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Abstract 

 
The basalt of the Loei-Phetchabun Fold Belt is complicated in its distribution because of the 

association of Cenozoic with Permo-Triassic volcanic rocks. Phetchabun is well-known as tectonically 
impacted terrane having undergone several magmatic phases. Volcanic rocks in Phetchabun have been 
classified into two main groups: Wang Pong and Wichian Buri due to tectonics and age of origin. Our 
study area is located in central Phetchabun between the Nong Phai, Chon Daen, Bueng Sam Phan and 
Wichian Buri districts. Volcanic rocks in some part of the area have not been well described and 
classified. In this study, we aim to identify type and composition of basalts in Central Phetchabun by 
emploring petrological, XRD and XRF analysis. Four volcanic rock samples were chosen to represent 
the northern and southern part of the study area as they demonstrated different physical properties 
related to the various mineral composition. The results show that the samples can be classified into 
three groups by chemical and mineral composition. G2 and G4 from the southern part (in Bueng Sam 
Phan and Wichian Buri districts) which are basaltic andesite and basalt, show similar chemical 
characteristics, and represents the transition from Tholeiite to Calc-alkaline Series. By comparing with 
previous studies, the samples from the southern part can be correlated with basalt from Wichian Buri 
group, which occurred during a Cenozoic rifting event. The samples G1 and G3 are from the northern 
part of the study area (in Chon Daen district). G1 has anomalously high alkaline values and shows 
altered olivine phenocrysts. It was classified as mugearite. G3, an andesitic basalt, has a predominantly 
porphyritic texture and represents Calc-alkaline Series. Based on mineralogy and chemical 
composition, samples from the northern part are possible to be classified in the Wang Pong group 
which occurred during pre-Cenozoic subduction event. Trace and rare earth elements studies are 
recommended for further study. 
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1. Introduction 

In Thailand, volcanic rocks can be divided 
into two major periods: Pre-Cenozoic and Cenozoic 
(Figure 1B.), which are related to two major 
tectonic events (Barr & Macdonald, 1991; Bunopas 
& Vella, 1978, 1983, 1992; Charusiri et al., 2002; 
Charusiri, Kosuwan, & Imsamut, 1997; Hada et al., 
1999; Metcalfe, 1996, 1997, 2002; Sone & 

Metcalfe, 2008; Yang, Mo, & Zhu, 1994). During 
the Permian and Triassic period, the Sukhothai and 
Loei-Phetchabun Fold Belts were formed by the 
collision between Shan-Thai and Indochina terranes 
(Bunopas, 1982; Hahn, Koch, & Wittekindt, 1986; 
Wielchowsky & Young, 1985) while Charusiri et 
al. (2002) proposed that two oceanic plates, 
Lampang-Chiang Rai and Nakhon Thai, were 
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located between two major continental plates and 
underwent multiple concurrent subductions.  

In the Cenozoic era, during the Oligocene 
and Late Miocene, the collision between the Indian 
and the Eurasian plate caused the extension of the 
Gulf of Thailand and the South China Sea (Barr & 
Macdonald, 1978; Morley, 2002; Morley et al., 
2013; Morley, Charusiri, & Watkinson, 2011). This 
event provoked rifting-related magmatism and 
eruption. Therefore, the Loei-Phetchabun Fold Belt 
exhibits two major magmatic processes which 
occured before and within the Cenozoic era 
controlled by complex tectonic processes (Charusiri 
et al., 2002). 

The Pre-Cenozoic volcanic rocks of the 
Loei-Phetchabun Fold Belt range from felsic to 
mafic, mainly tholeiite and calc-alkaline volcanic 
rocks, volcaniclastic rocks and volcanogenic-
sedimentary rocks of the Late Permian-Triassic 
period. Intrusive rocks occur during the Middle 
Triassic (Barr & Charusiri, 2011). In Thailand, Pre-
Cenozoic volcanic rocks are widely distributed, 
especially in the following areas: Loei (Altermann, 
1991; Intasopa, 1993; Intasopa & Dunn, 1994; 
Panjasawatwong et al., 1997, 2006), Wang Pong in 
Phetchabun (Boonsoong, Panjasawatwong, & 
Metparsopsan, 2011; Intasopa, 1993; James & 
Cumming, 2007; Jungyusuk & Khositanont, 1992), 
Phai Sali in Nakhon Sawan, Saraburi and Sa Kaeo 
(Jungyusuk & Khositanont, 1992).  

The Cenozoic basalts of the Loei-
Phetchabun Fold Belt are complicated in its 
distribution because of its association with Permo-
Triassic volcanic rocks. Cenozoic volcanic rocks 
are also found in the Wichian Buri area in 
Phetchabun (Barr & Cooper, 2013; Charusiri, 1989; 
Intasopa, Dunn, & Lambert, 1995; Sutthirat et al, 
1995), and the Lam Narai-Chaibadan area in Lop 
Buri (Barr & Macdonald, 1981; Intasopa, 1993; 
Intasopa et al., 1995), both locations located in the 
south of our study area (Figure 1A.). According to 
Barr & Charusiri (2011), the Cenozoic basalts in 
Phetchabun are generally classified into two types; 

high alkalic basanitoid and less alkalic to tholeiitic 
basalt.             

Phetchabun is a province in Central 
Thailand located on the left edge of the Khorat 
Plateau (Figure 1A.). Regarding the geological 
setting of Thailand, Phetchabun is well-known as 
tectonically impacted terrane which underwent 
several magmatic phases. The Pre-Cenozoic 
volcanic rocks in Phetchabun have been found in 
the Wang Pong area and around Phetchabun-
Chondaen Road. Numerous geochemical studies 
indicated that the volcanic rocks in the area are 
Triassic basalt and andesite (244-238 Ma), Permo-
Triassic andesitic and rhyolitic flows and breccias 
(250±6 Ma) (Cumming et al., 2008; James & 
Cumming, 2007; Jungyusuk & Khositanont, 1992; 
Kamvong, Charusiri, & Intasopa, 2006; Salam et 
al., 2008). According to Vichit (1992); Vichit et al. 
(1988) and Intasopa et al. (1995), the main types of 
Cenozoic volcanic rocks are alkali olivine basalt, 
hawaiite, nepheline hawaiite and basanite which are 
found in the Wichian Buri area. While several 
studies focused on basalts in Wang Pong and 
Wichian Buri, the basalts in between these two 
areas, however, are still poorly understood. During 
our fieldwork in 2018 (Geo59) in the Phetchabun 
province, we surveyed and mapped various types of 
volcanic rocks. Additionally, we collected samples 
to classify their physical properties for rock 
identification. Through thorough examination of 
the samples, we found that basalts from the 
northern and southern part of the study area (Figure 
2.) show different mineral compositions that imply 
the different/variable origins and geneses. 
Therefore, we aim to identify type and composition 
of basalts in the northern and southern parts of the 
study area (Figure 2.) by using petrological and 
geochemical analysis. In addition, we also compare 
our results (mineral compositions and geochemical 
data) with previous works from the Wang Pong and 
Wichian Buri areas. The results from our study give 
an insight into the type of basalts and their 
distribution in Phetchabun province.  
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4.1.2 Olivine-clinopyroxene-orthopyroxene 
basalt (G2 and G4) 

Porphyritic texture is presented in this 
group (Figure 3B.). Phenocrysts (5-10%) of olivine 
(subhedral-anhedral), clinopyroxene (subhedral) 
and orthopyroxene (euhedral-anhedral) range from 
0.3 to 1.5 mm in size. The groundmass is mainly 
composed of plagioclase (euhedral) with crystal 
sizes between 0.03 x 0.10 and 0.25 x 1.10 mm.  

4.1.3 Porphyritic olivine-clinopyroxene  
basalt (G3) 

The sample is marked porphyritic texture 
with abundance of phenocrysts (30%; Figure 3C.). 
It composes of plagioclase and fewer clinopyroxene 
and olivine. The plagioclase shows euhedral-
subhedral shape with sizes of 0.3 to 2.0 mm. 
Clinopyroxene (subhedral) and olivine (anhedral) 

exhibit sizes of 0.25 to 0.5 mm and 0.3 mm, 
respectively. The groundmass shows intergranular 
texture and consists of plagioclase (euhedral) with 
their crystal size of 0.03 x 0.10 mm. Mafic minerals 
were partially altered to chlorite. Fe oxides occur as 
additional constituents. Porphyritic texture 
represents 2 phases of magma cooling. 

4.2 X-Ray Diffraction (XRD) 
According to the XRD results, the 

diffraction patterns of samples (Figure 4A-D) were 
used to identify minerals by corresponding Rietveld 
fit. The mineralogy of samples is shown in Table 1, 
which mainly composed of plagioclase ranging 
from anorthite to andesine, clinopyroxene and 
minor olivine.  

 

 

 
Figure 4. Diffraction pattern of samples. (A) Sample G1, (B) Sample G2 (C) Sample G3 and (D) Sample 
G4. Dots are experimental XRD data and red lines represent the Rietveld fit. Some diffraction peaks are 
identified (blue lines). The bars below the diffraction pattern are mineral phases and corresponding 
diffractions. 
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alkaline field and the tholeiitic field (Irvine & 
Baragar, 1971). 
 
5. Discussion  

 According to the results, the volcanic rocks 
in the study area can be classified into three groups. 
The samples from the southern part in Bueng Sam 
Phan and Wichian Buri districts (G2 and G4) are 
basaltic andesite and basalt showing similar mineral 
compositions with aphanitic textures. This suggests 
that both were originated from the same magma 
series, which are predominating in Magnesium 
Oxide and have transitional composition between 
Tholeiite and Calc-alkaline Series. While basalt 
from the northern part (in Chon Daen district) were 
classified as difference; G1 is mugearite with 
outstandingly highest Calc-alkali. Their aphanitic 
texture implies the rapid cooling of magma. G3 is 
classified as basaltic andesite in Calc-alkaline 
Series. G3 shows porphyritic texture with fine 
groundmass which suggests two stages of magma 
cooling. In the first stage, the magma is cooled 
slowly deep in the crust, creating the large crystal 
grains, with a diameter of 2 mm or more. In the 
final stage, the magma is cooled rapidly at 
relatively shallow depth or as it erupts from a 
volcano, creating small grains that are usually 
invisible to the unaided eye typically referred to as 
the ground mass. Based on petrology and XRD 
analysis, types of feldspars (ranging from anorthite 
to andesine) suggest high concentration of calcium. 
This supports chemical composition of the Calc-
alkaline series. 
 From plotting, the major oxide of samples 
from this study and previous studies of Wang Pong 
volcanic rocks and Wichian Buri volcanic rocks 
(Figure 5B.), we found that G2 and G4 representing 
southern part of study area tend to have similar 
geochemical composition to Wichian Buri basalt. 
G1 and G3 can be correlated to Wang Pong 
volcanic rocks as it shows wide range of 
geochemical composition.    

Fitton and Upton (1987) have classified the 
origin of alkaline rock into 3 types, continental 
rifting magmatism, oceanic and continental 
intraplate magmatism and the last one, subduction 

magmatism. Continental rifting magmatism is the 
most dominated cause of alkalic and tholeiitic rock 
enriching in Na and K by crustal assimilation. 
Continental intraplate magmatism, triggered by the 
upwelling of mantle plume, is rarely founded in 
interior continent due to the thick continental 
pathway that hinders the penetration. In contrast, 
subduction-related alkaline magma occurs when the 
system become dehydrated prohibiting the 
crystallization of calc-alkalic minerals. This process 
occurs in the deepest part of descending slabs 
associated with genesis of shoshonitic rock.  

From these possible processes and the 
previous studies, we conclude that the rocks in the 
study area might associate with two tectonic events, 
subduction related magmatism and continental 
rifting magmatism. G1 and G3 which are Calc-
alkaline Series are related to subduction 
magmatism. G2 and G4 which have transitional 
composition between Tholeiite and Calc-alkaline 
Series are possible related to continental rifting 
magmatism. However, in this study we analyzed 
only major elements which give us limited 
discussion on tectonic setting of volcanic rocks. For 
further study, we suggest that the analysis on trace 
elements and rare earth elements need to be done to 
confirm there tectonic setting and magma series. 

 
6. Conclusions 

The investigation on mineral and chemical 
compositions of basaltic rock in Central 
Phetchabun, Thailand using petrographic analysis, 
X-Ray Diffraction (XRD) and X-Ray Fluorescence 
(XRF) gives us a wider perspective on variability of 
origin and genesis of volcanic rocks in this area. 
Volcanic rocks from northern part of the study area 
in Chon Daen District (G1 and G3) consist of 
mugerlite and basaltic andesite defined as Calc-
alkaline Series. The geochemical data reveal that 
the rock in northern part (Chon Daen district) tend 
to have similar composition to Wang Pong area, 
which occurred in subduction process (Boonsoong 
et al., 2001). On the other hand, the southern part 
(G2 and G4; in Bueng Sam Phan and Wichian Buri 
districts) comprises of basaltic andesite and basalt 
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having transitional composition between Tholeiite 
and Calc-alkaline Series. This show the similar 
characteristic composition with Wichian Buri 
basalt, which previously report occurred in 
continental rifting process (Limtrakul et al., 2013).  
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