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ABSTRACT
The EDXRF technique was used to analyse a selection of archaeological objects from the Paranaense Museum collection
(Curitiba, Paraná State, South of Brazil). The samples were measured in situ at the respective museum, using a portable
PXRF-LFNA-02 EDXRF system belonging to the Laboratory of Applied Nuclear Physics (LFNA), Department of
Physics, Londrina State University, Paraná. A total of 37 objects were measured and analysed, of which 19 were ceramic
pieces. The elements Si, K, Ca, Ti, Mn, Fe, Cu, Co, Zn, Rb, Sr, Y, and Zr were measured. The data analysis provided
indications of the key elements of the pigments present in the paint and the slip applied to decorate the ceramic vessels.
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RESUMO
Utilizou-se a técnica EDXRF para analisar uma seleção de objetos arqueológicos que pertencem ao acervo do Museu
Paranaense (Curitiba, Paraná, sul do Brasil). As amostras forammedidas in situ no respectivo museu, utilizando o sistema
portátil PXRF-LFNA-02 de EDXRF, pertencente ao Laboratório de Física Nuclear Aplicada (LFNA), Departamento de
Física, Universidade Estadual de Londrina, Paraná. Foram medidos e analisados um total de 37 objetos, dentre eles 19
peças cerâmicas. Nas diversas peças cerâmicas medidas foram verificados os elementos Si, K, Ca, Ti, Mn, Fe, Cu, Co,
Zn, Rb, Sr, Y e Zr. A análise dos dados forneceu indicações dos elementos chave dos pigmentos presentes na tinta e no
engobo aplicado para decorar as respectivas peças.
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Introduction
The conservation of cultural heritage is becoming increas-
ingly important in museums and academic institutions
worldwide, and thus grows the need for the use of non-
destructive methods in the analysis of, for example, art
and archaeological artifacts (Szokefalvi-Nagy et al., 2004).
In this context, the X-ray Fluorescence (XRF) technique is
a widely employed choice in the field of archaeometry, for
in situ investigations, with the use of portable equipment
(Galvão et al., 2020; Molari & Appoloni, 2021; Pouyet
et al., 2020). Then, this technique allows obtaining qual-
itative information (elemental analysis) and quantitative
(chemical composition) of the objects of interest (Gianon-
celli & Kourousias, 2007; International Atomic Energy
Agency, 2005).
The Energy Dispersive X-ray Fluorescence (EDXRF)

methodology is a non-destructive analytical technique that
allows the simultaneous determination of many chemical
elements present in works of art, without the need for sam-
ple preparation or the mobility of the parts of the collec-
tion for the respective analyses. With the use of a portable
EDXRF system, it is possible to perform themeasurements
in situ, which enables this methodology to be widely used
in the study of historical and archaeological artifacts.
This research aimed to measure archaeological objects

and works of art under the custody of the Paranaense Mu-
seum, located in Curitiba, Paraná State, South of Brazil, of
particular interest to the Archaeology Department and the
Conservation Laboratory of the museum. The study be-
gan by selecting 37 relevant historical and archaeological
materials from the Museu Paranaense collections, which
covered different temporalities.

Materials and methods
The samples were measured in situ at the Paranaense Mu-
seum using the portable PXRF-LFNA-02 EDXRF sys-
tem, which belongs to the Laboratory of Applied Nuclear
Physics (LFNA), Department of Physics, State University
of Londrina, Paraná (Parreira et al., 2019).
The respective system consists of an X-ray tube with

Ag Anode (operated at 28 kV and 5 µA), a Si-PIN type
detector (the energy resolution is 221 eV for the Mn line
of 5.9 keV), standard X-ray spectrometry nuclear elec-
tronics chain, 8K multichannel, notebook and a specially
designed mechanical system for the positioning of the de-
tector and the X-ray tube, which allows movements with
two degrees of freedom (rotational and angular) of the
excitation-detection system.
The excitation-detection time for all measured samples

was 500 seconds. The data were analysed using AXIL
software (Estevam, 2005; Van Espen et al., 1977).

Samples

Among the 37 measured artifacts, 19 of which were ar-
chaeological ceramic material (133 spectra), 8 metallic
objects (27 spectra), 7 artifacts of faience, whiteware and
creamware (40 spectra), and 3 oil canvases (48 spectra).
In this paper we will discuss the results obtained from

measurements of 5 archaeological ceramic vessels. Se-
lected regions of these objects were measured, and infor-
mation about them was obtained from the existing docu-
mentation at the Museu Paranaense (Parellada, 2014).

Object 1
Guarani archaeological ceramic vessel for storing and
cooking food (ñaembé or tembirá), careened shape, with
internal paints (black and red lines on white slip – a thin
coating of clay) and red bands on the outside surface. The
pottery-making technique was the “coil method”, with the
vessel’s walls built up with long strips of tempered clay.
The surface treatment of the bowl was the painting in-

side and outside. The bowl has the following dimensions:
bulge maximum bulge of 37.5cm, mouth diameter of 34cm
and height of 14.5cm. The vessel was part of a Guarani
funerary set, and was donated by local people of Porto Ca-
margo, a village of Icaraíma municipality, west of Paraná
State, South of Brazil (Parellada, 2018).
Chronological dating is estimated between 1,100 and

500 years before present. The measured regions in the
artifact were the black stripes, the red external border, the
pure ceramic base, and one internal region in a red stripe.

Object 2
Guarani archaeological ceramic vessel for storing liquids
cambuchi, with also careened shape. The pottery-making
technique was the “coil method”. The fine red paint lines
cross a white slip on the outer surface (above the neck).
Below are red bands. The vessel has the following di-
mensions: maximum diameter of 19.4cm and height of
11.1 cm.
Chronological dating is estimated between 1,200 and

600 years before the present. It was also a vessel of a
Guarani funerary set, and the donated object was collected
by local people on the banks of Bahia River, a tributary of
Paraná River, municipality of Taquarussu, Mato Grosso do
Sul State, Midwest area of Brazil. The regions measured
were the pure ceramic base, the red stripes, and white
engobe region.

Object 3
Historic ceramic vessel with colonial African features,
probably from the mid-19th century. It is decorated with a
red horizontal band at the rim, external and internal, and a
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vertical pattern with plants, probably corn, with thick red
lines on cream slip. The pottery-making technique was
the “coil method” and had a flat base.
The donated vessel was collected from an old farm

called Santa Bárbara, in Ponta Grossa municipality, east
of Paraná State, South of Brazil. The bowl has bulge
maximum diameter of 29 cm, and height of 25.1 cm. The
following regions were measured: the pure ceramic base,
the lateral red flower, and the white region. In each region,
three points were measured.

Object 4

Historic ceramic vessel with handles, probably from the
mid-20th century, made by an old artisan of the Paraná
coast, called Mrs. Romão da Costa. The pottery-making
technique was the “coil method”, smoothed with a piece
of “porongo” peel, and then the "taguá" (ferruginous clay)
was applied to give the red slip paint. Before being placed
in the kiln, the surface of the vessel was polished with a
stone (Noelli & Sallum, 2020; Scheuer, 1969).
The bowl has maximum diameter of 22cm, with the

handles-23.5cm, -and height of 15cm. This vessel was
collected in the Medeiros River Community, located in
Paranaguá municipality, part of the Paraná coast, South of
Brazil. The measured regions were the pure ceramic base
and the black part, caused by the application of tincture of
roots of mangrove species.

Object 5

Chimu ceramic vessel, with stirrup, or could be a hybrid
early green glazed (EGG) ware as Vanvalkenburgh et al.
(2017) described for some ceramic materials made by
Peruvian indigenous peoples in the 16th century, using the
lead glaze technique. This greenish black vessel had a
sculpture representing a seated man, a musician playing
the flute, if it was Chimu could possibly had a ceremonial
function and was used to store liquids (Wauters, 2016).
The man is wearing a tunic and a headdress with geo-

metric designs. The broken stirrup and part of the flat base
were on the back of the flute player. This donated object
was collected in Peru, and the pottery-making technique
was by mold with texturing parts of the outer surface.
It measures 12.3 cm in length, 9.7 cm in width and 15

cm in height. Chimu chronological dating is estimated
to be between 1,000 and 1,460 years AD. The measured
regions in the artifact were black and the ceramic base.
Three points were measured in each of the mentioned
regions on the respective objects.
Figure 1 shows the five ceramic vases described in

objects 1-5, and the points measured on each object.

Figure 1 -Archaeological and historic ceramic vessels and
the measured points in each individual object: (a) object
1; (b) object 2;(c) object 3; (d) object 4; (e) object 5.

(a)

(b)

(c)

(d)

(e)
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Results and discussion
Figure 2 shows the spectrum of the region of the ceramic
paste from Guarani ceramic (object 2), while Figures 3 to
7 show the superposed spectrum of the pure ceramic paste
and the regions with traces of red and black paintings on
some of the objects analysed.

Figure 2 - Spectrum of the ceramic paste region of a
Guarani ceramic vessel (object 2).

Figure 3 -Overlapping spectra of the ceramic paste region
and the region with traces of red paint (object 3).

Figure 4 -Overlapping spectra of the ceramic paste region
and the region with traces of red slip paint (object 1).

Figure 5 - Overlapping spectra of the ceramic paste re-
gion and the region with traces of greenish black paint
(object 5).

Figure 6 -Overlapping spectra of the ceramic paste region
and the region with traces of black paint (object 4).

Figure 7 - Overlapping spectra of the ceramic paste re-
gion and the region with traces of red and black paintings
(object 1).
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Table 1 shows, respectively, the values of the average
net areas of the three points measured in the black region
of a Chimu ceramic vessel (object 5).

Table 1 - Values of the average net areas measured at the
three points of the black region of a Chimu ceramic vessel
(object 5) and the respective deviations (σ) given by AXIL
for each element.

Element Line Net area σ

Si Ka 372 36
K Ka 2834 63
Ca Ka 1119 52
Ti Ka 1522 51
Mn Ka 1428 49
Fe Ka 119245 334
Co Ka 5320 109
Zn Ka 2199 56
Rb Ka 8817 117
Sr Ka 6512 109
Y Ka 1750 109
Zr Ka 5978 137

Analysing the measured objects, the presence, in vari-
able quantities, of the elements Si, K, Ca, Ti, Mn, Fe, Cu,
Co, Zn, Rb, Sr, Y and Zr were observed. The elements Si,
K, Ca, Ti, Mn, Fe, Co, Zn, Rb, Sr, Y, and Zr were present
in the ceramic paste of all the measured objects, indicating
that they were present in the composition of the argil used
in the fabrication of the respective objects.

In Oliveira et al. (2020), using the EDXRF technique,
the concentrations of the elements Si, Fe, Ti, K, Ca,
Zn, Sr, Mn, Pb, Rb, Zr, Cu, Cr and Al were obtained
in the measured samples. Comparing the results, it
is verified that most of the measured elements are re-
peated, independent of samples from different periods,
geographical localization, and provenience, but with
different amounts. In addition to the elements listed
above, the presence of Cu was also observed in the ce-
ramic paste of the Guarani ceramic vessel (object 2).
After analysing the measured pieces using the AXIL soft-
ware, the net areas of each element measured where there
were traces of paint were compared with the areas mea-
sured in the ceramic paste of the respective piece.

For the spectrum presented in Figure 2 (referent to ob-
ject 2), it was observed that there was an increase in the
intensity of the lines referring to the Sr and Fe elements
in the region with traces of paint. This indicates that there
was a treatment in this region, using paint with raw mate-
rial enriched with these elements, in the engobe. It can be
observed that the X-ray lines of the Fe element presented a
significant increase in intensity in the regions with traces of
red paint and black paint when compared with the ceramic

paste. The Mn element also showed similar behavior in
the region with traces of black paint (see in special the
Figure 7).
This indicates the use of paint containing oxides of these

elements. The same behavior occurs with the Fe element
in the region with traces of red paint on objects 1 and 3,
suggesting the use of paint, containing a pigment based
on this element (hematite) in its composition.

It is known that the red paints in Brazilian archaeo-
logical indigenous ceramics are due to hematite, either
with the use of red ochre earth or laterites or red clays,
which are rich in this material. The unequivocal presence
and large amount of the element Fe in the red paints com-
pared to the paste, attests that it is the key element of the
red pigment, which within the above context could only
be hematite, as measured by molecular methodologies
(Appoloni et al., 2015; Oliveira et al., 2020).
In addition to the spectra presented, Table 1 shows

an example of the behavior of the measured net areas of
all elements after deconvolution with AXIL, with which
net areas of all measured elements are determined, keep-
ing only those with net areas greater than three devia-
tions, to have good statistical robustness. The same ele-
ments were detected, with varying intensities, in all the
ceramic pastes analysed. To discriminate between the
pastes a simple comparison of the spectra is not effective.
The better way is to perform a multivariate analysis of this
data.
This analysis, the next step of this work, will be the

Principal Component Analysis (PCA) and Hierarchical
Cluster Analysis (HCA), of the elemental composition of
the pieces. We could differentiate and correlate the groups
of samples, because multivariate analysis allows the ver-
ification of the similarity between the sets of chemical
elements identified in the objects of the same and different
levels of stratigraphic profiles, permitting the grouping of
ceramic objects made with the same type of clay (Ikeoka
et al., 2018). With the use of such data analysis techniques,
it would be possible to study even more profoundly the
common or uncommon origin of the objects, which would
contribute to improving the museum’s database, especially
for those objects that do not have much information about
their origin.

Conclusions
A total of 37 objects from the collection of the Museu
Paranaense were studied, of which 19 were archeological
ceramic fragments.
It employed the EDXRF technique, with a portable sys-

tem (pXRF). Fourteen elements (Si, K, Ca, Ti, Mn, Fe, Cu,
Co, Zn, Rb, Sr, Y and Zr) were measured in the selected
ceramic pieces, five of which are discussed in detail in
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this paper. In these cases, the data analysis determined the
key elements of the pigments present in the decoration,
especially the paint and the slip, Fe and Mn, respectively
for the red and black paint, indicating the use of raw mate-
rials rich in oxides of these elements in several different
periods of time.
The portable XRF system proved to be robust and ade-

quate for the in situ measurements. These data obtained
contribute to the selection of more appropriate strategies
for preventive conservation in the Paranaense Museum,
especially with the collections of the Archaeology depart-
ment.
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