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This work examines a polychrome plasterwork in one of the most important scalloped arches in the
Ambassadors Hall (Salén de Embajadores), which is the most outstanding room in the Mudéjar Palace
of the Real Alcazar of Seville (Spain). Characterization by stratigraphy, XFR, XRD, and FTIR studies has
supplied data on changes in the composition and colors in this building element. The research is comple-
mented with historical information on the most significant interventions in this hall. Graphic analysis
and the modeling of decorative geometric elements in 3D with BIM software were used to simulate its

;fle;; VtV:rrv‘\jlzrk evolution from its original state. The results characterize the base plasterwork and the polychromies con-
Alcazar of Seville stituted by 1-3 microlayers with a thickness between 5 and 300 pm, formed of blue (19.88% Cu-azurite),
Polychromy vermilion (19.00% Pb-massicot and 5.34% Hg-cinnabar), and golden layers (68.93% Au). The colors were

obtained through the use of mineral pigments such as azurite, cinnabar-litharge, and gold-leaf, respec-

Graphic reconstruction

tively. The rich colors visible in this hall now have varied over time.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The Alcazar of Seville corresponds to an oriental type of palace
citadel comprising a complex of buildings and palaces of distinct
style and periods. Over the centuries, they have become a single
complex with very diverse functions. The rooms of the Alcazar
have decorative plasterwork from various historical periods, mak-
ing it quite unique.

The Ambassadors Hall (Saléon de Embajadores) is the ancient
throne room of the Abadi palace from the Taifa reign of
Al-Mutamid in the 11th century. The structures were then restored
and decorated by Pedro I of Castile [1] to transform the hall into the
true centrepiece of the Mudéjar royal palace from CE (1340-1369)
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[1] [2]. Plant motifs in plasterwork cover the corners of the room
and the spandrels of the decorative (poly-lobed) arches that frame
the keyhole arches separating the adjoining rooms and the rear
hall. Above these arches are three tracery windows with geometric
elements [3]. The hall’'s columns and capitels are caliphate-style
(Fig. 1).

The Ambassadors Hall was remodeled in the 14th century, with
the opening of a doorway to the Patio of the Maidens (Patio de las
Doncellas), changing its orientation from facing east (towards Mec-
ca) to northeast, although it continued to serve as a throne room
for the Spanish monarch. The wall were also covered at the time
with tiled panels with knot motifs. It is also worth noting the
new wooden dome (or Half Orange) carved in 1427 by Diego Ruiz
to substitute the Abbadite dome.

The Palace’s most radical transformation occurred in the 16th
century after the wedding of Emperor Charles V. The works devel-
oped through the entire century, particularly under the reign of his
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Fig. 1. Plasterwork arch facing west in the Ambassadors Hall.

successor, Emperor Philip II, entailed a more substantive change in
the concept of this Palace [4].

Although an obvious conclusion is that all plasterwork was
colored to enrich them and provide a wide array of decorative
tones, such as in the Ambassadors Hall, some authors claim that
certain halls were colored to contrast with others that were left in
their original tones [5]. In support of this hypothesis, it should be
noted that our characterization has found halls (e.g. the Justice
Hall) in the Real Alcazar that were apparently never painted (save
for the unlikely event of the perfect elimination of all traces of
paint at some point). In addition, the plasterwork loses some of
its richness of tone due more to the scant durability of the bin-
ders used and weak support rather than to pigment instability.
On occasion, color has been obscured or altered by superposed
layers during maintenance tasks [6]. Certain halls were even
whitewashed in 1813 [7], covering the colors due to the demands
of neoclassical taste. Subsequently, these limewashes were
removed during the Isabelline period (1843-68) to recover the
colors and even hidden plasterwork in some cases [8]. In 1832,
the sevillian painter Joaquin Cortés provided an approximate cost
for gilding the floral motifs throughout the hall. Work was
painstakingly slow in removing the limewash and stopped and
started according to the availability of funds. Thus, it was not
until 1857 that gilding began. The Romantic period saw growing
appreciation for ancient Eastern art. Consequently, restorers from
the mid-19th century attempted to unify styles, studying paint
remnants before polychroming and carefully observing traces
found when chiseling or demolishing [9].

Several studies on the composition and properties of the plas-
terwork of the Real Alcazar [10,11] expand our general knowledge
of Islamic decorative plasterwork. An additional source of informa-
tion is the plasterworks of the Alhambra of Granada [12], which are
very similar to those of Seville [13,14].

In the graphical study of polychromies [15,16], architectonic
surveys should be understood as analyses and building surveys
that involve all the research that allows an overall perception of
the construction material reality [17,18].

2. Objectives

This study examines the polychromies applied on the plaster-
work of one of the most important arches in the Ambassadors Hall,
in turn the most significant hall in the Mudéjar Palace. The compo-
sition and structure of the plasterwork layers have been character-
ized define the historical periods for a graphic analysis of their
possible evolution (together with historical data on the room) from
the original state through interventions over time [19,20].

The specific goal is to accurately define the sequence of micro-
layers in the plasterwork and the materials used in their execution,
assessing the chromatic changes of this building element, using a
graphic program to recreate its original state and effects of inter-
ventions over time.

3. Sampling criteria, materials and methodology
The following criteria have been adhered to during sample collection:

(a) Historic. Documentation was reviewed to ensure the panel is original
(Mudéjar from the 14th century), taking into account the extent and dates
of the documented actions on the monument over the centuries (19th, 20th,
and 21st centuries). Advice of Real Alcazar curators. Their advice and rec-
ommendations were followed to ensure the plasterwork sampled was that
for which there was the most certainty on the date of creation.
Representative sample. A selection was made of the most characteristic tones
overall, considering all variables that could impact the material’s character-
istics (e.g. construction phase) and those that would affect the conservation
status (e.g. orientation, exposure to solar radiation, height above the
ground, depth, etc.).

Minimal impact. Efforts were made to take the smallest possible samples
(while remaining representative) and minimize the visual impact on the
panels, extracting using manual techniques.

(b

=

(c

-

Based on these criteria, we extracted and documented a plasterwork sample
from the Ambassadors Hall (GAH) and three fragments of polychromies corre-
sponding to the three colors observed (vermilion (PV), blue (PB), and gilding
(PG)), taken from the scallops of the arch framing the keyhole arches separating
the Ambassadors Hall from the Ceiling Hall of Felipe II (Fig. 2).

For the gypsum stucco works, the major and minor chemical components of the
plaster were analyzed by X-ray fluorescence (XRF) using an Axios Panalytical spec-
trometer. The mineralogical composition was established by X-ray diffraction (XRD)
using a Bruker-AXS D8, and the XRD patterns were obtained using the powder tech-
nique, at an angle of 20, a range of 3°-70°, and a 0.03° step scan with a 1 s step.

The polychromies structure was observed by means of an S8 APO LEICA optical
microscope, with LEICA DC300 video capture and IM50 software (Image Manager)
v.1.20.model. The layer sections were prepared by impregnation with methacrylate
resin at low pressure, then cut using a diamond blade, and finally ground. The struc-
ture and microlayer thickness were examined with a scanning electron microscopy.
A Jeol JSM 6460-LV microscope was used, equipped with an energy-dispersive X-
ray (EDX) microprobe, a beryllium window ATW2 and specific software (Oxford
INCA) for point semiquantitative chemical analyses [21,22]. SEM images in sec-
ondary electron mode (SE) and in back-scattered electron mode (BSE) were
acquired using several gold-plated pieces of sample. The mineralogical composition
of pigments was studied in different zones of blue and vermilion polychromies and
gilding by X-ray powder diffraction (XRD) using a Bruker-AXS D8 Advance diffrac-
tometer; the patterns were obtained by using the powder technique after using a
scalpel to separate 50-100 mg of sample. In order to identify the presence and type
of organic binders used in the polychromies Fourier-transform infrared spec-
troscopy (FTIR) was performed with a Jasco FT/IR4100 equipped with an accessory
ATR Miracle™ to measured attenuated total reflection (ATR), which allows a direct
measurement of samples without the need for solvents or dissolution media, which
could cause blind spots in the spectrum. The spectra were obtained with a

Fig. 2. Location of sample sites in western arch of the Ambassadors Hall. Note: GAH
is gypsum stucco work, PV vermillion polychromy, PG gilding, and PB blue
polychromy.
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resolution of 4 cm~! and recorded between 4000 cm~! and 600 cm™'. In the PG
sample, organic remains were extracted with acetone using a Sonicator ultrasonic
processor for one minute to loosen solid particles and promote dissolution. They
were then centrifuged for 5 min at 13,000 rpm to decant the solid. Most of the ace-
tone was evaporated with an argon current, and the concentrated solution was
measured in the ATR.

Once the study on the polychrome work in the arch scallop is completed, the
work needs to be visualized. To do so, a succession of images have been created
based on the chromatic series obtained that reveal the arch scallop’s evolution for
the period studied. To do so, a succession of images have been created based on
the chromatic series obtained that reveal the arch scallop’s evolution for the period
studied.

The first step was to survey the architectural detail as a basis to portray the data
from the study. Conventional procedures for this type of work (photogrammetry or
3D laser scanning) have millimetric accuracy, which exceeds the aims and scope of
this part of our study. Therefore, we opted for a so-called traditional survey com-
prising in-situ sketching and measuring of the elements and their subsequent virtual
treatment and modeling. Although it lacks the accuracy of the other procedures
mentioned above, it is more than sufficient for providing a good visualization.

From data collection, the study zone was virtually reconstructed by modeling
the geometric elements in three dimensions with graphical software as visualiza-
tion tool, following the sequence of figures in the real model. Below, the geometric
model is a montage in a photograph, adapting the visibility characteristics of the
model to those of the reference photograph and subsequently assigning the tex-
tures to the geometric models taken directly from the photographs of the architec-
tonic reference point. Finally, a renderized photograph of the whole is obtained.

4. Gypsum plasterwork characterization
4.1. Chemical analysis

The chemical composition of plasterwork GAH is shown in
Table 1. The results show a composition with enriched SO3, CaO,
and LOI, which are associated with the gypsum contents
(CaS04-2H,0). The values obtained are close to those of a pure
reference plaster (if all the contents analyzed in SO; were attribu-
table to hydrated gypsum, the purity would be 88.25%). The
presence of Sr may be due to the mineral celestine (SrSO,4) or to
traces of heavy metals such as Cu and Pb in remnants of the
polychrome pigments.

4.2. Mineralogical analysis

Sample GAH mainly comprises hydrated gypsum deriving from
the rehydration of the semi-hydrated plaster with the batching
water used in preparing the slurry; minor sulfated phases identi-
fied are anhydrite (CaSO4) and kieserite (MgS04-H,0), in addition
to trace amounts of quartz (SiO,) and dolomite (CaMg(COs),)
(Table 2, Fig. 3). Anhydrite can be artificially obtained by heating
the dihydrate above 200 °C [22], although it also exists as a natural
mineral associated with gypsum as do kieserite and dolomite.
Quartz can occur either as an impurity in the raw material or as
an aggregate incorporated into the slurry mixture, although in this
case the latter is less likely as the concentrations are very low [23].

5. Polychromy characterization. Results and discussion
5.1. Layers
After preparing the layers sections of polychromy samples for

the three colors observed (vermilion (PV), blue (PB), and gilding
(PG)), they were observed by optical microscopy. Fig. 3 shows

Table 2
Mineralogical composition of GAH.
Mineral Gypsum Anhydrite  Kieserite Dolomite Quartz
CaS04-2H,0  CaSO4 MgSO4-H,0  CaMg(COs),  SiO»
GAH +H++ + + + +

++++ Very abundant +++ Abundant ++ Medium + traces - Not detected

the images (80x) of the sections, and Table 3 gives the number
of layers and their thicknesses.

As the study shows, the arch bands that are currently vermilion
were previously blue, with a preparatory layer between the two.
The bands currently blue have always been that color. Finally,
the golden bands were applied over a yellow layer that had in turn
been applied on a base white layer.

5.2. Mineralogical composition

Fig. 4 gives the diffractograms of the colored microlayers. The
vermilion layer (Fig. 4a) comprises gypsum, cinnabar, massicot,
and quartz. Cinnabar (HgS) and massicot (PbO) were commonly
ground and used to produce vermilion [6,24]. The usual prove-
nance for cinnabar used in Andalusia is the Almadén site (Ciudad
Real, Spain). However, it is also possible synthetic vermilion was
used (obtained by sublimating sulfur and mercury), which was a
widely used method known since ancient times and described by
Pliny [25]. The presence of gypsum may be due to its use as a bin-
der for pigments or to contamination from the underlying layer
during extraction [26,27].

In addition to gypsum, layer PB (Fig. 4b) contains the mineral
azurite (Cuz(OH),(CO3),). Azurite was the most common blue pig-
ment up to the 17th century [28], commonly used in Hispano-
Moresque painting techniques in the 13th and 14th centuries.
Studies to date seem to indicate that azurite was more usual in
the earliest Nasrid art [15].

As with the plasterwork from the facade of the Palace of King
Pedro I, the pigments usually have no preparatory interlayers, with
the main color changes being the superposition of vermilion over
blue [4]. In the Ambassadors Hall plasterwork, this change is noted
only occasionally.

In the PG (Fig. 4c), the gold derives from the use of gold-leaf for
decorating the plasterwork in the Ambassadors Hall (Figs. 1 and 2).
Gold-leaf was applied on a plasterwork base, which accounts for
the occurrence of gypsum and anhydrite in the sample in addition
to the gold. Cerussite is a mineral consisting of lead carbonate
(PbCO3), and its use as a secant suggests the use of oil-based bin-
ders which, together with the plasterwork, could comprise the
preparation of the gold-leaf [4]. The data show that the gilt was
applied on mixtion, a procedure that entails fixing the gold-leaf
on a prepared layer called mordant or mixtion [29]. The mordant
consists of a mixture of linseed oil with compounds of lead and
manganese oxides. In addition to making the mixture visible, these
products aid in rapidly drying the oil.

5.3. Scanning electron microscopy

Fig. 5 shows two images in BAH mode (backscattered electron)
of layer PV (Fig. 5a) and layer PG (Fig. 5b) and another two images

Table 1
Chemical composition of major, minor, and trace elements of GAH.
Sample SiO, Al,05 Fe,03 MgO Ca0o Na,0 K>0 Sro P»0s SO5 LOI TOTAL
% % % % % % % % % % % %
GAH 2.68 0.64 0.30 0.86 29.73 0.02 0.18 0.28 0.00 41.04 22.55 97.98
Pure CaS042H,0 - - - - 32.57 - - - - 46.50 20.93 100
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Fig. 3. (a) Layer PV, (b) layer PB, and (c) layer PG.

Table 3
Number and thicknesses of layers PV, PB, and PG.

Sample Number of layers Thickness of layers in micra
PV 1 layer of vermilion paint 5
1 intermediate transparent layer 150-300
1 layer of blue paint 100-200
PB 1 layer of blue paint 20
PG 1 layer of gilding 1
1 layer of yellow paint 100
1 layer of white paint 200-250

in SEI mode (secondary electron imaging) of the azurite (Fig. 5c)
and massicot (Fig. 5d) pigments. Table 4 gives the chemical compo-
sition of the three PV layers and the two PG layers.

Energy-dispersive X-ray (EDX) microprobe analysis of the ver-
milion layer confirms the presence of the elements Hg, Pb, S, O
and Si as constituents of the minerals previously identified by
XRD. The carbon detected may derive from the organic compound
used in applying the color or from the methacrylate resin used to
prepare the samples. In the blue layer of PV, there is Cu, C, and O
from the azurite, S and Ca from the gypsum, and other minor ele-
ments such as Si, Cl, Fe, and K. The transparent layer separating the
vermilion and blue layers in the PR stratigraphy contains S, Ca, and
O from the gypsum and anhydrite detected by XRD. It also shows
some Cu and Pb (probably contamination from the underlying
layer) in addition to silica and trace impurities.

The gold layer (underlain by a yellow layer, then a white layer,
then plaster) shows Au as the major mineral, with minor Ag and
Pb. The yellow layer has C and O as major elements and Si, Fe,
and Al as minor elements, suggesting an organic composition.

The white layer applied beneath the yellow layer and above the
base plaster shows a very similar composition to that of the plaster,
typical of a hydrated gypsum, with the plasterwork having more
impurities than the white layer. The data again confirm it is a mix-
tion gold-leaf.

300

1 1200

5.4. Fourier-transform infrared spectroscopy

Several absorption bands were related to different compounds
in agreement with reference data in the literature [30,31] (Fig. 6).

5.4.1. PV-vermilion microlayer

The infrared spectrum of the analyzed sample was clearly use-
ful to identify gypsum (dihydrate calcium sulfate), which shows
absorption bands at 1110, 670, and 597 cm™!, characteristic of
the sulfate group (vibration modes of sulfur-oxygen bonds). In par-
ticular, bands over 3000 cm~! (3524 and 3398 cm™!) are related to
water incorporated in the gypsum structure (O—H stretch vibra-
tions), apart from other wavenumbers of absorption maxima
(1683 and 1619 cm™!), likely due to vibrations resulting from the
water bonds. Low proportions of calcite relative to gypsum may
explain the weak absorption band at 1396 characteristic of the car-
bonate group. Massicot and cinnabar have their strongest absorp-
tion bands below 505 and 400 cm~! respectively, which makes to
observe in mid-IR spectroscopy.

FTIR results seem to indicate that the sample contains no
organic compounds.

5.4.2. PV-white microlayer

The infrared spectrum allows reveals calcite absorption bands
at 1416, 873, and 712 cm™', characteristic of the carbonate group.
Gypsum shows absorption bands at 1110, 670, and 597 cm™}, char-
acteristic of the sulfate group (vibration modes of sulfur-oxygen
bonds). In particular, bands over 3000cm~! (3524 and
3398 cm™!) are related to water incorporated in the gypsum struc-
ture (O—H stretch vibrations), apart from other wavenumbers of
absorption maxima (1681 and 1618 cm™!), likely due to vibrations
resulting from the water bonds. FTIR results seem to indicate that
the sample contains no organic compounds.

54.3. PB
The infrared spectrum reveals gypsum with absorption bands at
1111, 669, and 595 cm™!, characteristic of the sulfate group. In
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Fig. 5. (a) SEM image in BSE mode of PV, (b) SEM image in BSE mode of PG, (c) SEM image in SE mode of azurite crystal in PB, and (d) SEM image in SE mode of litharge crystal

in vermillion layer of PV.

Table 4
Semiquantitative chemical analysis by EDX of PV, PB, and PG.

Element PV (Fig. 5a) PG (Fig. 5b)
Blue White Vermillion Gold Yellow
layer layer layer layer layer
Weight%  Weight% Weight% Weight%  Weight%

C 17.06 19.09 17.63 - 25.74

Al 0.36 - 0.18 - 0.50

Si 1.01 0.14 035 - 0.73

S 1.77 6.63 2.86 - -

Cl 1.16 - - - -

K 0.14 - 0.22 - -

Ag - - - 244 -

Ca 2.22 8.24 0.50 5.45 -

Au - - - 68.93 -

Fe 0.20 - - - 0.44

Cu 19.88 0.90 - - -

Pb 0.58 0.50 19.00 11.54 2.44

Hg - - 534 - -

0] 55.62 64.50 53.92 11.64 70.15

Totals 100.00 100.00 100.00 100.00 100.00

particular, bands over 3000 cm™! (3519 and 3400 cm™!) are related
to water incorporated in the gypsum structure (O—H stretch vibra-
tions), apart from other wavenumbers of absorption maxima (1686
and 1620 cm™ 1), likely due to vibrations resulting from the water
bonds. The azurite absorption band at 3309cm~! has been
assigned as the O—H stretching mode. For the carbonate group,
bands are observed at 1406 cm~! (C—O stretching modes) and
995 and 816 cm™'. FTIR results seem to indicate that the sample
contains no organic compounds.

5.4.4. PG

The infrared spectrum reveals gypsum, which shows absorption
bands at 1110, 672, and 604 cm™', characteristic of the sulfate
group. In particular, bands over 3000 cm™! (strong at 3399 cm™!)
are related to water incorporated in the gypsum structure (O—H
stretch vibrations), apart from other wavenumbers of absorption

maxima (1638 cm™!), likely due to vibrations resulting from the
water bonds. Absorption bands at 1320 cm~!(C—O stretch vibra-
tions) and 778 cm™! characteristic of the carbonate group can be
associated to cerussite. FTIR results seem to indicate that the sam-
ple contains aliphatic organic compounds associated to absorption
bands at 2924, 2853, 1458, and 1364 cm ™.

5.4.5. PG extracted with acetone

In order to concentrate the organic remains observed in PG, this
sample was extracted with acetone, later evaporated, and the con-
centrated solution measured in the ATR. FTIR results show 2925
and 2855 cm~! bands (asymmetric and symmetric vCH, stretch-
ing), a strong band at 1703 cm ™! (vC=0 stretching), weak bands
at 1620 cm~! (VC=C stretching), 1457, and 1363 cm~! (asymmet-
rical 8CH3CH, and symmetrical 8CHs; bending), 1231 cm™!
(VOC—OH stretching), 1171cm™! (vC—O stretching), and
669 cm~! (cis 8C—H out of the plane). This infrared spectrum
may be quite similar to the one obtained after linseed oil polymer-
ization after being exposed to the air [32].

5.5. Overall characterization

The vermilion PV sample has a blue underlying layer as the
original colored layer. This layer comprises gypsum (as a binder)
colored with azurite. Over this original layer is a white layer of lime
and gypsum; given its quality and texture, it was likely applied to
improve the application of vermilion by preventing color mixing
between the vermilion and the blue. The current top layer (vermil-
ion) also has gypsum as a binder and inorganic pigments (massicot
and cinnabar in this case). No organic compounds have been
detected, as verified by the FITR analyses, which has contributed
to the stability of the colored layers as they have not undergone
changes from the oxidation or degradation of organic compounds.

Sample PB is an original layer (similar to the blue layer identi-
fied in PV) that has not been repainted nor covered by other layers.
This is deduced from the evenness of the interface between the
plasterwork and the blue layer. If any previous layer had been
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Fig. 6. Infrared spectrum: (A) PV-blue, (B) PV-white, (C) PV-vermilion, (D) PG, and (E) PG acetone extracted.

scraped down, the base plaster would be uneven. As with sample
PR, its exclusively mineral composition has allowed perfect color
conservation.

Finally, in the gold layer (sample PG), there are three super-
posed layers. The lowermost is a white layer consisting solely of
gypsum, identified as a preparatory layer to reduce the porosity
of the base plaster for a better adhesion of the gold-leaf. On top
of this initial preparatory layer is a second preparatory layer for
the gold-leaf. It comprises polymerized linseed oil and cerussite,
whose function (as mentioned above) is to aid the drying process.
The final layer is the gold-leaf, making a spectacular effect in the
room'’s entry arch. The FITR analysis reveals organic compounds
in the intermediate layer, which are clearly defined in the new
spectrum when the sample is treated with acetone. In this case,
any degradation by oxidation that the linseed oil might have
undergone has not caused any aesthetic problems since it is an
intermediate preparatory layer. The final gold-leaf layer is com-
pletely stable, having undergone only a natural loss of shine typical
of these types of decorations.

6. Graphic reconstruction of arch scallop

This study shows the evolution over time of the polychrome
plaster in the arch’s scallop in the western wall of the Ambassadors
Hall. Modeling of the original geometry with parameterized 3D

solids provides a virtual reconstruction of the analyzed elements.
The subsequent application of color found in the characterization
recreates the state of these forms in different periods. The subse-
quent montage of the modeled and colored form in a
photograph-type image of the arch’s scallop (with the correct posi-
tioning and lighting) virtually recreates the whole element. Three
periods and possible applications have been differentiated in the
polychromies of the elements and their sequence of application:
(a) original state, 14th and 15th centuries; (b) intermediate states,
16-17th century and 19th century; (c) current state, 21st century.

6.1. Original state, 14th and 15th centuries

The polychrome stratigraphy shown in Fig. 3 yields a color scale
(R/G/B) for the tones applied to the 3D solids, with blue
(33/77/107), white (221/204/187), and to represent the golden
tone, we chose a color simulating gold since it is not a true RGB
color. There are two possible original options (Fig. 7), although
the right-hand one is more likely since blue and gold were the col-
ors of divinity and royalty.

Fig. 7 gives the two possible combinations of colors the decora-
tive scallop of the arch could have had in the 14th and 15th cen-
turies (period of construction), considering the gold as having
been applied originally or not. Both options have blue as the base
color in the composition of the semicircular concave forms,
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(b)

Fig. 7. Options one and two for original state in the 14th (a) and 15th centuries (b).

combined with white in the case of Fig. 7a. In the second option, it
is quite possible that gold-leaf was used for the larger scrolls and
concave forms and white for the small scrolls, as in Fig. 7b.

6.2. Intermediate state in the 16th—17th centuries for the vermilion
and 19th century for the gold

Starting with the polychrome stratigraphy in Fig. 3, we have
determined two possible combinations, in this case defining blue
(33/77/107), white (221/204/187), gold (231/174/24), and vermil-
ion (156/69/41) (see Fig. 8).

Fig. 8 shows the two possible color combinations for the scal-
loped arch in the 16th-17th centuries and the 19th century. The
most likely application is vermilion in the 16th-17th centuries
and re-application of gold-leaf in the 19th century. The gold-leaf

(b)

Fig. 8. (a) Intermediate state in 16th and 17th centuries and (b) intermediate state in 19th century.

is maintained in the 19th century as the base color of the compo-
sition in the semicircular concave forms, together with the small
white scrolls, combined in the first with blue for the rest of the
concave cylindrical figures and with white for the rest of the ele-
ments (Fig. 8a). It is quite possible that gold-leaf was used for
the larger scrolls and concave forms and white for the small scrolls,
as in Fig. 8b.

6.3. Current state recreated without deterioration

For this case, the color samples were taken directly from the
actual photograph of the arch scallop (Fig. 2), which shows the
final version of this polychromy. In this case, the colors are blue
(24/52/74), white (255/255/222), gold (206/142/16), and vermilion
(181/81/49).
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Fig. 9. Current state idealized reconstruction of the polychromies with no
deterioration.

It is not easy to imagine the state of the restored arch given the
deterioration of certain motifs in the scallop and the dirt deposited
over the colors. The Fig. 9 shows an idealized reconstruction of the
polychromies found, with no deterioration.

7. Conclusions
The results obtained lead to the following conclusions:

- XRF, XRD, and FTIR techniques and stratigraphic analysis have
been used to characterize the base plasterwork of the Ambas-
sadors Hall of the Real Alcazar of Seville and its polychrome
work. Its chromatic richness, comprising blue, vermilion, and
gold layers, was obtained with the mineral pigments azurite
and cinnabar-litharge bound with gypsum and with gold-leaf
applied with mixtion, respectively.

- The stratigraphic study has revealed that the colors cur-
rently visible in the decorative elements have not been
the same throughout the history of this room. These
changes are compared with the historic data on the most
significant interventions carried out in the hall. These data
have been complemented with a graphic analysis and 3D
modeling of the decorative geometric elements to graphi-
cally recreate the different stages in the polychromy
evolution.

- It is apparent that stratigraphic characterization using instru-
ment techniques combined with graphic representation com-
prise a suitable methodology to analyze the evolution of
polychrome decorative elements, providing valuable informa-
tion to complement historiography data.
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