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ABSTRACT

Archaeology can fill the gap between ancient population and modern society elucidating the evidences found in 
archaeological sites.  The “fingerprint” identified, that is the chemical composition of the ceramics, can help 
understanding this connection between the past and the present.  The Tupiguarani Tradition vestiges found by 
archaeologists  will  be  a  way  to  know  about  the  last  two  millennia  of  the  Brazilian  prehistory.  This 
archaeological site is located along the coast of the Brazilian State of Espírito Santo, where the main evidence is 
a pretty ceramic with the occurrence of plastic and painted decoration. When the Portuguese settlers arrived in 
this region, in sixteenth century, several “Missões Jesuíticas” (Jesuitical Missions) were built along the Brazilian 
coast.  In spite of  living within  the Mission and been catechized,  the Indians  kept  on producing traditional 
handcraft, as the decorated ceramic, however, they introduced European elements to the decoration. During the 
research expeditions made to the archaeological site of the Tupiguarani Tradition, many sherds were found. The 
identification  and  classification  of  ceramics  through  a  multielemental  chemistry  analysis  will  be  used  to 
determine if they have the same origin. This paper shows the first elemental concentration results of the sherds 
collected  from  archaeological  site  determined  at  CDTN/CNEN,  Belo  Horizonte,  Minas  Gerais,  using  the 
TRIGA MARK I IPR-R1 nuclear reactor, applying the neutron activation technique, k0-method.

1. INTRODUCTION

In Brazil, the prehistory of the last two millennia has been characterized by the co-existence 
of several cultures in each region. Some of them were specialized horticultors in the alluvial 
plains  and  other  groups  lived  isolatedly  in  the  upper  interfluvial  region.  In  the  early 
prehistory (dating from ca. 1000 BC), the Indians, Tupiguarani Tradition, lived in the coastal 
plain of the Brazilian state of Espírito Santo, a low altitude region. There, the rainfall index is 
high due to the coastal running water. The Indians settled in the hills and the low areas close 
to water courses and the sea. The archaeological sites in this region are close to one another 
(less than 10 km) and present predominant vestige a pretty ceramic with plastic and painted 
decoration occurrence [1-4].

When the Portuguese settlers arrived in this region, in sixteenth century, several Jesuitical 
Missions  were  along  the  coast.  “Missões  Jesuíticas”  were  the  so-called  the  old  villages 
managed by the Jesuitical priests. The objective of those bends of villages, besides civilizing 
and Christianizing the Indians, was to maintain a social group with the benefits of a Christian 
European organization, without any bad habits and violence. A school and a convent were 
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usually built within the Mission. In spite of living in the Mission and been catechized, the 
Indians kept on producing traditional handcraft,  such as the decorated ceramic. However, 
they introduced European elements such as objects with inlaid metals, producing new forms 
and European standards in their pottery [3, 4].

The study of culture through its material vestiges using archaeological evidences is one of the 
possibilities to know the daily life of a prehistoric people. The material evidences found in an 
archaeological site are the insight the archaeologist has to reconstruct the different ancient 
lifestyles.  The material vestiges can be very diversified such as ceramic sherd, cracked or 
polished stone tools, bonfire remnants. The vestiges can also be of only one type such graves 
in a cemetery.

Ceramic presents high archaeological value, because the material is very resistant to time and 
environmental natural surrounding. The identification and classification of ceramics through 
a multielemental chemistry analysis applied together with a statistical data treatment can be 
used to determine the ceramics and the raw material (clay) origin and production techniques. 
During the production of the pottery, in many cases the Indians used to mix the clay, with a 
kind of “condiment” – organic material  such as pieces of wood, sand, sherd of ceramics, 
shells - forming a paste. This material is shaped and then burned in an oven. It is important to 
know the chemical composition of the ceramics because this composition reflects the original 
composition of the clay resource, like a “fingerprint”.

A  study  about  Tupiguarani  Tradition  ceramics,  that  were  found  during  archaeological 
research  expeditions  in  2006 to  Anchieta  [3,  4],  Espírito  Santo,  has  been carried  out  at 
CDTN/CNEN, Centro de Desenvolvimento  da Tecnologia  Nuclear/Comissão  Nacional  de 
Energia Nuclear. There are several hypotheses about the site as to know how the Indians 
explored  the  clay  resources,  the  quantity  of  clay  resources  used  by  the  Indians,  which 
techniques  were  applied  on  the  ceramic  production  determining  if  the  burning  process 
occurred in the open air or in a closed environment, as inside an oven – European technique. 
The  elemental  composition  determined  in  the  sherds  will  help  the  interpretations  of  the 
Tupiguarani Tradition, confirming or not the archaeological main hypotheses. 

This paper is about the first results obtained analyzing pottery fragments from four types of 
pottery  already  identified,  applying  the  analytical  nuclear  technique,  neutron  activation 
analysis, k0-method [5 - 7].

2. EXPERIMENTAL

2.1. Sample Collecting

Hundreds of sherds were collected by the archaeologists during the excavation in a small 
farm called Sítio do Sr. Hiuton (Mr. Hiuton’s Site), located in Anchieta, in the coastal plain of 
the Brazilian state of Espírito Santo. The archaeological site is formed by vestiges of one 
Indian occupation and other historical occupation. Nowadays the hill, a low altitude region, is 
occupied by horticultures (sugar-cane, manioc, etc.)

The sherds  were  grouped according to  the  form of  the  pottery,  and,  for  this  paper,  four 
representative sherds of different kinds of pottery were analyzed. The sherds were identified 
as pieces of pottery: basin, painted bowl, bowl for drinking (“cambuchi”) and rounded bowl. 
2.2 Sample Preparation
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The  powdered  aliquots  of  each  sherd  were  sampled  using  a  motorized  hand  drill  laid 
horizontally on a flat surface and secured with a device. First, the section of the fragment to 
be drilled had the surface  cleaned aiming at taking away the impurities deposited; then the 
aliquot was extracted from several perforations along the cleaned sections with a tungsten 
carbide drill; the powder was collected in a sheet of clean paper.

2.3 Analysis

To determine the elemental concentration in the samples, the neutron activation analysis, k0-
standardization method, was applied [5 – 7] The irradiation was carried out in the carrousel 
IC-7 of the TRIGA MARK I IPR-R1 reactor at CDTN (Nuclear Technology Development 
Centre)/CNEN (Nuclear Energy National Commission), at 100 kW, under a thermal neutron 
flux of  6.35 x 1011cm-2 s-1.  The parameters  f and  α in  the IC-7 are (22.324  ± 0.2) and  
(-0.0022± 0.0002), respectively. 

The samples, around 200 mg, were stacked with neutron flux monitor Al-Au (0.1%) IRMM-
530RA foil cut into 5 mm diameter and 0.1 mm thick in the polyethylene vial suitable for 
irradiation. This way, the samples and monitors were irradiated simultaneously for 8 hours. 
After  suitable  decay  and  measurement  time,  gamma  spectroscopy  was  performed  on  an 
HPGe detector with 15% efficiency to determine the radionuclides with medium and long 
half-lives. 

For the spectra analysis - peak area evaluation - the HyperLab program [8] was used and for 
the  calculation  of  elemental  concentrations  a  software  package  called  KayWin  [9] was 
applied. The quality assurance of the analytical results was performed by analysing certified 
reference materials IAEA/SOIL-7 [10], together the samples. 

3. RESULTS AND DISCUSSION

Table 1 shows the elemental concentration determined in the sherds. It is possible to observe 
that the elements Ba, Br, Ga, Sc, Ta Tb, Th and U present similar values. The determination 
of  As  and  Br-  volatile  elements  under  temperatures  up  to  40ºC  should  be  investigated, 
because the ceramic was burned during the production process. 

The presence of rare-earth elements are compatible with the place, region well known by the 
high natural occurrence of rare-earth elements. Table 1 also shows the results for the certified 
reference material, IAEA/SOIL-7 and the points out that the experimental results are in good 
agreement with the certified values. 
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Table 1. Elemental concentration in the sherds

Elements
IAEA / Soil-7

(mg kg-1)

Experimental 
Value

Certified
Value

Bowl
(mg kg-1)

Painted Bowl
(mg kg-1)

“Cambuchi”
(mg kg-1)

Rounded Bowl
(mg kg-1)

As 13 ± 1 13.4 ± 0.85 7.8 ± 0.4 7.2 ± 0.4 < 1 < 1
Ba < 0.01 NR 361 ± 32 340 ± 34 293 ± 20 234 ± 24
Br 169 ± 21 (159) 9.6 ± 0.4 11.3 ± 0.4 5.1 ± 0.3 8.3 ± 0.3
Ca < 30,000 16,3000 59,580 ± 2,619 56,490 ± 2,611 < 30,000 30,300 ± 1,628
Ce 56 ± 2 61 ± 6.5 206 ± 7 107 ± 4 104 ± 4 284 ± 10
Co 9.1 ± 0.3 8.9 ± 0.85 7.8 ± 0.3 12.8 ± 0.5 10.2 ± 0.4 6.2 ± 0.2
Cr 72 ± 3 60 ± 12.5 12 ± 1 12 ± 1 20 ± 1 23 ± 2
Cs 5.4 ± 0.2 5.4 ± 0.75 2.0 ± 0.1 1.4 ± 0.1 2.8 ± 0.1 1.5 ± 0.1
Eu 1.1 ± 0.1 1 ± 0.2 4.2 ± 0.2 2.6 ± 0.1 2.0 ± 0.1 5.4 ± 0.2
Fe 26,680 ± 938 (25,700) 36,410 ± 1,278 63,080 ± 2,213 65,970 ± 2,323 43,160 ± 1,524
Ga 9 ± 2 (10) 22 ± 1 24 ± 1 24 ± 2 19 ± 1
Hf 5.5 ± 0.2 5.1 ± 0.35 16 ± 1 16 ± 1 11 ± 1 11 ± 1
K 10,370 ± 421 (12,100) 8,047 ± 311 11,030 ± 431 10,270 ± 494 8,743 ± 342
La 28 ± 1 28 ± 1 86 ± 3 66 ± 2 50 ± 2 105 ± 4
Na 2,026 ± 121 (2,400) 3,246 ± 115 4,790 ± 170 3,244 ± 115 3,527 ± 124
Nd 33 ± 2 30 ± 6 110 ± 16 59 ± 4 60 ± 4 130 ± 6
Rb 51 ± 3 51 ± 4.5 46 ± 3 57 ± 3 60 ± 3 45 ± 2
Sc 9.1 ± 0.3 8.3 ± 1.05 17 ± 1 21 ± 1 18 ± 1 14 ± 1
Sm 4.1 ± 0.2 5.1 ± 0.35 17 ± 1 9.2 ± 0.5 9.1 ± 0.4 24 ± 1
Ta 0.69 ± 0.04 0.8 ± 0.2 2.8 ± 0.1 3.0 ± 0.1 2.1 ± 0.1 1.6 ± 0.1
Tb 0.65 ± 0.03 0.6 ± 0.2 1.9 ± 0.1 1.11 ± 0.01 1.01 ± 0.01 2.1 ± 0.1
Th 8.1 ± 0.3 8.2 ± 1.05 8.3 ± 0.3 7.7 ± 0.3 8.1 ± 0.3 7.7 ± 0.3
U 2.4 ± 0.1 2.6 ± 0.55 1.5 ± 0.1 1.0 ± 0.2 < 1 1.4 ± 0.1
Yb 2.4 ± 0.1 2.4 ± 0.35 3.5 ± 0.2 2.7 ± 0.1 1.9 ± 0.1 2.8 ± 0.1
Zn 105 ± 8 104 ± 6 72 ± 3 95 ± 4 86 ± 8 79 ± 3
Zr < 200 185 ± 5 698 ± 31 1,008 ± 100 524 ± 132 569 ± 47

( ), Informative values

4. CONCLUSIONS 

This  paper  brings  the  results  obtained  for  the  first  four  samples  of  sherds,  each  one 
representative  of  one  group  of  pottery,  as  basin,  painted  bowl,  bowl  for  drinking 
(“cambuchi”) and rounded bowl. The presence of rare-earths (Sm, Nd, Tb, Yb) can be one 
insight that the ceramics were produced using the material of the region, once this region in 
Espirito Santo State is rich of rare-earth natural occurrence in soil.

The presences of As and Br, for instance, should be investigated better. Maybe it means that 
the temperature of the burning process was not so high as it supposed to be or the material 
was produced under inhomogeneous conditions of temperature as open air process.
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The k0-method applied to the samples and to the certified reference material was a suitable 
technique on multi-elemental determination. 
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