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Abstract. The Northwest Necropolis Church in Hadrianopolis, one of the cities of the Paphlagonia, 
is located southwest of the central area, 20 m northwest of the Bath B. Started 2017, excavations at the 
Northwest Necropolis Church were completed in 2021. The south and apse wall of the church came today 
at the foundation level, while the north and west came today at a height ranging between 1 m and 2 m. It is 
understood that the walls of the building were heavily damaged because of agricultural activities. Due to 
the extensive destruction of the body wall, no trace of the location, dimensions and position of the windows 
could be found. The only data about the windows are fragments of the windowpanes discovered during the 
excavations. Fragments of the windowpanes were unearthed in large quantities. The edges of some of the 
windowpanes were examined to get ideas about the frame. In addition, the paste residues that came today 
on the edges of some fragments were analyzed in lab to determine the ingredients. In this study, in the 
light of all datas, how the illumination in the Northwest Necropolis Church could have been, the technique 
with which the windowpanes were made, how many windows openings could be in which direction, in 
interpretation of the analysis results and the color scale were mentioned. 
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Аннотация. Северо-западная погребальная церковь в Адрианополе, одном из городов Пафлаго
нии, расположена к юго-западу от центральной площади, в 20 м к северо-западу от бани Б. Раскопки 
памятника продолжались в 2017–2021 гг. Южная и апсидная стены церкви открыты до уровня фунда
мента, а северная и западная части церкви на сегодняшний день открыты на высоту от 1 до 2 метров. 
Предполагается, что стены здания были сильно повреждены в результате сельскохозяйственной де
ятельности. Из-за обширных разрушений стен не удалось уставить расположение и размеры окон. 
Единственными сведениями об окнах являются фрагменты стекол, обнаруженные при раскопках в 
большом количестве. Для получения представления об оконных рамах проведено исследование кра
ев некоторых оконных стекол. Кроме того, в лабораторных условиях изучен состав остатков пасты, 
сохранившейся на краях фрагментов. В статье анализируется техника изготовления оконных стекол 
и их цветовая гамма, предложена реконструкция расположения оконных проемов и их количество.
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Hadrianopolis is located 3 km west of Eskipazar District of Karabük Province, within a valley 
formed by the Eskipazar Stream. The city has a radius of approximately 10 km and covers the 
villages of Beytarla, Çaylı, Büyükyayalar, Budaklar, Kabaarmut, Dereismail and the neighbor
hoods of Hacamatlar and Bahçepınar (Fig. 1). The remains seen on the surface and the structures 
uncovered by excavations are concentrated in the Hacamatlar neighborhood [9, p. 364; 4, p. 75; 
10, p. 39; 11, p. 661; 5, p. 645]. The Northwest Necropolis Church is located 300 m west of the 
Eskipazar Stream at the foot of a high cliff where rock graves are dense. In 2007, an excavation 
was carried out by the excavation scientific team to understand the function of the building and 
the apse and a part of the mosaic pavement decorating the floor of the apse were discovered. The 
remains of the building were named “Building with Apse” by the excavation team of that period 
[14, p. 31]. In 2014, archaeo-georadar scans were carried out at important points of the city. The 
Northwest Necropolis Church, which is one of the scanned points, was found to be a basilical 
planned church structure as a result of archaeo-georadar studies. Excavations were resumed in 
the structure in 2017 and excavations continue today.

As a result of the excavations; it was found that the structure, most of which was uncov
ered, coincided with the archaeo-georadar results; and it was named as the Northwest Necropolis 
Church by the excavation committee due to the fact that it was the third church in the city and its 
location within the city [4, p. 75].

The church has a major change about 100 years after it was built; and the excavations re
vealed that the church has a stratigraphy consisting of four layers (Fig. 2). The stratigraphy and 
architectural details indicate that the first construction phase of the church was between the 4th–5th 
century AD and that it was destroyed by an earthquake or fire [3, p. 14–15]. In 2019, a large 
amount of glass was found in the northeast of the church, in the part of the body wall facing the 
outside. The majority of these fragments are of poor quality and are thought to be production 
residues. The fact that glass fragments similar to production residues were found intensively in a 
small area raises the question of whether there was a glass workshop belonging to a later phase 
in the northeast corner of the church. 

It is known that during the scientific studies carried out in the church of the Northwest Ne
cropolis of Hadrianopolis, finds consisting of different materials were encountered and many 
glass fragments were found. These include fragments of vessels characterized as tableware, un
guentariums thought to be cream, fragrance or ritual vessels, beads and ring stones with certain 
meanings and glass fragments, which is the main subject of this article. In the northeast of the 
church, in the outward-facing part of the body wall of the building, glass fragments were found 
(Fig. 3). However, considering the proximity of this spot to the bema and apse area, it is thought 
that there might have been production here after the church lost its function. It is thought that 
there are two reasons for the establishment of a production workshop in such an area. It may have 
been due to its functional location, or it may have been due to the predominance of belief ele
ments such as the protection of religion and the utilization of its mystical power, which has been 
going on since antiquity. The abundance of waste glass fragments suggests that glass was melted 
and used. As is known, glass is a recyclable material. Therefore, air bubbles may be dense in 
recycled glass. In fact, it is known that when glass masters cannot reach the desired temperature, 
dense air bubbles are found in glass that is not fully melted.

Especially in the production of windowpanes, it may not have been necessary to melt the 
glass at high temperatures [6, p. 188]. Considering the high number of air bubbles in the glass 
recovered from the scientific excavations in the city and the church, it can be said that it may have 
been caused by second use or a mistake in production. 

During the scientific studies conducted in the church in 2017–2021, a total of 37 trenches 
were excavated. Fragments of windowpanes were found in almost all of the trenches (Fig. 4–5). 
It is highly probable that the points where the glasses were found intensively were close to the 
window of the building. When the windowpanes are analyzed in detail, it is seen that some of 
them are in the form of fragments, some of them are flat and have rounded edges at one end. It 
is thought that the rounded ends of these windowpanes were formed by taking the shape of the 
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frame in which they were cast [12, p. 363], or they were rounded with the help of heat and tools, 
or they were placed inside the plaster and stone window frame seen in Middle Byzantine glazing 
(Fig. 6) [2, p. 152–153]. Cylinder blowing technique was identified in the production of the win
dowpanes found in the church (Fig. 7). The thickness of the glass produced in this technique was 
measured between 2–4 mm. It is known that the air bubbles in the glass produced in the cylinder 
blowing technique are elliptical or spindle-shaped due to the blowing. The remains of paste on 
the windowpanes found in the church indicate that the panes were fastened to the frame with the 
help of paste [7, p. 15–101]. The different thicknesses of the glass must have resulted from the 
fact that thin glass was used to benefit from heat and light in the parts where the sun was intense, 
while thick glass was used to prevent light and heat loss in places where the sun was not seen. 

Although the excavations yielded many fragments of windowpanes; no trace of a window 
network was found. The fact that an intense fire was observed during the last phase of the build
ing’s use may be considered as a factor in the absence of a windowpanes frame. The use of spolia 
in the wall uncovered during the scientific studies and the ancient sources indicate that the city 
was destroyed after an earthquake and quickly recovered [3, p. 81–82; 17, p. 231; 8, p. 97; 1, 
p. 65–66]. The reason why the frame of windowpanes were not uncovered during the excavations 
may be due to the fact that they were made of materials such as wood or mortar [16, p. 61–63; 
15, p. 120], which are difficult to reach the present day. 

Remains of paste and mortar (Fig. 8) were found on the windowpanes unearthed in the North
west Necropolis Church, indicating that the glass was fixed to the window grid with putty. Ar
chaeometric analyses were carried out on the putty in order to find out from which materials 
the putty residue seen on the windowpane was obtained. The presence of lime (CaCO3) as an 
inorganic substance was found in the powdered putty sample whose spectrum was taken with the 
Bruker brand Alpha model ATR FTIR device. However, there is only one peak which is thought 
to be gypsum (CaSO4). As an organic substance, a resin of animal origin, which may be “shel
lac”, was found to be used1 (Fig. 9). 

The shellac detected in the paste on the windowpanes is a thin, transparent, honey-colored 
resin of insect origin [13, p. 38–39]. Archaeometric studies have proven that the shellac on the 
windowpanes found in the church was not transparent and was obtained by mixing it with lime. 
The use of shellac was intended to better seal small cracks, to reduce the water absorption of lime 
particles, to ensure the longevity of the paste and to provide a glassy layer. Shellac is actually a 
resin that is not only used for insulation purposes; it is a resin that increases the durability and 
longevity of the materials used for insulation purposes [13, p. 39]. In addition, since it is a glassy 
layer, it also increases the water resistance of the places where it is used. The cold and rainy win
ters in the region where Hadrianopolis is located must have been the main factor that led to the 
use of shellac, which increases thermal insulation in buildings. 

Scientific excavations in the church began in 2017 and were completed in 2021. In the light 
of the architectural datas obtained as a result of the completed excavations, the restitution studies 
of the church were started and the ideas about where the window openings in the building could 
be located were made by taking into account the Chora and Four Rivers Churches in the city, 
which have great similarities in terms of plan. Looking at the points and directions of the win
dows in the restitution work carried out in the Chora Church, it can be said that it was designed 
to benefit from both the heat and light of the sun by establishing a direct proportion with the sun. 
In order to benefit from heat and light due to climatic factors, the window openings should have 
been placed in the east (apse), the direction of sunrise, and in the west (entrance), the direction of 
sunset. The north and south naves of the building are separated by five columns. Five windows 
on the outer body walls of the naves separated by columns, based on the buildings with similar 
plans, would be sufficient for the lighting of the church. It is more likely that the windows were 
brought between the load-bearing architectural elements in order not to interrupt the light. The 
large diameters of the columns found in the naos and naves confirm that the church may have had 

1 The analysis of the sample was carried out at “Kastamonu University Central Research Laboratory Application 
and Research Center (MERLAB)”.
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galleries. For this reason, the windows in the upper part are likely to be smaller than the windows 
in the naves. The main entrance of the church is through a wide opening in the west. In addition 
to the main entrance, there is a smaller entrance opening in the southwest corner of the building 
compared to the main entrance. In order to keep the entrances bright, small openings must have 
been left above the doors and windows must have been placed. The windows are not only used 
for lighting, but also for the spiritual atmosphere of the church. The permeability of this trans
parent material allows the sunlight to be reflected in the church in whatever color the glass is.  
In fact, the aim here is to create a mystical [19, p. 66–67] atmosphere in the church. 

Conclusion 
From antiquity to the present day, windows have been the most important means of lighting 

and heating spaces with sunlight. Almost all of the building remains unearthed during exca
vations in ancient cities or existing on the surface have survived to the present day at a lower 
height than the window level. In the buildings that have survived at the window level, very few 
of them have survived to the present day due to the organic materials used in the windows such 
as wood, terracotta and the fragile structure of the glass. As a result of the comparisons made 
with similar examples in the plan of the Northwest Necropolis Church and the evaluation of the 
possible points that should have been windows by looking at the position of the church to the sun, 
comments can be made about the windows of the Northwest Necropolis Church. There is also 
information about the location and number of windowpanes in ancient sources2. No scientific 
publication on the remains of ancient window frames has been found in the literature. Recent 
articles on the windowpanes discovered at Hendek Castle [19, p. 66–76] and Pompeipolis [18, 
p. 252–253] do not mention the subject of frames. Due to the lack of information on window 
frame in the literature, it is very difficult to obtain clear information on how or with which mate
rial the windowpanes were attached.

The main subject of this study is the evaluation of the excavated windowpanes in the light of 
the data recovered in order to understand the construction techniques, the production phase and 
how they were attached to the frames. Some of the windowpanes recovered during the excava
tion were found to contain paste residues and archaeometric analyses were carried out on sam
ples taken from the paste. As a result of the archaeometric studies, it was revealed that an insect 
resin called “shellac” was used in the paste. In addition to being used as a binder, this resin must 
have been intended to increase the strength of the window, ensure its longevity, strengthen the 
insulation and increase the resistance of the windowpanes against water. The visible traces on the 
windowpanes indicate that they were made by casting and cylinder blowing techniques. It was 
observed that one surface of the window panes made with the casting technique is smooth and 
the other surface is rough due to the casting. In the photographs taken with a microscope from the 
windowpanes made by the cylinder blowing technique, the air bubbles formed in the glasses are 
elliptical and splayed, which is a feature caused by the production technique. Fragments of win
dowpanes are dated to the 5th–6th centuries AD in the light of the contextual finds of the layer they 
were recovered from. In addition, with the help of scientific publications on the glass recovered 
from Hadrianopolis in previous years and by comparing the fragments of windowpanes samples, 
it is understood that green and blue-green colors were intensely seen in the 5th–6th centuries AD. 
It is known that scientific publications on ancient glass are insufficient. Most of the scientific 
publications on glass in our country have not gone beyond catalog studies. It is important to 
date and evaluate all glass vessels or fragments unearthed during excavations with the help of 
contextual artifacts and to conduct archaeometric analyses. The fact that many of the glass finds 
that come to museums are not known where and how they were obtained makes it impossible 
to fully understand the glass finds. It is possible to fill this gap with glass finds unearthed during 
scientific excavations. When evaluated regionally, the glass finds unearthed in the excavations 
of Hadrianopolis of Paphlagonia and transformed into scientific publications will undoubtedly 
contribute to the understanding of glass technologies in the city and the region.

2 Seneca mentions that window panes should be fewer in urban and urban buildings located in rural areas [see 
Seneca II. 86].
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Fig. 1. City plan of Hadrianopolis (Hadrianopolis Archive)
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Fig. 5. The Fragments of windowpanes from The Northwest Necropolis Church  
(Hadrianopolis Archive)

Fig. 6. The fragment of windowpane one rounded end made by casting production technique 
(Hadrianopolis Archive)

Fig. 7. A fragment of widowpanes made by Cylinder blowing technique (Hadrianopolis Archive)
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Fig. 8. Fragments of windowpanes with paste and mortar (Hadrianopolis Archive)

Fig. 9. Analysis Graphic of Paste 
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