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A  b  s  t  r  a  c  t

The  transition  from  the  Roman  natron-based  glass  industry  to  the  medieval  ash-based  tradition  in  Italy
in  the latter  part  of  the first  millennium  CE  is still  poorly  documented.  The  compositional  data  of  eighteen
glass  fragments  excavated  from  the  Byzantine  praetorium  in Bari suggest  that  the  development  in the
southern  part  of the  Peninsula  differs  from  that  in the  north.  Analyses  by laser  ablation  inductively
coupled  plasma  mass  spectrometry  (LA-ICP-MS)  identified  the  first significant  group  of  glasses  in Italy
that were  produced  in  and imported  from  the eastern  Mediterranean  during  the last  two  centuries  of
the  first  millennium  CE.  Some  samples  exhibit  the  characteristics  of early  Islamic  natron  and  plant-ash
oron
oda ash
ecycled natron glass
outhern Italy
ypology

glasses,  while  two specimens  are  similar  in  major  and  trace  element  composition  to  post-Roman  glasses
most likely  manufactured  in  Byzantine  Asia  Minor.  These  represent  the only  known  vessels  made  from
the  Byzantine  high  lithium,  high  boron  glass  found  so  far in the western  Mediterranean.  The  analytical
results  thus  show  that being  under  Byzantine  hegemony  was  advantageous  for  trade  connections  in the
medieval  Mediterranean.

©  2018  Les  Auteurs.  Publié  par  Elsevier  Masson  SAS.  Cet  article  est publié  en  Open  Access  sous  licence
. Introduction

Primary glass making has experienced a significant diversifi-
ation and numerous technological innovations in the late first
illennium CE ([1,2] and references therein). Between the eighth

nd twelfth centuries, natron-type glass was progressively repla-
ed by either soda-rich plant-ash glass in the Mediterranean area
r potash-rich plant-ash glass in central and northern Europe (e.g.
3–7]). These technological changes triggered a re-organization of
he primary production in that the glass industry that was once
oncentrated in only a few locations along the Levantine coast and
n Egypt multiplied and became increasingly decentralised. While
hese technological developments have been extensively studied
n the context of northern Italy, little attention has been paid to
ow the south of the Italian Peninsula was affected by these trans-

ormations. Systematic typological and chemical analyses of glass
rtefacts from numerous sites in northern Italy revealed the exclu-
ive use of Palestinian and Egyptian natron-type glasses until the
Pour citer cet article : E. Neri, et al., A Byzantine connection: Eastern Me
(2018), https://doi.org/10.1016/j.culher.2018.11.009

eventh century CE [8–14]. Thereafter, recycling of these older
atron-type glasses becomes increasingly common [9,11]. The first
oda-rich plant-ash glasses appear in the Venetian area in the
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eighth to eleventh century CE, heralding a gradual transition from
the use of natron to plant-ash glasses [15]. Venice might in fact have
been instrumental in the import of the earliest soda-rich plant-ash
glass to the Italian Peninsula, due to its strong cultural and econo-
mic  link with the eastern Mediterranean [15]. In contrast, there is no
systematic study on medieval glass finds from southern Italy. Jud-
ging from the small number of available data, imported Levantine
and Egyptian natron-type glasses are the principal sources of sup-
ply until the sixth century CE as reflected in the glass assemblages
from the late antique villa of Faragola [16] and the city of Herdonia
[17]. In the seventh to ninth centuries, glass finds in Rome (Crypta
Balbi), Salerno and St. Vincenzo al Volturno consist mainly of recy-
cled natron glass [18–21]. To date, no soda-rich plant-ash glass has
been identified among early medieval glass assemblages from sou-
thern Italy, implying a glass consumption model that is principally
dependent on recycling.

This paper presents new archaeometric data of glass finds from
medieval Bari to re-assess the trade and use of glass in southern
Italy during a period when glass making changed dramatically. The
material under investigation comes from the praetorium in the city
of Bari in the south Italian region of Apulia. Bari had been hotly
diterranean glasses in medieval Bari, Journal of Cultural Heritage

contested by the Lombards, Byzantines, Arabs, Berbers and Nor-
mans due to its strategic position on the Adriatic Sea [22–24]. After
the establishment of the Byzantine Theme of Longobardia in the
second half of the ninth century, later the catepanate of Italy, Bari

s article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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ig. 1. Byzantine Bari and the Basilica of San Nicola. Left panel: Plan of the Byzant
he  12th-century basilica (both adapted from [28]).

ecame the official residence of the Byzantine governor [25]. During
yzantine rule, the city and the territory of Bari were engaged in
xtensive commercial activities. Pottery finds show, for instance,
hat the city was able to sustain a varied pottery production, while
t the same time specialised ceramics were imported [26]. Among
he finds recovered during the excavations at Bari were numerous
lass artefacts [27] that provide an ideal case study to explore the
hanging patterns of supply during the transitional period from
atron-type glasses to plant-ash based recipes. We  analysed the
hemical composition of eighteen samples to determine the main
lass types that were used in Bari and to discuss how the supply
f glass to the city was affected by the new developments in glass
aking technologies.

. Materials and methods

.1. Archaeological context

The glass finds under investigation were recovered in the area of
he praetorium, the seat of the Byzantine administration that was
ater occupied by the Basilica of San Nicola. Excavations conducted
etween 1980 and 2000 confirmed the location of the praetorium
nd revealed a complex archaeological sequence with three main
hases. An early domestic phase, dating to the fourth to seventh
Pour citer cet article : E. Neri, et al., A Byzantine connection: Eastern Me
(2018), https://doi.org/10.1016/j.culher.2018.11.009

entury was followed by a public building connected to the deve-
opment of the Byzantine praetorium in the ninth to eleventh
entury. Finally, the citadel was built in the second half of the thir-
eenth century CE during the Angiò reign (1266–1302 CE). The glass
y indicating the location of the praetorium; right panel: magnified ground plan of

samples were retrieved from the first two  phases in front of the sou-
thern bell-tower of the Basilica of San Nicola excavated in 1982, and
inside the courtyard of abbot Elias to the south of the basilica during
excavations in 1987 (Fig. 1). In both areas, the Byzantine nine- to
eleventh- century structures were built over a late antique phase
of occupation [28].

2.2. The glass artefacts

Eighteen glass artefacts were selected from a total of eighty-
six fragments found in the praetorium of Bari. These samples were
selected to cover the transitional period from natron to plant-ash
glasses and to represent the entire range of typological categories
encountered at the site. Their relative number reflects the ove-
rall occurrence of the individual types and in terms of colours,
they range from colourless, to yellowish green and light green
(Table 1). Thirteen samples (BA 03, 04, 07–17) can be attributed
to the Byzantine period between the reigns of emperor Theophilos
(829–842) and the Komnenoi (1005–1071) (Table 1). The remai-
ning five samples (BA 01, 02, 05, 06, 18) have a relatively wide
chronological span from the fifth to the eleventh century based on
numismatic and ceramic evidence [27] that may occasionally be
refined based on the glass type (see below).

Most of the forms correspond to common domestic ware
diterranean glasses in medieval Bari, Journal of Cultural Heritage

(goblets, cups, bottles) and lamps (Fig. 2) of late antique typologies
that are found all over the Mediterranean, including southern Italy
(e.g. [27,29–31]). There are three types of plain beakers, Isings106b
(BA 02) with a rounded edge and a grooved decoration under the

https://doi.org/10.1016/j.culher.2018.11.009
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Table 1
LA-ICP-MS data of the eighteen glass samples from Bari (including typological and archaeological data). Major and minor oxides including chlorine [wt %], and trace elements [ppm].

Samples  Colour  Typology  Context  Archae.  date  Na2O  MgO Al2O3 SiO2 P2O5 Cl  K2O  CaO  TiO2 MnO  Fe2O3 Li  B

Roman  Sb  BA  03  Colourless  Isings  111  s.  I,  US  117  9–11th  18.5  0.40  1.88  69.9  0.02  1.11  0.42  6.43  0.07  0.01  0.35  3.32  170
Egypt  II BA  04  Light  green  Isings  111  s.  I,  US  117  9–11th  13.6  0.69  2.48  69.7  0.12  1.12  0.35  8.79  0.27  1.38  1.27  4.57  90.0

BA  05  Light  green  Goblet,  Corinthian  type  s.  I,  US  112  5–11th  13.5  0.69  2.55  69.7  0.12  1.13  0.35  8.93  0.28  1.40  1.27  4.05  89.5
BA  09  Light  green  Small  bowl,  linear  impressions  s.  I,  US  126  9–11th  15.3  0.53  2.31  68.9  0.07  1.16  0.62  9.78  0.28  0.02  0.90  4.09  71.9
BA  10  Light  green  Bottle,  short  neck  s.  I,  US  117  9–11th  14.2  0.73  2.43  69.4  0.14  1.04  0.41  9.94  0.29  0.25  1.07  4.96  95.6

HLiB BA  13  Yellow-green  Variation  Isings  106b  s.  I,  US  117  9–11th  13.3  2.67  2.89  65.3  0.08  0.20  1.61  11.1  0.13  0.02  1.51  469  ###
BA  17  Yellow-green  Isings  111  s.  I,  US  3D-4E  9–11th  16.6  1.51  1.88  67.5  0.12  0.65  1.05  8.45  0.10  0.33  0.93  228  ###

Soda  ash BA  01  Colourless  Isings  106c  s.  I,  US  139  5–11th  11.6  3.18  1.67  70.0  0.34  0.85  2.15  8.35  0.09  1.16  0.51  5.36  87.8
BA  07  Colourless  Isings  111  s.  I,  US  117  9–11th  13.7  2.23  2.04  69.2  0.25  0.76  1.56  8.62  0.09  0.65  0.64  20.8  353

Natron
recycled

BA  02  Colourless  Isings  106b  s.  I,  US  130  5–11th  16.5  0.95  2.38  68.1  0.14  0.88  1.06  7.57  0.11  0.79  0.78  10.3  152
BA  06  Colourless  Goblet,  Corinthian  type  s.  I,  US  112  5–11th  16.5  0.75  2.53  68.2  0.14  0.82  1.07  7.29  0.12  0.71  0.83  19.0  155
BA  08  Light  green  Goblet,  local  type  s.  I,  US  117  9–11th  15.7  1.69  2.72  67.5  0.16  0.69  0.98  7.52  0.17  0.78  1.38  8.72  136
BA  11  Colourless  Isings  111  s.  I,  US  123  9–11th  17.4  0.75  2.36  68.2  0.11  0.98  0.65  7.38  0.13  0.79  0.78  6.42  153
BA  12  Light  green  Isings  111  s.  I,  US  117  9–11th  14.8  0.99  2.38  68.5  0.11  0.99  0.72  8.90  0.24  0.68  1.06  8.09  91.9
BA  14  Light  green  Isings  111  s.  I,  US  115  9–11th  16.2  0.88  2.46  67.7  0.17  0.85  1.10  8.07  0.14  0.82  0.88  10.8  151
BA  15  Light  green  Isings  111  s.  I,  US  115  9–11th  15.9  0.64  2.43  68.6  0.11  0.92  0.61  8.42  0.18  0.49  0.90  7.21  118
BA  16  Light  green  Isings  111  s.  I,  US  3D–4E  9–11th  16.7  0.71  2.59  67.9  0.14  0.75  1.02  7.41  0.11  0.76  0.81  9.24  151
BA  18  Light  green  Isings  111  s.  I,  US  19A  5–11th  17.8  0.82  2.30  67.6  0.12  1.08  0.62  6.68  0.19  0.97  0.94  5.11  169

V Cr Co Ni Cu Zn Ga As Rb Sr Y Zr Nb Mo Ag Cd In Sn Sb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta W Pb Bi Th U

7.13 9.70 1.06 2.40 6.65 15.2 2.45 16.9 4.96 471 4.94 48.8 1.41 0.14 0.15 0.16 0.00 0.69 6132 0.06 127 5.29 9.21 1.12 4.53 0.91 0.24 0.76 0.13 0.76 0.16 0.43 0.06 0.44 0.07 1.13 0.07 0.03 29.5 0.03 0.83 0.95
24.9  29.4 4.93 9.40 6.88 128 4.40 2.31 5.40 182 6.90 187 4.01 0.56 0.10 0.19 0.01 0.35 1.20 0.07 323 7.33 13.7 1.59 6.29 1.36 0.35 1.02 0.17 1.11 0.24 0.67 0.10 0.66 0.11 3.99 0.21 0.09 7.61 0.01 1.52 1.19
24.6  29.9 4.93 9.51 6.89 128 4.54 2.34 5.32 185 7.16 192 3.98 0.54 0.09 0.15 0.01 0.37 0.44 0.05 327 7.40 13.9 1.65 6.75 1.31 0.33 1.08 0.19 1.13 0.24 0.68 0.10 0.73 0.11 4.06 0.20 0.09 8.84 0.00 1.57 1.20
21.3  27.0 2.62 5.60 3.17 13.8 3.29 0.79 4.70 167 6.70 226 4.00 0.12 0.09 0.06 0.01 0.31 – 0.04 155 7.39 13.7 1.57 6.51 1.29 0.31 1.01 0.18 1.08 0.22 0.63 0.09 0.69 0.11 4.70 0.21 0.07 1.94 0.01 1.59 1.00
23.2  28.1 12.2 7.27 44.1 44.8 3.49 1.44 4.71 194 7.07 207 3.96 0.33 0.28 0.11 0.02 3.12 3.14 0.06 177 7.73 14.2 1.66 6.54 1.33 0.33 1.07 0.18 1.10 0.23 0.66 0.10 0.70 0.11 4.37 0.20 0.07 59.1 0.01 1.59 0.92
24.6  73.4 6.85 73.4 6.64 24.4 4.57 30.9 91.1 ### 5.04 31.3 3.10 0.86 0.01 0.02 0.01 0.55 55.2 61.5 79.6 8.27 15.4 1.60 6.19 1.18 0.23 0.89 0.15 0.86 0.17 0.46 0.06 0.46 0.07 0.73 0.17 0.43 1.58 0.01 2.77 1.32
19.7  32.0 17.1 32.1 265 43.2 2.82 39.2 31.7 ### 5.30 42.9 1.94 1.45 0.41 0.05 0.01 70.7 313 16.9 144 6.09 11.4 1.22 4.91 1.02 0.25 0.78 0.13 0.84 0.17 0.49 0.07 0.46 0.07 0.99 0.12 0.24 808 0.17 1.54 1.64
14.2  12.6 3.44 7.90 38.9 31.8 3.11 2.51 14.0 413 6.14 37.3 1.76 3.23 0.04 0.05 0.01 0.25 0.08 0.14 230 6.50 12.0 1.48 6.49 1.32 0.33 1.15 0.17 1.01 0.21 0.52 0.07 0.44 0.07 0.85 0.09 0.33 4.06 0.01 0.82 0.36
16.4  15.6 16.2 10.8 110 37.5 3.01 32.5 15.5 393 5.78 42.6 1.85 3.05 0.41 0.12 0.02 13.3 5.82 1.57 208 5.99 11.0 1.31 5.26 1.06 0.26 0.93 0.15 0.89 0.19 0.51 0.07 0.48 0.07 1.03 0.13 0.36 277 0.07 1.21 1.60
21.7  18.8 30.1 12.4 935 59.7 3.47 12.7 15.0 474 6.80 67.7 2.09 2.24 1.19 0.11 0.00 259 1823 0.29 274 7.30 12.3 1.48 6.22 1.26 0.32 1.10 0.17 1.07 0.22 0.59 0.09 0.58 0.10 1.49 0.12 0.35 ### 0.23 1.22 0.95
22.1  16.5 35.7 10.4 ### 102 3.87 18.7 23.0 452 7.17 67.2 2.56 2.14 1.58 0.13 0.00 188 3119 0.62 290 8.41 14.3 1.73 6.81 1.43 0.36 1.14 0.18 1.06 0.23 0.63 0.08 0.64 0.09 1.49 0.12 0.52 ### 0.22 1.48 1.01
25.9  48.7 35.6 39.5 ### 108 4.14 13.3 16.0 416 7.79 88.6 2.60 2.06 0.61 0.07 0.00 216 1702 0.30 294 8.54 14.5 1.77 7.17 1.38 0.35 1.17 0.21 1.20 0.25 0.68 0.11 0.69 0.11 1.96 0.15 0.31 ### 0.16 1.51 1.01
23.8  19.3 14.0 11.4 607 42.8 3.35 11.8 9.76 450 7.22 70.6 2.04 1.95 0.56 0.09 0.00 79.8 1441 0.15 284 7.41 12.6 1.54 6.36 1.27 0.35 1.15 0.18 1.13 0.24 0.61 0.10 0.60 0.09 1.54 0.11 0.29 581 0.07 1.11 0.98
22.8  27.9 74.3 11.1 408 96.2 3.60 7.08 7.65 268 6.95 169 3.48 1.23 2.67 0.11 0.06 259 1309 0.11 225 7.59 13.9 1.60 6.39 1.31 0.34 1.09 0.18 1.07 0.24 0.65 0.09 0.69 0.11 3.54 0.18 0.17 ### 0.14 1.50 1.01
23.0  20.3 38.8 13.0 869 66.7 3.68 11.5 16.5 483 7.14 84.7 2.36 2.34 1.40 0.07 0.00 371 1493 0.27 295 7.72 13.3 1.61 6.60 1.30 0.35 1.19 0.18 1.12 0.24 0.63 0.09 0.61 0.10 1.91 0.13 0.48 ### 0.30 1.34 1.03
21.6  22.3 26.7 9.41 930 62.5 3.47 9.85 10.6 321 6.88 121 2.87 1.32 0.82 0.12 0.00 261 1622 0.20 232 7.48 13.2 1.58 6.31 1.30 0.33 1.07 0.18 1.06 0.23 0.63 0.09 0.61 0.10 2.67 0.15 0.31 ### 0.18 1.39 0.99
22.6  15.7 24.8 10.1 ### 76.4 3.65 17.5 21.6 465 7.06 63.1 2.26 2.22 1.21 0.11 0.00 198 3286 0.54 296 7.87 13.6 1.61 6.54 1.33 0.35 1.08 0.19 1.10 0.23 0.63 0.09 0.58 0.09 1.43 0.12 0.59 ### 0.24 1.37 1.07
26.4  26.4 46.3 12.7 ### 50.7 3.76 17.6 11.1 456 7.47 110 2.66 2.75 0.89 0.13 0.03 123 2670 0.20 354 7.88 13.3 1.61 6.72 1.36 0.35 1.13 0.19 1.15 0.25 0.66 0.09 0.67 0.10 2.34 0.13 0.47 ### 0.17 1.34 0.97

https://doi.org/10.1016/j.culher.2018.11.009
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ig. 2. Selection of analysed samples from Bari according to object types; a: Isings 1
inear  impressions (BA 09); e: small bottle with a short neck and horizontal rings (B
ype  Dav. 12.718 (BA 06); h: goblet with discoid base and solid stem (BA 08); (draw

im, Isings 106c (BA 01) with unworked rim and a wheel-engraved
ecoration on the body, and a conical beaker (BA 13) with a concave
ase related to Isings 106b. The most prevalent vessel types are
temmed goblets, used as drinking vessels or lamps. These goblets
irculated between the fifth and the eleventh century CE, displaying
ome variability in form but without any major technical and mor-
hological differences [29,31]. They usually have simple shapes
ither conical (BA 03, 11, 14, 17), bell-shaped (BA 04) or globu-
ar (BA 05), with rounded edges and a tubular base ring (BA 07,
2, 15, 16, 18). A few objects belong to medieval Corinthian types
BA 05, 06) ([32] Fig. 12.716, 12.718) that have previously been
dentified in southern Italy in ninth- to eleventh-century contexts
33], while a goblet with a discoid base and solid stem (BA 08)
ossibly represents the output of a local production, since limi-
ed comparable material is known from southern Italy [34,35].
heir chronological occurrence allows us to constrain the date for
hese samples to the ninth to eleventh century CE. Finally, two
emarkable pieces have the closest parallels in the early Islamic
orld. One fragment (BA 09) is a small bowl with a rounded rim

nd straight walls, decorated with linear impressions that have
een obtained by tongs (Fig. 2). It is considered an unicum in the
rchaeological record of southern Italy, whereas numerous finds
ith similar patterns have been recovered from several sites in

he eastern Mediterranean dating to the ninth to tenth century
E [27]. The other sample (BA 10) belongs to a small bottle with

 short cylindrical ridged neck and horizontal rings around the
eck (Fig. 2). Bottles with similar morphological features were quite
Pour citer cet article : E. Neri, et al., A Byzantine connection: Eastern Me
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ommon in Egypt, Israel, Syria, Iran and Iraq [27]. Hence, these two
essel typologies appear to have been developed in glass work-
hops of the Islamic east during the Umayyad and early Abbasid
eriod.
pe (sample BA 02); b: Isings 106c (BA 01); c: Isings 111 (BA 04); d: small bowl with
; f: goblet of Corinthian type Dav. 12.716 (BA 05); g: stemmed goblet of Corinthian
V. Acquafredda, M.  Pellegrino).

2.3. Analytical methods

The cleaned, but otherwise unprepared glass fragments were
first inspected under the stereomicroscope to determine their
colour and subsequently analysed by laser ablation inductively cou-
pled plasma mass spectrometry (LA-ICP-MS) at the Centre Ernest
Babelon (CEB) of IRAMAT in Orléans using a Thermofisher Element
XR combined with a Resonetic UV laser microprobe (ArF 193 nm).
The analytical set-up and protocol as well as the conversion into
fully quantitative results have previously been described in detail
[36,37]. The analytical precision and accuracy of the measurements
established by the repeated analysis of Corning A, B and D and NIST
612 are given as Appendix A, Supplementary material (Table S1).
Accuracy is generally better than 5% relative for most major and
minor elements, and better than 10% for most trace elements.

3. Results and discussion

3.1. Bari compositional groups

The glass finds from Bari are all soda-lime-silica glasses (Table 1),
the majority of which classify as mineral soda glass with low
magnesium and potassium oxide concentrations (< 1.5%), while
three samples (BA 01, 07, 13) have elevated levels of both potash
and magnesia (> 1.5%) conventionally attributed to the use of plant
ash as the fluxing agent (Fig. 3a) [38]. The strontium to calcium
ratios, alumina and soda levels of two of these samples (BA 01, 07)
diterranean glasses in medieval Bari, Journal of Cultural Heritage

are consistent with soda-rich plant ash glasses from the eastern
Mediterranean. In contrast, sample BA 13, together with sample BA
17 have unusually high strontium relative to calcium and excep-
tionally high lithium and boron concentrations (Fig. 3b, c). The

https://doi.org/10.1016/j.culher.2018.11.009
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ig. 3. Base glass characteristics of the glass samples from Bari; a: potash and magn
o  lime ratios versus alumina levels identify different raw ingredients. The low str
ource;  c: soda and boron levels distinguish different glassmaking recipes; d: avera
ean  values of the upper continental earth crust [39]; e: elevated levels of transitio

wo samples also show trace element patterns (e.g. Cr, Rb, Cs, Th)
hat diverge from the profiles usually encountered in natron-type
lasses of Levantine and/or Egyptian origin (Fig. 3d) [39], identi-
ying different raw materials. Sample BA 17 exhibits furthermore
lear signs of recycling in the form higher than usual magnesium
nd potassium oxides levels (Fig. 3a) and elevated copper, tin, anti-
ony and lead (Fig. 3e).

The mineral soda glasses can be subdivided based on their major,
inor and trace element contents (Fig. 3). Four samples (BA 04, 05,

9, 10) with moderate levels of aluminium oxide (about 2.4%) and
oda (about 14%), high levels of titanium, zirconium and lime, and
ow strontium contents are clearly affiliated with ninth-century
gypt II [40]. Nine samples (BA 02, 06, 08, 11, 12, 14, 15, 16, 18)
how intermediate compositional characteristics with lower heavy
lements, somewhat higher strontium to calcium ratios and higher
oda concentrations compared to the Egypt II samples (Fig. 3a–c).
ll nine samples have elevated concentrations (> 100 ppm) of cop-
er, tin, antimony and lead, and to a lesser extent copper and zinc
Fig. 3e) as well as potash (Fig. 3a). It is generally accepted that
ecycling has an impact on the baseline levels of colouring, deco-
ouring and opacifying elements due to the accidental introduction
f coloured cullet to the glass melt, in addition to the contami-
ation with fuel ash and components in the furnace atmosphere
uch as potash [41,42]. Hence, given the substantial contamina-
ions through colouring agents, more than half of the analysed
lasses from Bari exhibit clear signs of recycling and mixing of dif-
erent types of natron base glasses some of which were presumably
oloured and opacified. Interestingly, the samples made from this
ecycled glass represent either late antique forms (Isings 106 and
11) or local products (BA 06, 08) [34]. Judging from the relatively
Pour citer cet article : E. Neri, et al., A Byzantine connection: Eastern Me
(2018), https://doi.org/10.1016/j.culher.2018.11.009

ow strontium levels of some of these recycled glasses (BA 12, 15,
ig. 3b), it is reasonable to assume that part of the cullet was  of the
gypt II type, while the elevated contents of antimony suggest the
ecycling of Roman glass (Fig. 3e).
ncentrations separate the natron-type glasses from plant ash glasses; b: strontium
m levels of Egypt II are reflective of calcareous rocks and thus a continental silica
ce element patterns of the five different glass groups from Bari normalised to the
als point to a high incidence of recycling.

One sample (BA 03) differs sharply on account of its low levels
of silica-related contaminants such as calcium, trace and rare earth
elements, concurrent with low potash and magnesia and high
soda contents (Fig. 3). These features together with high levels
of antimony (6132 ppm) identify this sample as Roman antimony
decoloured glass (Table 1). Typologically, this sample belongs to the
Isings 111 family that was very common during the late Roman and
early medieval period up to the eighth century CE [43]. The fact that
this sample with a virtually pristine Roman antimony glass signa-
ture and a late antique typology was retrieved from a ninth- to
tenth-century context suggests either that this object had survived
intact or that it was  residual material from the earlier occupation
at the site.

The chromatic scale of the glass finds does to some degree coin-
cide with the compositional groups. All Egypt II samples show a
light green colour independent of the iron and manganese contents,
the high lithium / high boron glasses express a more intense yello-
wish green colour, possibly due to the very low manganese contents
insufficient to act successfully as decolorant, and the soda ash
glasses are virtually colourless (Table 1). The group of recycled glass
range from colourless to light green contingent on the manganese
to iron ratios and the latter’s oxidation state.

3.2. Glass consumption and supply in medieval Bari

The high incidence of eighth- to ninth-century Egyptian glasses
among the Bari assemblage in the form of recycled as well as largely
unadulterated Egypt II fragments is remarkable, especially when
compared to other Italian sites. Finds of Egypt II glass are generally
rare outside of Egypt. However, some specimens have been iden-
diterranean glasses in medieval Bari, Journal of Cultural Heritage

tified among glasses from Syria-Palestine [2,44,45] and in some
isolated cases in Italy [20], Spain [46] and Albania [47]. The pre-
sence of four samples of the Egypt II type that have not undergone
substantial recycling and mixing can be explained by the relative

https://doi.org/10.1016/j.culher.2018.11.009
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ig. 4. Trace element patterns of the high lithium, high boron glass from Bari in com
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 very similar REE profile to the samples from Bari.

hronology of this primary production group. Egypt II is attributed
o between the last quarter of the eighth and the first three quar-
ers of the ninth century CE [40]. Archaeologically, three of the four
amples from Bari are dated to the ninth to eleventh century CE,
hile the date of sample BA 05 (Table 1) can now be refined to

he late eighth to eleventh century CE due to its Egypt II signature.
wo of the Egypt II samples, one bell-shaped goblet with white trail
ecoration (BA 04), the other a globular goblet (BA 05), cannot be
nambiguously attributed to a specific secondary workshop tradi-
ion even though the latter is associated with a Corinthian type
32]. The other two Egypt II samples (BA 09 and 10), however,
epresent early Islamic vessel types from the ninth to tenth cen-
ury similar to samples from the eastern Mediterranean, but scarce
r non-existent in the Italian Peninsula [27]. Taken together the
ifferent pieces of evidence point to the import of finished glass
rtefacts, and possibly raw glass, from Islamic Egypt in the ninth or
enth century CE.

The two plant ash glasses from Bari (BA 01 and 07) have been
roduced from halophytic plants in line with the eastern Medi-
erranean soda-rich plant ash glass tradition [1,7]. With moderate

agnesium and potassium concentrations (1.5% < MgO, K2O < 3.5%)
nd relatively low silica-related impurities such as aluminium, tita-
ium and zirconium (Fig. 3, Table 1), their closest parallels are found

n Syria-Palestine [1]. These two samples thus provide the first clear
vidence of the import of soda-rich plant ash glass from the Islamic
ast to Byzantine southern Italy. This is reminiscent of the situation
n north-eastern Italy, where soda-rich plant ash glasses from the
astern Mediterranean arrived as early as the eight/ninth century
E [10,15]. The two vessels from Bari correspond to late antique
ypologies (Isings 106, 111), and archaeologically they are attribu-
ed to the fifth to eleventh century (BA 01) and the ninth to eleventh
entury (BA 07). Given the soda-rich plant ash signature, however,
he date of sample BA 01 can be attributed to the eighth century
r later, when plant ash glasses begin to spread in the Islamic east.
his clearly reflects the longevity of Isings 106 and 111 well into
he early Middle Ages.

An ongoing economic and cultural exchange with the eastern
editerranean is substantiated by the presence of Byzantine high

ithium and high boron glasses. The high levels of lithium, boron and
trontium reflect raw materials that are different from known first
illennium primary production groups in Egypt and the Levant.

t has been proposed that a mineral soda might have been extrac-
ed from the borate lakes of central Turkey for the production of
Pour citer cet article : E. Neri, et al., A Byzantine connection: Eastern Me
(2018), https://doi.org/10.1016/j.culher.2018.11.009

hese high boron glasses [48], supporting the hypothesis of primary
lass making in Asia Minor, as first proposed by Robert Brill [49].

 primary production location in Asia Minor also implies the use
f different silica sources, which may  explain some of the atypical
on with similar samples from Hisin al-Tinat [52]. Averages were normalised to the
Tinat assemblage are given as error bars. HT 040 was singled out, because it shows

trace element patterns and increases in silica related contaminants
such as chromium, nickel, thorium and above all caesium (Fig. 3d).
In most other glasses caesium occurs at values below 1 ppm, whe-
reas the high boron glasses reach levels of Cs in excess of 60 ppm
(Table 1) [50,51] that is probably linked to the silica source [52].
Furthermore, there is evidence of two  different high boron glass-
making recipes, one based on mineral soda, the other using a plant
ash component [49–51,53]. While mineral soda probably underlies
sample BA 17, sample BA 13 with both magnesium and potassium
oxides in excess of 1.5% is more likely the result of the addition of
plant ash. High boron glasses have seldom been found outside of
Asia Minor, only some isolated examples are known from Greece,
Venice and Rome [50]. In terms of the lithium, boron and strontium
levels, the two  samples from Bari resemble a group of middle and
late Byzantine glasses from Pergamon [50], and tenth- to twelfth-
century bracelets from Hisin al-Tinat (Turkey) [51]. However, the
glasses from Pergamon have consistently higher alumina contents
(> 5%) and clearly represent a different primary production, while
the bracelets from Hisin al-Tinat have notably lower titanium oxide
and higher REE (Fig. 4). Although not a perfect match, the trace
element pattern of group 3 from Hisin al-Tinat and especially of
HT 040 are reasonably similar to the two  samples from Bari to indi-
cate a chemical and by extension geographical relationship. What
is more, the high boron glasses identified to date [49–51,53] tend
to be highly variable, which is reflected also in the standard devia-
tions of the Hisin al-Tinat bracelets (Fig. 4). The outlier HT 040 was
interpreted by the authors as being possibly the result of mixing
two different glasses [51]. As mentioned above, our sample BA
17 likewise shows signs of mixing and recycling in the form of
elevated colouring elements. The two  fragments recovered from
ninth- to eleventh-century contexts in Bari provide the first clear
evidence for the circulation of vessels of this type of high lithium,
high boron glass in the western Mediterranean. It is widely assu-
med  to be a quintessentially Byzantine glass type, manufactured in
all likelihood in Asia Minor [48,49,50], and it may  thus not come
as a surprise that it has been found in the context of the Byzantine
Theme of Longobardia, highlighting the strong material link bet-
ween southern Italy and Byzantine Asia Minor. With a late antique
typology (Isings 106, 111), the two  fragments supports once more
the survival of these glass typologies into the late first millennium
CE.

The typological and compositional characteristics of the medie-
val glasses from Bari testify to the active exchange between the
diterranean glasses in medieval Bari, Journal of Cultural Heritage

Byzantine province of southern Italy and the Byzantine heart-
land on the one hand, and the Islamic world on the other hand.
Even though a significant proportion of the glass supply at Bari
was evidently dependent on recycled natron glass in line with

https://doi.org/10.1016/j.culher.2018.11.009
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ther contemporary Italian sites (e.g. [8,11,20]), almost half of the
lasses analysed correspond to raw glass produced in the late
ighth century or later. This high occurrence of late first millennium
lass imports constitutes an exception within the Italian Peninsula,
here a maximum of 10% of the glass represents imported soda-

ich plant ash glass from the eastern Mediterranean [8–14,18–21].
n this, the glass assemblage from Bari demonstrates close paral-
els with Venice, where up to 50% of late first millennium finds are
oda-rich plant ash glasses from the Levant [15]. The productive and
ommercial set-up suggested by the present study of the glasses
rom Bari has a significant parallel in the ceramic finds insofar as
he ceramics too are either of local production or imported from
he Balkans and the Aegean [26]. The high proportion of imports
f vitreous material at Bari may  be related to the presence of the
yzantine governor and other government officials that strengthe-
ed commercial and diplomatic relations with the Byzantine and

slamic territories at large, especially after the city became the capi-
al of the Byzantine catepanate of Italy in the tenth century. In fact,
he Chronicon Barensis (Anonymi Barensis Chronicon, ad ann. 1045,
051 and 1062) reports how the city of Bari became the epicentre
f maritime traffic, because the Byzantine conquest stimulated the
rade with Greece and the eastern Mediterranean.

. Conclusion

The study of the glass finds from Bari provides new insights into
ow geo-political and technological developments in the medieval
editerranean shape the production and supply of vitreous mate-

ials in southern Italy. The gradual transition from the Roman glass
ndustry that used natron as fluxing agent to medieval ash-based
ecipes is reflected, for instance, in the systematic recycling and the
resence of late first millennium glass types such as Islamic Egypt

I, eastern Mediterranean soda-rich plant ash and Byzantine high
ithium, high boron glasses. The variability of the glass fragments
nalysed sets the archaeological record of Bari apart from the rest
f the Italian Peninsula with the possible exception of Venice. This
hows that the Byzantine province of Longobardia was  integrated
nto an extensive network of exchange that was controlled by a still
hriving Byzantine Empire.
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