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Abstract 
 

It is revealed that the ancient ceramics found at Ban Muang Bua located in northeastern Thailand, 

are one of the Thung Kula Ronghai ceramics. They are produced as burial goods for funeral 

offerings or used as the burial jars and daily-used ceramics. Shreds of these samples are analyzed 

of the elemental composition and structure using a scanning electron microscope coupling with 

energy dispersive X-ray fluorescent spectroscopy (SEM-EDS). X-ray tomographic microscopy 

(SR XTM) based on synchrotron radiation is performed to investigate the three-dimensional (3-D) 

structure. The elements present as major, minor and trace elements, such as carbon (C), silica (Si), 

aluminum (Al), phosphorus (P), calcium (Ca), potassium (K), titanium (Ti), iron (Fe), sodium 

(Na), magnesium (Mg), and Zinc (Zn), were identified to the origin of the samples as the 

fingerprint. The 3-D tomographic images revealed the internal configuration of these samples. It 

was shown that the combination of various analytical methods is a powerful tool with which to 

answer the questions posed by archaeology. 
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Introduction 

 
     The investigation of cultural heritage such as ceramics, mortars, glasses, etc., is a 

multidisciplinary work that incorporates researchers from various fields of study.  Archaeological 

considerations are important to classify the aesthetic styles and to identify the historical and 

geographical context in which an artistic object was made. The identification of compositional 

characteristics specific to a certain set of ancient pottery has led to information about production 

techniques, production sites, and the dates of objects under investigation [1, 2]. Previous studies 

in Thailand have been carried out in order to analyze the archaeological ceramics using various 

techniques. The unearthed potsherds came from Au-Thong site, Suphan Buri (Central province of 

Thailand) were examined with a multi-analytical approach, including petrographic, mineralogical 

and chemical composition investigations was carried out by means of micro-beam X-ray 

fluorescence spectroscopy (µ-XRF), optical microscope (OM), scanning electron microscope 

coupled with energy dispersive X-ray fluorescence spectroscopy (SEM-EDS) and particle induced 

X-ray emission spectroscopy (PIXE). X-ray diffractometer (XRD) was also performed to confirm 

the presence of clay minerals. The composition analysis showed the heterogeneous matrices which 

were commonly associated with a high concentration of elements such as Ca, Fe, Al or Ti that 

used to be the pottery characterization [3]. µ-XRF based on synchrotron radiation was applied to 

identify the elemental composition in the specific areas of the Wiangkalong underglaze painted 

black-on-white wares. The detected elements could be used as the fingerprint element [4]. 

      

 Tomographic microscopy is a powerful non-destructive technique used to visualized and 

study the three dimensional internal structure and material properties of a variety of opaque 

samples [5-8]. It is an excellent tool for the investigation of a wider range of samples such as 

materials [9-12], earth sciences [13], fossils [14-19], archaeology [20-25], food [26], 

pharmaceutical [27] and environmental [28]. 

      

 Ban Muang Bua is located in Roi Et province, northeastern Thailand. It is identified that 

the Ban Muang Bua prehistoric ceramics are the earthenware which originated from the Thung 

Kula Ronghai cultural group that dated around 1500 BC to 500 AD. These ceramics are 

categorized into 4 forms, such as the large burial jar used as the capsule jar burial, daily used 

slipped pot, daily used cord-marked pot, and low-fire earthenware, as shown in Figure I [29]. 

 

 It is well known that clay is the raw material for pottery production. It mainly consists of 

fine particles and minerals that are primarily from resisting weathering igneous rocks.  
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Figure I Ban Muang Bua burial ceramic samples from Roi Et province, northeastern Thailand 

          

Materials and methods 
     

 Set of potsherd samples which collected from the ancient ceramic fragments excavated at 

Ban Muang Bua archaeological site in Roi Et province (northeastern Thailand), were characterized 

with the aim of obtaining information that would lead to identifying the microstructure and 

elemental composition, and the matrices of the samples by the means of SEM-EDS and SR XTM. 

Eight samples are labelled as MB001, MB002, MB003, MB005, MB007, MB008, MB009 and 

MB010.  

     

 Microstructure and elemental composition were characterized using a scanning electron 

microscope (SEM) QUANTA 450 (FEI Company, USA) coupled with energy dispersive X-ray 

spectrometer (EDS) X-Max (Oxford Instruments, UK) at the Science Equipment Center of Faculty 

of Science (Kasetsart University, Thailand). The SEM system was operated at 15 kV, and 

magnification of 25X to 500X. Semi-quantitative analysis of XRF spectra was performed using 

the INCA program (Oxford Instruments, UK). In each sample, three X-ray spectra were corrected 

at different positions, as shown in figure 2. 

      

 Synchrotron radiation X-ray tomographic microscopy (SR XTM) was carried out at the 

XTM beamline (BL1.2W), SLRI Thailand. For a complete dataset, X-ray projectors of each 

specimen were collected for 180º with 0.1º angular increment. In order to minimize the scattering 

and beam hardening artifacts, polychromatic X-rays were attenuated with 400 µm-thick aluminum 

foil to allow X-ray energy higher than 7 keV for X-ray imaging. The X-ray images were collected 

Roi Et 
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on a CMOS camera with a pixel size of 0.7 microns. The data were then pre-processed and 

reconstructed in three dimensions based on a filtered-back projection algorithm using Octopus 

Reconstruction software. The 3-D segmentation and analysis of pores and grains along the volume 

were determined using Octopus Analysis software.  

 

Results and discussion 

 

      The chemical composition data obtained by EDS were given in Table I. It was found that 

all samples showed the detected elements, such as Si, Al, P, K, Ca, Ti, and Fe, while Na, Mg, Cl, 

and Zn were presented in some sample. The variation in the percentage of the elemental 

composition indicated that the raw materials were characteristically different in nature.  

 

Table I The elemental composition of samples using EDS 

 
Sample Elemental composition using EDS (wt%) 

 C O Na Mg Al Si P Cl K Ca Ti Fe Zn 

MB001 #1 5.61 51.41 N/D N/D 4.26 34.98 1.82 N/D 0.24 0.50 0.28 0.85 0.04 

 #2 7.57 49.27 0.21 N/D 3.77 35.44 1.78 0.10 0.31 0.49 0.31 0.77 N/D 

 #3 9.88 49.82 N/D 0.10 4.76 31.28 2.03 N/D 0.26 0.58 0.38 0.75 0.16 

MB002 #1 2.13 48.17 N/D 0.19 8.73 37.18 0.39 N/D 0.33 0.25 0.58 2.07 N/D 
 #2 4.27 52.24 N/D N/D 6.91 33.49 1.11 N/D 0.30 0.27 0.33 1.08 N/D 
 #3 1.47 53.64 N/D 0.07 7.57 33.97 1.14 N/D 0.29 0.23 0.40 1.22 N/D 

MB003 #1 3.28 50.19 N/D N/D 4.11 39.79 1.05 N/D 0.10 0.26 0.34 0.89 N/D 
 #2 3.88 50.92 N/D N/D 4.78 37.18 1.71 N/D 0.16 0.29 0.29 0.78 N/D 
 #3 4.04 54.47 N/D 0.09 5.00 33.37 1.25 N/D 0.21 0.28 0.34 0.96 N/D 

MB005 #1 4.70 48.63 N/D N/D 0.99 45.19 N/D N/D 0.29 N/D N/D 0.20 N/D 
 #2 3.02 54.55 0.12 N/D 7.85 30.91 1.27 N/D 0.30 0.37 0.53 1.08 N/D 
 #3 4.62 53.28 N/D N/D 7.88 29.60 1.55 N/D 0.27 0.47 0.34 1.98 N/D 

MB007 #1 3.73 58.49 N/D N/D 5.62 28.60 0.65 N/D 0.27 1.00 0.22 1.41 N/D 
 #2 3.65 52.69 N/D 0.10 4.75 35.92 0.38 N/D 0.26 0.83 0.22 1.20 N/D 
 #3 5.72 46.62 N/D 0.15 6.66 36.39 0.26 N/D 0.47 1.49 0.46 1.78 N/D 

MB008 #1 7.57 52.29 N/D N/D 6.19 30.97 1.25 N/D 0.18 0.24 0.38 0.92 N/D 
 #2 3.86 53.11 N/D N/D 7.09 33.40 0.72 N/D 0.19 0.20 0.46 0.97 N/D 
 #3 1.84 53.32 N/D N/D 7.65 33.39 1.12 N/D 0.26 0.34 0.88 1.69 N/D 

MB009 #1 7.68 53.50 0.18 0.26 5.02 30.58 0.79 N/D 0.47 0.49 0.31 0.72 N/D 
 #2 1.91 51.45 N/D N/D 4.73 39.37 0.57 N/D 0.37 0.53 0.22 0.85 N/D 
 #3 12.48 48.99 0.34 0.14 5.32 29.47 0.47 0.20 0.51 0.59 0.41 1.09 N/D 

MB010 #1 2.53 54.41 0.15 N/D 5.07 34.18 1.27 0.09 0.40 0.65 0.26 0.99 N/D 
 #2 3.71 53.26 0.15 N/D 5.54 34.63 0.75 N/D 0.47 0.49 0.28 0.72 N/D 
 #3 5.36 49.44 0.21 0.13 5.28 34.38 1.83 0.20 0.57 0.81 0.47 1.33 N/D 

N/D denotes that it is no element detected; no element and/or below the lowest level limit detection of EDS. 

      

 Si and Al were found as the major element, but variation in the percentage of the 

composition. Their percentage were ranged from 28.60 to 45.19 % and 0.99 to 8.70, respectively. 

Ca content detected the <0.10 – 1.49 % range, while K ranged from approximately 0.18 – 0.57%. 

Because of other elements found in all samples suggested that the clays might be procured from 

the same area for making pottery products. The low percentage of Ca and K indicated that these 

samples were fired at low temperatures [30-31]. 

      

 The presence of Fe in the original earthen clays which used as the raw materials affected 

the red color of pottery.    
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      It is revealed the source of P contamination in the ancient potteries can be different, such 

as minerals, bone ashes that added into the clay paste, foods contained in the potteries during their 

use and burial environment [32-34].  P which was presented in all samples assumed by the burial 

contamination. 

 

 

   
                         #1                                              #2                                                 #3 

 

Figure II SEM micrographs of a sample from MB001, outer layer (#1), body (#2) and inner layer 

(#3) 

 

      It is well known that ceramics are an inorganic and non-metallic solid produced by the 

action of firing and cooling processes. The SEM was employed to investigate the specific surface 

morphological features of the samples. The micrographs gave a direct view of the densification 

which was a very informative feature of the technology used for the ancient pottery fabrication. 

The surface of the samples contained irregularly plate-like granules with a variety in size, as shown 

in Figure II. They showed three layers, such as outer layer (#1), body (#2), and inner layer (#3) 

which covered with a composite material composing of crystalline and non-crystalline phases. The 

different layers both outer and inner were used for sealing and wear resistance. 

      

 SR XTM represented a powerful non-destructive investigation technique and capable of 

displaying in a 3-D view of the volume and internal structure of the investigated samples. The 3-

#1 
#2 #3 
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D reconstructed results revealed not only the surface information but also the core structure of the 

samples [23-24, 35]. Figure III showed one slice that was extracted from the imagery of the sample, 

which contained isolated large-sized pores and cracks traces.  

 

 

  
 

Figure III Tomographic images of sample MB004 

      

      The advanced works were carried out by using more synchrotron radiation facilities, such 

as micro-beam X-ray fluorescence spectroscopy (µ-XRF), X-ray absorption spectroscopy (XAS), 

and X-ray photoemission spectroscopy (XPS). It was found that iron (Fe) was distributed in 

different regions both body and coating. Figure III, it was also shown that the dense region 

contained Fe2+, while more oxygen permeable ones contained Fe3+ in the form of maghemite 

(alpha Fe2O3). It is revealed that the Fe3+ presentation and distribution are formed during the re-

oxidation of Fe2+, which is significant to some of the firing process. Moreover, the presence of 

Fe3+ on the coating surfaces and interface between the body and the coating layers, the tendrils 

like precipitates from oxidized to reduced areas were delicious and very slightly basis that these 

samples were once reduced and then partially re-oxidized.     

Porous Precipitate 
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      It was found that the micrographs of these samples using both SEM and SRXTM revealed 

a broad distribution of agglomerates of fine particles with porous structures  

 

Conclusion 
       

 In this study, the goal is to first ever to attempt the spectroscopic characterization of the 

ancient burial ceramics produced in the kiln of Ban Muang Bua, Roi Et Province (northeastern 

Thailand). 

     

 The SEM-EDS is an essential technique for the characterization of the ancient pottery in 

the forms of the elemental composition and microstructure. The SR XTM studied reported in this 

paper revealed the internal structure of the ancient ceramic artifacts under archaeological 

consideration. The imaging technique using X-ray tomography has yielded interesting details 

about the structure of the archaeological objects. 

      

 The information provided by these techniques consisted of the elemental composition and 

the distribution, shape, and dimensions of the samples.      
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