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F1ve CENTURIES OF MOSAIC GLASS AT SAINT SEVERUS (CGLASSE, RAVENNA)
Mariangela Vandini', Rossella Arletti?, Enrico Cirelli’

The basilica and monastery of St. Severus are significant archaeological contexts for understanding how the
monumentalization of Classe (Ravenna) proceeded since the 5" century AD. The archaeological campaign of
2011 in the area of the monastery — dated from the end of the 9" century — has brought to light several mosaic
tesserae. In addition, recent restoration works carried out on mosaics discovered in the 1960s revealed some
glass tesserae. These were sampled from two different mosaic floors removed from the St. Severus area: two
Sloor fragments detached from the area of the so-called St. Rufillus’s sanctuary (4" century), as well as from
the northern aisle of the basilica (6" century). The latter is now located as a pastiche on the floor of an 18"
century butlding in Ravenna (the so called Cripta Rasponi). Forty-one glass tesserae of different colours were
analysed by means of EMPA-WDS, XRPD and SEM-EDS. The analyses aimed at identifying the raw
materials employed in the mosaic glass production from the area of St. Severus, in order to compare the three
sample sets and veryfy their chronology. Although the analysed tesserae revealed to be all of the natron type,
a distinction among the different sample sets was clearly established on the basts of colorants and accessory

components.

Introduction

The site of Classe (Ravenna, Italy), nucleus
of the Late Antique city, is currently subject to
archaeological excavations by the University of
Bologna, directed by Prof. A. Augenti (Augenti
2006a; 2006b; Augenti et al. 2006; 2012). The Ba-
silica and the Monastery of Saint Severus, the re-
ligious centres of the area, are archaeological con-
texts of paramount importance for the study of
the expansion of monumental buildings in Classe
(Ravenna) starting from the 5" century AD (Cirel-
i 2014). The basilica of Saint Severus was first
brought to light during an excavation campaign
conducted by Giovanna Bermond Montanari in
1964 (Bermond Montanari 1966; 1968). More re-
cent excavations, starting in 2006, have enabled
a better definition of its profile, extending the ar-
chaeological investigations to a very large area oc-
cupied by a monastery built alongside the basilica

' Department of Cultural Heritage - Alma Mater Studio-
rum University of Bologna (Ravenna branch), via degli
Ariani 1, 48121 Ravenna, Italy.

Department of Earth Sciences, University of Turin, via
Valperga Caluso 35, 10125 Torino, Italy.

Department of History and Culture, Alma Mater Stu-
diorum University of Bologna (Ravenna branch), via San
Vitale 28-30, 48121 Ravenna, Italy.
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at the end of the 9" century AD (Augenti 2010;
Cirelli, Lo Mele 2010).

The site of Classe 1s divided into two separate
sections, now representing two distinct archaco-
logical areas a few kilometres apart, regarding the
commercial and productive area of the town, and
the religious area occupied by the Saint Severus
basilica and monastery. The site is highly strati-
fied due to its multifaceted history, strictly linked
to that of the imperial town Ravenna (fig. 1 — for
an exhaustive history of the site see Augenti 2011-
2012).

The archaeological area of Saint Severus be-
gan to be occupied in the 1% century BC by a Ro-
man villa whose planimetry is still not completely
understood. It is certainly known that during the
second half of the 4" century, before being in-
cluded within the city walls of Classe, a new type
of building was erected in the site of the villa: a sa-
cellum, that Andrea Agnello’s Liber Pontificalis tes-
tifies titled to St. Rufillo — a mausoleum dedicated
to the owner of the ancient villa and hosted few
decades later the remains of the bishop Severus
(bishop in Ravenna during the 4® century AD).
The actual change in the outline of the area oc-
curred near the end of the 6" century, with the
construction of a major basilica dedicated to Saint

Severus whose completion and consecration took
place in either 592 or 593 AD. A wider sacellum

-108; ISSN 1122-6315; doi: 10.12876/0CNUS2205; www.ocnus.unibo.it
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\\\ 6th cen.

house

Sth cen.

Fig. 1. Location of Classe and reconstruction of the St.
Severus arca (modified after Augenti 2011-2012)

was added in the same period with gorgeous poly-
chrome mosaics (fig. 2) to host the Bishop’s family
and other élitarian burials, to the south side of the
older building. Possibly, one of the first acts was to
move the saint’s body and relics in the basilica, the
sacellum continued to be used as privileged shrine
and selected burials zone still during the 9" century
(Ferreri 2011). The 4" century mosaic pavement
and the southern addiction were cut and restored
many times, also trying to imitate the previous fine
decoration, with clumsy results, as in the case of
the end of the 8" century grave excavated in sea-
son 2013 (fig. 3). The end of the 6™ century marks
the beginning of the long life of the monumental
area and especially of the basilica that, due to its
religious importance, was preciously adorned with
mosaics, fixtures and fittings of various kind. In
the following centuries, maintenance work contin-
ued through time and possibly ended in the 15™
century, when the ecclesiastical building was par-

tially abandoned and the church was reduced at a
single-nave church.

The Benedictine monastery of Saint Severus
was firstly cited in written sources in the mid-10"
century: archaeological data allow us anticipat-
ing its construction to the end of the 9™ century,
when it was erected along the southern wall of the
basilica (Augenti 2011-2012; Augenti et al. 2012).
With various phases and changes of destination of
the buildings, the ecclesial complex went through
important restoration works in the 13" and 15
centuries when the very bad state of conservation
made it necessary to tear down parts of the ba-
silica with the inevitable loss of the mosaic deco-
rations. However, the monastery remained active
until the year 1512, when the monks left the site.
An attempt to restore the ruins was made around
the mid 18" century, but with very poor results.
The complete destruction of the basilica and the
destruction and despoilment of the site finally
took place in 1820 (Christie 2006).

During the recent excavation campaigns many
glass finds were brought to light: glass vessels,
lamps, mosaic tesserae, together with production
markers (raw glass, semi-manufactured products,
and glass waste) widely found both in the produc-
tive and commercial areas of Classe and close to
the monastery, indicating the possible existence
of glass workshops (Tontini 2006; Cirelli, Tontini
2010). In general, the glass finds, dated both on
the basis of chrono-tipological criteria and strati-
graphic location within the archaeological con-
texts, cover a wide chronological range, extending
from the 4" to the 15" century AD.

The archaeological campaign of 2011 in the
area of the monastery produced a collection of
differently coloured mosaic tesserae. Most of the
material is residual and cannot be precisely dated.
In this work, a set of tesserae was studied from the
area of the monastery originating from levels dat-
ed on the basis of stratigraphical position to the
9™ to 10" century. The data relative to the tesserae
from the monastery excavations (sample set SSV)
have been already published (Fiori 2011; 2013).
Nonetheless, the data are re-consi-dered: the sam-
ples not re-analyzed in view of the different ap-
proach of the present work, with the completely
different aim of comparing the data to those from
other new sets of mosaic tesserae, also consider-
ing updated and deeper archacological informa-
tion. In fact, in addition to the samples from the
monastery excavations, some mosaic glass tesserae
were sampled from two different recently restored
mosaic floors — with the presence of a few glass
tesserae among the stone ones — removed from the
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Saint Severus area. One of the sample sets comes
from a floor mosaic removed in the 1960s. This
fragment comes from the zone of the so-called sa-
cellum, the first nucleus of the Saint Severus area
(second half of the 4" century) but its chronol-
ogy 1s still a matter of controversy since it might
be attributable to a 9" century remake. A second
group of tesserae were sampled from some floor
fragments (Foschini 2010) originating from the
northern aisle of the basilica (6" century) and now
located as a pastiche on the floor of an 18™ century
building in the centre of Ravenna (the so called
Cripta Raspony).

Opverall, twenty three glass tesserae of different
colours and degrees of opacity, originating from
the excavation of the monastery (SSV, 9" -10*
cen), were sampled and analysed, twelve tesserae
from the floor of the sacellum (SAC, 4™ cen), and
six tesserae from the floor of Cripta Rasponi (CR,
6™ cen, fragments detached from the floor of the
Saint Severus basilica).

The aims of this work were: 1) to identify the
raw materials, colourants, and opacifiers em-
ployed in mosaic glass production in the Saint
Severus area; 2) to compare the three sample sets
and verify their different chronology, when pos-
sible. This second aim would be an important
goal, shared with the archaeological research:
mosaic glass findings could be chronologically
attributed only on the basis of their stratigraphic
position since no typological criteria could be ap-
plied as for vessel glass. Furthermore, due to its
fragmentary nature, mosaic glass could be eas-
ily re-employed and or/dispersed; therefore, the
chemical-mineralogical results would be of ar-
chaeological significance. The results of this work
are also important to deepen and widen knowl-
edge of mosaic glass technology within the con-
text of the abundance of mosaic glass in the town
of Ravenna (Fiori et al. 2004; Vandini et al. 2006;
Verita 2011), adding data regarding a period of
time (9" century AD) with scarce comparison in
the Mediterranean World.

Experimental
Electron Microprobe Analysis (EMPA)

The chemical analyses were carried out on
polished samples using an ARL - SEMQ) electron
microprobe, equipped with four scanning wave-
length spectrometers, sited at the Department
of Earth Science of Modena and Reggio Emilia
University. The elements analysed were: Si, Ti,

Fig. 2. St. Severus 6" century mosaic floor from St.
Rufillo shrine

Fig. 3. Mosaic epigraph from an 8"™\9" century burial
inside St. Rufillo shrine

Al Mn, Mg, Fe, Ca, K, Na, P, Cl, S, Sn, Pb, Sb,
Cu, Co, Cr. The following geological standards
were employed: albite (Na); olivine (Mg); micro-
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cline (K, Al); clinopyroxene (Si, Ca); sodalite (CI),
apatite (P); ilmenite (Fe, Ti); spessartine (Mn);
chromite (Cr); cerussite (Pb). Metallic cobalt and
metallic antimony were used for Co and Sb cali-
bration, while synthetic cassiterite, Cu,,Sn, alloy
and synthetic sulphide Pb,Ag Sb S = were used for
the calibration of Sn, Cu, and S, respectively. The
analyses were performed operating at 15 kV, 20
nA, using counting times of 5, 10, 5 sec. on back-
ground-peak-background respectively. To prevent
the known migration phenomenon of alkalis un-
der the electron beam, a 30 um defocused beam
was used. On average, ten points were analysed
on each sample to test homogeneity, and the mean
value of all the measurements was calculated. The
results were processed for matrix effects using the
PHI(pZ) absorption correction of the Probe pro-
gram (Donovan and Rivers 1990).

The measuring accuracy for the analysed ele-
ments is better than 3%, with precision for major
constituents between 1 and 2%, and minor con-
stituents in the range of 2-3% (more details re-
garding the experimental procedure are reported
in Arletti et al. 2011). The results of the chemical
analyses expressed in weight%o oxides are reported
in tab. 1.

X-Ray Powder Diffraction (XRPD)

The X-ray diffraction experiments were per-
formed on the opaque samples to identify crys-
talline phases dispersed in the glass matrix. The
analyses were carried out with a diffractometer
XPERT PRO PanAlytical with Bragg-Brentano
geometry 6 / 6 and CuK  radiation. The X-ray
diffraction experiments were carried out follow-
ing a non-destructive procedure, directly on the
tesserae using an appropriate multi purpose sam-
ple stage to avoid physical sampling. The spectra
were collected from 5 to 80 © 260, using a 0.02 6
step and counting time of 4 sec. for each step. The
results are reported in tab. 1.

Environmental Electron Scanning Microscopy

(ESEM-EDS)

Backscattered electron images (BSE) and EDS
spectra were collected on a low vacuum ESEM
Quanta 200 — equipped with an Oxford energy
dispersive spectrometer. Due to the low vacuum
environment, all the analyses were performed di-
rectly on the tesserae, thereby avoiding sampling
and carbon coating. The analyses were performed

l@a Color XRD S0, | ALO, | 7o, | Mn0 | Wgo Fe0 Ca0 | Na,0 | KO | b0, | Cu0 | P60 | sno, | CoO S0, ci Cr0, | _P.0, | Totals
55z Tight green E 59,54 778 012 na 074 043 586 | 1800 | 035 [ 088 817 .03 na 0,30 T2 na na .44
ssv2 light green nopeaks | 61,10 1,80 o1 nd 080 047 630 | 1828 | 035 002 085 643 075 nd 034 1,18 nd 005 | 9887
ssv3 green . 6560 | 230 0,07 036 056 061 725 | 1804 | 068 036 214 066 0,09 nd 0.20 117 0,03 o018 | 10037
ssva areen no peaks | 6037 1,71 0,1 0,06 or 0,50 544 | 1699 | 030 002 1,12 9,04 1,44 nd 031 1,04 nd. 005 | ee21
ssvs areen . 63.28 1,02 0,24 0,10 062 161 654 | 1538 | 038 001 2,36 467 041 nd 023 1,03 nd. nd. 98,81
SSV6 blue-green - 61,95 1,86 0,12 0,03 0,73 0,58 5,63 18,47 0,33 0,03 1,18 6,59 0,92 n.d 0,29 1.1 nd. nd. 99,85
ssv7 blue-green nopeaks | 6555 | 225 0,10 069 054 0,54 635 | 1725 | 076 079 234 157 012 nd 028 1,24 nd 012 | 10051
ssva darkblue green [ nopeaks [ 64,80 [ 226 0.1 054 054 054 581 | 1721 075 112 436 050 021 nd 0.28 1,24 nd 007 | 10036
ssve light blue (0) Cash,0,| 6459 | 231 0,1 071 060 041 808 | 1498 | 070 485 017 0,14 002 nd 038 089 nd. 016 | stz
ssvio turquoise (0) [ casb,0, [ 6605 | 205 0,00 066 047 0,40 504 | 1791 063 235 1,16 031 0,08 nd 033 081 nd. 000 | 10025
ssvi1 turquoise (0) [ casb,0, [ es05 | 225 0,08 066 053 0,40 650 | 1614 | om 235 251 046 031 nd 037 0,86 nd. ot | 10118
SSV13 turquoise (O) no peaks 67,05 2,13 0,13 0,18 0,78 0,47 4,56 19,79 0,56 157 2,39 0,20 0,13 n.d 0,29 137 nd. 0,08 101,67
ssvia igntolue ©) ca.8p.0,| 6051 221 0,07 049 046 0,04 878 | 1390 | o064 902 036 nd. nd. o1 045 059 nd. 000 | ses52
(purple nuance)
ssvisa coloriess 7030 | 254 0,16 nd. 089 0,53 077 | 1347 | o8 047 nd nd. nd. nd 055 117 0,07 o1 | 10091
ssvisb coloriess 67,18 | 239 0,14 nd. 084 0,57 925 | 1559 | 086 040 nd nd. nd. nd 041 1,14 nd. 008 | 9891
ssvie coloriess 70,35 1,99 0,10 0,08 047 0,31 607 | 1770 | 054 089 0,07 0,12 nd. nd 0.30 1,45 nd. 010 | 10055
SSV17 colorless 68,97 2,04 0,08 0,30 0,44 0,27 542 20,53 0,51 0,58 n.d 0,04 nd. n.d. 0,20 134 nd. 0,07 100,84
ssvis colortess 68,90 1,79 0,00 015 036 027 535 | 1984 | o050 065 007 014 nd 0,03 024 1,40 nd 005 | 9983
ssvi9 colortess 6444 | 231 0,13 nd 059 0,50 800 | 2025 | 056 1,50 nd 0,06 nd nd 032 1,55 nd 006 | 10032
ssv20 colorless. 66,26 211 011 1,32 056 050 675 18,11 048 003 nd 0,08 nd. nd 024 1,54 0,03 005 | e821
(green nuance)
ssv21 red (0) cw | 5391 241 0.21 113 1,02 1,86 734 | 1467 | 141 0,10 215 755 302 nd 020 085 nd. 035 | 9800
SSV22 brick red (O) Cu® 59,61 2,50 0,18 0,78 0,96 1,66 8,18 15,59 1,08 0,05 1,54 474 1,81 n.d 0,32 0,98 nd. 0,29 100,28
ssv23 brick red (0) cw | 5741 247 0.20 1,15 1,08 150 795 | 1676 | 104 0,07 1,08 503 231 nd 0.30 091 nd 026 | 10046
SACT White 57,36 792 0,10 0,08 062 042 586 | 1619 | 048 079 na 0,04 . na 037 75 na. na. .01
sAc2 colorless. 65,65 1,02 0,10 120 086 050 626 [ 2037 035 nd. nd nd. nd. nd 027 2,08 nd. nd. 9,70
(grey nuance)
sacs e & 69,11 1,63 0,08 038 063 0,36 683 | 1761 033 0,16 nd nd nd nd 0,31 1,56 nd nd 99,03
(green nuance)
sAca colorless. 64,39 2,00 029 217 1,00 0,99 568 | 2066 034 nd. nd nd. nd. nd 034 177 nd. nd. 99,77
(green nuance)
SACS colorless 63,84 229 014 185 1,24 0,83 757 1875 072 nd. nd nd. nd. nd 042 1,33 nd. nd. 98,75
(weathered)
sace e 63,22 228 0,14 1,68 1,23 0,93 760 | 1878 | o069 nd nd nd nd nd 042 1,34 nd nd 98,46
(ocre nuance)
sac7 colorless. 66,38 1,02 0,10 173 077 060 715 18,55 060 nd. nd nd. nd. nd 037 1,12 nd. nd. 99,32
(purple nuance)
sacs light green 6850 | 222 0,34 026 087 104 496 | 1857 | 055 nd. nd nd. nd. nd 032 1,44 nd. nd. 99,22
sace aqua green 6749 | 230 0,39 024 090 107 488 | 1813 | 043 nd. 1,10 0.1 005 nd 0,32 1,46 nd. nd. 98,87
SAC10 turquoise (O) 64,82 1,93 0,14 0,02 061 0,68 3,82 18,14 041 1,98 344 073 0,24 n.d 0,30 1,59 nd. nd. 98,86
SAC11 blue 68,86 167 0,08 0,59 0,47 0,74 6,17 17,90 0,49 nd. 0,07 0,06 nd. 0,05 0,27 145 nd. nd. 98,90
saci2 yellow (0) 4972 1,78 0,13 141 1,00 0,69 631 | 1419 | 056 nd 023 | 1798 | 143 nd 031 091 nd nd 96,66
[erT blue 55,41 2,45 028 0,95 1,13 2,68 6,96 14,49 1,04 nd. 1,66 727 291 n.d. 023 1,06 nd. 0,23 98,79
CR2 blue 64,21 234 0,18 113 1.1 1,28 8,25 18,14 073 nd. 0,12 0,50 0,06 0,10 0,34 1,12 nd. 0,07 99,69
cR3 aqua green 6608 | 207 0,15 005 | 092 067 717 | 1999 | 037 nd 1,08 004 002 nd 036 1,75 nd nd 100,73
cRe turquoise (0) 66,17 173 0,08 0,01 045 041 541 | 1679 | 057 1,54 3,30 134 027 nd 026 1,45 nd. nd. 99,82
CRSA red (0) 66.25 1,77 0,07 0,02 046 041 537 | 1701 052 1,44 319 134 022 nd 0,30 1,45 nd. nd. 99,84
cRsB blue 6448 | 236 0,16 1,15 114 129 831 | 1804 | o4 nd. 0,10 045 002 0,10 031 11 nd. 010 | et

Tab. 1. Chemical analyses (oxides wt%) obtained by EMPA for the analysed samples. (Abbreviation: (O)= opaque;

nd. = not detected)
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using an acceleration voltage of 25 kV and a work-
ing distance of 13 mm. The BSE images were
mainly collected on opaque glasses to evidence
the presence of crystalline opacifying agents in
the glass matrix and define their morphology,
and EDS analyses were run to obtain qualitative
chemical analysis on these inclusions.

Results
Chemical composition

The chemical compositions of major and mi-
nor elements of the three sample sets are reported
in tab. 1. All the analyzed samples are silica soda
glass containing SiO, ranging from 49.72 wt.% to
70.39 wt.%, Na,O from 13.47 wt.% to 20.66 wt.%,
and CaO from 3.82 wt.% to 9.77 wt.%. The low
levels of MgO and K,O reported in fig. 4 clearly
indicated that all the samples were produced us-
ing an inorganic source of alkalis, that is natron.
From fig. 5, where the contents of Al,O, and CaO
are plotted it 1s possible to hypothe51ze the use
of a siliceous calcareous sand as vitrifying agent,
with a feldspatic component. On average, the data
reported in fig. 4 and 5 reveal typical Mediterra-
nean Roman-Late Antique compositions for the
three sample sets. However, it is possible to dis-
tinguish the sample sets on the basis of the rela-
tive differences in the amounts of the main oxides

that allow a possible clustering. Some samples are
characterized by high AL O,, CaO and K,O: nine
SSV samples (SSV3, SSV9 SSV14, SSVlSA
SSV15B, SSV19, SSV21, SSV22 and SSV23),

three sample from Cripta Rasponi (CR1, CR2 and
CR5B) and two samples from the sacellum (SAC5
and SACGO). On average, seven samples from the
sacellum (SAC1, 2, 3, 7, 10, 11, 12) exhibit lower
K,0, CaO and Al, O and form an homogeneous
group, among the remalmng SAC tesserae, sam-
ples SACS and SAC6 contain higher MgO and
rather high CaO with respect to the other SAC
samples, where as SAC4, SAC8, SACY contain
slightly higher AL O,. An analogous subdivision
in a more homogeneous group (with lower K, O,
MgO CaO and AlLO,) can be found for the SSV
set, in which samples SSV?) 9, 14, 15a, 15b, 19,21,

22, 23 are characterized by sensibly higher K O,
MgO, CaO and AlLO, with respect to the other
SSV samples. The s1x samples from Cripta Raspon:
split exactly into two groups: CR1, 2 and 5B with
higher K,0, MgO, CaO and Al, O and CR3, 4,
5A with lower contents of the same oxides. On
the basis of the FeO and TiO, percentages (fig.
6), it 1s possible to observe some differences in the
analyzed glass. Most of the samples from the three
different groups exhibit TiO, lower than 0.2 wt. %
and FeO lower than 1.0, values always referable to
impurities deriving from minerals present in the
sands used as vitrifying agent. Four samples from

the SSV set (SSV21, 22, 23 and SSV)5) and three

2.0 -
ASSV
OSAC
X CR
15 -
SSV21
NG c
A XCR1
Q, ssvaz (A
¥ |
1.0 A SSV15B
A 4 CR2XX
o das SSV15A & sacs
. Z% . . SAC6
0.5 - A &: O
U . AD X g
A
0.0 : : : .
0.0 0.5 1.0 15 2.0
MgO

Fig. 4. Recalculated levels of K,O vs. MgO contents for all the analysed samples



96 Mariangela Vandini, Rossella Arletti, Enrico Cirelli

12.0
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Levantine | glass SSVISAA
OSAC ASSV15B
10.0 A SSV14
CRSB
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. A Ass\21
8.0 1 o H » A Ssv3 X CR1
o Oa & 2
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A4 , 0O A SAP A
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4.0 1
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Al,0,

Fig. 5. Recalculated levels of CaO vs. AL,O, contents for all the analysed samples. Square areas: field of the main
natron glass compositional groups identified in literature (Nenna 2000; Freestone et al. 2000)

samples coming from the CR floor mosaic (CR1,
CR2, and CR5B) — show higher and correlated
values of FeO and TiO,. These data, suggest that,
being these samples deeply coloured, the high lev-
els of iron should be related to the coloring ele-
ments rather than to the sands employed for glass
production. Six of these seven samples have been
already noted to be slight different from the others
also regarding the main components. High values
of TiO, and rather high values of FeO are also
found on the three samples from the SAC set (the
colourless SAC4, the light green SACS, and the
aqua green SAC9). This could be related to the
presence of impurities present in the sand used
as vitrifying, thus indicating the use of a different
raw material for these tesserae, even if, regarding
the major components, these samples fit perfectly
with the main group to which they belong.
Manganese oxides are very heterogeneously dis-
tributed among the samples sets (fig. 7). The high-
est values are from the single yellow (SAC12) and
five colourless SAC tesserae (all the colourless SAC
tesserae with the exclusion of SACI1 and SACS,
have high MnO and negligible Sb,O,, see below).
High manganese levels (higher than 1%) are found
in three tesserae from SSV (two red - SSV21 and
23 - and one colourless tesserae SSV20) and two
tesserae from the CR set (CR2 and CR5B blue).

The levels of colouring elements and the ele-
ments usually responsible for opacity are very het-
erogeneously distributed across the three sample
sets. To emphasise the differences it is useful to
consider the samples on the basis of their colour.

Blue and turquouse tesserae

Antimony oxide is present in amounts higher
than 1% in all the turquoise and light blue opaque
samples from all the sample sets. Basically, all the
turquoise and light blue samples are coloured with
copper, the oxide of this element being present at
levels higher than 1%, and so intentionally added.
The dark blue samples owe their colour to the
presence of cobalt. Sample SSV9, contains very
low Cu and Co, and therefore its colour is prob-
ably due to the iron present in the batch and per-
haps to a very low content of cobalt (possibly very
close to the detection limit of EMPA). The com-
position of the turquoise and light blue tesserac is
very similar for the three sets with the sole excep-
tion of sample CR4 in which PbO slightly exceeds
1%. In all the blue samples PbO never exceeds
0.7% with the exclusion of CR1 in which a rela-
tively high content of lead (PbO 7.27%) 1s accom-
panied by a quite high SnO, (2.91%.
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whose iron level can be assumed to
produce its very light green colour.

Colourless tesserae

There are no colourless tesserae
in the CR sample set. The samples
from to the other two groups ex-
hibit different features: samples from
SSV contain high antimony and no
manganese (with only one exception

- SSV20 - containing MnO and no
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(fig. 5): they are the only three colour-
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Fig. 6. Plot of FeO vs. TiO, contents for all the analysed samples

less glasses with no detectable manga-
nese. Samples from the sacellum SAC
contain only high manganese and no
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antimony the exception of SAC3 with
low contents of both these oxides. In
all these tesserae Pb, Sn, Cu, and Co
are not detectable or negligible.

Red tesserae

Only four red tesserae were ana-
lysed, three from the excavation SSV
sample set and one from the CR
floor mosaic. The tesserae from the
former contain high Cu,O accompa-

MnO

0.0 0.5 1.0 1.5 2.0

nied by high PbO, FeO, SnO,, and
quite high MnO and P.O.. In ad-
dition, these samples CXhlblt higher

2,5

Fig. 7. Plot of FeO vs. MnO contents for all the analysed samples

Green lesserae

All the green tesseraec appear transparent;
SSV4, with the highest PbO and SnO, contents,
shows a slight milky appearance. The green
tesserae from SSV contain lead (even if in two
cases, SSV3-8 there is less than 1% of PbO) and
detectable amounts of SnO, while these two ox-
ides are negligible in the green tesserae of the
other two sample sets. It is worth noting that the
green tesserae from the monastery excavations
split into two groups as regards the contents of
PbO and SnO, (low: SSV3, 7, 8; high: SSV1, 2,
4, 5, 6, with PbO/SnQ, ratio from ~7 to ~ 11). A
peculiarity is the tesserae SSV8, the only green
containing antimony, low SnO, and a very high
level of copper. The colour of all the green sam-
ples is the result of the addition of copper bearing
minerals (the highest value of Cu,O in measured
in sample SSV8, the tessera showing the dark-
est nuance), with the exclusion of sample SACS8

K,O, MgO and TiO, with respect to
the other samples, and slightly lower
Na,O. The red tessera of the CR set
has high Cu,O, PbO, and Sb,0, but,
is characterised by low levels of FeO, SnO , and
not partlcularly high contents of K, O, MgO and
P,O,. It is worth noting that the chemlcal com-
posmon of the two samples CR4 turqumse and
CRA5A red are almost identical, proving that dif-
ferent colours were obtained by controlling the
redox conditions.

Whate tessera

Only one whitish tesserae coming from the sa-
cellum was analysed; it shows relatively high con-
tent of antimony, no tin and negligible lead.

Yellow tessera

Only one yellow tessera was analysed, from the
sacellum. It contains very high lead (around 18 wt.
% PbO) quite high tin oxide and manganese, and
no detectable antimony.
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Fig. 8. BSE image and relative EDS spectra collected on sample SSV6
showing lead stannate and cassiterite crystals
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X-ray diffraction analyses

X ray powder diffraction analyses
were performed only on the samples
from the SSV sample set due to una-
vailability of samples from the other
two sets. The only phases detected in
the samples were: calcium antimo-
niates, with two different structures
(GaSb,O, and Ca,Sb,0.) in the tur-
quoise and light blue samples (SSV9-
10-11-14), and metallic copper in all
the red samples. It is not possible to
exclude the presence of crystalline
phases in the other tesserae, since, if
present in low quantities and/or small
crystals, they would not have been
detected with conventional X-ray dif-
fraction measurements.

ESEM-EDS investigations

Scanning electron  microscopy
studies were performed only on se-
lected samples from the monastery
excavations, in particular on the blue,
green, and red nuances. Some of the
results are reported in figs. 8-11.

The green samples can be divided
into two groups: samples SSV3-7-8
which do not contain inclusions, and
samples SSV1-2-4-5-6 which contain
particles with higher atomic number

Elactron Image 1

Fig. 9. BSE image collected on sample SSV10 showing Fig. 10. BSE image collected on sample SSV9 show
prismatic crystals of calclum antimoniate rosary shaped aggregates of calcium antimoniate cry-

stals
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Fig. 11. BSE image collected on sample SSV22
showing CuO clusters

than the glass matrix. fig. 8 shows an example
of the BSE image and relative EDS spectra col-
lected on sample SSV6. In the image it is pos-
sible to distinguish two different kinds of particle
exhibiting different morphology and a different
contrast level. Very light grey spheroid parti-
cles are visible as well as slightly darker acicular
crystals. The EDS spectra collected on both the
typologies provided an explanation for the differ-
ing contrast found in the BSE image: the acicular
crystals consist basically of Sn and oxygen (spec-
trum 1), while the spherical particles turn out
to be Pb and Sn bearing particles (spectrum 2).
The EDS spectrum on the matrix (not reported)
shows that lead was also dispersed in the glass.
This situation (presence of crystals of these two
morphologies with different chemistry dispersed
in a lead bearing matrix) is attested in all the Ph-
Sn bearing green glass (SSV1-2-4-5-6), although
XRPD analyses could not detect crystalline
phases.

All the blue and turquoise samples reveal the
presence of dispersed particles with higher atomic
numbers. The EDS spectra allow the identifica-
tion of calcium antimonates, very common opaci-
fiers employed in the opaque glass of this period.
In most cases (samples SSV10-11-13-14) the par-
ticles observed are well formed crystals, some-
times with prismatic habit of tens of microns,
sometimes forming small aggregates (fig. 9). By
contrast, in sample SSV9 the particles exhibit a
different microstructure consisting of small crys-
tals forming aggregates of rosary shapes, as re-
ported in fig. 10.

The three red samples present a very common
situation, typically found in red tesserae of this
period. As shown in fig. 11 (image from SSV22)

all the red opaque glass exhibits nanometric clus-
ters of metallic copper, easily recognizable on the
basis of shape. In addition, quite large aggregates
of metallic tin (tens of micron), probably repre-
senting residues of the raw materials, were found
dispersed in the glass matrix.

Discussion

As regards the main glass constituent, the
tesserae here analysed are the typical soda-lime
glass of natron type obtained using siliceous sands
— with feldspatic components and calcareous frag-
ments — and natron as a source of flux (the min-
eral trona, a salt derived from the Egyptian evap-
oritic deposits of Wadi-Natrin mostly in the form
of sodium sesquicarbonate e trisodium hydrogen-
dicarbonate). This is a typical feature of mosaic
glass produced in Roman and Byzantine times'.
In particular, as regards the base raw materials, a
very good comparison can be found with the glass
tesserae from the basilica of Saint Vitale (Fiori et
al. 2004) and Neoniano Baptistery, coming from
mosaics located within a few kilometres distance
from Classe: natron glass is the base constituent
of all the original tesserae and the ranges of CaO
and AL O, as indicative of the vitrifying raw mate-
rial are perfectly overlapped.

The composition of the tesserae is quite ho-
mogeneous (a few exceptions will be discussed
later on) and the occurrence of natron type glass
suggests that all the tesserae possibly result from
pre-10" century AD production, therefore solv-
ing the problem of dating the tesserae only on the
basis of their stratigraphical position. At the end
of the first millennium AD several changes oc-
curred in glass manufacturing processes. During
this period, and particularly between the 9" and
11*" century, natron glass production started to be
replaced and halophytic plant ashes began to be
used as a fluxing agent for glass production to-
gether with purer sources of silica (Lilyquist, Brill
1993). The changeover was not abrupt but pro-
gressed leading to an intermediate stage with the
appearance of the so called “mixed natron-plant
ash composition” identified at Middle Eastern
(Henderson et al. 2004) and Italian sites (Uboldi,

' Freestone et al. 1988; Fiori et al. 2004; Arletti et al. 2006;
Vandini et al. 2006; Van der Werf et al. 2009; Verita,
Santopadre 2009; Arletti et al. 2010; Silvestri et al. 2011;
Verita 2011; Gliozzo et al. 2012; Schibille et al. 2012; Di
Bella et al. 2014; Silvestri et al. 2014.
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Verita 2003). Mosaic glass started to follow this
trend during the 10" and 11" centuries and mixed
compositions were identified in the Torcello Basil-
ica (Andrescu-Treadgold, Henderson 2006) and
the two Greek monasteries of Daphni and Hosios
Loukas (Arletti et al. 2010). The tesserae sample
set from the Saint Severus excavations do not be-
long to this transition phase, therefore it is reason-
able to suppose that they were not produced after
the 10™-11" century AD. Furthermore, both for
the flux and vitrifying raw materials, close simi-
larities can be observed with mosaic tesserae from
the basilica of Santa Cecilia in Rome, dated at the
9" century AD (Verita, Santopadre 2009).

The recalculated composition (normalized to
100wt.% after the removal of the elements inten-
tionally added as colorants or to confer opacity
to the glass form the chemical data) is compared,
with the compositional field of Roman and late
antique transparent glass found in literature (Free-
stone et al. 2000; Nenna et al. 2000; Foy et al.
2003; Silvestri et al. 2008; Foster, Jackson 2009;
Silvestri et al. 2011) (figs. 4-5) Although minor dif-
ferences can be observed in the contents of K,O
and MgO, all samples fall in the field of natron
glass. With the aim of a more general classifica-
tion and comparison with coeval Mediterranean
glass production, some differences can be found
observing the CaO and Al O, levels. Most of the
samples from the monastery excavations (SSV set)
and from the sacellum (SAC set) fall inside the field
characteristic of Roman glass, in which is also in-
cluded half of the samples from Cripta Raspon: (CR
set). The remaining samples of the SSV and CR
sets and belong to the Levantine I group, which
also contains three samples from the sacellum. The
same subdivision between the Roman and Levan-
tine I group is reported for the tesserae from Saint
Vitale in Ravenna (Fiori et al. 2004).

The distinction made on the basis of the vitri-
fying base materials could lead to the suggestion
of the use of different sands and the following
peculiarities would support the hypothesis of a
different production, chronologically attested af-
ter that of the typical Roman glass (possibly if the
Levantine I type):

SSV set: the green samples with low Pb and
Sn (differing form the other green tesseare of
the same group — see below); the two light blue
samples and the three colourless tesserae in which
manganese is not detected ; finally, the three red
samples whose characteristics are diffusely dis-
cussed below.

SAC set: two colourless samples SACS and 6 fall
distinctively in the Levantine I group, and other

three samples (SAC4, 8 and 9) are characterized
by higher AL,O,; all these samples show higher
FeO and MgO content.

CR set: the three blue tesserae, also showing
higher K,O and MgO.

The levels of FeO and TiO, shown in fig. 6
indicate that seven samples (four samples from
SSV set — SSV21-22-23 and SSV5 — and three
samples from CR floor mosaic — CR1, CR2, and
CR5B) show high and correlated levels of the two
elements. This, along with the high levels of MnO
found in all these tesserae, seems to suggest that
these samples could be classified as HIMT glass,
however, this is definitely not the case for the red
samples from the SSV set (see discussion below)
for which the high content of these oxides could
be related to deliberate additions to obtain the
desired colours. The reason of the high levels of
Ti0O, for sample SAC 4, SAC 8 and SAC 9 should
be different, in fact these sample do not show high
FeO and the content of MnO is relevant only in
sample SAC 4 — but this is related to its colourless
appearance (addition of manganese as decolour-
ing agent) rather than to the sands employed for
its production.

Many differences in the tesserae composition
are related to the technique and the materials used
for their opacification and coloration.

An homogenous situation is found for the
turquoise and light blue opaque samples: all
these samples were opacified with calcium anti-
monates, and contain lead in variable amounts,
at most just above 1 wt% of PbO. The presence
of copper and antimony (and traces of lead) is
characteristic of a long time production of this
nuance: from Roman (see e.g. Van der Werf et
al. 2009 for Italian production; Paynter, Kearns
2011 for British findings) through Byzantine
times (Fiori et al. 2004; Schibille et al. 2012).

As discussed in the previous section, the cal-
cium antimonate found in these samples show, in
most of the cases, well formed prismatic crystals
and, in only one case (SSV 9) a more complex
microstructure with small crystals forming ag-
gregates of rosary shapes. A similar situation is
discussed in the paper by Lahill et al. (2010) in
which the nature of the Sh-bearing opacifiers
has been deeply investigated. The authors sug-
gested that the shape of the crystals of calcium
antimonate inside the glass matrix could give in-
dications regarding the technique employed for
the opacification. In fact, they indicated the pres-
ence of submicronic crystals of Ca-antimonate
organized in compact rosary shapes as the proof
of an ex situ crystallization of the opacifier (ad-
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dition of Ca-antimonate to the glass batch). On
the contrary, the presence of Ca-antimonate po-
lygonal crystals with average sizes greater than 1
pm is the indication of the i situ crystallization,
obtained by adding Sb to a Ca-bearing glass
(Shortland 2002). While the insertion of an an-
timony bearing raw material for the opacifica-
tion of glass would not result in an increase of
Ca oxide in the chemical analyses of the glass
(being calcium already drawn out of the matrix),
the addition of calcium antimonate to a Ca-
bearing glass would lead to an increase of CaO
in the bulk chemical analysis. This is consistent
with our data, in fact, the tessera showing rosary
shape antimonate — indication of ex situ crystal-
lization of Ca-antimonates, thus the addition of
Ca —is the sample with the higher CaO contents.

Calcium antimonate opacifiers are present in
two different stoichiometry in the analyzed sam-
ples: in its hexagonal form (CaSb,0,) in samples
SSV9, SSV10, SSV11, and in its orthorhombic
one in sample SSV14. The reason of the pres-
ence of the two different phases should be found
in the different kinetics and temperature of pro-
duction of these tesserae. In fact, an

One of the blue tesserae (CR1) is definitely distin-
guishable for its high lead, tin, and iron content (it
could possibly be of non-6" century production),
on the contrary CR2 and CR5B have a very simi-
lar composition, probably indicating they derive
from the same glass chunk.

Out of ten green tesserare analysed, eight
come from the monastery excavations (SSV). The
green tesserae can be divided into two groups
based on the contents of PbO and SnO, (low:
SSV3, SSV7, SSV8, SAC 8, SAC9 and CR3;
high: SSV1, 2, 4, 5, 6). The main chromophore
is copper in both groups although a difference in
its introduction can be recognised: in the low Pb
— low Sn samples no crystalline inclusions can be
singled out by SEM-EDS and there is no corre-
lation between copper and tin (fig. 12), testifying
the addition of “pure” copper. On the contrary,
although the high Pb — high Sn green samples ap-
pear translucent, the SEM images show the pres-
ence of some particles dispersed in the matrix.
Nevertheless the XRD analyses could not reveal
the presence of crystalline particles in the sam-
ples: this could indicate that, even if some crystals

experiment performed by Lahill et al.
2010 suggests that i siu crystalliza- 5.0 -
tion of calcium antimonate after the
addition of Sb,O, lead to the forma- 4.0 -
tion of CaSh,0, when heated for 2
days at 1100°. On the contrary, if the o
batch is heated for longer time (up to 0=N
13 days) the thermodynamically stable =2
phase is Ca,Sb,0.. The presence of
the orthorhombic phase only, in sam-
ple SSV14, indicate that probably the
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firing of this glass lasted for more than
two days, contrarily to samples SSV9,
SSV10 and SSV12 probably heater
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for shorter time.

The dark blue sample does not Fig. 12. Plot of Cu,O vs. SnO, contents for all the analysed samples

contain antimonates and the final ef-

fect (hindering the transmission of

light) is due to the presence of cobalt, associated
to high amount of iron resulting in the deep col-
our. Blue mosaic glasses with Co as chromophore
were extensively produced from Roman to later
times, as cobalt blue tesserae could be still found
in 9" century mosaic in Santa Cecilia, Rome (Ver-
ita, Santopadre 2009) and 10"-11" century tesser-
ae from Torcello (Andrescu, Henderson 2006),
Daphni and Hosios Loukas (Arletti et al. 2010).
Only one sample from Cripta Rasponi (CR1) shows
a different chemical composition (containing high
tin and lead and being coloured with copper).

are dispersed in the glass, their amount is too low
to be detected by XRD and, as a consequence to
impart an opaque effect. The presence of high
and correlated amounts of PbO and SnO, could
indicate the tentative addition of Pb, Sn- based
opacifiers, typically employed in this period. In a
recent work, Tite and colleagues (Tite et al., 2008)
examined tin-opacified glass and proposed a reas-
sessment of the method by which these materi-
als may have been produced. They demonstrated
that in a mixture of SiO,, PbO, and SnO, the per-
sistence of PbSnQ, is favoured by low PbO/SnQO,
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ratios and low levels of silica; otherwise the cubic
lead stannate, responsible for the yellow colour,
would be transformed into cassiterite at relatively
low temperatures (around 750-850°C), prevent-
ing the formation of the desired shade. In the
case of the green tesserae from Saint Severus, the
high PbO/Sn0O, ratio and the high contents of
silica, would lead to a very easy conversion of lead
stannate to cassiterite. The presence of only few
crystals of opacifiers and the co-presence of lead
stannate and cassiterite crystals (as evidenced by
SEM-EDS investigations) could be explained as
partial decomposition of the lead stannate. How-
ever, this would have led to the crystallization of
an higher amount of cassiterite.

An analogous relation between tin and lead
can be recognised in all the red tesserae, in which
the colour is due to the presence of copper in the
reduced state; they also contain high iron and
variable amounts of lead and tin; the red sam-
ple from Cripta Rasponi — CR set — shows a quite
remarkable content of antimony. Although the
cromophore is clearly the same, the red samples
coming of the monastery excavation — SSV set —
are different from that found in the Cripta Raspon:
— CR set. In fact, while this latter shows K,O and
MgO levels compatible with all the other samples,
the ones from the monastery are characterised by
relatively higher levels of these elements, although
well below the contents undoubtedly connected
with the use of plant ash (Lilyquist, Brill 1993).
When considering the red tesserae of the SSV set
(SSV21] to 23) the higher contents of alkalis could
be the evidence of the addition of small quanti-
ties of vegetal fuel ash (wood ash) in the melt to
obtain reducing conditions. This is further sup-
ported by the presence of a higher phosphorous
content, not detectable or in very low amounts in
the rest of the sample set. The use of wood ash
- and not plant ash - in the glass mix is testified
by the lower content of Na and Cl: the addition
of fuel ash would facilitate the reduction of cu-
pric oxide to metallic copper — detected by XRPD
(tab. 1) —as reported by other authors (Schibille et
al. 2012) due to its reducing capacity (Cable, Sm-
edley 1987; Freestone 1987; Paynter 2008). The
reducing action is further guarantee by iron in the
batch? as demonstrated by the highest content of
FeO within the SSV red samples. The composi-
tion of the red tesserae from the monastery are

2 TFreestone 1987; Brill, Cahill 1988; Arletti et al. 2006; Van
der Werf et al. 2009; Schibille et al. 2012.

clearly distinctive from the other tesserae of the
same set, in agreement with the data reported in
literature for Roman and Byzantine opaque red
glass® but the same is not true for the red tesserae
in the CR set, in which also the content of lead,
tin and antimony make its composition clearly dis-
tinguishable from the SSV reds.

Previous studies on opaque red glass (Stapleton
et al. 1999; Freestone et al. 2003; 2008; Barber
et al. 2009), indicate the use of copper-lead-silica
silver-refining slag, or its associated litharge for
the copper reduction process. In the red mosaic
glasses from Saint Severus monastery excavation
copper contents are strongly correlated with tin
(fig- 12), with the same ratio as found in the tin
bearing green tesserae. This fact suggests that the
raw materials employed to introduce copper and
tin could the same, probably slags of metallurgi-
cal production (the Sn/Cu ration does not corre-
spond to that of bronze), and that the different
colours could be due to different redox conditions.
In the SSV high Pb — high Sn green samples and
in the red tesserae, tin is introduced as a contami-
nant of copper, possibly indicating the use of tin-
rich debris (Freestone et al., 2003) or even possibly
tin and lead metallurgical wastes since also a cor-
relation between lead and tin can be recognized,
recalling the use of lead debris to favour reducing
conditions and the formation of metallic copper.
The correlation SnO, vs. PbO — with Pb:Sn about
2:1 (matching that of pewter) — could indicate the
use of an alloy (Fiori 2011).

As regards the copper rich red tesserae from
the Saint Severus monastery, the use of fuel ash,
the presence of copper related lead and tin are
features recognizable in the Byzantine production
although they cannot be considered an unique
chronological signature (very low tin is reported
by Shugar 2000; Arletti et al. 2010; Verita, San-
topadre 2009); however, these red tesserae could
be hardly considered as a re-use of Roman glass
since, although compatible with the use of fuel ash,
they are clearly distinguishable for low lead and
especially tin content®. The high content of tin ox-
ide in green and red samples from the monastery
excavations allows to definitely exclude a Roman
production and re-use of these tesserae: the use of

w

Cable, Smedley 1987; Freestone 1987; Brill, Cahill 1988;
Ireestone et al. 1990; Shugar 2000; Freestone et al. 2003;
Barber et al. 2009; Van der Werf et al. 2009; Schibille et
al. 2012; Silvestri et al. 2014.

Santagostino Barbone et al. 2008; Paynter, Kearns 2011;
Gliozzo et al. 2012; Di Bella et al. 2014.
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tin in glass is considered a post-4" century intro-
duction (Turner, Rooksby 1959; Tite et al. 2008)
when it began to replace the Sh-based opacifiers,
although its presence as an opacifier appeared as
early as the 2" century BC (Henderson 2000).
The use of tin is attributed to late-antique pro-
ductions (Verita et al. 2002; Santagostino Barbone
et al. 2008) and used in Italy from the 5" century
onwards (see e.g. Uboldi, Verita 2003; Fiori et al.
2004), eventually (7"-13" century) evolved in the
technology of lead-tin calcine (Tite et al. 2008). It
is worth noting that the yellow tessera in the SAC
sample set shows high lead and tin content: if its
production would be definitely proved coeval with
the sacellum construction (second half of the 4™
century), the use of tin in lead-tin opacified glass
in Italy could be slightly anticipated.

On the contrary, the red sample CR5A is char-
acterised by high copper, very low SnO, and rela-
tively high Sb,O,: the lack of tin oxide was found
by Shugar (2000) in Byzantine red tesserae from
Israel and late Byzantine red tesserae from Daph-
ni and Hosios Loukas (Arletti et al. 2010), but the
presence of antimony in high amounts is not re-
ported in the above cited literature on opaque red
tesserae. Quite high antimony — even if about half
of the quantity of Sb,O, found in sample GR5A —
is reported in a red tesserae from the 9*-10" cen-
tury mosaic in St. Cecilia, Rome (Verita, Santo-
padre 2009), none or very low antimony (Sh,O,<
0.25 wt%) was found in the original red tesserae
from Byzantine St. Vitale, Ravenna (Fiori et al.
2004) and St. Prosdocimus, Padua (Silvestri et al.
2013) or Roman Herculaneum (Van der Werf
et al. 2009), making the red tesserae from Cripla
Rasponi an exception. A possible hypothesis is that
the red sample was possibly intended to be tur-
quoise: its composition is almost identical to that
of the turquoise sample CR4 and only the differ-
ent furnace atmosphere could have determined
the final colour.

Seven colourless tesserae were analysed from
the Monastery excavations and six from the sacel-
lum; no colourless tesserae was found in the Cripta
Rasponi group.

The colourless tesserae usually represent the
base of the metal leaf tesserae (mainly gold but
sometimes also silver) made of a thin metal layer
between a glass support (a few mm thick) and the
cartellina, a thin (< 1 mm) transparent layer of
glass.

The support could be naturally coloured:
greenish, yellowish, brownish supports are found
in Byzantine mosaics (see e.g Iiori et al. 2004)
or colourless, with an intentional addition of a

decolourant. The threshold values for the inten-
tional addition for the decolourisers are 0.5 wt%
for manganese (Jackson 2005) and 0.2 wt% for
antimony (Sayre 1963) and these confirm the ex-
clusive use of the former for the SAGC colourless
tesserae and of the latter for the SSV set (with the
exclusion of SSV20): all but one of the colourless
transparent glass samples of the SSV set are de-
colourised with antimony, with negligible contents
of Mn. Manganese as a decolouring agent was
employed in only one tessera (SSV20) whose prov-
enance is from residual layers, and hence not ar-
chacologically associable to the others. The most
interesting feature, distinguishing the decolorized
glasses from the sacellum and the monastery is,
therefore, the use of a different decolourant.

As regards the base constituents, several au-
thors have identified features of antimony de-
colourised colourless glass’. In comparison with
the data reported in those works, the contents of
antimony, iron, and manganese are compatible
with antimony decolourised glass. Foster and Jack-
son (2010) compare the composition of their late
roman Sh decolorized glass SSV glass with that of
the coeval Mn- decolorized glass. And found that,
on average the Sh-bearing has higher Al,O, and
K,O, lower MgO, and slightly lower CaO w1th
respect to the Mn-bearing glass. Even if in all our
samples the absolute amount are somewhat dif-
ferent, the situation is very similar: SSV colour-
less samples show, on average higher alumina and
potash, and lower magnesia, with respect to SAC
Mn-decolorized samples (2.18 vs 2.02 AL O,, 0.63
vs 0.50 K, O, 0.61 vs 0.96 MgO, 7.31).

In comparison with the data reported in those
works, the contents of antimony, iron, and man-
ganese are compatible with antimony decolourised
glass, but the relatively low number of colourless
samples in the present SSV set and the high varia-
bility of the other oxides (eg. Na,O, SiO, and CaO)
does not make it possible to establish correspond-
ence with the groups isolated by other authors.

When considering the samples from the sacel-
lum, a good comparison can be made with the
metal leaf tesserae from Saint Vitale (Fiori et al.
2004): manganese is the only decolourant em-
ployed in the 6" century metal leaf tesserae in
which antimony is not detected or — at most — not
intentionally added. Byzantine gold leaf tesserae
from St. Prosdocimus (Padua) analysed by Silvestri

> Nenna et al. 1997; Foy et al. 2003; Picon, Vichy 2003;
Jackson 2005; Paynter 2006; Silvestri et al. 2008.
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et al. (2011) show a more articulated situation in
which the co-presence of antimony and manga-
nese in 6" century colourless mosaic glass is attrib-
uted to glass recycling. On the other hand, in the
colourless tesserae from Sagalassos (Schibille et al.
2012) three samples from the Apollo Klarios tem-
ple late 5"-early 6™ century AD) are decolourised
with manganese, reflecting a typical feature of the
Byzantine production to which also the sacellum
tesserae could be, therefore, attributed. However,
in the same work by Schibille and co-workers,
one colorless tesserae from the Roman Baths 4™
century with antimony, with contents of MnO
and Sb,O, closely comparable with the data from
SSV15 to 19 is presented. The data from Sagalas-
sos would confirm the generally accepted trend of
a later use of manganese as a decolourant, mak-
ing it possible that the colourless tesserae from the
monastery excavations would be of Roman pro-
duction. However, samples SSV15a, b and 19, do
not belong to the typical “Roman” range of base
constituents (fig. 5). Notwithstanding the possibili-
ty of reuse of Roman tesserae, a new and dedicat-
ed production of antimony decolourized tesserae
cannot be excluded: Neri and Verita (2013), em-
ploying a method of gold leaf dating, confirm the
use of antimony in newly made tesserae well be-
yond the recognised limit of the 4™ century. This
would not exclude the recycling of Sh-based Ro-
man glass to newly produce the tesserae found in
the area of the Saint Severus monastery.

Conclusions

Glass tesserae of different colours and degrees
of opacity were analysed. They originated from
different contexts of the archaeological site of
Saint Severus (Classe): the area of the monastery,
the construction of which started at the end of
the 9" century; the floor of the sacellum, first nu-
cleus of the monumental area, dated to the sec-
ond half of the 4" century; and from a pastiche of
mosaic floor fragments removed from the original
floor of the Saint Severus Basilica dated to the 6™
century.

The main objectives of the work, besides wid-
ening and deepening knowledge of mosaic glass
production in the area of Classe, near Ravenna,
were to use chemical data to try to distinguish be-
tween three possible different glass productions,
for which historical and archaeological informa-
tion is incomplete.

As regards the source of flux, the analysed
tesserae are all of the natron type, characteristic

of a pre-10®-11" century Mediterranean produc-
tion. All the tesserae are produced with siliceous
calcareous sand containing a feldspatic compo-
nent and, on the basis of the discrimination of the
sole vitrifying raw materials, they all belong to typ-
ical Roman and late antique production, resem-
bling to the vast majority of the Byzantine mosaic
glass tesserae, either within a very close distance
(Ravenna) or in farer Italian and Mediterranean
sites. Following the model of primary to second-
ary glass production (Freestone et al. 2000; Nenna
et al. 2000), the origin of the sands appear to be
identifiable in the Levantine region; in fact, all the
three analysed sets split into the two well-known
groups of “Roman” and Levantine I” type. The
data relative to other accessory components sup-
port the hypothesis of two different productions
for each set of samples.

Therefore, it is not possible to make a distinc-
tion on the basis of the main components; howev-
er, an attempt can be made to compare the tesser-
ae by considering the different origin of colours
and the presence of characteristic elements. The
main difficulty is obviously due to the imprecise
correspondence of nuances; nonetheless, a direct
comparison can be made:

Turquoise: the turquoise tesserac have common
characteristics in the three sets, only small vari-
ation in Pb and Sn contents are observed. This,
together with the scarcity of data regarding this
particular colour, allow to hypothesise a special-
ised production, possibly not geographically dif-
fused and with a long time tradition. The light-
blue opaque glasses present only in the SSV set
show similar characteristics.

Green-light green: the contents of lead and tin in
the two SAC (4" century) and CR (6™ century) sets
are almost negligible if compared to those in the
SSV (9"-10" century) sample set, in which lead
and tin are definitely higher. In particular, the
lead and tin rich green tesserae definitely belong
to a different production, almost certainly of later
chronology due to the high levels of tin.

Blue: are present only in SAC and CR sample
sets and show clear similarities.

Red: no red samples were found in the mosaic
of the sacellum and the CR sample can definitely
be considered as belonging to a completely differ-
ent production respect to the same colour of the
SSV set that, in turn, show the generally recog-
nised features of its specialized production.

Colourless: the only possible comparison can be
made between the colourless samples from the
SAC ans SSV sets. In SAC samples the decolour-
ant is typical of Byzantine colourless tesserae (gold
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or silver leaf tesserae): i.e. manganese, while the
SSV samples were decolourized with antimony:.
From the above discussion, the hypothesis that
the tesserae from the basilica of Saint Severus (6™
century) were reused to decorate important rooms
of the later monastery (for example the chapter
house) can be discarded and the possibility of a
dedicated glass production could be put forth, at
least for some of the colours (green and colourless).
Secondly, the controversial chronology (original
4™ century or a 9" century remake) of the mo-
saic from the sacellum can be partially solved: the
present results demonstrate that the tesserae em-
ployed in the realisation of the sacellum mosaic are
different from those of the monastery which could
reasonably have been employed in a remake. How-
ever, this is not a guarantee that older tesserae were
not re-employed in the realisation of the mosaic.
Indeed, it must be born in mind that the two
floor decorations are artistic artefacts in which
carly and more recent interventions cannot be ex-
cluded, especially considering how easily the tiny
tesserae blocks can be detached and substituted.
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