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Colour palette and main colouring agents

The colour palette and the related main colouring agents of the AsSur, Babylon and
Khorsabad corpuses conserved in the VAM or in the musée du Louvre are given in Table
S1. These data have been gathered from macroscopical and microscopical observations
and from chemical analyses by XRF, SEM-EDX and p-Raman. The 2D XRF mappings for
Khorsabad were performed with a XRF scanner designed and built at the C2RMF,
equipped with a molybdenum (Mo) X-ray tube [1]. The spot size was about 1 mm. The
map step (distance between two measuring spots) was set at 0.7 mm. Each spot measure-
ment was collected using the following setup: 50 kV, 500 uA current, 0.2 s, in air. Evalua-
tion of the XRF data was carried out using the PYMCA 5.6.7 software [2]. The details of
the operating conditions for the other instruments are described in this article.

For Babylon bricks, seven colours representative of the corpus as a whole have been
unambiguously identified: yellow, white, black, green, turquoise, dark blue, blue. Note
that on brick B-VA17282 the reddish hue of the glaze at the bottom right of its photograph
in Figure 3 is limited to its surface and was associated to weathering products of a tur-
quoise glaze by SEM-EDX investigation of a cross-section (results not shown).

For Khorsabad bricks five colours have been unambiguously identified for the cor-
pus as a whole: orange, white, black, and two shades of turquoise: turquoise-blue and
turquoise-green.

For ASSur bricks instead, the designation of a colour that would represent the original
colour of the glaze has often been ambiguous due to the phenomena of fading or colour
change caused by weathering. We used macroscopic and microscopic observations and
XRF analysis results on a large selection of more than fifty bricks to define this colour
palette, which is intended to be close to the original colours. At least 7 different colours
are proposed for the glazes of AsSur: orange, yellow, pale yellow with greenish accent,
white, light green, black and one or several colours in the turquoise-blue—green range.

Regarding the black glazes and the group of orange-yellow glazes, their colouring
agents and the similarities between the three different corpuses have already been thor-
oughly described in detail in the present article.

Regarding the whites, for the 3 corpuses, they were found to be opacified by calcium
antimonates (this is pointed out in Figure S1 and Figure S2 for instance: the white glazes
appear enriched in Ca and Sb on these 2D XRF mappings). Note that for AsSur, we refer
to the white flat decors but not to the glazed contour lines used to separate adjacent col-
oured glazes, that can appear totally white for the bricks dated to the 8th-7th cent. BC
(brick fragment A-812093 showed in Figure 2 for instance). No colouring agents could
have been identified for these lines and, as already stated in this article, we strongly as-
sume that they were originally black but have become completely discoloured due to
weathering.

Regarding the green and turquoise glazes of the 3 corpuses, they are all coloured by
copper ions dissolved in the glassy matrix, possibly in combination with other colouring
agents: with lead antimonate opacifiers for the green of Babylon ; with calcium antimo-
nates for the turquoise-blue of Babylon and of Khorsabad (Figure S1) and for the light
green of Assur (Figure S2); with manganese ions for the turquoise-green for Khorsabad
(Figure S1).



For the group green / turquoise-green / turquoise-blue glazes of Assur, no discrimi-
nation could be made by elemental analysis: they are Cu-coloured without opacifying
agents. We never identify both a turquoise and a green glaze on a same brick as for
Khorsabad. Generally, the glazes described as green displayed a powdery appearance and
appeared somewhat more faded than the ones described as turquoise. A colour change
from blue / turquoise to green as a result of the weathering of glass (and to white in ex-
treme cases) may be suspected as it has been mentioned in the literature (for Cu?*-based
coloured glasses) [3-6]. Thus, it is not clear if the variety of turquoise-blue-green shades
for these glazes is solely the result of irregular deterioration of the same colour or if it
reflects an initial variety of colours (whether entailing different colouring agents or vari-
ous concentrations of these colouring agents). Note that for the light green glazes from
Assur, lower levels of copper than for the green / turquoise-green / turquoise-blue glazes
were detected by XRF. It is almost impossible to know whether the copper was originally
present in a higher amount but was partially leached during weathering, so that the green-
ish (or turquoise) accent could have been more pronounced.

Regarding the characteristic dark blue of Babylon, it was obtained by a mix of cobalt
and copper ions at low concentration dissolved in the glass matrix [7-9]. These two col-
ouring ions have also been used in association with calcium antimonate-based opacifiers,
giving a lighter blue colour identified as “blue”.

Figure S1. XRF Cartography of the K-N8123 brick from Khorsabad. This brick remarkably bears the five colours found in
Khorsabad and referred to as Orange, White, Black, Turquoise-blue (two circles surrounding the flower yellow heart and
the flower white petals) and Turquoise-green (between the white petals of the flower).

Figure S2. XRF Cartography of a glazed area of the A-810791 brick from ASsur (area marked with a red rectangle on the
top left image). Five glaze colours referred to as Yellow (Pb- and Sb-rich top ribbon), Light green (Cu and Sb-rich bottom
ribbon), Green (Cu-rich background at the bottom), White (Ca- and Sb-rich outer circle) and Black (contour line and inner
circle) are identified on this area.



Figure S3. XRF Cartography of a glazed area of the A-810373 brick from Assur (area marked with a
red rectangle on the top left image). Two glaze colours referred to as Yellow (Pb- and Sb-rich) and
Black (Mn-rich) are identified on this area.



Table S1. Colour palette and colouring agents identified for the three different corpuses of glazed
bricks: Khorsabad, ASSur and Babylon as given by visual examination and XRF analyses. The gen-
eral information gained by SEM-EDX analysis of the orange-yellow and black colours has been in-
cluded. * These minor antimonates are very likely products of reaction of the Pb-antimonate with
the glass. **Suspected but to be confirmed by other samples.

Main colouring or

Secondary colouring

Brick Colour cp . i .
opacifying agent or opacifying agent
Pb-antimonates bearing ~ Hematite (Fe20s)
Orange Fe and Ca Ca-antimonates*
Fe-antimonates*
Khorsabad
Khorsabad White Ca antl:;olr\llastle;s?)()by XRF Not investigated
Copper sulphide
Khorsabad Black nar.loparticles, bearing
variable amounts of Pb,
Fe and Sb
Khorsabad
K-N8123 (two circles Cu in the glass, Ca-
surrounding the flower Turquoise-blue antimonates, and traces Not investigated
yellow heart and the of Fe
flower white petals)
Khorsabad,
K-N8123 (between the . Cu and traces of Mn in . .
. Turquoise-green Not investigated
white petals of the the glass
flower)
Assur

A-811251 (border of the
arcade patterns)
A-811452
A-810750 (animal figure)

Orange

Pb-antimonates bearing
Fe and Ca

Hematite (Fe20s3)**

Assur
A-810373 (character's
face and outline of the

pattern line)
A-812093
A-810791 (one out of two
ribbon)

Yellow

Pb-antimonates bearing
Fe and Ca

Hematite (Fe203)

ASSur
A-811251 (inner part of
the arcades)
A-811452 (inner part of
the circles, and one out
of two glazes of the
alternating band pattern
on right)

Pale yellow (with
greenish accent)

Pb-antimonates bearing
Fe and Ca

Cu in the glass

Assur

White (not the contour

lines)

Ca antimonates

Assur
A-810791 (one out of two
ribbon)

Light green

Ca antimonates

Cu in the glass

Assur

Black

Mn oxides




9th cent. BC

A-810273
A-810738
AsSur No particular colouring
8h-7th cent. BC oxide - AgS
A-812641 Black nanoparticles for A-
A-810791 810791
T ise-bl
Assur Green / HrHoIse blue / Cu in the glass
Turquoise-green
Babylon Yellow Pb-antimonates bearing ~ Hematite (Fe20s)
Fe and Ca
Babylon White Ca antimonates
Copper sulphide
Babylon Black nanoparticles bearing
variable amounts of Pb
in the gl Pb-
Babylon Green Cuintheg ass and Pb
Sb,Fe antimonates
Babylon Turquoise-blue Cuin th? glass and Ca
antimonates
Babylon
B-VA17274 Dark blue Co and Cu in the glass Not investigated
Babylon Blue Co and Cu in the glass

Ca antimonates

XRD diagram and Rietveld analysis of the lead antimonate reference compounds

The XRD patterns of the mock-up samples were recorded on a Bruker D8 Endeavor
diffractometer in Bragg-Brentano configuration, using the CoKa1-2 radiation. The 10-140
° 20 range, step 0.02 ° was scanned during 1 hour. The Rietveld analysis of the XRD
patterns was carried out with the FullProf suite [10] . Concerning the pyrochlore solid
solution, a site occupation scheme corresponding to the Pb2(Sbi-x,Fex)2072x formula was
implemented and the x value was refined for the 0.8 Fe sample (x = 0.8 in the synthesis
mixture), assuming that Fell! rather substitutes for SbY than for Pb", owing to their ionic
radii. The two samples revealed significant differences:

The refinement of the 0 Fe sample (x = 0 in the synthesis mixture) was made difficult
by the presence of one, maybe two secondary unidentified phases, which peaks somewhat
overlapped those of the main phase. The latter was identified as a pyrochlore-type
compound with cell parameter a = 10.415(2) A, presumably Pb:Sb:07 (also known as
oxyplumboromeite, a = 10.3783(6) A11)).

Conversely, the 0.8 Fe sample appeared almost single-phased, with only few and
faint unidentified impurity peaks (Figure S4). The cell parameter of the pyrochlore phase
was a = 10.4800 (9) A and the site occupancy factors accounted for a Pb2(Sbo.ss,Feo.12)206.76
composition, instead of the expected Pbz(Sboso,Feo0)20620. Although the phase was
obviously depleted in iron, the present measurement must be seen with caution. Based on
the peaks broadening compared to the instrumental function calibrated with a LaBs
standard, the average crystallites’ size was estimated at 100 nm.

It is worth to note that a pyrochlore phase with almost the same cell parameter as in
0.8 Fe was observed in an intermediate 0.4 Fe sample (x = 0.4 in the synthesis mixture),
also studied in the frame of this work, which suggests that both phases are saturated in
iron. This phase was found to be associated to a rhombohedral phase (space group R-3m,
a=3.702(1), c = 9.615(3) A). The resolution of the crystal structure of the latter revealed a
distorted fluorite-type array. Owing to the strong tendency of the pyrochlore compounds
to disorder into a more simple structure at high temperature and/or when departing from
stoichiometry, the present phase can be modeled as (Pbz+,Sb2x)(Oz-15:,  1415), where
corresponds to a vacancy. Due to the high electron density contrast between the cation
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and anion sites, we did not succeed in refining the Pb/Sb ratio, nor the phases relative
amounts.
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Figure S4. Final Rietveld plot for the 0.8 Fe sample. Reragg reliability factor of the pyrochlore phase is 0.046. Impurity Bragg
peaks are marked with *.
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