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Summary 

The thermoluminescence (TL) dating of some Hungarian historic buildings, thus of the 
churches of Kall6sd, Nagykapornak and Türje, was investigated. Quartz inclusion 
technique was used. 

The TL age of the Church of Kall6sd (710 years) was by about 10 OJo, that of the Church 
of Nagykapornak by about 30 OJo less than that estimated with other methods. In the 
case of the Church of Türje the dating showed good agreement with estimated values. 

Introduction 

The elaboration of exact methods for the dating of historical building materials, fur
ther the adaptation of the methods for the solving of practical tasks of archaeology, 
history of art and protection of monuments are all over the world in the focus on in
terest. The application of the TL method for dating begun in Hungary in the Seventies 
(B ENKÖ, 1976; ERDELYI, 1983). 

In our survey work brick was used for the TL dating of historical churches in Hungary. 
The advantage of this method is that the production of the bricks is generally contem
poraneous with their building in. However, the possible reuse of older bricks, darnage 
caused by fire or younger bricks used for later restauration can cause problems, that 
one must take in account. Therefore, samples must be taken with great care and cir
cumspection. 

The present paper reports on results obtained with the TL dating of the Roman 
Catholic church of Kall6sd, of the former Benedictine abbey of Nagykapornak (today 
Roman Catholic parish-church) and of the Roman Catholic provostal church in Türje. 
Quartz inclusion technique was used in our investigations. 
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Experimental part 

Preparation of the samples 

A piece (about a 114 or 112 of a brick) of brick was taken at the site and stored in 
plastic bags. A surface layer of some mm was removed from the samples, the rest crush
ed in a copper mortar and sifted. The fraction of 125 - 200 .um diameter was pro
cessed. 
Bricks - in cantrast with ceramies and pottery - take up considerable amount of 
calcium carbonate, which comes to the surface of the quartz grains during the crushing. 
If these quartz grains are treated directly by hydrofluoric acid, an insoluble calcium 
fluoride layer is precipitate on the surface of the grains, preventing the dissolution of 
the superficial layer. Therefore the calcium carbonate layer must be removed by soak
ing: the quartz inclusion fraction in concentrated hydrocloric acid for 24 hours, than 
sifted through a glassfilter and washed with distilled water chloride ion-free. The quartz 
grains, freed of calcium carbonate, had a red colour. The sample was kept for an hour 
in concentrated hydrofluoric acid and washed with distilled water by decanting, while 
mildly stirring the particles with a glass rod. Decanting was continued until white trans
parent quartz particles were obtained. However, a few coloured particles could be 
observed among the colourless quartz particles. 

Irradiation, measurement 

Sampies were irradiated with 6°Co-gamma rays in the State Office for Metrology. The 
irradiation dose was 2.5 and 5.0 Gy, respectively. A TLD reader Model TLD-04 B, 
manufactured by MTA-KFKI (SzAsö et al. 1978) was used. For the evaluation of TL, 
we made three parallel measurings for each sample. Measurement was carried out in 
nitrogen atmosphere. 

Beta dose was measured by a CaS04 : Dy TL dosimeter placed into the matrix 
substance. Gamma radiation dose and cosmic radiation dose were measured by a 
CaS04 : Dy TLD, arranged and kept for one year at the place of sampling. 

Results and evaluation 

The glow curves of the non-irradiated (natural TL) samples and of the samples ir
radiated additive with 2.5 Gy doses are shown in Fig. l. The glow curves were taken 
four days after irradiation. 

By comparing the three glow curves two different types are to be seen. For the Ka116sd
sample there are three maxima (on 90-100 °C and 350 °C) and one shoulder by 
370 - 380 °C. Naturally the first peak is missing by the non-irradiated sample because 
of the great fading. 

The samples of Nagykapornak and Türje are very similar to each other, but different 
from the sample of Ka116sd. Here are two maxima by 220- 230 °C and 340- 350 °C 
and one shoulder at 370- 380 °C. The possible reason for this can be some impurity 
(mostly metal-ions) which are built in into the cristalline matrix and as activators in
fluence the shape of the glow curve. The TL sensitivity of the quartz grains is Kall6sd 
< Nagykapornak < Türje . 
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Fig. 1: Glow curves (1983) 
...... natural TL 

'1l 

25 

!Tl 

10 

·c 

400 

JOO )00 

-200 200 

llll 
100 

50 (s I 25 so 1>1 

___ irradiated with 2.5 Gy in addition to natural dose, measured 4 days after irradiation 
a) Kal16sd 
b) Nagykapornak 
c) Türje 

The integration of glow curves was used for the determination of the equivalent doses 
(ED) which are given in column 5 of Table l. Table 1 contains also the values of the 
measured beta-dose rates (Dp), the gamma and cosmic radiation dose rates (Dy+C), 
and the total dose rates. 

Tab/eI: Dp, Dy+C, Dß+y+C and the ED values 

Ka116sd 
Nagykapornak 
Tür je 

Dß 
J.lÜy/year 

604.2 
794 
629 

The TL ages and dating are contained in Table 2. 

Table 2: Results of dating 

Kall6sd 
Nagykapornak 
Tür je 

TL Age 
(years) 

707 ± 50 
572 ± 34 
740 ± 63 

Dy +C 
J.lÜy/year 

1023 .1 
1389.4 
856.3 

TL Age 
AD 

1276 ± 50 
1411 ± 34 
1243 ± 63 

Dß +y+C 
mGy/year 

1.6273 
2.1834 
1.4862 

ED 
mGy 

1150 
1250 
1100 

Dating estimated with 
architectural-histor ical methods (AD) 

1180 - 1220 
1200 - 1250 

-1250 
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Results obtained with the TL method gave in the case of Ka116sd about 60- 80 years 
younger dating (-10 OJo), in the case of Nagykapornak by about 160 -200 years 
(- 30 % ), than the age estimated with other methods, while in the case of Tür je the 
result is rather good (Table 2). This is supported by the fact that also the sample of Tür
je showed a very good behaviour according to the plateau-test performed (Fig. 2). 

100 J<XJ 

Fig. 2: Türje: Plateau test 

By measurement of the beta-dose rate it is important to refer to the values measured 
by the TL dosimeters, placed in a polyaethylene tube into the substance matrix, and 
corrected to zero wall-thickness; and to take into consideration possible radon escape. 
A further task is the correction of the Fading by the measurement of the gamma-dose 
rate, as the dosimeters are exposed through a year at the site of sampling. In the case 
of the CaS04 : Dy TL-dosimeter, prepared and used by us, the expected value of the 
yearly fading is only a few percent. 

In summary, it can be established that the quartz inclusion TL dating method is ap
plicable for the dating of the bricks from medieval buildings. By refining of the measur
ing method the achievement of better results is to be expected. 

The experimental measurements of I983 were made of quartz grains obtained from one 
brick. The fairly good results obtained, inspired us to repeat the measurements with 
quartz grains of bricks taken from different parts of the church. The measurements 
were made at Kall6sd. We took five other bricks from the basement at the south-eastern 
adjoining point of the nave and sanctuary. The Ist and 5th brick were taken from the 
wall of the sanctuary, the 2nd, 3rd and 4th of the nave. The Ist and 2nd bricks were 
from the same row, the 3rd and 5th from the same height. The 3rd brick was removed 
from the uppermost row of the basement and from the same row and position as the 
brick surveyed in 1983. The 4th brick came from the upgoing wall over the basement, 
but from the wall under the recent surface. 

The preparation, irradiation, TL measuring of the samples, the calcu lation of the beta 
and gamma dose rates were made according to the above described experimental pro
cedure, with one difference, the TL dosimeter powder used for estimation of the beta 
dose was put into the brick matrix in polyaethylene bag. No supralinearity was obtain
ed by the measured samples. 

The glow curves of the quartz grains obtained from the different bricks were equal for 
the 5 samples and similar to the Ist glow curve shown on Fig. 3. The curve with the 
unbroken line on Fig. 3 was measured 2 hours after irradiation, so the 90-100 °C 
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Fig. 3: Kall6sd: Glow curves of Ist sample (1984) 
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peak is the most intensive. Comparing to the Fig. Ia from 1983 - taken into considera
tion, that the curve with the unbroken line on that Fig. was measured 4 days after 
irradiation - the similarity can be seen. 

The sensitivity of the quartz grains of the bricks measured in 1984 was: 
4<3<1~2<5 

The TL ages based on the measurements are shown on Table 3. 

Table 3: Restdis of dating (!984) 

TL Age TL Age Dating estimated with 
(years) AD a rchitectural-historieal methods (AD) 

Kall6sd Ist 704 ± 63 1280 ± 63 
2nd 384 ± 26 1600 ± 26 
3rd 642 ± 54 1342 ± 54 11 80 - 1220 
4th 466 ± 67 1518 ± 67 
5th 786 ± 38 1198 ± 38 

The table shows that the TL age of the Ist, 3rd and 5th sample are in accordance to 
the architectural historical age and these results are the same as stated in 1983. The 
more recent data of the 2nd sample is architectural-historically unacceptable, we do not 
know the reason for this deviation. The TL age of the 4th sample is also younger than 
the others, but this brick comes from an upper layer and possibly originates from a 
later restauration. 
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The mean of the data obtained from the 1983 measurement and from the Ist, 3rd and 
5th sample of the survay made in 1984 gives a TL age of 710 years, the standard devia
tion is ± 59 years (± 8,3 O!o). 

The total similar glow curves suggest that the same material was used for production 
of these 6 bricks. The deviation greater than the experimental error for the 4th sample 
could come from a more recent making of the brick or from to a possible fire. 

The TL dating of the churches of Nagykapornak and Türje, based on more samples, 
is in progress. 
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