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Abstract 

 
In this study, the feasibility of thermoluminescence dating for ancient burnt bricks related to 
archaeometry are investigated at the Thung Tuk archaeological site. All samples were prepared by 
the quartz inclusion treating technique and evaluate equivalent dose by using the regeneration 
technique. The natural radionuclide concentration of uranium (U), thorium (Th) and potassium (K) 
were determined by using gamma ray spectrometry for natural dose rate assessment. The TL-
dating results of brick pieces indicated two different age ranges –one around 840-1,500 years BP 
and another at about 2,800 years BP. The younger date range corresponded quite well to the 
previous chronological results of the site (1,000-1,300 year BP from antique typology and 1,070-
1,310 years BP from conventional radiocarbon dating) whereas the contrasting old date of brick 
sample had been subjected to incomplete burning of brick during the production process. In final, 
we concluded that the age of the Thung Tuk archaeological site is about 840-1,500 years BP based 
on TL dating results of bricks.  

 
Keywords: Thermoluminescence dating, TL, brick, Thung Tuk, archaeological site, southern 

Thailand 
 
1. Introduction  
 

Up to the present, the possibility of 
applying TL dating to different fields and 
materials has been explored. In particular, good 
results have been obtained in dating burnt flints 
(Martini et al., 2001; Mercier and Valladas, 2003), 
metallurgical slag (Krbetschek et al., 1997; 
Haustein et al., 2001), clay-cores of bronzes 
(Marco and Emanuela, 2001), volcanic lava 
(Takashima and Watanabe, 1994; Bonde et al., 
2001), stalagmitic calcite (Franklin et al., 1990; 
Roque et al., 2001), archaeological pottery 
(Zimmerman, 1971; Abdel-Wahab et al., 1996; 
Yanchou et al., 1998; Yaroslav et al., 2001), 
ceramics (Guibert et al., 1994; Bougrov et al., 

1995; Robertson and Prescott, 1998; Zacharias 
et al., 2005), fault related materials (Hutton et 
al., 1994; Toyoda et al., 2000) and also 
geological sediment (Aitken, 1985 ; Taylor 
and Aitken, 1997).  

As well as for these TL-dating 
applications, TL dating of burnt bricks from 
ancient remains is also of great interest, 
particularly in archaeological building sites 
whose ages are from prehistoric times (with no 
written records to document the story of the 
past), in the absence of antique typology and 
beyond the upper limit of 40,000 years that is 
known as the radiocarbon barrier (Roberts et 
al., 1994). Brick dating is meaningful because 
the date of brick production implies the date of 
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the structure built out of burnt bricks. Therefore, 
the absolute age of brick can be a representative 
image of the chronology of ancient community 
construction (Vieillevigne et al., 2000). Though 
the TL concept is analogous to the dating of 
ceramics, archaeological potteries or sediment etc., 
the TL dating of bricks is still rarely discussed and 
is less widespread (Cechak et al., 2000). 
Particularly in Thailand, a brick date has only been 
reported by Changkian and Kaewtubtim (1999). 
They applied TL dating with an ancient brick from 
Yarang historical site, Pattani province, southern 
Thailand. The TL age of a brick piece was 538±15 
years BP which was in line with the 445±85 years 
BP conventional radiocarbon date determined by 
Reotrit (1987). Due to the current scarcity of 
research into TL dating of brick, the prime 
objective of this study is to prove and ascertain the 
reliability of TL dating within the framework of 
ancient remains dating from the representative 
brick samples at the TT. 
 
2. The site and significance 
 
 The Thung Tuk (TT) archaeological site is 
located in southern Thailand, between latitude 
8o49'N and longitude 98o16'E (Figure 1). The site 
is at Ko Khao Island between the ends of Muang 
Thong Canal and Thung Tuk Canal which is the 
mouth of the Takua Pa River area. The 
significance of the site rests on the fact that it 
contains a rich collection of artifact assemblage 
representative of ancient community cultures and 
was well known for a long time as one of the most 
significant communities and trading points along 
the Andaman coast and Strait of Malacca (Wales, 
1947; Srisuchart, 1986).  

 
The majority of archaeological experts 

have resolved that the TT was the location of an 
ancient seaport town with which Indians, 
Arabians, and Malayans were so well acquainted 
due to its being an important spice market situated 
on the west bank of the Malayan Penninsula 
(Srisuchart, 1986). The TT is located in a suitable 
locality having appropriate the natural 
circumstances to anchor in safety from big storms. 
In addition it has perfect natural resources since it 
is situated near to the deep open sea where big 
vessels can gain access conveniently and yet is 
located at the mouth of the Takua Pa River which 
is also the center of water communication.  
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Figure 1. Map of southern Thailand showing 
the location of Ko Khao Island. Thung Tuk 
archaeological site is located in the southern 
part of the island (black square).  
 

Previous research at the TT was 
commenced by Wales (1947) who explored 
the Thung Tuk area and discovered historical 
remains constructed from brick and vestigial 
remains, such as pottery from China, glassware 
from Persia, local earthenware and a large 
number of colored beads (Figure 2).  

 
 

 
 
Figure 2. Some of the ancient antiques that 
were discovered at the Thung Tuk 
archaeological site referred relative age; (a) 
Chinaware, (b) Persia glassware, (c) Local 
earthenware, and (d) Bead. 
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After that, Srisuchat et al. (1986) 
excavated and identified the age of the TT by 
artifact typology. They summarized that the 
artifact assemblage was indicative of the Tang’s 
dynasty (12-15 Buddhist periods). Then, between 
1988 and 1989, Chaisuwan and Naiyawatt (2002) 
reviewed the literatures and renovated the ancient 
remains at the site. They also proposed the first 
scientific date information of about 1,070-1,310 
years BP using the conventional radiocarbon 
dating method. 

According to current field investigation, 
the boundary of the Thung Tuk town plan is 
mapped as shown in Figure 3. Geologically, the 
area is a flat plain covered mainly with sand, trees 
and small bushes, some spots are barren areas with 
sporadic artificial remains. At least eight 
archaeological remains look similar to the 
basements of a building or sanctuary exposed in 
this area. In addition, pieces of chinaware, local 
earthenware, colored glass containers as well as 
various types and colors of beads and Indian coins 
have been found scattered on the ground of these 
archaeological remains.  
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Figure 3. Town plan of TT showing location of 8 
ancient remains (modified from Chaisuwan and 
Naiyawatt, 2002). 
 
3. Methodology 
3.1 Sample collection 

Due to the specific TL characteristics of 
bricks, it has become necessary to analyze brick 
samples from many locations in order to obtain a 
relevant date for the building of a site (or, more 
precisely, the firing of its bricks). Consequently, a 
total of eight brick samples from the basement of 

ancient remains were collected from five 
selected locations namely 1, 3, 4, 6, and 8 (see 
Figure 3). The lists of sample collection are 
described in Table 1.  
 
3.2 Sample preparation and measurement 
  

All samples taken from the site as a 
lump (with the dirt around them) were placed 
in dark plastic bags to prevent light exposure. 
The samples were transported and opened in 
the laboratory under red light. Brick 
preparation started with removing a 2 mm 
layer from the outermost surface of the brick 
mass, as suggested by (Bailiff and Holland, 
2000). Its outer layer should discard because it 
may reduce the luminescence level due to the 
effect of sunlight effect and soil contamination 
on the brick surface. Through cutting across 
the mass of brick, we found that some brick 
samples showed contrasting colors in brick 
mass (Figure 4).  

 

 
 
Figure 4. Photograph of a brick sample 
showing contrasting colors in brick mass after 
firing.  

 
We assumed that the color change was 

due to incomplete heating of the brick mass in 
the production process. This also affected the 
non-resetting TL signal in the inner part of 
brick. Therefore, we decided to evaluate 
equivalent dose by using both of the specific 
outer part of brick (sample TT1-1, TT3-3, 
TT3-4, TT4-1, TT4-3, TT6-1, and TT8-1) and 
also the mixed mass of contrasting color brick 
(sample TT3-1) to prove our theories.  

After the brick pre-treatment 
procedure was complete, the brick fragments 
were subjected to the same process using the 
method described by Takashima and Watanabe 
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(1994). First of all, they were mechanically 
crushed with a rubber hammer. Part of the crushed 
samples was sieved into two portions – one having 
a grain size that would pass through a 20 mesh 
(<841µm) for annual dose assessment. Then the 
remainder was obtained by re-grinding the 
fragments in an agate mortar and sieving into a 
grain size range of 74-250 µm for equivalent dose 
evaluation (Fleming, 1970).  

 In the case of the equivalent dose 
evaluation procedure, quartz mineral was extracted 
to represent the TL-sensitivities in our TL dating 
study following the method described by Bailiff 
and Holland (2000). HF etching (to eliminate 
feldspar composition) followed by washing in HCl 
(to eliminate organic composition) and then re-
washing in distilled water of the sample 
continuously. After drying the samples using 40-
50 °C heating, the dark minerals (e.g. zircon, 
garnet, and metallic minerals) were removed by 
using a magnetic separator (Frantz’s isodynamic 
magnetometer). The contaminated mineral of the 
final treated quartz was checked by using X-ray 
diffraction analysis (XRD). As the XRD traces, 
the main minerals observed after chemical 
treatment should at least 95% quartz.  

In TL-sensitivity measurement step, the 
regeneration technique described by Takashima 
and Honda (1998) was applied for this TL dating 
approach.  

Luminescence measurements were 
performed with 0.1 mg individual aliquots of 
treated pure quartz, deposited as a monolayer onto 
stainless steel discs. All aliquots were measured by 
TL performed with the standard commercial Risø 
(Denmark) and a high-sensitivity home-made 
apparatus from Akita University, Japan, developed 
by Takashima and Honda (1989).  

In radioactive concentration assessments, 
the prepared 300-g samples were contained in a 
plastic vessel. Chemical analyses were performed 
by gamma ray spectrometry at Akita University, 
Japan.  The annual dose values computed by 
transform the radioactive (K, U and Th) 
concentrations with the standard table from Bell 
(1979).    

 
4. Results and discussions 
 

Based on the equivalent dose 
evaluation process, the general TL 
characteristics of samples were particularly 
suitable for dating. The TL glow curves typical 
of the samples discussed herein are briefly 
shown in Figure 5a.  To select the suitable 
stable sensitivity, a plateau test procedure 
(Aitken, 1985) was employed in a temperature 
range of 280-320 °C. Normally, the 320°C TL 
peak was selected for the representative 
dosimetry (Figure 5b).  

For the TL dating of bricks, from the 
date of construction would be the date of the 
last firing (Kresten et al., 2003), therefore TL 
dates and radiocarbon dates would be 
theoretically equivalent. 

Most bricks yielded ages with the 
range of 840-1,500 years BP, with the 
exception of one peculiar brick (sample TT3-
1) which gave a date of 2,800 years BP (Figure 
6). The former dates were in line with the 
reference age whereas the later was not. 
Archaeologically, there is no evidence to 
support the occurrence of earlier communities. 
Therefore, the specific physical features and 
the old date results of brick (sample TT3-1) 
allowed us to “re-think” the traditional brick 
production procedure. We therefore consider 
that the apparent age difference can readily be 
explained as a difference in firing temperature. 
There is no need to invoke arguments, such as 
“an older culture” as opposed to “a younger 
culture”.  It is definitely a difference in firing 
temperature and the older brick date seems to 
indicate an erroneous result and has become 
chronologically meaningless.  
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Figure 5. (a) An example of the TL glow curve behavior of brick sample TT1-1 showing TL 
intensities relates to natural and additional artificial irradiation. (b) Fitted TL dose-growth curves for 
sample TT1-1 at various irradiation levels. 
 

 
 
 
 

Table 1. TL dating results of sediment and brick sample from ancient remains, Thung Tuk 
archaeological site. Wt is water content, AD is annual dose, and ED is equivalent dose. 
 

Sample no. U 
ppm 

Th 
ppm 

K2O 
(%) 

Wt 
(%) 

AD 
(Gy/ka) 

ED 
(Gy) 

TL date 
(Year) 

TT1-1 10.49 58.78 1.88 9.69 5.83 6.66 1,140 ± 120 
TT3-1 9.83 46.58 2.33 14.00 7.27 207 2,800 ± 270 
TT3-3 22.35 62.57 1.93 1.55 9.26 11.73 1,270 ± 370 
TT3-4 22.35 62.57 1.93 1.55 9.26 14.30 1,500 ± 660 
TT4-1 9.18 44.06 2.32 14.00 6.96 7.52 1,100 ± 270 
TT4-3 6.99 40.50 1.93 10.77 5.34 5.49 1,000 ± 340 
TT6-1 20.85 72.74 2.13 0.28 10.187 11.22 1,100 ± 440 
TT8-1 19.58 85.44 2.51 1.09 11.28 9.45 840 ± 300 
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Figure 6. Comparison of TL dates from brick 
samples with radiocarbon and relative dates. 
 
5. Conclusion and recommendation 
 

From what has been presented in the 
preceding sections, a concentrated conclusion 
can be drawn regarding the possible 
application of TL dating with archaeological 
materials particularly with ancient burnt 
bricks. In this TL dating approach, we 
conclude that TL properties (i.e. glow curve 
shapes, peak temperatures, sensitivities and 
sensitivity changes) can be successfully 
considered as the characterization parameters 
of ancient burnt bricks. Calibration of 
interpreted well dates with brick dates and the 
previous reference dates (radiocarbon and 
relative dates) from the site were carried on 
successfully. Most of the brick dating results 
are in good agreement with those of the 
chronological evidence. However, the strange 
old dating results associated with the 
heterogeneous mass of brick sample reveal 
that ancient brick has the possibility of being 
incompletely heated at the time of brick 
production, particularly, ancient Thai brick. 
This brick produces a dangerous date when 
use the whole brick mass to evaluate 
equivalent dose. The TL dating of 
incompletely heated brick is therefore indirect. 

The age is not obtained from the brick 
production itself, and caution is needed in the 
interpretation and presentation of the result.  

To approach a high accuracy of TL 
dating with brick, we propose a new brick 
treatment trick for TL dating. After 
eliminating a few millimeters of the outer rim 
to avoid exposed grain along the travel time 
from the site to laboratory (Bailiff and 
Holland, 2000), a few of the outmost portions 
should be used for equivalent dose evaluation. 
Then, the remaining portions can be used for 
annual dose assessment through determination 
of radioactive element concentration (U, Th, 
and K).  

Finally, we conclude that TL dating in 
ancient burnt brick appears more likely to 
produce high precision, as with other 
archaeological objects, such as pottery. 
Moreover, TL dating with brick is more 
powerful than the other materials in the sense 
that the mass of brick is sufficient for the TL 
dating required. The providing of sufficient 
samples taken from a homogenous brick and 
sufficient thickness can minimize radiation 
non-equilibrium caused by the proximity of 
the external radiation environment to the brick 
sample.  
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