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ABSTRACT 

 
Analysis of historical artifacts, it's a multidisciplinary field of research known as archaeometry, has expanded 

greatly in recent years. One of the reasons for this expansion was the great effort of physicists and engineers, 

who focused on the development of portable instruments, that allow analyses in situ and non-destructive of these 

artifacts. The X-Ray Fluorescence (XRF) technique is the most used in this field of study. In this work the XRF 

was used to analyse the artwork "Passagem de Humaitá", by the Brazilian painter Victor Meirelles, dated 1872. 

The painting, which has dimensions of 268 cm x 405 cm, is exhibited at National Historical Museum located in 

Rio de Janeiro. The analyses were carried out in situ with portable XRF system model TRACER IV from 

Bruker, which has Rh anode and can operate with maximum voltage and current of 40 kV and 200 μA. Spectra 

of more than 80 points of the painting were obtained, with the tube operating at voltage of 40 kV and a current 

of 10 μA, and the spectra were collected during 60 seconds. The results allowed to conclude that the painter used 

pigments such as vermilion and/or cinnabar [HgS], calcite [CaCO3], zinc white [ZnO], lead white 

[(PbCO3)2·Pb(OH)2], red ocher [Fe2O3], brown umbra [Fe2O3.MnO2]. 

 

Keywords: XRF, historical pigments, archeometry. 
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1. INTRODUCTION 

 

Since prehistoric times, humans mark their environment in the form of images, ranging from 

simple fingerprints to wall paintings. For this reason, the analysis of materials used in cultural and 

historical artifacts, such as paintings and polychrome artifacts, occupies a prominent place in 

archeometry. The identification of the inorganic pigments and materials used to paint these artifacts 

are fundamental to promote a better understanding of the history of the object and the technique 

used by the artist, as well as assisting in the resolution of problems related to conservation, 

restoration and dating of artworks [1]. 

Different analytical spectroscopy techniques can be employed, with the purpose of analyzing 

pigments in works of art. However, due to the peculiarities of the artifacts analyzed in this field of 

study, which in most cases are single pieces, which add historical and cultural value and often 

monetary value, it is preferable that these artifacts are subjected to preferably non-destructive 

examinations. Following this requirement, the elemental characterization by X-Ray Fluorescence 

(XRF), has a great prominence in the analysis of historical cultural heritage artifacts. In addition to 

allowing non-destructive examinations, there are currently different types of portable XRF systems, 

easily operation, which allow in situ analysis [2–10]. 

In this work, the XRF was employed to investigate, the painting “Passagem de Humaitá” of the 

painter Victor Meirelles. The obtained results allowed to verify the pigments used by the artist in 

the creative process of the artwork, as well as possible restorations suffered by the painting. 

 

2. MATERIALS AND METHODS 

 

2.1. The painting “Passagem de Humaitá” 

The canvas “Passagem de Humaitá” was painted in 1872 by the Brazilian artist Victor Meirelles 

and is exhibited at the National Historical Museum (MHN), located in the city of Rio de Janeiro, 

Brazil. The painting, seen in Figure 1, which has dimensions 268 cm x 405 cm, depicts a historical 
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moment related to the Paraguayan War, which was the largest armed confrontation in South 

America.  

 

Figure 1: The canvas “Passagem de Humaitá”, with the points and where were registered, the 

spectra by XRF. 

 

Source: Authors. 

 

2.2. XRF analyzes 

The analyzes were carried in the MHN, being recorded spectra of XRF in 83 points indicated in 

Figure 1. 

 

The XRF was performed using a Bruker, commercial, portable system TRACER IV, which has 

a X-ray tube with an anode Rh, that can operate at a voltage and maximum current of 40 kV e 100 

μA, respectively. The system is equipped with X-ray detector, model XFlash® (10 mm²) SDD, 
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thermoelectrically refrigerated to –15°C with an energy resolution for Mn-Kα of 145 eV and is 

capable of performing up to 10 kcps. The XRF spectra were acquired directly from the selected 

points, with the tube operating at 40 kV and 10 μA over 60 seconds. 

The spectra obtained were analyzed using software ARTAX version 7.4 from Bruker and 

PyMca [11]. 

XRF is an elemental analysis technique, so the characterization of pigments is performed by 

associating the elements detected in the spectrum with the visible hue. Table 1 reports some of the 

pigments widely used in the period in which the painting was produced. 

 

Table 1. Some pigments, used in the 19th century, with the chemical composition formula 

[12]. 

  

 

 

3. RESULTS AND DISCUSSION 

 

 

With the exception of point 83, which was analyzed in the frame. The results of the other points 

show that all the recorded spectra are very similar, presenting practically the same elements 

characterized in all the points, indicating a homogeneity in the pigments. The main difference 

between the recorded spectra is in spite of the intensity of the elements, which indicate that the 

shade variations are due to differences in the proportions of the mixed pigments. 

 

Pigment Chemical Composition Color 

Cinnabar and/or Vermilion HgS Red 

Red ocher Fe2O3 Red 

Umbra Fe2O3.MnO2 Brown 

Chromium Óxide Cr2O3 Green 

Viridian Cr2O3.2H2O Green 

Lead white 2PbCO3.Pb(OH)2 White 
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Figure 2: Points X_1, collected at the edge, and the point X_3 collected in a region distant from 

the edge. 

 

Source: Authors. 

 

 

The similarity between the spectra can be visualized in Figure 2, which shows the spectra of 

points X_1, collected at the edge, and the point X_3 collected in a region distant from the edge. The 

Ca, Fe, Zn and Pb elements, which may be related respectively to the calcite (CaCO3), red ocher 

(Fe2O3), zinc white (ZnO) pigments and lead-based pigments as lead white (2PbCO3.Pb(OH)2), 

and/or yellow massicot (PbO) [8,13]. 

In all spectra the Pb was characterized as a majority element, being the presence of this element 

due to by the use of pigments with Pb, such as lead white (2PbCO3.Pb(OH)2), yellow massicot 

(PbO) and red litharge (PbO). These pigments are also known for their secant properties from Pb, so 

by the end of the 19th century they were commonly used as the layer of preparation for polychromy 

in artworks [6,14,15]. 
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Figure 3: XRF spectrum, collected at point X_4. 

 

Source: Authors. 

 

 

The Zn is another element with remarkable presence in the spectra including, in regions of red 

hue, as can be seen to the side in the spectrum of point X_4, showing in Figure 3. This result 

indicates that the zinc white pigment (ZnO) may have been intentionally mixed, with the other 

pigment for the purpose of obtaining lighter shades. In some points the presence of Ba, which 

associated with Zn, was detected, can be correlated to the white pigment lithopone (BaSO4 + ZnS), 

whose usage record began in 1878 [1,12]. As the beginning of use of said pigment is close to the 

date of the painting. There is a possibility that the lithopone may have been used by the author 

himself instead of being correlated to a restoration point. 
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Figure 4: XRF spectrum, collected at point X_36. 

 

Source: Authors. 

 

 

The painting shows in majority a reddish tonality, where the Hg and Fe elements were detected 

in these regions, which are correlated to cinnabar and/or vermilion (HgS) and red ocher (Fe2O3) 

pigments [16], indicating a mixture of these two pigments in the reddish regions. Already in the 

regions of brown hues was predominant the presence of Fe, where it was also detected the presence 

of Mn, reminding the presence of the brown pigment umbra (Fe2O3.MnO2) [17]. 

In the point X_36, of brown hue, whose elemental spectrum can be seen in Figure 4, besides Fe 

and Mn, was detected Cr, which may be related to the green pigment chromium oxide (Cr2O3) 

and/or Viridian (Cr2O3.2H2O). A mixture between the brown pigments based on Fe and greens 

based on Cr was detected in the work of Calza [8], during the analysis of brown regions of the 

artwork “Primeira Missa do Brasil”, also attribuited to the painter Victor Meirelles. This result 

indicates that this is a mark of the author, which allows him to achieve specific shades of brown in 

his artworks. 
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4. CONCLUSION 

 

The results indicated the presence of pigments, which were identified in other paintings by 

Victor Meirelles, as in the “Primeira Missa do Brasil”. 

It was detected elements that refer to the use of the lithopone pigment, which was used after the 

date of the artwork. In addition, some points presented results a little different from the others, such 

as the majority characterization of Zn instead of Pb. This results indicate that the artwork has 

undergone small interventions, however it maintains its originality to a large extent. 

It is also possible to conclude that the artwork is very homogeneous with practically the same 

pigments in all parts like vermilion, red ocher and umbra. Therefore, the differences in shades 

observed throughout the artwork, they are due to variations in the proportions of the mixed 

pigments. 

Being the main difference between the points in relation of the intensity of the mixture of 

pigments used at the each point. This result indicates that the differences in shades, come from the 

technique used by the artist during the creation process and not specifically from pigments. 
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