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Abstract: Since the Hellenistic period, preparatory drawings known as sinopiae were employed
as guidelines for mosaicists in creating mosaics. The sinopiae served as the basis for style and
content, facilitating the placement of colored tesserae in the supporting mortar. The technology of
the mosaic and pigments used reflect the capacity of the mosaic workshop and its master. This work
explores a polychrome sinopia that was found under a Byzantine mosaic of an Armenian Chapel
in Jerusalem, by a multi-analytical characterization of mineralogical and chemical properties. The
composition of the pigments in the black and red areas of the sinopia include carbon black and red
ochre, respectively, utilized in the fresco technique. Since colored tesserae are placed in wet mortar, it
can be deduced that mosaicists worked together with painters during the executionary steps. This
has corresponding implications for historical and artistic specializations at mosaic workshops, with
deeper understanding of mosaic production processes. This research also highlights the importance
of studying sinopiae under floor mosaics, which is a source of information on the pigments, paintings
techniques, and the people who executed the work, all embedded in mortar which is well protected
below the stone tesserae.
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1. Introduction

In ancient times, occasionally a preparatory drawing of geometric or illustrative
design, including incisions and pigments, would be used as a guideline for the mosaicist
when inserting colored tesserae [1,2]. These guidelines, known as sinopiae, were used by
the master mosaicist to determine the style and content of the mosaic, while the artisans
completed the work by placing the colored stones [3]. The origin of the word “sinopia” refers
to the red ochre that came from Sinop, Turkey (Şerifaki); however, sinopiae can vary between
monochrome of red ochre or carbon black, or polychrome with a larger palette [4]. Sinopiae
were used mainly in wall and floor mosaics in the Hellenistic and Roman periods, whereas
during the Middle Ages they were also found under frescoes and wall paintings [5–7]. This
technique continued to be utilized until the 16th century AD, whereupon it was substituted
by other methods such as graffito and pounce [8]. The most vibrant and longest-lasting
plaster paintings are based on the fresco technique, due to the penetration of the pigment
within the wet lime [9].

The sinopia is a part of the complex structure that supports the stone tesserae, described
historically by Vitruvius in the 1st century BC [10]. The structure includes levelling the
bedrock with a thick preparatory layer of gravel and sand that acts as a solid base which
levels the bedrock (statumen). The first layer of mortar with large pebbles or stones (rudus)
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is placed above the statumen (levelled soil and gravel), and finally a fine upper layer of
mortar (sovranucleus) is laid above. The rudus acts as a gradient between the statumen
and the sovranucleus. This structure includes information on the mosaic-making pro-
cess. Characterizing the pigments in the sinopia and the stone tesserae provides important
insight on the mosaic workshop skills and expertise. The workshop should have been
involved in procuring the raw materials, services, and specialists including lime manu-
facturers and painters [11]. The nature and quality of the materials allow differentiating
between the workshops based on their access to precious raw materials, such as stones
and pigments from foreign locations, which influences the understanding of ancient trade
networks [12,13].

In the southern Levant, sinopiae have been noted under several Byzantine mosaics, such
as those in Lod, Hura, ‘Aluma, Horbat Fatot, and the Armenian quarter in Jerusalem [14].
A late Roman mosaic from a villa in Lod, dated to circa 300 AD, showed a polychrome
sinopia including red and yellow ochre, green earth, carbon black, and cinnabar, all applied
using the fresco technique [15,16]. The sinopia in this study was also polychrome. It was
found in a Byzantine funerary chapel beneath the mosaic known as the “Birds Mosaic”
or the “Armenian Mosaic” which was initially excavated over a century ago [17,18]. The
date of the mosaic is based on an inscription found in the mosaic that shows stylistic
criteria associated with the sixth century CE [19], in addition to a paleography study which
suggests a date within the sixth–seventh centuries CE [20].

In 2019, the Birds Mosaic was moved to a better-equipped museum within the Arme-
nian Quarter of the Old City of Jerusalem, as it was undergoing rapid deterioration due to
the relative humidity in the chapel. During this time, a burial crypt located over two meters
below the mosaic was rediscovered and radiocarbon dated between the fifth and the first
half of the sixth century CE [14], leading to the designation of this complex as a funerary
chapel. The discrepancy between the date of the inscription of the mosaic and the burial
crypt suggests that the inscription and perhaps the entire mosaic is a later addition to the
mortuary chapel. The chapel includes the apse in the east and was decorated with a mosaic
with a chalice of fruits and flanked by birds. An Armenian inscription written in Erkat’agir
script is located between the central panel and the apse, reading “For the memorial and
salvation of all Armenians whose names the Lord knows” [20].

The Birds Mosaic floor measures 3.38 × 8.10 m and consists of a central panel and a
small apse. The central panel of the mosaic has vine scrolls stemming from an amphora
(Figure 1), which sits in an acanthus leaf and is flanked by two peacocks. These vine
scrolls are inhabited by a variety of birds, that some interpretations suggest ducks, storks,
a partridge, an eagle, and a parrot [18], while others do not include a parrot or ducks but
rather a goose, an ibis, swallows, pheasants, doves, ostriches, multiple partridges, and
a flamingo [21]. The vine scrolls form medallions around the birds, which are arranged
symmetrically, similar to vine scrolls found at several contemporary sites such as Gaza,
Ma’on, Shellal, Bet Guvrin, Khirbed ‘Asida, Kyria Maria, and Jerash [19].

In the Birds Mosaics, the tessellatum is between a 13–15 mm-thick layer, including
tesserae 10–13 mm and a fine lime bed mortar composed of lime and stone powder. The
sovranucleus is approximately a 15–20 mm-thick layer of very elastic lime mortar, com-
posed of lime and crushed limestone aggregates of up to 2 mm. The rudus is made of a
40–50 mm-thick layer of lime mortar, composed of stone powder and crushed carbonate
rock aggregates up to 4 mm, and the statumen showed one layer of stones, 50–60 mm in
size, mixed with soil. The foundation of the mosaic lays on the bedrock in several places.

In this work, we study the production technique of the mosaic in the Armenian
Chapel in Jerusalem, mainly by analyzing the painted sinopia and associated tesserae. We
characterized black and red sinopiae and their associated black and red tesserae chemically
and structurally. This research may hold significant importance due to its unique focus on
the characterization of sinopiae in floor mosaics, as it is a subject that has received limited
attention and is supported by a meagre number of archaeometric studies found in the
literature [22].
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Figure 1. (a) A map of Israel with the location of Jerusalem. (b) The Birds Mosaic in Jerusalem
showing vine scroll medallions surrounding a variety of animals. The studied sinopia was from the
top part of the mosaic (marked with a black rectangle). (c) The area of the mosaic that was studied.
(d) The painted mortar beneath the mosaic, showing the state of preservation of the polychrome
sinopia. (e) A part of the red vine medallion of the sinopia. Note the overlying mosaic tesserae (marked
with white arrows). (f) A schematic stratigraphy of the mosaic, showing (5) bedrock, (4) statumen,
(3) rudus, (2) sovranucleus, upon which the sinopia is painted on, and (1) the tesserae. Each square is
1 cm for scale. (g) The thickness of the statumen is approximately 100 mm.

2. Materials and Methods

Black and red tesserae and their associated painted mortars (sinopia) were analyzed
by complementary techniques (Table 1). Samples are shown in Figure 2. Non-invasive
characterization was performed prior to well-established techniques that require sampling;
the significance of the non-invasive approach will be discussed in future work.

Petrographic analyses were performed by a transmitted-light optical microscope (TL-
OM) on 30 µm-thin sections under parallel and crossed polars using a Nikon Eclipse ME600
microscope (Nikon Corp., Tokyo, Japan) equipped with a Canon EOS 600D Digital single-
lens reflex camera (Canon Inc., Tokyo, Japan). The thin sections were microstructurally
and microchemically characterized by FEI Quanta 200 environmental scanning electron
microscopy (ESEM, Thermo Fisher Scientific/FEI, Hillsboro, OR, USA) equipped with EDS.
EDS analysis was performed using Back Scattered Electrons (BSE) modality in single point
and areas. Furthermore, elemental maps for chemical elements of interest, such as Al, Si,
Ca, Mg, and Fe, were performed.

Mineralogical phase analyses were performed by XRD on the surface of the sample us-
ing a Malvern PANalytical X’Pert PRO diffractometer (Malvern Panalytical, Great Malvern,
UK) in Bragg–Brentano geometry, Co–Kα radiation, 40 kV, and 40 mA, equipped with a
real-time multiple strip (RTMS) detector (X’Celerator by Malvern Panalytical). Data acquisi-
tion was performed by operating a continuous scan in the range of 3–85◦ 2θ, with a virtual
step scan of 0.02◦ 2θ. Diffraction patterns were interpreted with X’Pert HighScore Plus 3.0
software by Malvern PANalytical, reconstructing mineral profiles of the compounds by
comparison with diffraction databases.
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Figure 2. (a) Red (T_R) and (b) black (T_B) tesserae. (c) Red and black (S_RB) and (d) red and white
(S_RW1) painted mortars (sinopia). (e) Black (S_B) and (f) red and white (S_RW2) painted mortars
with their associated black and red tesserae that were removed manually.

Portable X-ray fluorescence spectrometry (pXRF) measurements were carried out on
selected black and red painted sovranucleus mortars (sinopia), the red and black tesserae,
and unpainted rudus mortars below the painted areas. This was completed by placing
a Bruker 5i Tracer handheld energy dispersive XRF spectrometer (Bruker Corporation,
Billerica, MA, USA) on the area of interest. The diameter of the X-ray spot on the sample
was approximately 7–8 mm and accurate positioning on the point to be analyzed was
obtained by means of an integrated camera. The instrument was equipped with a Rh-
anode, miniaturized X-ray tube operating at a maximum voltage of 50 kV, and with
a Peltier-cooled high-resolution silicon drift detector (SDD). The semi-quantification of
elements was provided by the instrument software, with a limit of detection of a few tens of
ppm, based on built-in calibrations that were published elsewhere [23], averaging between
3 and 4 measurements for each sample.
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Table 1. A list of the analyzed samples (tesserae and painted surfaces, i.e., sinopia) of the Birds Mosaic
and relative analytical techniques used. Surface XRD measurements (no powders were prepared)
were carried out on tesserae fresh cut (TF), top (S), and back (R) sides, and their locations mentioned
in the sample notes. The apparent color is mentioned below the sample name.

Sample Code Notes Sampling Required Non-Invasive

TL-OM SEM-EDS FTIR Surface-XRD FORS pXRF

Te
ss

er
ae

T_B
(black)

T_B(TF) x x x

T_B(S) x x x x

T_B(R) x x x x

T_R
(red)

T_R(TF) x x x

T_R(S) x x x x

T_R(R) x x x x

Si
no

pi
a

S_RB
(red-black)

S_RB_1 x

S_RB_2 x

S_RB_A x x

S_RB_B x x

S_RW1
(red-white)

S_RW1_1 x

S_RW1_2 x x x

S_RW1_C x x x x

S_RW2
(red-white)

S_RW2_1 x x x

S_RW2_2 x x x

S_B (black)
S_B_1 x x x

S_B_2 x x x

Fourier Transform Infrared spectroscopy (FTIR) analyses were carried using a Nicolet
iS5 spectrometer (Thermo Fisher Scientific) on selected black and red painted sovranucleus
mortars (sinopia), the red and black tesserae, and unpainted rudus mortars below the
painted areas. Sampling was performed by carefully removing powder from the areas of
interest using a scalpel, then crushing approximately 1 gr of sample by mortar and pestle
for homogenization, and mixing approximately 50 mg with KBr. The mixture of KBr and
sample was pressed in a PIKE handpress (PIKE Technologies, Madison, WI, USA) and
measured once a clear pellet formed. Results, averaged from 32 scans at 4 cm−1 resolution
in the 400–4000 cm−1 range, were analyzed in Omnic 8.3.

Fiber optic reflectance spectroscopy (FORS) measurements were carried out on painted
surfaces using an ASD FieldSpec 4 Hi-Resolution Spectroradiometer (Malvern Panalytical)
with a small diameter reflectance probe, which has a field spot of 1 mm. Each color on each
fragment was tested at three locations. Results, averaged from 30 scans in the 400–2500 nm
range, were analyzed in Omnic 8.3.

µ-Raman analyses were carried out using a Raman spectrometer (Renishaw inVia,
Renishaw plc, Wotton-under-Edge, UK) equipped with a Leica DM LM optical microscope
(Leica Microsystems, Wetzlar, Germany) and a high efficiency CCD detector. The measure-
ments were performed in the spectral range of 100–1800 cm−1 with a spectral resolution
of 4 cm−1. Microscope objective 20× was employed to focus the laser on the samples
and to collect anelastic scattered radiations. The visual camera attached to the microscope
allowed the selection of different points from which to collect Raman spectra, obtained
by averaging 10 scans. A 785 nm excitation diode laser (HPNIR, Renishaw, 300 mW max-
imum laser power) with a grating of 1200 g/mm (gratings/mm) was used to analyze
the black colored zones of the painted surfaces; whereas a 514 nm laser (Stellar-RMN,
Modu-Laser, Centerville, UT, USA) with a maximum laser power below 48 mW and a
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grating of 1800 g/mm (gratings/mm) was used for the inspection of red colored zones.
Spectra manipulations and adjustments, such as smoothing and baseline subtraction, were
performed using OriginPro9 software.

3. Results

Surface measurements using pXRF of the painted sovranucleus (sinopia), unpainted
rudus mortars, and associated tesserae show different compositions mainly in calcium, sul-
fur, and iron (Figure 3). Calcium is significantly higher in the tesserae (34–35%), indicating
the material is composed of calcite and is presumably a carbonate rock, while the sinopia
(14–17%) and the rudus mortars (21–24%) show that the lime was mixed with iron- and
sulfur-based materials.
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Figure 3. Non-invasive chemical analysis using a pXRF of painted sovranucleus sinopia (S_RW and
S_B), tesserae (T_R and T_B), and rudus mortars.

To understand the mineralogical composition of the materials, we applied FORS
on the different surfaces, associating molecular structure to the elemental composition
(Figure 4). The red materials in the sinopia and tesserae show broad absorption peaks
at 1950 nm and 1450 nm, associated with clay’s structural water combinations, and a
prominent inflection at 575 nm, due to Fe3+ transition [24]. However, only the red painted
areas show a large reflection peak at 740–750 nm, and a strong 860–890 nm absorbance
peak (Laporte-forbidden transitions), which is associated with hematite (Fe2O3) in red
ochre [25]. The broad reflection peak between 670 and 770 nm in the red tesserae, and the
small absorption peak at 850 nm, suggest that the red colorants in the tesserae are materials
with different molecular structures. This observation agrees with the higher iron values
detected by the pXRF in the red painted areas. An additional prominent absorption peak at
2370 nm is observed, associated with the C-O bond of calcium carbonates with a slight shift
to a higher wavelength due to the increased magnesium presence in the red tesserae [26].
The black materials in the sinopia and tesserae have smaller spectral features. We note
that in the black sinopia there are sharper absorption peaks at 1450 nm, 1750 nm, and
1980 nm, associated with gypsum [27,28]. In the black tesserae we note absorption peaks at
2340 and 2370 nm, associated with the C-O bond of calcium carbonates, and 2205 nm from
combination of O-H configurations. The presence of gypsum in the FORS spectra agrees
with the higher sulfur values detected by the pXRF in the black painted areas.
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T_R 

(red) 

T_R(TF)  98  1  0  1  0  0 
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S
in
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  S_RB 
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S_RW1 
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The mineralogical compositions were verified by XRD, showing that the black and
red tesserae are composed of calcite with a very low amount of quartz, dolomite, and
halite (Table 2). In contrast, the supported painted surface mortar contains pigments, in
particular the red areas (S_RB and S_RW1) show a high amount of hematite (up to 5%)
with low quartz content. Halite was associated with secondary alteration processes in wall
paintings [29]. The painted black and red areas in sample S_RB contain approximately
10% gypsum with low aliquots of quartz, hematite, and halite. This shows that hematite
was used in the red mortar S_RW, and in the polychrome black and red mortar S_RB. The
gypsum was only found in the black painted areas, and therefore we associate it with the
use of the pigment (discussed below).

Table 2. A list of the relative percentages of mineralogical compositions of selected tesserae and
sinopia. XRD measurements were carried on tesserae fresh cut (TF), top (S), and back (R) sides, noted
in the sample notes, and the apparent color is mentioned below the sample name.

Sample Code Calcite Dolomite Gypsum Quartz Hematite Halite

Te
ss

er
ae

T_B
(black)

T_B(TF) 98 0 0 1 0 1

T_B(S) 100 0 0 0 0 0

T_B(R) 100 0 0 0 0 0

T_R
(red)

T_R(TF) 98 1 0 1 0 0

T_R(S) 100 0 0 0 0 0

T_R(R) 100 0 0 0 0 0

Si
no

pi
a

S_RB
(red-black)

S_RB_1 85 0 11 1 3 1

S_RB_2 91 0 7 1 1 1

S_RW1
(red-white)

S_RW_1 71 0 0 1 2 25

S_RW_2 75 0 0 1 5 19
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To study the microstructure of the painted mortars and tesserae, a thin section analysis
was performed. Petrographic analysis of the sinopia shows that the substrate mortar is
based on a carbonate binder mixed with carbonate rock fragments (Figure 5). The painted
sinopia is composed mainly of Ca-based materials, with different Fe-rich levels, based on
EDS examinations. The red paint ranges between a 50 µm-thick layer (S_RB_B map 1) and
a 100 µm-thick layer (map 2), indicating that the hematite was absorbed differently in the
wet medium, in agreement with the fresco technique.
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Figure 5. (a) Crossed polarized TL-OM micrographs of the thin cross section of the painted mortar
(sinopia) sample S_RB_B with indication of the two elemental maps collected by ESEM-EDS analysis.
(b) Map 1 and (c) Map 2 and elemental distribution and backscattered electrons images (BSI) of the
two selected areas. The rim related to the sample surface has been highlighted by a blue dashed line.

The microstructure of the tesserae shows that the black tesserae contain biogenic
nodules and a highly porous medium, based on petrographic and SEM images, while
the red tesserae are homogenous and lack noteworthy features (Figure 6). The biogenic
nodules in the black tesserae contain only calcium in EDS analysis, however, the matrix
shows significant amounts of sulfur, which is associated with organic matter of degraded
marine algae and phytoplankton [30].
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Figure 6. Mosaic tesserae thin sections analysis, showing crossed polarized TL-OM micrographs
of the black (a) and red (b) stone tesserae, respectively. Backscattered electrons images (BSI) of the
black (c) and red (d) stones, with indication of the spots and areas of EDS analyses reported alongside.

FTIR analysis of the tesserae, supporting mortar and painted mortars (sinopia), shows
that they are based on calcite with different degrees of atomic disorder. Indeed, the
different relative heights of the peaks at approximately 870 cm−1 (v2, out-of-plane carbonate
bending) and approximately 710 cm−1 (ν4, in-plane carbonate bending) in the IR spectra of
calcite polymorphs have been related to atomic disorder in the lattice structure of calcium
carbonate and can provide information on the type of calcium carbonate (plaster, chalk,
and lime). Following Regev et al. [31], in Figure 7b, we plot the relative heights of ν2 vs.
ν4 peaks in a graph with the expected trend lines for plaster, chalk, and lime. Results
show the mortars are indeed highly disordered, indicating that they are well preserved.
The tesserae have higher disorder values compared to limestone and chalk geological
carbonates, suggesting that the rocks from which the tesserae were quarried underwent
processes of diagenesis or heating. In addition, to understand the color in the black tesserae,
they were dissolved, and the insoluble fraction was analyzed using FTIR. The spectra are
similar to that of bitumen, containing vibrational bands of C-H organic compounds at
2852 and 2923 cm−1, which could derive from degradation of biogenic products and be
responsible to the black color of the stones. The black sinopia showed the presence of calcite
and gypsum based on FTIR analysis of powders that were carefully removed from the
surface. However, the underlying mortar below the black sinopia and the black tesserae
showed only calcite. This indicates that the gypsum is only present in the painted black
areas and did not migrate down into the porous lime mortar or up into the porous black
stone. Similar observations were found in the red parts. The red sinopia contained hematite,
while the mortar underlying the red sinopia and stones did not. Sodium nitrate, a soluble
salt, was found in higher amounts in the red sinopia and its underlying lime mortar, and
in smaller amounts in the black sinopia and its underlying lime mortar. This shows that
soluble salts might have migrated between the layers, but gypsum, which is not as soluble,
did not.
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Figure 7. (a) FTIR spectra of the mortars and associated tesserae: rudus mortars below (A) black
and (B) red areas, and painted sovranucleus mortars (sinopia) with (C) red and (D) black pigments.
Also shown are the (E) red and (F) black tesserae. Vibrational bands are labelled, associated with
sodium nitrate (N-O), calcite (C-O), hematite (Fe-O), gypsum (S-O), and silicates (Si-O). (b) Internal
atomic disorder of calcite in the mortars and tesserae, following Regev et al. [32] with labels matching
the spectra.

Raman analysis of the red and black paints helped to understand the nature of the
black pigment. Calcite and gypsum were detected by µ-Raman spectroscopy, based on
their characteristic peaks at 265, 711, and 1082 cm−1 for the former, and 493 and 1007 cm−1

for the latter (Figure 8) [32]. Furthermore, the peaks located at ~1359 and 1597 cm−1 may
correspond to the characteristic bands of the carbon black pigment that was previously
found mixed with gypsum to heighten the black color of the pigment [33]. The Raman
shift at 291, 416, and 606 cm−1 may be attributed to the bending and stretching modes of
Fe-O in hematite [34,35], showing that it was used in the red paint (S_RW1) and the red
and black paints (S_RB).
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4. Discussion

The stratigraphy of the Birds Mosaic follows the Vitruvian description, with two
mortar layers between bedrock and tesserae, showing the lowest lime–mortar bed (rudus)
is composed of lime mixed with millimeter-sized carbonate rocks and a low quantity of
quartz. The upper fine mortar (sovranucleus), where the mosaic tesserae were fixed, is
based on micrometer-sized carbonate rock aggregates. Rectangular negatives are observed
within the sovranucleus, representing the locations where the tesserae were fixed. Some
areas of the mortar were painted with red ochre and black carbon as indicators for the
mosaicists to place the desired color of the stone following the content of the mosaic.
Between the colored areas in the mortar, white mortar had risen, forming a 3D surface
of the mortar, which indicates that the tesserae were fixed while the mortar was wet. To
cover a large surface, such as the 27 m2 of the Birds Mosaic, one can assume that the entire
surface was not covered with a single layer of lime before the tesserae were fixed. This is
because wet lime can dry rather quickly in the dry environment of the southern Levant,
especially in the summer, which would risk the placement of the tesserae. This means that
the painters, and the mosaicist who laid the stones, had to work on smaller parts of the
mosaic, perhaps row by row or a few meters at a time, until the entire surface was complete.

Red paints in the mortar are characterized by larger quantities of hematite, as detected
by XRD, FTIR, and Raman spectroscopy and confirmed by EDS elemental maps. The
thickness of the Fe distribution in the sovranucleus ranged between 50 and 100 µm, and its
homogenous dispersion supports the implementation of red ochre in the fresco technique.
The black painted areas in the mixed red and black sample (S_RB) are characterized by low
quantities of hematite, presumably from the adjacent red areas, and the presence of carbon
black, as detected by µ-Raman spectroscopy. Interestingly, gypsum was also detected, but
only in the black areas, and it was suggested that it heightens the black color [33]. This was
a high level of sophistication and precision in material choices and execution, since it was
found in the preparatory painting that was not meant to be revealed. These two pigments,
hematite in red ochre and carbon black, individually or in combination, were both typically
used for the sinopia in the Classic and Hellenistic periods [36]. These pigments were mostly
used in sinopiae since they were accessible and cheap, compared to some exotic pigments
such as cinnabar and Egyptian blue [37].

The analyzed mosaic tesserae (black and red) are both composed of a calcite-based
matrix with no trace of hematite nor carbon black pigments, associating it with the local
Mizzi Ahmar carbonate bedrock and Hatrurim formation, respectively. Local limestone,
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known as Mizzi Ahmar, has been reported to have red bands, and is known to be quarried
in the area of Jerusalem in antiquity [38]. Clay minerals such as illite and smectite may be
related to the red colors of the limestone [39,40]. The SEM-EDS analysis of the red tesserae
shows the presence of Mg, Al, and Si elements that could be correlated with the presence
of clay minerals. Local black carbonate bedrock can be associated with the Hatrurim
Formation [41], which is enriched in organic material; this conclusion is supported by the
presence of sulfur and biogenic nodules in the black stone tesserae [30], and the presence of
C-H organic compounds in FTIR vibrational bands.

The Byzantine Birds Mosaic can be compared to the Late Roman mosaic from Lod,
since both show polychrome sinopiae, and stratigraphy that is similar to the one reported by
Vitruvius [42]. Both mosaics show that the polychrome painted sinopia was applied with the
fresco technique, with a high level of sophistication in pigments and painting techniques.
However, the sinopia at Lod had a larger pigment palette and conserved features in the
rudus mortar showed footprints of a sandal and bare feet. Footprints can say more about
the weight and height, or age of people in the workshop [43].

Sinopiae are also interesting as they represent the original design, which sometimes
changes [3]. In addition, these underlying contexts may preserve delicate features from
chemical alterations and bioturbation, as a protected niche that preserves organic molecules
and other information [40], since they are protected by the mosaic stone tesserae. Removal
and relocation of mosaics as part of conservation efforts should take into account the
information embedded in the multi-layered mortar structure below the tesserae. This study
also provided insights into mosaic production techniques and the use of pigments, offering
a unique glimpse into the ancient artistry and craftsmanship in mosaic workshops.

5. Conclusions

Mosaics are famous for the style and content represented by the tesserae upon which
people walk. Their supporting surface is composed of mortar that is invisible to the crowd,
with mainly functional properties. In this work, we studied the Armenian Chapel Birds
Mosaic, which was constructed following a Vitruvian recipe. The painted mortar sketch
found below the mosaic, known as a sinopia, was painted in the fresco technique with black
carbon and red ochre pigments. These drawings were used as guidelines for the mosaicists
in creating mosaics, facilitating the placement of colored tesserae in the supporting mortar.
The tesserae were based on local red and black carbonate rocks, enriched in clays and
organic material, respectively. This study also showed that mosaicists worked together
with plaster painters at the executionary steps, when painting was followed by placing the
tesserae, with implications for understanding ancient mosaic workshops.
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