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1 Introduction
The manuscript Mary of Guelders was copied in 1415 
in the Augustinian monastery of Arnheim (Netherlands) 
for the duchess Mary of Guelders, according to the notes 
of the scribe Helmich die Lewe in the Colophon on page 
410r (Defoer et al. (1989)). This book with illuminations 
on parchment of outstanding artistic quality, represents a 
major work of the Dutch book illumination as it inclu-
des elements of a Book of Hours (although the Hours of 
the Virgin are missing), a Breviary and a Prayer Book. 
Furthermore, it is one of the most beautiful manuscripts 
of the Staatsbibliothek zu Berlin (SBB), where it is kept 
today. Presently it contains 106 miniatures, but some are 
probably missing.

In close collaboration with art-historians physico-che-
mical studies have been performed with the aim of un-
veiling the mysteries related to the creation of the illumi-
nations of the manuscript. One of the central aims of the 
present study was to identify the colour palette of the pray-
er book. Moreover, it was intended to find specific mar-
kers for the different illuminators, i.e. the use of specific 
painting materials or techniques. In this way, the investi-
gation of the art technology of the illuminated manuscript 
could support the art historical study in order to better  
understand how many hands were involved in the creation 
of the prayer book. Stylistically, five different hands were  

 
differentiated and for the purpose of the project named 
as follows: Passion Master, Temporal Master, Master of 
Mary of Guelders I, Master of Mary of Guelders II and 
Master Otto van Moerdrecht. Furthermore, this study ai-
med at visualising possible underwritings. According to 
observations of the high resolution digital images, there 
are written “instructions” to let the miniaturists know 
what they should paint (Miranda Bloem, personal com-
munication). Often, the scribe wrote instructions so the 
miniaturists would know what to paint. If a figure such as 
a king, pope or saint with well-known attributes was to be 
painted, the instructions can be as short as one word, but, 
for example, in the case of a local saint, the description 
needs to be more detailed. Uncovering these texts and ma-
king them readable can provide substantial information 
on the genesis of the book. 

2  Methods
2.1  Optical Microscopy
The painting details were documented using the digital 
microscope Keyence VHX-500FD equipped with a VH-
Z20 objective (20x – 200x).

2.2  Hyperspectral Imaging
For the acquisition of hyperspectral imaging data a push 
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Abstract
The	prayer	book	of	Mary	of	Guelders	(1415,	Netherlands)	is	an	exceptional	illuminated	manuscript	on	
parchment,	comprising	more	than	hundred	colourful	miniatures.	It	is	kept	in	the	Staatsbibliothek zu 
Berlin, Stiftung Preußischer Kulturbesitz. 
Now,	600	years	after	its	creation,	an	international	interdisciplinary	research	project	allowed	the	inves-
tigation	of	the	manuscript,	which	was	not	accessible	for	the	last	several	decades	because	of	its	fragile	
state	of	preservation.	An	in-depth	art	historical	and	technological	study	was	conducted	to	gain	insights	
into	the	genesis	of	the	manuscript,	to	characterise	the	used	painting	materials	and	techniques	and	to	
evaluate	its	state	of	conservation	(parchment	and	painting).	
This	 paper	 focusses	 on	 the	 results	 of	 the	 physico-chemical	 study	 of	 the	 painting	 materials	 and	
techniques.	The	scientific	analyses	were	carried	out	to	find	chemical	markers	to	distinguish	different	
masters,	which,	according	to	stylistic	observations,	have	created	the	miniatures.	The	presence	of	un-
derwritings	and	were	also	investigated.	
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broom scanner was used, consisting of a VNIR Spectral 
Camera HS by Specim (Oulu, Finland) mounted on a ro-
tation stage with a Si CCD sensitive to the visible and near 
IR range (VNIR, 400-1000 nm), yielding, after spectral 
resampling, 212 spectral bands with a spectral sampling 
of 2.8 nm. 

2.3  Infrared (IR) imaging 
The first observations by hyperspectral imaging were 
complemented with observations in the IR region using 
the Osiris camera equipped with a macro lens by Synop-
tics, UK. High resolution images with dimensions of 4 
x 4 cm² were acquired in the IR range between 900 and 
1700 nm.

2.4  Micro X-Ray Fluorescence (µ-XRF) 
The analyses were carried out by the transportable  
ARTAX Pro spectrometer from Bruker with the following 
measurement parameters: 45 kV, 100 µA, 100 s Life-Time,  
0-50 keV spectral range. The elements from sodium to 

uranium can be detected and for a better detection of the 
so called light elements, measurements are performed 
using a constant flow of helium gas. The analysed area 
has a diameter of about 100 µm (0.1 mm) so that the 
composition of tiny areas of a painting/miniature can be 
characterised. 

2.5  Raman Spectroscopy
A Horiba XploRa Micro-Raman system, equipped with 
a 532 nm, a 638 nm and a 785 nm laser, was used. The 
maximum power of each laser is 25 mW (532 nm), 24 
mW (638 nm) and 90 mW (785 nm). The laser power 
was controlled using different filters (transmissions of 
100 %, 50 %, 25 %, 10 % 1%, 0.1 %) and the spectral 
resolution is adjusted by different gratings. Wavelength 
scale calibration was carried out using a Si standard 
(520.5 cm−1). Data acquisition and spectra elaboration 
was performed with NGSLabSpec software. Spectra re-
port Raman signal intensity (counts) as function of Ra-
man shifts (cm−1).

Tab. 1: Analysed pages of the prayer book “Mary of Guelders” and the used techniques. The designation “r” and “v” after  
the page number stands for “recto” and “verso”, respectively. Some illuminations could not be attributed to a master yet  
and are referred to as “Mary of Guelders I/II?”.
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3  Materials
A total of 48 miniatures and surrounding decorations 
have been analysed. The selection of the folios was made 
according to the art historical observations by Miranda 
Bloem. The chosen pages for analytical investigations 
belong from an artistically point of view to five different 
styles, which could correspond to five different masters as 
summarised in Tab.1. 

4 Results and discussion
4.1  Screening of the employed pigments 
Micro-XRF and micro-Raman measurements were per-
formed on the selected pages, with the aim of charac-
terising the pigments used to obtain the colours present 
in the book: white, blue, red tones, yellow, green, black, 
grey/silver, brown, violet, purple/pink and golden areas. 
The µ-XRF measurements allowed a first screening of the 
palette whereas µ-Raman enabled the discrimination of 
pigments with the same or similar elemental composition, 
such as lead tin yellow I and II; orpiment, realgar and pa-

rarealgar; minium, massicot and litharge, etc. These pig-
ments were identified by comparison to the established 
literature (Bell et al. (1997); Borgia et al. (2007); Bur-
gio & Clark (2001); Eastaugh et al. (2004)). Besides the 
pigments identified for each colour and mentioned in the 
follwing paragraphs, lead white was sometimes mixed to 
obtain lighter hues and carbon black for darker ones.

4.1.1  White 
Lead white was used by all masters to paint white areas. 
Additionally, calcite was found as white pigment for some 
illuminations attributed to the Master Otto van Moer-
drecht.

4.1.2  Blue
There are at least three hues of blue present in the miniatu-
res, obviously painted using three different blue pigments 
(azurite, lapis lazuli, indigo) and mixtures of them. Lapis 
lazuli was mainly used by all masters, except for one, to 
obtain a strong blue tone as for example the sky. In the 

LOPES AIBÉO et al.  		Different	illuminators	in	the	manuscript	of	Mary	of	Guelders

Fig. 1: Details of  the miniature on folio 183v where two hues of 
blue can be clearly distinguished under the microscope.

Fig. 2: Detail of the miniature on folio 77r where two hues of blue 
can be distinguished, the devil (indigo) and the bright blue in the 
background (lapis lazuli).

Fig. 3: Details of miniatures on folio 36r with red legs painted with 
cinnabar and in folio 164r with red hat painted with minium. 

Fig. 4: Details of Fol. 183v, Fol. 245r and Fol. 250r showing orange 
areas painted with cinnabar.
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Fig. 5: Details of folio 19v where Mary of Guelders’ hair is painted with pararealgar; of folio 161r where the horse was painted with lead tin 
yellow mixed with minium and goethite; of folio 8r where the hair was painted with a mixture or realgar and cinnabar; of folio 36r where the 
cross was painted with goethite and of folio 5r where hematite was identified in the floor (earth) and realgar in the shovel.  

Fig. 6: Details of folio 23v where yellow was painted with lead tin 
yellow and minium and of folio 193v only lead tin yellow.

Fig. 7: Details of folio 23v where green was obtained by lead tin 
yellow I, lapis lazuli and indigo; of folio 50v where lead tin yellow 
was mixed with indigo and carbon in the green cloak and of folio 
19v where lead tin yellow was mixed with azurite or lapis lazuli to 
obtain different green hues. 

LOPES AIBÉO et al.   	Different	illuminators	in	the	manuscript	of	Mary	of	Guelders

miniatures attributed to Otto van Moerdrecht only azurite 
was found in the blue areas.

Azurite was also found mixed with lapis lazuli for one 
of the analysed miniatures, the folio 183v (not yet attri-
buted, Master Mary of Guelders I or II), to obtain a light 
blue. For this miniature, two different blue particles can 
be distinguished under the optical microscope (Fig. 1). 

Copper was often identified by means of µ-XRF in 
blue areas, which indicates the presence of azurite, but its 
presence could not be confirmed by means of µ-Raman 
spectroscopy except in the cases mentioned above. La-
pis lazuli (ultramarine) has a very strong Raman response 
and if azurite is mixed in small quantities, it might not be 
detectable. 

Indigo was identified in miniatures assigned to the 
Masters Mary of Guelders I and II and the Temporal Mas-
ter. Indigo was used to obtain a different type of hue (Fig. 
2) or to imitate metal, as for examples in swords. 

4.1.3 Red
Cinnabar and minium were mainly found as pigments 
used to obtain red hues. Normally minium is used for red 
hues closer to orange and cinnabar for darker ones (Fig. 
3). In the miniatures painted by Master Mary of Guelders
I, lips and other red areas in the foreground of the miniatu-
res are always painted with minium, but obviously he used 
cinnabar to paint tiny details in the background of some mi-

niatures (e.g. folio 228v). Cinnabar was also found in the red 
background of the exceptional folio 19v, which represents 
Mary of Guelders as a full page miniature. In the miniatu-
res attributed to the other masters, cinnabar, minium and  
probably an organic red were interchangeably used and 
sometimes mixed to paint the lips and other red areas. The 
use of an organic red colorant can be assumed in some 
cases, as µ-XRF or µ-Raman measurements did not pro-
vide any information.  Traces of lead oxide in the forms of 
litharge and massicot were also found in miniatures from 
Passion and Temporal Masters. 

4.1.4 Orange
Only three miniatures, folios 183v, 245r and 250r, show 
orange colour and always on the inner side of the cloak of 
the depicted figures (Fig. 4). There are brownish and red-
dish hues close to orange, but none like the one in these 
illuminations. The orange paint seems to be a mixture of 
a red pigment, identified as cinnabar, and a yellow pig-
ment, such as lead tin yellow I that was identified in folios 
245r and 250r. Lead tin yellow might also be present in 
folio 183v, but perhaps it could not be detected due to the 
strong Raman signal of cinnabar.

4.1.5  Brown
Many colour mixtures were used to obtain the brown co-
lour range, from beige to almost black (Fig. 5). The Master 
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Otto van Moerdrecht used orpiment and realgar besides 
the red pigments cinnabar and hematite. The Master Mary 
of Guelders I used cinnabar or mixed red pigments with 
lead tin yellow I, goethite and probably organic colorants 
like the Master Mary of Guelders II. The master Mary of 
Guelders I used also realgar or pararealgar but the latter 
was only identified in the hair of Mary in folio 19v. A 
mixture of lead tin yellow with minium and goethite was 
found in the only (light) beige area in folio 161r attributed 
to the Master of Mary of Guelders I. The Passion Master 
used goethite to paint a brown wooden crucifix and the 
Temporal Master used a mixture of minium and massicot 
for a light brown and probably an organic colorant for a 
darker hue or cinnabar probably mixed with an organic 
colorant in another case.

4.1.6  Yellow
Lead tin yellow type I was the main pigment used to obtain 
the colour yellow. This pigment was mixed with minium 
to obtain darker yellow hues by the Passion and the Tem-
poral Masters (Fig. 6 left). In some cases traces of lead tin 
yellow type II were also found, especially in miniatures 
of the Master of Guelders II. This pigment might be due 
to a different production process of lead tin yellow type I 
(Pelosi et al. (2010); Aibéo et al.(2015)). 

4.1.7  Green
Only a few green pigments have been available in the 15th 
century. Normally, green was obtained from malachite, 
verdigris or by mixing blue and yellow pigments, which 
allows achieving a great range of different green hues.

For the miniatures of the prayer book lead tin yellow 
was found in almost all green areas (type I and II in Mas-
ter Mary of Guelders II and only type I for the rest) predo-
minantly mixed with lapis lazuli or indigo. Azurite as blue 
component found for some illuminations assigned to the 
Master Mary of Guelders I. Contrarily to the blue areas, 
indigo seems to be used by all the Masters except by Otto 
van Moerdrecht to obtain the green colour (Fig. 7). 

4.1.8  Black
All analysed black spots showed the presence of carbon 
based pigments. These were the only black pigments avai-
lable at the time. A mixture of carbon and indigo was used 
to obtain a greyish hue in the miniature on folio 230r attri-
buted to the Master Mary of Guelders I (Fig. 8). 

4.1.9  Gold
Gold was identified for all golden areas. Gold can be 
applied directly on the parchment, or on a priming layer 
usually of lead white or gesso. Lead was not found in the 
miniatures attributed to the Passion Master and the ones 
not yet attributed (Master Mary of Guelders I or II). On 

Fig. 9: Details of Fol. 77r where gold foil was used for Christos‘ 
halo and of Fol. 161r where gold powder was used for the backg-
round‘s decorations. 

Fig. 11: Details of folio 23v where lapis lazuli was found in a violet 
dress; folio 19v where lapis lazuli and cinnabar were found in a vio-
let wall and 183v where no colorant could be identified by means of 
Raman spectroscopy or XRF in the purple dress

Fig. 8: Details of the folios 19v with text written with black carbon, 
150r where the dress was made with black carbon and 230r where 
black carbon was mixed with indigo and white lead for the grey 
hair

Fig. 10: Details of folio 19v where silver was identified; mixed 
with lead white in folio 23v and mixed with gold in folio 50v 

LOPES AIBÉO et al.				Different	illuminators	in	the	manuscript	of	Mary	of	Guelders
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Colours Passion Master  Temporal Master
Master 

Mary of Guelders 1 
Master 

Mary of Guelders 2 
Master 

Otto van Moerdrecht 

White 1)	Lead	white	 1)	Lead	white	 1)	Lead	white 1)	Lead	white 1)	Lead	white	
2) Calcite 

Blue 1)	Lapis	Lazuli
2)	Azurite?	
(Cu in XRF)

1)	Lapis	Lazuli	
2) Indigo 
3)	Azurite?	
(Cu in XRF)

1)	Lapis	Lazuli	
2) Indigo 
3)	Azurite?	(Cu	in	XRF)

1)	Lapis	Lazuli	
2)	Lapis	Lazuli	
+ Indigo
3)	Azurite?	(Cu	in	XRF)

1)	Azurite	

Red 1)	Minium	+	Litharge
2)	Minium	+	
Massicot	
3) Cinnabar 

1)	Minium	
2) Cinnabar 
3)	Minium	
+ Cinnabar
4)	Minium	
+	traces	Litharge	

1)	Minium	
2) Cinnabar (only 1x 
and in background and 
in 19v)

1)	Minium	
2) Cinnabar 
3)	Minium	
+ Cinnabar

1)	Minium	
2) Cinnabar 
3)	Minium	
+ Cinnabar

Orange 1)	Cinnabar		+	Lead	Tin	
Yellow I (250r)

 

Brown 1) Goethite 1)	Minium	+	Massicot	
(orange/brown)
2) n.i. (organic)
3) Cinnabar 
+ n.i. (organic)

1)	Lead	Tin	Yellow	I	+	
Cinnabar 
2)	Lead	Tin	Yellow	I	+	
Minium	
+ Goethite (beige)
3) n.i. (organic)
4) Realgar or 
pararealgar	(hair)
5)	Minium	+	Org	

1)	Traces	Lead	Tin	Yel-
low I + n.i. (organic)
2)	Lead	Tin	Yellow	I	
+ Cinnabar (orange/
brown)
3) n.i. (organic/ochre) 
(dark hair)
4)	Minium	+	
Cinnabar	+	Massicot/
Litharge	(orange/
brown)

1)	Orpiment	
+ Indigo
2) Realgar 
+ Cinnabar
3) Realgar
4)	Hematite	

Yellow 1)	Lead	Tin	Yellow	I	
2)	Lead	Tin	Yellow	I	+	
Minium	(dark)

1)	Lead	Tin	Yellow	I	
2)	Lead	Tin	Yellow	I	+	
Minium	

1)	Lead	Tin	Yellow	I	
2)	Lead	Tin	Yellow	I	(+	
traces II/
Massicot?)	

1)	Lead	Tin	Yellow	I	+	II	
3)	Lead	Tin	Yellow	I	

Green 1)	Lead	Tin	Yellow	I	+	
Indigo	+	Lapis	Lazuli
2)	Lead	Tin	Yellow	I	+	
Lapis	Lazuli

1)	Lead	Tin	Yellow	I		
2)	Lead	Tin	Yellow	I	+	
Indigo 
3)	Lead	Tin	Yellow	I	+	
Indigo + Carbon
4)	Lead	Tin	Yellow	I	+	II	
5)	Lead	Tin	Yellow	I	+	
Massicot	+	Indigo	

1)	Lead	Tin	Yellow	I	
2)	Lead	Tin	Yellow	I	+	
Lapis	Lazuli	
3)	Lead	Tin	Yellow	I	+	
Azurite		
4)	Lead	Tin	Yellow	I	+	
Indigo 

1)	Lead	Tin	Yellow	I	
2)	Lead	Tin	Yellow	I	+	II	
+ Indigo + Carbon
3)	Lead	Tin	Yellow	I	+	II	
+	Lapis	Lazuli	
 

1)	Lead	tin	yellow	I	
(mint green/
yellow, 8r)

Black 1) Carbon 1) Carbon 
2) Carbon + Indigo 
(grey hair)

1) Carbon 

Gold 1) Gold + Calcium 1) Gold + Calcium
2) Gold + Calcium + 
Lead	white

1) Gold + Calcium
2) Gold + Calcium
+	Lead	white

1) Gold + Calcium
2)	Gold	+	Lead	white

1) Gold + Calcium
2)	Gold	+	Lead	white

Silver / 
Metal

1) Silver + lead white  1) Silver + Gold 1) Silver (19v)

Violet/
Purple

1) n.i. (organic)
2)	Lapis	Lazuli	
3)	Minium	
+	Massicot	

1) n.i. (organic) 1) n.i. (organic) 
2)	Lapis	Lazuli	+	
Cinnabar

1) n.i. (organic) 1) n.i. (organic)

Tab. 2: Summary of the pigments found for each master

LOPES AIBÉO et al. 			Different	illuminators	in	the	manuscript	of	Mary	of	Guelders
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golden areas analysed for the other Masters, sometimes 
calcium is present or lead or a mixture of both. The pre-
sence of calcium can be due to the priming or to the parch-
ment treatment. Furthermore, golden powder was also 
used as painting material for decorations (Fig. 9). 

4.1.10  Silver
The effect of metal was obtained by using blue colours 
or by silver itself. It can be emphasised that, among the 
miniatures attributed to the Master of Mary of Guelders I, 
silver was only found in folio 19v representing Mary of 
Guelders (Fig. 10). In addition, lead and gold were identi-
fied at localised silver-appearing areas.

4.1.11  Violet and purple
Violet/purple inorganic pigments were not available du-
ring medieval time, so that these colour hues were either 
obtained by mixing blue and red components (inorganic/
organic) or using violet/purple organic colorants such as 
Tyrian purple, folium, orchil or elderberry (Aceto et al., 
2014). The physico-chemical analyses revealed the use of 
lapis lazuli and cinnabar in violet or purple areas in some 
miniatures of the prayer book (Fig. 11).  No indications of 
other blue or red pigments could be found to explain the 
colouration. This argues for the fact that violet hues were 
produced using one or more organic colorant(s) that cannot 
be detected by the applied analytical techniques.

LOPES AIBÉO et al.				Different	illuminators	in	the	manuscript	of	Mary	of	Guelders

Fig. 13: left: Folio 126r – Elia in der Wüste mit Engel, right:  
hyperspectral image of the spectral range from 740 to 1000nm  
© Matthias Alfeld, LAMS, Paris

Fig. 12: folio 188r – St. Apollonius the Apologist, Sigismund of 
Burgundy and Pope Alexander

Fig. 14: Corresponding IR image of the miniature of folio 126r obtained by the Osiris camera with a macro lens (900-1700 nm). © Kristina 
Mösl, Nationalgalerie, Staatliche Museen zu Berlin.
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4.1.12 Discussion
A summary of the results found for each illuminator can 
be seen in Tab. 2. Lead white and carbon were often mi-
xed with the other colours to obtain lighter or darker hues 
but, for simplification reasons, these were omitted from 
the table and appear only as white and black pigments.

Considering the illuminations not yet attributed to 
Master Mary of Guelders I or II, i.e., 183v, 241v, 186v, 
199v, 223v, 260r, no definitive attribution can be made 
based on the pigments found. Nonetheless, some sugge-
stions can be made based on the used red pigments. 

According to our analytical data, the Master Mary of 
Guelders I exclusively used minium as a red pigment to 
paint the main scenes in the foreground of the miniatures. 
There are only two exceptions: he used cinnabar to paint 
tiny details in the background of the miniatures and for 
the background of the exceptional folio 19v, representing 
Mary of Guelders, was large-area painted with cinnabar. 
By contrast, the Master Mary of Guelders II used cinnabar 
and minium for the red colours. Therefore, the miniatu-
res on the folios 183v, 186v, 199v and 260r showing the 
presence of cinnabar and minium in the lips of the figures 
were likely painted by Master Mary of Guelders II. It is 
also possible that some miniatures were made by several 
hands. On the miniature in folio 183v there is also the 
orange colour painted with cinnabar, otherwise only ob-
served in folios 245r and 250r, attributed to Master Mary 
of Guelders II, supporting the assumption that this minia-
ture was painted by Master Mary of Guelders II. 

4.2  Visualisation of instructions for  
 miniature painting
In some of the miniatures some words are visible through 
the paint layer as seen for example in Fig. 12. Hyperspect-
ral imaging was performed to a selection of three miniatu-
res in which instructions presumably were present, hidden 
under the paint layer. For one of the three miniatures it 
was indeed possible to reveal a text which is not visible 
by naked eye (Fig. 13). The spatial resolution used was 
not high enough and therefore the text is too blurred to 
be read.  

Therefore, this folio was additionally investigated in 
the IR range using the Osiris camera and a macro-lens 
(Fig. 14). The obtained high resolution IR image allo-
wed reading the hidden instructions. A future publication 
will be dedicated to the interpretation of the obtained IR 
images of this and all the other folios (Tab. 1).

5 Conclusions 
The palette of inorganic pigments could be identified as 
follows: lead white, calcite, lapis lazuli, azurite, indigo, 
cinnabar, minium and traces of other lead oxides, ochre, 
lead tin yellow, realgar and pararealgar, silver and gold. It 
was not possible to identify the organic colorants, mainly 
purple and violet hues, so far. 

All masters seem to use a quite similar paint palette. 
This is consistent with the fact that all masters were active 
in the same region and around the same period. However, 
some differences were found, but conclusions are not  
straightforward. Not all miniatures present the same  
colours, which makes a comparison quite difficult. Each 
colour can have several hues and be obtained by many 
combinations of pigments and colorants. 

Nevertheless, some differences between the masters 
can be pointed out. Master Mary of Guelders I seemed 
to avoid the use of cinnabar. This Master and the Master 
Otto van Moerdrecht were the only ones to use realgar 
and pararealgar, mainly to paint light brown hair. Some 
of the identified pigment mixtures are unique, as it is the 
case for some specific colours. For example, the blue pig-
ment used for the blouse in folio 183v, showing a unique 
light blue hue, is the only blue pigment clearly identified as 
azurite. Another example is the orange in folios 183v, 245r 
and folio 250r, painted with cinnabar instead of minium. 

The full page miniature of representing Mary of Guel-
ders on folio 19v also seems very special. Unlike the other 
miniatures by the Master Mary of Guelders I, cinnabar 
was widely used; the purple colour contains lapis lazuli 
and cinnabar instead of being composed only of organic 
colorants; silver was used on some decorations and the 
hair of Mary of Guelders was painted with pararealgar 
which was otherwise not found in the book. Realgar was 
used by the same master and by Master Otto van Moer-
drecht for brown hair, but pararealgar was only found in 
this miniature. Probably the painter wanted to depict Mary 
of Guelders blonder than the other figures in the book.   

Microscopy, not only helped choosing the colours 
and spots for XRF and Raman spectroscopy analyses, 
but enabled the characterisation of the miniatures under 
certain points of view, such as degradation of pigments 
and paint layers. Hyperspectral imaging and IR proved to 
be essential tools for a non-invasive investigation of the 
underwritings, which are crucial to understand the genesis 
of the book. 
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