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Abstract

During the conservation study of the mosaics from the Dafni Monastery, a number of glass tesserac of differ-
ent colours were collected and analyzed in order to determine their chemical composition.

The interpretation of the above results provides information concerning a) the type of the glass, b) the type
and the sources of alkali used during the production processes and ¢) the colourants and opacifiers used.
Glass tesserae from Dafni are soda-lime-silica glasses of natron type, while they owe their colour to different

concentrations of iron, copper and manganese oxide.
A comparison between the analytical results of Dafni glasses and those of Hosios Loukas Monastery is also

attempted, based on data provided by Freestone et al. [1].
According to the data deriving from the comparison of the above two groups of glasses, it seems that they have
similar composition, as shown in the two-phase diagrams (MgO versus K,O and K,O versus Al,O3). Those

tesserae have quite different composition from other Byzantine glasses of the 5" and 6™ centuries.
Finally. from the analysis of the Dafni tesserae it is hypothesized that some modern glasses have been used

during previous conservation projects. _

1. Introduction

This report concerns the analytical results that
derived from the compositional analysis of some
representative colours of glass tesserae from the
Dafni Monastery in Athens, Greece. The Dafni
Monastery was constructed in the 11" century
and its decoration consists of some of the most
famous vault mosaics in the Byzantine context
(Fig. 1 and Fig. 2). The compositional analysis of
the glass tesserae and other construction materi-
als was carried out during the preliminary con-
servation study of the mosaics in order to plan
their consolidation and restoration methodology.

Fig. 1. Detail from Dafni wall mosaic,
made by polychrome glass tesserae.
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Fig. 2. Detail from Dafni wall mosaic, made by polychrome glass
tesserae,

The aim of the project is to identify the com-
positional and technological characteristics of
the glass tesserae and to relate them chronically
to the development of Byzantine glass technology
as a whole. Moreover, we were Interested to
determine if there were any technological rela-
tionships between the glass tesserae from the
Dafni Monastery, Athens- Greece, and those
from the Monastery of Hossios Loukas (10" cen-
tury), Central Greece.

2. Description of the samples

Glass samples were selected during the pre-
liminary conservation study of the vault mosaics.
They were chosen from representative colours
(both opaque and transparent) of all the glass
tesserae used in the construction of Dafni
mosaics’. The tesserae display a wide variety of
colours and shades. Under the stereomicroscope
transparent tesserae show many bubbles and
some of them whitish grains. Opaque glasses con-
tain small pieces of mineral fragments used as
colorants. Moreover, it is observed that glasses of
different colours have been melted together in
order to produce new ones.

Finally, the surfaces of most tesserae are heav-
ily pitted with a very thin weathering layer.

......
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3. Analytical Results

Analytical data were determined using X-ray
fluorescence analysis (XRF) at the "Istituto di
Ricerche Technologiche per la Ceramica”, Italy.

The results of the compositional analysis of
each different colour of tesserae are presented in
Table 1 for main and trace constituents. Glass
tesserae from the Dafni Monastery are typical
soda-lime-silicate glasses with a relatively high
content of magnesia (MgO) [2]. PbO, which
sometimes was added as network former [3] 1s
present in very low quantities, with the exception
of the three samples, where it is present in con-
centrations of 4.05/ 5.46 and 7.70% w/w.

Samples analysed contain also manganese oxide
(MnO) in a range from 0.3 up to 2.5% w/w as well
as very low amounts of potash (K,O). In diagram |
and 2 glass compositions are presented in terms of
MgO versus K,O and of K,O versus Al,O;, in com-
parison with those from Hosios Loukas. Glass
tesserae of different composition form distinct
groups according to their provenance.
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Diagram 1. K,O versus AL O; for the Dafni glass tesserae. Only
some of the samples have compositions similar to those of the

H.Loukas glasses.
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Diagram 2. MgO versus K,O for the Dafni glass tesserae.
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4. Colorants and Opacifiers

The main elements used as colorants in glass-
es from Dafni Monastery are 1ron oxide (Fe,0;),
copper oxide (CuO) and manganese oxide
(MnO). Lead oxide (PbO) has also been detected
in high concentrations in the case of two opaque
tesserae, green (7.70%) and blue (4.73%).

Antimony (Sb) and zinc (Zn) have been used
in different concentrations as main opacifiers in
green glasses, while antimony and tin (Sn) were
used in blue and red glasses [6].

The composition of different green glass
tesserae varies and the different colour shades are
related to the high concentrations of copper oxide
(CuQ) (in the ratio 0.64 to 5.21) and to elevated
concentrations of manganese oxide (MnQO) (up to
2.59%). Opaque green glasses (Fig. 3a) owe their
colour to the high concentrations of lead and anti-
mony oxides (PbO 7.7% and Sb,0; 3.12%).

Opaque red tesserae (Fig. 3b.) contain a great
concentration of iron oxide (Fe,O; 3,87%) and
have similar composition with those of Hosios
Loukas.

The colour of the single black glass sample
analysed is due to the combined effects of the
manganese and iron oxides (MnO 2,11% and
Fe,0, 0,92%).

Finally, in the blue glasses (Fig. 3c) a very low
amount of cobalt (Co) is detected and a high con-
centration of lead oxide was detected 1n one sample.
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Fig. 3. Original glass colour of Dafni glass tesserae, a) blue, b) green,
c) red.

5. Discussion

As observed from the tables and diagrams pre-
sented, the chemical data from the Dafni glasses
are a bit dispersed showing that some of them
have very different compositions, probably
because of their different origins. Some of the
glasses appear to have more modern composi-
tions and may have been inserted during previous
restoration works, while some other glasses have
more ancient compositiqns and 1t seems that they
have been re-used in the Byzantine mosaics [4].
This was also obvious during the current conser-
vation study of the mosaics, where different type
of mortars and different styles of glass mosaics
are observed.

Based on the analytical data and diagrams
provided by Freestone et all [1], the majority of
glass tesserae from Dafni are of the same type as
those of Hossios Loukas, central Greece. Based
on the above-mentioned data and diagrams, it
seems that the composition of these glasses is
quite different from the Byzantine glasses of the
5™ and 6" centuries. Only some of the samples
have compositions similar to typical Byzantine
glasses. In addition, the majority of glass tesserae
analyzed have higher silica content than
Byzantine glass of the 5™ and 6" centuries.

Conclusions

The main difference between the glass tesserae
used in Dafni and those used in Hosios Loukas 1s
the use of lead-tin opacifiers in the first. The
absence of tin from the Hosios Loukas (10" centu-
ry) assemblage suggests that tin-based opacfiers
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were not available, or too costly at that time [1].

The use of the above opacifiers in Dafn1 1s
probably a result of the development of glassmak-
ing in the area (11" century) and of the availabili-
ty of the proper raw materials. Concerning the
quality of the tesserae it seems that the glass man-
ufacturing techniques hadn’t developed to the
same standard as compared to the quality of the
mosaics and mosaic patterns [7].

As far as concerns the glass tesserae, their
range of colours is limited by the ability of
mosaicist to obtain certain colours. The differ-
ences in the glass composition have aiso to do
with the fact that wherever possible, mosaicists
salvaged and recycled material from other
mosaics or other glass artefacts [3].

Finally, in order to establish an all encompass-
ing database concerning the glassmaking technol-
ogy and compositional trends of mosaic tesserae
in the Byzantine era (Diagram 3), it is necessary
to analyse and compare the full range of coloured
glasses from the majority of known monuments

from this period.
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Diagram 3. Three-phase diagram of the Dafni and other Byzantine
glasses. Dafni glasses are quite different from the Byzantine glasses of
the 5" and 6" centuries.
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