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Myra’s Place in Medieval Glass Production

Ozgii COMEZOGLU”

Excavations at the Church of St. Nicholas in the Demre Township of Antalya have contin-
ued under the direction of Prof. Dr. Yildiz Otiiken since 1989. Myra, the capital of Lycia from
the 5 century, has housed a church and a tomb dedicated to St. Nicholas and thus became
an important pilgrimage centre during the Middle Ages'. Glass items as well as architectural
sculpture, metalwork and pottery constitute the largest part of the finds from the excavation.

Glass finds from these excavations have shown that glass was used at Demre for the
purposes of lighting, storage, service and for jewellery from the Roman period through
to the 13t century. These purposes are exemplified by glass lamps and window glass for
lighting; bottles for daily use, pilgrim’s bottles and jars for storage; bowls, beakers and
pitchers for service; bracelets, beads and one ring, jewellery.

Three groups of glass finds from Demre indicate there was glass production at Demre
during the Middle Ages, they are, foam glass, frits and wasters from the shaping process.

The first group, foam glass, includes chunks of glass attached to the earth with a very
large amount of bubbles. Analysis carried out on the Demre glass finds have shown that
this foam glass was formed during the melting of the raw materials (Figs. 1-2).

The raw materials used for glass production in the medieval Mediterranean were silicon
dioxide (SiO,) obtained from sand, calcium oxide (CaQ) obtained from limestone or from
the lime in seashells, and pure mineral sodium oxide (Nazo)z. In addition, to colour the
glass, other metal oxides were added to this mixture of raw materials. As the temperature
gradually rises during the melting process, the batch materials react differently at different
temperatures. When it reaches 1000°C, the melting process is accomplished. However, car-
bon dioxide (CO,) and water vapour emitted in these reactions cause bubbles in the glass.
Rising up, these bubbles also bring with them un-melted particles. This forms a layer on
the surface, called “foam” or “bad glass”, and it is removed from the surface by the glass-
worker using a tool. At Demre a large amount of such foam glass with an un-melted par-
ticle content has been found?. Analysis has shown that the content ratios comprising these

* Dr. Ozgii Comezoglu, fstanbul Universitesi, Edebiyat Fakiiltesi, Sanat Tarihi Bolimii, Bizans Sanati Anabilim Daly,
Istanbul.
E-mail: ozgu@istanbul.edu.tr

1 g v Otiiken, “Myra Aziz Nikolaos Kilisesi Kazist”, Lykia 1, 1994, 115-117.

2 I C. Freestone — Y. G. Gorin-Rosen, “The Great Glass Slab at Beth She'arim, Israel: An Early Islamic Glass Making
Experiment?”, Journal of Glass Studies 41, 1999, 111.

3 | would like to thank Asst. Prof. Dr. flhan Hasdemir of Mimar Sinan University of Fine Arts, Department of
Ceramics, for his help in identifying the batch materials.
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chunks are very different from those of shaped glass: They have very little silicon dioxide
and sodium oxide which is unusual for regular glass while they have very high amounts
of aluminium oxide (Al,0), calcium oxide (Ca0), magnesium oxide (MgO) and iron oxide
(Fe,05). As inferred from the results of this analysis, the elements that take the longest
time to melt adhered to the bubbles and so rose up to the surface. The foam glass found
at Demre indicates the melting of batch materials; consequently, glass was produced from
raw materials at Demre during the Middle Ages.

Another group of finds that attests to glass production are the frits, that are mainly
amorphous and broken (Fig. 3). The frits are chunks broken off from a huge glass piece
and they are so amorphous and thick that they cannot belong to a lamp, a vessel, a brace-
let, or to window glass. Their thickness reaches ca. 1.5 cm. Frits are usually found at glass-
works where the huge glass blocks produced in tank-like kilns are broken into smaller
pieces in order to shape®. Glassworks that buy frits throw them into the melting pot, to-
gether with other batch materials in order to accelerate melting, which also results in lower
fuel costs®.

Although there is no known tank-like kiln at Demre, it is known that numerous
tank-like kilns were employed for glass production in places around the medieval
Mediterranean, like the examples found at Hadera (7 century), at Beth She’arim (9% cen-
tury) and at Corinth (11" century)é. The frits found at Demre must have been brought to
Demre through trade or were taken from a tank-like kiln here, whose location is presently
unknown.

Another group of production waste provides evidence for glass working at Demre (Figs.
4-5). The colours of these waster pieces match the glass finds from Demre; however, they
are so deformed that they cannot have been a part of vessels, bracelets, beads or window
glass. These are pieces whose shaping could not be completed during the production.
They were either not shaped well or had cooled off while shaping. Examples include a
not-fully-shaped piece of window glass with a folded edge and a rim fragment (Fig. 4). In
addition, some pieces must be those cut off in the course of shaping the mouth or other
parts of vessels while they were still hot.

Although so much evidence was gathered indicating glass production, no tools related
to glass kilns or to glass production have been found during the course of excavations at
St. Nicholas Church at Demre. If itinerant masters worked at Demre, as was the case at
Jalame, then they must have taken their tools with them’. An important example for this
type of production is Anemurium. The kiln identified at Anemurium functioned from the
5™ through the 7" century, to produce simple vessels and window glass. It is thought that
itinerant masters came to the town to supply the local demand, built temporary kilns and
then left after producing sufficient glass®. This is supported by the fact that glass produc-

* FPreestone — Gorin-Rosen, 108; G. R. Weinberg, Excavations at Jalame, Site of a Glass Factory in the Late Roman
Palestine (1988) 25.

5 S E. Stern, “Roman Glassblowing in a Cultural Context”, AJA 103, 1999, 454.

6 Stern, 482; Freestone - Gorin-Rosen, 108-116; G. D. Weinberg, “A Medieval Mystery: Byzantine Glass Production”,
Journal of Glass Studies 22, 1975, 129,

7 Weinberg, 33-35.

8 E. M. Stern, “Ancient and Medieval Glass from the Necropolis Church at Anemurium”, in IX. Congrés de
I'Association pour I'Histoire du Verre (1985) 44.
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tion waste was found in these excavations but no tools were found. At a workshop found
at Beirut and thought to have been active in the 7" century, foam glass, frits and produc-
tion wastes were found, as is the case at Demre, but the remains of a kiln were also iden-
tified?.

Most of the production waste came from the infilling to raise the ground level in the
western area and this infilling dates from about the middle of the 11" century. This fill-
ing must have been brought from elsewhere and it contained mixed finds dating from the
Roman period to the 11™ century. As the glass production waste was found within a fill-
ing, the location of the workshop in the city remains unknown. In order to shed light on
this topic, we think that excavations need to be conducted inside the city.

It is worth noting that the wasters produced as a by-product during the shaping phase
match the colours of the Byzantine period glass vessels. In addition, some of these wastes
suggest that they were pieces left incomplete during the shaping of known forms. For
example, a piece of window glass dated to the 9"-13™ centuries was deformed when its
edge was being shaped (Fig. 4). The large number of glass finds from Demre and the
fact that they were produced in the same style and colours both suggest that glass was
produced here during the Middle Ages. Low number of items of daily use in the kitchen,
other than oil Jamps and window glass, indicates that pottery was preferred to glass for
daily use at Demre. It is also worth noting that the amount of undecorated items is quite
high. Consequently glass production at Demre aimed at supplying local demand, as was
the case at Sardis!’.

The chemical content of the glass finds from Demre is shown in Fig. 1; the first batch
material is silicon dioxide (SiO,) and the second is sodium oxide (Na,0) which decreases
its resistance to heat, lowering the melting point and increasing the viscosity. The presence
of magnesium oxide (MgO) and potassium oxide (K,0) indicate vegetal residue in the raw
materials. They indicate either vegetal ash was added, in addition to soda, to the raw ma-
terials or vegetal materials were mixed in the raw materials together with other elements.
The magnesium oxide (MgO) and potassium oxide (K,0) levels recorded in the table vary
from between 2 to 4 per cent and this does not necessarily show that Demre glass was a
potash-glass but rather it is a soda-glass. Being close to the sea, soda could be obtained
easily from the sea salt. Potassium oxide (K,0), on the other hand, was obtained from
woody plants or bushes and was therefore used more often in mountainous and forested
areas.

Research around the Mediterranean, in Italy, Egypt and also at Raqqa'’, has shown the
magnesium oxide (MgO) and potassium oxide (K,O) levels were less than 1% until the gth
century as pure soda was used; and after the 9" century levels rose to 2-3% as vegetal ash
was added to the mixture.

? D. Foy, “Un atelier de verrier 2 Beyrouth au début de la conquéte islamique”, Syria 77, 2000, 241-242.
10 A von Saldern, Ancient and Byzantine Glass from Sardis (1980) 2, 36, 95-96.

11 preestone — Gorin-Rosen, 109. For Ttaly see A. Silvestri — G. Molin — G. Salviluo, “Roman and Medieval Glass from
the Ttalian Area: Bulk Characterisation and Relationships with Production Technologies”, Archaeometry 47/4,
2003, 797-798. For Raqga see J. Henderson, “The Production of Early Tslamic Glass in al-Raqqa, Syria”, Levant 31,
1999, 232-234; J. Henderson — S. D. McLoughlin — D. S. McPhail, “Radical Changes in Islamic Glass Technology:
Evidence for Conservatism and Experimentation with New Glass Recipies from Early and Middle Islamic Raqqa,
Syria”, Archaeometry 46/3, 2004, 451.
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Analysis of the glass finds from Demre show some examples from both the earlier pe-
riods and the 11'"-13"" centuries had very low levels (less than 1%) of magnesium oxide
(MgO) and potassium oxide (K,0) distinct from what is known from other Mediterranean
sites. In addition, some examples from the earlier periods had very high levels of magne-
sium oxide (MgO) and potassium oxide (K,0) - 2-4%. For example, a fragment from nodal
bars dated to the 67" centuries (Fig. 1 - nr. 6081) has higher levels as distinct from pre-
9™-century examples from the Mediterranean sites mentioned above. Another example
(Fig. 1 - nr. 8052) from a layer containing Roman and Early Byzantine finds also produced
similar results. Further, the fragment with inventory nr. 9428, which came from the layer
dating from the 11'"-13" centuries, just above the filling, contains lower levels than the
post-9-century examples from Italy, Egypt and Syria. Four examples of frits (Fig. 1 - nrs.
8658, 9040, 9108 and 9131) were analysed and were seen to contain less than 1% magnesi-
um oxide (MgO) and potassium oxide (K,0). Nrs. 9040, 9108 and 9131 came from the fill-
ing dated to the 11" century and earlier whereas nr. 8658 came from the layer mentioned
above, dated to the 111M-13™ centuries.

Although these finds have differences in their raw materials, they all display common
features of workmanship and colours. These finds are mainly dated from the level of the
find, not according to the colours of the raw materials. Analysis indicates differences in
the proportions of batch materials may have arisen from either imported glass or vegetal
waste that could have contaminated the batch materials. However, it is inferred that there
was no deliberate attempt to make any changes at any time.

The elements comprising less than 1% in the glass could be stray, although some are
indeed pigments. For example, iron oxide (Fe,0,) is found naturally together with silicon
dioxide (5i0,) and gives a green colour to the glass. The green coloured item listed in
Fig. 1 — nr. 7030 stands out with its high level of iron oxide (Fe,O 3)- The amount of iron
provides colour variations ranging from blue-green to green, yellow -green and to yellow.
On the other hand, yellow and yellow-green shades were obtained by mixing manganese
oxide (MnQ) and iron oxide (Fe,0,), exemplified by Fig. 1 - nrs. 6951, 7928 and 5245 with
yellow-green, green-yellow and light blue. High manganese oxide (MnO) levels lead to a
purple colour, as seen in nr. 9576. The variety of colouring depends on the use of iron
oxide (Fe,0,) and manganese oxide (MnO), as well as the oxygen (O,) level in the kiln'2.
Besides, manganese oxide (MnO) is also used as decolouriser’3. Copper oxide (CuO) is the
pigment employed to produce the blue, yellow-green and green examples'.

The following facts strongly suggest that Demre was a suitable place for glass produc-
tion: the River Myra flows through the city and into the sea nearby, thus silicon dioxide
(8i0,), the main material for glass production, is abundant; sand and limestone which
contain the sea creatures with lime can be easily found to procure the lime for the glass;
and the salt needed for sodium, which provides the transparency and fluidity, can also be
easily obtained.

12 p Mirti — P. David -~ M. Gulmini, “Glass Fragments from the Crypta Balbi in Rome: the Composition of Eight
Century Fragments”, Archaeometry 43/4, 2001, 495-501.

B3 coMm Jackson, “Making Colourless Glass in the Roman Period”, Archaeometry 47/4, 2005, 764.

% Mirti — David — Gulmini 2001, 499; A. Silvestri — G. Molin — G. Salviluo, “Roman and Medieval Glass from the
Italian Area: Bulk Charactensauon and Relationships with Production Technologies”, Archacometry 47/4, 2005,
811.
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The glass finds from Demre stand out with their common features of workman-
ship through the Middle Ages. The same vessels forms, techniques and colours seem to
have been preferred from the sixth through the thirteenth century. Colourless examples
form the largest number, followed by shades of green, yellow and blue. The preferred
production technique was free-blown and mould-blown glass was rarely employed. For
decorative purposes, glass threads in blue or of the same colour as the vessel were used.
Mould-blown glass and impression decoration techniques seen around the medieval
Mediterranean are seldom found and painted decoration is found only on some bracelets.

The most common products were: window glass, lamps and pilgrim’s bottles. The
number of religious and lighting items is much higher than storage and service vessels as
well as rings and bracelets; consequently, glass was deliberately chosen for certain items.
In particular oil lamps were preferably made from glass after the earlier period, the large
amount of window glass used, and the need for pilgrim’s bottles all indicate the continu-
ous demand for glass in medieval Demre. The established quantities of finds from certain
groups, indicates continuity; in addition, the homogeneity observed in workmanship,
forms and colours indicate the continuity of the same tradition. It was also observed that
the masters working at Demre produced most of the glass forms and techniques found
elsewhere around the Mediterranean and this may suggest a local workshop or itinerant
masters who built temporary workshops or masters coming from other Mediterranean sites
who may have worked here®.

15 This research was supported by AKMED, ARIT and Istanbul University’s Scientific Research Projects (Project no:
T-044).
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Ortacag Cam (retiminde Myra’nin yeri

Antalya'nin Demre Ilgesindeki Aziz Nikolaos Kilisesi kazilarinda bulunan camlar ara-
sinda 3 grup burada Ortacag'da tretim yapildigini gosterir. Bu buluntular cam koptkleri,
fritler ve sekillendirme atiklaridur.

[lk gruba giren ve yer yer topraga yapismis topak halindeki parcalar, cok miktarda yuvar-
lak kabarciklar icermektedir. Demre cam buluntularinin analizleri sonucunda, bu parcalarin
hammaddenin ergitilmesi sirasinda ortaya ¢ikan cam képiikleri olduklari anlasilmistir (Res.
1-2). Analiz sonuglari, bu pargalarin icerdigi elementlerin oranlarinin, sekillendirilmis camla-
rinkinden oldukea farkli olduklarini géstermektedir. Bu parcalarda Si2O ve Na20 oraninin is-
lemleri tamamlanmis camlarda olamayacak kadar diisiik oldugu, Al20, CaO, MgO ve Fe203
miktarlarinin ise fazla oldugu dikkati ¢eker. Analiz sonuglardan da anlasildig gibi, en uzun
stirede ergiyen elementler, hava kabarcilara yapisarak camin yiizeyine cikmustir. Demre'de
bulunan kopiikler, burada hammaddenin ergitildigini gostermektedir. Bundan da, Demre'de
Ortacag'da cam hammaddesinden tretim yapildigi anlasilmaktadir.

Cam ttetimini gosteren diger bir buluntu grubu, sekilsiz ve bircok yonden kirik olan
fritlerdir (Res. 3). Bu buluntular, biiytik bir cam kiitlesinden kirtlmus parcalar seklindedirler.
Bir kap, kandil, bilezik ya da pencere camina ait olamayacak kadar bicimsiz ve kalindir-
lar. Kalinliklari yaklasik 15 cm'yi bulur. Fritler, tank tipi firinlarda biiytik bloklar halinde
yapilan camlarin kirilarak kaplarin sekillendirildigi cam atélyelerine gotiiriilen parcalaridir.
Fritleri satin alan cam atolyelerinde, bu kiriklar diger hammaddelerle beraber potaya atilir
ve boylece ergimeyi hizlandirirlar. Bu sekilde, yakit tasarrufu da yapilmis olur. Demre’de
bulunan fritler de ya ticaret yoluyla getirilmis olan ya da burada hentiz tespit edilmemis
bir yerde bulunan tank tipi firindan alinmis olmalidirlar.

Diger bir grup tiretim atig1, Demre’de sekillendirme yapildiginin kanitidir (Res. 4-5). Bu
parcalarin renkleri, Demre’de bulunan cam eserlerin renkleri ile uyumludur, Ancak, form-
lari bir kabin, bilezik, boncuk ya da pencere caminin pargast olamayacak kadar bozuktur.
Sekilsiz olan bu parcalar, tiretim sirasinda sekillendirilmesi tamamlanamamis olanlardir.
Ya diizgiin sekillendirilemeyen, ya da yeterince hizli sekillendirilemedigi icin bicimlendir-
me sirasinda soguyan parcalar olduklari anlasilir. Tam formu verilememis katli kenarli bir
pencere canu ve bir agiz parcast (Res. 4), bunun érnekleridir. Ayrica, bazi parcalar, kaplar
hentiz sicakken kabin agiz gibi kisimlarinin bicimlendirmesi sirasinda kesilerek atilan par-
calar olmalidirlar.

Cam tretimine dair bu kadar buluntunun yanisira, Demre Aziz Nikolaos Kilisesi kazi-
lart sirasinda, firin ya da cam tretiminde kullanilan aletler bulunmamistir. Demre'de kazi
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yapilan alanda cam atSlyesi bulunmamasinin en 6nemli sebebi, bu alanin kiliseye, hacila-
rin toplanma alanina ¢ok yakin olmasidir.

Demre’de bulunan tiretim atiklarinin biiyiikk ¢cogunlugu, az miktarda Erken Bizans ve
nadiren Roma Donemi, yogunlukla ise, 11. yy’a kadar Orta Bizans Dénemi cam buluntu-
lar1 iceren dolgu toprak icinden cikmuglardir. Cok az sayidaki atik ise dolgu tzerinde 11-13.
yy. buluntularinin ele gectigi tabakadan gelmislerdir. Bu da, sdz konusu camlarin, bat
alanin dolgusunda kullanilan topragin i¢inde, atdlyenin atiklarinin bulundugu yerden geti-
rildigini gosterir. Firinin yeri hentiz bilinmemektedir.

Sekillendirme sirasinda ortaya cikan atiklarin, Bizans Dénemi'ne tarihlenen cam kap-
lar ile renk ve form acisindan ortak ézellikler tasidiklar dikkat ¢eker. Demre buluntular:
arasinda, 9-13. yy.lar arasina tarihlenen bir pencere caminin kenar kisminin sekillendirilir-
ken bozulmus olmast da yukarida sayilan diger ozellikler gibi, Demre’de Ortacag'da cam
tiretiminin varligini destekler. Demre'de bulunan cam eserlerin sayisal yogunlugu ile aym
tislup ve renkler kullanilarak yapilmis olmalari, Demre’'de Ortagag boyunca tretim yapildi-
gin1 gosteren diger bir ézelliktir. Kandiller ve pencere camlari disinda mutfak kullanimina
yonelik cam buluntularin sayica ¢ok yogun olmamalari, Demre'de giinliik hayatta camin
degil, seramigin yogun olarak kullanildigini gosterir. Bezemesiz drneklerin yogunlugu da
dikkat cekicidir. Bunlarin sonucu olarak Demre'de cam iiretiminin ihtiyaci karsilamaya yo-
nelik oldugu anlasiimaktadir.

Akdeniz cevresinde, italya, Misir ve Rakka'da yapilan calismalarda, 9. yy.in baslarina
kadar, saf soda kullaniminin etkisiyle MgO ve K20 oraninin %1'in altinda; 9. yy’'dan iti-
baren ise, karisima bitki kiillerinin de katilmasiyla %2-3 civarinda gorildiigt saptanmustir.
Demre cam buluntularinin analizleri sonucunda, Akdeniz yerlesimlerinin bazilarinin aksi-
ne, MgO ve K20 oraninin hem erken dénem camlari arasinda, hem de 11-13. yy.lar arast-
na tarihlenen camlar arasindaki ¢rneklerde diisiik olabildigi (%1'in altinda) gdzlemlenebil-
mektedir. Buna ek olarak, bazi erken dénem camlarinda bu oranmin yiiksek (%2-4) oldugu
saptanmustir. S6zU gecen tiim bu buluntularin hammaddelerindeki bu degisikliklerin yani-
stra, iscilik ve renk acisindan tiimiiniin ortak ozellikler tasidiklar: goriilmektedir. Analizler
sonucunda, hammaddede oranlarin degisiklikler gdstermesinin ya disaridan iglenmek
lizere getirilen camlardan; ya da hammaddeye bitki atiklarinin karismis olabileceginden
kaynaklandig1 diistiniilebilir. Ancak belli bir dénemde bilingli olarak bir degisiklik yapil-
madigs anlagilmaktadir. Camun icinde bulunan %1'in alundaki elementler ise hammaddeye
karismis elementler olabilecegi gibi, iclerinde renk vericiler de vardir.

Buluntularin arasindaki iscilik, form ve renk acisindan homojen yapi, ayni gelenek-
le tretildiklerini anlatmaktadir. Demre’de ¢alisan ustalarin, Akdeniz ¢evresindeki cam
formlarinin ve tekniklerinin ¢cogunu uyguladiklar: goriliir. Bu da, Demre'de yerlesik bir
atolye olabilecegi gibi, gezici ustalarin gecici atdlye kurmusg olabilecegi veya diger Akdeniz
yerlesimlerinden gelen ustalarin burada calismig olabilecegini dustindtrtir. Myra ¢aymin
icinden gecerek denize dokiilmesi ve bu sebeple camin ana maddesi olan silisyumdioksiti
(5i02) ve camdaki kire¢ ihtiyacinin karsilanabildigi kalkerli deniz canlilarini i¢inde barin-
diran kumun ve kirectasinin rahatca bulunabilmesi, Demre'nin cam ftiretimi icin oldukca
uygun bir yer oldugunu distindirr.
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Fig. 2
Foam glass

Fig. 4
Wasters from the shaping
process

Fig. 5
Wasters from the shaping
process
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