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INTRODUCTION

Geotourism, a concept that blends tourism with the appreciation of geological heritage, has gained
momentum worldwide. Countries like Iceland, Australia, and Japan have capitalized on their unique
geological features to promote sustainable tourism and economic development (R. Dowling & Newsome,
2018; Hose, 2016; Olafsdéttir & T verijonaite, 2018). The global rise in geotourism reflects a growing interest
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in natural heritage, where tourists seek educational and experiential travel experiences (Farsani et al., 2011;
Miskiewicz, 2024). This shift has led to the development of various geosites and geopatks that showcase
geological diversity, with the United Nations Educational, Scientific, and Cultural Organization (UNESCO)
supporting the establishment of global geoparks (R. K. Dowling, 2011; Henriques & Brilha, 2017).

Indonesia, located in the Pacific Ring of Fire, possesses abundant geological features that hold
immense potential for geotourism (Brahmantyo, 2023; Butarbutar & Soemarno, 2013; Rosyidie et al., 2018;
Yuli, 2024). Its unique geodiversity includes active volcanoes, karst landscapes, and basalt formations, which
have been largely untapped as tourism destinations. The establishment of several UNESCO Global
Geoparks, such as the Batur and Rinjani-Lombok Geoparks, highlights Indonesia's commitment to
geotourism development (R. K. Dowling, 2011). These initiatives aim to boost local economies, promote
education, and support conservation (Ermana et al., 2022).

Lampung Province, situated on the southern tip of Sumatra, is renowned for its geological wealth.
The province is home to volcanic landscapes, tectonic features, and basalt caves that remain relatively
unexplored (Natalia et al., 2021). Geotourism development in Lampung is seen as a strategic move to
increase tourism revenue and promote community-based tourism. Girimulyo Village, in particular, boasts a
series of basalt caves formed through volcanic activity, making it a prime candidate for geoheritage status
(Ermana et al., 2022). These caves present unique geological structures such as pahoehoe, A’a lava, and
columnar joints, which have significant potential for educational tours and geotourism experiences.

Previous studies have explored the role of geodiversity in promoting geotourism. For instance,
Farsani et al. (2011) emphasized the importance of geodiversity assessment as a tool to identify and develop
potential geotourism sites. Similar studies by Henriques & Brilha (2017) examined the criteria for selecting
geosites as UNESCO Global Geoparks. Research on basalt caves, such as those in Iceland and Hawaii, has
demonstrated the value of unique geological features for tourism (R. Dowling & Newsome, 2018; Hose,
2016). Studies in Indonesia, like those by Hrmana et al. 2022), highlight the potential of basalt caves to
become key geotourism attractions. Antosia et al. (2023) and Bilal Al Farishi et al. (2024) also conducted a
comprehensive study on the potential subsidence hazards in the Pandan Cave area. Their findings are key
references in assessing the degradation risk within this region.

While studies have highlighted the potential of geotourism in Indonesia, specific assessments of basalt
caves remain limited. Most research has focused on karst caves or well-known geoparks, leaving a research
gap in identifying and evaluating lesser-known sites like Girimulyo’s basalt caves. There is a need for a
comprehensive geodiversity assessment to quantify the geological, educational, tourism, and degradation
risk values of these caves (Muslim et al., 2022; Natalia et al., 2021). This study addresses this gap by focusing
on Girimulyo’s basalt caves, utilizing a mixed-method approach to provide an in-depth evaluation of their
potential as geoheritage sites.

This study makes several key contributions. First, it introduces a comprehensive geodiversity
assessment model that incorporates scientific, educational, tourism, and degradation risk values
(Brahmantyo, 2023; Chrobak et al., 2021; Gray, 2008). Second, it fills a significant research gap by focusing
on the underexplored basalt caves of Girimulyo Village. Third, it provides actionable insights for
policymakers, tourism stakeholders, and local communities on how to develop these caves into sustainable
geotourism destinations. By integrating biodiversity and cultural diversity into the analysis, this study offers
a holistic approach to geotourism development. Ultimately, the research aims to contribute to the broader
field of geotourism and support Indonesia’s efforts to establish new geoheritage sites.

METHODS

This study employs a mixed-method research design to assess the geodiversity and geoheritage
potential of basalt caves in Girimulyo Village, East Lampung, Indonesia. The design combines quantitative
and qualitative methods to provide a comprehensive evaluation of the geological, educational, tourism, and
degradation risk values of the caves. This approach ensures that both numerical data and descriptive insights
contribute to a holistic understanding of the site's potential for geotoutism development.

The study area is Girimulyo Village, East Lampung, Indonesia, which is known for its unique basalt
caves formed through volcanic processes. The specific caves studied include Pandan Cave, Kelelawar Cave,
and Kubah Cave, along with several other caves of interest in the region. These sites were chosen based on
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their geological features, accessibility, and potential for tourism development (Azizurrohman et al., 2021;
Utama Dewayani, 2024).

AThe data collection process involved both primary and secondary data. Primary data was collected
through field observations, geodiversity assessments, and interviews with key stakeholders. Field
observations were conducted to document geological features, biodiversity, and cultural elements of each
cave. Key geological structures, cave entrances, and interior features were captured through photographs,
sketches, and video recordings. Geodiversity assessments followed a structured checklist to evaluate the
scientific, educational, tourism, and degradation risk values of each cave, using criteria established by the
Pusat Survei Geologi (2017). Interviews and focus group discussions were conducted with local community
leaders, geologists, and tourism stakeholders to gather qualitative insights on the cultural and tourism
potential of the caves.

Secondary data collection involved a comprehensive review of literature, geological maps, and satellite
images. Journal articles, geological reports, and government documents were reviewed to provide contextual
insights and support for the study's conceptual framework. Geological maps and satellite imagery were
analyzed to identify the lithological characteristics and structural features of the caves, providing a visual
and geological context for the assessment.

The data analysis involved both quantitative and qualitative approaches. Quantitative analysis was
conducted to assess the geodiversity of each cave based on four key dimensions: scientific, educational,
tourism, and degradation risk values. Each dimension was scored according to the system established by the
Pusat Survei Geologi (2017), with scores categorized as high (301-400), medium (201-300), or low (<200).
The dimensions included specific indicators, such as geological significance, accessibility for educational
tours, tourism potential, and vulnerability to degradation. Descriptive statistics, including means, ranges,
and standard deviations, were used to summarize the scores and identify patterns in the assessment data.

Qualitative analysis focused on thematic analysis of interview transcripts and focus group discussions.
Transcripts were coded to identify recurring themes related to geoheritage, geotourism potential, and local
community perspectives. The analysis highligchted key themes such as conservation challenges, cultural
significance, and potential tourism products. Geological analysis involved the qualitative description of
geological features, such as pahoehoe, A’a, and bread crust formations. These features were compared with
existing studies on basalt caves in Indonesia and other countries to validate their uniqueness and importance
for geotourism.

The sampling process was purposive, with caves selected based on their geological significance,
potential for geotourism, and accessibility for field observations. Stakeholder sampling was used to select
interview participants, including local community leaders, geologists, and tourism officials. These
participants were chosen for their knowledge of the site’s geological and cultural significance.

The research utilized various instruments for data collection and analysis. A geodiversity assessment
tool was developed based on the framework of the Pusat Survei Geologi (2017) and previous research by
Farsani et al. (2011). The tool included specific criteria for scientific, educational, tourism, and degradation
risk values. An interview guide was designed to structure discussions with stakeholders, focusing on the
caves' potential for geotourism, conservation challenges, and infrastructure requirements. Data recording
devices, including audio recorders, cameras, and notebooks, were used to document observations,
interviews, and field notes.

To ensure validity, the study employed triangulation, drawing on multiple sources of data, including
field observations, stakeholder interviews, and secondary literature. This approach minimized biases and
enhanced the accuracy of findings. Inter-rater reliability was ensured by having multiple researchers
independently score the geodiversity dimensions for each cave. Discrepancies in scores were resolved
through consensus, ensuring consistent and reliable assessments.

Ethical considerations were central to the research process. Participants in interviews and focus
groups were informed of the study’s objectives, and their consent was obtained before data collection.
Participant anonymity and confidentiality were ensured by anonymizing personal information in transcripts
and reports. Environmental ethics were observed during fieldwork, with researchers minimizing
environmental impact and avoiding the extraction of geological samples to preserve natural features.
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RESULTS AND DISCUSSION

This section presents the findings from the geodiversity and geoheritage assessment of basalt caves
in Girimulyo Village, East Lampung, Indonesia. The discussion integrates quantitative analysis results,
qualitative insights, and visual representations to provide a comprehensive overview of the geotourism
potential of the caves. Key dimensions assessed include scientific, educational, tourism, and degradation risk
values. The implications for geotourism development and site management are also discussed.

Geodiversity Assessment

The geodiversity assessment in Girimulyo Village focuses on the scientific, educational, tourism, and
degradation risk values of eight caves: Pandan 1 Cave, Pandan 2 Cave, Kubah Cave, Sriti Cave, Rayap Cave,
Kelelawar Cave, Lumut Cave, and Jagung Cave (Figure 1). This section introduces the framework used to
evaluate each cave and provides a comprehensive overview of the findings.

The scientific value of the caves is assessed based on their unique geological features and formations.
Pandan 1 Cave is identified as the most scientifically significant site, showcasing distinct geological
formations such as A’a lava, pahochoe lava, and bread crust structures. These features offer insights into
the cooling processes of basaltic lava flows, making the cave an important natural laboratory for geological
research. The diverse formations observed within Pandan 1 Cave highlight its scientific uniqueness and the
need for further study.

Kubah Cave also demonstrates significant scientific value due to the presence of pahochoe lava and
columnar joints. These formations are indicative of the volcanic processes that shaped the cave, adding to
its geological importance. The visual evidence of these features, including cracks and depressions observed
on the cave walls, supports the argument for its inclusion as a site of scientific interest. In comparison,
Kelelawar Cave possesses fewer distinct geological features but remains significant for its structural integrity
and connections to other caves in the atea.

The assessment further identifies Sriti Cave and Rayap Cave as sites with moderate scientific value.
Both caves display volcanic formations but lack the diversity and visual prominence of the features found
in Pandan 1 and Kubah Caves. Lumut Cave and Jagung Cave, while geologically interesting, exhibit fewer
prominent formations, limiting their scientific value in comparison to the other sites.
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Figure 1. Geodiversity -Mapping of Basalt Caves in Girimulyo Village, East Lampung, Indonesia
Source: Author Documentation, 2023

Figure 1 provides a geodiversity assessment map, showing the spatial distribution of the caves and
their accessibility. The proximity of certain caves, such as Pandan 1 and Kelelawar, creates opportunities for
combined geotourism tours that emphasize scientific education and geological exploration.
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The Scientific Value of the Cave

The scientific value of the caves in Girimulyo Village is determined based on their geological features,
formations, and their ability to represent volcanic processes. The assessment focuses on the diversity and
significance of formations such as A’a lava, pahochoe lava, bread crust structures, and columnar joints,
which are indicative of basaltic volcanic activity. These unique features provide opportunities for geological
education and reseatch.

Pandan 1 Cave demonstrates the highest scientific value among the eight caves studied (Figure 2).
This cave is notable for its well-preserved geological formations, including A’a lava and pahochoe lava
features, which are clear indicators of lava flow cooling processes. The bread crust texture observed on the
cave walls further adds to its scientific importance, as it reflects the outer crust's rapid cooling under
exposure to air. These formations are visually captured in Figure 3, which showcases the hardened lava
structures, along with the stalactite-like molten lava features solidified along the cave ceiling. These
characteristics make Pandan 1 Cave an excellent site for studying volcanic processes and lava morphology.
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Figure 2. Scientific Value of Geosite Caves
Source: Author Documentation, 2023

Kubah Cave is another scientifically significant site. This cave features pahochoe lava structures,
which are smooth, rope-like formations formed by the slow movement of highly fluid lava. The presence
of columnar joints within the cave adds further scientific interest, as these structures form through the
contraction of cooling lava. Figure 4 provides visual evidence of cracks in the cave walls and ceilings, which
may have resulted from thermal contraction during the cooling process. Such formations contribute to the
cave’s uniqueness and enhance its value as a research and educational site.

i : S : : o
Figure 3. Molten Lava Features and Bread Crust Structures in Pandan 1 Cave
Source: Author Documentation, 2023
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Figure 4. Cracks in the Cave Wall and Ceiling of Kubah Cave
Source: Author Documentation, 2023

Kelelawar Cave (Figure 5), while more renowned for its ecological significance, also holds scientific
value due to its volcanic formations. The cave walls display remnants of pahochoe and A’a lava, albeit less
pronounced compared to Pandan 1 and Kubah Caves. The cave’s structural stability and connection to
other cave systems in the area provide insight into the broader volcanic history of Girimulyo Village. The
ceiling of Kelelawar Cave, as depicted in Figure 5, illustrates lava features that can be further analyzed for
their formation mechanisms.

Figure 5. Ceiling Structure and Inner Passage of Kelelawar Cave with Lava Formations
Source: Author Documentation, 2023

Rayap Cave and Sriti Cave exhibit moderate scientific value due to the presence of vesicular basalt
features. These formations, caused by gas bubbles trapped in the cooling lava, provide evidence of the
degassing process that occurs during volcanic eruptions. Figure 6 shows vesicular structures and stratified
soil layers visible at the cave entrance, which further emphasizes the cave’s geological significance. While
these features are less diverse compared to Pandan 1 and Kubah Caves, they still contribute to the
understanding of volcanic processes in the region.

Figure 6. Interior View and Vesicular Lava Flow Features of Rayap Cave
Source: Author Documentation, 2023
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Lumut Cave and Jagung Cave possess fewer prominent geological formations, limiting their scientific
value. However, these caves still display features characteristic of basaltic lava flows, such as rough-textured
walls and small-scale lava tubes. The entrance to Lumut Cave highlights the potential for further geological
exploration, particularly in understanding the relationship between lava flow dynamics and cave formation.

In summary, Pandan 1 Cave emerges as the most scientifically significant site due to its diverse and
well-preserved lava formations, followed by Kubah Cave and Kelelawar Cave. These caves serve as
important natural laboratories for studying volcanic processes and lava morphology. The findings emphasize
the need for conservation and further research to preserve the scientific integrity of these unique geological
sites.

Educational Value of the Caves

The educational value of the caves in Girimulyo Village is determined by their potential to serve as
learning resources for geology, environmental science, and tourism education. This value is influenced by
factors such as accessibility, interpretive opportunities, and the presence of unique geological features that
can support educational tours, school visits, and research activities (Figure 7). The educational potential of
the caves is discussed below, highlighting the contributions of each cave to learning and capacity building.
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Figure 7. Educational Value of Geosite Cave
Source: Author Documentation, 2023

Pandan 1 Cave is the most valuable educational site among the eight caves assessed. The cave's
accessibility, combined with its diverse geological formations, makes it an ideal location for educational
tours and school field trips. The presence of well-defined A’a lava, pahochoe lava, and bread crust
formations provides opportunities for visitors to learn about lava cooling processes, basalt rock formations,
and volcanic activity. Additionally, the distinct molten lava features that resemble stalactites offer a visual
representation of how lava hardens during cooling. These formations are cleatly illustrated in Figure 3,
which can be used as an interpretive tool for geology education. Pandan 1 Cave’s wide entrance and relatively
easy access make it suitable for student visits and guided tours, further enhancing its educational potential.

Kelelawar Cave offers a dual educational experience, combining geological education with
biodiversity awareness. The cave is home to a population of bats, providing an opportunity for visitors to
learn about the role of caves in supporting wildlife habitats. The interaction between the geological features
and the bat population introduces a multidisciplinary learning experience that integrates geology and
ecology. This cave’s interior, as shown in Figure 5, reveals lava flow features along with evidence of
ecological adaptation, making it a valuable site for educational programs on ecological systems and
environmental conservation. Its connection to other caves in the area also facilitates cross-site tours, where
students can explore multiple caves and observe the diversity of geological formations.

Kubah Cave is another prominent site for geological education. The presence of pahoehoe lava and
columnar joints within the cave provides a learning opportunity to understand the cooling and contraction
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processes of volcanic rocks. These formations, captured in Figure 4, illustrate how volcanic rock fractures
during cooling, forming distinct hexagonal columns. Such features are frequently studied in geology courses,
making Kubah Cave an ideal site for hands-on learning. The entrance and passageways of the cave also
make it suitable for guided tours, where geological explanations can be delivered as visitors explore the
formations.

Rayap Cave and Sriti Cave have moderate educational value due to their unique interior formations.
Figure 7 shows the interior of Rayap Cave, with visible vesicular basalt features. These features, caused by
gas bubbles trapped in cooling lava, provide an educational context for understanding lava degassing and
the formation of vesicular rocks. Similarly, Sriti Cave exhibits visible layers of soil at the cave entrance,
which can be used to teach students about sedimentation, soil stratification, and geological weathering.
While these caves are less accessible compared to Pandan 1 and Kubah Caves, their geological features
provide unique educational content for more advanced geology students and researchers.

Lumut Cave and Jagung Cave have relatively lower educational value due to limited access and the
absence of prominent geological features. However, Lumut Cave exhibits moss growth on its interior walls,
which introduces a botanical component to the educational experience. This cave can be used to explore
the ecological relationship between moisture, moss growth, and cave environments. The entrance to Lumut
Cave, as shown in Figure 8, serves as a visual tool for understanding how vegetation can thrive in dark,
humid cave environments. Jagung Cave, while hidden within a cornfield, presents an opportunity for
discussions on the intersection of agricultural landscapes and natural cave formations.

Figure 8. Entrance and Moss-Covered Walls of Lut Cave Hihhnﬁg Ecological Adaptations
Source: Author Documentation, 2023

In summary, Pandan 1 Cave holds the highest educational value due to its accessibility, diverse
geological formations, and potential for guided tours. Kelelawar Cave follows, offering a dual learning
experience focused on geology and biodiversity. Kubah Cave also has strong educational potential,
particularly for geology students interested in pahoehoe lava and columnar joint formations. The educational
potential of Rayap Cave and Sriti Cave lies in their unique vesicular and sedimentary features, while Lumut
Cave introduces ecological themes related to moss growth in cave environments. These findings emphasize
the importance of incorporating educational programs into the management and development of
geotourism sites in Girimulyo Village.

Tourism Value of the Cave

The tourism value of the caves in Girimulyo Village is assessed based on their potential to attract
visitors, support recreational activities, and enhance geotourism development. Factors influencing tourism
value include aesthetic appeal, accessibility, recreational opportunities, and the presence of supporting
infrastructure (Figure 9). The following analysis highlights the tourism potential of each cave, drawing on
visual evidence and site-specific characteristics.
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Figure 9. Tourism Value of Geosite Caves
Source: Author Documentation, 2023

Pandan 1 Cave is identified as the most attractive tourism site due to its scenic beauty, accessibility,
and potential for visitor engagement. The wide entrance of the cave, combined with its well-preserved A’a
lava, pahochoe lava, and bread crust formations, offers a captivating visual experience for tourists. The
formations create a sense of exploration and wonder, allowing visitors to witness the results of ancient
volcanic activity. The molten lava features on the cave ceiling, similar to stalactites, are unique to this site
and enhance the visitor experience. Figure 2 showcases these visually striking formations, making Pandan 1
Cave a prime candidate for inclusion in tourism promotional materials. Existing infrastructure, such as
pathways and access routes, can be further developed to increase safety and accessibility, supporting the
growth of guided tours, adventure tours, and educational tourism.

Kelelawar Cave presents a distinct tourism expetrience by combining geotourism with wildlife
tourism. The cave is home to a large population of bats, creating a natural wildlife attraction that appeals to
ecotourism enthusiasts. Visitors can observe bats in their natural habitat while learning about their role in
the cave ecosystem. The interior of the cave highlights the spacious passages and high ceilings that make it
suitable for guided tours. The connection of Kelelawar Cave to neatby cave systems allows for multi-site
tours, where tourists can experience different types of geological and ecological interactions. Proper visitor
management and the installation of interpretive materials could further enhance the appeal of this cave as
an ecotourism destination.

Kubah Cave has high potential for adventure tourism due to its unique structure and accessibility.
The entrance to the cave shows visible cracks and signs of geological activity, which creates an adventurous
appeal for tourists seeking exploration-based activities. The presence of pahochoe lava formations and
columnar joints offers a rare opportunity for tourists to experience unique geological structures that are
typically studied in academic contexts. Adventure seekers and geology enthusiasts are likely to be drawn to
this cave. The relatively narrow passageways add a sense of challenge and exploration, which could be
marketed to tourists as part of an adventure tourism package.

Rayap Cave is well-suited for adventure tourism, particularly for visitors interested in exploring
challenging cave passages. The narrow entrance, as illustrated in Figure 6, requires visitors to crawl through
tight spaces, adding a thrill-seeking element to the experience. The spacious interior provides an opportunity
for larger group tours once visitors have navigated the entrance. The adventure aspect of crawling into a
confined space, combined with the opportunity to explore a larger chamber, is a unique experience that
appeals to adventure tourists. The vesicular features of the cave walls add to the sense of discovery, as
visitors can see formations that are typically hidden in less accessible cave systems.

Sriti Cave offers potential as a small-scale adventure tourism destination. While it does not have the
grand interior of Pandan 1 Cave or the wildlife appeal of Kelelawar Cave, Sriti Cave still provides an
opportunity for visitors to explore a natural environment. The visibility of soil stratification at the entrance
of the cave introduces an educational component to the tourist experience. While Sriti Cave may not draw
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large crowds, it can still support niche tourism activities, especially for eco-tourists and geology enthusiasts
interested in unique sedimentary structures.

Lumut Cave has moderate tourism value due to its distinct moss-covered walls, as illustrated in Figure
6. The lush green growth of moss on the interior walls adds an element of natural beauty, creating a unique
ambiance for tourists. While the geological formations of Lumut Cave are less prominent, the visual appeal
of the moss environment can be marketed as an eco-friendly attraction. This cave may appeal to nature
lovers and tourists seeking tranquil, nature-based experiences. Eco-tourism initiatives can be promoted by
focusing on the relationship between cave environments, humidity, and moss growth.

Figure 10. ]agung Cave
Source: Author Documentation, 2023

Jagung Cave has relatively low tourism potential compared to the other caves due to its location
within a cornfield and the absence of significant geological or aesthetic features (Figure 10). The hidden
entrance of the cave, obscured by tall corn plants, makes it difficult for tourists to find and access. While
this aspect may appeal to adventure seckers looking for "hidden gems," the absence of visual geological
features limits its appeal as a mainstream tourist destination. However, Jagung Cave could be promoted as
part of a larger agro-tourism experience, where visitors explore the cave in conjunction with tours of local
cornfields and agricultural sites.

Figure 1 provides a geodiversity assessment map that shows the spatial distribution of these caves
and their proximity to each other. This spatial arrangement enables the development of geotourism routes,
where tourists can visit multiple caves in one guided tour. The ability to connect cave sites as part of a single
tourism package enhances the attractiveness of the area, allowing tourists to explore caves with distinct
geological, ecological, and adventure-related expetiences.

The tourism value assessment identifies Pandan 1 Cave as the most attractive site for geotourism
development. Its aesthetic beauty, geological features, and accessibility make it suitable for educational tours,
adventure tours, and guided tourist visits. Kelelawar Cave is highlighted as an ecotourism destination,
combining geological features with wildlife tourism centered on its bat population (Figure 11). Kubah Cave
and Rayap Cave appeal to adventure tourism enthusiasts due to their challenging passageways and interior
exploration opportunities. Lumut Cave offers an immersive nature experience, focusing on moss-covered
walls and ecological interactions. Sriti Cave and Jagung Cave have more limited tourism potential but can
still contribute to niche tourism offerings, such as educational tours and agro-tourism experiences.

Figure 11. Kelelawar Cave
Source: Author Documentation, 2023
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These findings support the development of a geotourism strategy that emphasizes adventure tourism,
ecotourism, and educational tours. Pandan 1 Cave, Kelelawar Cave, and Kubah Cave emerge as key sites
for priority development. Enhancing infrastructure, such as pathways, signage, and visitor safety measures,
will maximize the tourism value of these caves while supporting sustainable site management. The entrance
to the Kubah Cave is depicted in Figure 12.

Figure 1. Kubah Cave
Source: Author Documentation, 2023

Degradation Risk Analysis

The degradation risk analysis assesses the susceptibility of the caves in Girimulyo Village to natural
and human-induced threats. Factors such as visitor accessibility, environmental pressures, and geological
stability are key determinants of degradation risk. The results indicate varying levels of vulnerability across
the eight caves, with Jagung Cave showing the highest degradation risk (Figure 13).

Degradation Risk of Geosite Caves
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Figure 13. Degradation Score of Geosite Caves
Source: Author Documentation, 2023

Pandan 1 Cave faces a moderate degradation risk, with a score of 220. Its accessibility and popularity
as a tourism site contribute to increased human activity, which accelerates surface wear and the potential
for damage to geological features. Signs of erosion and minor cracks have been observed, particulatly near
the entrance, which is frequently used by visitors. Although the risk remains manageable, sustainable visitor
management practices, such as limiting foot traffic and implementing guided tours, are essential to minimize
long-term damage.

Pandan 2 Cave has a slightly higher degradation risk value of 230. This is primarily due to its proximity
to agricultural land, where external pressures such as water runoff and soil erosion could impact the cave
structure. Additionally, informal access routes created by visitors increase the likelihood of surface
disturbances. Measures such as controlled pathways and protective barriers are recommended to mitigate
further risks.
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Kelelawar Cave exhibits a significant degradation risk value of 250. The cave’s popularity for wildlife
tourism, driven by its bat population, has led to increased visitor activity within the cave. Disturbances
caused by noise and light pollution pose risks to the ecological balance of the cave. Furthermore, the buildup
of bat guano accelerates chemical weathering of the cave walls. Management strategies must address visitor
behavior and implement measures to preserve both the cave’s geological and ecological integrity.

Sriti Cave and Rayap Cave share moderate degradation risk values of 210. Both caves are less visited
compared to others, which has reduced the human impact on their geological structures. However, natural
processes such as water infiltration and soil erosion pose ongoing threats. In Sriti Cave, visible stratified
layers of soil at the entrance, as well as small cracks in the interior walls, indicate slow but continuous
weathering. Rayap Cave, while structurally sound, shows signs of moisture buildup that could lead to further
degradation over time. Protective measures, including monitoring moisture levels and reinforcing vulnerable
areas, are necessary for these caves.

Kubah Cave has a higher degradation risk value of 255 due to visible cracks and structural
vulnerabilities in its walls and ceiling. These cracks, as shown in Figure 4, suggest that thermal contraction
during lava cooling may have weakened the cave's stability over time. The cave’s relatively high visitor
accessibility further exacerbates the risks, as increased foot traffic can accelerate erosion of the interior floor.
Conservation efforts, including reinforcing critical structures and regulating visitor numbers, are crucial to
preserving this site.

Lumut Cave shares a degradation risk value of 250, driven by its ecological sensitivity and
environmental conditions. The high humidity within the cave creates an ideal environment for moss and
other vegetation to thrive, as depicted in Figure 8. While the moss-covered walls add to the cave's aesthetic
appeal, the moisture buildup can weaken the geological structure over time. Balancing conservation with
eco-tourism development is necessary to protect Lumut Cave from further deterioration.

Jagung Cave stands out with the highest degradation risk value of 290. The cave’s entrance, as shown
in Figure 10, is partially concealed within agricultural land, making it highly susceptible to external pressures
such as soil erosion, agricultural runoff, and human encroachment. Additionally, its hidden nature has led
to limited formal management, increasing the likelihood of unregulated access and vandalism. Immediate
intervention is required to establish protective measures, such as controlled access routes and erosion
prevention systems, to preserve this fragile geosite.

The degradation risk analysis highlights varying levels of vulnerability among the eight caves. Jagung
Cave emerges as the most at-risk site due to external environmental pressures and lack of formal
management. Kelelawar Cave, Kubah Cave, and Lumut Cave also show high degradation risks, primarily
due to ecological sensitivities and structural vulnerabilities exacerbated by visitor activity. Pandan 1 Cave
and Pandan 2 Cave face moderate risks, while Sriti Cave and Rayap Cave exhibit lower levels of degradation,
mainly influenced by natural processes.

The findings underscore the need for immediate and long-term conservation strategies. Sustainable
management practices, such as limiting visitor numbers, installing protective barriers, and monitoring
environmental conditions, are essential to reduce degradation risks and ensure the long-term preservation
of the caves. A holistic approach that integrates conservation, education, and tourism development will
allow Girimulyo Village to balance geotourism growth with the protection of its valuable geological heritage.

Comparative Analysis of Caves

The comparative analysis of the eight caves in Girimulyo Village evaluates their relative strengths and
weaknesses across four key dimensions: scientific value, educational value, tourism value, and degradation
risk. This analysis provides a clear overview of each cave's potential and highlights priority sites for
geotourism development and conservation efforts.

Among the eight caves, Pandan 1 Cave demonstrates the highest scientific value with a score of 300,
attributed to its well-preserved geological features, including A’a lava, pahoehoe lava, and bread crust
formations. These features make it an ideal site for geological research and education. In comparison,
Pandan 2 Cave holds a moderate scientific value of 200 due to fewer distinct formations. Kelelawar Cave
and Kubah Cave follow with scientific values of 150 and 155, respectively, showcasing notable geological
structures like pahoehoe formations and columnar joints. Caves such as Rayap Cave, Lumut Cave, and
Jagung Cave exhibit lower scientific scores, ranging between 150 and 180, due to less diversity in geological
features.
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The educational value of the caves is relatively consistent, with scores ranging from 200 to 254.
Pandan 2 Cave has the highest educational value at 254, slightly surpassing Pandan 1 Cave with a score of
252. This is attributed to their accessibility, interpretive potential, and the diversity of geological formations,
making them ideal for educational tours and field studies. Kelelawar Cave follows closely with a score of
250, offering unique opportunities to combine geological education with ecological learning, particularly
related to its bat population. Caves like Sriti Cave and Rayap Cave have educational values of 248, reflecting
their moderate potential for educational use, while Lumut Cave and Jagung Cave have lower scores, with
Jagung Cave at 200 due to limited access and fewer visible features.

Pandan 1 Cave stands out as the most attractive site for geotoutism, scoring 252 for tourism value.
Its scenic beauty, unique lava features, and accessibility make it a prime destination for both casual tourists
and adventure seckers. Kelelawar Cave and Pandan 2 Cave follow with scores of 245 and 240, respectively.
Kelelawar Cave's appeal lies in its combination of geological and ecological attractions, while Pandan 2 Cave
benefits from its accessibility and scenic formations. Sriti Cave and Kubah Cave exhibit moderate tourism
values of 238 and 220, offering opportunities for adventure and educational tourism. In contrast, Rayap
Cave, Lumut Cave, and Jagung Cave have lower tourism values, ranging from 185 to 195, due to limited
infrastructure and fewer visually striking features.

The degradation risk analysis reveals significant variation across the caves, with Jagung Cave
exhibiting the highest risk at 290. Its location within agricultural land exposes it to external pressures such
as soil erosion, runoff, and unregulated human access. Kubah Cave and Lumut Cave also face high
degradation risks, with scores of 255 and 250, respectively, due to structural vulnerabilities and ecological
sensitivities. Kelelawar Cave, with a degradation risk score of 250, faces threats from visitor activities and
environmental factors such as bat guano accumulation. Pandan 2 Cave and Pandan 1 Cave show moderate
risks, scoring 230 and 220, respectively, primarily due to their popularity among visitors. Sriti Cave and
Rayap Cave have the lowest degradation risk scores at 210, as their less-frequented nature minimizes direct
human impact.

The comparative analysis highlights Pandan 1 Cave as the most well-rounded site, excelling in
scientific, educational, and tourism value while maintaining a manageable degradation risk. Kelelawar Cave
emerges as a strong contender, particularly for its dual geological and ecological appeal, despite facing
moderate degradation risks. Pandan 2 Cave offers strong educational and tourism potential, though its
degradation risk requires attention. Kubah Cave and Sriti Cave demonstrate moderate performance across
all dimensions, making them suitable for niche tourism and educational initiatives. Caves such as Rayap
Cave, Lumut Cave, and Jagung Cave exhibit lower overall scores, with Jagung Cave facing the highest
degradation risk, necessitating urgent conservation efforts.

The results of this comparative analysis underscore the need for tailored geotourism and conservation
strategies for each cave. High-potential sites like Pandan 1 Cave and Kelelawar Cave should be prioritized
for infrastructure development, interpretive programs, and sustainable visitor management. At-risk sites
such as Jagung Cave and Kubah Cave require immediate intervention to mitigate degradation risks and
preserve their geological integrity. This balanced approach will ensure that Girimulyo Village's basalt caves
are preserved for future generations while maximizing their geotourism potential.

Integration of Biodiversity and Cultural Diversity

The integration of biodiversity and cultural diversity plays a significant role in enhancing the overall
geotourism experience in Girimulyo Village. While the primary focus of this study is on the geodiversity
and geoheritage potential of the basalt caves, the surrounding biodiversity and cultural elements provide
added value by enriching visitor experiences and promoting sustainable tourism practices.

The biodiversity in and around the caves presents opportunities for ecological education and nature-
based tourism. Kelelawar Cave is the most notable example, as it supports a significant population of bats.
The presence of these bats not only highlights the ecological function of caves as habitats but also introduces
the opportunity for ecotourism activities. Guided tours could educate visitors on the role of bats in
maintaining ecosystem balance, particularly their role in pollination and insect control. As shown in Figure
8, the cave’s spacious interior and bat colonies make it a prime site for ecotourism, where visitors can
observe wildlife in a natural cave setting. Conservation measures, such as controlling noise and light
pollution, will be essential to protect the bat population while accommodating visitors.
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The surrounding agroforestry areas contribute to biodiversity by supporting plant species such as
cacao, California papaya, and Siger 1 avocados. These crops are cultivated in the agricultural fields near
Pandan 1 Cave and Pandan 2 Cave, offering opportunities for agro-tourism. Visitors can combine cave
exploration with educational tours of local plantations, where they can learn about sustainable farming
practices, local produce, and the region’s agricultural economy. Agroforestry activities promote community
involvement and diversify tourism offerings, contributing to the economic benefits of geotoutism.

The cultural diversity of Girimulyo Village enhances the potential for a holistic geotourism expetience
by blending geological education with cultural exploration. The village is home to a rich mix of Javanese,
Sundanese, and Lampung ethnic communities, each contributing unique cultural traditions and practices.
Traditional performances, such as Reog, Jaipong, and Wayang Golek, can be integrated into tourism
packages to provide visitors with immersive cultural experiences after exploring the caves. These
performances showcase the artistic heritage of the local communities while creating opportunities for
cultural education and entertainment.

Local traditions, including culinary practices, further complement the geotourism experience. Visitors
can enjoy traditional foods and beverages prepared by community members, fostering cultural exchanges
and creating additional economic opportunities for the village. Events such as cultural festivals or craft
exhibitions could be organized in conjunction with guided cave tours, allowing tourists to experience both
the natural and cultural heritage of the region.

The religious and spiritual significance of certain caves also adds a layer of cultural meaning. Oral
histories shared by local communities indicate that some caves, such as Pandan 1 Cave, hold cultural and
historical importance, serving as sites for storytelling, rituals, or local folklore. Integrating these narratives
into guided tours can enhance the visitor experience, creating a sense of connection between the caves’
natural formations and their cultural significance.

The integration of geodiversity, biodiversity, and cultural diversity offers a comprehensive approach
to geotourism development in Girimulyo Village. For example, a single-day itinerary could include cave
exploration in Pandan 1 Cave, bath-watching tours in Kelelawar Cave, agroforestry visits to the nearby
plantations, and cultural performances in the village center. Such synergies ensure that visitors experience
the full range of natural and cultural assets while promoting sustainable tourism that benefits local
communities.

The interconnectedness of biodiversity and cultural diversity with the caves also provides
opportunities for educational programs. Schools and researchers can study the ecological relationships
within the caves, while cultural enthusiasts can learn about the traditions and livelihoods of the local
communities. This multidisciplinary approach aligns with sustainable tourism principles by balancing
conservation, education, and economic development.

The integration of biodiversity and cultural diversity enhances the geotourism value of Girimulyo
Village’s basalt caves. Kelelawar Cave stands out for its ecological significance, offering opportunities for
wildlife observation and ecological education, while the surrounding agroforestry areas provide additional
agro-tourism experiences. The cultural diversity of the village, highlighted through traditional performances,
culinary traditions, and folklore, enriches the visitor experience by creating meaningful connections between
the caves’ natural formations and local heritage.

The combined use of geodiversity, biodiversity, and cultural diversity ensures a unique and holistic
geotourism experience. Promoting these synergies through well-designed tourism packages and sustainable
management practices will position Girimulyo Village as a leading geotourism destination, benefiting both
visitors and local communities.

Implications

The findings of this study highlight the significant geotourism potential of the basalt caves in
Girimulyo Village, East Lampung, Indonesia. The integration of geodiversity, biodiversity, and cultural
diversity underscores the opportunity to develop a holistic and sustainable geotourism model. Several key
implications emerge for the successful development of geotourism in the region.

The strategic development of high-potential sites is critical to maximizing the tourism potential of
Girimulyo’s caves. Pandan 1 Cave, Kelelawar Cave, and Kubah Cave are identified as flagship locations due
to their strong scientific, educational, and tourism values. Pandan 1 Cave, with its well-preserved lava
formations and accessibility, can be promoted as a center for educational tours and scientific exploration.
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Kelelawar Cave offers a unique blend of geological and ecological attractions, making it ideal for ecotourism,
while Kubah Cave appeals to adventure tourists with its distinct columnar joint formations and structural
challenges. Infrastructure improvements, including pathways, interpretive signage, and visitor centers, will
enhance the visitor experience while ensuring safety and accessibility.

Sustainable visitor management is essential to address the degradation risks identified in this study.
Caves such as Jagung Cave, which face the highest risk due to external environmental pressures, and
Kelelawar Cave, where wildlife habitats are vulnerable to human disturbances, require immediate attention.
Measures such as limiting visitor numbers, enforcing designated pathways, and controlling noise and light
pollution will help minimize damage to geological features and ecological systems. Guided tours should be
introduced to monitor visitor activities while simultaneously educating tourists on the importance of cave
conservation.

Community involvement is central to the sustainable development of geotourism in Girimulyo
Village. By integrating agro-tourism, cultural tourism, and cave exploration, local communities can play an
active role in tourism activities. Opportunities for income generation include offering guided tours,
showcasing traditional performances, providing local culinary experiences, and producing handicrafts for
visitors. Training programs in tour guiding, hospitality management, and sustainable tourism practices will
help build local capacity, ensuring that residents benefit directly from geotourism while contributing to
conservation efforts.

The caves offer considerable opportunities for educational and research programs, enhancing their
value as natural laboratories for geology, ecology, and environmental science. Pandan 1 Cave and Kubah
Cave, with their well-preserved geological formations, are ideal for teaching volcanic processes and lava
morphology. Kelelawar Cave provides opportunities for studying the interrelationship between geological
features and bat habitats. Schools, universities, and tesearch institutions can collaborate with local
stakeholders to develop educational programs, field studies, and workshops that contribute to knowledge
dissemination and scientific exploration.

The integration of geodiversity, biodiversity, and cultural diversity creates a comprehensive
geotourism experience that appeals to a wide range of visitors. Tour itineraries can include cave exploration,
wildlife observation, and visits to nearby agroforestry areas where crops such as cacao, papaya, and avocados
are cultivated. Visitors can also engage with cultural activities, such as traditional Reog, Jaipong, and Wayang
Golek performances, and enjoy local culinary experiences. Combining these elements into thematic tours
will provide a rich and immersive visitor experience while promoting the region’s natural and cultural
heritage.

Policy initiatives and conservation efforts are necessary to protect the caves from degradation and
overuse. The local government and stakeholders must collaborate to establish formal conservation
frameworks that include environmental monitoring, erosion control, and protective measures for at-risk
caves such as Jagung Cave and Kubah Cave. Legal protections, community-based monitoring programs,
and investments in site maintenance will ensure the preservation of the caves’ geological and ecological
integrity for future generations.

Effective marketing and promotion strategies are vital to position Girimulyo Village as a leading
geotourism destination. Promotional campaigns should highlight the unique geological features of the caves,
the ecological significance of sites like Kelelawar Cave, and the cultural richness of the local community.
Digital platforms, tourism fairs, and partnerships with travel agencies can be leveraged to raise awareness
and attract both domestic and international visitors. Highlighting flagship caves such as Pandan 1 Cave
while also promoting lesser-known sites like Rayap Cave and Lumut Cave for niche markets will create
diverse tourism offerings.

The development of geotourism in Girimulyo Village presents an opportunity to balance
conservation, education, and economic growth. By implementing sustainable practices, engaging local
communities, and promoting the interconnected value of geodiversity, biodiversity, and cultural heritage,
the village can position itself as a model for responsible geotourism. This approach ensures the long-term
preservation of the caves while supporting the livelthoods of residents and contributing to the broader
tourism economy in East Lampung and Indonesia.
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CONCLUSION

This study highlights the geotourism potential of the basalt caves in Girimulyo Village, East
Lampung, Indonesia. The analysis of scientific, educational, tourism, and degradation risk values reveals
that Pandan 1 Cave, Kelelawar Cave, and Kubah Cave are key sites for geotourism development. Pandan 1
Cave stands out for its diverse geological formations, Kelelawar Cave integrates biodiversity with geotourism
through its bat population, and Kubah Cave offers adventure tourism potential due to its unique columnar
joint structures.

The educational value is highest in Pandan 1, Pandan 2, and Kelelawar Caves, making them suitable
for learning activities, school tours, and research programs. Degradation risk is highest for Jagung Cave,
which is exposed to agricultural pressures and unregulated access. Kubah Cave and Lumut Cave also face
degradation risks due to weathering and human activity. These findings underscore the need for
conservation efforts, sustainable visitor management, and community engagement.

The study is limited to using observational data to assess degradation risk, which may not fully capture
long-term structural changes. Future studies should apply geotechnical monitoring tools like 3D scanning
to measure cave stability more accurately. Expanding the scope to include additional caves and assessing
the impact of visitor behavior on biodiversity and geodiversity are recommended. Further research could
also examine the socio-economic impact of geotourism on local communities to support sustainable tourism
development.

In summary, Girimulyo Village’s basalt caves offer significant opportunities for geotourism. Strategic
site management, visitor education, and conservation policies are essential to preserve these natural assets.
By prioritizing flagship sites like Pandan 1, Kelelawar, and Kubah Caves, the region can promote sustainable
tourism, protect geological heritage, and support local livelihoods.
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