern
Espinhaco Range (Alkmim et al., 2007).
Speleological heritage is present in the different
geological groups of the range. In the upper part
of the park, sinkholes, resurgences, doline-like
landforms, caves and rock shelters developed in
the metaquartzites of the Espinhago
Supergroup. Further west, at the foot of the
range, metamorphosed carbonates of the
Bambui Group favoured the development of
ornamented carbonate caves. Sinkholes,
resurgences and caves also occur in the
siliciclastic rocks of the Macatibas Formation.

The PNCF and the FNC protect an area of
more than 400,000 hectares (Brasil, 2016;
Brasil, 2017). Located in the Carajas Mineral
Province, in south-eastern Par4, these protected
areas are set within the geological context of the
Amazonian Craton. This is considered the
country’s most important mineral province
because of its large deposits of iron, gold, copper,
manganese, molybdenum and nickel
(DOCEGEOQO, 1988; Justo et al., 2013). Mineral
exploitation within the National Forest poses
challenges for balancing conservation and
mining activity (Martins et al., 2018). The
present study focused on ferruginous rocks,
where most tourist and educational visits are
concentrated and where the majority of the
caves known in these protected areas are
located.

The PNSB covers an area of 76,481 hectares
(Brasil, 2013). Carbonate rocks of the Tamengo
and Bocaina formations, constituents of the
Corumba Group, predominate in its territory.
Its geological evolution is related to the rift
phase that occurred around 900 million years
ago during the fragmentation of the Rodinia
Supercontinent (Campanha et al., 2011). Its
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geomorphological evolution displays well-
developed karst, in which karst cones, canyons,
sinkholes and springs, karrenfields, karst
pavement, tufa deposits and numerous caves
predominate (Sallun Filho et al., 2004).

The PNFF, located in the western portion of
Rio Grande do Norte, protects approximately
8,500 hectares of the Caatinga Biome and an
important portion of Brazilian speleological
heritage (ICMBio, 2020). Carbonate rocks of the

Jandaira Formation, belonging to the Apodi
Group, predominate there. The protected area
contains some of the youngest limestones in the
country, deposited in the Potiguar Basin during
the Cretaceous and set within the context of the
Atlantic Ocean's formation (Bezerra et al.,
2020). Several karst landforms occur in the
park, with particular emphasis on extensive
karrenfields, regionally known as lajedos.

Figure 1 - Protected areas participating in the project
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Methodological procedures

The selection of the four National Parks
considered criteria such as geological and
geomorphological diversity, the occurrence and
relevance of speleological heritage, the potential
for environmental education activities, and
logistical  accessibility.  Subsequently, in
response to demand from environmental
agencies working in the Carajas region (PA),
Carajas National Forest (FLONA), which
partially overlaps Campos Ferruginosos
National Park, was included.

Initially, consultations were conducted
through semi-structured interviews with the
teams of these protected areas (managers and
technical staff), educators, and local tourism
guides. The aim was to develop an overview of
existing educational uses, considering the
frequency of visits, the number of schools,

Source: The autors (2025).
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pupils’ educational levels, and existing
educational and tourism practices. The
interview results enabled identification of the
sites most frequently visited during school trips,
thereby allowing the integration of geodiversity
content into established visitation itineraries. In
addition, the number of known caves and other
features associated with speleological heritage
in each protected area, along with their
potential uses, was quantified to construct
interpretative itineraries that integrate these
aspects.

To align the planned actions with the needs
of the target audience, participatory workshops
were held, creating a space for the exchange of
experiences and the collection of feedback on the
educational potential of local geodiversity.
Teachers from the public-school system who use
the protected areas for educational activities
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were 1nvited, as were professionals responsible
for coordinating educational and tourism visits.

These interactions were fundamental for
understanding the dynamics of use and for
identifying the most relevant abiotic content.
From that point onwards, a broad
bibliographical survey was undertaken,
including consultations of scientific databases
(Scielo, Google Scholar, and Web of Science) and
institutional technical reports, with a focus on
articles related to geodiversity, environmental
education, and the interpretation of natural
heritage. Still, during the desk-based stage, GIS
databases and satellite imagery were analysed
to identify the macro-elements of geodiversity in
the vicinity of the sites of interest.

Subsequently, twelve field expeditions were
conducted along trails already used for
educational activities. During these visits, the
sites were georeferenced, and field sheets were
completed with descriptions of the observed
geological processes. Additional points of
interest were also identified to complement
interpretative activities, with emphasis on
speleological  heritage and  outstanding
geomorphological features (Figure 2). Visits to
recognise existing trails and select additional
points took place at the PNSC in March, July
and October 2021, and in July 2024. In the
PNFTF, these surveys were undertaken in March
and October 2022 and in March 2023. The PNCF
and Carajas National Forest were visited in
August 2022 and October 2023, while the PNSB
was visited in April and September 2023 and in
June 2024.

To support the preparation of the booklets,
the field stage was also used to build a

comprehensive photographic collection,
including both broad landscape-scale images
and detailed images of geodiversity elements.
Aerial (drone) images were also obtained,
enabling geological features to be viewed from
different perspectives and proving fundamental
for improved morphological analysis.

The final office-based stage included
preparing complementary illustrations and
graphic support materials to improve
understanding of the elements and processes
associated with the geodiversity of each
protected area. After layout and graphic
production, visits were made to the protected
areas and nearby schools to present the
booklets.

The inference of the educational potential of
the booklets was carried out qualitatively
through triangulation among: () semi-
structured interviews with managers, educators
and guides; (ii) responses and feedback obtained
in  participatory  workshops; (i) field
observation of the correspondence between
abiotic content and interpretative stopping
points; and (iv) analysis of the final product (the
booklets) in terms of conceptual -clarity,
territorial  contextualisation, links  with
extracurricular experiences, the presence of
proposed activities, and suitability for different
audiences. It is acknowledged, however, that at
this stage no formal assessment was undertaken
of the use of cognitive/attitudinal measurement
instruments in classrooms or guided visits,
which limits the scope of the conclusions and
points to an agenda for future research.
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Figure 2 - Sites of interest for the interpretation of geodiversity. Trevo Cave (A) and Capao dos
Palmitos Cave (B), PNSC. Mapinguari Cave (C), Carajas National Forest, and a closed depression
(D), PNCEF. Toca da Onca Cave (E) and calcareous tufa deposits (F), PNSB. Furna Nova (G) and the

E
v -
4 ' .
Source: The authors (2024).

RESULTS AND DISCUSSION

Meetings with professionals who wuse the
protected areas for educational and tourism
purposes were decisive in shaping both the
format and the content of the booklets. Teachers
and management teams repeatedly reported
that educational activities conducted along the
trails focus predominantly on biodiversity. In
contrast, geological and geomorphological

Furna Feia lajedo (H), PNFF

g

elements tend to be treated merely as “scenery”
or “landscape”, with limited interpretative
exploration.

This pattern is consistent with diagnoses
pointing to difficulties in the systematic
inclusion of geodiversity in school and
environmental education, often associated with
training gaps, limited availability of teaching
materials, and the predominance of biocentric
approaches.

In some cases, the lack of awareness of the
existence of caves within the protected areas
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themselves reinforced  the need for
interpretative qualification of speleological
heritage, both for educational actions and for
visitation.

In response to these demands, the decision
was made to produce accessible and informative
teaching materials for teachers, secondary-
school pupils, tourism guides, managers, and
visitors in general.

The outcome was four educational booklets
(Figure 3), designed to present the geodiversity
of the protected areas in an illustrative and
objective manner, thereby deepening
understanding of their abiotic components. The
material covers different themes within the
geosciences, highlighting elements specific to
each protected area, which facilitates their
observation and interpretation in the field.

Figure 3 - Educational booklets (covers). From left to right: Serra da Bodoquena National Park,
Furna Feia National Park, Serra do Cipé National Park, Campos Ferruginosos National Park and

ENTRE FURNAS
ELAJEDOS

ELEMENTOS DA GEODIVERSIDADE
NO PARQUE NACIONAL DA FURNA FEIA - RN

WEY ol

CAMINHOS DA AGUA

DESCOBRINDO A GEODIVERSIDADE DO
PARQUE NACIONAL DA SERRA DA BODOQUENA - MS

| B

Carajas National Forest

MONTANHAS DE
GEODIVERSIDADE

EXPLORANDO O PARQUE NACIONAL
DA SERRA DO CIPO - MG

TESOUROS DA TERRA

DESCOBRINDO A GEODIVESIDADE
NO PARQUE NACIONAL DOS CAMPOS FERRUGINOSOS.
ENAFLORESTA NACIONAL DE CARAJAS - PA

Source: ICMBio (2025a, 2025b, 2025¢, 2025d).

Each booklet was named in reference to a
relevant  abiotic  characteristic of the
corresponding protected area. In the case of
Campos Ferruginosos National Park and
Carajas National Forest, for instance, because
they are located in the same geographical area,
geodiversity was addressed in an integrated way
in the booklet entitled “Treasures of the Earth”.
Some copies were printed and distributed to the
protected areas involved, and the material is
also available in digital format, thereby
broadening access.

The central axis of each booklet is the
description of the geological and
geomorphological evolution of the study areas,
highlighting  geodiversity elements that
represent key moments in this trajectory (Chart
1).

Soc. Nat. | Uberlandia, MG | v.38 | e80252| 2026 | ISSN 1982-4513



SANTOS et al.

Protected Areas and Geodiversity

Chart 1 - General aspects are addressed in each booklet

Protected PNSC PNCF and FNC PNSB PNFF
Area
Booklet Mountains of Treasures of the Paths of Water Between furnas
title geodiversity Earth and lajedos
Carbonate rocks,
Geodiversi Metaquartzitic Ferruginous rocks, sinkholes, Lajedos, dolines,
. . resurgences, tufa X
ty rocks, dolines, cangas, dolines, ;i caves, fossils,
. deposits, karst .
elements caves, and valleys ferruginous caves tectonic fractures
pavement, karst
cones
Geological and geomorphological evolution, Wilson Cycle, speleogenesis, ecosystem
General . : . . .
services, geoconservation, speleological heritage, cave deposits (speleothems)
themes
Geodiversity and Mining agd Karst features are
. . conservation, . Palaeontology,
Specific tourism, cultural . uncommon in
. . tourism and . archaeology (rock
themes use of geodiversity . Brazil, and water -
environmental paintings), karst
elements, karst . resources
education

Source: The authors (2025).

Fundamental concepts such as Continental
Drift and the Wilson Cycle were presented
through illustrations that showed how each
protected area fits into these global processes.
Considering the speleological context, the
geomorphological characteristics, and the
educational potential of caves, the discussion
focused on the appreciation and conservation of
geodiversity. In addition, various ecosystem
services associated with abiotic components
were exemplified, including water regulation,
carbon storage, and contributions to ecosystem
stability (Chart 2).
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Chart 2 - Topics addressed in each booklet

Protected PNSC PNCF and FNC PNSB PNFF
Area
Booklet Mountains of Treasures of the Paths of Water Between furnas
title geodiversity Earth and lajedos
Formation of the Amazonian Craton
. . and formation of an Deposition of Ediacaran Opening of the
Continental Espinhago . . . . .
. intracratonic rocks in a sedimentary Atlantic Ocean
Drift and Supergroup and the . . . .
. b sedimentary basin basin formed by the and formation of
the Wilson  Macatbas and . . . .
, with mineral fragmentation of the the Potiguar
Cycle Bambui groups. . . L. . .
. deposition, especially  Rodinia Supercontinent. Basin.
Brasiliano Orogeny. .
iron.
The sites are
associated with iron.  All sites are related to
Sites with cavities Processes of iron karst. Exokarst features
and other karst deposition and were addressed, including .
. . Most sites are
features in rocks of enrichment, the karren at the Dente de
. . - . related to karst.
the Espinhaco formation of Céo outcrop; the Harmonia
. . . . Exo- and
Supergroup and the  ferruginous laterite lajedo, a sinkhole and
p . . endokarst features
Macatbas and (canga), and resurgence at Rio Perdido;
. . ; . . were addressed,
Geodiversit Bambui groups were speleogenetic calcareous tufa in the . . .
. . including dolines,
y sites presented, along processes were Perdido and Taquaral
. . . . . karren, caves, and
with viewpoints that presented in the rivers; and karst cones. .
L, their speleothems.
allow a general basin’s general Endokarst features were
. Some geodes and
reading of local context and then presented through caves at .
. . i - fossils were also
geodiversity, as well  exemplified at the Dente de Cao and resented
as lagoons, canyons, different sites. Closed Harmonia outcrops in the P ’
and waterfalls. depressions formed in  Salobra River Canyon and
the canga were also at Toca da Onca Cave.
highlighted.
Ecosystem services
The mountain range  Ferruginous rocks Soil and karst absorb, Soil and k arst
. ) . . . . absorb, filter,
Regulation acts as a climatic collect, retain, and filter, retain, and store .
retain, and store
regulator. store water. water.
water.
o Exploitation of Supply of g(')od-quah'ty' ' Supply of water for
Provision . water for leisure activities  agricultural
mineral resources. . .
and public supply. activities.
Different Caves with diverse . Caves with diverse
. . . Caves sheltering .
Support environments habitats and species habitats and
. . . ecosystems. .
favouring endemism. richness. endemism.
A field of research on
the history of the Speleothems in Knowledge — Ediacaran Studies of fossil
Knowledge Earth and on human ferruginous caves as  rocks and fossils from the  and archaeological
occupation in the a research source. period. records.
region.
A setting for
educational, . . Generation of employment
. Geodiversity . .
tourism, and . and income through the Caves as leisure
Cultural .. . elements as tourist . . .
religious activities attractions tourist appeal of abiotic attractions.

that uses its abiotic
elements.

elements.

From a didactic point of view, the booklets
were structured to link geoscientific concepts to

Soc. Nat. | Uberlandia, MG | v.38 | e80252| 2026 | ISSN 1982-4513
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situations observable in the field, favouring
environmental
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viewpoints, dolines, karren, sinkholes, springs,
resurgences and caves. This organisation
responds directly to the gaps identified by local
stakeholders. It expands the material's
educational potential by making visible the role
of the abiotic substrate in the integrated reading
of the landscape. However, its pedagogical
potential — in the strict sense of planned use in
teaching — depends on mediation by
teachers/guides and on application strategies
(teaching sequences, interpretative itineraries
with objectives and activities), which reinforces
the need for training and for instruments to
monitor learning.

Thus, the results indicate that the booklets
are a promising resource for integrating
geoconservation and environmental education,
but measuring cognitive, attitudinal, and
formative impacts requires future studies
involving monitored application in school
contexts and guided visits.

FINAL REMARKS

In addition to safeguarding a significant share
of natural resources, protected areas play an
important role in promoting educational
activities that provide direct contact with
nature. The effectiveness of these actions largely
depends on the availability of high-quality
teaching materials that engage the target
audience and facilitate the interpretation of the
natural elements observed.

The material produced proved effective in
filling gaps in the teaching of geodiversity,
especially by broadening understanding of
speleological heritage and other abiotic aspects
that are often not explored in traditional
educational activities. The results showed that
prior lack of knowledge about geodiversity —
including among educators and environmental
managers — limits the didactic potential of
protected areas.

The Dbooklets developed present clear,
written, and illustrated content that
characterises the elements and processes of
geodiversity present in these protected areas,
contextualising them within the geological
history of the Earth. In this sense, they may
contribute not only to the enrichment of
educational practices, but also to the
valorisation of geodiversity as an essential
component of nature conservation. The
importance of integrating scientific knowledge
into educational practice is also emphasised,
promoting an interdisciplinary approach that
connects geosciences, ecology and culture.

Several ecosystem services provided by
biodiversity and geodiversity are under threat
due to current dynamics in natural resource use
and consumption. The resulting climate change
repeatedly compels us to rethink our
relationship with the environment. In this
context, strategies of geoconservation and
bioconservation become indispensable, and
environmental education constitutes a powerful
tool for raising society’s awareness of the
importance of these issues.

As limitations, it should be noted that, at this
stage, the study did not include the systematic
application of the booklets in school classes or
guided visits, nor the use of formal evaluation
instruments (pre-/post-tests, learning rubrics,
attitudinal scales, or longitudinal follow-up).
Therefore, the conclusions regarding
educational and pedagogical potential are based
on qualitative evidence (stakeholder demand,
territorial fit, and the clarity and applicability of
the material) and should be understood as
indicative. For future research, it 1is
recommended that implementation of the
booklets be tested across different levels of
education and visitor profiles, measuring
cognitive gains (understanding of geological and
geomorphological processes), attitudinal gains
(appreciation of abiotic heritage), and formative
effects (changes in teaching and guiding
practices), in  addition to  evaluating
institutional and training barriers to the
continuous adoption of the theme in protected
areas.

We believe that the work developed
contributes significantly to a more holistic view
of nature conservation by integrating
geodiversity into environmental education and
conservation strategies. The booklet model
demonstrates potential for replication across
other contexts and biomes, and future research
should assess the effectiveness of these
materials in diverse educational settings. In this
way, the study reinforces the transformative
role of education in building a society that is
more aware, more critical and more committed
to protecting natural and cultural heritage.
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