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aBStract: Nakhon Sawan Province is located in Upper Central Thailand, where the Chao Phraya River, the vital riv-
er of Thailand, begins. According to the distribution of the archaeological sites, the related geological features were 
divided into two groups by geodiversity scope: (1) hydrological sites - Chao Phraya river, Bueng Boraphet lake, (2) 
speleological sites - Tham Phet-Tham Thong cave and Khoa Nor mountain. The hydrological sites are the primary 
water resources of local people since many hundred years, including transportation, agriculture, and fishery, so there 
are many archaeological sites around there. In addition, the speleological sites are covered with limestones intruded 
by the granitic rocks, which has caused ore deposition in the form of skarn. The evidence of antiquities in the archae-
ological site near speleological sites suggests that ancient people discovered and produced their ores, notably iron in 
the studied area. Based on inventory, characterization, classification, and assessment methods, this preliminary geo-
archaeology study can support Nakhon Sawan to promote geotourism for sustainability by their stunning geological 
features, fantastic nature as well as beautiful culture, both past and present.
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Introduction

Archaeology is knowledge application of both 
social science and humanities, which study the 
ancient-human activities by recovery and analy-
sis of material culture (Little 2006, Sinclair 2016). 
Archaeological distribution is the pattern of the 
location of archaeological sites of material cul-
ture over regions that get data from field surveys, 
generalizations, and hypotheses testing (Banning 
2002).

Nakhon Sawan Province, Central Thailand 
has many archaeological sites from the 6th to 

11th centuries C.E. distributed along the main 
river and also the nearby limestone mountain 
(Murphy, Pongkasetkan 2010). This point is the 
question that this research attempts to answer, 
that is, what is the relationship between ancient 
people’s settlement and important geological 
features. So, this work explores the relation-
ship between archaeology and geology based 
on the authors’ own experience. Geological 
features are the characteristics of morphology 
or material, which have occurred through ge-
ological processes such as a river, cave, moun-
tain, gorge, glacier, volcano, coastal regions, hot 
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spring, and other resources. All of these features 
are called geodiversity that are directly related 
to space and have a location as well as related 
to the time component (Gray 2004, Zwoliński 
2004). Geological features of archaeological sites 
may be of heritage value (Moroni et al. 2015). 
This scheme always has an impact on human 
life, especially livelihood, occupation, resourc-
es, and economy. The goal of this research is to 
describe the relationship between the archaeo-
logical site and geological features for invento-
rying geoheritage resources. Geoheritage, due 
to its uniqueness with many values in term 
of geology, nature, culture, and tourism, can 

promote this area to the geotourism industry by 
geology and landscape (Hose 1995, 2000, Gray 
2004, 2005, 2008, 2011, Thomas 2006, Newsome, 
Dowling 2010). There are many works to study 
a point of geotourism in the outstanding geo-
sites of Thailand for developing the knowledge 
and concept about this scheme (Singtuen, Won-
In 2017, 2018a, 2018b, 2018c, Nazaruddin 2019, 
Singtuen et al. 2019, 2020). Regarding the 12th 
National Economic and Social Development 
Plan (2017–2021) of Thailand, geotourism can 
increase the point of economic, scientific, and 
social advancements towards sustainable devel-
opment goals.

Fig. 1. Archaeological sites distribution in the geologic map of Nakhon Sawan Province. Satellite data taken 
from ArcGIS® and geologic data modified from DMR (2007a).
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Geology of the study area

Nakhon Sawan Province is located in the cen-
tral plain of Thailand. This area shows elevated 
relief, which consists of sparely single mountains 
located in the floodplain of Chao Phraya River, 
which runs through a pass in N–S direction. The 
single mountains are dome, hemisphere, block, 
and long ridge in shape. They stand vertical in an 
almost flat plane in this area and are classically 
identified as monadnocks, however, the structur-
al control ridges are presented in the modern ge-
ological reports (Morley et al. 2007, Prasongtham, 
Kanjanapayont 2014). Chao Phraya River and 
its watershed area is the greatest river system 
in central Thailand, with a large number of the 
Quaternary sediments (alluvial sediments [Qa], 
alluvial fan [Qaf] and terrace sediments [Qt]) and 
Bueng Borapet lake in this area (Fig. 1). Under 
the Quaternary cover, this area is built of igneous 
rocks, sedimentary rocks, and metamorphic rocks 
that have been around since the Precambrian. 
The Precambrian (PꞒ) and Cambrian (Ꞓ) rocks 
are distributed in the western part of the area 
as high mountain landforms composed of high-
grade metamorphic rocks (gneisses, schists, and 
calc-silicate rocks) and quartzites, respectively 
(Fig. 1). The geological age of single mountains 
in Nakhon Sawan Province can be divided into 
seven periods:
1. Silurian-Devonian (S.D.) low-grade metamor-

phic rocks (marbles, slates, phyllites, quartz-
ites, meta tuffs) and cherts, such as Khao Nor 
marble,

2. Carboniferous (C) sedimentary rocks (con-
glomerates, sandstones, shales, limestone, 
and cherts), such as small hills in Thakli Dis-
trict,

3. Permian (Ps, Ps-1, Pr) limestone, such as Tham 
Phet – Tham Thong limestone,

4. Permo-Triassic (PTrv) volcanic rocks (ande-
sites, rhyolites, and associated tuffs), such as 
Khao Soi Dao,

5. Triassic (Trgr) granites (hornblende granites 
and syenites), a part of Eastern Belt Granite of 
Thailand has been formed as arc subduction 
of Palaeo-Tethys beneath Indochina Terrane 
(Fanka, Nakapadungrat 2018),

6. Jurassic (Ju) sedimentary rocks (mudstones, 
siltstones, and sandstones), such as Khao 
Chon Kan,

7. Cretaceous (Krh) acid volcanic rocks (rhyolite 
and rhyolite porphyry), such as Khao Panom 
Chat.
Accordingly, magmatic activity in this area 

– both extrusive and intrusive, for example, 
Permian limestone intruded by Triassic granites 
– left many ore deposits affected active mines and 
post-mining areas presently exposed as historical 
sites in Takhli and Tak Fa districts (Jungyusuk, 
Khositanon 1992, DMR 2007). A unique distribu-
tion of a single mountain morphology and var-
iation of geology (geodiversity), including rock 
types and periods of formation, makes this area 
unique in terms of geotourism.

Methodology

The methodology of this research consists of 
inventory, geological field investigation, char-
acterization, classification, assessment, and dis-
cussion. This research was carried out during 
the first half of 2018. The prime method was 
making an inventory of the archaeological sites 
in Nakhon Sawan Province by literature review. 
The archaeological sites are distributed in thir-
teen districts (Table 1): Mueang Nakhon Sawan, 
Krok Phra, Chum Saeng, Nong Bua, Banphot 
Phisai, Kao Liao, Takhli, Tha Tako, Phaisali, 
Phayuha Khiri, Lat Yao, and Tak Fa districts, 
excluding the western part such as Mae Wong, 
Mae Poen, and Chum Ta Bong districts (Fig. 
1). After that, authors inventoried the geosites 
by field survey for characterization in geologic 
knowledge and tourism information (Đurović, 
Đurović 2010). Four geosites near the archaeo-
logical sites were selected to classify in terms of 
geodiversity, rock, and occurrence. The geosites 
have an individual identity, are well-known, 
and also suitable for tourism and learning. Site 
characterization was carried out by observations 
and descriptions of geoscientific knowledge and 
tourism information for classification in terms of 
geodiversity, scope, rock, and occurrence (Gray 
2005, Brocx, Semeniuk 2007, Đurović, Đurović 
2010, Nazaruddin 2019, 2020). Both quantitative 
and qualitative assessments were conducted ba-
sis the evaluation of experiences of the authors 
and tourists to discuss the potential of geotour-
ism in the area. Also, SWOT analysis was taken as 
the strategic planning technique for geoheritage 
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and geotourism development by focusing on 
strengths, weaknesses, opportunities, and threats 
of each area.

Geoheritage in archaeological sites

The archeological sites in Nakhon Sawan 
present the Dvaravati culture (6th–11th centu-
ry C.E.), similar to other archeological sites in 
central Thailand (Murphy, Pongkasetkan 2010). 
Dvaravati, the ancient kingdom of Southeast 
Asia, was first established in Thailand. There are 
shreds of evidence that indicate the critical polit-
ical, economic, religious, and artistic center in the 
Upper Chao Phraya Basin played an important 
role as a propagator of Indian culture (Murphy, 
Pongkasetkan 2010, Rispoli et al. 2013). There 
are many highlights of archaeological sites in 
Nakhon Sawan such as Muaeng Bon stupa (Fig. 
2a), ancient Buddha’s image in Khok Mai Den 

(Fig. 2b), Khok Mai Den ancient city wall (Fig. 
2c), Chan Sen Museum (Fig. 2d), and SEMA (ev-
idence of ancient temple) by volcanic rocks (Fig. 
2e). The archeologists suggest that this area had 
metallurgical activities in the early Iron Age and 
also had fields for agriculture (Rispoli et al. 2013, 
Higham et al. 2011). For example, near Tham 
Phet-Tham Thong cave, metallurgical activities 
(Fig. 3a) are presented by evidence as an exhibi-
tion in their museum or temple near the excava-
tion sites. Museums listed in Table 1 exhibit cul-
tural objects of ancient Thais and some evidence 
related to geology or geological materials of the 
area such as mining, the stratigraphy of ancient 
ponds, mortars (rock) pestles for pharmacy, pot-
teries, and clay artifacts (Fig. 3b–c).

Geoheritage in archaeological sites were in-
ventoried as four areas, which comprise Chao 
Phraya river, Bueng Boraphet lake, Tham Phet-
Tham Thong cave, and Khoa Nor mountain. All 
of these are spectacular geomorphological sites 

Fig. 2. Archaeological sites in Nakhon Sawan.
a – Muaeng Bon Stupa, b – Ancient Buddha’s Image in Khok Mai Den, c – Khok Mai Den archaeological site, d – 

Chan Sen Museum, e – SEMA (evidence of ancient temple) by volcanic rocks.
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Fig. 3. Archaeological evidence in Nakhon Sawan.
a – ancient knifes and smelted steel artefacts, b – rock mortars-pestles for pharmacy, c – potteries and artefacts by clays.

Table 1. Location of Archaeological Sites in Nakhon Sawan Province, Thailand.

No. Archaeological Site Sub-district District Location
1 Kiang Krai Temple Kiang Krai Mueang Nakhon 

Sawan
15°44'24"N, 100°11'24"E

2 Chom Khiri Nakprot Temple Nakhon Sawan Ok 15°40'48"N, 100°07'48"E

3 Khao Kop Temple Pak Nam Po 15°42'36"N, 100°08'24"E

4 Pra Non Cave Ban Dan Banphot Phisai 15°57'00"N, 99°52'48"E

5 Khao No Temple 15°57'00"N, 99°52'48"E

6 Dong Mae Nang Mueang Charoen Phon 16°01'12"N, 100°00'36"E

7 Khok Phraya Pao Kao Samrongchai Phaisali 15°30'36"N, 100°40'12"E

8 Mueng Apaisawi (Muengapaisali) 15°31'12"N, 100°39'00"E

9 Luang Pho Dam Temple Khok Duea 15°36'00"N, 100°38'24"E

10 Ban Khao Lo Archaeological Site Don kha Tha Ta Ko 15°39'36"N, 100°29'24"E

11 Khok Prasath 15°38'24"N, 100°30'00"E

12 Khao Din South Temple Khao Din Kao Liao 15°49'12"N, 100°04'48"E

13 Maha Phot South Temple Maha Phot 15°49'12"N, 100°04'48"E

14 Tha Sud Temple Bang Prabang Krok Phra 15°39'36"N, 100°02'24"E

15 Bang Prabang Temple 15°37'12"N, 100°02'24"E

16 Bang Mafo Temple Bang Mafo 15°36'00"N, 100°06'00"E

17 Nong To Temple Hat sung 15°30'36"N, 99°58'48"E

18 Koei Chai North Temple Koei Chai Chum Saeng 15°52'12"N, 100°16'12"E

19 Nong Pha Krot Nok Temple Phan lan 15°48'00"N, 100°15'36"E

20 Tham Noen Phraprang Temple 15°49'48"N, 100°15'36"E
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supported and promoted in tourism activity, es-
pecially Kho Nor Mountain that is a favorite place 
of adventure tourists. Based on geodiversity, the 
studied area composed of rocks, minerals, fossils, 
landforms, landscapes, processes, and other re-
sources (Gray 2005). Geoheritage were classified 
into two main groups by difference in identity 
scope as hydrological and speleological sites.

Hydrogeological site

Two areas were divided into hydrological 
sites, which have the criteria of hydrology and 
water resources. The Chao Phraya River is one of 
the most magnificent rivers in Thailand and also 

has Pak Nam Pho confluence in Nakhon Sawan 
(Fig. 4a). It is a meandering river, which presents 
many fluvial structures such as oxbow lakes, me-
ander scars, swamps, floodplains, and natural 
levees. Many people know that there are four 
streams (Ping, Wang, Yom, and Nan rivers) that 
originate at the high mountains in the northern 
part of Thailand and flow to meet together in this 
area as a river confluence. On the other hand, Ping 
and Wang rivers merge at Tak province, and Ping 
(new river’s name is same as the bigger stream) 
flows southward to join with Nan river, which 
has joined with Yom river in the northern part of 
Nakhon Sawan. So, this area consists of wonderful 
ABC resources that comprise abiotic components 

No. Archaeological Site Sub-district District Location
21 Tham Pra Tak Fa Tak Fa 15°17'24"N, 100°32'24"E

22 Ban Phu Nimit 15°18'00"N, 100°30'00"E

23 Ban Phu Men Archaeological Site Phu Nok Yung 15°23'24"N, 100°27'00"E

24 Tham Pon Sawan Temple Lam Phayon 15°19'12"N, 100°34'48"E

25 Ban Khok Chan Sen Museun Chan Sen Takhli 15°07'02"N, 100°27'07"E

26 Ban Ta Khli Ta Khli 15°14'24"N, 100°21'00"E

27 Ban Bo Din Khao Phrom Nimit 15°09'36"N, 100°25'48"E

28 Muenag Bon (Ban Nong Mai Den) Tha Nam Oi Phayuha Khiri 15°25'12"N, 100°09'00"E

29 Khok Mai Den Ancient Group 15°24'36"N, 100°09'00"E

30 Phrapang Lueang Temple 15°25'12"N, 100°08'24"E

31 Khao Kaew Temple Phayuha 15°27'36"N, 100°08'24"E

32 Ban Khao Bo Pub Muang Hak 15°22'48"N, 100°13'12"E

33 Sa Thale Temple Sa Thale 15°29'24"N, 100°09'00"E

34 Khok Sam Rit Archaeological Site Khao Thong 15°32'24"N, 100°10'12"E

35 Ban Khu Muang Museum Nikhom Khao Bo 
Kaeo

15°26'24"N, 100°16'12"E

36 Khao Sa Nang Song 15°27'36"N, 100°15'00"E

37 Ban Khlong Kradan Ban Rai Lad Yao 15°55'12"N, 99°47'24"E

38 Huai Thua Tai Archaeological Site Huai Thua Tai Nong Bua 15°50'24"N, 100°28'12"E

Symbols:  – temple,  – evidence with natural site,  – archaeological site,  – museum.
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(water, sand, and landforms), biotic components 
(plants and aquatic animals), and culture (art, the 
lifestyle of people, and history) along the river 
flowing through many districts. This area has the 
importance of local people over many years from 
past to recent times in terms of commerce, agricul-
ture, and occupation presented by the archeolog-
ical sites along Chao Phraya River. Many arche-
ological sites with exhibitions present the ancient 
communities with local boats, old fish traps, and 
agriculture equipment along this river. It also has 
many activities and attractions to offer to tourists, 
such as cruises, floating restaurants, local market, 
viewpoint tower, and Chinese shrines. Local raw 
materials have been developed as souvenir items 
of the area, consisting of clay (pottery), rice (crisp 
rice) and fish (fish balls and Thai fish cakes).

Bueng Boraphet lake is the largest freshwater 
swamp in Thailand and home to many species 
of animals. The white-eyed river martin (Turner, 
Rose 1989) is believed to overwrite here but has 
not been recorded since 1980 and may now be ex-
tinct. Siamese tiger perch is the most important 
fish species, while the marsh grassbird was first 
seen here at the end of 2019. The area has research 
and training centers for the study of freshwater 
animals including an aquarium, museum, animal 
exhibitions as well as a tourism center. Boat trips 
are also available for tourists to enjoy the lake fau-
na and flora (Fig. 4b). Many souvenir shops sell 
local products related to the Chao Phraya River. 

The cultural value of Bueng Boraphet is less than 
the Chao Phraya River but ancient railways and 
rice fields present the Thai cultural harvest and 
indigenous bird species (Fig. 4c).

Speleological site

The national park sector protects Tham Phet-
Tham Thong cave as a forest park, which conserves 
plants, wildlife, and physical features by Thai leg-
islation. This forest park is located on Chon Deua 
hill, Takli District, with interesting scenery of for-
est and limestone mountain (more than 70 caves). 
However, the forest park opens only five big 
caves with stalagmites and stalactites in various 
shapes and colors as attractions (Fig. 4d). In addi-
tion, there are also the teenage local guides (10–15 
years) and authorities to let tourists travel natural 
trail and visit limestone caves. Permian limestone 
in this area present many kinds of fossils, such 
as bivalves, crinoids, gastropods, and Theosbaena 
kiatwongchai n. sp. of Thermosbaenacea (Rogers, 
Sanoamuang 2016). Tham Phet-Tham Thong also 
has a potential of the stratigraphic site. At least 
twenty species of gastropods have been observed 
from Middle Permian, which was subdivided 
into three biozones: Stegocoelia sp., Bellerophon 
sp. – Glabrocingulum sp., Stegocoelia sp. zone, and 
Bellerophon sp. – Glabrocingulum sp. (Ketwetsuriya, 
Kanjanapayont 2016). The fossils suggest that 
limestone deposited in the shelf lagoon at the 

Fig. 4. Geologic features in Nakhon Sawan.
a – the Chao Phraya River origin, b – Bueng Boraphet lake, c – rice field in a floodplain, d – Tham Phet-Tham Thong 

Cave, e – Khoa Nor Mountain, f – ancient temple evidence on the top of Khoa Nor.



64 VIMOLTIP SINGTUEN, BURAPHA PHAJUY

back reef with low-energy environment and 
barren gastropod zone indicated a deep lagoon 
environment with a low-energy environment 
(Ketwetsuriya, Kanjanapayont 2016). This area is 
managed by the strategy of environmental edu-
cation for participatory management (Panprom 
2015). It also has archeological sites and museums 
nearby that show antique iron-smelting furnace, 
steel slag, ancient knives, and spears. Some plac-
es present evidence of post-mining areas around 
20–30 years ago (DMR 2007).

Khoa Nor mountain is covered by Silurian-
Devonian recrystallized limestone (Bunopas 
1981) with a strike-slip fault structure (Morley et 
al. 2017), which makes this area a structural site. 
It is a dominant landform in this region that is 
standing on the central plain of Thailand. This 
place is very famous for adventure tourism; tour-
ists hope to stand on the peak of the mountain at 
314 m a.s.l. (Fig. 4e). Khoa Nor has the potential 
to promote scientific knowledge, especially geol-
ogy to people. In addition, this area has a local 
guide to let tourists visit the nature trail, climbing 
area, and ancient temple (Fig. 4f) with hundreds 
of forest monkeys. Furthermore, there is a beau-
tiful scenery of a number of bats flying out from 
the cave in the evening.

Geotourism potentials

Nakhon Sawan has the potential for qual-
itative and quantitative assessments of geot-
ourism development as geological features and 

archeological sites (Table 2), together with other 
special tourism attractions. Here, interesting ge-
osites that have historical significance are evalu-
ated. Qualitative data were described, character-
ized and classified in the previous chapter. The 
geoarchaeological sites present the history of the 
area as four exhibitions consisting of the temple, 
evidence with original site (no information), ar-
chaeological sites (informative panels in an open-
air site) and a museum with a curator.

This paper focuses on the development of the 
archaeological sites comprising outstanding ge-
ological features of rivers, mountains, caves and 
mineral resources to increase the historical value 
of the area. The Wat Phra Prang Luang archae-
ological site is located along the Chao Phraya 
River (Fig. 5). Many royal activities took place at 
the port in front of the temple hundreds of years 
ago. This area is supported by the local author-
ities who have created an exhibition to present 
local food, souvenirs and cultural shows to en-
courage people to wear traditional dress and join 
this annual festival.

The quantitative assessment focused on seven 
rubric criteria as follows:
1. Science and education: research and learning 

activities of the area at nursery, high school 
and university,

2. Culture: activities of the local people such as 
lifestyle, tradition, language, music, cloth and 
food,

3. History: the previous culture of the local peo-
ple, presented by historical sites and archaeo-
logical evidence,

Table 2. Classification and Assessment of the Geoheritage in Nakhon Sawan, Thailand.
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Geodiversitya Scopeb Value
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Chao Phraya river – – – ✓ ✓ ✓ S, W Gm, Hd 5 5 5 5 5 5 5 35
Bueng Boraphet – – – ✓ ✓ ✓ W Gm, Hd 5 3 5 5 5 5 5 33
Tham Phet-Tham Thong cave ✓ ✓ ✓ ✓ ✓ ✓ Fe Gm, Sg, Sp 5 0 5 5 4 4 2 25
Khoa Nor mountain ✓ ✓ – ✓ ✓ – – Gm, St, Sp 5 2 5 5 5 5 5 32

a Gray 2005, b Brocx and Semeniuk 2007; Đurović and Đurović 2010.
0 – none, 1 – very bad, 2 – bad, 3 – fair, 4 – good, 5 – very good, S – sand, W – water, Fe – iron deposite (skarn), St – 
structural site, Gm – geomorphological site, Hd – hydrogeological site, Sg – stratigraphic site, Sp – speleological site.
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4. Nature: biodiversity of both plants and ani-
mals as well as protection of national parks,

5. Aesthetics: scenery and recreational activities 
to attract and encourage visitors,

6. Tourism: accessibility, infrastructure, restau-
rants, hotels/resorts, souvenir shops, tourism 
information and local guides,

7. Economy: financial transactions between the 
local people and visitors to generate employ-
ment and promote a sustainable society.
An assessment was made using scores ranging 

from 0–5 points per criterion with 35 points as the 

maximum. A zero score related to no value, while 
5 attained the highest significance. The Chao 
Phraya River scored highest in the assessment, 
while Tham Phet-Tham Thong Cave recorded 
the lowest score. National parks attract visitors 
and local people who are concerned about con-
servation. Some local activities and commerce 
are not permitted in these areas; therefore, cul-
tural and economic values in national parks are 
reduced compared to other geoheritages.

Figure 6 presents the strategic planning tech-
nique used to identify strengths, weaknesses, 

Fig. 6. The strategic planning technique used to identify strengths, weaknesses, opportunities, and threats 
related to the geoheritage and geotourism development in Nakhon Sawan Province.

Fig. 5. Wat Phra Prang Luang archaeological site.
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opportunities and threats as a SWOT analysis 
of geoheritage and geotourism development in 
Nakhon Sawan Province. This area has many 
strengths as (1) good accessibility via highway 
number 1, (2) protection with National Park status, 
(3) management and support by local authorities, 
(4) academic activities by schools and universities, 
(5) Tham Phet-Tham Thong Cave demonstrating 
geoscientific panels in an open-air exhibition, (6) 
high biodiversity and history and (7) a great prov-
ince for tourism with local guides, and infrastruc-
ture. However, some sites have weaknesses and 
lack geoscientific panels, which leads to difficulty 
in developing geotourism. This area can develop 
because of the opportunities given as follows:
1. Cooperation between the local authority, uni-

versity, community, and department of min-
eral resources, as well as national park sector,

2. Create geologic panels and geotour map,
3. Increase research and educational activities,
4. Educate local people to understand better the 

geologic story in the area as well as concerns 
about geoconservation and geohazard.
Geoheritage resources should be protected 

from threats such as floods at the end of the rainy 
season during October and November, drought 
in summer, which is low-season for tourism 
along the river from March to May, as well as 
biological (plants) and physical weathering (sys-
tematic joints) in the case of Khao Nor.

Discussion

Nakhon Sawan is a land of culture, both past 
and present, comprising many archaeological 
sites in the Dvaravati culture (6th–11th century 
C.E.). All of these sites have significant settle-
ments related to the outstanding geologic fea-
tures. Accordingly, as can be seen from the ar-
chaeological site distribution, ancient peoples 
always selected to settle their home or maybe 
city in the land that was rich in resources for 
their living. This study provides two hypotheses 
about the settlement of ancient people in Nakhon 
Sawan as follows;
1. Water resources: people always need water 

for their living and occupation, such as ag-
riculture, fishery, transportation, as well as 
consumption. This hypothesis is agreeable 
with the location of archeological sites along 
the Chao Phraya river. In addition, the river 
could give people clay resources for making 
potteries as well as accessories.

2. Ore deposit: skarn is the ore deposit (i.e., iron) 
originated from granitic rocks contact with 
limestone. The archeological sites have close 
neighborhoods with limestone mountains in 
Nakhon Sawan that are far from river or water 
resources. The researchers gave a hypothesis 
suggesting that ancient peoples had more crit-
ical things to do, which were the metallurgical 

Fig. 7. The interrelationships between the archaeological sites and geology for geotourism development in 
Nakhon Sawan.
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activities that could make them develop rap-
idly more than stone and wood. This hypothe-
sis can be proved by many pieces of evidence, 
which describe their activities with metallur-
gy, especially steel smelting.
So, the archeological sites in Nakhon Sawan 

were always related to water resources and ore 
deposits (Fig. 7). This concept can make a great 
story-telling of this region about A+C relation-
ships (abiotic and culture components) in the 
past many hundreds of years ago. Furthermore, 
it can be a highlight of geotourism development 
in Nakhon Sawan, which has many geosites con-
nected with culture and history as well as nature. 
All of these geosites are very famous for local 
people, students, and tourists by their scientific, 
educational, cultural, historical, natural, aestheti-
cal, and tourism values that can increase econom-
ic growth.

The government of Thailand is supporting 
the geoparks’ establishment and geotourism de-
velopment for local people can understand and 
manage their georesources for better livelihood 
and environment, which is the concept of a sus-
tainable community.

Conclusion

The archeological sites in Nakhon Sawan 
Province are distributed near two main geoher-
itage resources that are two hydrological and 
two speleological sites. Based on the historical 
evidence, the location of thirty more ancient 
communities related to two hypotheses for the 
excellent livelihood of ancient people: 1) water 
for assumption, and 2) metallurgy for life devel-
opment. Four geoheriatges in Nakhon Sawan are 
the famous geomorphological sites for research-
ers, students, and tourists. The confluence of the 
Chao Phraya River, the greatest meandering river 
of Thailand, is presented in the center of the city 
as a vibrant cultural area. In addition, the biggest 
fresh-water swamp of Thailand is Bueng Boraphet 
lake, which is caused by the Nan and Chao Phraya 
River. Moreover, both hydrological sites have the 
identity of biodiversity, which consists of many 
species of fishes, birds, and plants. The speleolog-
ical sites consist of two areas: Tham Phet-Tham 
Thong cave in the south, and Khoa Nor mountain 
in the north. These limestone mountains were 

intruded by granitic rocks resulting in the poten-
tial of skarn (ore deposits) mining. Tham Phet-
Tham Thong consists of many tens of cave with 
stalactites, stalagmites, columns, and fascinating 
fossils so that this area can be a stratigraphic site 
also. Khoa Nor mountain is the famous structural 
site, karst landform dominating on the floodplain 
formed by strike-slip fault. All of these selected 
geosites in Nakhon Sawan have many terms of 
values by their importance and local authorities’ 
development, such as geology, history, culture, 
nature, education, tourism, aesthetically, and 
economy. Geotourism is suitable to develop in 
this region for making people understand the 
natural composition, geoscientific significance, 
and reason for human settlement. Moreover, 
this scheme can make local people get good in-
frastructures, new jobs, more income through 
tourism activity, which are the critical points of 
sustainable development goals.

Acknowledgments

This research was supported by the parents 
of the first author. The researchers would like to 
thank local guides and national park authorities 
for their kind cooperation as well as Ms. Oonruen 
Puasuwan for her help in data collection. We also 
thank the reviewers for their valuable comments 
and effort to improve the manuscript.

Author’s contribution

The first author made 70% contributions to 
this paper about geologic field investigation and 
field observation of the archaeological sites. The 
inventory, characterization, classification, as-
sessment, and discussion about geoheritage and 
geotourism, as well as manuscript preparation, 
were also done by the first author. In addition, 
the second author contribution about 30%, that 
is, checking hypotheses of results and geologic 
information of the study area by geologic field-
work as well as paper verification.

References

Banning E.B., 2002. Archaeological Survey. Kluwer Academic 
Press, New York. ISBN 978-0306473487.

Brocx M., Semeniuk V., 2007. Geoheritage and geoconser-
vation – history, definition, scope, and scale. E-Journal 



68 VIMOLTIP SINGTUEN, BURAPHA PHAJUY

of the Royal Society of Western Australia Abbreviation 90: 
53–80.

Bunopas S., 1981. Paleogeographic history of Western Thailand 
and adjacent parts of Southeast Asia – A plate tectonics inter-
pretation. Ph.D. thesis, Victoria University of Wellington, 
New Zealand.

DMR [Department of Mineral Resources], 2007a. Geolog-
ic Map of Nakhon Sawan Province. Online: www.dmr.
go.th/download/pdf/North/NakonSawan.pdf (ac-
cessed 29 August 2019).

DMR [Department of Mineral Resources], 2007b. Classifica-
tion zone for Geology and Mineral Resources Manage-
ment in Nakhon Sawan Province (in Thai). Online: www.
dmr.go.th/download/digest/%E0%B8%99%E0%B8%8
4%E0%B8%A3%E0%B8%AA%E0%B8%A7%E0%B8%A
3%E0%B8%A3%E0%B8%84%E0%B9%8C.pdf (accessed 
29 May 2020).

Đurović P., Đurović M., 2010. Inventory of geoheritage sites 
– the base of geotourism development in Montenegro. 
Geographica Pannonica 14: 126–132. DOI 10.5937/Geo-
Pan1004126D.

Fanka A., Nakapadungrat S., 2018. Preliminary Study on 
Petrography and Geochemistry of Granitic Rocks in 
the Khao Phra – Khao Sung area, Amphoe Nong Bua, 
Changwat Nakhon Sawan, Central Thailand. Bulletin of 
Earth Sciences of Thailand 9: 55–68.

Gray M., 2004. Geodiversity Valuing and Conserving Abiotic Na-
ture. John Wiley & Sons Ltd., Chichester.

Gray M., 2005. Geodiversity and geoconservation: What, 
why, and how? The George Wright Forum 22: 4–12.

Gray M., 2008. Geodiversity: developing the paradigm. Pro-
ceedings of the Geologists’ Association 119(3–4): 287–298. 
DOI 10.1016/S0016-7878(08)80307-0.

Gray M., 2011. Other nature: Geodiversity and geosystem 
services. Environmental Conservation 38: 271–274.

Higham Ch., Higham Th., Ciarla R., Douka K., Kijngam A., 
Rispoli F., 2011. The Origins of the Bronze Age of South-
east Asia. Journal of World Prehistory 24: 227–274. DOI 
10.1007/s10963-011-9054-6.

Hose T.A., 1995. Selling the story of Britain’s stone. Environ-
mental Interpretation 10: 16–17.

Hose T.A., 2000. Geological Interpretation and Geoconser-
vation Promotion for Tourists. In: Barretino D., Wim-
bledon W.A.P., Gallego E. (eds), Geological Heritage: Its 
Conservation and Management, Sociedad Geologica de 
Espana/Instituto Technologico GeoMinero de Espana/
ProGEO, Madrid.

Ketwetsuriya Ch., Kanjanapayont P., 2016. Stratigraphic Dis-
tribution of Permian Gastropods from Tak Fa Formation 
in Southern Part of Nakhon Sawan Province, Thailand. 
Bulletin of Earth Sciences of Thailand 7(1): 88–92.

Little B.J., 2006. Why are there two different spellings: archaeol-
ogy and archeology?. Society for American Archaeology, 
Washington D.C.

Morley C.K., Charusiri P., Watkinson I.M. 2007. Chapter 11 
Structural geology of Thailand during the Cenozoic. In: 
Ridd M.F., Barber A.J., Crow M.J. (eds), Geology of Thai-
land. The Geological Society, Bath.

Moroni A., Gnezdilova V.V., Ruban D.A., 2015. Geological 
heritage in archaeological sites: case examples from It-
aly and Russia. Proceedings of the Geologists’ Association 
126(2): 244–251. DOI 10.1016/j.pgeola.2015.01.005.

Murphy S.A., Pongkasetkan P., 2010. Fifty Years of Archaeo-
logical Research at Dong Mae Nang Muang, an Ancient 
Gateway to the Upper Chao Phraya Basin. Journal of the 
Siam Society 98: 49–74.

Nazaruddin D.A., 2019. Selected Geosites for Geoheritage, 
Geotourism, and Geoconservation in Songkhla Province, 
Southern Thailand. Quaestiones Geographicae 38(1): 161–
177. DOI 10.2478/quageo-2019-0011.

Nazaruddin D.A., 2020. Granite Landforms of Samui Is-
land (southern Thailand) from Geoheritage, Geocon-
servation and Geotourism Perspectives. International 
Journal of Geoheritage and Parks 8: 75–86. DOI 10.1016/j.
ijgeop.2020.05.003.

Newsome D., Dowling R.K., 2010. Geotourism: The tourism 
of geology and landscape. Goodfellow Publishers Limited, 
Oxford.

Panprom Th., 2015. A strategy of environmental education for 
participatory management in Tham Phet-Tham Thong forest 
park, Nakhon Sawan province. M.S. thesis, Mahidol Univer-
sity, Nakhon Pathom.

Prasongtham P., Kanjanapayont, P., 2014. Deformation 
styles of the Uthai Thani-Nakhon Sawan ridge within 
the Chainat duplex, Thailand. Journal of Earth Science 25: 
854–860. DOI 10.1007/s12583-014-0483-x.

Rispoli F., Ciarla R., Pigott V.C., 2013. Establishing the Pre-
historic Cultural Sequence for the Lopburi Region, Cen-
tral Thailand. Journal of World Prehistory 26:101–171. DOI 
10.1007/s10963-013-9064-7.

Rogers D.Ch., Sanoamuang L. 2016. A new Theosbaena 
(Thermosbaenacea: Halosbaenidae) from Thailand. Zo-
otaxa 4109(4): 471–478. DOI dx.doi.org/10.11646/zo-
otaxa.4109.4.5.

Sinclair A., 2016. The Intellectual Base of Archaeological 
Research 2004–2013: a visualisation and analysis of its 
disciplinary links, networks of authors and conceptual 
language. Internet Archaeology 42: 12–14. DOI 10.11141/
ia.42.8.

Singtuen M., Won-In K., 2017. Geotourism and sustainable 
development perspectives of the Khao PhraWihan National 
Park on the southern edge of the Khorat Plateau, Thailand. 
Proceedings of the 8th International Conference on Envi-
ronment, Agriculture, Biology and Natural Sciences (EA-
BNS-2017). Bangkok: 35–4.

Singtuen V., Won-In K., 2018a. An assessment of the poten-
tial island for geotourism value in Ko Kham Undersea 
Park, Chonburi, Gulf of Thailand. Proceedings of the 
BRegional Geoheritage Conference 2018 with the theme 
BGeoheritages for People. Khonkaen: 11–18.

Singtuen V., Won-In K., 2018b. Geodiversity and geoconser-
vation of the Chaiyaphum region in Thailand for sus-
tainable geotourism planning. Geojournal of Tourism and 
Geosites 22: 548–560. DOI 10.30892/gtg.22223-310.

Singtuen V., Won-In K., 2018c. Preliminary geotourism 
study in ancient Khmer civilization area, Buriram Prov-
ince, Northeastern Thailand. The Turkish Online Jour-
nal of Design, Art and Communication 8: 538–1544. DOI 
10.7456/1080SSE/206.

Singtuen V., Gałka E., Phajuy B., Won-in K., 2019. Evaluation 
and Geopark Perspective of the Geoheritage Resources 
in Chiang Mai Area, Northern Thailand. Geoheritage 11: 
1955–1972. DOI 10.1007/s12371-019-00410-0.

Thomas M.F., 2006. New Keywords in the Geosciences – 
Some Conceptual and Scientific Issues. Revista do Insti-
tuto Geológico, São Paulo 37(1): 1–12. DOI 10.5935/0100-
929X.20160001.

Turner A.K., Rose Ch., 1989. Swallows & martins: an identifica-
tion guide and handbook. Houghton Mifflin, Boston. ISBN 
0-395-51174-7.

Zwolinski Z., 2004. Geodiversity. In: Goudie A.S. (ed), Ency-
clopedia of geomorphology 1. Routledge, London.


