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Byzantine mosaics of Durres amphitheatre

The wall mosaics of a small chapel inserted into the 
Roman amphitheatre of Durres are an important Byzantine 
decoration, for which the chronology, the provenance of 
the mosaicists, the iconographical interpretation and the 
ideological framework are widely debated. The archaeo-
logical and iconographical arguments have produced  
a multiplication of subjective interpretations about the 
historical context of the genesis of the mosaic.

The interpretation of these mosaics is complicated by 
the absence of comparative examples of Byzantine wall 
mosaics in Illyricum and by the nature of Durres: the ter-
minus of via Egnatia – connecting Rome to Constantinople 
via Thessaloniki –, a place where the cultural currents of 
East and West meet.

Two recent works on this mosaic corroborate the 
Byzantine (and not western) origin of the iconograph-
ical architecture, but propose opposite interpretations 
of the chronology.

K. Bowes and J. Mitchell attribute them to post 9th- 
11th centuries based on the architectonical context and 
the iconographical interpretation of wall and roof paint-
ings, which the mosaics overlap.1 Conversely, L. Miraj 
favours an attribution to the 6th-7th centuries, based on 
an iconographic reading of the better preserved southern 
panel, in particular on a study of the imperial costume.2

1. Bowes, Mitchell 2009, pp. 569-595.
2. Miraj 2013, pp. 60-71.
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paléochrétienne provenant d’un autre site de la ville. [Auteur, révisée par la rédaction]

10.1484/J.AT.5.114867



ELISABETTA NERI AnTard ,  25 ,  2017354

This paper resumes the principal arguments of the 
different positions and proposes, by combining a new  
in situ observation of the mosaic technique and the 
analysis of the glass tesserae, a chronology of the glass 
tesserae and a hypothesis on their provenance and that 
of the mosaicists.

Architectonical context and description of the mosaics

The main chapel, containing the mosaics, is located 
under one vomitorium of the second elliptical gallery  
in the amphitheatre of Durres, situated in the west part 
of the Byzantine wall (Figs. 1-2). This chapel consists  
of a single nave with an eastern apse outside the wall of 
the arena; the plan is quadrangular, narrowing to the 
east, according to the shape of the radial gallery. Two 
other chapels, dated to around the 6th-7th centuries, are 
documented in the amphitheatre marking a complex 
Christianization program of the pagan space, as also seen 
in other cases.3

The chapel was constructed after the abandonment 
of the amphitheatre, which probably occurred after the 
earthquake of 345 and after the interruption of gladiator 
games, according to the imperial laws.4 Materials from 
the amphitheatre were recycled to build the chapel: 
stone slabs and bricks were re-used in the pavement 
and the altar was constructed in opus mixtum, re-using  
a sixth-century Christian funerary inscription.

The first marker of the defunctionalisation of the 
amphitheatre are the graves found near the chapel in the 
galleries. The majority are simple graves dug in the earth 
and covered with tiles, oriented to the north or south and 
sometimes with objects similar to those of the Komani 
civilization.5 These fibulas and rings are commonly dated 
6th-7th centuries, but a recent work showed the difficulty 
in proposing a precise date, and the extended use of 
these artefacts until the 10th century.6 A grave located at 
the centre of the chapel is dated to the 10th century, 
according to bronze coins (969-976).

The chronology of the construction of chapel is 
commonly assigned to the 7th century by the date of the 
graves, the allegedly Heraclian brick stamp in the western 
alcove floor and the sixth-century Christian inscription 
re-used in the altar. Although the stylistic affinities of 
the mosaics with late antique wall mosaics are another 
argument frequently used to propose a 6th-7th range, no  
 

3. For example, in Tarragona and Aphrodisias (Godoy 1999 with 
references and comparisons).

4. The munera gladiatoria are prohibited by Honorius: CTh 15.12.1; 
9.40.8, Theodoret, Historia Ecclesistica, 5.26.

5. Anamali 1993, pp. 435-446; Miraj 1988, pp. 264-265.
6. Nallbani 2002.

objective proof is available to suppose this chronology  
of the building. K. Bowes and J. Mitchell suppose that  
the above-mentioned elements are a terminus post quem, 
because they have documented a seventh-century aban-
donment phase of the amphitheatre,7 and propose a 
tenth-century chronology for the construction of the 
chapel, based on coins in the main tomb and medieval 
ceramics (9th-10th centuries) found outside the chapel.

The last mention of the chapel in the written sources 
is a letter written by Charles I to Johan Scoct and Guarin 
Shovel in 1280. The chapel was probably used until the 
Ottoman period, from when the most recent ceramics 
found in the demolition layers are dated.8 It was aban-
doned afterwards, until the excavation of Toçi in 19669 

7. Bowes, Hoti 2003, p. 388.
8. Toçi 1971; 1975; Santoro et al. 2005, p. 771. This hypothesis is 

corroborated by the fact that the monumental tomb outside the 
chapel is used until the 14th century.

9. Toçi 1971.

Fig. 1 – The chapel of Durres amphiteatre (photo D. Dubois).
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Fig. 2 – Plan and section of the amphitheatre chapel with underlined the localisation of the mosaics.
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Fig. 2 – Plan and section of the amphitheatre chapel with underlined the localisation of the mosaics.
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and Miraj in 1983.10 The subsequent work of S. Santoro11 
and K. Bowes12 has clarified the postclassical life of the 
amphitheatre, but without offering new arguments to 
date the decoration of the main chapel.

The function of this chapel remains contested too.  
A. Bryer proposes that it was a martyrial shrine, where 
the cult of St. Asteios, a local martyr, was professed. This 
hypothesis refers to the monumental tomb beside the 
chapel (Fig. 3).13 However, the first mention of Asteios’s 
cult in Durres is later (1383). Moreover, the monumental 
tomb was erected in the 10th century and used until the 
14th century,14 when animal and human bones were 
collected and redisposed of L. Miraj supposed that the 
chapel is a representation of imperial power and of the 
divine investiture of the Emperor, as a monumental burial 
chamber for one or more important families of the city.15

The mosaics are situated in the western and southern 
walls of the chapel. The panel of the west wall presents a 
large central figure flanked by two angels, in turn flanked 
by two female figures (Fig. 4). Two inscriptions allow 
the identification of the female figure in the west as 
E(IRH)NH and that in the east as COΦIA; to the right of 
the latter, there is also a fragment of inscription, read as 
the upper part of the first two letters of AΓIOC. The central 
figure is almost entirely destroyed and is identified as  
Christ or Mary, according to the interpretation of the 

10. Miraj 1988.
11. Santoro et al. 2005.
12. Bowes, Hoti 2003; Bowes, Mitchell 2009.
13. Bryer 1994.
14. Bowes, Mitchell 2009, p. 593.
15. Miraj 2013, pp. 68-70.

fragmentary titulus to the left of the figure. The small 
damaged figure of a donor is visible below the main figure.

The south wall comprises two panels, with an irregu-
lar trapezoidal shape (2.00 × 1.50 m) (Fig. 5). The eastern 
panel shows a half-sized figure of St. Stephen, labelled 
by the titulus O A(ΓIO)C CTEΦANOC. He has a young face 
and golden hands and is dressed in a tunic and pallium. 
The second panel has a nimbate figure in the centre in 
imperial robes and a crown with pendilia, holding a cruciger 
staff in the right hand and a globe with a crown inside 
in the left. Below this main figure, a male and a female 
donor are  represented. Two angels holding a cruciger 
staff flank the central composition. The inscription in 
the eastern corner of this panel presents the invocation: 
+K(YPI)E BOHΘHCON TOY ΔOΥΛOΥ COΥ AΛEΞANΔPOΥ 
(‘Lord preserve your servant Alexander’). The frescoes 
integrate the iconographic program: a Christ Pantocrator 
with the symbols of the evangelists in the ceiling, and 
saints (standing nimbate figures) with military clothes 
in the north wall, among which St. Stephen, labelled by a 
fragmentary titulus. According to J. Mitchell and K. Bowes, 
these frescoes predate the mosaics and show an initial 
phase of decoration.16

A liturgical bench filled the gap between the mosaics 
and the floor, as visible in the photographical documen-
tation, prior to the removal of the floor.

16. Bowen, Mitchell 2009, p. 582.

Fig. 3 – The monumental tombs beside the chapel (photo E. Neri).
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Fig. 4 – The mosaic panel of west wall (photo D. Dubois).

Fig. 5 – The mosaic panels of south wall (photo D. Dubois).
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Fig. 4 – The mosaic panel of west wall (photo D. Dubois).

Fig. 5 – The mosaic panels of south wall (photo D. Dubois).
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Fig. 6 – The drawing of 1982 restauration: a/ western mosaic panel; b/ southern mosaic panel 
(Archives of Cultural Heritage Institute of Tirana).
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Interpretation of the mosaics: state of art

The controversial interpretation of the main figure 
of the south panel generated different hypotheses, based 
on its identification as a male or female figure, as an 
imperial or sacred figure.

The imperial dress (chlamys and loros), the red shoes, 
the crown and the sphaira allows recognition of an impe-
rial figure. Based on the inscription with the name of 
Alexander, Toçi proposes to identify it as the Emperor 
Alexander (912-913), represented here as a protector of 
this region from the danger of Bulgarian occupation.17 
This chronology fits well with the main tomb found in 
the chapel. A. Ducellier reconstructs the same scenario, 
but proposes an identification with Emperor Leo VI18 and 
his wife (in the west panel) and attributes the name of 
Alexandros to the donor.

Refusing the chronology because of the style of the 
mosaics, L. Miraj proposes recognition of an emperor 
of the proto-Byzantine period,19 between Justinian and 
the Iconoclasm; and M. J. Castrillo suggests a similar 
chronology (600-850), but identifies the main figure in 
the southern panel as Constantine and on the west wall 
as Helena.20

Despite accepting recognition of a figure with impe-
rial attributes, N. Thierry supposes that the central 
figure is Christ Basileus and underlines that the mosaics 
are the synthesis of Roman and Byzantine art between 
the 7th and 8th century.21

Other scholars propose recognising a female figure, 
in one case an empress22 or more frequently the Virgin 
Mary, represented as the Queen of Heaven, according to 
an iconographic type diffused in the 8th century.23 The 
geographical origin of the Maria Regina iconography is 
debated. Some scholars locate its invention in the Roman 
church, of which it was a symbol,24 and suppose a Roman 
filiation of this mosaic. Others argued that there is a late 
antique model of this iconography in Constantinople25 
and linked the representation and the mosaics to Eastern 
tradition. In particular, the representation of Virgin 
with loros (attested only in St. Maria Antiqua in Rome and 
in Durres) could be a quotation of the Eastern language 
of power.26

17. Toçi 1971, p. 40; 1975, pp. 44-45.
18. Ducellier 1975.
19. Miraj 2013, pp. 67-69.
20. Castrillo 1975.
21. Thierry 1975, pp. 60-62.
22. Pace 2001, retraited in Pace 2003.
23. Runis Jandot 1983, pp. 229-232; Andaloro 1986, pp. 107-108, 

Cormack 1986; Bowen, Mitchell 2009, pp. 588-591.
24. Nilgen 1981; Pace 2001.
25. Andaloro 1986.
26. Pencheva 2006, pp. 21-26.

To resume, the archaeological data and the historical 
framework favour dating the mosaics around the 10th cen- 
tury, while a stylistic-iconographic analysis allows the 
proposition of an earlier chronology (6th-9th centuries).

Finally, J. Mitchell and K. Bowes propose a chronology 
post the 9th-10th centuries, period to which they attribute 
the frescoes under the mosaics. The chronological argu-
ments for the frescoes are iconographical: in particular, 
the diffusion of the iconography of military saints and 
the diffusion of the personification of Sophia and Eirene 
after the 9th century.27

Technical observations  
on laying technique and materials

These mosaics have been restored many times, but 
the first survey with an accurate documentation is from 
1982. The drawing shows the gaps in the mosaic, still 
visible today in the same places,28 filled with a mortar 
cement (Fig. 6). 

Ancient restoration with the same typology of tesserae 
is observed, thanks to the irregular distribution of tesserae 
in three points of the west wall: in the southern corner, 
in the northern corner between the feet of the personi-
fication of Sophia and the angel, and below the feet of the 
central figure (Fig. 7).

The three iconographical panels differ also from a 
technical point of view. The panel with Stephanos is smaller. 
Although the whitish mortar, rich in lime, is identical in 
the two panels of the south wall, they are juxtaposed and 
a vertical separation line is visible where the tesserae are 
missing. Moreover, a connection error can be observed 
in the red border (Fig. 8). The western panel doesn’t 
have a junction with the southern and is lower than it.

The mosaics overlap the previous frescoes. As already 
known,29 this is visible only to the top and left of the 
panel with Hagios Stephanos, where blue and red paint is 
observed respectively.

Two layers of lime mortar with pounded brick and  
a total thickness of 3-5 cm characterise the preparation 
of the setting bed mortar of the mosaics. The mortar is 
typical of ancient and Byzantine mosaics, in its variant 
without aggregates of organic materials. This excludes 
that the panels have been detached and relocated in 
modern times following restoration.

Some parts of the setting bed preserve a trace of the 
red, yellow and black preparatory painting. Black corre-
sponds to the outlines of the figures, overlapped by the  
 

27. Bowes, Mitchell 2009, p. 587.
28. The halo of Stephanos, the halo and robe of the main figure of the 

south panel and the central part of the western panel. 
29. Bowes, Mitchell 2009; Boschetti 2009.
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Fig. 6 – The drawing of 1982 restauration: a/ western mosaic panel; b/ southern mosaic panel 
(Archives of Cultural Heritage Institute of Tirana).
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Fig. 8 – A connection error in the red border between west 
and east mosaic panel in the north wall.

Fig. 7 – An ancient restauration in the southern corner of west wall (photo E. Neri).
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black tesserae; yellow-brown corresponds to the hair 
and some parts of the clothes; red to the flesh tones. 
The background of the mosaic does not seem to have 
preparatory painting and appears white also in the gaps of 
the tesserae. The preparatory painting, usually employed 
in Byzantine mosaics, is attested here in the trichrome 
set (red-yellow-black), often documented in Western and 
Eastern cases between the 6th and 14th century.30

Remnants of nails with rounded heads are found in 
the southern panels (Fig. 9); these are similar in dimension 
and typology to other nails used in preparatory layers of 
mosaics between the 6th and 14th century.31 In this case, 
they are visible on the mosaics’ surfaces, but their heads 
don’t protrude. Therefore, they are too short even to 
hold a very small lamp to illuminate the figures, as has 
been suggested in previous studies.32 In fact, the practice 
of lighting up and animating the mosaics with lamps is 
attested,33 but the hooks used to suspend the lamps in 
the mosaics are very different from the nails seen here. 
For example, in the dome of St. Zeno in Rome and in 
St. Sophia in Thessaloniki they are protruding from the 
mosaic’s surface and have a larger diameter, as is also 
documented in the restoration report for the windows 
of the Neonian baptistery.34

Fig. 9 – The iron nail in the south wall (photo E. Neri).

They are also different, however, from the structural 
nails of the mosaics, because they can be seen on the 
surface and are sparsely distributed. Since they mark an 

30. For instance: in the Nea Moni at Chios, in the Koimesis at Nicea,  
in the church of Dereagzi and in the fragments from lower church 
of Amorium (see Neri 2016 with literature, tab. 12 in particular).

31. See Neri 2016 for comparison, tab. 12.
32. Pace 2003; Boschetti 2009; Bowes, Mitchell 2009.
33. See the examples quoted in Nordhagen 1990 and Ivanovici 2016.
34. Ivanovici 2014.

alignment at the level of the shoulders and the hands  
of the figures, they could be a mark to trace a line of the 
composition and to fit the design in the architectonical 
space, according to the inclination of the roof.

Concerning the materials, stone, painted stone and 
glass tesserae constitute this mosaic. The white, pink, beige, 
and pink-orange tesserae are made of limestone. There are 
two types of red: one is made of white limestone painted 
in red, the other of glass. The gold tesserae, like in ancient 
and Byzantine mosaics, are characterised by a sandwiched 
structure: a thin gold leaf hot-fixed between blown glass 
(the cartellina) and poured glass (the support). In Durres, 
however, the cartellina and gold leaf have not been pre-
served in the majority of the tesserae. They appear to be 
made of brown and green transparent glass. The palette is 
completed by the glass tesserae: black and purple-black, 
three hues of blue (dark blue, brilliant cobalt, deep blue), 
two hues of yellow, three of green (brilliant green, light 
green, yellow green), two types of turquoise, and grey.

The quality of the glass tesserae employed is lower 
than in other cases directly examined in the West (Rome, 
Milan, Naples), in the Balkans (Butrint, Lin, Elbasan) and 
in the East (other sites in Turkey: Hierapolis, Kilise Tepe, 
Mar Gabriel). In fact, the variety of hues for one colour is 
limited to two or three, the tesserae have an inhomo-
geneous structure with bubbles, and a layered structure 
for the red, yellow and green tesserae. Moreover, the 
turquoise tesserae are weathered on the surface.

Gold tesserae are used exclusively in the halo of the 
central figure and in the halo and the hands of Hagios 
Stephanos. In the first case, they are placed in neatly 
separated layers without inclination, like the holy figures 
in St. Demetrios in Thessaloniki and in the mosaics of 
the narthex of St. Sophia in Constantinople.35 Painted 
red tesserae appear on the border and for some elements 
of the clothing. The vitreous black tesserae are used to 
draw the outlines of the figures and for the inscriptions. 
The yellow characterises the angel’s hair, the gems and 
the details on the military clothes of the angels in the 
south panel. Their wings are grey. The blue tesserae 
colour the loros of the central figure, the pallium of the 
angels in south panel, and the robe of the personifications 
of Eirene and Sophia in the western panel. The background 
is white; the green and turquoise tesserae render the light 
and the shadows behind the central figure of the south wall 
and Hagios Stephanos. In particular, on the south wall, the 
central figure is a source of light, as underlined by the red 
half-halo of the angels and by the movement of the central 
figure to the west of the turquoise and green background. 
Conversely, in the west panel, the light irradiates from 
the central figure towards the personification of Eirene. 

35. Cormack 1985.
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Fig. 8 – A connection error in the red border between west 
and east mosaic panel in the north wall.

Fig. 7 – An ancient restauration in the southern corner of west wall (photo E. Neri).
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set (red-yellow-black), often documented in Western and 
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and typology to other nails used in preparatory layers of 
mosaics between the 6th and 14th century.31 In this case, 
they are visible on the mosaics’ surfaces, but their heads 
don’t protrude. Therefore, they are too short even to 
hold a very small lamp to illuminate the figures, as has 
been suggested in previous studies.32 In fact, the practice 
of lighting up and animating the mosaics with lamps is 
attested,33 but the hooks used to suspend the lamps in 
the mosaics are very different from the nails seen here. 
For example, in the dome of St. Zeno in Rome and in 
St. Sophia in Thessaloniki they are protruding from the 
mosaic’s surface and have a larger diameter, as is also 
documented in the restoration report for the windows 
of the Neonian baptistery.34

Fig. 9 – The iron nail in the south wall (photo E. Neri).

They are also different, however, from the structural 
nails of the mosaics, because they can be seen on the 
surface and are sparsely distributed. Since they mark an 

30. For instance: in the Nea Moni at Chios, in the Koimesis at Nicea,  
in the church of Dereagzi and in the fragments from lower church 
of Amorium (see Neri 2016 with literature, tab. 12 in particular).
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32. Pace 2003; Boschetti 2009; Bowes, Mitchell 2009.
33. See the examples quoted in Nordhagen 1990 and Ivanovici 2016.
34. Ivanovici 2014.

alignment at the level of the shoulders and the hands  
of the figures, they could be a mark to trace a line of the 
composition and to fit the design in the architectonical 
space, according to the inclination of the roof.

Concerning the materials, stone, painted stone and 
glass tesserae constitute this mosaic. The white, pink, beige, 
and pink-orange tesserae are made of limestone. There are 
two types of red: one is made of white limestone painted 
in red, the other of glass. The gold tesserae, like in ancient 
and Byzantine mosaics, are characterised by a sandwiched 
structure: a thin gold leaf hot-fixed between blown glass 
(the cartellina) and poured glass (the support). In Durres, 
however, the cartellina and gold leaf have not been pre-
served in the majority of the tesserae. They appear to be 
made of brown and green transparent glass. The palette is 
completed by the glass tesserae: black and purple-black, 
three hues of blue (dark blue, brilliant cobalt, deep blue), 
two hues of yellow, three of green (brilliant green, light 
green, yellow green), two types of turquoise, and grey.

The quality of the glass tesserae employed is lower 
than in other cases directly examined in the West (Rome, 
Milan, Naples), in the Balkans (Butrint, Lin, Elbasan) and 
in the East (other sites in Turkey: Hierapolis, Kilise Tepe, 
Mar Gabriel). In fact, the variety of hues for one colour is 
limited to two or three, the tesserae have an inhomo-
geneous structure with bubbles, and a layered structure 
for the red, yellow and green tesserae. Moreover, the 
turquoise tesserae are weathered on the surface.

Gold tesserae are used exclusively in the halo of the 
central figure and in the halo and the hands of Hagios 
Stephanos. In the first case, they are placed in neatly 
separated layers without inclination, like the holy figures 
in St. Demetrios in Thessaloniki and in the mosaics of 
the narthex of St. Sophia in Constantinople.35 Painted 
red tesserae appear on the border and for some elements 
of the clothing. The vitreous black tesserae are used to 
draw the outlines of the figures and for the inscriptions. 
The yellow characterises the angel’s hair, the gems and 
the details on the military clothes of the angels in the 
south panel. Their wings are grey. The blue tesserae 
colour the loros of the central figure, the pallium of the 
angels in south panel, and the robe of the personifications 
of Eirene and Sophia in the western panel. The background 
is white; the green and turquoise tesserae render the light 
and the shadows behind the central figure of the south wall 
and Hagios Stephanos. In particular, on the south wall, the 
central figure is a source of light, as underlined by the red 
half-halo of the angels and by the movement of the central 
figure to the west of the turquoise and green background. 
Conversely, in the west panel, the light irradiates from 
the central figure towards the personification of Eirene. 

35. Cormack 1985.



ELISABETTA NERI AnTard ,  25 ,  2017362

The small (2-5 mm) pink stone tesserae characterise 
the flesh tones with coloured shadow, according to the 
Byzantine tradition and in contrast to the Roman tradi-
tion, in which carnation is realised with glass tesserae. 
The identification of this tradition is corroborated by 
the way the eyes are rendered with a larger round tessera 
at the centre, as in the Justinianic mosaic in Ravenna, in 
Poreč, in Thessaloniki, and in the majority of the mosaics 
from the Byzantine area (Fig. 10). This technique differs 
from that used in Roman and Milanese mosaics, as well 
as from that in pre-Justinianic mosaic in Ravenna, where 
a square tessera the same size as the others is the base of 
the composition of the eyes. 

The pendilia and gems are realised with larger round 
or drop-shaped tesserae, cut with a grossariuma plier 
(Fig. 11). This, along with the use of numerous glass cake 
edges in the composition, seems to indicate the use of 
new semi-finished products rather than reused materials.

The tesserae are cut in irregular shapes and dimensions 
(between 0.3 and 1.5 cm), above all in the western panel. 

As already underlined,36 the west panel is less accurate 
in its execution, but the technical language and the 
materials are identical to the south panel. This allows us 
to argue that they were made at the same time, but by two 
mosaicists (or two groups of mosaicists) with different 
levels of experience. All the figures are frontal and only 
the donor in the west panel is in three-quarter view, as in 
the eleventh-century mosaics of St. Marco in Venice and in 
the lunette of the imperial door in Constantinople (Fig. 12). 

In synthesis, the technical observations suggest that 
the three separate panels belong to the same cycle, real-
ized at the same moment, by mosaicists with the same 
technical known-how. The technical language has compar-
isons with the eastern Byzantine area (polymateriality,  
 

36. Boschetti 2009, Bowden, Mitchell 2009; Pace 2003.

Fig. 10 – Detail of eye of Agios Stephanos made with one round tessera 
(photo D. Dubois).

Fig. 11 – Detail of pendilia of central figure in south mosaic 
(photo E. Neri).

Fig. 12 – Donor in the west panel showed is in three-quarter view
(photo D. Dubois).

disposition of gold tesserae, rendering of gems and pendilia, 
eyes with rounded tesserae…), diffused in Thessaloniki and 
in the Adriatic area from the Justinian age (in Ravenna 
and Poreč).37

37. For Thessaloniki: Bakirtzis et al. 2014; For Poreč: Terry, Maguire 
2007; For Ravenna and Poreč: Tedeschi 2013. 
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However, these observations cannot constrain the 
chronology, because the technical markers recognised 
were widespread between the 6th and the 14th century.

In this sense, the analytical study of the glass tesserae 
can contribute substantial data to our understanding of 
the mosaics, constraining their chronology and tracing 
the routes of supply, connecting (or not) the hypotheses 
of the provenance of the mosaicists and their materials. 

Glass tesserae analysis

Background of the tesserae production  
and potentiality of this study

Recent studies have clarified that the tesserae are 
cut from glass-cakes produced in secondary workshops, 
where the raw glass from primary centres is opacified 
and coloured.38 The localisation and the organisation of 
the specific workshops for glass-cakes are debated, 
proposing two contrasting models: either local at the 
building site, according to late Medieval sources39, or 
centralised in a small number of centres, due to the lack 
of archaeological remains and to the homogeneity of 
the production recipes.40

Physico-chemical analyses of the glass tesserae can 
constrain the chronological range proposed by the archi- 
tectonical context, offering a terminus post quem to the 
execution of the mosaic. Additionally, the analytical data 
can provide indications on the provenance of the raw 
materials, the reliability of which have vastly improved 
in recent studies.41

For the primary production phase, the transition from 
a centralised to a local production system between the 
6th and 9th century corresponds to a technological change 
in the choice of fluxes, from natron-based in Roman 
times to ash-based in the Middle Ages (potassium-based 
in Northern Europe, sodium-based in the Mediterranean 
area). The intermediate composition (ash- and natron-
based) and the recycle marks a long transition phase.42 
The differences in the alumina, lime and iron content in 
the sand used in the glass allow us to track the Levantine 
and Egyptian provenance of natron glass, where the pri-
mary furnaces are attested by archaeological remains.43 
For the secondary production phase, the variations in the 
colouring and opacification recipes and their association 
with the different types of base glass could suggest the  
supply routes. However, the available data is insufficient 

38. James 2006; Foy 2009; Neri 2016.
39. Harding 1989.
40. Neri 2016.
41. Freestone 2005; Freestone et al. 2015; Henderson 2013; Degryse 2014.
42. Phelps et al. 2016.
43. Nenna 2007; Freestone et al. 2015.

to trace the geographical localisation of secondary work- 
shops. Moreover, the recycling and reuse of tesserae were 
common practices (although regulated) especially in Late 
Antiquity and the early Middle Ages, but the indicators 
to help us recognise these phenomena are defined with 
increasing accuracy.44

Experimental analysis of Durres tesserae

115 glass tesserae detached from the mosaics and col-
lected by restorers at different times have been analysed. 
The samples are representative of all colours and hues, 
with the exception of red glass, which was not available 
in our set. A multianalytical method was followed.

The in situ tesserae on the wall mosaic were prelimi-
narily examined under a stereomicroscope equipped with 
a digital camera. Then in the laboratory, because of the 
severe deterioration (most of the tesserae are covered 
with a yellowish-white crust), the sampled tesserae were 
ground and polished on one side, before observation 
under the optical microscope to determine their colour. 
Small glass fragments were mounted in epoxy resin and 
polished with a series of diamond pastes down to 0.15 µm. 
The polished cross-sections were additionally examined by 
Laser Ablation Inductively Coupled Plasma Mass Spectro- 
metry (LA-ICP-MS) at the Centre Ernest-Babelon of 
the IRAMAT (Orléans) with a standard protocol for glass 
analysis,45 thanks to a collaboration with B. Gratuze 
and N. Schibille.46 The crystalline phases were studied 
by Raman spectroscopy performed at the Laboratory 
MONARIS (Paris), in collaboration with Ph. Colomban47,  

44. Freestone 2015.
45. The 193 nm laser was operated at an energy of 5 mJ, a pulse 

frequency of 10 Hz and a spot size diameter of 100 mm. The 
procedure consisted of 20 seconds pre-ablation time, followed by 
50 seconds of analytical time. Fifty-eight elements were determined 
by spot-analysis and the spectra were converted by means of an 
average response factor KY into fully quantitative data as previously 
described (Gratuze 2016; Schibille et al. 2016a). Reference materials 
Corning A and NIST 612 were repeatedly measured throughout 
the analytical run and accuracy is better than 5% for most major 
and minor elements and within 5-10% for minor and trace elements.

46. Gratuze 2016; Schibille et al. 2016.
47. Two different instruments excited with blue and green laser, re-

spectively (blue excitation is well adapted to record the spectrum 
of poor coloured silicate glasses and the green excitation offers a 
good compromise whatever the colour of the analysed material):
– A LabRam HR 800 spectrometer (HORIBA Scientific, Longjumeau, 

France) coupled to an Olympus BX microscope (10, 50, and 100 
standard and long working distance objectives), equipped with 
a Coherent Arþ ion laser. Here the 458 nm, blue line, is used. 
The scanned areas range between 104 and 5 mm2 as a function 
of the objective magnification.

– A LabRam Infinity spectrometer (Dilor, Lille, France) coupled to 
a BX microscope, equipped with a Nd:YAG green laser (532 nm).

 In order to select the different spots to be analysed by Raman 
scattering, the crystalline phases and the glass matrix have been 
examined first under the optical microscope to. Spectra were 
processed by LabSpec software.
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from the Byzantine area (Fig. 10). This technique differs 
from that used in Roman and Milanese mosaics, as well 
as from that in pre-Justinianic mosaic in Ravenna, where 
a square tessera the same size as the others is the base of 
the composition of the eyes. 

The pendilia and gems are realised with larger round 
or drop-shaped tesserae, cut with a grossariuma plier 
(Fig. 11). This, along with the use of numerous glass cake 
edges in the composition, seems to indicate the use of 
new semi-finished products rather than reused materials.

The tesserae are cut in irregular shapes and dimensions 
(between 0.3 and 1.5 cm), above all in the western panel. 

As already underlined,36 the west panel is less accurate 
in its execution, but the technical language and the 
materials are identical to the south panel. This allows us 
to argue that they were made at the same time, but by two 
mosaicists (or two groups of mosaicists) with different 
levels of experience. All the figures are frontal and only 
the donor in the west panel is in three-quarter view, as in 
the eleventh-century mosaics of St. Marco in Venice and in 
the lunette of the imperial door in Constantinople (Fig. 12). 

In synthesis, the technical observations suggest that 
the three separate panels belong to the same cycle, real-
ized at the same moment, by mosaicists with the same 
technical known-how. The technical language has compar-
isons with the eastern Byzantine area (polymateriality,  
 

36. Boschetti 2009, Bowden, Mitchell 2009; Pace 2003.

Fig. 10 – Detail of eye of Agios Stephanos made with one round tessera 
(photo D. Dubois).

Fig. 11 – Detail of pendilia of central figure in south mosaic 
(photo E. Neri).

Fig. 12 – Donor in the west panel showed is in three-quarter view
(photo D. Dubois).
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eyes with rounded tesserae…), diffused in Thessaloniki and 
in the Adriatic area from the Justinian age (in Ravenna 
and Poreč).37
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However, these observations cannot constrain the 
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In this sense, the analytical study of the glass tesserae 
can contribute substantial data to our understanding of 
the mosaics, constraining their chronology and tracing 
the routes of supply, connecting (or not) the hypotheses 
of the provenance of the mosaicists and their materials. 

Glass tesserae analysis

Background of the tesserae production  
and potentiality of this study

Recent studies have clarified that the tesserae are 
cut from glass-cakes produced in secondary workshops, 
where the raw glass from primary centres is opacified 
and coloured.38 The localisation and the organisation of 
the specific workshops for glass-cakes are debated, 
proposing two contrasting models: either local at the 
building site, according to late Medieval sources39, or 
centralised in a small number of centres, due to the lack 
of archaeological remains and to the homogeneity of 
the production recipes.40

Physico-chemical analyses of the glass tesserae can 
constrain the chronological range proposed by the archi- 
tectonical context, offering a terminus post quem to the 
execution of the mosaic. Additionally, the analytical data 
can provide indications on the provenance of the raw 
materials, the reliability of which have vastly improved 
in recent studies.41

For the primary production phase, the transition from 
a centralised to a local production system between the 
6th and 9th century corresponds to a technological change 
in the choice of fluxes, from natron-based in Roman 
times to ash-based in the Middle Ages (potassium-based 
in Northern Europe, sodium-based in the Mediterranean 
area). The intermediate composition (ash- and natron-
based) and the recycle marks a long transition phase.42 
The differences in the alumina, lime and iron content in 
the sand used in the glass allow us to track the Levantine 
and Egyptian provenance of natron glass, where the pri-
mary furnaces are attested by archaeological remains.43 
For the secondary production phase, the variations in the 
colouring and opacification recipes and their association 
with the different types of base glass could suggest the  
supply routes. However, the available data is insufficient 

38. James 2006; Foy 2009; Neri 2016.
39. Harding 1989.
40. Neri 2016.
41. Freestone 2005; Freestone et al. 2015; Henderson 2013; Degryse 2014.
42. Phelps et al. 2016.
43. Nenna 2007; Freestone et al. 2015.

to trace the geographical localisation of secondary work- 
shops. Moreover, the recycling and reuse of tesserae were 
common practices (although regulated) especially in Late 
Antiquity and the early Middle Ages, but the indicators 
to help us recognise these phenomena are defined with 
increasing accuracy.44

Experimental analysis of Durres tesserae

115 glass tesserae detached from the mosaics and col-
lected by restorers at different times have been analysed. 
The samples are representative of all colours and hues, 
with the exception of red glass, which was not available 
in our set. A multianalytical method was followed.

The in situ tesserae on the wall mosaic were prelimi-
narily examined under a stereomicroscope equipped with 
a digital camera. Then in the laboratory, because of the 
severe deterioration (most of the tesserae are covered 
with a yellowish-white crust), the sampled tesserae were 
ground and polished on one side, before observation 
under the optical microscope to determine their colour. 
Small glass fragments were mounted in epoxy resin and 
polished with a series of diamond pastes down to 0.15 µm. 
The polished cross-sections were additionally examined by 
Laser Ablation Inductively Coupled Plasma Mass Spectro- 
metry (LA-ICP-MS) at the Centre Ernest-Babelon of 
the IRAMAT (Orléans) with a standard protocol for glass 
analysis,45 thanks to a collaboration with B. Gratuze 
and N. Schibille.46 The crystalline phases were studied 
by Raman spectroscopy performed at the Laboratory 
MONARIS (Paris), in collaboration with Ph. Colomban47,  

44. Freestone 2015.
45. The 193 nm laser was operated at an energy of 5 mJ, a pulse 

frequency of 10 Hz and a spot size diameter of 100 mm. The 
procedure consisted of 20 seconds pre-ablation time, followed by 
50 seconds of analytical time. Fifty-eight elements were determined 
by spot-analysis and the spectra were converted by means of an 
average response factor KY into fully quantitative data as previously 
described (Gratuze 2016; Schibille et al. 2016a). Reference materials 
Corning A and NIST 612 were repeatedly measured throughout 
the analytical run and accuracy is better than 5% for most major 
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46. Gratuze 2016; Schibille et al. 2016.
47. Two different instruments excited with blue and green laser, re-

spectively (blue excitation is well adapted to record the spectrum 
of poor coloured silicate glasses and the green excitation offers a 
good compromise whatever the colour of the analysed material):
– A LabRam HR 800 spectrometer (HORIBA Scientific, Longjumeau, 

France) coupled to an Olympus BX microscope (10, 50, and 100 
standard and long working distance objectives), equipped with 
a Coherent Arþ ion laser. Here the 458 nm, blue line, is used. 
The scanned areas range between 104 and 5 mm2 as a function 
of the objective magnification.

– A LabRam Infinity spectrometer (Dilor, Lille, France) coupled to 
a BX microscope, equipped with a Nd:YAG green laser (532 nm).

 In order to select the different spots to be analysed by Raman 
scattering, the crystalline phases and the glass matrix have been 
examined first under the optical microscope to. Spectra were 
processed by LabSpec software.
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for just ten tesserae. The morphology and the composition 
of the crystalline phase were subsequently analysed by 
SEM/EDS at the Centre Ernest-Babelon of the IRAMAT 
(Orleans). Before the SEM/EDS analysis, polished blocks 
were carbon-coated using a Quorum K975X high vacuum 
thermal evaporator coater.48 The analytical methods 
and the detailed results are shown and discussed in two 
previously published papers, in which the raw data is 
integrally examined.49

Results of the analysis

The results here discussed are only those with aspects 
which are interesting from an archeological point of 
view and for the interpretation of the mosaic. The base 
glass composition is discussed separately from colourants, 
pigments and opacifiers.

- Base glass

The tesserae are made of soda-lime-silica glass; having 
potassium and magnesium oxide contents below 1.5% and 
a phosphorus content below 0.2%. They can be identified 
as natron glass, in agreement with the glass type prevailing 
in Roman times and until the 9th century. Only two gold 
tesserae have soda ash flux. For the natron glass, the 
potassium and magnesium oxide contents (Figs. 13-14) 
show two compositional groups: the first, concerning the  
 

48. The available equipment used at IRAMAT-CEB was a FEI Philips 
XL40 ESEM with an Oxford Instrument EDX system for microanalysis 
(Link Pentafet Si(Li) detector). Imaging and analyses were done at 
20 kV acceleration voltage, a beam diameter of 1 µm and at working 
distance of 10 mm. Semi-quantitative determination of the opac-
ifiers and pigments was performed by X-ray microanalysis for 
300 s time. The quantification was done using INCA software.

49. Neri et al. 2017b; Neri et al. 2017a.

majority of samples of all colours, with a lower K2O  
content (> 0.75%); the second, represented by a group of 
15 turquoise tesserae, with a higher level of K2O (0.9-1.2%). 
These two groups also differ in the mineral components 
associated with the silica source, such as aluminium,  
calcium, titanium and zirconium.

According to the silica sources, the first group corre-
sponds to the Foy-2 raw glass,50 also called weak HIMT,51 
HIMT 2,52 HLIMT53 or CaO-rich HIMT.54 This raw glass, 
produced in Egypt, circulated between the 5th and 
7th century.55 The manganese content in the tesserae of 
this group (0.9-1.5%, except in the purple-black tesserae, 
where the manganese is also added to colour) shows the 
intentional addition of manganese to decolourise a glass 
rich in iron, a contaminant of the sand with a higher 
colouring power. Only a small group of green tesserae 
with lower levels of manganese show a type of raw glass 
which is not decolourised.

The second group is characterised by high alumina 
and lime concentrations, lower soda and magnesia 
contents and lower contamination of heavy elements (Fe, 
Ti, Zr, V, Hf) compared to the samples of the first group. 
They can be identified as Levantine I raw glass, produced 
in Syro-Palestine56 and circulating in the Mediterranean 
area between the 5th and 8th century.57 The low levels of 
manganese suggest the use of non-decolourised glass. 
Levantine I raw glass with a low manganese content is 
attested from the 6th century.58

50. Foy et al. 2003.
51. Rosenow, Rehren 2014.
52. Foster, Jackson 2009.
53. Ceglia et al. 2015.
54. Gliozzo 2016.
55. Nenna 2014; Ceglia et al. 2015; Cholakova et al. 2016; Conte et al. 2014; 

Schibille et al. 2016a; 2016b.
56. Brill 1988; Freestone et al. 2000.
57. Gliozzo 2016.
58. Freestone et al. 2000; Tal et al. 2004; Schibille, Mackenzie 2014.

Fig. 13 – MgOVSK2O plot showing the natron glass composition 
analysed in ICP-MS (raw data in Neri et al. 2017a) for all tesserae 
with high potassium content for green-turquoise tesserae.

Fig. 14 – CaOVSAl2O3 plot showing the Levantine composition of 
green-turquoise tesserae and the Foy2 composition for the others.
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- Colouration and opacification

Gold

Only the support of the analysed tesserae has been 
preserved, because the gold leaves and the cartellina 
have been detached.

Only one tessera is transparent and perfectly decol-
ourised by the addition of manganese oxide (MnO 1.7%), 
contrasting the significant amount of iron (Fe2O3 1.7 %).

The glass of the other three tesserae is green, al- 
though they have the same composition as the former, 
with comparable iron (Fe2O3 1.1-1.7 %) and manganese 
(MnO 1.2-1.6 %) content. As demonstrated in a specific 
study of gold tesserae,59 the melting conditions and the 
final redox state of the glass influence the final colour 
more than the amounts of iron and manganese, as is 
shown by the similar composition of intensely and 
slightly coloured areas within the same tessera.

The use of antimony – a decolourant used until the 
4th century60 and later in Rome61 – is not documented here.

Blue

The blue tesserae were coloured with cobalt oxide 
and contain copper and iron in higher concentrations 
compared with other samples, introduced unintention-
ally through a cobalt ore. The more significant amount 
of cobalt in four samples (DU_9, DU_9bf, DU_21, DU_3) 
gives a more brilliant blue.

The nature of the cobalt differs in terms of its corre-
lation with nickel, showing two groups corresponding to 
two sources of colourants (Fig. 15a). In the first, includ-
ing the majority of the samples, the cobalt is strongly 
correlated with nickel, as well as indium and lead. This 
type of correlation is shown in Byzantine glass weights 
(6th-7th centuries), made from Foy-2 raw glass.62 This type 
of cobalt is attested in Byzantine sites from the late 6th 
and 7th century63 and in Merovingian glass in the West.64 

The cobalt / iron ratio differentiates these samples 
from the samples of the second group, not correlated 
with nickel, typical of Roman times.65 Undissolved grains 
of mineral residue of cobalt are observed by SEM/EDS in 
one sample; they have a composition of cobalt sulfide 
associated with iron, copper and manganese (S2O3 2.35%, 
CaO 0.42%, TiO2 1.5%, V 0.4%, MnO 1.74%, Fe2O3 81.6%, 
CoO 8.61%, Cu2O3 3.3%).

59. Neri et al. 2016.
60. Jackson 2005.
61. Verità in press. 
62. Schibille et al. 2016a.
63. Gratuze 2007.
64. Gratuze et al. 1992.
65. Gratuze et al. 1992.

The majority of the blue tesserae are opacified by 
bubbles, according to a technique attested in the Roman 
and late Roman period.66

Yellow 

The correlation between lead and tin in yellow and 
green tesserae and the detection by SEM / EDS of the 
crystalline phases of lead stannate, show the use of yellow 
pigments to colour the glass (Fig. 15b). Different types 
of yellow pigments are detected: with iron, with iron and 
arsenic, without iron and with arsenic, with antimony, 
or with zinc. This variety of minor components, generally 
interpreted as a know-how marker linked with chrono-
logical changes,67 is attested for the first time in the same 
context. The Raman signature shows the use of distinct 
phases of pyrochlore solid solution (PbSb2x-ySnxMyO7-δ) 
(Fig. 16).

Lead stannate is considered by many scholars to be 
typical of Byzantine glassmaking technology, in contrast 
to the Roman tradition with lead antimonate. Recent 
studies on the opus sectile in the Gorga collection showed, 
already in the Roman period, the simultaneous use of 
both lead antimonate and lead stannate yellow pigments 
to produce different yellow hues.68 However, the pieces 
from the Gorga collection have heterogeneous prove-
nances and are not well dated. In mosaic tesserae and 
sectilia found in situ, lead stannate is used from the late 
6th century in Ravenna,69 as in Asia Minor70 and in Syro-
Palestine,71 and from the 7th century in Rome.72

Moreover, some samples show a significant quantity 
of arsenic and antimony, correlated to lead stannate. 
This pigment is attested in beads from the 7th century.73 

Green

The green tesserae are coloured by copper and iron. 
In only four samples, is the iron not correlated to titanium, 
showing the voluntary addition of the former. 

From SEM/EDS observation, many tesserae display 
particles of leaded copper alloy (Cu-Pb) with tin (Cu-Pb-Sn) 
or silver (Cu-Pb-Ag), also used in Byzantine metallic 
objects (Fig. 15c), demonstrating the use of metallic 
residues to colour the glass, as observed in other Western 
and Eastern tesserae between the 4th and 10th century.74

66. Verità 2000; Maltoni, Silvestri 2016. 
67. Lahlil et al. 2010.
68. Verità et al. 2013.
69. Fiori et al. 2004; Fiori 2013.
70. Schibille et al. 2012; Neri et al. 2016; Neri et al. in press.
71. Marii 2013; Lahanier 1987.
72. In the arch of SS. Cosma and Damiano, Verità et al. 2002.
73. Neri et al. 2017b.
74. Maltoni, Silvestri 2016; Neri 2016; Neri et al. 2016.
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for just ten tesserae. The morphology and the composition 
of the crystalline phase were subsequently analysed by 
SEM/EDS at the Centre Ernest-Babelon of the IRAMAT 
(Orleans). Before the SEM/EDS analysis, polished blocks 
were carbon-coated using a Quorum K975X high vacuum 
thermal evaporator coater.48 The analytical methods 
and the detailed results are shown and discussed in two 
previously published papers, in which the raw data is 
integrally examined.49

Results of the analysis

The results here discussed are only those with aspects 
which are interesting from an archeological point of 
view and for the interpretation of the mosaic. The base 
glass composition is discussed separately from colourants, 
pigments and opacifiers.

- Base glass

The tesserae are made of soda-lime-silica glass; having 
potassium and magnesium oxide contents below 1.5% and 
a phosphorus content below 0.2%. They can be identified 
as natron glass, in agreement with the glass type prevailing 
in Roman times and until the 9th century. Only two gold 
tesserae have soda ash flux. For the natron glass, the 
potassium and magnesium oxide contents (Figs. 13-14) 
show two compositional groups: the first, concerning the  
 

48. The available equipment used at IRAMAT-CEB was a FEI Philips 
XL40 ESEM with an Oxford Instrument EDX system for microanalysis 
(Link Pentafet Si(Li) detector). Imaging and analyses were done at 
20 kV acceleration voltage, a beam diameter of 1 µm and at working 
distance of 10 mm. Semi-quantitative determination of the opac-
ifiers and pigments was performed by X-ray microanalysis for 
300 s time. The quantification was done using INCA software.

49. Neri et al. 2017b; Neri et al. 2017a.

majority of samples of all colours, with a lower K2O  
content (> 0.75%); the second, represented by a group of 
15 turquoise tesserae, with a higher level of K2O (0.9-1.2%). 
These two groups also differ in the mineral components 
associated with the silica source, such as aluminium,  
calcium, titanium and zirconium.

According to the silica sources, the first group corre-
sponds to the Foy-2 raw glass,50 also called weak HIMT,51 
HIMT 2,52 HLIMT53 or CaO-rich HIMT.54 This raw glass, 
produced in Egypt, circulated between the 5th and 
7th century.55 The manganese content in the tesserae of 
this group (0.9-1.5%, except in the purple-black tesserae, 
where the manganese is also added to colour) shows the 
intentional addition of manganese to decolourise a glass 
rich in iron, a contaminant of the sand with a higher 
colouring power. Only a small group of green tesserae 
with lower levels of manganese show a type of raw glass 
which is not decolourised.

The second group is characterised by high alumina 
and lime concentrations, lower soda and magnesia 
contents and lower contamination of heavy elements (Fe, 
Ti, Zr, V, Hf) compared to the samples of the first group. 
They can be identified as Levantine I raw glass, produced 
in Syro-Palestine56 and circulating in the Mediterranean 
area between the 5th and 8th century.57 The low levels of 
manganese suggest the use of non-decolourised glass. 
Levantine I raw glass with a low manganese content is 
attested from the 6th century.58

50. Foy et al. 2003.
51. Rosenow, Rehren 2014.
52. Foster, Jackson 2009.
53. Ceglia et al. 2015.
54. Gliozzo 2016.
55. Nenna 2014; Ceglia et al. 2015; Cholakova et al. 2016; Conte et al. 2014; 

Schibille et al. 2016a; 2016b.
56. Brill 1988; Freestone et al. 2000.
57. Gliozzo 2016.
58. Freestone et al. 2000; Tal et al. 2004; Schibille, Mackenzie 2014.

Fig. 13 – MgOVSK2O plot showing the natron glass composition 
analysed in ICP-MS (raw data in Neri et al. 2017a) for all tesserae 
with high potassium content for green-turquoise tesserae.

Fig. 14 – CaOVSAl2O3 plot showing the Levantine composition of 
green-turquoise tesserae and the Foy2 composition for the others.
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- Colouration and opacification

Gold

Only the support of the analysed tesserae has been 
preserved, because the gold leaves and the cartellina 
have been detached.

Only one tessera is transparent and perfectly decol-
ourised by the addition of manganese oxide (MnO 1.7%), 
contrasting the significant amount of iron (Fe2O3 1.7 %).

The glass of the other three tesserae is green, al- 
though they have the same composition as the former, 
with comparable iron (Fe2O3 1.1-1.7 %) and manganese 
(MnO 1.2-1.6 %) content. As demonstrated in a specific 
study of gold tesserae,59 the melting conditions and the 
final redox state of the glass influence the final colour 
more than the amounts of iron and manganese, as is 
shown by the similar composition of intensely and 
slightly coloured areas within the same tessera.

The use of antimony – a decolourant used until the 
4th century60 and later in Rome61 – is not documented here.

Blue

The blue tesserae were coloured with cobalt oxide 
and contain copper and iron in higher concentrations 
compared with other samples, introduced unintention-
ally through a cobalt ore. The more significant amount 
of cobalt in four samples (DU_9, DU_9bf, DU_21, DU_3) 
gives a more brilliant blue.

The nature of the cobalt differs in terms of its corre-
lation with nickel, showing two groups corresponding to 
two sources of colourants (Fig. 15a). In the first, includ-
ing the majority of the samples, the cobalt is strongly 
correlated with nickel, as well as indium and lead. This 
type of correlation is shown in Byzantine glass weights 
(6th-7th centuries), made from Foy-2 raw glass.62 This type 
of cobalt is attested in Byzantine sites from the late 6th 
and 7th century63 and in Merovingian glass in the West.64 

The cobalt / iron ratio differentiates these samples 
from the samples of the second group, not correlated 
with nickel, typical of Roman times.65 Undissolved grains 
of mineral residue of cobalt are observed by SEM/EDS in 
one sample; they have a composition of cobalt sulfide 
associated with iron, copper and manganese (S2O3 2.35%, 
CaO 0.42%, TiO2 1.5%, V 0.4%, MnO 1.74%, Fe2O3 81.6%, 
CoO 8.61%, Cu2O3 3.3%).

59. Neri et al. 2016.
60. Jackson 2005.
61. Verità in press. 
62. Schibille et al. 2016a.
63. Gratuze 2007.
64. Gratuze et al. 1992.
65. Gratuze et al. 1992.

The majority of the blue tesserae are opacified by 
bubbles, according to a technique attested in the Roman 
and late Roman period.66

Yellow 

The correlation between lead and tin in yellow and 
green tesserae and the detection by SEM / EDS of the 
crystalline phases of lead stannate, show the use of yellow 
pigments to colour the glass (Fig. 15b). Different types 
of yellow pigments are detected: with iron, with iron and 
arsenic, without iron and with arsenic, with antimony, 
or with zinc. This variety of minor components, generally 
interpreted as a know-how marker linked with chrono-
logical changes,67 is attested for the first time in the same 
context. The Raman signature shows the use of distinct 
phases of pyrochlore solid solution (PbSb2x-ySnxMyO7-δ) 
(Fig. 16).

Lead stannate is considered by many scholars to be 
typical of Byzantine glassmaking technology, in contrast 
to the Roman tradition with lead antimonate. Recent 
studies on the opus sectile in the Gorga collection showed, 
already in the Roman period, the simultaneous use of 
both lead antimonate and lead stannate yellow pigments 
to produce different yellow hues.68 However, the pieces 
from the Gorga collection have heterogeneous prove-
nances and are not well dated. In mosaic tesserae and 
sectilia found in situ, lead stannate is used from the late 
6th century in Ravenna,69 as in Asia Minor70 and in Syro-
Palestine,71 and from the 7th century in Rome.72

Moreover, some samples show a significant quantity 
of arsenic and antimony, correlated to lead stannate. 
This pigment is attested in beads from the 7th century.73 

Green

The green tesserae are coloured by copper and iron. 
In only four samples, is the iron not correlated to titanium, 
showing the voluntary addition of the former. 

From SEM/EDS observation, many tesserae display 
particles of leaded copper alloy (Cu-Pb) with tin (Cu-Pb-Sn) 
or silver (Cu-Pb-Ag), also used in Byzantine metallic 
objects (Fig. 15c), demonstrating the use of metallic 
residues to colour the glass, as observed in other Western 
and Eastern tesserae between the 4th and 10th century.74

66. Verità 2000; Maltoni, Silvestri 2016. 
67. Lahlil et al. 2010.
68. Verità et al. 2013.
69. Fiori et al. 2004; Fiori 2013.
70. Schibille et al. 2012; Neri et al. 2016; Neri et al. in press.
71. Marii 2013; Lahanier 1987.
72. In the arch of SS. Cosma and Damiano, Verità et al. 2002.
73. Neri et al. 2017b.
74. Maltoni, Silvestri 2016; Neri 2016; Neri et al. 2016.
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Fig. 15 – SEM/EDS image showing some crystalline phase: a/ grains of mineral of cobalt with nickel; b/ lead stannate aggregates; 
c/ metal inclusion of copper alloy; d. inclusion of iron-manganese.

Fig. 16 – Representative Raman spectra of the different crystalline phase of yellow tesserae: 
pyrochlore bindhemite solid solution (PbSb2x-ySnxMyO7-δ).
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Some green samples show crystalline phases of quartz, 
detected also by Raman in a different work,75 but the low 
density of crystals shows that the quartz is not inten-
tionally added to the melt to opacify the glass, as attested 
in middle Byzantine mosaics.76

Turquoise

Turquoise tesserae were coloured by adding copper 
oxide to base glass decolourised with manganese (Foy-2 
base glass) or without manganese (Levantine I base glass). 
Copper oxide produces a light blue colour and the pres-
ence of oxidised iron tends to shift the colour towards 
turquoise or green, according to the composition and 
the oxidising conditions of the melt. For this reason, 
tesserae made with Foy-2 glass are blue-green rather 
than turquoise, due to a higher content of iron than in 
the Levantine I tesserae.

Purple, purple-brown

The purple and purple-brown tesserae were coloured 
using manganese, added in higher quantities than iron. 
Some samples show undissolved particles of iron, 
manganese and silicium by SEM/EDS, characterising the 
mineral used to colour the glass (Fig. 15d). A particle 
with the same composition is detected in one tessera 
from the 7th century phase of the mosaics of SS. Cosma 
and Damiano in Rome.77 According to the Venetian recipes, 
the use of manganese is suggested to obtain purple and 
black colours: the minerals are alternately roasted, 
calcined and washed with soda and vinegar78.

The archeological interpretation of the chemical 
analysis: chronology and supply of the tesserae

The data points to an early chronology within the 
range provided by the stylistic observations of the mosaics. 
The use of natron glass for all analysed samples can suggest 
a terminus ante quem of the 8th-9th centuries. Two gold 
tesserae with soda ash flux, discussed in a previous 
study,79 are not statistically significant, but could show a 
posterior (post 8th-9th centuries) restoration, as observed 
in other mosaics both in the West and in the East.80  
 

75. Neri et al. 2016.
76. At Hierapolis (Neri et al. in press), at Hosios Loukas (Arletti et al. 

2010), in Sicily (Verità, Rapisarda 2008; Arletti et al. 2010) and in 
Torcello (Venice) (Verità, Zecchin 2012).

77. Verità et al. 2002.
78. Zecchin 1990.
79. Neri et al. 2016.
80. For instance, in northern Italy between the 9th and 11th century:  

at St. Ambrose in Milan (Neri 2016), St. Justine in Padua (Silvestri 

Moreover, the Foy-2 and Levantine I base glass were pro-
duced and circulated between the 5th and late 7th century,81 
and cobalt associated with nickel was exploited and used 
in glass from the late 6th and 7th century.82

This allows the proposal that the tesserae used in the 
mosaics were produced around the late 6th-beginning of 
the 7th century.

These tesserae seem to have been newly produced 
and not made by recycling older glass. Not only is no 
marker of recycling recognised for the base glass,83 but 
also undissolved colorants (pigments, metallic inclusions 
and mineral residues) seem to indicate a non-recycled 
glass. Moreover, the use of cobalt sources linked with 
high impurities of nickel, typical from  the 6th century, 
exclude a re-use of ancient and Late Antique blue tesserae. 

The sample of analysed tesserae shows two possible 
supply routes: the first group includes the majority of 
the tesserae, produced with Foy-2 glass; the second the 
turquoise tesserae produced with Levantine I.

The second group shares the same features as a group 
of turquoise, green and aqua tesserae from mosaics of 
the late 6th century in Constantinople,84 in Cilicia85 and  
in the Justinianic (mid-6th century) Albanian mosaics.86 
Because these features are not attested in Italy during 
the same period,87 we can suppose an eastern provenance. 

In the first group, no sub-groups can be identified by 
opacification recipes, in contrast to other cases, where 
different opacification and colouration recipes – proba-
bly attesting a supply from many workshops, or a re-use 
and new importation – are shown in the same mosaic.88 
The homogeneity of the Durres sample suggests an ad hoc 
supply for this mosaic.

The opacification with bubbles only for the blue and 
turquoise tesserae, and with yellow pigments (lead stan-
nates) for yellow and green, differentiates the Durres 
tesserae from those from Rome, Milan, Ravenna, Asia 
Minor and Syria in terms of opacification recipes. In 
fact, in Rome, the tesserae were opacified by calcium 

 et al. 2011), St. Vitale in Ravenna (Neri, Verità 2013); in Asia 
Minor, at St. Polyeuktos in Constantinople (Schibille, McKenzie 
2014) and in Hierapolis (Neri et al. in press).

81. For the later attestations: Bonnerot et al. 2016; Ceglia et al. 2015; 
Cholakova et al. 2016; Schibille et al. 2016a and 2016b; Gliozzo 2016.

82. Schibille et al. 2016a.
83. For the markers of recycling see Freestone 2015; Schibille et al. 

2012.
84. Schibille, Mc Kenzie 2014.
85. Neri et al. in press. 
86. Vataj et al. 2016; Neri in press.
87. For Milan: Neri et al. 2013; Neri 2016; for Ravenna: Fiori et al. 2004; 

Vandini et al. 2014; Verità 2011; Fiori 2013; for Padua: Silvestri et al. 
2012; 2014; for Rome: Verità, Santopadre 1993; Verità et al. 2002; 
Verità, Vallotto 2003; Verità et al. 2009; for Faragola: Gliozzo et al. 2009. 

88. For instance: Verità 2011 for the Neonian baptistery in Ravenna; 
Neri, Verità 2012 for St. John and St. Laurent in Milan; Neri et al. 
in press, for St. Philip in Hierapolis. 
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Fig. 15 – SEM/EDS image showing some crystalline phase: a/ grains of mineral of cobalt with nickel; b/ lead stannate aggregates; 
c/ metal inclusion of copper alloy; d. inclusion of iron-manganese.

Fig. 16 – Representative Raman spectra of the different crystalline phase of yellow tesserae: 
pyrochlore bindhemite solid solution (PbSb2x-ySnxMyO7-δ).
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Some green samples show crystalline phases of quartz, 
detected also by Raman in a different work,75 but the low 
density of crystals shows that the quartz is not inten-
tionally added to the melt to opacify the glass, as attested 
in middle Byzantine mosaics.76

Turquoise

Turquoise tesserae were coloured by adding copper 
oxide to base glass decolourised with manganese (Foy-2 
base glass) or without manganese (Levantine I base glass). 
Copper oxide produces a light blue colour and the pres-
ence of oxidised iron tends to shift the colour towards 
turquoise or green, according to the composition and 
the oxidising conditions of the melt. For this reason, 
tesserae made with Foy-2 glass are blue-green rather 
than turquoise, due to a higher content of iron than in 
the Levantine I tesserae.

Purple, purple-brown

The purple and purple-brown tesserae were coloured 
using manganese, added in higher quantities than iron. 
Some samples show undissolved particles of iron, 
manganese and silicium by SEM/EDS, characterising the 
mineral used to colour the glass (Fig. 15d). A particle 
with the same composition is detected in one tessera 
from the 7th century phase of the mosaics of SS. Cosma 
and Damiano in Rome.77 According to the Venetian recipes, 
the use of manganese is suggested to obtain purple and 
black colours: the minerals are alternately roasted, 
calcined and washed with soda and vinegar78.

The archeological interpretation of the chemical 
analysis: chronology and supply of the tesserae

The data points to an early chronology within the 
range provided by the stylistic observations of the mosaics. 
The use of natron glass for all analysed samples can suggest 
a terminus ante quem of the 8th-9th centuries. Two gold 
tesserae with soda ash flux, discussed in a previous 
study,79 are not statistically significant, but could show a 
posterior (post 8th-9th centuries) restoration, as observed 
in other mosaics both in the West and in the East.80  
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Moreover, the Foy-2 and Levantine I base glass were pro-
duced and circulated between the 5th and late 7th century,81 
and cobalt associated with nickel was exploited and used 
in glass from the late 6th and 7th century.82

This allows the proposal that the tesserae used in the 
mosaics were produced around the late 6th-beginning of 
the 7th century.

These tesserae seem to have been newly produced 
and not made by recycling older glass. Not only is no 
marker of recycling recognised for the base glass,83 but 
also undissolved colorants (pigments, metallic inclusions 
and mineral residues) seem to indicate a non-recycled 
glass. Moreover, the use of cobalt sources linked with 
high impurities of nickel, typical from  the 6th century, 
exclude a re-use of ancient and Late Antique blue tesserae. 

The sample of analysed tesserae shows two possible 
supply routes: the first group includes the majority of 
the tesserae, produced with Foy-2 glass; the second the 
turquoise tesserae produced with Levantine I.

The second group shares the same features as a group 
of turquoise, green and aqua tesserae from mosaics of 
the late 6th century in Constantinople,84 in Cilicia85 and  
in the Justinianic (mid-6th century) Albanian mosaics.86 
Because these features are not attested in Italy during 
the same period,87 we can suppose an eastern provenance. 

In the first group, no sub-groups can be identified by 
opacification recipes, in contrast to other cases, where 
different opacification and colouration recipes – proba-
bly attesting a supply from many workshops, or a re-use 
and new importation – are shown in the same mosaic.88 
The homogeneity of the Durres sample suggests an ad hoc 
supply for this mosaic.

The opacification with bubbles only for the blue and 
turquoise tesserae, and with yellow pigments (lead stan-
nates) for yellow and green, differentiates the Durres 
tesserae from those from Rome, Milan, Ravenna, Asia 
Minor and Syria in terms of opacification recipes. In 
fact, in Rome, the tesserae were opacified by calcium 

 et al. 2011), St. Vitale in Ravenna (Neri, Verità 2013); in Asia 
Minor, at St. Polyeuktos in Constantinople (Schibille, McKenzie 
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87. For Milan: Neri et al. 2013; Neri 2016; for Ravenna: Fiori et al. 2004; 

Vandini et al. 2014; Verità 2011; Fiori 2013; for Padua: Silvestri et al. 
2012; 2014; for Rome: Verità, Santopadre 1993; Verità et al. 2002; 
Verità, Vallotto 2003; Verità et al. 2009; for Faragola: Gliozzo et al. 2009. 

88. For instance: Verità 2011 for the Neonian baptistery in Ravenna; 
Neri, Verità 2012 for St. John and St. Laurent in Milan; Neri et al. 
in press, for St. Philip in Hierapolis. 
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antimoniate from the 4th to the 12th century,89 as in Faragola 
(southern Italy)90 as well as other cases.91 This recipe, 
typical of the Roman period, attests the continuity of 
Roman technology and of raw material supply in the late 
Roman and Byzantine period, or the re-use of ancient 
tesserae. The use of tesserae opacified by calcium anti-
moniate is also predominant in Ravenna and in Classe,92 
where some tesserae were opacified by calcium phos-
phate in the 5th century.93 This technique, diffused in 
Jordan,94 Syria,95 Asia Minor and Cyprus96 from the begin-
ning of the 5th century, is also recognised in northern 
Italy97 and not attested in our sample. The Durres tesserae 
are also different from these opacified by cassiterite in 
lead-free glass, until now recognised between the 5th and 
7th century in Cyprus,98 Tyana (Cappadocia),99 and Milan.100

Comparing the opacification and colouration recipes 
of the Durres tesserae with the available data from ana-
lysed tesserae from Albania; those of Durres are different 
from Roman and Late Antique tesserae from southern 
Albania,101 where the calcium antimoniate and lead anti-
moniate are used. However, they are similar to sixth-cen-
tury tesserae from Byllis, Elbasan, Lin102 and the Butrint 
baptistery, opacified by bubbles and lead stannate.103 This 
shows a discontinuation of ancient technology from 
the 6th century. Nevertheless, the sixth-century Albanian 
tesserae are produced mainly with Levantine glass,104 in 
contrast to those of Durres, mostly made with African 
glass (Foy-2).

The colourant supply and recipes of colouration are 
similar to these of the analysed tesserae in the Mediter-
ranean area from Antiquity to the Byzantine period, but 
some peculiarities are shown.

89. Verità, Santopadre 1993; Verità et al. 2002; Verità, Vallotto 2003; 
Verità et al. 2009. The first case with tin-based opacification is  
S. Maria in Trastevere (Tiberia 1996 with appendix by M. Verità).

90. Gliozzo et al. 2009.
91. Lahlil et al. 2008. Some Late Antique and Byzantine cases in which 

calcium antimoniate is used are Antioch in the 4th-5th centuries 
(Wypyski, Becker 2005), Sagalassos in the 5th century (Schibille 
et al. 2012), St. Polyeuktos in Constantinople in the 6th century 
(Schibille, McKenzie 2014), Vrina (southern Albania) in the early 
Byzantine period (Schibille 2011). 

92. Vandini et al. 2014; Fiori et al. 2004; Fiori 2013.
93. Verità 2011.
94. Marii 2013.
95. Lahanier 1987.
96. Neri et al. 2016; Silvestri et al. 2016; Bonnerot et al. 2016. 
97. Neri, Verità 2012; Neri 2016.
98. Bonnerot et al. 2016.
99. Lachin et al. 2009.
100. Neri et al. 2013.
101. For Vrina, Schibille 2011; for the Nympheum and Triconch mosaics 

in Butrint, Neri in press.
102. For these tesserae only a preliminary publication is available 

(Vataj et al. 2016), and a parallel work is in progress by the author. 
103. For the Butrint baptistry see Neri in press. 
104. Schibille 2011; Vataj et al. 2017.

The sources of cobalt to colour the blue tesserae are 
less pure and contain nickel traces which are not identi-
fied in the sixth-century blue tesserae from Albania and 
could indicate a new route of supply. Schibille et al. have 
proposed a supply of this type of cobalt from the mines 
of Qamsar in central Iran.105 From an historical point of 
view, between the late 6th century and the 7th, the mili-
tary and diplomatic relationship between the Persian 
empire and Byzantium was intense, although the aims of 
these missions were to protect the border of the Empire 
from Persian expansion. Another possibility is to sup-
pose that this cobalt came from the mine of Alshar 
(Macedonia); but no archaeological research has been 
conducted to prove a Byzantine exploitation before 
 the Ottoman period. The north of Greece and the south 
of the Balkans (Macedonia in particular) are, in fact,  
geologically rich in Mn, Co, Ni.106

The use of metallurgical remains (leaded copper 
and brass), observed in the Durres samples, is also shown 
in other Albanian Byzantine tesserae,107 as well as in 
tesserae from Milan,108 Ravenna109 and Asia Minor,110 
marking a trend in the production of green tesserae in 
the Byzantine period.

The colouration in purple-brown / black, probably 
by calcinating a mineral of manganese associated with 
iron and silica, is also detected in one sample of the  
seventh-century phase of SS. Cosma and Damiano.111 
This manganese source is not associated with barium 
and is different from what is commonly attested in 
Eastern mosaics.112

In conclusion, the second group of Durres tesserae does 
not show a strong parallel with other analysed tesserae 
and a route of supply cannot be supposed. However, the 
differences to tesserae from Rome (opacification with 
antimoniate) and the Levantine area (opacification with 
calcium phosphate and cassiterite) could illustrate the 
network of supply and propose a more local production 
or a provenance from a non-studied area, like Africa, 
from where the base glass also comes.

Hypotheses on the mosaic history

The tesserae can likely be attributed to the 6th-7th cen-
turies, but the chapel was probably built later with an 
important building phase in the 9th-10th centuries, when  
 

105. Gratuze 2000.
106. Boev, Jelenkovic, 2012.
107. Vataj et al. 2017.
108. Neri, Verità 2012; Neri 2016.
109. Vandini et al. 2014.
110. Neri et al. 2016.
111. Verità in press.
112. Wypyski 2005; Marii 2013; Neri et al. 2016.
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the frescoes under the mosaics were probably painted, 
according to their stylistic and iconographical analysis. 
Even if we refuse this chronology and suppose that the 
frescoes were painted at the moment of the construction 
of the building, they cannot have been covered by the 
mosaics immediately afterwards.

To combine the architectural chronology of the 
building and the chronology proposed by the analysis of 
the tesserae, two hypotheses are possible:

1/ The mosaic can be dated post-10th century and it re- 
used tesserae dismantled from another 6th-7th mosaic;

2/ The three panels of this mosaic belong to a sixth- 
seventh-century mosaic, from which they were 
detached and re-located in this context after the 
10th century or later, while the monumental tomb 
was being used (14th century).

The first hypothesis is supported by the fact that the 
re-use of tesserae was a current practice in Late Antique 
and Medieval times. The Late Antique law about the 
preservation of decus tries to contain this use and many 
literary sources, specifically mentioning the tesserae,113 
attest the common practice of removing the tesserae from 
ruined buildings and re-using them in new mosaics, with 
or without the legal permission of the authorities to 
which the building belonged. However, the hypothesis 
of the re-use of ancient tesserae in a late Byzantine 
mosaic is in contrast with the iconographical and stylistic 
reading of this mosaic, dated no later than the 10th century. 
For the second hypothesis, the practice of recomposing 
the fragments of Late Antique mosaics in Medieval times 
has not been systematically studied, but some examples 
are known in Rome between the 12th and 13th century.114 
Some technical details can corroborate this hypothesis. 
In fact, only two walls are covered by mosaics; the ceil-
ing and the north panel do not have mosaic decoration, 
and do not show the remains of any ancient mosaics 
superposed to the painted layers. Three panels (instead 
of two) occupy two walls; the west panel does not touch 
the southern one, and the panel with Hagios Stephanos is 
smaller than the others. The junction between the two 
panels on the south wall does not correspond to the mark 
of a scaffolding day (“pontata”), but attests a separation  
 

113. Neri 2016, pp. 124-128.
114. The fourth-fifth-century head of Christ in the Torriti apse mosaic 

of St. John in Lateran comes from another ancient mosaic according 
to Cecchelli 1961, pp. 13-18, but the ninth-century restoration makes 
a verification impossible. Innocent III restores the ancient mosaics 
of St. Peter and Paul Outside the Walls, using parts of ancient 
mosaics (Andreescu 1977, p. 22 for the sources attesting this 
operation). The cut-and-paste of ancient parts is also attested in 
S. Maria Maggiore in Rome (Bertelli 1975, pp. 40-42). For the case 
of the Medieval mosaics of the exterior façade, reusing Early 
Christian fragments, see Piazza 2010. 

between two parts of the composition. Furthermore, 
the relation between the figures and the architectonical 
space is not well assessed for the southern panel: the halo 
of the main figure touches the ceiling and the inscription 
above the angel is mutilated in the upper part. Moreover, 
there is a mistake in the layout of the frame between 
the panel with Stephanos and the neighbouring panels. 
Following this hypothesis, the nails could be a marker to 
ensure the correct placement of the panels. C14 analyses 
of the mortar of the preparation layers of the mosaic 
and more accurate archaeological investigation in this 
context, could offer further indications and a more 
correct interpretation.

In both cases, the spread between the chronology of 
the tesserae and of the architectonical context suggests 
a late mosaic, using ancient material or re-composing 
the parts of an ancient mosaic, documenting the probable 
existence of a sixth-seventh-century mosaic somewhere 
in Durres. 

However, nothing is known about the Christian build- 
ings of Durres outside the amphitheatre115 and therefore 
the possible original collocation of these panels or tesserae.

Conclusions

The analysis of the glass tesserae has shown the 
probable existence of an early Byzantine wall mosaic in 
Durres, made with newly produced tesserae, probably 
imported in little part from the Levant and in part from 
another workshop, using African base glass and not 
located in Rome. However, this is in contrast with the 
architectonical context and suggests that the mosaic in 
the chapel is a late Byzantine remake. A late Byzantine 
phase is also attested in the decoration of the other 
chapel of the amphitheatre, showing an intention to 
raise the importance of the Christian buildings in the 
amphitheatre.

About the original provenance of the tesserae or of the 
panels, before their final destination in the amphitheatre 
chapel, no hypothesis can be formulated until a new study 
and new excavations pertaining to the Christian topog-
raphy of the city are carried out, to better contextualise 
and understand this important mosaic. If this mosaic dates 
from the 7th century, this poses an important historical 
question about its donor, which it is essential to answer 
by investigating its context. In fact, this mosaic could be 
an important document to explain how the local church 
was organised to fill a power vacuum, as underlined in 
other sites, and with which consequences.

115. The surveys of a topography of Durres available are Santoro 2003; 
Davis 2003; Gutteridge 2003; Miraj 2013. 
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antimoniate from the 4th to the 12th century,89 as in Faragola 
(southern Italy)90 as well as other cases.91 This recipe, 
typical of the Roman period, attests the continuity of 
Roman technology and of raw material supply in the late 
Roman and Byzantine period, or the re-use of ancient 
tesserae. The use of tesserae opacified by calcium anti-
moniate is also predominant in Ravenna and in Classe,92 
where some tesserae were opacified by calcium phos-
phate in the 5th century.93 This technique, diffused in 
Jordan,94 Syria,95 Asia Minor and Cyprus96 from the begin-
ning of the 5th century, is also recognised in northern 
Italy97 and not attested in our sample. The Durres tesserae 
are also different from these opacified by cassiterite in 
lead-free glass, until now recognised between the 5th and 
7th century in Cyprus,98 Tyana (Cappadocia),99 and Milan.100

Comparing the opacification and colouration recipes 
of the Durres tesserae with the available data from ana-
lysed tesserae from Albania; those of Durres are different 
from Roman and Late Antique tesserae from southern 
Albania,101 where the calcium antimoniate and lead anti-
moniate are used. However, they are similar to sixth-cen-
tury tesserae from Byllis, Elbasan, Lin102 and the Butrint 
baptistery, opacified by bubbles and lead stannate.103 This 
shows a discontinuation of ancient technology from 
the 6th century. Nevertheless, the sixth-century Albanian 
tesserae are produced mainly with Levantine glass,104 in 
contrast to those of Durres, mostly made with African 
glass (Foy-2).

The colourant supply and recipes of colouration are 
similar to these of the analysed tesserae in the Mediter-
ranean area from Antiquity to the Byzantine period, but 
some peculiarities are shown.

89. Verità, Santopadre 1993; Verità et al. 2002; Verità, Vallotto 2003; 
Verità et al. 2009. The first case with tin-based opacification is  
S. Maria in Trastevere (Tiberia 1996 with appendix by M. Verità).

90. Gliozzo et al. 2009.
91. Lahlil et al. 2008. Some Late Antique and Byzantine cases in which 

calcium antimoniate is used are Antioch in the 4th-5th centuries 
(Wypyski, Becker 2005), Sagalassos in the 5th century (Schibille 
et al. 2012), St. Polyeuktos in Constantinople in the 6th century 
(Schibille, McKenzie 2014), Vrina (southern Albania) in the early 
Byzantine period (Schibille 2011). 

92. Vandini et al. 2014; Fiori et al. 2004; Fiori 2013.
93. Verità 2011.
94. Marii 2013.
95. Lahanier 1987.
96. Neri et al. 2016; Silvestri et al. 2016; Bonnerot et al. 2016. 
97. Neri, Verità 2012; Neri 2016.
98. Bonnerot et al. 2016.
99. Lachin et al. 2009.
100. Neri et al. 2013.
101. For Vrina, Schibille 2011; for the Nympheum and Triconch mosaics 

in Butrint, Neri in press.
102. For these tesserae only a preliminary publication is available 

(Vataj et al. 2016), and a parallel work is in progress by the author. 
103. For the Butrint baptistry see Neri in press. 
104. Schibille 2011; Vataj et al. 2017.

The sources of cobalt to colour the blue tesserae are 
less pure and contain nickel traces which are not identi-
fied in the sixth-century blue tesserae from Albania and 
could indicate a new route of supply. Schibille et al. have 
proposed a supply of this type of cobalt from the mines 
of Qamsar in central Iran.105 From an historical point of 
view, between the late 6th century and the 7th, the mili-
tary and diplomatic relationship between the Persian 
empire and Byzantium was intense, although the aims of 
these missions were to protect the border of the Empire 
from Persian expansion. Another possibility is to sup-
pose that this cobalt came from the mine of Alshar 
(Macedonia); but no archaeological research has been 
conducted to prove a Byzantine exploitation before 
 the Ottoman period. The north of Greece and the south 
of the Balkans (Macedonia in particular) are, in fact,  
geologically rich in Mn, Co, Ni.106

The use of metallurgical remains (leaded copper 
and brass), observed in the Durres samples, is also shown 
in other Albanian Byzantine tesserae,107 as well as in 
tesserae from Milan,108 Ravenna109 and Asia Minor,110 
marking a trend in the production of green tesserae in 
the Byzantine period.

The colouration in purple-brown / black, probably 
by calcinating a mineral of manganese associated with 
iron and silica, is also detected in one sample of the  
seventh-century phase of SS. Cosma and Damiano.111 
This manganese source is not associated with barium 
and is different from what is commonly attested in 
Eastern mosaics.112

In conclusion, the second group of Durres tesserae does 
not show a strong parallel with other analysed tesserae 
and a route of supply cannot be supposed. However, the 
differences to tesserae from Rome (opacification with 
antimoniate) and the Levantine area (opacification with 
calcium phosphate and cassiterite) could illustrate the 
network of supply and propose a more local production 
or a provenance from a non-studied area, like Africa, 
from where the base glass also comes.

Hypotheses on the mosaic history

The tesserae can likely be attributed to the 6th-7th cen-
turies, but the chapel was probably built later with an 
important building phase in the 9th-10th centuries, when  
 

105. Gratuze 2000.
106. Boev, Jelenkovic, 2012.
107. Vataj et al. 2017.
108. Neri, Verità 2012; Neri 2016.
109. Vandini et al. 2014.
110. Neri et al. 2016.
111. Verità in press.
112. Wypyski 2005; Marii 2013; Neri et al. 2016.
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the frescoes under the mosaics were probably painted, 
according to their stylistic and iconographical analysis. 
Even if we refuse this chronology and suppose that the 
frescoes were painted at the moment of the construction 
of the building, they cannot have been covered by the 
mosaics immediately afterwards.

To combine the architectural chronology of the 
building and the chronology proposed by the analysis of 
the tesserae, two hypotheses are possible:

1/ The mosaic can be dated post-10th century and it re- 
used tesserae dismantled from another 6th-7th mosaic;

2/ The three panels of this mosaic belong to a sixth- 
seventh-century mosaic, from which they were 
detached and re-located in this context after the 
10th century or later, while the monumental tomb 
was being used (14th century).

The first hypothesis is supported by the fact that the 
re-use of tesserae was a current practice in Late Antique 
and Medieval times. The Late Antique law about the 
preservation of decus tries to contain this use and many 
literary sources, specifically mentioning the tesserae,113 
attest the common practice of removing the tesserae from 
ruined buildings and re-using them in new mosaics, with 
or without the legal permission of the authorities to 
which the building belonged. However, the hypothesis 
of the re-use of ancient tesserae in a late Byzantine 
mosaic is in contrast with the iconographical and stylistic 
reading of this mosaic, dated no later than the 10th century. 
For the second hypothesis, the practice of recomposing 
the fragments of Late Antique mosaics in Medieval times 
has not been systematically studied, but some examples 
are known in Rome between the 12th and 13th century.114 
Some technical details can corroborate this hypothesis. 
In fact, only two walls are covered by mosaics; the ceil-
ing and the north panel do not have mosaic decoration, 
and do not show the remains of any ancient mosaics 
superposed to the painted layers. Three panels (instead 
of two) occupy two walls; the west panel does not touch 
the southern one, and the panel with Hagios Stephanos is 
smaller than the others. The junction between the two 
panels on the south wall does not correspond to the mark 
of a scaffolding day (“pontata”), but attests a separation  
 

113. Neri 2016, pp. 124-128.
114. The fourth-fifth-century head of Christ in the Torriti apse mosaic 

of St. John in Lateran comes from another ancient mosaic according 
to Cecchelli 1961, pp. 13-18, but the ninth-century restoration makes 
a verification impossible. Innocent III restores the ancient mosaics 
of St. Peter and Paul Outside the Walls, using parts of ancient 
mosaics (Andreescu 1977, p. 22 for the sources attesting this 
operation). The cut-and-paste of ancient parts is also attested in 
S. Maria Maggiore in Rome (Bertelli 1975, pp. 40-42). For the case 
of the Medieval mosaics of the exterior façade, reusing Early 
Christian fragments, see Piazza 2010. 

between two parts of the composition. Furthermore, 
the relation between the figures and the architectonical 
space is not well assessed for the southern panel: the halo 
of the main figure touches the ceiling and the inscription 
above the angel is mutilated in the upper part. Moreover, 
there is a mistake in the layout of the frame between 
the panel with Stephanos and the neighbouring panels. 
Following this hypothesis, the nails could be a marker to 
ensure the correct placement of the panels. C14 analyses 
of the mortar of the preparation layers of the mosaic 
and more accurate archaeological investigation in this 
context, could offer further indications and a more 
correct interpretation.

In both cases, the spread between the chronology of 
the tesserae and of the architectonical context suggests 
a late mosaic, using ancient material or re-composing 
the parts of an ancient mosaic, documenting the probable 
existence of a sixth-seventh-century mosaic somewhere 
in Durres. 

However, nothing is known about the Christian build- 
ings of Durres outside the amphitheatre115 and therefore 
the possible original collocation of these panels or tesserae.

Conclusions

The analysis of the glass tesserae has shown the 
probable existence of an early Byzantine wall mosaic in 
Durres, made with newly produced tesserae, probably 
imported in little part from the Levant and in part from 
another workshop, using African base glass and not 
located in Rome. However, this is in contrast with the 
architectonical context and suggests that the mosaic in 
the chapel is a late Byzantine remake. A late Byzantine 
phase is also attested in the decoration of the other 
chapel of the amphitheatre, showing an intention to 
raise the importance of the Christian buildings in the 
amphitheatre.

About the original provenance of the tesserae or of the 
panels, before their final destination in the amphitheatre 
chapel, no hypothesis can be formulated until a new study 
and new excavations pertaining to the Christian topog-
raphy of the city are carried out, to better contextualise 
and understand this important mosaic. If this mosaic dates 
from the 7th century, this poses an important historical 
question about its donor, which it is essential to answer 
by investigating its context. In fact, this mosaic could be 
an important document to explain how the local church 
was organised to fill a power vacuum, as underlined in 
other sites, and with which consequences.

115. The surveys of a topography of Durres available are Santoro 2003; 
Davis 2003; Gutteridge 2003; Miraj 2013. 
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We can underline that the 6th-7th centuries were a 
delicate period for the Balkans and for Durres. After the 
Justinianic reinforcement of the limes and the strength-
ening of the routes of communication, according to the 
defensive policy of the emperor, no imperial intervention 
in the Balkans is known of between 572 and 591, because 
of the ongoing Gothic war. Only after 591 Mauritius had 
a strong intervention program in the Balkans to contrast 
the Slavic presence, also upgrading the Egnatia and maybe 
reinforcing the role of Durres. Subsequently, the sources 
underline the Byzantine absence from 602 to 843, when 
Dyrrachium became capital of a theme.116 Moreover, the 
Durres church, originally under the administration of 
Roman papacy through the vicarius of Salona, was firmly 
positioned with Constantinople from the late 5th century 
when Bishop Sicinius participated and signed the acts of 
the council quinsexto in Trullo,117 which caused the military  
 

116. Bavant 2004; Cheynet 2006.
117. Duchesne 1892.

reaction of the Rome and Ravenna Church. The artwork 
studied could have been executed within this historical 
framework.
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We can underline that the 6th-7th centuries were a 
delicate period for the Balkans and for Durres. After the 
Justinianic reinforcement of the limes and the strength-
ening of the routes of communication, according to the 
defensive policy of the emperor, no imperial intervention 
in the Balkans is known of between 572 and 591, because 
of the ongoing Gothic war. Only after 591 Mauritius had 
a strong intervention program in the Balkans to contrast 
the Slavic presence, also upgrading the Egnatia and maybe 
reinforcing the role of Durres. Subsequently, the sources 
underline the Byzantine absence from 602 to 843, when 
Dyrrachium became capital of a theme.116 Moreover, the 
Durres church, originally under the administration of 
Roman papacy through the vicarius of Salona, was firmly 
positioned with Constantinople from the late 5th century 
when Bishop Sicinius participated and signed the acts of 
the council quinsexto in Trullo,117 which caused the military  
 

116. Bavant 2004; Cheynet 2006.
117. Duchesne 1892.

reaction of the Rome and Ravenna Church. The artwork 
studied could have been executed within this historical 
framework.
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A LATE ANTIQUE UMAYYAD SPACE OF KNOWLEDGE:
EXPLORING THE FUNCTIONALITY OF THE BATH HALL AT KHIRBAT AL-MAFJAR

ALEXANDRA USCATESCU

Un espace omeyyade de l’Antiquité tardive dédié au savoir :  
explorer la fonctionnalité du salon des bains de Khirbat al-Mafjar

Cet article veut d’une part établir les bases permettant d’expliquer l’appartenance de l’art omeyyade à la koine méditer-
ranéenne de l’Antiquité tardive, d’autre part explorer une autre fonction du salon des bains omeyyades de Khirbat al-Mafjar 
(Palestine) à la lumière des études sur l’architecture des espaces du savoir des périodes classique et de l’Antiquité tardive. 
Cette analyse repose sur une ré-évaluation du bâtiment lui-même, en particulier sur certaines caractéristiques architecturales 
(grande salle avec absides, niches non ornementales, podium périmétral, petit salle semblable à un akroateion/auditorium) 
et sur une ré-interprétation de l’iconographie du salon des bains, qui peut être rapprochée des espaces du savoir, des biblio-
thèques, des arts littéraires et de la recherche scientifique dans la tradition du bain-gymnasion hellénique ou des thermes 
romains impériaux, qui renferment des bibliothèques et des akroatearia / auditoria. [Trad. de la Rédaction]

10.1484/J.AT.5.114868

The uniqueness of the bath hall at Khirbat al-Mafjar 

Since it was first discovered in 1944, the bath hall at 
Khirbat al-Mafjar (Jericho) has remained somewhat of an 
enigma, heightened perhaps by being rapidly associated 
with an Umayyad patronage. This shattered many long- 
held academic beliefs about early Islamic culture, leading 
experts to consider it a puzzling building in both concep- 
tual and ideological terms (Fig. 1).1 A definitive prototype 
for this building has never been found, and there is no 

1. This paper is part of the Research Project: HAR2013-45578-R. My 
most sincere thanks to Dr. S. Calvo and Dr. J. C. Ruiz Souza, heads 
of the project, for their continous encouragement and support. 
Also, my gratitude goes to the staff of the Israel Antiquities 
Authority, for their kind help during my stay at Jerusalem, 
particularly to S. Krapiwko (Head of Archive), and A. Savariego 
(Storage Curator). And also I am grateful to the kinds indications 
of Dr. H. Taha (former director of the Palestinian Departament of 
Antiquities and Cultural Heritage).

consensus regarding its functionality.2 The recent revival 
of Islamic studies has coincided with a resumption of 
the archaeological excavation of the palace complex by 
the Palestinian National Authority in collaboration with 
international teams of archaeologists.3 Over seventy years  

2. Baramki 1953; Hamilton 1959; 1972, pp. 155-156; 1978, pp. 126-138; 
1988.

3. As a continuation of the discovery of the qaṣr several years early, 
Baramki dug the bath hall between 1944-1948. Nevertheless, he 
never achieved its final publication, since the war of 1948 
compelled the Department of Antiquities of Palestine to abandon 
abruptly the archaeological works: Whitcomb, Taha 2013, p. 58. 
Hamilton published several aspects of the building in The Quarterly 
of the Department of Antiquities of Palestine (between 1944-1950), 
which were put together in 1959 as a monograph, with some 
corrections [Hamilton 1959, pp. vii-viii]. Hamilton’s subsequent 
contributions were intended to join inextricably Khirbat al-Mafjar 
to the patronage of al-Walīd ibn Yazīd (Hamilton 1969, pp. 61-67). 
More recent publications on the site: Cirelli, Zagari 2000, pp. 365-
376; Da’adli 2013, pp. 5-6; Whitcomb et al. 2016, pp. 78-87. Further 
information on the American-Palestinian project: http://www.
jerichomafjarproject.org (accessed 16th october, 2016).


