Journal of Archaeological Science: Reports xxx (XXXX) XXX—XXX

Contents lists available at ScienceDirect

SCIENCE:

Reports

Journal of Archaeological Science: Reports

journal homepage: www.elsevier.com/locate/jasrep

Hellenistic core formed glass from Epirus, Greece. A technological and
provenance study

Artemios Oikonomou

Department of Archaeology, University of Nottingham, NG72RD, UK

ABSTRACT

One of the earliest glassmaking techniques is the so-called core-forming technique. The earliest glass vessels
made with this technique appeared in Mesopotamia and Egypt during the second half of the 2nd Millennium BC
(16th-15th c. BCE). During the Iron Age the technique revived in Eastern Mediterranean and brought to light the
largest numbers of glass vessels produced in the Mediterranean area in the 1st Millennium BCE, the so-called
Mediterranean core formed bottles.

In the present study, an assemblage of 40 fragments of Hellenistic core formed vessels found in the most
important Hellenistic sites of Epirus located in the north-west part of Greece is investigated by means of ana-
lytical techniques such as SEM/EDX and LA-ICP-MS. The main aim of this study is to identify the technology and
the raw materials of the aforementioned glasses and try to answer provenance questions.

According to the study of major and minor elements that are associated with the source of silica, i.e. sand, it
seems that in the Epirotic samples there is a choice of purer sands with less impurities compared to core-formed
vessels dating to late archaic-classical periods (samples of the two consecutive core forming industries). This
enforces the theory that the three core forming industries were independent, using different raw materials and
therefore most likely they took place in totally different areas reinforcing the archaeological interpretations.

The majority of the Epirotic samples according to their trace element fingerprint present an Italian origin.
Italy and especially south Italy (Magna Grecia) had long socio-economic, political and trade relations with
Greece and especially Epirus during the reign of King Phyrrus. Furthermore, a small part of the Epirotic samples

(samples from Cassope) have an Egyptian origin.

1. Introduction

Glass was one of the latest pyrotechnological products, which was
invented by man. Glass existed in the form of beads and minor dec-
orative objects since the 4th Millennium BCE. The earliest glass vessels
appeared in Mesopotamia and in Egypt during the second half of the
2nd Millennium BCE (16th-15th c. BCE). These earliest glass vessels
were manufactured with the core forming technique, which had begun
in Western Asia and Egypt and was revived in Mesopotamia in the Early
Iron Age.

The revival of the technique brought to light the largest numbers of
glass vessels produced in the Mediterranean area during the 1st
Millennium BCE, the so called Mediterranean core formed vessels,
which were manufactured in three successive industries between the
mid-6th c. BCE to the beginning of the 1st c. CE, termed as
Mediterranean Group I (late 6th-mid-4th c. BCE), Group II (mid-
4th-late 3rd c. BCE) and Group III (mid-2nd-early 1st c. CE) (Grose,
1989).
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According to the current archaeological knowledge these vessels
share a common function and technology and most of their forms
imitate the shapes of Greek ceramic and metalware of the Archaic,
Classical and Hellenistic periods. Primary production sites of these
vessels have not been yet discovered, nevertheless various scholars
have identified Rhodes, southern Italy and the Syro-Palestinian (or
Syro-Cypriot) regions responsible for the production of Group I, II and
III vessels respectively (Harden, 1981; McClelan, 1984; Grose, 1989).
These vessels were circulated extensively all over the Mediterranean
and were often offered as votives in sanctuaries and also served as
perfume containers (Cosyns and Nys, 2010).

In the present study, an assemblage of core formed vessels, be-
longing mainly to Group II-III industry, found in the most important
Hellenistic sites of Epirus in north-west part of Greece (Fig. 1) is in-
vestigated using state of the art analytical techniques. This study aims
to answer technological questions and give new insights about the
provenance of these samples broadening our knowledge in Hellenistic
glassmaking.
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Fig. 1. Map of Epirus and the archaeological sites.

Ancient Epirus occupies the north-western part of Greece (Fig. 1)
(Hammond, 1967; Sakellariou, 1997). During the Historical times (1st
Millennium BCE) many colonies were founded in Epirotic region by the
Eleans and the Corinthians (8th-7th c. BCE) and fundamental reforms
occurred by King Tharipas (late 5th c. BCE) resulting in the gradual
urbanization of the agro-kennel population (4th c. BCE). In Hellenistic
times and especially during the reign of King Pyrrhus (297-272 BCE)
(Lévéque, 1957; Katsikoudis, 2009) Epirus developed significantly
(Franke, 1961; Liampi et al., 2013).

The brilliant development during the Hellenistic period was inter-
rupted by the Roman destruction of Epirus in the early 2nd c. BCE
(168-167 BCE) (Cabanes, 1976). The Epirotes after the extensive de-
struction gain again some privileges (coins, foundation of workshops,
etc.) and no later than 155 BCE reunite in a single Koinon which func-
tion continued even after the 148 BCE (Palli et al., 2017). The picture in
Epirus changes completely after the foundation of Nicopolis from Oc-
tovian August, in 30 BCE, in memory of his victory in Aktio (Chrysos,
1987; Zachos, 2007; Zachos et al., 2008).

In Epirus, during the Hellenistic period, the sanctuary of Dodona is
developing and magnificent cities like Ambracia in the urban network
of modern Arta, Cassope in ancient Cassopaea (Dakaris, 1971) and Elea,
Gitana and Dymokastro in ancient Thesprotia (Dakaris, 1972) are
founded. The samples under study were excavated at these important
archaeological sites.

2. Materials and methods
2.1. Materials

In this study 40 fragments of core formed glass vessels (Fig. 2) were
investigated with SEM/EDX and LA-ICP-MS analytical techniques. Ac-
cording to the typological characteristics the majority of samples
(n = 15) belong to the Mediterranean Group II-III category, while there
are five samples belonging to Mediterranean Group I category (Grose,
1989; Stern and Schlick-Nolte, 1994). The rest of the fragments
(n = 20) are non-diagnostic therefore the presumed category, i.e.
Group II-III, is established in terms of their archaeological context
which is connected to mid Hellenistic (230-150 BCE) and late Helle-
nistic (150-30 BCE) period (Table 1). Typologically the samples are
distinguished in three broad categories alabastra, amphoriskoi and
unguentarium while there are few fragments that are not diagnostic
(Table 1). The samples have a typical dark opaque blue colour bearing
decorative threads mainly of white and yellow opaque colour.

2.2. Sample preparation

All samples were cleaned meticulously with acetone and in an ul-
trasound bath with distilled water. A small fragment (1-2mm) was
removed from all samples, mounted in resin blocks and grinded with
silicon carbide papers of various grits (800, 1200, 2500 and 4000 grits).
Finally, the samples were polished with diamond paste of 3-6 um and
1 um.
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Fig. 2. Characteristic fragments of the core formed vessels found in the archaeological sites of Epirus.

2.3. Scanning electron microscopy (SEM)

A SEM facility at the Laboratory of Archaeometry, University of
Peloponnese, Kalamata, Greece was used to identify the major and
minor elements. The JEOL (JSM-6510LV) Scanning Electron
Microscope is equipped with an Energy Dispersive X-ray Spectrometer
Oxford Instruments. Due to submicrometer beam size, 5 analyses of
300 s were performed on each sample and the mean value was calcu-
lated for each element. The accuracy and precision of the technique is
shown in Table 2 (Oikonomou et al., 2016).

2.4. Laser ablation inductively coupled plasma mass spectroscopy (LA-ICP-
MS)

The LA-ICP-MS facility at the Centre for Environmental
Geochemistry, at the British Geological Survey, Keyworth, UK was used
to identify the trace elements. The ablation was conducted with a
NewWave UP193FX excimer (193 nm) laser system, with built in mi-
croscope imaging, which was coupled to an Agilent 7500 series ICP-MS.
Laser ablation craters were set at 70 um and 3 measurements of 45s
each were performed on every sample. To test the accuracy and pre-
cision of the facility NIST 612 reference material was used and the
results are shown on Table 3.

3. Results and discussion
3.1. Introduction

Glassmaking involved various stages (e.g. sourcing and processing
of raw materials, gathering fuel, construction of a high temperature
installation, fusing the raw materials, formatting and decorating the
final object, etc.) (Oppenheim et al., 1970; Henderson, 2000; Shortland,
2012). Usually glass is made by mixing two main raw materials/com-
ponents (Brill, 1988): the source of silica and the source of alkali, which
for Hellenistic period is sand and natron respectively (Henderson,
2013). This leads to the manufacture of a base glass, which had very

specific visual characteristics (usually a semi-transparent/translucent
glass having a greenish hue). Ancient glassmakers, in order to achieve
specific aesthetic results such as colour and opacity, were trying to
modify the base glass composition either in the primary stage (mixing
of the main raw materials) or in a secondary stage (remelting or re-
cycling) by adding to the glass batch secondary components such as
colorants, decolorants and opacifiers.

Elements that can be associated with the sand source are SiO, (the
main component of sand) and Al,O3, Fe,O3 and CaO (the main im-
purities of sand). Trace elements that can be associated with sands, such
as Ti, Cr, La, Zr, Ba, Sr, Li, Rb, Y, Nd and Hf, are connected to various
minerals in rocks or sediments which are found as accessory minerals in
sands (Brems and Degryse, 2014b). The correlations between these
elements have provided useful information about technology and pro-
venance of glass of specific regions and dates (Freestone et al., 2000;
Paynter, 2006; Shortland et al., 2007; Silvestri, 2008; Silvestri et al.,
2008; Walton et al., 2009; Polikreti et al., 2011; Henderson et al., 2016;
Oikonomou et al., 2016; Blomme et al., 2017).

3.2. Results

The core formed vessels from Epirus have a typical glass composi-
tion for the Hellenistic period (Table 4). All samples fall into the broad
category of soda-silica-lime glass composition (Sayre and Smith, 1961).
The main glass former of the samples is silica (SiO,) ranging from
58.75% wt. to 73.63% wt. with the mean value of 70.31% wt., while
the main alkali, used to lower the melting point of silica, is sodium
oxide (Na,O) which has concentrations between 13.75% wt. and
21.72% wt. with an average value of 17.60% wt. A secondary alkali
component detected in the samples is potassium oxide (K,0O), which is
found in much lower values, ranging from 0.23% wt. to 1.36% wt. with
an average of 0.69% wt. The alkali earth components discovered in the
glass samples are calcium oxide (CaO) and magnesium oxide (MgO),
which are found in levels of 6.06% wt. and 0.63% wt. respectively.
Finally, two more oxides were detected, alumina (Al,O3) and iron oxide
(Fe,;03), in levels of 2.22% wt. and 0.61% wt. respectively.
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The typology of the glass finds under study and information regarding the archaeological context. The archaeological context dates to mid Hellenistic (230-150 BCE)
and late Hellenistic (150-30 BCE) period. *The assignment of the non-diagnostic (n.diag) fragments to Group II-III category is based on the dating of the archae-

ological context.

Region Sample Archaeological context Typology Group
Dodona (Dakaris, 1965, 1983) Do3 Public building, Extension of the Prytaneion Amphoriskos I
Do5 Public building, Extension of the Prytaneion Amphoriskos I
Do6 Between the public building of Bouleutirion and the Hellenistic temple of Aphrodite Alabastron I
Do7 Between the public building of Bouleutirion and the Hellenistic temple of Aphrodite Alabastron I
Do8 Between the public building of Bouleutirion and the Hellenistic temple of Aphrodite Unguentarium 11111
Ambracia CE 1995 (Aggeli, 2000) Arl3a West cemetery of Ambracia, Theodorou plot Alabastron I
Ar13b West cemetery of Ambracia, Theodorou plot Alabastron I
Ar36a West cemetery of Ambracia, Kommenou street Alabastron I
Ar36b West cemetery of Ambracia, Kommenou street Alabastron i
Cassope (Hoepfner and Schwandner, 1994) Casl House 5, city of Cassope n.diag. TI-I1T*
Cas2 House 2, city of Cassope n.diag. II-111*
Cas3 House 2, city of Cassope Alabastron II-111
Cas4 House 2, city of Cassope n.diag. 1111
Cas5 House 2, city of Cassope Alabastron II-111
Cas6b House 2, city of Cassope Amphoriskos 1
Cas20 House 4, city of Cassope n.diag. TI-111*
Elea E12 House or workshop (at least few places of the building has a workshop activity) n.diag. II-IIT*
(Riginos and Lazari, 2008) ElI3 House or workshop (at least few places of the building has a workshop activity) n.diag. II-111*
Dymokastro (Lazari et al., 2008) Dyl Acropolis A, Section B, surface find n.diag. TI-11r*
Dy19 Acropolis A, Building B, Private house with a water cistern n.diag. II-IIT*
Dy20 Acropolis A, Building B, Private house with a water cistern n.diag. II-111*
Dy38 Acropolis B, Building 3, sanctuary n.diag. II-111*
Dy39 Acropolis B, Building 3, sanctuary n.diag. TI-111*
Dy40 Acropolis B, Building 3, sanctuary n.diag. II-111*
Dy41 Acropolis B, Building 3, sanctuary n.diag. II-111*
Dy42 Acropolis B, Building 3, sanctuary Unguentarium II-111
Dy43 Acropolis B, Building 3, sanctuary Alabastron 11111
Dy44 Acropolis B, Building 3, sanctuary Alabastron II-111
Dy45 Acropolis B, Building 1, private house n.diag. TI-111*
Gitana Gtla Section 9, layer B Alabastron TI-111*
Gtlb Section 9, layer B Alabastron I
Gt2 Inside the settlement, Building 31, possible workshop Alabastron I
Gt3 Section 32, layer B Alabastron TI-111*
Gt4 Inside the settlement, Road 6, west of small temple n.diag. II-111*
Gt5 Inside the settlement, Road 12, west side Alabastron II-111
Gt19 Section 67, layer B n.diag. TI-111*
Gt20 Section 80, layer B n.diag. TI-111*
Gt21 Inside the settlement, Road 12, north of Road 6 Alabastron )i
Gt22 Inside the settlement, junction between Road 13 and Road 6 n.diag. TI-111*
Gt23 Inside the settlement, junction between Road 13 and Road 6 n.diag. II-111*
Table 2 composition of the core formed glass from Epirus.

Measured and expected values of major and minor oxides for the NIST 620,
1831 and 612 standard reference materials (SRM) (in % wt.). The expected
values for SRM612 were provided by GeoRem (Jochum et al., 2011).

SAMPLE NaO MgO Al,O3 SiO, SO3 K20 CaO
620 14.19 3.66 1.72 73.59 0.21 0.39 6.27
Expected 14.39 3.69 1.8 72.08 0.28 0.41 7.11
1831 13.67 3.67 1.20 74.03 0.27 0.29 6.9
Expected 13.32 3.51 1.21 73.08 0.25 0.33 8.2
612 13.94 - 2.06 72.93 - - 11.08
Expected 13.7 - 2.03 72.1 - - 11.9

3.3. Discussion

The analytical data provided by the techniques show interesting

correlations

Table 3

in terms

of the major minor and trace elements

3.3.1. Sand

In the present study, the mean values of Al,O5; and Fe,O5 are very
close to the typical concentrations found in sands, and which are not
expected to change significantly in the final product (chemical com-
position of sands can be found in Brill, 1988, 1999 and Degryse, 2014),
indicating sand as the source of SiO,.

Potential correlation between the oxides SiO,, Al,O3, Fe,O3 and
CaO might reveal possible different sand sources as it has demonstrated
in previous works (indicatively see: Mirti et al., 2009; Schibille, 2011;
Gallo et al., 2013; Gallo et al., 2014; Freestone and Jackson-Tal, 2015;
Freestone and Stapleton, 2015; Oikonomou et al., 2016). In this paper,
the correlation between SiO, and the sum of the other three oxides,
which are, in most cases, introduced with the same raw material i.e.
sand, is shown in Fig. 3. On the same plot data from published works
are also presented. The analytical data of core formed vessels Group III

Measured and expected values of trace elements for the NIST 612 standard reference material (SRM) (in ppm). The expected values were provided by GeoRem

(Jochum et al., 2011).

Sample Li Ti Mn Co Ni Cu Zn Rb Sr Y Zr Sn Ba La Nd Hf
NIST 612 40.9 45.0 36.3 37.9 34.8 38.7 37.5 40.2 34.1 31.6 79.0 37.8 37.4 44.5 39.1 35.7 35.3 36.0
Expected 40.2 44 36.4 38.7 35.5 38.8 37.8 39.1 35.7 31.4 78.4 38.3 37.9 38.6 39.3 36 35.5 36.7
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Fig. 3. Correlation between SiO, and Al,O3 + Fe,O3; + CaO for the Epirotic samples. The mean values and standard deviations (crosses) of published data of core
formed vessels are also shown. The samples have the tendency to correlate negatively.

Table 5

Mean values and standard deviations of published data for Group I (late 6th - mid-4th c. BC), Group II (mid-4th - late 3rd c. BC) and Group III (mid-2nd - early 1st c.

AD) glass for specific major and minor elements.

SiO, (% wt.)

Al,O5 + Fey03 + CaO (% wt.) K20 (% wt.) MgO (% wt.)

Location Dating (Group)
Macedonia, Greece (Blomme et al., 2017) LI 65.4
Rhodes, Greece (Triantafyllidis et al., 2012) I, 11 63.8
Adria, Italy (Panighello et al., 2012) I, 1T, 11T 69.4
Satricum Italy (Oikonomou et al., 2016) A. (ID 71.8
B. (ID 70.3
C. (ID 66.3
Sicily, Italy (Arletti et al., 2012) L IL, 11 68.9
Spina, Italy (Arletti et al., 2011) I II, III 69.2
Pichvnari, Georgia (Shortland and Schroeder, 2009) LI 66.9

o+ I+t

4.5 11.1 £ 2.7 0.6 = 0.3 0.6 £ 0.1
2.1 122 £ 2.1 09 = 0.5 0.7 £ 0.1
2.2 11.1 = 2.2 0.7 = 0.4 0.6 = 0.2
1.5 81 = 1.2 0.31 + 0.05 0.58 = 0.05
1.3 9.6 = 1.0 0.49 = 0.08 0.6 £ 0.1
0.9 11.6 = 0.8 0.46 = 0.09 0.6 = 0.1
2.3 10.8 = 1.5 0.5 = 0.1 0.6 = 0.2
2.2 10.8 £ 1.0 0.6 = 0.1 0.5 £ 0.1
3.7 11.2 = 1.2 0.52 + 0.09 0.6 = 0.2

are very scarce in the literature and therefore the comparison is made
with samples dated in earlier periods, from the preceding core formed
industries, namely Mediterranean Group I and II (Pichvnari, Georgia:
Shortland and Schroeder, 2009; Spina, Italy: Arletti et al., 2011; Sicily,
Italy: Arletti et al., 2012; Adria, Italy: Panighello et al., 2012; Rhodes,
Greece: Triantafyllidis et al., 2012; Satricum, Italy: Oikonomou et al.,
2016; Macedonia, Greece: Blomme et al., 2017). For clarity reasons, the
published data are presented with their mean values and their standard
deviations, which are also shown in Table 5.

According to Fig. 3 useful information can be derived. The majority
of the Epirotic samples cluster in the upper left part of the plot in good
correlation with the Satricum A and B samples (slightly better with
Satricum B samples) having rather higher amount of SiO, and lower
amount of the sum of Al;03 + Fe,O3 + CaO. It is interesting to notice
that the majority of the other samples present the exact opposite be-
havior: they have lower SiO, content and rather higher
Al,03 + Fe,0O3 + CaO content.

It seems that part of the earlier glasses (samples from Adria, Spina
and Sicily) are manufactured in the same production center, or at least
using very similar raw materials. It is also interesting to note that all
samples (this study and the published data) belonging to Group I, I and
III categories of core formed vessels are correlated with a negative
slope. The negative slope is compatible with the scenario that includes
the interchange of compositionally differing sand sources. It can be
assumed that the earlier samples (e.g. Pichvnari, Rhodes, Macedonia)
use sand source(s) having more impurities (or more calcareous sands)

while the later samples (e.g. Epirus, Satricum A and B) use more pure
sand(s).

According to certain scholars the three succeeding industries of the
Mediterranean core formed vessels happened to specific places and
were not wide spread as later glassmaking industries e.g. glassmaking
during Roman period when the scale of glass production increased
enormously with glass products becoming a widespread and affordable
commodity (Blomme et al., 2017). According to the scholars Rhodes,
Magna Grecia and/or Macedonia and Cyprus and/or the Syro-Palestine
coast have been suggested as glassmaking centers of the core formed
vessels of Group I, II and III industries respectively (Harden, 1981;
McClelan, 1984; Grose, 1989; Stern and Schlick-Nolte, 1994;
Triantafyllidis, 2003; Cosyns and Nys, 2010).

This means that the supply of raw materials and the glass work-
shops, especially the ones specialized in core forming technique, were
limited leading to the assumption that this correlation shown on Fig. 3
might serve as a compositional and dating marker; the earlier samples
are plotted in the lower place of the trend line (more impurities less
silica content of the sand) and the later ones on the top of the trend line
(less impurities more silica content). It seems that there is an obvious
change in the compositional characteristics of the three core forming
industries (Group I, II and III), which reinforces the archaeological in-
terpretation that these industries happened in different geographical
places.

In addition, the data of 11 trace elements, which were detected in
the glass samples from the 6 Epirotic sites, as well as published data
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Fig. 4. The trace element signature of Epirotic
samples compared to other published data. Most of
the samples show similar behavior, but samples from
Cassope, Satricum A and Adria show variation in
their Zr, Ba and Hf content (red rectangulars). (For
interpretation of the references to colour in this
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figure legend, the reader is referred to the web ver-
sion of this article.)
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from Satricum and Adria in Italy, Macedonia in Greece and Pichvnari in
Georgia, were used for comparison reasons and are plotted on Fig. 4.
The values of these trace elements are normalized with the average
composition of earth's continental crust in order to provide better and
easier comparison among the different regions. In this paper, the
average continental crust values provided by Wedepohl (1995) are
used.

The compositional profiles of these samples show a consistency, but
few exceptions can be noticed. In particular, while the majority of the
trace elements of all regions have similar average values, there are
three elements Zr, Ba and Hf (red rectangulars, Fig. 4), which have the
biggest variation among the regions. More specifically, the samples
coming from Cassope can be easily distinguished from the rest, having
higher Zr and Hf and lower Ba values.

Zr and Hf are two elements associated to each other and are accu-
mulated in the heavy mineral zircon (Brems and Degryse, 2014b). Ba on
the other hand is related to alkali feldspar (Brems and Degryse, 2014b)
or to barite (BaSO,), which is found as concretions in sands and sand-
stones and is the likely main mineral in sands (Oikonomou et al., 2016).
It is interesting to note that the same behavior is also noticed at the
Satricum A and Adria samples (with the exception of Hf for Adria
samples because of the lack of analytical data). For these samples ex-
cavated in Italy an alternative origin has been suggested by Arletti et al.
(2011) and Oikonomou et al. (2016) respectively. In particular, there
are strong indications that these samples have an Egyptian origin. We
therefore can assume that the samples from Cassope have the same
provenance or/and were manufactured with the same raw materials.

An interesting correlation can be shown in Fig. 5 where the ratios of
Zr/Hf and Ti/Nd are plotted. According to the graph there are two
distinct groups of samples, group A having lower Ti/Nd values (less
than 80) and group B having elevated values of Ti/Nd (more than 90).
Ti is generally related to the heavy mineral fraction in the sand raw
materials such as rutile (TiO,), ilmenite (FeTiOs3) and titanite (Ca-
TiSiOs), while Nd is presumed to be related to accessory minerals such
as zircon present in sands (Brems and Degryse, 2014a). These ratios can
therefore be possible independent markers for differentiating sand
sources used to make glasses.

This distinction can be related to the use of different sands in the
manufacture of these artefacts. It is interesting to note that among the
samples from Epirus four out of seven from Cassope and one out of five
from Dodona show high Ti/Nd content while the rest have low Ti/Nd
content. This differentiation between the samples of the same site

Hf

reflects supplies from different glassmaking sites. While this is somehow
expected for the Dodona samples, since Dodona is a sanctuary and
pilgrims and worshippers from around the Greek region and beyond
were visiting the sanctuary, for Cassope, on the other hand, is un-
expected and highlights the importance of the city and the different
economical-trade activities that took place during the Hellenistic
period. The majority of Epirotic samples have lower values of Ti/Nd
and seem to correlate with the samples from Macedonia and Satricum
B. Furthermore, Satricum B and Macedonia samples have two different
provenances (Italy and Syro-Palestine) according to Oikonomou et al.
(2016) and Blomme et al. (2017), which makes the identification of the
origin of Epirotic samples more complicated. Nevertheless, in Fig. 3
there is a clear distinction between the Epirotic samples and the sam-
ples from Macedonia while there is a better correlation with the Sa-
tricum B samples. This last correlation is better shown in a SiO5-Al,05
biplot (Fig. 6) where the SiO, and Al,O5 content of Epirotic samples is
very similar to Satricum B while the Macedonia samples have far less
SiO,. On top of that, one should take into consideration the socio-
economic and cultural connections that ancient Epirus had with Italy
and especially south Italy (Soueref, 2014) and of course the close
proximity by sea to the Italian peninsula leading to the assumption that
Epirotic samples and Satricum B might share the same origin.

The other 5 Epirotic samples with the higher ratio of Ti/Nd corre-
late clearly with Satricum A which according to Oikonomou et al.
(2016) have an Egyptian origin. The socio-economic contacts between
Epirus and Egypt is well attested both historically and archaeologically.
Especially since the early 3rd c. B.C. Epirus developed close relations
with the Ptolemaic Kingdom of Egypt and King Pyrrhus had political
and social connections with King Ptolemy I which illustrates the com-
munication channels between Epirus and Egypt during the Hellenistic
period (Kondis, 1992; Soueref, 2014).

3.3.2. Natron

According to Fig. 7 all samples cluster in the area of low MgO low
K.0. It is interesting to note that most of the samples cluster in the
middle of the graph and are correlated very well with the core formed
samples of the other regions showing possible common origin of natron
raw material. Only the samples from Rhodes show slightly elevated
values of both oxides. There are also few samples (n = 10) that do not
fit in the general picture of the majority of Epirotic samples and are
clearly distinguished having slightly elevated values on both oxides.
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Fig. 5. Correlation between the Zr/Hf and Ti/Nd ratios of the Epirotic samples and the published data. There are two main groups of samples, one (the majority of
samples) having Ti/Nd ratio less than 80 and the second having Ti/Nd ratio more than 90 indicating possible different source of sands.

3.3.3. Colorants

The samples under study exhibit the typical deep blue opaque
colour. The Sb detected in the samples of each site averages in
1681 ppm for Dodona samples, 1159 for Ambracia samples, 672 ppm
for Cassope samples, 260 ppm for Elea samples, 705ppm for
Dymokastro samples and 3194 ppm for Gitana samples. As expected the
coloration is due to the simultaneous presence of both cobalt (Co) and
copper (Cu) (mean values: 875 and 2175 ppm respectively) belonging
to a CoCu colouring category (Shortland and Eremin, 2006; Shortland
et al., 2007; Smirniou and Rehren, 2013). Some of the samples which
exhibit slightly elevated amounts of Cu have at the same time con-
siderable amounts of Sn suggesting the use of bronze or bronze scrap
noticed by various scholars (Turner, 1956; Kaczmarczyk and Hedges,
1983; Brill, 1992; Shortland, 2000; Shortland, 2012; Henderson, 2013).

75.00

Copper most likely was introduced in the glass in an effort to control the
hue of the blue colour (deepen it as possible) and was incorporated in
the glass with deliberate addition of a copper metal or ore without of
course excluding possible mixing of cobalt and copper coloured glasses
(recycling or in purpose mixing of different hue glasses) (Shortland and
Eremin, 2006; Shortland, 2012; Oikonomou et al., 2012). Cobalt and
copper do not seem to correlate strongly but we can notice a rough
clustering and the samples can be distinguished in 3 main groups
marked with rectangulars in Fig. 8 indicating possible different sources
of Co or this distinction possibly, but less likely, due to the high
variability in various elements of the cobalt ores.

Cobalt can be associated with various minerals such as cobaltite
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Fig. 6. Correlation between Al,O3 and SiO, for the Epirotic samples and compared with samples from Macedonia (Blomme et al., 2017) and Satricum (Oikonomou

et al., 2016).
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cobaltiferous alums (Kaczmarczyk, 1986; Henderson, 2013). There is
not any obvious correlation between Co and the elements that can be
found either in minerals or alums e.g. Al, Mn, Ni, Zn, As and Fe. Fur-
thermore, there are few samples which exhibit strangely high levels of
manganese (Mn) (10 samples with values above 6500 ppm two of
which have Mn ~1.3 and 1.5% wt.). Again, Co is not correlated with
Mn and therefore we cannot say with certainty that the Mn comes from
the source of Co. Unusual levels of Mn have been noted also by
Shortland and Eremin (2006) in late Bronze Age Glass from Egypt and
justified probably as a deliberate addition for some as yet unexplained
reason. Some of these also exhibit slightly elevated values of barium
(Ba) which can be linked to the use of mineral psilomelane ((Ba,H,0)
2Mns0;0) (Shortland and Eremin, 2006).

4. Conclusions

The present paper is a first attempt to identify the technology and
provenance of an assemblage of 40 fragments of core formed vessels,
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Fig. 7. All samples fall in the natron area having
K0 and MgO contents less than 1.4% and 1.2% wt.
respectively. There is an interesting distinction be-
tween samples marked with the dashed ellipsis and
lines. The samples between the lines show a negative
correlation indicating possible different raw mate-

EEpirus
rials or/and different manufacturing procedure.
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with an extensive scientific approach, which belong to the
Mediterranean Group II-III industry and were excavated in Hellenistic
sites in Epirus region, north west Greece.

The study of major, minor and trace elements of the aforementioned
samples revealed very interesting information and correlations with
already published data shedding light on the technology and prove-
nance of core formed vessels.

According to the major and minor elements that are associated with
the source of silica, i.e. sand, there is a choice for purer sands during
this period while earlier samples exhibit totally different patterns. This
enforces the theory that the three consecutive core formed industries
were independent, using different raw materials and therefore most
likely they took place in totally different areas reinforcing the archae-
ological interpretations.

The majority of the Epirotic samples, due to their technological si-
milarities with Italian samples (Satricum samples, Group B according to
Oikonomou et al., 2016) in terms of both major-minor elements and
more importantly trace elements we may assume they have an Italian

Fig. 8. Correlation between the two responsible
elements (Co and Cu) for the blue coloration of the
Epirotic samples. Three different groups of samples
can be distinguished indicating possible different
sources of colorants. (For interpretation of the re-
ferences to colour in this figure legend, the reader is
referred to the web version of this article.)

B Epirus
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origin. Italy and especially south Italy (Magna Grecia) had long socio-
economic, political and trade relations with Greece and especially
Epirus during the reign of King Phyrrus. Furthermore, a part of the
Epirotic samples (samples from Cassope) have similar chemical fin-
gerprint with samples having an Egyptian origin indicating the same
provenance.

Finally, the coloration of the samples is due to the simultaneous
presence of both Co and Cu and the samples have the tendency to form
three different groups, having different composition of these two ele-
ments indicating use of possible different source of colorants. The col-
oration could have been done either in a primary or a secondary stage.

Acknowledgements

AO would like to thank: Prof. N. Zacharias for providing access to
the SEM/EDX facility at the Laboratory of Archaeometry, University of
Peloponnese, Kalamata, Greece; Dr. S. Chenery for providing access to
the LA-ICPMS facility at the Centre for Environmental Geochemistry, at
the British Geological Survey, Keyworth, UK; Dr. K. Soueref, Dr. V.
Papadopoulou and Dr. I. Chouliaras directors of the Ephorates of
Antiquities of Ioannina, Arta and Thesprotia respectively for providing
access to the material under study; Dr. P. Triantafyllidis who provided
useful information regarding the typology of the glass fragments; K.
Lazari who provided useful information regarding the archaeological
context of Elea and Dymokastro archaeological sites.

This research was part of the research project Glasstech2013-
Continuity and change in the emergence of the Hellenistic Glass industry in
Greece, project number: 623645, FP7-PEOPLE-2013-IEF, Marie Curie
Actions, Intra-European Fellowships (IEF).

References

Aggeli, A., 2000. Archaeologikon Deltion, 50, 1995, B2 Chronika. pp. 412-414 (in
Greek).

Arletti, R., Rivi, L., Ferrari, D., Vezzalini, G., 2011. The Mediterranean group II: analyses
of vessels from Etruscan contexts in northern Italy. J. Archaeol. Sci. 38, 2094-2100.

Arletti, R., Ferrari, D., Vezzalini, G., 2012. Pre-roman glass from Mozia (Sicily-Italy): the
first archaeometrical data. J. Archaeol. Sci. 39, 3396-3401.

Blomme, A., Degryse, P., Dotsika, E., Ignatiadou, D., Longinelli, A., Silvestri, A., 2017.
Provenance of polychrome and colourless 8th—4th century BC glass from Pieria,
Greece: a chemical and isotopic approach. J. Archaeol. Sci. 78, 134-146.

Brems, D., Degryse, P., 2014a. Trace element analysis in provenancing Roman glass-
making. Archaeometry 56 (1), 116-136.

Brems, D., Degryse, P., 2014b. Trace elements in sand raw materials. In: Degryse, P. (Ed.),
Glass Making in the Greco-Roman World. Results of the ARCHGLASS Project.
University Press, Leuven, pp. 69-85.

Brill, R.H., 1988. Scientific investigations of the Jalame glass and related finds. In:
Weinberg, G.D. (Ed.), Excavations at Jalame, Site of a Glass Factory in Late Roman
Palestine. University of Missouri Press, Columbia, pp. 257-294.

Brill, R.H., 1992. Chemical analyses of some glasses from Frattesina. J. Glass Stud. 34,
11-22.

Brill, R.H., 1999. Chemical Analyses of Early Glasses, Volume 2, Tables of Analyses. The
Corning Museum of Glass, Corning NY.

Cabanes, P., 1976. L' Epire de la mort de Pyrrhos 2 la conquéte romaine. Belles Lettres,
Paris.

Chrysos, E. (Ed.), 1987. Nicopolis I, Proceedings of the first International Symposium on
Nicopolis (23-29 September 1984). Municipality of Preveza, Preveza, Greece.

Cosyns, P., Nys, K., 2010. In: Christodoulou, S., Satraki, A. (Eds.), Core-Formed Glass
Vessels on Cyprus Reconsidered. POCA 2007: Postgraduate Cypriot Archaeology
Conference. Cambridge Scholars Publishing.

Dakaris, S.I., 1965. Proceedings of the Archaeological Society. pp. 53-65 tab. 83-87, (in
Greek).

Dakaris, S.I., 1971. Cassopaia and the Elean Colonies. Athens Technological Organization:
Athens Center of Ekistics, Athens.

Dakaris, S.1., 1972. Thesprotia, Athens: Athens Technological Organization: Athens Center
of Ekistics. (in Greek).

Dakaris, S.I., 1983. Proceedings of the Archaeological Society, A. pp. 78-80 im. 1, tab.
83-84, (in Greek).

Degryse, P. (Ed.), 2014. Glass Making in the Greco-Roman World. Results of the
ARCHGLASS Project. Leuven University Press.

Franke, P.R., 1961. Die antiken Miinzen von Epirus. Steiner, Wiesbaden.

Freestone, 1.C., Jackson-Tal, R.E., Taxel, I., Tal, O., 2015. Glass production at an early
Islamic workshop in Tel Aviv. J. Archaeol. Sci. 62, 45-54.

Freestone, 1.C., Stapleton, C.P., 2015. Composition, technology and production of co-
loured glasses from roman mosaic vessels. In: Bayley, J., Freestone, 1., Jackson, C.
(Eds.), Glass of the Roman World. Oxbow Books, Oxford & Philadelphia.

10

Journal of Archaeological Science: Reports xxx (XXXX) XXX—XXX

Freestone, 1.C., Gorin-Rosen, Y., Hughes, M.J., 2000. Primary glass from Israel and the
production of glass in the late antiquity and the early Islamic period. In: Nenna, M.D.
(Ed.), La route du verre. Ateliers primaires et secondaires de verriers du second millénaire
avant J.C. au Moyen Age. Travaux de la Maison de |' Orient Méditerranéen 33, Lyon,
pp. 65-83.

Gallo, F., Silvestri, A., Molin, G., 2013. Glass from the archaeological Museum of Adria
(North-East Italy): new insights into Early Roman production technologies. J.
Archaeol. Sci. 40, 2589-2605.

Gallo, F., Marcante, A., Silvestri, A., Molin, G., 2014. The glass of the “casa delle bestie
Ferite”: a first systematic archaeometric study on late roman vessels from Aquileia. J.
Archaeol. Sci. 41, 7-20.

Grose, D.F., 1989. Early Ancient Glass: Core-Formed, Rod-Formed, and Cast Vessels and
Objects from the Late Bronze Age to the Early Roman Empire, 1600 BC to 50 AD. The
Toledo Museum of Art. Hudson Hills Press in Association with the Toledo Museum of
Art, New York.

Hammond, N.G.L., 1967. Epirus. In: The Geography, the Ancient Remains, the History
and the Topography of Epirus and Adjacent Areas. Clarendon Press, Oxford.

Harden, D., 1981. Catalogue of Greek and Roman Glass in the British Museum. vol. I
(London).

Henderson, J., 2000. The Science and Archaeology of Materials. Routledge, London and
New York.

Henderson, J., 2013. Ancient Glass, an Interdisciplinary Exploration. Cambridge
University Press, New York and Cambridge.

Henderson, J., Chenery, S., Faber, E., Kroger, J., 2016. The use of electron probe mi-
croanalysis and laser ablation-inductively coupled plasma-mass spectrometry for the
investigation of 8th—-14th century plant ash glasses from the Middle East. Microchem.
J. 128, 134-152.

Hoepfner, W., Schwandner, E.-L., 1994. Haus und Stadt im Klassischen Griechenland.
Wohnen in der Klassischen Polis 1., Miinchen: Deutscher Kunstverlag. pp. 114-179.

Jochum, K.P., Weis, U., Stoll, B., Kuzmin, D., Yang, Q., Raczek, L., Jacob, D.E., Stracke, A.,
Birbaum, K., Frick, D.A., Giinther, D., Enzweiler, J., 2011. Determination of reference
values for NIST SRM 610-617 glasses following ISO guidelines. Geostand. Geoanal.
Res. 35 (4), 397-429.

Kaczmarczyk, A., 1986. In: Olin, J.S., Blackman, J. (Eds.), The Source of Cobalt in Ancient
Egyptian Pigments. Proceedings of the 24th International Symposium on
Archaeometry. Smithsonian Institution Press, Washington, DC, pp. 369-376.

Kaczmarczyk, A., Hedges, R.E.M., 1983. Ancient Egyptian faience, Aris and Phillips,
Warminster.

Katsikoudis, N., 2009. Phyrrus King Leader, Archaeologiki Efimeris. pp. 97-120 (in Greek).

Kondis, S., 1992. New thoughts on the relations between Pyrrhus and Ptolemy I. In:
Hackens, T., Holloway, N.D., Holloway, R.R., Moucharte, G. (Eds.), The Age of
Pyrrhus. Archaeologia Transatlantica XI, Art and Archaeology Publications, Collége
FErasme, Louvain-la-Neuve, pp. 73-82.

Lazari, K., Tzortzatou, A., Kountouri, A., 2008. Dymokastro Thesprotias. Archaeological
Guide, Ministry of Culture, 32"¢ Ephorate of Prehistorical and Classical Antiquities,
Athens. (in Greek).

Lévéque, P., 1957. Pyrrhos. E. de Boccard, Paris.

Liampi, K., Papaevangelou-Genakos, C., Zachos, K., Dousougli, A., Iakovidou, A. (Eds.),
2013. Numismatic History and Economy in Epirus During Antiquity (Proceedings of
the 1°" International Conference). Society for the study of numismatics and economy
history.

McClelan, M.C., 1984. Core-Formed Glass From Dated Contexts.
University of Pennsylvania, Philadelphia.

Mirti, P., Pace, M., Malandrino, M., Negro Ponzi, M., 2009. Sasanian glass from Veh
Ardasir: new evidences by ICP-MS analysis. J. Archaeol. Sci. 36, 1061-1069.

Oikonomou, A., Beltsios, K., Zacharias, N., 2012. Analytical and technological study of an
ancient glass collection from Thebes, Greece: an overall assessment. In: Ignatiadou,
D., Antonaras, A. (Eds.), Annales du 18e Congres del' Association Internationale pour
1' Histoire du Verre, pp. 81-86.

Oikonomou, A., Henderson, J., Gnade, M., Chenery, S., Zacharias, N., 2016. An ar-
chaeometric study of Hellenistic glass vessels: evidence for multiple sources.
Archaeol. Anthropol. Sci. 1-14. http://dx.doi.org/10.1007/512520-016-0336-x.

Oppenheim, A.L., Brill, R.H., Barag, D., Saldern, A., 1970. Glass and Glass-Making in
Ancient Mesopotamia. Corning Museum of Glass, New York.

Palli, O., Riginos, G., Lamprou, V., 2017. Local elites in West Roman Greece. The evidence
from Thesprotia and Preveza. In: Varga, R., Rusu-Bolindet, V. (Eds.), Official Power
and Local Elites in the Roman Provinces. Routledge.

Panighello, S., Orsega, E.F., van Elteren, J.T., Selih, V.S., 2012. Analysis of polychrome
Iron Age glass vessels from Mediterranean I, II and III groups by LA-ICP-MS. J.
Archaeol. Sci. 39 (9), 2945-2955.

Paynter, S., 2006. Analyses of colourless Roman glass from Binchester, County Durham. J.
Archaeol. Sci. 33, 1037-1057.

Polikreti, K., Murphy, J.M.A., Kantarelou, V., Karydas, A.G., 2011. XRF analysis of glass
beads from the Mycenaean palace of Nestor at Pylos, Peloponnesus, Greece: new
insight into the LBA glass trade. J. Archaeol. Sci. 38 (11), 2889-2896.

Riginos, G., Lazari, K., 2008. In: Elea Thesprotias. The district south of the Agora, Ministry
of Culture. 32" Ephorate of Prehistorical and Classical Antiquities, Athens. (in
Greek).

Sakellariou, M.B. (Ed.), 1997. Epirus 4000 Years of Greek History and Culture. Athens
Publishing A.E., Athens (in Greek).

Sayre, E.V., Smith, R.V., 1961. Compositional categories of ancient glass. Science 133,
1824-1826.

Schibille, N., 2011. Supply routes and the consumption of glass in first millennium CE
Butrint (Albania). J. Archaeol. Sci. 38, 2939-2948.

Shortland, A.J., 2000. Vitreous Materials at Amarna: The Production of Glass and Faience
in 18th Dynasty Egypt, British Archaeological Reports International Series, S827.

Ph.D Dissertation.


http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0005
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0005
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0010
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0010
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0015
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0015
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0030
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0030
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0030
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0035
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0035
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0040
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0040
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0040
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0045
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0045
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0045
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0050
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0050
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0055
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0055
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0060
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0060
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0065
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0065
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0070
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0070
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0070
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0075
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0075
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0080
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0080
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0085
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0085
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0090
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0090
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0095
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0095
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0100
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0105
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0105
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0110
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0110
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0110
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0115
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0120
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0120
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0120
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0125
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0125
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0125
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0130
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0135
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0135
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0140
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0140
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0145
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0145
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0150
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0150
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0155
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0155
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0155
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0155
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0160
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0160
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf9000
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf9000
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf9000
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf9000
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0175
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0175
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0175
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0180
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0180
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0190
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0195
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0195
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0195
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0195
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0200
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0200
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0200
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0205
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0210
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0210
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0210
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0210
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0215
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0220
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0220
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0225
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0225
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0225
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0225
http://dx.doi.org/10.1007/s12520-016-0336-x
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0235
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0235
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0240
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0240
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0240
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0245
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0245
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0245
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0250
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0250
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0255
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0255
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0255
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0265
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0265
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0265
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0270
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0270
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0275
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0275
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0280
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0280
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0285
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0285

ARTICLE IN PRESS

A. Oikonomou

Archaeopress, Oxford.

Shortland, A.J., 2012. Lapis Lazuli from the Kiln. Glass and Glassmaking in the Late
Bronze Age. University Press, Leuven.

Shortland, A.J., Eremin, K., 2006. The analysis of second millennium glass from Egypt
and Mesopoatamia, part 1: new WDS analyses. Archaeometry 48 (4), 581-603.

Shortland, A.J., Schroeder, H., 2009. Analysis of first millennium BC glass vessels and
beads from the Pichvnari Necropolis, Georgia. Archaeometry 51 (6), 947-965.

Shortland, A.J., Rogers, N., Eremin, K., 2007. Trace element discriminants between
Egyptian and Mesopotamian Late Bronze Age glasses. J. Archaeol. Sci. 34, 781-789.

Silvestri, A., 2008. The coloured glass of Iulia Felix. J. Archaeol. Sci. 35, 1489-1501.

Silvestri, A., Molin, G., Salviulo, G., 2008. The colourless glass of Iulia Felix. J. Archaeol.
Sci. 35, 331-341.

Smirniou, M., Rehren, Th., 2013. Shades of blue-cobalt-copper coloured blue glass from
New Kingdom Egypt and the Mycenaean world: a matter of production or colourant
source? J. Archaeol. Sci. 40, 4731-4773.

Soueref, K.I. (Ed.), 2014. Pyrrhus King Leader. Epirus of the Mediterranean and the
World, Ministry of Culture (in Greek).

Stern, E.M., Schlick-Nolte, B., 1994. Early Glass of the Ancient World, 1600 B.C.-A.D. 50
Enesto Wolf Collection, Ostifildern.

Triantafyllidis, P., 2003. Classical and Hellenistic glass workshops from Rhodes, E‘changes

11

Journal of Archaeological Science: Reports xxx (XXxX) XXX—-XXX

et commerce du verre dans le monde antique, Actes du colloque de 1' Association
Frangaise pour 1' Archéologie du Verre, Aix-en-Provence et Marseille, 7-9 Juin, 2001.
Editions Monique Mergoil, Montagnac.

Triantafyllidis, P., Karatasios, 1., Andreopoulou-Magkou, E., 2012. In: Zacharias, N.,
Georgakopoulou, M., Polikreti, K., Fakorellis, G., Vakoulis, Th. (Eds.), Study of Core-
Formed Glass Vessels from Rhodes (Proceedings of the 5th Symposium of HSA).
University of Peloponnese Publications, pp. 529-544 (in Greek).

Turner, W.E.S., 1956. Studies in ancient glasses and glass making processes. Part V. Raw
materials and melting processes. J. Soc. Glas. Technol. 40, 277-300.

Walton, M.S., Shortland, A., Kirk, S., Degryse, P., 2009. Evidence for the trade of
Mesopotamian and Egyptian glass to Mycenaean Greece. J. Archaeol. Sci. 36,
1496-1503.

Wedepohl, K.H., 1995. The composition of continental crust. Geochem. Cosmochim. Acta
59, 1217-1232.

Zachos, K. (Ed.), 2007. Nicopolis B, Proceedings of the Second International Nicopolis
Symposium (11-15 September 2002). Vol. 1-2 Actia Nicopolis Foundation, Preveza,
Greece.

Zachos, K., Kalpakis, D., Kappa, H., Kyrkou, T., 2008. Nicopolis. Revealing the City of
Augustus' Victory. F.C.M.A.P., Scientific Committee of Nicopolis, Athens.


http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0285
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0290
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0290
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0295
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0295
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0300
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0300
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0305
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0305
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0310
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0315
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0315
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0320
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0320
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0320
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0325
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0325
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0330
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0330
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0335
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0335
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0335
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0335
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0340
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0340
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0340
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0340
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0345
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0345
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0350
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0350
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0350
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0355
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0355
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0360
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0360
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0360
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0365
http://refhub.elsevier.com/S2352-409X(17)30532-1/rf0365

	Hellenistic core formed glass from Epirus, Greece. A technological and provenance study
	Introduction
	Materials and methods
	Materials
	Sample preparation
	Scanning electron microscopy (SEM)
	Laser ablation inductively coupled plasma mass spectroscopy (LA-ICP-MS)

	Results and discussion
	Introduction
	Results
	Discussion
	Sand
	Natron
	Colorants


	Conclusions
	Acknowledgements
	References




