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Fig. 6 B7328 from Søviggårde, Denmark, is a
Mesopotamian bead with three yellow, amber,
and white-colored stratified eyes; 14th century
BC. Fig. 7 Glass beads from Loftsgård, Bornholm.

Fig. 8 Glass beads from the Cioclovina
hoard.

4.5 Type 5 (Voerladegård)

Glass type 5 is based on analyses of 17 annular turquoise
glass beads from Danish graves: FHM1389a–b (two
beads; Fig. 10), B611 (four beads analyzed from one find
that contained a total of 27 similar beads), B7424 (four
beads analyzed from one find that contained a total 30
similar beads), and B3516 (one bead analyzed from one
find that contained a total 44 similar beads – see Fig. 11).
All of these were made of Mesopotamian glass and found
in rich female graves dated to the 13th to 12th century

BC. Altogether, 103 glass beads, probably of this type,
have been found in Denmark.

Romanian glass beads were found in a grave in Cluj
(one piece) and in a hoard in the Cioclovina Cave. In
the Cioclovina Cave in Transylvania, a major hoard was
excavated between 1969 and 1975, and then in 1979 and
1990. The objects are dated to the 13th to 12th century
BC based on the morphology of the artefacts, and in-
cluded 7572 objects in total. The majority of the artefacts
are bronzes and sets of ornamented antler bridle rods
from two horse harnesses, along with 500 faience beads,
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Fig. 9 The excavated gravesite from Vo-
erladegård, Jutland. The female grave was
placed high on a hilltop on one of the highest
plateaus in Denmark, overlooking the land-
scape.

Fig. 10 Glass beads from Voerladegård. Fig. 11 B3516 Humlum, Denmark. Forty-four annular blue
Mesopotamian glass beads from the 12th century BC found together
with two gold spiral rings.

1770 amber beads, and 1395 glass beads.13 New excava-
tions in 2016 have revealed several more glass beads, and
one of them has been analyzed together with glass dis-
covered in the initial campaign – from a total of six glass
beads (Fig. 8). They were made with Mesopotamian raw
glass, however, the beads were probably made in a sec-
ondary workshop that cannot be identified by the chem-
ical analysis. The Romanian glass beads can be catego-
rized as the same type as the Danish beads. It thus ap-
pears that Mesopotamian glass was widely distributed

during the Bronze Age.14 If we include the Romanian
find, the number of glass beads of this type comes to
1504, but the number is probably actually much higher
considering the similarities in morphology with other
finds of glass beads in Europe.

The five glass types fall into two main groups:
the Egyptian and Mesopotamian cobalt colored glass
from Period II (types 1–3) and the copper colored
Mesopotamian glass from Period III (types 4–5). The
latter group is greater in number, which may indicate

13 Petrescu-Dîmbovita 1977; Rotea 2017. 14 Varberg, Gratuze, Kaul, et al. 2016.
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a peak in Late Bronze Age plant ash glass making in Me-
sopotamia. Glass beads similar to the Danish type 4 and
5 were also found at Campu Stefanu, Corsica, where one
grave contained a necklace of 25 blue glass beads and 28
amber beads.15

This glass has generally been found in rich female
graves and, in rare cases, in hoards. The women wear
high status ornaments and political symbols as weapons
(Ølby and Melby). The Voerladegård grave was placed
on significant high ground overlooking the landscape
(Fig. 9) and, thereby, the main roads in Eastern Jutland,
and were only half a kilometer from the Largest river
in Denmark – the Gudenåen (river of the Gods). The
blue glass may indicate that these women were part of
an elite network that controlled the trade of glass and
other goods. Perhaps one or two of them travelled south
themselves.

5 Tracking trade routes

The Egyptian and Mesopotamian glass beads found in
Danish graves (most frequently in rich female graves,
but also in those of men and children) suggest that by
the 14th century BC, trade routes between the Mediter-
ranean and Scandinavia were already well established
(Fig. 12). Other indicators of contact between the ar-
eas are the folding chairs found in Northern European
Graves and razors with horsehead handles.16 Glass was
also a luxury in Egypt, and the Mesopotamian raw glass
formed as ingots were given to the Pharao Thutmosis III
as a tribute by Syrian kings (Fig. 13).17 Glass was highly
valued and a significant part of the Mediterranean trade
system. The question here is, why Denmark suddenly
became the northernmost trade-post within this system
(Fig. 12).

The answer may be found along the 7300 kilometer-
long shoreline of Denmark, where it is possible to find
large quantities of Baltic amber – the ‘gold’ of the north.
Amber was another material of high value and, like glass,
provides evidence of long distance exchange and ancient
routes of contact. Today, most of the Bronze Age amber

found in the Mediterranean has been scientifically deter-
mined to be succinate, the ‘Baltic amber’ recovered from
the coasts of the Baltic Sea, here, including the South
Swedish coasts of Scania and Danish Jutland, along with
the northwest German Frisian coast on the North Sea.18

Evidence for the collection and storage of unworked am-
ber has been found at a Middle Bronze Age farm in
Bjerre, near the coast in northwestern Jutland,19 while at
Understed, near the east coast of North Jutland, 3.3 kg
of unworked amber lumps were deposited in a pottery
vessel together with two bronze neck collars, dating the
deposition to around 1400 BC.20 Amber was highly val-
ued in Mycenae, Mesopotamia, and probably Egypt,21

and may very well be the key to understanding the trade
through Europe in 1500–1200 BCE.

There were many amber routes,22 and these may
be seen as parts of a system with many possibilities of
intersection or crossings, including in Central Europe
north of the Alps. A group of western routes followed
the Weser and Elbe river systems and the Rhine, while
other more eastern routes followed the Oder River.23

The distribution of amber finds demonstrates that in
the Alps, the Brenner and Julier passes were important
corridors leading to the Po Valley and, further, to the
Adriatic Sea. An easterly route via Vienna or Sopron,
passing just east of the Alps, would also reach the Ca-
put Adria area. Further transport was conducted by sea
along the coasts of the Adriatic, where there may have
been stop-over points in Southern Italy before this long
communication route ended in Mycenaean Greece. Al-
ternatively, the route could have taken a more eastern
direction through Western Romania, ending in Myce-
nae. Splendid Late Bronze Age examples of the most
distant finds of Nordic amber are provided in Syria by
the ‘Qatna Lion’, a small lion-shaped amber cup – proba-
bly produced locally from a large lump of amber24 – and
the beads and scarabs of Nordic amber that were found
in the tomb of Tutankhamen.25

Amber and glass were linked at many points. In
North Germany, the 13th century BC hoard from
Neustrelitz contained bronze ornaments, 180 blue glass
beads, and 20 amber beads. The glass analyzes pointed

15 Peche-Quilichini et al. 2016.
16 Kaul 2013.
17 Shortland 2012.
18 Faber, Frandsen, and Ploug 2000; Goldhahn 2013.
19 Bech and Mikkelsen 1999.
20 Jensen 2002.

21 Hood 1993.
22 Harding 1984.
23 Kaul 2013.
24 Mukherjee et al. 2008.
25 Hood 1993.
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Fig. 12 Map showing the areas relevant for
the glass trade.

Fig. 13 Glass ingots (colored blue in the cen-
ter of the photo) from Syria were offered to
Thutmosis III as a tribute. Relief from Karnak,
Luxor, Egypt.

towards an origin in the Mediterranean area,26 and
the morphology of the beads suggests Mesopotamian
glass. In a burial belonging to the tumulus culture from
around 1400–1450 BC, at Schwarza in South Thuringia,
Germany, blue glass beads and amber beads were also
found together.27 While further to the east, follow-
ing the Danube River through Hungary and Romania,
evidence of trade with amber and glass beads in the

Cioclovina hoard shows another amber route. Further
south, in the heartland of Late Bronze Age societies,
both Baltic amber beads and beads and ingots made
of Egyptian glass formed part of the precious cargo of
the ship wrecked at Uluburun.28 In Denmark, when
glass beads have been found in secure burial contexts,
they are often together with amber beads. It is possi-
ble that glass and amber beads shared some symbolic or

26 Mildner et al. 2009.
27 Ebner 2002.

28 Jackson and Nicholson 2010.
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magical value that made it beneficial to carry them to-
gether. In addition, a social value would have been ap-
parent. People of the highest levels of society that con-
trolled and benefitted from the amber export may have
been the receivers of the exotic and valuable glass beads,
with some of the richest Danish female graves (Søvigård,
Omme, and Humlum) physically close to well-known
amber find-spots along the Danish west coast.

6 The Bronze Age traveler

All trade was accompanied by travelers. Strontium anal-
ysis shows, surprisingly, that the Egtved girl from an oak-
coffin burial in South Jutland, Denmark was a Bronze
Age traveler. She was probably born somewhere in
Southwest Germany, but travelled to Jutland several
times before she died at the age of 18.29 She died in
1370 BC, and was part of the same generation as the
female graves where glass types 1–3 were found. She
provides clear evidence of the dynamic Bronze Age trav-
eler that moved over long distances in a short period of

time. This underlines the probability of travelers mov-
ing through Europe to the Mediterranean coast with
trade goods. The contact between the cultures in the
Bronze Age World may have been much more elaborate
than previously thought. In this wide-ranging network,
the women seemingly played a more central and polit-
ical role, exemplified by the Egtved Girl and other rich
female burials with exotic objects and political symbols.

By 1400 BC, long distance exchange systems had
evolved, connecting the shores of the Euphrates and
Tigris rivers in Mesopotamia and the Nile in Egypt with
the beaches of the Baltic and North seas. By 1300–
1200 BC, the amount of glass in Danish Bronze Age finds
peaked – and probably also in other parts of Europe.

Glass and amber beads – often worn by women – are
evidence of links across the widest expanse of the known
world. At both ends of this vast network, as well as at
key sites in between, Nordic amber and Egyptian and
Mesopotamian glass have been found together, forming
a sort of dialogue between exotic materials from distant
lands and rich domestic resources.

29 Frei et al. 2015.
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Political and Technological Changes, Glass Provenance and a New Glass
Production Model along the West Asian Silk Road

Summary

We consider some of the social, political, and economic factors
that led to the mass production of glass, especially during the
‘Abbasid Caliphate. Scientific analysis is used to investigate
glass production, and consider how these factors can be used
to interpret the results having defined glass technology and its
provenance for glass derived from a 2000-mile area of the Mid-
dle East, between Egypt and northern Iran. The results show
evidence of production in the Levant, northern Syria, and
Iran/Iraq as well as sub-zones associated with cosmopolitan ur-
ban centers in Cairo, Beirut, Damascus, Al-Raqqa, Samarra,
Ctesiphon, and Nishapur and specialized production of spe-
cific vessel types. It is shown that glass trade occurred between
these hubs with limited recycling within a decentralized pro-
duction system forming part of the ‘Abbasid economic boom.

Keywords: Silk Road; glass; glass trade; provenance; produc-
tion model

Der Beitrag diskutiert die sozialen, politischen und ökonomi-
schen Faktoren, die zur Massenproduktion von Glas, insbeson-
dere während des Kalifats der Abbasiden, führte. Durch na-
turwissenschaftliche Analysen wird der Glasproduktion nach-
gegangen und die Glastechnologie und -provenienz in einem

Raum zwischen Ägypten und dem nördlichen Iran erörtert.
Produktionszonen lassen sich in der Levante, dem nördlichen
Syrien, Iran und Irak feststellen; in den kosmopolitischen Me-
tropolen in Kairo, Beirut, Damaskus, Al-Raqqa, Samarra, Cte-
siphon und Nishapur fand eine Spezialisierung auf bestimmte
Gefäßtypen statt. Es wird zudem gezeigt, dass der Glashandel
mit minimalem Recycling zwischen den genannten Zentren
stattfand und Teil eines dezentral organisierten Produktions-
systems war, das für den wirtschaftlichen Aufschwung der Ab-
basiden verantwortlich war.

Keywords: Seidenstraße; Glas; Glashandel; Provenienz; Pro-
duktionsmodell
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1 Introduction

The ‘Silk Road’ extended from as far as Scandinavia in
the west to Japan in the east. It is in fact a network of
connections with several possible routes extending east-
west and north-south. Part of it is recognizable from as
early as the 4th century BC with Alexander the Great’s
incursions into Afghanistan, Sogdiana, and Bactria; oth-
ers would argue that there is evidence for an earlier ‘Silk
Road’ back into the Bronze Age.1 Whilst Liu2 suggests
that the Han, Kushan, Parthian, and Roman empires
can be seen to have created a network that formed a
Silk Road, the contacts that more fully formed the Silk
Road only occurred after these empires collapsed. The
Silk Road formed a complex and fascinating interna-
tional corridor along which humans, religions, ideas,
technologies, languages, and diseases travelled. Groups
such as the Persian Sasanians, the Tang Chinese, the
Middle Eastern Arabs, and the Central Asian Turkic and
Sogdian peoples were involved in production, exchange,
and trade over different parts of the Silk Road. The exis-
tence of such a network of contacts, and its links to the
waterborne spice route, is reflected in the occurrence of
a wide range of materials such as silk, spices, ceramics,
metals, glass, and minerals. Materials may have moved
as diplomatic gifts or as a result of trade, exchange, wars,
and diaspora – these distribution patterns are in fact
more analogous to a modern day ‘virtual network’ than
to a physical road structure. These materials have been
found in a range of contexts on the Silk Road, including
cosmopolitan trading hubs, palaces, burials, and tem-
ples. What we still need is a full review of precisely what
materials and objects were found at which sites and in
which contexts on the Silk Roads, and how such ma-
terials were used in a variety of social contexts. This
would lead us to consider comprehensive assemblages of
associated artefacts in a range of archaeological contexts;
in this sense, Susan Whitefield has made a very impor-
tant contribution to this discussion.3 There were peri-
ods during which interaction along the Silk Roads, and,
therefore, the deposition of artefactual evidence, peaked.

One such period was when two great empires lo-
cated on the Silk Road peaked: the Chinese Tang Dy-
nasty (618–906) and the earlier part of the ‘Abbasid

Caliphate (750–1258) in the Middle East. Both empires
were highly centralized with complex administrative sys-
tems that very effectively controlled vast swathes of ter-
ritory. Other empires, such as the Byzantine one, con-
trolled wide stretches of Europe and parts of the Mediter-
ranean, but the caliphate became increasingly dominant
from ca. 750 AD, at the start of the ‘Abbasid Caliphate.

Both the ‘Abbasid Caliphate and the Tang Dynasty
had highly successful economic systems that were tied
to the mass production of a range of materials across
a wide geographic area of influence. Such materials
were characteristic, and diagnostic, of the cultural con-
texts in which they were produced and used, reflecting
the cultural identity of the regions in which they were
made and, potentially, the ethnicity of the artisans that
were involved in making them. The Tang capital was in
Chang’an (modern Xi’an), Shaanxi Province, northwest-
ern China; the ‘Abbasid capital was primarily in Bagh-
dad, Iraq.

Other multi-ethnic hubs linked by the Silk Road
that lay between the Mediterranean Basin and Cen-
tral Asia included Venice, Thessaloniki, Constantinople,
Cairo, Damascus, Beirut, Al-Raqqa, Baghdad, Samarra,
Nishapur, Rayy, Merv, Samarkand (Afrasiab), Bukhara,
and Balkh. Some of these hubs would have had ex-
tensive industrial complexes, feeding materials into the
exchange and trade networks of the land-based Silk
Road and the connected maritime Spice route, both ul-
timately leading to Southeast Asia. The changing distri-
butions of material culture across Eurasia is, therefore,
one way of defining the evolution of the Silk Roads over
time.

The evolution of production, trade, and exchange
systems across Eurasia was far from simple; it was af-
fected by a complex combination of economic, political,
and cultural factors. If we consider the material culture,
especially glass, some of the factors that would have af-
fected the west Asian part of the Silk Road (the focus of
this paper), include:

1. the structure of the economy in urban and rural con-
texts and the roles that governors and Caliphs played
in determining the scale and organization of indus-
tries;

1 C. Li et al. 2010.
2 Liu 2010, 62.

3 Whitfield 2018.
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2. the social hierarchy, including the social status of
artisans who made glass and pottery and their the
ethnic identities;

3. the social value of materials, and the ways in which
they were used in urban and rural life (e.g. stor-
age vessels, dining rituals, medicine, scientific in-
struments, etc.);

4. the presence of ‘men of science’ and the role of
‘alchemy’;

5. production specializations;

6. sourcing of raw materials such as fuel, plant ash,
sand, scrap glass, clay for making furnace bricks and
crucibles, and glass working equipment,4 some of
which was determined by the local agricultural cy-
cles; and

7. transport and trade/exchange of raw materials and
finished products.

This is not an exhaustive list, but these factors both
singly, and in combination with others, would have im-
pacted on the inter-related urban and rural networks that
formed the Silk Roads at different times.

The aim of this paper is to relate, as far as possi-
ble, the results of scientific glass analyses to the orga-
nization of glass production, especially during the ‘Ab-
basid Caliphate across the western Asian Silk Roads dur-
ing a period of cultural and economic development and
change. The production and use of glass made in the
Islamic world, and the results of these analyses, can be
considered to reflect a combination of the factors listed
above. This has developed from the discussion of a
comprehensive analytical survey of Islamic glass dating
mainly between the 8th and 10th centuries, found at
sites situated between Egypt and northern Iran, across
a distance of some 2000 miles.5 Here, we consider more
closely features of the Middle Eastern early Islamic po-
litical and economic landscapes as a background to the
interpretation of glass production models, and we recon-
sider the same chemical data in somewhat more detail in

terms of the evidence for provenance.

2 Changing economies, changing
caliphates, production, and trade

The communities that lived along the Silk Road experi-
enced changing economic and social conditions that af-
fected production and trade in different ways at different
times. Factors such as wars, diaspora, and diseases (such
as the plague during the Umayyad Caliphate in the Mid-
dle East) would all have had an impact on residents of
cosmopolitan hubs and the connected settlement net-
works. It would be simplistic to suggest that the out-
break of war and the associated diaspora always caused
the demise of an industry. For example, political disrup-
tions in the late 7th and 8th centuries created a Syrian di-
aspora of many Byzantine Greeks (referred to as the Rūm
by the Arabs) from the Levantine littoral,6 which may
well have impacted on industries such as glass produc-
tion. Groups of Jews, Muslims, and Christians would
have been involved in glass production, especially in the
Levant. Furthermore, during the Umayyad Caliphate,
changes in political and diplomatic links that existed be-
tween the Byzantine and Muslim worlds would have im-
pacted on the supply of glass and other materials.7 An-
other political factor that would have had an impact on
the economy of Middle Eastern countries was the trans-
fer of centralized power from Damascus in Greater Syria
to Baghdad in Iraq when the ‘Abbasid Caliphate dis-
placed the Umayyads in 750.8 Indeed, the economic
boom that occurred under the ‘Abbasids, with the as-
sociated centralization of administration, had a measur-
able effect on production and trade in and between the
connected centers of Basra, Baghdad, and Samarra in
Iraq – and, undoubtedly, in the palace city of Al-Raqqa
in Syria. The positive effect of such a boom was felt as
far away as Southeast Asia.9

Basra was described by the 10th century geographer
al-Muqaddasi as “a port on the sea, and an emporium of
the land”, underlining its important role linking Iraq and
the Persian Gulf to Arabia East Africa, India, and South-
east Asia.10 In the late 8th to early 9th centuries, Harun
al-Rashid and subsequent caliphs developed a taste for

4 Henderson 2000, 90.
5 Henderson, Chenery, et al. 2016.
6 Kennedy 2010, 191.
7 Grabar 2004; Henderson 2013, 255–257.

8 Wickham 2004, 168.
9 Stargardt 2014.

10 Whitcomb 2009.
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Chinese porcelain: 70 000 pieces of Chinese stoneware
and porcelain were found on the wreck of the Belitung,
an Arabic dhow that sank off the coast of Belitung Island,
Indonesia and is preserved in astonishingly good condi-
tion.11 It dates to ca. 830–850, and is thought to have
been sailing to the Middle East. The Cerebon, thought
to date to c. 970, was wrecked in the Java Sea. It had on
board, amongst other things, 250 000 Chinese ceram-
ics, 20 Islamic glass flagons (not obviously prestigious),
and a large amount of broken glass. It is thought to
have been sailing eastwards.12 The trade between South-
east Asia and the Middle East, therefore, occurred on an
enormous scale. In the 9th and 10th centuries, extremely
rich financiers gained their wealth from overseas trade,
such as Abū Bakr, whom Ibn Hawkal met in Basra in
961.13 Ashtor has described the ‘Abbasid economy as
“pre-capitalist”.14 The trade continued in later periods,
as revealed by the excavations of the early 11th century
wreck of the Serçe Limani. Excavations of this ‘glass
wreck’ produced tons of raw and scrap glass, and has pro-
vided evidence, if needed, for a high level of glass trade
in the Mediterranean at the time.15 Nevertheless, pro-
duction and trade at this time occurred at a lower level
than during the ‘Abbasid Caliphate.

The focus of trade during the ‘Abbasid Caliphate
shifted from the Mediterranean to the ‘Mesopotamian’
region,16 with Baghdad becoming a center of the ‘Ab-
basid economy,17 rather than Damascus. Baghdad had
links along the land-based Silk Roads to Central Asia and
China and via Basra and Siraf to East Africa, South Asia,
and East Asia. Though diminished in political terms,
Damascus still continued to be an important center for
production and trade on the Silk Roads. With this shift
in the center of power, northern Syria, linked to Bagh-
dad by the river Euphrates would have become more in-
tegrated into the ‘Abbasid political realm. Indeed, the
cosmopolitan center of Al-Raqqa in northern Syria, lo-
cated by the Euphrates River, developed into a palace
city during the time that Hurun al-Rashid resided there
between 796 and 808, before he moved back to Baghdad

in 809.18 Al-Raqqa’s foundation may partly have been
due to the firm political and economic links between
Baghdad and the upper and middle Euphrates after 750.
From the late 8th century onwards, Al-Raqqa was an im-
portant industrial center, producing glass and ceramics
on a very large scale.

3 Archaeological and historical evidence
for Islamic glass production

Reliable archaeological evidence for the fusion of an-
cient glass from raw materials in furnaces is still rela-
tively rare, especially in inland locations.19 Excavations
in the 8th or 9th century at the site of Beth She’an
(Scythopolis) in the Levant produced evidence of pri-
mary glass production (and for late Roman linen and
Umayyad ceramic production).20

Interdisciplinary research at the cosmopolitan hub
of Al-Raqqa, northern Syria, has revealed an 8th to 12th
century industrial complex (Figs. 1 and 2). Here, exca-
vations have provided evidence of glazed and unglazed
pottery production and primary glass production. Glass
was made using ashed halophytic plants and sand21 and
involved frit,22 a semi-fused glass. Glass production oc-
curred on a massive scale in rectangular tank furnaces,
evidence for which was found at Tell Zujaj and Tell Be-
lor (see Fig. 2). The most recent discovery, in 2010, was
of a probable new type of ancient glass furnace: an early
Islamic downdraft furnace at Tell Abu Ali within the Al-
Raqqa industrial complex.23 Figs. 3 and 4 show sections
of the down-draught furnace; Fig. 5 shows the industrial
complex, including large circular and smaller rectangu-
lar pottery kilns.

‘Abbasid glass production formed part of a period
of technological innovation and experimentation that
characterized the flourishing economy of the ‘Abbasid
Caliphate, and may be related to the presence of a fa-
mous scientist in Al-Raqqa, Jabir ibn Hayyan, who is re-
garded as one of the fathers of modern chemistry and

11 Krahl 2011.
12 Stargardt 2014, 45–46.
13 Banaji 2010, 175.
14 Ashtor 1976.
15 Bass et al. 2009.
16 Wickham 2004.
17 Lapidus 2014.

18 Henderson, Challis, et al. 2005; Heidemann 2006.
19 Aldsworth et al. 2002; Gorin-Rosen 2000; Henderson 2013.
20 Gorin-Rosen 2000; Tsafrir 2009.
21 Henderson, McLoughlin, and McPhail 2004; Freestone 2006; Bark-

oudah and Henderson 2006.
22 Henderson 1995.
23 Khalil and Henderson 2011.
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Fig. 1 GIS map of the medieval
landscape of Al-Raqqa, northern
Syria, including the horseshoe-
shaped double walled enclosure
of Al-Raqqa’s twin city, al-Rafica
(the companion), the industrial
complex, and the palace com-
plexes. The map is based on a
1967 declassified corona satellite
image (we are grateful to the Di-
rector General of Antiquities for
Syria for providing this photo).

Fig. 2 Close-up of the 1969 declassified
Corona satellite image of the Al-Raqqa indus-
trial complex showing the sites excavated. 1 =
11th century Tell Fukhar, 2 = 11th to 12th cen-
tury Tell Belor; 3 = 9th century Tell Zujaj; 4 =
Late 8th to 9th century Tell Aswad; and white
spot = 9th century Tell Abu Ali (we are grateful
to the Director General of Antiquities for Syria
for providing this photo).
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Fig. 3 Section through a probable downdraft
glass furnace, Tell Abu Ali, Al-Raqqa, Syria.
The height from the top of the section of the
furnace wall to the base of the firing chamber
is 1.05 m. The furnace measures 3.7 x 2 m and
has a sloping floor. The grey left-hand outer
wall measures 0.4 m.

Fig. 4 A close-up of the top of the melted
firing chamber in which carbonized fuel is still
visible, with 2 layers of melted bricks above it,
forming the floor of the furnace. Dark verti-
cal glass is visible between the lower layer of
melted bricks; the upper layer is almost com-
pletely deformed and melted, so it evidently
received more heat than the lower layer. This
supports the interpretation that the source of
heat was from above, as would occur with a
downdraft furnace.
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Fig. 5 The glass furnace at Tell Abu Ali
formed part of a cluster of other high tem-
perature structures in which pottery was fired
and glass made. In this photo, a line of circular
and rectangular pottery kilns can be seen. The
closest one is a large (2.5 m in diameter) kiln
used for the production of glazed ceramics,
in which glazed kiln bars were found in situ.
Undoubtedly, technological knowledge was
exchanged between artisans involved in glazed
pottery and glass production.

may have worked with the caliph, Harun al-Rashid. He
wrote extensive treatises on, amongst other things, the
production of glass, glass coloration, and even on the
techniques involved in making luster decoration.24 Pos-
sible evidence of experimentation with plant ash glass
technology at Al-Raqqa has been discovered using scien-
tific analysis. The evidence that suggests this took place
there is provided by scientific evidence for mixing of
varying proportions of two compositional glass types.25

The industrial complex at Al-Raqqa was 2 kms long,
with deposits of industrial refuse up to 7 meters deep.
There is evidence from excavations that the manufacture
of glass and ceramics occurred in the late 8th, 9th, 11th,
and 12th centuries. This would have required a high
level of organization, potentially going all of the way up
to the caliph.26 The glass and ceramics made there were
probably traded in the nearby markets, the latest of the
two occupying the area between Al-Raqqa and Al-Rafica
(see Fig. 1).27

It seems obvious that the production of glass and
ceramics was linked at various levels, and that the orga-
nization of their production would have overlapped at

various times. As noted elsewhere,28 when ceramics and
glass were made at the same industrial complex, as they
were in Al-Raqqa (with historical evidence this also oc-
curred at Tyre), it is very likely that some of the same
fuels were used. Additionally, brick-making facilities for
pottery kilns and glass furnaces would have been shared,
although potentially with somewhat different refractory
qualities, given the higher temperatures involved in glass
making. The manufacture of alkali glasses and alkali
glazes were likely to have used similar procedures, even
if the colorants used were sometimes different.

Up to now, the most complete Islamic glass furnaces
have been found at Tyre, in Lebanon.29 There, the max-
imum height of the tank furnace walls that survived is
1.2 m. It is estimated that as much as 32 tons of raw
plant ash glass30 would have been produced per batch.
The furnaces probably date to between the 10th and
12th centuries. Unlike Al-Raqqa, where minimal his-
torical references to glass production have been found,31

those for Tyre are quite extensive.32 Al-Muqaddasī states
that cut and blown glasses were produced there; in 1163
Benjamin of Tudela, a Spanish Rabi, reported that 400

24 Ullmann 1970; Haq 1994; Al-Hassan 2009.
25 Henderson, McLoughlin, and McPhail 2004, 455–460.
26 Henderson, Challis, et al. 2005.
27 Heidemann 2006, 38.
28 Henderson 2000, 90.

29 Aldsworth et al. 2002.
30 Freestone 2002.
31 Heidemann 2006, 41, no. 54.
32 Irwin 1998; Carboni, Giancarlo, and Whitehouse 2003.
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Jews were involved in glass production and ship own-
ing there;33 and in the 12th century, al-Idrīsī reported
that Jews made both glass and ceramics in the suburbs
of Tyre.34

The Tyre and Al-Raqqa glass furnaces were excavated
relatively recently using modern techniques. During a
surveyof Samārrā, Iraq, Northedge andFaulker foundev-
idence of glass production close to palaces on the north-
ern bank of the Tigris, in an area known locally as m’mal
al-Zujāj (Zujāj is one Arabic word for glass).35 Here, un-
surprisingly there is evidence of an industrial estate.36

Moreover, there are historical references to glass pro-
duction in the al-Qadisiyya37 quarter of Baghdad and in
Aleppo during the time of the Ayyubids: Yāqūt (d. 1229),
who lived in Aleppo described a source of fine white
sand that was used for making glass there.38 Moreover,
Lamm has suggested that Basra was an important center
for glass production.39 Additionally, Ettinghausen de-
scribed someof the evidence for glass production there.40

However, although historical evidence suggests that glass
was fused from raw materials at Basra, currently there is
no archaeological evidence of this.

Ettinghausen also suggested that Basra was a center
for the production of the finest early Islamic glassware,
including lusterware,41 though without scientific anal-
ysis this is very difficult to prove. Luster painting on
glass and ceramics may have been a secret that was re-
tained within the families associated with the art, such
as the 13th–14th century Abu’l-Tahir family based in
Kashan, of which the famous Abu’l Qasim was a mem-
ber.42 Basra was evidently a center for glass production;
it was also an important center for ceramic production.43

Moreover, Ya’qūbi notes that potters and glass makers
were sent from Basra to the new capital of Samarra.44 As
noted above, there can be little doubt that the technolo-
gies for making glazed ceramics and glass involved the
same social groups (e.g. for making bricks to construct

furnaces and kilns and gathering different types of fuel,
plant ash fluxes, and sand). It would be obtuse to sug-
gest that artisans involved in making Islamic glazes and
glasses (essentially the same substance) using the same
raw materials did not communicate with each other and
share technological knowledge and expertise.

Glass was also produced in other parts of the Islamic
world; for example, there is archaeological evidence for
glass making in 12th-century Islamic Spain and for glass
working in 14th-century Crimea.45 There were also cen-
ters that specialized in making specific vessel forms.46

Large numbers of glass vessel fragments have been found
in centers like Nishapur (Iran) and Hama (Syria), and
this may suggest that glass vessels, and perhaps glass,
were made there, but it is not yet proof.

Glass raw materials

Both natron (a mineral source of flux) and plant ash
glasses were used to make Islamic glass vessels. Here, we
will focus on plant ash glasses. Such glass was made us-
ing a combination of ashed halophytic plants and sand,
or possibly crushed quartz.47 Suitable plants for glass
making still grow in a variety of salt-rich environments
(i.e. they are salt-tolerant and concentrate the salts in
their tissues), including in semi-deserts across Western,
Central, and Southeast Asia. Possible plant genera that
might have been used are Salicornia, Salsola, and Ham-
mada.48 The plant ash glass made in Islamic tank fur-
naces is of a range of colors, including pale green, olive
green, pale blue, and purple. These colors are due to a
range of factors,49 one of which is the presence of iron-
bearing minerals in the sand used to make the glass,
producing the so-called ’naturally colored’ green glass.
Another colorant, found universally in Islamic glass, is
manganese oxide. It would seem that manganese was
added deliberately to the glass melt as part of Islamic

33 Wright 1848, 80.
34 Chebab 1979, 429.
35 Northedge and Faulkner 1987.
36 Northedge and Faulkner 1987, 149; Milwright 2010, 146.
37 Lamm 1929, 498.
38 Yāqūt ibn ’Abd Allāh al-H

˙
amawī 1866, 631.

39 Lamm 1929.
40 Ettinghausen, Grabar, and Jenkins-Madina 1987, 72.
41 Ettinghausen 1984.
42 Komaroff 2004, 39.

43 Hallett 2000; Watson 2014.
44 Ah

˙
mad ibn Abī Ya‘qūb ibn Ja’far ibn Wahb ibn Wad

˙
īh
˙

al-Ya‘qūbīi
1937, 57.

45 Henderson 2013, 269.
46 Schatzmiller 1994, 224–226.
47 Henderson 2013, 260–266.
48 Amouric and Foy 1991; Ashtor 1992, 492; Barkoudah and Henderson

2006.
49 Henderson 2000, 29–30.
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glass technology.50 Another important factor that de-
termined the final glass color was the balance of oxidiz-
ing (oxygen) and reducing (carbon dioxide and carbon
monoxide) gases in the furnace; the combined presence
of iron and manganese oxides in the glass melt produced
pale green, olive green, pale blue, and purple glass.

Very low levels of colorants, such as cobalt and cop-
per, may also have been added deliberately when glass
was re-melted, prior to it being blown. This produced
a wider range of glass colors, including deep translu-
cent blue and turquoise green. Cobalt-bearing minerals
would have been associated with a range of other miner-
als as part of ore deposits. The result is that associated
‘impurities’, such as nickel, iron, and alumina, would
also enter the glass in which cobalt had been used as a
colorant.51 This can sometimes make it possible to sug-
gest strongly the source of the cobalt. Associations of
trace elements with raw materials, including colorants
and contaminants in the glasses are discussed in the re-
sults section below.

4 Islamic glass vessel types

Most Islamic glass would have been undecorated and
made into a range of forms, such as bottles, cups,
beakers, jugs, rose water sprinklers, and alembics. A
range of rather more diagnostic decorated glass vessel
types have also been found in Islamic contexts, these
include: luster-decorated, mold decorated, cameo dec-
orated, pinch decorated, scratch engraved, line dec-
orated, wheel cut, trail decorated, and enameled.52

In addition, glass wall plaques and beads have been
found. Some glass shows the continuation of Ro-
man/Sasanian techniques into the Islamic period. Ex-
amples include: trail-decorated vessels (characteristic of
Eastern Mediterranean production), applied plastic dec-
oration, impressed (pinched) decoration, marvered dec-
oration, facet cut vessels, molded vessels (such as bowls
with ‘pillar molded’ decoration), enameled and gilded

decoration, and the use of the millefiori technique to dec-
orate vessels and exquisite Samarra wall plaques.53 Oth-
ers are new Islamic types; these are luster-decorated54

and relief- and scratch-decorated vessels. As noted, al-
though facet cut glass was manufactured by the Romans
and Sasanians, Islamic glass workers built on this, pro-
ducing a wide range of variations, including scratch-
decorated vessels.55 That both luster and scratch deco-
rated vessels had a high value is demonstrated by their
occurrence in the Famen Temple (Famensi) Royal Trea-
sury in Shaanxi Province, northwestern China, which
was sealed in 874; glass was found there, together with
silk, gold, silver, pearls and porcelain objects.56 The elite
social and ritual context of the Famen Temple is quite ex-
ceptional.

Whereas the high status elite context for the glass
found in the Famen Temple is unquestionable, the so-
cial roles and associated values that Islamic glass ves-
sels had, has hardly been explored. With the expan-
sion of the ‘Abbasid economy in the 9th century and
the associated increased scale of ceramic and glass pro-
duction (which, as noted above, would have shared vari-
ous stages of production) as part of the economic boom,
it is likely that dining habits and associated rituals were
modified and changed. How such changes affected the
use of glass vessels in lower levels of society is difficult to
gauge. Hadith literature stated that ceramics and glass
vessels should be used as tableware, rather than vessels
made from fine, and especially precious, metals.57 Un-
doubtedly, the feasts arranged by the caliph and his ret-
inue would have used the highest quality of glass and
ceramic vessels. Mamluk enameled lamps would have
been used to light madrasas, mausoleums, mosques, and
Sufi khanaqahs.58

In order to investigate production, provenance, and
supply of early Islamic glass in Western Asia, we carried
out scientific analyses of 97 samples from a range of cos-
mopolitan contexts, in an area situated between Egypt
and northern Iran.

50 Sayre and Smith 1961; Henderson, McLoughlin, and McPhail 2004.
51 Henderson 2013, 69–75.
52 Carboni 2001; Carboni and Whitehouse 2001; Whitehouse 2010.
53 Carboni 2001, 15–17.
54 Carboni 2001, 51–53; Carboni and Whitehouse 2001, 52.

55 Carboni 2001, 71–73; Hadad 2000; Kröger 2005; Whitehouse 2010.
56 An 1991; Jiang 2010; Q. Li et al. 2016.
57 Komaroff 2004, 37.
58 Komaroff 2004, 44.
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5 Glass characterization: materials and
techniques

In our earlier paper, we reported on the results of 97 ana-
lyses of Islamic glass.59 The glass samples were derived
from the cosmopolitan centers of 9th century Beirut
(Lebanon), 11th to 12th century Damascus (Syria), 9th
century Al-Raqqa (Syria), 9th century Samarra (Iraq),
9th to 10th century Ctesiphon – Islamic al-Madā’in
(Iraq), 9th to 10th century Nishapur (Iran), and 14th to
15th century Cairo (Egypt). We also included samples
of glass from a late phase (8th to 10th century) of the
important palatial site of Khirbat al-Minya (Israel). The
site of Khirbat al-Minya is an Umayyad palatial build-
ing of the 8th century. Later settlement phases within
the palatial building date from the 11th to 14th century.
The glass window pane fragments found there belong to
the Umayyad Period. The production center for ‘Cairo’
glass is a suggested one, based on the dedications on
the mosque lamps to specific emirs who ruled in Cairo.
Therefore, it is presumed that the glass used to make the
lamps was fused in Cairo. The emirs reigned between
ca. 1300–1340, ca. 1350–1365, and ca. 1412–1415.60

The vessel types sampled include some that are dis-
cussed above. They are colorless and green cut and
ground vessels from Nishapur, Samarra, and Ctesiphon;
vessels with applied decorative strings with green bod-
ies from Nishapur; vessels with applied knobs from
Nishapur; colorless pinched vessels from Nishapur and
Samarra; scratch decorated vessels from Samarra; cameo
decorated vessels from Samarra; and enameled mosque
lamps, probably from Cairo. We also analyzed undec-
orated vessels. These include bottles, beakers, bowls,
phials, vases, flasks, and grenades from Beirut, Damas-
cus, Khirbat al-Minya, Al-Raqqa, and Ctesiphon. For
comparison, we included samples of colored wall plates
from Samarra and window glass from Khirbat al-Minya
and Al-Raqqa. To test the provenance of the glass sam-
ples from the only archaeologically proven primary glass
making site for which we had samples, we included sam-
ples of raw furnace glass from Al-Raqqa, Syria of a range
of colors (see above).

The scientific techniques used to analyze the glass

were electron probe microanalysis (EPMA) and laser
ablation inductively coupled plasma mass spectrometry
(LAICPMS). The techniques and the experimental con-
ditions employed are described in detail elsewhere.61

EPMA was used to determine major and minor elemen-
tal concentrations in the glass samples and LAICPMS
was used to determine the trace element concentrations
in the glass samples.

6 Results

The association of trace elements with particular raw ma-
terials or ‘contaminants’ in all of the glass samples an-
alyzed is given in Fig. 6. This figure was produced by
performing cluster analysis on all the trace elements de-
tected in 97 glass samples, in order to investigate any as-
sociation between the elements in the glasses. The de-
gree of ‘similarity’ is given on the Y axis.

First, it can be seen that there is a clear association
between the trace elements and the primary raw mate-
rials used to make the soda-lime-silica glass: the plant
ash (soda), the ‘quartz’/sand (silica), and calcium (lime).
Even when elements that would be expected to be asso-
ciated very closely with each other are not, they occur
close to the expected location in the plot. For example,
Li, Mg, K, and P are associated with the alkaline plant
ashes. Nearby on the plot are Na, Rb, and Cs. Since the
technique is measuring association, silicon and sodium
would not be expected to be associated because they are
negatively correlated. Nevertheless, overall there is a sat-
isfactory grouping of associated elements that can influ-
ence the development of glass color or cause it, and/or
opacity, consisting of copper (Cu), arsenic (As), anti-
mony (Sb), tin (Sn) and lead (Pb). Cobalt (Co) and
zinc (Zn) are adjacent but separated from the rest; it has
been established that zinc tends to be associated with
the cobalt source used in Islamic glass and glazes.62 Hill
and colleagues refer to such cobalt blue glazes as a ‘high
nickel group’,63 but they are also characterized by high
zinc. On the right hand side of the figure 6 are the con-
taminants, which are elements found in minerals such as
illmenite, zircon, rutile, barite, and monazite. The close

59 Henderson, Chenery, et al. 2016.
60 Carboni 2003.
61 Henderson, Chenery, et al. 2016.

62 Hill, Speakman, and Glascock 2004, 602, Fig. 6, Tab. 3; Wood et al.
2007; Henderson 2013, 74.

63 Hill, Speakman, and Glascock 2004.
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Fig. 6 Cluster analysis created by combin-
ing trace element results for 97 plant ash glass
analyses, showing the level of similarity (as-
sociation) between the elements detected in
the glass samples, and their likely links to the
minerals from which they were derived.

association of Al and Cr could be due to their occurrence
in clay and/or mafic minerals in one or more raw mate-
rials. It is worth emphasizing that some elements can
be found as impurities in more than one raw material.64

For example, Al can be associated with minerals such as
feldspars (calcium, potassium, or sodium aluminum sili-
cates) in sands. Al and Cr may also be found in both sand
and plant ashes. The association of elements with raw
materials or as contaminants/impurities, whether they
have been introduced in one or more raw material, pro-
vides a means of characterizing the geochemistry of the
locations where the raw materials derived from.

Compositional distinctions have been identified be-
tween Islamic glass types mainly using major and minor
element oxides and radiogenic isotopes,65 but less work
had been published on the use of trace element analysis
to investigate such glass.66

A more detailed consideration of our published re-
sults,67 presented below, will first include a summary
of the results. This will be followed by an extended in-
terpretation of glass that was analyzed from individual
sites, the distinction between Levantine and other types
of glass, evidence for the use of very similar raw materi-
als used to make some Sasanian and early Islamic glass
from Iraq, and a discussion of centralized and decentral-

ized models of glass production.

7 Summary of results

The vessels formed the first broad analytical survey of
(97) 8th–15th century CE plant ash glass samples using
major, minor, and trace elements from the Middle East
across a 2000 mile area, stretching from Egypt to north-
ern Iran. The following are the primary results:

– Trace element fingerprinting of glass made from
ashed halophytic plants and sands, together with
colorants and associated impurities.

– Trace element characterization for glass deriving
from selected cosmopolitan hubs on the Middle
Eastern Silk Road has provided far clearer prove-
nance definitions connected to regional production
centers in the Levant, northern Syria, and in Iraq
and Iran than detected previously. There is an es-
pecially clear distinction between the glass samples
found in the Levant and the other areas, according
to trace impurities largely derived from sands such

64 Henderson, Chenery, et al. 2016, 139.
65 Gratuze and Barrandon 1990; Freestone, Leslie, et al. 2003; Hender-

son, McLoughlin, and McPhail 2004; Brill 2001; Henderson 2013;
Henderson, Evans, and Barkoudah 2009.

66 Kato, Nakai, and Shindo 2009; Kato, Nakai, and Shindo 2010; Free-
stone, Gorin-Rosen, and Hughes 2000.

67 Henderson, Chenery, et al. 2016.
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as Fe and Cr.68 Moreover, Cr/La and Li/K values
tend to increase moving from the west (the Levant)
to the east (Iraq and Iran).

– This trace elemental characterization has provided
evidence for sub-regional production zones such as
distinctions between Beirut, Damascus, and Cairo,
and between Ctesiphon and Samarra. Plots of Cr/La
versus 1000Zr/Ti (trace elements largely derived
from sands) and Cs/K versus Li/K (trace elements
largely derived from plant ashes) are especially good
for distinguishing between glass types made in these
sub-regional production zones.69

– The results also provide evidence of production spe-
cialization of particular decorated vessel types in
specific regions. Although areas of specialized glass
vessel production can be suggested, for example, for
Roman glass vessels, based on their regional concen-
trations (such as in late Roman Cologne), there is
no evidence that their chemical compositions are
related to the suggested centers of specialization
(where the glass vessels were made and found). This
is because most Roman glass was made in the Lev-
ant and Egypt. In the case of Islamic vessels, because
specific vessels types have distinctive compositions,
we can suggest that the vessels were all made in the
same place, or were made in locations within the
same region, as defined by its geochemical charac-
teristics and carried through into the glass. There-
fore, distinctive raw materials with the same, or very
similar, geochemical characteristics appear to have
been used to make a number of diagnostic glass ves-
sels types in individual locations or zones.

– Being able to identify a compositional group for
glass found at the same site is exceptional. It shows,
with quite a high degree of certainty, that raw ma-
terials with the same or very similar compositions
were used to make the glass there. It would be some-
what obtuse to suggest the following alternative in-
terpretation as valid:

(a) raw glass of distinctive compositional types was

consistently and routinely exported from a range of pri-
mary production centers to other secondary production
centers;

(b) the glass was re-melted and distinctive vessel
types were made from it at the sites where the raw glass
was imported;

(c) the vessels were not made at the same sites as the
glass.

– This glass characterization makes it possible to indi-
cate when glass was traded between centers of pro-
duction and consumption.

– If mixing of glass fused in different production cen-
ters occurred, it appears to have occurred in a highly
restricted number of instances. If far more mixing
of glasses from different sources had occurred, we
would not have been able to define distinct compo-
sitional groups of glass from individual sites or re-
gions. Nevertheless, mixing lines formed from trace
element ratios are observable for glasses found at
Samarra.70 Therefore, this does suggest that recy-
cling occurred, but that it was largely confined to
the mixing of glasses made in the Samarra zone.

With these results in mind, the following can be sug-
gested for trace element analysis of glasses from each site
that the glass was derived from.

7.1 Samarra

Pale green mold-decorated vessels, cameo decorated ves-
sels, a pinch-decorated vessel, scratch-decorated vessels,
and wall plaques were made in Samarra. A green phial,
a green beaker, and green window glass found at Al-
Raqqa in northern Syria were probably imported from
Samarra, some 430 miles away, along the river Eu-
phrates. A small pale green ovoid vessel found at Cte-
siphon was also probably made at Samarra.

7.2 Ctesiphon

Pale green and colorless facet cut vessels, a colorless
bowl, and an ovoid bowl found at Ctesiphon were prob-

68 Henderson, Chenery, et al. 2016, Fig. 4.
69 Henderson, Chenery, et al. 2016, Figs. 5, 6.

70 Henderson, Chenery, et al. 2016, Figs. 5, 6.
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ably made in Ctesiphon. The glass used for these objects
forms a distinct group with high Cr/La values.71

7.3 Nishapur

Colorless cut and engraved vessels and colorless pinch
decorated vessels were made in Nishapur. Six color-
less facet cut vessels found at Samarra, with distinctively
lower Cr/La values than found in Samarra glass, were
probably imported from Nishapur. Four green trail dec-
orated glass vessels from Nishapur were imported from
the Levant.

7.4 Al-Raqqa

The raw furnace glass from the primary glass making
site at Al-Raqqa has distinctive chemical compositions.
Their Cr/La and Li/K signatures are more constrained
than levels found in Al-Raqqa scrap glass (derived from
glass working) and vessel glass, which will have derived
from a degree of glass mixing; they are, nevertheless,
characteristically of an Al-Raqqa composition. Two frag-
ments of nearly colorless beakers decorated with applied
knobs (with a yellowish tinge) found at Nishapur plot
with the Al-Raqqa samples and were, therefore, probably
exported to Nishapur from Al-Raqqa; a colorless facet
cut vessel found at Ctesiphon was also probably made in
Al-Raqqa.

7.5 Beirut

Beirut glass generally has lower 1000Zr/Ti ratio vales
than Damascus glass, and this provides evidence for a
separable production sub-zone.72 The results are for a
colorless, a pale green, and a pale brown beaker, and for
a single purple bowl and colorless bowls. Two samples
of colorless and green bottles, have significantly lower
1000Zr/Ti values than the others.

7.6 Damascus

A trace element compositional fingerprint for Damascus
glass is less easy to define than for Beirut glass, though

the distinction mentioned above is valid. The glass ob-
jects probably made there are three pale green, one pur-
ple, and one colorless beaker and two grenades. A sec-
ond grenade is a Levantine product, but not obviously
made in Damascus according to trace element finger-
printing.

8 Khirbat al-Minya

As already suggested,73 these glasses may have been
made in a nearby urban center such as Amman. Five
out of six samples form a compositional group falling
between Cairo glass and Beirut/ Damascus glass based
on the Cs/K values. These consist of four green flasks
and one purple flask. The sixth sample found at Khirbat
al-Minya is brown window glass. Based on the Cs/K vs
Li/K plot,74 it appears to have been made further east,
perhaps in northern Syria or in Iraq.

8.1 Cairo

All samples analyzed were removed from 14th to 15th
century Mamluk Mosque lamps. The vessels may have
been manufactured in Cairo, according to their dedica-
tions (see above). Six of the 14th to 15th century lamps
tested contain Cs/K ratios of above ca. 2.E-05, which
distinguishes them from Khirbat al-Minya, Beirut, and
Damascus glass, as does their higher Li/K ratios. The
glass lamp compositions that do not fall into the mosque
lamp core group are not obviously visually distinct from
the others according to their color. The glass for one of
these may have been made in Beirut.

9 Compositional distinctions between
‘Eastern’ and ‘Western’ glass

As already noted, Cr/La and Li/K ratios and a plots of
Fe versus Cr provides clear compositional distinctions,
especially between Levantine and non-Levantine glass
in this study.75 Fig. 7 (not previously published) is a
plot of nickel versus chromium concentrations in the

71 Henderson, Chenery, et al. 2016, Fig. 5.
72 Henderson, Chenery, et al. 2016, Fig. 5.
73 Henderson, Chenery, et al. 2016.

74 Henderson, Chenery, et al. 2016, Fig. 6.
75 Henderson, Chenery, et al. 2016, Figs. 4–6.
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Fig. 7 A bi-plot of nickel versus
chromium log concentration
(mg/kg) in the glass samples
analyzed.

glass samples. With some exceptions, it also shows a
clear compositional distinction between Levantine and
non-Levantine glass samples analysed. Levantine glass
contains tightly constrained low nickel and chromium
concentrations. The variation of nickel and chromium
concentrations in Samarra and Nishapur glass is similar.
There is a positively correlated mixing line for Samarra
samples, so this further supports the suggestion that
glass made in Samarra of variable compositions were
mixed.

It is significant that nickel does not group with the
other transition metal elements (colorants and opaci-
fiers) in the cluster diagram in Fig. 6. A possible source
of nickel (and chromium) that explains the patterns in
Fig. 7 is mineralogical impurities in plant ash. The max-
imum concentration of Ni detected in a range of ashed
semi-desert plants from Syria was 55 ppm;76 this could
account for the levels detected here, although a contri-
bution from sands is also likely. One explanation for
a compositional mixing line of Cr and Ni levels in the
Samarra samples is that they derived from both sand and
plant ash. The raw materials used to make Levantine

glass, therefore, appears to contain lower levels of nickel
and chromium than a considerable number of glass sam-
ples from Ctesiphon.

As noted elsewhere,77 there is a general decrease in
the concentration of calcium oxide and an increase in
magnesia found in early Islamic glass samples moving
from west to east, from the Levant to Iraq and Iran. Even
when tons of raw, scrap, and vessel plant ash glass were
traded, as in the case of the shipwreck found at Serçe Li-
mani, Turkey,78 an overall Levantine source for the glass
found in the shipwreck is suggested by our characteriza-
tion.79 The analyses of the Serçe Limani glass samples
show that by the 11th century, there was little evidence
of mixing glass from Western and Eastern zone.

The primary source of lime in these glass samples
is ashed halophytic plants. Plant ashes can sometimes
contain high strontium (up to 1100 ppm) and calcium
concentrations,80 and they tend to be correlated. How-
ever, not all contain sufficient levels of calcium for glass
making, and an additional lime source may have been
added. It is likely that one additional source of lime was
the shell fragments in beach sands used (associated with

76 Barkoudah and Henderson 2006, tab. 2.
77 Henderson 2013, 294–296; Henderson, Chenery, et al. 2016, 138, Fig.

3.
78 Bass et al. 2009.

79 Henderson, Chenery, et al. 2016, Fig. 3.
80 Barkoudah and Henderson 2006; Henderson, Evans, and Barkoudah

2009.
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Fig. 8 A bi-plot of calcium ver-
sus strontium concentrations
(mg/kg) in the glass samples
analyzed.

feldspars).81 In Fig. 8, we show a relatively clear distinc-
tion between Levantine glass and glass from other loca-
tions according to relative levels of calcium and stron-
tium oxides. Levantine glass generally has both higher
levels of calcium and strontium oxides. There is a clear
distinction in this figure between most Levantine glass
and glass found at Samarra and Nishapur. However, sig-
nificant exceptions are the glass from Al-Raqqa (raw fur-
nace and vessel glass) and some from Ctesiphon, which
align with Levantine glasses. Figs. 7 and 8, therefore,
provide additional compositional distinctions between
Levantine and non-Levantine Islamic glass, though not
as clear-cut as a plot of chromium versus iron.82 A very
clear distinction between glass samples found in Dam-
ascus, Beirut, and Al-Raqqa is provided by isotopic (Nd
and Sr analysis). 83

9.1 Sasanian and early Islamic glasses

In Figs. 9 and 10, we compare the data published by
Mirti et al. for Sasanian natron and plant ash glass of
the 4th to 5th century from Seleucia and Veh Ardǎsīr in
Iraq, with our own data for Islamic plant ash glass sam-
ples.84 We have briefly discussed the results plotted in

Fig. 10 before85 but we have not published either figures
or discussed them fully. In Fig. 9 it can be seen that,
as with glass samples from Nishapur and Samarra, Sasa-
nian plant ash glass samples from Veh Ardǎsīr mainly
have higher Mg/Ca ratios than Levantine glass samples.
Some Sasanian plant ash glass samples with low Mg/Ca
ratios overlap with Al-Raqqa glass samples. Other plant
ash glass samples from Veh Ardǎsīr, with Mg/Ca ratios
above 0.7, plot on the same positively correlated array of
points as glass samples from Samarra (both Iraqi sites are
geographically quite close). All but one of the glass sam-
ples from Seleucia fall into a distinctively tight group of
natron glass, with the lowest Mg/Ca ratios of below 0.1,
as shown in Fig. 9.

The Levantine Cr/La ratios plotted in Fig. 10 mainly
occupy a tightly constrained field with values of between
ca. 2–3, with Al-Raqqa raw glass samples having over-
lapping and slightly higher ratios. Most Samarra glass
samples contain higher Cr/La ratios than Levantine glass
samples and a few plot amongst Veh Ardǎsīr glass sam-
ples. Eight early Islamic plant ash glass samples from
Ctesiphon share the same characteristically high Cr/La
ratios, of above 10, as some Sasanian glass samples from
Veh Ardǎsīr. That the results for these 8 glass samples are

81 Freestone, Leslie, et al. 2003; Henderson, Evans, Sloane, et al. 2005.
82 Henderson, Chenery, et al. 2016, Fig. 4.
83 Henderson, Ma, and Evans 2020.

84 Mirti, Pace, Negro Ponzi, et al. 2008; Mirti, Pace, Malandrino, et al.
2009.

85 Henderson, Chenery, et al. 2016, 139.
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Fig. 9 A bi-plot of Mg/Ca ratios
versus Sr/Ca ratios in the glass
samples analyzed, compared to
data for Sasanian glass samples
from Seleucia and Veh Ardǎsīr,
Iraq.

Fig. 10 A bi-plot of Cr/La ratios
versus 1000Zt/Ti ratios in the
glass samples analyzed, compared
to data for Sasanian glass samples
from Seleucia and Veh Ardǎsīr,
Iraq.

so similar should not be a surprise because Ctesiphon,
Seleucia, and Veh Ardǎsīr are different names for more
or less the same location at different times.86 Raw mate-
rials with these similar Cr/La and Zr/Ti ratios were evi-
dently used to make the glass. Therefore, the results sug-

gest strongly that glass was made from similar primary
raw materials at Ctesiphon/Veh Ardǎsīr, rather than in
Baghdad, in both the Sasanian and early Islamic peri-
ods, proving a clear link and a continuity in plant ash
glass technology used in the two periods. To place these

86 Wolski 1996, 134.
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results in a regional context, it would be helpful to scien-
tifically test early Islamic glass samples made in Baghdad,
if it were possible.

10 Discussion

10.1 Production models

By chemically analyzing ancient glass, it has become pos-
sible to define the raw materials used to make it, and
to define the broad geographical areas in which it the
glass was made.87 An important area of investigation
that has become increasingly more achievable over the
last 15 years or so, is the provenance of glass using sensi-
tive techniques, such as trace element and isotopic analy-
sis.88 For some periods and areas, it has been possible to
map out trade networks for glass. Since it is the primary
glass itself, rather than the vessels made from it, which
is being sourced, this doesn’t necessarily provide us with
the source for glass vessels.

Nevertheless, there are ways of suggesting where the
glass vessels were made and decorated using our results.
The correlation of a geological provenance, provided by
trace elements, and the occurrence of specific colorless
cut and engraved plant ash and pinch decorated glass
vessels in Nishapur, substantiates the claim that the pro-
duction of these vessels constituted a tradition and a re-
gional specialization that built upon the production of
colorless wheel cut vessels in the Sasanian Period. On
the other hand, a somewhat different tradition was re-
vealed by Ctesiphon glass samples: both colorless and
pale green wheel cut facetted glass vessels were probably
made there.89 A contrast is provided by the glass found
at the immense urban complex of Samarra, a 9th cen-
tury capital of the ‘Abbasid Caliphate.90 A wide range
of vessel types were made there: mold decorated, cameo
decorated, pinch decorated, and scratch decorated ves-

sels, as well as wall plaques; whilst colorless, including
cut vessels, were apparently imported from Nishapur.

As noted above, Levantine and Al-Raqqa plant ash
glass is analytically distinguishable from Eastern glass.
Moreover, there is a general decrease in the Cs/K ratio
found in glass samples from locations moving from the
north to the south, down the Levantine coast (and in-
cluding Damascene glass), reflecting changes in the ge-
ology, as discussed elsewhere.91 Such geological varia-
tions allow us to consider how glass provenance can be
related to production models.

For natron glass, a suggested production model is
that raw glass was fused at primary glass making centers
and then chunks or ingots were exported to secondary
glass making centers, often by boat (see Fig. 11). There,
the raw glass was re-melted and blown into vessels or
made into other objects.92 The primary glass making
furnaces for natron glass in the Levant were close to the
coastal deposits of beach sand and had easy access to
natron.93 The other primary production area that has
been proven archaeologically is in Egypt. There, the
furnaces were mainly centered on the natron deposits
of the area.94 However, a decentralized model for na-
tron glass has also been suggested as being possible, in-
volving widely dispersed primary glass making centers95

where vessels and other objects were made at the same
site.96 Given the restricted occurrence of natron, com-
pared with plants providing a suitable source of alkaline
ashes, the extent of decentralization for natron glass pro-
duction is likely to be far more restricted

Thescientificresultsforplantashglasssamplesclearly
indicatethatadecentralizedsystemofproductionexisted.
To distinguish between primary glass production centers
in adecentralized system, thereneeds tobe sufficient con-
trasts in the geochemistry of the raw materials used to
make theglasses. InFig. 12,weprovide a schematic repre-
sentationofadecentralizedproductionmodel forearly Is-
lamicplantashglass that isbasedonourdata.

87 Sayre and Smith 1961; Dussubieux et al. 2008; Freestone, Gorin-
Rosen, and Hughes 2000; Freestone 2006; Jackson 2005; Arletti et al.
2010; Schibille 2011; Henderson 2013, 83–126; Conte et al. 2016.

88 Freestone, Gorin-Rosen, and Hughes 2000; Freestone, Leslie, et al.
2003; Henderson, Evans, and Barkoudah 2009; Degryse 2015.

89 Kröger 1995, 7.
90 Northedge 2005.
91 Krom et al. 1999; Be’eri-Shlevin et al. 2014; Henderson, Chenery, et

al. 2016, 142.

92 Henderson 1989, 39; Freestone, Gorin-Rosen, and Hughes 2000; Free-
stone, Jackson-Tal, and Tal 2008; Nenna et al. 2005; Fontaine and Foy
2007, 236; Nenna 2015, 19; Jackson and Foster 2015, 50; Phelps, Free-
stone, Gorin-Rosen, and Lankton 2015; Phelps, Freestone, Gorin-
Rosen, and Gratuze 2016.

93 Freestone, Gorin-Rosen, and Hughes 2000.
94 Nenna 2015.
95 Henderson 1989, 39.
96 Jackson and Foster 2015.
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Fig. 11 A model for the production and distribution of natron glass in
the Levant and Egypt. In this model, natron glass was fused at separate
furnace sites (primary production), often on sites separated from urban
centers, and the raw glass produced was exported to sites where glass ves-
sels were blown (secondary production). There is limited evidence that
glass vessels were made on the same sites as those where glass was fused
from raw materials.

Fig. 12 A new schematic model for ancient plant ash glass production
based on trace element analysis of Islamic glass samples showing regional
(grey) and sub-regional (red outlines) zones. The glass was probably
manufactured on industrial estates, mainly in cosmopolitan centers.

While we have referred to production sub-zones,97

such as Samarra, Ctesiphon, and Nishapur in the East-
ern zone, questions remainas towhether a ‘sub-zone’ rep-
resents one main production center in a cosmopolitan
hub, several production centers in the same hub, or sev-
eral production centers both within the hub and within
its immediate vicinity. In terms of glass fingerprinting
using trace elements, the definition of sub-zones is deter-
mined entirely by contrasts in the geochemistry. Never-
theless, for natron glass, Gorin-Rosen has suggested that
primary and secondary glass production did occur on the
same Levantine sites98 – but these would have involved
the same source of Egyptian natron, and the sites tend to
be close to the coast. Decentralized production of natron
glass has even been suggested, without archaeological
evidence of production locations outside Egypt and the
Levant,99 but with limited evidence for a link between
vessel type/decoration and chemical composition.100

For plant ash glass, a centralized production model
within the Levant has recently been suggested.101 The
Levant was evidently an important area for both natron
and plant ash glass making. However, our data does sug-
gest that for plant ash glass, there were separate produc-
tion sub-zones associated with the cosmopolitan cen-
ters of Beirut, Damascus, probably Cairo, and perhaps
Amman that used local sand and plant sources. These

centers include inland locations in the Levantine area
(including Damascus) rather than natron primary glass
making centers and can, therefore, be described as being
part of a more decentralized production model.

Further east, we are able to show distinctions be-
tween plant ash glass samples found at Ctesiphon and
Samarra, which are only 84 miles apart. Both in these
centers and in others, there is a correlation between
some vessel types and their chemical composition. This
provides evidence for specialized vessel production in
these locations. Although the provenance of undeco-
rated vessels can also be investigated in this way, this
does not currently provide scientific evidence for sep-
arate production centers for the range of undecorated
glass objects that are attested to it in historical sources,
such as lamps, drinking glasses, bottles and flasks, and
beads.102

The political changes that occurred when the ‘Ab-
basid Revolution occurred in the mid-8th century, in-
evitably had a knock-on effect on the economy. With
the move of the center of power from Damascus to Bagh-
dad, a number of modifications and changes would have
occurred in the way production was organized and the
consequent effects on trade. Although these changes are
difficult to quantify, one clear result was the economic
boom that occurred in the 9th century and the so-called

97 Henderson, Chenery, et al. 2016.
98 Y. Gorin-Rosen 2016, pers. comm.
99 Degryse 2015; Baxter, Cool, and Jackson 2005.

100 Jackson 2005; Degryse 2015.
101 Phelps, Freestone, Gorin-Rosen, and Lankton 2015.
102 Schatzmiller 1994, 201, 224–226.
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Samarra horizon. Stargardt made the case strongly that
a boom in the production of 9th century Changsha
and Yue porcelain and 10th century Jingdezhen and
Longquan ceramics occurred because of the coming to-
gether of social, economic, and technological factors
leading to mass production.103 ‘Abbasid glass and pot-
tery production also experienced a boom – due to the
same factors. Perhaps then, it is no coincidence that
there was a major change in Islamic glass technology in
9th century, from natron to plant ash glass. A variety of
explanations have been put forward for this change.104

One is that increasing rainfall would have reduced the
evaporation and formation of natron, and its supply105

– reflected in the overall reduction in the sodium oxide
content in natron glass types from the 7th to 8th cen-
tury.106 A second explanation is that the political disrup-
tion caused by the 21 year civil war in Egypt, until 826,
may have disrupted the supply of natron, causing Levan-
tine glassmakers to use plant ash instead.107 However, in
a later context, during the Crusades, there was a flourish-
ing trade between Syrian cities and the ports of Tyre and
Acre that was almost completely unaffected by the mili-
tary operations.108 This ‘political’ explanation may have
contributed to the situation, but its effect need not be ex-
aggerated. What does not seem to have been suggested
before is that the move of the political center from Dam-
ascus to Baghdad essentially, therefore, moved from a
‘Levantine’ oriented center to a ‘Mesopotamian’ one.
This would have made access to an essential raw mate-
rial, natron, far more difficult, leading to a growth in
the exploitation of local resources of plant ash and sand
across the region.

Riverine and geological sources of sand are quite
widespread. However, natron only occurs in a relatively
restricted number of deposits: as far as we know, the

Wadi Natrun deposit in Egypt was the main one that was
exploited in antiquity.109 It would have been relatively
difficult to transport it to Syria, and far more difficult to
transport it to Iraq. It is significant that the change from
natron to plant ash glass technology occurred around
100 years later in Egypt than it did in the Levant, due
to the proximity of the natron.110 An alternative flux for
making glass is halophytic plants. A variety of species
grow widely in the semi-desert environments of Iraq and
Syria,111 so they would have provided an obvious alter-
native. Moreover, the Sasanians manufactured plant ash
glass,112 and we have demonstrated here that ‘Sasanian’
and ‘early Islamic’ glass appears to have been made at
the ‘same’ location, producing the same elemental fin-
gerprint (even if there was a chronological gap between
the production periods).

Furthermore, the high level of glass production in
the 9th century formed part of the economic boom,
including the ‘Samarra horizon’, which until now has
mainly been defined in terms of the mass production of
specific ceramic types. A further implication, therefore,
is that the shift of the political center from Damascus to
Baghdad contributed to the demise of natron glass pro-
duction and the increased domination of plant ash glass
production (allied to the manufacture of plant ash glazes
on ceramics). This then led to a decentralization of glass
production.

Overall, it is likely that a number of factors caused
this important change in glass technology, including
this political one. If plant ash glass continued to be made
and used once the ‘Abbasid control of its production di-
minished, how the industry may have been modified or
been transformed with the subsequent shifts in power
involving the Tahirids, the Saffarids, and the Samanids,
amongst others, is yet to be examined closely.

103 Stargardt 2014.
104 Henderson 2013, 97–102; Phelps, Freestone, Gorin-Rosen, and

Gratuze 2016, 67.
105 Foy and Nenna 2001, 26.
106 Henderson 2002.
107 Whitehouse 2002.

108 Gibb 2004, 57–58.
109 Shortland et al. 2006; Henderson 2013, 51–53.
110 Phelps, Freestone, Gorin-Rosen, and Gratuze 2016, 67.
111 Zahory 1966; Barkoudah and Henderson 2006.
112 Mirti, Pace, Negro Ponzi, et al. 2008; Mirti, Pace, Malandrino, et al.

2009; St. Simpson 2014, 204.
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HELMUTH SCHNEIDER

Römisches Glas gehört zu den faszinierendsten Zeugnis-
sen der antiken Kultur. Die Glasgefäße der römischen
Kaiserzeit sind in ästhetischer Hinsicht ohne Zweifel an
die Seite der großen Leistungen der Keramik, der Wand-
malerei und der Mosaiken zu stellen.1 Was generell für
den Bereich der materiellen Kultur gilt, ist auch für das
Glas zutreffend: Eine Untersuchung der Artefakte stellt
sicherlich das archäologische Fundmaterial in den Mit-
telpunkt, hat aber auch die literarischen Zeugnisse zu
berücksichtigen, denn das einzelne Objekt bietet – vor
allem dann, wenn der Fundkontext nicht oder nur unzu-
reichend bekannt ist, was oft genug der Fall ist – nur we-
nig Informationen über Herstellung, Werkstatt, ästheti-
sche Präferenzen sowie über Verkauf und Käufer. Ein be-
sonderes Problem stellt die Datierung dar, die in vielen
Fällen nicht mit Sicherheit geklärt werden kann. Unter
diesen Voraussetzungen ist die Notwendigkeit einer in-
terdisziplinären Zusammenarbeit von Archäologen, Alt-
historikern und Philologen bei der Erforschung der ma-
teriellen Kultur der Antike allgemein anerkannt. Es ist
inzwischen üblich, dass Sozial- und Wirtschaftshistori-
ker der Antike das archäologische Material als wichtige
Quelle ansehen wie auch Archäologen die Texte zur In-
terpretation der Artefakte heranziehen.

Im Fall der Glasproduktion besteht eine grundle-
gende Schwierigkeit darin, dass nur relativ wenige lite-
rarische Zeugnisse zum römischen Glas existieren. Es
gibt verstreute, oft nur kurze Bemerkungen zum Glas in
der Fachliteratur, in den philosophischen Schriften, in
der Geschichtsschreibung und in der Dichtung, aber im-
merhin bieten die Texte in Einzelfällen wichtige Hinwei-
se zu bestimmten Herstellungstechniken, zur Verwen-
dung und zur Wertschätzung von Glas.2 Eine Ausnah-
me in der römischen Literatur stellen die längeren Ab-
schnitte über Glas in den Geographika Strabons und in
der naturalis historia des Plinius aus dem 1. Jahrhundert
n. Chr. dar; diese Texte stehen daher im Mittelpunkt der
folgenden Ausführungen.

I

In der späten römischen Republik wurde Glas im Zu-
sammenhang mit den Aktivitäten des C. Rabirius Pos-
tumus erwähnt, der in Alexandria tätig war, um dort die
Schulden des ägyptischen Königs bei römischen Politi-
kern einzutreiben. Wie Cicero in einer 53 v. Chr. gehal-
tenen Rede berichtet, soll Rabirius Schiffe aus Ägypten
nach Italien mit Waren geschickt haben, die als fallaces
quidem et fucosae bezeichnet werden, womit wohl eine
billige Massenware gemeint ist. Es handelte sich bei den
Schiffsladungen um Papyrus, Leinenstoffe und Glas.3
Rabirius muss demnach angenommen haben, dass es in
Rom eine Nachfrage nach Glas ebenso wie nach Papyrus
und nach Leinenstoffen gab. Wie ein Vers in de rerum na-
tura von T. Lucretius Carus bezeugt, war den Römern in
der Zeit vor Beginn des Bürgerkrieges im Jahr 49 v. Chr.
durchsichtiges Glas bekannt.4 Bei einem sommerlichen
Mahl, zu dem Propertius zwei Römerinnen eingeladen
hatte, bestand das Geschirr aus Glas.5

Die Herkunft des Glases aus dem Osten wird von
Strabon6 betont, der die Geographika in augusteischer
Zeit verfasste. In diesem siebzehn Bücher umfassenden
Werk werden nach einer Einleitung, in der Strabon
die älteren Vorstellungen zur Geographie diskutiert, die
Länder des Mittelmeerraumes, aber auch des Vorderen
Orients bis hin nach Indien und Sri Lanka beschrieben.
Die Bücher über Ägypten und die Gebiete an den Küsten
Nordafrikas schließen das Werk ab. Zunächst ist bemer-
kenswert, dass Strabon, der längere Zeit in Rom lebte
und die Stadt ebenso wie Alexandria gut kannte,7 die
Glasproduktion im östlichen Mittelmeerraum und in
Rom überhaupt wahrnahm und für wert erachtete, in
seinem Werk thematisiert zu werden.

Strabon geht auf die Herstellung von Glas im Ab-
schnitt über Phoinikien ein;8 er erwähnt hier, dass zwi-
schen Ptolemaïs und Tyros sich ein Strand befindet, des-
sen Sand sich für die Glasherstellung eignet; der Sand

1 Vgl. dazu besonders Harden 1987. Weitere wichtige Kataloge: Liep-
mann 1982 und Platz-Horster 1976. Standardwerk zum antiken Glas
ist Saldern 2004. Zum römischen Glas: Newby und Painter 1991;
Saldern 2004, 157–621. Zur Glasherstellung in der Antike vgl. Blüm-
ner 1887, 379–407; Price 1976; Liepmann 1982, 9–20; Schneider
1992, 108–119; Saldern 2004, 623–637, und Stern 2008. Vitri ars: Plin.
nat. 36,195: sed quid refert, Neronis principatu reperta vitri arte…

2 Eine Übersicht über die antiken Schriftquellen: Saldern 2004, 642–
643. Vgl. Schneider 1992, 118.

3 Cic. Rab. Post. 40: auditae visaeque merces fallaces quidem et fucosae, char-

tis et linteis et vitro delatis.
4 Lucr. 4,602. Lucretius weist darauf hin, dass Töne durch Gegenstände

hindurchgehen können, dies aber nicht für Bilder gilt, mit Ausnah-
me des durchsichtigen Glases.

5 Prop. 4,8,37.
6 Grundlegend zu Strabon: Engels 1999. Vgl. Dihle 1989, 162–164;

Radt 2001.
7 Engels 1999, 31–36, zum Romaufenthalt.
8 Strab. 16,2,25.
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wurde aber nicht in dieser Gegend geschmolzen, son-
dern nach Sidon gebracht und dort verarbeitet. Stra-
bon fügt hinzu, es werde behauptet, Sidon verfüge über
einen für das Schmelzen geeigneten Sand, während es
auch die Auffassung gebe, jeder Sand sei zur Herstel-
lung von Glas geeignet. Demgegenüber sagen die Glas-
macher in Alexandria, dass mit dem Sand aus Ägyp-
ten bestimmte Färbungen des Glases nicht erreicht und
kostbare Gefäße nicht geformt werden könnten und dass
der Sand verschiedener Gegenden jeweils eine besonde-
re Mischung verlange. Diese Informationen ergänzt Stra-
bon durch den Hinweis auf Rom, wo neue Verfahren für
die Erzeugung gefärbten Glases und neue Techniken der
Herstellung von Glas, das wie Kristall wirkt, entwickelt
worden seien. Daher könne man in Rom, so sagt Stra-
bon, Schalen und Trinkgefäße zu einem niedrigen Preis
– für eine Kupfermünze – kaufen.

Diese Bemerkungen sind insofern aufschlussreich,
als hier wichtige Anhaltspunkte für die Datierung ge-
geben sind: Es existierten bereits in augusteischer Zeit
in Rom Werkstätten von Glasmachern, deren Innovatio-
nen, nach Strabon, dazu führten, dass Glas in verschiede-
nen Farben hergestellt werden konnte und der Preis für
Glas eher niedrig war. Damit ist gleichzeitig die Frage
gegeben, welchen Rohstoff die stadtrömischen Glasma-
cher eigentlich verwendeten. Quarzsandvorkommen in
Italien sind für diese Zeit noch nicht belegt, weswegen
die Notiz Strabons eigentlich nur so interpretiert wer-
den kann, dass die Glasmacher in Rom Rohglas aus an-
deren Regionen erhielten.

Beachtenswert ist ferner eine Information über den
Handel zwischen Gallien und Britannien, der für die
Römer deswegen von Bedeutung war, weil sie durch
die Erhebung von Zöllen beträchtliche Einkünfte be-
zogen. Unter den exportierten Waren führt Strabon ne-
ben Gegenständen aus Elfenbein und Halsketten sowie
Gemmen aus Bernstein auch Glasgefäße auf.9 Wir ha-
ben allerdings keine weitere Kenntnis darüber, um wel-
ches Glas es sich handelte und wo es produziert wur-
de. Immerhin ergänzt dieser Hinweis die Aussage über
die Glasmacher der Stadt Rom: Rund fünfzig Jahre nach

den Aktivitäten des Rabirius Postumus wurde Glas in ei-
nem nennenswerten Umfang aus einer römischen Pro-
vinz nach Britannien exportiert.

Bei Strabon stellt die augusteische Zeit eine ent-
scheidende Phase in der Entwicklung der Glasherstel-
lung dar: In Rom war ein Produktionszentrum für Glas
entstanden und Glas war in den nordwestlichen Provin-
zen ein Exportgut. Damit sind bei Strabon die Anfänge
der römischen Glaskunst fassbar.

II

Nach Strabon stammt das zweite wichtige Zeugnis zum
römischen Glas von C. Plinius Secundus, dessen un-
ter Vespasianus vor 79 n. Chr. vollendete naturalis histo-
ria das antike Wissen über die Natur in siebenunddrei-
ßig Büchern auf imponierende Weise zusammenfasst.10

Alle Bereiche der Naturkunde sind berücksichtigt; die
Darstellung beginnt mit der Astronomie und der Geo-
graphie, beschreibt in Buch 7 den Menschen, sein Le-
ben und seine Eigenschaften, gibt dann einen Überblick
über die Tier- und Pflanzenwelt sowie über die Heilmit-
tel und schließt mit den Büchern über die Metalle, Far-
ben sowie Steine und Edelsteine. Die technische Nut-
zung der Natur spielt in dem Werk eine wichtige Rolle:
Plinius beschreibt nicht nur die Gegebenheiten der na-
türlichen Umwelt, die Tiere und Pflanzen, sondern geht
in vielen Abschnitten auch auf die Nutzbarmachung
der Natur durch den Menschen und die daraus resul-
tierenden ethischen und ökologischen Probleme ein.11

Dem Glas widmet Plinius längere Ausführungen am En-
de des Buches über Steine, Bauwerke und Baumateriali-
en;12 Grund hierfür ist die Verkleidung von gewölbten
Decken mit Glasmosaiken, eine Technik, die Plinius als
neue Erfindung bezeichnet und auf die Zeit nach Au-
gustus datiert.13

Der Abschnitt setzt wie bei Strabon mit einer Be-
schreibung der Sandvorkommen in Phoinikien an der
Küste bei der colonia Ptolemaïs ein; Plinius stellt fest, dass
der Strand bei der Mündung des Belus nicht länger als

9 Strab, 4,5,3. Vgl. zum Handel zwischen Gallien und Britannien sowie
zu den Zöllen Strab. 2,5,8.

10 Die naturalis historia ist datierbar durch die Widmung an Titus im
Jahr 77 (praef. 3: Titus ist sechsmal Konsul gewesen) und durch den
Tod des Plinius bei dem Vesuvausbruch 79 n. Chr.

11 Zu Plinius vgl. Greenaway und French 1986; Dihle 1989, 194–198;
Healy 1999; Sallmann 2000.

12 Plin. nat. 36,189–199. Vgl. Healy 1999, 352–358.
13 Plin. nat. 36,189: novicium et hoc inventum.

147



HELMUTH SCHNEIDER

500 Schritt (ca. 750 Meter) ist, aber dennoch über Jahr-
hunderte den Rohstoff für die Glasherstellung lieferte,
eine Information, die auch im Abschnitt zur Geographie
und bei Tacitus vorliegt.14 Es folgt eine Anekdote über
die Erfindung des Glases. Plinius erzählt, dass Natron-
händler, die mit ihrem Schiff an dieser Küste gelandet
seien, statt Steine Blöcke aus Natron verwendet hätten,
um auf einem Feuer ihre Mahlzeit zuzubereiten. Dabei
habe sich das erhitzte Natron mit dem Sand vermischt;
auf diese Weise sei eine neuartige Flüssigkeit (novus li-
quor) entstanden und dies sei der Ursprung des Glases
(origo vitri) gewesen.15

Wie Plinius betont, begann damit eine Entwick-
lung, in der immer wieder mit neuen Mischungen der
Glasmasse experimentiert wurde; unter den Zuschlägen
werden ein magnes lapis, glänzende Steinchen (calculi
splendentes), Muscheln und gegrabener Sand genannt.
Außerdem gibt Plinius Berichte wieder, dass in Indien
Stücke von Bergkristall zur Glasherstellung verwendet
wurden; dieses indische Glas soll eine hohe Qualität be-
sessen haben. Die folgenden Bemerkungen gelten der
Herstellungstechnik; Plinius macht Angaben zur Ver-
wendung von Holz als Brennmaterial, zur Hinzufügung
von Kupfer und Natron, bevorzugt aus Ophir, und zu
den Öfen, in denen die Glasmasse geschmolzen wurde.
Es entstanden Blöcke von Rohglas mit einer schwärz-
lichen Färbung, die wiederum in den Werkstätten der
Glasmacher bearbeitet wurden. Es wird deutlich, dass
die Herstellung von Rohglas aus Quarzsand und Natri-
um oder Soda und die Verfertigung von Glasgefäßen
durch die Glasmacher vollständig getrennte Produkti-
onsschritte waren.16

Der Satz über die Formung und Bearbeitung der

Glasgefäße hat der Forschung erhebliche Schwierigkei-
ten bereitet: Plinius führt drei Arbeitsprozesse an, durch
die Rohglas weiterverarbeitet wurde: et aliud flatu figura-
tur, aliuid torno teritur, aliud argenti modo caelatur.17 Die
Formung eines Gefäßes durch das Glasblasen und das
Ziselieren von erkaltetem Glas in der Art der Bearbei-
tung von Silber waren dabei unproblematisch. Fraglich
bleibt hingegen, was unter der Wendung torno teritur zu
verstehen ist. Wie eine Übersicht über ältere Interpreta-
tionen zeigt,18 wurde diese Stelle allgemein als die Be-
schreibung eines „mit Drehen verbundenen Schleifvor-
gangs“19 verstanden; da aber nach Auffassung von Lierke
eine Bearbeitung von Glas mit Hilfe einer horizontalen
Drehbank in der Antike technisch nicht möglich war,20

wird angenommen, dass Glasgefäße „in einem zähflüs-
sigen Zustand“ auf der Drehscheibe geformt wurden.21

Dementsprechend wird torno teritur in der neuen zwei-
sprachigen Ausgabe der naturalis historia mit „Bearbei-
tung auf der Drehscheibe“ übersetzt.22

Wenn man von diesem speziellen Problem einmal
absieht, ergibt die Darstellung des Plinius jedenfalls ei-
nen klaren Sinn: Die Barren von Rohglas (massae) wur-
den in Werkstätten noch einmal geschmolzen, dann ge-
färbt und schließlich weiterverarbeitet, indem Glasge-
fäße durch Glasblasen geformt wurden, Glas mit ei-
nem Werkzeug geglättet oder in der Art der Silberbe-
arbeitung ziseliert wurde. Der Abschnitt endet mit ei-
nem Hinweis auf Sidon, das durch seine Werkstätten
und durch die Erfindung der Spiegel (specula) berühmt
war.23

Damit hat Plinius die ältere Glasherstellung und
Glasbearbeitung (antiqua ratio vitri) dargestellt; im fol-
genden Abschnitt geht er auf das Glasgewerbe seiner

14 Plin. nat. 36,190. Vgl. Plin. nat. 5,75: iuxta Getta, Geba, rivus Pacida sive
Belus, vitri fertiles harenas parvo litori miscens und Tac. hist. 5,7,2: et Beli-
us amnis Iudaico mari inlabitur, circa cuius os lectae harenae admixto nitro
in vitrum excocuntur. Vgl. ferner Ios. bell. Iud. 2, 190–191.

15 Plin. nat. 36,191. Lierke sieht einen realen Kern der Anekdote und
verweist auf moderne Experimente, aus dem Belus-Sand und Natron
Glas herzustellen. Dies ist deswegen möglich, weil der Belus-Sand
kalkhaltig ist. Vgl. dazu Lierke 1999, 9.

16 Plin. nat. 36,191–193. Das Glas wurde continuis fornacibus geschmol-
zen; dieser Ausdruck wurde verschieden interpretiert; vgl. Rottländer
2000, 26: „[…] continuis fornacibus kann bedeuten, dass mehrere Öfen
nahe beieinanderstehen, aber auch, dass ein Ofen kontinuierlich be-
trieben wird; das ist bei einem Glasofen ohnehin unabdingbar.“ Lier-
ke verweist auf die traditionelle Glasherstellung in Nordindien; hier
dauerte der Schmelzvorgang zwei Wochen; dies auf die Antike über-
tragen liegt die Übersetzung „in kontinuierlich betriebenen Öfen“

nahe. Lierke 1999, 9–10.
17 Plin. nat. 36,193.
18 Rottländer 2000, 26–27. Lierke 1999, 8–12. A. Locher, Naturalis Histo-

ria 36,193: „aliud torno teritur“, in: Lierke 1999, 12–13.
19 Lierke 1999, 11.
20 Lierke 1999, 11.
21 Lierke 1999, 11–12.
22 König und Hopp 1992, 127. Nach Lierke entspricht diese Überset-

zung dem archäologischen Befund: Lierke 1999, 11. Dieser Interpre-
tation hat jüngst E. M. Stern zugestimmt, die auf die engen Verbin-
dungen zwischen Keramik und Glasproduktion hinweist und von
,Glass Pottery’ spricht. Vgl. Stern 2008, 531–535. Allerdings wurden
die Thesen von Lierke nicht allgemein akzeptiert und über diese Fra-
gen besteht in der Forschung bislang kein Konsens.

23 Plin. nat. 36,193.
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Zeit ein; er berichtet, dass in Italien Sand von der campa-
nischen Küste zwischen Cumae und Liternum zur Roh-
glasherstellung verwendet wurde.

Dieser Sand wurde zunächst noch einmal mit Mör-
sern oder Mühlen zerrieben und anschließend nach Ge-
wicht oder Volumen mit drei Teilen Natron (tribus parti-
bus nitri) gemischt, die flüssige Masse nach dem Schmel-
zen in andere Öfen eingeführt, so dass ein hammonitrum
genanntes Rohglas entstand, das weiterverarbeitet wer-
den konnte. Im frühen 1. Jahrhundert n. Chr. konn-
ten die Glasmacher in Italien auf eigene Vorkommen
von Quarzsand zurückgreifen und waren so unabhän-
gig vom Import des Rohglases aus dem phoinikischen
Raum geworden. Dasselbe galt auch für Gallien und His-
panien, wo das Glasgewerbe Sandvorkommen auf ähn-
liche Weise nutzte.24

Ein Problem stellt die Aussage über das Mischungs-
verhältnis des Glases (miscetur tribus partibus nitri) dar.
Wenn pars hier ein Viertel bedeutet, hätte Plinius an die-
ser Stelle ein Gemisch von einem Teil Sand und drei Tei-
len Natron beschrieben. Wie Materialanalysen zeigen,
entspricht das römische Glas allerdings nicht einem sol-
chen Mischungsverhältnis.25 Es bleibt die Möglichkeit,
dass der Text an dieser Stelle lückenhaft überliefert ist
und mit tribus partibus ein Anteil des Sandes an der Glas-
masse in Höhe von drei Vierteln gemeint war oder aber
Plinius die Anteile von Sand und Natron einfach ver-
wechselt hat. Eine wirklich überzeugende Interpretation
dieser Stelle liegt bislang jedoch nicht vor.

Plinius erwähnt ferner Berichte, dass unter Tiberius
ein Mischungsverhältnis gefunden worden sei, das die
Herstellung eines biegsamen Glases möglich gemacht
habe. Die Werkstatt dieses Glasmachers sei aber zerstört
worden, damit nicht die Preise für Kupfer, Silber und
Gold fielen, ein häufig geäußertes Gerücht (fama), das

Plinius aber nicht für glaubwürdig hält. Aufgrund einer
weiteren Neuerung in der Glasherstellung konnten zur
Zeit Neros Pokale hergestellt werden, die für einen Preis
von 6000 Sesterzen verkauft wurden.26

Die Glasmacher konnten Glas in verschiedenen Far-
ben herstellen, so etwa ein rotes opakes Glas; es war auch
möglich, Gefäße zu produzieren, die etwa Lapislazuli
nachahmten. Am Ende seiner Ausführungen gibt Plini-
us ein Résumé, in dem er betont, es gebe keinen ande-
ren Werkstoff, der leichter zu bearbeiten sei als Glas, und
im größten Ansehen stehe das weiße, durchsichtige Glas,
das eine Ähnlichkeit mit dem Bergkristall aufweise. Es
folgt die Feststellung, dass Trinkgefäße aus Glas solche
aus Silber und Gold verdrängt haben.27 Glas wurde als
Material für Tafelgeschirr zu einer wirklichen Konkur-
renz für die Edelmetalle, eine Tatsache, die ja auch in
der Anekdote über das biegsame Glas angedeutet wird.
Ohne Zweifel stellen die Ausführungen des Plinius ein
wichtiges Zeugnis für den Aufstieg der Glasherstellung
im Imperium Romanum, für die technischen Innovatio-
nen der Produktion und für den Gebrauch und die Wert-
schätzung der Glasgefäße dar. Mit den Schriften Stra-
bons und des Plinius ist so ein Rahmen gegeben, der es
ermöglicht, die erhaltenen Artefakte und das archäolo-
gische Material angemessen zu verstehen. Sie sind damit
wichtige Bausteine für eine Geschichte des römischen
Glases.

III

Die Erwähnung von Glas in philosophischen Schriften,
in der Prosaliteratur und in der Dichtung des 1. Jahrhun-
derts n. Chr. ergänzen die Texte von Strabon und Plini-
us. Zwei Autoren, die ihre Schriften in der Zeit Neros –

24 Plin. nat. 36,194.
25 Rottländer 2000, 27. Riederer 1987, 169. Nach Riederer weisen römi-

sche Gläser einen Gehalt an Kieselsäure von 65–70% und an Natrium
von 16–20 % auf. Rottländer weist auf die ältere These von Froehner
1879 hin, der annahm, dass pars hier die Bedeutung von ein Zwölftel
hat. Nach Plinius kämen demnach auf neun Zwölftel Sand (Kiesel-
säure) drei Zwölftel Natrium, was mit den Materialanalysen von rö-
mischen Glas etwa übereinstimmt. Dass Plinius unter den Rohstoffen
des Glases Kalk nicht aufführt, liegt vielleicht daran, dass Meeressand
oft kalkhaltig ist, ein Zuschlag von Kalk folglich nicht notwendig
war. An anderer Stelle weist Plinius darauf hin, dass der Glasmas-
se auch Kalk in Form von Muscheln hinzugefügt wurde (Plin. nat.
36,192).

26 Plin. nat. 36,195. Auf die Anekdote über die Erfindung des biegsa-
men Glases (flexile) wird unten in dem Absatz über Petronius einge-
gangen. Die Bedeutung der Wendung quos appellabant petrotos bleibt
unklar. Locher erklärt petrotus (abgeleitet von πετρόω) wie folgt: „Das
Wort zeigt eindeutig, dass damit die Vortäuschung eines anderen
Materials als ‘vitrum‘ beabsichtigt war“ (A. Locher, Naturalis Histo-
ria 36,193: „aliud torno teritur“, in: Lierke 1999, 13). Lierke hält es für
möglich, dass es sich um Cameogefäße gehandelt hat (Lierke 1999,
83). Vgl. ferner Rottländer 2000, 29.

27 Plin. nat. 36,198–199. Einige weitere Informationen betreffen die
Empfindlichkeit von Glas gegen Hitze und dem Zusammenfügen
von Glasscherben.
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also kurz vor Plinius – verfasst haben, sind hier an erster
Stelle zu nennen, Petronius und Seneca.

Petronius, der Verfasser des nur fragmentarisch er-
haltenen Romans Satyrica, ist mit großer Wahrschein-
lichkeit mit dem Senator und Konsul P. Petronius iden-
tisch, dessen extravagante Lebensweise selbst in den An-
nalen des Tacitus Beachtung fand.28 Der Roman spielt
im zeitgenössischen Unteritalien und schildert in einer
langen Szene, im Gastmahl des Trimalchio, das Milieu
vermögender Freigelassenen, die ihren Reichtum durch
Luxusgüter und Statussymbole demonstrativ zur Schau
stellen, mit großem Selbstbewusstsein über die verschie-
densten Themen und vor allem über sich selbst reden
und dabei ihre kulturelle Inkompetenz und ihre Unbil-
dung unwissentlich zur Schau stellen. Protagonist ist der
extrem reiche, aber gleichzeitig vulgäre Freigelassene Tri-
malchio, der die Gäste mit langen Monologen unterhält.
Eine Schale aus korinthischer Bronze nimmt Trimalchio
zum Anlass, um über diese besondere Legierung zu räso-
nieren, die seiner Meinung nach entstand, als Hannibal
nach der Einnahme Troias alle Statuen aus Bronze, Gold
und Silber zusammen verbrennen ließ.29 Direkt danach
erklärt er, er liebe Glas mehr, denn es stinke nicht, und
wenn die Glasgefäße nicht zerbrächen, würde er sie hö-
her schätzen als Gold, nun aber seien sie wertlos.30 Und
darauf folgt die Geschichte von dem unzerbrechlichem
Glas, die sich nur wenige Jahre später auch bei Plini-
us findet: Trimalchio erzählt, ein Glasmacher habe eine
Schale hergestellt, die unzerbrechlich gewesen sei. Da-
mit sei er zum Caesar gegangen, habe die Schale zu Bo-
den geworfen, so dass der Caesar heftig erschrocken sei.
Sie sei zerbeult gewesen, der Glasmacher aber habe die
Schale aufgehoben und sie mit einem kleinen Hammer
wieder in ihre ursprüngliche Form gebracht. Der Caesar
habe ihn dann gefragt, ob noch jemand solches Glas her-
stellen könne. „Nachdem er Nein gesagt hatte, ließ ihm
der Caesar den Kopf abschlagen, weil wir nämlich, wenn
es heraus wäre, Gold für einen Dreck halten würden.“
Völlig unvermittelt geht Trimalchio dann zu seinem mit
Relief verzierten Silbergerät über.31

Bemerkenswert an diesem Text ist die enge Verbin-
dung von Edelmetall und Glas; die Äußerungen über
das Glas sind eingebettet in die Bemerkungen über die
korinthische Bronze und über die Silbergefäße und zu-
nächst vergleicht Trimalchio Glas mit Gold. In der Be-
gründung der Hinrichtung des Glasmachers wird der
Werkstoff Glas eindeutig als Konkurrenz für Gold gese-
hen. Glas hatte sich als Material für Trinkgefäße, Schalen
und Geschirr in der wohlhabenden Oberschicht durch-
gesetzt, selbst die reichen Freigelassenen schätzen Glas,
wenn es auch letztlich wegen seiner Zerbrechlichkeit als
vilis, als billig, abqualifiziert wird.

Die Überlegung, Plinius habe die Geschichte des
Glasmachers dem Roman des Petronius entlehnt, hat
wenig für sich.32 Es gibt eine Reihe von Unterschieden
zwischen beiden Texten: Bei Petronius wird nicht gesagt,
um welchen Princeps es sich gehandelt habe, während
Plinius Tiberius nennt; der Glasmacher, der bei Petro-
nius im Mittelpunkt der Geschichte steht, kommt bei
Plinius überhaupt nicht vor und an die Stelle der Ent-
hauptung tritt die Zerstörung der Werkstatt. Es handelte
sich wohl um eine populäre Anekdote, die in verschiede-
nen Versionen erzählt wurde und noch in dem Werk des
Cassius Dio aus dem frühen 3. Jahrhundert n. Chr. er-
scheint.33 Cassius Dio datiert den Vorfall ebenfalls in die
Zeit des Tiberius, verbindet ihn aber mit der Geschich-
te eines mit Verbannung bestraften Architekten, der bei
dem Princeps seine Begnadigung erwirken wollte, bei
der Begegnung ein Trinkgefäß aus Glas fallen ließ und
dies sofort wiederherstellte, worauf der Princeps ihn, an-
statt ihn zu begnadigen, töten ließ, wobei kein Motiv
genannt wird und von einer Konkurrenz zwischen Glas
und Edelmetall nicht mehr gesprochen wird.

Wie immer man die Glaubwürdigkeit dieser Anek-
dote beurteilen mag,34 sie zeigt deutlich, dass Glas und
die Fortschritte, die in der Glasherstellung erzielt wur-
den, im 1. Jahrhundert n. Chr. wahrgenommen wurden
und im Roman sowie in der naturkundlichen Fachlite-
ratur ihren Niederschlag fanden.

28 Tac. ann. 16,18–19. Dihle 1989, 141–146; Habermehl 2000.
29 Petron. 50,1–5. Die Erwähnung der korinthischen Bronze in Ver-

bindung mit dem Fall Troias und mit Hannibal soll hier Trimalchi-
os völlige Unkenntnis der klassischen Literatur und der Geschichte
verdeutlichen.

30 Petron. 50,7.

31 Petron. 51.
32 Rottländer 2000, 28–29. Petronius erscheint übrigens nicht im Ver-

zeichnis der von Plinius benutzten Literatur zu Buch 36.
33 Cass. Dio 57,21,7.
34 Die Historizität wird von Blümner und Rottländer bestritten: Blüm-

ner 1887, 407; Rottländer 2000, 28–29.
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Bei Seneca wird Glas im moralphilosophischen Dis-
kurs der epistulae ad Lucilium zum Argument:35 In der
Kritik an den Thesen des Poseidonios widerspricht Se-
neca im 90. Brief der Auffassung, die technischen Fer-
tigkeiten (artes), derer man sich im täglichen Leben be-
dient, seien ursprünglich von der Philosophie erfunden
worden.36 Als einzige Aufgabe der Philosophie sieht Se-
neca es vielmehr an, „die Wahrheit über göttliche und
menschliche Dinge zu finden;“ mit der Philosophie eng
verbunden seien die Frömmigkeit und die Anerkennung
solcher Tugenden wie der Gerechtigkeit.37 Die techni-
schen Erfindungen dienten aber vielmehr dem Luxus
und der Habsucht,38 während die Natur alles darbiete,
was der Mensch zum Leben benötigt:

Wen hältst du heute für weise? Den, der er-
funden hat, wie man zu unermesslicher Hö-
he Safranessenz in unsichtbaren Röhren em-
por drückt, der Kanäle mit plötzlichem Wasser-
schwall füllt oder trockenlegt [...] oder den, der
anderen und sich selbst zeigt, wie uns die Natur
nichts Hartes oder Schwieriges auferlegt hat,
ferner, dass wir wohnen können ohne Stein-
metz und Zimmermann, dass wir uns kleiden
können ohne Seidenhandel, dass wir über das
für unseren Lebensunterhalt Nötige verfügen
können, wenn wir zufrieden sein wollten mit
dem, was die Erde uns zur Verfügung stellt auf
der Oberfläche?39

Erst durch die Entwicklung der luxuria hat man begon-
nen, das Überflüssige zu begehren und zu produzie-
ren.40 Da Poseidonios meint, dass der Weise der neue-
ren Zeit sich vom Handwerk, von den artes, zurückge-
zogen hätte,41 geht Seneca auf neuere Erfindungen ein
und beschreibt dann die Arbeit des Glasmachers: „Ich
wünschte dem Poseidonios einen Glasbläser vorzufüh-
ren, der mit seinem Atem Glas zahlreiche Formen ver-

leiht, die sich kaum mit sorgfältiger Hand gestalten lie-
ßen.“ Dies sei erfunden worden, nachdem man aufge-
hört hatte zu meinen, dass der Weise an den Erfindun-
gen beteiligt sei.42 Das Glasblasen erscheint hier als ein
Beispiel einer neuen, hochentwickelten Technik, die mit
dem Atem Effekte zu erzielen vermag, die früher mit der
Hand nicht denkbar waren. Unter den neueren Erfin-
dungen erwähnt Seneca ferner das Fensterglas:

Manches ist erst, wie wir wissen, in unserer Zeit
aufgekommen, wie der Gebrauch der Fenster-
scheiben, wobei eine durchsichtige Glasmasse
das helle Tageslicht einlässt.43

Das Formen von Gefäßen durch Glasblasen und das
Fensterglas erscheinen hier als Beispiele für neuere tech-
nische Erfindungen, die eben nicht dem Weisen oder der
Philosophie, sondern eher einfachen Arbeitskräften zu
verdanken sind. Wie bei Strabon und Plinius sind auch
bei Seneca die Erfindungen ein grundlegendes Thema
in der Wahrnehmung von Glas.

Glas gibt in den naturales quaestiones Anlass zu ei-
ner Diskussion über die Sexualmoral. Es geht Seneca
hier um die Wirkung von Spiegeln,44 die alles, auch
den menschlichen Körper, größer erscheinen lassen.45

Er berichtet über den Fall des Hostius Quadra, eines
reichen Römers der augusteischen Zeit, der in seinem
Schlafzimmer derartige Spiegel (specula) anbringen ließ,
so dass er beim Zusammensein mit einem Mann diesen
und dessen Bewegungen im Spiegel gut sehen konnte.
Der Spiegel täuscht dabei und erregt durch „falsa ma-
gnitudine ipsius membri.“ Seneca kommentiert dies mit
dem Dictum, nun möge jemand behaupten, der Spie-
gel sei aus Gründen des guten und sauberen Aussehens
(munditiarum causa) erfunden worden. Die Spiegel, die
rundherum aufgestellt waren, dienten dazu, dass Hos-
tius selbst seine eigenen obszönen Handlungen betrach-
ten konnte; er besaß – wie Seneca missbilligend feststellt

35 Dihle 1989, 101–115; Maurach 1991, 157–177; Dingel 2001.
36 Sen. epist. 90,7.
37 Sen. epist. 90,3.
38 Sen. epist. 90,8–9; Vgl. auch Sen. benef. 7,9,3.
39 Sen. epist. 90,15.
40 Sen. epist. 90,19.
41 Sen. epist. 90,30.
42 Sen. epist. 90,31.
43 Sen. epist. 90,25.
44 Zur Erfindung der Spiegel aus Glas in Sidon vgl. Plin. nat. 36,193: si-

quidem etiam specula excogitaverat. Seneca verwendet in nat. 1,15,7 und
1,16 ebenfalls den Begriff speculum für Spiegel; in Sen. nat. 1,16,3,
wird gesagt, dass der Spiegel erfunden worden sei (dic speculum mun-
ditiarum causa repertum) und in Sen. epist. 90,25, wird vom Gebrauch
der Fensterscheiben (specularium usum) als neuer Erfindung gespro-
chen. Dies alles legt nahe, dass die von Seneca erwähnten specula
(Spiegel) aus Glas bestanden.

45 Sen. nat. 1,15,7–8.
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– nicht einmal die Scham von Prostituierten, die sich im
Verborgenen hingeben. Eine technische Neuerung wie
die Herstellung von Spiegeln dient in der Sicht Sene-
cas weniger den wirklichen Bedürfnissen von Menschen,
sondern eher einer perversen Sexualität.46

Glas spielt aber auch in den Überlegungen Senecas
zu den optischen Täuschungen eine Rolle: Unter den
Beispielen, die Seneca anführt, findet sich auch Obst, das
hinter Glas um vieles größer erscheint.47 Auf diese Tatsa-
che weist Seneca auch an anderer Stelle hin, wobei hier
noch ein weiterer Aspekt hinzukommt: Früchte erschei-
nen dann schöner (formosiora), wenn sie in einem Glas
mit Wasser schwimmen.48

In der Zeit Senecas gehörte Glas zur römischen All-
tagskultur; die Technik des Glasblasens, Fensterglas und
Spiegel werden in der philosophischen Reflexion ge-
nannt und es war erkannt, dass durch Glas optische Täu-
schungen hervorgerufen werden können.

Es soll an dieser Stelle noch erwähnt werden, dass
das Interesse an Glas in der Zeit vor dem Jahr 79 nicht al-
lein in den Texten, sondern auch in den Wandgemälden
von Häusern in Pompeii und seiner Umgebung deutlich
zum Ausdruck kommt. In diesen Bildern findet die Be-
merkung Senecas über die Früchte, die in Glasgefäßen
schöner erscheinen, ihre künstlerische Entsprechung. Es
werden Schalen aus durchsichtigem Glas, in denen Obst
aufbewahrt wird, oder halb mit Wasser gefüllte Gefäße
dargestellt. Solche Wandgemälde gibt es in großen Vil-
len und Stadthäusern, so etwa in der Villa von Oplontis,
in einer Villa in Boscoreale oder im Haus der Julia Fe-
lix in Pompeii. Wenn auch die Maler an Glas interessiert
waren „because of its unique quality to visualize cove-
red objects“49, so müssen auch die Besitzer der Häuser
und Auftraggeber der Maler vom Motiv des Glases, in
dem Obst oder Wasser zu sehen ist, fasziniert gewesen
sein. Derartige Stillleben waren ein Symbol für Reich-

tum, Fruchtbarkeit und Eleganz und schufen so ein kon-
geniales Ambiente für die ästhetischen Ambitionen der
römischen Oberschicht.50

IV

Für die Zeit nach Vespasianus (69–79) fehlen solche Tex-
te zum Glas wie die Strabons oder des Plinius. Es gibt
aber bei verschiedenen Autoren eine Reihe kurzer, den-
noch aufschlussreicher Bemerkungen zum Glas, die es
wert sind, beachtet zu werden. Es ist mit Martialis zu
beginnen,51 der aus Hispania Tarraconensis nach Rom
gekommen war und dort unter Domitianus (81–96) leb-
te. Martialis beschreibt in seinen Epigrammen das Le-
ben in der Metropole in allen seinen Facetten, wobei
er über Reiche und Arme spottet, die Abhängigkeit der
Sklaven von ihrem Herrn oder ihrer Herrin und der Kli-
enten von ihrem Patron schildert, Themen wie Prostitu-
tion und Sexualität mit großer Offenheit abhandelt und
der Großstadt die ländliche Idylle, die geradezu verklärt
wird, gegenüberstellt.

In einem Epigramm, in dem Martialis den Witzema-
cher Caecilius verhöhnt, vergleicht er diesen mit Men-
schen, die in Rom einem niederen Gewerbe nachgehen.
Unter diesen wird ein Hausierer genannt, der im Stadt-
viertel jenseits des Tibers schmutziggelben Schwefel ge-
gen zerbrochenes Glas tauscht;52 dieser Handel wird
auch in einem Gedicht der silvae des Statius erwähnt. Er
war, wie es scheint, im Stadtbild Roms nicht zu überse-
hen.53 Bruchglas wurde gesammelt und war wiederum
Rohstoff der Glasmacher. Zur Bedeutung des Schwefels
bei der Glasproduktion äußerte sich schon zuvor Plini-
us; Rottländer hat die Auffassung vertreten, dass mit Hil-
fe von Schwefelfäden eine Reparatur von beschädigten
Glasgefäßen vorgenommen werden konnte.54

46 Sen. nat. 1,16,1–9.
47 Sen. nat. 1,3,9. Kontext dieser Ausführungen ist die Untersuchung

des Regenbogens.
48 Sen. nat. 1,6,5.
49 Naumann-Steckner 1991, 98.
50 Naumann-Steckner 1991. Vgl. die Abbildungen: Motiv einer Schale

mit Früchten: Wandgemälde in Oplontis (Naumann-Steckner 1991,
Taf. XX a); Wandgemälde in der Villa von Boscoreale (Naumann-
Steckner 1991. Taf. XXI a); Wandgemälde im Haus der Iulia Felix
in Pompeii (Naumann-Steckner 1991, Taf. XXIV b). Mit Wasser
oder Wein gefülltes Glasgefäß: Wandgemälde in Neapel (Naumann-
Steckner 1991, Taf. XX b); Wandgemälde in Neapel (Naumann-

Steckner 1991, Taf. XXII a). Glasgefäß und Glasbecher: Wandgemälde
im Samnitischen Haus in Herculaneum (Irelli u. a. 1990, Taf. 136).

51 Dihle 1989, 192–193. Ein zeitgenössisches antikes Urteil. Plin. epist.
3,21.

52 Mart. 1,41.
53 Stat. silv. 1,6,74. Das Gedicht beschreibt die Feiern an den Kalenden

des Dezembers.
54 Plin. nat. 36,199: vitrum sulpuri concoctum feruminatur in lapidem. Rott-

länder 2000, 30: „Es war üblich, zerbrochene Glasgefäße mit Hilfe
von Schwefelfäden, die zwischen die erhitzten Bruchstücke gelegt
wurden (concoctum heißt durch Erhitzen zusammengefügt), zu kle-
ben.“ König und Hopp 1992, 210, weisen auf die ähnliche Formulie-
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In eine völlig andere Welt führt uns ein Epigramm,
in dem die Wirkungen eines durch Erbschaft erwor-
benen Vermögens beschrieben werden. Ein wertvolles
Trinkglas ist in diesen Versen ein Symbol dafür, dass
der Reichtum das Verhalten des Menschen ändert. Wäh-
rend Aper früher wie ein Censor diejenigen getadelt hat,
die in den Thermen Wein tranken, und geschrien hat,
man solle die Trinkbecher zerbrechen und den Faler-
ner ausschütten, kehrt er, seitdem er geerbt hat, nicht
mehr nüchtern aus den Thermen zurück; soviel, konsta-
tiert Martialis ironisch, vermögen ein Glas und eine Be-
gleitung aus fünf Sklaven. Das Luxusglas verleitet zum
Trinken; als er noch arm war, hatte Aper aber keinen
Durst, wie Martialis im letzten Vers pointiert feststellt.55

Kunstvoll gestaltete Trinkgläser und Reichtum gehören
zusammen, was ja bereits auch der Hinweis des Plini-
us, dass die Verwendung von Glas für Trinkgefäße Silber
und Gold verdrängt hat, impliziert.56

Dieses Epigramm ist aber nicht nur seines Inhaltes
wegen bemerkenswert, sondern auch wegen des Wor-
tes, das Martialis für ein kostbares Glas wählt: diatre-
ta.57 In der Archäologie werden spätantike Gläser, die
„von einem netzartigen, freistehenden Mantel umgeben
sind“58, als Diatretgläser bezeichnet;59 Saldern verweist
auf frühe Diatrete, so auf einen in Nijmegen gefundenen
Becher, der nicht wie die spätantiken Gläser von einem
Maschennetz, sondern von Eichenlaub umgeben ist und
in das späte 1. Jahrhundert datiert wird.60 Es ist durchaus
möglich, dass Martialis ein Gefäß mit einem vollplasti-
schen Dekor als diatreta bezeichnet hat.

Unter den Geschenken, die im 14. Buch in Zweizei-
lern angepriesen werden, finden sich auch calices audaces,
kühne Becher, die heißes Wasser nicht zerbricht.61 Die
schwer verständliche Anspielung dieses Distichons wird
durch ein anderes Epigramm erklärt, das Glasgeschirr
und ein billiges Tongeschirr vergleicht und die Vorteile
der einfachen Keramik betont: Ein schlichtes Trinkgefäß
reizt keinen Dieb, es springt nicht, wenn das Wasser zu

heiß ist, und beim Mahl muss man nicht fürchten, dass
ein Gast es fallen lässt.62

Wertvolle Glasgefäße erhielten in dieser Zeit die Di-
gnität von Kunstwerken und wurden als Kunstwerke ge-
würdigt. Es ist bezeichnend, dass gerade in Leukippe und
Kleitophon von Achilleus Tatios, in einem wohl im spä-
ten 2. Jahrhundert verfassten Roman, in dem Bilder und
deren Ikonographie aufs engste mit der Handlung ver-
knüpft sind,63 sich auch die Beschreibung eines kostba-
ren Trinkgefäßes aus Glas findet. Der Prunkbecher, der
auffallende Eigenschaften besaß, wird in der Erzählung
über ein Dionysos-Fest erwähnt:

An diesem Tag feierte man dem Gotte das Fest.
Mein Vater setzte aus Ehrbegierde unter ande-
ren Dingen, wodurch er das Mahl glänzender
zu machen suchte, auch einen dem Gotte ge-
heiligten Krater auf, der nach dem von Glau-
kos aus Chios hergestellten Krater den zweiten
Rang einnahm. Das ganze Werk war aus Glas
von erhabener Arbeit. Weinstöcke umrankten
es rings, so dass sie aus dem Krater heraus-
gewachsen zu sein schienen. Die Weintrauben
hingen überall herum; jede von ihnen erschien
unreif, so lange der Krater noch leer war; goss
man aber Wein hinein, so fing sie nach und
nach an, sich zu färben und zur reifen Traube
zu werden. Dionysos war unter den Trauben ab-
gebildet, wie er als Winzer Wein anbaut.64

Die Beziehung zwischen diesem Text und der Hand-
lung des Romans, der die Geschichte der Liebe von
Kleitophon und Leukippe erzählt, wird klar zum Aus-
druck gebracht; Eros und Dionysos seien, so heißt es in
dem nächsten Satz, zwei gewaltige Götter; Eros entfacht
das Feuer der Liebe und Dionysos verstärkt sie durch den
Wein, „denn Wein ist die Nahrung der Liebe“.65

rung bei Plin. nat. 31,122 hin: sal nitrum sulpuri concoctum in lapidem
vertitur. König und Hopp halten eine Verwechselung des Plinius von
vitrum und nitrum für denkbar.

55 Mart. 12,70.
56 Plin. nat. 36,199.
57 Mart. 12,70,9. Lierke 1999, 116.
58 Saldern 2004, 385.
59 Harden 1987, 186, 238–249; Lierke 1999, 116–129; Saldern 2004,

385–399; Whitehouse, Gudenrath und Roberts 2015.
60 Saldern 2004, 389. Vgl. B. Rüti in Lierke 1999, 129–134. Zum Becher

aus Nijmegen: Lierke 1999, 130–131.
61 Mart. 14,94.
62 Mart. 12,74. Die Wendung calices audaces meint folglich ein Tonge-

schirr; die Gefäße werden audaces genannt, weil es ein Wagnis ist,
solche billigen Tonwaren zu verschenken. Dementsprechend heißt es
in Mart. 12,74,3–4: Hi magis audaces, an sunt qui talia mittunt |munera?

63 Dihle 1989, 247. Fussillo 1996, 83.
64 Ach. Tat. 2,3,1–2.
65 Ach. Tat. 2,3,3.
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Die Beschreibung des Kraters ist in verschiedener
Hinsicht bemerkenswert. Das kostbare Glas dient wie-
derum als ein Prestigeobjekt eines Mannes, der als phi-
lotimoumenos, als ehrliebend und ruhmsüchtig, charak-
terisiert wird. Das Urteil, dieser Krater sei der zweite
nach dem des Glaukos, soll seine Dignität durch den Ver-
gleich mit einem früheren, vielbewunderten Werk erhö-
hen. Achilleus Tatios verweist hier auf ein von Glaukos
verfertigtes Weihgeschenk des Alyattes in Delphi; Hero-
dot hat diesen silbernen Mischkrug für sehenswert ge-
halten.66 Das im Roman geschilderte aufwendig gearbei-
tete Prunkglas, dessen Dekor Weintrauben sowie Diony-
sos selbst abbildet, steht in enger Beziehung zum Kult
des Gottes, der, wie im Mythos erzählt wird, den Tyri-
ern den Wein gebracht haben soll.67

Vor allem überraschend ist der Effekt, dass das Glas
seine Farbe zu ändern vermag: leer zeigt es unreife grüne
Trauben, die beim Füllen des Glases die rote Farbe reifer
Früchte annehmen. Dieser Effekt wird auch in der Histo-
ria Augusta erwähnt; in der Biographie des Firmus wird
ein angeblicher, sicherlich aber unechter Brief des Ha-
drianus an seinen Schwager L. Iulius Ursus Servianus,
Ehemann der Domitia Paulina, zitiert. Am Ende die-
ses Schreibens teilt Hadrianus kurz mit, er habe Servia-
nus zwei Trinkbecher geschickt, die ihre Farbe wechseln,
und die er als Geschenk von einem Priester des Tem-
pels erhielt.68 Kostbare Prunkgläser erscheinen in die-
sem Text als ein Geschenk innerhalb der Herrscherfami-
lie. Sie besitzen als Geschenk eines Priesters eine religiö-
se Aura und sie sollen, so wünscht es sich Hadrianus, an
Festtagen beim Mahl verwendet werden.

Die Erwähnung von Trinkgefäßen, die ihre Far-
be wechseln, wirkt auf den ersten Blick unglaubwür-
dig, aber es gibt ein solches Glas aus der Antike, den
Lykurg-Becher im British Museum in London,69 ein far-
biges Glasgefäß mit einer bildlichen Darstellung, die
durch dünne Stege mit dem Innenbecher verbunden ist.

Das Motiv entstammt dem Dionysos-Mythos: Es handelt
sich um den Tod des Königs der Edonen Lykurgos, der
zuvor die Begleiterinnen des Dionysos gewaltsam ver-
trieben hatte.70 Die bildliche Darstellung des Lykurg-
Bechers besitzt demnach enge Übereinstimmungen mit
dem Krater, den Achilleus Tatios im Roman beschreibt
und auf dem ebenfalls Dionysos im Weinlaub zu sehen
war. Nach Harden ist das Glas des Lykurg-Bechers opak-
grün und wird bei durchscheinendem Licht durchsich-
tig rot,71 ein Farbwechsel, der dem des Kraters im Ro-
man entspricht und der durch eine Hinzufügung von
sehr geringen Mengen Gold und Silber in der Glasmas-
se erzeugt wurde.72

Angesichts der Tatsache, dass über den Verwen-
dungszweck der spätantiken Diatretgläser verschiedene
Auffassungen existieren, ist zu betonen, dass in beiden
Texten, im Roman wie auch in der Historia Augusta, die
Prunkgläser die Funktion von Trinkgefäßen haben und
beim Festmahl Verwendung fanden.73

In dem Hadrianus zugeschriebenen Brief werden zu
den Handwerkern, die in Alexandria tätig sind, neben
den Herstellern von Papyrusrollen und den Leinewe-
bern auch die Glasmacher gezählt.74 Dies ist nach Stra-
bon und Athenaios ein weiterer literarischer Beleg für
die Glasherstellung in Alexandria; wie Athenaios in den
Deipnosophistai75 – einem der faszinierendsten Werke der
antiken Literatur, in dem die Teilnehmer an einem Gast-
mahl das gesamte kulturelle Wissen der Zeit vor allem
auch in Zitaten präsentieren – berichtet, haben die Glas-
macher in Alexandria Trinkgefäße in vielen verschieden-
artigen Formen hergestellt und dabei jede Art von For-
men der Keramik kopiert.76

Von Mesomedes, einem Freigelassenen des Hadria-
nus, stammt ein Epigramm, das die einzige literarische
Darstellung der Arbeit eines Glasmachers in der Antike
bietet und hier daher vollständig zitiert werden soll:77

66 Hdt. 1,25,2.
67 Ach. Tat. 2,2,2–6.
68 SHA Firmus 8,10 (calices tibi allasontes versicolores transmissi).
69 Harden und Toynbee 1959; Harden 1987, 245–249 (mit mehreren

Abbildungen); Lierke 1999, 126–127; Saldern 2004, 393–395. Der
Lykurg-Becher wurde 1845 zum ersten Mal erwähnt und 1862 in
einer Ausstellung in London gezeigt. Er war im Besitz der Familie
Rothschild und wurde 1958 vom British Museum erworben. Der
Fundort ist unbekannt. Vgl. Harden 1987, 245–246. Harden 1987,
249, bezeichnet den Lykurg-Becher als „the most spectacular glass of
the period [...] which we know to have existed.”

70 Hom. Il. 6,130–140. Vgl. Apollod. 3,5,1. Harden 1987, 249. Saldern

2004, 395.
71 Harden 1987, 245. Saldern 2004, 393.
72 Saldern 2004, 393. Vgl. die Farbphotographien bei Harden 1987, 246.
73 Dies steht im Widerspruch zu den Thesen von Lierke in Lierke 1999,

116–117, und Steckner, in: Lierke 1999: 110–114.
74 SHA Firmus 8,6. Hier werden genau die Handwerker genannt, deren

Produkte Rabirius nach Italien gebracht hatte. Vgl. oben Anm. 3.
75 Dihle 1989, 354–355.
76 Athen. 11,784c. Mart. 12,74,1 deutet einen Import von Glaswaren aus

Ägypten in Rom im späten 1. Jahrhundert n. Chr. an.
77 Anth. Gr. 16,323 (deutsche Übersetzung von H. Beckby).
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Einen Rohglasbrocken hatte
einst ein Werkmann abgehackt,
und er warf den Block ins Feuer
wie ein festes Eisenstück.
Als das Glas nun von der Flammen
Allverzehrenden Gewalten
Warm ward, schmolz es hin wie Wachs.
Doch ein Wunder schien’s der Welt,
als der Fluss der Glut entströmte
und der Arbeitsmann erbebte,
dass er ihm zerbräch im Fall;
und er fasste mit der Zange
Doppelschärfe drum den Brocken …

Durch eine Grabinschrift aus Lugdunum, dem heuti-
gen Lyon, ist ein römischer Glasmacher namentlich be-
kannt. Wir kennen auch einige seiner Lebensumstände
und damit ist diese Inschrift ein wichtiges Zeugnis für
das römische Glasgewerbe.78 Der mehr als 25 Zeilen lan-
ge Text in schöner, regelmäßiger Schrift befindet sich auf
einem Grabstein, der aus Kalkstein gefertigt ist und bei
einer Höhe von fast einem Meter fast einen halben Me-
ter breit ist. Allein schon ein Grabstein dieser Art verrät
einen gewissen Wohlstand; nichts spricht dafür, dass die-
ser Handwerker und seine Familie in Armut lebten.

Der Grabstein, der von den Hinterbliebenen, von
der Gemahlin Numonia Bellia, seinen Söhnen, seiner
Tochter und seinen Enkeln, errichtet worden ist, ehrt
das Andenken an Iulius Alexander, einen Mann, der aus
Afrika stammte und Bürger der Stadt Carthago war.79 Iu-
lius Alexander wird als sehr guter Mensch80 und Meister

im Handwerk der Glasherstellung81 gewürdigt. Er leb-
te 75 Jahre 5 Monate und 13 Tage und war mit seiner
Gemahlin 48 Jahre verheiratet, ohne dass es je zu einer
Verletzung der Seele gekommen wäre.82 Er hatte aus die-
ser Ehe drei Söhne, eine Tochter und Enkel, die er noch
lebend sah.83

Diese Inschrift ist unter verschiedenen Aspekten ein
überaus interessantes Zeugnis zum römischen Hand-
werk. Sie zeigt, dass Handwerker mobil waren: Iulius
Alexander ging als Bürger Carthagos nach Lugdunum,
wo er bestattet wurde. Ohne Zweifel hat er in dieser Stadt
längere Zeit gelebt und gearbeitet. Die Familie hat die in
Gallien üblichen Formen der Bestattung übernommen,
wie die Formel cur(averunt) [et sub ascia] dedicav[erunt]
deutlich macht.84 Der Handwerker erreichte mit 75 Jah-
ren ein hohes Alter, war lange verheiratet und hatte vier
überlebende Kinder. Dies spricht ebenso wie der Grab-
steinselbst füreinegesichertematerielleExistenz.DieTat-
sache, dass Iulius Alexander Enkel hatte, deutet darauf
hin, dass seine Söhne ebenfalls verheiratet waren. Die Fa-
milie hatte ein erkennbares Selbstbewusstsein: Wenn der
Verstorbene als optimus homo bezeichnet wird, erscheint
hier mit optimus ein Adjektiv, dass im 2. Jahrhundert vom
Princeps, etwavonTraianus, auf Inschriften für sich selbst
in Anspruch genommen wurde.85 Der Beruf wird offen
angegeben; unter Handwerkern gab es so etwas wie eine
Berufsehre, die auch in den zahlreichen Reliefs mit Ar-
beitsdarstellungen auf Grabsteinen aus Gallien und Itali-
en zum Ausdruck kommt. So ergänzt die Inschrift die li-
terarischen Texte und fügt ihnen den Blick der Handwer-
kerfamilie auf die Tätigkeit des Glasmachers hinzu.

78 CIL XIII 2000. ILS 7648. Walser 1988, 158–159 (Nr. 67) mit
Photographie.

79 ILS 7648, Zeile 3–4: natione Afri civi | Carthaginesi
80 ILS 7648, Zeile 4: omini optimo
81 ILS 7648, Zeile 4–5: opifici artis vitriae
82 ILS 7648, Zeile 6–9: sene ulla lesione animi. Es handelt sich hierbei um

eine Formel, die auch sonst erscheint: Vgl. CIL XIII 1897 (= Walser
1988, Nr. 108), hier sogar noch gesteigert: quae mihi nullam contume-
liam nec animi l(a)esionem fecit.

83 Walser 1988, 158, konstruiert die Familienverhältnisse des Iulius Alex-
ander anders: Nach Walser war er in erster Ehe mit Virginia, mit der
er 48 Jahre zusammengelebt hatte und mit der er drei Söhne und
eine Tochter hatte, und in zweiter Ehe mit Numonia Bellia verheira-
tet. Aus dieser Ehe entstammte eine Tochter, die nach ihrer Mutter
Numonia Belliosa hieß. Unter den Angehörigen, die den Grabstein
errichten ließen, werden die drei Söhne aus erster Ehe und die Toch-
ter aus zweiter Ehe genannt, aber nicht die Tochter aus erster Ehe.
Diese Rekonstruktion ist aus verschiedenen Gründen problematisch:
Wenn Iulius Alexander 48 Jahre mit Virginia verheiratet war, hätte er

bei einer extrem frühen Heirat mit zwanzig Jahren erst im Alter von
etwa 68 Jahren die zweite Ehe eingehen können, aus der dann noch
eine Tochter stammte. Meines Erachtens ist eher daran zu denken,
dass Virginia kein Eigenname ist, sondern ein Adjektiv (virginius als
Nebenform von virgineus), das darauf hinweisen soll, dass seine Frau
zum Zeitpunkt der Heirat noch virgo, Jungfrau, war. Dass eine sol-
che Bezeichnung möglich war, zeigt das Lob der univira, der Frau,
die nur mit einem Mann zusammengelebt hatte. Vgl. hierzu die In-
schriften ILS 4984. 6167. 8442. 8444. 8527. 8559. Bei der sprachlichen
Gestaltung der Inschrift ist zu beachten, dass mehrere Fehler vorkom-
men: omini statt homini; mensen statt menses; sene statt sine; lesione statt
laesione; vixsit statt vixit. Dessau fasst virginia in ILS 7648 ebenfalls als
Adjektiv und nicht als Eigennamen auf.

84 Vgl. andere Inschriften aus Lyon: ILS 7279. 7532. 8520. CIL XIII
1849. CIL XIII 1897. CIL XIII 2014.

85 Signifikant sind die Inschriften am Traiansbogen in Benevent und am
Ehrenbogen in Ancona: ILS 296. 298. Vgl. ferner die Inschriften ILS
299. 300. 301. 302. 304: optumo maxsumoque principi.
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Fensterglas, das wie die Glasgefäße in den literarischen
Texten des 1. und 2. Jahrhunderts Erwähnung findet,
war ein Produkt der Glasmacher, das auf die zivilisatori-
sche Entwicklung der römischen Welt einen eminenten
Einfluss ausübte. Mit Hilfe von Fensterglas war es mög-
lich, große Innenräume durch Tageslicht zu erhellen und
gleichzeitig vor den Unbilden der Witterung zu schüt-
zen. FürdieArchitektur stellte dieVerwendungvonFens-
terscheiben – ebenso wie das Aufkommen des Gussmör-
tels (opus caementicium), aus dem Gewölbe und Kuppeln
errichtet werden konnten – eine geradezu revolutionäre
Neuerung dar. Man kann dies sehr gut erfassen bei einem
Vergleich etwa des fensterlosen Pantheons, das nur eine
kreisrunde Öffnung in der Kuppel besitzt, mit dem soge-
nannten Tempio di Minerva Medica, der in der kreisrun-
den Wand unterhalb der Kuppel zehn große Fenster hat,
oder mit der Maxentius-Basilika, deren Seitenfronten ge-
radezu monumentale Fenster besitzen.86

In dem kritischen Diskurs über den wachsenden Lu-
xuskonsum der römischen Oberschicht in der Zeit Ne-
ros werden bei Seneca Glasfenster zum Argument. In
dem Brief über die bescheidene Villa Scipios aus dem 2.
Jahrhundert v. Chr. polemisiert Seneca gegen den zeit-
genössischen Prunk in der Ausstattung privater Bäder,
zu der eben auch große Fensterfronten gehören, die das
Sonnenlicht einlassen und einen Blick aus dem Bad auf
die Landschaft, auf die Felder und das Meer, gewähren.87

Einen anderen Tenor besitzt der Brief des jüngeren Plini-
us über das Laurentinum, seine Villa an der Küste süd-
lich der Tibermündung. Er schildert eine Säulenhalle,
die zum Schutz vor schlechtem Wetter mit Glasfenstern
versehen ist, und lobt den Speisesaal, dessen Fenster den
Blick auf das Meer freigeben.88 Ähnlich wird in dem
Brief über die Villa in Etrurien der Blick auf die Land-
schaft, die das Landhaus umgibt, gerühmt.89

Im Gartenbau wurden Glasscheiben verwendet, um
junges Gemüse abzudecken und so vor Kälte zu schüt-
zen;90 wie Columella schreibt, sollen auf diese Weise be-

reits Tiberius (14–37) fast das ganze Jahr über Gurken
geliefert worden sein.91

Am Schluss dieser Ausführungen soll noch kurz auf
Glas in der Rechtsliteratur und in den Edikten hingewie-
sen werden. Diatretglas erscheint in den Digesten unter
dem Aspekt der Haftung für Schäden bei der Herstel-
lung:

Wenn du einen Becher (calicem) [einem Glasma-
cher] übergeben hast, um daraus ein Diatret-
glas (diatretum) zu verfertigen, und wenn [der
Becher] aus Unerfahrenheit [des Handwerkers]
zerbricht, soll der Schaden für ein Unrecht ge-
halten werden, wenn er aber nicht aus Uner-
fahrenheit zerbricht, sondern er fehlerhafte Ris-
se hatte, kann [der Glasmacher] entschuldigt
sein.92

In diesem Text wird angedeutet, dass bei der Herstellung
von Diatretgläsern eine auf Spezialisierung beruhende
Arbeitsteilung bestand; ein Glasmacher stellte den Be-
cher her, der dann von einem anderen Handwerker wei-
ter bearbeitet wurde.93 Wenn dabei ein Schaden auftrat,
konnte dies zur Frage der Haftung führen, zumal für
Diatretgläser wohl hohe Preise verlangt wurden.

Das aus dem Jahr 301 stammende Preisedikt des
Diocletianus, das Höchstpreise für eine Vielzahl von Wa-
ren festsetzte, enthält auch den Abschnitt De Vitro. Er
bietet nur wenige Bezeichnungen für Glas und es wird
nur zwischen Glas aus Alexandria und aus Iudaea un-
terschieden; mit Iudaea ist wohl die Glasproduktion in
Sidon gemeint. Der Preis von Glas wird jeweils für ein
Gewicht von einem Pfund angegeben. Es spricht eini-
ges dafür, dass die ersten beiden Angaben – ein Pfund
Glas aus Alexandria zu einem Preis von 24 Denaren und
ein Pfund grünes (?) Glas aus Iudaea zu einem Preis von
13 Denaren – sich auf Rohglas beziehen. Die folgenden
zwei Zeilen nennen ausdrücklich einfache Becher und
Gefäße (in calicibus et vasis levibus) zu einem Preis von 30
Denaren (Glas aus Alexandria) und 20 Denaren (Glas aus

86 Zum Fensterglas vgl. Saldern 2004, 200–202.
87 Sen. epist. 86,8. 86,11. Vgl. 90,25.
88 Plin. epist. 2,17,4–7.
89 Plin. epist. 5,6,19. 5,6,23.
90 Colum. 11,3,52. Columella wird vom älteren Plinius zitiert, hat al-

so in den Jahren vor 70 n. Chr. seine Schrift über die Landwirtschaft
vollendet.

91 Colum. 11,3,53. Columella ist in der Regel gut informiert; es ist da-

her durchaus möglich, dass Glasscheiben im Gartenbau zur Abde-
ckung von Pflanzen bereits in der Zeit des Tiberius genutzt wurden.

92 Dig. 9,2,27. Lateinischer Text bei Lierke 1999, 137; zur Übersetzung
vgl. Anm. 162.

93 Vgl. zu dieser Form der Arbeitsteilung die Bemerkung des Augusti-
nus über die Arbeit der Silberschmiede: Aug. civ. 7,4. Ähnlich Plin.
nat. 34,11, zur Herstellung von Leuchtern.
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Iudaea) je Pfund.94 Für Fensterglas (speclaris) hingegen
ist ein Preis von 8 (beste Qualität) und 6 Denaren (zwei-
te Qualität) bestimmt. Die Preisdifferenz erklärt sich aus
dem Arbeitsaufwand: Die Becher und Gefäße sind teu-
rer als Rohglas und das Fensterglas hatte wahrscheinlich
nicht die Qualität des Rohglases, das zur Weiterverarbei-
tung bestimmt war. Generell hat das Glas aus Alexan-
dria einen höheren Preis als das aus Iudaea. Im Preisedikt
werden die beiden schon bei Strabon und Plinius ge-
nannten Zentren der Glasherstellung im östlichen Mit-
telmeerraum berücksichtigt, nicht aber die Werkstätten
in den westlichen Provinzen. Ob dies damit zusammen-
hängt, dass die Zentren der Glasherstellung im Westen
ihre Erzeugnisse nicht in die östlichen Provinzen expor-
tierten,95 muss hier offen bleiben. Immerhin ist zu kon-
statieren, dass es eine Kontinuität in der Glasproduktion
in Alexandria und in Sidon von der augusteischen Zeit
bis in das frühe 4. Jahrhundert gab und dass diese Zen-
tren in diesem Zeitraum für einen überregionalen Markt
produzierten.

Eine weitere wichtige Information bietet der Co-
dex Theodosianus: Ein Edikt des Constantinus aus dem
Jahr 337 befreite diejenigen, die einen bestimmten Be-
ruf oder ein bestimmtes Handwerk ausübten, von allen

öffentlichen Zwangsverpflichtungen. In der angefügten
Liste der betreffenden Berufe erscheinen auch diatretarii
und vitrearii. Begründet wird das Gesetz damit, dass den
Menschen, die einen der genannten Berufe ausüben,
Zeit für ihre eigene Fortbildung und die Ausbildung ih-
rer Kinder gewährt werden sollte. In der Liste sind insbe-
sondere diejenigen Berufe erfasst, die für den luxuriösen
Lebensstil städtischer Oberschichten unverzichtbar wa-
ren. Es unterstreicht zweifellos die Bedeutung des Glases
in der Alltagskultur, dass die Glasmacher hier mit zwei
Berufsbezeichnungen vertreten sind.96

In der Literatur der römischen Kaiserzeit wird Glas
unter verschiedenen Aspekten thematisiert. Neben den
naturkundlichen Ausführungen in der naturalis historia
des Plinius und den Bemerkungen Strabons zur Glasher-
stellung im östlichen Mittelmeerraum stehen moralphi-
losophische Erörterungen bei Seneca oder impressionis-
tisch anmutende Beschreibungen etwa bei Martial. Glas
als Werkstoff und Gefäße sowie Trinkbecher aus Glas
wurden in völlig unterschiedlichen Kontexten wahrge-
nommen. Gerade dies zeigt, dass Glas für die Alltags-
kultur ebenso wie für die ästhetischen Welten der Ober-
schicht eine zentrale Bedeutung gewonnen hatte.

94 Erim, Reynolds 1973: 103. Es handelt sich um Angaben auf einem
in Aphrodisias (Kleinasien) gefundenen und 1973 publizierten Frag-
ment des Preisediktes; Columne III, Zeile 34–41. Kommentar: Erim

und Reynolds 1973, 108–109.
95 Erim und Reynolds 1973, 109.
96 Cod. Theod. 13,4,2. Vgl. Jones 1973, 862–863. Lierke 1999, 137.

157



Bibliographie

Blümner 1887
Hugo Blümner. Technologie und Terminologie der Gewerbe und
Künste bei Griechen und Römern. Vierter Band. Leipzig: Teubner,
1887.

Dihle 1989
Albrecht Dihle. Die griechische und lateinische Literatur der Kaiser-
zeit. Von Augustus bis Iustinian. München: C.H. Beck, 1989.

Dingel 2001
Joachim Dingel. „L. Annaeus Seneca“. In Der Neue Pauly 11.
Hrsg. von H. Cancik und H. Schneider. Stuttgart: J. B. Metz-
ler, 2001, 411–419.

Engels 1999
Johannes Engels. Augusteische Oikumenegeographie und Univer-
salhistorie im Werk Strabons von Amaseia. Bd. 12. Geographica
Historica. Stuttgart: Franz Steiner, 1999.

Erim und Reynolds 1973
Kenan T. Erim und Joyce Reynolds. „The Aphrodisisas Copy
of Diocletians’s Edict on Maximum Prices“. Journal of Roman
Studies 63 (1973), 99–110.

Froehner 1879
W. Froehner. La verrie antique. Description de la Collection
Chavret. Paris: J. Charvet (Le Pecq), 1879.

Fussillo 1996
Massimo Fussillo. „Achilleus Tatios“. In Der Neue Pauly 1. Hrsg.
von H. Cancik und H. Schneider. Stuttgart: J. B. Metzler,
1996, 82–84.

Greenaway und French 1986
Frank Greenaway und Roger Kenneth French, Hrsg. Science in
the Early Roman Empire: Pliny the Elder, His Sources and Influence.
London: Croom Helm, 1986.

Habermehl 2000
Peter Habermehl. „Petronius Niger“. In Der Neue Pauly 9. Hrsg.
von H. Cancik und H. Schneider. Stuttgart: J. B. Metzler,
2000, 672–676.

Harden 1987
Donald B. Harden. Glass of the Caesars. Milano: Olivetti, 1987.

Harden und Toynbee 1959
Donald B. Harden und Jocelyn M. C. Toynbee. „The Roth-
schild Lycurgus Cup“. Archaeologia 97 (1959), 179–212.

Healy 1999
John F. Healy. Pliny the Elder on Science and Technology. Oxford:
Oxford University Press, 1999.

Irelli u. a. 1990
Giuseppina Cerulli Irelli, Masanori Aoyagi, Stefano DeCaro
und Umberto Pappalardo, Hrsg. Pompejanische Wandmalerei.
Stuttgart: Belser, 1990.

Jones 1973
Arnold Hugh Martin Jones. The Later Roman Empire 284–602. a
Social, Economic and Administrative Survey. Oxford: Basil Black-
well, 1973.

König und Hopp 1992
Roderich König und Joachim Hopp, Hrsg. C. Plinius Secundus
d. Ä., Naturkunde. Lateinisch–deutsch. Buch XXXVI. Die Steine.
Bd. 36. Sammlung Tusculum. Darmstadt: Artemis & Winkler,
1992.

Liepmann 1982
Ursula Liepmann. Glas der Antike. Bd. 2. Kestner-Museum
Hannover Sammlungskataloge. Hannover: Kestner-Museum
Hannover, 1982.

Lierke 1999
Rosemarie Lierke. Antike Glastöpferei. Ein vergessenes Kapitel der
Glasgeschichte. Mainz: Philipp von Zabern, 1999.

Maurach 1991
Gregor Maurach. Seneca. Leben und Werk. Darmstadt: Wissen-
schaftliche Buchgesellschaft, 1991.

Naumann-Steckner 1991
Friederike Naumann-Steckner. „Depictions of Glass in Roman
Wall Paintings“. In Roman Glass. Two Centuries of Art and Inventi-
on. Hrsg. von M. Newby und K. S. Painter. London: Society of
Antiquaries of London, 1991, 86–98.

Newby und Painter 1991
Martine Newby und Kenneth S. Painter, Hrsg. Roman Glass.
Two Centuries of Art and Invention. London: Society of Antiqua-
ries of London, 1991.

Platz-Horster 1976
Gertrud Platz-Horster. Antike Gläser. Antikenmuseum Berlin.
Staatliche Museen Preussischer Kulturbesitz. Berlin: Antikenmuse-
um, 1976.

Price 1976
Jennifer Price. „Glass“. In Roman Crafts. Hrsg. von D. E. Strong
und P. D. C. Brown. London: Duckworth, 1976, 110–125.

Radt 2001
Stefan Radt. „Strabon“. In Der Neue Pauly 11. Hrsg. von H. Can-
cik und H. Schneider. Stuttgart: J. B. Metzler, 2001, 1021–
1025.

Riederer 1987
Josef Riederer. Archäologie und Chemie – Einblicke in die Vergan-
genheit. Berlin: Staatliche Museen Preußischer Kulturbesitz,
1987.

Rottländer 2000
Rolf C. Rottländer, Hrsg. Plinius Secundus d. Ä. Über Glas und
Metalle. St. Katharinen: Winkel Stiftung, 2000.

158



VITRI ARS: DAS RÖMISCHE GLAS IN DER LITERARISCHEN ÜBERLIEFERUNG

Saldern 2004
Alexander von Saldern. Antikes Glas. Handbuch der Archäologie.
München: C.H. Beck, 2004.

Sallmann 2000
Klaus Sallmann. „C. Plinius Secundus (der Ältere)“. In Der
Neue Pauly 9. Hrsg. von H. Cancik und H. Schneider. Stuttgart:
J. B. Metzler, 2000, 1135–1141.

Schneider 1992
Helmuth Schneider. Einführung in die antike Technikgeschichte.
Darmstadt: Wissenschaftliche Buchgesellschaft, 1992.

Stern 2008
E. Marianne Stern. „Glass Production“. In The Oxford Handbook
of Engineering and Technology in the Classical World. Hrsg. von
J. P. Oleson. Oxford: Oxford University Press, 2008, 520–547.

Walser 1988
Gerold Walser. Römische Inschrift-Kunst. Römische Inschriften für
den akademischen Unterricht und als Einführung in die Lateinische
Epigraphik. Wiesbaden: Franz Steiner, 1988.

Whitehouse, Gudenrath und Roberts 2015
David Whitehouse, William Gudenrath und Paul Roberts.
Cage Cups. Late Roman Luxury Glasses. Corning/NY: Corning
Museum of Glass, 2015.

HELMUT SCHNEIDER

ist emeritierter Professor für Alte Geschichte am Fachbereich
Gesellschaftswissenschaften der Universität Kassel. Er ist Mit-
herausgeber des Neuen Pauly.

Prof. Dr. Helmut Schneider
Universität Kassel
Fachbereich Gesellschaftswissenschaften
Institut für Alte Geschichte
Nora-Platiel-Str. 1, R. 3223
34127 Kassel, Deutschland
E-Mail: helschne@uni-kassel.de

159





Holger Schwarzer, Thilo Rehren

Glass Finds from Pergamon. A Report on the Results of Recent
Archaeological and Archaeometric Research

Summary

This paper provides a thorough overview of a recent research
project on Ancient, Byzantine, and Islamic glass finds from
Pergamon. The broad typological spectrum and the chemical
composition of the glass finds are presented in order to trace
the development of glass production and glass trade between
Antiquity and the Middle Ages, based upon this important
site.

Keywords: Pergamon; Ancient glass; Byzantine glass; Islamic
glass; glass production; glass trade

Der Beitrag gibt einen umfassenden Überblick über ein ak-
tuelles Forschungsprojekt zum antiken, byzantinischen und
islamischen Glas in Pergamon. Vorgestellt werden das breite
typologische Spektrum und die chemische Komposition der
Glasfunde, um anhand dieser bedeutenden Fundstätte die Ent-
wicklung der Glasproduktion und des Glashandels zwischen
Antike und Mittelalter nachzuzeichnen.

Keywords: Pergamon; Antikes Glas; Byzantinisches Glas;
Islamisches Glas; Glasherstellung; Glashandel
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1 Archaeological investigations

By Holger Schwarzer

1.1 Current state of research

Scientific research on glass of the Ancient, Byzantine,
and Islamic periods in Asia Minor is still at its begin-
ning.1 For a long time, this kind of find material was
not of special interest for the excavations in that region;
only during the last two decades the picture has changed.
Yet, especially for prominent sites, scientific glass stud-
ies are still often lacking. This also applies to the city of
Pergamon, one of the most famous metropolises of the
Ancient world, situated on the western coast of modern
Turkey. German archaeologists have been working there
since 1878. The contempt that the Pergamenian glass
finds suffered in the past is visible in the circumstance
that during the extensive excavations conducted before
the Second World War, glass fragments were usually sim-
ply thrown away. Thousands and thousands of sherds
ended up on the rubbish dumps; their systematic exam-
ination would be quite worthwhile.2 A lot more mate-
rial is preserved from the excavations conducted since
the 1950s, especially from the Stadtgrabung, and also
from the Asklepieion and the peristyle houses west of
the Lower Agora, as well as from the soundings in the
Traianeum and at the Musalla Mezarlık (Pl. 1).3 Only
a small selection of glass finds was published by differ-
ent authors in five volumes of the series Altertümer von
Pergamon.4 Therefore, a broadly based typological exam-
ination in view of the specific historic-cultural contexts
is still lacking.

For this reason, I commenced in 2005 the research
project Antikes, byzantinisches und islamisches Glas aus Perg-
amon (Ancient, Byzantine, and Islamic glass from Pergamon).
Between 2005 and 2008, almost 20 000 glass objects from

about 3400 find contexts – only from the so-called Stadt-
grabung – were documented in a database. They include
mostly fragmentary vessels, jewelry, utensils, tesserae,
and window panes. Since the material in question was
stored under unfavorable conditions in the depots, it
became necessary to separate all glass objects from the
other finds in the boxes. Then they were cleaned, in sev-
eral cases restored, and finally labeled and repackaged.
The catalogue comprises, until now, 2272 entries. Ev-
ery artefact is described with measurements, typological
analysis and characterization, and provided with draw-
ings and photos. Glass finds deriving from stratified ex-
cavation contexts form the main basis of the examina-
tion, while surface and stray finds were only included
when they had a typological relevance. The datings were
assigned based on published parallels and – where pos-
sible – on the associated pottery and other finds in the
specific context. The aim of the project is a detailed pre-
sentation of the glass spectrum in Pergamon, including a
discussion of historical and economic-historical aspects
mirrored in the development of the city and the East-
ern Mediterranean ‘glass koiné’ . The publication of the
intended monograph should be part of the series Perga-
menische Forschungen issued by the German Archaeologi-
cal Institute (DAI).5

Archaeometric analyses during the past one and
a half decades have provided groundbreaking knowl-
edge regarding Ancient and Medieval glass production.
Hence, from the outset it was intended to sample se-
lected objects from Pergamon. In 2007, the Turkish An-
tiquities Authority allowed the export of 100 glass sam-
ples to Germany. The originally advised cooperation
with the Bundesanstalt für Materialforschung in Berlin
could not be realized. However, the second author of
this paper, Thilo Rehren, took on the task. Under his di-
rection, the early samples (mostly from the Hellenistic,
Roman, and Late Antique periods) and all glass bracelets

1 This paper is based upon two preliminary reports in German
(Schwarzer 2009a; Schwarzer and Rehren 2015). For the current
state of research in Asia Minor in general, see von Saldern 2004, 549–
550 (Ancient glass); Laflı and Gürler 2010, 431–449 (Early Byzantine
glass).

2 The little amount of glass fragments kept from early excavations is
located in the depots of the German excavation house in Pergamon
and in the museum in Bergama, as well as in the storerooms of the
Antikensammlung of the Staatliche Museen zu Berlin.

3 Most finds from the modern excavations are stored in the German ex-
cavation house, only a very small part of the material is housed in the

museum in Bergama. Unfortunately, the glass finds in the depots of
the Asklepieion have not been completely accessible to me so far.

4 Boehringer and Krauss 1937, 124, Pl. 60 a. c; Ziegenaus and de Luca
1975, 137–140, Pl. 74; 80; Nohlen and Radt 1978, 51, Pl. 28; 32; Hon-
roth 1984, 149–160, Pl. 34; 41–43; Schwarzer 2008a, 197–206, Fig.
50–52, Pl. 22–23. – A catalogue of glass objects in the museum of
Bergama comprises almost exclusively objects from non-regular exca-
vations, see Atila and Gürler 2009.

5 Holger Schwarzer. ”Antikes, byzantinisches und islamisches Glas aus
Pergamon“. Pergamenische Forschungen (in preparation).
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were analyzed in the Wolfson Archaeological Science
Laboratories at the UCL Institute of Archaeology in Lon-
don, with further analyses by LA-ICPMS at the labora-
tory of Bernard Gratuze in Orléans, while the Byzantine
and Islamic samples were examined by Nadine Schibille
in the Research Laboratory for Archaeology and the His-
tory of Art at the University of Oxford, with additional
LA-ICPMS analyses done by Laure Dussubieux at the
Field Museum in Chicago.6 The results allow us to as-
sign most glass objects to previously-known composi-
tional groups, as well as the identification of two new
compositional glass groups (HBAl and HLiBAl), as dis-
cussed in the second part of this paper.

1.2 Urban development of Pergamon

In the following, the urban development of Pergamon
is briefly explained to provide a better understanding of
the chronological and spatial distribution of the glass
finds.7

The oldest evidence for a settlement are Bronze
Age pottery sherds found at the acropolis and in the
Asklepieion, situated southwest of it. During the Archaic
and Classical periods, a fortified settlement probably did
exist on top of the mountain; though only a few walls
remain, some other finds can be attributed to this time
span. In the 5th and the first half of the 4th centuries
BCE, Pergamon was under the territorial sovereignty of
the Persians; thereafter, it became part of the Macedo-
nian Empire in the course of Alexander the Great’s cam-
paign. In 281 BCE, the founder of the Hellenistic Dy-
nasty of the Attalids, Philetairos, settled in Pergamon. In
the first half of the 2nd century BCE, under the rule of
king Eumenes II, the city expanded substantially and the
newly erected city walls reached the southern plain. Dur-
ing his reign, the city enjoyed its cultural heyday, and
important buildings such as the Great Altar were con-
structed. In 133 BCE, the Pergamenian kingdom became
part of the Roman Empire, according to the testament of
the last Attalid ruler. In the Early Imperial Period, the
city expanded further into the southern plain. Especially

in the 2nd century CE, Pergamon prospered again. This
is evidenced by monumental building activities, like the
erectionof theTraianeumat the acropolis and the remod-
eling of the Asklepieion. Moreover, the find complexes
of the Stadtgrabung at the southern slope of the acropo-
lis and of the peristyle houses west of the Lower Agora, as
well as of the buildings at the so-called Musalla Mezarlık,
a hill located between the acropolis and the Asklepieion,
illustrate the economic and cultural wealth of Pergamon
in that period.

The castle mountain and the lower city in the south-
ern plain were still in use during the 3rd century CE. The
opinion mentioned in some recent publications,8 that
already in the 2nd century CE urban life had nearly com-
pletely shifted towards the southern plain and the acrop-
olis had been abandoned, is doubtful – not only in view
of the large number of Late Antique and Early Byzantine
glass finds in the Stadtgrabung.9 From the 4th/5th cen-
tury CE onwards, monumental churches were erected,10

for example within the so-called Red Hall at the north-
ern edge of the plain. However, even at the castle moun-
tain, like at the Lower Agora, such buildings existed.
In the later 7th century CE, an Early Byzantine defen-
sive wall was constructed, securing the upper part of
the acropolis as a refuge area.11 Notwithstanding, the
Umayyad general Maslama ibn ‘Abd al-Malik ibn Mar-
wān was able to conquer the city and to enslave its in-
habitants in 716 CE. That was the reason for an abrupt
end to the urban life.12 Not until the 10th century a re-
settlement in Pergamon did begin, but it was restricted
solely to the acropolis. In the 12th and especially in the
13th centuries, extensive building activities took place,
such as the erection of the elaborate Late Byzantine de-
fensive walls.13 In the early 14th century, Pergamon was
occupied by the Seljuk princely family of Karesi, and,
with that, the Byzantine Period of Pergamon ceased. Af-
ter the take-over of the city by the Osman ruler Orhan,
the new Muslim inhabitants did not settle at the castle
mountain, but instead in the area of the former lower
city. This is the location of the modern city of Bergama,
where at present more than 100 000 people live.

6 See Schibille 2011; Rehren, Connolly, et al. 2015; Schwarzer and
Rehren 2015, 113–118, 126–131.

7 See Radt 2011, 53–61 (with bibliography p. 340); Radt 2012.
8 Wulf 1999, 206–213.
9 Schwarzer 2008a, 89–92.

10 Rheidt 1991, 226–229, Fig. 43.

11 Klinkott 2001, 13–22. Regarding the Medieval Period of Pergamon,
see Gelzer 1903; Rheidt 1991, 241–253; Klinkott 2001, 22–33, 57–64,
84–91.

12 For the Islamic attempts of conquest in Asia Minor in the 7th and 8th
centuries CE, see Brandes 1989, 51–71.

13 Klinkott 2001, 35–57, 65–84.
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1.3 Local glass production and imports

Provenance is one of the main questions in the research
on glass finds. Archaeometric analyses have recently
shown that a previously unknown primary glass produc-
tion existed in the region of Pergamon since at least the
Early Byzantine Period.14 The frequent appearance of
special forms and types with identical elements speaks in
favor of a local secondary glass production in Pergamon
that can be attributed to the Late Hellenistic, Roman,
Early, and Middle/Late Byzantine periods. Some glass
chunks (Pl. 2.2)15 as well as glass working waste, support
this theory. These remains were uncovered at the castle
mountain and in the Asklepieion. Glass furnaces are still
unknown. Such a furnace was probably located at the
hill of the Musalla Mezarlık, but unfortunately, there is
no documentation available (Pl. 2.3).16 A potters’ quar-
ter is known in the Ketios Valley and, presumably, even
glass workshops were extant there; however, the results
of the Turkish rescue excavations conducted in the late
1970s, due to the erection of a barrage, have not been
published comprehensively.

Local secondary glass working probably did not ex-
ist before the mid-2nd century BCE. The fillings of some
excavated foundation chambers of the Great Altar, dated
to the 60s of the 2nd century BCE, contained many thou-
sands of pottery sherds, but not any glass fragments.17

It is conceivable that glass workers settled in Pergamon
only after the end of the Attalid reign in 133 BCE, when
the realm came under Roman rule. During the Late Hel-
lenistic Period, the production of glass artefacts can be
presumed as insignificant; however, during the Roman
Imperial Period, glass working increased and continued
during the Early Byzantine Period, when it came to an
abrupt end caused by the Umayyad conquest. Not un-
til the 12th century, in the Middle Byzantine Period, an
extensive glass production in Pergamon was established
again, which ceased with the beginning of the Ottoman
Period.

Only finds characterized by specific elements and a

proportional small occurrence can be identified as im-
ports. They stem, as far as one can say, mostly from
the Levant and Italy, especially in the Early Imperial Pe-
riod. During the Middle and Late Byzantine Periods,
several objects were imported from Islamic areas, pri-
marily from the Mamluk realm.

1.4 Material features and problems in dating

The color spectrum of the Pergamenian glass finds is
manifold; however, some colors are dominant during
different times. In contrast to Hellenistic glass, that dis-
plays strong colors, and to Early and Middle Roman
Imperial glass, that have commonly a natural greenish-
blue/blueish-green color, the Late Antique and Byzan-
tine glass has mostly an olive-green or -yellow and
yellow-green tinge. Generally, the material is transpar-
ent or translucent; only a few pieces are opaque. The
surface, with its soapy appearance, is rarely corroded. In
Late Antiquity, a greater number of air bubbles is a char-
acteristic feature.

As even the Late Byzantine buildings at the castle
mountain were often founded directly upon the native
rock, the earlier settlement remains have been disturbed
in many cases. For this reason, almost all glass finds are
preserved only in a fragmentary state. Due to the dif-
ficult stratigraphic circumstances, the determination of
datings must be based largely on published comparisons.

In the following, some glass finds of Pergamon are
presented.18

1.5 Core-formed glass

Among the oldest glass finds in Pergamon, some frag-
ments of core-formed glass can be assigned to the so-
called Mediterranean groups I–III, in chronological suc-
cession, and defined according to typological and stylis-
tic aspects. Identified as alabastra and amphoriskoi,
these vesselswereproducedbetween the6thcenturyBCE
and the early 1st century CE, presumably in the Eastern

14 See the contribution of Thilo Rehren in the second part of this paper.
15 Cf. Antonaras 2012, 284–285, No. 468. – Among the chunks found

in Pergamon are also those that belong to the newly defined chemi-
cal glass group HBAl: Rehren, Connolly, et al. 2015, 270, Tab. 2 PER
009.

16 Cf. Lazar 2003, 225–226, Fig. 62–63.

17 See de Luca and Radt 1999.
18 A complete overview is not possible because of the overabundance

of material; hence, a representative selection was chosen for this ar-
ticle. As a detailed publication is planned (Schwarzer [in prep.] see
footnote 5), the pieces are shown without drawings and only in pho-
tographs that are not true to scale.
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Mediterranean.19 Remains of the sandy cores are present
on the interior of the vessels, caused by the characteris-
tic production technique.20 The number of pieces un-
earthed in Pergamon is so small that a local production
can be excluded.21 One blue-colored body sherd deco-
rated with yellow and white zigzag threads stems from
theAsklepieion andbelongs to group III (Pl. 2.4).22 It can
be dated between the mid-2nd and the 1st century BCE.

1.6 Mold-formed glass

Mold-formed bowls, especially grooved bowls and
ribbed bowls, were the prevalent glass vessels of the Hel-
lenistic Period. The technique employed for produc-
ing both vessel types, the sagging of a glass cake into
a mold,23 fostered a more extensive production. There-
fore, it is not surprising that at several sites, especially in
the Eastern Mediterranean, these forms occur in larger
amounts. The situation in Pergamon is similar. Since
the end of the Attalid rule (133 BCE), grooved bowls
were probably part of the repertoire of local glass work-
shops. The monochrome, often intensely colored ves-
sels have a hemispherical or conical shape with one or
more horizontally cut grooves decorating the interior,
and sometimes even the exterior.24 One good exam-
ple is the rim fragment of a yellow-brown conical bowl
found in the so-called Gassensondagen on the acropolis
(Pl. 2.5).25 After the mid-1st century BCE, these bowls

went out of fashion. Some latecomers appear around the
beginning of the Common Era in Pergamon in the form
of so-called linear-cut bowls (Pl. 2.6).26 Closely related
are ribbed bowls adorned not only with horizontal cut
grooves inside, but also with manually tooled ribs out-
side, as a yellow-green fragment from the Stadtgrabung
illustrates (Pl. 2.7).27 They were produced until the turn
of the 1st to the 2nd century CE.28 The colors of the Late
Hellenistic and Julio-Claudian specimens are as man-
ifold as those of the grooved bowls; however, Flavian
pieces usually show the natural blue-green color. The
latter are not equipped with horizontal cut grooves, and
the ribs are more differentiated. A dark blue rim with
short, closely set ribs and one interior groove below the
lip, found at the Musalla Mezarlık, can be dated to the
Augustan Period (Pl. 2.8).29

Due to their rare appearance in Pergamon, some ves-
sel forms and types can be identified as imports. This
applies inter alia for Hellenistic omphalos bowls (‘calyx-
cups’) and fluted bowls; only one example of each type
was found in the Stadtgrabung (Pl. 2.9, 2.10).30 Both
types can be traced back to Achaemenid forerunners
made of glass and metal.31 The sherd of the omphalos
bowl, adorned with long petals, displays similarities to
Rhodian bowls of the second quarter of the 4th century
BCE.32

The elaborate designs of Hellenistic mold-formed
mosaic glass, predominantly bowls and dishes with a

19 Grose 1989, 93–174; Bianchi et al. 2002, 44–46; von Saldern 2004,
67–82.

20 Regarding the production technique, see Lierke 2009, 17–24.
21 They occur, for instance, more frequently in the harbor city Pitane

(today Çandarlı), particularly in tombs, see Freyer-Schauenburg 1973.
Since the necropolises of Pergamon were mostly robbed or have been
overbuilt, one can assume that the proportion of core-formed vessels
was probably higher there. However, this does not change anything
in the statement above.

22 Cf. Grose 1989, 171–172, No. 174; Arveiller-Dulong and Nenna 2000,
62, No. 51 (Myrina); Haas-Gebhard and Gebhard 2005, 42, No. M
309; Lightfoot 2017, 39, No. 10.

23 See Lierke 2009, 46, 54.
24 Grose 1989, 193–194; von Saldern 2004, 151–156.
25 Cf. Grose 1989, 205, No. 214; 182 color Fig.; Stern and Schlick-Nolte

1994, 284–285, No. 79; Nenna 1999, 73, No. C40, Pl. 8; Israeli 2003,
77, No. 63; Davidson Weinberg and Stern 2009, 29–30, No. 25, Fig.
2, Pl. 2; Schätzschock 2016, 453, No. G 235, Pl. 222.

26 Cf. Canav 1985, 85, No. 136; Grose 1989, 269, No. 249; 213, color
Fig.; Stern and Schlick-Nolte 1994, 324–325, No. 97; Kunina 1997,
257, No. 51, color Fig. 29; Israeli 2003, 77, No. 61; Honroth 2007,
13–14, No. 13, Fig. 17; Caron and Zoïtopoúlou 2008, 22–23, No. 18;
Adam-Veleni 2010, 412–413, No. 509; Gençler Güray 2011, 239, Fig.

2, 12.
27 Grose 1989, 195; von Saldern 2004, 155–156. – Cf. Nenna 1999, 107,

No. C291, Pl. 33, 49; Arveiller-Dulong and Nenna 2000, 184, No.
217; 160 color Fig. (Myrina); Schätzschock 2007, 178–179, No. G 14–
G 15, Pl. 59.

28 Grose 1989, 245–247; von Saldern 2004, 188–191.
29 Cf. van Lith 1984, 228, No. 104, Pl. 91; Scatozza Höricht 1986, 31,

No. 12, Pl. 4, 1. 24; Rütti 1991, 31, No. 685, Pl. 28; 206; Arveiller-
Dulong and Nenna 2000, 191, No. 231; Lightfoot 2017, 50–51, No.
23.

30 Omphalos bowls: von Saldern 2004, 138–141; cf. Nenna 1999, 96,
No. C250, Pl. 30; 48; Adam-Veleni 2010, 213–214, No. 73. – Fluted
bowls: von Saldern 2004, 141–143; cf. von Saldern 1974, 28, No. 13;
Hayes 1975, 19, No. 45, Fig. 1, Pl. 3; Stern and Schlick-Nolte 1994,
252–255, No. 66; Nenna 1999, 93, No. C236, Pl. 28; No. C237, Pl.
48.

31 von Saldern 2004, 112–113. Cf. von Saldern 1974, 26–27, No. 12;
Akat, Fıratlı, and Kocabaş 1984, 53, No. 80, Fig. 30; Grose 1989, 87,
No. 34, color Fig. p. 70; Barkóczi 1996, 117, No. 375, Pl. 34, 73; Is-
raeli 2003, 50, No. 28.

32 Cf. Triantafyllidis 2000, 134, No. 4; 135, No. 5.
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star-like decoration, show the luxurious tastes of the so-
cial upper classes.33 The production period of these
vessels is similar to that of the ribbed bowls. The pro-
duction centers of these precious vessels are not known;
however, the most important workshops probably ex-
isted in Alexandria. Whether the mosaic rod (Pl. 2.11)
found in the Asklepieion can be interpreted as indica-
tion of a local production, remains uncertain, as such
rods were even used as jewelry.34 Fragments of Hellenis-
tic mosaic glass were rarely found in Pergamon; one ex-
ample is a rim sherd from the Stadtgrabung belonging
to a hemispherical bowl (Pl. 3.12).35

The tableware of the social upper classes of the Early
Imperial Period was as elaborate as that in Hellenistic
times. Mold-formed mosaic glass enjoyed a special pop-
ularity; therefore, Italic workshops adopted it into their
repertoire, producing such vessels until the last third of
the 1st century CE.36 Most prevalent were bowls and
plates, their forms are reminiscent of metal and clay
models. In contrast to the Hellenistic precursors, the
Roman mosaic glass vessels have a wider variety of col-
ors and a slightly altered decoration, like complicated
star and blossom motifs or simple speckled motifs such
as concentric circles. The few pieces unearthed in Perga-
mon were probably imported from Italy, like some rem-
nants of ribbed bowls and fragments of a carinated bowl
with an applied base ring found in the Stadtgrabung
(Pl. 3.13).37

Gold-band glass that was developed in the 1st cen-
tury BCE and produced until the Claudio-Neronian Pe-

riod is almost completely absent in Asia Minor.38 How-
ever, one rim of a bowl with an extraordinary form and
a whitish-purple tinge came to light in the Asklepieion
(Pl. 3.14).39 The situation is similar to striped mosaic
glass vessels, produced between the late 2nd century
BCE and the third quarter of the 1st century CE. Only
one specimen from the Augustan Period was found in
the Stadtgrabung (Pl. 3.15).40

Mold-formed network glass vessels belong to the
luxurious tableware of the Hellenistic and Early Roman
Period as well; these are mainly bowls that were man-
ufactured between the early 2nd century BCE and the
mid-1st century CE.41 The few specimens in Pergamon
can be classified as imports,42 for example the rim of a
hemispherical bowl from the well house (Pl. 3.16),43 and
the fragment of a footed bowl made of blue, white, and
yellow spiraled threads from the so-called Diodoreion
(Pl. 3.17), both located in the Stadtgrabung.44 Their find
complexes can be dated to the first half of the 1st century
BCE and the first quarter of the 1st century CE, respec-
tively.

Hellenistic cast skyphoi are just as rare as the afore-
mentioned pieces.45 In the Stadtgrabung, a light green,
almost decolored rim, equipped with a groove on the
interior and a handle with a thumb-rest, was unearthed
(Pl. 3.18).46 In a tomb in Kyme, not far from Pergamon,
a similar skyphos, although of blue color, came to light
that dates to the late 2nd/early 1st century BCE.47

The rim of a bowl from the late 1st century BCE or
early 1st century CE found in the Asklepieion, made of

33 von Saldern 2004, 125–130.
34 Cf. Leskov and Nabǎcikov 1989, 148, No. 183, Pl. 39 upper right.
35 The glass of that piece is colored blue by cobalt and copper oxide:

Rehren, Connolly, et al. 2015, 269, Tab. 2 PER 014. – For comparable
vessels, see Matheson 1980, 19–20, No. 53; Stern and Schlick-Nolte
1994, 276–277, No. 75; Nenna 1999, 44, No. B64, Pl. 2; 62.

36 von Saldern 2004, 161–166.
37 The example shown here is also colored blue by cobalt and copper

oxide: Rehren, Connolly, et al. 2015, 269, Tab. 2 PER 023. – For
comparable vessels, see Matheson 1980, 20 No. 54; Grose 1989, 309,
No. 442, color Fig. p. 226; Stern and Schlick-Nolte 1994, 332–333,
No. 102.

38 von Saldern 2004, 179–181. – Cf. further the poster presentation
of a PhD project on gold-band glass containing a distribution map
by Giulia Cesarin (Cologne/Padua): https://www.academia.edu/
35076825/FROM_LATE_HELLENISTIC_TO_EARLY_ROMAN_
LUXURY_GLASS_PRODUCTION_A_SYSTEMATIC_ANALYSIS_
ON_GOLD-BAND_GLASS (last visited 17 May 2018).

39 Comparable because of the technique and decoration, but different
in terms of form: von Saldern et al. 1974, 104–105, No. 276, color Pl.

p. 103; Leskov and Nabǎcikov 1989, 186, No. 272, Pl. 48.
40 von Saldern 2004, 130–132, 171–174. – Cf. von Saldern et al. 1974,

115, No. 310; Hayes 1975, 26, No. 66, Fig. 2, Pl. 6; Nenna 1999, 44,
No. B68, Pl. 45; Tolga Tek 2013, 227–228, No. 38, Fig. 2. 4.

41 von Saldern 2004, 133–135, 181–182. Concerning the production
technique, see Lierke 2009, 40.

42 A network glass sherd from the Stadtgrabung, published in
Schwarzer 2008a, 202–203, No. G 45, Fig. 51, Pl. 23, is made of
manganese-decolored glass as shown by archaeometric analysis:
Rehren, Connolly, et al. 2015, 269, Tab. 2 PER 035.

43 Cf. Stern and Schlick-Nolte 1994, 272–273, No. 73.
44 Cf. Auth 1976, 54, No. 44, color Fig. p. 51; Arveiller-Dulong and

Nenna 2000, 151, No. 188, color Fig. p. 162 (Cyzicus).
45 von Saldern 2004, 145–147. Regarding the production technique, see

Lierke 2009, 36–37.
46 Cf. von Saldern 1968, 28, No. 10; Akat, Fıratlı, and Kocabaş 1984, 56,

No. 116, Fig. 52; Leskov and Nabǎcikov 1989, 158–159, No. 212–215,
Fig. 65, Pl. 24; Grose 1989, 187, Fig. 94; Erten Yağcı 1990, 31, Fig. 27;
Kunina 1997, 259, No. 57, color Fig. 37.

47 Bouzek 1974, 169–171, Pl. 50, 1–3.
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thick opaque white glass and decorated with a wave-like
pattern, can be classified as unique (Pl. 3.19). It is un-
doubtedly mold-pressed glass, as Rosemarie Lierke con-
firmed.48 I am not aware of other exact parallels.49

The few fragments of Early Roman mold-formed
vessels comparable to contemporaneous pottery shapes
(terra sigillata) are probably of Italic provenance.50

Monochrome carinated bowls from the first half of the
1st century CE, represented, for example, by an emer-
ald green rim from the Asklepieion (Pl. 3.20)51, and de-
colored dishes from the second half of the 1st century
CE, occur most often. Rectangular plates equipped with
opposing dovetail-shaped handles can be judged as pre-
cious tableware from the first half of the 1st century
CE.52 Two emerald green fragments found in the Stadt-
grabung were presumably imported from Italy.53

Additionally, some remnants of mold-formed decol-
ored glass, adorned with elaborate cut decoration are ex-
tant in Pergamon; most likely, they also come from Italy.
The rims of three plates with faceted patterns, found in
the Stadtgrabung and dated to the last quarter of the
1st century CE, belong to this material group (Pl. 3.21–
3.23),54 as well as the larger fragment of a hemispherical
cup with grooves on the exterior excavated in the peri-
style houses west of the Lower Agora (Pl. 4.24).55

1.7 Mold-blown glass

The glass pipe was invented in the second quarter of the
1st century BCE in the Levant. This invention revolu-
tionized the glass technology, as it allowed a mass pro-
duction of different vessel forms and types with a broad
variety of decorations.56 The technique spread quickly
across the whole of the Mediterranean region; however,
in Pergamon, it was presumably not introduced until
the mid-1st century CE. Blowing glass into a mold, for
which two- or four-part molds were used, is a special
technique that was most likely not familiar to Pergame-
nian glass workers.57 Some examples of such exquisite
vessels include cups and bowls with ribbed decoration,
the latter being reminiscent of cast models.58 In Perga-
mon, there are only a few extant specimens, for instance,
the rim of a cup from the Stadtgrabung (Pl. 4.25).59

Cups with Greek inscriptions represent a group of
mold-blown vessels that were produced in the first half
of the 1st century CE, presumably, mainly in the Lev-
ant; they appear in different variants.60 Remarkable is a
type displaying an encircling band with the words “ΕΥ-
ΦΡΑΙΝΟΥ ΕΦ Ω ΠΑΡΕΙ” (“Rejoice in that at which you
are present”) above a row of vertical petals.61 Until now,
only a little more than 20 specimens were known; but
recently four new pieces from Pergamon were added.62

They came to light in the Asklepieion and in the Stadt-
grabung (Pl. 4.26–4.29); this concentration at one site
is unique. Another type bears the inscription “ΛΑΒΕ

48 Personal communication (5 February 2013).
49 Two unique but rather similar bowl fragments made of such white

glass, probably from the same model, in the Metropolitan Museum
of Art in New York and the British Museum in London, show a
continuously meandering pattern, instead of the wave-like pattern:
Lightfoot and Picón 2015.

50 von Saldern 2004, 182–185. For models and imitations of glass ves-
sels in ceramics and toreutics generally, see Wabersich 2014; Löbbing
2015.

51 Published in: Ziegenaus and de Luca 1975, 139, No. 779, Pl. 74, 3;
80, 2. – Cf. Matheson 1980, 17, No. 47; Harden 1988, 44, No. 20;
Grose 1989, 304, No. 414, color Fig. p. 224; Rütti 1991, 34, No. 731,
Pl. 31; 208; Beretta and Di Pasquale 2004, 226, No. 2.2; 242, No.
2.50. – For emerald green vessels of the Early Imperial Period and
their chemical composition, see Jackson and Cottam 2015; Jackson,
Cottam, and Lazar 2015.

52 von Saldern 2004, 185–186.
53 Cf. Stern and Schlick-Nolte 1994, 326–327, No. 98; Masseroli 1998,

46, No. 1, Fig. 11, Pl. 9, 1; Arveiller-Dulong and Nenna 2000, 204,
No. 256, color Fig. p. 163; Czurda-Ruth 2007, 47–48, No. 82, Pl. 5;
34.

54 Cf. Rütti 1991, 38, No. 794, Pl. 35; No. 798. 801, Pl. 36; Stern and
Schlick-Nolte 1994, 334–335, No. 103; Ravagnan 1994, 224, No. 451.

55 Published in: Honroth 1984, 159, No. G 79, Pl. 34. – Cf. Masseroli
1998, 86, No. 3, Pl. 22, 2.

56 von Saldern 2004, 218–224.
57 von Saldern 2004, 231–236.
58 von Saldern 2004, 276–277.
59 Cf. Rütti 1991, 47, No. 972, Pl. 44; 186; Kunina 1997, 277, No. 121–

122, color Fig. 93; Antonaras 2012, 76, No. 74. – The rim fragment
in Pergamon belongs to the glass group HIMT, which appears sur-
prisingly rare in the whole of the analyzed find material: Rehren,
Connolly, et al. 2015, 271, Tab. 3 PER 056, Fig. 2 e. This could be
an indication for an import possibly brought by Roman soldiers, be-
cause Lightfoot 1993b, 36–37, Fig. 52–54 points out that many of
such vessels have been found at military sites in the West.

60 von Saldern 2004, 247–248.
61 von Saldern 2004, 248–250. – Cf. Oliver 1980, 70, No. 64; Stern 1995,

97–98, No. 1, color Fig. p. 51; Whitehouse 2001, 23–24, No. 487; Is-
raeli 2003, 129, No. 129; Antonaras 2009b, 136–138, No. 86–88, Pl.
IV; Davidson Weinberg and Stern 2009, 80, No. 145, Fig. 8, Pl. 13;
Adam-Veleni 2010, 261–262, No. 178; Kolesnychenko 2018 with Fig.
1, 1–2.

62 The fragment from the so-called Podiensaalgebäude in the Stadt-
grabung is already published: Schwarzer 2008a, 199, No. G 12, Fig.
50, Pl. 22.
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ΤΗΝ ΝΙΚΗΝ” (“Seize the victory”), surrounded by lau-
rel wreaths.63 Two related fragments were uncovered in
the Stadtgrabung.64

Two other body sherds from the same excavation
area belong to rare types of cups from the mid-1st cen-
tury CE. They are very similar to glass vessels from the
famous Ennion workshop.65 The first is adorned with a
net pattern and a Lesbian cymation (Pl. 4.30), while the
second – discovered in the Podiensaalgebäude – displays
a row of vertical petals (Pl. 4.31).66 In the Asklepieion,
a large body sherd of a so-called mythological beaker
was unearthed (Pl. 4.32). It can be dated to the second
half of the 1st century CE. Such vessels, subdivided into
four groups, show mythological figures separated by ar-
chitectural frames.67 The piece from Pergamon can be
assigned to Group I, and displays the legs of Heracles be-
tween two columns.68 The provenance remains unclear,
as these beakers were produced both in the west and in
the east of the Roman Empire. The same is true for a
beaker fragment of the so-called Pompeii group with a
floral decoration; it was excavated in the Peristyle House
III west of the Lower Agora (Pl. 4.33).69 So-called lotus
beakers were frequent in the second half of the 1st cen-
tury CE. Despite the name, the decoration was not in-
spired by lotus buds, but by the knotholes of the mace of
Herakles.70 Some sherds of such beakers were unearthed
in the Stadtgrabung; they probably stem from the Lev-
ant or Italy (Pl. 4.34).71

Jugs and bottles, blown in half-molds and decorated
with geometric designs on the base, can be dated to the
mid-1st until the mid-3rd century CE.72 They were un-

covered primarily in the Stadtgrabung, for example, in
the so-called Bau Z (Pl. 4.35),73 but also in the peristyle
houses west of the Lower Agora and in the Asklepieion.
The original function of these base marks is still not clar-
ified. They are interpreted as the logogram of the glass
vessel manufacturers or of the vessels’ content and/or as
the identification of the supplier of goods.

1.8 Free-blown glass

The free-blown glass in Pergamon offers a wide reper-
toire of forms and types; in many cases, they are
equipped with different kinds of decorations. One ex-
ample is the so-called Zarte Rippenschalen, a type that is
represented by more than three dozen fragments.74 The
production of these elegant drinking vessels commenced
in the Augustan period and continued until the Nero-
nian and Flavian periods. Models might have been the
mold-formed and the mold-blown ribbed bowls. The
main production centers are believed to have been situ-
ated in Northern Italy. Usually, the light blue-, purple-,
or amber-colored bowls have a decoration consisting of
a white spiral thread (Pl. 4.36);75 however, there are also
undecorated pieces, as illustrated by an example from
the Asklepieion (Pl. 5.37).76 A very rare variant is the
body sherd of a small ribbed bowl with a strong shoulder
bulge from the Stadtgrabung (Pl. 5.38), for which paral-
lels are only known from Magdalensberg,77 Corinth,78

Ephesus,79 Jerusalem,80 and Palmyra.81 They may have
been produced in Italy.

63 von Saldern 2004, 252. – Cf. von Saldern et al. 1974, 163. 166, No.
454; Auth 1976, 63, No. 57; Matheson 1980, 53–54, No. 134; Rav-
agnan 1994, 124, No. 231, Pl. 15; Stern 1995, 98–100, No. 2–4; Kun-
ina 1997, 275, No. 113, color Fig. 73; Whitehouse 2001, 26–27, No.
491; Israeli 2003, 129, No. 130; Arveiller-Dulong and Nenna 2005,
194, No. 536, Pl. 38.

64 One sherd was analyzed; it is made of manganese-decolored glass:
Rehren, Connolly, et al. 2015, 269, Tab. 2 PER 070.

65 Cf. Lightfoot 2014, 138–139, No. 41.
66 Already published in: Schwarzer 2008a, 198, No. G 9, Fig. 50, Pl. 22.
67 von Saldern 2004, 278–280, Fig. 34.
68 Cf. von Saldern 1974, 66–67, No. 50; Harden 1988, 163–164, No. 85;

Whitehouse 2001, 54–56, No. 527.
69 Already published in: Honroth 1984, 160, No. G 83, Pl. 34. – Cf. von

Saldern 1968, 52, No. 36.
70 von Saldern 2004, 273–276.
71 For the archaeometric analysis of the fragment shown here, made

of antimony-decolored glass, see Rehren, Connolly, et al. 2015, 269,
Tab. 2 PER 019, Fig. 2 a. – For comparable beakers, see Matheson

1980, 49, No. 126; Whitehouse 2001, 28, No. 494; Caron and Zoï-
topoúlou 2008, 64–65, No. 57; Antonaras 2009b, 140–142, No. 93,
Pl. IV; Adam-Veleni 2010, 262, No. 179; Antonaras 2012, 77, No. 77.

72 Klein 1999, 42–48; von Saldern 2004, 500–506. See especially Foy and
Nenna 2006a; Foy and Nenna 2006b; Foy and Nenna 2011.

73 Cf. Foy and Nenna 2006a, 89, No. F-CAR.024. F-CAR.025, Pl. 5; Foy
and Nenna 2011, 220, No. GR-COR 5. GR-COR 6, Pl. 1; 252, No.
PO-LI 80, Pl. 1.

74 von Saldern 2004, 227–228.
75 Cf. von Saldern et al. 1974, 101, No. 265, color Pl. p. 103; White-

house 2001, 203, No. 759.
76 Cf. von Saldern 1974, 58, No. 37; Caron and Zoïtopoúlou 2008, 26–

27, No. 23; Antonaras 2009b, 112–114, No. 37, Pl. 1. I.
77 Cf. Czurda-Ruth 1979, 34, No. 317, Pl. 2, 317.
78 Cf. Davidson 1952, 80. 96, No. 605–606, Fig. 7, 605–606.
79 Cf. Czurda-Ruth 2007, 57, No. 102, Pl. 6.
80 Cf. Gorin-Rosen 2005, 197, Fig. 1, 6.
81 Cf. Ployer 2013, 174, No. 46, Fig. 121. 140, 46.
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Painted glass vessels are rare, not only in Pergamon
itself.82 Therefore, one body sherd of a blue vessel dis-
playing a fish and a lobster is of special interest (Pl. 5.39).
It was found in the Stadtgrabung, and can be dated to
the first half of the 1st century CE. Worldwide, there are
only a few known examples with similar motifs from
distant sites, such as Berenice on the Red Sea or Xan-
ten on the Rhine.83 The original provenance of these
vessels is still unknown. The same applies to the frag-
ment of a cylindrical beaker from the Early Imperial Pe-
riod, decorated with enameled tendrils and oak leaves
(Pl. 5.40).84 The so-called sandwich gold-glass is also
rare; only one small dichromatic body sherd came to
light in the soundings at the Traianeum (Pl. 5.41).85 The
same is true for so-called Überfangglas from the Julio-
Claudian Era, which is mainly known from the western
provinces of the Roman Empire. In the Eastern Mediter-
ranean, there is hardly any evidence of such glass; only
two body sherds of indefinite vessel shapes from the
Stadtgrabung in Pergamon testify to its distribution in
Asia Minor (Pl. 5.42).86

Vessel fragments with an ornamental facet-cut deco-
ration occur somewhat more frequently; however, they
are still too rare to assume a local production in Perga-
mon. Therefore, these vessels, adorned with such elabo-
rate decoration and used as dinner service, were presum-
ably imported.87 It is sometimes not easy to distinguish
between mold-formed and free-blown specimens, even
though the former often show a thicker body wall. This

always decolored glass, imitating rock crystal, appears in
the second half of the 1st century CE, and was popu-
lar until the 4th century CE, notwithstanding stylistic
changes during this time span.88 The early pieces, prob-
ably made in Italy, display a net of oval or spherical facets
like a body sherd from the Stadtgrabung (Pl. 5.43).89

Later examples are characterized by a more zonal com-
position, and the earlier net-like design is replaced by
single rows of narrow vertical facets, as illustrated by a
rim excavated in the Asklepieion (Pl. 5.44).90 The frag-
ment of a bowl from the Stadtgrabung shows a herring-
bone pattern followed by two horizontal incised lines
and a row of double-lined half-hexagons below the un-
worked rim (Pl. 5.45).91 Another fragment of a decol-
ored bowl from the 4th century CE, discovered in the
Stadtgrabung, has a horizontal row of narrow diagonal
facets followed by letters composed of double lines be-
low the thickened rim. Only the upper part of ‘A’ or ‘Λ’
is preserved (Pl. 5.46). From Asia Minor, seven examples
with double-lined Greek lettering are known so far.92

Beakers with horizontal grooves and/or incised lines
are frequent in Pergamon; therefore, they were most
likely produced in local workshops.93 They display
a globular, sometimes conical, or cylindrical shape
(Pl. 5.47).94 The natural blue-green color is predom-
inant, but occasionally pieces with different colors or
colorless ones are present. The latter were probably im-
ported to Pergamon, as it can be assumed for the rim of
a pale olive-colored beaker from the Early Imperial Pe-

82 von Saldern 2004, 436–437.
83 Cf. Rütti 1980, 198–202, Fig. 1–4 (Vitudurum-Oberwinterthur);

Charlsworth 1984, 285, No. C 7497, Pl. 99, 8; 100, 2 (Xanten); Lis-
sia 2000, 62, No. 65, Fig. p. 77–78; Whitehouse 2001, 256–257, No.
849; Nicholson and Price 2003, 390–391, Fig. 1 (Berenice).

84 One sherd of the beaker fragment with horizontal threads and offset
dots is already published: Schwarzer 2008a, 205, No. G 64, Fig. 52,
Pl. 23. I recognized only later that a second sherd, found at a distance
of 35 m, belongs to the same vessel. – Cf. Kunina 1997, 289, No. 178,
color Fig. 107–108 (amphora).

85 von Saldern 2004, 120–125. 461–462. – The visible remains of ten-
drils (?) are reminiscent of motifs known from sandwich gold-glass
plates of the late 3rd/early 2nd century BCE, which were probably
made in Alexandria: Kunina 1997, 255–257, No. 48, color Fig. 25.

86 Cf. von Saldern 2004, 203 n. 3. See also the preliminary results of a
recent study in a poster presentation by Emilie Winckel (Rouen) with
a distribution map of such finds:
https://www.academia.edu/35075452/Inside_Cased_Glass_from_
Julio-Claudian_Era (last visited 17 May 2018). It contains the pho-
tograph of one piece shown here that I provided the author, and the
following remarks: “Two fragments were found with a translucent

colored internal layer and an opaque white external layer. It’s obvi-
ously the same technique that the one used for blank cameo glass.
Nonetheless the outside layer seem[s] really too thin to be able to be
engraved in gradient. Also they are not from workshop contexts (one
is from a villa in Spain for example). Those fragments may then have
been designed to stay that way.”

87 Regarding the production technique, see Lierke 2009, 75.
88 von Saldern 2004, 360–385.
89 Cf. Rütti 1991, 69, No. 1352, Pl. 62; Gençler Güray 2011, 249, Fig. 8,

6.
90 Cf. Rütti 1991, 68, No. 1327, Pl. 59; Arveiller-Dulong and Nenna

2005, 455, No. 1272, Pl. 115; Davidson Weinberg and Stern 2009,
123, No. 197, Fig. 13, Pl. 19; Adam-Veleni 2010, 193–194, No. 38.

91 Cf. von Saldern 1980, 18, No. 69, Pl. 3; 20. The motif of half-
hexagons is also known from contemporaneously produced jugs:
Whitehouse 1997, 266–267, No. 455; Stern 2001, 162–163, No. 59.

92 Lightfoot 2013, 355; cf. also Stern 2001, 160–161, No. 58 (jug).
93 Regarding the forms appearing in Pergamon, cf. Gürler 2000, 65–69,

No. 82–89.
94 Cf. von Saldern 1974, 161, No. 246; Matheson 1980, 42, No. 114;

Whitehouse 2003, 157, No. 1166.
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riod, which was uncovered in the so-called Bau Z in the
Stadtgrabung (Pl. 5.48).95

In contrast to the sophisticated dinner service that
was apparently not of local origin, the majority of the
tableware for everyday use was produced on-site. The re-
markably broad spectrum of these glass vessels does not
allow a complete overview here, therefore, only a few se-
lected forms and types will be presented.

The ordinary flasks and jugs vary in size and
shape. The repertoire ranges from small balsamaria
(Pl. 5.49)96 and aryballoi, with two dolphin-shaped han-
dles (Pl. 6.50), 97 to large cylindrical flasks and square-
shaped jugs. The latter are represented by two almost
complete preserved vessels from the Peristyle House II
west of the Lower Agora (Pl. 6.51, 6.52).98 Perfume bot-
tles of bird-like shape were widespread in the Imperium
Romanum during the 1st and 2nd centuries CE.99 In
Pergamon, only one specimen has been verified until
now; it is most likely an import (Pl. 6.53).100 Fragments
of toilet bottles with drop-like bases dated to the Early
Imperial Period also stem from an unknown production
site,101 including apale green, almost colorless piecewith

a white spiral thread from the Stadtgrabung (Pl. 6.54).102

Flasks with a globular or pear-shaped body and a
conical neck, which are characterized by a spiral thread
of the same color, were common in the 3rd and 4th
centuries CE (Pl. 6.55).103 Sometimes this decoration
extends towards the body and the lower side of the
bottom, as one example from the Stadtgrabung dis-
plays (Pl. 6.56).104 Flasks and jugs with a funnel-shaped
mouth and a thick horizontal thread below the rim be-
long to the same period. This vessel type can be ob-
served in the whole Eastern Mediterranean,105 yet, in
Pergamon, it occurs rarely (Pl. 6.57). This is also true
for the contemporaneous flasks with a conical or cylin-
drical neck and an unworked rim, adorned with incised
horizontal lines (Pl. 6.58).106 Additionally, there are
some sherds of small bottles and juglets with vertical ribs
(Pl. 6.59)107 or pinched-out ‘nipples’ (Pl. 7.60)108 that
were produced during the 3rd/4th century CE and the
4th/5th century CE, respectively. Oinochoai appear in-
frequently in Pergamon as well, where they were in use
from the 2nd century CE until the Early Byzantine Pe-
riod (Pl. 7.61).109 The later pieces can be distinguished

95 The mentioned rim is made of manganese-decolored glass: Rehren,
Connolly, et al. 2015, 269, Tab. 2 PER 098. – For comparable
beakers, see Lightfoot 1989, 27, No. 11, Fig. 1, 2, Pl. 2, 2; Özet 2000,
50, No. 17; Stern 2001, 46. 77, No. 19; Atila and Gürler 2009, 130,
No. 202.

96 Cf. Platz-Horster 1976, 66, No. 125; Canav 1985, 50, No. 56–57;
Barkóczi 1996, 64, No. 164, Pl. 13; 50; Kunina 1997, 325, No. 362,
color Fig. 178; Özet 2000, 134, No. 89; Atila and Gürler 2009, 38, No.
44; Höpken and Çakmaklı 2015, 96, No. 184.

97 Honroth 2007, 69–71. – Cf. von Saldern 1974, 133, No. 184 a–c;
Barkóczi 1996, 118, No. 380, Pl. 35; 73; Haas-Gebhard and Gebhard
2005, 47–48, No. M 215; Höpken and Çakmaklı 2015, 98, No. 192.

98 The right one is already published in: Honroth 1984, 154, No. G 16,
Pl. 34; 41. – Cf. von Saldern 1974, 81, No. 77, color Pl. 6; Ravagnan
1994, 136, No. 259, Pl. 19; Kunina 1997, 285–287, No. 165, color
Fig. 96–97; Özet 2000, 111, No. 71; Atila and Gürler 2009, 146, No.
222; Höpken and Çakmaklı 2015, 72, No. 127. – Regarding Roman
square-shaped jugs in general, see Klein 1999, 41–42; Honroth 2007,
89–92.

99 von Saldern 2004, 522–523; Honroth 2007, 66–67. – Cf. Atilla 2015,
169, No. 5–6, Fig. 2.

100 Already published in: Honroth 1984, 153, No. G 15, Pl. 34. – Cf.
von Saldern et al. 1974, 205, No. 574; Canav 1985, 39, No. 24; Israeli
2003, 290, No. 382; Honroth 2007, 62, No. 107, Fig. 62; Arveiller-
Dulong and Nenna 2005, 287, No. 866; Antonaras 2009b, 199–202,
No. 301–303, Pl. 17. X; Höpken and Çakmaklı 2015, 80, No. 141;
Lightfoot 2017, 162, No. 185.

101 Honroth 2007, 46–52. – Cf. Platz-Horster 1976, 70, No. 135; Canav
1985, 44, No. 37–39; Israeli 2003, 116–117, No. 105–108; Arveiller-
Dulong and Nenna 2005, 95, No. 177–178; Antonaras 2012, 213, No.

321.
102 Cf. Akat, Fıratlı, and Kocabaş 1984, 59, No. 164, Fig. 66; Whitehouse

2001, 170, No. 702; Israeli 2003, 116, No. 104, color Fig. p. 104;
Honroth 2007, 42, No. 72, Fig. 34; Antonaras 2012, 214, No. 324.

103 Cf. Hellström 1965, 85, No. 7, Pl. 29; 40; Ziegenaus and de Luca
1975, 139, No. 768, Pl. 74, 4; 80, 12; Canav 1985, 56, No. 76; David-
son Weinberg 1988, 71, No. 274, Fig. 4/32, Pl. 4/13; Lightfoot and
Arslan 1992, 144, No. 86; 208, No. 139; Özet 2000, 143, No. 97; Atila
and Gürler 2009, 159, No. 239; 185, No. 283.

104 Cf. Nohlen and Radt 1978, 51, Pl. 28D; Lightfoot and Arslan 1992,
146, No. 88; Atila and Gürler 2009, 186, No. 284; Davidson Wein-
berg and Stern 2009, 131, No. 272, Pl. 4.

105 Cf. Davidson 1952, 104, No. 665, Fig. 9; Auth 1976, 126, No. 156;
von Saldern 1980, 85, No. 633, Pl. 15; 27; Davidson Weinberg 1988,
70, No. 262–264, Fig. 4/31, Pl. 4/12; Lightfoot and Arslan 1992, 150,
No. 92; Jennings 2006, 113–114, No. 5.27.4; Keller 2006, 199, No.
294–303 (type IV.4b), Pl. 5 e; Schwarzer 2009b, 70, No. 12, Pl. 1;
Ployer 2013, 184, No. 246, Fig. 147, 246.

106 Cf. Barkóczi 1988, 145, No. 314, Pl. 26; 87; Lightfoot 1989, 49, No.
74, Fig. 7, 3; Lightfoot and Arslan 1992, 160, No. 98; Whitehouse
1997, 254, No. 434; Özet 2000, 139, No. 93; 140, No. 94; Atila and
Gürler 2009, 168, No. 252.

107 Cf. Lightfoot 1989, 46, No. 65; Arveiller-Dulong and Nenna 2005,
410, No. 1127, Pl. 101; Schätzschock 2005, 385, No. G 86, Pl. 232;
235; Atila and Gürler 2009, 154, No. 230; Çakmaklı 2013, 72, No.
15–16, Fig. 1, 1–2; Höpken and Çakmaklı 2015, 146, No. 331.

108 Cf. Platz-Horster 1976, 86, No. 172; Canav 1985, 58, No. 81;
Schätzschock 2005, 386, No. G 89, Pl. 232; Atila and Gürler 2009,
174, No. 262; Grossmann 2013, 235, No. G 47, Fig. 46.

109 Cf. von Saldern et al. 1974, 210, No. 598.
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from the earlier ones through the intense color (yellow-
olive, light blue) and numerous air bubbles they have.
Jug handles of the 3rd/4th century CE, decorated with
a thread of the same color, are more common in Perg-
amon. The thread was pulled downwards, then bent
back and applied in undulations, as attested by a frag-
ment from the so-called Temenos für den Herrscherkult
(Pl. 7.62).110 Sometimes the upper end of the thread is
formed like a loop.111

The original shape of a vessel with an attached base
ring found at the Musalla Mezarlık remains uncertain.
The body is decorated with an irregularly applied thread
(Pl. 7.63). The arrangement is reminiscent of glass ves-
sels with snake-thread decoration; however, the char-
acteristic notches on the threads are missing.112 One
oval vessel base from the Stadtgrabung exhibits a cir-
cumferential festoon-like thread at the lower part of the
body (Pl. 7.64).113 Two almost identical decolored flasks
with attached base rings from the Stadtgrabung and the
Musalla Mezarlık (Pl. 7.65, 7.66) are undoubtedly im-
ports. The lower part of their bodies show a petal-like
thread decoration, the upper part with the snake-thread
pattern is lost. Comparable pieces are dated between the
second half of the 2nd century CE and the beginning of
the 3rd century CE.114

Beakers represent a major part of the Pergamenian
glass finds. One type is characterized by four vertical
oval indentations on the body, and was produced be-

tween the 1st and the 4th centuries CE.115 The foot of
a beaker from the so-called Podiensaalgebäude in the
Stadtgrabung came to light in an early Tiberian con-
text, and can be considered as one of the earliest spec-
imens of this type (Pl. 7.67).116 The vessels in ques-
tion have either a concave (rarely shallow) bottom or a
tubular (rarely massive) base ring.117 Several predomi-
nantly ovoid beakers from the Middle and Late Impe-
rial Periods bear a horizontal thread of the same color
below the rim (Pl. 7.68).118 Chain and net patterns
were popular during the 3rd/4th century CE, but were
not very frequent in Pergamon (Pl. 7.69).119 Globular
beakers with an unworked everted rim of greenish-blue
or yellowish-green color occur in Pergamon already in
a fill from the 60s of the 3rd century CE.120 Younger
pieces from the 4th and early 5th centuries CE, uncov-
ered in the Asklepieion, have an olive-green or olive-
yellow color, numerous air bubbles, and sometimes even
reddish streaks (Pl. 7.70).121 The distribution of beakers
with a base ring of pinched-out toes, produced in the
3rd/4th century CE, extended from the Black Sea area
to the Middle East.122 They were found in Asia Minor
at different sites, like in Ephesus, Elaiussa Sebaste, and
Zeugma.123 In Pergamon, only two examples were de-
tected; therefore, a local provenance can be excluded
(Pl. 7.71). Beakers or bowls with applied blue glass drops
originated in western as well as eastern workshops from
the end of the 3rd century CE until the beginning of

110 Already published in: Boehringer and Krauss 1937, 124, Pl. 60 a. –
Cf. von Saldern 1980, 49, No. 269, Pl. 11.

111 Cf. Platz-Horster 1976, 61, No. 113.
112 Cf. Auth 1976, 121, No. 150; Stern 2001, 166, No. 62; Whitehouse

2001, 222, No. 791–792.
113 Cf. Grossmann 2013, 247, No. G 87, Fig. 86.
114 Martin Pruvot 2015, 64, Fig. 77.
115 von Saldern 2004, 351; Honroth 2007, 111–113.
116 Already published in: Schwarzer 2008a, 203, No. G 48, Fig. 51, Pl.

23.
117 Cf. von Saldern 1968, 67, No. 51; von Saldern 1974, 106, No. 120–

121; Beretta and Di Pasquale 2004, 216, No. 1.48; Schätzschock 2005,
385–386, No. G 88, Pl. 232; Schätzschock 2007, 182, No. G 41, Pl.
60; Antonaras 2012, 127, No. 169; Jackson-Tal 2016, 73, Fig. 8, 10–11.

118 Cf. Oliver 1980, 87, No. 120; Özet 2000, 99, No. 59; Israeli 2003, 161,
No. 166; Atila and Gürler 2009, 192, No. 292; Lightfoot 2017, 179,
No. 215.

119 Chain pattern: cf. von Saldern 1980, 21, No. 92, Pl. 4; Kunina 1997,
335–337, No. 416, Fig. 211; Gürler 2000, 111, No. 137; Ployer 2013,
191, No. 421, Fig. 136; 151, 421. – Net pattern: cf. von Saldern et al.
1974, 225, No. 659; Platz-Horster 1976, 58, No. 104.

120 Schwarzer 2008a, 200, No. G 26, Fig. 50, Pl. 23; 201, No. G 36, Fig.

51, Pl. 23. The first one belongs to the chemical group Levantine I
that is rarely testified in Pergamon: Rehren, Connolly, et al. 2015,
271, Tab. 3 PER 029.

121 Cf. Shepherd 1999, 333, No. 215, Fig. 11, 9; Arveiller-Dulong and
Nenna 2005, 332, No. 941, Pl. 71; Jacenko 2005, 305, No. 137, Fig.
11.

122 Cf. Barkóczi 1988, 91–92, No. 130, Pl. 12; Davidson Weinberg
1988, 59–60, No. 161, Fig. 4/22, color Pl. 4A; Arveiller-Dulong and
Nenna 2005, 436, No. 1211; Jacenko 2005, 303, No. 120, Fig. 10; Jen-
nings 2006, 193, No. 8.8.1–3; Keller 2006, 235, No. 2061–2070 (type
VII.83), Pl. 22 t; Gorin-Rosen and Katsnelson 2007, 108, Fig. 15, 3;
Davidson Weinberg and Stern 2009, 130, No. 264–268, Fig. 16, Pl.
23; Ployer 2013, 191, No. 414, Fig. 133; 151, 414; Grossmann 2013,
235, No. G 46, Fig. 45.

123 Ephesus: Czurda-Ruth 2007, 148–150, No. 614–624, Pl. 18;
Schätzschock 2014, 623, No. G 114, Pl. 221; 624, No. G 124, Pl. 222;
625, No. G 129, Pl. 222; 629, No. G 176, Pl. 223. 405; 633, No. G
225, Pl. 224; 635–636, No. G 252, Pl. 225. 405; Schätzschock 2016,
437, No. G 76–G 77, Pl. 219. 467; 439, No. G 98, Pl. 219. – Elaiussa
Sebaste: Gençler Güray 2011, 252, Fig. 8, 25–26. – Zeugma: Erten
and Gençler Güray 2015, 305, Fig. 2, 9.
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the 5th century CE.124 These vessels appear in Asia Mi-
nor at several locations, such as Zeugma, Ephesus, Ia-
sos, Alexandria Troas, and Assos.125 Due to their alto-
gether small number, a local production in the men-
tioned cities is very unlikely. This applies also to Perg-
amon, where only three small decolored or yellow-olive-
colored body sherds with blue drops have been found
until now (Pl. 7.72). The body fragment of a conical
beaker from the Stadtgrabung also seems to be an im-
port. It stems from the 4th century CE, and is adorned
with threads of different colors not common in Perg-
amon: a white zigzag thread runs between two hori-
zontal olive-green threads (Pl. 7.73).126 In the Stadt-
grabung and in the Asklepieion, several fragments of
beakers were excavated, revealing a special production
technique. In this case, the parison was inflated into
a dip mold, decorated with spiral ribs, and then with-
drawn and blown out in the desired shape (Pl. 7.74). Par-
allels are known, for instance, from Amorium.127 Some
of the Pergamenian specimens have a conically tapered
form and were probably used as lamps. Olive-green or
olive-yellow colors dominate these specimens; however,
there are some examples with greenish-blue and cobalt
blue colors. The bottom of a cylindrical beaker that
came to light in the Stadtgrabung requires special in-
terest (Pl. 8.75); it was used for mixing white paint, as
proven by the preserved content.

Bowls and plates are extant in Pergamon in differ-
ent variants. Those with two antithetic grips in the form

of applied crimped threads attached to the rim were es-
pecially popular (Pl. 8.76).128 Moreover, jars of differ-
ent sizes should be mentioned, for example, one by fire-
damage melted vessel in miniature size was found dur-
ing older excavations at the acropolis (Pl. 8.77).129 A
characteristic element of pans (trullae) is a long, flattened
grip. One remarkable piece made of decolored glass is
decorated with a shell at the end (Pl. 8.78). It was found
at the Musalla Mezarlık, and can be regarded as an im-
port.130 One cast and perforated grip from the so-called
Bau Z in the Stadtgrabung might have belonged to a
trulla or simpulum (Pl. 8.79).131 From the same find spot
stems the upper part of an extremely rare glass lamp with
the filling hole, dated to the 1st century CE (Pl. 8.80).132

Beaker-shaped glass lamps from the Late Antique
and Early Byzantine Periods appear frequently in Perga-
mon. Thereby, a distinction between separately hang-
ing lamps with small handles and those without han-
dles, used in sets with a metal hanger (polycandela),
must be made. The former were found, especially,
in the Stadtgrabung. They are characterized by a
rounded rim (Pl. 8.81), with only one example from
the Musalla Mezarlık displaying a thickened out-folded
rim (Pl. 8.82). Green colors predominate, whereas pur-
ple and decolored lamps are considered to be excep-
tions. Generally, the duration of the production of
the pieces in question ranges from the 4th to the 7th
centuries CE throughout the whole Eastern Mediter-
ranean.133 However, in Pergamon this type occurred sig-

124 von Saldern 2004, 347–351; cf. Platz-Horster 1976, 90–91, No. 179–
182; Auth 1976, 151, No. 196; Whitehouse 1997, 213–218, No. 366–
376; Shepherd 1999, 337, No. 257–268, Fig. 11, 11; Stern 2001, 293–
296, No. 157–159; Israeli 2003, 195, No. 229–230; Arveiller-Dulong
and Nenna 2005, 375, No. 994–996, Pl. 80; 456, No. 1276; Keller
2006, 197, No. 201–202 (type IV.1c), Pl. 3 m; Lightfoot 2017, 124,
No. 129.

125 Zeugma: Grossmann 2013, 245, No. G 81, Fig. 80. – Ephesus:
Czurda-Ruth 2007, 101–104, No. 365–368, Pl. 13. – Iasos: Contardi
2009, 126, Fig. 14–15. – Alexandria Troas: Schwarzer 2009b, 71–72,
No. 31–32, Pl. 2. – Assos: unpublished. The head of the excavation,
Nurettin Arslan (Çanakkale), allowed me to look at the material.

126 Already published in: Schwarzer 2008a, 198, No. G 2, Fig. 50, Pl. 22.
127 Gill 2002, 43, No. 94, Fig. 1/8; 141, No. 109, Fig. 2/7; cf. also White-

house 2001, 115, No. 612; Arveiller-Dulong and Nenna 2005, 376,
No. 997, Pl. 80.

128 Cf. von Saldern et al. 1974, 207, No. 584; Canav 1985, 87, No. 144;
Kunina 1997, 295, No. 203, color Fig. 128; Whitehouse 1997, 75,
No. 93; Israeli 2003, 156, No. 154, color Fig p. 143; Atila and Gür-
ler 2009, 140, No. 218; Gençler Güray 2011, 243–244, Fig. 4, 11–12;
Schätzschock 2016, 456, No. G 259, Pl. 223.

129 Cf. Canav 1985, 76, No. 116; Ravagnan 1994, 55, No. 74; Whitehouse

1997, 165, No. 288; Haas-Gebhard and Gebhard 2005, 92, No. M
150. M 258; Adam-Veleni 2010, 399, No. 484.

130 For the vessel form, cf. von Saldern et al. 1974, 200, No. 557, color
Pl. p. 241; Canav 1985, 84, No. 135; Scatozza Höricht 1986, 38, No.
56, Pl. 8, 1; 27; Whitehouse 1997, 198, No. 346; Arveiller-Dulong and
Nenna 2005, 43, No. 36, color Fig. p. 51, Pl. 7; 197, No. 547; Haas-
Gebhard and Gebhard 2005, 51, No. M 203. – For the shell design,
cf. Whitehouse 2003, 174, No. 1198; Arveiller-Dulong and Nenna
2005, 336, No. 950.

131 I do not know direct parallels in glass; however, cf. strip handles of
casseroles made of bronze: Beretta and Di Pasquale 2004, 235, No.
2.27. 2.29; 240, No. 2.43; 243, No. 2.54.

132 Cf. Goethert 1997, 192, No. 149 (3rd/4th century CE); Beretta and
Di Pasquale 2004, 284, No. 3.9; 285, No. 3.10 (1st century CE); Light-
foot 2017, 297, No. 447 (ca. second half of 1st century CE).

133 Cf. Lightfoot 1993a, 177, No. 31, Fig. 122; Gill 2002, 36, No. 4, Fig.
1/1; 132, No. 6, Fig. 2/2; Turnovsky 2003, 239 (type 4), Fig. 231; Jen-
nings 2006, 149, No. 6.22.6; Keller 2006, 223, No. 1449–1492 (type
VII.48), Pl. 18 c. d; Schätzschock 2007, 185, No. G 60, Pl. 61; David-
son Weinberg and Stern 2009, 164, No. 371, Pl. 33; Gençler Güray
2010, 220, Fig. 4, 7–8.
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nificantly early, as attested by finds in the so-called Podi-
ensaalgebäude: in a fill installed after the earthquake of
262 CE, fragments of two such lamps came to light.134

Several beaker-shaped lamps from the Stadtgrabung dis-
play small loops in the upper part of the body, instead
of the small handles attached to the rim. These loops be-
long to crimped threads that were vertically applied on
the body (Pl. 8.83).135 Two such body sherds were found
in the fill mentioned above, and testify to the early oc-
currence of this type of lamp in the 3rd century CE in
Pergamon.136 In the case of two similar beaker-shaped
lamps from the Stadtgrabung, a part of the bottom with
an applied base ring is even preserved (Pl. 8.84). Unfor-
tunately, the metal chains are always missing.

The already mentioned polycandela, with their
greenish tinge, have a characteristic stem below that was
inserted into the metal hanger.137 They can be dated be-
tween the 4th and the 7th centuries CE. Most of them
were unearthed at the castle mountain (Pl. 8.85, 8.86),
while some pieces came to light in the Asklepieion and
the Red Hall. Generally, the stems are massive or hol-
low; however, in Pergamon, only the hollow version is
known.138 One exception is a twisted decolored piece
(Pl. 8.87) that has only few comparisons, for example,
lamps from Ephesus.139 The form of the stem is al-

ways cylindrical or conical; the lower end is flattened
or rounded.140 One base with a solid bulb and a part
of the bell-shaped body appears to be unique in Perga-
mon, though it remains vague whether the small vessel
served as a lamp or a bottle (Pl. 8.88).141 Metal hangers
have not been found in Pergamon so far.

Goblets are the predominant Early Byzantine ves-
sel form of the 5th to 7th centuries CE. They were un-
covered in all excavated areas in the city, with a con-
centration in the Asklepieion that seems noteworthy.142

Among the goblets, one can distinguish three main
types.143 The most common specimens have a massive
foot; it should be emphasized that this type belongs
to the minority at other sites in the Eastern Mediter-
ranean, for example in Ephesus.144 The foot is directly
connected with the body (Pl. 8.89)145 or has a stem
(Pl. 8.90).146 In few cases, the stem exhibits a knob
(Pl. 8.91);147 one piece from the older excavations at the
acropolis possesses even two knobs, maybe it was orig-
inally part of a beaker-shaped lamp (Pl. 8.92).148 Some
feet have an irregular contour, while other show spiral-
like impressions (Pl. 9.93).149 The second, much rarer,
goblet type has a foot with a tubular base ring that is by
far the most frequent type found at other sites.150 Some-

134 Schwarzer 2008a, 200, No. G 17–18, Fig. 50, Pl. 22.
135 Cf. Lamm 1929–1930, 93, No. 16, Pl. 28, 16 (Saqqara, 6th/7th cen-

tury CE); Stern 2001, 321, No. 183; Gill 2002, 37, No. 18–20, Fig.
1/1; 134, No. 28, Fig. 2/2; Antonaras 2008, 25, Pl. 3, 3.ii (4th/5th cen-
tury CE); Canav-Özgümüş 2015, 74, Fig. 6. This shape was adopted
by Early Islamic glass workshops, cf. Tait 1991, 122, Fig. 154 (prob-
ably 9th/10th century CE); Zahlhaas 2003, 111, No. 167, color Pl. 8
(7th/9th century CE).

136 Schwarzer 2008a, 199–200, No. G 14. G 16, Fig. 50, Pl. 22. The sec-
ond piece (No. G 16) belongs to the newly defined chemical glass
group HLiBAl, see Rehren, Connolly, et al. 2015, 270, Tab. 2 PER
036, Fig. 2 g.

137 Cf. Whitehouse 1997, 194–195, No. 340.
138 Cf. von Saldern 1980, 51, No. 274. 280, Pl. 11; 23; Whitehouse 1997,

196, No. 343; Gill 2002, 37, No. 21–22. 24, Fig. 1/2; 134, No. 30, Fig.
2/2; Jennings 2006, 142, No. 6.16.1–11; Keller 2006, 225, No. 1724–
1730 (type VII.51a), Pl. 19 d.

139 Czurda-Ruth 2007, 184–185, No. 824, Pl. 21; 36.
140 Cf. Hayes 1992, 402, No. 14, Fig. 150; 403, No. 31, Fig. 150; 403,

No. 37–38, Fig. 151; Shepherd 1999, 340, No. 290–308, Fig. 11, 12;
Turnovsky 2003, 238 (type 1), Fig. 231; Czurda-Ruth 2007, 181–184,
No. 811–823, Pl. 21; Gorin-Rosen and Katsnelson 2007, 116–117, Fig.
22, 6; 22, 8; Schätzschock 2007, 185, No. G 61–62, Pl. 61.

141 Cf. von Saldern 1980, 53, No. 298, Pl. 23; Czurda-Ruth 2007, 185,
No. 825, Pl. 21; Schätzschock 2007, 185, No. G 63, Pl. 61; 65;
Schätzschock 2016, 444, No. G 147, Pl. 220; Özgümüș 2008, 730,
Tab. 1, 2; Golofast 2009, 308, Fig. 9, 6–10. For similar lamps, with

a bell-shaped body and a bottom in the shape of a teardrop, from
today’s Serbia, dated to the 5th to 6th centuries CE, see Jeremić, Gol-
ubović, and Dřca 2017, 115–116, Pl. 6, 27–29.

142 This concentration corresponds with the frequency of contempora-
neous coins, pottery, and clay lamps found there, cf. de Luca 1984,
156. Unfortunately, the late phase of use in the Asklepieion is almost
unexplored so far.

143 Regarding a typology, see Çakmakçi and İnanan 2009.
144 Czurda-Ruth 2007, 151. In Alexandria Troas the massive foot is also

prevalent like in Pergamon, cf. Schwarzer 2009b, 72.
145 Cf. Whitehouse 1997, 105, No. 157; Schwarzer 2009b, 72, No. 38, Pl.

3.
146 Cf. von Saldern 1980, 57, No. 323, Pl. 12; No. 336, Pl. 24; Hayes

1992, 402, No. 7, Fig. 150; Whitehouse 1997, 104–105, No. 155;
Davidson Weinberg and Stern 2009, 126, No. 221–222, Fig. 15, Pl.
21; Schwarzer 2009b, 72, No. 37, Pl. 3.

147 Cf. Jennings 2006, 130, No. 6.3.16; Çakmakçi and İnanan 2009, 64,
Tab. 7 type B1d; Schwarzer 2014, 95, No. 170, Fig. on p. 88.

148 Cf. Whitehouse 1997, 105–106, No. 158; Gill 2002, 39, No. 46, Fig.
1/4.

149 Cf. Lightfoot 1989, 41, No. 44, Fig. 4, 6; Gill 2002, 138, No. 75, Fig.
2/5; Jennings 2006, 129, No. 6.3.17, Fig. 6, 4; Çakmakçi and İnanan
2009, 63, Tab. 4 type B1a; Schwarzer 2009b, 72, No. 39, Pl. 3.

150 Cf. Vessberg 1952, 124, No. 17–18, Pl. 4; Hellström 1965, 85, No. 30,
Pl. 30; 40; von Saldern 1980, 58, No. 351, Pl. 24; Mackensen 1984,
57, Pl. 17, 6–9; 18, 18–23; 23, 29–34; Hayes 1992, 402, No. 17, Fig.
150; Lightfoot 1993a, 176, No. 25. 28, Fig. 122; Whitehouse 1997,
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times, the corresponding vessels display a stem, some-
times not; however, the quantity of knob-like stems,
again, appears small (Pl. 9.94, 9.95). The third type com-
prises goblets where the foot was formed separately, to-
gether with a long stem, and then fused to the body.151

In Pergamon, this type is hardly found (Pl. 9.96). The
main colors of all three goblet types are olive-green
and olive-yellow; in addition, some decolored and blue-
green/green-blue examples exist.

Vessels with a horizontal blue thread decoration
(Pl. 9.97) or an attached blue base ring (Pl. 9.98), as
known in Amorium from find complexes of the 7th to
11th centuries CE,152 are almost entirely lacking in Perg-
amon. Therefore, one might think that the few pieces
(half a dozen) could be imports, perhaps from the Lev-
ant, where such vessels were already common in the 6th
century CE.153 The archaeometric investigations have
yielded, however, that the rim of a colorless bowl or
beaker adorned with a blue thread (Pl. 9.97) consists of
HLiBAl-glass, a newly defined type of glass, which sug-
gests a local or regional production.154 Also very rare are
vessel fragments with a spiral thread decoration in a dif-
ferent color, dated to the 6th/7th century CE.155 They
belong to bowls and flasks made of decolored or olive-
green glass entwined with blue, white, or red threads.
One conical neck of a flask found in the Asklepieion,
adorned with a red thread in fifteen turns, should be
mentioned (Pl. 9.99); this also applies to a colorless rim
from the Traianeum, with a blue handle and a blue spi-
ral thread decoration that extends from the body to the
lip (Pl. 9.100).156

Fragments of fifteen opaque dark red vessels with
brown streaks, lending them a marbled appearance, re-
quire special attention. Rims of bowls, necks of bot-
tles/juglets, concave bottoms with pontil marks, and
tubular base rings are preserved. Most of them were dis-
covered in the Stadtgrabung (Pl. 9.101, 9.102); one sherd
stems from the so-called Temenos für den Herrscherkult,
and another piece came to light at the Musalla Mezarlık.
No parallels in Asia Minor are known to me, except a
few sherds from Amorium.157 The National Museum
in Kuwait holds eight similar sherds, for which a prove-
nance from Syria is assumed.158 Comparable vessels ex-
cavated in Jerusalem can be dated to the 8th/9th cen-
tury CE. They are probably of an Early Islamic origin.159

In this case, the emergence of such vessels in Perga-
mon could have been associated with the conquest of
the city by the Arabs in the early 8th century CE.160

However, archaeometric analyses of two corresponding
sherds have shown that they stand for the newly de-
fined chemical glass group HBAl, which is connected
with a regional/local glass production.161 For this rea-
son, it seems apparent that these vessels belonged to the
repertoire of Byzantine glass workshops in Pergamon.
The body sherd of a small bottle with marvered white
festoon-like threads, from older excavations at the acrop-
olis, is reminiscent of similarly decorated Islamic vessels
from the 8th/9th century CE (Pl. 9.103).162

The depopulation following the Arab invasion led
to a discontinuation in settlement for almost 200 years,
which is reflected by the absence of glass finds. Not
until the Middle/Late Byzantine Period a local glass

103–104, No. 154; 105, No. 156; Shepherd 1999, 337–339, No. 271–
275, Fig. 11, 12; Stern 2001, 310, No. 173; 311, No. 174; Gill 2002,
39, No. 52, Fig. 1/5; 138, No. 69–70, Fig. 2/4; Israeli 2003, 198, No.
237; Jennings 2006, 124–127, No. 6.1.1–28; Keller 2006, 222, No.
1425 (type VII.43), Pl. 17 n; Czurda-Ruth 2007, 151–172, No. 626–
780, Pl. 18–20; Gorin-Rosen and Katsnelson 2007, 93, Fig. 11, 5–7;
Davidson Weinberg and Stern 2009, 161–162, No. 347–352, Fig. 20,
Pl. 31.

151 Cf. Fünfschilling 1999, 493, No. 465, Fig. 14; Jennings 2006, 127–
129, No. 6.3.1–11.

152 Gill 2002, 44–46, No. 99–116, Fig. 1/9; 142–144, No. 111–134, Fig.
2/8–9, Pl. 9; Lightfoot 2005, 175–176, Fig. 4 h–j; cf. also finds from
Myra: Ödekan 2007, 45–47, Fig. 3.

153 Cf. Jennings 2006, 155–165.
154 Cf. Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 076. For a typo-

logical comparison of the vessel fragment shown here, cf. Antonaras
2009a, 91, Pl. 5, 1 (11th–12th century).

155 Cf. Jennings 2006, 165–169.

156 Whitehouse 2001, 186–187, No. 732; Jennings 2006, 164, No. 7.8.15.
157 Gill 2002, 59, No. 292–293, Fig. 1/20; Lightfoot 2005, 178–179 (8th–

early 9th century CE).
158 Carboni 2001, 153, No. 3.3 a–h. Jens Kröger (Berlin) kindly pointed

out to me a similar neck of a small bottle in the depot of the Mu-
seum für Islamische Kunst of the Staatliche Museen zu Berlin (inv.
I 6353).

159 Carboni 2001, 161 n. 38; Brosh 2004.
160 It cannot be completely excluded that these vessels were produced

in a later period, perhaps in the 13th/14th century CE, cf. Brosh
2004, 58. Vessels with a similar appearance and corresponding dating
from Corinth (cf. Davidson Weinberg 1975, 141, Fig. 30), Apulia (cf.
Harden 1966, 75, No. 10, Fig. 11–12, Tab. 1), and Braunschweig (cf.
Baumgartner and Krueger 1988, 420–421, No. 528) might indicate
a later emergence. For red glass from archaeological contexts of the
Middle Ages and early modern times in Europe, cf. Steppuhn 2012.

161 Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 043. PER 096.
162 Cf. Carboni 2001, 301, No. 78 b.

174



GLASS NDS FROM PERGAMON

production in Pergamon was re-established, discernible
based on finds from that time at the castle mountain.163

The material includes, for example, single lamps of dif-
ferent sizes with a conical neck, a globular or stocky
body and a bottom with a solid bulb, dated to the
12th/13th century. Several pieces display a horizon-
tal thread of the same color in the middle part of
the body (Pl. 9.104, 9.105); below the thread, three
lugs for suspension were attached at regular intervals,
their lower ends merging into a thread of the same
color that runs to the bottom. Similar lamps were
found in Ephesus, Kadıkalesi, and Corinth.164 Some
fragments of small thick-walled bottles with a slightly
concave bottom, a conical or cylindrical body and a
long neck originate from the 12th and 13th centuries
(Pl. 10.106, 10.107). They have parallels, inter alia, in
Corinth and Kadıkalesi.165 A complete neck of a thick-
walled cobalt-blue bottle belongs to the same time-span;
it was perhaps formerly gilded (Pl. 10.108).166

During the 12th and 13th centuries, conical and
cylindrical beakers occurred in Pergamon too, deco-
rated with horizontal threads and prunts of the same
color. Almost all specimens have an applied base ring
(Pl. 10.109, 10.110). These vessels were found in large
numbers, especially in the Stadtgrabung, but a hand-
some crowd of fragments is also attested in the area of
the so-called Temenos für den Herrscherkult.167 Gener-
ally, the glass is always transparent and displays an olive-

green or yellow-green color, as well as several air bub-
bles. Comparisons in Asia Minor are only known from
very few sites.168 However, parallels exist in the Ori-
ent as well as in the Occident. It seems that prunted
beakers spread within a short period of time from the
Near East (for example Hama/Syria) via Asia Minor
(for example Pergamon/Turkey) to Europe (for example
Corinth/Greece).169 The high concentration of finds in
Pergamon suggests a local production of these beakers,
which is confirmed by the archaeometric analyses. The
pieces in question belong to the newly defined chemical
glass group HLiBAl, which was used in regional/local
glass workshops.170 Usually, the Pergamenian beakers
are characterized by two horizontal threads of the same
color and a zone with prunts in between. This kind
of decoration can also be observed on similar vessels
from the Black Sea area.171 Only a few examples from
Pergamon have a constriction in the upper part of the
body, as is often visible on vessels from Corinth and
other European find spots.172 Whether these vessels rep-
resent a Frankish import, must remain an open ques-
tion. However, this provenance might be assumed for an
olive-green beaker from the Stadtgrabung, whose body
is adorned with two rows of small offset arranged prunts
between a thread of the same color below and a horizon-
tal blue thread above (Pl. 10.111). Apart from that sin-
gle piece, threads of different colors are not common on
prunted beakers in Pergamon, in contrast to numerous

163 Holger Schwarzer. „Medieval Glass Vessels from Pergamon (Turkey)“.
Journal of Glass Studies 63 (2021), in press.

164 Ephesus: Turnovsky 2003, 240 (tomb 32, No. 3), Fig. 232. –
Kadıkalesi: Çakmakçi 2012b, 114, Fig. 4. – Corinth: Williams II and
Zervos 1993, 23, No. 20 a. b, Fig. 6, Pl. 8.

165 Corinth: Davidson 1952, 119–120, No. 789. 791, Pl. 59. – Kadıkalesi:
Çakmakçi 2013b, 154–158, Fig. 1–4; Hazinedar Coşkun 2017b, 158–
159, Pl. 3. Comparable but unpublished material came to light in the
excavations in Magnesia on the Meander. It was brought to my at-
tention by Orhan Bingöl (Ankara). – Surprisingly, the archaeometric
analyses showed that these bottles are made of plant ash-based glass
and not of HBAl- or HLiBAl-glass, the two newly defined chemical
groups that are typical for the glass of the 12th and 13th centuries in
Pergamon, cf. Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 017.
This fact could be an indication of an Islamic import, as plant ash-
based glass is extremely rare in Middle and Late Byzantine Pergamon,
and has only been detected in Mamluk and Ottoman glass vessels.

166 Cf. Antonaras 2009a, 91–92, Pl. 5, 4 (12th–13th century).
167 See Boehringer and Krauss 1937, 124, Pl. 60 a.
168 Öney 1990, 68, Fig. 1 a; 69, Fig. 2 e. f; a few fragments in Alexandria

Troas (Schwarzer 2009b, 74, No. 50–52, Pl. 3), Kadıkalesi (Çakmakçi
and İnanan 2009, 58–59, Fig. 5 with other mentioned examples in
Metropolis, Aigai, and Yumuktepe, see Çakmakçi and İnanan 2009,
59 n. 21–23; Çakmakçi 2012b, 114, Fig. 6; Çakmakçi 2013a, 139, Fig.

8, 4; Hazinedar Coşkun 2017b, 161, Fig. 5), Nif-Olympus (Canav-
Özgümüş 2015, 74–75, Fig. 8), Myra (Çömezoğlu 2010, 509, Fig. 4
e–g), Alanya (Bakirer 2009), and Çoban Kalesi (Vroom 2015, 369, No.
F31, Fig. 12, 5).

169 Hama: Riis, Poulsen, and Hammershaimb 1957, 58–59, Fig. 157–
160. – Corinth: Davidson 1940, 308–310, Fig. 11, 1–3; Fig. 12, 1. 3;
Davidson Weinberg 1975, 136–137, Fig. 16–20; Williams II and Zer-
vos 1993, 26–28, No. 25–30, Fig. 8. The originally considered dating
of the ‘Agora South Centre’ glass workshop into the 11th/12th cen-
tury has become obsolete in the meantime, as the production took
place only during the Frankish occupation of Corinth between 1210
and the early 14th century, cf. Krueger 1997, 280–281. – Cf. finds
on the territory of former Yugoslavia (Kojić and Wenzel 1967) and in
Italy (Harden 1966; Whitehouse 1983, 115–116, Fig. 1; Newby 2000,
258–259, Fig. 1–2); cf. further Clairmont 1977, 79–80, No. 270–271,
Pl. 19. – For the general distribution in Europe, see Baumgartner and
Krueger 1988, 192–204, No. 166–183; Dreier 1988a.

170 Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 037. PER 048. PER
051. PER 078. PER 081.

171 Cf. Lamm 1929–1930, 89–90, No. 15, Pl. 27,15 = Dreier 1988a, 38,
Fig. 2 (Kerch/Crimea, around 1300); Whitehouse 2010, 152, No. 49.

172 Corinth: Davidson 1952, 114, No. 744, Fig. 14, Pl. 58. – For find
spots in Switzerland, see Schneider 1980, 222, Fig. 9; 11 (Basel).
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vessels from Europe.173 In the case of a massive green
beaker with reddish streaks, decorated with a horizon-
tal thread and a zigzag thread of the same color above,
a local origin also seems unlikely. It has an applied base
ring with pinched-out toes (Pl. 10.112). The latter fea-
ture is – except for two other small fragments – unique
on medieval vessels from Pergamon. However, several
parallels are extant, for example, in Corinth and other
European sites.174 Perhaps this beaker can be associated
with the assumed but archaeologically not proven Frank-
ish occupation of Pergamon at the beginning of the 13th
century.175

A group of enameled beakers of the 13th century
deserves closer attention as well. Altogether, 28 frag-
ments came to light, exclusively from the Stadtgrabung
(Pl. 10.113, 10.114). No comparable objects have been
found in Asia Minor that are known to me, except
for two fragments from Kadıkalesi and the lower part
of a beaker from Nif-Olympos, which have the same
dating.176 These conical or cylindrical beakers can
be assigned to a special type, formerly called ‘Syro-
Frankish’.177 Such vessels were verifiably produced in
Venetian Murano and most likely in glass workshops
north of the Alps as well.178 The glass is always trans-
parent, yellow-green and olive-green colors dominate.
The European beakers of this type normally show fig-
ural, floral, or heraldic motifs; in contrast, the Perga-
menian specimens are invariably characterized by orna-
mentally arranged dots. This kind of decoration is at-
tested in Europe by only one piece found in Germany
(Regensburg).179 Similarities that are more significant
can be seen between the Pergamenian finds and enam-
eled Mamluk beakers from the late 13th/early 14th cen-

tury, which have comparable dotted patterns.180 How-
ever, archaeometric analyses have made clear that the
Pergamenian beakers are neither of European nor Mam-
luk origin, because they belong to the newly defined
chemical group HLiBAl, which is typical for the re-
gional/local glass production of this period.181 There-
fore, the Pergamenian dotted beakers – analogous to the
aforementioned prunted beakers – represent a link to
European glass, on the one hand, and the Mamluk glass,
on the other.

Due to supra-regional contacts of the inhabitants of
Late Byzantine Pergamon, especially to the Ayyubid and
Mamluk realm, several Islamic glass vessels came into
the city. They have been found solely at the castle moun-
tain. Under the material in question are four fragments
of small bottles made of purple glass, characterized by
marvered white festoon-like threads. One of them was
unearthed in the area above the northern peristyle hall
of the so-called Bau Z in the Stadtgrabung (Pl. 10.115).
These Ayyubid or early Mamluk vessels can be dated to
the 12th/13th century.182 The same provenance and dat-
ing apply to a fragment of a mold-blown bowl with ver-
tical ribs, decorated with a marvered white thread that is
spirally arranged in a wavy pattern (Pl. 10.116).183 More-
over, the rim of a plate or a flat bowl, consisting of very
rare opaque white glass with remains of gilded decora-
tion on the interior, should be mentioned. It was dis-
covered in the area of the Traianeum and can be identi-
fied as a Mamluk import as well, presumably stemming
from Egypt (Pl. 10.117).184 Of special interest are some
sherds of enameled Mamluk vessels that were produced
in the second half of the 13th century or the beginning
of the 14th century, probably in Syria (Raqqa, Hama,

173 Baumgartner and Krueger 1988, 204–206, No. 184.
174 Davidson 1952, 114, No. 742, Fig. 14, Pl. 57; Harden 1966, 73–74,

No. 4, Fig. 5–7; Kojić and Wenzel 1967, 76–77, Fig. 4–5; Baumgart-
ner and Krueger 1988, 195–204, No. 168–183.

175 Rheidt 1991, 248.
176 Kadıkalesi: Çakmakçi 2012b, 114, Fig. 8 (with an ornamental pattern

like in Pergamon). – Nif-Olympos: Canav-Özgümüş 2015, 75, Fig. 9
(with the incomplete preserved depiction of an eagle).

177 Cf. Baumgartner and Krueger 1988, 126–160, No. 72–119; cf. further
Krueger 1997, 283–285; Boas 2017, 161–162.

178 Cf. Dreier 1988b.
179 Baumgartner and Krueger 1988, 153, No. 110. The authors would

like to thank the head of the archaeological department of the
Museen der Stadt Regensburg, Andreas Boos, for providing a sample
of this beaker. The chemical analysis, undertaken by Thilo Rehren
(see his contribution below), showed that the vessel in Regensburg
has a completely different material composition than the compar-

isons in Pergamon. It is made of plant ash-based glass that probably
indicates an Islamic-Levantine provenance.

180 Cf. Lamm 1929–1930, 277, No. 3, Pl. 97, 3 (Baalbek, ca. 1180–1200);
Musée de Damas 1964, 23, No. 196, Fig. 22; Dusenbery 1971, 32,
No. 66, Fig. 65; von Gladiß 1986, 97, No. 150, color Fig. p. 31; Ward
1998, 47, color Pl. I, Fig. 12, 5; Kühn 2010, 158–159, No. 48.

181 Rehren, Connolly, et al. 2015, 272, Tab. 3 PER 032.
182 Cf. Clairmont 1977, 59, No. 183, Pl. 11; Oliver 1980, 140, No. 241;

von Saldern 1980, 102–103, No. 789, Pl. 18; Meyer 1992, 90. 178, No.
548–553, Pl. 19; Carboni 2001, 304, No. 80 a. b; 312-313, No. 84;
Carboni and Whitehouse 2001, 139, No. 55.

183 Cf. von Saldern 1974, 223, No. 340; Carboni 2001, 308–309, No. 82
a. b; 318, No. 3.65 c; Carboni and Whitehouse 2001, 140, No. 56;
Israeli 2003, 383, No. 521.

184 Cf. Ward 1998, 28–29, color Pl. P, Fig. 8–9.

176



GLASS NDS FROM PERGAMON

Aleppo, or Damascus). The rim of one beaker is adorned
with a horizontal band bearing a cursive Arabic inscrip-
tion (neskhi) (Pl. 10.118).185 The readable word “al-’adil”
(“the just man”) represents a typical epithet of Mamluk
sultans.186 Two other body sherds are decorated with
floral and figural motifs (Pl. 10.119, 10.120).187 These
specimens belong – as expected – to the plant ash-based
glass group.188 Among the latest examined glass finds in
Pergamon is the fragment of a small Ottoman tulip vase
from the area of the Stadtgrabung (Pl. 10.121).189 It can
be dated to the 18th century and is also made of plant
ash glass.190

1.9 Miscellaneous objects and utensils

Aside from innumerable vessel fragments, the excava-
tions in Pergamon also uncovered several utensils and
other objects made of glass. Gaming pieces and gam-
ing piece-like inlays, with a convex cross-section, appear
very frequently;191 solely from the Stadtgrabung, alto-
gether, more than 100 pieces have been recorded. Most
of them date to the Hellenistic and Roman era, whereas
others were probably still in use during the Early Byzan-
tine Period. The gaming pieces and inlays are usually
monochrome, but they display a wide range of colors.192

Only a few are bi-colored, such as one example from the
Traianeum (Pl. 11.122).193 Four specimens made of mo-

saic glass can be viewed as extremely rare in Pergamon; it
is difficult to decide whether they stem from the Roman
or from the Early Islamic Period because comparisons
exist in both cases (Pl. 11.123).194 This also applies to a
unique gaming piece with embedded white and yellow
glass drops (Pl. 11.124).195

Glass imitations of the anklebones of sheeps and
goats in different colors were used for the game of as-
tragali.196 In Pergamon, only four such pieces have been
recorded from the acropolis (Pl. 11.125, 11.126) and the
Asklepieion, respectively.197 Two glass marbles found at
the castle mountain can be interpreted as children’s toys
(Pl. 11.127).198 Moreover, at the acropolis, especially in
the Stadtgrabung, some Early Imperial glass rods came
to light (Pl. 11.128–11.130).199 These objects are gener-
ally considered to be stirring rods; however, their use
as Fingerkunkel might be possible as well.200 Spindle
whorls were usually made of bone, steatite, or clay; those
of glass are exceptions.201 The Pergamenian find ma-
terial comprises only two examples: one cobalt-blue-
colored whorl from the Stadtgrabung and a light purple
one from the Asklepieion (Pl. 11.131).202 It remains un-
clear whether they date to the Roman Imperial Period
or to the Early Byzantine Period.

An Augustan phalera, with the portrait of the crown
prince and later emperor Tiberius, was found in the

185 Cf. Lamm 1929–1930, 348, No. 3, Pl. 141, 3; Riis, Poulsen, and Ham-
mershaimb 1957, 81–82, Fig. 245; Clairmont 1977, 121, No. 425, Pl.
25; Oliver 1980, 134. 152, No. 272; Öney 1990, 68, Fig. 1 b; 69, Fig.
2 a; Ward 1998, 47–48, color Pl. I, Fig. 12, 6; Carboni 2001, 346–347,
No. 93 b; Jackson-Tal and Tal 2013, 91–93, Fig. 7.

186 I am very grateful to Julia Gonnella (Doha) for the translation.
187 Cf. Lamm 1929–1930, 333, No. 1, Pl. 130, 1; Clairmont 1977, 120,

No. 420, Pl. 23; Ward 1998, 41–44, color Pl. F, Fig. 11, 6–7; Carboni
2001, 330–332, No. 86 a.

188 Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 016, Fig. 2 h.
189 Cf. Bayramoğlu 1990, 83, Fig. 100.
190 Rehren, Connolly, et al. 2015, 276, Tab. 2 PER 025.
191 Cf. Davidson Weinberg 1988, 251, No. 168, Fig. 8/19; Czurda-Ruth

2007, 216–217, No. 1046–1053; partly identified as jewelry inlays by
Davidson 1952, 226, No. 1781–1795, Pl. 101; von Saldern 1980, 104–
105, No. 797–819, Pl. 19.

192 Honroth 2007, 141–143. – Cf. Sternini 1998, 110, No. V108–V110,
Pl. 12; Özet 2000, 92, No. 53; Spaer 2001, 236, No. 548, Pl. 41;
Bianchi et al. 2002, 287–288, No. GR-10a–d; Beretta and Di Pasquale
2004, 334, No. 4.68; Adam-Veleni 2010, 373, No. 430; 386–387, No.
453; Arveiller-Dulong and Nenna 2011, 336–340, No. 553–558 (inter
alia from Pergamon); Antonaras 2012, 299, No. 508–509.

193 Cf. Beretta and Di Pasquale 2004, 210, No. 1.30.
194 Cf. Davidson 1952, 226, No. 1794 (Roman); Carboni 2001, 45, No.

1.13 a(c) (Mesopotamian, 8th–9th century CE); Spaer 2001, 236, No.

549–551, Pl. 41 (Persian [?], 9th–11th century CE [?]).
195 Cosyns 2015, 199, Fig. 18, 5.
196 Honroth 2007, 140–141.
197 Cf. Auth 1976, 157, No. 212; Canav 1985, 35, No. 11; Stern and

Schlick-Nolte 1994, 338–339, No. 104; Sternini 1998, 108–109, No.
V107, Pl. 12; Nenna 1999, 147–148, No. E204–E215, Pl. 54; Spaer
2001, 234, No. 541–542, Pl. 41; Bianchi et al. 2002, 288–289, No.
GR-12a–c; Whitehouse 2003, 57, No. 982; 58, No. 983; Adam-Veleni
2010, 209–210, No. 65; 359, No. 392; 400, No. 487; Platz-Horster
2012, 105, No. 124, Pl. 26.

198 Cf. Beretta and Di Pasquale 2004, 297, No. 3.26; Lightfoot 2017, 307,
No. 468.

199 a) cf. von Saldern et al. 1974, 214, No. 619; Platz-Horster 1976, 63,
No. 117; Bianchi et al. 2002, 289, No. GR-13a–c; Höpken and Çak-
maklı 2015, 136, No. 306; Lightfoot 2017, 300, No. 452. – b) cf. von
Saldern et al. 1974, 215, No. 620; Canav 1985, 36, No. 15; Ravagnan
1994, 117, No. 215; Gürler 2000, 117, No. 141. – c) cf. Nenna 1999,
151, No. E262, Pl. 55.

200 Stern 2001, 365–366; Honroth 2007, 136–138.
201 Cf. Davidson 1952, 304, No. 2629–2630, Pl. 125 (Late Roman);

Wamser 2004, 274, No. 416 (7th–12th century).
202 Cf. Spaer 2001, 261, No. 617–621, Pl. 48; Arveiller-Dulong and

Nenna 2011, 333, No. 540; Lightfoot 2017, 305–307, No. 458–467.
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Stadtgrabung; it is of great importance (Pl. 11.132).203

Such glass portrait disks, framed by a metal setting, were
part of military decorations bestowed on deserved men
by the Roman Emperor.204 Only ten examples of the
presented portrait type are known worldwide. Despite
the poor state of preservation, this phalera exhibits two
special features: it is the first one with an assured find
spot in the Eastern Mediterranean and, moreover, the
only one made of white glass.

A glass fragment with garment folds that origi-
nally belonged to a chryselephantine statue (Pl. 11.133),
should also be mentioned.205 This seems to be unique
in Pergamon, which also applies to the glass eye of a
bronze statue (Pl. 11.134);206 both were uncovered in the
Stadtgrabung. The fragment of a glass base with a finely
polished profile found in the Asklepieion has no paral-
lels known to me; on the upper side, a sloping round
spot with a rough surface is noticeable, where once
a glass bust was presumably attached (Pl. 11.135).207

The turquoise-colored head of an animal figure, bro-
ken at the neck, was found in the Asklepieion as well
(Pl. 11.136). The visible seam between the two halves
of the skull suggests a production process in a two-part
mold; the iconography and function of this animal fig-
ure remain uncertain. In the so-called Diodoreion, situ-
ated in the Stadtgrabung, a glass imitation of a seedpod
of the locust bean tree came to light in an Augustan-
Tiberian find context (Pl. 11.137). Perhaps it served as
a votive offering; imitations in terracotta are known in
Pergamon as well.208

Three Early Byzantine coin weights of the 5th to
7th centuries CE were found in Pergamon. The first
one, with a blue tinge, stems from older excavations in
the eastern thermae of the Great Gymnasium.209 It dis-

plays a bust, en face, inside an 8-unit rosette, surrounded
by the name ΘΕΟΔΩΡΟΥ.210 The second piece, made
of green glass, exhibits a bulged frame; unfortunately,
its find spot is unknown.211 The inscription ΕΠΙ ΙΩ-
ΑΝΝΟΥ ΕΠΑΡΧΟΥ and a cross are arranged concen-
trically around a monogram in the center. The third
weight, unearthed in the Stadtgrabung, has an ultrama-
rine color and a bulged frame (Pl. 11.138). It bears a cross
monogram containing (counterclockwise from above)
the Greek letters Y, P, and O; the letter on the right cross
arm can be deciphered as E.212

1.10 Jewelry

Aside from glass vessels, the excavations in Pergamon
brought to light a lot of glass jewelry, predominantly
bracelets. Around 1000 pieces were registered from
the Stadtgrabung, forming almost one-twentieth of all
recorded glass objects in this area.213 Nonetheless, the
dating of these bracelets is occasionally difficult. Gen-
erally, one can say that seamless bracelets, made in a
centrifugal process, and open bracelets are not existent
in Pergamon. Instead, a (sometimes decorated) gob
of molten glass was stretched and then formed into
a round shape to fuse the ends together, as indicated
by a pontil scar. Ever since the Roman Imperial Pe-
riod, undecorated black-olive-colored bracelets of prob-
ably local origin were especially common. They dis-
play a semi-circular or semi-oval cross section; in most
cases, they have a smooth exterior, but sometimes the lat-
ter is furrowed. Their production extended to the Late
Byzantine Period (Pl. 12.139).214 The same is true for
monochrome bracelets of different colors (such as green,
yellow, red, and brown) which already occurred in Ro-

203 Already published in: Schwarzer 2008b, 633–637, Pl. 77.
204 Cf. Boschung 1987; von Saldern 2004, 192–193; Buljević 2013.
205 Cf. Schiering 1999, 39–48.
206 Cf. Lahusen and Formigli 2001, 187–189, No. 112, color Fig. p. 396–

397; 462–463; cf. furthermore Adam-Veleni 2010, 242–243, No. 125.
207 Regarding such busts, cf. Harden 1988, 23, No. 3; Barkóczi 1996,

113–114, No. 372, Pl. 72; Bianchi et al. 2002, 292–293, No. GR-20.
For a perhaps comparable kind of bases for small-sized portraits of
the Roman Imperial Period in bronze, see Dahmen 2001, 187, No.
164, Pl. 164.

208 Cf. Schwarzer 2008a, 223, No. TC 82 a. b, Pl. 30.
209 Conze 1913, 332, No. 5 (missing).
210 An identical coin weight was found in Hadrianoupolis in Phaphlago-

nia, see Laflı 2009, 163, Fig. 7.

211 Conze 1913, 333, No. 6 (missing).
212 Cf. Whitehouse 2003, 936, No. 36; Wamser 2004, 367, No. 863; To-

bias 2015, Pl. 197, No. 734. The name is read as ‘Sergiou’.
213 Only a few bracelets are documented from the older excavations at

the acropolis, for example, from the area of the so-called Temenos für
den Herrscherkult, see Boehringer and Krauss 1937, 124, Pl. 60 c.

214 Cf. von Saldern 1980, 100, No. 763–767; Lightfoot and Arslan 1992,
233, No. 175; Schätzschock 2005, 388, No. G 100–100A, Pl. 232;
Lightfoot 2017, 317–318, No. 487; Çakmakçi 2012a, 119–120 type
I/1, Fig. 2. – One analyzed undecorated black-olive-colored bracelet
from the Stadtgrabung in Pergamon belongs to the newly defined
chemical glass group HBAl: Rehren, Connolly, et al. 2015, 270, Tab.
2 PER 008.
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man settlement contexts (Pl. 12.140).215 Monochrome
light blue or cobalt blue bracelets were fashionable not
until the Early Byzantine Period.216 In addition, there
are some monochrome spirally twisted specimens, pre-
dominantly in green (Pl. 12.141).217 One piece exca-
vated in the Stadtgrabung is distinguished by cross ribs
and has parallels from the Late Roman Period, but it
could also be an import from the Early Islamic Levant
(Pl. 12.142).218 Among the Middle and Late Byzantine
bracelets found in Pergamon (as at other sites), two main
types with thread decoration of different colors domi-
nate:219 the first type is characterized by spirally twisted
threads (Pl. 12.143)220 and the second one by threads
running lengthwise along the exterior (Pl. 12.144).221

These threads are of red, white, or light green color
and appear in different combinations. The base color
of the bracelets is often black-olive, rarely light green
to light blue, or decolored. Almost all pieces belong-
ing to these two groups came to light at the castle
mountain, whereas only a few were excavated in the

Asklepieion and at the Musalla Mezarlık. Seven frag-
ments of painted bracelets, unearthed in the arsenals, the
Traianeum, the Stadtgrabung, and the Asklepieion, can
be considered as rare objects, and date predominantly
to the 12th and 13th centuries (Pl. 12.145, 12.146).222

From the peristyle houses west of the Lower Agora stems
a light blue bracelet with embedded white glass drops
unique in Pergamon, for which an Islamic provenance
seems probable (Pl. 12.147).223 Another unique piece
from the Stadtgrabung, with polychrome inclusions,
represents perhaps an import from the Mamluk realm
(Pl. 12.148).224 The fragments of five turquoise bracelets
with a pressed-in snakeskin-like decoration are partic-
ularly noteworthy; one was uncovered at the Musalla
Mezarlık and the other four in the area of the peristyle
houses west of the Lower Agora (Pl. 12.149, 12.150).225

The only parallels known to me were found in Tyana
(Cappadocia), dated to the 14th century onwards, and
in Stratonicea (Caria).226

215 Cf. Clairmont 1977, 19, No. 61 a, Pl. 4; von Saldern 1980, 100, No.
768–775, Pl. 18; Gürler 2000, 120, No. 145–146; Spaer 2001, 199,
No. 439, Pl. 33; Gill 2002, 80–88, No. 323–422, Fig. 1/22; 185–201,
No. 399–562, Fig. 2/27–29; Atila and Gürler 2009, 197, No. 299; An-
tonaras 2009a, 93, Pl. 6, 3 (12th–13th century); Adam-Veleni 2010,
297–298, No. 272–275. – Two other undecorated monochrome
bracelet fragments from the Stadtgrabung in Pergamon – one in
reddish-brown and one in yellowish-green color – can also be as-
signed to the chemical glass group HBAl: Rehren, Connolly, et al.
2015, 270, Tab. 2 PER 011. PER 040.

216 Cf. Gürler 2000, 122–124, No. 150–154; Özet 2000, 156–157, No. 109
a–e; Atila and Gürler 2009, 194–196, No. 293–298; Antonaras 2009a,
93, Pl. 6, 3 (12th–13th century); Hazinedar Coşkun 2017a, 152, Fig.
1.

217 The specimen shown here was identified through chemical analyses
as HLiBAl-glass: Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 041.
– For comparable bracelets, see Davidson 1952, 263, No. 2140, Pl.
112; Mackensen 1984, 59, Pl. 32, 20; Hayes 1992, 404, No. 54, Fig.
152; Spaer 2001, 201, No. 462–465, Pl. 35; Gill 2002, 88–90, No.
423–448, Fig. 1/23; 201–203, No. 563–591, Fig. 2/30; Gorin-Rosen
and Katsnelson 2007, 123–124, Fig. 24, 2; Atila and Gürler 2009,
198, No. 301; Çakmakçi 2012a, 120–121, type I/3, Fig. 4; Grossmann
2013, 254, No. G 111, Fig. 110; No. G 112, Fig. 111; Lightfoot 2017,
320, No. 493.

218 Cf. Ravagnan 1994, 160, No. 314 (1st–4th century CE); Spaer 2001,
199, No. 446, Pl. 33; Hadad 2005, 29–30, No. 461, Pl. 137 (Umayyad
period); Kucharczyk 2007, 65, Fig. 6, 3 (4th–mid 5th century CE);
Arveiller-Dulong and Nenna 2011, 259, No. 369 (4th–5th century
CE); Lightfoot 2017, 320, No. 494 (4th century CE).

219 All examined specimens of these two types could be identified as
HBAl glass: Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 031. PER
038 (first type). PER 091 (second type).

220 Honroth 1984, 160, No. G 89, Pl. 34; moreover, cf. Davidson 1952,

264, No. 2145, Pl. 112; Clairmont 1977, 19–20, No. 61 b, Pl. 4; von
Saldern 1980, 98–99, No. 738–750, Pl. 18; Canav 1985, 92, No. 154–
156; Bischop 1993, 224–225, No. 43–47, Fig. 5, Pl. 30, 1; Gill 2002,
90–91, No. 449–467, Fig. 1/23; 203–204, No. 592–604, Fig. 2/31, Pl.
14; Ödekan 2007, 265; Schwarzer 2009b, 74, No. 60–64, Pl. 4; An-
tonaras 2009a, 93, Pl. 6, 4 (12th–13th century); Çakmakçi 2012a,
121–123 type I/4, Fig. 5; Hazinedar Coşkun 2017a, 153–154, Fig. 5–6.

221 Cf. von Saldern 1980, 99, No. 751–756, Pl. 18; Lightfoot and Arslan
1992, 232, No. 174; Gill 2002, 91–92, No. 470–486, Fig. 1/24; 204–
206, No. 605–633, Fig. 2/32, Pl. 13; Schwarzer 2009b, 74, No. 65–69,
Pl. 4; Çakmakçi 2012a, 124 type II/A-2, Fig. 7; 126 type III/A-2, Fig. 9;
Hazinedar Coşkun 2017a, 156, Fig. 12.

222 Cf. Davidson 1952, 265, No. 2156. 2161, Pl. 113; Hellström 1965,
85–86, No. 33–34, Pl. 30; 40; Platz-Horster 1976, 98, No. 202; von
Saldern 1980, 101, No. 779, Pl. 18; Canav 1985, 93–94, No. 160–
166; 95, No. 170–172; Lightfoot and Arslan 1992, 221, No. 150; Gür-
ler 2000, 126–130, No. 158–166; Wamser 2004, 327, No. 631–633;
Ödekan 2007, 263–264; Atila and Gürler 2009, 197, No. 300. An im-
pressive number of painted bracelets were found in the excavations
in Amorium: Gill 2002, 92–98, No. 489–556, Fig. 1/25–29; 207–219,
No. 649–763, Fig. 2/33–37, Pl. 11–12. Regarding the stylistic develop-
ment, see Çakmakçi 2010.

223 Mentioned by Honroth 1984, 160, No. G 88. Bracelets with inclu-
sions are extant in Sardis and Amorium, as well: von Saldern 1980,
100, No. 760–762, Pl. 18; Gill 2002, 92, No. 487–488, Fig. 1/24 sup-
poses an Islamic origin; cf. also Gebhard 1989, 234, No. 592, Pl. 43.

224 Cf. al-Bashaireh 2016, 19, No. S.4 with further references from the
Levant. But see also Dévai 2015, 108, Fig. 4 (left below).

225 One fragment from the area of the peristyle houses west of the Lower
Agora is already published in: Honroth 1984, 160, No. G 87, Pl. 34.

226 Tyana: Zanon 2013, 188. 191, Fig. 7, 35 type 6 c. – Stratonicea: Öz-
taşkin 2015, 179–180, Fig. 2, 35–36.

179



HOLGER SCHWARZER, THILO REHREN

Glass beads are surprisingly rare in Pergamon; al-
together, only 150 specimens were registered.227 Sim-
ilar to the bracelets, the dating of the beads, espe-
cially of the undecorated ones, is difficult to determine.
This relates to simple spherical beads (Pl. 12.151) as
well as to rod-shaped rectangular and cylindrical beads
(Pl. 12.152).228 Melon-shaped beads (Pl. 12.153) and
eye beads (Pl. 12.154) stem from the Roman Imperial
Period,229 whereas the latter could even be from ear-
lier times. Some double-conical and cylindrical beads
are characterized by a marvered white zigzag decora-
tion (Pl. 12.155, 12.156).230 Regarding flat beads, one
can find parallels in Late Antiquity as well as in the
Byzantine Era (Pl. 12.157).231 Two spherical beads
from the Stadtgrabung – one of them notched – are
decorated with marvered white threads; they possibly
date to the Late Byzantine Period (Pl. 12.158).232 An-
other bi-colored notched bead, without a thread deco-
ration, was probably produced in the Early Islamic Pe-
riod (Pl. 12.159).233 One bead with yellow and white
combed threads from the Stadtgrabung can presum-
ably be identified as an Arabic import of the 11th/12th
century (Pl. 12.160).234 In the case of two cylindrical
beads with combed yellow spiral threads from the Stadt-
grabung and the Musalla Mezarlık, it is difficult to de-
cide whether they were made in Byzantine or Early Is-
lamic workshops (Pl. 13.161, 13.162);235 even an Ancient
origin seems conceivable.236 Another cylindrical bead

discovered in the ruins of the Traianeum displays a poly-
chrome zigzag motif (Pl. 13.163); most likely, it stems
from the Early or Middle Islamic Period.237 The older
excavations at the acropolis brought to light a double-
conical bead with a similar decoration (Pl. 13.164). This
piece – like a comparable one in Sardis238 – eludes dat-
ing; however, it might had been produced in an Islamic
Period workshop. This is also probably true for two
notched spherical beads with polychrome zigzag threads
found in the Stadtgrabung (Pl. 13.165). The compar-
isons for these specimens can be traced from Central Eu-
rope, as far as from the Middle East.239

Glass finger rings, and corresponding glass inlays,
are extremely rare in Pergamon, although the chronolog-
ical frame ranges from the Hellenistic until the Byzan-
tine Period. Of special interest is a large nearly color-
less finger ring from older excavations at the acropolis
(Pl. 13.166). It has an oval bezel with a deep concave
face; the associated gem is unfortunately missing. Some
parallels, mostly from Cyprus, are known; they date to
the late 3rd/early 2nd century BCE.240 A smaller ring
from the so-called Great Peristyle House in the Stadt-
grabung stems from a find complex of the early 2nd
century CE (Pl. 13.167).241 In the case of a silver ring
with a spirally twisted circlet, the blue glass inlay is still
preserved (Pl. 13.168).242 It was discovered in the Stadt-
grabung, as well as two other blue glass inlays without
a ring (Pl. 13.169, 13.170).243 The fragment of a cobalt-

227 This phenomenon can be observed in Amorium too: Gill 2002, 222.
228 Cf. Arveiller-Dulong and Nenna 2011, 231, No. 313 (spherical

beads); 222, No. 300 (rod-shaped beads).
229 Melon-shaped beads: cf. van Lith 1984, 275–278, No. 383–437, Pl.

97; Ravagnan 1994, 174, No. 337; Schätzschock 2005, 388, No. G 98–
G 99, Pl. 232; 235; Schätzschock 2016, 442, No. G 128, Pl. 220; 466;
Adam-Veleni 2010, 231, No. 101. – Eye beads: cf. Arveiller-Dulong
and Nenna 2011, 84, No. 150, 10 (Pergamon); Schätzschock 2016,
455, No. G 249, Pl. 223; 466.

230 Cf. Nenna 1999, 131, No. E71, Pl. 52; Spaer 2001, 109–110, No. 156–
157, Pl. 12.

231 Davidson 1952, 295, No. 2494 (Late Roman). 2496 (not later than the
12th century), Pl. 122; Arveiller-Dulong and Nenna 2011, 226, No.
303 (Hellenistic).

232 Cf. von Saldern 1980, 107, No. 836–837, Pl. 19.
233 Cf. Hadad 2005, 62, No. 1122, Pl. 55.
234 Cf. Spaer 2001, 115, No. 185, Pl. 14.
235 Cf. Davidson 1952, 294, No. 2481–2482, Pl. 122 (Byzantine [?]);

Spaer 2001, 113, No. 176, Pl. 14 (Near East, Early Islamic [7th–9th
century CE]).

236 Cf. Fünfschilling 1999, 502, No. 557, Fig. 15 (Punic – Early Imperial
Period); Schätzschock 2005, 387–388, No. G 97, Pl. 232; 235 (build-
ing phase 1: late Augustan Period); Arveiller-Dulong and Nenna

2011, 211, No. 294 (2nd century BCE–2nd century CE); Lightfoot
2017, 327, No. 513–514 (Hellenistic, ca. 330–70 BCE, or later).

237 Cf. Spaer 2001, 117, No. 195, Pl. 15 (Eastern Mediterranean [Syria?],
Middle Islamic [?]); Bianchi et al. 2002, 337, No. VA-12 (Sassanian or
Islamic, perhaps 6th–10th century CE).

238 Cf. von Saldern 1980, 107, No. 833, Pl. 19.
239 Cf. Stern 2001, 388, No. 221 (area of the river Elbe, probably second

half of the 3rd–early 4th century CE); Spaer 2001, 114, No. 177, Pl.
14 (Persia, Early Islamic [9th–10th century CE ?]); Bianchi et al. 2002,
336, No. VA-10 (Sassanian or Islamic, perhaps 6th–10th century CE
[?]).

240 Cf. von Saldern et al. 1974, 192, No. 526; Sternini 1998, 101–102,
No. V89, Pl. 11; Stern 2001, 357. 368, No. 202; Spaer 2001, 206,
Fig. 87; 209, No. 486–487, Pl. 37; Adam-Veleni 2010, 230, No. 98;
Arveiller-Dulong and Nenna 2011, 247, No. 346; Lightfoot 2017,
316–317, No. 485 (with the corresponding gem).

241 Cf. Ravagnan 1994, 29, No. 15.
242 Cf. Antonaras 2009a, 90, Pl. 4, 5 (11th–12th century CE); 92, Pl. 6, 2

(11th–12th century CE).
243 Cf. Davidson 1952, 226, No. 1792, Pl. 101; Sternini 1998, 102, No.

V90. V92, Pl. 11; Beretta and Di Pasquale 2004, 336, No. 4.73; Gross-
mann 2013, 255, No. 116, Fig. 115.
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blue-colored finger ring with remains of painted orna-
ments presumably belongs to the Middle Byzantine Pe-
riod (Pl. 13.171).244

In Pergamon, only four – certainly imported – glass
gems were documented.245 The first, blue-colored spec-
imen is pierced lengthwise. This scaraboid of the 4th
century BCE shows a sitting lion turned to the right
(Pl. 13.172).246 Another piece of the same color, dated
to the late 3rd/early 2nd century BCE, came to light in
the fill of a cistern in the bath building, situated in the
western part of the Stadtgrabung. It displays a female
figure in a high-girded chiton, holding a bowl in the
raised left hand and a stick-like object in the lowered
right hand (Pl. 13.173).247 On the third gem, probably
from the mid-1st century BCE, appears a mythological
couple. The naked bearded man with the rested foot,
on the right, and the woman dressed in a chiton leaning
against a rock, on the left, might be interpreted as Po-
seidon and the Danaid Amymone (Pl. 13.174).248 The
figure playing the lyre on the fourth gem can be iden-
tified as Apollo Musagetes (Pl. 13.175).249 That piece is
made of bi-colored glass, and stems from the Late Re-
publican/Early Imperial Period.

Pendants and pinheads made of glass must certainly
be considered as imports because of their great rarity.
Two pendants in the shape of Harpocrates were found in
the Stadtgrabung (Pl. 13.176, 13.177); they can be dated
to the late 2nd/early 1st century BCE.250 Two pin heads
– one from the Stadtgrabung (Pl. 13.178), the other one
from older excavations at the acropolis (Pl. 13.179) – are
decorated on both sides with a female head, character-
ized by a Hathor-like wig. They were presumably pro-
duced in Carthage during the late 4th and the 3rd cen-

turies BCE.251 Another Hellenistic pin head from the so-
called Podiensaalgebäude in the Stadtgrabung depicts,
on one side, the head of Medusa, and on the other one,
the figure of Apollo (Pl. 13.180).252 The fragment of a
small blue-green pendant, found in the Stadtgrabung,
which has the form of a small pitcher (Pl. 13.181), de-
rives from the Early Byzantine Period, more precisely
from the second half of the 4th or the beginning of the
5th century CE.253 Such pendants were probably pro-
duced in Palestine as amulets or souvenirs for Christian
pilgrims.

Completely unique is an (unfortunately now lost)
small panel from the Late Hellenistic/Early Imperial
Period, found in older excavations at the acropolis
(Pl. 14.182).254 This dark blue cameo glass was bifa-
cially decorated in white, yellow, and brown colors: it
depicted, on one side, a crouching woman between a
tree and a column with a vessel standing on it, and on
the other side, a little straw hut and a tree. Comparisons
are not known to me. The larger-sized Ariadne panels in
Pompeii and Rome were presumably used as coverings
for walls or furniture, in view of their smooth reverse
side,255 whereas the elaborate Pergamenian piece, deco-
rated on both sides and once certainly framed by a metal
setting, can be interpreted as a pendant.

1.11 Mosaics and panels

After the examination of vessels, utensils, and jewelry,
now some other glass objects should be mentioned that
were a part of architectural decoration. Mosaics made
of glass tesserae belonged to the interior equipment
of luxurious buildings in Roman Pergamon, similar

244 Cf. Gill 2002, 99, No. 563, Fig. 1/30; 221–222, No. 784, Fig. 2/39.
245 I would like to thank Erika Zwierlein-Diehl (Bonn) for helpful re-

marks concerning these pieces.
246 Cf. Boardman 2001, 210–211 (regarding scaraboids made of glass in

general). 399, No. 1052, Fig. on p. 393 (two antithetic lions).
247 Cf. Boardman and Vollenweider 1978, 87–88, No. 303, Pl. 51.
248 Cf. Schlüter, Platz-Horster, and Zazoff 1975, 67–68, No. 244, Pl. 39;

Platz-Horster 2012, 119, No. 171, Pl. 31.
249 Cf. Krug 1980, 193, No. 102, Pl. 81; 219, No. 246, Pl. 102; Boussac

1992, 34, No. Ap 110, Pl. 8; Bianchi et al. 2002, 251–252, No. I-38b
(identified as Erato or Terpsichore); Berges 2002, 59, No. 295, Pl. 53;
Wünsche and Steinhart 2010, 73, Fig. 52.

250 Naked Harpocrates: cf. Nenna 1999, 141, No. E170, Pl. 54; Spaer
2001, 169, No. 331, Pl. 26; M. Fischer and Jackson-Tal 2003, 35–40,
Fig. 3; Arveiller-Dulong and Nenna 2011, 39, No. 28. – Dressed Har-
pocrates: cf. Эрмитаж 1980, 78, No. 318, 15.

251 Cf. Sternini 1998, 105–106, No. V101–V102, Pl. 11; Spaer 2001, 167,

No. 321, Pl. 26; Adam-Veleni 2010, 405, No. 495; Arveiller-Dulong
and Nenna 2011, 301–304, No. 481–486 (No. 485: Magnesia on the
Meander). Such double-sided female heads that might represent the
goddess Tanit also occur as pendants, cf. Platz-Horster 2012, 110, No.
138, Pl. 28.

252 Already published in: Schwarzer 2008a, 202, No. G 44, Fig. 51, Pl.
23.

253 Cf. Spaer 2001, 170. 178, No. 343–354, Pl. 28; Stern 2001, 361–362.
376, No. 209; 377, No. 210; Whitehouse 2003, 48–50, No. 961–966;
Wamser 2004, 319, No. 593–595; Lightfoot 2017, 322–323, No. 502.

254 Conze 1903, 9–10. I would like to thank Agnes Schwarzmaier for
her (unfortunately unsuccessful) enquiries in the archives of the An-
tikensammlung of the Staatliche Museen zu Berlin. Regarding the
technique of cameo glass, see Lierke 2009, 63–69.

255 Pompeii: Harden 1988, 70–73, No. 32. – Rome: Arveiller-Dulong
and Nenna 2011, 404, No. 677 (Camée Carpegna).
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to those at other Ancient sites in the Eastern Mediter-
ranean. Nevertheless, nothing is preserved, except for
some small remains of a depiction in the Lower Rotunda
of the Asklepieion, displaying green branches on a white
ground.256 Otherwise, there are only innumerable loose
tesserae that have come to light in all excavation areas in
the city. An assignment of these pieces to the Roman
or Byzantine Period is almost impossible. The tesserae
have a broad color spectrum, as demonstrated by exam-
ples from the Stadtgrabung (Pl. 14.183 a–f).257

Wall coverings made of glass panels is another type
of luxurious interior equipment in Roman and Early
Byzantine Asia Minor. However, usually they did not
survive the times. In Pergamon, only a few pieces could
be registered, including a dichromatic panel from the
peristyle houses west of the Lower Agora (Pl. 14.184)258

and a fragment of a Late Antique mosaic glass panel
from the Stadtgrabung (Pl. 14.185).259

1.12 Window panes

In the Roman Imperial Period, window panes were com-
mon in Pergamon as shown by thousands of fragments
from all excavation areas.260 They were found in pub-
lic buildings, especially in thermae, and in dwelling
houses as well.261 Most often, the glass has a natural
light green-blue/blue-green tinge; however, several in-
tensely colored pieces are extant too, for example, in

dark blue. Two different production techniques can be
observed: the first technique was to cast the panes by
means of baking tray-like boxes, as evidenced by thick-
ened rims and rolling marks on the surface.262 As a con-
sequence of this production process, one side of the glass
is rough, while the other side is smooth.263 In the case
of the second technique, the glass was cylinder-blown;
it is smooth on both sides.264 In the so-called Bau Z
in the Stadtgrabung, such a window pane with arched
segments could be reconstructed based on several frag-
ments (Pl. 14.186).265 The demand for window panes
was probably not covered by local workshops alone; ar-
chaeometric analyses suggest that panes were partly im-
ported from the Levant, based upon their chemical com-
position.266

In the Byzantine Period, cast window panes pre-
dominated in Pergamon. The high amount of air bub-
bles, as well as the often strong colors and the sometimes
considerable thickness, represent characteristic features
(Pl. 14.187). In the 4th century CE, round panes with a
central pontil mark (‘crown glass’) emerged in the East-
ern Mediterranean.267 They were made as follows: The
glassblower knocked off a glass bulb from the blowpipe,
took the bulb onto the pontil and hurled it rotating till
a flat disc was formed. Some fragments of this type, hav-
ing a folded rim and dated to the 12th and 13th cen-
turies, were found in the Stadtgrabung (Pl. 14.188).268

256 Ziegenaus 1981, 100, Pl. 45 a. b. Friendly note of Dieter Salzmann
(Münster), who is preparing a corpus of the Ancient mosaics from
Pergamon.

257 Cf. Schwarzer 2009b, 75–76, No. 83, Pl. 4 (example of single glass
tesserae in Alexandria Troas); Adam-Veleni 2010, 300, No. 279; 301,
No. 280 (examples of parts of mosaics with glass tesserae).

258 Not published in Honroth 1984; cf. Antonaras 2012, 291, No. 490.
259 Cf. Sardis: von Saldern 1980, 88–89, No. 657–662. 664–666, Pl. 16;

28. – Ephesus: Czurda-Ruth 2007, 23–24, No. 1. – Alexandria Troas:
Schwarzer 2009b, 76, No. 87, Pl. 4. – Constantinopolis: Canav-
Özgümüş 2009, 19, Fig. 19. – Robert R. R. Smith (Oxford) and
Christopher Ratté (Ann Arbor) showed me the unpublished pieces
in Aphrodisias, for which I am grateful.

260 For windows in the Stadtgrabung, see Wulf 1999, 14–17; Schwarzer
2008a, 27, color Pl. 5, 2. Relating to Roman window panes generally,
see von Saldern 2004, 200–202; Komp 2009.

261 Cf. Adam-Veleni 2010, 299, No. 277–278; 340–341, No. 356.
262 Cf. Bischop 1993, 243, No. 104, Fig. 11; Beretta and Di Pasquale

2004, 280, No. 3.3; Schwarzer 2009b, 76, No. 88, Pl. 4; Kanyak 2009,
26–33; Arveiller-Dulong and Nenna 2011, 414, No. 708.

263 For another theory of production process (‘Streckglas’), see Wiesen-
berg 2016, 268–269.

264 Kanyak 2009, 38–43.
265 Bachmann 2011, 135–138, Fig. 13, thought erroneously that the glass

panes were cast; however, they are cylinder-blown.
266 Cf. Rehren, Connolly, et al. 2015, 270, Tab. 2 PER 100 (Levantine I).

PER 065 (Levantine II). PER 099 (HIMT). These glass groups are oth-
erwise extremely rare in Pergamon, cf. Schwarzer and Rehren 2015,
116.

267 Cf. Davidson 1952, 144–145, No. 1061–1066, Pl. 73; Davidson Wein-
berg 1988, 254–255, No. 187–198, Fig. 8/22, Pl. 8/13; Gill 2002,
102–103, No. 597–609, Fig. 1/32; 225–228, No. 821–842, Fig. 2/43;
Kanyak 2009, 33–38; cf. also Lamm 1928, 127–128, No. 367–376, Fig.
72–75.

268 The chemical composition as HLiBAl-glass speaks for a local or re-
gional production: Rehren, Connolly, et al. 2015, 270, Tab. 2 PER
087 (mistakenly labeled as cast glass). – In Kadıkalesi, numerous
fragments of ‘crown glass’ from the same period came to light:
Hazinedar Coşkun 2013. Other examples were found in the area of
Nif-Olympus: Canav-Özgümüş 2015, 75, Fig. 10; cf. furthermore
Antonaras 2009a, 91, Pl. 4, 6 (Chilandar Monastery, Mount Athos,
14th–16th century).
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1.13 Résumé and perspectives

Even if Pergamon was one of the most important
metropolises in the Ancient world, and widely known
for specific products such as pottery, cloth, and parch-
ment,269 the local glass makers obviously did not pos-
sess the necessary know-how in order to produce luxu-
rious goods like mold-formed mosaic glass or network
glass vessels. In addition, glass workshops apparently
did not exist there until the end of the Attalid kingdom
(133 BCE); they were probably established only at the be-
ginning of the Roman rule. This situation differs from
that, for example, of Alexandria in Egypt. The Pergame-
nian glassware corresponds rather to the common pic-
ture of the Aegean ‘glass koiné’, even though the vari-
ety of the local goods is remarkable. Furthermore, the
amount and the high quality of imports reveal the city’s

far-reaching contacts during almost all settlement peri-
ods. In the case of the Late Byzantine Period, the enam-
eled beakers and the prunted beakers – both locally pro-
duced – provide completely new insights, because they
can be recognized as a hitherto unknown link between
similar European and Mamluk vessels.

The combined archaeological and archaeometric in-
vestigations on the material were able to yield an idea
of the origin and the varied use of glass in Pergamon
throughout the ages. It is hoped that such interdis-
ciplinary research regarding Ancient and, especially,
Byzantine glass production in the Eastern Mediter-
ranean will be intensified in the future. This is partic-
ularly important for Asia Minor, where glass finds still
have not received the attention they deserve.

269 Cf. Radt 2011, 284–288.
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2 The composition of the glass from
Pergamon: an archaeometric
perspective

By Thilo Rehren

2.1 Introduction

Relatively little is known about the chemical composi-
tion of early glass from Asia Minor, compared to other
parts of theHellenistic,Roman,LateAntique,Byzantine,
and Early Islamic worlds. The availability of 100 samples
from the excavations in Pergamon, therefore, was a ma-
jor opportunity to address this lacuna, even if they only
represent a small percentage of the total assemblage stud-
ied. Detailed results have been recently published else-
where,270 so here, a brief summary has to suffice.

The art historical and morpho-typological study of
the glass presented above has shown that it matched the
developments in style and tastes seen elsewhere, begin-
ning with the earliest Hellenistic finds in the late first
millennium BCE, continuing through the Islamic Pe-
riod. The presence of fragments that most likely came
from objects that were imported from the major pro-
duction centers of their time in Italy, Syria, and else-
where, demonstrated that Pergamon was well integrated
into the wider trade networks, while the presence of glass
working waste is evidence of local glass manufacturing,
at least for some of this period.

The chemical analysis aimed to determine whether
the composition of the glass also matches the pattern of
glass used elsewhere, and whether preferences can be
seen for the use of glass from some of the glass mak-
ing centers of the time over others. In this, the re-
search is based on the widely accepted organizational
model of the first millennium CE glass industry that has
emerged over the past two decades through the work of
French and British colleagues on Roman and Byzantine
glass, mostly from Northern and Western Europe and
the Eastern Mediterranean.271 According to this model,

during these periods, glass was made almost exclusively
by fusing mineral natron obtained from the Wadi Na-
trun in Lower Egypt with sand procured in the vicinity
of the glass furnaces. These primary glass furnaces are
known from both Lower Egypt and the Levantine coast
at sites such as Bet Eli’ezer272 and up to Beirut273 (Fig. 1),
and typically produced huge slabs of glass, often reach-
ing in the order of ten to fifteen tons of glass in a sin-
gle firing. The broken-up raw glass was then shipped
and traded across the Empire for re-melting and work-
ing into artefacts in numerous secondary glass work-
shops.274 These secondary glass kilns varied in size and
customer base, and often used both fresh raw glass, as
well as recycled broken glass, to manufacture finished
artefacts.275 Major glass working centers, such as Alexan-
dria, Cologne, and Thessaloniki, would produce large
quantities of high-quality objects that were traded long
distance, as well as dominating their regional environ-
ment, while small-scale local workshops may have been
operated at a much lower level of quantity and quality of
objects produced, serving a different clientele.276 Thus,
the form and quality of an individual glass object would
reflect the skills and tastes of the glassworkers who made
it, while the chemical composition would reflect the
composition of the sand used at the primary glass fur-
nace, often far away from where the glass itself had been
made. In effect, this model allows for three different
provenances of an archaeological glass find to be distin-
guished, namely: first, the primary production origin of
the glass itself as preserved in its chemical composition;
then, the production origin of the object, as indicated by
the morpho-typological and craft criteria of its shaping;
and finally, the actual find spot, which indicates where
the glass was used and discarded.277 These three layers of
provenance complement each other in their information
value, and the judicious combination of the results ob-
tained through archaeological, artefactual, and chemical
study will enable a more comprehensive understanding
of the social and economic conditions under which glass
was procured and used at sites such as Pergamon, and the

270 Rehren, Connolly, et al. 2015.
271 E.g. Foy, Picon, et al. 2003; Freestone 2005; Rehren and Freestone

2015.
272 Gorin-Rosen 2000.
273 Kouwatli et al. 2008.
274 See, e.g. Fontaine and Cibecchini 2014, and the literature therein.

275 Rehren and Brüggler 2015.
276 See, e.g. Cholakova, Rehren, et al. 2017; Cholakova and Rehren 2018,

56–57.
277 In the late 1st millennium BCE, primary glassmaking and secondary

working appear to have taken place at the same workshops, as docu-
mented for Hellenistic Rhodes, for instance.
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Fig. 1 Map of the Eastern Mediterranean
with the region of major borate deposits east
of Pergamon (shaded in grey).

flow of glass and glass objects in general. The archaeo-
logical and artefactual elements of this study have been
presented in the preceding part of this manuscript, to
be complemented here by the chemical analysis. These
analyses were done using a combination of electron mi-
croprobe (EPMA), for major and minor oxides, and laser
ablation inductively coupled plasma mass spectrometry
(LA-ICPMS), for trace element determination.278 Since
most glass objects are chemically very homogenous, it is
sufficient to use tiny fragments, with just a few millime-
ters maximum, for this type of analysis.

2.2 Results

The analyzed glass samples can be separated into two
main clusters and two much smaller ones, as well as a few
non-glass samples. About half of the analyzed material,
and almost all glass dated to before the 6th century CE,
forms a cluster of samples matching compositional glass
groups well known from elsewhere in the Hellenistic,
Roman, and Late Antique worlds. Within this first clus-
ter, there is a dominance of colorless glass, decolored ei-
ther by adding antimony or manganese oxide, as well as
glass that shows only the natural light aqua color, due to

278 Schibille 2011; Rehren, Connolly, et al. 2015, 268–272.
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impurities in the glass making sand. Interestingly, there
is good evidence for the mixing of the different types of
glass, particularly antimony-decolored with manganese-
decolored and manganese-decolored with natural aqua,
indicative of substantive and conscientious local recy-
cling and reworking of glass in a situation where all pri-
mary raw glass had to be imported from afar. Several of
the glass fragments were actively colored by cobalt ox-
ide, to obtain a deep blue; there appear to be at least two
different sources of cobalt that were used, but we do not
have sufficient comparative material available to fully in-
terpret this.

The period covered by this material spans either side
of the introduction of glass blowing at around the turn
of the eras, and the analyzed assemblage includes both
early glass worked through slumping and core-forming,
and blown glass. The two working modes are often
thought to require somewhat different properties of the
soft glass: stiffer for the molding and core forming, and
more fluid over a longer temperature range for blow-
ing. We, therefore, compared the levels of soda and
lime of slumped/core formed glass with those of blown
glass from the first few centuries immediately after the
transition, covering both antimony-decolored and other
glass. It is important to stress that, in Pergamon, there
is no compositional difference between glass worked in
the two modes (Fig. 2). This stands in opposition to an
observation elsewhere, where the introduction of glass
blowing coincides with a change in glass composition
used.279

Another very interesting observation is that the
compositional groups from the 4th century CE onwards
that dominated glass use in the Eastern Mediterranean,
the western provinces, and Egypt, such as Levantine I
and II, Egypt I and II, and HIMT, are nearly absent in
the analyzed Pergamon assemblage. A cluster of only six
samples can be firmly assigned to either of these mass-
produced compositional groups. This is in stark con-
trast to the earlier situation, where the pattern of glass
composition and glass quantities found at Pergamon was
indistinguishable from the glass used elsewhere in the
Hellenistic and Roman world. For a city so close to the
heart of the Early Byzantine Empire, this is astonishing,
and requires an explanation. Part of the explanation may

be found in the general economic decline of Pergamon
during this time, resulting in a general decline of the
amount of glass imported and used, and possibly also in
differences in archaeological recovery and selection for
analysis. The analysis of glass from the second half of
the first millennium CE, however, provided a further ex-
planation for this glaring absence of the well-established
glass groups at Pergamon.

Nearly a third of all samples, and the large majority
of those from the later periods of settlement at Perga-
mon, form a cluster comprising very distinct and previ-
ously little recognized glass compositions characterized
by very high boron values. Boron occurs in all glass as a
trace element, typically in the order of 100 to 200 ppm
(0.01 to 0.02 wt%), as a natural impurity in the raw ma-
terials. In these glass samples, however, boron concen-
trations are tenfold higher, indicating the use of a very
different and specific raw material to make the glass; as
such, these concentrations are still low in absolute terms,
and would not have made a difference in the properties
of the glass. It is very likely that even these higher boron
levels are due to specific impurities in the glass making
materials, rather than some intentional addition. This
indicates that glass from the traditional glass making re-
gions in Lower Egypt and the Levant no longer dom-
inated the glass supply of Pergamon, but that another
glass making region must have stepped in. We do not
know where exactly these other glass furnaces were situ-
ated, but it is safe to assume that they were somewhere to
the northeast of Pergamon, in the region that holds, to
this day, the world’s largest boron deposits (see Fig. 1).
We also know that within this region, there must have
been at least two different sites producing glass, since
the high-boron glass from Pergamon can be further split
into two sub-groups based on differences in the concen-
trations of lithium, aluminum, strontium, and other el-
ements (Fig. 3). The recognition of this previously un-
known glass making region in western Turkey is a major
discovery that significantly changes our understanding
of the Byzantine glass industry. The importance of this
new source region is still to be fully established through
further analyses of glass from Turkey and the surround-
ing regions. So far, this high-boron glass has been identi-
fied as far away as Bulgaria and close to the border with

279 A. Fischer and McGray 1999.
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Fig. 2 Na2O vs. CaO: no compositional dif-
ference between mold-formed and free-blown
glass.

Fig. 3 B vs. Sr: the newly defined high-boron
glass from Pergamon with its two sub-groups
in comparison to other glass groups.

Syria.280 If this is confirmed through further analyses,
then it seems that the high-boron glass is of considerable
regional importance, but not as widely used and traded
across the Empire as the glass of the established main
glass groups, such as Levantine I or HIMT.

The dominance of this new regional glass compo-
sition for Pergamon is also apparent from the scarcity
of plant ash-based glass during the Islamic Period. Else-

where in the Middle East, mineral natron-based glass was
completely replaced by plant ash-based glass around the
9th century CE.281 In contrast, there are only five such
glass samples among the 25 fragments dating to this late
period in the analyzed assemblage, indicating that plant-
ash glass played a much smaller role in Pergamon than
elsewhere, the others being of the new high-boron glass.
This is not surprising given that plant ash-based glass

280 Swan et al. 2018. 281 Whitehouse 2002; Shortland et al. 2006; Phelps 2018.
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was produced in the same regions as the earlier mineral
natron-based glass, namely in Lower Egypt and the Syro-
Palestine coastal plains. Thus, from a Pergamenian trade
perspective plant-ash glass has the same disadvantage as
mineral-natron glass, once the regionally produced high-
boron glass becomes available.

Finally, three of the analyzed samples were found
not to be true glass. One was a highly vitrified piece of
ceramic, possibly from a destructive fire or as a random
formation in a domestic hearth. While technically glass,
and often appearing in droplets reminiscent of beads,
such finds are not intentionally made, even though they
can look confusingly similar to colored glass. The same
visual similarity led to the inclusion also of a fragment
of obsidian and a piece of rock crystal in the analyzed
assemblage. Their identification as geological material
during the analysis reminds us of the fact that glass has,
from the beginning, been made to resemble precious
stones. Both water-clear rock crystal and black obsidian
have been successfully imitated in glass, as well as being
used in their own right for creating beads and other arte-
facts. The obsidian found in Pergamon can be sourced to
the Sakaeli-Orta region, ca. 400 km NE of Pergamon,282

while the origin of the rock crystal is unknown.

2.3 Conclusion

In summary, the analysis of a well-selected and docu-
mented set of about 100 glass fragments from Pergamon
has shone new light onto the glass industry of the first
millennium CE, and economic circumstances in Perga-
mon more generally. For Pergamon, it has illustrated the
changing fortunes of the city, as reflected in the quanti-
ties and quality of glass used, and the level of integration
into the wider economic systems over time. The early
finds are indicative of a prosperous period when Perg-
amon’s inhabitants were importing luxury items from
major glass ateliers in Italy, Egypt, and elsewhere, and
with ample access to fresh glass from Egypt and the Lev-
ant for local glass manufacture. However, there is a no-
ticeable reduction in the amount and quality of glass
available as part of a general shift towards more regional
interactions after the integration of the previously inde-

pendent kingdom into the Roman Empire, and the po-
litical and economic problems of the subsequent Byzan-
tine Empire. This is seen in the virtual disappearance
of glass from the traditional glass making centers in the
Southeastern Mediterranean, and the emergence in the
middle of the first millennium CE of glass made region-
ally that later went on to dominate glass supply in Perga-
mon towards the Late Byzantine and Early Islamic peri-
ods. It is important, here, to note that this new regional
glass source started to produce glass several centuries be-
fore the documented scarcity of mineral natron towards
the end of the 1st millennium CE, and persisted unin-
terrupted well into the early 2nd millennium, when the
supply of natron from Egypt was supposed to have all
but ceased. It is, therefore, feasible that the high-boron
glass not only used local sand, but also local natron. To
test this hypothesis, however, more fieldwork and glass
analyses are clearly necessary. For the wider picture, the
analysis of glass from Pergamon has enabled us to recog-
nize and define a previously unknown and potentially
quite significant glass making region away from the tra-
ditional centers in Lower Egypt and the Levant. This, in
turn, has substantively refined our picture of there being
just a few large-scale glass making centers that, between
them, supplied the entire glass-using world, by identi-
fying a more regional industry that complemented the
inter-regional producers.

Figures and Plates

All plates and photographs of the plates were made by
Holger Schwarzer. They are not true to scale. Robert
Dylka edited the images; he also kindly prepared the col-
ored reconstruction of the cameo glass (Pl. 14, 182, based
on Conze 1903, 9) and the map of the Eastern Mediter-
ranean (Fig. 1). The map of the excavation areas of ex-
amined glass finds was arranged by Holger Schwarzer
(Pl. 1, based on Wulf-Rheidt 1994, insert 6). Moreover,
he generated the table with the concordance of the ob-
ject numbers and their inventory numbers (tab. on p.
203). Thilo Rehren created both graphs (Fig. 2–3).

282 Düring and Gratuze 2013. We are grateful for Bernard Gratuze
(Orléans) for pointing this out to us.
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The following abbreviations of find spots in Perga-
mon are used in the captions (see Pl. 1):

AKR Acropolis/castle mountain (older excavations without
detailed provenance, soundings, stray finds)

AR Arsenals

ASKL Asklepieion

GS so-called Gassensondagen

MM Musalla Mezarlık

PH Peristyle Houses west of the Lower Agora

SG so-called Stadtgrabung

TH Theater at the acropolis

THK so-called Temenos für den Herrscherkult

TR Traianeum

All presented objects are stored in the depots of the Ger-
man excavation house, except Pl. 7, 62 (inv. A.4001),
Pl. 11, 129 (inv. A.5323), Pl. 13, 172 (inv. 44.10.89),
Pl. 13, 173 (inv. PE 74 G 7), and Pl. 13, 179 (inv. 4002),
which are kept in the store rooms of the museum in
Bergama. The cameo glass (Pl. 14, 182) is missing.
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Pl. 1 Excavation areas of examined glass finds in Pergamon.
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Pl. 2 2 Glass chunk (AKR); 3 Remains of a glass furnace (MM); 4 Alabastron (ASKL); 5 Grooved bowl (GS); 6 Linear-cut bowl (SG); 7 Ribbed bowl
(SG); 8 Ribbed bowl (MM); 9 Omphalos bowl (SG); 10 Fluted bowl (SG); 11 Mosaic rod (ASKL).
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Pl. 3 12 Mosaic glass bowl (SG); 13 Mosaic glass bowl (SG); 14 Gold-band glass bowl (ASKL); 15 Striped mosaic glass bowl (SG); 16 Network glass
bowl (SG); 17 Footed network glass bowl (SG); 18 Skyphos (SG); 19 Bowl with wave-like pattern (ASKL); 20 Monochrome bowl with pottery-like shape
(ASKL); 21–23 Three plates with faceted decoration (SG).
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Pl. 4 24 Hemispherical cup with grooves (PH); 25 Cup with ribbed decoration (SG); 26–29 Four cups with Greek inscription (ASKL+SG); 30 Cup
(SG); 31 Cup (SG); 32 Mythological beaker (ASKL); 33 Beaker of the so-called Pompeii group (PH); 34 Lotus beaker (SG); 35 Jug with base mark (SG);
36 So-called Zarte Rippenschale (SG).
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Pl. 5 37 So-called Zarte Rippenschale (ASKL); 38 Ribbed bowl with strong shoulder bulge (SG); 39 Painted glass vessel (SG); 40 Enameled beaker
(SG); 41 Sandwich gold-glass vessel (TR); 42 Body sherd of a so-called Überfangglas (SG); 43 Vessel with spherical facet-cut decoration (SG); 44 Vessel
with narrow vertical facets (ASKL); 45 Bowl with cut decoration (SG); 46 Bowl with cut decoration (SG); 47 Beaker with horizontal grooves and incised
lines (SG); 48 Beaker with horizontal grooves and incised lines (SG); 49 Balsamarium (SG).

194



GLASS NDS FROM PERGAMON

Pl. 6 50 Aryballos (SG); 51–52 Two square-shaped jugs (PH); 53 Perfume bottle of bird-like shape (PH); 54 Toilet bottle with drop-like base (SG);
55 Flask with spiral thread (AKR); 56 Neck and bottom of a flask with spiral thread (SG); 57 Jug with funnel-shaped mouth and thick horizontal thread
(SG); 58 Flask with unworked rim and incised horizontal lines (AKR); 59 Bottle or juglet with ribbed decoration (MM).

195



HOLGER SCHWARZER, THILO REHREN

Pl. 7 60 Flask or jug with pinched-out ‘nipples’ (MM); 61 Oinochoe (SG); 62 Handle of a jug with snake-thread decoration (THK); 63 Vessel with or-
namental thread decoration (MM); 64 Bottom with circular festoon-like thread (SG); 65 Vessel with petal-like thread decoration (MM); 66 Vessel with
petal-like thread decoration (SG); 67 Beaker with four vertical oval indentations (SG); 68 Beaker with horizontal thread (SG); 69 Vessel with chain
pattern (PH); 70 Globular beaker with unworked rim (ASKL); 71 Beaker with base ring of pinched-out toes (SG); 72 Beaker with blue drops (AKR);
73 Beaker with white zigzag thread (SG); 74 Beaker with spiral ribs (ASKL).
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Pl. 8 75 Bottom of a beaker with remains of white paint (SG); 76 Vessel with grip in form of a crimped thread (ASKL); 77 Fire-damaged jar (AKR);
78 Grip (MM); 79 Grip (SG); 80 Glass lamp with filling hole (SG); 81 Lamp with small handle (SG); 82 Lamp with small handle (MM); 83 Lamp with
snake-thread decoration and loop (SG); 84 Lamp with snake-thread decoration (SG); 85–87 Three polycandelon stems (SG / AKR / SG); 88 Vessel with
solid bulb (SG); 89–91 Three feet of goblets (ASKL / ASKL / MM); 92 Stem of a goblet or lamp with two knobs (AKR). 197
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Pl. 9 93 Foot of a goblet (ASKL); 94 Foot of a goblet (AKR); 95 Foot of a goblet (TR); 96 Foot of a goblet (SG); 97 Rim with horizontal blue thread
decoration (SG); 98 Bottom with spiral blue thread decoration (ASKL); 99 Neck of a flask with spiral red thread decoration (ASKL); 100 Rim with blue
handle and spiral thread decoration (TR); 101 Foot of a dark red vessel with brown streaks (SG); 102 Neck of a dark red juglet with brown streaks (SG);
103 Bottle with marvered white festoon-like threads (AKR); 104–105 Lamps with lugs (SG).198
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Pl. 10 106 Neck of a thick-walled bottle (SG); 107 Bottom of a thick-walled bottle (SG); 108 Neck of a thick-walled bottle (SG); 109–110 Beakers with
horizontal threads and prunts (SG); 111 Prunted beaker with horizontal blue thread (SG); 112 Beaker with horizontal thread, zigzag thread, and applied
base ring of pinched-out toes (SG); 113–114 Enameled beakers with ornamentally arranged spots (SG); 115 Bottle with marvered white festoon-like
threads (SG); 116 Bowl with vertical ribs and marvered white spiral thread (SG); 117 Vessel with gilded decoration (TR); 118–120 Enameled vessels with
an Arabic inscription (118) as well as floral (119) and figural motifs (120) (SG); 121 Tulip vase (SG).
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Pl. 11 122 Gaming piece (TR); 123 Gaming piece (SG); 124 Gaming piece (AKR); 125–126 Two astragals (AKR); 127 Marble (AKR); 128–130 Three
twisted rods (SG / AKR / SG); 131 Spindle whorl (AKR); 132 Phalera with portrait of Tiberius (SG); 133 Fragment with garment folds of a statue made
in chryselephantine technique (SG); 134 Glass eye of a bronze statue (SG); 135 Glass base with finely polished profile (ASKL); 136 Glass head of an
animal (ASKL); 137 Glass imitation of a seedpod of the locust bean tree (SG); 138 Coin weight (SG).
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Pl. 12 139–144 Bracelets (SG); 145 Bracelet (AR); 146 Bracelet (ASKL); 147 Bracelet (PH); 148 Bracelet (SG); 149 Bracelet (MM); 150 Bracelet (PH);
151 Spherical bead (SG); 152 Rod-shaped bead (SG); 153 Melon-shaped bead (SG); 154 Eye bead (AKR); 155 Double-conical bead (SG); 156 Cylindrical
bead (AKR); 157 Flat bead (SG); 158–159 Notched beads (SG); 160 Spherical bead (SG).
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Pl. 13 161 Cylindrical bead (SG); 162 Cylindrical bead (MM); 163 Cylindrical bead (TR); 164 Double-conical bead (AKR); 165 Notched bead (SG);
166 Finger ring (AKR); 167 Finger ring (SG); 168 Silver finger ring with blue glass inlay (SG); 169–170 Two finger ring inlays (SG); 171 Finger ring (SG);
172 Gem with impression (SG); 173 Gem (SG); 174 Gem with impression (SG); 175 Gem (SG); 176–177 Two pendants in shape of Harpocrates (SG);
178 Pin head with female head (SG); 179 Pin head with female head (AKR); 180 Pin head with head of Medusa and figure of Apollo (SG); 181 Pendant
in form of a small pitcher (SG).

202



GLASS NDS FROM PERGAMON

Pl. 14 182 Cameo glass panel (AKR); 183 a–f Glass tesserae (SG); 184 Dichromatic glass panel (PH); 185 Mosaic glass panel (SG); 186 Cylinder-blown
window pane (SG); 187 Cast window pane (ASKL); 188 Window pane (‘crown glass’) (SG).
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Tab. 1 Concordance of the object numbers and their inventory numbers.
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Naissus (Jagodin Mala, Nǐs).” Starinar 67 (2017), 109–130.

Kanyak 2009
Serra Kanyak. “Late Roman/Early Byzantine Window Glass
from the Marmaray Rescue Excavations at Sirkeci, Istanbul.” In
Late Antique/Early Byzantine Glass in the Eastern Mediterranean.
Conference Papers presented at the International Colloquium Late
Antique Glass in Anatolia (4th to 8th cent. A.D.) in October 25–28,
2009 in Izmir. Ed. by E. Laflı. Colloqvia Anatolica et Aegaea.
Acta Congressus Internationalis Smyrnensis 2. Izmir: Mat-
baası, 2009, 25–47.

Keller 2006
Daniel Keller. “Die Gläser aus Petra.” In Petra. Ez-Zantur III,
Ergebnisse der Schweizerisch-Liechtensteinischen Ausgrabungen. Ed.
by A. Bignasca, B. Kolb, M. Grawehr, and S. G. Schmid. Terra
Archaeologica. Mainz: Philipp von Zabern, 2006, 1–251.

Klein 1999
Michael J. Klein, ed. Römische Glaskunst und Wandmalerei.
Mainz: Philipp von Zabern, 1999.

Klinkott 2001
Manfred Klinkott. Die byzantinischen Befestigungsanlagen von
Pergamon mit ihrer Wehr- und Baugeschichte. Altertümer von Per-
gamon 16.1. Berlin: De Gruyter, 2001.

Kojić and Wenzel 1967
Ljubinka Kojić and Marian Wenzel. “Medieval Glass Found in
Yugoslawia.” Journal of Glass Studies 9 (1967), 76–93.

Kolesnychenko 2018
Anzhelika N. Kolesnychenko. “Стеклянные сосуды с над-
писями I в. н.э. из собрания Одесского археологического
музея (некоторые проблемы производства и распростра-
нения подобной продукции) / Glass Vessels with Inscriptions
of I Century AD in the Collection of Odessa Archaeological
Museum (Some Issues of Production and Distribution).” In
Ancient Nikonion and the World of Tribes of North-Western Pontic
Area. Proceedings of Round Table, Devoted to Jubilee of N. M. Sek-
erskaya and the 60th Anniversary of the Beginning of Excavations of
Nikonion (Odessa, 18th of May, 2017). Ed. by I. V. Bruyako and
A. V. Glavenchuk. Odessa: Irbis, 2018, 25–39.

Komp 2009
Jennifer Komp. Römisches Fensterglas. Archäologische und
archäometrische Untersuchungen zur Glasherstellung im Rheinge-
biet. Aachen: Shaker, 2009.

Kouwatli et al. 2008
Ibrahim Kouwatli, Hans H. Cuvers, Barbara Stuart, Yvette
Sablerolles, Julian Henderson, and Paul Reynolds. “A Pot-
tery and Glass Production Site in Beirut (BEY 015).” Baal 10
(2008), 103–130.

Krueger 1997
Ingeborg Krueger. “Research in Medieval Glass. Where Are
We Standing Now?” In Annales du 13e Congrès de l’Association
Internationale pour l’Histoire du Verre 1995. Ed. by International
Association for the History of Glass. Lochem: Association In-
ternationale pour l’Histoire du Verre, 1997, 277–288.

Krug 1980
Antje Krug. “Antike Gemmen im Römisch-Germanischen
Museum Köln.” Bericht der Römisch-Germanischen Kommission 61
(1980), 151–260.

Kucharczyk 2007
Renata Kucharczyk. “Glass from Area F on Kom el-Dikka
(Alexandria).” Polish Archaeology in the Mediterranean 19
(2007), 56–70.

Kühn 2010
Miriam Kühn, ed. Vorsicht Glas! Zerbrechliche Kunst 700–2010.
München: Edition Minerva, 2010.

Kunina 1997
Nina Kunina. Ancient Glass in the Hermitage Collection. St. Pe-
tersburg: The State Hermitage Ars Publishers Ltd, 1997.

Laflı 2009
Ergün Laflı. “Glass from Hadrianoupolis (Paphlagonia).” In
Late Antique/Early Byzantine Glass in the Eastern Mediterranean.
Conference Papers presented at the International Colloquium Late
Antique Glass in Anatolia (4th to 8th cent. A.D.) in October 25–28,
2009 in Izmir. Ed. by E. Laflı. Colloqvia Anatolica et Aegaea.
Acta Congressus Internationalis Smyrnensis 2. Izmir: Mat-
baası, 2009, 161–170.

210



GLASS NDS FROM PERGAMON

Laflı and Gürler 2010
Ergün Laflı and Binnur Gürler. “Frühbyzantinische Glaskunst
in Kleinasien.” In Byzanz – das Römerreich im Mittelalter 1. Ed.
by F. Daim and J. Drauschke. Mainz: Verlag des Römisch-
Germanischen Zentralmuseums, 2010, 431–449.

Lahusen and Formigli 2001
Götz Lahusen and Edilberto Formigli. Römische Bildnisse aus
Bronze. Kunst und Technik. München: Hirmer, 2001.

Lamm 1928
Carl Johann Lamm. Das Glas von Samarra. Die Ausgrabungen
von Samarra 4. Berlin: Reimer, 1928.

Lamm 1929–1930
Carl Johann Lamm. Mittelalterliche Gläser und Steinschnittar-
beiten aus dem Nahen Osten. Berlin: Reimer, 1929–1930.

Lazar 2003
Irena Lazar. The Roman Glass of Slovenia. Ljubljana: Založba
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Glass Working in Germania secunda

Summary

This paper presents evidence of glass working in Late Antiq-
uity in the province of Germania secunda. Five sites are known
so far, three of which have yielded glass furnaces: Goch-
Asperden, the Hambach Forest region, and Cologne. The
features and finds of the first two of these sites are discussed
in more detail. Furthermore, glass working in Cologne is
summed up shortly. Also the distribution of three distinct ves-
sel types are described (mold-blown bowls Isings 116, barrel-
shaped bottles, and ‘Helle’ type bowls). The question of local
raw glass production at Hambach is addressed, as well as ques-
tions concerning the craftsmen and organization of the work-
shops.

Keywords: Late Antiquity; glass working; glass furnaces;
crafts; glass vessels

Der Beitrag bespricht die spätantike Glasverarbeitung in der
Germania secunda. Von fünf bisher bekannten Fundplätzen er-
brachten drei Glasöfen: Goch-Asperden, der Hambacher Forst
und jüngst auch Köln. Die Befunde der ersten beiden Plätze
werden etwas detaillierter beschrieben und darüber hinaus die
Glasverarbeitung in Köln zusammengefasst. Es werden drei
Gefäßtypen (Schüsseln vom Typ Isings 116, fassförmige Fla-
schen und Schüsseln des Typs Helle) diskutiert und die Frage
nach einer eventuellen Rohglasproduktion in Hambach ange-
sprochen, ebenso wie die Herkunft der Glasmacher und die
Organisation der Werkstätten.

Keywords: Spätantike; Glasverarbeitung; Glasöfen; Hand-
werk; Glasgefäße

Florian Klimscha, Hans-Jörg Karlsen, Svend Hansen, Jürgen Renn (Hrsg.) | Vom Künstlichen Stein zum durchsichtigen Massenprodukt –
From Artificial Stone to Translucent Mass-Product | Berlin Studies of the Ancient World 67 (ISBN 978-3-9819685-5-2; ISSN (Print) 2366-6641;
ISSN (Online) 2366-665X; DOI 10.17171/3-67) | www.edition-topoi.org

217



MARION BRÜGGLER

It is well known that Cologne hosted important glass
workshops at the time of the High Empire.1 In Late An-
tiquity, the provincial capital seems to have lost its dom-
inant position in the glass industry, and workshops were
established in rural areas. However, the Rhineland still
played an important role in the glass industry. In the fol-
lowing, I will review the evidence for glass working in
the 4th and 5th centuries in the Late Antique province
of Germania secunda, the northernmost province of the
diocese of Gaul, comprising the Rhineland, parts of
the modern countries of Belgium, and the Netherlands.
Even though the province suffered from Germanic in-
vasions in the 4th and 5th centuries, the main centers
such as Cologne, Xanten, Nijmegen, and Tongeren re-
tained their importance, and the defensive system along
the Lower Rhine was still in use. As we shall see, crafts
like the making of glass vessels were sought-after skills,
and economic networks still functioned.

In Germania II, only three locations with glass fur-
naces are known so far; workshops were discovered by
excavation in Goch-Asperden near Nijmegen, the region
of the Hambach Forest west of Cologne, and also re-
cently in Cologne (Fig. 1). While at Asperden, a single
site yielded only two consecutive furnaces, the Hambach
region has yielded considerably more evidence with ten
sites and all-in-all more than 40 furnaces (Fig. 2). Un-
til recently, furnaces had been lacking in Cologne it-
self, but in 2015 a furnace was excavated in the southern
suburbs.2 In Aachen, a crucible fragment that is dated
‘probably to the 4th century’ was found near the Min-
ster,3 and in Krefeld a base fragment of a crucible was
found near the Late Antique fort.4 In summary, work-
shops seem to have been in operation in major centers,
namely the provincial capital, Cologne, as well as, not
discussed here, the capital of the neighboring province
of Belgica I, in Treves.5 Besides these, secondary centers
such as Krefeld and Aachen hosted workshops as well.

Most importantly, however, glass workshops were found
in rural areas.6

1 The Asperden workshop

The site at Goch-Asperden, District of Kleve, is situated
on the minor river Niers, a tributary of the Meuse on the
southern edge of the Reichswald Forest. The Reichswald
is a range of low elevations to the southeast of Nijmegen,
created by glacial activities. How it was used in Roman
times is not known. Roman presence in the area of the
forest is certain; for example, indicated by a coin hoard
dated to the 3rd century7 and other finds of a Roman
date.8 A well-dated pollen diagram from Kleefsche Beek
in the Netherlands, located a few kilometers to the south
of the Reichswald, shows a decrease of agricultural land
in the second half of the 3rd century. The area under-
went reforestation by AD 500,9 and has been a woodland
ever since. Asperden features a burgus, a military outpost,
which was excavated in 1964/65,10 and must have been a
place fromwhich themilitarymonitored trafficalong the
river Niers. Also, a road is thought to have led past Asper-
den from Cuijk on the river Meuse in the west, to Kalkar-
Burginatiumon theRhine in the east. There are also indi-
cations for a crossroads as well as a river crossing near the
burgus.11 At Cuijk in the Netherlands, a fort existed in the
4th century and a bridge across the river Meuse was con-
structed in AD 348/49 and repaired in AD 369 and AD
397.12 The burgus at Asperden can be connected to the
construction of the Meuse Bridge, since the fort’s earliest,
wooden phase probably dates back to the AD 340s. It was
then rebuilt in stone during the reign of Valentinian I.,
before it was abandoned in AD 420/30.13 The burgus was
situated on top of a plateau 17 m above the floodplain of
the Niers. Directly below it, on the foot of the slope, lay
the remains of a glass workshop. A furnace had already

1 Höpken and F. Schäfer 2006; von Saldern 2004, 590.
2 A. Schäfer and Bernhardt 2016, 145–147. Alfred Schäfer and Ella

Magdalena Hetzel and Reinhold Schwarz. ”Römische Glasmacher-
werkstätten des 3. und 4. Jahrhunderts in Köln”. In Römische Glasöfen
– Befunde, Funde und Rekonstruktionen in Synthese. Ed. by B. Birken-
hagen, C. Höpken, and M. Brüggler (in print).

3 Päffgen 2003, 10. A crucible from Jülich dated to the 3rd to 4th cen-
turies by Päffgen 2003, 10, is more likely older, dating to the 2nd to
3rd century (Gaitzsch, Follmann-Schulz, et al. 2000, 109–110, Fig.
19.5).

4 Museum Burg Linn, Krefeld, Inv.-Nr. 86/1. Gaitzsch, Follmann-
Schulz, et al. 2000, 109, give its type as Alzey 28, though only the base

has been found. Another vessel type can, therefore, not be ruled out.
5 Goethert 2010.
6 Grünewald and Hartmann 2014, 46–47.
7 Brüggler, Kemmers, and Klages 2015.
8 Unpublished data, LVR-State Service for Archaeological Heritage in

the Rhineland.
9 Kalis et al. 2008, 36.

10 Hinz and Hömberg 1968.
11 Brüggler 2014.
12 Goudswaard, Kroes, and Beek 2000, 482–484, 541.
13 Brüggler 2014; Bakker 2014.
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Fig. 1 Distribution of workshops in Germa-
nia secunda. Red dots: Furnaces, white dots:
evidence of crucibles or production waste.

Fig. 2 Workshops in the Hambach Forest.
Dots: Furnaces, circles: evidence by crucibles
or production waste. Squares: Vici.
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Fig. 3 The Asperden-furnaces, to the left the
younger furnace (I), partly built on top of an
older furnace (II).

been found in 1964 and was correctly identified by the ex-
cavators; however, unfortunately it was not documented
at all.14 Plans for an excavation were not realized until
2006, when a team of the LVR-State Service for Archae-
ological Heritage in the Rhineland, department Xanten,
under direction of the author, was able to investigate the
structures in more detail.15

1.1 Structures

Two furnaces made predominantly from tiles laid in
loam were discovered, a more recent one partly overlay-
ing an older one (Fig. 3). The later of the two furnaces
was the better preserved. Since this is also the best pre-
served Late Antique glass furnace in the Rhineland so
far, it shall be described here in more detail. The furnace
had a roughly oval shape of 2.4 x 1.7 m, with an annex
on its southern side in the form of a semicircle, adding a
further 0.85 m to the width of the structure (Fig. 4). The
round fire chamber measured 0.65 m in diameter and a
narrow channel led into it from the west (Fig. 4 A). A
layer of charcoal-blackened sand covered the whole area
to the west of the furnace: a work floor.16 The chan-
nel started from the floor level and sloped 0.3 m down-
wards, ending level with the floor of the fire chamber.
Ashes could be removed through this opening. Imme-

diately to the north of this channel, a second opening
(Fig. 4 B) led into the fire chamber. It was level with the
work floor, that is to say, it opened into the fire cham-
ber at 0.33 m above floor level. This opening might have
been the stoke hole, its construction facilitating the use
of cordwood: part of the logs are suspended in the fir-
ing chamber allowing the air to circulate easily around
them.17 The fire chamber had yet another opening in
the south (Fig. 4 C): a loam-lined channel started above
floor level and led over almost 1 m gently downwards,
then widened into a rectangular area of 0.3 x 0.25 m that
was covered in a layer of fine ash (Fig. 4 D). The function
of this structure is not certain; it cannot have been an an-
nealing furnace, since the surface is too small. Maybe it
was used for the preparation of food for the workers.18

East of the fire chamber and half a meter above its
floor was situated an oval-shaped flat tank built of loam
(0.8 x 0.55 m x 0.08 m). An opaque, shiny substance cov-
ered its surface. Within this tank, and on the side away
from the fire chamber, excavators found a round tank of
0.35 m in diameter (Fig. 5). This smaller, circular tank
was filled with a layer of cracked green glass. How to in-
terpret these tanks is not really clear. Was glass molten
in them? It is possible that the small round structure
was not a tank at all, but rather the remains of a pro-
tective loam-layer surrounding a crucible. The oval tank

14 Hinz and Hömberg 1968, 170.
15 Brüggler 2014, 72.
16 The layer contained debris from glass working as well as several

coins.

17 Cf. Taylor and Hill 2008, 260.
18 Suggestion by experimental archaeologist Frank Wiesenberg,

Cologne.
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Fig. 4 Plan of the Asperden-furnaces after
removal of debris from the demolition of
furnace II and the charcoal-layer west of the
furnaces.

might also have been a shelf for crucibles. In either case,
an opening must have been situated in the wall above
the tanks for the extraction of parisons, with a seat for a
glass blower in front of it. Regardless of whether these
features represented tanks or shelves, the furnace can be
reconstructed as a cross draught furnace.

The older of the two furnaces was less well-
preserved, since it was partly destroyed during the con-
struction of the younger furnace to the north. Only
one opening was documented (Fig. 4 E). As far as could
be seen, the construction was similar to the younger
one, the only difference being that the bottom of its
fire chamber was on the same level as the correspond-
ing working floor.

To the east and west of the furnaces, rows of post-
holes were observed, most likely the remains of a shel-
ter. Stratigraphically, most of the postholes belonged

to the older furnace, but it is likely that the younger
furnace would also have had a shelter. The excavation
trench could not be enlarged to search for evidence fur-
ther away from the furnaces because of the dense for-
est in the area. To the north of the furnaces, a chamber
with stepped walls had been dug into the slope. The ter-
race steps were packed with stones in loam, no doubt
to stabilize the slope. The dug-out chamber measured
one meter in width at ground level, 2.3 m at two meters
above the ground, extending into the slope. The sand
and loam of the walls of the terraced room, and also of
the ground beneath the tiles, was burnt red. It is not
clear whether this was on purpose or by accident. As a
result of the disturbances by an excavation trench dug in
1964, it was not possible to clarify to which of the two
furnaces this structure belonged. Its alignment with the
rows of postholes suggests it being part of the aforemen-
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Fig. 5 The tanks (?) of the younger Asperden-furnace. Fig. 6 A crucible from Asperden, height 21 cm, diameter 31 cm viewed
from above and the side.

tioned shelter. The chamber may have been used as a
storeroom, for example.

1.2 Finds

During the excavations, many crucible fragments were
found. One crucible (Fig. 6) could be reassembled to
a height of 21 cm, but it must have been higher, since
the rim was broken off. It could have contained up to
6.3 liters of glass.19 The inside is covered with a thin
layer of finely crazed glass in various shades of green with
opaque red streaks.20 The glass layer is thicker and semi-
opaque towards the bottom, also the crucible seems to
have been tilted to one side while the glass was still vis-
cous, the glass mass in the bottom was flowing to one
side while cooling down. Another crucible base also
contained glass that had flowed to one side, so this cru-

cible too must have been tilted while the glass was still
viscous. The base is covered with glass on the outside,
in one place loam from the furnace shelf adhered to
it. Some of the other crucible fragments had an outer
coating of clay. The coatings served the purpose of pro-
tecting the pots against chemical attack within the fur-
nace atmosphere or of stabilizing the pots – especially
those with narrow bases – on the furnace shelf.21 As to
whether the crucibles were fixed to the shelf with the
loam, there seem to have been different practices. In
Trier, a built-in crucible was found during the excava-
tion of a furnace.22 The two crucibles from Asperden
mentioned above were tilted while still hot. This would
not have been possible if they had been fixed to the shelf,
so here, they were obviously not fixed. Without excep-
tion, the crucibles were made of ceramics produced in
the Eifel at Mayen. These pots and bowls were normal

19 Gaitzsch, Follmann-Schulz, et al. 2000, 113, gives the volume of a cru-
cible from HA 500 as 6 liters (or 15 kg of glass).

20 A crucible with similar green glass and red streaks from the Hambach
Forest was analyzed by Wedepohl and found to be two different sorts
of melt that had not mixed well or had separated again, maybe in an

attempt to colour the glass with copper (Gaitzsch, Follmann-Schulz,
et al. 2000, 144–145).

21 Payne 2008, 285–286; Taylor and Hill 2008, 261.
22 Goethert 2010, 86.
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household ceramics, i.e. not specialized containers for
the melting of glass.23 Since no rim sherds were found,
the types of the pots or bowls used at Asperden remain
uncertain. The crucible shown in Fig. 6 was most likely a
pot, maybe of type Alzey 27. The rims seem to have been
broken off deliberately to obtain a wider diameter. This
can be inferred from one crucible fragment where glass
completely covered the rim, which had been broken off
beforehand.24

Determining the product range of a workshop is of-
ten difficult, since waste from glass manufacturing pro-
cesses was re-melted. Additionally, glass sherds that had
been collected from other sites for recycling can bias the
picture. Sometimes, however, waste was not re-melted,
if it was too contaminated for example, or simply over-
looked. Looking at these small glass objects more closely
can help provide insights into finished products and il-
lustrate details of the production process.

Chunks of raw glass from Asperden were mostly
coloured yellowish-green, resulting in translucent glass
of a yellowish-green tinge. Most of the vessel fragments
were also translucent, with a distinctive tint ranging
from greenish to yellowish-green. Blue-green glass also
occurred, albeit in very small quantities, i.e. a handle
fragment of a bottle from the 1st to 3rd century, a sherd
of a rib bowl from the 1st century, and some wall frag-
ments of other vessels. This suggests the recycling of
older vessels. Apart from clear glass, raw glass that was
black in appearance, was found in a chunk form. Brown
and blue glass was also present and used for decorations.

Vessel glass was definitely blown in the workshop of
Asperden, as the frequent presence of moils proves. Cer-
tain moils occur when glass flakes off from the upper
part of the parison. Sometimes black iron oxide scales
from the blowpipe adhere to their inner surface. Their
inner diameter of 1 cm, in one case, and 1.5 cm, in two
cases, indicate the outer width of the blowpipe used.
Other moils occur when the parison is cracked off the
blowpipe to attain an open vessel. These moils look like
flat bowls. Their rim diameters vary between 6 and 16
cm, though mostly are around 12 and 13 cm. Their pres-
ence proves the blowing of open vessels such as beakers,
cups, and bowls.

Fig. 7 Decoration found in Asperden: “knot” made of blue glass,
length 1,6 cm.

Numerous body and rim fragments of glass ves-
sels were recovered during the excavation. Most of the
rims were cracked off and belonged to cups, beakers,
or bowls, as was already indicated by the presence of
the moils. These rims were sometimes smoothed by
polishing. A few fire-rounded rims also occur. Where
the type could be identified more closely, hemispheri-
cal cups with cracked off rims of type Isings 96 (19 rim
sherds) were relatively frequent. Their rims were some-
times smoothed by polishing. Another rim sherd prob-
ably belonged to a subtype with a wide opening. Hemi-
spherical cups were, in general, very frequent during
the entire 4th century, and continued to be used in the
5th century. One fragment with a cracked-off rim most
likely belonged to a conical beaker (type Isings 106c) that
appeared in the 1st half of the 4th century. Four sherds
of indented truncated conical bowls were found (type
Isings 117). Two of these have cracked-off rims. In gen-
eral, they can be dated to the 2nd half of the 4th to mid-
5th century. Another piece has a fire-rounded rim and
a spiral glass trail on the upper part of the body. These
features characterize late examples of the type.25 Two
more sherds with cracked-off rims may have belonged
to the types Isings 116a or Isings 117. A distinctive type
that was produced at Asperden is the Helle type, 16 frag-
ments of bowls of this type were found. I will return to
this type in more detail below. In summary, the vessels
produced in Asperden were cups, beakers, bowls, and

23 This is a widely known phenomenon, cf. e.g. Nenna 2008, 63.
24 Brüggler 2014, 94.

25 Koch 1987, 187.
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maybe bottles, that is to say, drinking ware. The pre-
dominance of drinking ware in glass vessel types is char-
acteristic of the Late Antiquity. Additionally, a single
fragment of a glass bangle with a black appearance was
also found. In combination with the find of a black glass
chunk, it seems possible that this object was also shaped
at Asperden.

Several kinds of decoration occur on the vessels:
coloured blobs and glass-trails in blue and brown on
clear glass were noted, along with horizontal trails of
the same colour as the body-glass, horizontal trails of
brown glass, and finely incised horizontal lines. In one
case, a sort of knot in blue glass was recorded (Fig. 7).
One sherd had horizontal trails in the colour of the glass
that were drawn down to form an arcade-like décor.
One body fragment had small decorative dents made by
blowing a parison into a mold, before retrieving and fur-
ther inflating it.

1.3 Date

A glass furnace has to be repaired after one firing sea-
son, and possibly even a cupola replaced; however, this
would not always leave a trace in the archaeological
record. Since only two consecutive furnaces are known
from Asperden, it is thought that glass working at the
site lasted for no more than a few years, ranging from
shortly before the year AD 400 to around 420/30. This
can be surmised from the typological analysis of the
finds, i.e. ceramic and glass types and coins associated
with the workshop.26

2 The Hambach Forest and its
workshops

Eight sites within an area of roughly 15 km2 in the Ham-
bach Forest, ca. 30 km west of Cologne and just to the

south of the Roman road between Cologne and Bavay,
have yielded evidence of Late Antique vessel glass pro-
duction (cf. Fig. 2). Furnaces were discovered at most of
the sites, between two and 12 or 13 at a single site; at one
site, HA 127, the presence of a workshop was demon-
strated by fabrication waste only. A few kilometers to
the southwest of the workshop region, two more sites
are known from surface finds at Düren-Birkesfeld27 and
Niederzier.28

The Hambach region was extensively settled in the
High Empire in the form of villae rusticae, which had
mostly been abandoned by the end of the 3rd century.
Reforestation had already started in the 1st half of the
3rd century, and continued into Late Antiquity.29 By
the Early Middle Ages, the region was covered by for-
est and remained so until today. Unfortunately, the for-
est is now destroyed by open cast lignite mining. The
road close by, the relative vicinity to Cologne and the sec-
ondary town of Jülich, and the ample presence of wood
for fuel were most likely the crucial factors for the choice
of location for the glass workers.30 Another incentive
may have been the re-use of building materials: all of
the Hambach workshops were established at the site of
former villae rusticae.31

The site that yielded the most extensive evidence for
glass working is HA 132. It was excavated partly in 1977
and partly in 1994–1996 by the LVR-State Service for
Archaeological Heritage in the Rhineland by Wolfgang
Czysz (1977) and Wolfgang Gaitzsch (1994–1996), and
published by the author as part of her PhD research.32 A
villa rustica existed on the site from the mid-1st century
AD and until the end of the 3rd century AD (Fig. 8).
At some point in the 1st half of the 4th century, glass
blowers settled here, probably living in the former main
building of the villa rustica, this is indicated by some
changes to the building and an abundance of finds of
the Late Antiquity.33 Two working areas were identified
at the site, one a few meters to the south of the former

26 Brüggler 2014, 103–105.
27 Komp 2010. No datable material was found. Komp dates the site to

the 1st century according to her chemical analyses, but the greenish-
yellow colour of the glass finds seem to point rather to a Late An-
tique workshop; cf. also Follmann-Schulz 2015, 23.

28 Constanze Höpken and Markus Leyens. ”Eine römische Glashütte
in Niederzier Berg“. In Römische Glasöfen – Befunde, Funde und Rekon-
struktionen in Synthese. Ed. by B. Birkenhagen, C. Höpken, and M.
Brüggler (in print).

29 Gaitzsch 1999, 148–150. Cf. also Gregor Wagner, Marion Brüggler,
and Martin Grünewald. ”Spätantike Glasöfen im Hambacher Forst
bei Düren“. In Römische Glasöfen – Befunde, Funde und Rekonstruktionen
in Synthese. Ed. by B. Birkenhagen, C. Höpken, and M. Brüggler (in
print).

30 Gaitzsch, Follmann-Schulz, et al. 2000, 154.
31 Gaitzsch, Follmann-Schulz, et al. 2000, 96.
32 Brüggler 2009.
33 Brüggler 2009, 32.
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Fig. 8 Plan of site HA 132.

Fig. 9 HA 132: Plan of the shelter of the northern working area. Fig. 10 HA 132: Plan of the shelter of the southern working area.

225



MARION BRÜGGLER

main building and another not far to the northwest of it.
The working area to the south consisted of a shelter of
ca. 10 m by 10 m made from timber, with a foundation
of re-used stone bases and one furnace (Fig. 9)34 Only
trial trenches were dug in 1977; the area surrounding the
furnace was not fully excavated, but there are indications
that the working area originally had a larger extension.35

The working area to the northwest also yielded a shelter
(Fig. 10) and 12 furnaces. The northern shelter, which
measured 14 by 8.5 m and was also built using re-used
stone bases, covered nine of the furnaces; the remainder
lay outside of it.36 The southern shelter did not cover the
furnace, it was, therefore, more likely a shelter for the
workers. Be that as it may, all furnaces must have had a
shelter, since rain would destroy the loam cupolas. The
walls of the shelters must have been partly open to allow
poisonous fumes to dissipate. The northern shelter had
three rooms, the central and largest one opened to the
west. The southern shelter is too badly preserved to al-
low any similar statement. Postholes surrounding some
furnaces were also documented at HA 75,37 HA 111,38

and HA 500,39 and interpreted as being parts of shelters
(Fig. 11). Also in HA 382, a shelter was built around a
furnace.40

At HA 132, twelve, possibly 13 glass furnaces were
documented.41 All of them were poorly preserved, with
only the very lowest parts having survived. They be-
long to different types, which also occur on other sites
of the Hambach Forest. Type A furnaces were round to
oval with an inner diameter of less than 1 m and had
an outer ring built up with stones or tiles. Two exem-
plars of this type were found in HA 132. Type B was also
rather small, with inner diameters of up to 0.9 m, but
with pear-shaped firing chambers that were built only
of baked loam; it was documented 7 to 8 times in HA
132. Type C was found in HA 75 and HA 500, and, only
with one badly preserved example, in HA 132. This type

Fig. 11 Shelters at HA 111, HA 500, and HA 75. Black: Posthole, or-
ange: furnace, grey: pit.

was built as a semi-circle and constructed of tiles, with
a rectangular area of burnt loam adjacent to it. It mea-
sured 2 by 1.4 m at the maximum width. Type D was
shaped like a trapezium and had two chambers. Type E
was only found once in the Hambach Forest, at HA 111;
it was rectangular, measuring 2 m in length and 1.7 m

34 The reconstruction of the shelter originally published by Czysz 1978,
126, Fig. 106, and reproduced by Gaitzsch, Follmann-Schulz, et al.
2000, 101, is not correct; the stone blocks used as bases for a timber
structure had bungholes. So far, the published drawing is correct.
However, the bases were re-used from other buildings, they did not
fit together, and no attention was given by the builders to a correct
alignment of the bungholes. In fact, even fragments of a decorated
gravestone were used as bases (cf. Brüggler 2009, 123).

35 Brüggler 2009, 65.

36 For two of the furnaces, it is questionable whether they were used at
the same time as the shelter: one lay were a stone base should have
been situated, another is very close to a post – the timber would have
been in danger of catching fire, Brüggler 2009, 67.

37 Rech 1982, 30.
38 Gaitzsch 1999, 127.
39 Heege 1997, 35.
40 Feature nr. 4156, Gregor Wagner pers. comm.
41 Brüggler 2009, 68–71.
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Site Number of
furnaces

Furnace
types

Remarks Graves Bibliography

HA 59 4–5 1 A, 3–4 B Hallmann-Preuß 2002

HA 75 9 2 A, 5 B, 2 C Rech 1982

HA 111 3 1 A, 1 B, 1 E Gaitzsch 1999

HA 127 Gaitzsch 2001

HA 132 12–13 2 A, 7–8 B, 1
C, 1 D

2 separate
working
areas

35 inhu-
mations, 3
cremations

Brüggler 2009

HA 382 7–9 1–2 A, 5–7 B 2 inhuma-
tions, 1
cremation

Gaitzsch 1999; Wagner
n.d.

HA 488 >4 3 A, 1 D? 2 separate
working
areas

Preliminary report:
Gaitzsch, Haarich, and
Janssens 2009, 326

HA 500 2 2C 1 sarcoph-
agus, AD
400

Heege 1997

Tab. 1 Summary of the Hambach-forest sites.

Fig. 12 Furnace-types A-E. A: HA 132, St. 9;
B: HA 132, FL42/10; C: HA 500, St. 1482; D:
HA 132, St. 46; E: HA 111, St. 20.

in width, and resembled a tank, built of layers of mor-
tar and tiles42 (Fig. 12). While types A and B were up
draught furnaces, types C and D were cross draught fur-
naces. At HA 132, fragments of straight furnace walls
made of loam were also discovered as stray finds, which
did not seem to originate from any of the other struc-
tures still in situ. It is possible that these were the re-
mains of a ‘tank furnace’.43 When comparing the distri-

bution of furnace types excavated in the Hambach Forest
(cf. Tab. 1), a pattern emerges. At four sites, one or two
furnaces of type A are combined with several furnaces
of type B. Type C, which occurs on three sites, is found
more rarely. Types D and E were recorded only once.
In Hambach 111, two furnaces of type A and B were
situated in the neighborhood of the tank-like structure

42 Cf. Brüggler 2009, 67, 79–82. My classification differs from the one
by Gaitzsch (cf. Gaitzsch, Follmann-Schulz, et al. 2000, 103–106):
Type A = Gaitzsch A; Type B = Gaitzsch A; Type C = Gaitzsch B; Type
D = Gaitzsch A; Type E = Gaitzsch C.

43 Brüggler 2009, 70; Gaitzsch also remarked on flat pieces of burnt
loam with a thick covering of glass found within furnace V. These
were identified by Thilo Rehren as technical glass, not as partial melt
of the furnace structure (Gaitzsch, Follmann-Schulz, et al. 2000, 106).
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that the excavator interprets as a tank furnace.44 This in-
terpretation is not secure, since no glassy surfaces were
noted on the structure. Also, mortar is not very suitable
as a building material for furnaces, it would not toler-
ate the heat. So either the interpretation is true and the
furnace has never been used, or the structure has to be
interpreted differently, for example as a water basin.45 In
general, the differentiation in the layout of the furnaces
suggests a differentiation in function. For a secondary
workshop importing raw glass, only two furnace types
would be needed: a working furnace and an annealing
kiln. It was suggested, that type A were working fur-
naces and type B and C were used for annealing,46 but
what was the function of the other structures? Were they
used for melting raw glass? Or for specialized manufac-
turing processes not known so far? Alternatively, were
they just made by different craftsmen? Another reason
for the differences could be a chronological differenti-
ation, but this can only be guessed since the structures
cannot be dated precisely enough.

At HA 132, a cemetery to the east of the main build-
ing was excavated. The practice of burial started already
at the time of the occupation of the villa rustica in the
3rd century. Foundations of a grave monument – pieces
of which were later reused in the shelter of the southern
working area – were found, as well as the lead sarcopha-
gus of a child, also dating to the 3rd century. The ceme-
tery was used by the craftsmen in the 4th to mid-5th cen-
turies. Thirty-eight graves can be dated to this period, 35
of them inhumations and 3 cremations. A further seven
cremations belong to the 3rd to 5th centuries, but can-
not be dated more precisely for lack of grave goods. A
number of the inhumation graves contained large assem-
blages of glass vessels (Fig. 13–16).

2.1 Finds and produce

In the workshop at HA 132, but also in the Hambach For-
est as a whole, Mayen-ware pots and bowls were widely
used as crucibles. While in the workshopHA 132 and HA
500, the crucibles were bowls belonging to type Alzey 28,
pots of type Alzey 27 were used in HA 382. In the later

case their rims were removed prior to using them as cru-
cibles, in order to attain a larger opening.47 Another type
of bowl or pot was used at site HA 127, also made from
Mayen ware, but with a rib beneath the rim.48

The product range of the workshops in the Ham-
bach Forest seems to be wider than that of the Asper-
den workshop. This could be the result of a bias, since
many vessels in HA 132 were found in the graves and
were, therefore, recovered as whole vessels, while those
at Asperden were in small fragments and, therefore, the
vessel type could often not be determined. More likely,
though, this is an actual difference in the product range,
since the workshops in the Hambach Forest operated for
a longer time than the one at Asperden

Karl Hans Wedepohl chemically analyzed glass ves-
sels from the graves, on the one hand, and glass waste
as well as glass chunks from the workshop areas of the
Hambach sites, on the other hand.49 The composition
of the glass made the distinction of two groups of work-
shops within the Hambach Forest possible; one group
used raw glass with a high iron content and one used
raw glass with a lower iron content. Wedepohl thought
it was possible to chemically recognize products of the
Hambach Forest from that of other workshops. It is
now known that it is in fact not possible to do so.
Therefore, for the following list of vessel types, that was
given as chemically proven of being produced in the
Hambach Forest workshops, a local production is still
likely – some of the vessels are second-rate quality – but
other than stated before, this cannot be proven chemi-
cally (Fig. 16);50 eating/serving: low circular dish Isings
97a, drinking vessel: shallow bowl Isings 116a, mold-
blown bowl with geometrical ornament Isings 116b,
deep bowl with horizontal rim on foot Isings 115, drink-
ing horn Isings 113 with yellow and brown trails and
blobs, conical beaker on foot Isings 109b, and conical
beaker Isings 106 with blobs and arcaded trails; drink-
ing/serving: barrel-shaped bottle stamped ECVA and
FRON, bulbous flask Isings 101 (plain and with ribs),
flask with funnel mouth with base ring Isings 104a, and
conical bottle with funnel neck. Not shown on Fig. 16
because the type was not included in the graves at HA

44 Gaitzsch, Follmann-Schulz, et al. 2000, 105–106.
45 Brüggler 2009, 213.
46 Gaitzsch, Follmann-Schulz, et al. 2000, 104–105; Brüggler 2009, 82.
47 Gaitzsch, Follmann-Schulz, et al. 2000, 110; Brüggler 2009, 75; rim

type: Redknap 1999, 57–58, 64 (type R2.1–R2.45).

48 Follmann-Schulz 2015, 24, Fig. 2.4.
49 For details on the chemical analyses cf. Gaitzsch, Follmann-Schulz,

et al. 2000, 87, 131–147 and the discussion below.
50 Gaitzsch, Follmann-Schulz, et al. 2000, 114.
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Fig. 13 Glass-vessels from grave 38 at HA
132.

Fig. 14 Glass-vessels from grave 39 at HA
132.

132 is beaker type Isings 109b. Via production waste,
the following types are likely to have been produced in
the Hambach Forest (Fig. 16): conical beaker Isings 106,
hemispherical cup Isings 96, bottle with dolphin han-
dles Isings 100a, vessel with square body, and also barrel-
shaped bottles stamped ECVA and FRON.

An interesting observation is the difference in
colour of the clear glass vessels between the assemblages
in the cemetery at HA 132. The vessels all have a
light tinge, ranging between bluish green and yellowish
green. It could be shown, that the different hues have a
chronological significance, with clear and bluish green
glasses, the latter not to be confused with the blue-green
glass of the High Empire, being the earlier ones and the
greenish-yellow tinge becoming more pronounced to-
wards the end of the use of the cemetery.51

2.2 Date

The graves at the site HA 132 help establish the period
of duration of the workshops. Since the glass found in
the graves was produced in HA 132, or at the other sites
in the Hambach Forest (cf. above), the date of the graves
give a minimum timespan for the workshops. The first
burials containing glass date from the 1st half of the 4th
century, there were graves dating to the 2nd half of the
4th century, and the latest graves date to the middle third
of the 5th century. The glass workshops were, therefore,
established during the first half of the 4th century, con-
tinued through the 2nd half of the 4th century into the
middle third of the 5th century, covering around, or just
over, one century.52 Finds that can give an independent
dating of the workshops also came to light in the work-
shops themselves. In a furnace on the site HA 500, a

51 Brüggler 2009, 84, 119–121; Gaitzsch, Follmann-Schulz, et al. 2000,
118.

52 Brüggler 2009, 90–92.
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Fig. 15 Glass-vessels from grave 75 at HA
132.

Fig. 16 Vessel-types found in the graves at HA 132. °type produced in the Hambach Forest according to production waste. The numbers refer to the
catalogue-numbers in Brüggler 2009. M 1:4.

coin hoard was found, with most of the coins dating be-
tween AD 337–350.53 This may be linked to an intru-
sion of Franks in the time of Emperor Julian’s reign.54

At this point, the furnace must still have been in exis-
tence, which means that it must have had a cupola to be
able to hide a hoard in the firing chamber.55 The person

that hid the hoard was not able to retrieve it again, and
the furnace was also not used afterwards, indicating an
interruption of production at HA 500. The production
within the Hambach Forest as a whole, however, did not
come to an end then. At HA 59, a sherd of roller stamped
Argonne ware was found in the filling of a furnace. The

53 Zedelius 1980, 205–206.
54 Rech 1982, 386.

55 Rech 1982, 386.
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Fig. 17 Cup with “Igelkopf”-decoration from
Bonn.

motive of the stamp can be dated to the end of the 4th
and 5th centuries.56

It has been suggested by Wolfgang Gaitzsch, that
the workshops at the different Hambach sites were in
fact one factory and did not operate independently from
each other.57 This view is also held by the author.58 At
HA 111, a sherd of an ECVA-stamped barrel-shaped bot-
tle was found that was blown in the same mold as an-
other bottle from HA 132. Also, graves were only found
at three sites: HA 500 had only one grave, HA 382 three,
while there were 38 at HA 132. Also, the number of
furnaces was largest at HA 132. It seems, that HA 132
was used as the center, where the craftsmen buried their
dead, while the workshops moved around, clearing the
brushwood for fuel and then moved on when it was used
up. Of course, it cannot be ruled out that larger numbers
of graves or furnaces in other places were not discovered.

The dating is difficult, since not all the sites have
been studied in detail yet. However, an overview can be
given.59 HA 75 is possibly the oldest site, established at
some point in the 1st half of the 4th century, according

to the earlier crucible sherds described below. During
the 1st half of the 4th century, the northern workshop in
HA 132 was in operation. At HA 500, a furnace was in
use around the middle of the 4th century, as the afore-
mentioned coin hoard indicates. A grave was interred
there containing large numbers of glass vessels and dated
to around AD 400, and a well was built in AD 395.60 This
may be an indication of a longer production period at
the site. The HA 59 site was more likely used in the 2nd
half of the 4th century. The chemical composition can
provide a clue to the dating as well; according to Wede-
pohl, two chemically different groups of glass were used
in the Hambach forest, one group with a higher iron
content, one with a low iron content.61 The group with
the higher iron content is later than that with the low
iron content, as can be derived from the forms of the ves-
sels made with the respective raw glass. The workshops
at HA 382, HA 59, HA 500, and HA 132-south used the
high iron group and, therefore, were later than HA 75
and HA 111 (HA 488 was excavated after the analyses
had been carried out).

56 Cf. Brüggler 2009, 212.
57 Gaitzsch, Follmann-Schulz, et al. 2000, 154.
58 Brüggler 2009, 214–215.

59 Brüggler 2009, 214.
60 Heege 1997, 40–41.
61 Gaitzsch, Follmann-Schulz, et al. 2000, 136.
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Fig. 18 Bowl with a decoration in Wint-Hill-
Style from Bonn.

3 Cologne

The fact that Cologne hosted an important vessel glass
production in the first two centuries, together with
many graves containing rich assemblages of glass vessels,
leads to the supposition of an important glass industry
also in the 3rd to 5th centuries. Until recently, direct ev-
idence for glass production in the form of furnaces was
lacking after the late 2nd century. Only three fragments
of crucibles from two sites – one near the Waidmarkt,
one at Kattenbug – had been identified that are dated to
the 4th century.62 In 2015, a glass furnace was excavated
in the southern suburbs in Tel-Aviv-Straße. It is dated
to the 2nd half of the 4th century.63 This is the first di-
rect evidence of glass working during Late Antiquity in
Cologne.

In the late 3rd/4th centuries, certain geometrical
wheel-cut motives – diamond and honeycomb, the so-
called ‘Kölner Raute’ – were thought to have been cut
in Cologne. In the 4th century, anthropomorphic cut
motives, especially on cups and beakers with figures

sporting spiny hairstyles and eyes and mouths marked
by double lines, make up the so-called ‘Igelkopfwerk-
statt’ (Fig. 17). This workshop was presumably also lo-
cated in Cologne.64 Bowls with hunting scenes, mytho-
logical scenes or Christian iconography of the so-called
Wint Hill group are thought to have been produced in
Cologne as well. Mainz, however, is also discussed as
a possible location for this workshop (Fig. 18).65 The
most elaborate of Roman vessels, the cage cups, were
also thought to have been produced in the city. This
is deduced by a perceived concentration of these cups
(altogether 3) in Cologne.66

These examples relate to the tasks of processing and
finishing, i.e. working the vessels in a cold state, not
vessel blowing. It is, therefore, conceivable that besides
glass blowing, workshops in Cologne imported raw, un-
worked glass vessels and then decorated them. On the
other hand, it is possible that the accumulation of high
quality glass vessels might in fact not represent local in-
dustry, but rather rich people having been able to afford
these vessels, as Höpken and Schäfer point out.67

62 The Kattenbug fragment, however, is not securely dated in Late An-
tiquity. It is made of local ware and has a rim form that might as well
belong to the 2nd or 3rd centuries. Höpken and F. Schäfer 2006, 82.

63 For further details cf. A. Schäfer and Bernhardt 2016, 145–147; Alfred
Schäfer and Ella Magdalena Hetzel and Reinhold Schwarz. ”Römis-
che Glasmacherwerkstätten des 3. und 4. Jahrhunderts in Köln”. In
Römische Glasöfen – Befunde, Funde und Rekonstruktionen in Synthese. Ed.

by B. Birkenhagen, C. Höpken, and M. Brüggler (in print).
64 Follmann-Schulz 1988, 7; Rottloff 2000, 146; Höpken and F. Schäfer

2006, 82.
65 Höpken and F. Schäfer 2006, 82; Harden 1960; von Saldern 2004,

416.
66 Höpken 2010, 391–392.
67 Höpken and F. Schäfer 2006, 82.
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4 Distribution of selected vessel types

One way of determining the economic significance of
a workshop is to trace the products from production
to consumer sites. Unfortunately, many of the vessels
blown in the Hambach Forest and at Asperden were
nondescript simple cups and bowls that can be found
on almost every Late Antique site in the Northwestern
provinces. Their simple shape makes it impossible to
trace them back to a workshop either by decoration or
by the style of a craftsman. Others are so singular, that
no parallel can be found, such as the polychrome drink-
ing horn found at HA 132. Some vessels, however, can
be traced back to certain workshops and help illuminate
the distribution networks. These will be discussed in the
following section.

4.1 Mold-blown bowls Isings 116 with
geometrical ornamentation

In HA 132, two mold-blown bowls of type Isings 116
were decorated with a geometrical ornament. They were
found in two of the Late Antique graves, dating to the
end of the 4th/1st half of the 5th centuries and to the
middle third of the 5th century.68 The ornament con-
sisted of an equal-armed cross within a lozenge that was
surrounded by a square. Lines radiated outward from
this center ornament. While according to some, the mo-
tive is a purely geometrical ornament,69 according to
others, it can be connected to Christian iconography.70

Be that as it may, the mold used to form both these bowls
had a barely detectable flaw. A dot can be made out in
the angle of the cross near the center (Fig. 19). Two more
bowls that were made using the same mold are known
from Eschweiler-Lohn,71 one from Inden, both sites be-
ing ca. 15 kilometers to the east of the Hambach Forest;
another one from Cologne; and a fragment from Rema-
gen.72 Altogether, seven bowls are known so far, two of
which were found on workshop sites. The others were
obviously traded, but only in the southern Rhineland.

Fig. 19 Mould-blown bowl from HA 132.

4.2 Barrel-shaped bottles

In their extensive study of the Hambach Forest glass
workshops, Wolfgang Gaitzsch, Anna-Barbara Follmann
Schulz, Karl Hans Wedepohl, and Gerald Hartmann also
investigated barrel-shaped bottles in detail.73 These ves-
sels are named after their form that was based on barrels.
Their liquid capacity was limited, from 520 ml to 670 ml.
Their main use, therefore, must have been for serving at
table, but they could also have been used as storage and
transport vessels. Most of the known vessels were found
in graves dating from the middle of the 4th century to
the 1st half of the 5th century, which was also most likely
their time of production. In the cemetery of HA 132
alone, five examples were found within the Late Antique
graves 52, 53, 68, 71, and 72.74 Many of the barrel-shaped
bottles have a maker’s mark on their bases, those from
HA 132 read ECVA. Until now, 28 barrel-shaped bot-
tles signed with ECVA are known. Four different forms
variants exist for these letters (groups A–D). Most of the
bottles belong to variants A and B, while C and D are
rare. Belonging to one of the groups means that the bot-
tles were blown using the same form. Stamps of variant
A are accounted for several times in the Hambach For-
est. The jars of type A were produced here. Chemical
analyses carried out on type B – variants C and D were

68 Brüggler 2009, grave 66, 453, grave 72, 457.
69 Gaitzsch, Follmann-Schulz, et al. 2000, 119; Gottschalk 2015, 75.
70 Päffgen 2003, 11.
71 Gottschalk 2015, 76.

72 Gottschalk 2015, 74; Follmann-Schulz 2015, 29.
73 Cf. here and in following Gaitzsch, Follmann-Schulz, et al. 2000,

119–131, 146–147; cf. also Follmann-Schulz 2015, 25.
74 Brüggler 2009, 442–457.

233



MARION BRÜGGLER

not analyzed – suggested a production in the Hambach
Forest, too. It was since shown that the chemical compo-
sition does not allow the assignment to these workshops
(cf. below). ECVA bottles are found throughout the
Rhineland, mostly in Germania secunda, a few in Ger-
mania prima, with Wolfsheim being the southernmost
example. Only one specimen was found in France, at
Fontoy (France, Dep. Moselle).75 Barrel-shaped bottles
with a stamp reading EQVALUPIOFEC(it) were found
in Cologne, Krefeld-Gellep, and Bedburg-Hau.76 It is
not clear, whether this stamp refers to two producers
EQVA and LUPIO or to one and the same person.

The mark FRON is also known from the Hambach
Forest, but not in the same numbers as the ECVA stamps.
In HA 132, the stamp FRON is once arranged in a half-
circle and once crosswise. Follmann-Schulz supposes
that these were also produced in the local workshops.77

The distribution of the known ECVA bottles cov-
ers an area of 50 km to the north of the workshops, to
more than 200 km to the south, thus, definitely showing
a wider distribution than the aforementioned bowls.

It isunknown,whether themaker’smarkvouches for
the quality of the glass or its contents: it could be that the
name ECVA signifies the owner of a glass workshop. Al-
ternatively, it could be the name of a (wine)producer, or-
dering a certain glass type at the Hambach workshops.78

4.3 Bowls of the Helle type

Another distinct type that is recognizable, even in small
fragments, is the bowl type Helle.79 These bowls have a
bag-like body with mostly seven to eleven pinched-out
ribs. The neck is high and steep and a horizontal glass
trail is wound several times around it. Its rim is either
simply out-turned and fire-rounded or out- and down-
turned, forming a hollow ring. The bowls range in size
from a height of 4 cm and a width of 7 cm to a height of
8 cm and a width of 13 cm. The colour is always clear,
in different hues of light green to yellow-green (Fig. 20).
The type is accounted for twice in the Hambach Forest

from graves belonging to the workshops HA 382 and HA
132, and a further three times from graves in the vicinity
of the Hambach Forest. Fragments of 16 bowls of this
type were found at Asperden.80 Both workshop sites,
therefore, have to be considered as possible production
sites for these bowls. The author, together with Thilo
Rehren, University College London, took this as a start-
ing point to consider the type more closely, and samples
were collected from consumer sites to be analyzed chem-
ically.81 The bowls are known from 41 sites (and a fur-
ther two are of an unknown provenience) in Northern
Gaul and Germania Magna. The northernmost exam-
ple was found in Denmark (Fig. 21). The contexts of the
finds are conspicuous: they were found in settlements
and graves, but the finds from settlements are almost
all east of the River Rhine with the exception of Kalkar-
Burginatium, a military fortress, and the settlements at
Weeze, district of Kleve, and Gennep (NL), at the con-
fluence of the rivers Meuse and Niers, only a few kilo-
meters from Asperden. The settlements at Gennep and
Weeze, which were founded at the very end of the 4th
century AD, were in fact Germanic settlements, proba-
bly inhabited by people from areas east of the Rhine.82

Where the bowls were found in graves, they were in-
terred with both male and female individuals, but always
with either weapons, belt fittings, or other implements
that were usually thought of as indication of a Germanic
background.83

Twenty-three samples of the bowls were analyzed.84

Unfortunately, the bowls from the workshops in the
Hambach Forest HA 382 and HA 132 could not be sam-
pled, since they were intact. Chemically, the Helle bowls
could be divided into two groups: HIMT glass, i.e. glass
characterized by high contents of iron, manganese, and
titanium (19) and Roman green/blue glass (4), both of
which were found in the workshop at Asperden. An
interesting observation was made concerning recycling:
the elements copper, antimony, and lead occur natu-
rally in the raw materials. Values above a certain con-
centration, however, can indicate recycling. Scrap glass

75 Cf. Fig. 25 in Gaitzsch, Follmann-Schulz, et al. 2000, 122.
76 Follmann-Schulz 2015, 25.
77 Gaitzsch, Follmann-Schulz, et al. 2000, 126.
78 Gaitzsch, Follmann-Schulz, et al. 2000, 130.
79 Named after a site near Oldenburg, Germany. Cf. Werner 1958.
80 Brüggler and Rehren 2014, 163–180.

81 Rehren and Brüggler 2015.
82 Sablerolles 1993; Theuws 2008; Weeze: excavation 2018/2019 by the

LVR – State Service for Archaeological Heritage in the Rhineland.
83 For discussion of this topic cf. Gottschalk 2015, 242; contrary Theuws

2009.
84 For details cf. Rehren and Brüggler 2015.
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Fig. 20 Bowls of type Helle from HA 382,
Jülich and HA 132.

Fig. 21 Distribution of bowls type Helle.
The numbers refer to Brüggler and Rehren
2014. Recent discoveries: 12bis Heek-Wichum
and 12ter Weeze-Knappheide.

with blue decorations (copper) or decolourized glass (an-
timony) was re-melted, but not in sufficient quantities
to have had an optical effect on the glass. Of the ana-
lyzed Helle bowls, all of the Roman green/blue group
showed traces of recycling, but only half of the HIMT
group did the same. This means that around the year AD

400, when the hold of the Roman Empire on its periph-
eral provinces like Germania II was supposedly dimin-
ishing, fresh raw materials for the glass workshops from
the Eastern Mediterranean were still being imported.

Another result of the analysis was the identification
of single-batch pairs of bowls. Single-batch pairs are ves-
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sels that were blown using the same batch of raw glass.85

They are identified by their closely matching chemical
composition. Five pairs were identified: two pairs in
the settlements at the site of coal mine Erin at Castrop-
Rauxel; one pair at Mahlstedt, district of Oldenburg,
both east of the Rhine; one pair at the Asperden work-
shop; and one pair from a grave in Bonn and a grave in
Alfter near Bonn.86

The samples from Asperden show, that raw glass
with different chemical composition was used in one
workshop only. It was, therefore, not possible to assign
these samples to a certain workshop or production site;
Due to the cluster of finds in and around the Asperden
workshop, we may assume that the type was produced
there. In any case, it can be ruled out that they were
produced in the Hambach Forest: the glass composi-
tion published by Wedepohl differs too much from the
composition of the Helle bowls. The small cluster of
finds around the Hambach Forest must, therefore, be ex-
plained some other way and may be related to the impor-
tant road from Cologne to Bavay that passed this area.
Still, we think that the type Helle was not produced in
one workshop alone.87

5 The question of local raw glass
production

Where did the workshops in Germania secunda obtain
their raw glass? There are at present two opposing hy-
potheses that are being discussed,88 in short: 1) the ‘cen-
tralized model’ states that raw glass was melted from raw
materials in only a few primary workshops in the East-
ern Mediterranean, near the sources of soda and suit-
able sand,89 and 2) the ‘local model’ assumes that raw
glass was produced also in the northwestern provinces
of the Roman Empire, similar to the medieval mode of
glass production.90 The main argument in favor of the
centralized model is the chemical heterogeneity of the
glass compositions. This could only be explained if a

small number of centralized workshops supplied the sec-
ondary workshops. Trade in raw glass is in fact docu-
mented, for example, by the cargos of shipwrecks. The
edict on maximum prices by Diocletian proves that glass
was traded.91 In addition, large tank furnaces were un-
covered in the Eastern Mediterranean, dating to the early
Byzantine and to the late Roman period. Conversely,
the proponents of the local model believe that the chem-
ical homogeneity could have been achieved by adhering
to a strict recipe. Karl Hans Wedepohl argues that lo-
cal sand from the river Rur was used in local raw glass
production in the Hambach Forest, since the ratio of
the trace elements barium, zirconium, and lead is the
same in the glass as in the sand. Also, lead isotopes in
the glass are consistent with those occurring naturally
in the adjacent Eifel region.92 Nevertheless, no raw glass
furnaces from Late Antiquity have yet been identified
in the northwestern provinces, although tank furnaces
are known from the High Empire.93 A tank furnace can
indicate raw glass production, since it can be used to
melt larger amounts of glass, but in itself is not definitive
proof of raw glass production. Different furnace types
in the Hambach Forest suggest a general differentiation
in function, and it is possible that there are raw glass
furnaces among them that have not been clearly identi-
fied. Wolfgang Gaitzsch interprets one furnace at the site
Hambach 111 as a tank furnace, but the structure does
not actually show traces of having been fired (ct. above).
Analyses on burnt loam of walls from different types
of furnaces in HA 132 indicate that the structures had
been fired to temperatures higher than 1200◦C.94 Exper-
iments by Taylor and Hill, as well as Wiesenberg, with
working furnaces also reached temperatures of around
1050◦C, up to a maximum of 1123◦C;95 this would be
enough to melt raw glass, but does not necessarily mean
that the furnaces were used for glass production.

Until the discovery of unambiguous archaeological
evidence, the questions of technology and commerce
can only be approached by archaeometry.96 Patrick De-
gryse has recently published the results of the ARCH-

85 For the concept cf. Freestone, Price, and Cartwright 2009.
86 Rehren and Brüggler 2015, 172–174.
87 Rehren and Brüggler 2015, 178–179.
88 Cf. for a detailed discussion Scott and Degryse 2015, 19.
89 Scott and Degryse 2015, 19–20.
90 Scott and Degryse 2015, 19.
91 CIL III, 80–81, 1909–1919, cf. Erim et al. 1973, 108–109.

92 Gaitzsch, Follmann-Schulz, et al. 2000, 131–147.
93 Bonn: Follmann-Schulz 1991, 36; Cesson-Sévigné: Pouille and

Labaune 2000.
94 Brüggler and Daszkiewicz 2004.
95 Taylor and Hill 2008, 255; Wiesenberg 2014, 64.
96 Scott and Degryse 2015, 20.

236



GLASS WORKING IN GERMANIA SECUNDA

GLASS project, producing a database of compositions of
possible raw materials for primary glass making. Several
sites around the Mediterranean could have supplied the
suitable raw materials. However, in Late Antiquity, only
the Eastern Mediterranean sources seem to have been
used.97

To test whether the specific composition of the
Hambach glass may be the result, not of local raw glass
production but of recycling, new analyses have been
made of the samples analyzed by Wedepohl, supple-
mented by further samples from the Hambach Forest.
The results98 demonstrate that all analyzed glasses are
consistent with the dominant compositional groups of
the 4th to 5th century AD, primarily HIMT and Series
3.2,99 and a few outlying samples of Levantine and/or
Egyptian group affiliation.

From a chemical point of view, therefore, the results
obtained so far appear to support the centralized model.

6 The craftsmen

The workshops in the Hambach region and at Asperden
were established ex nihilo, no workshops existed there in
the High Empire.100 Since glass blowing is a special-
ized skill and the construction of furnaces and operat-
ing a glass workshop requires specialized knowledge, it
is likely that the craftsmen moved to the area from other
regions. Where did they come from? For the Hambach
Forest, the most obvious explanation would be that they
moved there from Cologne. Crucible fragments found
at the site Hambach 75, however, point in a totally dif-
ferent direction (Fig. 22).101 The fabric and form of these
sherds is not known from the Rhineland,102 but they
have parallels in crucible fragments from the Titelberg
(Luxembourg) and Froidos (Dep. Meuse, France) in the
Argonne Forest.103 Both the Titelberg and the Argonne
forests are also sites where glass working took place. The
sherds there seem to date a little earlier than the time

Fig. 22 Crucibles from the site HA 75. LVR-LandesMuseum a) Inv.
75.1955, rim-diameter 26 cm, b) Inv. 75.1948, 32 cm (M 1:3).

of production in the Hambach Forest, namely to the
3rd century in Froidos and the late 3rd/early 4th cen-
tury from the Titelberg. So far, these fragments are the
only crucible fragments known from the Hambach re-
gion that are not Rhenish in origin. All other crucibles
used were made in the typical Mayen ware, produced in
Mayen in the Eifel region, and widely used for house-
hold purposes.104 It is, therefore, not too far-fetched to
suggest that craftsmen from the southeast, possibly from
the Argonne, came to practice their craft in the Ham-
bach region. There need not have been many, a few mas-
ter craftsmen could pass on their skills to others.

At Asperden, the glass workshop was closely con-
nected to the military. The furnaces were located di-
rectly next to a burgus. The chronology of the finds in-
dicate the co-existence of both workshop and burgus; the
time of use of the furnaces can be dated to around AD
400 or in the first quarter of the 5th century.105 The latest
finds from the burgus, sherds of decorated Argonne ware,
can be dated to AD 420/30.106 It cannot be completely
ruled out that these sherds were left at the burgus site af-
ter its abandonment, for example, by workers disman-
tling the buildings for reusable material. Nevertheless,
other stray finds, like a belt fitting107 and a disc-headed
pin with embossed decoration,108 which also stem from

97 Degryse 2015, 5, 117.
98 Rehren and Brüggler 2020.
99 Foy et al. 2003, 41–85.

100 Only one fragment from Jülich, 10 km to the west, indicates a work-
shop in that vicus (cf. see above).

101 Brüggler 2009, 212.
102 This was already recognized by the excavator (Rech 1982, 370). The

drawing, however, is not correct, since the sherds had not been

cleaned well enough to allow their recognition. The author, together
with A. B. Follmann-Schulz, was able to re-evaluate the sherds.

103 Cf. Chenet and Gaudron 1955, 108; Stephan 2003, 138, Abb. 5 a. b.
104 Cf. Redknap 1999.
105 Brüggler 2014, 103–105.
106 Bakker 2014.
107 Brüggler 2014, 101.
108 For a detailed study of the type cf. Bödecker and Ristow 2011.
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Fig. 23 Belt-fittings from the
cemetery at HA 132.

the 1st half of the 5th century can also be seen as indica-
tors of a military presence. The proximity of the work-
shop to the burgus, therefore, means that the craftsmen
worked there, at the very least, with permission of the
garrison, seeking their protection. Maybe the craftsmen
were themselves part of the army, a model that is known
from the High Empire. At Krefeld-Gellep a crucible frag-
ment was found near the late antique fort.

In the Hambach Forest, there also seems to have
been military connections; at HA 132, five of the 38
graves of the Late Roman cemetery contained elaborate
belt fittings (Fig. 23).109 The cremation grave at HA 382
contained a belt fitting and a large knife.110 These belt
fittings were part of the dress of soldiers of Late Antiq-
uity. Since no fortifications at the sites of the workshops
have been found and the closest garrison was situated
around 10 km away at Jülich, the soldiers must have been
detached to watch over the workshops. The question re-
mains, why they were buried here and not near their gar-

rison. Alternatively, they may have been veterans who
opened their own enterprise after retirement; however,
this is less likely for two reasons: firstly because of the
specialized knowledge required for glass working and
secondly because the graves all date to the first half of
the 5th century, a time when the workshops had been
operating for a long time already.111 Apart from being
indicative of soldiers, the deposition of belt fittings in
graves is thought to point to a Germanic background of
the deceased.112 This ethnic interpretation has been crit-
icized in more recent publications.113 The belt fittings
might also be seen as a symbol of authority in general,
as Ellen Swift argues for crossbow brooches.114

7 Perspectives: The early Middle Ages

The workshop at Asperden ended around AD 420/30 in
the Hambach Forest within the middle third of the 5th

109 Brüggler 2009, 222–223.
110 Wagner 2004, 72.
111 Brüggler 2009, 177.

112 Böhme 1986, 473.
113 Cf. e.g. Theuws 2009.
114 Swift 2000, 73–81, 230–233.
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century. Its tradition, however, continued in Merovin-
gian times; the Rhineland remained a center of glass
working in the early Middle Ages.115 This is evident
through the numerous glass vessels found in the ‘Rei-
hengräberfelder’. Some vessel types continued to be pro-
duced and were developed further, while some types
were newly introduced.116 In any case, there is no break
between late Roman and Merovingian vessel types.117

The composition is still soda-lime glass, comparable to
the HIMT glass, even though the variation in elemental
compositions seems to be wider.118

Furnaces from the Merovingian period have been
excavated at Huy, Belgium119 and the Heumarkt site
in Cologne.120 Other sites are known from crucible

finds, such as Titz-Hasselsweiler, Germany and Maas-
tricht, Netherlands.121 The former is only a few kilome-
ters to the north of the Hambach Forest; here, crucible
fragments were found that can be dated to the 2nd half
of the 5th century.122 The distribution of sites is, there-
fore, comparable to that in Late Antiquity; workshops
are found in rural landscapes and major and minor cen-
ters.123

Taken together, the evidence points to continuity of
the craft. Most likely, this would have meant a continu-
ity in people, with craftsmen handing down their knowl-
edge of furnace construction and vessel blowing to the
next generation.

115 Päffgen 2003.
116 Koch 1996.
117 von Saldern 2004, 598.
118 Grünewald and Hartmann 2014, 48.
119 de Bernardy de Sigoyer et al. 2005, 29–33,

120 Päffgen 2003, 18; Päffgen and Trier 2001, 27; Dodt 2016.
121 Päffgen 2003, 18.
122 Päffgen 2003, 14–18.
123 Grünewald and Hartmann 2014, 50.

239



Bibliography

Bakker 2014
Lothar Bakker. “Rädchenverzierte Argonnensigillata zur
Datierung von Burgus und Glashütte bei Goch-Asperden,
Kreis Kleve.” Bonner Jahrbücher 214 (2014), 135–162.

Bödecker and Ristow 2011
Steve Bödecker and Sebastian Ristow. “Spätantike
Bronzenadeln der Zeit um 400 aus dem Rheinland und West-
falen.” In Untergang und Neuanfang: Tagungsbeiträge der Arbeits-
gemeinschaft Spätantike und Frühmittelalter. Ed. by J. Drauschke,
R. Prien, and S. Ristow. Studien zu Spätantike und Frühmittel-
alter 3. Hamburg: Verlag Dr. Kovac, 2011, 339–350.

Böhme 1986
Horst Wolfgang Böhme. “Das Ende der Römerherrschaft in
Britannien und die angelsächsische Besiedlung Englands im 5.
Jahrhundert.” Jahrbuch des Römisch-Germanischen Zentralmuseums
Mainz 2.33 (1986), 469–575.

Brüggler 2009
Marion Brüggler. Villa rustica, Glashütte und Gräberfeld. Die
kaiserzeitliche und spätantike Siedlungsstelle HA 132 im Hambacher
Forst. Ed. by J. Kunow. Rheinische Ausgrabungen 63. Mainz
am Rhein: Philipp von Zabern, 2009.

Brüggler 2014
Marion Brüggler. “Burgus und Glaswerkstatt der Spätantike
bei Goch-Asperden.” Bonner Jahrbücher 214 (2014), 71–134.

Brüggler and Daszkiewicz 2004 [2006]
Marion Brüggler and Malgorzata Daszkiewicz. “Spätantike
Glasherstellung im Hambacher Forst. Ergebnisse der Labo-
ranalysen vom Fundplatz HA 132.” Kölner Jahrbuch 37 (2004
[2006]), 805–818.

Brüggler, Kemmers, and Klages 2015
Marion Brüggler, Fleur Kemmers, and Claudia Klages. “Von
Raubgräbern entwendet. Ein Münzhort des 3. Jahrhunderts
aus dem Reichswald bei Kleve (Nordrhein-Westfalen/D).”
In Non solum...sed etiam. Festschrift für Thomas Fischer zum 65.
Geburtstag. Ed. by P. Henrich, Ch. Miks, J. Obmann, and M.
Wieland. Rahden/Westf.: Marie Leidorf, 2015, 53–63.

Brüggler and Rehren 2014
Marion Brüggler and Thilo Rehren. “Die spätantiken Glas-
schalen vom Typus Helle und ihre chemische Zusammenset-
zung.” Bonner Jahrbücher 214 (2014), 163–180.

Chenet and Gaudron 1955
Georges Chenet and Guy Gaudron. La céramique sigilée
d’Argonne des IIe et IIIe siècle. Supplement Gallia 6. Paris, 1955.

Czysz 1978
Wolfgang Czysz. “Ein römischer Gutshof am Fundplatz 77/132
im Hambacher Forst.” In Ausgrabungen im Rheinland ’77. Rh,
1978, 118–127.

de Bernardy de Sigoyer et al. 2005
Sophie de Bernardy de Sigoyer, Catherine Peters, Sylvaine
Mathieu, and Chantal Fontaine. “Vestiges de fours de ver-
riers d’epoque Mérovingien à Huy aux Ruelles (Belgique):
Apercu des trouvailles.” Bulletin de l’Association Francaise pour
l’Archaeoligie du Verre 2005 (2005), 29–33.

Degryse 2015
Patrick Degryse, ed. Glass Making in the Greco-Roman World.
Studies in Archaeological Sciences 4. Leuven University Press,
2015.

Dodt 2016
Michael Dodt. “Der frühmittelalterliche Hafen Kölns
– Produktionsstätte und Exporthafen für Gläser. Ein
Überblick.” In Der Rhein als europäische Verkehsachse II. Ed.
by J. Bemman and M. Mirschenz. Bonner Beiträge zur ur-
und frühgeschichtlichen Archäologie 19. Bonn: Vor- und
Frühgeschichtliche Archäologie, Rheinische Friedrich-
Wilhelms-Universität Bonn, 2016, 351–363.

Erim et al. 1973
Kenan T. Erim, Joyce Reynolds, K. D. White, and Dorothy
Charlesworth. “The Aphrodisias Copy of Diocletian’s Edict on
Maximum Prices.” Journal of Roman Studies 63 (1973), 99–108.

Follmann-Schulz 1988
Anna-Barbara Follmann-Schulz. Die römischen Gläser aus Bonn.
Beihefte der Bonner Jahrbücher 46. Köln: Rheinland-Verlag,
1988.

Follmann-Schulz 1991
Anna-Barbara Follmann-Schulz. “Fours de verriers romains
dans la province de Germanie inférieur.” In Ateliers de verriers
de l’Antiquité a la période préindustrielle. Ed. by D. Foy and G.
Sennequier. Actes de 4ème rencontres de l’Association Fran-
caise pour l’Archaeologie du Verre 1989. Rouen: Association
française pour l’archéologie du verre, 1991, 35–40.

Follmann-Schulz 2015
Anna-Barbara Follmann-Schulz. “The Hambach Glass Pro-
duction in the Late Roman Period.” In Glass of the Roman
World. Ed. by J. Bayley, I. C. Freestone, and C. Jackson. Oxford:
Oxbow, 2015, 23–32.

Foy et al. 2003
Danièle Foy, Maurice Picon, Michèle Vichy, and Valérie
Thirion-Merle. “Caractérisation des verres de la fin de
l’Antiquité en Méditerranée occidentale : l’émergence de nou-
veaux courants commerciaux.” In Échanges et commerce du verre
dans le monde antique (= Instrumentum Monographies 24). Ed. by
D. Foy and M.-D. Nenna. Montagnac : Éditions Monique Mer-
goil, 2003, 41–76.

240



GLASS WORKING IN GERMANIA SECUNDA

Freestone, Price, and Cartwright 2009
Ian C. Freestone, Jennifer Price, and Jane Cartwright. “The
Batch: Its Recognition and Significance.” In Annales de 17e con-
grès de l’Association International pour l’Histoire du Verre. Ed. by
K. Janssens, P. Degryse, P. Cosyny, J. Caen, and L. Van’t dack.
Antwerp: ASP Editions, 2009, 130–135.

Gaitzsch 1999
Wolfgang Gaitzsch. “Spätrömische Glashütten im Hambacher
Forst. Die Werkstatt des ECVA-Produzenten.” In Artisanat et
productions artisanales en milieu rural dans le provinces du nord-
ouest de l’Empire Romain. Actes de colloque d’Erpeldange, mars
1999. Ed. by M. Polfer. Monographies Instrumentum 9. Mon-
tagnac: Éditions Monique Mergoil, 1999, 125–149.

Gaitzsch 2001
Wolfgang Gaitzsch. “Drei Hügel: römischer Siedlungsplatz,
Wald, Tagebau.” In Archäologie im Rheinland 2000. Ed. by H.
Koschik. Stuttgart: Theiss, 2001, 73–76.

Gaitzsch, Follmann-Schulz, et al. 2000 [2003]
Wolfgang Gaitzsch, Anna-Barbara Follmann-Schulz, Karl
Hans Wedepohl, Gerald Hartmann, and Ursula Tegtmeier.
“Spätrömische Glashütten im Hambacher Forst – Produk-
tionsort der ECVA-Fasskrüge.” Bonner Jahrbücher 200 (2000
[2003]), 83–241.

Gaitzsch, Haarich, and Janssens 2009 [2007]
Wolfgang Gaitzsch, Horst Haarich, and Jan Janssens. “Aus-
grabungen, Funde und Befunde 2005, Merzenich, Kr. Düren.”
Bonner Jahrbücher 205 (2009 [2007]), 326.

Goethert 2010
Karin Goethert. “Spätantike Glasfabrikation in Trier.” Trierer
Zeitschrift 73/74 (2010–2011), 67–146.

Gottschalk 2015
Raymund Gottschalk. Spätrömische Gräber im Umland von Köln.
Rheinische Ausgrabungen 17. Mainz am Rhein: Philipp von
Zabern, 2015.

Goudswaard, Kroes, and Beek 2000
Boudewijn Goudswaard, Richard A. C. Kroes, and H.M.S.
van der Beek. “The Late Roman Bridge at Cuijk.” Berichten
van de Rijksdienst voor Oudheidkundig Bodemonderzoek 44 (2000–
2001), 439–560.

Grünewald and Hartmann 2014
Martin Grünewald and Sonngard Hartmann. “Glass Work-
shops in Northern Gaul and the Rhineland in the First Mille-
nium Ad as Hints of a Changing of Land Use. Including Some
Results of the Chemical Analyses of Glass from Mayen.” In
Neighbours and Successors of Rome: Traditions of Glass Production
and Use in Europe and the Middle East in the Later 1st Millenium
AD. Ed. by D. Keller, J. Price, and C. Jackson. Oxford: Oxbow,
2014, 43–57.

Hallmann-Preuß 2002 [2006]
Britta Hallmann-Preuß. “Die Villa rustica Hambach 59.
Eine Grabung im Rheinischen Braunkohlenrevier.” Saalburg-
Jahrbuch 52/53 (2002–2003 [2006]), 283–535.

Harden 1960
Donald B. Harden. “The Wint Hill Hunting Bowl and Related
Glasss.” Journal of Glass Studies 2 (1960), 44–81.

Heege 1997
Andreas Heege. HA 500. Villa rustica und früh- bis hochmittelal-
terliche Siedlung Wüstweiler (Gemeinde Niederzier), Kreis Düren.
Rheinische Ausgrabungen 41. Köln: Rheinland-Verlag, 1997.

Hinz and Hömberg 1968
Hermann Hinz and Ilse Hömberg. “Ausgrabungen eines
spätrömischen Burgus in Asperden, Kreis Kleve.” In Beiträge zur
Archäologie des römischen Rheinlands. Ed. by Landschaftsverband
Rheinland Rheinisches Landesmuseum Bonn. Rheinische
Ausgrabungen 7. Düsseldorf: Rheinland-Verlag, 1968, 167–
212.

Höpken 2010
Constanze Höpken. “Orient trifft Okzident: Glas im Os-
ten und Westen des Römischen Reichs.” Kölner Jahrbuch 43
(2010), 379–398.

Höpken and F. Schäfer 2006
Constanze Höpken and Felix Schäfer. “Glasverarbeitung und
Glaswerkstätten in Köln.” In Roman Glass in Germania Inferior.
Interregional Comparisons and recent results. Proc. Int. Conference
Tongeren May 13th 2005. Ed. by G. Creemers, B. Demarsin, and
P. Cosyns. Atuatuca 1. Tongeren: Gallo-Romeins Museum,
2006, 74–85.

Kalis et al. 2008
Arie J. Kalis, Sabine Sarg, Jutta Meurers-Balke, and H. van
Theunissen-van Oorschot. “Mensch und Vegetation am un-
teren Niederrhein während der Eisen- und Römerzeit.” In
Colonia Ulpia Traiana. Xanten und sein Umland in römischer Zeit.
Ed. by M. Müller, H.-J. Schalles, and N. Zieling. Mainz am
Rhein: Philipp von Zabern, 2008, 31–48.

Koch 1987
Ursula Koch. Der Runde Berg bei Urach VI. Die Glas- und Edel-
steinfunde aus den Plangrabungen 1967–1983. Heidelberger
Akademie der Wissenschaften. Kommission für Alamanni-
sche Altertumskunde Schriften 12. Heidelberg: Thorbecke
Sigmaringen, 1987.

Koch 1996
Ursula Koch. “Glas. Luxus der Wohlhabenden.” In Die Franken
– Wegbereiter Europas. Vor 1500 Jahren: König Chlodwig und seine
Erben, Band 2. Ed. by K. von Welck, A. Wieczorek, H. Ament,
and M. Reiss-Museum Mannheim Gaillard. Mainz am Rhein:
Philipp von Zabern, 1996, 605–617.

Komp 2010
Jennifer Komp. “Ein römischer Glasmacherofen in Düren.” In
Archäologie im Rheinland 2009. Ed. by J. Kunow and Amt für
Bodendenkmalpflege im Rheinland Landesverband Rhein-
land. Stuttgart: Theiss, 2010, 73–74.

Nenna 2008
Marie-Dominique Nenna. “Nouveaux acquis sur la production
et le commerce du verre antique entre Orient et Occident.”
Zeitschrift für Schweizerische Kunstgeschichte 1/2.65 (2008), 61–66.

241



MARION BRÜGGLER

Päffgen 2003
Bernd Päffgen. “Glasherstellung spätrömischer und frühmit-
telalterlicher Zeit im Rheinland und dessen Nachbargebie-
ten.” In Auf gläsernen Spuren – Der Beitrag Mitteleuropas zur
archäologisch-historischen Glasforschung. Ed. by S. Felgenhauer-
Schmiedt, A. Eibner, and H. Knittler. Beiträge zur Mittel-
alterarchäologie in Österreich 19. Wien: Österreichische
Gesellschaft für Mittelalterarchäologie, 2003, 9–28.

Päffgen and Trier 2001
Bernd Päffgen and Marcus Trier. “Köln zwischen Spätan-
tike und Frühmittelalter. Eine Übersicht zu Fragen und
Forschungsstand.” In Zwischen Römersiedlung und mittelalter-
licher Stadt. Archäologische Aspekte zur Kontinuitätsfrage. Ed. by S.
Felgenhauer-Schmiedt, A. Eibner, and H. Knittler. Beiträge zur
Mittelalterarchäologie in Österreich 17. Wien: Österreichische
Gesellschaft für Mittelalterarchäologie, 2001, 17–42.

Payne 2008
Sarah Payne. “Experiments in the Reconstruction of Ro-
man Wood-Fired Glassworking Furnaces: Waste-Production
and their Formation Processes.” Journal of Glass Studies 50
(2008), 271–290.

Pouille and Labaune 2000
Dominique Pouille and Francoise Labaune. “L’Atelier de ver-
rier de Cesson-Sévigne.” In La route du verre. Ateliers primaires
et secondaires du second millénaire av. J.-C. au Moyen Age. Ed. by
M.-D. Nenna. Lyon: Maison Orient Méditerranéen, 2000, 125–
146.

Rech 1982
Manfred Rech. “Eine römische Glashütte im Hambacher
Forst bei Niederzier, Kreis Düren.” Bonner Jahrbücher 182
(1982), 349–388.

Redknap 1999
Mark Redknap. Die römischen und mittelalterlichen Töpfereien
in Mayen, Kreis Mayen-Koblenz. Berichte zur Archäologie an
Mittelrhein und Mosel 6; Trierer Zeitschrift, Beiheft 24. Trier:
Selbstverlag des Rheinischen Landesmuseums Trier, 1999.

Rehren and Brüggler 2015
Thilo Rehren and Marion Brüggler. “Composition and Pro-
duction of Late Antique Glass Bowls Type Helle.” Journal of
Archaeological Science: Reports 3 (2015), 171–180.

Rehren and Brüggler 2020
Thilo Rehren and Marion Brüggler. “The Late Antique Glass
Furnaces in the Hambach Forest Were Working Glass – Not
Making It.” Journal of Archaeological Science: Reports 39 (2020).

Rottloff 2000
Andrea Rottloff. “Spätantike Repräsentationskunst in Süd-
deutschland. Einige Überlegungen zu den Glasschliffschalen
von Augsburg, Obernburg und Pfaffenhofen.” In Augsburger
Beiträge zur Archäologie 3. Ed. by L. Bakker. Augsburg: Wissner,
2000, 123–160.

Sablerolles 1993
Yvette Sablerolles. “A Dark-Age Glass Complex from a Frank-
ish Settlement at Gennep (Dutch Limburg).” In Annales de 12e
Congrès de l’Association International pour l’Histoire du Verre. Am-
sterdam: Association International pour l’Histoire du Verre,
1993, 197–207.

A. Schäfer and Bernhardt 2016
Alfred Schäfer and Harald Bernhardt. “Eine römische
Glashütte an der Tel-Aviv-Straße in Köln.” In Archäologie im
Rheinland 2015. Ed. by J. Kunow and M. Trier. Darmstadt :
Theiss, 2016, 145–147.

Scott and Degryse 2015
Rebecca B. Scott and Patrick Degryse. “The Archaeology and
Archaeometry of Natron Glass Making.” In Glass Making in the
Greco-Roman World. Ed. by P. Degryse. Leuven: Leuven Univer-
sity Press, 2015, 15–26.

Stephan 2003
Hans-Georg Stephan. “Glasschmelzgefäße. Grundzüge der En-
twicklung von den Anfängen im alten Orient bis zur Neuzeit.”
In Glashütten im Gespräch. Berichte und Materialien vom 2. In-
ternationalen Symposium zur archäologischen Erforschung mitte-
lalterlicher und frühneuzeitlicher Glashütten in Europa. Ed. by P.
Steppuhn. Lübeck: Schmidt-Römhild, 2003, 136–162.

Swift 2000
Ellen Swift. Regionality in dress accesoires in the Late Roman West.
Montagnac: Edition Monique Mergoil, 2000.

Taylor and Hill 2008
Mark Taylor and David Hill. “Experiments in the Reconstruc-
tion of Roman Wood-Fired Glassworking Furnaces.” Journal of
Glass Studies 50 (2008), 249–270.

Theuws 2008
Frans Theuws. “’terra non est’. Zentralsiedlungen der Völker-
wanderungszeit im Maas-Rhein-Gebiet.” In Höhensiedlungen
zwischen Antike und Mittelalter von den Ardennen bis zur Adria.
Ed. by H. Steuer and V. Bierbrauer. Ergänzungsbände zum
Reallexikon der Germanischen Altertumskunde 58. Berlin and
New York: de Gruyter, 2008, 765–739.

Theuws 2009
Frans Theuws. “Grave Goods, Ethnicity, and the Rhetoric of
Burial Rites in Late Antique Northern Gaul.” In Ethnic Con-
structs in Antiquity. Ed. by T. Derks and N. Roymans. Ams-
terdam Archaeological Studies 13. Amsterdam: Amsterdem
University Press, 2009, 283–319.

von Saldern 2004
Axel von Saldern. Antikes Glas. Handbuch der Archäologie.
München: C. H. Beck, 2004.

Wagner 2004
Gregor Wagner. Die Gräber der Villa rustica Hambach 382
(Niederzier, Kreis Düren). MA thesis. Universität Bonn, 2004.

Wagner n.d.
Gregor Wagner. Studien zur ländlichen römerzeitlichen Besiedlung
in den Rheinischen Lössbörden. PhD thesis. Universität von Köln.

242



GLASS WORKING IN GERMANIA SECUNDA

Werner 1958
Joachim Werner. “Kriegergräber aus der ersten Hälfte des 5.
Jahrhunderts zwischen Schelde und Weser.” Bonner Jahrbücher
158 (1958), 372–413.

Wiesenberg 2014
Frank Wiesenberg. Experimentelle Archäologie: Römische Glasöfen.
Rekonstruktion und Betrieb einer Glashütte nach römischem Vor-
bild in der Villa Borg: ”Borg Furnance Project 2013”. Schriften
des Archäologieparks Römische Villa Borg; ARCHEOglas 2.
Merzig: Kulturstiftung Merzig-Wadern, 2014.

Zedelius 1980
Volker Zedelius. “Münzen im Glasofen.” Ausgrabungen im
Rheinland ’79. Rheinische Landesmuseum Bonn, Sonderheft
(1980), 205–206.

Illustration and table credits

ILLUSTRATIONS: 1 Marion Brüggler, LVR-ABR (Land-
schaftsverband Rheinland – Amt für Bodendenkmalpflege
im Rheinland), map by Chr. Duntze. 2 Marion Brüggler,
LVR-ABR, (based on data of LVR-ABR, BoDeOn-database).
3 Michael Thuns, LVR-ABR. 4 Marion Brüggler, LVR-ABR,
based on digitized excavation documentation by Harald Berkel,
LVR-ABR. 5 Michael Thuns, LVR-ABR. 6–7 Till Kön-
ings, LVR-ABR. 8–10 Marion Brüggler, LVR-ABR, based
on excavation-documentation by H. Haarich, J. Hermann,
and M. Fendt, LVR-ABR. 11 Marion Brüggler, LVR-ABR,
after HA 75: Rech 1982, 361, HA 111: Gaitzsch 1999, Abb.
10 (H. Haarich, R. Kaluza, A. Rockstroh), HA 500: Heege
1997, Taf. 4 (A. Rockstroh), LVR-ABR and LVR-LMB (Amt

für Bodendenkmalpflege im Rheinland – Landesmuseum
Bonn). 12 Marion Brüggler, LVR-ABR, A, B, D after H.
Haarich; C after W. Göbel; E. after H. Haarich and D. Kaluza,
LVR-ABR and LVR-LMB. 13–15 S. Taubmann, LVR-LMB.
16 Marion Brüggler, except: 68.4, 38.6, 39.6, 72.2, 71.6, 52.3,
68.6, 63.8 by Ursula Naber/Eva Feuser, LVR-LMB. 17 From:
Follmann-Schulz 1988, Taf. 43.376: Ursula Naber/Eva Feuser,
LVR-LMB. 18 From: Follmann-Schulz 1988, Taf. 51.459:
Ursula Naber/Eva Feuser, LVR-LMB. 19 Ursula Naber/Eva
Feuser, LVR-LMB. 20 Jürgen Vogel, LVR-LMB. 21 Marion
Brüggler, LVR-ABR, map by Chr. Duntze, LVR-LMB. 22–
23 Marion Brüggler, except bottom right: E. Feuser, U. Naber,
LVR-LMB. TABLES: 1 Marion Brüggler.

MARION BRÜGGLER

Dr. phil (Cologne 2005), works as a researcher at the LVR-State
Service for the Archaeological Heritage in the Rhineland at the
department Xanten. She is responsible for the excavations car-
ried out by the department on the Lower Rhine. Her interests
especially include glass and glass working, as well as Roman
rural settlements.

Dr. Marion Brüggler
LVR-Amt für Bodendenkmalpflege im Rheinland
Außenstelle Xanten
Augustusring 3
46509 Xanten, Germany
E-Mail: Marion.Brueggler@lvr.de

243





Ian C. Freestone

Glass Production in the First Millennium CE: A Compositional
Perspective

Summary

The author discusses long term-trends in glass production dur-
ing the 1st millennium CE. The systematic application of sci-
entific methods on archaeological finds demonstrates the com-
plexity of glass production and the trade networks in glass
products. Due to the limited availability of natron nearly all
glass originated from Egypt and Syria-Palestine from where
raw glass was distributed to secondary workshops across Eu-
rope and the Near East. This mode of production remained
mostly constant during Antiquity and the early Middle Ages
but a long-term decline in the availability of natron led to the
restructuring of production from the 9th century onwards.

Keywords: ancient glass; 1st millennium CE; glass technol-
ogy; glass recycling; glass trade

Der Autor bespricht Langzeittrends der Glasherstellung im 1.
Jahrtausend n. Chr. Die systematische Anwendung naturwis-
senschaftlicher Methoden auf archäologische Funde wird be-
nutzt um die Komplexität der Produktionsketten und Han-
delsnetzwerke von Glasobjekten aufzuzeigen. Wegen der be-
schränkten Verfügbarkeit von Natron wird sämtliches Roh-
glas aus Ägypten und der Levante in europäische Glasverar-
beitungsplätze gebracht. Dieses Netzwerk bleibt während der
Antike und dem Frühen Mittelalter konstant, wird aber seit
dem 9. Jahrhundert strukturell anders ausgerichtet.

Keywords: antikes Glas; 1. Jahrtausend n. Chr.; Glastechnolo-
gie; Glasrecycling; Glashandel
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1 Introduction

The glass industries that are the focus of this paper
are chronologically framed by two major technological
changes. The first of these is the introduction of glass-
blowing at the end of the first millennium BCE. This
was a key development in the upscaling of glass produc-
tion, which had begun in the preceding centuries in the
Eastern Mediterranean region. The subsequent period
saw an expansion in the repertoire of vessel types, the
widespread application of glass as an architectural ma-
terial in windows and wall mosaics, and the production
of truly colorless glass on a large scale. Glass was trans-
formed from a brightly colored exotic and decorative
substance, largely associated with the elite, to a transpar-
ent everyday material to be found on the tables of people
of middling incomes. This florescence was followed by
a long and gradual decline that lasted from the fourth
century until the late first millennium.

The technological tradition is closely linked to the
use of Egyptian natron to make glass, and can be con-
sidered to have ended in the eighth to ninth centuries
CE when the ashes of plants and trees became the dom-
inant fluxes used.1 We are, therefore, discussing a tech-
nology which, although not invented by the Romans,
was adopted, exploited, and developed by Roman soci-
eties. The ‘vitreous first millennium’ may be considered
to have begun in the late first millennium BC and was
over by about 900 CE. The changes were more complex
in detail than outlined above,2 but it is a useful umbrella
under which to consider a range of closely related mate-
rials and processes.

Recent work on Roman glass has established that
production was on a large scale, with individual public
buildings containing tens or even hundreds of tons of
glass windows and wall and vault mosaics.3 It has be-
come generally accepted that glass was made from raw
materials in a small number of primary production cen-
ters, where raw glass was distributed over wide areas
(Fig. 1).4 Primary furnaces took the form of rectangu-
lar tanks. In these furnaces, melted glass from mixtures
of sand and alkali on a scale from 8 tons per firing,5 up to

Fig. 1 Generalized production model. Glass was melted from Egyp-
tian natron and local sand in large primary tank furnaces in the Eastern
Mediterranean. The resulting raw glass was distributed in chunks to sec-
ondary workshops to be re-melted and fabricated into vessels, windows,
and other types of artefacts. The composition of glass re-melted in a sec-
ondary workshop reflects the primary production.

20 tons or even more.6 They were mostly located in the
coastal regions of Egypt and Syria-Palestine or around
the Wadi Natrun in Egypt; current interest focuses upon
the extent to which glass was made elsewhere, perhaps
in Europe.7 The glass slabs melted in these primary fac-
tories were broken up into angular ‘chunks’ and dis-
tributed to secondary workshops where they were re-
melted and shaped into vessels, sheets, tesserae, etc. We
are now in a position to begin to build a framework from
which we can understand the ebb and flow of the sup-
ply of raw glass across the antique and early medieval
worlds.8

The present contribution is concerned mainly with
the perspectives offered by chemical analysis on the Ro-
man and Late Antique glass industries. Since the end
of the twentieth century, it has been recognized that
glass in the first millennium may be divided on the basis

1 Shortland et al. 2006.
2 E.g. Grose 1986.
3 Stern 1999.
4 Nenna, Vichy, and Picon 1997; Freestone, Gorin-Rosen, and Hughes

2000; Foy et al. 2003; Degryse 2014; Jackson and Foster 2015.

5 Gorin-Rosen 1995; Tal, Jackson-Tal, and Freestone 2004.
6 Nenna 2015.
7 Degryse 2014; Jackson and Foster 2015.
8 Rehren and Freestone 2015.
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1 2 3 4 5 6

Rom-Mn Rom-Sb HIMT Foy 2.1 Levantine II Egypt II

Cent CE 2nd 2nd 4–5th 6th 7–8th 8–9th

SiO2 70,07 70,15 64,49 65,76 73,76 69,99

Na2O 16,00 19,75 19,07 17,78 12,10 14,91

CaO 7,69 4,81 6,22 7,84 7,42 9,50

Al2O3 2,52 1,98 2,88 2,63 3,58 2,25

K2O 0,57 0,42 0,41 0,73 0,45 0,24

MgO 0,61 0,36 1,23 1,12 0,69 0,41

Fe2O3 0,41 0,39 2,28 1,29 0,62 0,81

TiO2 0,08 0,07 0,49 0,15 0,12 0,26

MnO 0,65 0,02 2,02 1,25 0,02 0,02

Sb2O3 <0.06 0,84 <0.001 <0.03 <0.03 <0.03

P2O5 0,16 0,03 0,11 0,16 0,06 0,06

SO3 0,14 0,28 n.a. 0,27 0,04 0,09

Cl 1,18 1,44 n.a. 0,81 0,65 1,06

Tab. 1 Typical examples of first millennium natron glass (n.a = not analyzed).

of composition into a number of ‘primary’ production
groups, each considered to represent raw glass from a
particular region made over a period of decades or cen-
turies.9 Some of the key groupings and their proposed
origins are reviewed below, in the light of more recent
data, as well as issues relating to coloration, recycling,
and chronological change.

2 Raw materials and melting

Detailed discussions of raw materials have been provided
elsewhere,10 while here, only a summary is provided.
Glass across the region of Roman influence fits almost ex-
clusively into a broad category known as soda-lime-silica
glass, which shares some of its general characteristics
with the common container glass of the twentieth cen-

tury. It typically is comprised of 63–75 % (by weight) sil-
ica (silicon dioxide, SiO2), 11–22 % soda (sodium oxide,
Na2O), and 4–12 % lime (calcium oxide, CaO) (Tab. 1).
The soda flux was essential to allow the glass to be melted
at temperatures attainable in traditional furnaces, and
the melting temperatures (varying estimates, but per-
haps 1000–1100 °C) and durations of melting (proba-
bly around or in excess of 30 days) have been discussed
in a number of publications dealing with the archaeol-
ogy of production,11 its ethnography,12 and mathemati-
cal modelling of the furnaces.13 Concentrations of lime
in excess of 4–5 % were required to make the glass sta-
ble in the presence of water, as pure soda-silica glasses
are soluble. Indeed, colorless glass of the first to third
centuries, which frequently has lime in concentrations of
around 5 % or less, may show extensive deterioration.14

It is not clear whether significant amounts of glass were

9 Gratuze and Barrandon 1990; Freestone, Gorin-Rosen, and Hughes
2000; Foy et al. 2003.

10 E.g. Freestone 2006; Freestone, Wolf, and Thirlwall 2009; Brems, De-
gryse, Hasendoncks, et al. 2012; Brems, Degryse, and Ganio 2012;
Degryse 2014; Shortland 2004.

11 E.g. Gorin-Rosen 1995; Gorin-Rosen 2000; Nenna 2015.
12 Sode and Kock 2001.
13 van Beeumen et al. 2011.
14 Huisman et al. 2008.
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made with lime contents that were below about 4 %, as
the chances of preservation over 1500–2000 years would
be slight. However, the survival of occasional examples
of glass with such exceptionally low lime15 indicates that
such glass compositions were produced.

As far as is currently understood, two major sources
of soda were available to early glass workers in Europe,
North Africa, and the Near East. From the Late Bronze
Age, soda for glass and glaze had been produced by
burning halophytic plants to produce sodium-rich ashes.
Early work by Sayre and Smith16 indicated that Roman
glass had a distinctive composition, with lower impuri-
ties of potassium and magnesium than LBA or medieval
Islamic glass (K2O and MgO each typically below 1.6 %,
Fig. 2), and Brill pointed out that this reflected the use of
a different source of alkali, mineral natron.17 Natron is a
general term used in archaeology to describe deposits of
salts containing sodium carbonate minerals, along with
chlorides and sulphates, which formed from the evap-
oration of soda lakes in the Wadi Natrun in Egypt and
in parts of the Nile Delta;18 it is cited by Pliny as the
source of soda used in glass making in the first century
CE.19 Recent work on the isotopes of boron, an element
associated with the alkali source indicates that the soda
in Roman glass is fully consistent with natron from the
Egyptian deposits.20 While the isotopic data do not rule
out the use of natron sources that occur in Libya,21 no
archaeological evidence has been recovered associating
these deposits with primary glass making, as occurs ex-
tensively in the Wadi Natrun. It should be noted that
east of the Euphrates, under the Persian Empire, the
production of high-magnesia glass, implying the use of
plant ash as a soda source, continued throughout the first
millennium CE,22 but this tradition is outside the scope
of this paper.

The origins of the lime in the glass are a little more
ambiguous than those of the soda. Two main sources of
lime were available to the ancient craftsman, limestone
and shell. These have distinctive contents of strontium

and also distinctive strontium isotopic compositions,23

and a recent extensive survey of Roman glass indicates
that the compositions of most are consistent with an ori-
gin of lime in the form of shells.24 Less consensual, how-
ever, are views as to how this shell came to be in the glass.
Brill,25 in his seminal work on the composition of fourth
century glass from Jalame, Palestine, pointed out that the
lime in that example derived from fragments of shell in
the beach sand used to make the glass. Furthermore, the
great majority of researchers currently appear to accept
that the lime in most, if not all, natron glass of the first
millennium CE is derived predominantly from the glass
making sand, with the implication that most of the glass
was made from beach sands in coastal locations.26 How-
ever, Pliny, writing in around 70 CE, lists shell as an addi-
tive to glass, and given that most of his text on glass mak-
ingmaybe sensibly interpretedwithinourcurrent frame-
work,27 this comment may not be casually dismissed. In-
deed, Wedepohl and co-workers28 have argued that glass
was made in the Hambach Forest region of Germany by
the addition of shell to local river sand, a possibility that
is considered in more detail below.

The major component of glass is the silica, which
was available in the form of pure quartz pebbles or veins
in ancient rocks, as well as sand. The relatively high alu-
mina and trace elements in the natron glass of the first
millennium CE, suggests that sand was invariably the
material used, as opposed to the Late Bronze Age prac-
tice, when pure quartz pebbles seem to have been pre-
ferred.29 This is not surprising, as the large scale of glass
making in the first millennium would have greatly fa-
vored sand that could be easily extracted and did not re-
quire crushing. Furthermore, the plant ash flux that was
used in the Late Bronze Age contained natural quantities
of lime and when combined with crushed quartz made a
good soda-lime-silica glass. Significant levels of lime are
not present in natron, and shell-containing beach sand
provided the lime needed to make a stable glass.30

15 E.g. Verità 2000.
16 Sayre and Smith 1961.
17 Brill 1970, 111.
18 Shortland 2004.
19 Freestone 2008.
20 Devulder et al. 2014.
21 Devulder et al. 2014.
22 Smith 1963; e.g. Mirti, Pace, et al. 2008.
23 Wedepohl and Baumann 2000; Freestone, Wolf, and Thirlwall 2005.

24 Ganio et al. 2012.
25 Brill 1988.
26 Freestone, Wolf, and Thirlwall 2005; Ganio et al. 2012; Brems, Ganio,

et al. 2013.
27 Freestone 2008.
28 Wedepohl and Baumann 2000.
29 Brill 1970; Shortland 2012.
30 Freestone, Gorin-Rosen, and Hughes 2000; Freestone, Wolf, and
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Fig. 2 Magnesia and potash contents of ca.
1000 samples of first millennium CE glass
from the Near East and Europe. Although the
database has expanded significantly since the
seminal work of Sayre and Smith (1961), a
clear gap occurs between glass samples made
from natron (lower left) and plant ash (upper
right).

3 Coloration and decolorization

The manipulation of glass color was sophisticated, par-
ticularly in the production of glass that was essentially
colorless. Most Roman glass contains in excess of
0.3 % iron oxide, which was inherited from the glass-
making sand and is approximately an order of mag-
nitude higher than in modern colorless glass. This
incidentally-incorporated iron tends to color the glass
a limpid but distinctive blue or green-blue. The bluish
color is due to iron in the reduced state (Fe2+ cation),
whereas, when fully oxidized (with iron as Fe3+), the
glass appears almost colorless. Glass excavated from the
primary tank furnaces has been found to typically have
around 60 % of the iron as the Fe3+ cation, and 40 % as
Fe2+, and it appears green-blue.31

It appears that the conditions in the wood-fired fur-
naces of the period were not sufficiently oxidizing to pro-
duce a glass that was more-or-less colorless, so a decol-
orizer that oxidized the Fe2+ to become Fe3+ was added
to the batch. By the second century BCE, it had been
discovered that the addition of around one percent man-
ganese, probably as the relatively common mineral, py-
rolusite (MnO2) effectively decolorized the glass. How-

ever, more powerful was antimony oxide, Sb2O5, which
seems to have removed even the faint tint of blue from
the glass. This became a frequent component of glass
around the middle of the first century CE,32 about the
same time as glass blowing spread across the Empire.
It appears that antimony-decolorized glass was favored
for high quality tableware, such as those with cut deco-
ration, while manganese-decolorized glass was used for
more utilitarian and heavier items, such as windows
and storage bottles.33 Furthermore, the majority of
Roman glass is transparent green-blue, presumably be-
cause of manganese concentrations that were too low
to have been fully effective or because of changes in
oxidation state during the recycling processes.34 De-
tailed discussions of the compositions of Roman col-
orless and transparent glass samples are provided by
Jackson and colleagues.35 Discoveries of antimony- or
manganese-decolorized glasses at the primary produc-
tion sites around the Wadi Natrun in Egypt,36 suggest
that the decolorizers were frequently added at the pri-
mary production stage. At the present time, we have no
strong evidence that decolorization took place in the sec-
ondary fabrication workshops. Furthermore, the strong
association of antimony with a type of glass that is low

Thirlwall 2005.
31 Arletti, Quartieri, and Freestone 2013.
32 Sayre 1963.
33 Jackson and Paynter 2016.

34 Bingham and Jackson 2008.
35 Jackson 2005; Foster and Jackson 2010; Jackson and Paynter 2016.
36 Freestone, Wolf, and Thirlwall 2005; Nenna, Picon, et al. 2005.
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Fig. 3 Micrometer-sized crystals of calcium
antimonate in an opaque white glass from a
mosaic vessel of the first century. Scanning
electron microscope.

in lime and alumina, while manganese is present in glass
with higher lime and alumina37 (Tab. 1, cols. 1 & 2;
see below), strongly suggests that the two types of glass
were made in different locations, and argues against de-
colorization at the secondary stage.

The most straightforward glass colorants were
metallic elements dissolved in the glass such as cobalt,
which could give a deep blue when present at levels
as low as 0.05 %. Copper could give a turquoise blue
or green, depending on the presence of other elements
such as iron or lead, but it is a significantly weaker col-
orant than cobalt,38 so concentrations of around one per-
cent or more were needed to produce a strong color.
Manganese added in amounts in excess of around 1.5 %
gave a purple color, if the glass was sufficiently oxidized.
Amber glass, particularly conspicuous as cast bowls in
the Eastern Mediterranean in the later first millennium
BCE, but present throughout the first millennium CE,39

was produced by exceptionally reducing conditions in
the glass leading to the presence of small amounts of
sulphide ions.40 Needless to say, amber glass samples
typically do not contain decolorizers such as manganese
or antimony, which would have oxidized the glass and
removed the amber color.41 It has been suggested am-

ber glass was were obtained directly from the primary
furnaces, as the color is likely to have been lost through
repeated melting.42 Black glass of the Roman period
has been intensively studied by Cosyns and colleagues,
and was typically produced either by adding iron to the
glass43 or by inducing strongly reducing conditions in
the glass melt. In either case, the glass was so strongly
colored that no light could be transmitted.44

Antimony had significantly more applications than
as a decolorizer and, in particular, it was used to make
glass opaque. When present in amounts significantly
greater than one percent, Sb2O5 tends to crystallize
from the glass as micrometer-sized particles of calcium
antimonate (Ca2Sb2O7), which disperse the light and
make the glass appear opaque white (Fig. 3).45 It seems
likely that the effectiveness of antimony as a decolorizer
was first recognized through this use as an opacifier,
which stretched back to the Late Bronze Age and was
in widespread use for this purpose by the first century
BCE; for example, in mosaic bowls and cameo glass ves-
sels such as the Portland Vase. Also in use since the
Late Bronze Age was the yellow lead antimonate opaci-
fier (Pb2Sb2O7), which was relatively unstable and had
to be pre-prepared as a compound and mixed into the

37 Freestone 2015.
38 Möncke et al. 2014.
39 E.g. Röhrs, Meek, and Entwistle 2013; Freestone, Jackson-Tal, Taxel,

et al. 2015.
40 Schreurs and Brill 1984; Arletti, Quartieri, and Freestone 2013.
41 Sayre 1963.

42 Freestone and Stapleton 2015.
43 For example as iron scale: Cholakova and Rehren 2012.
44 van der Linden et al. 2009; Cagno et al. 2014.
45 Bimson and Freestone 1983; Foster and Jackson 2005; Lahlil et al.

2010.
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molten glass.46 By using an opacifier in combination
with cobalt, copper, or manganese, a wide range of
opaque colors could be attained.47 Translucent red or
ruby glass was not used in the 1–3rd centuries and only
rarely thereafter (see below); virtually all red glasses ap-
pear to have been opaque, colored by copper, either as
nano-particles of metal or as larger crystals of reduced
cuprous oxide, Cu2O.48

Changes in color technology occurred in the early
to mid-fourth century, in particular, the replacement of
opacifying compounds of antimony by tin oxide white
and lead tin yellow.49 The use of antimony as a decol-
orizer discontinued at about the same time,50 presum-
ably reflecting disruptions to the supply chain resulting
from the wider political changes that were occurring.

A translucent red color may be generated in glass
by the presence of nanoparticles of metallic gold (i.e.
smaller than one ten thousandth of a millimeter). While
this practice was rare before its ‘discovery’ in the sev-
enteenth century, silver-gold alloy nanoparticles are re-
sponsible for the translucent red to opaque green color
changes observed in the famous Lycurgus Cup, an open-
work vessel dated to the fourth century and currently in
the collections of the British Museum, as well as similar
effects in a handful of other glass vessels of the same pe-
riod.51 Although this was at one time regarded by the
present author as a more-or-less accidental generation of
a gold-red color, the discovery that the opaque flesh col-
ored glass seen in many mosaics of the fourth century is a
result of the combination of a gold-colored glass matrix
with a white antimonate-based opacifier, indicates that
a group of specialist glass-workers, probably based in
Rome, were able to produce gold-red on a more-or-less
routine basis in the early part of the fourth century CE.52

There are numerous technical challenges to be overcome
in producing such a material, and its production is a re-
flection of the technical sophistication of the glass indus-
try at this time. The gold-red technology appears to have
been relatively short-lived, and occurrences of gold-pink
in later mosaics can probably be attributed to the re-use
of old tesserae.

4 Primary compositional groups and
provenance

A limited number of distinct glass compositional groups
have been recognized to have been in use at various times
during the first millennium CE. Each is believed to rep-
resent a primary production center and two of these
have been linked to known furnaces in Palestine; fur-
ther archaeological discoveries are needed before all of
the groups may be tied to specific production locations,
although circumstantial evidence and geochemical rea-
soning allow an assignment to either Egypt or the Lev-
antine coastal region in most cases.

The base composition of natron glass is largely due
to the composition of the glass making sand, diluted
to a greater or lesser extent by the addition of the soda
(natron). The compositional differences between the
groups, therefore, primarily reflect the differences be-
tween the sands used to make the glass. Freestone and
colleagues reasoned,53 following Brill,54 that if the lime
contents of theglasswere largelyderived fromparticles of
shell or limestone in the glass making sand and the alu-
mina contents were derived from feldspar, then the prod-
ucts of different primary production centers may be dis-
tinguished in simple plots of lime versus alumina, an ap-
proachwhichhasbeenwidelyused(e.g. Fig.4). However,
many groups overlap in this type of graph, and a recon-
sideration of the approach55 has shown that a graph that
plots the ratios of TiO2/Al2O3 and Al2O3/SiO2 can distin-
guishmostof themajorgroupsofnatronglass recognized
to date, to the first millennium CE (Fig. 5). This choice
of axes is based upon the assumption that the glass mak-
ing sand comprised quartz (SiO2), heavy minerals (TiO2-
bearing), feldspars (Al2O3 bearing), as well as CaO-rich
limestone/shell. It reflects the mineralogy of the primary
glass making sand in a more comprehensive way than the
simple lime-alumina plot. TiO2 is used rather than Fe2O3

or MgO (both of these oxides also occur in heavy miner-
als) as high titanium is believed to be especially effective
in distinguishing Egyptian sands from those of the Lev-
antine coast.56 In particular, this graph is very effective at

46 Shortland 2002; Lahlil et al. 2011; Verità, Maggetti, et al. 2013.
47 Henderson 1991; Gliozzo et al. 2012; Freestone and Stapleton 2015.
48 Henderson 1991; Santagostino Barbone et al. 2008; Barber, Freestone,

and Moulding 2009.
49 Tite, Pradell, and Shortland 2008.
50 Sayre 1965; Foster and Jackson 2010.
51 Barber and Freestone 1990.

52 Verità and Santopadre 2010.
53 Freestone, Gorin-Rosen, and Hughes 2000; Freestone, Ponting, and

Hughes 2002.
54 Brill 1988.
55 This approach was introduced for a limited number of groups in

Schibille, Sterrett-Krause, and Freestone 2017.
56 Foy et al. 2003.
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Fig. 4 Lime versus alumina contents of some
of the main compositional groups. While
this plot has been found suitable for the dis-
crimination of some of the groups of Late
Antiquity, there are major problems in distin-
guishing the main glass types of the 2nd to 6th
centuries that overlap in the center.

distinguishingglass fromanumberofproductioncenters
thought to have been located in Egypt.

Isotopic analysis has proved valuable in determin-
ing the sources of natron glass. As already indicated, iso-
topes of strontium are sensitive to the origin of the lime
used, and indicate that the lime in most of the groups
in Fig. 5 is derived from marine shells.57 This is taken
to indicate beach sand as the primary raw material. Of
the groups indicated in Fig. 5, only Egypt II, the latest
group, which dates to the 8–9th centuries CE, shows a
strontium isotopic composition characteristic of an in-
land source.58 The isotopes of neodymium have proved
very effective in establishing the source of the primary
natron glass production, in particular, because Eastern
Mediterranean sands are characterized by geologically
young neodymium derived from the Nile.59 Of the nine
groups indicated in Fig. 5, the available isotopic evidence
suggests an origin in the Eastern Mediterranean region
for the great majority of the samples analyzed.60 The
powerful isotopic evidence has resulted in a consensus
about the Eastern Mediterranean origin of the majority
of Roman glass.

In terms of their elemental compositions, the Lev-
antine groups, comprising those glasses made on the

Eastern Mediterranean coast north of Gaza, are similar
to one another, while the Egyptian groups are more dis-
persed, primarily due to the variation in their TiO2 con-
tents. There is increasing support for the opinion that
Roman glass decolorized by antimony (Roman Sb in
Fig. 5, henceforth, Rom-Sb), with lower alumina than
the main Levantine groups but with similar TiO2, orig-
inates in Egypt,61 but definitive evidence in the form
of primary furnaces is absent at the present time. On
this basis, the Levantine glass groups are confined to the
lower right of Fig. 5, and are not well separated from one
another. This reflects the similar compositions of the
beach sands of the coast between Gaza and Haifa.62 Dif-
ferentiation of the products of different Levantine pri-
mary furnaces is best achieved by taking into considera-
tion CaO and Al2O3, as in Fig. 4, along with the quantity
of soda used to flux the glass.63

There is a relatively straightforward chronological
progression in the production of the different glass
groups. In the first to third centuries, largely colorless
Rom-Sb from Egypt and colorless to green-blue Rom-
Mn from the Levant were the dominant types. From
some point in the fourth century, an Egyptian type
known as HIMT became dominant in much of Eu-

57 Ganio et al. 2012; Gallo et al. 2015; Maltoni et al. 2015.
58 Freestone, Wolf, and Thirlwall 2005.
59 Degryse and Schneider 2008.
60 E.g. Ganio et al. 2012; Gallo et al. 2015; Maltoni et al. 2015.

61 Degryse 2014; Rosenow and Rehren 2014; Freestone 2015; Schibille,
Sterrett-Krause, and Freestone 2017.

62 Freestone 2006.
63 Al-Basheireh et al. 2016; Phelps et al. 2016.
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Fig. 5 Discrimination of major glass groups
using oxide ratios. The dashed line indicates
the approximate boundary between Egyp-
tian (above, left) and Levantine (below, right)
compositions.

rope, but Levantine production continued.64 In the fifth
and sixth centuries, new Egyptian glass types appeared,
termed groups 2.1 and 3.2 by Foy et al.65 and suggested
by Cholakova et al.66 to be closely related.67 Levantine
glass production was still represented, especially in the
eastern Mediterranean, but after the fifth century, Levan-
tine glass was no longer decolorized using manganese.68

Levantine glass production (‘Levantine I’) in the sixth-
seventh century has been linked to furnaces at Apollo-
nia,69 while in the eighth century it had moved North
to the furnaces at Bet Eli’ezer, near Hadera, to produce
a relatively distinctive silica-rich composition known as
Levantine II. Egypt I, a seventh century group, is not
well-known beyond Egypt, while the final natron group
appears to have been Egypt II, which was produced in
the 8–9th centuries.70

Some disagreement exists in the literature around
the origin of the common yellowish-green glass that be-
came becomes abundant in the fourth century, displac-
ing the earlier Rom-Sb and Rom-Mn groups.71 Primary

manufacture of this glass in the Hambach Forest region
was considered to be local to the area, on the basis of
strong geochemical arguments.72 However, glass which
appears identical in composition appeared in the East
and across the Roman world at about the same time.
Known as HIMT glass,73 this well-studied glass type,
also equivalent to Group 1 of Foy et al.74 is consid-
ered to originate in Egypt, and its isotopic and elemental
compositions are fully consistent with such an origin.75

Rehren and Brüggler,76 for example, attribute the char-
acteristic Helle bowls of the fourth to fifth centuries in
northwestern Germany to the HIMT group, rather than
to an origin in the region.

5 Secondary production and recycling

A consequence of the divided production model is that
the glass shaped into vessels and windows in secondary
production workshops does not reflect the natural raw

64 E.g. Foy et al. 2003; Foster and Jackson 2009; Schibille, Sterrett-
Krause, and Freestone 2017.

65 Foy et al. 2003.
66 Cholakova, Rehren, and Freestone 2015.
67 Note that Foy et al. 2003 suggested group 3.2 to have a Levantine

origin.
68 Foy et al. 2003; Ceglia et al. 2015; Schibille, Sterrett-Krause, and Free-

stone 2017.
69 Freestone, Gorin-Rosen, and Hughes 2000; Tal, Jackson-Tal, and Free-

stone 2004.
70 Gratuze and Barrandon 1990; Phelps et al. 2016.
71 Jackson and Foster 2015.
72 Wedepohl and Baumann 2000; Follmann-Schultz 2015.
73 Freestone 1994.
74 Foy et al. 2003. See also Freestone, Wolf, and Thirlwall 2005; Foster

and Jackson 2009; Nenna 2014.
75 Freestone, Wolf, and Thirlwall 2009; Jackson and Foster 2015.
76 Rehren and Brüggler 2015.
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Fig. 6 Compositions of 2–3rd century color-
less and weak green-blue glass from the Iulia
Felix shipwreck. The compositions of the pri-
mary manganese- and antimony-decolorized
glasses are seen at the top and bottom of the
plot. Intermediate compositions are formed
by mixing these end-members, and are more
frequently green-blue.

materials available to that workshop, but instead reflect
the source of the primary glass. This presents the possi-
bility of determining the character of long distance East-
West trade and its fluctuations throughout the first mil-
lennium CE, using the occurrence of primary glass.77

However, it is expected to be challenging to distinguish
the products of different secondary workshops by chem-
ical analysis, unless the glass workers used glass sourced
from different primary factories. Given that at any one
time, the glass industry in a particular region seems to
have been typically dominated by a single primary pro-
duction, this circumstance is likely to have occurred only
rarely. An exception is when Rom-Mn and Rom-Sb type
glasses were widely traded in the first to third centuries
and in use at the same time across the Empire.

Glass is the archetypal recyclable material; the re-
melting of old glass, or cullet, to make new vessels has
been practiced since at least the early Roman period,
as reflected in classical texts,78 archaeological deposits,79

and the composition of the glass itself.80 It has long been
recognized that the recycling process results in the accu-
mulation of colorant elements (Sb, Cu, Co, Pb, etc.) in
the recycled glass, as recycling was never a perfect pro-
cess; colored glass cullet would have been intentionally

re-used or unintentionally incorporated with uncolored
glass in the batch.81 On this basis, there can be little
doubt that much of the glass of the first millennium, at
least in the West, contains some recycled material, even
where fresh glass was being received. However, these
colorant data do not always make it clear what propor-
tion of a particular glass batch has been recycled, and
how much is pristine glass. It may well be that recycling
was so ubiquitous that virtually all of the ancient glass
recovered has been recycled; if colorless glass was recy-
cled only with colorless cullet of the same composition
and colored glass was efficiently excluded, then there
would be no diagnostic signature indicative of recycling
in terms of colorant elements. An approach to recycling
based upon colorant elements alone is, therefore, some-
what limited, and it is necessary to turn to other indica-
tors to complement the information.

For the first to fourth centuries, the most promis-
ing approach appears to have been through the mix-
ing of glasses decolorized with antimony and with man-
ganese.82 As antimony-decolorized glass (Rom-Sb) is
also typically richer in soda and lower in lime and
alumina than the contemporary manganese-decolorized
glass (Rom-Mn), the mixing of these two types can be

77 Rehren and Freestone 2015.
78 Whitehouse 1999.
79 Keller 2005.
80 Freestone 2015.

81 Jackson 1996; Mirti, Lepora, and Sagui 2000; Freestone, Ponting, and
Hughes 2002.

82 Jackson and Paynter 2016; Freestone 2015.
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monitored both by the ratio of decolorants and the ma-
jor element composition, as shown, for example, in
Fig. 6. The data in the graph are from the work of Sil-
vestri and colleagues83 on glass from the shipwreck Iulia
Felix, off Grado in the Adriatic Sea, which carried a bar-
rel containing over 10 000 fragments of broken glass for
recycling. Fig. 6 shows a more-or-less linear relationship
between the alumina content of the glass and the ratio of
manganese to antimony, and this trend reflects the mix-
ing of antimony-decolorized glass that has low alumina,
with manganese-decolorized glass that had a higher alu-
mina concentration (Tab. 1). The combination of the de-
colorizers and base-glass components in this way gives a
more robust understanding of the mixing process than
consideration of the antimony and manganese alone, as
it incorporates the base glass compositions. In Fig. 6,
a tendency of the Roman craftsmen to have conserved
the composition of the Rom-Sb glass is observed, as
the clearly identifiable antimony-decolorized glass at the
base of the figure is not frequently adulterated by small
quantities of Rom-Mn. On the other hand, the Rom-Mn
at the top of the graph is more frequently contaminated
with small amounts of Rom-Sb. In the center of the dia-
gram is a group of truly intermediate compositions, rep-
resenting an indiscriminate mixing of the two types.

Further indications of recycling may be observed
due to contamination processes in the workshop. Payn-
ter,84 in a detailed analytical study of glass making waste
from the experimental reconstruction of a Roman glass
workshop, showed that while being melted, glass in a
wood-fired furnace could be contaminated by potassium
associated with the fuel ash. This effect is frequently ob-
served in the analysis of Late Byzantine glass (6th to 7th
centuries) from the Levant85 and may also be observed
in earlier Roman assemblages, as observed at Carthage.86

It is becoming apparent from these approaches that,
as might be expected, recycling was a ubiquitous process
throughout the first millennium CE. Even so, it appears
to have been more intense in some regions and at spe-
cific times than others, and this was due to a range of
factors, but, in particular, the availability of fresh raw
glass from the Eastern Mediterranean. Hence, in West-
ern Europe in the eighth to ninth centuries, virtually all

natron glass used represented recycled material, to the
extent that the glass used to furnish the monastery at San
Vincenzo al Volturno (Molise, Italy) has been identified
as the mosaic and window glass removed from a single
Roman building by Schibille and Freestone.87 Towards
the end of the first millennium, when East-West trade
had become severely restricted, the glass from old build-
ings would have been seen as the primary source of a ma-
terial that was not easy to manufacture. Indeed, Roman
mosaics were a source of strong colors for the northern
enamel and window glass industries up until the middle
of the twelfth century.88

6 The natron premium

Although the data allow some remaining possibility that
some colorless natron glass was made beyond the Eastern
Mediterranean region,89 it seems unlikely that this was
more than a very small proportion of the total glass in use
at any time, and that most glass was made in the great
tank furnaces of Egypt and Syria-Palestine. The reason
for this lies in the sourceof thenatron itself: almost exclu-
sively Egypt according to the most recent study of the iso-
topic composition of boron, an effective marker for na-
tron.90 Not only was natron a geographically restricted
material but also its production would have been sea-
sonally dependent and probably susceptible to climatic
fluctuations, as well as social and political upheavals.91

Raw glass in the form of chunks, as found across the Ro-
man world and in shipwrecks, would have been easier
to transport and a more negotiable commodity than na-
tron, which was water soluble, caustic, and of very low
density relative to the equivalent amount of glass.

The controlling influence of natron on the produc-
tion of glass throughout the first millennium is illus-
trated in Tab. 2. Here, the soda contents of the major
primary glass groups of the first millennium are com-
pared by century and by the currently understood loca-
tion of production. While this table would benefit from
significant expansion, in terms of the numbers of assem-
blages incorporated, the basic pattern is clear. In any
period, the soda content of Levantine glass was 3–4 %

83 Silvestri 2008; Silvestri, Molin, and Salviulo 2008.
84 Paynter 2008.
85 Rehren, Marii, et al. 2010; Al-Basheireh et al. 2016.
86 Schibille, Sterrett-Krause, and Freestone 2017.
87 Schibille and Freestone 2013.

88 Freestone 2015.
89 Degryse 2014.
90 Devulder et al. 2014.
91 Shortland 2004; Shortland et al. 2006.
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Weight Percent Na2O

Egyptian glass Levantine glass

Century Mean sd Mean sd Data source

1st BCE 17,6 1,1 Jerusalem: I. C. Freestone, unpublished
data

2nd–3rd CE 19,8 0,5 16,8 0,8 Iulia Felix, Rom-Sb & Rom-Mn: Silvestri
2008; Silvestri, Molin, and Salviulo 2008

4th CE 15,7 0,9 Jalame: Brill 1988

5th CE 19,1 1,4 HIMT: Foy et al. 2003

6th CE 17,8 1,1 Foy 2.1: Cholakova, Rehren, and Freestone
2015

6th–7th CE 14,4 1,2 Apollonia: Tal, Jackson-Tal, and Freestone
2004; Freestone, Gorin-Rosen, and Hughes
2000; Freestone, Jackson-Tal, and Tal 2008

7th CE 17,0 1,3 Egypt I: Ceglia et al. 2015

7th–8th CE 12,5 1,5 Bet Eli’ezer: Freestone, Gorin-Rosen, and
Hughes 2000; Freestone unpublished

8th–9th CE 15,0 0,5 Egypt II: Bimson and Freestone 1987; Free-
stone, Jackson-Tal, Taxel, et al. 2015

Tab. 2 Means and standard deviations of soda contents of glass inferred to have been made in Egypt and the Levant through the first millennium CE.
Note the decline in soda contents with time, as well as the lower soda in Levantine glass.

weight percent Na2O lower than that made in Egypt, or
alternatively expressed, the Na2O content of Levantine
glass was typically around 80–85 % of that of Egyptian
glass. Natron was a very effective flux, lowering the melt-
ing and working temperatures of the material, and this
difference represents an additional cost to the Levantine
producers in terms of fuel and/or effort. It is not surpris-
ing then that ‘colorless Alexandrine glass’ was more ex-
pensive than ‘greenish Judean glass’, according to the em-
peror Diocletian’s Edict of Maximum Prices (301 CE).92

The higher quality of Egyptian glass also appears to
be reflected in the use of decolorizers. From the first to
fourth centuries, the more effective, but less accessible,
and no doubt more expensive decolorant, antimony, was
used in Rom-Sb glass, here considered to have been an
Egyptian product. Manganese, more readily available as
the oxide from mining areas such as Feynan and Timna
in the Wadi Arabah (modern Jordan and Israel)93 was

used on the Levantine coast. Following the demise of
antimony-decolorized glass in the fourth century, Egyp-
tian glass makers adopted manganese as a decolorant,
and this continued until the sixth century, first in HIMT
and then the Foy 2.1 glass types.94 However, the use of
manganese as a decolorant in glass made in the Levant
appears to have ceased by the end of the fifth century.95

The advantage offered to the Egyptian glass workers by
the close availability of natron is, therefore, also reflected
in the availability of manganese decolorizer.

Not only was the natron content of Egyptian glass
higher than that of the Levantine material at all times,
but the table reveals a reduction in the natron content
of glass over the millennium of 20–30 % for each re-
gion. For the Levant, this resulted in a glass of aston-
ishingly low soda (and correspondingly high silica (12 %
and 75 % respectively)) at the time of the final Umayyad
production at Bet Eli’ezer, near modern Hadera. This

92 Whitehouse 2004; but cf. Barag 2005.
93 Hauptmann 2007.
94 Foy et al. 2003; Cholakova, Rehren, and Freestone 2015; Ceglia et al.

2015.
95 Foy et al. 2003; see also Schibille, Sterrett-Krause, and Freestone 2017.
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was not the result of sacrificing glass quality for an in-
crease in quantity; at the time that the glass lowest in
natron was being produced, total fresh glass production
was much lower than in earlier centuries: raw glass was
no longer reaching western Europe, and the large mo-
saic and window projects of the Roman and Byzantine
periods were long past. The reduction in the availabil-
ity of natron was, therefore, even greater than the com-
positions alone would suggest. Furthermore, with the
proviso that the averages shown in Tab. 2 are based on a
relatively small samples of samples, there appears to be
a gradual decrease in soda content over the millennium,
suggesting a long term decline in its availability.

It is, therefore, not surprising that natron glass pro-
duction was largely restricted to Egypt and the Levan-
tine coast. There was effectively a premium associated
with the use of natron, which was substantially higher
for buyers outside Egypt. The extent to which this was a
consequence of transport costs, some form of taxation,
or other factors, is unclear.96 For whatever reason, the
cost of obtaining Egyptian natron was restrictive, even
for the glass makers of the nearby Levant.

Recently, use of a local natron source has been rec-
ognized in western Anatolia, where from the middle of
the first millennium CE, a glass was produced using a
mineral soda derived by evaporation from soda springs
associated with local boron deposits. The glass, found
in assemblages at Aphrodisias and Pergamon, has a very
characteristic composition with elevated alumina, and
the evaporitic soda gives rise to very high levels of the
trace elements lithium and boron;97 however, at present
there is little evidence that either the glass or the soda
were extensively traded beyond the boundaries of mod-
ern Turkey in the first millennium CE. The existence of
this regional production in Anatolia suggests that where
soda was available, it is likely to have been used in glass
production, and is consistent with the view that natron
from Egypt did not travel far.

7 Conclusion

The primary production of natron glass ceased around
the middle of the ninth century in Egypt98 and perhaps
fifty or one hundred years earlier in Palestine.99 Follow-
ing this, it was replaced by glass based on soda-rich plant
ash in the South, while north of the Alps, production of
a potassium-rich glass based upon the ashes of inland
plants and trees had begun in France by the end of the
eighth century.100 This change in production drove the
spread of glass making and the development of the me-
dieval industry in Venice and the stained glass window
productions of the Lorraine and Normandy in France,
among many others. The gradual decline in the soda
content of glass and the relative accessibility of natron
to glass makers in Egypt and Palestine suggest that the
reasons for the technological change are not to be found
in some short-term or abrupt event such as a political
upheaval;101 rather, they are to be sought in long-term
economic and social factors, perhaps related to the de-
mand for natron for alternative uses, for example, to be
used in the dying industry, or as a medicine or a deter-
gent.102 Only close attention to the structure of the glass
industry and its relationship to society both before and
after the change will allow a robust interpretation of the
factors involved.

Over the past twenty years, an explosion of archaeo-
logical and archaeometric data has allowed a dramatic re-
vision of earlier ideas about the glass industry of the first
millennium, and it seems unlikely that the understand-
ing of the general structure of the industry will change
radically in the near future. However, there is still much
to learn about the movement of glass, its markets, and its
recycling. The dramatic improvements in our ability to
produce high quality analytical data and our ability to in-
terpret it suggest that scientific approaches will continue
to make a strong contribution, particularly when cou-
pled with well-contextualized archaeological material.

96 A tax on natron existed in the Ptolemaic period – Heichelheim 1958
and also in the Abassid period – Décobert 2003.

97 Schibille 2011; Rehren, Connolly, et al. 2015; see also Brill 1968, and
for a discussion of the soda source see Tite, Shortland, et al. 2016.

98 Sayre and Smith 1974; Gratuze and Barrandon 1990.

99 Phelps et al. 2016.
100 van Wersch et al. 2015.
101 Shortland et al. 2006.
102 Phelps et al. 2016.

257



Bibliography

Arletti, Quartieri, and Freestone 2013
Rossella Arletti, Simona Quartieri, and Ian C. Freestone. “A
Xanes Study of Chromophores in Archaeological Glass.” Ap-
plied Physics A 1.111 (2013), 99–108.

Barag 2005
Dan Barag. “Alexandrian and Judaean Glass in the Price Edict
of Diocletian.” Journal of Glass Studies 47 (2005), 184–186.

Barber and Freestone 1990
David J. Barber and Ian C. Freestone. “An Investigation of the
Origin of the Colour of the Lycurgus Cup by Analytical Trans-
mission Electron Microscopy.” Archaeometry 32.1 (1990), 33–
45.

Barber, Freestone, and Moulding 2009
David J. Barber, Ian C. Freestone, and Keith M. Moulding.
“Ancient Copper Red Glasses: Investigation and Analysis by
Microbeam Techniques.” In From Mine to Microscope – Advances
in the Study of Ancient Technology. Ed. by A. J. Shortland, I. C.
Freestone, and T. Rehren. Oxford: Oxbowbooks, 2009, 115–
127.

Al-Basheireh et al. 2016
Khaled Al-Basheireh, Abdel-Qader Al-Housan, Ian C. Free-
stone, and Shatha Al-Mustafa. “Composition of Byzantine
Glasses from Umm El-jimal, Northeast Jordan: Insights into
Glass Origins and Recycling.” Journal of Cultural Heritage 21
(2016), 809–818.

Bimson and Freestone 1983
Mavis Bimson and Ian C. Freestone. “An Analytical Study of
the Relationship between the Portland Vase and Other Roman
Cameo Glasses.” Journal of Glass Studies 25 (1983), 115–127.

Bimson and Freestone 1987
Mavis Bimson and Ian C. Freestone. “The Discovery of an Is-
lamic Glass Making Site in Middle Egypt.” In Annales du 10e
Congres de l’Association Internationale pour l’Histoire du Verre,
Madrid฀Segovia/23–28 September 1985. Ed. by International As-
sociation for the History of Glass. Amsterdam: Association
internationale pour l’histoire du verre, 1987, 237–243.

Bingham and Jackson 2008
Paul A. Bingham and Caroline M. Jackson. “Roman Blue-
Green Bottle Glass: Chemical-optical Analysis and High Tem-
perature Viscosity Modelling.” Journal of Archaeological Science
2.35 (2008), 302–309.

Brems, Degryse, and Ganio 2012
Dieter Brems, Patrick Degryse, and Monica Ganio. “The Pro-
duction of Roman Glass with Western Mediterranean Sand
Raw Materials: Preliminary Results.” Glass Technology-European
Journal of Glass Science and Technology Part A 4.53 (2012), 129–
138.

Brems, Degryse, Hasendoncks, et al. 2012
Dieter Brems, Patrick Degryse, Feme Hasendoncks, Domingo
Gimeno, Alberta Silvestri, Elvira Vassilieva, Steven Luypaers,
and Johan Honings. “Western Mediterranean Sand Deposits
As a Raw Material for Roman Glass Production.” Journal of
Archaeological Science 9.39 (2012), 2897–2907.

Brems, Ganio, et al. 2013
Dieter Brems, Monica Ganio, Kris Latruwe, Alberta Silvestri,
Patrick Degryse, Domingo Gimeno, Lieve Balcaen, Mike Car-
remans, Frank Vanhaecke, and Philippe Muchez. “Isotopes
on the Beach, Part 1: Strontium Isotope Ratios As a Prove-
nance Indicator for Lime Raw Materials Used in Roman Glass-
Making.” Archaeometry 2.55 (2013), 214–234.

Brill 1968
Robert H. Brill. “The Scientific Examination of Ancient
Glasses.” In Proceedings of the 8th International Congress on Glass.
Ed. by Society of Glass Technology. Sheffield: Society of Glass
Technology, 1968, 47–68.

Brill 1970
Robert H. Brill. “The Chemical Interpretation of the Texts.” In
Glass and Glassmaking in Ancient Mesopotamia. Ed. by A. L. Op-
penheim, R. H. Brill, D. Barag, and A. von Saldern. New York:
Corning Museum of Glass, 1970, 105–128.

Brill 1988
Robert H. Brill. “Scientific Investigations of the Jalame Glass
and Related Finds.” In Excavations at Jalame: Site of a Glass Fac-
tory in Late Roman Palestine. Ed. by G. D. Weinberg. Columbia:
University of Missouri, 1988, 257–291.

Cagno et al. 2014
Simone Cagno, Peter Cosyns, Andrei Izmer, Frank Vanhaecke,
Karin Nys, and Koen Janssens. “Deeply Colored and Black-
Appearing Roman Glass: A Continued Research.” Journal of
Archaeological Science 42 (2014), 128–139.

Ceglia et al. 2015
Andrea Ceglia, Peter Cosyns, Karin Nys, Herman Terryn,
Hugo Thienpont, and Wendy Meulebroeck. “Late Antique
Glass Distribution and Consumption in Cyprus: A Chemical
Study.” Journal of Archaeological Science 61 (2015), 213–222.

Cholakova and Rehren 2012
Anastasia Cholakova and Thilo Rehren. “Producing Black
Glass during the Roman Period-Notes on a Crucible Fragment
from Serdica, Bulgaria.” In Proceedings of the 39th International
Symposium for Archaeometry. Ed. by R. B. Scott, D. Braekmans,
M. Carremans, and P. Degryse. Leuven: Centre for Archaeolog-
ical Sciences, 2012, 261–267.

Cholakova, Rehren, and Freestone 2015
Anastasia Cholakova, Thilo Rehren, and Ian C. Freestone.
“Compositional Identification of 6th c. AD Glass from the
Lower Danube.” Journal of Archaeological Science Reports 7
(2015), 625–632.

258



GLASS PRODUCTION IN THE RST MILLENNIUM CE

Décobert 2003
Christian Décobert. “Le natron égyptien au Moyen-Age.” In
Echanges et commerce du verre dans le monde antique: Actes du Col-
loque de l’Association Française pour l’Archeologie du Verre, Aix-en-
Provence et Marseille, 7–9 juin 2001. Ed. by D. Foy and M.-D.
Nenna. Montagnac: Editions Monique Mergoil, 2003, 125–
127.

Degryse 2014
Patrick Degryse. Glass Making in the Greco-Roman World: Results
of the ARCHGLASS Project. Leuven: Leuven University Press,
2014.

Degryse and Schneider 2008
Patrick Degryse and Jens Schneider. “Pliny the Elder and Sr–
nd Isotopes: Tracing the Provenance of Raw Materials for Ro-
man Glass Production.” Journal of Archaeological Science 7.35
(2008), 1993–2000.

Devulder et al. 2014
Veerle Devulder, Frank Vanhaecke, Andrew J. Shortland,
David Mattingly, Caroline M. Jackson, and Patrick Degryse.
“Boron Isotopic Composition as a Provenance Indicator for
the Flux Raw Material in Roman Natron Glass.” Journal of Ar-
chaeological Science 46 (2014), 107–113.

Follmann-Schultz 2015
Anna-Barbara Follmann-Schultz. “The Hambach Glass Produc-
tion of the Late Roman Period.” In Glass of the Roman World.
Ed. by Bayley. J., I. C. Freestone, and C. Jackson. Oxford:
Oxbow, 2015, 23–31.

Foster and Jackson 2005
Harriet Foster and Caroline M. Jackson. “’A Whiter Shade of
Pale’? Chemical and Experimental Investigation of Opaque
White Roman Glass Gaming Counters.” Glass technology 46
(2005), 327–333.

Foster and Jackson 2009
Harriet Foster and Caroline M. Jackson. “The Composition
of ‘Naturally Coloured’ Late Roman Vessel Glass from Britain
and the Implications for Models of Glass Production and Sup-
ply.” Journal of Archaeological Science 36 (2009), 189–204.

Foster and Jackson 2010
Harriet Foster and Caroline M. Jackson. “The Composition of
Late Romano-British Colourless Vessel Glass: Glass Produc-
tion and Consumption.” Journal of Archaeological Science 12.37
(2010), 3068–3080.

Foy et al. 2003
Daniéle Foy, Michèle Vichy, Maurice Picon, and Valérie
Thirion-Merle. “Caracterisation des verres de la fin de
l’Antiquite en Mediterranee occidentale: l’emergence de nou-
veaux courants commerciaux.” In Echanges et commerce du verre
dans le monde antique: actes du colloque de l’Association française
pour l’archeologie du verre, Aix-en-Provence et Marseille, 7–9 juin
2001. Ed. by D. Foy and M.-D Nenna. Montagnac: Editions
Monique Mergoil, 2003, 41–86.

Freestone 1994
Ian C. Freestone. “Appendix: Chemical Analysis of ‘Raw’ Glass
Fragments.” In Excavations at Carthage, Vol. II, 1. The Circular
Harbour, North Side. The Site and Finds other than Pottery. Ed. by
H.R Hurst. British Academy Monographs in Archaeology 4.
Oxford: Oxford University Press, 1994, 290.

Freestone 2006
Ian C. Freestone. “Glass Production in Late Antiquity and the
Early Islamic Period: A Geochemical Perspective.” In Geoma-
terials in Cultural Heritage. Ed. by M. Maggetti and B. Messiga.
Geological Society of London Special Publication 257. Lon-
don: Geological Society of London, 2006, 201–216.

Freestone 2008
Ian C. Freestone. “Pliny on Roman Glassmaking.” In Archaeol-
ogy, History and Science: Integrating Approaches to Ancient Materi-
als. Ed. by M. Martinón-Torres and T. Rehren. Walnut Creek:
Left Coast Press, 2008, 77–100.

Freestone 2015
Ian C. Freestone. “The Recycling and Reuse of Roman Glass:
Analytical Approaches.” Journal of Glass Studies 57 (2015), 29–
40.

Freestone, Gorin-Rosen, and Hughes 2000
Ian C. Freestone, Yael Gorin-Rosen, and Michael J. Hughes.
“Primary Glass from Israel and the Production of Glass in
Late Antiquity and the Early Islamic Period.” In La route du
verre. Ateliers primaires et secondaires du second millénaire av. J.C.
au Moyen Âge. Ed. by M.-D Nenna. Lyon: Maison de l’Orient
méditerranéen, 2000, 65–83.

Freestone, Jackson-Tal, and Tal 2008
Ian C. Freestone, Ruth E. Jackson-Tal, and Oren Tal. “Raw
Glass and the Production of Glass Vessels at Late Byzantine
Apollonia-Arsuf, Israel.” Journal of Glass Studies 50 (2008), 67–
80.

Freestone, Jackson-Tal, Taxel, et al. 2015
Ian C. Freestone, Ruth E. Jackson-Tal, Itamar Taxel, and Oren
Tal. “Glass Production at an Early Islamic Workshop in Tel
Aviv.” Journal of Archaeological Science 62 (2015), 45–54. DOI:
10.1016/j.jas.2015.07.003.

Freestone, Ponting, and Hughes 2002
Ian C. Freestone, Matthew Ponting, and Michael J. Hughes.
“The Origins of Byzantine Glass from Maroni Petrera, Cyprus.”
Archaeometry 44 (2002), 257–272.

Freestone and Stapleton 2015
Ian C. Freestone and Colleen P. Stapleton. “Composition of
Mosaic Glass Vessels of the Early Imperial Period.” In Glass
of the Roman World. Ed. by J. Bayley, I. C. Freestone, and C. J.
Jackson. Oxford: Oxbow, 2015, 62–77.

Freestone, Wolf, and Thirlwall 2005
Ian C. Freestone, Sophie Wolf, and Matthew Thirlwall. “The
Production of HIMT Glass: Elemental and Isotopic Evidence.”
In Annales du 16e Congrès de l’Association Internationale pour
l’Histoire du Verre: London, 2003. Ed. by M.-D Nenna. Not-
tingham: Association internationale pour l’histoire du verre,
2005, 153–157.

259

https://doi.org/10.1016/j.jas.2015.07.003


IAN C. FREESTONE

Freestone, Wolf, and Thirlwall 2009
Ian C. Freestone, Sophie Wolf, and Matthew Thirlwall. “Iso-
topic Composition of Glass from the Levant and South-
Eastern Mediterranean Region.” In Isotopes in Vitreous Materi-
als. Ed. by P. Degryse, J. Henderson, and G. Hodgins. Leuven:
Leuven University Press, 2009, 31–52.

Gallo et al. 2015
Filomena Gallo, Alberta Silvestri, Patrick Degryse, Monica
Ganio, Antonio Longinelli, and Gianmario Molin. “Roman
and Late-Roman Glass from North-eastern Italy: The Isotopic
Perspective to Provenance Its Raw Materials.” Journal of Archaeo-
logical Science 62 (2015), 55–65.

Ganio et al. 2012
Monica Ganio, Sara Boyen, Thomas Fenn, Rebecca Scott,
Sophia Vanhoutte, Domingo Gimeno, and Patrick Degryse.
“Roman Glass across the Empire: An Elemental and Isotopic
Characterization.” Journal of Analytical Atomic Spectrometry 5.27
(2012), 743–753.

Gliozzo et al. 2012
Elisabetta Gliozzo, A. Santagostino Barbone, Maria Turchi-
ano, I. Memmi Turbanti, and Giuliano Volpe. “The Coloured
Tesserae Decorating the Vaults of the Faragola Balneum (As-
coli Satriano, Foggia, Southern Italy).” Archaeometry 54.2
(2012), 311–331.

Gorin-Rosen 1995
Yael Gorin-Rosen. “Hadera, Bet Eli’ezer.” Excavations and Sur-
veys in Israel 13 (1995), 42–43.

Gorin-Rosen 2000
Yael Gorin-Rosen. “The Ancient Glass Industry in Israel –
Summary of the Finds and New Discoveries.” In La route du
verre. Ateliers primaires et secondaires du second millénaire av. J.C.
au Moyen Âge. Ed. by M.-D Nenna. Lyon: Maison de l’Orient
méditerranéen, 2000, 49–63.

Gratuze and Barrandon 1990
Bernhard Gratuze and Jean-Noël Barrandon. “Islamic Glass
Weights and Stamps – Analysis Using Nuclear Techniques.”
Archaeometry 32 (1990), 155–162.

Grose 1986
David F. Grose. “Innovation and Change in Ancient Technolo-
gies: The Anomalous Case of the Roman Glass Industry.” In
High-Technology Ceramics: Past, Present, and Future – The Nature
of Innovation and Change in Ceramic Technology. Ed. by W. D.
Kingery. Westerville: American Ceramic Society, 1986, 65–79.

Hauptmann 2007
Andreas Hauptmann. The Archaeometallurgy of Copper. Evidence
from Faynan, Jordan. Berlin: Springer, 2007.

Heichelheim 1958
Fritz M. Heichelheim. An Ancient Economic History: From the
Palaeolithic Age to the Migrations of the Germanic, Slavic and Arabic
Nations. Revised and Complete English Translation by J. Stevens.
Leiden: A. W. Sijthoff, 1958.

Henderson 1991
Julian Henderson. “Chemical Characterisation of Roman
Glass Vessels, Enamels and Tesserae.” In Materials Issues in Art
and Archaeology II. Ed. by P. Vandiver, J. Druzik, and G. S.
Wheeler. Materials Research Society Symposium Proceedings
185. Pittsburgh and Pennsylvania: Materials Research Society,
1991, 601–608.

Huisman et al. 2008
Dirk Johannes Huisman, Sander Pols, Ineke Joosten, Bertil
J. H. van Os, and A. Smit. “Degradation Processes in Colour-
less Roman Glass: Cases from the Bocholtz Burial.” Journal of
Archaeological Science 2.35 (2008), 398–411.

Jackson 1996
Caroline M. Jackson. “From Roman to Early Medieval Glasses:
Many Happy Returns or a New Birth?” In Annales du 13e Con-
grès de l’association internationale pour l’histoire du verre: Pays Bas,
28 août–1 septembre 1995. Ed. by G. Meconcelli. Amsterdam:
Association internationale pour l’histoire du verre, 1996, 289–
302.

Jackson 2005
Caroline M. Jackson. “Making Colourless Glass in the Roman
Period.” Archaeometry 4.47 (2005), 763–780.

Jackson and Foster 2015
Caroline M. Jackson and Harriet Foster. “Provenance Studies
and Roman Glass.” In Glass of the Roman World. Ed. by J. Bayley,
I. C. Freestone, and C. Jackson. Oxford: Oxbow, 2015, 1–12.

Jackson and Paynter 2016
Caroline M. Jackson and Sarah Paynter. “A Great Big Melt-
ing Pot: Exploring Patterns of Glass Supply, Consumption
and Recycling in Roman Coppergate, York.” Archaeometry 1.58
(2016), 68–95.

Keller 2005
Daniel Keller. “Social and Economic Aspects of Glass Recy-
cling.” In TRAC 2004: Proceedings of the Fourteenth Annual The-
oretical Roman Archaeology Conference, Durham 2004. Ed. by J.
Bruhn, B. Croxford, and D. Grigoropoulos. Oxford: Oxbow,
2005, 65–78. DOI: 10.16995/TRAC2004_65_78.

Lahlil et al. 2010
Sophie Lahlil, Marine Cotte, Isabelle Biron, and Jean Susini.
“New Insight on the in Situ Crystallization of Calcium An-
timonate Opacified Glass during the Roman Period.” Applied
Physics A 3.100 (2010), 683–692.

Lahlil et al. 2011
Sophie Lahlil, Marine Cotte, Isabelle Biron, and Jean Susini.
“Synthesizing Lead Antimonate in Ancient and Modern
Opaque Glass.” Journal of Analytical Atomic Spectrometry 26.5
(2011), 1040–1050.

Maltoni et al. 2015
Sarah Maltoni, Tania Chinni, Mariangela Vandini, Enrico
Cirelli, Alberta Silvestri, and Gianmario Molin. “Archaeo-
logical and Archaeometric Study of the Glass Finds from the
Ancient Harbour of Classe (Ravenna-Italy): New Evidence.”
Heritage Science 3.13 (2015), 1–19. DOI: 10.1186/s40494- 015-
0034-5.

260

https://doi.org/10.16995/TRAC2004_65_78
https://doi.org/10.1186/s40494-015-0034-5
https://doi.org/10.1186/s40494-015-0034-5


GLASS PRODUCTION IN THE RST MILLENNIUM CE

Mirti, Lepora, and Sagui 2000
Piero Mirti, Alice Lepora, and Lucia Sagui. “Scientific Analysis
of Seventh-century Glass Fragments from the Crypta Balbi in
Rome.” Archaeometry 42 (2000), 359–374.

Mirti, Pace, et al. 2008
Piero Mirti, Marco Pace, Maria Maddalena Negro Ponzi, and
Maurizio Azeto. “ICP–MS Analysis of Glass Fragments of
Parthian and Sasanian Epoch from Seleucia and Veh Ardǎsir
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Dieser Beitrag fasst die Ergebnisse des vorliegenden Bandes zu-
sammen und untersucht sie hinsichtlich eines besseren Ver-
ständnisses antiker Innovationen. Glas wird dabei als fortlau-
fender Prozess verstanden, der im 3. Jahrtausend v. Chr. im
Nahen Osten begann. Primärglas konnte bis zur Spätantike
nur im östlichen Mittelmeerraum hergestellt werden. Trotz-
dem wurden Glasprodukte nicht einfach fertig von den ori-
entalischen Zentren in die Peripherien transportiert, sondern
es fand eine lokale Aneignung der Glasinnovationen seit der
Bronzezeit statt.
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This paper summarizes the result of the volume, and analyzes
them for a deeper understanding of ancient innovation pro-
cesses. Glass is treated as an ongoing innovation that started in
the 3rd millennium BCE in the Near East. This innovation was
rather peculiar because, until Late Antiquity, primary glass
production was only possible in the Eastern Mediterranean.
Yet, glass products were not simply transported from these Ori-
ental centers into the periphery, but an appropriation of glass
objects took place already in the Bronze Age.
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1 Das älteste Glas der Welt

Von der Bronzezeit bis ins Frühmittelalter ist die Pro-
duktion von Glas durch zwei Faktoren beschränkt. Das
komplexe Wissen um die notwendige Rohglasherstel-
lung und das Vorkommen der Rohstoffe. Die Herstel-
lung von Glas setzt umfangreiches Wissen über Pyro-
technologie und chemische Zusammenhänge voraus.
Das Ansammeln des notwendigen Know-hows für die
Glasherstellung muss ein langwieriger Prozess gewesen
sein, der nicht sofort von Erfolg gekrönt war. Es war
nötig durch systematische Experimente sich Spezialwis-
sen zu erschließen, dessen Grundlagen man wahrschein-
lich nur bedingt verstand. Der aktuelle Forschungsstand
zeigt, dass offenbar nur die frühen Stadtstaaten Westasi-
ens die Möglichkeiten dazu hatten.

Die ältesten Glasfunde stammen aus dem Vorde-
ren Orient und können, allerdings nur sehr vage, ins
3. Jahrtausend v. Chr. datiert werden.1 Das frühe Glas
beschreibt dabei einen in Ägypten beginnenden, den
fruchtbaren Halbmond entlang laufenden und im Iran
endenden Raum (Abb. 1). Diese Verbreitung wandelte
sich bis ca. 1600 v. Chr. nur marginal, danach aber ver-
änderten sich Qualität und Quantität der Glasfunde ge-
radezu dramatisch.

Mit dem in der 2. Hälfte des 2. vorchristlichen
Jahrtausends einsetzenden ersten Glasboom beschäftigt
sich der Text, den Heike Wilde in diesem Band bei-
steuert. Wenngleich Glas höchstwahrscheinlich nicht in
Ägypten erfunden wurde,2 so stammen doch die be-
kanntesten und imposantesten Funde der Spätbronze-
zeit aus dem Pharaonenreich. Lange Zeit war allerdings
unklar, ob die spektakulären Glasobjekte, von denen
Wilde spricht, überhaupt in Ägypten hergestellt worden
sind, denn die Hinweise auf eine ägyptische Glasproduk-
tion waren zunächst ausgesprochen spärlich. Erst durch
die Forschungen von Edgar Pusch und Thilo Rehren ist
die Primärproduktion bronzezeitlichen Glases nicht nur
zweifelsfrei nachgewiesen, sondern lässt sich auch detail-
liert rekonstruieren.3

Demnach wurde Glas in Pi-Ramesse wie folgt herge-
stellt. Zunächst wurden weiße Quarzkiesel zu einem fei-
nen Pulver zerstoßen, dann mit Pflanzenasche vermischt
und in Keramikgefäßen auf geschätzt ca. 900◦C er-
hitzt. Dabei entstand ein glasartiges Halbfertigprodukt,
in dem man noch die Rückstände seiner Bestandteile
makroskopisch erkennen konnte. Ein zweiter Brennvor-
gang erfolgte wahrscheinlich bei erneuter Zugabe von
Pflanzenasche bei einer Temperatur um 1050◦C, und
führte zu einem klaren und vollständig zusammenge-
schmolzenen Endprodukt, das durch Zugabe von Mine-
ralien in großen zylindrischen Tiegeln gefärbt wurde.4

Ägyptisches Glas begeistert noch heute durch seine
brillanten Farben. Es ist ausschließlich opak und wurde
wahrscheinlich an verschiedenen Orten in Werkstätten,
die auf bestimmte Glasfarben spezialisiert waren, seit
der 18. Dynastie (ca. 1550 v. Chr.) hergestellt. Diese pro-
duzierte Menge war aber scheinbar nicht ausreichend,
denn aus Schriftquellen erfahren wir, dass zusätzlich Tri-
bute in Form von Glas nach Ägypten gebracht wurden.
Weiterhin belegt die Anpassung von Glasbarren aus dem
Schiffswrack von Uluburun5 an Glastiegel aus Qantir/Pi-
Ramesse,6 dass zumindest ein Teil des ägyptischen Roh-
glases im östlichen Mittelmeer zirkulierte. Chemische
Analysen des Uluburun-Glases unterstützen diese Deu-
tung.7 Neben den reichhaltigen Realienfunden, die in
verschiedenen Katalogen der Öffentlichkeit zugänglich
gemacht wurden, ist Glas zudem aus ikonographischen
Quellen und Inschriften seit der Zeit Thutmoses III. be-
kannt.8

Wilde schlägt in ihrem Beitrag eine schrittweise An-
eignungderGlastechnologiedurchägyptischeHandwer-
ker vor, schließt aber zumindest für deren Beginn den
Transfer von Spezialisten aus Westasien, zum Beispiel
durch Verschleppung, keineswegs aus.9 Nach einer kur-
zen Phase, in der Glas offenbar oftmals wie Stein behan-
delt wurde, wird Glas auch heiß bearbeitet. Die ägyp-
tische Glasproduktion erreicht im 15. und 14. Jahrhun-
dert v. Chr. ihren Höhepunkt. Interessant ist, wie Glas
in den zeitgenössischen Schriftquellen bezeichnet wird,

1 Saldern 2004, 6; Koch 2010, 35, Abb. 4, 10; Barag und Oppenheim
1970, 133.

2 Nicholson und Henderson 2000; Nicholson 2008.
3 Pusch und Rehren 2007.
4 Rehren 2014, Pl. 6d–e.

5 Bass 1986.
6 Nicholson, Jackson und Trott 1997.
7 Jackson und Nicholson 2010.
8 Vgl. die Zusammenstellung bei Saldern 2004.
9 Redford 1992, 225.
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Abb. 1 Verbreitung früher Glasfunde vor ca. 1600 v. Chr.
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nämlich als künstlicher Lapislazuli oder als Türkis bzw.
Lapislazuli des Thutmose III. oder auch als fließender La-
pislazuli.10 Glas war für die Ägypter ein künstlicher Edel-
stein. Allerdings sahen die bronzezeitlichen Menschen
die künstliche Herstellung keineswegs als Nachteil, son-
dern waren wohl gerade davon begeistert.11 Die Zirkula-
tion des Glases ist deswegen auch nicht nur als Rohmate-
rialtransport zu verstehen, sondern verbindet die bronze-
zeitlichen Herrscher des Mittelmeerraums vor allem im
Rahmen diplomatischer Geschenke.

Auf diesem Weg erreichte Glas dann auch im 15. Jh.
Griechenland und wurde von dort nach Italien vermit-
telt, wo eine eigenständige Umsetzung und später viel-
leicht sogar eine eigene Produktion erfolgte, die durch
die lange Erfahrung in der Herstellung von Fayencen
möglich wurde (Abb. 2).

Glasperlen sind im mykenischen Griechenland
besonders während der Palastzeit (14.–13. Jahrhun-
dert v. Chr.) gut belegt, aber bereits vorher bekannt. Sie
werden im vorliegenden Band von Georg Nightingale
ausführlich vorgestellt. Die Perlen sind vor allem aus
Bestattungen bekannt. Besonders interessant sind die
typischen mykenischen Reliefperlen, dünne Glasplätt-
chen mit einer flachen Rückseite und einem Reliefde-
kor auf der Front. Diese Perlen sind durch einen ty-
pisch minoisch-mykenischen Motivschatz gekennzeich-
net und sind also eine eigenständige künstlerische An-
eignung des fremden Materials. Die verwendeten Moti-
ve sind auch bei Keramik, in der Architektur, von Fres-
ken oder in der Kleinkunst bekannt. Reliefperlen wur-
den, ohne dass ihre mykenischen Hersteller auf das Ma-
terial Glas Rücksicht nahmen, in diesen Kanon einge-
passt. Glasperlen wurden gerne mit Gold zusammen ver-
wendet,12 jedoch waren sie keineswegs ein ‘billiges‘ Sub-
stitut. Stattdessen lässt sich eine geschmackliche Vorlie-
be der mykenischen Nutzer für die Kombination von
blauem Glas und Gold erkennen. Eine Reihe von Glas-
perlen wurde sogar vollständig mit Goldfolie überzo-
gen.13 Das Glas war danach nicht mehr sichtbar. Diese
Funde sprechen dafür, dass dem Glas auch Eigenschaf-
ten zugeschrieben wurden, die nicht mit seiner ästhe-

tischen Wahrnehmung zusammenhingen. Es ließe sich
hier an eine magische oder apotropäische Wirkung den-
ken. Dafür spräche auch die Verwendung von Glas als
Verzierung von Schwertern, Helmen und Dolchen,14 die
vor allem in den Stufen SH II und IIIA vorkommen.
Dabei handelt es sich nämlich, wie Nightingale über-
zeugend ausführt, keineswegs um bloße Prunkwaffen,
da die eigentliche Wirkung durch das Glas nicht beein-
trächtigt wurde. Auch hier ist also eher daran zu denken,
dass die Waffen durch das Hinzufügen von Glas einer-
seits ästhetisch aufgewertet wurden, aber vielleicht auch
besondere Eigenschaften erhielten.

Glas wurde aber auch für andere Objekte verwen-
det, zum Beispiel vermutliche Spielsteine oder Siegel,
die vor allem auf Kreta vorkommen und in die jün-
gere minoische Palastzeit datiert werden können. Da-
bei wurde das Glas wie Stein behandelt und analog zu
Steinsiegeln geschnitzt und gebohrt. Auf Kreta lokali-
siert Nightingale auch den Ursprung der mykenischen
Glasindustrie. Dort liegen zum einen Vorstufen in Fay-
ence für die Reliefperlen15 und andererseits eine lange
Tradition von Kontakten in den Alten Orient vor. So
bringt die neuere Forschung beispielsweise die ‘minoi-
schen‘ Fresken in Ägypten und der Levante mit der An-
wesenheit ägäischer Handwerker in Verbindung16 und
über einen solchen Kontakt könnte die Kenntnis von
Glas auch nach Kreta gelangt sein.

Einige Funde aus Griechenland sind zweifelsfrei als
Importe zu identifizieren, darunter vor allem die so-
genannten Nuzi-Perlen17 sowie verhältnismäßig wenige
ägyptische oder aus der Levante stammende Funde.18

Mykenische Perlen sind sehr gut in fremden Kon-
texten zu identifizieren und tauchen im Westen in Sizi-
lien und Oberitalien auf, wo sie auf eine eigenständige
Perlentradition aus Fayence treffen.19 Eine mykenische
Fayenceperle wurde sogar im bayerischen Alpenvorland
gefunden,20 muss jedoch nicht zwingend die Anwesen-
heit von Mykenern bezeugen. Diese leitet die Forschung
aber in der Tat durch die Funde der seltenen mykeni-
schen Reliefperlen ab, die sich überall dort finden, wo
mykenischer Einfluss auch anderweitig nachweisbar ist,

10 Vgl. dazu Shortland 2012.
11 Vgl. Wilde 2011.
12 Nightingale 2000.
13 Xenaki-Sakellariou 1985, Taf. 88 Abb. 103–306.
14 Nightingale 2005.
15 Effinger 1996, 343 Taf. 10e, Nr. MaS 2a.

16 Rueden 2011.
17 Haevernick 1965; Oppenheim u. a. 1988.
18 Z.B. Cline 1994, 132.
19 Bellintani 2014. Vgl. auch den Beitrag von Leonie Koch in diesem

Band.
20 Gebhard 1999, 18 Taf. 8 oben.
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Abb. 2 Verbreitung früher Glasfunde vor ca. 1200 v. Chr.
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zum Beispiel an der kleinasiatischen Südküste21 oder wo
mit guten Gründen die Anwesenheit von Mykenern an-
genommen werden kann.22

Die Produktion der mykenischen Gläser ist noch
nicht abschließend geklärt. Bislang fehlt die Rohglaspro-
duktion, so dass mit einer Verarbeitung östlicher Glä-
ser gerechnet werden muss, was auch durch die chemi-
schen Analysen, die ein für Westasien typisches stark
magnesiumhaltiges (d.h. ,HMG-‘)Glas ergaben, unter-
strichen wird.23 Zweifelsfrei nachweisbar ist allerdings
die Glasbearbeitung und die Herstellung von Perlen aus
Rohglas, zum Beispiel durch Steinformen,24 ebenso wie
durch eine Neuinterpretation der Schriftquellen, in de-
nen die auf Linear B-Täfelchen genannten *ku-wa-no-wo-
ko mittlerweile als Glasarbeiter übersetzt werden.25 Die
Herstellung der Perlen sieht Nightingale trotz der Nut-
zung von Formen als sehr aufwändig an und spricht ih-
nen einen hohen Wert zu. Die Produktion von Glas-
und Fayenceperlen lief auch nach dem Ende der mykeni-
schen Paläste weiter, verringert sich aber schnell, bevor
ab dem 10. Jahrhundert v. Chr. vor allem in Lefkandi auf
Euböa wieder eine eigenständige Fayenceperlenproduk-
tion aufkommt.

Nightingale betont in seinem Beitrag den eigen-
ständigen Charakter der mykenischen Glastradition, der
eben nicht zur mesopotamisch-levantinisch-ägyptischen
Zone gerechnet werden kann und dem auch die in die-
sem Bereich typischen Funde fehlen.26 Er ist aber deut-
lich von den anderen europäischen Funden abzusetzen,
sowohl was die Technologie als auch die Vielfalt, Ästhe-
tik und Nutzung des Glases anbelangt.

Mit den Fayence- und Glasfunden aus der Bronze-
und Eisenzeit aus Italien beschäftigt sich Leonie C. Koch
in ihrem Beitrag. Beide Traditionen sind deutlich von-
einander zu trennen und während Perlen aus Fayence
bereits ab dem 19. Jahrhundert v. Chr. lokal in Europa
hergestellt wurden,27 wurden Glasperlen bis zum 12.
Jahrhundert importiert und erst danach selbst, und bis-

lang nur im Veneto nachgewiesen, hergestellt. Es ist je-
doch bislang noch nicht klar, ob es sich um eine Roh-
glasproduktion oder nur um eine Weiterverarbeitung
handelt. En détail behandelt Koch vier Fundgruppen:
die lokal hergestellten Fayenceperlen der Früh- und Mit-
telbronzezeit, die türkisfarbenen konischen Knöpfe der
Mittelbronzezeit, die importierten Fayenceperlen der
Mittel- und Spätbronzezeit und die echten Glasperlen.

Anhand chemischer Analysen gelingt mittlerweile
die Scheidung lokaler und importierter Fayencen ver-
hältnismäßig gut: Die europäischen Funde bestehen
aus einem Mischalkaliglas (LMHK), das sich deutlich
von ägäischen, ägyptischen und mesopotamischen Fun-
den absetzt. Ab der Mittelbronzezeit sind die konischen
Knöpfe aus „glasiger Fayence“ (glassy faience) belegt, die
ebenfalls der LMHK-Gruppe zugerechnet werden. Zu-
sammen mit der auf Italien beschränkten Verbreitung
dieser Knöpfe wird daraus eine lokale Produktion er-
schlossen. Jedoch führt Koch die zum Teil stark divergie-
renden Analyseergebnisse an, die auch Anbindungen an
das ostmediterrane HMG-Glas erlauben28 und kommt
zu dem Schluss, dass zeitgleich wahrscheinlich mit un-
terschiedlichen Technologien ähnliche Fayencen herge-
stellt worden sind. Der seit dem 17. Jahrhundert spürba-
re mykenische Einfluss mag als Impuls für die Produk-
tion eigener Fayencen gesehen werden. Gegen eine di-
rekte Beeinflussung der italischen Funde durch orienta-
lische Vorbilder spricht allerdings das zeitliche Verhält-
nis beider Gruppen, denn sicher lokale Fayencen schei-
nen momentan deutlich älter zu sein. Bemerkenswert
ist, dass in Süditalien erst deutlich später, nämlich ab der
Mittelbronzezeit, Fayenceperlen auftraten,29 die schließ-
lich durch zahlreiche Importe ersetzt wurden. Durch
den mykenischen Einfluss, der sich beispielsweise in der
Verbreitung von Keramik mykenischen Stils abzeichnet,
könnten solche Fayencen, die gute Vergleiche im Schiffs-
wrack von Uluburun oder in Ugarit haben,30 nach Itali-
en gelangt sein.

21 Çinardali-Karaaslan 2012.
22 Hughes-Brock 2008, 134–135.
23 Nikita, Henderson und Nightingale 2009; Henderson, Evans und

Nikita 2010; weitere Literatur bei Nightingale in diesem Band, Fuß-
note 116.

24 Laffineur 1995.

25 Nightingale 2008, 80.
26 Vgl. dazu auch den Beitrag von Heike Wilde in diesem Band.
27 Sheridan und Shortland 2004.
28 Angelini 2014, 89.
29 Bellintani 2014, 16.
30 Koch in diesem Band, Abb. 5.
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2 Glas auf dem Weg nach Mittel- und
Nordeuropa

Im Rahmen dieses mykenischen Einflusses tauchen auch
die ersten Glasperlen in Italien ab etwa 1650/1600–
1500 v. Chr. auf. Dieses Datum ist von Belang, denn es
fällt damit in den Zeitraum, in dem Glas in Mesopota-
mien und im östlichen Mittelmeerraum eine weite Ver-
breitung erfährt. Es ist also möglich, hier die Folge ei-
nes erfolgreichen Diffusionsprozesses zu erkennen. Ty-
pologisch lässt sich diese Beobachtung an Einzelfunden
durchaus belegen, die gute Analogien im Schiffswrack
von Uluburun finden.31 In Anbetracht der eher nega-
tiven Einschätzung Nightingales (in diesem Band), be-
züglich eines direkten Glashandels von Mykene in den
Raum nördlich der Alpen, erscheint es damit plausi-
bler, das europäische Glas über Italien herzuleiten. Von
dort bestand freilich weiterhin über mykenische Han-
delsrouten eine Verbindung mit Südwestasien. Ab ca.
1250 v. Chr. jedoch kommt zudem eine Gruppe von Per-
len mit weißer Fadenzier und hohem Eisengehalt auf,32

die, wenngleich die Herstellung der Glassorte selbst
noch nicht erwiesen ist, als lokale Produktion angese-
hen wird. In diese Zeit fallen auch der Fundplatz Frattes-
ina und die benachbarten Nekropolen, von denen nicht
weniger als ca. 2800 Glasperlen überliefert sind.33 Die
stilistische Variabilität sowie das Vorkommen einzigarti-
ger Formen und die Verarbeitung von rotem Glas spre-
chen für eine Herstellung vor Ort. Zu den bekanntes-
ten Funden, die in Frattesina produziert wurden, gehö-
ren Noppenperlen, wie sie vor allem aus den circumal-
pinen Seerandsiedlungen (,Pfahlbauten‘) bekannt sind.
Jedoch spricht die Verteilung einzelner Perlentypen da-
für, dass neben Frattesina weitere Herstellungsorte, viel-
leicht auch nördlich der Alpen, existierten. Desweiteren
sprechen aber auch die jüngst von Julian Henderson be-
sprochenen Analysen dafür, dass weitere Produktions-
zentren, zum Beispiel in der Po-Ebene, denkbar sind,34

wir uns also weiterhin auf das bereits von Thea von Hae-
vernick postulierte Szenario mehrerer lokaler Werkstät-

ten in Europa einlassen können.35

Jeanette Varberg behandelt in ihrem Aufsatz die in
der Forschung kontrovers diskutierte These, ob das bron-
zezeitliche Glas des Nordischen Kreises tatsächlich aus
dem östlichen Mittelmeer importiert wurde oder statt-
dessen nicht eher das Ergebnis einer lokalen, europäi-
schen Glasproduktion ist. Um 1900 schien die Sachlage
klar: Das Glas musste, wie so ziemlich jede Innovation,
aus dem Orient kommen und erst detaillierte Studien
des Fundmaterials zeigten, dass ein Großteil der mittel-
und nordeuropäischen Glasfunde gar nicht aus dem Mit-
telmeer kommen konnte und sich typologische Belege
eher innerhalbEuropas zeigten.36 Dies gewanndurchdie
Entdeckung der italischen Glaswerkstätten noch einmal
deutlich an Überzeugung.37 Ausgehend von neuen na-
turwissenschaftlichen Analysen kann Varberg nun aber
zeigen, dass einige Perlen wohl dennoch aus weiter ent-
fernten Regionen stammen und führt gute Übereinstim-
mungen mit ägyptischen und mesopotamischen Glas-
perlen dafür heran. Der Handel mit Bernstein sei der
Motor gewesen, auf dem Ideen und Objekte zwischen
Jütland und dem Orient zirkulierten. Wenngleich die
Schwierigkeiten bei der präzisen Verortung der als ‘bal-
tisch‘ bestimmten Bernsteine davor warnen, diese Ergeb-
nisse zu schnell als gesichert zu betrachten und neuere
Untersuchungen eher zeigen, dass die Distribution be-
stimmter Formen lokal beschränkt war,38 muss die fest-
gestellte Provenienz des Glases zunächst diskutiert wer-
den. Varberg deutet sie im Rahmen der zuletzt mehrfach
beschworenen individuellen Mobilität der Bronzezeit.39

Die Bedeutung des Glases lässt sich nur indirekt er-
schließen, aber gerade für den Norden sehr große Fund-
komplexe wie der Hort von Neustrelitz, der 180 Glas-
perlen enthielt,40 führen uns vor Augen, dass sämtliche
Glasfunde des Nordischen Kreises weniger als 1% dessen
ausmachen was zeitgleich im Mittelmeer vorlag. Ande-
rerseits mag insbesondere über die gut nachvollziehba-
ren Verbindungen nach Italien doch eine gewisse Vor-
stellung vorhanden gewesen sein, was zeitgleich im Mit-
telmeerraum an Glas zirkulierte. Das Glas im Norden

31 Vgl. auch den Beitrag von Leonie Koch in diesem Band und Ingram
2005, 61–64.

32 Angelini u. a. 2009, Abb. 1e–f.
33 Biavati und Verità 1989; Bellintani und Stefan 2008; vgl. auch die wei-

terführende Literatur im Beitrag von Koch in diesem Band
34 Henderson, Evans, Bellintani u. a. 2015, 1–6.

35 Haevernick 1978.
36 Haevernick 1978.
37 Biavati und Verità 1989.
38 Kneisel und Müller 2011, 297 Abb. 1.
39 Vandkilde u. a. 2015.
40 Mildner u. a. 2010.
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wird in Form einzelner Perlen als Grabbeigabe in rei-
chen Frauenbestattungen gefunden oder in Horten. Die
geringe Fundmenge spricht weniger für eine analoge
Funktion zum ägyptisch-mesopotamischen Raum, wo
Glas bei der Ausstattung von Palästen auch den Reich-
tum von Herrschern und im persönlichen Rahmen den
Status seiner Besitzer anzeigte. Der wohl religiöse Hin-
tergrund der bronzezeitlichen Horte41 suggeriert hier
eher eine magische Konnotation, die man der absolut
fremdartigen Substanz zusprach.

3 Glas wird Massenware

In seinem Beitrag über den Niederschlag der römischen
Glasproduktion in zeitgenössischen Schriftquellen stellt
Helmuth Schneider vor allem die Bedeutung von Glas
bei der Zurschaustellung des eigenen Vermögens her-
aus. Interessanterweise wurde diese Entwicklung jedoch
durch eine Innovation, die Glaspfeife, ausgelöst, die den
Preis von Glas dramatisch senkte und Glasprodukte zur
Alltagsware machte. In den Schriftquellen werden die
verschiedensten Anwendungen von Glas, zum Beispiel
in der Architektur oder auch im Gartenbau, themati-
siert und von Zeitgenossen pointiert kommentiert. Mit
der Erfindung des Glasblasens wurde in Rom ein re-
gelrechter Boom ausgelöst. Glas gehörte bereits im 1.
nachchristlichem Jahrhundert zur Alltagskultur. Ent-
färbtes Glas wurde benutzt um Gefäße und Fenster her-
zustellen.42 Hausierer zogen durch die Straßen und sam-
melten Bruchglas. Zerbrochenes Glas reparierte man
mit Schwefelfäden und hochspezialisierte Handwerker
formten Gefäße aus dem Rohglas, das man mit Schif-
fen aus Ägypten und der südlichen Levante heranbrach-
te. Die hohe Nachfrage beschränkte sich allerdings nicht
nur auf die günstigen, einfachen Gläser, sondern ebenso
auf exquisites Tafelgeschirr.

Glas spielte aber auch eine Rolle in moralischen Be-
lehrungen, wo es mit sexuellen Ausschweifungen, Trink-
oder Protzsucht in Verbindung gebracht wird. Vieles,
was die antiken Zeitgenossen so am Glas faszinierte
oder eben auch abstieß, wurde auch in der Kunst, zum
Beispiel in den pompejischen Wandmalereien, gezeigt.

Früchte erscheinen beispielsweise noch schöner, wenn
man sie durch Glas hindurch betrachtet.

Der besondere Reiz einer Materie, durch die Licht
dringen kann, ist aus heutiger Sicht kaum nachzuvollzie-
hen. Der Dichter Martial verweist darauf, dass schönes
Glas zum Trinken verleitet, während Seneca über große
Fensterfronten als Zeichen der Dekadenz wettert. Glas
erlangte eine extrem hohe Bedeutung bei der sozialen
Distinktion. So wird Glas in der Cena Trimalchionis der
Satyrica des Petronius als eines der Luxusgüter erwähnt,
mit denen der vermögende Freigelassene Trimalchio sei-
nen immensen Reichtum zum Ausdruck bringt. Wenn
es nicht zerbräche, wäre es Trimalchio lieber als Gold.

Verschiedene Anekdoten über die Erfindung ,un-
zerbrechlichen Glases‘ und die anschließende Tötung
des Erfinders liest Schneider daher auch überzeugend
als Verweis auf die besondere Wertschätzung des Glases.
Trinkgefäße aus Glas werden solchen aus Gold gleich-
gestellt und scheinen letztere zu verdrängen. Glas wird
in der Antike eben nicht als billiger Kunststoff wahrge-
nommen, sondern es ist gerade die Künstlichkeit, die
die Faszination von Glas ausmacht. Mit diesem Materi-
al können geschickte Handwerker Effekte erzielen, die
anders nicht möglich waren, zum Beispiel die je nach
Lichteinfall sich verändernde Farbigkeit, wie sie für den
(allerdings bereits spätantiken) Lykurg-Becher nachge-
wiesen ist. Solche Gefäße, schreibt Schneider, „erhiel-
ten […] die Dignität von Kunstwerken und wurden als
Kunstwerke gewürdigt“.43 Dass die Beschädigung wert-
voller Gläser durch Handwerker sogar in der Rechtspre-
chung behandelt wurde, scheint da nur folgerichtig.

Der antiken Begeisterung gegenüber stand aller-
dings lange Zeit eine regelrechte Missachtung von wis-
senschaftlicher Seite, wie Holger Schwarzer und Thilo
Rehren in ihrem Beitrag über das pergamenische Glas
einleitend feststellen. Während andere Kleinfunde aus
Pergamon seit der vorletzten Jahrhundertwende mono-
graphisch vorgelegt wurden,44 war eine zusammenfas-
sende Arbeit über die Glasfunde bis vor kurzem ein Desi-
derat.45 Anhand der bislang unveröffentlichten Glasfun-
de der antiken Metropole Pergamon erfolgt ein Streif-
zug durch die Antike und das Frühe Mittelalter. Wenn-
gleich Pergamon offenbar schon in der Bronzezeit besie-

41 Hansen 1994.
42 Jackson 2005.
43 In diesem Band.

44 Conze 1902.
45 Rehren, Conolly u. a. 2015.
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delt war, ist die Bedeutung der Stadt vor allem mit der
Integration ins makedonische Imperium unter Alexan-
der dem Großen und danach durch die Herrschaft des
Eumenes stark angewachsen. In dieser Blütezeit finden
sich in Pergamon Luxusgläser aus dem gesamten Ost-
mittelmeerraum. Zumindest ein Teil des Glases wurde
seit der Mitte des 2. Jahrhundert v. Chr. lokal weiterver-
arbeitet. Die Werkstätten dafür vermutet Schwarzer im
Ketios-Tal, schätzt ihre Bedeutung aber eher gering ein.
Erst während der römischen Kaiserzeit wird die Produk-
tion deutlich erhöht und geht nahtlos bis in die frühby-
zantinische Zeit weiter, bevor die umayyadische Erobe-
rung sie beendet und es erst im 12. Jahrhundert n. Chr.
wieder zur Herstellung von Glas kommt, deren Ende
dann schließlich in die osmanische Zeit fällt.

Die ältesten Gläser aus Pergamon sind kerngeformt.
Als eine entscheidende Innovation lässt sich die Her-
stellung von Glas in Gussformen identifizieren, die es
erstmals erlaubte identische Gläser in großen Mengen
herzustellen. Holger Schwarzer spricht sogar von ei-
ner Massenproduktion. Der nächste große Einschnitt
war die Erfindung der Glaspfeife, die seit dem 1. Jahr-
hundert v. Chr. die Produktionskapazität erneut erhöh-
te. Zunächst wurde Glas weiterhin in Formen gebla-
sen, aber seit der augusteischen Zeit auch frei. Damit ist
ebenfalls die Voraussetzung gegeben, wertvolles Trink-
geschirr für den Bedarf der Oberschicht zu produzie-
ren, was zum Beispiel anhand der zarten Rippenscha-
len bis in die neronisch-flavische Zeit nachweisbar ist.
Die Funde aus Pergamon können diese Abfolge nicht
nur minutiös dokumentieren, sondern auch eine Rei-
he bislang unbekannter Facetten der Glasentwicklung
näher beleuchten. Neben ausgesprochen seltenen Fun-
den, wie bemalten Glasgefäßen oder auch Glas mit opa-
ker, rot-braun marmorierter Oberfläche, sind dabei auch
Parfümfläschchen, becherförmige Lampen, Spielsteine,
eine große Zahl an Anhängern, Perlen und sonstigen
Schmuckstücken oder auch Glaskugeln, die man zum
Kinderspielzeug zählen mag, zu nennen. Besonders er-
wähnenswert ist eine augusteische Phalera, die den spä-
teren Kaiser Tiberius zeigt. Vergleichbare Stücke kom-
men im gesamten römischen Reich nur ausgesprochen
selten vor und zeugen von der Vielfalt und dem Reich-
tum des pergamenischen Glases in der frühen Kaiserzeit.
Die pergamenischen Glasmacher verfügten aber wohl
nicht über die technischen Fähigkeiten, das enorm auf-

wändige Luxusgeschirr, das aus Rom bekannt ist, zu pro-
duzieren, und entsprechende Funde fehlen.

Anhand des Fensterglases lässt sich der starke Be-
zug der Glasfunde zur wirtschaftlichen Prosperität auf-
zeigen. Fensterglas wurde in Pergamon sehr häufig ge-
funden und wurde in römischer Zeit vor allem in öf-
fentlichen Gebäuden oder Bädern verbaut. Schwarzer
schätzt, dass der große Bedarf nur schwerlich mit ei-
ner lokalen Produktion gedeckt werden konnte und das
entsprechende Material aus der Levante importiert wer-
den musste. Ab der byzantinischen Zeit wurde vor allem
dick gegossenes Glas mit einer großen Anzahl an Bläs-
chen und kräftiger Färbung benutzt. Die chemischen
Untersuchungen Thilo Rehrens unterstützen diese Be-
obachtung und fügen dem Bild bislang unbekannte Nu-
ancen hinzu. Die meisten Gläser in Pergamon weisen
dieselbe Zusammensetzung auf, die auch von anderen
Plätzen der hellenistisch-römischen Welt bekannt ist; ein
Umstand, der auf das gesamte Material, das vor das 6.
Jahrhundertn. Chr. datiert, zutrifft. Bemerkenswert ist
allerdings, dass die im 5. Jahrhundert aufkommenden
Glassorten in Pergamon nur einen ausgesprochen ge-
ringen Niederschlag hatten, was Rehren vorsichtig mit
dem wirtschaftlichen Niedergang der Stadt in Verbin-
dung bringt. Darüber hinaus gelang hier erstmals der
Nachweis einer spätantiken lokalen Glasproduktion, die
sich durch sehr hohe Boronwerte zu erkennen gibt. Die
Werkstätten müssen nordöstlich von Pergamon gelegen
haben, wo große Boronlagerstätten eine solche Verunrei-
nigung verursacht haben könnten. Die Produktion des
Boronglases löste die Versorgung mit Glas aus Ägypten
und der Levante ab, allerdings deutlich vor deren Ende
im 9. Jahrhundert n. Chr.

Marion Brüggler beschäftigt sich (in diesem Band)
mit den Details der Glasproduktion in der römischen
Provinz Germania secunda anhand von archäologischen
Funden und Grabungsbefunden. Trotz nicht unerheb-
licher Schwierigkeiten bei der Datierung ist es der For-
schung mittlerweile gelungen, eine Reihe von Glaswerk-
stätten, zum Beispiel in Köln, im Hambacher Forst, auf
dem Titelberg oder in der Nähe von Nimwegen, zu lo-
kalisieren. Brüggler behandelt die beiden aussagekräf-
tigsten Fundstellen, nämlich Goch-Asperden und den
Hambacher Forst. Die bottom up-Perspektive erlaubt da-
bei nicht nur die lokale Organisation der Werkstatt, son-
dern auch deren Bedeutung und Einbindung in die Pro-
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vinzialverwaltung zu rekonstruieren. Wenngleich viele
Details immer noch nicht sicher geklärt sind, so ist für
beide Fundplätze der Nachweis der Glasbearbeitung er-
bracht. Insbesondere die Forschungen im Hambacher
Forst machen dabei die Dimension der provinzialrömi-
schen Glasherstellung deutlich. Die Archäologie hat
mindestens 38 offenbar zu einem einzigen Fabrikkom-
plex gehörende Glasöfen freigelegt. Anhand der Ver-
teilung von Fundgut, aber auch der unterschiedlichen
Konzentrationen einzelner Ofentypen, lassen sich hier-
bei eine komplexe Arbeitsteilung und eventuell sogar
die Spezialisierung auf gewisse Tätigkeiten erschließen.
Die Frage, ob hier tatsächlich Rohglas hergestellt oder
nur fertiges Rohglas geschmolzen und weiterverarbei-
tet wurde, lässt Brüggler offen, verweist aber auf das
Argument der großen Einheitlichkeit der spätantiken
Gläser, worauf von Ian Freestone (in diesem Band) de-
tailliert eingegangen wird.46 Glasprodukte wurden in
kleinen Serien hergestellt. So lassen sich aus verschie-
denen Fundorten Glasgefäße anführen, deren chemi-
sche Komposition derart ähnlich ist, dass sie aus dem-
selben Rohglasbarren stammen müssen. Von entschei-
dender Bedeutung für die Bewertung der Komplexe ist
dabei weiterhin deren Datierung. Waren die einzelnen
Glaswerkstätten gleichzeitig in Benutzung, oder haben
wir es mit einer lokal wechselnden Kleinstproduktion,
die immer nur wenige Öfen gleichzeitig unterhielt, zu
tun? Nicht nur die reichhaltigen Funde spätantiken Gla-
ses sind hierfür von Belang, sondern auch aus den Be-
funden selbst lassen sich Argumente erschließen. Zum
einen fallen die Datierungen einzelner Öfen in ein er-
staunlich enges Fenster. Im Hambacher Forst reicht die-
ses nur vom 2. Viertel des 4. Jahrhunderts bis in das mitt-
lere Drittel des 5. Jahrhunderts, also ungefähr 100 Jah-
re. Die große Wichtigkeit der Glaswerkstatt wird zudem
noch durch ein weiteres Detail unterstrichen: Sowohl in
Goch-Asperden als auch im Hambacher Forst tauchen
die Glaswerkstätten völlig aus dem Nichts und ohne lo-
kale Vorläufer auf. Hochspezialisierte Glasbläser müssen
wahrscheinlich aus Köln dort angesiedelt worden sein.
Ein solcher Wert in direkter Nähe zur Grenze zur Germa-
nia Magna stellte freilich ein großes Risiko dar und wur-
de durch die Ansiedlung römischer Soldaten geschützt.

In Goch-Asperden endete die Glasherstellung um

420/30 n. Chr. und im Hambacher Forst minimal später
um die Mitte des 5. Jahrhunderts n. Chr. Die Glasher-
stellung erlebte jedoch keinen dramatischen Abbruch,
sondern in den merowingischen Reihengräberfeldern
zeigt sich stattdessen sogar eine Weiterführung einzelner
Gefäßtypen in einem ähnlichen, aber nicht identischen
Glas.

Ian Freestone zeigt (in seinem Beitrag in diesem
Band) auf, welche beeindruckenden neuen Erkenntnisse
die systematische Anwendung naturwissenschaftlicher
Methoden auf antikes Glas erbracht hat. Auch Freestone
betont den gewaltigen Zuwachs an Typen und Funden
im 1. nachchristlichen Jahrtausend als Folge der Erfin-
dung der Glaspfeife. Einzelne Gebäude bestanden plötz-
lich aus bis zu mehreren hundert Tonnen Glas, das für
Fenster, Mosaiken und Wanddekorationen genutzt wur-
de. Neue Isotopenstudien an antikem Glas scheinen in
der Tat zu bestätigen, dass die römischen Funde nahezu
ausnahmslos mit Soda aus ägyptischen Lagerstätten her-
gestellt wurden. Freestones Erörterung der Funde kann
nicht nur eine Vielzahl an Rezepten zur Färbung und
Entfärbung von Glas rekonstruieren, sondern darüber
hinaus auch nahelegen, dass einzelne Entfärberezepte
bewusst für spezifische Objektkategorien benutzt wur-
den. So wurde beispielsweise Glas, das mit Antimon ent-
färbt worden war, bevorzugt für hochqualitative Objek-
te, die man bei Tisch zur Schau stellte, benutzt.

Interessanterweise verdeutlichen die Funde von mit
Antimon oder Mangan entfärbtem Glas an Fundstellen
im Wadi Natrun in Ägypten, dass dies bereits während
der Rohglasherstellung stattfand.47 Glasherstellung war
keine ad hoc-Tätigkeit, sondern die lange Produktions-
kette war minutiös geplant und erfolgte nach Regeln
und Ansprüchen der antiken Hersteller und Kunden.
Die Komplexität der chaîne opératoire hatte aber auch
zur Folge, dass sich politische Ereignisse, die zur Un-
terbrechung der Versorgung führten, direkt auf die
Glasproduktion auswirken konnten. Der Abbruch opa-
ker Antimongläser im frühen bis mittleren 4. Jahrhun-
dert n. Chr. und das gleichzeitige Aufkommen neuer
Gläser, deren Opazität stattdessen durch die Zugabe von
Zinnoxid oder Bleizinngelb erreicht wurde, mag eine
Folge solcher Ereignisse sein. Von der eindrucksvollen
Fähigkeiten der Glasmacher zur Innovation zeugen auch

46 Vgl. auch Rehren und Brüggler 2015. 47 Vgl. Nenna u. a. 2003; Nenna 2015.
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die noch vor wenigen Jahren als akzidentiell gewerte-
ten Gläser, die durch Zugabe von Nanopartikeln einer
Silber-Gold-Legierung goldrot gefärbt wurden, zum Bei-
spiel der berühmte Lycurgusbecher.48

Im Laufe des 1. Jahrtausends n. Chr. ist die An-
zahl an Glaskompositionen dennoch verhältnismäßig
beschränkt, was vor allem darauf zurückzuführen ist,
dass Primärglas nur an wenigen Orten hergestellt wer-
den konnte. Freestone argumentiert in seinem Beitrag
für eine nahezu ausschließliche Herstellung im östli-
chen Mittelmeerraum. In anderen Regionen sei vor al-
lem Glasrecycling betrieben wurden. Die Schwierigkei-
ten Recycling nachzuweisen lägen vor allem in der Tat-
sache begründet, dass oftmals Glasfragmente zu ähnli-
chen Gläsern gefertigt wurden wie denjenigen, aus de-
nen sie ursprünglich entstammten, und daher keine che-
mischen Hinweise auf den Prozess hinterließen. Trotz-
dem lässt sich die Sekundärproduktion und das Re-
cycling von Glas beispielhaft anhand archäologischer
Funde nachweisen, wie zum Beispiel Wracks römischer
Schiffe, die Glasfragmente geladen hatten. Zudem hat
die Forschung in jüngster Zeit große Fortschritte dabei
gemacht, die Verunreinigung von Glas während der Se-
kundärproduktion zu identifizieren.

Den Grund für die beinahe ausschließliche Ausrich-
tung der Glasproduktion auf die Herstellungszentren
für Primärglas in Ägypten und Syrien-Palästina sieht
Freestone vor allem in dem Vorkommen von Natron be-
gründet, dessen beschränkten Lagerstätten eine Verlage-
rung der Produktion unmöglich machten.49 Diese Situa-
tion änderte sich erst mit dem Abbruch der Natronglas-
produktion. Dies geschah in Ägypten um die Mitte des
9. Jahrhundert n. Chr. und etwas später auch in Palästi-
na und war der entscheidende Impuls, die seit dem En-
de des 8. Jahrhunderts bestehende Produktion von Glä-
sern aus sodareicher Pflanzenasche in Südeuropa und
pottaschenreicher Gläser nördlich der Alpen auszubau-
en, die schließlich zu den mittelalterlichen Glaszentren,
zum Beispiel in Venedig oder Lothringen, führte.

4 Glas im Fernen Osten

Eine bislang wenig beachtete Gruppe von Gläsern wird
von Julian Henderson, Simon Chenery, Edward W.
Faber und Jens Kröger (in ihrem gemeinsamen Auf-
satz in diesem Band) ausführlich untersucht und darge-
stellt. Als Ausgangspunkt wählen die Autoren die Sei-
denstraße, auf der nicht nur Menschen, sondern auch
Ideen, Technologien, Krankheiten und vieles mehr aus-
getauscht wurden, und stellen die Hypothese auf, dass
sich mit dem intensivierten Kontakt des Abbasidenrei-
ches mit der Tang-Dynastie auch Glastechnologien ver-
ändert und ausgebreitet haben sollten. Der Austausch
entlang der Seidenstraße sorgte dafür, dass zum Bei-
spiel Harun al-Rashid und seine Nachfolger chinesi-
sches Porzellan kennen und schätzen lernten. Inwiefern
aber führte dies zu Innovationen im Herstellungspro-
zess? Lässt sich anhand der naturwissenschaftlichen Cha-
rakterisierung von Glasfunden die Vernetzung der ein-
zelnen Knotenpunkte der Seidenstraße aufzeigen und so
erklären, wie diese miteinander kommunizierten?

Dieses ambitionierte Ziel bedarf größerer Vorarbei-
ten, zum Beispiel die Entwicklung entsprechender Be-
probungsverfahren und der Analyse einer ausreichend
großen Stichprobe aus Fundorten des Nahen und Mitt-
leren Ostens. Islamische Glasproduktion ist in einer
Reihe von Fundplätzen nachgewiesen, die von Beth
She’an im heutigen Israel50 über Raqqa in Nordsyrien51

bis nach Samarra in Mesopotamien52 reicht. Islamische
Glasmacher nutzten sowohl das seit der Bronzezeit be-
kannte Natronglas, jedoch ebenso ein neuartiges Glas
aus Pflanzenasche. Für dessen Entstehung liegen in Raq-
qa Hinweise auf gezielte Experimente vor,53 die eventu-
ell mit dem umstrittenen arabischen Gelehrten Dschā-
bir ibn Hayyān zusammenhängen. Für die Zeit ab dem
12. Jahrhundert n. Chr. berichten die Quellen dagegen,
dass Juden die Produktion von Glas und Keramik in Ty-
ros kontrollierten. Die Ausgrabungen von Glasöfen be-
legen die Produktion auch archäologisch. Islamisches
Glas führt einerseits viele byzantinische und sassanidi-
sche Glasobjekte weiter, zeigt sich aber auch innova-
tiv, zum Beispiel durch die Applikation von Lüsterfar-
be oder die Herstellung von relief- und ritzverzierten

48 Barber und Freestone 1990.
49 Shortland u. a. 2006; Phelps u. a. 2016.
50 Gorin-Rosen 2000.

51 Henderson, Challis u. a. 2005.
52 Lamm 1928; Carboni 2001, 15–17.
53 Henderson, McLoughlin und McPhail 2004.
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Gefäßen sowie der Ausweitung der Gläser mit Facetten-
schliff. Der hohe Wert dieser Gläser wird auch durch den
exzeptionellen Fund im ins späte 9. Jahrhundert n. Chr.
datierenden Tempelschatz des Famen-Klosters in Nord-
westchina unterstrichen.54

Als Ergebnis ihrer Analyse können Henderson et al.
die Identifikation von Elementgruppen, die Farbe bezie-
hungsweise Opazität verursachen, festhalten, und mit-
tels Spurenelementanalysen und diagnostischer Verun-
reinigungen die lokale Glasproduktion einzelner Städ-
te unterscheiden. Neben den zu erwartenden überwie-
gend lokalen Glasprodukten können sie eine nicht un-
bedeutende Anzahl an Importen aufzeigen. Große Di-
stanzen werden beispielsweise durch grüne Glasgefäße
und Fensterglas in Samarra, welches aus dem ca. 700 km
entfernten Raqqa stammt, oder levantinisches Glas, das
bis nach Nischapur im westlichen Khorasan verhandelt
wurde,55 nachgewiesen. Besonders gut lassen sich levan-
tinische und nicht-levantinische Gläser unterscheiden.

Aus den gewonnenen Daten leitet sich eine völlig
neue Produktions- und Distributionsstruktur ab. Im Ge-
gensatz zum bronzezeitlichen und antiken Glas ist nicht
mehr ein einziges Primärproduktionszentrum, von dem
Rohglas zu Sekundärglaszentren transportiert wird, aus-
zumachen, sondern eine weit verstreute dezentrale Pri-
märproduktion an verschiedenen Plätzen.56 Diese Pro-
duktionsorte lassen sich zum Teil mit spezifischen Spu-
renelementen und Gefäßtypen korrelieren, beispielswei-
se im Fall der Herstellung farbloser, glasschnittverzier-
ter Gefäße aus Nischapur, was eine regionale Speziali-
sierung andeutet. Auch in Orten mit einer reichen und
innovativen Glasproduktion wie Samara wurden solche
Gefäße importiert.

Dezentrale Produktion wird von Henderson et al.
auch für die Levante vermutet und sie stützen sich dabei
auf ihre neu gewonnenen Daten. Neben den bekannten
Produktionsorten in Israel und Unterägypten nehmen
sie die lokale Produktion von Pflanzenaschegläsern in
Beirut, Damaskus, Kairo und Amman an. Diese Erkennt-
nis zieht jedoch die Frage nach sich, warum die Produk-
tion der Natrongläser schließlich abbricht. Das Autoren-
team schlägt vor, zusätzlich zu den bekannten Gründen,

wie dem ägyptischen Bürgerkrieg im frühen 9. Jahrhun-
dert n. Chr. und den erhöhten Regenfällen im 7./8. Jahr-
hundert n. Chr., die das Natronvorkommen negativ be-
einflusst haben sollen,57 auch die Konjunktion sozio-
ökonomischer und technischer Faktoren zu bedenken.
Die Verlegung der Zentralgewalt von Damaskus nach
Bagdad, die mit der Ablösung der Umayyaden durch die
Abbasiden einhergeht, sorgte dafür, dass sich die islami-
sche Glasproduktion nicht mehr an der Levante orien-
tierte, sondern auf Mesopotamien ausgerichtet wurde.
Dieses politische Umfeld und die große chemische Expe-
rimentierfreude der Glasmacher unter Harun al Raschid
wären dann das Fundament, auf dem sich der langsame
Wandel vom Natron- hin zum Pflanzenaschenglas voll-
zog.

5 Eine kurze Geschichte des Antiken
Glas

Wann Glas genau erfunden wurde ist anhand der archäo-
logischen Quellen momentan nur schwer zu entschei-
den. Zu spärlich und ungenau datiert sind gerade die
frühen Funde. Akzeptiert man diese jedoch als intentio-
nale Glasherstellung, dann könnten in kleinen Mengen
bereits seit der Mitte des 3. Jahrtausends gefärbte Glas-
perlen hergestellt worden sein. Die geheimnisvolle Her-
stellung dieser Perlen muss sich in einer besonderen ma-
gischen Bedeutung niedergeschlagen haben. Glas war
prähistorischen Menschen nicht unbekannt und tritt als
unbeabsichtigtes Nebenprodukt bei der Metallschmelze
und Legierung von Metallen auf. Wahrscheinlich könn-
te Glas also seit dem 5. Jahrtausend v. Chr. bekannt ge-
wesen sein, nicht jedoch die gezielte Herstellung. Gla-
sierte Perlen, wie zum Beispiel aus der Pequin-Höhle in
Israel,58 werden dann auch verhältnismäßig früh nach
dem Aufkommen der Metallurgie regelmäßig in der Le-
vante und Ägypten und wohl auch in Pakistan herge-
stellt.59 Das wiederum bedeutet, dass die Grundlagen
für die Glasherstellung, die Durchführung kontrollier-
ter Brennvorgänge bei hohen Temperaturen und das
Wissen um das Verschmelzen von zu Pulver zerstoßenen

54 Li u. a. 2016.
55 Kröger 1995.
56 Z.B. Schibille 2011.

57 Henderson 2013, 97–102.
58 Bar-Yosef Mayer u. a. 2004, 493–495.
59 Bar-Yosef Mayer u. a. 2004, 500–502.
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Steinen, bereits in der Kupferzeit in einem riesigen Ge-
biet vorhanden waren. Warum es trotzdem so lange ge-
dauert hat, bis daraus die ersten Gläser entstanden sind,
ist aus heutiger Sicht schwer verständlich, könnte aber
freilich in der Geheimhaltung von Wissen und vor al-
lem den eingeschränkten Möglichkeiten, präzise formu-
liertes Wissen über Zeit und Raum hinweg zu transpor-
tieren, begründet liegen. Dass frühere Versuche bestan-
den, glasig-glänzende Oberflächen durch Brennvorgän-
ge zu erzielen, steht aber außer Frage. Fayence-Perlen
sind zum Beispiel deutlich vor dem Glas in Schottland
verbreitet.60

Irgendwann im 3. Jahrtausend v. Chr. hatten Hand-
werker eine Rezeptur gefunden, die die Herstellung
farbigen Glases erlaubte, aber erst um 1600 v. Chr. fin-
den Archäologen nennenswerte Glasmengen. Auch hier
sind noch viele Fragen offen, jedoch betonen die meis-
ten Forscher,61 dass die spätbronzezeitlichen Palastwirt-
schaften einen idealen Hintergrund für die Weiterent-
wicklung der Technologie boten. Hier lag großer Bedarf
an Prestigeobjekten vor, zum Beispiel zum Ausschmü-
cken der herrschaftlichen Residenz oder als diplomati-
sches Geschenk. Gerade die Künstlichkeit von Glas war
dabei offenbar ausschlaggebend für die große Nachfra-
ge und sorgte dafür, dass Handwerker regelrechte Meis-
terwerke aus Glas, wie zum Beispiel polychrome Gefäße
oder Gefäßskulpturen, schufen.

Die Glastechnologie erreichte während dieser Zeit
sehr schnell Europa, wo sie in den mykenischen Pa-
lästen durch lokale Handwerker übernommen wurde.
Mykenische Gläser sind von der ägyptisch-levantinisch-
mesopotamischen Tradition und den dazugehörigen
Techniken losgelöst. Statt polychromer Gläser, wird
nahezu ausschließlich blaues Glas benutzt und mit
Gold kombiniert. Die Funde lassen erahnen, dass dem
Glas besondere (magische?) Eigenschaften zugeschrie-
ben wurden, denn mitunter ist es von Goldfolie voll-
kommen überdeckt oder wurde als Zierelement auf
Waffen und Helmen verwendet. Wieder anders ist die
Nutzung in Italien und Mitteleuropa, wo bronzezeitli-
ches Glas zuletzt auftritt und nahezu ausschließlich in
Form blauer oder mehrfarbiger Perlen bekannt ist.

Glastechnologie wurde auf verschiedenen Struktu-
ren transportiert. Im Mittelmeerraum und Westasien

waren es bereits bekannte Handelsrouten, über die die
Glastechnologie sich verbreitete und schließlich die Ägä-
is erreichte. Für die Diffusion nach Italien werden eben-
falls mykenische Austauschnetze (oder zumindest Aus-
tauschnetze, die mit der Verbreitung von Keramik im
mykenischen Stil zusammenhängen) als ausschlagge-
bend angesehen,62 während für die Verbreitung in den
Norden ein Zusammenhang mit den Austauschnetzen
für Bernstein und die hohe Mobilität von Einzelperso-
nen erwogen werden.63 Glas erschloss also keine neuen
Kontakte, sondern profitierte von bestehenden Netzwer-
ken. Es scheint tatsächlich so zu sein, dass es eher die
sozialen Faktoren waren, die halfen die Innovation vor-
anzutreiben. Die Glasproduktion reagierte also auf den
Bedarf. Jedoch sollte nicht unterschätzt werden, dass die
Kenntnis von Glas ein wichtiger Impuls für den intensi-
vierten Import und die lokale Aneignung der Sekundär-
produktion war.

Durch die Adaption von Glastechnologie wurden
diese Netzwerke intensiviert und sukzessive ausgebaut.
Klare Grenzen blieben allerdings bestehen. Die Grün-
de dafür liegen zunächst in der mangelnden Technolo-
gie begründet, denn außerhalb von Ägypten und der Le-
vante ist die Produktion von Rohglas bislang nicht nach-
gewiesen. Ohne Rohglasproduktion muss jede Glasher-
stellung mit dem auskommen, was sie durch Handel,
Tausch und Tribute erlangen oder recyceln kann, ist also
auf ,glass working‘ beschränkt. Das mag die ausgespro-
chen andersartige Glaskultur im bronzezeitlichen Euro-
pa vielleicht schon aus der Technik erklären.

Akzeptiert man dies, dann kommt aber zu der man-
gelnden Fähigkeit Rohglas zu produzieren zumindest
für die Funde vor Frattesina auch ein vollkommen an-
derer Wissensstand, bei dem zu überlegen wäre, als
was Glas überhaupt wahrgenommen wurde. Bereits die
Ägypter sahen in Glas einen künstlichen, fließenden
Edelstein. Wurde Glas in Regionen, in denen man nichts
über die Herstellung von Glas wusste, daher vielleicht
als Stein angesehen, den man unter Feuer magisch ver-
formen konnte?

Zu keiner Zeit bestand die Notwendigkeit Glas zu
nutzen. Die sukzessive Diffusion ist daher ein gutes Bei-
spiel, dass prähistorische Innovationen keineswegs im-
mer als Lösungen praktischer Probleme verstanden wer-

60 Sheridan und Shortland 2004.
61 Z. B. Rehren 2014; Wilde 2003.

62 Beitrag von Leonie Koch in diesem Band.
63 Varberg, Gratuze und Kaul 2015.
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den müssen. Bronzezeitliches und auch antikes Glas er-
füllte keinen praktischen Zweck, sondern wurde statt-
dessen aus ästhetischen und magischen Gründen oder
um sich sozial zu distinguieren benutzt.

Aus antiker Sicht war sicherlich die Erfindung der
Glaspfeife der entscheidende Durchbruch für die Glas-
produktion. Dadurch wurde Glas nicht nur deutlich bil-
liger, sondern vollkommen neue Formen wurden mög-
lich. Ein vorläufiges Histogramm der Fundfrequenzen,
das auf der Stichprobe der bislang gesammelten prä-
historischen und antiken Gläser im Projekt Digitaler
Atlas der Innovationen beruht64, zeigt bereits deutlich,
dass mit dem Aufkommen des Glasblasens im 1. Jahr-
hundert v. Chr. die Menge an im Umlauf befindlichen
Glas sich signifikant erhöhte (Abb. 3). Zu bedenken ist
aber auch hier die zugrundeliegende Infrastruktur. Die
Glaspfeife konnte nur einen solchen Impact entwickeln,
weil die sie nutzenden Handwerker mit dem aufstreben-
den römischen Reich auf einen großen Kundenstamm
zurückgreifen wie auch die römische Logistik nutzen
konnten. Durch den Transport von Rohglas, aber eben
auch Spezialisten in die Provinzen gelang der Aufbau se-
kundärer Glaszentren, zum Beispiel am Niederrhein65.

Glasdiffusion ist sehr eng mit dem Ausbau prähis-
torischer und antiker Infrastrukturen einerseits und mit
der Verfügbarkeit von Know-how um die Glasherstel-
lung andererseits verbunden. Das Zusammenspiel die-
ser beiden Faktoren ‘steuert‘ die Diffusion. Glas konn-
te nur dorthin gelangen, wo ausgebaute Handelsrouten
einen Transport ermöglichten. Seine Konsumtion setzt
wenig voraus, aber bereits die Verarbeitung von Rohglas
in Fertigprodukte bedurfte ausgefeilter technischer Vor-
bedingungen, wie zum Beispiel die Fayenceherstellung
oder die Legierung von Bronze. Dadurch scheint Glas
mittels Sprünge sich auf der Landkarte zu verbreiten.
Nach den ersten Glasfunden im 3. Jahrtausend dauert
es bis nach 1600 v. Chr., bis Glas sich zwischen Ägyp-
ten und Iran ausbreitete. Es gelang zunächst nur die
Produktion im östlichen Mittelmeerraum zu intensivie-
ren, bevor ab dem 14. Jahrhundert v. Chr. sich Handwer-
ker im mykenischen Griechenland Glastechnologien an-
eigneten. Im Sinne der Innovationstheorie von Ever-

ett Rogers ist das eine tatsächliche Neuerfindung („Re-
Invention“).66 Im 12. Jahrhundert v. Chr. fand eine wei-
tere Re-Invention in Frattesina statt und von dort ver-
breitete sich das Glas wiederum über bestehende Han-
delsnetze. Selbst im römischen Imperium gelang die
Re-Lokalisierung der Primärglasproduktion aus Ägyp-
ten und der Levante nicht.67 Sämtliche Glasnetzwerke
setzten daher einen Kontakt in diese Regionen voraus,
um an Rohmaterial zu gelangen. Dieser Faktor limitier-
te damit die Verbreitung von Glas mindestens ebenso
wie die Erfindung der Glaspfeife diese beschleunigte.
Das Zusammenkommen beider Faktoren in der frühen
Kaiserzeit ist es dann, was Glas wirklich zur Massenware
machte.

Worin letztlich die Gründe für den Aufbau dezen-
tral gesteuerter Glasnetzwerke zu suchen sind, ist frag-
lich. Neue Forschungen zeigen aber, dass die These
vom Abbruch der Natronversorgung die antike und mit-
telalterliche Realität nur unterkomplex darstellt. Wie
Rehren und Schwarzer in ihrem Beitrag im vorliegen-
den Band zeigen, existierten lokale Primärproduktionen
(wahrscheinlich in beschränktem Umfang) bereits deut-
lich früher und könnten im Falle von Pergamon viel-
leicht sogar mit dem wirtschaftlichen Niedergang der
Stadt und der damit verbundenen Motivation nach neu-
en Quellen zu suchen zusammenhängen. Andererseits
zeigt der Aufsatz von Henderson et al. (in diesem Band)
aber auch, dass der Zufluss neuen Wissens aus Ostasien
und die politische Neuausrichtung der Abbasiden mit-
verantwortlich sein können für diesen neuen Innovati-
onsschub.

Die sukzessive Ausbreitung der Glasherstellung
musste viele strukturelle Hürden überwinden bevor ein
lokales Hüttenwesen entstehen konnte. Zudem ist von
der Bronzezeit bis in die Antike die räumliche Auswei-
tung der Primärproduktion kaum, vielleicht sogar gar
nicht, vorhanden. Die Gründe dafür sind jedoch we-
niger in mentalen Durchbrüchen oder revolutionären
Änderungen zu suchen, sondern im langsamen Aufbau
technischer Substrukturen und der langwierigen Suche
nach neuem Wissen über die Herstellung dieses faszinie-
renden Materials.

64 Hansen u. a. 2018
65 Beitrag von Marion Brüggler in diesem Band.

66 Rogers 2003, 174–175.
67 Beitrag von Ian C. Freestone in diesem Band.
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Abb. 3 Verbreitung früher Glasfunde von den Anfängen bis ca. zum 3./4. Jahrhundert n. Chr.
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