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INTRODUCTION 

 

The thermoluminescence light output of all the TL materials is dependent 

upon radiation dose, except for triboluminescence. Many EPR signals (not 

all) intensity is also dependent on the radiation dose.  

This fact constitutes the foundation of TL and EPR dating. 

Here, only inorganic ionic crystals will be considered. An ionizing radiation  

ionizes a crystal and populates electron (and hole) traps with electrons 

(holes). The number of trapped electrons is dependent on radiation dose. 

Such traps give rise to peaks in the glow curve, Fig. 1.  

 

Fig. 1- Glow curves of quartz grains from a sediment 
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The intensity of a TL peak can be given by its height or by the area under 

the peak curve, and it is dependent on the radiation dose. 

For dating and dosimetry purpose it is important to work with peak that 

occurs at temperature high enough to guarantee its stability. 

There are in nature, three radioactive series, the U-238, Th-232 and U-235 

series. The contribution from nuclides is U-235 series is small, but that 

from nuclides in the two first series is important and α-, β- and γ-rays 

emitted by these nuclides are responsible for production of atomic and 

electronic defects in solids. Besides electrons and holes trapped at existing 

defects (traps), the ionizing radiation can also create lattice defects, such 

as vacancies, interstitials and their aggregates, Fig.2. 

 

 
 

Fig. 2 – Defects in alkali halide crystal 

 

These defects give rise to TL trapping centers as well as to paramagnetic 

centers with unpaired electrons that can be observed by electron 

paramagnetic resonance techniques, Fig.3.    

  



IX International Symposium/XIX Nacional Meeting on Solid State Dosimetry 
Mexico city, Aug. 29th – Sept. 1st. 

 

 183

Conduction Band (CB)

EF

electron
traps

hole
traps

Energy 
gap

Valence Band (VB)

 
Fig.3 – Energy band showing valence and conduction bands  with gap in 

between   

It is noteworthy to observe that there are paramagnetic centers that do not 

depend on radiation dose, such as those due to impurities Fe3+ , Mn2+, 

Cr3+, etc. They cannot be used for dating. 

 

BASIC PRINCIPLES  

 

P.1 – The material (archeological and geological) to be dated must contain 

ionic crystals that are either thermoluminescent or absorb energy from a 

microwave in an external magnetic field. 

 

P.2- There are mechanisms that reset the “archaeological or geological 

clock” to zero that, during the subsequent time, the weak flux of ionizing 

radiation provided by natural radiation, including cosmic rays, induces TL 

or EPR signal; the TL or EPR intensity measured at present time is called 

accumulated TL (TLac) or accumulated EPR (EPRac). 
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P.3- From the value of TLo or EPRo induced by unit radiation dose (Gy), 

accumulated dose Dac is obtained:  

 

 

Dac = 
o

ac

TL
TL

 or 
o

ac

EPR
EPR

                  (1) 

 

 

Dac is also called paleodose (Aitken), archaeological or geological dose (AD 

or GD) or equivalent dose (ED).  

 

P.4- The annual dose rate, Dan, represents the rate at which energy is 

absorbed from the flux of nuclear radiation, including cosmic rays. 

 

 

P.5- The age to be determined is given by  

 

Age = 
an

ac

D
D

                                (2)  

 

 

Let us look into each of these principles, without going into details.  

 

P.1- For archaeological dating of ceramics, bricks, tiles, burned soil and 

also of geological sediments, quartz grains these materials contain are 

basics.  

Less frequently and whenever possible, grains of feldspars can also be 

used.  
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In other instances, carbonates, especially calcites, are very useful, in both 

archaeology and geology. For bone dating, phosphate mineral 

(hydroxyapatite) is used. 

For geological dating, minerals of silicates are also important. 

 

P.2 – Re- setting the archaeological or geological clock  

 

In the case of ceramics and similar objects, the clock is reset during the 

firing, because the heat eliminates previously induced TL.  

The zero of the clock of crystals such as calcite, silicate crystals coincides 

with the “moment” of formation of these crystals. 

Sun- light bleaching sets the clock to zero in sediment dating. 

 

P.3 - TL ac , EPRac  and Dac    

TLac and EPRac are just TL - value and EPR- value induced by surrounding 

natural radiation. If TLo and EPRo intensity per unit dose (Gy) are known, 

then Dac is given by (1).    

 Practically, Dac can be obtained using one of the two following methods. 

 

(1)- The additive method  

 

Natural, non-annealed, sample is divided into several portions and each 

one is irradiated to increasing γ-dose in sequence. The TL - value of each 

one, after read-out, is plotted as function of dose. For maximum dose of 

about 100 Gy, one obtains a straight line(s) that intersect dose-axis at       

-Dac, Fig. 4   
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Fig. 4 – Additive method  

 

(2) The regeneration method  

 

Instead of irradiating additionally natural samples, as in the additive 

method, if this operation is carried out  on pre-annealed sample, say at 

500-600oC for 30min, in Fig. 4 a straight line   ( r ) parallel to ( s )  passing 

through origin of the TL int. vs. dose system is obtained.  

To obtain Dac, from TLac on vertical axis, draw a  parallel line to dose axis, 

and from the intersection point on line ( r )  draw a perpendicular to dose-

axis, the value at the point of intersection on the dose- axis is Dac.  

There is a third method called Pre-Dose method, but it will not be 

presented. 

 

NOTE: (1) It was already mentionned that in a pottery dating quartz grains 

contained in it are used. Therefore, the fragment of pottery once 

crushed must be sieved to retain grains with diameter   between 

0,080mm 0.180mm and treat it in a solution of HCl and then of 

HF. 
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(2) Aitken (1978) report a supralinearity of pottery samples for 

doses below 2~2.5 Gy. 

So, in principle, such supralinearity should be taken into account 

in both additive and regeneration method. In several 

measurements we did not find such supralinearity. 

 

P.4 – Assessment of radiation dose 

 

The natural radiation that induces thermoluminescence or EPR 

signals in a solid is a mixture of α -, β- and γ- rays from disintegration of 

radionucleides in U-238 and Th -232- series in equilibrium, plus  β - and   

γ - rays from radioactive K-40 and plus local cosmic rays. 

The annual dose rates for α-, β- and, γ-rays for radioactive equilibrium of 

U-238 and Th-232 disintegration series, and for β-, and γ-rays from 

radioactive K-40, are tabulated, f. ex., Table 4.5, Ikeya (1993). This table 

carries also the values of annual dose rates whenever there is possibility 

that Rn-222 in uranium series and Rn-220 in thorium-series are lost 

completely. 

Actually, two factors make the estimation of annual dose rate of  α-, 

β- and, γ-rays somewhat complicated. First, each radiation has different 

efficiency in producing defects responsibles for TL and EPR. Denoting by 

kα, Kβ and Kγ, the respectives efficiencies for   α-, β- and, γ-rays, the annual 

dose rate due to disintegration series can, in principle, be written: 

 

D (rad.series) = γγββαα DkDkDk ++     (3) 

 

where Dα, Dβ  and Dγ are annual dose values listed in Table 4.5 – Ikeya 

(1993). 
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In practice one can take kβ=kγ=1, kα on the other hand is equal to the ratio 

of TL induced by unit dose- value of α- and γ-rays. Ikeya (1993) lists in 

table 4.6, p. 117, in his book, values of kα ranging from 0.05 for 

speoleothem  to 0.15 for tooth enamel and coral for EPR dating. 

A third factor that affects annual dose assessment is the small range 

of the order of 12~20 mµ  for 4~5 MeV α-rays. It is so small that, the surface 

corrosion of quartz grains by HF is enough to desconsider α-effects.  

Cosmic rays dose rate is a function of latitude and altitude of each 

place. At sea level and equator annual dose rate due  to cosmic rays is 

about 0.30 mGy/year. At 2000m altitude and~25o latitude, there is a 

factor of about 1.2, therefore Dc.r  ~0,36 mGy/year. This value should 

always be added to obtain total annual dose rate. 

Another way to estimate the annual dose rate of the place, from 

where the pottery to be dated was collected, consists is burying a TL 

dosimeter for two, four or more months. The value of TL thus obtained 

divided by TL - value per unit   dose and by the time the dosimeter was 

kept buried, gives the desired monthly dose rate.   

 

  

APPLICATION 

 

FINDING EARLY SETTLERS IN BRAZIL 

 

 When and how did originate homo sapiens in the planet as well as 

first settlers in American continent is a subject of general interests. 

Archaeologists, anthropologists and physicists have also investigated it 

with keen interest. Physicists participation consists mainly of estimation of 

age, because most of dating methods are physical in nature. 



IX International Symposium/XIX Nacional Meeting on Solid State Dosimetry 
Mexico city, Aug. 29th – Sept. 1st. 

 

 189

Here, the focus of interest is to discover the epoch first inhabitants 

settled in Brazil. It is not known either, whether these first settlers have 

some relation to those in northern American continent. 

 Since about 1930 up to about 1990, many anthropologists had a 

belief that first inhabitants of the American continent were skilled hunters 

and tool makers, that migrated from northeast Asia, crossing Bering Strait  

around 20.000 to 15.000 years ago. 

These big-game hunters were called Clovis people because a wealth of 

hunting tools were found in Clovis, N. Mexico, Fig.5. These people reached 

Clovis not before 11, 200 B.P, therefore, many archaeologists considered 

Clovis people the earliest settlers in American continent.  
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Fig. 5 – Clovis, N.M 

 

 

The excavation of an archaeologial site at Monte Verde in Southern Chile 

by Dillehay (2000) indicated that early human lived there 1000 years 

before the first Clovis people. This result  created a dispute that   lasted for 

almost ten years. 
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 I.1 – Parque Nacional Serra da Capivara 

 

 
 

 

Fig. 6 Parque National Serra da Capivara. 

 

Fig. 6 shows the location of world known Parque Nacional Serra da 

Capivara in north northeastern Brazil. It is well known due to thousands 

of ancient rock-wall paintings, Fig.7 
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Fig. 7- Ancient rock-wall painting. 

  

There are in this Park, several archaeological sites. Since 1972, Niéde 

Guidon (Head of the Park) and collaborators among many elements found 

in the series of excavation, several charcoals. The C-14 dating carried out 

in France has indicated ages varying from 6200 to 48.500 years. 

Such result has been rejected by many anthropologists even now. 

In 1990, a thin layer of calcite came off from the wall of the rock shelter 

called Toca da Bastiana revealing a painting not observed before, Fig. 8. 

A portion of this calcite was dated using EPR by Baffa, Fig.9, who obtained 

an age of ~27,000 years. This result was not published. 

About 10 years later the remaining sample of calcite was sent to my 

laboratory. X-ray diffraction confirmed that the sample is indeed a calcite. 

The dating was carried out by both TL and EPR techniques. The TL glow 

curve has presented peaks at 150, 270, 320 and 400oC. The plateau test 

has shown that 270oC is   most suitable for dating. Fig. 10, Watanabe et al 

(2003), shows that by  additive method Dac≈(69,0 ± 3,0)Gy is obtained. 



IX International Symposium/XIX Nacional Meeting on Solid State Dosimetry 
Mexico city, Aug. 29th – Sept. 1st. 

 

 193

 
 

Fig. 8 – Left-before and right-after removal of calcite layers  

 

 
Fig. 9 – EPR intensity vs. dose curve obtained by Baffa Jr (1991). 
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Fig. 10 – TL response vs. dose curve for 270oC TL peak for natural plus 

additional laboratory dose. 

 

Fig. 11 presents EPR spectrum of the calcite irradiated to 1000 Gy γ–rays. 
−
3CO  , −3

3CO and −
2CO  signals are indicated. For dating, −

2CO   was used. 

 

Fig.11 - Spectrum of  −
3CO  , −3

3CO and −
2CO  EPR signal of calcite irradiated 

to 1000 Gy. 
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Fig. 12 shows EPR intensity of −
2CO  signal as function of  γ-dose. The 

additive method used yielded Dac ~ (68,0 ±15,0) Gy. 

 
 

Fig. 12 – EPR intensity vs. added dose. 

 

For annual dose  rate assessment, the neutron activation analysis of a 

fragment of rock and calcite itself was carried out; Table 1 lists the 

uranium, thorium and potassium concentration 

 

Table 1 – U-238 – Th 232 in ppm. K2O(%)  

 U-238  (ppm) Th-232 (ppm) K2O (%) 

Fragment of rock 

similar to that 

with painting 

1.26 ± 0.04 0.96  ± 0.002  0.37  ± 0.04 

In calcite 1.06  ± 0.43 0.28  ± 0.12     -  
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From these values of uranium, thorium and potassium and adding 0.25 

mGy/y from cosmic rays, an annual dose rate of Dac ~(1.93  ± 0.1) 

mGy/year was obtained. 

From the values of Dac and Dan, the expected age of calcite is given in Table 

2. 

 

Table 2- Age of calcite from Toca do Bastiana by TL and EPR technique. 

Method Dac, Gy Dan, mGy/y Age (kyears) 

Thermoluminescence  69.0  ± 0,3 1.93  ± 0.1 35.75  ± 0.68 

EPR 68.0  ± 15.0 1.93  ± 0.1 35.27  ± 15,91 

 

 

I.2 – Poseidon rockshelter – Montalvânia  

 

Fig.13 shows region of Montalvânia in north west of the state of Minas 

Gerais. A rock shelter called Poseidon can be found in a hill about 15-20m 

high and 10Km from Montalvânia. 

There very nice engravings rather than paintings were found. It is clear in 

the picture that something precipitated due probably to very heavy rain in 

the past V. Fig.13a. 

We are indebted to Dr. Andre Pierre Prous Poirier, Professor of 

Anthropology at Univ. federal de Minas Gerais, Belo Horizonte, for 

invitation to visit and collect sediments deposited on carvings at 

Montalvãnia. 
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  Fig.13 – Map of Montalvânia and Serra da Capivara 

 

Serra da Capivara - 
Piauí 

Montalvânia - MG
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Fig. 13a - Beautiful carvings on rock with sediment cover. 
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The X- rays fluorescence analysis has shown the following composition of 

the above sediment: 63.53% CaCO3, 32.66% SiO2, 3.2% Al2O3 and other 

compounds in much smaller percentage. 

Fig. 14 shows EPR spectrum of the sediment number 4, where −
2SO  and 

peroxy center signals are shown. In Fig. 15 the EPR intensity curves as 

function of γ– dose are shown. This is an additive method indicating Dac of 

~50Gy 

 

 

Fig. 14- EPR spectrum of sample number 4 with  SO −
2  
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Fig. 15 –  Estimation of Dac using  −
2SO , CO −

2  and peroxy center signals.  

Fig. 16 is the additive method line relative to TL measurements. Here, a 

Dac of ~57,5 Gy is obtained. 

From U-238, Th-232 and K-40 contents plus cosmic rays contribution, a 

Dan  (1.0271 ± 0,0055) mGy/ years is obtained,  
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Fig. 16 – Dac  determined by TL- method 

therefore ages of (48000 ± 3000) years from EPR measurements and 

(55000 ± 5000) years from TL technique were obtained. 

Remembering that Montalvãnia sample contains 30 to 40% quartz grains, 

in one case we washed this sample in HCl, so that all calcite react with 

this acid. Washing what remains in water, quartz grains are fully 

separated. Dating these grains an age of ~9000 years was obtained. 

Therefore, subtracting from age-values obtained for calcite (plus quartz 

grains) we obtain (38 ± 3000)y for EPR and (45000 ± 5000)  years for  TL 

results. 

In conclusion, we can say that there is a considerable possibility that 

settlers arrived in the region indicated in the map in the Figure 13 as early 

as 50.000 years age. Neves & Pucciarelli (1991) from morphological 

analysis of a skull of a human remains found at Lapa Vermelha, MG, 

Brazil concluded that it has a negroid characteristics rather than 

mongoloid one contrary to the belief that American indians are descendant 

of Asian people. 

There is a possibility that some Africans drifted through Atlantic 

Ocean from far western cost to extreme eastern cost of Brazil. The distance 

is far shorter than moving from Siberia crossing Bering Strait, or migrating 

through Pacific Ocean from Polynesian Islands or from Australia. V. Fig.5.     
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