Article

Archaeological and Archaeometric Insights into a Roman Wall
Painting Assemblage from the Blanes Dump (Mérida)

Gonzalo Castillo Alcantara

, Daniel Cosano Hidalgo >*(, Alicia Fernandez Diaz 3

and José Rafael Ruiz Arrebola >*

check for
updates

Citation: Castillo Alcantara, G.;
Cosano Hidalgo, D.; Fernandez Diaz,
A.; Ruiz Arrebola, ].R. Archaeological
and Archaeometric Insights into a
Roman Wall Painting Assemblage
from the Blanes Dump (Mérida).
Heritage 2024, 7,2709-2729. https://
doi.org/10.3390/heritage7060129

Academic Editors: Georgios P.
Mastrotheodoros, Anastasia Rousaki

and Eleni Kouloumpi

Received: 6 May 2024
Revised: 20 May 2024
Accepted: 22 May 2024
Published: 27 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Art History, Archaeology and Music, University of Cérdoba, 14071 Cordoba, Spain;
aa2caalg@uco.es

Department of Organic Chemistry, Institute of Chemistry for Energy and the Environment

Instituto (IQUEMA), Faculty of Science, Patricia Unit for R&D in Cultural Heritage, University of Cordoba,
14071 Cordoba, Spain

Department of Prehistory, Archaeology, Ancient History, Medieval History and Historiographic Sciences and
Techniques, University of Murcia, 30003 Murcia, Spain; aliciafd@um.es

*  Correspondence: q92cohid@uco.es (D.C.H.); qolruarj@uco.es (. R R.A.)

Abstract: In this paper we describe the archaeological and archaeometric analysis of a Third Pompeian
Style assemblage from the Blanes dump in Mérida (Spain). Based on the pottery context, the material
would have been part of the decoration of a public or private space remodelled towards the end of
the 1st century AD. Several samples from to the middle area of the assemblage, including panels,
inter-panels and a frieze, were selected and studied using X-ray diffraction (XRD), X-ray fluorescence
(XRF), Raman, gas chromatography and petrographic analysis. The results revealed the use of
hematite, cinnabar, minium and goethite in different panels, as well as goethite, Egyptian blue, calcite,
glauconite and carbon for the decorative motifs. They allowed us to define the painting techniques
used and how they have affected the degradation of the pigments.

Keywords: Augusta Emerita; Roman wall painting; third Pompeian style; mortar; pigment; Raman;
cinnabar; minimum; thin section

1. Introduction

Augusta Emerita (present-day Mérida) was one of the most prominent enclaves of
Roman Hispania due to its importance from the early Empire as the capital of Lusitania
province. Proof of this can be seen in the extensive archaeological heritage recovered since
the last century that has allowed the town’s history to be revealed from its foundation
to late antiquity [1] (Figure 1). Roman mural painting is no exception, and the studies
undertaken in recent decades have allowed us to improve our knowledge of the insertion
and development dynamics of decorative fashions and the craftsmanship of Italian and
local workshops. The contribution of finds from waste dumps and fill levels has been
of particular importance to our knowledge of urban remodelling processes and pictorial
productions [2-4].

Historical-archaeological studies have been complemented in recent years with physic-
ochemical analyses of mortars and pigments, looking in-depth at issues related to crafts-
manship, execution techniques, recipes and resource collection. This corresponds to an
interest in undertaking comprehensive studies that are supported by the development of
sampling criteria and the definition of archaeometric techniques useful for characterising
Roman mural painting [5-9].

In this regard, the case under study is an example of particular relevance to painting
from Augusta Emerita, in that various ways of applying pigments in the same assemblage
have been attested, as well as their effect on its state of conservation. This analysis has
allowed us to delve more deeply into both the craftsmanship and the socio-economic status
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of the property owner as well as to compare the results with information from the sources,
including Pliny (Natural History, XXXIII) and Vitruvius (De Architectura, VII).

¥

S Augusta Emerita (Mérida)

Figure 1. Satellite map of Spain with location of Augusta Emerita and current area photo.

1.1. The Archaeological Context

The rubbish dump on Almendralejo Street, known as the Blanes dump, is the largest
of its type documented in Mérida. It reflects the town’s construction and social dynamics
between the 1st and the 5th centuries AD. The site was studied between 2005 and 2007 as
a result of earth movements carried out in the so-called Corralén de los Blanes, a plot of
land of more than half a hectare at 41 Almendralejo Street destined for the construction of a
housing block and car parking.

The plot is located between Almendralejo Street and Marquesa de Pinares Avenue.
The archaeological site is in its northern part, which in Roman times would have been
extramural but at the foot of the Roman wall. It was a suburban area, and, therefore, it is
not unusual to find rubbish dumps that would have been easily accessed for the disposal of
urban waste [10]. This aspect is corroborated by the possible presence of a gate in the town
walls on Almendralejo Street connecting to the road leading to the town of Toletum [11].

The archaeological excavation revealed a superposition of dumping that filled part
of the exterior elevation of the wall to a depth of 11 m at some points. This caused the
alteration of the area in urban and defensive terms, documenting the covering of various
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industrial buildings, road infrastructure and funerary towers of a similar typology to
those preserved in the Columbarium area. All this is evidence of the complex urban
transformation that took place [10] (Figure 2).

70 Roman roads
B Roman wall

11 m aprox.

Figure 2. Above, planimetry of the Roman city and location of the Blanes dump. Below, section of the
dump and photo of one of the funerary monuments (design based on Heras Mora, Olmedo Grajera
and Pérez Maestro, 2017).

Prior to the site being used as a dump, the area was occupied by various routes. One
can be distinguished leading to the Albarregas River. It is interpreted as a via sepulchralis
with two monumental funerary structures on its sides, which sit on a possible levelling
stratum dated to around the turn of era [12,13]. The finds identified in their interior
date them to between the reigns of Tiberius and Claudius, a chronology similar to that
established for the Columbarium mausoleums [14]. This is a clear indication that the
subsequent dump began to develop in the middle of the 1st century AD.

At the beginning of the 60s of the 1st century AD, the enclosure and the mausoleums
were filled to the top with solid waste that included building rubble and domestic rubbish.
This created a regular surface on which the pre-existing paths were renewed, maintaining
the funerary nature of the area and the morphology of the precinct [13]. At an undetermined
time in the second half of the century, the area was once again occupied with cremation
burials and monumental markings, although, in the 2nd century AD, the dumping of waste
and building materials that maintain the landfill function are once again documented [13,
15]. Beginning in the 3rd century AD, the site saw continuous dumping of rubbish and
rubble, leaving the original topography completely altered in the 4th century AD [13].
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In contextual terms, the various units in which we were able to identify the fragments
that make up the assemblage under analysis (UUEE 785, 985, 1437, 1470, 1471 and 1537)
date to between 80 and 90 AD, based on the presence of water bottle sherds in Bracarense
pottery, DR 4, 11, 17 and 18 lamps and the rim of a De Tommaso 42 unguentarium [2].
This date must be taken as a terminus ante quem for the execution of the assemblage, to
which we must add the necessary existence of a time margin between its completion and
its replacement.

1.2. Technical-Descriptive Analysis

Despite not knowing the original context to which the assemblage is associated, the
fragments allow a clear reading of the compositional scheme of the middle zone from which
to carry out the sampling of the various elements that make it up. They reveal a scheme
of panels and inter-panels. In the former, a single fragment is found with remains of a
motif that would have occupied the central part, although it is very worn and impossible to
identify. Some fragments of the inter-panels define two different models. From the first we
have part of the upper left corner of a panel and part of the inter-panel with a white scroll
that could be part of some type of vegetal candelabra, as well as pairs of drops arranged on
both sides of the fillet that separates the panel and inter-panel (Figure 3A). Beginning from
the volute, which is usually represented in groups of two, the inter-panel would have been
between 15 and 20 cm wide.
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Figure 3. (A) Fragments of the first inter-panel with drop decoration and “V” elements. (B) Fragments
of the second inter-panel with vine leaves, thyrsus and pine cones. (C) Fragments of the upper edge
of the panels and Egyptian frieze. (D) Fragments of cornice and profile drawing.

The rest of the fragments belong to the lower closure of the second inter-panel, which
is about 17 cm wide. The lower part shows a black field, probably from a predella at least
3.5 cm high; on it can be seen the remains of a yellow, white and red element on which a
small yellow spiral rests. Above, the lower part of the inter-panel is preserved. It bears a
motif composed of a violet band with a white border, rectangular on its lower side and with
two concave semicircular spaces on the upper side. Above the vertex generated between
the semicircles rises a palmette composed of a yellow stem surrounded by a blue line with
blue drops. At the top of the stem, yellow spirals emerge that turn blue halfway through
their development, ending in a flower with yellow and blue drops. On the edges of the two



Heritage 2024, 7

2713

panels arranged next to the inter-panel, pine cones and green vine leaves sprout on a fillet
like a thyrsus, and, in the lower corner of one of the panels, a small horizontal yellow line
like a metal foot can be seen. (Figure 3B).

The panels would have been delimited at their upper end and on one or two of their
sides by a white fillet. On the upper side, these give way to a black field 10 cm high as a
band that constitutes a continuation of the bottom of the inter-panels. In this, a decoration
is developed that acts as the upper finish of the panels, composed of an alternation of two
motifs (Figure 3C). The first is composed of a yellow stem with a blue drop and a white
line with downward drops. Above it is topped by a small yellow leaf with five points in
the shape of a star with a red line in the middle and two drops crowning the top. The
second has a truncated conical base with a green line on the inside finished with spirals
on the sides. From the central part emerges a yellow stem surrounded by small blue and
white leaves.

The middle zone is completed with a frieze composed of a brownish fillet, a white
band and a green band, which also extends along the sides of the wall, enclosing the whole
at its ends. On the white band there is an alternation of two motifs. The first is composed of
a red “M” motif with two reddish-brown and dark blue strokes, with another curved motif
between them creating a schematic eye shape and finishing downwards with white drops.
The upper part is finished with a small white cord-shaped motif and a drop. The second
motif is composed of three quarters of a circle facing upwards whose ends retract vertically
into the interior background. In the middle there is a green “M” motif with elongated
arms with a small bifolium crowned by a drop and, below, a small cord-shaped motif.
This alternates in its chromaticism with the first motif, so that in some cases the exterior is
burgundy-red and the interior is green and in others it is the opposite. Finally, below, it is
finished off by an oval drop with a burgundy-red core, another white drop below and, at
the top, an oval drop with a bright red core and another above.

Fragments of the cornice that encloses the assemblage are preserved. It is composed of
a small listel and a band with small female masks with headdresses and a triangular slope,
from which two curved stems topped by a type of trefoil extend to the sides. Between
each mask a motif develops composed of two multi-lobed buds facing downwards and a
central, smaller one facing upwards. Above, a small listel gives way to an inclined section
on which there are the remains of an upper area of which only a red trace is preserved
(Figures 3D and 4).

It seems that all the backgrounds were painted using the fresco technique and the
fillets, bands and motifs were executed subsequently when it was dry, as can be seen from
the numerous losses we find in the upper part of the panel. Various fragments present
differences in the pigments used for the panels, two types of red and yellow, a matter
we will address below. On the cornice, there are no marks that indicate the separation
between motifs due to the application of the mould, so it is possible that they were all
made by chiselling. In the mortar, there is a finishing layer and three preparatory layers
whose thickness ranges from between 0.4 and 1.7 cm, with a brownish tone and small and
medium-sized aggregates, as well as a herringbone back. The cornice has a finishing layer
and three preparatory layers with a more greyish tone, between 0.4 and 1.6 cm thick, with
small and medium-sized aggregates, except for the first, which is highly refined.

1.3. Compositional and Ornamental Study

Although only one element of the predella ornamentation remains, making any type
of analysis impossible, it constitutes a characteristic of the Third Style productions, being
barely identified in the Fourth. We see this also in Vaison-La-Romaine; the room (u) in
the Place Jules-Formigé domus in Fréjus; the room (54) of the Maison de Nones de Mars in
Limoges; Cave Pinel in Périgueux [16] in France; and Room (H. 27) of Domus 3, Insula 1 in
Bilbilis [17] in Spain, among others.
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Figure 4. Hypothetical restitution of the assemblage.

Given that the panels do not present any interior element that can be analysed, we
will first focus on the study of the inter-panel. In the first, the use of drops on both sides of
the fillet that separates it from the panel is a characteristic motif of the Third Style that has
lost the “V” elements, since the drops alone are not documented. We can refer to parallels
such as the oecus (6) and tablinum (n) of the House of Trebius Valens (I1I 2, 1) [18], the
cubiculum (f) in the House of Paquius Proculus (I7, 1) [19] or a fragmentary group from
the House of the Golden Bracelet (VI Ins. Occ., 42) [20] in Pompeii. In the provinces, it is
documented at Cave Pinel in Périgueux [16], in the Vésone domus in the same town [21]
and in the room (II) of the domus on Rue Paul-Deviolaine in Soissons [16]. In Hispania, we
can include the cases of Can Terrés [22], the room (H. 27) of Domus 3, Insula 1 in Bilbilis [17],
those of Celsa [23] or that of Del Angel Street in Cartagena [24].

The data suggest the existence of a vegetal candelabra on the second inter-panel,
although we cannot specify its shape. However, it is possible to point out some parallels,
such as that of the atrium (b) of the House of Casca Longus (I 6, 11), where we see the
same motif with a rectangular base, dated to the Third Style [25]. We find a similar form in
the domus on Via Sigismondo in Rimini, also in the lower part of an inter-panel next to a
predella [26]. The presence of the thyrsi with pine cones and vine leaves on the edges of the
panel represents an element that was highly developed in the production of the Third Style,
typical of the Bacchic repertoire. Although we do not observe a similar arrangement for the
vine leaves in other examples, we do see it with the pine cones in the cubiculum (5) of the
House of M. Lucretius Fronto (V 4, a) [27] and in the Vésone domus in Perigueux [21].

On the upper sides of the panels, the chromatic and figurative opulence are in keeping
with the Phase IIb productions of the Third Style, with parallels in the triclinium (p) of the
House of Trebius Valens (III 2, 1) [27] or in the tablinum (7) of the House of M. Lucretius
Fronto (V 4, a) [18] in Pompeii. We can also cite the case of San Gaetano di Vada near
Volterra, although with the motifs around the entire panel from the final phase of the Third
Style [28]. The frieze is decorated with Egyptian motifs and presents clear parallels between
the production of the Third Style, such as that of the room (13) of the Casa dei Ceii (I 6,
15) [25] or that of the oecus (32) of the House of the Golden Bracelet (VI Ins. Occ., 42) [27].

Finally, the plant motifs on the cornice represent lotus flowers, although with a some-
what schematic execution, while the female head with a headdress has a very clear parallel
dated to between the late Republican and Augustan periods in Rome, to which we can
add another from Elea (Velia) [29]. This is a common motif in pre- and proto-Augustan
productions, as we observe from its presence in the Arch of Augustus in the Roman Forum,
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in a Campana relief in the House of Augustus in the Palatine [29] or in the cubiculum (b)
of the Villa della Farnesina [30]. Its presence in our case corresponds to a subsequent
continuity that is confirmed in paintings in a large number of examples [2,31]. The analysed
elements allow a clear association with a Third Style Phase IIb production, which fits in
well with the material context to which the fragments are associated and whose terminus
ante quem is between 54 and 100 BC.

2. Materials and Methods

The fragments were initially examined under an optical microscope to distinguish
layers, examine their microscopic properties and select appropriate areas for analysis.
The combination of X-ray diffraction and X-ray fluorescence spectroscopy (XRD and XRF,
respectively) and petrographic analysis provided information to determine the composition
of the mortar. Finally, micro-Raman spectroscopy (pu-Raman) was used to reveal the
chemical nature of the pigments. Table 1 shows the fragments analysed and the composition
of the pigments and mortars.

Table 1. Fragments analysed and composition of pigments and mortars.

Photograph Fragment Reference Maégif’f:’rp ic Compounds Found Mortar Components
Carbon (C), Goethite (ax-FeOOH),
Black, Yellow, Egyptian blue (CaCuSisOyy), Calcite; Quartz;
F1 UE 1437 Blue, Green, Glauconite Anorthite; Albite;
White, Red ((Fe3+,Al,Mg)z(Si,Al)4Om(OH)2), Kaolinite
Calcite (CaCOg3), Cinnabar (HgS).
Carbon (C), Goethite (a-FeOOH),
Black, Yellow, Egyptlancbl?fc(ocn?tceusMow)’ Calcite; Quartz;
F2 UE 1537 Bl : Anorthite; Albite;
W1111e1teG Red’ ((Fe*, AL Mg)y(Si,Al)3010(OH)y), MKaolinite
’ Calcite (CaCOj), Hematite
(x-Fe;O3), Minium (Pb3z Oy, PbO;)
Black. Yell Carbon (C), Goethite («-FeOOH), Calcite; Quartz;
F3 UE 1537 V%(}jliée eReOc{/v, Calcite (CaCO3), Hematite Anorthite; Albite;
’ (a-Fe;O3), Minium (Pb3zOy4, PbO;) Kaolinite
Carbon (C), Egyptian blue
Black, Blue, (CaCuSiyO4), Glauconite Calcite; Quartz;
F4 UE 1537 Green, White, ((Fe3, AlMg),(Si,Al)4O10(OH)y), Anorthitg; Albite;
Red Calcite (CaCO3), Hematite Kaolinite
(cx-Fe203 ), Minium (Pb304, PbOZ)
. 3+ Glauc.onite Calcite; Quartz;
F5 UE 785 Green, White,  ((Fe’" ALMg)(SiADsO10(OH)), - \0 o rihiter Albite;
Red Calcite (CaCOj3), Hematite Kaolinite

(«-Fep03), Cinnabar (HgS).
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2.1. X-ray Diffraction

X-ray diffraction patterns were acquired using a Bruker D8 Advance diffractometer
equipped with a goniometer and an automated DACO-MP recording system. The samples
underwent irradiation with a copper K« line (A = 1.54 A). This instrument was equipped
with a nickel filter and a graphite monochromator, operating at a goniometer speed of
2 degrees per minute. To increase homogeneity, samples were ground into smaller particles
using an agate mortar. After this, they were placed on plastic slides and compressed to
ensure that the exposed surface was as flat and uniform as possible.

2.2. X-ray Fluorescence

X-ray fluorescence (XRF) spectroscopy was used to determine and quantify the chem-
ical elements in the mortar. The spectra were collected using a Rigaku ZSX Primus IV
wavelength X-ray spectrometer, which features a 3 kW Rh-target X-ray tube, ten analyser
crystals, a sealed proportional counter for the detection of light elements and a scintillation
counter for heavy elements. Data were gathered at various points on the surface of each
sample and then averaged.

2.3. Petrographic Analysis

The mineralogy and textural properties of samples were studied on 30 um-thick pol-
ished thin sections using transmitted light microscopy at the Applied Petrology Laboratory
(LPA-UA). Photomicrographs were performed by using a Zeis Axioscop petrographic
microscope with a USB UI-1490SE digital camera.

2.4. Optical Microscopy

The target samples were visually examined at 100x magnification under a LEICA
DCMS8 Confocal Interferometric Microscope for Materials, whose 3D material surface
metrology system allows for the study of rough surfaces through confocal microscopy.

2.5. Micro-Raman Spectroscopy

Micro-Raman spectra were acquired using a Renishaw InVia Raman Microscope,
which includes a Leica microscope setup with various lenses, monochromators, a CCD
camera and dual lasers (532 and 764 nm). The spectral data collection spanned a range
from 140 to 1700 cm™!, using the 532 nm green laser for excitation. To enhance the
signal-to-noise ratio, the total number of scans was adjusted, and the laser power was
carefully regulated to prevent any heat-induced chemical alterations in the pigments.
Spectral analysis, including baseline adjustment and signal smoothing, was conducted
using Renishaw’s Wire v. 3.4 software.

To examine the existence of organic binders, a procedure was implemented to extract
the paint layer from all fragments using a variety of organic solvents, including cyclo-
hexane, dichloromethane and ethanol. Through this process, small quantities of paint
(around 100-125 mg) were meticulously detached from the surface and immersed in the
selected organic solvent for 24 h at ambient temperature. Subsequently, the solvent was
filtered from the mixture and subjected to analysis via UV-Visible spectroscopy and gas
chromatography—mass spectrometry.

3. Results
3.1. Mortar

The study of the mortar on which Roman wall paintings were applied is also of interest.
As Vitruvius commented [32,33], the mortar was applied to walls and prepared to receive
paint by first smoothing the walls to facilitate the coating with one or several layers, up
to seven according to him, but more often only two or three are present. In our case, the
fragments contained three preparatory layers of mortar and a finishing layer (Figure 5).
This mortar was analysed using X-ray fluorescence (XRF) and X-ray diffraction (XRD).
Table S1 shows the results of the XRF analysis for all samples expressed as a percentage of
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oxides. The major components were calcium oxide and silicon oxide. In addition, other
components, such as magnesium oxide and aluminium oxide, also appear in moderately
high percentages, as does iron oxide. As Vitruvius indicates in his work, the mortars were
prepared based on lime and sand. In some cases, hydraulic components were also added,
primarily detected as iron and aluminium oxides. In our case, the percentages of such
species detected in the mortars are relatively high and could point to the possibility that
the mortar had a certain hydraulic character, although their origin may lie in the presence
of feldspar sands and clay intrusions in mortars [32].

A. Finishing layer

B. Preparatory layer 1

¥

Y
B 2
é 3 C. Preparatory layer 2
)
"

P

0 5cm

Figure 5. View of the stratigraphic sequence of the mortar layers in sample F5 and detail of the
finishing layer under optical microscopy.

All the XRD patterns were similar in all fragments (Figure 6a,b) and are consistent
with the majority presence of quartz («-SiO,, JCPDS No. 46-1045) and calcite (CaCOs,
JCPDS No. 05-0586). The additional peaks observed were assigned to anorthite, a calcium
aluminosilicate Ca(Al,Si,Og), albite, a sodium aluminosilicate NaAlSizOg, both from the
tectosilicate family, and kaolinite Al;Si;O5(OH)y4, a phyllosilicate. These last silicates could
be related to the use of ceramic materials in the preparation of hydraulic mortar [34].

a

Intensity(a.u.)

Intensity(a.u.)

10 20 30 40 50 60
2 Theta (°)

Figure 6. XRD patterns for the mortar: (a) F1, (b) F5. C: Calcite; Q: Quartz; A: Anorthite; Al: Albite;
K: Kaolinite.
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On the other hand, to complete the study of the mortar, binder and aggregate, it is
also essential to observe a thin section. From the outside to the inside, four layers can
be distinguished: A (finishing layer); B (preparatory layer 1); C (preparatory layer 2); D
(preparatory layer 3). Mortar characterisation using optical microscopy shows a granular
texture and a binder/aggregate ratio of around 1/3 in the inner layers (B, C, D) and slightly
lower in the outermost and thinner layer (A) (binder/aggregate: 1/2) and at the top of the
lower layers (binder/arido approx. 1/2.5). The aggregate centile is around 5-6mm. The
colour of the binder is light.

The nature and sizes of the aggregate is very diverse. Quartz and feldspar grains
and metamorphic rock fragments (quartzite, gneiss) predominate (Figures 7 and 8A,B). As
minority components, fragments of metamorphic rock (phyllites, marbles) and sedimentary
rock (breccias), opaque grains (rich in iron oxides), flints and micas can be distinguished.
The size of the clasts or aggregates is very varied, from 50 um to 6 mm. In the outer
layer (A) the size range is smaller, from 25 pm to 2.5 mm. Most of the coarser clasts (rock
fragments, quartz) as well as the smaller ones are generally angular to subangular. Clast
size distribution (calibrated or sorted) is poor. They have no predominant orientation.

Loa-UAE

Figure 7. (A,B) General view of the A layer (finishing layer). Predominance of metamorphic rock
fragments (quartzite) and quartz and feldspar grains in a micritic lime binder. (C,D) General view
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of layer B (preparatory layer 1). Predominance of quartz grains and some feldspar grains and
fragments of metamorphic rocks. Micritic lime binder. (E,F) Layer C (Preparatory layer 2). Detail
of siliceous aggregates (quartz, feldspar) and calcareous granules (lime lumps). NP: parallel nicols;
NX: crossed nicols; Q: quartz; F: feldspar; M: metamorphic rock fragment; Ph: phyllosicilates (micas);
L: lime lumps.

As for the binder, it is a micritic lime binder composed mainly of calcium carbonate
(calcite) and microcrystalline (micrite). Its texture and density is fairly homogeneous, of
a lumpy type (Figure 8C,D). It has the presence of granules or particles attributable to
nodules in the lime (lime lumps) (Figure 7D,F) and reaction rims in some aggregates. It has
a low clay and iron oxide content (<5%).

Lra-UAIE

Figure 8. (A,B) General view of the D layer (preparatory layer 3). Siliceous aggregates (quartz,
quartzite) and calcareous granules (lime lumps) (centre) in the binder. (C,D) Detail of the lumpy
texture of the binder. NP: parallel nicols; NX: crossed nicols; Q: quartz; F: feldspar; M: metamorphic
rock fragment; L: lime lumps.

The porosity is high, mainly intergranular, with vacuoles (20-150 um) and fissures
around the aggregates and calcareous granules (Figure 8C,D), probably widened by disso-
lution processes.

3.2. Surface Morphology

Figure 9 shows a representative image of a Blanes fragment observed through a
Confocal Interferometric Microscope for Materials. Microscopy revealed the presence of
various paint layers. Initially, a yellow base layer was applied over the plaster. This layer
appears in all the degraded areas of the sample, where the surface pigment has been eroded
over time. Subsequently, we can see how a layer of red, yellow, white and/or green pigment
was applied, outlining the different decorations shown in the sample. These are represented
with the base of the piece in yellow and the floral details in white and green. Furthermore,
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we can observe how small blue particles appear in the green sample, a technique to enhance
the brightness and tone of the colour amply described by authors such as Vitruvius. All of
this led us to undertake a detailed analysis of the different pigments applied in the samples.

Figure 9. Representative image of a fragment observed through a Confocal Interferometric Micro-
scope for Materials (the blue and red shades represent the deeper and outer areas of the sample,
respectively).

3.3. Painting Techniques

During the ancient Roman period, artists used two main methods for the application
of pigments: the fresco and secco painting techniques. Although all mural works are
commonly referred to as frescos, regardless of their execution technique, the fresco method
specifically required the application of colourants on still-moist lime mortar. In contrast, the
secco technique was characterised by enhancing the fixation of pigments using an organic
binder, such as egg, fat or resin, which often allowed for their direct application on a surface
without the need for prior preparation with calcium carbonate or gypsum. Additionally,
there was also a painting modality called encaustic, in which pigments were mixed with
wax to optimise their adhesion.

The potential presence of organic binders in the samples was examined using the
same analysis techniques as in other works [35,36]. However, none of the spectra contained
signals of organic compounds potentially used as binders.

The microscope confirmed the previous visual findings, i.e., that some fragments
contained overlapping pigment layers. It seems logical to assume that certain pigments,
such as cinnabar and minium, were applied using the secco technique. This is consistent
with Vitruvius’ statement that considered certain pigments unstable in a strongly alkaline
medium such as lime (De Architectura, VII).

3.4. Pigments
3.4.1. Black

This colour is found in the majority of samples; in all cases, the Raman spectra show
the same profiles. Figure 10a illustrates the Raman spectrum corresponding to the use of
black as the primary tone, applied to surfaces entirely covered by that colour. On the other
hand, Figure 10b shows the Raman spectrum for cases where black is used in combination
with other pigments, contributing a dark tone without being the predominant colour. In
Roman times, carbon-based pigments were classified as bone black, carbon black and
vine black, depending on how they were made. In all cases, the Raman spectra obtained
at different points on the surface of the samples showed the same profile, displaying
two broad bands at 1374 (D band) and 1583 cm~! (G band) [37]. In particular cases, the
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position, intensity and width of these bands provide structural information, allowing
for discrimination between samples of different origins [38]. However, the relationship
between the G:D band and its position does not allow discrimination between the three
types of carbon mentioned above. The process of making bone black leaves a phosphate
residue, which is always represented in a Raman signal at ca. 960 cm ™! corresponding to
the symmetric stretching of P-O bonds in phosphate groups. Therefore, the presence of
bone black can be ruled out, and the pigment must have been prepared from either carbon
black or vine black. The latter, however, presents a hue with bluish undertones, which were
not observed through microscopy, leading us to believe that the black pigment must have
been obtained from carbon black [39].
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Figure 10. Raman spectra for black pigments. Black background (a) and black particles (b) on

the surface.

3.4.2. Yellow

The yellow pigments commonly used in Roman times were obtained from yellow
ochre due to its ubiquity in the earth’s crust. Figure 11 shows one of the micro-Raman
spectra obtained, where the yellow pigment in all cases contained goethite [x-FeO(OH)] [40].
As can be seen, the spectrum corresponding to goethite displays the typical bands of this
mineral at 246, 301, 387, 420, 482, 552, 687 and 998 cm ! [41]. The fact that all these bands
appear together denotes the fact that the purity of this pigment was very high. Additionally,
the spectrum shown contains an intense band at 1084 cm~! and two others at 712 and
276 cm 1, all typical of calcite [42].
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Figure 11. Raman spectrum for yellow paint layer.

3.4.3. Blue

The chemical nature of the blue pigment was unequivocally established by Raman
spectroscopy. As can be seen in Figure 12, the Raman spectrum of the blue area contained
an intense band at 429 cm ™! along with other bands of medium intensity at 1084, 984, 568
and 474 cm~1. These bands, along with the rest of the minor bands, confirmed the presence
of Egyptian blue [43]. In turn, the spectrum matches entirely with cuprorivaite, a mineral
chemically identical to this compound. This pigment was typically prepared by heating a
mixture of calcium (usually powdered limestone), a copper compound and silica (usually
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sand) to about 850 °C, producing a compound with the formula CaCuSiyO19 known as
“Egyptian blue” (caeruleum aegyptium) [44].
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Figure 12. Raman spectra for blue paint layer. Experimental parameters.

3.4.4. Green

This pigment was observed in various areas of the samples representing different
figurative details. The study of the green pigment using Raman spectroscopy suggests the
use of green earth (creta viridis), a denomination reserved for two minerals: glauconite
and celadonite. The presence of this green pigment in Hispania is well documented in
various classical sources. Glauconite and celadonite are two similar mica minerals. Their
chemical composition, K(Al,FeIH)(FeH,Mg)Olo(OH)Z, varies with ionic substitution. The
Raman spectrum of the green samples was carried out to differentiate between these
two very similar minerals [45]. The bands for glauconite and celadonite are described
in the literature [46]. Green pigments are attributed to weak and broad bands. The
bands described to differentiate between the green earths are divided into two sections.
On the one hand, the Raman spectral region just below 600 cm~! is examined, where a
band assigned to the stretching vibrations of the Si-O bond in SiOj, tetrahedra appears (at
550 cm~! in celadonite and at 590 cm~! in glauconite). On the other hand, there are less
intense bands approximately between 260-280 cm !, which are useful for discriminating
between celadonite (279 cm™!) and glauconite (264 cm ™). Figure 13a shows the Raman
spectrum for the analysed green pigment, which contained a relatively intense band at
585 cm~! and another of medium intensity at 265 cm ™!, thus assigning said pigment to
glauconite [46]. Upon examining the surface of the green areas in the different fragments
under the microscope, the presence of small blue areas was observed. Figure 13b shows
a Raman spectrum performed in one of these blue areas, and we observed the presence
of Egyptian blue. The presence of green earth (glauconite) and Egyptian blue is common
in analysed samples from the Roman era. In fact, the Romans added a small amount of
Egyptian blue to green earth to brighten its naturally dull colour [47,48].
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Figure 13. Raman spectra green layer. Green (a) and blue (b) particles on the green surface.
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3.4.5. White

White is present in the decorative motif of the F2 y F3 samples, mixed with other
pigments to vary the colour’s hue. Figure 14 shows the spectrum of a white area; those of
the other fragments were similar and are not shown. As can be observed, the spectrum has
an intense band at 1090 cm ™! in addition to two smaller ones at 717 and 288 cm™!; these
signals indicate that the pigment comes from calcium carbonate in the form of calcite [49].
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Figure 14. Raman spectra for the white zone.

3.4.6. Red

As can be seen in the photograph of the Figure 3 set assemblage, the samples show
different shades of red. Thus, we can observe a dark red, another brighter one similar
to vermilion and finally a lighter shade similar to orange. According to Roman authors,
reddish pigments were mainly obtained from natural minerals such as hematite (Fe;O3),
cinnabar (HgS) and minium (Pb3zO4, PbO;) [32,50]. Table 1 provides a summary of the
presence of different red colours in the analysed samples. Figure 15 shows the Raman
spectra performed for each of the shades observed in the set. Firstly, we observed in the
dark red spectral bands what can be attributed to the different modes of hematite (x-Fe,;O3)
vibration (Figure 15a). The bands located at 291, 408 and 611 cm ™! correspond to the
symmetric Fe-O bending vibrations [41]. In addition, those observed at 222 and 499 cm !
are assigned to the vibration modes of symmetric stretches, while the broad bands at 660
and 1319 cm ™! are also attributable to hematite [51,52]. Next, we observed a red area
whose shade is brighter and whose spectral bands can be assigned to the different modes
of vibration of cinnabar (HgS), known in classical texts as vermilion [32,50]. Figure 15b
shows an intense band at 256 cm ! and two smaller ones at 291 and 346 cm 1, confirming
that cinnabar was used for the bright red colour (vermilion) [53]. Finally, we observed the
presence of a dark colour on an orange paint layer in certain areas of the set. The Raman
spectrum for the orange area (Figure 15c) shows an intense band at 551 cm ! along with
other weaker bands at 228, 482 and 1088 cm ™! attributable to red lead [54]. Interestingly,
there was no difference in this spectrum between the dark and orange areas. Therefore, both
pigments must be a lead-based compound. It is well described that most of the alterations
of red lead (Pb30Oy4, PbO) in paintings appear as a darkening or blackening of the pictorial
layer [55,56]. During aging, it is assumed that the red lead alteration mechanisms depend
on various factors, such as instability in light, humidity and microbial development. In all
cases, the possibility was investigated that the alteration of the pigment in mural paintings
may have been the result of the formation of various secondary phases. The main cause of
the darkening of red lead in mural paintings consists of its transformation into black lead
dioxide (3-PbO,, plattnerite) [57].
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Figure 15. Raman spectra for the red zones. Haematites (a) cinnabar (b) and minium (c) on the
red surface.

4. Discussion

The archaeometric study offers interesting data for a more in-depth exploration of
the execution techniques and pigments used. It allows us to largely characterise a mural
painting assemblage from Augusta Emerita dated to the first half of the 1st century AD.
The data from the analysis of the mortar allow us to see certain particularities that show
a workshop using a refined and carefully executed technique in accordance with what
we observe in the stylistic study and that also links it with a workshop of Italic origin.
Although the lime lumps in the mortar has been pointed out as evidence of poor lime
slaking and poor working of the raw material [58], this is common in pre-industrial mortars.
Therefore, given that their presence is not significant in our mortars, we do not believe they
are indicative of poor lime working. In addition, the presence of marble crystals, although
minor due to the partial loss of the finishing layer in the preparation of the sample, could be
an indication of the artisan’s intention to make it more solid or mechanically resistant and
gives brightness to the surface. Vitruvius (De Architectura, VII, 3, 6) and Pliny (Naturalis
Historia, XXXVI, 177) tell us of this technique, although there are few known examples in
Hispania [59-61].

The majority presence of metamorphic rocks and quartz and feldspar grains shows
that local materials were used to make the mortars. This can be seen from the geological
map of the area around Mérida, which is located on a massif of amphibolites, feldspathic
quartzites, graphite shales and metasandstones (Figure 16). However, this does not allow
us to answer the question regarding the specific exploitation area, since the evidence of
quartzite quarries and lime kilns dates back to the late Imperial period, with the earliest
exploitation unknown. Direct extraction from the urban area itself cannot be ruled out, as
confirmed by the exploitation of material documented in the dump on Cabo Verde Street,
later filled with this waste [62]. From the point of view of the conservation and degradation
of the mortars, it is worth highlighting the considerable compaction generally found in
those of the early Imperial pictorial remains in Augusta Emerita. In this respect, the larger
quartz content of the arid aggregates could explain the better conservation of the pictorial
and stucco remains in Mérida. This can be seen from the studies carried out at other sites,
such as Carthago Nova or Gades, with a majority composition of calcites [61].
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Figure 16. Geological map of Mérida and its surroundings.

The most interesting analysis comes from the study of the pigments. Although the
data provided by Raman spectroscopy in relation to black, white, blue, yellow and green
pigments do not differ from those generally documented in the Roman world, the last of
these is shown to have been applied mixed with Egyptian blue crystals. This shows the
use of a technique that we can document in a general fashion in the green pigments of late
Republican and early Imperial productions with the aim of giving them a lighter, brighter
tone [5,47]. However, we cannot rule out that this was an attempt to falsify malachite,
as indicated by the sources (Pliny, Naturalis Historia, XXXIII, 86-91; XXXIV, 110-116 and
XXXV, 30) and proposed for other assemblages [17].

As far as the red pigment is concerned, we were able to differentiate hematite with
minium, cinnabar with a sublayer of goethite and cinnabar in fragments that correspond to
three different panels. In the first case, this mixture is confirmed in Hispania in the House
of the Red Columns in Sisapo, in groups of the Third Style-2nd century AD [63] and in
Grau Vell, Sagunto in the 4th century AD [64]. Added to these are various works in the
Italian area its reveal their presence in groups from the Hadrian’s period [65]. The latter
raise the possibility that it was a way of obtaining the pigment called sandyx in the sources
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(Pliny, Naturalis Historia, XXXV, 20-23) (on the question of Latin terms see Becker [66],
2022, especially pages 7-11). Based on these indications, we can hypothesise an intention
by the artisans to falsify the pigment or reduce costs, as suggested in the sources. This
has also been indicated in relation to other groups in which the mixture of minium and
cinnabar is documented [64].

As for the fragment with cinnabar and a sublayer of goethite, this solution appears
more widely confirmed in pictorial production, with various cases in Hispania beginning in
the late Republican period [64]. This again raises the question of identifying this technique
as a way of reducing costs or protecting the cinnabar from degradation [67]. The variety of
pigments indicates a careful and precise selection on the part of the artisans painting the
panels, once again confirming the high technical quality and the wealth of the owner.

Most of the fragments in which only cinnabar is documented show blackening that
could be the result of sulfation of the calcite in the mortar caused by exposure to the sun [68].
The observation of some fragments without blackening, the absence of sublayers and the
use of cinnabar in large areas such as panels implies that it must have been applied using
the fresco technique. In this case, a binder such as beeswax would probably have been
used (Pliny, Naturalis Historia, XXXIII, 40), although this has not been documented. On the
other hand, the absence of a sublayer on the fragments of the panel in which only cinnabar
red is detected could be an indication of either the participation of different artisans in
the execution of the panels or that the differences between them correspond to a mere
cost-saving exercise for the rest of the panels. We should remember that the considerable
price difference between cinnabar and hematite red would have been a significant handicap
when it came to painting large areas on a wall with that pigment. This has also been
confirmed by recent experimental archaeology studies [69].

5. Conclusions

The comprehensive study of the assemblage has allowed us to delve more deeply into
the decorative tendencies in Augusta Emerita during the first half of the 1st century AD. It
has revealed that Italic workshops participated in the execution of its decorative schemes
and motifs and that they were carried out with great technical precision.

The measured use of pigments for the panels in the middle zone suggests that this
assemblage decorated an important area of the building it originally came from, given the
use of cinnabar not only in small motifs on the frieze but also in large spaces such as the
panels. In this respect, the use of other pigments either mixed or in sublayers for the rest of
the panels would undoubtedly have sought to create a homogeneous image of the middle
zone of the wall that would have evidenced a high economic status.
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