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a b s t r a c t 

The Vice-Roy’s Portraits Gallery hosted at the Old Goa Museum of the Archaeological Survey of In- 

dia in Goa, India, is a unique panel painting collection, spanning from the 16th till the 18th centuries, 

and representing the Portuguese Viceroys and Governors who administrated the Portuguese provinces 

in the coastal region of the Indian Ocean. During the Old Goa Revelations project (a collaborative inter- 

institutional consortium between Evora University HERCULES Lab, Lisbon University Fine Arts Faculty, 

Archaeological Survey of India and Ghent University), this important collection of panel paintings was 

examined in-situ using a non-invasive approach with mobile analytical instrumentation. Next to a series 

of imaging techniques, point analysis has been performed, using both, elemental and molecular spectro- 

scopic methods. On the one hand, handheld X-ray fluorescence analysis and macro X-ray fluorescence 

imaging was used to obtain the elemental composition and its distribution on pictorial support, while 

on the other hand mobile Raman spectroscopy was implemented to obtain molecular information. These 

non-invasive techniques were used to determine the composition of the paint layers and to study the 

different treatments (e.g. overpainting, changes in compositions, etc.) that the artworks have witnessed 

since their creation. 

© 2024 Consiglio Nazionale delle Ricerche (CNR). Published by Elsevier Masson SAS. All rights are 

reserved, including those for text and data mining, AI training, and similar technologies. 
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. Introduction 

On the first floor of the Archaeological Museum of Old Goa 

here is a collection of more than a hundred paintings depicting 

he Portuguese Governors and Viceroys of India ( Fig. 1 ). 

These portraits are paintings of large dimensions (about 

05 cm x 115 cm) that started to be executed in 1547, when the 

iceroy D. João de Castro commissioned to a local artist his own 

ortrait and the portrait of his 12 predecessors. Later, in 1585, the 

aintings were restored for the first time, by demand of the Gov- 

rnor Fernão Teles de Menezes, and at the same time he commis- 

ioned ten more paintings [ 1–6 ]. 

In the beginning of the nineteenth century, the collection was 

etrieved from the Viceroys Palace, in Old Goa, which was then 
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nd similar technologies. 
emolished. In 1839, the portraits suffered a poor restoration in- 

ervention by a painter who decided to overpaint large missing 

nd or damaged areas. In the end of nineteenth, between 1893 and 

894, the military Manuel Gomes da Costa restored the collection. 

e repainted the backgrounds with dark colours and the faces and 

ostumes of the Viceroys, the arms, hands and legs positions were 

lso modified. In paintings that were in better conditions, he only 

epainted the background and has done small retouches [ 1–6 ]. 

Between 1953 and 1957, seven of the paintings came to Lisbon 

o be restored. During this intervention the overpainting was re- 

oved, and after the restoration, three of them were sent back to 

oa. From the remaining four paintings, in 1961, the portrait of D. 

oão de Castro was also sent to Goa, while the other three were in- 

orporated in the collection of the Museu Nacional de Arte Antiga 

 1–6 ]. 

In the period between 1974 and 1998, some conservation inter- 

entions were done to the Goa portraits, and the last one was in 
SAS. All rights are reserved, including those for text and data mining, AI training, 
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Fig. 1. Collection of the Portuguese Governors and Viceroys of India portraits, Archaeological Museum of Old Goa. 

Fig. 2. Portrait of the viceroy D. João de Castro with the mapping of the points 

analysed by h-XRF and mobile Raman spectroscopy. 
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he years of 1997 and 1998 following procedures and criteria of the 

poch [ 1–6 ]. 

This important collection of panel paintings has been examined 

n-situ using a non-invasive approach with mobile analytical in- 

trumentation in the scope of the project Old Goa Revelations: New 

nsights on the Viceroys Portrait Gallery , a project financed by the 

ortuguese Science and Technology Foundation, that is focused on 

he application of non-invasive techniques. 

Although invasive methods produce more detailed data on the 

aterials present in artworks, in the context of this project it was 

ot possible to collect any samples as the owner of the collection 

id not authorize this approach. So, the material characterization 
123
f the paintings had to be conducted just with non-invasive ana- 

ytical instruments. 

Considering the various options and the objectives of the study, 

nd after surveying the portraits with imaging techniques such 

hotography, UV fluorescence photography, infrared reflectography 

nd X-ray radiography, for the recognition of altered areas of the 

aintings by previous conservation treatments, handheld X-ray flu- 

rescence spectrometry (h-XRF), mobile Raman spectroscopy and 

acro X-ray fluorescence imaging (MA-XRF) techniques were cho- 

en for the purposes of material characterization, expecting to 

iscriminate between original compositions and conservation in- 

erventions, and to reveal the underneath layers corresponding 

o hidden decoration armours, coats of arms, golden decorations 

mong others. The selection of these techniques was based also on 

vailability and on the criteria of combining elemental and molec- 

lar analysis instrumentation. h-XRF, mobile Raman spectroscopy 

nd MA-XRF are three of the in situ analytical tools that had signif- 

cant advances in terms of portability, sensitivity, data acquisition 

imes, readiness of results availability. In the case of MA-XRF, the 

ost recent developed instruments are able to produce a chemical 

mage of a relatively large area, being possible to simultaneously 

btain multiple chemical elements maps in a relatively fast way or 

ven in real time [ 7–26 ]. 

. Research aim 

This work is inserted in the scope of the collaborative project 

ld Goa Revelations: New Insights on the Viceroys Portrait Gallery , 

hich integrates a multidisciplinary team of researchers. The main 

bjectives of this project are the material characterization of the 

iceroys portraits; to contribute to a better understanding of their 

istory, because along the centuries they suffered profound alter- 

tions as a consequence of restoration interventions; and to help 

n the decisions to be made in future conservation/restoration in- 

erventions. 

In this paper, the results of combining h-XRF, mobile Raman 

pectroscopy and MA-XRF in the study of three viceroys’ portraits 

re presented. This are the portraits of D. João de Castro, D. Fernão 

eles de Menezes and D. Manuel de Souza Coutinho. This study il- 

ustrates the potential of the combined use of these non-invasive 

nalytical tools in the study of areas of the paintings where pic- 

orial alterations (e. g. overpainting, changes in composition, etc.) 

ave occurred, allowing to visualize the original painting that was 

hen overpainted in conservation interventions, and identify the 

aterials in original and non-original layers of the studied paint- 

ngs. The paintings chosen for presenting in this paper are, among 
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he viceroys’ collection, those that best meet the objectives of this 

rticle. 

. Materials and methods 

In this work, the portraits of the viceroys D. João de Castro, D. 

ernão Teles de Menezes and D. Manuel de Souza Coutinho were 

nitially studied by a series of imaging techniques – photography, 

V fluorescence photography, infrared reflectography and X-ray ra- 

iography – that allowed to identify areas on the paintings that 

ave suffered pictorial changes. 
ig. 3a. XRF and Raman spectra obtained in the analysis of the viceroy D. João de Castro

nd 343 cm−1 ), barite (986 cm−1 ) and lead white (1056 cm−1 ) [ 27–29 ]. 

124
Following the information obtained by these imaging tech- 

iques, the identified altered areas of the paintings were submit- 

ed to point analysis using both elemental and molecular spectro- 

copic methods. Handheld X-ray fluorescence spectrometry (h-XRF) 

as used to obtain the elemental composition and its distribution 

n pictorial support, and mobile Raman spectroscopy was imple- 

ented to obtain molecular information. Additionally, MA-XRF was 

sed to complement the elemental analysis by h-XRF and the el- 

mental maps obtained revealed some of the major pictorial al- 

erations that the paintings have suffered along the time due to 

everal interventions. 
 (points 1 to 4). The symbols ∼, + and ∗ correspond respectively to vermilion (254 
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.1. Handheld X-ray fluorescence spectrometry (h-XRF) 

A Bruker Tracer 5i handheld X-ray fluorescence spectrometer 

spot size of 3 mm), equipped with a rhodium X-ray tube and a 

-Flash SDD detector. The spectra were obtained using a voltage of 

0 kV and a current intensity of 30 μA, with an acquisition time 

f 60 s. After acquisition, the spectra were processed using ARTAX 

Bruker) software. 

.2. Mobile Raman spectroscopy 

Mobile-Raman analyses were performed with a Enwave 

zRaman-I Dual (DR) portable spectrometer equipped with a fi- 

re optic head allowing an analysis spot size of ∼0,5 mm, and a 

hermo-electrically cooled CCD detector. Spectra were acquired us- 

ng a near-infrared 785 nm excitation in the spectral region of 100–

350 cm−1 . 
ig. 3b. XRF and Raman spectra obtained in the analysis of the viceroy D. João de Castro

nd 343 cm−1 ), calcite (1086 cm−1 ) and titanium white (142 cm−1 ) [ 27–29 ]. (The blue c

aseline correction). 

125
During the analysis, the probe head of the Raman spectrome- 

er was manually positioned and kept in contact with the panels’ 

urface. 

.3. Macro X-ray fluorescence imaging (MA-XRF) 

The MA-XRF examinations were made with a CRONO Bruker 

pectrometer. The system is constituted by a measurement head 

ounted on a motorized stage capable of scanning areas of 

0 cm x 45 cm at a speed of 42 mm/s (imaging lateral resolu- 

ion of 0,5 mm). The scans were made in a non-contact mode with 

ocus distance of 5–7 mm. The spectrometer is equipped with a 

hodium X-ray tube and a large area 50 mm2 SDD detector with 

UBE technology. The spectra were obtained using a voltage of 

0 kV and a current intensity of 200 μA. Data acquisition and pro- 

essing was made with CRONO and ESPRIT Bruker softwares. 
 (points 5 to 9). The symbols ∼, x and # correspond respectively to vermilion (254 

urves in each Raman spectrum correspond to the same spectrum after polynomial 
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. Results and discussion 

.1. Portrait of D. João de Castro 

The portrait of the viceroy D. João de Castro is one of the paint-

ngs that was restored in the middle of the twentieth century in 

isbon and returned to Goa. Fig. 2 depicts the portrait of D. João 

nd the points analysed by h-XRF and mobile Raman spectroscopy, 

nd in Figs. 3 a and 3b are presented the XRF and Raman spectra

btained. 

The analysed points correspond to the painting’s main colours: 

hite, red, yellow and green. 

In relation to the white colour, the coat of arms and the neck 

ere analysed (points 1 and 2), and the neck exhibits a pinkish 

hite colour. For both, h-XRF reveals the presence of calcium, 

arium, titanium, manganese, iron, copper, zinc and lead. The 

RF spectrum of the pinkish white neck (point 1) also shows a 
ig. 4. Detail of the portrait of D. João de Castro with the indication of the area anal

estoration of 1954 (b); detail of a reproduction of the painting dated from 1560 (c); MA

A-XRF map of Cu (e); MA-XRF map of Cr (f). 

126
eak for mercury. The Raman spectra acquired in the same points 

s h-XRF exhibit peaks attributed to barite (986 cm−1 ) and lead 

hite (1056 cm−1 ) for both cases [ 27–29 ]. The pinkish tone of the 

eck is due to the presence of vermilion, as the spectrum shows 

bsorptions at 254 and 343 cm−1 [ 27–29 ]. 

The presence of zinc and titanium may be attributed to the 

se of zinc white and titanium white in twentieth century inter- 

entions, calcium is due to the ground layer (made of gypsum or 

halk), manganese and iron are related to ochre pigments applied 

n layers under the superficial one, and finally copper may be at- 

ributed to a blue or green pigment originally applied in the execu- 

ion of the coat of arms and that was covered by the white paint. 

In relation to the colour red, all XRF and Raman spectra in Figs. 

a and 3b (points 3, 4 and 5) account for the presence of vermil-

on, except the Raman spectrum of point 3. As it can be seen in 

he corresponding XRF, the peak for Hg has a very weak intensity 

nd vermilion was not detected by Raman spectroscopy (the spec- 
ysed by MA-XRF (a); corresponding detail of a photograph from the time of the 

-XRF combined map of the elements Cu and Cr, overlaid in the visible image (d); 



A.F. Machado, S. Valadas, P. Vandenabeele et al. Journal of Cultural Heritage 68 (2024) 122–129

Fig. 5. Portrait of D. Fernão Teles de Menezes with the indication of the area analysed by MA-XRF (a); corresponding radiography (b); detail of a reproduction of the painting 

dated from 1646 (c); MA-XRF combined map of the elements Sn and Pb (d); combined map of the elements Cu, Sn and Hg (e). 
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rum does not show any absorption at 245 and 343 cm−1 as do 

pectra responding to points 4 and 5). Besides this, in the coat of 

rms, Raman spectrum reveals a lot of fluorescence, and it was not 

ossible to identify any red pigments by this technique. It is pos- 

ible also that a red lake has been applied in this case or an iron

xide pigment, as iron was also detected by h-XRF. Furthermore, 

hromium was detected in points 3 and 4, suggesting the presence 

f chrome yellow. Taking into account the removal of repaints in 

he twentieth century, we could assume that the chrome yellow 

as used in the intervention of 1953. 

In what concerns to the yellow colour of the background, h-XRF 

eveals again the presence of chromium, in both analysed points 

6 and 7), suggesting the use of chrome yellow. This element is 

lso present in the colour green of points 8 and 9, and it can be

lso due to the presence of this pigment in the layers under the 

reen layers, which contain a copper pigment, according to h-XRF 

esults. 

It is interesting to verify that copper was also identified in the 

oint 6 corresponding to the yellow background, but in point 7 

here is no copper. This result might be surprising, but by using 

A-XRF analysis ( Fig. 4 ) this could be better understood. 

In a photograph from the time of the restoration of 1954 

 Fig. 4 b), it is visible the remains of a crown of leaves in the head

f D. João, which is very similar to the one depicted on a repro-

uction of this painted dated from 1560 ( Fig. 4 c). 

The map of copper obtained by MA-XRF ( Fig. 4 d and e) reveals

he existence of remains of this crown of leaves of D. João. On the 

ther hand, MA-XRF shows the presence of chromium in a semi- 

ircular area around D. João’s head. This corresponds to a chrome 

ellow paint applied to cover the remains of the crown of leaves. 

Also, copper is present in part of the leaves that D. João holds 

n his right hand. This part coincides just with the remains of the 

riginal leaves that we can see in the photo of 1954. 
r

127
These original leaves are covered by a paint made of a 

hromium green pigment such as viridian, chrome oxide green or 

hrome green as it can be seen in the MA-XRF map. Chromium 

s also present but in less quantity in the rest of the yellow back- 

round. 

.2. Portrait of D. Fernão Teles de Menezes 

A reproduction of the portrait of the viceroy D. Fernão Teles de 

enezes dating from 1646 suggests that his painting was greatly 

odified in a restoration intervention ( Fig. 5 ). 

The costume of D. Fernão in the reproduction is completely dif- 

erent from that of the portrait and X-Ray radiography ( Fig. 5 b) 

onfirms that the painting was modified. 

In this case, the MA-XRF demonstrates the existence of the 

riginal painting under the actual one. The elemental maps ( Fig. 5 d 

nd e) produced by MA-XRF clearly exhibit the same features de- 

icted in the reproduction. The original costume of Fernão Teles 

e Menezes still exists, at least partially, as it may be seen in the 

aps of MA-XRF for tin, lead, copper and mercury, which account 

or the presence of lead-tin yellow and vermilion. 

.3. Portrait of D. Manuel de Souza Coutinho 

In the case of viceroy D. Manuel de Souza Coutinho painting, by 

omparison with a reproduction from 1646 it is possible to verify 

n alteration on the cape of D. Manuel Coutinho. 

This evidence could help the interpretation of the h-XRF anal- 

sis ( Fig. 6 ) in these altered zones. The presence of Hg in point

 referred to the location of a red cross that is overpainted. Tes- 

imony of this can be observed with the naked eye or by using 

anking light, as relief is visible on the surface of the painting. 
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Fig. 6. Portrait of D. Manuel de Souza Coutinho with the mapping of the points analysed by h-XRF (a); detail of a reproduction of the painting dated from 1646 (b); portrait 

with MA-XRF combined map of the elements Cu, Au and Hg (d); h-XRF spectra of points 1 and 2 (d). 
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The combined map of copper, gold and mercury obtained by 

A-XRF ( Fig. 6 c) also unveils a cross in the cape of D. Manuel de

ousa Coutinho. 

. Conclusions 

The study of these three paintings from the collection of the 

ortuguese viceroys of India, belonging to the Archaeological 

useum of Goa, shows that combining in-situ elemental and 

olecular analytical techniques (h-XRF, MA-XRF and mobile 

aman spectroscopy) is a powerful approach for the material 

haracterization of a painting, as it furnishes a great deal of 

nformation that considerably reduces the number of samples to 

e collected, in the case of being strictly necessary to collect sam- 

les, depending on the objectives of the study. In this study, the 

ain pigments were identified only with the use of non-invasive 

echniques, though it was not possible to confirm the ground layer 

ller. Also, these techniques did not allow the identification of the 

inders and varnishes in the paintings. 

Moreover, the information produced by these techniques allow 

apping the materials on a painting, accessing to the composi- 

ion of the underlayers and discriminating between original and 

on-original materials applied, in cases where a painting was pro- 

oundly modified in restoration interventions. 
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