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Abstract: The Roman villa of Noheda, located in the municipality of Villar de Domingo García
(Cuenca), is one of the most important archaeological sites in Spain and one of the most important
museum complexes in Europe. In recent years, several archaeological investigations have been
developed (archaeometry of building materials, natural resources, ways and roads). Furthermore,
various restoration and consolidation works have been carried out on structures, walls and floors. The
archaeological management team requested a characterisation of the mortars found in the coatings
of the walls and floors of the complex to identify differences in its production. After checking the
rooms, the state of conservation of the elements and the significance of the materials used, several
mortar samples were analysed by means of macroscopic techniques before applying a petrographic
analysis. The results showed an interesting variety in the distribution of aggregates, a complex
microstratigraphy and a range of grain sizes in the mortars from different rooms. Magnesium, silica
and aluminium from limestone were found. Crushed and powdered limestone was used as an
aggregate with irregular distribution. Calcite nodules were observed as evidence that the mortar had
been poorly mixed in preparation.

Keywords: Roman villa; late antiquity; mortar; Petrography; archaeometry

1. Introduction

There are written references to the Roman villa of Noheda dating back to ancient
times [1–5]. The site is located in the centre of the Iberian Peninsula, about 18 kilometres
north of the city of Cuenca. It lies a mere 500 metres northeast of the village it is named
after and is part of the municipality of Villar de Domingo García (Figure 1).

In 2012, it was declared a “Heritage of Cultural Interest”, mainly because of the
mosaics discovered there [6,7]. The most prominent evidence of site occupation is from
late antiquity, although evidence has been documented from other eras. Research done
in the past few years has confirmed the existence of archaeological structures under the
late imperial Roman villa, which can be dated to the 1st century A.D. Due to the limited
surface area excavated to date, they cannot yet be properly interpreted. There are also
archaeological remains that indicate habitation in the Iron Age. In addition, the territorial
analyses of the immediate surrounding area indicate intense human activity in these
regions [8], providing evidence of the uninterrupted presence of a settlement from the
prehistoric era until the Early Middle Ages.
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Despite this lengthy human occupation of the site, the late Roman period is the
most notable, marked by an intense occupation phase, as well as particularly noteworthy
constructions. A whole new building complex was constructed, with new structures of a
considerable size (Figure 2). In turn, these were subsequently expanded or altered in order
to monumentalise the villa. Chronologically, this phase coincides with the proliferation of
the great villae documented in the Western half of the Empire [9–15].

Thus far, only two areas have been excavated from this phase: one of the sectors of the
pars urbana, which is analysed below, and structures from the pars rustica. The presence
of the latter indicates that the complex was endowed with all the buildings needed for
agricultural activity, which was inherent to the concept of the rustic villa [16–21].

Concerning the pars urbana, it should be noted that our efforts were focused on these
areas, excavating the balneum and some of the rooms from the residential sector. The
thermal bathhouse is nearly 900 m2 in size, and its layout is axial-symmetric [22], with a
number of special rooms arranged around the central axis, a narthex-type entrance, the
apodyterium, and the great frigidarium. As found in other thermal compounds dated to the
end of the 3rd century and throughout the 4th, in Noheda, it is easy to discern linking for
increasingly complex designs and a profusion of apses or octagonal structures.
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Figure 2. Aerial view of the building constructed at Noheda to protect and exhibit the mosaics. Photo:
Antonio Gálvez.

As for the structures intended for residential use, to date, seven rooms have been com-
pletely unearthed. Among these, is the Triconch room, which has impressive dimensions
(290.64 m2) and a complex architectural structure. It also has extraordinary flooring and
carefully decorated walls, with a skirting board made of marble tiles along the bottom and
a wall painting above. Given its quadrangular shape with exedras on three of the sides,
it can be classified as an example of the type of three-apsed (triconch) rooms that were
frequently built in the most luxurious residential complexes dating from the end of the
3rd century A.D. on [23]. These rooms have a trichora structure and can be interpreted as
triclinia [24–27]. As such, they reflect the alignment of the architectural form with the new
trends in spatial organisation for banquet guests, with couches arranged in a semicircle, the
stibadia [28,29].

It is in this room that we find an exceptional mosaic floor with a conserved area
of 231.62 m2, mostly made of opus vermiculatum in a wide variety of colours (Figure 3).
Coloured glass paste is used to create many different tones, including gold. The mosaic is
rectangular, with a wide central area divided into six figurative panels depicting scenes of
a mythological and allegorical nature, featuring more than 160 figures mingling to create
scenic ensembles. Then, there is the frame, edged with spirals of acanthus leaves, and lastly,
the geometric decorations in the three exedras [30,31].

What is notable about this piece is the meticulous technical and stylistic features, its
elaborate execution, its great artistic quality, its iconographic richness, and its complex
composition. All this, together with its magnificent dimensions and its good state of
conservation, make it exceptional, a unicum.

During the 2020 season, the archaeological management team requested the char-
acterisation of some of the mortars documented in the archaeological site. The mortar
samples were found in both the original walls and slabs recovered from the different
stratigraphic layers precisely identified in time and place. They mostly corresponded to
wall coatings and were well-compacted and in good condition. Both the sampling process
and the subsequent analyses were carried out in collaboration with the archaeological
management team.
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This study combines two commonly used characterisation methods: reflected light
macroscopy and polarised optical microscopy. The first stage was carried out using magni-
fying glasses and stereomicroscopes after first preparing the samples by cutting them and
polishing the surfaces to ensure the correct visualisation. Based on the results obtained, the
samples showing the most relevant data were subject to a thorough petrographic analysis
of the corresponding thin sections.

2. Samples and Sampling Points

Most of the mortars analysed come from stratigraphic layers of deposits documented
in the archaeological excavation phases. As can be seen in the table below (Table 1), the
acronym used was NO, followed by a number. Samples NO2–NO5 come from samples
collected from interior rooms, while samples NO1, NO6, and NO7 come directly from the
preserved wall facings. None of the samples weighed more than 100 g, and on average, they
were only 5 cm2. The entire sampling phase followed standardised procedures described in
reviewed publications [32]. The samples obtained by direct extraction were first analysed
by means of macroscopy in situ in order to identify the samples for microstratigraphic
analysis. The samples were carefully extracted using a scalpel and a laboratory spatula.
Consistent and compacted samples were collected from all the original construction layers
from the pictorial layer to the rendering base.

None of the samples weighed more than 100 g, and on average, they were only
5 cm2. The entire sampling phase followed standardised procedures described in reviewed
publications [32]. The samples obtained by direct extraction were first analysed by means
of macroscopy in situ in order to identify the samples for microstratigraphic analysis. The
samples were carefully extracted using a scalpel and a laboratory spatula. Consistent
and compacted samples were collected from all the original construction layers from the
pictorial layer to the rendering base.
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Table 1. Distribution of the samples, provenance, and types.

Num. Location Place Type

NO1 North Exedra - Mortar slab with painting of frescoes

NO2 Pit 1 UE 3

Subsample 1: Plastered mortar board with
decorative incisions

Subsample 2: Mortar board with painting of frescoes

NO3 Pit 9 UE 21 Mortar slab with simple coating

NO4 Pit 13 UE 9 Mortar slab coating with decorative incisions

NO5 Pit 21 UE 2 Mosaic slab with tessellate and bedding mortar

NO6 Room C West Side of South Exedra Skirting Mortar slab with plain coating

NO7 Room I West Side of North Exedra Wall painting Mortar slab with painted coating

3. Methodology

The samples were analysed using NIHRM techniques (Non-Invasive High-Resolution
Macroscopy) with high-power lenses to capture images and apply colorimetric analysis [33].
Several studies have been carried out using this method [34,35], which yields data relating
to the components of a material, and their distribution, morphology, etc. Through the use
of these techniques, the basic components of the aggregates and binders were identified,
and the different construction or microstratigraphic phases of the mortars, as well as the
grain sizes of the aggregates identified, their distribution, and their sphericity index, etc.
The data were obtained from macrophotographs taken by optical instruments, and these
images were later processed through different optical and colour analysis programs. The
tools and software used are described below, and the methods are supported by previous
literature [36].

Data related to grain size, microstratigraphy, and basic morphology were obtained
through the optical software programs JMicrovision and ImageJ [37,38]. Regarding the
granulometric study, a statistical calculation must be performed based on hyperspectral
analysis. Using this method, it is also possible to calculate surface areas in a microscopic
image, analysing the space occupied by a colour or the different ranges that compose
said colour, indicating the lime matrix of a mortar or the ceramic in the aggregates, for
example. Three-dimensional scans of the surface and thermal analyses were carried out
using ImageJ software.

Regarding the morphological study, based on different tests carried out by other
research groups, some criteria were agreed for the classification of the components that
make up the mortars, depending on the distribution and morphology of the aggregates. One
of these criteria was the Raymond-Powder Classification, which was used to determine the
type of aggregate employed based on the shape (sphericity). The use of these classification
criteria is combined with image processing techniques, primarily at the macro level. There
are many studies that support the use of this procedure, which has been used to develop
pathology identification protocols, quantitative analysis techniques, etc. [39–43].

Having obtained the results of the macroscopic analysis, NO1 and NO2 were selected
based on the quality and relevance of the samples and analysed using polarised optical
microscopy to determine their mineralogical characteristics. To that end, two petrographic
thin sections were prepared and inspected.

The technical instruments used in the macroscopy stage were: a Marés Carton stere-
omicroscope with double light source and 50–400× magnification; a Veho USB endoscope,
model VMS-004, 20–400× magnification, 8 LED lights, and a micrometric lens calibrated
with a 1-mm micrometre attached and a Bresser digital microscope with a 5-MP CMOS
sensor and 40–1400× magnification. The data obtained were processed using programs
such as VehoCapture 1.3, Gimp 2.8, JMicrovision 1.2.7, and Micam 1.6, specifically designed
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for the treatment of macro and microscopic images, as well as ImageJ 1.8 programs and FiJi
for vector calculations, 3D viewing, and chromatic and thermal analyses.

Regarding the microscopic characterisation, a ZEISS Primotech microscope was used
for petrographic analysis, together with the Matscope digital application. The microscopic
study yielded information on the mineralogy and texture of the mortar samples.

4. Results
4.1. Macroscopy

The macroscopic analysis of the composition of the mortars suggests a lime-based
binder and silico-calcareous aggregates of fine-medium size. Regarding the granulometry,
with the exception of sample NO6, which had aggregates with an average diametre of
above 3 mm (and can therefore be classified as concrete type), the mortars are mainly
intended for use in finishing coats and plasters.

Looking at the distribution of the aggregates and the coefficient of sphericity, it can
be said that the mortars present a balanced distribution of aggregates in the matrix, with
an evident presence of sand particles (clean, without any interior fractures but angled
perimetre). The mixtures with fine or very fine aggregates, present in the layers that serve
as the pictorial base, are especially interesting. These aggregates are characterised by the
almost imperceptible presence of quartz and small particles of mica. This aspect can be
seen in samples NO2 (I) and NO5. The results are shown in the table below (Table 2).

Table 2. Granulometry results.

Sample Binder Aggregate Granulometry
(Type) Distribution Raymond-Class

NO1 Lime Siliceous and Calcareous Medium
Mortar

Regular
Pseudo-isodome

Sub-rounded
Sub-angular

NO2 (I) Lime Siliceous Very fine
Mortar

Regular
Isodome Sub-rounded Rounded

NO2 (II) Lime Siliceous and Calcareous Medium
Mortar

Irregular
Pseudo-isodome Sub-rounded Rounded

NO3 Lime Siliceous and Calcareous Fine-medium
Mortar

Irregular
Pseudo-isodome

Sub-angular
Angular

NO4 Lime Siliceous and Calcareous Medium
Mortar

Regular
Pseudo-isodome

Sub-angular
Sub-rounded

NO5 Lime Siliceous and Calcareous Fine
Mortar

Regular
Isodome Sub-rounded Rounded

NO6 Lime Siliceous and Calcareous Medium
Concrete

Regular
Pseudo-isodome

Sub-angular
Sub-rounded

NO7 Lime Siliceous and Calcareous Fine-medium
Mortar

Irregular
Pseudo-isodome

Sub-angular
Angular

Another relevant outcome of the study is the documentation of the existing micros-
tratigraphy in some samples. The sequence of superimposed layers has been characterised
as follows (Table 3):

Table 3. Microstratigraphy of the samples (thickness in mm).

Sample NO1 NO2 NO3 NO4 NO5 NO6 NO7

Arriccio
(first layer) 3–10 2–8 2–4 3–5 - 4–6 3–6

Intonaco (second layer) 0.5–1 0.5–1.5 0.5–1 2–4 - 2–4 1–2

Pictorial <0.5 <0.5 - - - - <0.5
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The thickness of the arriccio layer given above is not necessarily accurate, since, in
the sampling or detachment phase, part of the arriccio remained adhered to the original
masonry. The intonaco layers are relatively thin (as shown by the thermal LUT depicted
in photo 6 of Figure 4), except for sample NO4, which has a greater maximum/minimum
difference and no pictorial layer; something similar can be seen in sample NO6. Conversely,
NO1, NO2, and NO3 have similar base layers and no significant variations. No micros-
tratigraphic results were found for sample NO5, as it is a mortar used as an adhesive for
the mosaic.
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Regarding the granulometric measurements, the hyperspectral analysis revealed a
wide variety of sizes in the aggregates in terms of the area-to-perimeter ratio, as can be
seen in Figure 4, photo 7. Table 4 shows an homogeneous coefficient ratio of aggregates.
NO1 and NO3 samples present a similar area–perimeter ratio, in relation with the rest, with
similar dates (both main examples are referred to in Figure 5). The results obtained are
the following:

Table 4. Area-to-perimeter ratio results.

Sample NO1 NO2 NO3 NO4 NO5 NO6 NO7

Coeff. 0.8888 0.9568 0.8947 0.9236 0.9626 0.9786 0.9159
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Figure 5. Graphs of the coefficient of sphericity in NO1 and 2, the most relevant results based on the
area-to-perimeter ratio (JMicrovision Software). Two groups are found according to the sizes and
2D surfaces.

The data revealed mortars with lime binders and siliceous and calcareous aggregates
of different sphericity, distribution, and shape. In general, except for a few specific cases, the
mixtures are of very good quality with subangular and subrounded aggregates well-mixed
and with a good quality binder. The granulometry of all the samples indicates that they
are mortars, except for sample NO6, which is a concrete with abundant aggregates above
3/5 mm. The samples NO2-I and NO5 present aggregates below 1 mm on average. The
morphology of the remaining samples corresponds to Roman mortars intended for coatings
and plasters with pictorial decorations.

For the most part, the aggregates are siliceous, although there is an identifiable pres-
ence of calcareous aggregates, which has been verified by microscopic analysis. The latter
are mainly complete or fragmented quartzites in the inert part of the mixtures.

Conversely, the siliceous aggregates are primarily composed of quartz, feldspars,
and mica, corresponding to all of the samples. The quartz presents broken textures un-
der the microscope as a result of selective crushing (for better binding). The edges of
the grains in these aggregates could improve the binding process, making the mortar
much more resistant to mechanical stresses. Therefore, this fact is considered evidence of
careful manufacture.

The distribution of the aggregates is sometimes irregular, with clusters forming, as in
samples NO4 and NO7. This implies a certain carelessness in production. The aggregates
present in the coating layers have a refined appearance with a smaller grain size. No
ceramic or pozzolanic aggregates or any hydraulic type of aggregates have been found.

Noteworthy among the components identified are the organic additives found in
sample NO5, belonging to the bedding mortar of a mosaic. The localised imprints mostly
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belong to plant phytoliths (shown in Figure 6 using microphogrametric analyses con-
ducted with ImageJ software), although it has been possible to identify some remains of
microvertebrate fauna. These imprints are assumed to have occurred during the setting
and hardening process.
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Figure 6. Organic remains in samples NO2 and NO5 (1 mm scale): (1) 3D scan of surface showing
fibres (left) and microvertebrates prints (right) in sample NO2, (2) possible dental print in NO5, and
(3) infrared picture with several organic prints in sample NO5.

Carbonate nodules are found in all samples, with varying sizes, depending on the
mixture. NO1, NO3, and NO6 are the samples with largest nodules. This finding has been
corroborated through microscopic analysis, with the documentation of recrystallisations
associated with calcite in the NO2 sample.

In terms of microstratigraphy, we find an arriccio showing the morphological char-
acteristics described above, and various intonacos of different thicknesses depending on
the presence or absence of a pictorial layer, showing very fine aggregates and high-quality
finishes (Figure 7). These finishes can function as base for pictorial decoration (as in samples
NO1, NO2-II, and NO 7). Using in-situ microphotographs and colourimetry (pictures taken
using portable lenses and processed using Micam, ImageJ, and Gimp software), black, red,
and white tones (base backgrounds) with irregular lines and spatula marks on the surface
have been identified. These spatula marks are accompanied, in some cases, by outer layers
of organic material, as has been verified in the optical microscopy of the NO1 and NO2
samples. This material could be an organic binder applied after the pictorial finish (maybe
a casein fraction). The chemical analysis is currently in progress.
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Figure 7. (1) Sobel treatment in sample NO4 showing the difference (separated by yellow dashed line)
between the outside layer (less presence of aggregates) and inside (arriccio and intonaco). (2) Sample
NO2 with recalcification in the pores (left). (3) Spatula marks on the surface of sample NO7.

4.2. Optical Microscopy

Having completed the macroscopic analysis and reviewed the results, two samples
were chosen, mainly due the presence of organic material and their general morphological
qualities: NO1 and NO2. Thin sections were created from both, and a polarised optical
microscopy was performed, the results of which are described below.

4.2.1. Sample NO1

The NO1 mortar has a homogeneous texture somewhere between granular (aggregates
in contact) and floating (aggregates suspended in the binder) with a binder/aggregate ratio
of around 2/1. The aggregates are crushed silicate for the most part and present generalised
internal fracturing. The grain size ranges from a few microns to approximately 500 microns,
covering all grain sizes and thus ensuring the compactness of the mortar.

In turn, the aggregates are very angular, facilitating interlocking (Figure 8A,B). The
aggregates are mainly quartz grains (Figures 8E,F and 9C,D), containing, in turn, microcline
and plagioclase feldspars (triangular grain in Figure 8E,F), mica, and a low percentage of
calcareous rock fragments (central aggregate in Figure 9A,B). In general, opaque minerals
are not observed, although occasional reddish aggregates can be seen, which could be iron
oxides or altered mica (reddish grains in Figure 8A).
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Figure 8. (A–F) Showing reddish aggregates (A); quartz grains, triangular feldspars, and plagioclase
(E,F); and the layers checked in sample NO1 (C,D).

The binder is carbonated, which is mostly calcite-rich and, to a lesser extent, mi-
crosparite. Its appearance is generally homogeneous, with lumps appearing at some points
(rounded lump in Figure 8E,F) and, very occasionally, nodules. The clay content is low.

The porosity is very low (less than 5%). It could be said that this microporosity is
associated with the lime binder.



Crystals 2022, 12, 606 12 of 17
Crystals 2022, 12, x FOR PEER REVIEW 12 of 17 
 

 

 
Figure 9. (A,D) Showing calcareous rock fragments in (A,B) (central view), and fractured quartz 
grains as the main aggregate in (C,D). 

The binder is carbonated, which is mostly calcite-rich and ,to a lesser extent, 
microsparite. Its appearance is generally homogeneous, with lumps appearing at some 
points (rounded lump in Figure 8E,F) and, very occasionally, nodules. The clay content is 
low. 

The porosity is very low (less than 5%). It could be said that this microporosity is 
associated with the lime binder. 

Regarding the stratigraphy of the external face of the mortar, three well-
differentiated layers are observed (Figure 8C,D). The first is homogeneous, reddish, and 
quite opaque, with an average thickness of approximately 40 microns. The second layer is 
composed of a limestone binder and small quartz aggregates (approximately 20 microns) 
that are widely dispersed. The thickness of this layer is highly variable, ranging between 
0 and 50 microns. The last and outermost layer appears to be organic in nature and has 
thicknesses ranging from a few microns to 50 microns, with an average thickness of 30 
microns. 

4.2.2. Sample NO2 
The NO2 mortar presents a homogeneous mass-type texture composed mainly of 

lime binder, with a negligible presence of aggregates (Figure 10A–D). Aggregates are 

Figure 9. (A,D) Showing calcareous rock fragments in (A,B) (central view), and fractured quartz
grains as the main aggregate in (C,D).

Regarding the stratigraphy of the external face of the mortar, three well-differentiated
layers are observed (Figure 8C,D). The first is homogeneous, reddish, and quite opaque,
with an average thickness of approximately 40 microns. The second layer is composed of a
limestone binder and small quartz aggregates (approximately 20 microns) that are widely
dispersed. The thickness of this layer is highly variable, ranging between 0 and 50 microns.
The last and outermost layer appears to be organic in nature and has thicknesses ranging
from a few microns to 50 microns, with an average thickness of 30 microns.

4.2.2. Sample NO2

The NO2 mortar presents a homogeneous mass-type texture composed mainly of lime
binder, with a negligible presence of aggregates (Figure 10A–D). Aggregates are dispersed
and can be seen more as binder impurities than aggregates. The grains are mica particles
hundreds of microns in size (Figure 11C,D) and some scattered quartz.

The binder is carbonated, primarily calcite-rich and microsparite calcite, mainly associ-
ated with recrystallisations in the pore walls. Its appearance is homogeneous, with several
lumps (rounded lump in Figure 10C,D). The clay content is low.

Interparticle porosity in the matrix is moderate (around 25%). In addition to the
microporosity associated with the lime binder, there is moldic porosity (aggregates that
have been degraded or dissolved) and fracture porosity.
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Regarding the stratigraphy of the mortar, it is observed that it is composed of three
layers at the scale of a hand sample. Photos A and B from Figure 10 show the representative
texture of the first layer. The limit where this layer meets the second one is marked by the
appearance of large, elongated pores parallel to the stratification. The second layer has a
similar texture to the first but with a greater presence of fractures, which increase porosity
(Figure 10C,D). The last and outermost layer is composed of two clearly differentiated
sublayers: the first sublayer is homogeneous, reddish and quite opaque, approximately
200 microns thick on average, with small quartz aggregates (approximately 30–40 microns)
and interspersed with lumps of lime; the second sublayer appears to be organic in nature
and is approximately 350 microns thick on average (photos A and B from Figure 11). The
chemical analysis of these layers is currently in progress.

5. Conclusions and Discussion

The macroscopic analysis showed that the aggregates used in the renderings were
made up of fine silica and limestone, with the exception of sample NO6 (baseboard of the
room with the hypocaust), where the size of the aggregates means it should be classified as
concrete [44–46].

Although, in all the renderings, we found calcite nodules (lumps), in the octagonal
rooms (both in the finishing coat and in the fragments of mural painting), the narthex of
the triclinium, and in the room to the west of the southern exedra, they were much more
numerous and of larger size. This could be due to a lack of care when mixing the hydrated
lime with the aggregate, despite them being very important, highly ornamented rooms. It
could also be due to problems caused by bad-mixing of binder aggregates or small cavities
being filled by recrystallisations of calcite from the mortar itself.

Some samples of the mortars show a more disordered, irregular distribution of the
aggregate, probably due to poor mixing during preparation. They correspond to samples
obtained in the rooms north of the triclinium.

All the decorative walls have either one or two layers of plastering, also called arriccio,
the function of which was to level the surface of the walls. The estimated proportions were
two parts of aggregate for one part of lime binder, according to the analysis of the grain-size
range and the microphotographs analysed using JMicrovision software.

The use of crushed or powdered limestone as an aggregate in plastering can be
corroborated by the large quantity of slightly flat, elongated calcium carbonate crystals,
which differ from the more rounded crystalline structure of lime when it crystallises
into calcite.

On the pictorial surface, there were visible parallel incision marks left by the “float” (a
tool similar to a plastering trowel) when the surface of the plaster was smoothed while it
was still wet, a feature of construction documented in other sites [47].

Regarding the data obtained through optical microscopy, all the mortars contained
small amounts of magnesium-, silica-, and aluminium-rich minerals. Their presence can
be attributed to the limestone (slightly loamy limestone), to the crushed and powdered
limestone used as aggregate, or to both.

The plasters or intonacos of the wall paintings under study, the purpose of which
is to leave a completely smooth surface ready for the application of colour, have a single
preparation layer. These are mortars containing microcrystalline limestone, where it is
difficult to distinguish between the binder that has crystallised in the form of calcite crystals
and the aggregate composed of powdered limestone, whose calcium carbonate crystals
have a grain size ranging between micrite (less than 5 microns) and microsparite (between
5 and 10 microns). In general, they are mortars rich in lime with an aggregate of limestone
powder mixed in equal parts.

In view of the results obtained, some conclusions can be drawn in relation to the
quantitative data obtained. Although we have not dealt with polychromes in this study,
it is quite likely that the backgrounds of the wall paintings were made using the fresco
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technique, while the rest of the decorative motifs, such as lines and bands, were done later
using the dry technique. Altogether, this technique is known as mezzo-fresco.

The knowledge acquired in this research will allow us to undertake future restora-
tion treatments of the remains of paintings and stucco recovered in the collapses, better
respecting the geochemistry of the coatings and in more closely controlled laboratory
environments. An example of this would be to use inorganic consolidators in mortars:
although irreversible, they would maximise the compatibility and durability without the
need to add organic resins, which sooner or later end up degrading and losing effectiveness.
This is the case of lime water, silica gel, or barium hydroxide, which are currently being
replaced—with very satisfactory results—by other inorganic consolidators of nanomet-
ric dimensions (around 10–20 nm), such as colloidal and aqueous dispersions of silica
or nanocalcium hydroxide in alcohol dispersions, which, like lime water, are completely
compatible with carbonate materials. Experimental bioconsolidation treatments could also
be tested through the precipitation of calcium carbonate by the metabolic action of bacteria
of the genus Myxococcus xanthus.
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