manuscripts in the making

–

art

&

science : volume one

new sub head
Notes

a

c
144

b

d

ill. 1. The main artists
of Fitzwilliam Museum,
MS 1058–1975:
(a) Painter of Add.
15677, Crucifixion
(fol. 24v);
(b) Master of the
Dresden Prayer Book,
Agony in the Garden
(fol. 15r);
(c) Master of James
IV of Scotland, Saints
Philip and James
the Less (fol. 168v);
(d) Master of
St Michael, St Michael
defeating demons
(fol. 165r)
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Painting Materials in the Fitzwilliam Book of Hours:
New Discoveries
Paola Ricciardi and Stella Panayotova

Introduction
This paper discusses the most significant results of the noninvasive technical analyses which were carried out in 2015 on
the Fitzwilliam Book of Hours.1 Painted c.1510–1520 probably
in Bruges, this volume showcases the final and most exuberant
phase of Flemish manuscript illumination. It also represents
the highest point in the development of the Book of Hours,
the quintessential text for private devotion and a cornerstone
of the European book trade well before c.1500.
The Fitzwilliam Hours combine features typical of manu
scripts made for the open market with unique elements
designed for a discerning patron, perhaps the Cardinal depicted
on fol. 123r.2 The volume’s sumptuous illumination was the
collaborative effort of four highly accomplished artists (ill. 1).
The so-called Painter of Additional 15677 designed the illustrative programme and completed most of it, assisted by talented
associates. The other three artists – the Master of the Dresden
Prayer Book, the Master of James IV of Scotland and the Master of St Michael – made brief, but brilliant guest appearances.
In order to identify these artists’ materials and techniques,
and to shed more light on the practice of manuscript illumination in Bruges at the beginning of the sixteenth century,
we carried out non-invasive analyses on fifteen pages. They
represent the work of all four main artists and of some of their
associates, and allowed us to examine the entire range of hues
which could be identified visually. The analyses confirmed the
overall homogeneity of the rich palette shared by the four
main artists and their associates, but it also highlighted subtle
and yet significant differences among them. Furthermore, the
identification of relatively uncommon pigments offers new
evidence for the relationship between Flemish illumination
and painting in the light of recent research on contemporary
Netherlandish easel painting practice.

Analytical protocol
The non-invasive analytical protocol used during the campaign
of technical analyses included both imaging and site-specific
spectroscopic methods. Infrared imaging revealed the presence
of underdrawing and pentimenti, whereas optical microscopy
was used to investigate mixtures and the modelling techniques

for flesh tones, draperies and landscapes. The artists’ extremely
rich and colourful palette was identified mainly with two noninvasive spectroscopic methods, namely X-ray fluorescence
(XRF) and reflectance spectroscopy in the ultraviolet, visible,
near and shortwave-infrared (UV-vis-NIR-SWIR) range. At
the end of our analytical campaign, we had collected 457
reflectance spectra, 257 XRF spectra, and over 150 microscope
images. Subsequent collaborations with Durham University
and CNR-ICMATE in Padua (Italy) allowed us access to
Raman and FT-IR spectroscopies which helped confirm and
refine the identification of yellow arsenic sulphides and green
copper sulphates on selected pages.3
Microscopic observations were carried out using a Leica
microscope with magnification ranging from 7.5x to 60x.
Digital images were saved using a Canon camera connected
to the microscope. Near-infrared images were taken with a
5-mega pixels Spectrocam camera (by Pixelteq) equipped
with an 800 nm long-pass filter. Illumination was provided by
a 4700K Solux lamp. UV-vis-NIR-SWIR reflectance spectra
were collected with a FieldSpec4 spectrometer (by Panalytical/
ASDi) with integrated light source and a bifurcated fibre-optic
probe used parallel to the surface normal. The measurement
spot size was about 3 mm in diameter. Sixty-four scans were
acquired for each spectrum for a total acquisition time of
approximately 8 s. Calibration to reflectance was done with
a Spectralon© standard. Spectral interpretation was based on
in-house reference databases as well as on the spectra published
by Aceto et al. (2014). XRF measurements were carried out
with an Artax micro X-ray spectrometer (by Bruker) with a
rhodium anode. The X-ray tube was operated either at 50 kV
and 600 µA or at 15 kV and 1100 µA with Helium flush, for
better detection of light elements.The measurements lasted 200
s each and were performed with no filters. The measurement
spot size was about 0.65 mm in diameter. Images of each of
the analysed areas were also saved.

Analytical results and discussion
Overall, the palette includes carbon-based black, lead white,
chalk, gypsum, vermilion and red lead. Pink hues were obtained
with insect-based dyes, which were mixed with azurite to
obtain the purple hue for the violet-grey initials present on
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ill. 2. Pink and purple pigments and mixtures in Fitzwilliam Museum,
MS 1058–1975: (a) detail of the miniature’s pink background, painted
with an organic red (fol. 13v); (b) detail of a purple initial, painted
with a mixture of azurite and organic red (fol. 168v); (c) detail of the
border’s purple background, painted with a purple dye (fol. 168v);
(d) reflectance spectra of pink and purple areas shown in (a-c)

ill. 3. Metals and imitation metals in Fitzwilliam Museum,
MS 1058–1975: (a) detail of a bird, painted with mixtures and layers
of shell gold and an arsenic sulphide yellow (fol. 82r); (b) detail of the
grey orb, with highlights painted with shell silver (fol. 13v); (c) detail
of the border, where shell gold highlights were painted over a base
layer containing ‘mosaic gold’ (tin sulphide, fol. 166r); (d) XRF spectra
of areas shown in (a-c)

most pages and for selected details on a few folios (ill. 2). Shell
gold was used extensively and shell silver was detected in a
few cases. The shiny bronze-coloured tin sulphide commonly
known as ‘mosaic gold’ was used to paint the architectural
borders analysed on three folios (ill. 3). Flesh tones contain
variable amounts of lead white, chalk and vermilion (ill. 4)
as well as traces of earth pigments, at times supplemented by
indigo or copper-based pigments in the shadows. No fewer
than four different yellow and orange pigments were identified,
as well as four different greens.Azurite was used in the majority
of blue areas, though the presence or absence of trace amounts
of barium, zinc and arsenic suggest the use of different sources
or batches of the same pigment. Ultramarine and smalt were
identified on one folio each, and indigo was also detected in
a minority of areas (ill. 5).4
Each of the four main artists made specific choices in
the use of some of these materials, as detailed in Table 1.

The technical analysis supports the attribution of hands on
stylistic grounds and helps to characterise each artist’s palette,
paving the way for future analytical comparisons with other
manuscripts attributed to these illuminators. The following
paragraphs will discuss each of the artists individually, focusing
on the pigments which help distinguish the work of one artist
from that of his colleagues.
The Painter of Additional 15677, working with a number
of associates, provided numerous full-page and large miniatures,
large and small historiated initials as well as floral, architectural
and historiated borders.5 Although his colour scheme and
method of painting are no match for the luminous palettes
and sophisticated techniques of the other three artists, he
reused creatively a wide range of designs circulating among his
predecessors and contemporaries. He painted the Calendar’s
historiated borders with admirable topicality and the archi
tectural borders throughout the volume with convincing
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right : ill. 4. Materials and
techniques used to paint
flesh tones in Fitzwilliam
Museum, MS 1058–1975:
(a) detail of Christ’s face
(fol. 13v); (b) detail of a
sleeping man’s face (fol. 36r);
(c) reflectance spectra of
flesh tones shown in a-b;
(d) XRF spectra of flesh
tones shown in a-b

below :

ill. 5. Blue
pigments in Fitzwilliam
Museum, MS 1058–1975:
(a) reflectance spectra of
(from top to bottom) azurite
(fol. 13v), ultramarine with
traces of azurite (fol. 15r),
indigo (fol. 165r), smalt
(fol. 14r);
(b) XRF spectra of (from top
to bottom) azurite with high
barium content (fol. 13v),
azurite with high zinc and
arsenic content (fol. 74r),
azurite without significant
impurities (fol. 168v,
miniature). All XRF spectra
have been multiplied by a
factor of 10 to highlight the
subtle differences due to the
presence or absence of trace
elements
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ill. 6. Yellow, orange and red
pigments in Fitzwilliam Museum,
MS 1058–1975: (a) detail of red
and yellow boots, painted with
vermilion and an arsenic sulphide
pigment (fol. 36r); (b) detail of
orange boot, painted with red
lead and lead-tin yellow (fol. 15r);
(c) detail of St Peter’s orange robe,
painted with a clay-rich ochre
(fol. 15r); (d) reflectance spectra of
areas shown in a-c; (e) XRF spectra
of areas shown in a-c, additionally,
the bottom spectrum refers to the
yellow highlights on the turban of
the sleeping man depicted in ill. 4b
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6b
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perspective. His palette is characterised by the extensive use
of red lead and by the presence of an organic yellow which
supplements lead-tin yellow and a clay-rich ochre. The latter,
found here in yellow (ill. 6c), orange and brown areas, had
never before been identified in any of the manuscripts analysed
at the Fitzwilliam Museum. Its reflectance spectrum (ill. 6d)
is characterised by two small but sharp absorption bands in
the near-infrared region, at approximately 1415 and 2208
nm,6 occasionally with an additional band at about 1392 nm.
Elemental analysis by XRF spectroscopy identified relatively
high levels of silicon and aluminium in addition to iron,
confirming the presence of silicates mixed with iron oxides
and/or hydroxides. Intriguingly, one contemporary witness
referred to ‘the red colour that is found at Antwerp in the new
148

bricks’, samples of which were sent by the painter and glasspainter Dirk Vellert to Dürer, and which Dürer then purchased
for himself in September 1520.7 This was presumably a reddish
earth of an attractive hue, probably containing high amounts of
clay minerals, which are one of the fundamental components
of all ceramic materials.8
The Painter of Additional 15677 made extensive use of
green copper sulphates, specifically of a mixture of brochantite
and posnjakite, identified by the presence of absorption bands
at 1435, 2340 and 2405 nm, with shoulders at 2262 and 2306
nm, in the reflectance spectra (ill. 7a).9 These same green
areas were found to contain high amounts of silicon (ill. 7b),
probably linked to the presence of quartz and other silicates,
which are often found naturally mixed with mineral copper
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ill. 7. Green pigments and mixtures in Fitzwilliam Museum, MS 1058–1975: (a) reflectance spectra and (b) XRF spectra of (from top to bottom)
mixture of brochantite and posnjakite (fol. 13v), posnjakite (fol. 50r), mixture of posnjakite and lead-tin yellow (fol. 168v, miniature), mixture of
azurite and an organic yellow (fol. 50r), malachite (fol. 168v, border)

sulphates.10 Natural copper sulphates appear to have been
integral to the palette of several Netherlandish easel painters
including Albert Cornelis and Jan Provoost, both active in
Bruges in the first quarter of the sixteenth century.11 They
were also identified in six miniatures painted by Bruges illumi
nator Simon Bening and his workshop, recently analysed at
the Fitzwilliam Museum,12 and in the Gospels of Robert
Quercentius, produced in Liège around 1565.13
Another characteristic feature of the Painter of Additional
15677’s palette is the exclusive use of azurite to paint blue areas.
This pigment was also favoured by his associates and by two of
the other main artists. The azurite found in his work, however,
is recognizable as it contains exceptionally high levels of barium
impurities, easily detected by XRF spectroscopy (ill. 5b). He
is also the only artist to have chosen a purple dye, rather than
a mixture of azurite and pink, to paint purple areas; the dye
might be tentatively identified as orchil based on the position
of the maximum absorptions at 545 and 594 nm14 (ill. 2d).
The Painter of Additional 15677 was also responsible for
the illustration of the Salvator mundi miniature, framed within
an elaborately carved wooden structure and introducing the
prayer Salve sancta facie on the facing page (fols. 13v–14r,
ill. 8). The image of Christ is a good example of this artist’s
technique for painting flesh tones, which contain vermilion,
lead white and relatively large amounts of chalk (ills. 4a,cd).15 Additionally, Christ’s eyes reflect heavenly light, their
glow painted in shell gold on one side, and a mixture of two
luminous colours, vermilion and lead-tin yellow type I, on the
other. The crystal globe held by Christ is a pictorial study of
reflection and refraction. Its silver highlights appear bright on

the left side, but very dark – as if tarnished – on the right side
(ill. 3b). This may have been an intentional effect, aimed at
conveying both the three-dimensionality of this sphere and the
optical qualities of its material. It is unclear, however, how this
effect was obtained. The main difference between the bright
silver area and the dark one is a much higher silicon content
in the former.16 The grey orb itself appears to contain lead
white, chalk and azurite, possibly with the addition of a carbonbased black in the darker areas. The exact composition of this
grey material might be more complex and deserves further
investigation, especially considering the relatively widespread
occurrence of ‘unusual’ grey and black pigments in works by
a small group of Italian and French painters and illuminators,
in the decades on either side of 1500.17
The striking border with the peacock feathers which sur
rounds the prayer on the facing page (ill. 8) alludes to one of
Christ’s symbols – the Bird of Paradise whose flesh, according
to legend, did not putrefy after death. Their religious connotations aside, peacock feathers and other exotic plumage were
highly fashionable in Northern Europe c.1500. Flemish artists, notably the Vienna Master of Mary of Burgundy around
1480, rose to the challenge of depicting them naturalistically.18
The peacock feathers in the Fitzwilliam Hours were rendered
with complex mixtures and layers of a number of colourants,
including red lead, malachite, lead white, shell gold and earth
pigments.
The initial S and the border on this page have been attributed to the Painter of Additional 15677, and the pigments used
for the acanthus letter and for the bird perched on its lower
arm do correspond to those favoured by this artist. The bright
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ill. 8. Salvator Mundi facing the prayer Salve sancta facie within a border with peacock feathers. Fitzwilliam Museum, MS 1058–1975, fols. 13v–14r

blue centres of the peacock feathers were, however, painted
with smalt, a glass-based pigment which has been detected
rarely in manuscripts19 and was identified here thanks to its
characteristic reflectance spectrum (ill. 5a).20 Its presence in
this manuscript is not entirely surprising; there is evidence for
the manufacture of smalt in the Netherlands in the sixteenth
century21 and this pigment became a specialty of the Dutch and
Flemish in the seventeenth century. Interestingly, however, this
is the only occurrence of smalt identified so far in the Fitzwilliam Hours. When considered alongside the use of malachite
– rather than the mixture of copper sulphates favoured by the
Painter of Additional 15677 for green areas – the presence of
smalt suggests that the border may have been painted by one
of his associates, who has remained undetected until now.
Indeed, the Painter of Additional 15677 collaborated with
several associates, who provided some of the landscape and
architectural borders around his miniatures and historiated
initials,22 the floral borders present on most text pages through150

out the volume and occasionally both miniatures and borders
on the same page.23 Rather than workshop assistants, these
associates were most probably independent artists invited to
collaborate on this ambitious project in order to ensure its
timely completion.They did not share the palette of the Painter
of Additional 15677, as exemplified by the border depicting
Moses on fol. 50r (ill. 9) and painted by the most talented
member of the group. This image is characterised by the addition of indigo to purple and grey areas as well as flesh tones,
the absence of the clay-rich ochre and the lack of vermilion in
flesh tones. Instead of a mixture of copper sulphates, the green
areas contain a copper pigment with absorption bands around
1436, 2300, 2350, 2405 and occasionally 2210 nm (ill. 7a).
The bands’ positions as well as the identification of significant amounts of sulphur in the XRF spectra (ill. 7b) suggest
the use of a single copper sulphate, posnjakite, although the
additional presence of copper carbonates cannot be excluded.
A variety of green shades was also obtained with mixtures of
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azurite and lead-tin yellow. This azurite, which is also present
in blue areas, contains trace amounts of zinc and arsenic, but
no barium (ill. 5b), revealing that even when choosing the
same pigment as the Painter of Additional 15677, the associates
were not sharing his supplies.
The other three main artists, more accomplished than the
Painter of Additional 15677, contributed very few, but highly
significant images to the Fitzwilliam Hours.
Active mainly in Bruges c.1465–1515, the Master of the
Dresden Prayer Book was one of the most innovative and
influential Flemish illuminators.24 He painted only one image
in the Fitzwilliam Hours – the Agony in the Garden (fol. 15r).
It exemplifies the final, most mature phase in his career. The
varied palette with striking colour juxtapositions was achieved
by the use of numerous pigments and several mixtures, includ-

ill. 9. Annunciation with border showing Moses and the Burning Bush,
and Moses receiving the Tablets of the Law. Fitzwilliam Museum,
MS 1058–1975, fol. 50r

and panayotova

ing some which set him apart from the other artists working on
this manuscript. He was the only one to include ultramarine
blue in his palette (ill. 5a) in addition to azurite and indigo.
He used indigo mainly in mixtures, to obtain grey and purplebrown hues. He used malachite as well as azurite mixtures in
green areas, and mixed red lead with lead-tin yellow in orange
areas (ill. 6).
Despite the considerable body of art-historical research
on the Master of the Dresden Prayer Book and his acknowledged status as one of the most original Flemish artists of the
late fifteenth century, there are no published analyses of his
painting materials. Apart from the miniature in the Fitzwilliam Hours, his only other work analysed in depth to date
is his contribution to the Emerson-White Hours, which he
illuminated together with three other prominent artists, including Simon Marmion.25 The pigments identified in two small
images attributed to the Master of the Dresden Prayer Book
in the Emerson-White Hours, illuminated before 1482, are a
remarkably good match for those found in the Agony in the
Garden which he contributed to the Fitzwilliam Hours.26 The
close correspondence between the artist’s palettes in the two
books, illuminated more than thirty years apart, suggests that
his range of pigments was as stable as that of the compositional
motifs he used throughout his long career.27
The Master of James IV of Scotland, active c.1487–1526,
probably in Ghent, was one of the most talented and sought
after Flemish illuminators. Originally named after a Book
of Hours commissioned by the king of Scotland as a gift
for Margaret Tudor around the time of their wedding in
1503, he was subsequently tentatively identified with Gerard
Horenbout. 28 In the Fitzwilliam Hours, the Master of James
IV of Scotland painted three large miniatures with saints,
to which the Painter of Additional 15677 probably added
architectural borders. The three images are characterised by
the exclusive use of lead-tin yellow in yellow areas, the lack of
significant impurities in the blue azurite (ill. 5b), the presence
of indigo in grey areas and of a copper pigment mixed with
the clay-rich ochre, and the use of posnjakite (or possibly
copper carbonates) mixed with lead-tin yellow in green areas
(ill. 7). Flesh tones contain high levels of vermilion; this is the
main difference between the palette identified in these three
images and that of the images painted by the associates of the
Painter of Additional 15677.
Among the architectural borders analysed throughout the
volume, the three that surround the saints’ images painted by
the Master of James IV of Scotland are the only ones to contain
mosaic gold (ills. 3c-d). While mosaic gold was not identified
in other architectural borders by the Painter of Additional
15677, the architecture surrounding Saints Philip and James
the Less (ill. 1c) contains two pigments characteristic of this
artist: the purple dye and the barium-rich azurite. However, it
also contains malachite – clearly identified by absorption bands
at 2219, 2270, 2358 and 2400 nm in the reflectance spectra
(ill. 7a) – which does not feature elsewhere in this artist’s work.
151

manuscripts in the making

–

art

&

science : volume one

is named after his main contribution to this volume, the large
image of St Michael defeating demons on fol. 165r (ill. 1d).30
His hand has not yet been identified in other manuscripts or
easel paintings. His monumental figures are executed with
soft, loose brush strokes. His colour scheme contrasts cold
green with warm orange-yellow and pale pink or grey with
deep red. The finely articulated detail and the hard, clean,
metallic shimmer of the armour, obtained by mixing indigo
with azurite, contrast starkly with the amorphous mass of the
demons at St Michael’s feet. The Master of St Michael is the
only one amongst the four main artists to paint flesh tones
using mainly lead white, with little or no chalk (ills. 4b-c-d).
His palette makes extensive use of indigo (ill. 5a) in addition to
a very pure azurite, which he also mixed with lead-tin yellow to
paint grass. He used a red dye for the wings of both St Michael
and the demon as well as vermilion, lead-tin yellow, an arsenic
sulphide and a range of earth pigments including umber. He
also employed a green copper carbonate, possibly malachite.

Conclusion

ill. 10. St Luke painting the Virgin and border with Tree of Jesse.
Fitzwilliam Museum, MS 1058–1975, fol. 36r

The Master of James IV of Scotland may have also provided
the small miniature of St Luke painting the Virgin and Child
on fol. 36r (ill. 10). The overall composition and its individual
components are paralleled in other works by the Master,
notably the Breviary completed by 1497 for Queen Isabella
of Castille.29 However, the pigments used for the small minia
ture in the Fitzwilliam Hours are not entirely in line with his
palette in the saints’ images in this manuscript. The image of
St Luke lacks the mixture of copper and clay-rich ochre found
in the orange areas of the artist’s three large miniatures. Also,
the yellow used here is most probably a lead oxide yellow –
as opposed to the artist’s use of lead-tin yellow in the large
miniatures. The palette of the small miniature does not match
the characteristic features of any of the other three main artists
either. It may have been painted by a close associate of the
Master of James IV of Scotland, who had access to his models,
but not to his paint pots.
The colourful border with the Tree of Jesse on the same
page was executed by the Master of St Michael, the fourth
and most enigmatic artistic personality in the manuscript. He
152

The recent research into the materials used in the Fitzwilliam
Hours has helped to clarify further the role played by each of
the main artists and their associates. The characterisation of
their palettes offers a starting point for the analyses of other
manuscripts illuminated by them. Furthermore, the technical
analysis is the first step towards placing the manuscript within
its wider artistic context. At least one of the main artists (the
Master of James IV of Scotland) and possibly others (notably the Master of St Michael) painted on panel as well as
on parchment. While all of the common pigments found in
the manuscript were used in both media across Europe, the
identification of unusual ones, such as the clay-rich ochre and
the green copper sulphates, points to specific links between
Netherlandish painting and illumination c.1500. This is one of
the new avenues for future research opened up by the analyses
of the Fitzwilliam Hours.

12: ricciardi
Notes
1

2

3

4

5

6
7
8

9
10

11

12
13
14
15
16

17

Fitzwilliam Museum, MS 1058–1975; Panayotova 2009. See also www.
fitzmuseum.cam.ac.uk/illuminated/manuscript/discover/book-ofhours.
The architectural frame on fol. iv verso encloses a partially erased
and overpainted coat of arms surmounted by a Cardinal’s hat, which
can be seen in an image of the page taken in transmitted light by
Mr Chris Titmus, Photographer at the Hamilton Kerr Institute.
For the coat of arms, the image and the manuscript’s provenance
see Panayotova 2009, 106–115.
Raman spectra were collected and interpreted by Prof. Andrew Beeby
(University of Durham) and Dr Catherine Nicholson (Northumbria
University) in July 2015. FT-IR spectra were collected and interpreted
by Dr Luca Nodari (CNR-ICMATE) in November 2015.
Please note that none of the analytical methods used can distinguish
between cinnabar/vermilion, minium/red lead, natural/French
ultramarine and indigo/woad. The terminology used here does
therefore not imply that the pigment identified is of natural vs.
synthetic origin, or has a specific geographic origin.
This artist was named after another Book of Hours (London, BL,
Add. MS 15677) by Bodo Brinkmann who assembled his corpus
of works. Brinkmann 1992a; Brinkmann 1992b; Brinkmann 1997 I,
318–25, 345–46, II, pl. 60, figs. 334–37; Panayotova 2009, 68–73.
These bands are due to the first overtone (stretching, 2νOH) and
combination (stretching and bending, νOH + δOH) bands of inner
hydroxyls’ vibrational modes (Hunt and Salisbury 1970).
Campbell 2014, 23.
It would be interesting to revisit some of the analytical results
obtained in the past on early-sixteenth-century Flemish manuscripts
and easel paintings, especially those painted in Bruges, and establish
whether the yellow or red ‘ochres’ identified are the same material
found in the Fitzwilliam Hours.
Zaffino et al. 2015. Both of these copper sulphates were also identified
in FT-IR spectra collected on green areas of fol. 13v (see contribution
by Nodari and Ricciardi in volume 2 of this publication).
Various silicates were identified in areas containing green copper
sulphates during the scientific analysis of a number of Flemish easel
paintings, roughly contemporary with the Fitzwilliam Hours, carried
out at the National Gallery in London (Spring 2000, 24).
Spring 2000, 24; Campbell 2014, 23. Brochantite was also identified in
a number of paintings produced in the early sixteenth century in the
workshop of Frei Carlos, a Flemish artist who had settled in Portugal
(Valadas et al. 2015).
See contribution by Bertolotti and Ricciardi in volume 2 of this
publication.
Denoël et al. 2003.
Aceto et al. 2014, 1491.
See contribution by Nodari and Ricciardi  in volume 2 of this
publication.
This high content of silicon remains unexplained. None of the
chemical elements which characterise the typical degradation
products of silver – chlorine for silver chloride, or sulphur for silver
sulphide – were identified in the XRF spectra of the dark silver area.
This may, however, be due to the contemporary presence of lead and
silver, whose X-ray lines overlap those of sulphur and chlorine.
Spring, Grout and White 2003; Burgio et al. 2009; Trentelman and
Turner 2009; Cambridge 2016, 35; www.nationalgallery.org.uk/
media/16346/booklet_annualreview2015.pdf. More specifically,
Spring, Grout and White (2003) identified a layer of azurite mixed
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with galena (lead sulphide), painted over a mixture of galena and lead
white, in the blue-grey armour of a soldier saint in a large altarpiece
painted in Ferrara by Gianfrancesco Maineri and Lorenzo Costa
c.1498–1500. Based on the results of our non-invasive investigation
of the Fitzwilliam Hours, it is entirely possible that the same
materials, and possibly a similar technique, were employed to paint
the orb. This could only be confirmed if lead sulphide were to be
securely identified in this grey area by X-ray diffraction analyses.
Raman analysis of the grey orb, carried out by Prof. Andrew Beeby
(University of Durham) and Dr Catherine Nicholson (Northumbria
University), yielded spectra with strong to medium peaks at 523, 598,
638 and 1415 cm-1, in addition to weaker peaks at 449, 830, 1183, 1493
and 1642 cm-1. The attempt to assign this series of peaks to a specific
mineral phase, or mixture of phases, has so far proved unsuccessful.
Among the most celebrated examples is the Hours of Engelbert of
Nassau, Oxford, Bodleian Library, MS Douce 219–220, fols. 97v–98r;
Marrow 2005, 21–22, ills. 57–58.
For examples of illuminated manuscripts in which smalt has been
identified see Denoël et al. 2003; Stege 2004, 125; Brostoff et al. 2010,
and references therein; Cambridge 2016, 123; the contribution by
Turner and Schmidt Patterson in this volume, and references therein.
Additionally, XRF analysis reveals that the cobalt present in the
smalt identified on this page contains high amounts of associated
iron and arsenic. The use of this type of cobalt is associated with
the Erzgebirge ores found in Saxony (now on the German-Czech
border) from the sixteenth to the eighteenth centuries (Zucchiatti et
al. 2006, 135).
Mühlethaler & Thissen 1993, 114.
Of these, fols. 50r and 82r were analysed.
Of these, fol. 74r was analysed.
The manuscript after which he is named is Dresden, Sächsische
Landesbibliothek, MS A. 311; Brinkmann 1997; Los Angeles and
London 2003–2004, 207–212; Panayotova 2009, 60–62.
Cambridge, Mass., Houghton Library, MS Typ. 443–443.1; Los
Angeles and London 2003–2004, no. 32. In 2013, the Emerson-White
Hours underwent technical analysis and conservation, carried out by
a team of scientists from the Harvard Art Museums Straus Center for
Conservation and Technical Studies and conservators from Harvard
Library’s Weissman Preservation Center, led by Hope Mayo, Philip
Hofer Curator of Printing and Graphic Arts at the Houghton Library.
Hope Mayo, Debora Mayer and Erin Mysak, personal
communication, 24 January 2017.
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manuscript is Vienna, Österreichische Nationalbibliothek, MS 1897.
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Table 1: The Artists’ Palette.

Colours
and
pigments
Red,
orange
and
yellow

Pink and
purple

Blue

Green

Grey
Mosaic
gold
Flesh
tones
a

Folios

1r

1v

13v

14r

15r

24v

36r

50r

74r

Artists

A

A

A

A + E?

B

A

C? + D

A+E

E

border
border

miniature

Vermilion
Red lead
Clay-rich ochrea
Lead-tin yellow
Lead oxide or
organic yellow
Arsenic sulphide
Organic red
Organic purple
Organic red +
Azurite
Azurite
(no impurities)

miniature
border
initial +
border

Azurite (Zn, As)

border

Azurite (Ba)
Ultramarine
Smalt
Indigo
Copper sulphate
mix
Posnjakite
Malachite
Mixed greenb
Indigo mix
Carbon black mix
Azurite mix
Lead white
Chalk
Vermilion

initial

miniature

border
miniature
border

border

+
++
+

border
border
miniature

+
+
+

Indigo
b

Seetext
text
details; Indicating a mixture
a See
forfor
details
b Indicating a mixture of azurite with a yellow pigment

initial +
border

of azurite with a yellow pigment

+
++
+

+
+
+

+
++
+
+
(border)

+

Table 1 – The Artists’ Palette. A: Painter of Additional 15677; B: Master of the Dresden Prayer Book; C:
E: collective name for several associates of the Painter of Additional 15677. Note that not all colours were
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12: ricciardi

50r
+E

74r

82r

128v

165r

166r

168v

180r

E

A+E

E

D

C + A?

C + A?

C + A?

and panayotova

A: Painter of Additional 15677
B: Master of the Dresden Prayer
Book
C: Master of James IV of Scotland

niature

miniature?
miniature

miniature miniature

miniature

border?

tial +
order

initial +
miniature

border
initial

initial

miniature

miniature

initial +
border
miniature

niature

E: collective name for several
associates of the Painter of
Additional 15677
Note that not all colours were
analysed on every page.

initial

order

D: Master of St Michael

border

border

niature

order

order
order
niature

+
++
+
+
order)

border

border
border

++

+

+

+

+

++

++

++

+

ayer Book; C: Master of James IV of Scotland; C: Master of St Michael;
colours were analysed on every page.
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