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ABSTRACT 

 
Due to the high importance of the material vestiges for a culture of a nation, the Brazilian Council for 

Environment determined that the license to establish new enterprises are subjected to a technical report 

concerning environmental impact, including archaeological sites affected by that enterprise. Therefore, 

answering the report related to the Program for Prospection and Rescue of the Archaeological Patrimony of the 

Areas impacted by the installation of the Second Line of Samarco Mining Pipeline, the archaeological 

interventions were carried out along the coast of Espírito Santo. Tupi-Guarani Tradition vestiges were found 

there, where the main evidence was a interesting ceramics. Archaeology can fill the gap between ancient 

population and modern society elucidating the evidences found in archaeological sites. In this context, several 

ceramic fragments found in the archaeological sites - Hiuton and Bota-Fora - were analyzed by neutron 

activation technique, k0-standardization method, at CDTN using the TRIGA MARK I IPR-R1 reactor, in order 

to characterize their elemental composition. The elements As, Ba, Br, Ce, Co, Cr, Cs, Eu, Fe, Ga, Hf, K, La, Na, 
Nd, Rb, Sb, Sc, Sm, Ta, Tb, Th, U, Yb, Zn and Zr were determined. Applying R software, a robust multivariate 

statistical analysis, the results pointed out that the pottery from the sites was made with clay from different 

sources. The X-ray powder diffraction analyses were carried out to determine the mineral composition and 

Mössbauer spectroscopy was applied to provide information on both the degree of burning and atmosphere in 

order to reconstruct the Indian burning strategies temperature used on pottery production.  

 

 

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 horticulturists in the 

alluvial plains and other groups lived isolated in the upper interfluvial region. In the late early 

prehistory (dating from ca. 1000 BC), the Indians, Tupi-Guarani 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 of interesting ceramics with 

plastic and painted decoration occurrence [1, 2]. 
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When the Portuguese settlers arrived in this region, in the sixteenth century, there were 

several Jesuitical Missions along the coast. ―Missões Jesuíticas‖ were the so-called old 

villages managed by Jesuitical priests. Their objective, besides civilizing and christianizing 

the Indians was to maintain a social group with the benefits of a Christian European 

organization, free from bad habits and violence, a school and a convent were usually built 

within the Mission [2]. In spite of living in the Mission and been catechized, the Indians kept 

on producing traditional handicraft such as decorated ceramics. However, European elements 

such as objects with inlaid metals were introduced, bringing new forms and European 

standards to their pottery [1 - 3]. 

 

The study of culture through its material vestiges using archaeological evidences is one of the 

possibilities to know about 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 diversified such as ceramic sherd, 

cracked or polished stone tools and bonfire remnants. It can also be of just one type such as 

graves in a cemetery. However, ceramic presents high archaeological value, because the 

material is very resistant to time and environmental natural surroundings. The identification 

and classification of ceramics through a multielemental chemistry analysis is important 

because this characterization reflects the original composition of the clay resource, like a 

―fingerprint‖. All of the attributes of ceramic artifacts—shape, size, type of clay, type of 

temper, surface treatment, and painting, to name just a few—serve as a rich and varied set of 

data for archaeologists intent on reconstructing ancient human lifeways. There are essentially 

four types of analyses that archaeologists perform on ceramic artifacts in order to obtain the 

data contained within them: experimental studies, form and function analysis, stylistic 

analysis, and technological analysis [1 - 4].  

 

Due to the importance of material vestiges of a nation culture, the Brazilian Council for 

Environment (CONSELHO NACIONAL DO MEIO AMBIENTE - IBAMA) - Resolution 

CONAMA 01/86 - determined that license to establish new enterprises must be subjected to a 

technical report concerning environmental impact. This report has to consider the social 

economic environment as archaeological, historical and cultural sites as well as monuments 

of the community affected by that enterprise. Therefore, answering the report [1] related to 

the Program for Prospection and Rescue of the Archaeological Patrimony of the Areas 

impacted by the installation of the Second Line of Samarcos’s Mining Pipeline – IPHAN 

Administrative Rule no. 51, 23/02/2006, the 4
th
 Report of Activities was made describing the 

archaeological prospection carried out. Samarco Mineração S. A. is a private mining and 

processing iron ore exporting company.  

 

According to the report [1], 56 sites with evidences of the cultural patrimony materials were 

identified from Mariana city (Minas Gerais State) to Anchieta village (Espírito Santo State), 

being most of the sites around the pipeline. The area directly affected by the enterprise is a 

long and narrow strip of land (3x396km) between Mariana and Anchieta –. Among these 

sites, 15 were chosen to be excavated based on details that point out the sites as pre-historical, 

presenting vestiges of Tupi-Guarani Tradition in Espírito Santo state. There were several 

hypotheses about the site, such as how the Indians explored clay, the quantity of clay 

resources used by the Indians, the technology used to make the artifacts, namely, ovens 

related to the European technology – or bonfire, Indians procedure. Therefore, the objectives 

of this research were i) to know if the pottery fragments were made from the same raw material 

in both archaeological sites, Hiuton and Bota-Fora and ii) to verify if the European 
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technology had already influenced the Indian handicraft concerning the ceramics burning 

process.  

 

To achieve the first objective, the samples were chemically analyzed by instrumental neutron 

activation analysis, applying the k0 standardization method [5-10], and the results processed 

by multivariate statistical methods [6, 7, 9]. The X-ray diffraction [11] and Mössbauer [12, 

13] techniques were applied to determine if the Indian burning procedure (in the open air) or 

the European procedure (inside an over) was used.  

 

 

2. METHODOLOGY 

 

2.1. Sample collecting 
 

The specific archaeological site studied is a small farm called Mr. Hiuton’s place, located in 

Anchieta, Espírito Santo. Vestiges of Tupi-Guarani occupation and another historical 

Portuguese occupation was found. Nowadays the hill, a low altitude region, is occupied by 

horticultures (sugar-cane, manioc, etc.). Hundreds of sherds were collected during the 

excavation. They were observed and classified by the archaeologists and grouped according 

to the form of the pottery. The fragments were identified as pieces of pottery: basin, painted 

bowl, bowl for drinking (―cambuchi‖) and rounded bowl. Unfortunately, it was not possible 

to collect clay because the coast of Espírito Santo is an urban region was modified by 

anthropogenic actions [1]. To reach the aforementioned objectives, a set of 66 sherds of ceramic 

were drawn to be studied.  

 

2.2. Sample preparation 

 

The fragments were washed and dried by the archaeologists during the excavation. To be 

chemically analyzed, 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 on a sheet of clean paper. 

 

2.3. Elemental composition of the sherds by instrumental neutron activation analysis, 

k0-standardization method 

. 

The neutron activation analysis, k0-standardization method To determine the elemental 

concentration in the samples was applied [10, ]. The samples, weighing around 200 mg, were 

stacked with neutron flux monitor Al-Au (0.1%) (IRMM-530RA, 5 mm diameter and 0.1 mm 

thick disks) in polyethylene vial suitable for irradiation. This way, the samples and monitors 

were irradiated simultaneously. The irradiation was carried out in the TRIGA MARK I IPR-

R1 reactor at CDTN (Nuclear Technology Development Centre)/CNEN (Nuclear Energy 

National Commission), at 100 kW, under an average thermal neutron flux of 6.35 10
11

cm
-2

s
-1

 

in the carrousel. The irradiations were carried out according to two schemes: in the channel 

IC-7 (f and  parameters are (22.3  0.2) and (-0.0022  0.0002), respectively) for 8 hours, to 

determine elements whose radionuclides present long half-lives and in the cannel IC-40 for 5 

minutes (f and  parameters are (22.3  0.2) and (-0.0022  0.0002), respectively) to 
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determine elements whose radionuclides present short half-lives. After suitable decay and 

measurement time, the gamma spectroscopy was performed on an HPGe detector with 15% 

efficiency. For the spectra analysis - peak area evaluation - the HyperLab program [14, 15]
 

was used and for the calculation of elemental concentrations a software package called 

KayWin [16] was applied. The quality assurance of the analytical results was performed by 

analysing certified reference materials IAEA/SOIL-7 [17]. 

 

2.4. Statistical Analysis 

 

Based on the elemental concentration of the sherds, the first step was to verify if the 

elemental concentrations followed the normal or lognormal distribution in order to choose 

which statistical analysis would be suitable. The Kolmogorov-Smirnov test [18] was applied 

and the results pointed out that the data followed neither normal nor lognormal distributions 

and, additionally, showed the presence of outlier values [19]. Due to this, the R software [19, 

20] was applied because it is a ―robust‖ statistic regardless of the distribution of the data and 

the presence of outliers. The analysis by Principal Component Analysis and the Analysis by 

Correlations [20] were applied using the R software and StatDA package. 

 

To apply the principal components analysis, PCA, R software, only variables with 

correlations lower than 0.6 were considered [20]. To verify similarities or dissimilarities 

between the samples, the analyses of variance through ANOVA [21] were performed. 

 

2.3 X-ray diffraction technique 

 

All samples were analyzed by the X-ray diffraction technique that has been widely used for 

the determination of crystalline phases in ceramics [5, 11]. The objective was to identify the 

mineralogical composition changing under temperature effect while the clay is burned to be 

transformed into an artifact. Aliquots of 1.5g of each sample were analyzed by means of a 

computer controlled Rigaku diffractometer, model and automatic system D\MAX ULTIMA 

software Data Inc. Jade 9. The diffractograms recorded were analyzed by programs. 

 

2.4. Mössbauer spectroscopy 

 

Iron Mössbauer spectroscopy was applied to sherds to provide simultaneous information on 

both the degree of firing and atmosphere (usually simplified as either oxidizing or reducing) 

basing on Fe(II) and Fe(III) ratio and iron phases present. Aliquots of 100mg were analyzed 

and 
57

Fe Mössbauer spectra were recorded by conventional Mössbauer spectrometers [12, 13, 

22].  

 

 

3. DISCUSSION AND RESULTS 

 

Table 1 shows the results for the certified reference material [17], IAEA/SOIL-7. To evaluate 

the analyses performance, the Expanded Uncertainty and u-score were applied [23] 

considering the assigned value for IAEA/Soil-7. The Expanded Uncertainty is expressed as 

the Relative Bias (%) and the objective was to verify if the results obtained were consistent 

within an expanding 95% confidence interval (95% confidence interval of reference material 

and given uncertainty by software used). Concerning u-score, the evaluation includes 

uncertainties of the measurements and the uncertainty of the assigned value.  
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Table 1. Experimental results for certified reference material IAEA/Soil-7, 

expressed by Relative Bias (%) and u-score 

 

Elem. 

Certificate Value 
v ± u 

(mg kg-1) 

RB, 

% u-score 

As 13.4±0.85 -3.0 0.30 

Ce 61±6.5 -8.2 0.73 

Co 8.9±0.85 +2.2 0.22 

Cr 60±12.5 +20.0 0.94 

Cs 5.4±0.75 0.0 0.00 

Eu 1±0.2 +10.0 0.46 

Hf 5.1±0.35 +7.8 1.01 

La 28±1 0.0 0.00 

Mn 631±60 +3.0 0.26 

Nd 30±6 10.0 0.48 

Rb 51±4.5 +0.0 0.00 

Sb 1.7±0.2 -6.5 0.49 

Sc 8.3±1.05 +9.6 0.74 

Sm 5.1±0.35 -3.9 0.49 

Ta 0.8±0.2 -13.7 0.54 

Tb 0.6±0.2 +8.3 0.25 

Th 8.2±1.05 -1.2 0.09 

U 2.6±0.55 -7.7 0.36 

Yb 2.4±0.35 +0.0 0.00 

Zn 104±6 +1.0 0.10 
v, value; u, uncertainty; RB, Relative Bias, n=1 

 

Concerning the sherds, the neutron activation analysis, k0-method, determined the elemental 

concentration for Al, As, Ba, Br, Ce, Cl, Co, Cr, Cs, Dy, Eu, Fe, Ga, Hf, I, K, La, Mn, Na, 

Nd, Rb, Sc, Sm, Ta, Tb, Th, Ti, U, V, Yb, Zn and Zr. These results were interpreted by 

multivariate statistical techniques [6, 7, 9], widely used in archaeometry. Applying the 

Principal Component Analysis and the Analysis by Correlations six principal components 

were found that explained 83% of the total data dispersion. The first component explained 

49% of the discrepancy and the more significant elements were La and V, probably related to 

the clay source. The second component explained 10%, being Rb and Ta the most significant 

elements. Rb was probably related to antiplastic like leaves, once this element is usually 

present in plants [24] and Ta is related to soil. As the other four components explain less than 

10%, they were not considered. 

 

The interpretation of ANOVA test, considering the archaeological sites and the chemical 

elements- the variables- of PC1, showed that the sites were different (p=0.009). Concerning 

to PC2, the probability that the sites were similar is 61.7%. It suggests that Rb the most 

influenced element related to temper and cames from the local vegetation. Regardless of the 

form, ANOVA test applied to sherd from Hiuton’s site, pointed out that the raw material was 
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from the same clay resource. On the other hand, the sherds from Bota-Fora’s site pointed out 

that the provenance of the raw material was not the same. 

 

The X-ray diffractometry pointed out that the sherds had similar clay composition. As the 

analyses pointed out the presence of quartz in all samples, it could only be infered that the 

burning temperature was lower than the deforming temperature of the quartz. On the other 

hand, the results from the Mössbauer spectroscopy showed that for the samples analyzed the 

proportion of Fe
3+

 (63% - 87%) was higher than Fe
2+

 (4% - 15%). 

 

 

4. CONCLUSIONS  

 

The inferences about past behavior depends on understanding the relationship between the 

material, economic, political or symbolic interpretation of the archaeologists and the non-

material aspects of Indian culture and society. The conclusion from this work may reflect 

aspects of social and cultural systems, in which the objects are valuable. Therefore, the 

analytical tool neutron activation analysis and archaeometry play an important role 

supporting archaeological hypothesis as well as X-ray diffractometry and Mössbauer 

spectroscopy. 

 

This study is the first one developed in Brazil in which the elemental concentration values 

were interpreted by statistical analysis applying R package software that promotes robust 

methods, supported by archaeological interpretations. The results pointed out that the pottery 

from the sites were made with clay from different resources and the earthenware from Bota-

Fora site was made with clay having different composition pointing out different 

provenances.  

 

The X-ray powder diffraction analyses were carried out to determine the mineral composition 

and Mössbauer spectroscopy was applied to provide information on both the degree of 

burning and atmosphere in order to reconstruct the Indian burning strategies temperature used 

on pottery. The results pointed out that the firing should have happened in over bonfire, the 

traditional Indian burning process, without any Portuguese influence, inside of ovens. 

This work, in turn, will contribute to understand some aspects of the social, economic and 

political dynamics of the ancient Tupiguarani tribes. 
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