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Abstract: The mosaic in the apse of the Church of S. Agnese fuori le mura in Rome represents one
of the most important examples of the wall mosaics of the Roman Middle Ages. Although it is
associated with Byzantine figurative culture, no scientific study has addressed this important piece
of Italian art history. One factor that has probably limited and created difficulties for its analysis
is the poor legibility of the original parts, which are compromised by heavy restorations affecting
the gold background, the faces of the two male side figures, and the lower band of the mosaic. The
present work describes how multispectral imaging provided significant guidance in the preliminary
identification of possible original areas in this ancient wall mosaic. Through an interdisciplinary
approach, the art historical background and historical graphic documentation of known restorations
supported the use of multispectral imaging to recognize original parts. The initial results of the
lab analyses (SEM-EDS and EMPA) of supposed original tesserae validated the hypothesis made a
priori thanks to multispectral acquisition, opening up new application possibilities for use of this
noninvasive technique in the preliminary in situ identification of original parts in restored glass
wall mosaics.
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1. Introduction

Commissioned by Pope Honorius I (625–638), the apsidal mosaic of S. Agnese fuori le mura
is one of the most outstanding early medieval works in existence (Figure 1). As stated in
the Liber Pontificalis [1], the basilica was founded by the patron over the burial place of the
significant Roman female martyr Agnese on Via Nomentana, which had been a focus of
attention since Constantine’s time.

The synthetic and hieratical composition, compared to the more common five- or
seven-figure apsidal groups, the gold background, the frontality, and the linearity of the
figures make this mosaic a breakpoint in the Roman artistic production of the early Middle
Ages, interpreted as a mirror of a Byzantine taste of the imperial administration during
these times [2–6]. The use of stone tesserae to realize the martyr’s face, never observed in
earlier Roman glass mosaics but widespread in the East, confirms the “Byzantinity” of the
S. Agnese mosaic [6,7] (Figure 2). However, more recent studies have laid the groundwork
for addressing the work not only from a purely stylistic perspective but within the Honorius
architectural project, in which the mosaic represents the centerpiece of a theatrical stage
orchestrated for the liturgical performance [8–10].

The synthetic iconography could indeed be explained by the decision, relatively new
for the time, to place the martyr saint in the center of the apse, namely at the focal point of
the basilica, most commonly occupied by the figure of Christ or the Virgin [8,11].
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Figure 2. Detail of the figure of S. Agnese (photo by Domenico Ventura). 

Precious marbles enhance the overall piece, as does the titulus below the mosaic, the 

style of which denotes the antiquarian vein evident in Honorius, a pontiff firmly rooted 

in the Roman senatorial aristocracy [9,12,13]. These developments offer the possibility of 

understanding the mosaic’s formal—“stylistic”—outcomes in terms of specific rhetorical 

choices  [8,10,14]. Even  the material used  to make  the mosaic could  reflect  iconological 

orientations, not just local or foreign technological and craft practices. The marble tesserae 

Figure 1. The wall mosaic in the apse of S. Agnese fuori le mura (photo by Domenico Ventura).
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Figure 2. Detail of the figure of S. Agnese (photo by Domenico Ventura).

Precious marbles enhance the overall piece, as does the titulus below the mosaic,
the style of which denotes the antiquarian vein evident in Honorius, a pontiff firmly
rooted in the Roman senatorial aristocracy [9,12,13]. These developments offer the pos-
sibility of understanding the mosaic’s formal—“stylistic”—outcomes in terms of specific
rhetorical choices [8,10,14]. Even the material used to make the mosaic could reflect icono-
logical orientations, not just local or foreign technological and craft practices. The marble
tesserae in S. Agnese are used in a very different way than those in the later mosaics in
Santo Stefano Rotondo (642–649) and especially in the Oratory of John VII (705–707); the
latter was most likely created by an Eastern-trained workshop.

This material and technical choices may indeed result from a strategy adopted to
convey the peculiar essence of the martyr, an “icon” presented simultaneously in the same
space as the viewer but in a different realm [8].

The wall mosaics of S. Agnese fuori le mura and S. Venanzio were, until 2021, the only
6th–7th century mosaics in Rome which had never undergone any archaeometric studies of
their glass tesserae [15]. New information about effective practices and the origins of materials
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provided by these studies could offer a better understanding of this outstanding mosaic,
which is crucial for understanding of the artistic tradition of Rome and the early medieval
West. It became immediately evident that the bad preservation of S. Agnese mosaic would
create great difficulty in tackling the study of its glass tesserae. Significant restorations are
attested as early as the 17th century, when Ciampini describes and illustrates the heads of the
two pontiffs flanking Agnes as having been replaced by wall paintings [2,16,17] (Figure 3).
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Figure 3. Graphic representation of the wall mosaic of S. Agnese fuori le mura by Ciampini [2].

After World War II, the Soprintendente ai Monumenti di Roma Guglielmo Matthiae
viewed the mosaic from a scaffold and made a graphic of the restoration (Figure 4), which
was published in 1967 [6]. The Matthiae graphic does not, however, coincide in every detail
with our initial observations (Figure 3) [18].
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Figure 4. Identification of restored parts of the mosaic of S. Agnese fuori le mura (grey areas) by
Matthiae ([6], modified).

To identify the non-original parts according to the relief made by Matthiae (Figure 4),
we decided to analyze the surface of the wall mosaic using non-invasive methods in search
of the same evidence traces, which are apparently not clear to the naked eye from the
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ground without a scaffold. By considering the image of the mosaic shown in Figure 1, it is
difficult to recognize the same pattern identified by Matthiae, shown in Figure 4, probably
due to the effect of light on the tesserae and to the restorations, but perhaps also partly due
to the different “days of work” involved in making the mosaic. Considering the type of
surface and the impossibility of conducting a close visual survey from a scaffold at this
stage of the research, we then decided to use a non-invasive and no-contact technique,
namely multispectral imaging, that would allow the possible identification of original
areas of the mosaic, even from the ground, using different bands (e.g., IR). Studies of
detachments, moisture, and structural inhomogeneities in wall mosaics using non-invasive
methods are documented in the scientific literature, including contact and no-contact
techniques [19–23]. Less well known and more recent among these non-invasive, no-
contact methods, but very promising in this field, is multispectral imaging [24,25]. This
technique, well known as a diagnostic tool in the field of paintings, especially in the
identification of preparatory drawings, pentimenti, and traces of restoration and remaking,
has only recently shown its great potential to support the finding of inhomogeneities
affecting decorated surfaces [26] and specifically wall mosaics [25]. In particular, the use of
multispectral imaging to combine and process the VIS (visible) and IR (infrared) bands is
extremely useful in the preliminary identification of possible different materials and traces
of restorations, reuses, or replacement of mosaic parts. This possibility is fundamental to
selecting areas of interest within which to carry out targeted sampling and, therefore offers
considerable time savings and the benefit of reduced invasiveness. In the specific case of
the S. Agnese fuori le mura wall mosaic, in order to validate the hypothesis made a priori by
means of multispectral imaging regarding the supposed original areas, some tesserae were
sampled and investigated using laboratory analyses such as scanning electron microscopy
coupled with energy-dispersive spectrometry (SEM-EDS) and an electron microprobe
(EMPA). The results obtained open up new possibilities for the use of multispectral imaging
for the study and analysis of restored wall glass mosaics, as in the case of S. Agnese fuori le
mura, because this non-invasive technique was revealed to be an essential tool to support
and orient the sampling towards the original parts of the mosaic, and, therefore, to reduce
the total number of samples needed and to save time and costs during sampling.

2. Materials and Methods
2.1. Multispectral Imaging

A PROFILOCOLORE system consisting of a Nikon D-800 FR (Full Range) Reflex
camera and two modified Nikon sb-910 speed lights (system modified and commercialized
by Profilocolore company, Rome, Italy) was used to acquire the multispectral data (Figure 5).
Optical cut-band filters placed in front of the lens before image acquisition were used to
select the wavelengths of actual interest.
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The complex logistics of the area around the apse required unconventional positioning
of the lights relative to the camera and framing that was not always frontal. Images were
acquired from the ground and from the galleries (matronei) over the side aisles and on the
opposite side of the apse. In particular, the outcomes of images taken in the visible and
infrared IR 720 nm ranges are reported and discussed here.

Environmental conditions (non-darkening windows) prevented the correct acquisition
of UV data.

2.2. Sampling and Archaeometric Lab Analysis

The information from stylistic, archival, graphic, photographic, and multispectral data
allowed us to identify the supposed original parts of the S. Agnese fuori le mura mosaic, in
which the sampling was focused. In particular, we selected tesserae considering their color
and state of conservation, avoiding areas where tampering, although temporary, could
potentially have caused modifications to the integrity and originality of the decoration
itself. Glass tesserae were identified in the following colors: gold (Au), white (Bi), grey
(Gr), blue (B), turquoise (Tu), purple (P), orange (A), red (R), green (VCh—pale green and
VS—dark green), and yellow (G). To ensure a better and more complete characterization
of the mosaic, at least two tesserae were selected for each color, except for orange, which
was identified in minimal areas. Where possible, the tesserae were taken from different
points of the mosaic, carefully characterizing the three figures as much as possible and
avoiding the disturbed parts (Figures 6 and 7). In total, 34 in situ tesserae were sampled.
The sampling was composed of various steps. After photographic documentation of the
position and orientation of each chosen tessera, the mortar was removed and detached
carefully with a stylet. A layer about 1 mm in thickness was cut with a diamond-coated
micro-saw from the back of each tessera. The remaining tessera was then replaced in its
original position and orientation, compensating for the loss of thickness with mortar. It
should be underlined that, in the case of the apsidal mosaic of S. Agnese fuori le Mura, the
detachment and repositioning of the tesserae were carried out with the agreement of the
local Superintendency, whom we thank for their collaboration. In the laboratories of the
Department of Geosciences in Padua, each layer cut in situ was further subdivided into two
parts using a micro-saw. One part was stored, and the other one, embedded in a resin block,
was polished with a series of diamond pastes down to 1 µm grade and then subjected to
laboratory analyses.
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In particular, the laboratory analyses used to verify whether the selected tesserae from
the S. Agnese fuori le mura mosaic were original or could be ascribed to previous restorations
were scanning electron microscopy coupled with energy-dispersive spectrometry (SEM-
EDS) for high-resolution morphological inspection of the glass and qualitative chemical
analyses of the glassy matrix and opacifiers/pigments, and an electron microprobe (EMPA)
to determine the quantitative chemical composition of the glassy matrix, focusing on
major and minor elements, which are particularly useful for distinguishing original from
restoration tesserae.

The instrument employed for SEM-EDS analyses was a CamScan MX 2500 microscope
(Electron Optic Services Inc., Ottawa, Canada) equipped with a LaB6 cathode. SEM images
were taken by collecting the backscattered electron signal (BSE), operating at 20 kV and
160 nA, with a working distance (WD) of about 25 mm. The EMPA employed was a JEOL
8200 Super Probe (JEOL (ITALIA) S.p.A, Basiglio (MI), Italy), equipped with five WDS
spectrometers and located at the Department of Earth Sciences of the University of Milan
“La Statale”. The electron beam was operated at 5 nA and 15 KV, with counting times
of 30 s for the peak and 10 s for the background. The standards used for quantitative
analyses were grossular for Si, Al, and Ca; omphacite for Na; olivine for Mg; K-feldspar
for K; fayalite for Fe; apatite for P; and scapolite for Cl. All certified analyses are available
from the Unitech COSPECT of the University of Milan “La Statale”.

These analytical techniques, which have been shown to be particularly suitable for the
characterization of glass tesserae, were previously applied to other in situ glass mosaics,
such as the paleo-Christian mosaic of S. Maria Mater Domini in Vicenza and the Byzantine
Dedication wall mosaic of St. Mary of the Admiral in Palermo [25,27].

3. Results and Discussion

Comparison of the 720 nm IR image of the mosaic with the Matthiae relief (Figure 8a and
Figure 8b, respectively) allowed us to find immediate, though not precise, correspondences
with the 1967 publication [6].

In particular, the gold background around the heads and figures, the band at the
base of the mosaic, and the lower parts of the three figures (Figure 8a) confirmed in broad
strokes the relief by Matthiae (Figure 8b). However, the comparison of the two images
in Figure 8a,b also shows how Matthiae perhaps equalized the mismatches by possibly
including zones of apparent but probably not effective diversity (e.g., different days of
work in the realization of the mosaic). The analysis of the faces of the two lateral male
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figures, which were already indicated in the 17th century relief (Figure 3) as the subject
of restoration or replacement, is undoubtedly very interesting [2]. The images shown in
Figures 9–11 thus compare the processed images of the bust details of the three figures
taken in the VIS (visible) band with modified lights (c) with the indications provided by
the 17th century (a) and 1967 (b) graphic reliefs.
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The image related to the sum of the blue and yellow channels, obtained in Adobe
Photoshop through the separation of the b channel using the Lab method, clearly showed
the inhomogeneities of the gold tesserae in the busts of the three figures (Figures 9–11) and
particularly in the heads of the two male figures (Figures 10 and 11). In contrast, the face of
S. Agnese (Figure 9) showed no traces of obvious reworking.

This essential new evidence obtained by comparing historical reliefs and multispectral
images allowed us to find the supposed original parts of the wall mosaic more clearly,
driving the micro-sampling of the selected tesserae analyzed in the lab.

Here, SEM-EDS and EMPA results of the supposed original tesserae from the S. Agnese
mosaic show that all the glass tesserae were made following the Roman/late Antique
tradition. The low MgO and K2O contents (both under 1.5 wt%) of the glassy matrices
(EMPA data) indicate, in fact, that natron was used as a flux for all samples (Figure 12).

Natron was used as a flux in glass mosaics and vessels from the Roman to early
Medieval times (e.g., [28] and references therein).
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Figure 12. Biplot of MgO (wt%) versus K2O (wt%). Note that all the analyzed tesserae of
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late medieval period, were identified (EMPA data).

The identification of this type of flux is a strong indication that all the selected tesserae
from S. Agnese came from original areas of the mosaic, as hypothesized based on mul-
tispectral imaging and stylistic, archival, and graphic studies. Comparisons among the
glassy matrices of S. Agnese and those of restoration tesserae from other Roman mosaics
(i.e., S. Sabina, S. Pudenziana, S. Teodoro, and SS. Cosma e Damiano [15]) further support our
hypothesis. The above mosaics, of which the dates range from 5th to 6th century AD, are
all characterized by original tesserae produced using natron as flux [15], as in the case of
S. Agnese. However, similarly to S. Agnese, they were subject to heavy restoration operations
during the 17th–19th century AD, and the restoration tesserae are characterized by glassy
matrix chemical compositions quite different to those of the original ones. The majority of
restoration tesserae from S. Sabina, S. Pudenziana, S. Teodoro, and SS. Cosma e Da-miano are,
in fact, characterized by quite comparable Na2O and K2O contents (Figure 13), probably
due to the use of mixed alkali plant ash as a flux, and they can be defined as mixed alkali
glass. The use of ash as a flux can also be confirmed by relatively high contents of P2O5 and
Cl if compared with those of natron glass, such as the tesserae from S. Agnese (Figure 14).
Some tesserae rich in soda, similar to those of S. Agnese, were also identified among the
restoration tesserae from SS. Cosma e Damiano mosaics (Figure 13), but they were produced
using soda ash or industrial soda and not natron as flux (Figure 14).

Microtextural and chemical investigations carried out using SEM-EDS showed the
prevalence of antimony-based opacifiers (Ca- and Pb-antimonates), typical of Roman
and late-antique tradition [29], (Figure 15). This is further analytical evidence of the
supposed originality of the S. Agnese tesserae sampled with the support of multispectral
imaging results.

The interpretation of all the chemical and microtextural data obtained via labora-
tory analyses is still in progress, and the detailed results will be reported in a further
dedicated publication.

In conclusion, because no modern tesserae were identified in the laboratory analyses, it
should be stressed here that there is great potential in the use of multispectral investigations
as a preliminary tool to guide sampling towards the original parts of a mosaic, including in
situ glass mosaics with a complex history, such as that of S. Agnese fuori le mura in Rome.
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Figure 13. Biplot of K2O (wt%) versus Na2O (wt%), showing comparisons between the supposed
original S. Agnese tesserae (EMPA data) and restoration tesserae from the Roman mosaics of S. Sabina,
S. Pudenziana, S. Teodoro, and SS. Cosma e Damiano (raw data from [15]). Note the difference in glass
type between the original (in red) and restored tesserae (in black).
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Figure 14. Biplot of Cl (wt%) versus P2O5 (wt%), showing comparisons between the supposed
original S. Agnese tesserae (EMPA data) and restoration tesserae from the Roman mosaics of S. Sabina,
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Figure 15. SEM-BSE images, showing (a) small geometric crystals of Ca-antimonate, used as a
white opacifier, identified in a blue tessera; (b) an aggregate of Pb-antimonate, used as a yellow
opacifier/pigment, identified in a yellow tessera from S. Agnese fuori le mura. Crystals (in white in
both images) had a mean size of about 5 µm and were dispersed throughout a homogenous glassy
matrix (in grey). SEM-EDS data also shown in (a,b).
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S., Garau, C., Blečić, I., Taniar, D., Apduhan, B.O., Rocha, A.M.A.C., Tarantino, E., Torre, C.M., et al., Eds.; Springer: Cham,
Switzerland, 2020; Volume 12255, pp. 960–970. [CrossRef]

27. Silvestri, A.; Tonietto, S.; Molin, G.; Guerriero, P. Multi-methodological study of palaeo-Christian glass mosaic tesserae of
St. Maria Mater Domini: (Vicenza, Italy). E. J. Mineral. 2015, 27, 225–245. [CrossRef]

28. Freestone, I. Glass production in the first millennium CE: A compositional perspective. In Künstlichen Stein Zum Durchsichtigen
Massenprodukt/From Artificial Stone to Translucent Mass-Product; Berlin Studies of the Ancient World 67; Klimscha, F., Karlsen, H.J.,
Hansen, S., Renn, J., Eds.; Edition TOPOI: Berlin, Germany, 2021; pp. 245–263.

29. Verità, M. Tecniche di fabbricazione dei materiali musivi vitrei: Indagini chimiche e mineralogiche. In Medieval Mosaics: Light,
Color, Materials; Borsook, E., Gioffredi-Superbi, F., Pagliarulo, G., Eds.; Silvana Editoriale: Milano, Italy, 2000; pp. 47–64.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.culher.2008.05.003
http://doi.org/10.1016/j.jas.2009.07.008
http://doi.org/10.1117/12.2530237
http://doi.org/10.1186/s40494-019-0246-1
http://doi.org/10.3390/jimaging6100108
http://www.ncbi.nlm.nih.gov/pubmed/34460549
http://doi.org/10.1515/opar-2020-0116
http://doi.org/10.1007/978-3-030-58820-5_69
http://doi.org/10.1127/ejm/2015/0027-2427

	Introduction 
	Materials and Methods 
	Multispectral Imaging 
	Sampling and Archaeometric Lab Analysis 

	Results and Discussion 
	References

