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ABSTRACT 

 
Peopling American Continent and in particular of Brazil has been subject of research for a long time. With the 

results of dating of several pertinent materials many theories have been proposed. In Brazil, there is a National 

Park (Serra da Capivara Park) which is worldwide known due to thousands of wall paintings, most of them in 

rockshelters. N. Guidon, head of the Serra da Capivara National Park, found charcoal pellets in several 

archaeological sites and they were dated by radiocarbon technique. Ages ranging from 6 to 48 ka have been 

found. In one of the shelter a thin white covering was found that was proved to be calcite. This calcite was dated 

by Thermoluminescence and Electron Paramagnetic Resonance techniques and ages of 35 to 36ka were 

obtained. In 2007, thin calcite covering wall paintings found in Iraquara County, Bahia state, has been dated. 

Ages of 50ka have been obtained. The proposal of this work is that the early settlers crossed Atlantic Ocean 

from westernmost point of African Continent to easternmost point in Brazil more than 50000 years ago. The 

theory here proposed is possible once the distance between these two points is less than 3000 km distance far 

shorter than from Siberia to South America as proposed by other researchers. 

 

 

1. INTRODUCTION 

 

Who are the first settlers in American Continent? When and from where they arrived? 

Answers to these questions are of interest not only to archaeologists and anthropologists, but 

also to laymen. Evidences are sought in archaeological sites to establish nature of people, 

their habits, period of initial arrival, etc. Lithic tools such as spear points, hatchet and other 

cutting tools to cut games meats, charcoals and, of course, potteries and human remains, have 

been dated to define the period such instruments have been used. The remains of big animals, 

frequently with evidence that they were butchered provide with indirect evidences. Whenever 

possible, human remains such as teeth or bones are used, to be dated either by radiocarbon 
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technique or by electron paramagnetic resonance (EPR) technique. On the other hand, by 

anthropomorphic measurements of skull it is possible to find the nature of human type. 

 

Recently, calcite formed on the wall paintings has been also used to reveal the time period 

when wall paintings were made. For dating of potteries, burned soils, calcite covering wall 

paintings, thermoluminescence and EPR techniques have been often used. Depending on the 

history of lithic materials, they can also be used for dating. 

 

CLOVIS CULTURES 

 

In 1932 near Clovis, New Mexico, large amounts of spear points and other stone tools used 

for hunting big animals (for instance mammoths) and for cutting their meats were found [1]. 

Similar spear points were found throughout large part of Northern Hemisphere and Central 

America, what suggested a hypothesis that every inhabitant of American continent resulted 

by scattering from Clovis center. The radiocarbon technique indicated that Clovis people had 

come to North America not earlier than 11200 to 11500 years ago, so to South America they 

do not arrive earlier than 10500 to 11000 years ago. The hypothesis was that people from 

Siberia crossed Bering Strait into Alaska, the users of the Clovis spear points have wandered 

until New Mexico. This took place between 14000 to 11000 years ago. To understand the 

migration form one region to other, Late Glacial Stage in the New World must be taken into 

account. It began between 19000 and 14000 BP (before present) and ended between 11000 

and 10000 BP [1]. In the northern part of North America, the post-glacial environments only 

started around 10000 B.P. In southern part of South America there is evidence that glacial 

period ended around 16500 BP [1] 

 

In 1976, a student of the Southern University of Chile, brought to the university museum, 

mastodon tooth and bones found at the archaeological site of Monte Verde, located in 

Southern part of Chile. The archeologist, Thomas D. Dillehay, started in 1977, excavations at 

this site. Skipping the details, it is possible to affirm that after ten years of work, Dillehay 

concluded that people had lived in Monte Verde at least 12500 years ago. This result created 

an extensive debate. Only in 1997, after an inspection on the Monte Verde site by a special 

group of archaeologists, it was decided that Monte Verde is a legitimate pre-Clovis site. 

 

Dillehay lists in his book, innumerous excavations and dating results, which took place 

mostly after 1980 up to 1998. Large part of the dates published is inferior to 20000 B.P., 

except for those in Table 1. 

 

 

 

Table 1. Results of dating that exceed to 20000 B.P. for a large number of excavations [1] 

 

Authors Year Material used Site Age obtained (y) 

MacNeissh et al. 1980 Sloth bones Pikimachog. 20200 

Dillehay 1997 Peat ball Monte Verde, Chile 27860 

Dillehay 1997 Charred wood Monte Verde, Chile 33370 

Kipnis et al. 1998  Morro Furado, Bahia, 

Brazil 

21090 
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Lumley [2] and Beltrão [3] reported very old dates between 295000 and 204000 BP. 

 

SERRA DA CAPIVARA NATIONAL PARK, PIAUI, BRAZIL 

 

The Serra da Capivara National Park is located in southern part of the Piauí State, one of the 

northeastern states in Brazil. It is world known place because of thousand of wall paintings 

found in one site. In 1971 a group of five archaeologists, headed by Niéde Guidon, entered 

the Park a virgin jungle in that the time, and they started to do some investigations. They 

found 32 archaeological sites and charcoal pellets, probably from the fires used for cooking 

or for tools preparation, were collected. The charcoals were dated by radiocarbon technique 

in France and ages ranging from 6000 to 48000 BP have been obtained, Guidon [4]. 

 

In 1990, a white substance on the rock wall at Toca da Bastiana rock shelter came off and it 

revealed a wall painting unknown until then. Suspecting that such white substance is datable 

by some physical method, Guidon sent a sample to University of São Paulo Campus located 

in Riberão Preto. It was proved to be calcite. It was dated using EPR technique and an age of 

around 27000 years was obtained. This result was not published at the time. In 2001, the 

remaining calcite covering rock wall at Toca da Bastiana has been sent to the Ionic Crystal 

Laboratory, Physics Institute of the University of São Paulo. The experimental data and also 

the obtained results of this sample are presented in the following sections. 

 

TL, EPR AND DATING 

 

Thermoluminescence (TL) is a phenomenon shown by an ionic crystal and it is characterized 

by the light emission when heated if the crystal has been previously irradiated with any 

ionizing radiation. The emitted TL light is, in general, proportional to the radiation dose. This 

is the basis for TL method dating. The most common dating material is the archaeological 

ceramics, where the heating of clay mold, to produce the ceramics, determines the beginning 

of the age to be found. In other case, calcite for instance, the time (not long) during which the 

crystal was formed establishes the origin of the age clock. 

 

Two quantities are needed to find the age: (1) The accumulated dose, Dac, the dose to which 

the material was submitted since its origin until the moment of determining the age, (2) the 

annual dose rate, Dan, or the radiation that the material had been irradiated. Then: the 

following expression must be used: 

 

an

ac

D

D
yrsAge )(       (1) 

 

The sample is divided into several portions (or aliquots). They are then irradiated to a 

sequence of doses, from zero to higher doses, and each TL peak height is measured and it is 

plotted as function of dose. The extrapolation of the curve (straight) of TL intensity versus 

dose determines the intersection with the doses axis gives the dose that sample had received 

while was underground. This dose is called the accumulated dose, Dac, or equivalent dose, 

Deq. The method used for determining Dac was the additive method This is a practical 

method to determine Dac. There are others methods to obtain Dac however, once the additive 

method is the frequently used one it was the chosen one. 

 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

Several instrumental methods such as X-ray fluorescence analysis, ICP mass spectroscopy, 

gamma-ray spectroscopy, etc., can be used to determine the concentrations of uranium, 

thorium and potassium. There are data, for instance the Table 4.5 from Ikeya [6], which can 

be used to obtain Dan value from U, Th and K concentration. To be corrected determined 

these elements must be determined in both samples, for instance in the calcite and in the soil 

or in the rock from where the calcite was collected. 

 

The same crystal described above, exhibiting thermoluminescence after irradiation presents 

another phenomenon. Electrons (and holes) liberated by the ionizing radiation are captured in 

so called defect centers. Under an external static magnetic field each tiny magnet due to 

spinning electron is oriented parallel or anti-parallel to the magnetic field. If an alternating 

microwave is applied, the frequencies around a specific frequency value are absorbed. It is a 

resonance that takes place and the process is called electron paramagnetic resonance – EPR. 

The intensity of this absorption (energy) is proportional or dependent on the radiation dose, 

as in the TL case. By the same reason it can be used for dating.  

 

 

2. EXPERIMENTAL 

 

In September 2006, wall paintings covered with calcites were found in three rock shelter in 

the Iraquara County, Chapada Diamantina, State of Bahia. Such calcites have been collected. 

The collected samples were numbered: (1) for that from shelter Malone, (2) from shelter 

Lapa do Caboclo and (3) from shelter Eduardo. Figure 1 presents a picture of shelter (1) 

showing wall paintings and calcite covering partially the paintings 

 

 

 

 
 

Figure 1. Picture showing wall paintings and calcite mineral covering partially paintings 

of sample (1), shelter Malone 

 

 

 

For TL dating the calcite samples were prepared. The calcite samples were crushed and 

sieved to retain grains 0.080 to 0.180 mm size. Each sample (1 to 3) was divided into six to 

seven portions and then they were then irradiated with 0, 5, 10, 20, 40, 80, 160, 250, and 500 

Gy γ-doses in a type irradiator GAMACELL with dose rate of 2.98 kGy/h (Jan 2007), 

installed in CTR-Centro de Tecnologia of Radiação - IPEN/SP. 
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For the determination of annual dose rate (Dan), fragments of rock from the wall close to 

paintings in each shelter have been collected. They were analyzed in a plasma mass 

spectrometer (ICP-MS). 

 

 

3. RESULTS AND COMMENTS 

 

X-ray diffraction of sample 2 and also the standard calcite are shown in figure 2.  

 

 

 

 
 

Figure 2. X-ray diffraction of calcite sample from shelter (2) Lapa do Caboclo 

 

 

 

The X-ray diffraction confirmed the samples are calcites. Figure 3 shows glow curves of the 

portions of sample 2 for irradiated dose-values as indicated in the figure.  
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Figure 3. TL glow curves of sample (2) from Shelter Lapa do Caboclo irradiated with 

additional doses from 0 (natural) to 500 Gy of γ-ray 

 

 

 

Figure 4 shows a TL intensity as function of γ-doses, for sample 1. The TL accumulated dose 

(Dac) obtained for the samples are summarized on Table 2. 

 

 

 

 
 

Figure 4. TL intensity vs. radiation dose for calcite from sample (1), shelter Malone. An 

accumulated dose Dac of about 169.5 Gy is obtained 
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Table 2. Accumulated Dose for the Studied Shelters  

 

Shelter Malone (1) Lapa do Caboclo (2) Eduardo (3) 

Dac (Gy)l 169.5 ± 15 48.72 ± 5.0 115.2 ± 9.5 

 

 

 

Table 3 lists uranium (U), Thorium (Th) and Potassium (K) concentrations in the three 

samples 

 

 

 

Table 3. Concentrations (µg/g) of U, Th, and K of the rock with paintings on their 

surfaces. 

 

 Shelter Malone (1) Shelter Lapa do Caboclo (2) Shelter Eduardo (3) 

K 425.55 479.45 1461.6 

Th 1.08 0.40 3.44 

U 7.47 1.18 3.92 

 

 

 

Using Ikeya [5] Table 4.5, Dan value are obtained and subsequently age value are obtained. 

They are listed in the Table 4. Cosmic rays contribution of 0.25 mGy/year was added. 

 

 

 

Table 4. Annual dose rate Dan (mGy/year) and Age (ka BP) 

 

Shelter Malone (1) Lapa do Caboclo (2) Eduardo (3) 

Dan(mGy/year) 3.293 ± 0.3 2.17 ± 0.2 1.04 ± 0.1 

Age (ka BP) 51.5 ± 5.2 46.08 ± 4.5 46.85 ± 4.5 

 

 

 

The possibility that the thin calcite covering rock wall painting could be formed in different 

times was examined using transmission electron microscopy (TEM) scan. For further details 

on TEM refer to Skoog [6]. Only a homogeneous mass of calcite without layers has been 
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observed, that is, no evidence was found that calcite covering was formed in two or more 

stages. 

 

The other hypothesis to be considered is the possibility that rains carried old calcites mixed in 

the solution of limestones and it has deposited such old calcites on the wall paintings mixed 

with the more recently formed calcites. The question is how such old calcites were not 

dissolved by the acid rain. 

 

The third hypothesis formulated was the possibility that old calcites have been leaked through 

narrow cracks from rocks to its surface with paintings. A very detailed observation of the 

surface around painting did not show any such calcite leaked from the interior of the rock 

wall to its surface. In fact, if such leakage has occurred, some kind of damage to paintings 

should be observable. No such effect was found. 

 

It is then quite possible that the first settlers in the region of São Raimundo Nonato, Iraquara, 

Montalvania and Lapa Vermelha, stretching almost parallel to sea coast, arrived as early as 

50,000 years BP, crossing Atlantic Ocean from west most African coast to extreme east coast 

of Brazil, Figure 5. In fact, the distance between these two points is about 3000 km which is 

close to the distance Miami – Minneapolis in USA. It is far shorter compared to that between 

northeast Asia and Brazil or the alternative suggested route from Polynesia to west coast of 

South America. 

 

 

 

 

Figure 5. Map showing: (1) relative positions of Serra da Capivara Naional Park, 

Iraquara, Montalvânia and Lapa Vermelha, (2) Several migration route to reach North 

and South America and Africa – Brazil oute here proposed. This map was taken from 

Scientific American, September 2000, Vol. 283, Number 3. 

 

 

 

The fact that present day american indians are of mongoloid type indicates that they possibly 

arrived through Bering Strait, about 15,000 to 12,000 years ago. According to Neves and 

Puccciarelli [7] earlier settlers, in Brazil, were exterminated. 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

4. CONCLUSIONS  

 

The present work´s results reinforce Guidon [4, 8], Watanabe [9], Sastry [10] and Waters [11] 

data, namely before 50,000 years ago. The region stretching from São Raimundo Nonato, 

Chapada Diamantina, Montalvânia to Lapa Vermelha, are inland but almost parallel to 

Brazilian Northeast coast. The obtained shown probably these regions have been peopled, 

much earlier than first settlers arrived in North America. There is a great possibility that 

someway people from western coast of Africa crossed Atlantic Ocean to reach north eastern 

coast of Brazil. The distance separating these points is shorter than other routes previously 

proposed. 
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