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Abstract — This paper presents the LA-ICP-MS anal-
ysis results of 40 selected glass pieces from the early
Christian basilica of Ayios Kononas in the Akamas
area. The site enlarges our knowledge on the glass con-
sumption pattern in Cyprus and demonstrates possi-
ble new insights on the connectivity of the island with
the surrounding regions. The obtained data provide an
added value to the already recognized connectivity with
Egypt and the Levant. Additionally, Ayios Kononas
embraces promising indications concerning a connec-
tion with western Anatolia.

I. INTRODUCTION

Cyprus was an important hub on the East-West and
South-North trade routes in late Antiquity because of its
central geographical position in the eastern Mediterranean
and the prevailing sea currents. Supported by a continuous
economical growth this prosperous Roman province dis-
played an increasing building programme of early Chris-
tian basilicas between the 4th and mid 7th century AD.

From the perspective on glass consumption the central
position of the island makes it a perfect case study for in-
vestigating the glass industry. It is well known that the
Levant and Egypt were the major manufacturing centres
of raw glass to supply the secondary glass workshops with
broken chunks of raw glass [1], but both regions must have
exported finished products as well.

The research on the glass material from Late Antique
Cyprus has remained limited to the material study of glass
in site excavation reports [2, 3, 4, 5]. Also the chemical
analysis remained until recently restricted to the sampling
of one single site [1], but since a few years we have carried
out an intensive survey of the chemical composition of the
Cypriot Late Antique glass [6, 7, 8].

In a first stage we identified five glass types when
characterising the glass from Yeroskipou-Ayioi Pente,
Kalavasos-Kopetra and Maroni-Petrera on a chemical and
optical basis: Levantine 1, HLIMT', two types of HIMT

I'This label was proposed in [6] similarly to the HIMT label proposed
by Freestone in [9]. Since this group was alredy described in [10] and
named ‘Serie 2.1°, hereafter we will refer to it as HLIMT/Foy-2

(named HIMTa and HIMTb), Egypt 1 and HIT. Apart from
Levantine 1 glass, which certainly has a Syro-Palestinian
origin, all other recognized glass types most likely have
been produced in Egypt [8].

Currently research is ongoing to define the ratio be-
tween imported finished products from Egypt and the Lev-
ant and imported Egyptian and Levantine raw glass to sup-
ply Cypriot secondary glass workshops for local produc-
tions. The three major glass groups observed are Levan-
tine Levantine, HIMT and HLIMT. Two other types, HIT
and Egypt 1 are represented in minor quantities, suggesting
that objects made of this type of glass very likely have been
imported as finished products - either as consumer goods
or as gifts, souvenirs or pilgrim’s tokens [6]. It is worth
noting that there is a chronological/geographical distribu-
tion pattern. Chronologically we proposed the evolution
of Egyptian productions from HIMT dominant in the 4th-
5th c. AD to HLIMT/Foy-2 highly exported in the 6th-7th
¢ AD. This hypothesis was further confirmed by recent re-
search involving glass from the Balkan and from Carthage,
Tunisia [11, 12]. From the geographical point of view we
noticed that in Yeroskipou, the most western site on the
island of Cyprus, there is about 50:50 ratio between Lev-
antine and Egyptian materials, while moving eastwards to-
wards Maroni and Kalavasos the amount of Egyptian glass
drops consistently in favour of Levantine material with a
ratio of 68:32 and 82:18 respectively [6]. This distribution
pattern is in agreement with research on late antique pot-
tery which suggests that West Cyprus was connected with
the Aegean areas and Egypt, while the East of the island
had connection routes with the Syro- Palestinian coast.

In this paper we discuss the major, minor and trace el-
ement data of the 4th-7th c. AD glass from the site of
Ayios Kononas in order to compare the chemical com-
position obtained by means of LA-ICP-MS to previously
published data of the material from Kalavasos, Maroni and
Yeroskipou [6, 8]. This site of Ayios Kononas is located
in the Akamas peninsula in the West of the island, north of
Yeroskipou, allowing us to expand the coastline coverage
(Figure 1). With this work we add another piece infor-
mation to understand the regional differences and interna-
tional connectivity and the chrono/geographical evolution



of glass production seen in our previous research.
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Fig. 1. Distribution of the sites integrated in the research.

II. THE SITE AND THE MATERIAL

Surveys and excavations undertaken by the Danish Aka-
mas project on the Akamas peninsula have brought to light
the settlement of Ayios Kononas and the surrounding land-
scape characterised by scattered farms set in an infrastruc-
ture of roads and small natural harbours [13]. The Akamas
region continuously remained a remote area with rural set-
tlements so as at Ayios Kononas in Late Antiquity when a
hamlet of several houses and a small ecclesiastical build-
ing occupied the area during the later 5th-6th c. AD. All
of the 40 selected samples come from the basilica. Apart
from a small piece of chunk and a crown glass windowpane
all other objects are from different vessel shapes: lamps,
bowls, goblets and a bottle. The typological study of the
object samples allowed us to date the material. Only one
hemispherical bowl can be ascribed to the 4th-5th c. AD,
15 fragments stemmed goblets, conical bowls and cylindri-
cal lamp can be dated 5th-6th c. AD, 2 pieces from a bottle
and a crown glass are more broadly dated 5th-7th c. AD, 15
hollow stemmed lamps belong to 6th-7th c. AD production
and 7 fragments from undefined open vessel shapes and a
raw glass chunk, can not be better dated than 4th-7th c. AD
in agreement with the dating of the site.

III. RESULTS

The major elements composition of the glass from
Ayios Kononas indicates that all samples belong to the
soda-lime-silica category typical of the first millennium
AD. Analysing the minor and trace elements of the glass
from Ayios Kononas apart from five pieces with a unique
composition, we can cluster the material into three main
groups: 24 samples have a Levantine glass composition, 6
fragments are HLIMT/Foy-2 and 5 are HIMT glass. In
addition there is an object (sample AK3_4) with a ex-
otic composition with high Sb, Pb and Fe,O; resembling
HIMT, one Mn-decoloured object (sample AK3_1) with
a typical Levantine composition, one fragment (sample
AK2_3) made of Roman glass with Sb-Mn mix composi-
tion, a raw chunk (sample AK1_3) made with plant ash as

Table 1. List of analysed samples from the early Christian
basilica of Ayios Kononas, Akamas.

Sample Date Type Group
AK4_10  V-VII AD bottle or jug Levantine
AK1_8 V-VI AD conical bowl (Isings 134) Levantine
AK1_5 V-VI AD conical bowl (Isings 134) Levantine
AK4_1 V-VI AD conical bowl (Isings 134) Levantine
AK4_8 V-VI AD conical bowl (Isings 134) Levantine
AK4_ 2 V-VI AD conical bowl (Isings 134) Levantine
AK1_10 V-VI AD conical bowl (Isings 134) Levantine
AK1 9 V-VI AD conical bowl (Isings 134) Levantine
AK3_9 V-VI AD conical bowl (Isings 134) Levantine
AK3_2 V-VI AD conical bowl (Isings 134) Levantine
AK4_7 VI-VII AD hollow stemmed lamp Levantine
AK4 6 VI-VII AD hollow stemmed lamp Levantine
AK1_7 VI-VII AD hollow stemmed lamp Levantine
AK4_5 VI-VII AD hollow stemmed lamp Levantine
AK2_10 VI-VII AD hollow stemmed lamp Levantine
AK3_6 VI-VII AD hollow stemmed lamp Levantine
AK3_10 VI-VII AD hollow stemmed lamp Levantine
AK2 9 VI-VII AD hollow stemmed lamp Levantine
AK3_3 VI-VII AD hollow stemmed lamp Levantine
AK3_7 V-VI AD stemmed goblet (Isings 111) Levantine
AKI1_6 V-VI AD stemmed goblet (Isings 111) Levantine
AK2_1 IV-VII AD undefined Levantine
AK2_8 V-VI AD conical bowl (Isings 134) Levantine?
AK2_7 VI-VII AD hollow stemmed lamp Levantine?
AK4_4 IV-VII AD bowl HIMT
AK4_3 IV-VII AD undefined HIMT
AK3_5  V-VII AD crown glass HIMT
AKI1_1 V-VI AD cylindrical lamp HIMT
AK2 5 IV-V AD  hemispherical bowl (Isings 96) HIMT
AK3_4 IV-VII AD undefined HIMT?
AK1_4 V-VI AD conical bowl (Isings 134) HLIMT
AK2 4 VI-VII AD hollow stemmed lamp HLIMT
AK2 2 VI-VII AD hollow stemmed lamp HLIMT
AK4_9 VI-VII AD hollow stemmed lamp HLIMT
AK3_8 VI-VII AD hollow stemmed lamp HLIMT
AKI1_2 V-VI AD stemmed goblet (Isings 111) HLIMT
AK3_1 IV-VII AD undefined Mn-decoloured
AK2_ 3 VI-VII AD hollow stemmed lamp ~ Roman Sb-Mn
AKI1_3 IV-VII AD chunk Plant Ash
AK2_6 IV-VII AD undefined High Al

fluxing agent and a vessel (sample AK2_6) with exception-
ally high Al. In Table 2 we report the average composition
and the standard deviation of the main glass types found at
Ayios Kononas and the individual outliers. A plot of Fe,05
against Al,O; is a good indicator of the sand used for glass
production and help distinguishing the major groups. In
Figure 2 we report a biplot of the concentration of these
two elements for the Levantine, HIMT and HLIMT/Foy-
2 glasses from Ayios Kononas and compare them to the
material from our previous research on Cyprus [6]. The
graph shows well that the compositional groups found in
Ayios Kononas are very consistent with the material found
elsewhere on the island. Also the trace elements demon-
strate that the glass found at Agyios Kononas is similar to
the other Cypriot material. Trace elements offer interest-
ing information about the geochemistry of the sand used
for glass making [14]. For example Nb is added to the
glass batch with Ti-bearing minerals. HLIMT and Levan-
tine 1 have the same Nb/Ti ratio, different from HIMT and
Egypt 1 [8]. In Figure 3 we report the biplot of both ele-
ments for the glass from Ayios Kononas compared to other
sites in Cyprus.



Table 2. Average composition and standard deviation (o) of the glass type found at Ayios Kononas.

Group SiO, ALO; Fe,O; TiO, MnO Na,O K,0 MgO CaO Cl  P,0; Li B Nb Sb
Levantine (22)  70.5 3.27 045 0.07 0.02 14.1 058 0.59 9.5 0.77 0.087 389 64.28 1.47 0.20
o 1.3 0.25 0.08 0.01 0.01 1.2 0.16 0.12 1.2 0.14 0.033 038 2241 0.15 0.34
HLIMT (6) 66.9 2.59 1.02  0.17 1.15 16.5 0.68 097 88 081 0.113 653 13502 279 25248
o 0.9 0.19 0.08 0.02 0.18 1.3 011 0.2 0.8 005 0013 0.68 15.10  0.26 128.48
HIMT (5) 64.6 2.98 242 047 196 185 049 1.06 62 097 0.08 524 180.03 5.04 7.78
o 0.9 0.24 0.51 0.09 027 0.6 007 014 09 0.12 0018 070 2127 0.78 9.00
Sb-Mn Roman  69.2 2.04 042 0.07 0.18 19.0 060 044 63 1.04 0.077 3.87 199.81 1.28 4197.56
Mn-decoloured  68.8 3.08 047 0.07 1.17 164 043 0.59 7.6 1.12 0.076 348 9441 1.26 0.25
Plant Ash  68.4 1.71 0.70 0.13 0.12 164 1.83 150 7.7 0.81 0435 533 151.82 1.99 87.62
High A1 572 13.83 2.68 039 0.09 126 550 090 57 034 0.098 9541 710.13 20.60 8.31
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Fig. 2. Relation between Fe,0; and Al,O; of the Ayios
Kononas glasses versus the three prior analysed sites,
Yeroskipou, Maroni and Kalavasos [6].

IV. DISCUSSION

In Ayios Kononas the majority of the material is Levan-
tine. If we exclude the objects with exceptional or unde-
fined compositions, 24 objects from Ayios Kononas, that is
the 69%, was manufactured with Levantine glass, while 11
objects (31%) are made of Egyptian glass, i.e. HIMT and
HLIMT/Foy-2. The absence of Egypt 1 and HIT glass may
point at the minor importance of this center. In Yeroskipou
we found much more Egyptian material, likely because the
church is located in proximity to the major harbour of Pa-
phos [6]. Ayios Kononas is a rural settlement similar to
Kalavasos-Kopetra and Maroni-Petrera and this could ex-
plain the limited amount of Egyptian material. It is note-
worthy that the only object dated 4th and 5th c. AD is a
hemispherical bowl (sample AK2_5) made of HIMT glass.
Also the crown glass piece and the cylindrical lamp frag-
ments dated 5th-7th and 5th-6th c. AD respectively are
made of the HIMT. The other fragments belonging to this
glass type cannot be dated accurately. Conversely all the
objects dated between the 5th and the 7th ¢ AD are made
of Levantine and HLIMT/Foy-2 glass.

A. Recycling old glass

Besides the major compositional groups there are some
isolated examples of other glass types. Sample AK2_3
is a hollow stemmed lamp typologically dated between

Fig. 3. The relation between Nb and Ti can discriminate
different sources of sand for the glasses analysed here and
those from [8].

the 6th and the 7th ¢. AD which has a mix Sb-Mn Ro-
man composition. It is generally accepted that this glass
composition is the result of recycling Mn-decoloured and
Sb-decoloured glass [15, 16, 17, 18, 19]. The discovery
of this glass artefact is rather puzzling because recycling
would reasonably involve the addition of Sb and Mn-cullet
together with common Late Antique glass resulting in a
slight increase of Mn and Sb levels and eventually other
recycling markers as Co, Cu, Zn and Pb. The present piece
probably can be explained by the use of large amounts of
old Roman decolourised glass material such as window-
panes recovered from ruined buildings.

Recycling was a common practice in ancient times [20].
The criteria to detect recycling in variable glass metals is
generally based on thresholds levels of Co, Cu, Zn, Pb and
Sb [8]. In Ayios Kononas, as for the rest of the island, re-
cycling is rather limited probably because of the proximity
of Cyprus to the manufacturing centers of raw glass which
guaranteed a continuous supply.

B. A possible connection with Anatolia

Sample AK2_6 is a green vessel rim fragment with ex-
ceptionally high Al,O5 (13.83 wt%), B (710 ppm), Li (95
ppm) and low C1 (0.34 wt%) which is very uncommon in
Early Byzantine assemblages. However several contempo-
rary objects with similar compositions were found in Ana-



tolia at Pergamon and Sardis [21, 22, 23]. Also in West-
ern Anatolia Brill reports high B and Li glass from Aphro-
disias, but the amounts of Al are lower [21]. Based on
the analytical data from Early Byzantine glass until Iznik
period glazes (15-16th century) it is believed that a flux
agent with high boron and lithium was quarried and used
in Anatolia [23, 24]. They suggested that there was a possi-
ble primary production of glass occurring in this region but
the glass is presumed to be distributed at a local level. One
main difference between the glass found at Ayios Kononas
and the Anatolian material is the higher amount of K,O
in the Cypriot glass (5.5 wt%), which is normally associ-
ated to plant ash. However, the use of plant ash as fluxing
agent is to be excluded since the levels of Mg and P are too
low. Here we would like to propose the possibility that the
Anatolian glass found in Cyprus was the result of mixing
a local borax rich flux with obsidian rather than sand. The
Anatolian region is rich in obsidian and remelting it into
glass is is feasible when grinded to powder and mixed with
an amount of soda comparable as when sand is used. It
was demonstrated by an experiment in the Roman furnace
reconstructed in Velzeke, Belgium [25]. The final compo-
sition would be similar to the glasses found in Pergamon,
Sardis and to the sample analysed here with the exception
of CaO which would be lower than the 5-6 wt% found in
the glasses. At this stage of research it is not excluded that
a recipe containing three components - obsidian, lime and
the Anatolian B-rich flux - was used. Whatever is the tech-
nological origin of this glass type, it is of extreme interest
to note that sample AK2_6 is the only object of this com-
position found in Cyprus so far. Unfortunately we cannot
date the vessel because it is not possible to define more
precisely the exact shape. Seeing the total absence of this
type of glass at the south coast it becomes compulsory to
investigate the glass from settlements at the north coast like
for instance Polis to verify a possible organized import of
Anatolian glass.

C. A raw chunk of plant ash

A chunk of raw pale green glass was found within the
remains of the church and it happens to be made of plant
ash as indicated by high K, O (1.83 wt%), MgO (1.50 wt%)
and P,05 (0.435 wt%). Kalavasos-Kopetra already yielded
an object made with naturally coloured plant ash glass, but
the two pieces cannot be related as they show different
compositions. A strange observation is that Ayios Kononas
material comprises a chunk of raw glass with a plant ash
composition but no finished product. Further evaluation of
glass assemblages from other contemporary Cypriot sites
are needed to better understand its early presence.

V. CONCLUSIONS

This paper demonstrates that the Ayios Kononas glass
assemblage is very similar to those in the other sites on

the southwestern coast, e.g. Yeroskipou, Kalavasos and
Maroni. Levantine glass is everywhere predominant, al-
though the Egyptian glass - represented by HIMT and
HLIMT/Foy-2 - takes a much larger part at Yeroskipou,
nearby Paphos. The dating of the objects confirms the
chronological evolution of HIMT and HLIMT/Foy-2 glass
production in Egypt. The comparison with the material
available on the other sites of the island allows to further
develop the regional differences on the island and inter-
regional connections between Cyprus and the surround-
ing manufacturing centres. Seeing the newly recognized
presence of a high Al vessel likely referring to a connec-
tion with the Anatolian peninsula, it is compulsory to look
at more material from settlements on the northern coast.
The analysis of the trace elements, in particular the level
of transition metal elements, such as Co, Zn, Sb, Pb and
Cu, provides evidence for the occurrence of glass recycling
which remains still to a limited degree because of the con-
tinuous supply of fresh raw glass from the manufacturing
areas.
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