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Abstract: Thebes, located in Boeotia in central Greece, is archaeologically and historically attested to
have been an important centre ever since the Early Bronze Age. Regularly sustained glass working,
testified by numerous finds in burial and settlement contexts, must have taken place since the
Mycenaean times. In the current study, 35 samples of glass beads (30) and vessels (5), dating roughly
from the 7th to 1st cent. BCE (Archaic to the Hellenistic/Early Roman era) are the subject of research.
The aim was to assess some technological aspects of the assemblage, provide a chemical fingerprint
for it and suggest a likely provenance, in an attempt to discuss issues of glass consumption and
trade at a given era and culture. A combination of quasi-destructive techniques was applied, namely
LA-ICP-MS and SEM-EDS for the identification of the major, minor and trace element composition.
The results have provided evidence for different technological choices, reflected in the choice of raw
materials and different origins are suggested for the subgroups identified in the course of the study.

Keywords: glass beads; core formed; LA-ICP-MS; SEM-EDS; first millennium BC; Thebes Greece;
provenance; technology

1. Introduction

Glass production was adopted as a cutting-edge technology in the Aegean, from the
16th cent. BCE onwards, reaching unprecedented heights at the time of the rise of the
palaces with a predilection for beads and relief plaques. When the Mycenaean palaces fall
by the end of the second millennium BCE (around 1190/1180 BCE), in the last phase of
the Late Bronze Age, the complex and sophisticated Mycenaean level of culture reverts to
a much simpler one. It is observed that the number of beads used in post-palatial times
decreases, until they finally disappear [1].

At the beginning of the early Iron Age, there is a relevant, yet small rise in the numbers
of glass objects retrieved from archaeological contexts in Greece and particularly from the
late 10th cent. BCE onwards. However, it is during the middle 7th cent. BCE that there is a
noticeable increase in the quantity of glass objects and especially glass vessels. It is in this
period that the introduction of core formed vessels, the so-called Mediterranean vessels,
occurs with the revival of the technique, which first appeared possibly in Mesopotamia
or Egypt some time in the Late Bronze Age. These vessels constitute the largest numbers
of glass vessels circulated in the Mediterranean area and were manufactured between the
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mid-6th cent. BCE and the beginning of the 1st cent. CE. In addition, from the late 5th cent.
BCE onwards colourless or/and transparent slightly coloured glass appears in the Greek
region in parallel with the core formed vessels [2,3].

In the Hellenistic period, there is an assumed growth in artistic production with par-
allel technological advances, as suggested by the abundance of glass artifacts retrieved.
Overall, during the Hellenistic period the large increase in the production of glass made
objects available to the middle class [4]. This continued until between the mid-second
century BCE and the first half of the first century CE, when a series of discoveries dra-
matically changed the course of glassmaking with much simpler and cheaper methods
of production and new techniques, such as glass blowing [5,6]. Mass production of Late
Hellenistic moulded bowls occurred in the Levant, probably in Beirut. The latter seems
to have been coupled with an increase in the demand for luxury items in new markets
occurring from longer distance trade.

Thebes

Thebes held a prominent role in glass consumption ever since its establishment in
Greece. Located in Boeotia, central Greece, archaeological evidence has demonstrated its
importance since the Early Bronze Age (Figure 1). During Mycenaean times, Thebes was
a first-order centre as the seat of a palatial administration [7]. Its geographical location,
at the crossroads of central Greece, made this region a focal point of cultural, economic,
and political developments [8]. Secondary glass production may have occurred occur,
as implied by numerous finds in burial and settlement contexts, though this does not
constitute enough proof. It has also been suggested that Thebes could have been a centre of
primary glassmakinglf this is the case this industry is clearly set apart from the equivalent
of other major Mycenaean centres [9]. Nevertheless, in the absence of industrial glass debris
there remains a contentious suggestion and an avenue for more research in hope for more
evidence to support glassmaking in Thebes.

%

Figure 1. Map showing the location of Thebes in central Greece and major sites relevant to the discussion.

The area of Boeotia in general did not escape the consequences of the collapse of the
major Mycenaean palatial centres around 1200 BCE. Boeotia was drastically depopulated
and was gradually controlled by a Thessalian tribe, the Boiotoi [8,10]. Some signs of
reoccupation in the area of the palace at Thebes are detectable from the 12th century,
but this phase shows a low level of activity and there is no reason to believe that the
site recovered to a prestigious level following the destruction, since no large tombs, wall
paintings, or other architectural refinements, no workshops with luxury goods, and no
writing seem to have been part of the activity in these times. Thus, the archaeological record
suggests that the region fell into decline, only to rise again in the eighth century [10,11].
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It was by 8th—7th cent. BCE that Boeotia had become one of the most vigorous artistic
and cultural centres of Greece [11]. At this time, the Greek world underwent the same
great changes that took place all over the Aegean. It is then that it gradually developed
its famous political landscape of several hundreds of city-states, each ranging from a few
hundreds to around ten thousand residents. By the 6th cent. BCE at least five hundred such
poleis were established [12]. It is certain that Greek poleis were a community of citizens. As
Koiv [13] discusses, we have every reason to believe that most of the Greek communities at
this time witnessed the emergence of powerful and comparatively narrow elites, supported
by both archaeological and literary evidence. The 8th cent. BCE was the end of the Dark
Age and the inception of the Archaic period, witnessed by a growth in the wealth displayed
at burial sites. The Archaic era was not only the period of the emergence of urbanism and
of the formation of polis, but also an era of an active aristocratic display of wealth and
power [14]. In all probability, the aristocracy was the social group which mainly financed
the building of the first monumental temples. In searching for new forms of government
and administration to manage the new complexity of the poleis, the introduction of coinage
must have made administration and organization more manageable. We have every reason
to believe that Boeotian cities and Thebes followed this political and societal transformation.

In these times of huge social change, the consumption of glass seems to have increased
and archaeological research has brought to light a vast array of finds dating to all later
periods. During the late Classical and Early Hellenistic centuries, Boeotian cities reached
their maximum size. The gradual growth of the city of Thebes in terms of population,
wealth and power culminates in the Classical period as expressed by the second ring of
fortifications alluded to in Xenophon and Arrian [15]. The development of the area of
Greater Thebes in the Archaic and Classical periods provided the opportunity to shape
the area according to the communal needs of the rising polis. The increasing elaboration
and constitutionalisation of the city’s social and political life was paralleled by a physical
monumental expansion and the emergence of an additional new network of boundaries [15].
As Manolova [16] suggests, the construction of the wall of Greater Thebes shows how
political development and physical space interact and develop in parallel over time in
the polis. The siege in 335 BCE by Alexander caused both the destruction of the wall
and Theban power. In the Late Hellenistic era after ca. 150 BCE and into Early Roman
Imperial times, Boeotian cities mostly contracted in size, while their hinterlands saw a
dramatic reduction of activity [17]. When Pausanias visited Thebes in the second half of the
second century, the ongoing decline taking place in the previous centuries had considerably
reduced the size of the city, which was restricted to a citadel.

Therefore, with this wealth of activity and information and major questions remaining
obscure, Thebes offers an ideal setting in attempting to address them. With respect to
glass studies, answers to questions related to the nature of production, whether primary or
secondary, to technology and provenance issues still need to be obtained.

2. Materials and Methods
2.1. The Samples

In the current study a set of glass beads and vessels dating from between approximately
the 7th to 1st cent. BCE are investigated using complementary techniques, aiming to identify
the technology use to make them and determine the provenance of the glass, in an attempt
to enhance our understanding of the first millennium BCE glass industry. The assemblage
comprises 30 beads and 5 fragments of vessels, all of which were found in burial contexts
(Figure 2, Table 1). They were found during works undertaken under the railway lines
(excavation of Hellenic Railways Organisation) on the Thebes-Mourikion road axis, in the
so-called OSE necropolis, at a distance ca. 2 km southeast from the town’s centre [18]. The
site comprised 843 excavated tombs of which 23 are Early proto-Hellenic, 3 Late Geometric,
34 Archaic, 504 Classical, 270 of the Hellenistic era, and 9 Early Roman. The cemetery
crossed an 8 m wide avenue, part of which was uncovered during the excavation. The
tombs were adjacent to the curbs of the road and extended on either side to a width of more
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than 300 m and an unknown length. The contents of the tombs (approximately 7000 vessels,
2000 figurines and thousands of small objects) were varied and sometimes very rich.
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Figure 2. Correlation between silica and soda for the Theban glasses. There are two distinct groups,
based on their soda and silica levels. The low sodium group has elevated amount of Pb.

In the southern area of the excavation, the 291 tombs (N 279-570) uncovered are
representative of all kinds of tombs that survive in the Boeotian cemeteries of historical
times. From the Classical period onwards, a clear preference toward lacquered and tiled
tombs was found. The tombs were constructed at various depths, but did not correspond to
different chronological phases, thus, later tombs are often present in greater depth than the
earlier, due to ignoring previous burials and over-cutting. The tombs of the Archaic period
are mainly located on either side of the ancient road that was already in use, whilst those
of the Classical and Hellenistic periods were revealed throughout the excavated area and
appear to have been used as a necropolis without interruption until the 1st cent. BCE [18].
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2.2. Methodology

The preparation of samples followed a standard procedure implemented in glass
studies. A small fragment of glass (less than 2 mm wide) was removed from the samples
using diamond cutting discs and cutting pliers. The small fragments were embedded in
epoxy resin blocks which were ground using SiC papers of various grits (800, 1200, 2000,
4000) and were fine polished using clothes and diamond pastes of 3-6 um.

A combination of quasi-destructive techniques was used to analyse the samples in
order to identify major, minor and trace elements. In particular, LA-ICP-MS instruments
were used, one is located at the British Geological Survey (BGS), Nottingham (UK) and the
other at the National Institute of Chemistry (NIC), Ljubljana (Slovenia). Different sub-sets
of samples were measured at the two LA-ICP-MS facilities, and comparison between these
sets is therefore not possible. Furthermore, SEM-EDS was conducted at the Science and
Technology in Archaeology and Culture Research Center (STARC), The Cyprus Institute.

The LA-ICP-MS facility in BGS consists of a NewWave UP193FX excimer (193 nm)
laser system coupled to an Agilent 7500 series ICP-MS. Laser ablation craters were set
at 70 pm, the laser being fired for 45 s at 10 Hz and a typical fluence of 2.8 J cm 2. The
protocol followed is described analytically elsewhere [19]. Calibration of the system was
performed using the NIST SRM610 trace element glass standard, while NIST SRM612 was
used for quality control purposes (Table 2).

Table 2. Quality control of the LA-ICP-MS facility at BGS using the NIST 612 standard reference material.

Li B Ti \% Cr Mn Fe Co Ni Cu Zn As Rb Sr Y Zr Nb Mo Sn Sb
?;1[?24) 411 363 521 383 368 381 489 349 39.0 380 399 342 319 788 376 374 378 367 424 336
sd 21 23 54 29 27 20 26 23 29 24 26 28 20 35 48 55 25 28 31 26
RSD 52 64 103 76 74 53 53 65 75 62 66 80 63 45 129 146 65 77 74 77
Certified 402 343 44 388 364 387 51 355 388 378 391 357 314 784 383 379 389 374 386 347
%Error 22 58 184 -13 11 -15 —-41 -17 05 06 21 —-41 17 05 -18 -12 -27 -20 98 —-32

Cs Ba La Ce Prr- Nd Sm Eu Gd T Dy Ho Er Tm Yb Lu Hf Pb Th U
?:1[?1214) 416 394 356 385 388 353 373 358 369 359 350 366 374 362 378 354 361 385 363 374
sd 22 22 26 32 30 26 32 25 43 39 40 45 42 44 46 47 52 28 38 23
RSD 53 57 72 82 77 75 86 70 117 107 113 124 112 123 122 132 145 72 104 63
Certified 42.7 393 36 384 379 355 377 356 373 376 355 383 38 368 392 37 367 3857 37.79 37.38
%Error -25 03 -11 03 25 —-06 —-11 06 —-11 —-44 -14 —-44 -16 -17 -35 —-43 —-16 —-02 —-40 0.1

The LA-ICP-MS facility at the NIC comprises an Analyte G2 excimer laser system
(193 nm, Teledyne CETAC Technologies, Omaha, NE, USA) interfaced with an Agilent
7900 series ICP-MS. All ablation areas were pre-ablated before measurement to clean the
surface contamination, followed by analysis in line scanning mode (three lines per sample
with a length of ca. 0.6 mm per line). LA-ICP-MS conditions were as follows: beam
size, 80 pm (square mask); fluence, 4.45 J cm~2; repetition rate, 10 Hz; scanning speed,
10 um s~ 1; dwell time, 0.1 s per element (55 elements measured). Quantification was
by sum normalization calibration according to protocols developed previously [20]. The
data was set against the reported values in Corning Museum Glass B, C and D reference
materials (Table 3). Alongside, Corning B reference material was measured by both facilities
and the data obtained is reported in Table 4.
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Table 3. Quality control of the LA-ICP-MS facility at NIC using the Corning B, C and D standard
reference materials.

B Na Mg Al Si P K Ca Ti A% Cr
CMG-B Mean (n = 20) 83 132,218 6139 23,622 281,192 3217 9242 65,868 616 183 58
sd 12 2127 109 341 3286 244 341 2797 34 12 4
Certified 109 126,113 6212 23,076 289,968 3579 8301 61,178 534 202 66
error% —234 4.8 -1.2 24 -3.0 —-10.1 11.3 7.7 154 —-9.1 —12.1
CMG-C  Mean (n = 20) - 7810 14,811 4262 145,711 365 23,553 35,709 4486 - 15
sd - 338 687 171 8746 42 571 1089 496 - 2
Certified - 7938 16,647 4605 160,340 297 23574 36,235 4736 - 16
error% - -1.6 —11.0 74 9.1 23.0 —0.1 -15 —-53 - 7.2
CMG-D Mean (n = 20) - 10,095 23,587 29,090 249,684 15,618 101,599 113,364 2320 - -
sd - 172 510 322 3754 1077 3179 4200 132 - -
Certified - 8902 23,764 28,051 251,776 17,152 93,799 105,775 2278 - -
error% - 134 —-0.7 37 —-0.8 -89 8.3 7.2 1.9 - -
Mn Fe Co Ni Cu Zn Sr Sn Sb Ba Pb Bi
CMG-B Mean (n = 20) 2106 2679 320 639 24329 1482 149 202 4024 675 5585 34
sd 157 201 30 69 2635 143 10 17 358 67 505 5
Certified 1936 2378 362 778 21,251 1527 161 190 3463 690 5663 29
error% 8.8 12.6 —-11.7 —-17.9 145 —-29 —-7.1 6.2 16.2 —-2.1 —-14 19.8
CMG-C Mean (n = 20) 9 2208 1400 - 9261 328 2759 1644 1 112,205 379,487 33
sd 1 112 94 - 820 50 163 117 0 8687 18,562 5
Certified 9 2378 1416 - 9028 418 2452 1497 1 102,096 340,698 36
error% 41 —-7.2 —1.1 2.6 —214 12.5 9.9 39.7 9.9 114 -89
CMG-D Mean (n = 20) 4721 3904 134 - 3250 730 506 694 8527 2578 2683 10
sd 326 290 13 - 336 75 51 65 717 271 232 1
Certified 4259 3637 181 - 3036 803 482 788 7301 2606 2237 11
error% 10.8 7.3 —25.7 - 7.1 —9.1 5.1 —11.9 16.8 —1.1 19.9 —6.9
Table 4. Corning B reference material measured from the BGS and NIC facilities.
Corning B B Na Mg Al P K Ca Ti A\ Cr Mn Fe Co Ni Cu Zn Sr Sn Sb Ba Pb
B’f’ff‘;)““ 100 125417 5594 23278 2793 8811 61612 587 181 60 1864 2247 331 743 21,830 1646 150 201 3118 696 4601
%Error -81 —06 -99 09 219 61 07 101 101 -95 -37 -55 -86 —45 27 78 68 61 99 10 -188
N(Incjéf)‘;“ 83 132218 6139 23,622 3217 9242 65868 616 183 58 2106 2679 320 639 24,329 1482 149 202 4024 675 5585
%Error -234 48 -12 24 101 113 77 154 91 125 88 126 117 —179 145 29 -73 62 162 -21 14
Certified 109 126,113 6212 23,075 3579 8302 61,187 534 202 66 1936 2378 362 778 21,249 1526 161 190 3462 689 5663

Part of the assemblage was analysed using a Zeiss Evo 15 scanning electron microscope
(SEM), coupled with an Ultim Max EDS Detector (Oxford Instrument) housed at the Science
and Technology in Archaeology and Culture Research Center (STARC), Cyprus Institute.
The accelerating voltage was set at 20 kV, with a beam current of 1 nA and a working
distance of 8.5 mm. The accuracy of the instrument calibration was tested using Corning A
and B standard reference materials. The detection limit for most of the oxides analysed is
better than approximately 0.1 wt%. When the concentrations of the analysed samples are
above this threshold, the analytical results have an error margin lower than 10% (and in
most cases lower than 5%).

3. Results

Glass from Thebes falls into the general soda-lime-silica category, with sand used as
the main component for most glass samples to be fused and with a mineral source of flux,
most probably natron, since both potash and magnesia contents are below 1.5 wt%. Five
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glass beads (TH8, TH9, TH13, TH14, TH15) and two opaque yellow glass decorative stripes
of core formed vessels (TH23y, TH24y) exhibit different chemical compositions and will be
discussed later in this study.

Natron is the raw material that lowers the melting point of the glass former (silica
derived from sand) through the incorporation of soda (NayO) in the glass batch and the
presence of Na* in the silicate matrix. Interestingly, the relative soda contents of the samples
distinguishes them in two groups, one with a high sodium content (11.8-20.7 wt% NayO)
and the other with relatively lower sodium (7.5-10.2 wt% NayO), while there is one outlier
with close to zero sodium and silica levels around 80 wt%, showing that the glass is highly
weathered, altered and leached (Figure 2). The lower sodium samples are explained by
high concentrations of lead (Pb) and comprise five beads and two decorative stripes. In
Figure 2 we exhibit the reduced values of the low sodium group (with excluding the lead
content removed and normalised to 100%), and we see that, in some cases, sodium is still
rather lower compared to the other group of samples, whereas the silica content is rather
constant between 65-75 wt%.

Slight differences are also noted in other major and minor elements, as seen in the
box plots (Figure 3). In Figure 3 we can also note that the lead glass group exhibits a lower
range in the minor oxides compared to the normal group, suggesting better control of the
raw materials and different technological choices have been made-though smaller sample
numbers in high lead glasses could also account for this. Thus, it can be said that these
distinct levels may imply the use of different raw materials, or a restricted source, the latter
also being evident in specific trace elements associated with the raw materials (Figure 4).

80.0

70.0 ‘#‘ I;l O Thebes glass

60.0 OThebes Pb glass

wt%
ey
o
o

|

Si02 Sio2 Na20 Na20 Cao Ca0

100.0

=== ==

l : = — B =

Al203 Al203 Fe203 Fe203 MgO MgO K20 K20

0.1

Figure 3. Box plots of major and minor oxides for Theban samples comparing the two groups for
the corresponding oxides. The Theban Pb glass data are normalized, excluding the Pb content. The
whiskers show minimum and maximum values, while the line in the box represents the median
values of the corresponding oxides.
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Figure 4. Trace element concentrations of Theban glass. The Pb glass group has different trace element
concentrations suggesting distinct patterns in the technological choices with respect to the selection
of raw materials, as seen by the clear difference in the levels exhibited, and possibly different origin.

The group of five green opaque beads (TH8, TH9, TH13, TH14, TH15) mentioned
earlier exhibits a different compositional pattern, since they show elevated values of PbO
(av. PbO 29.1 wt%). Lead can be added to the glass batch as an opacifier, a stabilizer or a
flux, to make lead glasses. It has been used continuously, but in relatively small quantities,
as a component of strongly coloured glass across Europe, the Mediterranean and the Middle
East since the emergence of glass, both to make glass beads and for glazes and enamel.
A very unusual bead from the palace of Amenhotep III contains 76 wt%. PbO and only
19 wt% silica [21]. Soda-lime-lead glasses were used in Roman times and continued in later
periods. From the 10th to 14th cent. AD, small quantities of lead glass were manufactured,
with the lead for the glass considered either a waste product from extensive early silver
production [22] produced by oxidising lead metal, or used in mineral form, as seems to be
the case for Islamic and much medieval European high lead glass. The beads examined
here yield a characteristic green opaque glass (Figure 5a). The high PbO levels can be
attributed to the colouring technique used. A combination of lead oxide with antimony
would secure the opacification of the beads rendering them yellow. The addition of cupric
oxide would then yield the desired colouring effect, that of green: these samples exhibit
elevated values of PbO, Sb,O3 and CuO (av. 25 wt%, 3 wt% and 2 wt% respectively). It is
interesting to note that three of these samples were retrieved from the same tomb (Tomb
404) dating to the Classical era, whereas the other two were collected from a different tomb
(51) dating to the Hellenistic period.
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Figure 5. (a) Digital image and (b) an SEM micrograph of bead TH13 (low Na high Pb bead). Various
undissolved particles, mainly lead antimonate (Sb, Pb), rounded quartz particles and wollastonite
can be seen in the SEM image.

The two opaque yellow glass decorative strips also exhibit high Pb contents (av. PbO
20.6 wt%). Furthermore, these two samples exhibit a high antimony concentrations (av.
Sby O3 2.9 wt%), showing that lead antimonate has been used as the colorant [23,24].

In recent decades, the identification of several broad compositional groups based
on major and minor oxides as characteristic diagnostic elements has been the focus of
research on glass dating from the mid- to late-first millennium CE. The main groups of
first millennium glass can be easily distinguished in an Al,O3/5i0; vs. TiO, /Al,O3 biplot,
since these three oxides are incorporated in the glass with the sand. Therefore, their
correlation can show potentially distinctive glassmaking traditions and regions by the use
of different sands.

Even though they are of earlier periods, by plotting the Theban samples using these
ratios, we can see that the majority of samples (27 out of 40) cluster in the low TiO, /AL, O3
region as indicated by the dashed line (Figure 6). In addition, there is a clear separation
between the high Pb groups; the four beads form a group with a relatively high TiO, /Al,O3
ratio, while the two yellow decorative trails are closely clustered in an area having much
lower TiO, / Al,O3 content. The lower TiO;, / Al,Oj3 ratio, as indicated by the dashed line,
has been attested in late antique glass assemblages, which were manufactured in the
Levantine coast (for characteristic examples see [25,26]). These, however, were fabricated a
few centuries later than the Theban glass, have a rather elevated Al,O3/SiO; ratio mainly
because of the generally higher concentrations of alumina compared to Theban samples.
In particular, the Levantine glasses has Al;O3~3.2 wt%, while the Theban glasses have
Al,O3~1.8 wt%.
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Figure 6. The glass from Thebes can be distinguished in two groups as indicated by the dashed
line. Both groups contain high and low soda samples, as seen in Figure 1. The samples with low
TiO, / Al, O3 ratio may have a Levantine origin as they are in the same range as the Levantine I and II
published by Freestone [25], whereas the rest of the Theban glasses are probably from an Egyptian
origin. Published data: HIMT, Serie 2.1, Serie 3.2 [27]; Egypt [28].

These groupings can be also noted in the trace elements incorporated in the glass
by sand. In particular, we tested the correlation between Y,O3 and ZrO, (Figure 7) both
of which can be indicative of a different origin, be it Egypt (high in ZrO,) or glass made
in the Levant, which is proportionately richer in Y,O3 [29]. According to the plot, the
majority of samples from Thebes correlate well with the “Levantine” area of low ZrO,
and high Y,03, while the rest are scattered in the high ZrO; area. There are three samples
with higher ZrO; content, and they do not correlate with any of the Egyptian samples.
This might reflect different technological choices made which can be associated to the
colorants used for this set of beads. We cannot exclude that the excess of ZrO, might
also reflect heavy contamination during the process of the raw material preparation [30].
Therefore, for the high ZrO, Theban samples we may assume a different source, suggesting
a separate glassmaking tradition. These samples are all of blue colour, with the exception of
TH17, TH25, TH28 (black, amber, and colourless, respectively) and no obvious correlation
between their coloration and trace element patterns can be seen. Interestingly, the high
lead beads cluster very well (dashed ellipse in Figure 7), suggesting another manufacturing
tradition and, hence, provenance, from the rest of the Theban glass. In this graph the two
yellow decorative trails are separated but still have the same positive correlation as the
Levantine cluster.
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Furthermore, we test the correlation between the Cr/La and Zr/Ti ratio (Figure 8).
Both ratios have been used to identify provenance of plant ash LBA glass from Mesopotamia
and Egypt [31]. However, the samples of this study and the published parallels from Son
Mas (Spain) and Thesprotia (Greece) [32,33] compared in Figure 8 are natron glasses. In
the current study we notice that all samples exhibit Cr/La values between 1.0 and 2.5 and
Zr /Ti ratio ranging from slightly less than 100 to almost 300. We can distinguish a tight
cluster of the majority of the samples, including the two high Pb yellow decorative trails
and a second cluster with the high Pb beads. In addition, there is a cluster of three samples
with the highest Zr/Ti ratio which may be interpreted as contamination (as discussed
earlier) and a group of four correlated samples. The grouping distinguished in Figures 6
and 7 is also seen in this case, suggesting that this comparison traditionally used for plant
ash glasses may also prove effective in comparing natron glasses. However, this should be
treated with caution at this stage in the absence of more analytical data.

< Thesprotia, Hellenistic
Son Mas, Levantine

IZ1Son Mas, Egyptian

@ Thebes glass

A Thebes Pb glass

0.0

0.5 1.0 1.5 2.0 2.5 3.0
Cr/La

Figure 8. A plot of Cr/La versus Zr/Ti ratio with the samples exhibiting low Cr/La values
(1.0 < Cr/La < 2.5) and rather elevated Zr/Ti ratio. A tight cluster of the majority of glass, including
the two decorative trails (red triangles) can be seen. This cluster has low values for both ratios,
distinguishing them from the rest of the samples. The five high Pb beads are clustered together, as
expected, while there are seven beads and a vessel with varying values of these ratios four of which
are correlated.

A similar behaviour can be noted when the Ti/Nd and Zr/Hf ratios are plotted
(Figure 9). These elements are associated with the sand and therefore can provide useful
information regarding the use of different sand sources. In particular, the Nd in natron-
based glass originates from the heavy or non-quartz mineral fraction of the silica raw
material that is in most sand [34]. In addition, Ti is generally correlated with iron oxides [35]
or with specific heavy minerals, such as rutile, ilmenite, titanite and chromite which can be
present in sands as impurities [36]. Zr and Hf are two elements associated to each other and
are accumulated in the heavy mineral zircon [37,38] which can be found in sands. There is a
specific threshold regarding the amount of Hf in Egyptian and Levantine glass which can be
interpreted by the movement/washing off of the sand, due to geological and environmental
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phenomena (rivers which drain inland to the Levantine coast or longshore transport from
the Nile delta northwards up to the Levantine coast). Therefore, we may assume that
Egyptian sands and, hence, glass made from them have rather elevated amounts of Hf in
the order of few ppms (2-4 ppm), while, on the other hand, Levantine glass exhibits lower
than 2 ppm of Hf [37].

[1Rhodes, Archaic

<& Thesprotia, Hellenistic
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' ' ' @ Thebes glass
60 100 140
Ti/Nd A Thebes Pb glass

Figure 9. Three groups are formed: one with low Ti/Nd ratio (50-87), one with moderate (100-124)
and one with high (over 140). The Zr/Hf ratio is quite consistent for the three groups, varying
between 35 and 45.

In Figure 9 we can distinguish two groups: one with low Ti/Nd ratio (50-87) and one
with high (100-150). Interestingly the Zr/Hf ratio seems to be constant for the two groups
between 35 and 45. According to Oikonomou [38], a low Ti/Nd (below 80) ratio corresponds
to the Levantine provenance, while values above 90 to the Egyptian provenance. This can
be justified through the special geochemistry of soils which in the Levantine coast have less
titania than the Egyptian area [39-41]. The three glasses already mentioned in the previous
graphs, having most likely a contamination factor, belonging to the second group exhibit
the highest Ti/Nd ratio, setting them again apart from the rest of the assemblage. The five
high lead beads are plotted in the centre of the graph, while the two yellow decorative
trails are clustered with the majority of samples.

4. Discussion and Conclusions

Five glass beads (THS, TH9, TH13, TH14, TH15) and two yellow decorative trails
(TH23y, TH24y) yielded different chemical composition from the rest of the samples tested,
exhibiting high lead oxide levels. These samples all date to Classical era contexts. The
beads have been found to have a correlation with the Egyptian glass industry based on
their trace element analysis. The high lead beads cluster very well, indicating a different
manufacturing tradition and, possibly provenance, from the rest of the Theban glass. As
for the yellow decorative trails, even though they exhibit high lead contents, they do not
seem to be linked to the rest of the samples with high lead, since the base glass composition
and the trace elements indicate a possible Levantine origin and, additionally, they correlate
well with the majority of the Theban samples.

Therefore, based on the analytical data, most of the samples can be attributed to a
likely Levantine origin. These are samples deriving from Archaic, Classical and Hellenistic
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contexts. The samples with higher zirconium do not correlate with any of the Egyptian
samples and this can be interpreted as a contamination from the manufacturing process,
although, a different origin is also a likely explanation.

The overall results suggest that different trade routes were used to supply glass in
this period. It is interesting to note that the lead glasses, part of the assemblage attributed
to a Levantine origin, and the high zirconium samples all date to Classical era contexts.
The latter is hardly surprising if we take into account that during the late Classical and
Early Hellenistic centuries, Boeotian cities within and sometimes outside the Confederacy
(Koinon) reached their maximal size. Trade activity and inter-city connections were well
established, and they would have secured the transfer of raw glass, as already conducted
since the Late Bronze Age. Importantly, special permanent trading places, where merchants
of different nationalities met to trade, sprang up in the East Mediterranean, for example, at
Al Mina on the Orontes river (modern Turkey), Ischia—Pithekoussai (off the coast of modern
Naples), Naucratis in Egypt, and Gravisca in Etruria [42], obviously facilitating routes and
intra-state trade links. With Thebes maintaining trade links with Athens and Corinth, the
latter could have also acted as mediators with other areas further away.

It is also well documented that from 600 BCE, trade was greatly facilitated by the
construction of specialised merchant ships and the Diolkos haulway across the Isthmus
of Corinth. The latter was actually a paved route which allowed for the ships to be
moved overland avoiding the dangerous and time-consuming circumnavigation of the
Peloponnese. It must have been a successful choice, since the haulway stayed in use at least
until the first century BCE [43].

It cannot be deduced confidently whether glass was worked locally, or if these specific
artifacts studied here reached Thebes as finished products. The types represented are rather
widespread in the East Mediterranean and the Aegean. In the Archaic era, the inception
of colonization took place, in which Boeotia did not participate actively, perhaps because
the social upsets in its own dominion were not of high intensity to highlight the need
for expansion and more space and thus, no further enhancement of the trade networks
would have occurred. There were, though, many imported products, initially from Corinth
and then from Attica and the cities that were members of the Koinon using a common
numismatic, clearly facilitating movement of goods among them.

The end of the period is marked by the Persian wars, which signalled the temporary
political downgrading of Thebes. The period was characterized by the rivalry between
Athens and Sparta, as well as between Thebes and Athens. Thebes emerged weakened from
the Persian Wars, but rapidly recovered and dominated the Koinon of the Boeotians and,
almost a century after, it became the head of Greece as a whole (the Theban Hegemony).
Despite the frequent military events, the classical period is characterized by the high quality
of its art, as reflected in pottery, sculpture, and architecture. During the classical period,
Boeotian pottery and terracotta figurines workshops were remarkable for their productivity.
Strange as it may seem due to the political rivalry, the artistic influence of Athens was very
strong, and there was no lack of imported Attic pottery, which was regarded as a luxury
item [11].

We cannot assume that no local glass production took place in Thebes in these times;
glass working is certainly a possibility, even if not proven. With numerous thriving
workshops exploiting other pyrotechnologies and with glass being present for more than
1000 years, a certain level of expertise would have been acquired. The absence of industrial
debris to date does not help towards clarifying this issue. Overall, based on the present
data and the results of the current study, we can strongly suggest different trading routes
were exploited by glass merchants from Classical Thebes, adding the glass to the already
documented thriving trade networks in which Thebes participated during Classical times.
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