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Abstract Cave systems in Vietnam typically develop in limestone terrains, which cover about 20% of the national 
territory and are concentrated mainly in the north. In contrast, Tien Phuoc District (Quang Nam Province) is 
located in central Vietnam, featuring a hilly topography composed primarily of metamorphic rocks, with no 
previously recorded limestone terrain. The recent discovery of “Bat Cave,” a notable scenic site in this region, 
has revealed a new type of cave development. Through geological, geomorphological surveys, and petrology 
analysis, the study identifies that Bat Cave formed within lime-bearing metamorphic rocks. Surface features, 
such as karren landforms—typically associated with karst terrain—indicate significant chemical weathering 
due to rainwater. The cave walls and floor also show signs of fluvial dissolution. Additionally, tectonic activity, 
including faulting and uplift, appears to have influenced the cave’s formation, interacting with exogenous 
processes to shape the current landscape. These findings enhance the understanding of cave formation in non-
limestone terrains and provide scientific support for recognizing geological heritage in Central Vietnam. This 
contributes to the foundation for establishing a future geopark in the region.
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.

©2022  by the authors. Licensee Indonesian Journal of Geography, Indonesia. 
This article is an open access  article distributed under the terms and conditions of the Creative Commons 
Attribution(CC BY NC) licensehttps://creativecommons.org/licenses/by-nc/4.0/.

1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1. 	 Introduction 
Bat Cave is located in Tien An Ward, Tien Phuoc District, 

Quang Nam Province, Central Vietnam (Fig. 1), approximately 
35 km southwest of Tam Ky City. Tien Phuoc is a midland 
district characterized by a relatively harsh climate, frequently 
affected by droughts and natural disasters. Although most of 
the land in this area is used for agriculture, it is generally of low 
fertility, contributing to the region’s limited socio-economic 
development (Tran & Vu, 2009). The district’s topography 
is dominated by denudation hills, with elevations ranging 
from 100 to 350 meters above sea level (asl), and is composed 
primarily of metamorphic and intrusive rocks (Nguyen et 
al., 1986; Tran & Le, 2018). Bat Cave is situated at an altitude 
of 120 m asl on the right bank of the Tien River. A notable 
geomorphological feature of this area is the unusual westward 
flow of the Tien River, which runs counter to the typical 
eastward drainage direction toward the sea. This phenomenon 
has earned the river the local designation of a “backward-
flowing river” (Bui et al., 2022).

Recent field investigations and geomorphological analysis 
suggest that Bat Cave may represent a rare example of a cave 
system developed within metamorphic rocks, influenced by 
both exogenous and endogenous geological processes (Ford & 
Williams, 2007; Pham & Nguyen, 2015; La & Tran, 2009).

On the 1:200,000-scale geological map of the Hue–
Quang Ngai sheet (Nguyen et al., 1986), Bat Cave is not 
explicitly assigned to any specific rock unit. The area is 
broadly designated as belonging to the Kham Duc Formation 
(PR2kđ1), which has since been reclassified as the Kham Duc 

Complex (Tran & Vu, 2009). Notably, this complex includes a 
marble subunit with an estimated thickness of approximately 
300 meters, which is likely the lithological unit in which Bat 
Cave developed. Additionally, Quaternary alluvial sediments 
are scattered along both banks of the Tien River in this area 
(Fig. 2).

Regionally, Bat Cave is situated within the Tam Ky–
Phuoc Son Suture Zone, a geologically significant structure 
characterized by sub-parallel fault systems (Nguyen & Tran, 
2010). This suture zone records complex tectonic activity, 
including the emplacement of ophiolitic bodies above the 
Precambrian basement and the formation of olistostrome 
sequences that were lithified during the Middle Paleozoic 
(Lepvrier et al., 2008; Tran et al., 2005). These endogenous 
geological processes have played a crucial role in shaping the 
current structural setting of the cave. Although Bat Cave has 
long been known to local residents, it has only recently attracted 
the attention of tourists. In response, the People’s Committee 
of Tien An Ward (Tien Phuoc District) has initiated a policy 
to develop Bat Cave as part of a broader ecotourism strategy. 
This initiative aims to integrate the cave with nearby cultural 
and historical attractions, such as Loc Yen Ancient Village, the 
Memorial House of Huynh Thuc Khang and Lo Thung Stone 
Field, thereby forming a comprehensive tourist destination in 
the region (La & Tran, 2009; Tran et al., 2005).

2. 	 Methodology
The study employed an integrated methodological 

approach comprising document synthesis and analysis; field 
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investigation;traditional geological, geomorphological, and 
geographical techniques; as well asmapping, remote sensing, 
and Geographic Information System (GIS) applications.

As part of the third method, the study synthesized and 
built upon existing literature and research results related 
to regional geology and geomorphology, particularly those 
addressing structural geology, topographic features, and 
landform development. These documents were crucial for 
understanding the natural resources and geomorphological 
processes that shaped the cave environment.

Geological, geomorphological, and paleogeographical 
methods were employed to interpret the origin of local 
geological formations, assess their scientific significance as 
geoheritage, and analyze cave morphologies within the study 
area. A comprehensive field survey was conducted, with 
particular emphasis on the Tien Phuoc District of Quang Nam 

Province, to verify and expand upon existing data.
Through field investigations, the research identified key 

geological characteristics, topographic features, resource types, 
potential geotourism values, and the current status of tourism 
development. Additionally, representative sample points of 
different lithological units and terrain types were recorded. 
These data were subsequently used in remote sensing analysis 
to map the spatial distribution of geological formations, with a 
particular focus on locating and delineating the metacarbonate 
rock units in which Bat Cave has developed.

3. 	 Result and Discussion 
3.1. Geological characteristics

According to the 1:200,000-scale geological map compiled 
by Nguyen Van Trang et al. (1986), Bat Cave is located within 
the Kham Duc Formation (Proterozoic age, PR2kđ1) (Fig. 2). 

Figure 1. Location of Bat Cave, Tien An Ward, Tien Phuoc District, Quang Nam Province, Vietnam (Map background from 
Google Maps, edited by author, 2025).
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This formation comprises a diverse assemblage of metamorphic 
lithologies, including feldspar-hornblende schist (thickness 
~500 m); two-mica-garnet schist, quartz-biotite schist, and 
biotite-disthene schist (~1,000 m); amphibole schist (~500 
m); biotite schist, sillimanite-muscovite quartzite, and quartz-
biotite-disthene-garnet schist (~1,000 m); quartz-muscovite 
schist (~300 m); and dolomitic marble (~300 m).

More recently, the unit has been reclassified as the Kham 
Duc Complex (Tran & Vu, 2009), and is characterized by a suite 
of metapelites, metapsammites, paragneisses, and amphibolites 
metamorphosed under greenschist to amphibolite facies 
conditions. Several authors have proposed that the 
metamorphic evolution of the Kham Duc Complex occurred 
in multiple stages. Osanai et al. (2004) and Usuki et al. (2009) 
suggest that the complex underwent high-pressure, medium-
temperature metamorphism during the Early Paleozoic (~460 
Ma), followed by thermal metamorphism under average 

pressure conditions at ~450 Ma. These metamorphic events 
were subsequently overprinted by tectonothermal activities 
associated with the Permian–Triassic orogeny. Although the 
rocks are broadly assigned to the Early Paleozoic, their precise 
age remains uncertain (Tran & Vu, 2009).

In the Bat Cave area, a lens-shaped body of metacarbonate 
rock with a thickness exceeding 60 meters has been delineated 
on the right bank of the Tien River, covering an area of 
approximately 0.8 km². These rocks appear as thin, strongly 
foliated strips, displaying medium- to large-sized lime cavities 
(ranging from 2 × 3 cm to 5 × 10 cm) that produce an eye-
shaped structure (Fig. 3a, 3b, 3f). Distinct calcite veins are 
observed parallel to the foliation planes. Petrographic analysis 
under a polarizing microscope reveals that the metacarbonate 
rocks contain 80–90% calcite, with minor clay mineral content 
(~5–10%) (Fig. 3d, 3e).

Figure 2. The geological map of the area surrounding the Bat cave.

Figure 3. a) An eye-shaped structure; b) and c) Sample QN.17, metacarbonate, GPS: 15°25’32’’ 108°19’08’’; d) Photo of a thin 
section under a polarizing microscope (2Ni+, 10X); e) Photo of a thin section under a polarizing microscope (1Ni-, 10X); f) 

Photo of an eye-shaped structure under a polarizing microscope (2Ni+, 10X)
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Tectonically, the Bat Cave region is situated within the 

Tam Ky–Phuoc Son Suture Zone, a structurally significant 
feature in Central Vietnam that has attracted the attention of 
numerous researchers (Tran et al., 1979; Huynh & Nguyen, 
1981; Trinh, 1995; Hai et al.; Bui et al., 2022). This suture zone 
is interpreted to represent a dual Benioff subduction system: 
one subducting beneath the Indosinian terrane during the 
Neoproterozoic, and the other beneath the Vietnam–Laos 
composite terrane during the Early to Middle Paleozoic. The 
tectonic collision processes associated with these subductions 
resulted in the emplacement of ophiolitic complexes that now 
overlie the Precambrian basement. These complexes include 
serpentinized ultramafic rocks such as pyroxenite, olivinite, 
and wehrlite. Radiometric dating using the K–Ar method 
yields an age of approximately 530 Million Years for these 
complexes. Field observations also reveal the presence of 
associated diabase-gabbro intrusions, plagioclase-amphibole 
schist, and greenstone units (mapped as PR3kđ1), forming a 
sub-latitudinal arc that traverses the regions of Tam Ky, Phuoc 
Son, and Hiep Duc.

Along the suture zone, olistostrome formations and 
significant exogenous disturbances—likely triggered by rapid 
tectonic uplift and erosion—were subsequently cemented 
during the Middle Paleozoic. Metamorphic rocks within the 
suture zone exhibit a wide range of mineral assemblages and 
pressure-temperature conditions, including talc–kyanite, 

crocite-bearing schists, and epidote–amphibole assemblages. 
These metamorphic facies reflect the complex and polyphase 
metamorphic history of the region, indicating conditions 
ranging from low-temperature/medium-pressure to high-
pressure environments (Hai et al.,2014).

3.2. Geomorphological characteristics
The area surrounding Bat Cave is characterized by a 

denuded hill terrain, with elevations reaching approximately 
300 meters above sea level (Fig. 4). The hills expose a thick 
weathering crust composed predominantly of red-brown to 
yellow-brown soils. Vegetation is largely composed of planted 
forests, mainly used for pulpwood production. A valley lies 
between the hills at an elevation of around 100 meters, shaped 
by local erosional processes. The Bat Cave area is densely 
vegetated; its entrance is situated at the same elevation as 
the valley floor and features large exposed rock blocks and 
a small perennial stream (Fig. 5). The entrance is open and 
leads toward a steep rocky cliff, part of a broader mountain 
massif (Fig. 6). This cliff appears to have been shaped over 
time by fluvial erosion and the impact of driftwood, forming 
a distinct karst-like corridor approximately 800 meters in 
length, oriented NNE–WSW (Fig. 7). The cliff, approximately 
30 meters high, displays visible marks of driftwood abrasion. 
Numerous large boulders scattered across the cave floor are 
likely the result of roof collapse (Fig. 8). The fact that most 

Figure 4. Geomorphological map of the bat cave area

Figure 5. Landscape outside the bat cave entrance.
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of these boulders remain angular, showing little evidence of 
rounding or prolonged exogenic weathering, suggests that the 
collapse events are geologically recent—possibly during the 
Quaternary period (Nguyen et al., 1986; Tran & Vu, 2009). In 
addition to the boulders, the cave bed also contains pebbles 
and gravel, indicating that it once functioned as an active 
stream bed. Deep niches and notches observed on both sides 
of the cliff further support the hypothesis of ancient fluvial 
activity, which likely contributed to the shaping of the Bat 
Cave’s geomorphology (Brilha, 2016; La & Tran, 2009). These 
features are typical of caves influenced by both endogenic 
and exogenic geological processes (Brilha, 2016; Osanai et al., 
2004; Usuki et al., 2009).

The term karren, derived from German, is widely 
used in karst research to describe a group of small-scale 
solutional landforms commonly found on exposed carbonate 
rock surfaces. These features are formed through surface 
corrosion—specifically, the chemical dissolution of carbonate 
rocks by slightly acidic rainwater or surface runoff (Ford & 
Williams, 2007). Karren features include grooves, runnels, 
pits, and furrows, reflecting the intensity and direction of water 
flow over time. In the Bat Cave area, karren-like features have 
been observed on metacarbonate outcrops, particularly along 
driftwood erosion grooves that developed on the rock surfaces 
(Fig. 9). These grooves are typically 3–5 cm deep and extend 
approximately 0.5–1 m in length, often arranged in linear 
patterns, indicating the directionality of erosional flow (Fig. 
9b, c, d). Another striking form of driftwood-induced erosion 
is visible along the edge of a large rock block near the cave. 
Here, a trench-like groove, 0.5–1 m deep, cuts vertically across 
the schistose structure of the rock, suggesting high-energy 
flow events capable of transporting coarse woody debris (Fig. 
9b). These erosional features support the interpretation that 
Bat Cave was formed not only through chemical dissolution 
typical of karst environments but also by mechanical erosion 
from surface water and debris transport. The presence of 
karren on metamorphosed carbonate rocks in this setting adds 
a unique dimension to the geomorphological significance of 
Bat Cave and supports its potential classification as a geosite 
of scientific interest (Brilha, 2016; Ford & Williams, 2007; La 
& Tran, 2009).

3.3. History of formation and development of the Bat cave
According to previous geological studies, the rocks 

of the Kham Duc Complex experienced three principal 
phases of metamorphism. The first phase involved regional 
metamorphism, which reached the greenschist facies. This 

metamorphic phase is believed to be associated with the 
formation of the Dai Loc granitogneiss dome. During this time, 
original magnesium-rich limestone layers were transformed 
into dolomitic limestone. The metamorphic conditions are 
estimated to have reached temperatures of 400–500 °C and 
pressures of 1–2 kbar (Cat et al., 1966).

The second phase involved contact metamorphism and 
metasomatism, driven by intensive magmatic intrusions. 
During this stage, the emplacement of large intrusive bodies 
led to strong recrystallization of the surrounding rocks. The 
metamorphic processes induced by high-temperature (P-
T) contact led to the formation of calcium-silicate hornfels, 
indicative of exchange reactions between magmatic fluids and 
carbonate host rocks.

The third phase corresponds to Mesozoic dynamic 
metamorphism, during which the rocks of the Kham Duc 
Complex were intensely deformed and fractured along 
regional fault zones. Tectonic stresses during this period caused 
extensive mylonitization and displacement, contributing to 
the structural disruption of the rock mass.

Taken together, these metamorphic events suggest 
that the metacarbonate rock body in the Bat Cave area was 
likely segmented during the Mesozoic tectonic phase. The 
actual formation and development of Bat Cave, however, 
are hypothesized to have commenced much later, during 
the neotectonic period, under the combined influence of 
exogenous erosion and endogenous uplift (Tran & Vu, 2009; 
Osanai et al., 2004; Usuki et al., 2009). Although Bat Cave 
lacks the classic speleothems of karst systems, its location 
within a fractured metacarbonate formation aligns with 
hydrogeological patterns observed in Central Vietnam, where 
tectonic lineaments govern groundwater pathways and cave 
development (Nguyen & Pham, 2019).

4. 	 Conclusion 
A metacarbonate rock unit over 60 m thick and covering 

about 0.8 km² has been identified on the right bank of the Tien 
River. The rocks are strongly foliated, commonly boudinaged, 
and contain calcite veins parallel to foliation surfaces. Bat 
Cave lies at the intersection of at least three tectonic faults, 
showing clear evidence of tectonic influence. Further studies 
on its structural evolution and relation to the Tam Ky–Phuoc 
Son suture zone are needed to elevate its geoheritage value to 
national and international levels. 

Geomorphologically, Bat Cave develops on a denudation–
solution landscape at elevations below 100 m, surrounded by 

Figure 6. The entrance and exit of Bat Cave, showing erosion marks on the cave walls caused by driftwood carried by water flows.
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Figure 7. The majestic interior landscape of the cave.

Figure 8. a) The width of the passage is approximately 2–3 meters; b) There is evidence of at least two tectonic fault systems that 
have displaced the rock by approximately 30 centimeters.

accumulation valleys with local base levels under 60 m. The 
cave shares surface features with karst terrain such as rugged, 
sharp karren forms but lacks stalactites. Morphologically, the 
cave extends about 200 m with vertical walls up to 25 m high. 
Fallen angular blocks and erosion traces on the walls indicate 
recent tectonic activity, while gravel and cobbles on the cave 

floor record past stream flows. Although Bat Cave does not 
meet the criteria of a karst cave, it holds long-standing cultural 
recognition and aesthetic appeal. Combining both natural and 
cultural aspects, it can be classified as a geomorphological–
cave type of geoheritage, one of ten recognized geoheritage 
types in Vietnam.
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