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Abstract. The ceramic material found at the archeological site in Caninhas, shows funerary 
structures of combustion and various objects of Tupi-Guarani indigenous use. These pieces and 
fragments were saved and cataloged, in approximately 4000 units. The ceramics present a gradient 
of color, from ochre to dark gray, when from the surface to the center of the piece, indicating 
compositional variation caused by inefficient sintering carried out by indigenous people. The goal 
of this study was to observe the phase transition temperature, decomposition, mass variation and 
reactions that occur in the archeological and nowadays ceramics (by DSC/TG), together with micro 
structural analysis (by SEM), phase analysis (by XRD) and chemical composition (by EDS). 
Ceramics nowadays are sintered with air, in a temperature ranging between 400-800 °C for one 
hour, and presents heterogeneous microstructure. The archeological ceramics were identified by the 
ilitte, hydrated alumina, lutecite and quartz phase, and the caulinite, lutecite and quartz phase in 
clay produced today from that region differs in all characteristics and aspects according to time. The 
interaction between different areas of expertise is fundamental to aggregate knowledge: the use of 
ceramic material engineering to archeological application.  
 
Introduction 

Archaeological evidences of Tupi-Guarani origin are found in almost the totality of the 
Brazilian coast, being the culture of the indigenous people known by the stories of chronicler of the 
time of the discovery, of the first times of settling of Brazil and by means of archaeological vestiges. 
Such manifestations also had been discovered in town of Canas - SP, called Caninhas site. This site 
consists of funerary structures, combustion structures and various objects of daily use of indigenous 
people who inhabited the area, and these components were saved and recorded. 

The ceramics found in the indigenous Caninhas site correspond to the reflection of the social 
behavior and cultural dynamics of the group and the classification of archeological material, along 
with its physical-chemical composition, is a means to reclaim the memory linked to cultural 
heritage. 

Archeometric research was conducted at archeological sites throughout the world, revealing 
the technological tradition of ceramics, in addition to its compositional characteristics. This is of 
vital importance because it is the essence of cultural heritage [1-4]. 

The study of the firing cycle of archaeological ceramics is necessary to facilitate the 
reproduction of indigenous ceramics. Analysis of crystalline phases (X-Ray Diffractometry - XRD) 
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and microstructure (Scanning Electron Microscope - SEM) are important tools that help the results 
of heat treatment, quality of ceramics, the degree of crystallization of compounds and identifying 
the various components within ceramic body respectively [5-7]. 

Thermal analysis is the name given to a set of thermo-analytical techniques to investigate the 
physical and/or chemical dependence on temperature. The experimental results should be examined 
in question concepts and theories of physics and chemistry [8], such as [9]: 

 
� Physical transformations: crystallization, solidification, melting, evaporation, glassy 

transitions, changes of crystalline phases.  
� Chemical transformations: chemical reactions (decomposition and sintering) and 

absorption.  
 

The objective of this study was to analyze the microstructure composition and thermal 
behavior of aboriginal ceramics, comparing it with nowadays clay/ceramic of Canas – SP, sintered 
from 400-800ºC, to estimate a temperature range of sintering that the indigenous might have used. 
 
Experimental 

The current clay of the region was compacted in regular blocks with dimensions of 10 x 2 x 3 
cm, and sintered in air, muffled at temperatures of 400, 500, 600, 700 and 800ºC. Parts of 
indigenous ceramics and the current ceramics were fragmented and sieved to 300 “mesh” and the 
crystalline phases were analyzed by XRD, mark Rich-Seifert & Co – DEMAR/EEL, with radiation 

Cukα (λ = 1,5418
o

A ) filtered with nickel, in the angular interval 2θ=10–90º, angular step of 0,05º 
and counting time of 2 seconds. The phases were identified using JCPDS files [10]. 

The samples for microstructure analysis were inlaid at a low temperature in Serefix resin and 
sandpapered in an automatic Polishing, type Phoenix 4000, using silicon carbide sandpaper with 
size of  #180-4000 µm. After that, the samples were metallized with approximately 5nm of gold. 
The microstructure was analyzed in Optic Microscope (OM) with image analyzer Leica, mod. DM-
IRM - DEMAR/EEL, and also in Scanning Electron Microscope – SEM, mark LEO 1450 VP with 
secondary electron detectors to evaluate the morphology and a backscattering electron detector to 
evaluate the distribution of possible materials added in the composition of ceramics. 

The powder of the archaeological ceramics and current clay of the region were submitted to 
Thermogravimetry analysis (TG) and Differential Scanning Calorimetry (DSC), in an equipment of 
Thermal Analysis, of high temperature mark SETARAM, model LabsysTM – module DSC/TG, 
EEL– DEMAR. Around 34.5 mg of powder samples were placed in alumina crucibles and heated to 
1500ºC with heating/cooling rate of 10ºC/min, in air. Thermograms of differential temperature were 
obtained. 

 
Results and Discussion  

The Fig. 1 shows a photograph of the fracture surface of a piece of archaeological ceramics. It 
can be observed that nearer the surface is lighter, and inside, darker. The dark color is due to the 
carbon from organic compounds present in the clay, that could not be released during heating. 

The microstructures of nowadays ceramics sintered from 400 - 800 °C are shown in Fig. 2. It 
can be observed that the nowadays ceramics, sintered even at low temperatures (400ºC, for example) 
have a more homogeneous microstructure than the archaeological ceramics, and showing no 
antiplastic particle, but the sample remained dark. Increasing the temperature to 500ºC, the surface 
that is in direct contact with the heat of the oven became clearer when compared with the center. 
The colouring of sample sintered at 600ºC has already become homogeneous and clear. With the 
increased temperature the bleaching of the samples occurred with the complete combustion of 
organic compounds, which are normally contained in clay. 
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The predominantly crystalline phases obtained by XRD, of indigenous clay/ceramic and 

current clay/ceramic are shown in Table 1. Comparing the crystalline phases of archaeological 
clay/ceramic with the current clay ceramics, the former have hydrated alumina and the latter 
kaolinite. The existence of the hydrated alumina in archaeological ceramic/clay sites may be due to 
the action of time, or that, in the past have been kaolinite and illite phases. This hypothesis assumes 
that remineralization, just as it occurs with the formation of bauxite (aluminum silicates), which 
may have been in the past a clay. 

 
Table 1 – Crystalline Phases found in archaeological ceramics and clay obtained from the current region. 

Samples Crystalline Phases 

Clay Quartz, Lutecita, Illite and Hydrated Alumina. 

A
rc

ha
eo

lo
gi

ca
l 

Ceramic Quartz, Lutecita, Illite e Hydrated Alumina. 

Clay Quartz, Lutecita and Kaolinite. 
Ceramic (400 ºC) Quartz, Lutecita, Illite and Kaolinite. 
Ceramic (500 ºC) Quartz, Illite and Kaolinite. 
Ceramic (600 ºC) Quartz and Sillimanite. 
Ceramic (700 ºC) Quartz, Lutecita, Illite and Hydrated Alumina. C

ur
re

nt
 

Ceramic (800 ºC) Quartz, Lutecita and Hydrated Alumina. 

* Quartz – SiO2; Lutecita – SiO2; Kaolinite – Al2Si2O5(OH)4; Illite – K0,7Al 2(Al,Si)4O10(OH)2; Hydrated Alumina – 
Al 10O15.H2O; Sillimanite – Al2SiO5. 

 

Fig. 1 – Color Gradient and the fracture fragments of archaeological ceramics. 
 

Outside 
(clear) 

  Inside 
  (dark) 

 
        10 mm 

Fig. 2 – Micrographs obtained by SEM and pictures of the ceramics obtained from the clay of the region, 
sintered in air at temperatures of 400-800ºC. 
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Fig. 3 shows the SEM micrograph of archaeological ceramics, where one can observe a large 
presence of cracks, pores and three different phases which were identified by EDS: in the region 1, 
Si and O; in region 2, Si, O, Al and K; and in the region 3, Si, Al, O, K and Fe. Comparing the EDS 
with DRX results, region 1 is SiO2, and region 2 and 3 can be a kaolinite or illite phases. 

 
 
 
 
 
 
 
 
 
 

 
 
Figures 4 and 5 show, respectively, the thermal analysis of archaeological ceramics and current 

clay of the Canas – SP site, by DSC (a) and TG (b). The temperature values were determined in 
maximum and minimum curves of DSC. Comparing the Fig. 4 (a) with Fig. 5 (a), they have in 
common the following: 

� The endothermic peak at about 100 ºC refers to water loss adsorbed/absorbed on the 
surface of the samples; 

� Exothermic peak at about 950 °C refers to decomposition of calcium or magnesium 
carbonates realizing CO2, and calcium and magnesium oxides; 

� Endothermic peak at about 1450 ºC refers to the fusion of oxides of alkali metals and 
alkaline earth metals present in the samples. 

The points that differ between Fig. 4 (a) and Fig. 5 (a) are:  
� The peaks at 291 ºC referent to the loss of chemically bound water; 
� Peaks at 552 ºC refer to the transformation of quartz in its α crystalline phase to β [11], 

or the dehydroxylation (elimination of OH- of crystalline structure) of kaolinite, 
transforming into metakaolin [12], as reaction (A); 

� The peak at 1217 ºC which is due to nucleation of orthorhombic mullite [12] or 
cristobalite formation [13], as shown in reaction (B) and (C). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The aluminum hydroxides structure [D] consisting of an anti-parallel coupling having the 

form, as shown in (D). The couples can form chains with others and it may be assumed that the 
hydrogen ions act as bonds uniting the oxygen in each of the octahedral layers with those in 
adjacent octahedral layers. Molecular water is not present, and the OH-directions form zig-zag 

Fig. 3 – Micrograph of the sample of archaeological ceramics smooth surface. 

1 
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2SiO2.Al2O3.2H2O    552 ºC    2 SiO2.Al2O3 +    2H2O              [A] 
Metakaolin Kaolinite 

           2[SiO2.Al2O3]    
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chains between the planes of the oxygen ions, depending on the kind of structure- for example 
Boehmite, Diaspore or Gibbsite [14]. 

 
                                                                              [D] 

 
 
Observing the Fig. 4(b), the archaeological ceramic showed 11,6% of weight loss from 0-

600 ºC referent to the hydratation of archaeological ceramic powders; 5,5 % of weight loss from 
600-1500 ºC for decomposition of alkaline carbonates releasing CO2, that originate alkalline oxides 
that react quickly with alumina or silica. These totalized a weight loss of 17.1%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5(b) shows the weight loss of 13% from 0-600 °C to the current clay of Canas/SP, and 
4.4% of weight loss from 600-1500 °C, contributing to 17.4% to global value.  

Looking at the results of DSC, it is noticed that there was an endothermic peak at 552 ºC for 
the clay of the region. However, this endothermic peak did not appear for archaeological ceramics. 
Comparing the results of DSC to Figs. 1 and 2, one can deduce that the indians sintered their 
ceramics at temperature close to 552 ºC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 

� There are some anthropomorphic additives in the archeological ceramic, characterized by 
the presence of roots and grains of quartz. These have been added, purposefully or not, in ceramics 
to improve their mechanical properties. 

� The external part of the ceramic articles did not present carbon atoms but in the middle 
appeared significantly. The carbon response a dark gray color appeared in the middle of ceramic, 

Fig. 4 – Archaeological ceramics: (a) DSC Curve, (b) TG Curve. 
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Fig. 5 – Current clay of the region: (a) DSC Curve; (b) TG Curve. 
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while the external surface was ochre, suggesting that the better heat treatment occurs on the outside 
of the ceramic. 

� Although the indigenous ceramics have a lot of pores and cracks, these were used as 
domestic utensil and remained for hundreds of years, some intact, others broken in the 
archaeological site of Canas. 

� Temperature burning of archaeological ceramics occurred between 500-600°C. Through 
thermo-gravimetric analysis performed on archaeological ceramic and current clay of region define 
the firing temperature of ceramics at slightly above 552 ° C. 
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