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Abstract: The decoration of a togatus Roman sculpture found in Salamanca in 2015 has been examined 
to identify the applied pigments. The study was performed using environmental scanning electron microscopy 
–esem– with an energy-dispersive X-ray analyser –esem-edx– and Raman spectroscopy –rs– in microscopic 
mode. The esem-edx analyser allowed the elemental chemical composition of the samples to be established, the 
concentration and distribution of each element in areas and cross-sections to be determined, and predefined 
concentration profiles in the pictorial stratum to be obtained. The ionic or molecular phases of the components 
in the pictorial material were identified by Raman spectroscopy. Therefore, the pigments that make up the 
pictorial palette of this artwork, such as iron oxides or carbon black, have been ascertained by means of these 
complementary techniques. The structural substrate, as well as the chemical nature of the dispersing/priming 
materials for the colourants, have been additionally characterised. Silica and aluminosilicates have been found 
to be present in combination with both the iron oxides and carbon black.

Key words: Pigments; Classical Sculpture; Polychromy; Dispersants; Marble; Raman Spectroscopy;  
esem-edx.

Resumen: La decoración de una escultura de togado romana encontrada en Salamanca en 2015 ha sido 
examinada con el objeto de identificar los pigmentos utilizados. Para ello se ha empleado microscopía electrónica 
de barrido –esem– equipada con un analizador de espectroscopía de rayos X por dispersión de energía –esem-
edx– y espectroscopía Raman –rs– en modo microscópico. El análisis mediante esem-edx permitió establecer 
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la composición química elemental de las muestras; determinar la concentración y la distribución de cada 
elemento en diferentes áreas y secciones transversales, y obtener perfiles de concentración predefinidos en el 
estrato pictórico. Las fases iónicas o moleculares de los componentes presentes en los materiales pictóricos fueron 
identificadas mediante espectroscopía Raman. En consecuencia, los pigmentos que conforman la paleta pictórica 
de esta obra de arte, como los óxidos de hierro y el negro de humo, han podido ser confirmados mediante la 
complementariedad de ambas técnicas. Adicionalmente, el sustrato estructural y la naturaleza química de los 
dispersantes/imprimadores de los colorantes fueron caracterizados, obteniéndose evidencias de la presencia de 
sílice y aluminosilicatos combinados tanto con los óxidos de hierro como con el negro de humo.

Palabras clave: pigmentos; escultura clásica; policromía; dispersantes; mármol; espectroscopía Raman;  
esem-edx.

1. Introduction1

The monochromatic appearance of ancient 
sculpture gave rise to new and modern canons of 
sculpture characterised by an emphasis on form 
with little consideration of colour. In antiquity, 
however, Greek and Roman sculptures were orig-
inally richly embellished with colourful painting, 
gilding, silvering, and inlay. Roman artists used a 
wide range of pigments, painting media, and sur-
face applications to embellish their marble sculp-
tures (Abbe, 2015: 173-188; 2020: 1-21; Brad-
ley, 2009). Such polychromy has mostly been lost  
in burial and survives today only in fragmentary 
condition.

Therefore, it is possible to affirm that the ap-
plication of coloured primings was customary in 
ancient marble sculptures, generally as a means to 
highlight faces, clothing, and jewels. In other cas-
es, the elimination of irregularities of the surface, 
especially in limestone or sandstone, could have 
been achieved (Abbe, 2015: 173-188; 2020: 1-21; 
Bradley, 2009). Unfortunately, for diverse reasons, 
it has not come to our days. Several factors, such 
as fragility, the original conditions of the location 
and burial, and the change of aesthetic taste, have 
prevented these ancient sculptures from being ob-
served as they were devised. This circumstance has 
led to the false belief that antique sculptures were 
white as the marble.

1 The first three authors of this paper are members of 
Archaeological and Historical Materials (ahmat) Research 
Group and GdS-Optronlab Research Group.

Several studies have been carried out, trying to 
add to the insufficient knowledge about the original 
polychromy of ancient sculptures (Noguera, 2002: 
373-412; Østergaard, 2009: 68-73; Verri et al., 
2010: 39-54; Burón et al., 2016: 209-216; Liver-
ani, 2016: 107-124; Cosano et al., 2017: 191-197; 
Ganetsos et al., 2019: 51-61; Campbell, 2020b: 
175-201). One of the most wide-ranging studies on 
the subject has been performed by the Ny Carlsberg 
Glyptotek (Østergaard, 2009: 68-73). Since 2004, 
the Ny Carlsberg Glyptotek and the Copenhagen 
Polychromy Network –cpn– carried out a project 
on several sculptures of their collections. The stud-
ied sculptures were chosen following two criteria: 
the presence of traces of ancient polychromy and the  
potential for throwing light on sculptural polychro-
my in poorly documented periods –namely, Clas-
sical and Hellenistic Greek–. From the reported 
results, it follows that only natural pigments pro-
duced according to ancient recipes were used in 
the sculptures fabricated in those periods. The out-
come of these activities was published in successive 
reports, which are accessible online (http://www.
trackingcolour.com/; Østergaard, 2009: 68-73).

One of the better suited experimental techniques 
for ancient pigments identification and non-de-
structive study of archaeological or cultural heritage 
samples, is Raman spectroscopy (Bersani and Lot-
tici, 2016: 499-530; Pinto et al., 2020: 1-16). In 
particular, Raman spectroscopy has been previously 
applied to study the colouring of different artworks 
from ancient Rome, such as pottery, mosaics, and 
wall paintings (Boschetti et al., 2008: 1085-1090; 

http://www.trackingcolour.com/
http://www.trackingcolour.com/
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Edwards et al., 2009: 553-560; De Benedetto et 
al., 2011: 1317-1323). It has also been used to 
identify the pictorial material in coloured stat-
ues (Østergaard, 2009: 68-73; Verri et al., 2010: 
39-54; Cosano et al., 2017: 191-197; Campbell, 
2020b: 175-201). For example, Cosano et al. 
(2017: 191-197) studied the polychromy remains 
of three seated Roman statues found on the Torre-
paredones archaeological site, in Baena, Jaén. The 
results obtained by Raman spectroscopy identified 
the use of goethite as a yellow pigment, ochre red 
or red earth as red pigment, and Egyptian blue as 
a blue pigment. Campbell (2020b: 175-201) also 
applied Raman spectroscopy in the study of the An-
tonine Wall Distance Sculptures. In this case, the 
use of Raman spectroscopy was complemented by 
non-destructive elemental composition determina-
tion by X-ray fluorescence (xrf). The combination 
of both techniques provided evidence of the use of 
pigments such as vermillion, bright-red minium 
(red lead), yellow ochre, or lead white (Campbell, 
2020b: 175-201). The joint potential of Raman 
spectroscopy and techniques for elemental compo-
sition determination –such as xrf or environmen-
tal scanning electron microscopy (esem) with an 
energy-dispersive X-ray analyser (esem-edx)– has 
prompted the design of hyphenated systems. How-
ever, combining both kinds of analytical techniques 
in a single apparatus presents noticeable difficulties 
(Cardell and Guerra, 2016: 156-166).

The object of the present work is to apply this 
combined approach to analysing the pigmentation 
of a marble statue unearthed in the course of an ar-
chaeological intervention in the city of Salamanca, 
Spain, at the end of 2015 (Jiménez and Rupidera, 
2016: 139-165; Salinas et al., 2016: 553-576). The 
excavated plot where the statue was found is locat-
ed at a privileged emplacement within the ancient 
Roman city, close to the probable intersection of 
the axes that structured the village –i.e., kardo and 
decumanus– (Fig. 1). More specifically, the plot is 
placed along the kardo, which is supposed to have 
been the urban section of the Roman road between 
Emerita and Asturicam –i.e., ‘Via de la Plata’– 
(Jiménez and Rupidera, 2016: 139-165).

Two large fragments of the statue were recov-
ered, which permitted to identify it as a togatus  
–figure with a Roman robe or toga–. It must have 
certainly been an exponent of the official statuary 
that would be installed in some building or public 
space of the former Salmantica forum, most prob-
ably forming part of a customary pre-established 
program. The sculpture was reworked and used as 
construction material at an indeterminate time and 
discarded later, remaining as simple filling until its 
discovery.

The preservation of the two fragments, which 
correspond to the right side –smaller fragment– and 
a part of the body –larger fragment– of the figure, 
was very poor. However, the fracture planes of both 
fragments presented a good state of conservation, al-
lowing for their correct union. At the time of the 
discovery, and during its transfer to the restoration 
laboratory of the Museum of Salamanca, the sculp-
ture was covered by earthy concretions of significant 
volume, which were compacted and highly adhered 
to its surface. This fact hid some folds of the tunic 
carved into the marble. This type of alteration was 
particularly relevant in the smaller fragment. The 
numerous impacts and losses on the original surface 
revealed the characteristics of the marble –type of 
grain, colour, etc.–. As mentioned before, as a conse-
quence of its re-use in later times, most of the folds of 
the robe had been removed, and only those located 
in the upper part of the figure were preserved. Not-
withstanding the preservation state, due to the type  
of marble, the formal characteristics, and the archae-
ological context of the area where it was unearthed, 
the statue could be dated with certainty in the pe-
riod of the High Roman Empire ruled by the Ju-
lio-Claudian dynasty. This finding was of significant 
relevance, as it was the first togatus statue found in 
this archaeological site. Furthermore, it provided re-
markable evidence for the study of the historical evo-
lution of Salamanca, and it highlighted the relevance 
of the ancient Salmantica on the Lusitanian territory 
(Jiménez and Rupidera, 2016: 139-165). 

Visual inspection of both fragments revealed dif-
ferent coloured spots: reddish, grey, and black tonali-
ties, the latter mainly located in the frontal part of the 
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chest. Herein, the identification by Raman spectros-
copy and esem-edx of the pigments employed on the 
polychromy of this togatus statue is presented.

2. Methodology

The studied sculpture is currently located in 
the Museum of Salamanca, Spain, and catalogued 

as piece 556 (Fig. 2a). Additional details about the 
statue, its discovery, and archaeological context can 
be found elsewhere (Jiménez and Rupidera, 2016: 
139-165; Salinas et al., 2016: 553-576). As men-
tioned, most of the polychromy of the sample is 
lost; however, a few coloured spots on the surface of 
well-preserved carved folds of the tunic could still 
be identified. Three stratigraphic samples obtained 

Fig. 1.  Map of Salamanca (Spain) showing the ancient wall, which followed itself the layout of the Roman wall, and representative 
archaeological landmarks of the city. The inset shows the location of Salamanca on the Iberian Peninsula map. The 
excavation plot where the togatus was found is indicated with a red circle, placed in the nucleus of ancient Salmantica 
(adapted from Martín Valls et al., 1991: 138, fig. 1).
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Fig. 2.  a) Two fragments of the sculpture after being assembled, as displayed at the Museum of Salamanca; the dotted rectangles 
indicate the areas from which each stratigraphic sample was collected; b) Detail of the mechanical sample collection; c) 
Detail of sample 556A; d) Detail of sample 556b; e) Detail of sample 556c.
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by mechanical means from the sculpture (Fig. 2b) 
have been studied in this work. These samples were 
selected to be representative of the reddish, grey, 
and black remains of the original polychromy of the 
statue (556a to 556c; see Fig. 2).

The electron microscopy study was performed 
with an fei Quanta 200feg environmental scan-
ning electron microscope. It is equipped with 
Everhardt-Thornley –high vacuum–, large field  
–low vacuum–, secondary electron –esem mode–, 
backscattering electron diffraction –high and low  
vacuum–, and edx detectors. The edx microanaly-
ser, a Genesis xm2i model, allows for the observa-
tion and analysis of wet samples at ambient pressures  
without the need for superficial metallisation. The 
Genesis xm2i identifies light elements effectively 
from boron (b) with resolution <135eV. A Pelti-
er stage permits working with humid samples and  
environments. 

A high-resolution Horiba-Jobin Yvon labram 
hr 800 uv Raman spectrometer, with an Olympus 
bx41 microscope and a Symphony ccd detector, 
was used for the acquisition of Raman spectra –mi-
croscopic backscattering mode with x100 magnifi-
cation–. The λ = 532.8 nm line from a solid-state 
laser was used as the excitation beam. The nominal 
laser power on the sample is 1 mW, with an approx-
imate irradiance of 100 kW·cm-2. The acquisition 
time was set at 120 s, and spectral slit aperture at 
300 μm, achieving a spectral resolution better than 
1 cm-1. Before the measurements, the equipment 
was calibrated with the ν (Si-Si) mode at 520.7 cm-1. 

3. Results and discussion

3.1. Sample 556A

The stratigraphic sample 556a presented re-
mains of red hues. An esem image –x10000 magni-
fication– of a region close to the surface of the 556a 
stratigraphic sample is shown in Fig. 3a. It was pos-
sible to differentiate two regions: a heterogeneous 
–top– region corresponding to the surface of the 
sculpture; and a homogeneous –bottom– region 

corresponding to the material from which the stat-
ue was fabricated (Fig. 3a). Four representative ar-
eas of the sample were selected to study their com-
position (Fig. 3a). The esem-edx spectra obtained 
on these four zones of the specimen are shown in 
Fig. 3b. Ca, C, and O are the major elements in the 
calcareous substrate –point 1–. This result confirms 
that the sculpture was made from a block of marble 
with very high calcite (CaCO3) content. The edx 
analysis of the heterogeneous surface shows rele-
vant Fe contents in point 2, probably associated 
with the chromophore material, while aluminosili-
cates can be clearly identified in point 3 –although 
they are also observed at a lower concentration in 
point 2–. Dispersed particles with significant con-
tents of Ti, probably due to the presence of anatase 
or rutile (TiO2), are evident in the edx spectrum 
from point 4.

The Raman spectrum in Figure 3.c corresponds 
to a zone with red pigmentation. Characteris-
tic vibrational modes of hematite (α-Fe2O3) are 
identified at 220 and 500 cm-1 (A1g Fe-O symmet-
ric stretching) and at 287, 404 and 610 cm-1 –Eg 
Fe-O symmetric bending– (De Faria et al., 1997: 
873-878; De Faria and Lopes, 2007: 117-121; 
Hanesch, 2009: 941-948). Additionally, spectral 
features that correspond to magnetite (Fe3O4) are 
observed at 660 cm-1 –A1g Fe-O symmetric stretch-
ing– and 325 cm-1 –shoulder, Eg Fe-O symmetric 
bending– (Shebanova and Lazor, 2003a: 424-430; 
2003b: 845-852). It should be noticed that the T2g 
Fe-O asymmetric bending mode of magnetite that 
should be observed at about 520 cm-1 overlaps with 
the hematite mode at 500 cm-1. The simultaneous 
presence of these two kinds of iron oxides is not to 
be unexpected, as they are usually mixed in nature 
(Cosano et al., 2017: 191-197).

Accordingly, the red hues of the sculpture were 
obtained using hematite, in good agreement with 
previous results on Raman sculptures (Verri et al., 
2010: 39-54; Cosano et al., 2017). On the other 
side, the presence of anatase or rutile particles is 
probably related to occasional occurrence in the 
materials employed, as there is no evidence of its 
intended use as a pigment at ancient times (Baraldi 
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et al., 2007: 420-426; Howell, 2015; Jorge-Villar et 
al., 2018: 1207-1223).

Moreover, the presence of phosphorus (p) 
in points 2 and 4, close to the marble substrate, 
could indicate the use of bone as preparation or 
fixing base, binder, or white pigment combined 
with the red pigments to give the desired red hue 
(Beltrán et al., 2018: 275-287). In fact, the use 
of bone white to lighten the red colour of hema-
tite has been previously reported in a seated state 
found in the Torreparedones Roman archaeolog-
ical site, in Baena, Spain (Cosano et al., 2017: 

191-197). However, the Raman spectra from this 
stratigraphy have not evidenced the presence of 
calcium phosphate. Therefore, its presence cannot 
be firmly stablished.

3.2. Sample 556b

As was the case for sample 556a, stratigraphic 
sample 556b consists of the sculptural marble sub-
strate and red hues on the surface. A micrograph, 
as well as maps illustrating the semiquantitative el-
emental chemical distribution for the stratigraphic 

Fig. 3.  Stratigraphy 556A: a) sem micrograph; b) edX analysis obtained from the regions marked 1-4 on the micrograph; c) Raman 
spectrum from red pigmentation, as identified by the circle in the photograph of the stratigraphy (upper red layer and white 
stratum correspond to the pictorial coating on the surface of the statue and the marble substrate, respectively).
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specimen 556b, are shown in Fig. 4a. In more  
detail, Fig. 4b depicts the relative elemental com-
position profiles along a line starting at the marble 
substrate and ending at the surface –i.e., pictorial 
layer– of the stratigraphy. The results evidence the 
differences between the marble substrate, which is 
clearly identified by the majority distribution of Ca, 
and the external pictorial layer. The pictorial stra-
tum is characterized by a homogenous presence of 
Si, Al, K, Fe, and O. Fe and O are expected to be 
related to the use of iron oxides as red pigments, as 
previously identified in sample 556a. This hypothe-
sis is confirmed by the Raman spectroscopy results.

The Raman spectrum of a red area on the out-
ermost stratum in specimen 556b is denoted as (2) 
in Fig. 4c. The spectral features are very similar to 
those already described for sample 556A. In addi-
tion to the bands previously correlated to the Ra-
man spectra of α-Fe2O3 and Fe3O4, a strong peak is 
observed at 466 cm-1. This peak corresponds to an 
A1 symmetry vibration of α-quartz (SiO2) (Krish-
namurti, 1958: 276-277; Scott and Porto, 1967: 
903-910) this assignment being further support-
ed by the presence of two additional bands at 128  
–weak– and 206 –shoulder– cm-1, that can be respec-
tively attributed to E and A1 symmetry vibrational 

Fig. 4.  Stratigraphy 556b: a) sem micrograph (top left) and elemental chemical distribution maps; b) Relative elemental 
composition profiles evidencing the diverse composition of the substrate and pictorial layer; c) Raman spectra from two 
coloured spots on the surface (1 and 2) and from the calcareous substrate (3) identified by the circles in the photograph of 
the stratigraphy (upper red and lower white regions correspond to the pictorial layer on the surface of the statue and the 
marble substrate, respectively). 
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modes of α-quartz (Krishnamurti, 1958: 276-277;  
Scott and Porto, 1967: 903-910). These results are 
entirely consistent with those obtained from the 

elemental analysis and indicate that quartz could 
have been used as a dispersant for the red pigment. 
The mixing of small amounts of silica with hematite 

Fig. 5.  Stratigraphy 556c: a) sem micrographs and edX spectra from grey (1) and red (2) spots; b) Raman spectra from grey (1) and 
red (2) regions, identified by the circles in the photograph of the stratigraphy (upper layer and white stratum correspond to 
the pictorial coating in the surface of the statue and the marble substrate, respectively).
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for the so-called ‘red earth’ or ‘ochre red’ pigments 
is a common finding in pictorial materials of an-
cient times (Clark and Gibbs, 1997: 99-103; Cosa-
no et al., 2017: 191-197). On certain spots of this 
specimen, the Raman spectrum was primarily dom-
inated by the α-quartz modes, as illustrated in the 
spectrum marked as (1).

The Raman spectrum of the calcareous substrate 
is also shown in Fig. 4c, trace (3). It corresponds to 
a characteristic spectrum of calcite (CaCO3), with a 
strong peak located at 1086 cm-1, a band of medium 
intensity at 282 cm-1

, a weak band at 154 cm-1, and 
a very weak band at 714 cm-1. The strongest band 
corresponds to the CO3 ν1 symmetric stretching of 
A1g symmetry, while the weakest is the CO3 ν4 sym-
metric deformation, of Eg symmetry. The other two 
are due to in-phase libration modes of the carbon-
ate ion T(Ca, CO3) of Eg symmetry (Gunasekaran 
et al., 2006: 892-899; De La Pierre et al., 2014). 

The results obtained by Raman spectroscopy 
confirmed the use of hematite and magnetite as red 
pigments and the presence of quartz as a dispersant. 
However, the notable concentration of Al, Si, and 
K derived from edx also indicates that aluminosili-
cates are present in the pictorial stratum. It should 
be noticed that aluminosilicates –i.e., clays– are 
homogeneously dispersed within, and not over, the 
pigments. Accordingly, the presence of aluminos-
ilicates because of an alteration or pollution of the 
sculpture can be discarded. Thus, the composition 
of the pictorial red layer seems compatible with the 
use of ochre red as pigment –i.e., natural pigment 
containing iron oxides, silica, and clay– (Franquelo 
et al., 2009: 404-412). 

3.3. Sample 556c

Finally, stratigraphic sample 556c presents a 
higher diversity in terms of colour, displaying grey, 
red, and black hues. Figure 5a shows esem images 
and edx spectra of the 556c stratigraphy, as collect-
ed from grey (1) and red (2) coloured areas. The 
grey areas present O, Si, Al, C, K, and Ca as major 
elements. This sequence of the elemental content 

of the stratum is also observed in areas of intense 
red colour. However, not only a higher relative ox-
ygen concentration is detected in those regions with 
a red pigmentation, but a significant level of iron 
(Fe) can also be noticed.

Raman spectra, as recorded from red and grey 
areas of the stratigraphic specimen, are displayed in 
Fig. 5b. The spectrum from the red portion (2) cor-
responds again to a mixture of hematite and mag-
netite. The relative intensities of the bands seem 
to indicate that the ferrous-ferric oxide content is 
higher in this particular spot than in the previously 
reported regions; as a matter of fact, the A1g magne-
tite band at 660 cm-1 is the most intense feature in 
the spectrum, and the T2g mode can now be identi-
fied as a weak band at about 225 cm-1. 

The Raman spectrum of the grey area (Figure 
5b, [1]) shows bands at 155 (m), 176 (vw), 262 (w),  
282 (m), 452 (w), 474 (m), 511 (s) and 686  
(w) cm-1. This group of Raman bands is attribut-
able to fundamental modes of vibration of feldspar 
(Matson et al., 1986; McKeown, 2005: 1506-
1517). Specifically, the bands at 155 and 175 cm-1 
correspond to external modes of shear deformation 
of the lattice structure of TO4 tetrahedra presenting 
Si+4 (Al+3) substitutions in the tetrahedral (T) posi-
tions. The bands at 262 and 282 cm-1 correspond 
to external libration (roto-translation) modes of 
the aforementioned network structures. The three 
bands at 452, 474, and 511 cm-1 are due to the in-
ternal δ (T-O-T), (T: Si, Al) angular deformation 
modes, while the broad band centred at 686 cm-1 
can be assigned to the ν(TO) stretching in the tetra-
hedra of the aluminium tectosilicates of the feldspar 
group. The positions of the bands and the relative 
Raman intensity pattern permits to determine that 
the silicates consist of ternary feldspar (microcline 
phase) composed of orthoclase (KAlSi3O8), albite 
(NaAlSi3O8), and anorthite (CaAl2Si2O8), with po-
tassium aluminium silicate as the preponderant and 
majority phase (Freeman et al., 2008: 1477-1500). 
These results obtained by Raman spectroscopy con-
firm the previous observations that suggested the 
presence of aluminosilicates in the pictorial layer.
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Esem images and edx spectra from two black-co-
loured areas of stratigraphy 556c are shown in Fig-
ure 6a. The main elements in both black areas are 
C, O, Si, and Al, with lower concentrations of K, 
Ca, Mg, and Na. The high carbon content, which 
is particularly relevant in (2), suggests that the dark 
pigmentation comes from unorganised organic 
matter –soot or carbon black–. At the same time, 
aluminosilicate phases could correspond again to 
the primers for the organic matter. It should be 
noticed that the analysed black areas were select-
ed close to the marble substrate, aiming to avoid 
possible external alterations of the pictorial stratum. 
Moreover, the presence in nearby areas of organ-
ic matter combined with aluminosilicates –black 
spots– and iron oxides combined with aluminos-
ilicates –red spots– suggests an intentional applica-
tion of the aluminosilicates.

The Raman spectrum, as collected from a black 
area, is shown in Fig. 6b. The presence of poorly 
organised carbonaceous materials is supported by a 
broad band (D1) located in the first-order Raman 
spectrum at around 1370 cm-1. This band is as-
signed to vibrations of C-C bonds with species of 
symmetry A1g in disordered graphite. The g band, 
characteristic of the sp2 hybridisation of the graph-
ite, is centred at 1580 cm-1. It corresponds to the 
E2g symmetric C-C stretching in aromatic struc-
tures. Two additional modes that overlap with the 
G band can be identified at approximately 1620 
and 1520 cm-1. These are assigned to the D3 and 
D2 bands in disordered or amorphous carbon (Sa-
dezky et al., 2005: 1731-1742; Jehlička et al., 2009: 
404-409). These results confirm the presence of car-
bon black as black pigment on the togatus statue, in  
good agreement with previous results obtained  
in Roman sculptures (Campbell, 2020a: 96-109). 
Nevertheless, it should be noticed that the use of 
carbon black as a pigment in Roman sculptures 
has not been usually reported in the tunic of toga-
tus sculptures. However, it was a standard pigment 
in Roman times (Fostiridou et al., 2016: 453-464; 
Campbell, 2020a: 96-109).

3.4. Discussion

The study of the polychromy remains and fea-
tures of a Roman togatus may yield relevant infor-
mation for the interpretation of the status of the 
character represented –e.g., toga praetexta or trium-
phal toga picta in the Richmond Caligula– (Brøns 
and Skovmøller, 2017; Ostergaard, 2020: 50-54). 
Moreover, the identification of the pigment re-
mains and their distribution on the sculpture have 
been used to provide estimated reconstructions of 
the original polychromy –e.g., the coloured clavus 
proposed for the togatus found in Osuna, Sevilla in 
1950– (Beltrán et al., 2018: 275-287). However, 
the poor preservation state of the fragments of the 
togatus found in Salamanca, with just a few remain-
ing folds, hinders a detailed interpretation of the 
tunic features or the estimation of the colour distri-
bution on the sculpture.

The obtained results indicate the use of ochre 
red –i.e., iron oxides– as red pigment, in good 
agreement with previous works addressing the 
polychromy of Roman sculptures2. In particular, 
the presence of iron oxides as pigments has been 
suggested in the tunic of the togatus found in  
Osuna, Sevilla (Beltrán et al., 2018: 275-287) or 
the toga of the statue of the freedman Gaius Fun-
dilius Doctus –Sanctuary of Diana Nemorensis in 
Nemi, Italy (Brøns and Harlow, 2020: 219-240)–. 

Moreover, the use of carbon black as a pigment 
in the tunic is also proposed. This pigment has been 
previously found in the hair –e.g. Treu Head– or 
the skin –e.g., Statue of Mars, York– of Roman 
sculptures, but it has not been previously reported 
for the tunics (Verri et al., 2010: 39-54; Campbell, 
2020a: 96-109). Unfortunately, the scarce poly-
chromy remains of the togatus found in Salamanca 
are not enough to ensure the intentional use of this 
pigment. However, its presence close to the marble 
substrate, presenting a dispersion within silica and 
aluminosilicates similar to that detected for iron 
oxides, suggests its use as a pigment. It should be 

2 Skovmøller, A.: Portraits and Colour-codes in ancient 
Rome: The Polychromy of white marble Portraits. PhD thesis 
presented in 2016 at the University of Copenhagen.
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Fig. 6.  Stratigraphy 556c: a) sem micrographs and edX spectra from two black (1-2) spots; b) Raman spectra from black pigment, 
obtained in the area indicated with a white circle in the photograph of the stratigraphy.
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noticed that the presence of carbon black was con-
firmed close to iron oxides in the bottom part of a 
fold (Fig. 2e). Thus, it could have been employed to 
produce shadow effects, accentuating the sculpted 
form (Brøns and Skovmøller, 2017).

In addition, it is known that ochre red and car-
bon black pigments are particularly persistent due 
to their chemical stability, fine grain, and to the 
fact that they are usually embedded in the marble 
surface (Claridge, 2011)3. Therefore, it cannot be 
discarded that these pigments were employed as an 
undercoat, possibly being the penultimate phase of 
the process prior to the addition of the real colour 
(Claridge, 2011), or underdrawings4.

4. Conclusions

Esem-edx and Raman spectroscopy in micro-
scopic mode have been used as analytical tools to 
study the pigments used in a togatus Roman sculp-
ture found in Salamanca (Spain) in 2015. These 
complementary techniques have permitted the 
identification of the components of the pictorial 
layer and confirmed the marbled nature of the stat-
ue body. The material used for the red tones consists 
of a natural combination of iron oxides –hematite 
and magnetite– mixed with silica and aluminosili-
cates –i.e., ochre red–. Soot or carbon black seem 
to have been used in the black areas, also combined 
with silica and aluminosilicates.
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