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Abstract: Phetchabun Province is situated in the lower northern region of Thailand. This province has many natural attractions with interesting
cultures and traditions as a popular tourism destination. The geological signification of this area is in the collision zone between Shan-Thai plate
and Indochina plate. Resulting in many outstanding geological diversities. This research focuses on geological features or ge osites as natural
tourist attractions. Sixteen geosites were selected in Phetchabun Province consisting of waterfalls, potholes, cliffs, caves, columnar jointing,
fossils localities, and many scenic viewpoints arising from tectonic plate evolution, weathering and erosion. Guidelines for geotourism
development were analyzed. This is the first geotourism research study in this area, and presents geological data, recommended travel routes, an
overview of the current situation and possible problems of promoting geosites as tourist attractions. Sustainable development of geotourism in
Phetchabun Province will provide employment opportunities for the local population, respond to the currently increasing global ecotourism
sector and increase geopark potential to be a national geopark.
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INTRODUCTION
Phetchabun Province is located in the northern-central-northeastern part of the country on the edge of the Khorat Plateau. Western,
northern, and eastern areas are bounded by the Phetchabun mountain range as a horseshoe shape surrounding fertile plains in the central and
south parts. The area represents the boundary between the Indochina and Shan-Thai plates collision in the Late Triassic and the plate
boundary zone has been divided into the Loei-Phetchabun Fold Belt, the Sukhothai Fold Belt and the Nan Geosuture (Bunopas and Kong,
1982; Bunopas and Khositanont, 2008; Bunopas and Vella, 1983; Crawford and Panjasawatwong 1996; DMR, 2007a, 2009; Metcalfem, 1999;
Singharajwarapan and Berry 2000). This process has resulted in diverse rock and mineral types, spectacular landforms and areas of outstanding
natural geological beauty. The geological diversity has generated many different geosites such as spectacular landscape viewpoints, mountains,
fossil sites, caves and speleothems, waterfalls and hot springs. Many interesting geosites are located within the boundary of the Phetchabun
geopark that covers Nam Nao district, Lom Sak district, Mueang district and the National Park and Wildlife Sanctuary Area, while other
outstanding geosites are distributed in other areas of Phetchabun Province. Tourists who visit Phetchabun can immerse themselves in nature and
relax in a pristine and unspoiled environment. The area offers huge potential for geotourism as a form of natural area tourism that focuses on
landscape and geology. Nowadays, the tourism influence businesses and the economy through the use of transportation, accommodation,
food, products and services. If the tourism industry is supported and promoted by the government or private sectors, then businesses will
show greater profits and the domestic economy will also benefit and grow as a result of the increasing availability of foreign exchange, local
employment, and income distribution throughout the community. The Tourism Authority of Thailand (TAT) has promoted tourism using the
logo “Amazing Thailand”. This presents Thai traditional tourism and local experience appreciation with income distribution to the
indigenous communities. In different regions, unique identities can generate new perspectives and act as a magnet for ecotourists.
Geotourism is an activity and form of alternative nature tourism that focuses on promotion, education, understanding, and appreciation of
the geological value of landscapes in the area or geology-base tourism that become popular in many countries around the world (Dowling,
2011; Dowling and Newsome, 2005; Newsome and Dowling, 2017; Ruban, 2015). It can improve living standards and culture by providing
employment for the local economy (Allan, 2013; Dowling, 2011; Newsome and Dowling, 2017) In other words, Geotourism was explained
to the unique tourism form having a focus on geological feature and geoheritage (Stoffelen and Vanneste, 2015). Geotourism can bring
positive results for the community such as raising awareness and establishing conservation consciousness in people through education,
science, economics, and society by improving living standards and the local economy and also increasing respect for nature (Ciftci and
Güngör, 2016; Dowling, 2011; Hose, 2000, 2008; Hose, 2011; Lazzari and Aloia, 2014). The keys to sustainable tourism development are
increasing the profits and benefits for local communities, cultural activities in order to local recognize and create a positive attitude towards
geotourism (Farsani et al., 2014; Shahhoseini et al., 2017). The term geotourism was first coined in the United Kingdom at university
research level and later became widely accepted and used in Europe and other countries (Dowling and Newsome, 2005; Hose, 1995, 2000,
2008; Ruban, 2015). Geosites designate areas of spectacular geological, geomorphological and palaeontological features with in-situ and exsitu occurrence and may also display high value geodiversity such as fossils, mineral sites, landforms, soil feature, ground formation, caves,
and grottos (Brilha, 2016, 2018; Gray, 2004; Panizza, 2001, Wimbledon, 1996). Geosites result from the evolution of the earth’s crust or
geological processes and display outstanding scientific, historical, economic and aesthetic geological features.
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Geotourism and geological knowledge are listed as an important part of the geopark compositions up to 30% (Singtuen et al., 2019).
Therefore, the development of geotourism is an important driver in a geological park management. Geotourism and geopark are one model
of sustainable development maybe improve the environment and geoheritage consrvation (Gray, 2019). Consequence result, Geopark
establishing can support local products, local food and local accommodations (Singtuen et al., 2019).
In past decades, geotourism research mainly involved Europe but Asian countries such as China, Japan, and Malaysia are now attracting
increasing geotourism publicity (Ruban, 2015). The sample geotourism research in Thailand described the geodiversity of geosites in Chiang
Mai, Chaiyaphum, Buriram, Ubon Ratchatani Province and Samui Island along with assessments for future conservation management
(Singtuen and Won-In, 2018, 2019; Singtuen et al., 2019; Nazaruddin, 2020). Here, geosites in Phetchabun Province are described and
classified. Prospective geotourists need to understand the concepts of geological attractions. The Petchabun Province public relations
department may find this information useful for efficient conservation and geotourism development in the future. Geotourism also conforms
with the Thailand tourism campaign in the field of local experience appreciation and traditional tourism.
MATERIAL AND METHODS
The materials used in this study comprised literature related to the research topic, a geological map of Phetchabun Province scale
1:100000, the Google map website, and a camera for photography. Information concerning the selected geosites was analyzed and classified
into groups of geological features for fieldwork study by category of Gray (2004) and Newsome (2012). Geoconservation and geotourism
development were qualitatively assessed for strengths, weaknesses, opportunities, and threats using the SWOT analysis technique (Gurel,
2017). Suitable travel routes in Phetchabun Province were mapped. The material and methods are modified form Singtuen and Won-In
(2018a, 2018b, 2019) and Nazaruddin (2020).
RESULTS AND DISCUSSION
Inventory and characterization
Interesting geosites in Phetchabun Province include areas in Nam Nao district, Lom Sak district, Muang district, and Wichian Buri
district. Explanations of geosite characterizations are described below.
Nam Nao National Park comprises the areas of Nam Nao district and Lom Sak district. Nam Nao district has many kinds of geosites as
well as viewscapes and geo-trails. Nam Nao cave or “Phu Nam Rin” (Figure 1) is a Permian limestone cave (Figure 16) of Pha Nok Khao
rock formation located in the northern part of Nam Nao National Park. It is the third-longest cave in Thailand with a length of 9,817 meters
but only 418 meters are accessible for visitors (DMR, 2007b, 2009; Ellis, 2006; Fontaine et al., 2001; Fontaine et al., 2002). This limestone
cave has active, continuously accumulating stalagmites and stalactites. Fusulinid and Brachiopod fossils have been found in the cave (Hada
et al., 2015). Caves are formed by water erosion of permeable carbonate and sulfate rocks such as limestone, dolomite, marble, and gypsum
over a very long time. The water permeates through the rock and initiates a slow dissolution process (Davies and Morgan, 1991). The Pha
Nok Khao rock formation dates from the lower-middle Permian period and consists of dark-gray chert (chert nodules in limestone), gray
limestone, mud cracks and shale. Nam Nao Archosaur Footprints Cliff (Figure 2a-2b) is famous for the ancient fossil footprints found there
with 2-2.5 feet long steps. These lithified footprints can be seen on the mudstone and shale bed in late Triassic of Huai Hin Lat Formation
(Figure 16) (DMR, 2007b; Khositanont and Khositanont, 2018). The cliffs slope at around 60 degrees for a distance of more than 100 meters
(Saenyamoon et al., 2005). The footprints are thought to have been made by an Archosaur or ancient ancestors of crocodiles.
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d

Figure 1. Nam Nao Cave a) The cave entrance; b) The cave pathway; c) The cave chamber and d) Brachiopods fossil

Nam Nao Canyon comprises a large cliff of red-brown sandstone and shale in a flat rock formation (Figure 3a-3c) (DMR, 2007b). The cliff
has large folds and cracks which formed as a part of Phetchabun active fault. Long ago, the earth’s crust was uplifted as a result of pressure from
moving continental plates that produced a folded structure. Over many years, weathering and erosion by streams flowing through the area
formed a canyon with steep sides around 200 meters high (Khositanont and Khositanont, 2018). Shale layers are more easily eroded than
sandstone layers, resulting in visual erosion as streaks on the cliff face. During the rainy season, a stream flows through the gorge.
There is a small waterfall in the vicinity called “Nakkarat Tadmok Waterfall” (Figure 3d). At Loei Dun (Figure 4) in the northeastern
part of Nam Nao district at the boundary of Loei and Phetchabun Provinces there are potholes in the red-brown sandstone (DMR, 2007b;
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Sakha, 2018) and also found siltstone and pebbly sand in Nam Phong Formations (DMR, 2020). Potholes in the bedrock were caused by
erosion over many millions of years by the abrasion of sediments borne by strong swirling water as whirlpools and eddies, like the
occurrence of Sam Pan Bok geosite in Ubon Ratchathani, Thailand and other geosites (Singtuen and Won-In, 2019; Wang et al., 2009;
Zhong et al., 2002). The potholes can be clearly seen during the dry season, but they are covered by water flow in the rainy season.

a

b

Figure 2. a) Archosaurs footprint cliff; b) Archosaurs footprint (Figures permitted by Phetchabun Geopark director)
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Figure 3. Nam Nao Canyon a) Site label; b) Viewpoint; c) Cleary structure of rock and d) Nakkarat Tadmok waterfall
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Figure 4. Loei Dun a) Wide viewpoint; b) Geosite label; c) and d) Various pothole shape in geosite
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In Lom Sak district, the Ruesi Sombut Cave (Figure 5a-5b) was formed in the geological past in lower Permian limestone through
sediment dissolution that date from 286-258 million years ago. The Pha Nok Khao rock formation group is composed of massive gray
limestone (DMR, 2007b, 2009). Stalactites and stalagmites can be seen in the cave but not active. This cave has an important military history
and was used as the hidden treasure location of the Thai Government B.E. 2487 (Tourism Authority of Thailand, 2011). Currently, the cave
is under monastic management and there is a Buddha statue in the small entrance chamber.
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Figure 5. a) The Ruesee Sombut cave entrance; b) The Ruesee Sombut cave chamberconsisting of Religious objects;
c) The Tarn Thip waterfall and d) Dark-gray mudstone and red-brown sandstone
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Figure 6. a) Huai Tong Bridge viewpoint; b) Haui Tong Bridge car parking;
c) Pha Daeng Continental Margin Cliff from roadside perspective; d) The top of Pha Daeng Continental Margin Cliff

The Than Thip Waterfall (Figure 5c-5d) flows over fine-grained sandstone and mudstone, with a height of 26 meters and a width of 30
meters. The rock characteristics are shale, dark-gray mudstone and red-brown sandstone that date from 230 million years ago in upper Triassic,
Huai Hin Lat formation (DMR, 2007b, 2009). The colors of the rocks indicate the different sediment types. The waterfall is the headwaters of the
Huay Nam Kla River in Lom Sak district. There is a natural trail to the waterfall around 400 meters long through virgin deciduous dipterocarp
forest and dry evergreen forest. The Huai Tong Land Connection Bridge is located on Lomsak-Chumpae route (Figure 14). This is the highest
bridge in Thailand with 50 meters of bunting (Figure 6a-6b). This area represents the boundary between the collision of the Indochina plate in the
east and the Shan-Thai plate in the west as the central Sukhothai Fold Belt, Nan Suture, and Loei Fold Belt (Bunopas and Kong, 1982).
A viewpoint overlooking the bridge presents a truly breathtaking vista. The Pha Daeng Continental Margin Cliff is formed of red sandstone
(DMR, 2007b) and located at the boundary of Phu Pha Daeng Wildlife Sanctuary on Lomsak-Chumpae route (Figure 14). To view the bottom of
the cliff you can walk up to the top. The viewpoint presents an attractive setting as a cliff ridge extending into the sky for a charming sunset.
This cliff was formed by the Phetchabun fault under the influence of the Indochina and Shan-Thai plates (Khositanont and Khositanont,
2018). The Pha Deang Shrine is located below the cliff (Figure 6c-6d). The Pha Hong Scenic area at the boundary of Nam Nao National Park in
part of Lom Sak district has excellent viewscapes. The site offers a sunset viewpoint with a flock of bats on a Permain limestone mountain
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(DMR, 2007b). From the top viewpoint you can see the topography of the mountain range on the west side of Phetchabun Province and suture
zones between Shan-Thai plate and Indochina plate (Khositanont and Khositanont, 2018; Sakha, 2018). The viewpoint is 400 meters from the
Lonsak-Chumpae route (Figure 14) with a climb of 259 stair steps in gnarled and sharp rock. Ensure that you are well prepared and ready for
walking and hiking (Figure 7a-7b). Another outstanding geosite in Lom Sak district is Non Hua Lon or Ban Tew Canyon in Ban Tew subdistrict. Non Hua Lon is a natural canyon formed in siltstone and sandstone layers that were weathered and eroded by rainfall and stream waters
(Figure 7c-7d) (DMR, 2007b). This area has characteristics similar to Phae Muang Phi Park in Phrae Province. The various rock sizes indicate
different transportation distances in the past (Sinsakul, 2535). Some parts show laterite rock formations.
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d

Figure 7. a) Pha Hong Scenic Area and information label; b) Limestone mountain
in Pha Hong Scenic Area; c) and d) Non Hua Lon: the weathering and erosion phenomenon
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c

Figure 8. Fossils site in Temsip abbey a) Fusulinid fossil b) Fossils mountain and c) Brachiopod fossil

Muang district has a famous fossil site at Tem Sip abbey (Figure 8a-8c). The area is protected by the abbey office. The fossils are found in
fossiliferous limestone rocks from the Permian period (Figure 16) (Dawson, 1978; DMR, 2007b; Chonglakmani and Sattayarak, 1979; Hinthong,
1985; Wielchowsky and Young, 1985). Major fossil types are Fusulinids and Brachiopods. These fossils are also found in the limestone rocks in
nearby areas such as Nam Nao Cave in Nam Nao district and Phu Nam Yod district in Wichian Buri district (Hada et al., 2015).
Wichian Buri district is mostly composed of open plains with some geosites. Hexagonal rock pillars are formed of porphyritic dark-gray
basaltic rock as 11 million years old columnar joints (DMR, 2007b; Charoensuk, 2016; Suthirat et al., 1994). These formations resulted from
lava cooling. Long ago, lava flows covered the area and the top surface rapidly cooled and contracted with increasing stresses in all
directions. Most columns were formed as hexagonal systems as the optimal development (Gray, 1986). These rock pillars rise up
perpendicular to the earth's surface. Over millions of years, geological processes such as impacts from the Phetchabun fault, weathering, and
erosion altered the earth’s crust in this area. Volcanic rocks in this area also include important petroleum reservoirs in Thailand (Kosuwan,
1995; Limtrakun et al., 2013). Nearby, the igneous rock pillar waterfall, “Sab Plu Waterfall” or “Yang Sao Basaltic Columnar Joint
Waterfall” is the only basaltic pillar rock waterfall in Thailand (Figure 9).
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Figure 9. a) Sab Plu waterfall label and b) Cleary columnar joint in geosite (Figures permitted by Phetchabun Geopark director)
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Figure 10. a) Phu Nam Yod Fossils Site; b) Corals fossils; c) Gastropod fossils and d) Fusulinids fossils
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Figure 11. a) and b) Bor Nam Dued Hot Spring; c) The air bubbles that pop up from under the water and d) Information label

The Phu Nam Yod Fossil Site in Phu Nam Yod sub-district, Wichian Buri district (Figure 10) presents clear evidence that this area was once a
continental shelf under an ancient sea some 240 million years ago during the Permian Period (DMR, 2007a, 2007b). The limestone rocks comprise
breccias and fossils of corals, fusulinids, gastropods, bivalves, ammonites and radiolarians as single-celled colonial protozoa (Chonglakmani and
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Fontaine, 1990; Hinthong, 1985). Hot springs can be found at Kok Prong Amazing Hot Spring or “Bor Nam Dued” (Figure 11). Hot spring water
contains high amounts of carbonate compounds and often has a faint smell of sulfur (Raksaskulwong, 2015). The heat is generated from the high
geothermal gradient and igneous rocks in the area which age around 250 million years old (DMR, 2007b, 2009). The hot spring exudes water at
temperatures between 30 and 50 degrees Celsius with pH ranging 7.5 to 9 as weakly alkaline (Subtavewung et al., 2005). One remarkable
characteristic is the boiling sponge that springs up when sound occurs because the sponge in the pool is affected by sound vibrations.
Previously, the sound was given out from a large gong (Thai musical instrument) used as a test machine. At a nearby site in Kok Prong subdistrict there are fossiliferous gastropod beds (Bellamya sp.) deposited around 13 million years ago (DMR, 2009; Sakha, 2018) (Figure 12).

a

b

d

c

Figure 12. a) Kok Prong Gastropod fossils site; b) Fossils exhibition building c) and d) Various gastropod size
Table 1 Classification with major category and geodiversity of geosite in geotourism 1Newsome et al., 2012; 2 Gray, 2005
Geosite
Nam Nao Ancient Cave
Nam Nao Archosaur Footprints Cliff
Nam Nao Canyon
Loei Dun Pothole
Ruesi Sombat Cave
Tarn Thip Cascade
Non Hua Lon
Huai Tong Land Connection Bridge
Pha Daeng Continental Margin Cliff
Pha Hong Scenic Area
Temsip Fusulinid Fossil Site
Yang Sao Basaltic Columnar Joint
Park and Cascade
Phu Nam Yod Fossils Site
Kok Prong Gastropod Fossils Site
Kok Prong Hot Spring

SWOT

Strength

Weakness

Opportunity
Threat

Major category1
Cave and speleothems
Weathered and erode landforms, Fossil
Weathered and erode landforms, Canyon
Weathered and erode landforms
Cave and speleothems
Waterfall, Rock outcrop
Weathered and erode landforms, Canyon, Soils
River valleys
Weathered and erode landforms, Mountain
Karst environment, Mountain
Weathered and erode landforms, Fossil

Geodiversity2
Rock, mineral, fossil, landform/landscape, process
Rock, Landform/landscape
Rock, Landform/landscape
Rock, Landform/landscape
Rock, mineral
Rock, Landform/landscape
Rock, Landform/landscape, soil
Rock, Landform/landscape
Rock, Landform/landscape
Rock, Landform/landscape
Rock, mineral, fossil, landform/landscape, process

Volcanics landforms, Rock outcrop, Waterfall

Rock, Landform/landscape

Weathered and erode landforms, Rock outcrop, Fossil
Weathered and erode landforms, Rock outcrop, Fossil
-

Rock, mineral, fossil, landform/landscape, process
Rock, mineral, fossil
Rock, process

District
Nam
Nao

Lom
Sak

Muang
Wichia
n Buri

Table 2. Potential of geopark in Phetchabun Province analyzed by SWOT analysis
Remark
- Various geodiversity, and natural diversity
- Good transportation route, and car park
- Good protection from geopark and quality organization
- The area in geosite can organize various activities such as observing, camping and hiking etc.
- Good homestay and other accommodation networks
- Some sites benefit of very inferior accessibility such as Nam Nao Archosaur Footprints Cliff and Yang Sao Basaltic
Columnar waterfall with dangerous gravel path.
- Some direction signs have old and faded characters.
- Some people in the area are still unable to provide suggestions on how to access the geosite.
- Some geological sites are very far away. Therefore, tourists choose not to go to travel and need to travel by private car.
- The budget is supported by government and external agencies.
- The areas that receive attention from the education part such as field trip in geopark and research.
- Education department cooperation and research
- Disaster such as wildfire
- Forest invasion of human
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Figure 13. Watercolor painting of some geosites in Phetchabun Geopark for Postcards and Souvenirs painted by N. Paungya (The first author of this paper)

a

b

c

Figure 14. The travel route of selected
geosites in Phetchabun Province

d

Figure 15. a) Phetchabun Geopark office; b) Inside the
Nong-Naree Science Park; c) Tourist attraction books and
d) Example of geopark public relation in local restaurant

1064

The Preliminary Geotourism Study in Phetcahbun Province, Thailand

Classification
Table 1 classifies the attractions in Phetchabun Province. The data consist of natural geosites with rock process geodiversity,
landforms/landscapes, minerals, and fossils following the concept of Gray (2005). Types of attraction are categorized according to the major
subsets of Newsome et al., (2012). This preliminary data gathering presents and classifies geo-attraction sites in a more systematic manner.
Assessment
The selected geosites were first qualitatively assessed using SWOT analysis for more efficient management in the future (Ta ble 2).
SWOT analysis factors consist of strength (S), weakness (W), opportunity (O) and threat (T). Strength and weakness are intern al factors
obtained from the area, local people, and tourists, while opportunity and threat are external factors that posit ively and negatively affect
area development. Data obtained from the analysis can be used as one perspective for development. Using strengths and opportu nities to
manage the areas can increase the chances of success and reduce weaknesses and threats that a lso affect the area. Strengths and
opportunities in this area are many such as geodiversity, biodiversity, history, culture, transportation and government assis tance. All parts
can support each other to achieve good management. If the geosites have strong support and management this will promote geotourism
and weaknesses and threats will be ameliorated and mitigated.

Figure 16. The geological map of study area in Phetchabun Province (modified from DMR, 2007b)

Discussion for geotourism development
The selected natural geological sites in Phetchabun Province have outstanding geodiversity distributed in four districts. The researchers
distinguished the type of geosites and recommended travel routes in Figure 14. The geosites are protected by national parks, wildlife
sanctuaries, local organizations and temples. Phetchabun geopark was established for overall geosite management with geological objects
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exhibited in Nong-Naree Science Park and a museum in Mueang district. Each geosites is far away from each other. Therefore, need to take
time and should visit more than one day. To improve and promote public relations, Phetchabun geopark has produced tourist attraction
books, postcards, geopark souvenirs and stickers that are sold in souvenir shops and cafes (Figure 15c-15d).
Geosite areas are separated into public and private sites. In the case of public sites, many areas are protected by government agencies.
The purposes of geosites are conservation and utilization. Development limits depend on the approval of budgets from government
organizations for public sites and landowners and stakeholders for private sites. Sustainable geotourism can be achieved by cooperation from
all ownerships. Geotourism management should provide geological knowledge to tourists and use tourism tools to develop the attractions of
geosites. The methods to achieve this aim are outlined (Ratanasuwongchai, 2010) as follows:
- Environment management consists of using economic and environmental indicators as tools to reflect problems occurring within the
geopark. A zoning tool can be applied for suitable land management e.g. visitor center, parking, information labels, hiking trails,
accommodation, and awareness of scenic and dangerous areas. A carrying capacity tool can maintain the level of resources potential and
allocate tourism utilities and infrastructure appropriately without affecting the livelihood of local people.
- Community management consists of employment with local participation including tourism stakeholders and laws and regulations for
the orderliness of the geological park
- Information management consists of information technology to promote tourism public relations such as geology learning media,
museums and exhibitions, websites or social media fanpages. Tourism marketing is essential for success.
Petchabun Geopark is currently being assessed as a national geopark. The area has sufficient potential to be evaluated as a global geopark
in the future.
CONCLUSION
The geosites in Phetchabun Province are varied and diverse, with potential to establish geotourism. The features consist of weathering
and erosion sites, volcanic sites, tectonic plate sites, hot springs and fossil sites. The area is located at the meeting point of the Shan-Thai and
Indochina plates, resulting in various rock and mineral formations, geomorphology and particular structures from geological processes. The
basaltic columnar joint waterfall in Wichian Buri district is an outstanding geosite in Thailand. Identifying and assessing the potential of
geosites is the first basic and essential step. This information can then be utilized for the development of geological tourism in line with the
tourism industry in Thailand and global tourism trends.
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