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THE EARLY BYZANTINE HIMT GLASS FROM DICHIN,
NORTHERN BULGARIA

Thilo Rehren!, Anastasia Cholakova?

Introduction

The archaeological site of Dichin (named af-
ter the nearest modern village) is a relatively small
but well-fortified settlement from the Late Roman/
Early Byzantine period. It is situated in present-day
central Northern Bulgaria, district of Veliko Tar-
novo, and lies about 10 km from the Roman town of
Nicopolis ad Istrum (Fig. 1). The site has been ex-
cavated by a joint British-Bulgarian team in 1996-
2003. The dating of finds from Dichin is restricted
to the 5" — 6" centuries AD with two main periods
of occupation — ca AD 410-490 and ca AD 540-580
(Poulter 2007, 82-94; Tnunyes u np. 2009, 15-26).

The excavations have produced numerous glass
fragments, mostly of bowls, cups and beakers in a
range of hues spanning from yellowish and “aqua”,
i. e. natural light blue and transparent green to a
more yellow amber colour, as well as few examples
of coloured glass. In total, 119 fragments are stud-
ied in a detailed archaeological catalogue, separated
into ca 15 categories and variants according to the
morphological and typological features of the ves-
sels, technique of their manufacture and decoration,
and glass colour (Homnakosa 2009).

For this preliminary study, two different types of
glass were selected — transparent green and olive-am-
ber glass. Initially they were macroscopically differ-
entiated as opposites on the basis of their colour, pro-
duction techniques and quality. Both groups belong
to the first main period of the site (5" century). These
were studied as part of the post-excavation processing
of finds, and a brief report on types and their chemical
composition is presented here; a fuller programme of
analysis and interpretation is currently under way.

The current study focuses on ten fragments
(samples G 1-3, G 11-17) found in the North-West-
ern area of the site, excavated by the Bulgarian part
of the team (/{unuer u ap. 2009).
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Group I (G 1-3, Plate 1)

The archaeological category of finds which
make up Group I and are represented here by sam-
ples G 1-3 comprises about eight percent of the
whole site assemblage, and it is remarkably homo-
geneous. Due to the fragmentation it is not possible
to reconstruct the entire vessel shapes but cups and
bowls are identified (Fig. 2). They are made of satu-
rated transparent green glass with some air bubbles
and impurities in it, and with just minor traces of ir-
idescence. All the vessels are high quality manufac-
tured, with carefully cut, fire rounded and polished
and ground rims with different profiles, and pontil
marks on the bottoms (Yomakosa 2009, 270-271).
Most probably this group is not locally produced in
the glass workshops in the Lower Danube region. It
seems that the group represents a separate import to
the site, probably at a specific moment, rather than
during regular trade connections.

Group II (G 11-17, Plate 2)

The fragments in this archacological category
are slightly more numerous among the Dichin glass
complex, constituting about ten percent of the assem-
blage. They belong to a well known and widespread
type of Late Roman vessels (for example see: North-
ern Black sea region — Copokuna 1971, 85-86; Middle
Danube region — Barkdczi 1988, Taf. VII1/89, 90, Taf.
XIV; Southern France — Foy et al. 2003, 48-50, Fig. 3,
Fig. 4). They are made of yellow/dark yellow/amber/
olive glass often with air bubbles and impurities in it,
and strong iridescence on the corroded surface. Ves-
sel shapes found at Dichin are predominantly beakers
(Isings 106b, Isings 106c, Isings 109¢ — Fig. 3/ 1-4,
11-13), cups (Fig. 3/ 7) or bowls (Isings 96a — Fig. 3/
5). The Group I is not as homogeneous and elaborate
as Group I, and its characteristic features are more
basic manufacture techniques — cracked-off rims,
slightly polished or un-worked and bottoms without
pontil marks (Homnakosa 2009, 262-264). Some frag-
ments are decorated with single wheel-engraved lines
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Fig. 1. Location of the archaeological site of Dichin in the Lower Danube region. Modified from
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or bands and/or ornaments of applied blobs/threads
of opaque blue glass. The features of Group II are
thought to be visually similar to the Archaeological
Group B glass described by Foy et al. (Foy et al. 2003,
41), and most likely equivalent to the HIMT glass as
defined by Freestone and co-workers.

It is important to note that some fragments
have an irregular shape due to their not very skilful
manufacture, other are most probably glass blowing
waste, including a possible lid moil fragment (Fig.
3/ 14). This could be a direct evidence for the local
manufacture and/or collecting of cullet of the ves-
sels from Group II at Dichin site or at some of the

nearest synchronous settlements.

The dating of Group I and Group II

According to the stratigraphy of Dichin and
parallels with other dated finds from the Late Ro-
man Empire, Group II is typical for the 4- 5" cen-
turies AD. At Dichin most of the fragments are
related with well dated layers from the beginning
through the first half to the third quarter of the 5
century (that is the first phase of the first period, ca
410 — 470 AD). Similar vessels from Bulgaria are
known from well dated context from the 4" century
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to the end of the 5™ century, but they do not seem to
extend into 6™ century contexts.

Group I seems to be slightly later. In general
these fragments come from 5™ century contexts at
Dichin. Information from several well dated con-
texts points to the last decades of the 5% century
(that is the second phase of the first period, ca 470
—490 AD), and at the same time this group of ves-
sels is not present in some earlier closed contexts
(Hunues u ap. 2009, 46).

These two archaeological glass categories, rep-
resented by a total of 10 samples in the analytical
Group I and Group II, were selected from the whole
Dichin assemblage because of their characteristic
features. Firstly, their glass colours are clearly nota-
ble among the rest of the fragments, and at the same
time both categories are well distinguished from
each other. Regarding the techniques of vessel manu-
facture and decoration used, both archaeological
categories show internal homogeneity which could
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Table 1. EPMA data of glasses from Dichin. Highlighting identifies oxides defining specific compositional
groups; see text for details. The first three analyses form the compositional Group I, the next four Group

1la and the last three Group 11b

Tabauya 1. Xumuuecku cocmas na npooume om I paouwemo npu c. Juuun. Mapkupanume cmotinocmu ca
oxcuou, xoumo oegpunupam anarumuunume epynu. llvpeume mpu npoou ocpopmam anarumuuna I pyna I,
creosaugume yemupu — anarumuyna I pyna lla, u nocreonume mpu — anarumuuna I pyna I1b

Si0, [Na,0 [ Ca0 [MgO[ K,0 [ALO,[ FeO [ TiO, [MnO[ P,0, [ SO, | CI [ZrO,] SrO [ Total
GOl [ 67.8] 17.6 [5.24 [ 1.10 [ 0.39 | 3.18 [ 1.42 ] 0.67 [ 0.05 [0.02 | 0.24 | 1.04 | 0.04 | 0.07 | 99.0
G02 [ 68.1] 176 [ 518 [ 1.09[0.38 [ 3.16 | 1.42 | 0.67 [ 0.05 [ 0.02 [ 0.26 | 1.06 | 0.04 | 0.08 | 99.2
GO3 [ 68.2] 173 [ 510 [ 1.07[0.38 ] 3.13 [ 1.41 [ 0.68 [ 0.05 [ 0.02 | 0.25 | 1.06 | 0.06 [ 0.07 | 98.9
Gl [64.5] 18.4 [6.33]0.92]0.40 [ 2.83 [2.61 [ 0.46 [ 1.92 ] 0.08 [ 0.26 | 1.14 [ 0.02 | 0.09 | 100.1
GI3 [66.8] 166 | 4.83[0.84 048] 3.10 [2.37[0.39 [ 1.98 | 0.09 [ 0.25 [ 0.91 [ 0.02 [ 0.06 | 98.8
GI5 | 637] 178 [6.04]1.04]0.33]2.89 [2.98]0.69 217 ]0.10 [ 0.31 [ 0.93 [ 0.04 [ 0.08 | 99.2
G16 [ 657185 [5.84]1.00[0.40[3.09 [2.52]0.51 [ 1.76 | 0.09 [ 0.33 | 0.89 | 0.04 | 0.08 | 100.9
G2 [ 649|146 | 5.58 [ 1.47]0.39 [ 3.69 [3.67 | 0.75 [ 217 | 0.13 [ 0.20 [ 0.97 [ 0.05 [ 0.07 | 98.9
Gl4 [ 654 146 | 5.63 [ 1.48]0.39 [ 3.70 [3.68 | 0.77 [ 2.17 | 0.14 [ 0.20 [ 0.98 | 0.05 | 0.08 | 99.4
Gl7 [673] 149 [ 569142039 3.51 [3.67 065|177 | 0.13 [ 0.15 [ 099 | 0.03 | 0.07 | 100.9

be considered as specifics of secondary glass work-
ing in two different ateliers or traditions. The corre-
lation between glass colour, vessel shapes, manufac-
turing techniques and their precise chronology and
dating is in fact the basis for the definition of these
two archeological categories within the Dichin glass
material. The determination of the chemical compo-
sition of these two well defined glass categories is
thought to offer an archeological perspective for the
interpretation of the analytic results.

Compositional analysis

Small fragments of samples G1-3 and GlI-
17 were mounted in epoxy resin and prepared as
polished blocks for electron probe micro analy-
sis, using a JEOL 8100 instrument at the Wolfson
Archaeological Science Laboratories at the UCL
Institute of Archaeology. A total of 17 elements
were routinely sought, but only 12 were found at
or above the detection limits of around 0.02 to 0.04
wt% oxide. The analysis was done by scanning 8 to
12 small areas of about 80 by 120 square microm-
eters each; this was done to avoid soda loss during
analysis, a frequent phenomenon when the electron
beam is focussed onto a smaller area. The multiple
area analyses were then averaged to obtain a com-
position representative of the sample; as expected
and typical for Roman glasses, all samples were

found to be internally homogenous, with very little
deviation among the multiple analyses of a single
sample. The average values are reported in Table 1,
and regularly include SiO,, Al O,, FeO, TiO,, Na,O,
K, 0, Ca0, MgO, Cl, P,O,. SrO and ZrO were found
close to their limits of detection, and are reported
here with caution; values in italics were deemed too
low to reliably quantify. Cu, Ni, As, Sb, Sn, Ba, Pb
were sought but always found to be present below
their detection limits, thought to be in the order of
about 200 ppm, and are not reported here.

Results

All glasses fall into the group of mineral-natron
based Roman to Byzantine soda-lime-silica glasses
characterised by both magnesia and potash at or
below one percent by weight. None of the glasses
show any evidence for the addition of an intentional
colorant such as copper or cobalt oxide, while their
relatively high iron oxide content is consistent with
the observed strong green to yellow tints.

The initial visual inspection of the glasses had
identified two different groups; a more carefully made
strongly-coloured aqua green Group I, comprising
samples G1 to G3 and dating mostly to the very late
50 century AD, and the more amber-coloured and
qualitatively less well worked glass of Group II, com-
prising all other samples and mostly dating to the first
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Fig. 4a and 4b. EPMA data of iron oxide vs alumina for glasses from Dichin. The first graph shows the
average composition for each sample, the second graph shows the individual analyses from each sample.
Note the overlap for the multiple samples indicated by ellipses in the second graph. These samples are

analytically indistinguishable

O6p. 4a u 46. Jlabopamopnu pezyimamu 3a cmvkaomo om I paduwemo npu c. JJuuun — cpasnerue mexncoy
cvovparcanuemo na FeO u ALO,. [Tvpeama epaguxa noxaszea ocpeonenume cmotHocmu 3a 6csaxa npooa, a
emopama epaghuxa — pe3yrimamume 3a OmoeIHume yYuacmvpyu, AHATU3UPAHU npu 8caxa npoba. Habmooasa
ce 3acmvneane Ha cmouHocmume 3a omoennu anaiuzupanu yuacmoyu npu GI1-G2 u G12-G14, ombensizano
¢ enuncu 6v8 smopama epagura. Tesu npobu ca anaruMuyHo HepasTUIUMU

three quarters of the 5™ century AD.

The results of the compositional analysis re-
flect this dichotomy; Group I is characterised by a
relatively much lower content of iron oxide of 1.4
wt%, less than half of the average of 3 wt% for the
Group II glasses, and the near-complete absence of
manganese oxide. The other significant difference
is the much lower phosphate content, of only 0.02
wt%, in Group I compared to an average of 0.11
wt% for Group II glasses. Finally, there is a subtle
difference in that almost all individual analyses of
Group II glasses had zirconium oxide just above the
limit of detection, while most individual analyses of
Group I samples were below the detection limit. All
glasses share a similar level of lime, of 5 to 6 wt%,
alumina, of around 3 to 3.5 wt%, 1 to 1.5 wt% mag-
nesia, and more than 0.5 wt% titania.

Group I only contains three samples, but these
show a remarkable similarity in their composition.
For all analysed oxides the standard deviation of
individual analyses is bigger than the difference
between sample averages, indicating that analyti-
cally, these samples could all come from the same
batch, and Gl and G2 even from a single object.
The shape of the fragments, however, rules this out,
further underlining the presence of a remarkably

tight group of glass at Dichin. Similarly, G12 and
Gl4 are analytically indistinguishable, although
they, too, clearly come from different objects.

The macroscopically defined Group II sepa-
rates into two compositional sub-groups; Group Ila
comprising the four samples G11, G13, G15 and G16,
and Group IIb comprising the three samples G12,
Gl14 and G17. Within the overall similar composi-
tional pattern, Group Ila is consistently at the lower
end of the spread for both alumina and titania, while
Group IIb has the highest magnesia, alumina and
iron oxide levels and the lowest soda. In contrast to
the tight clustering of Groups I and IIb, Group Ila
is somewhat broader in its composition. The scatter
graphs in Figs. 4a and 4b demonstrate this visually.

Discussion

The glasses from Dichin presented here form
two macroscopically defined archaeological catego-
ries and three compositionally different analytical
groups, with a direct correspondence of the mac-
roscopic and compositional Group I, and a simple
subdivision of the macroscopic Group II into two
compositional groups, Ila and IIb. Of these, Group
I is considered a high-quality product, probably im-
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Table 2. Typical glass compositions of major Roman glass groups of the first millennium AD. From Freestone

2
g"a%?z%ua 2 Xumuyecku cvcmag Ha OCHOBHUME AHATUMUYHU SPYRU PUMCKOMO cmbKao om I xun. H. e. (no
Freestone 2005)
Oxide Levantine 11 Levantine I HIMT Egypt 11 Roman blue-green
Bet Eli’ezer Apollonia Carthage Ashmunein Leicester
SiO, 74.9 70.6 64.8 68.2 70.7
Na,O 12.1 15.2 18.7 15.0 18.4
K,0 0.46 0.71 0.44 0.2 0.69
CaO 7.16 8.07 5.24 10.8 6.43
MgO 0.63 0.63 1.29 0.5 0.55
ALO, 3.32 3.05 3.18 2.1 2.33
FeO 0.52 0.35 2.07 0.7 0.60
MnO <0.1 <0.1 2.66 0.2 0.26

ported to the site and deposited at the late 5™ centu-
ry, while Groups Ila and IIb each contain a sample
of working waste, suggesting that both groups were
worked locally; they date predominantly from the
very beginning to the third quarter of the 5™ cen-
tury AD. How does this glass composition fit into
the broader picture of Early Byzantine glass?
Firstly, it is important to remember that there
is no reason to assume that any of this glass was
produced locally; for the period under consideration
there is good evidence for a strongly centralised
production of glass in large-scale factories on the
eastern Mediterranean shores, both in Egypt and
the Levant. From these primary production centres,
glass would be exported in the form of broken-up
lumps or chunks to secondary glass houses across
the Empire, to be blown into artefacts serving the
local tastes and markets (Freestone et al. 2002). It is
this secondary working which we see at Dichin, in
the working waste fragments (G11 and G17).
Extensive analytical work over the last de-
cades has identified several major compositional
glass groups, some of which can be linked to spe-
cific production centres, while others can at least be
broadly allocated to a region of origin. It is thought
that compositional differences of the finished glass
reflect both particular recipes, specifically in the
amount of soda present (Fischer and McCray 1999),
and the use of regionally different sands, recog-
nizable by the presence of minor oxides and trace
elements such as lime, alumina, iron oxide, zirco-
nium, barium etc. These minor components reflect
different mineral components within the sand; lime
and strontium for instance are thought to mostly re-

flect the presence of either shell fragments in beach
sands (high strontium) or limestone particles (low
strontium) in more inland sand deposits (Freestone
et al. 2003), while the presence of iron oxide, tita-
nia, phosphate, zirconium and other siderophil ele-
ments is most likely to represent refractory, often
dark minerals such as ilmenite, magnetite, zircon
and apatite. Feldspars and clay minerals in the sand
are likely to introduce alumina, potash, barium and
rubidium as well as calcium oxide. Thus, different
suites of minor and trace elements offer different
pieces of information concerning the overall make-
up of the sand used for glass making, offering the
potential to distinguish different glassmaking cen-
tres by their specific sand chemistries (Freestone
2006; Degryse and Schneider 2008).

The iron content of these glasses, as a compo-
nent within the sand, results in a range of natural
colours, from an aqua blue-green for low concentra-
tions to a more saturated green or yellow for concen-
trations above 1 wt%. Iron occurs in two different
oxidation states in glass, with Fe** giving a strong
green colour and Fe** a weaker yellow colour. Addi-
tional components to the batch allow the producers
to avoid the unwished natural tints. Adding manga-
nese oxide to the glass melt oxidises the majority
of the iron to Fe**, thereby weakening its colour. In
addition, the light purple colour of the manganese
oxide physically compensates for this yellow, lead-
ing to a further reduction in overall colour. Thus,
manganese oxide was often added as a decolorant to
improve the appearance of iron-rich glasses.

Work by Gratuze and Freestone and co-work-
ers has identified several main compositional glass
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groups which were widely used during the fourth to
ninth centuries AD (Table 2), namely Levantine I,
characterised by 7-12 wt% lime and 2.5 to 3.5 wt%
alumina, and Levantine II from Bet Eli ezer, charac-
terised by 6-8 wt% lime and 3 to 4 wt% alumina; both
are thought to originate from the coast of what is now
northern Israel. In contrast, the two Egyptian groups,
first defined by Gratuze and Barrandon (1990), have
2 to 4 wt% lime and 3.5 to 4.5 wt% alumina (Egypt I,
from a furnace site in the Wadi Natrun; not included
in the Table 2), and 6 to 11 wt% lime and 1.5 to 2.5
wt% alumina (Egypt II). A further group, commonly
known as HIMT (High Iron, Manganese and Titania)
is now also thought to originate from northern Egypt,
based on characteristic trace element and isotope ra-
tios (Freestone et al. 2005). HIMT has around 6 wt%
lime and 2 to 3.5 wt% alumina; its defining charac-
teristic is its high iron oxide content, ranging from
half a percent by weight up to around three weight
percent, strongly positively correlated with alumina
and titania. Similarly, it has significantly higher lev-
els of zirconium, of around 500 ppm as compared to
less than 100 ppm in most other glass types.
Significantly, the different compositional groups
have distinct chronological ranges, indicating that
each production site only had a limited period of
activity. According to Freestone (2005), Levantine |
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Fig. 5. Plot of Dichin glasses (dark diamonds) over
the graph presenting the main Byzantine glass
groups. Modified from Freestone (2005). Note the
extension of the HIMT field to higher alumina val-
ues following the addition of the Dichin samples

Obp. 5. Pasnpedenenue na pesyimamume 3a CIbK-
nomo om I paouwemo npu c. J{uuun (n1vmuu pom-
0o6e) 8vpxy epagura, npedcmagsayd OCHOBHUMe
2PYNU HA GU3AHMULICKOMO CMBKIO (MpepabomeHo
no Freestone 2005). Habnodasa ce paszuiupseane
na HIMT epynama Kvm no-8ucoku cmouHocmu 3d
AL O, ¢ npubasanemo na npobume om I paouwemo

was mostly in circulation during the 5" to 7 centu-
ry AD, Levantine II during the 7" and 8" centuries
AD, and HIMT from the late 4" to the 5™ century
AD. Other groups were produced and used earlier
and simultaneously, not only in the Mediterranean
and eastern part of the Roman Empire, but also in
Western Europe (Foy et al. 2003). Of interest here
is the increase in zirconium and titanium oxide seen
in glasses in northern Europe towards the end of the
Roman Empire there, reported by Aerts et al. (2003).
In the fourth century AD glasses from Maastricht
reach levels of these elements comparable to those
found in the Dichin glasses. Unfortunately, no full
compositional data is given in that paper, precluding
any meaningful comparison of their glasses to ours.

How then compares the composition of the
Dichin glass to the recognised glass groups of the
Byzantine period? Two graphs show this (Fig. 5
and Fig. 6) by overlaying the compositional data
for Dichin glass over the comparative material from
Freestone (2005, 2006). The first graph, CaO vs
Al O,, shows some similarity of the Dichin glass
to the Bet Eli’ezer / Levantine II group, although
the lime levels in the Dichin glass are one or two

407 4 HimT

X Levantine |

O Maroni Group 1
£5 Maroni Group 2

3.04

20+

FeO

Al203

Fig. 6. Plot of Dichin glasses (dark diamonds) over
the graph of Levantine I and HIMT glass, and Byz-
antine glass from Maroni, Cyprus. Modified from
Freestone et al. (2002). Note the extension of the
HIMT field by the Dichin samples to higher iron ox-
ide and alumina values

Obp. 6. Pasnpedenenue Ha pesyimamume 3a CINbK-
nomo om I paduwemo npu c. Juuun (navmmuu pom-
006e) 6vpxy epagura Ha NeBAHMUHCKO CMBKIO I,
cmvkno mun HIMT u euzanmuiicko cmvkio om
Maroni, Kunvp (npepabomeno no Freestone et al.
2002). Habnooasa ce paswupssane Ha HIMT epy-
nama kom no-eéucoxu cmounocmu 3a FeO u Al,O,
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percent lower. At the same time, there is some over-
lap with the HIMT glass, although the alumina le-
vels in three of the Dichin glass are above the range
of HIMT. This ambiguity is resolved in the next
graph, FeO vs AL O,, where the Group I glasses
clearly match the HIMT distribution with slightly
higher alumina levels, while the Group Ila glasses
have higher iron oxide and alumina levels, and the
Group IIb glasses have both iron oxide and alumina
even beyond the very extreme end of the reference
HIMT range. Significantly, they plot away from the
Levantine glasses (Levantine [ and II occupy simi-
lar areas within this graph, and only Levantine I is
plotted here). A close association of the Dichin sam-
ples with the HIMT group is also evident from the
high levels of magnesia and titania in both groups
(see Table 1 and 2), and the very high zirconium and
phosphate concentrations commonly reported for
HIMT glasses, and also found in the Dichin glass.
None of these elevated levels are known from any
other compositional group.

On balance, and as expected from their visual
appearance, the Dichin glasses conform best with the

4,0~ O Canton Ticino (Arletti et al. 2008)

A Aquileia (Arletti et al. 2008)

© Modena Plain (Arletti et al. 2005)

¥ Augusta Praetoria (Mirti et al. 1993) *
3.0

*
* Fourth-century samples

1
0.0 0.2 0.4 0.6 0.8
TiO2

Fig. 7. Plot of Dichin glasses (dark diamonds) over
the graph of Ist to 4th century AD glasses from Swit-
zerland and northern Italy. Modified from Arletti et
al. (2008). Black symbols are fourth century, open
symbols are earlier glasses. Note the extension of
the HIMT field to higher iron oxide values

Obp. 7. Pasnpedenenue na pesynmamume 3a cmvKk-
nomo om I paouwemo npu c. /Juuun (nremuu pom-
bose) evpxy epaguka na cmvrio om I — IV 6. om
Lsetiyapus u Ceeepna Umanus (npepabomeno no
Arletti et al. 2008). Ilnemnume cumeonu ca npoou
om 1V 6., a cumgonume ¢ KoHmyp 0603nHa4asam npo-
ou ¢ no-panna oamuposxa. Habnooasa ce pazuiu-
paeane na HIMT epynama kvm no-6ucoku cmouiHo-
cmu 3a Fe O,

pattern characteristic of HIMT glass, particularly the
strong correlation of iron oxide to alumina. Interest-
ingly, in detail the three compositional groups within
the Dichin assemblage differ both from each other, and
from the reference data in Freestone (2005). Thus, our
data indicates that the HIMT glass most likely is not
a homogenous and consistent compositional group.
The fundamental similarities are such that a broadly
similar sand source and therefore a similar geological
origin can be assumed. However, the different HIMT
subgroups may well originate from different glass
furnaces within the production region, indicating a
range of producers, or, if indeed a single site produced
all HIMT glass, a considerable variability in the heavy
mineral content within the sand source used.

Group IIb, comprising samples G12, 14 and 17,
is remarkable for its rather extreme composition, av-
eraging 3.7 wt% for both iron oxide and alumina, 1.5
wt% magnesia, nearly 0.75 wt% titania, and around
1300 ppm phosphate, while at the same time hav-
ing a rather low soda content of less than 15 wt%

0 Canton Ticino (Arletti et al. 2008)
A Aquileia (Arletti et al, 2008)
o Modena Plain (Arletti et al. 2005)

08 ¥ Augusta Praetoria (Mirti et al. 1993) Fourth-century samples

0.6

TiO2

0.4 -
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Fig. 8. Plot of Dichin glasses (dark diamonds) over
the graph of Ist to 4th century AD glasses from
Switzerland and northern Italy. Modified from Ar-
letti et al (2008). Black symbols are fourth century,
open symbols are earlier glasses. Note the unusual
low-manganese high titania Group I samples

Obp. 8. Pasnpedenenue na pesyimamume 3a CINbK-
nomo om I paduwemo npu c. Juuun (navmuu pom-
boge) 6vpxy epaguxa na cmvino om I — IV 6. om
LIsenyapus u Cesepna Umanus (npepabomeno no
Arletti et al. 2008). Ilnemuume cumeonu ca npobu
om IV 6., a cumeoiume ¢ KOHMYp 0003HAYABAM
npobu ¢ no-panna oamuposka. Habarooasa ce 06o-
cobsasane na npooume om I pyna I ¢ neobuuaiino
Hucku cmotnocmu 3a MnO u eucoku 3a TiO,
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(see Table 1). Generally, HIMT glass is thought to be
relatively soda-rich, reflecting its origin from north-
ern Egypt, near to the ample mineral natron supplies
in Wadi Natrun (Freestone et al. 2005). Here it ap-
pears almost as if this particular batch was produced
‘on the cheap’, economising on natron, and using a
rather low-quality sand rich in heavy minerals.

On the other hand, the Dichin Group I glass,
showing the typical characteristics of HIMT glass
in its alumina, iron oxide, magnesia and titania con-
tent, does not have elevated manganese which is so
characteristic for typical HIMT glasses; in effect,
this group would be more accurately be described
as HIT rather than HIMT glass. This suggests that
the manganese does not originate from the glass-
making sand itself and was added intentionally to
the batch to change the appearance of the glass.
Does its absence here reflect an exceptional change
in recipe, possibly for lack of access to the manga-
nese deposits in northern Sinai during the time of
melting this glass, or has the addition of manganese
not always been part of the HIMT formula? Clearly,
more research on HIMT glass is needed before an-
swers to these questions can be given.

For Dichin, the presence of these unusual HIMT
glasses means that its inhabitants were partly at the
forefront of consumers of high-quality saturated
green glass, a new and possibly fashionable glass
colour (i. e. Group I), but also worked and consumed
a lower-quality yellowish glass made from less ex-
pensive sand and using less natron (i. €. Group IIb).

Previous work had identified the Levantine I
and I groups and HIMT glass as the dominant glass
types in the mid to late first millennium AD. There
are, however, interesting regional differences in the
relative proportion between the two. In Sepphoris
in northern Israel, for instance, glass of Levantine
composition appears to dominate almost exclusively
the early Roman to late Byzantine material (Fischer
and McCray 1999). In contrast, more than half of
the Byzantine glass analysed at Sagalassos in south
central Anatolia was found to be HIMT glasses (De-
gryse et al. 2005), while glass from Byzantine Cyp-
rus (Freestone et al. 2002) has higher amounts of
Levantine than HIMT glass. Byzantine glass from
Petra in southern Jordan is almost entirely dominat-
ed by Levantine glass with a low incidence of Egypt
II glass, but has no evidence of HIMT glass (Marii
2008; Rehren et al. 2010); similarly, Byzantine glass
from the Sinai has both Egypt and Levantine glass,
but no HIMT (Kato et al. 2009). These comparisons
show that different regions of the Late Roman and

Byzantine Empire often received glass from sev-
eral different primary sources. It is reasonable to
assume that the relative proportions of each glass
type reflects preferences in regional trade contacts
as well as chronological shifts in the overall output
of the individual primary producers.

Significantly, our analyses showed through
the existence of several samples without elevated
manganese levels (here called HIT as opposed to
HIMT) that manganese was an optional addition to
the naturally present other oxides. The high quality
of workmanship of this Group I suggests that the
omission of this additive was not a sign of low-qual-
ity glass, but likely reflects a conscious choice of the
glassmakers to accept the natural saturated green
colour of this glass.

The current focus on pure HIMT glass, of differ-
ent compositions, is the result of a conscious choice
of strongly-coloured glass for the initial analytical
research, and does not represent the overall range of
glass types present at Dichin. Ongoing research now
focuses on the non-HIMT glass from Dichin, cover-
ing both glass with a less strong natural colour, and
the intentionally coloured glass. Only such a larger
comprehensive analytical study can fully contribute
to our understanding of how Dichin was integrated
in the wider economic structures of its time.

Conclusions

The assemblage of early Byzantine glass from
Dichin spans different glass vessel types, used and
discarded during the 5" — 6™ centuries AD. Local
glass working of imported pre-fused glass chunks is
indicated by the presence of typical glass waste, in
common with observations at other Late Roman to
Byzantine towns elsewhere. Macroscopic assessment
identified several different archaeological categories
of glass, separated by quality, technique and colour;
two of these categories were confirmed and further
sub-divided into three compositional groups follow-
ing electron probe micro analysis. A comparison of
the analytical data with published compositions of
late Roman and Byzantine glasses from elsewhere
showed that all analysed Dichin glasses within this
assemblage falls into or close to the HIMT glasses,
but also extending the range of reported composi-
tions for this North African glass group to more ex-
treme values than previously known.
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PAHHOBU3AHTUMCKO CTBHKJO TUI HIMT? OT T'PAJUIIETO TIPA ¢. THYUH

Tuno Pepen, Anacracus Yonakosa
(Pesrome)

BnBenenue

KbCHOQHTUYHOTO M PAHHOBU3AHTHUHCKO YKPETICHO
cenuiie B M. I paduwemo nipu c. JINIUH € pas3nonokeHo
Ha okoJi0 10 kM 3anmanHo oT Nicopolis ad Istrum (O6p.
1). [Ipe3 1996-2003 r. 00eKTHT € TPOYYEH OT CHBMECTEH
Obarapo-opuTaHcku ekurn. OOMTaBaHETO Ha CEIUIIETO
ce marupa B V — VI B., ¢ /Ba TJ1aBHU TIeproa: MPUOIIHU-
sutenno 410-490 r. u 540-580 r. (Poulter 2007, 82-94;
Junges u ap. 2009, 15-26). ®parMeHTUTE OT CTHKICHU
ChJIOBE, OTKPUTH B I paduujemo ca IPEIUMHO OT KYIIH 1
yamu. [IpeacraBeny ca pa3inyHU HIOAHCH Ha CTHKIIOTO:
OT JXBJITEHUKABO U CBETIIOCHHBO HATYPAIHO OIBETECHO
JI0 TIO-HACHUTEHO 3€JIEHO W MACIIMHEHO JXBJITO-Ka(siBo,
KaKTO U HSKOJIKO (PparMeHTa OI[BETEHO CHHBO CTBHKJIO.
dparmenTuTe ca 00eMHEHH B HaJ 15 KaTeropuu u Ba-
pUAHTH Cropea MOP(OJOTUYHUTE W THIIOJOTHUYHUTE
XapaKTEePUCTHKHU Ha ChJIOBETE, TEXHUKATA Ha M3padoT-
Ka U JieKkopanusi, Beta Ha cThkI0To (Yomakosa 2009).

B ToBa mpenBapuTesHO M3CiEABaHE ca M30paHH
JIBE DAa3IMYHU apXEOJOTMYECKH KaTerOpHH CTBKJIO:
NPO3pavHO HACUTEHO 3€JICHO M MAaCIMHEHO JKBJITO-Ka-
¢sBo. [IbpBOHAYANIHO TE ca ONMpEIENeHN KaTo MPOTH-
BOIIOJIOKHH KAaTO IBAT, (bOpMI/I, TEXHHKA U Ka4YC€CTBO Ha
u3paboTka Ha chaoBeTe. B3etu ca mpodu or 10 dpar-
MmeHTa (mpodu G1-3, G11-17), HamepeHu B ceBepo3amna-
HUS CEKTOp Ha [ paduujemo, pa3konaH OT OBJITAPCKUS
exun (Junues 2002; Junyes 2008). M3cnensane u myo-
JIUKYBAaHC HAa XUMHWYCCKUA CbCTAaB Ha IAJOCTHUSA KOM-
IUIEKC CTHKJIIO OT CHIIUS CEKTOP MPEACTOH.

3 HIMT — abpeBuarypa Ha High Iron Manganese Titanium — mo-
BHILICHO ChABP/KAHUE HA OKCH/IU Ha JKEISI30TO, MAHTaH U TUTAH,
OCHOBHA XapaKTCPUCTHKA B XUMHUYECKHUS CHCTAB HA TO3M THUI
ctokio (Freestone et al. 2005).

4 Apropure Gnaronapst ua B. lunyes (HAUM-BAH), pbkoBo-
JUTEI Ha GLHFapCKMﬂ CKHII, OCBHIIECCTBUI PA3KOIIKUTE B CECBEC-
po3amagHus ceKTop Ha I paduiwyemo 3a MPELOCTABCHUS MaTe-
pHa U CHICHCTBUETO 3a OCBHIIECTBSIBAHETO HA AHAJIM3HTE.

I'pyna I (mpodu G 1-3, Ilpunoxenue 1)

Apxeosnoruyeckara KaTeropusl CTBKJIO, IpeacTa-
BeH B aHanuTHyHaTa ['pyna [ He e ronama (oxono 8% oT
Lenus KOMIUIEKC Ha I paduwemo), HO ce OTAnuYaBa C X0-
MOreHHOCT. B Hest ca 3acThrenu kynu u vamu (O0p. 2).
CTBKIIOTO € C HACUTEH 3€JIEH IIBST, IPO3PavyHO, C MAJTIKO
Mmexypuera. CploBeTe ca 0e3 aekoparus (¢ eAMHUYHU
W3KJIIOYCHUSI), TPUIKIIMBO H3pabOTEHHU, ChC 3a00JICHH
Ype3 BTOPUYHO 3arpsiBaHe YCTHHHHU pBOOBE, 10padoT-
BAaHM C MOJUPAHE U MEXAaHWYHO 3arjiakJaHe, ChC clie-
M OT TOHTHS BBPXY nbHata (O0p. 2/ 8§, 9). BepositHo
Ta3Mu KaTeropusi He € n3paboTBaHa JIOKAIIHO; 10-CKOPO
T IIPEJICTABS ONpEJIesIeH OIPaHUYEH UMIIOPT, a He BHOC
B PE3yJITaT Ha PETyJISPHH THPTOBCKH OTHOILICHHMSL.

I'pyna II (npodu G 11-17, lpusioxkenue 2)

OparMeHTUTE OT Ta3H apXeoJoruuecka KaTeropus
CBIIO HE ca MHOTOOpoitHU (okoso 10% OT menusi KoM-
mieke Ha [ paduwemo), HO Ce OTHACAT KbM J100pe Mo-
3HaTa Tpyna KbCHOAHTHYHO cTbHkI0 (CopoxuHa 1971,
85-86; Foy et al. 2003, 48-50, Fig. 3, Fig. 4). CpaoBete
ca mpeauMHo yamu — Isings 106b, 106¢, 109¢ (O6p. 3/ 1-
4, 11-13) u xyniu — Isings 96a (O0p. 3/ 5, 7). U3paboTeHu
ca OT XKBJITO, KBJITO-KasiBO, MACIIMHEHO CTHKIIO, YECTO
C MEXypu€Ta U 3aMbpCABaHuA, NMOHAKOra U CbC CUJIHA
upuzanus. Ta3u KaTeropus chJI0BE HE € TOJIKOBA XOMO-
IeHHa M C BUCOKO Ka4eCTBO Ha M3paboTKaTa, KaKTO MpH
no-rope onucanara anaautuuna [pyna [. Otnnyasa ce
C TIO-ONMPOCTEHA TEXHWKA Ha M3pabOTKa Ha ChHIOBETE
— OTpsA3aHU YCTUA, JICKO I_[IJ'II/I(bOBaHI/I NI OCTAaBCHU HEC-
oOpaborenwu, apHa 6e3 ciena ot noutus (O6p. 3/ 11-13).
YKpacaTa C€ CbCTOHU OT CAUMHUYHU IHJ'II/I(I)OBaHI/I JIMHUN
I/I/ WJIA OPHAMEHT OT allJIMKUPaHO TbMHOCHUHBO HEIIPO-
3pavyHO CTHKIIO (KAaNKH, HUIIKH).

I'pyna II e BHU3yanHO MHOTO CXOAHA C OMMCAHMS
B sureparypara tun HIMT crwkio (Foy et al. 2003,
Groupe 1, 48-50). Tyk ce oTkpuBar u JIehopMHUpaHH
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(parMeHTH, KOUTO MOTaT Jia ce OOSICHAT KaTO HUCKOKa-
YecTBEeHa MPOAYKIUS WM MPou3BoAcTBeH Opak (OO6p.
3/ 14), BKIIFOYNTETHO XapaKTEPHU OTHAIBIH OT CTHKIIO-
nyxaneto (Yomakxosa 2008, 474, Tabxn. 3/1). Te3u ¢par-
MEHTH MOTaT Jla ce IIpreMar KaTo JI0Ka3aTeJICTBO 3a JI0-
KaJlHaTa n3paboTKa Ha ChIOBETE M/ WIM ChOMpaHe Ha
¢parmentu ot I'pyna II 3a pertukiupane B I paouyemo
WJIH B HSKOE OT CHHXPOHHHUTE OJIM3KH CeNHIIA.

JarupoBka na I'pyna I u I'pyna I1

I'pyna II e nail-xapakTepHa cropea aHaJIOrMYHU
Haxozky 3a rnepuoga IV —V B. (Copokuna 1971, 93-99).
B I'paduwemo tipu c. [JluunH noBe4eTo (hparMeHTH ca OT
JaTHpaHU KOHTEKCTH OT HadaJIoTo J0 TpeTaTa YeTBBPT
Ha V B. (wbpBa (pa3a Ha epBHS epHOI — 0K0JI0 410-470
r. JunueB u ap. 2009, 15-18). I'pyna I 6u morna ma ce
JaTHpa MaJKo MO-KBCHO B pamMKkuTe Ha V B. Haif-moope
€ 3aCBHJICTEJICTBAHA B KOHTEKCTH OT BTOpara (asza Ha
nbpBuUs nepuo] — okosio 470-490 1., HO € Bb3MOXKHO B
OIIpeJIesIeH MOMEHT JIBETE TPYIIN JIa A CHHXPOHHHU.

JIBeTe apXeosorHuecKy KaTeropun CTHKIIO ca MoJI-
OpaHM 3a aHAIM3 OT ISUIOCTHHS KOMILIEKC Ha O0EKTa,
THI KaTo (parMeHTHUTE ca SICHO 3a0eNeKNMHU C IIBETO-
BETE CH CPEJ OCTAaHAJIOTO CTHKIIO, @ CHIIEBPEMEHHO CE
oTinuaBat 100pe u nomexx 1y cu. Karo Tunose chioBe u
TEXHHKa Ha U3paboTKaTa M yKpacaTa UM JBETE KaTero-
pHH ca BBTPEITHO XOMOT'€HHH U B U3BECTEH CMUCBJI IIPO-
THBOIIOJIOXKHM €Ha CIpsSIMO Apyra. Tazu ocobeHoCT ce
HWHTEPIIPEeTHpa KaTo crenu(ruKy Ha BTOpUYHATA CTBK-
71000pab0TKa OT PA3IMYHU IIPOU3BOJICTBEHH TPAIUIIUU
n nentpose. Kopenanusta Mexay LIBAT Ha CTBHKIOTO,
¢dopma Ha chIOBETE, TEXHUKA Ha U3pabOTKa M JAeKopa-
L1, KaKTO U sICHaTa JaTUPOBKA Ha JIBETE KaTETOPHH ca
BOJIEIM NIpH JeduHNpaHeTo uM. M3cieaBaHeTo Ha Xu-
MUYECKHsI ChCTAaB HA CTHKJIOTO B aHAJIMTHYHHTE [ pyna
I u I'pyna Il e nepcnekTUBHO KaTO MHTEpPHpEeTaLUs HA
pe3yaTaTuTe Iopaay sicHOTo 000co0sBaHe HA CHOTBET-
HUTE apXeOJIOTHUYECKNTE KaTeropuu.

AHAJIU3 HA XUMHYECKHS ChCTAB

Mauku kbcdera ot nopdpanute pparmentu GI-3
n Gl1-17 ca obpaboreHn KaTo MOJIUpPaHU OJIOK MPOOH
3a aHalau3 C eleKTpoHHa MmMukpoconga JEOL 8100 B
Wolfson Archaeological Science Laboratories — UCL
Institute of Archaeology. O6mro 17 enemenTa ca uzcuen-
BaHHU, HO caMmo 12 ca 3acedYeHM Ha WJIM HaJl TPaHHLaTa
Ha oTkpuBane ot okoio 0,02 — 0,04 wt% Ha okcunaure.
AHaIU3bT Ha BCSAKA Mpo0a € N3BBPIIEH Ype3 CKaHUpaHe
Ha 8 10 12 manku yyactbka oT 80-120 xBagpaTHu MU-
kpomMeTspa. Ilo To3n HauMH ce n30sTrBa 3aHNKABAHETO
Ha pe3yJTara 3a chabpikanneTo Ha Na,O, KOeTo 4ecTo
Cce CIIyuBa, KOraTo eJIeKTPOHHHUSAT b4 € (POKYCHPaH Bbp-
Xy MO-MaJIbK y4acTbK. Pe3ynraTture OT M3CIIEABAHETO
Ha OTJIEJIHUTE Y4acThIM MPH BCsKa MMpoda ca MaTeMa-
TUYECKH OCPEIHEHH, 32 Jla C€ MOIY4H IIPeICTaBUTEIHA
KapTHHA Ha XUMUYecKus cheTaB. KakTo ce ouakBa 3a
PHMCKO CTBKIIO, BCHYKH ITPOOH MIOKA3BAT BHTPEIIHA XO-

MOTEHHOCT — T. €. CPABHUTEIIHO OJTU3KH PE3yITAaTH MIPH
M3CIIENBAHETO Ha OTACIHUTE ydacThiu. OCpemTHeCHUTE
CTOWHOCTH ca mpeactaBeHn B Tabmuma 1. OcHOBHUTE
xomnonentu ca SiO,, Al O,, FeO, TiO,, Na,0, MnO,
K,0, Ca0O, MgO, Cl, P,O,. ban3zo 10 TexHuTe TpaHULH
Ha oTKpuBaHe ca peructpupanu SrO u ZrO u He BBB
BCHUYKH CITy4aH ca CUTYPHO OMPEICICHU KOIHIECTBEHO.
Cu, Ni, As, Sb, Sn, Ba, Pb ca Tepcern B mpobuTe, HO ca
0]l TPAaHULIUTE HA OTKpHUBaHe okoyio 200 ppm, nopaau

KOCTO HE Ca MMPEACTABCHU TYK.

Pesyararu

Benukn mpoOu mpuHAmIexaT KbM TIpylnara Ha
pumMckoTo u Bu3aHTHiicko Na — Ca — Si cTpkII0, 0a3u-
paHO Ha €CTECTBEHMs] MHHEpAJICH HaTpHeB KapOOHAT
(marpon), B koeto MgO u K O ca oxono u nox 1 wt%.
Huto enuH pe3ynrarn He MOKa3Ba HAJIMYME HA CHELH-
aJTHO PUOABSH OLBETHUTEN (KaTO HAIPUMEP OKCHIIN Ha
MeJTa U Ko0anTa), a CpaBHUTEIHO BUCOKOTO ChIbprKa-
HUE Ha JKeJIe3eH OKCH/ € TPHYNHATa 3a HaOII0/laBaHUTe
3€JICH M XKBJIT OTTCHBK.

Pesynrarure OT wn3cieaBaHUATA HOTBBPKAABAT
pasrpaHNYaBaHETO HA JBETE APXCOJOTHUYECKH KaTero-
puu, npercraBeHu kato aHaiuTuyHu 'pyna I u I'pyna
IL. I'pyna I ce xapakTepusupa ¢ MO-HUCKO ChIbpPIKAHUE
Ha FeO — okono 1,4 wt%, mpuOIU3UTEIHO Ha TIOJIOBUHA
0-MaJIKo OTKONKOTO B I'pyna II, u mouTu nbJIHOTO OT-
cweTBUe HAa MnO. [IpyraTa no-3Haunma pasiuka € MHO-
IO MO-HUCKOTO ChIbPKaHHUE Ha P205, camo 0,02 wt% B
I'pyna I, cpaBreno cbe cpenno 0,11 wt% 3a I'pyna I1.

I'pyna I e mpexcTaBena camo oT Tpu mpodu, HO Te
MOKa3BaT 3a0eeXUTelIHa XOMOTCHHOCT Ha ChCTaBa.
3a BCHYKM aHAJIM3MPAHW OKCHJM CTaHJIAPTHOTO OT-
KJIOHEHHME Ha PEe3YJITaTUTE MPU OTICIHUTE yUaCTBIHN €
MO-TOJISIMO OTKOJIKOTO Pa3jIMKaTa MEXIY OCPEJHECHHU-
T€ CTOWHOCTH 3a TpuTe npobu. ToBa npearnomnara, ye e
BB3MOXHO TPUTE MpoOHU J1a ca OT ChAOBE, U3PAOOTCHH
KaTo €/1HA M ChIla NPOU3BOACTBEHA MAPTU/A, a IPOOH
G1 u G2 pmopu OGuxa MOTJIH Ja ca OT €IUH U CHIIH ChHI.
Ho npentudununpanero Ha Gpopmure, KbM KOUTO C€ OT-
Hacst aBara ¢parmenta (Gl e kyna, a G2 — yamma) He
MOAIBPKA Ta3U BB3MOXKHOCT, C KOETO C€ IIOTBBPIK/1aBa,
ye aHaIMTHYHATa ['pyna | e U3KII0YnTeTHO eAHOPOIHA
KaTo XMMHUYECKH ChCTaB. [1o ChIIMs HAUMH pe3yaTaTh-
te Ha podn G12 n G14 ca nouTH UAESHTUYHH, BBIIPEKH
4ye (parMEHTUTE NMPUHAJIEKAT KbM PA3IHUHU CHIOBE
(IIBe KyIH ¢ pa3JIMYHU pa3Mepn).

I'pyna II ce cberou ot aBe noarpynu: I'pymna Ila e
npencraseHa ot yetupu npodu (Gl1, G13, G15 u G16), a
I'pyna IIb — ¢ Tpu npo6u (G12, G14 u G17). I'pyna Ila ce
XapakTepu3upa ¢ HUCKO chabpxkanue Ha Al O,, TiO,, a
I'pymna IIb — ¢ Bucoku croiinoctr 3a MgO, Al,O, u FeO
n nucku 3a Na,O (O0p. 4a, 40).

Jduckycus
[IpencraBenara Tyk 4acT OT KOMIUIEKCA Ha CTBHKJIE-
HUTE ChI0BE OT / paduwjemo 1ipu c. JIMUuH ce ChbCTOU OT
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JBE 000COOCHY apXEOJIOTMUCCKH KATETOPHH U PECTICKTHB-
HO — TpY aHauTU4YHU rpynu, ['pyna I, ['pyna Ila u I'pyna
IIb. Kaxk Te3u pe3ynraru ce BIIUCBAT B [TO3HATATA KAPTHHA
Ha paHHOBU3aHTUICKOTO CTHKIJIONPOU3BOACTBO?

Ha mrepBO MsICTO € He0OX0IUMO J1a ce mogdepTae, ue
HSIMa apryMCHTH B 110132 HA MPEIIOIOKEHUETO, Ye Hs-
KOsI OT OITMCAHWUTE aHAIUTUIHH CTHKIIO € TIPOU3BEICHA B
JOJTHOIYHABCKUTE 3¢MU. 3BECTHO €, 4e mpe3 pasriiek-
JAHW TIEPHOJ CHIIECTBYBA CHITHO [ICHTPATH3HPAHO IIPO-
M3BOJICTBO HA CTHKIICHA Maca B TOJIEMH PAOOTHITHHIIA IT0
UztounocpenuzeMmHoMopcekus Opsr — B Erunet u JIeBaHT.
OT Te3u MbPBUYHU POU3BOACTBEHU LICHTPOBE CTHKIOTO
¢ CKCIOpTUpPaHO Ton (opMaTa Ha HATPOIICHH KbhCUCTa
JI0 BTOPHYHUTE CTHKIAPCKHA PAOOTHUITHUIIN B UMIICPHSI-
Ta, KBIICTO ca M3pabOTBaHM CHIOBE U MpeaMeTu. Peru-
cTpupanute B I paduwgemo npu c. [JuauH negopMupanu
(parMeHTH U TIPOM3BOACTBEH OpaK ce CBBP3BAT MMEHHO
C BTOpUYHATA MECTHA CTHKIIO00paboTKa.

JlaGoparopHuTe H3CIEABAHUS TIPe3 IOCICIHUTE
TOJWHU Ca YCTAHOBHIIW HSKOJKO TOJIEMHU aHATUTHIHU
TPYHHU CTHKJIO, HAKOM OT KOMTO MOraT Ja c€ CBbpKar
C KOHKPETHHU MPOU3BOJICTBEHU LIEHTPOBE, JOKATO JPY-
TH ca TO-IIHPOKO ACONHMHPAHU C PETHOHH, OT KOUTO
MPOM3XOXKJaT. Paznuumsara B XUMHUYCCKUS CHCTaB Ha
CTBKIIOTO OT JaJCHU aHAJUTUYHU TPYIH OTpa3sBaT
pa3Iuuusl Ha PEUENTYPUTE H IO-CIICIHATHO KOJIIYe-
CTBOTO Ha M3IOJI3BaHUS HATPOH, KaKTO W ymorpedara
Ha ISICBK OT Pa3iUYHU PETHOHH, KOCTO CE YCTAHOBSIBA
C IPUCHCTBUETO HAa MHUKPOINPUMECH M OKCHUIHU, KATO
Ca0, AlLQ,, FeO, Zr, Ba n np. Te3n KOMIOHEHTH OTpa-
351BaT pa3JIMuHUS ChCTAB Ha M3Moy3BaHus mschk. CaO
¥ Sr HampuMep OTpa3sBaT MPHUCHCTBUETO HA KbCUCTa
MHJICHU YEePYTIKHA B KPaHOPE)KHUTE MSACHIH (C BUCOKO
CBHABP)KAHUEC HA CTPOHITUI) MU BapOBUKOBU YACTHIIH
(c HECKO CHIBpIKAHHE Ha CTPOHIIHIA) B MACHK OT 3alie-
KM OT BBTPENIHOCTTA. YcTaHoBsBaneTo Ha FeO, TiO,,
P,O;, Zr m npyru cuiepoHIHKE ENEMEHTH B CTHKIIOTO
€ pe3yIITaT OT IprMeca Ha TPYAHO CTOISICMU MUHEPAIH
KaTo WIMEHUT, MATHETHUT, ITUPKOH U anaTuT. Oenammnat
Y TIIMHECTH MUHEPANH B ISICHKA CE OTpa3sBaT B CTOM-
noctute 3a Al,O,, motam, 6apuii, pyonaui, CaO B che-
TaBa Ha CTHKJIOTO. Taka pa3HOOOpa3HUTE KOMOMHAITIHI
OT MHUKPOIPUMECH TPEIOCTABIAT MHPOpPMAIHS 33 Xa-
pakTepa Ha CypoOBHHATa, KOATO € M3MOJI3BAaHA B CTHK-
JIOTIPOU3BOACTBOTO, KAaTO 1O TO3W HAYMH € BH3MOKHO
pa3IMYHATE TPOU3BOICTBEHU IIEHTPOBE Ja OBIAT pas-
TpaHUYaBaHU IO CHCHU(PUIHAS XUMHUYCCKU ChCTaB Ha
YHOTPEOsIBAHUS U JIOKATHO TOCTBIICH ITSICHK.

ChbIBpKAaHUETO HA XKENSA30 KaTO €CTECTBEH MpH-
MeC B IACHKA 332 CTHKJIOIPON3BOJACTBO IPHIaBa HATY-
pajHO OLBETSIBAaHE HAa TOTOBaTa CTHKIICHA Maca B pa3-
HOOOpa3Ha raMa OT HIOAHCH — OT CBETJIO CHHBO-3€JICHO
MIPH TTO-HUCKU KOHIEHTPAIMH JI0 MO-HACUTEHO 3€JICHO
WM KBJITO 3a KOHUeHTpauuu Hal 1 wt%. XKensazoro
Ce cpemla B JIBE Pa3IMYHHU CHCTOSHUS Ha OKCHIUPAaHE
B CTBKIJIOTO: Karo Fe*’, koeTo e mpuvrHa 3a HACUTEH 3¢-
JICH BT, U Kato Fe’', mpenn3BuUKBAIl MO-JIEKO JKBITO

ousetsBane. llenenacoueHoro nodaBsiHe Ha ornperele-
HU CBCTaBKM KBM CTBHKJICHATa Maca II03BOJIsIBA Jla Ce
n305THAT TE3W HATypaJTHU OTTEHBIH. [IpubaBsHeTo Ha
MnO okcuaupa noBeueTo xeisn30 10 Fe*' u orcinadsa
OLIBETSABAHETO HA CTHKIIOTO, IOPAIN KOETO MAHTAHBT €
M3II0JI3BaH Y€CTO KaTo 00E3IBETHTEN, 32 JIa Ce IT0A00pH
BUJIBT HA CTHKJIOTO C BUCOKO ChIBPKAHNE HA JKEIIS30.

Astopu kato Gratuze, Freestone u n1pyru ca njeH-
THQUIUPATN HIKOJIKO TJIABHU AaHAIUTHYHHU T'pyHu
CTBKIIO, pasnpoctpaneru mpe3 [V — [X B. (Tabnuma 2).
ToBa ca IeBaHTHHCKO CTBHKIIO I, XapakTepusuparo ce ¢
CaO or 712 wt% n AL,O, ot 2,5 10 3,5 wt%, KakTo 1
neBaHTHUHCKO CTBKIO I oT Bet Eli’ezer ¢ CaO ot 6 — 8
wt% n AlLO, ot 3 — 4 wt%. U 1BeTe rpynu ce nmpearo-
Jara, 4e ca Mpou3BeX/IaHU M0 KpaHOpPEeKNeTo B JHEI-
nust Cesepen Mspaen. [pyru mscnensanus (Gratuze,
Barrandon 1990) neduHuUpar ABe aHAIUTHYHU TPYIH
ot Eruner ¢ CaO ot 2 10 4 wt% u A1203 or 3,5 no 4,5
wt% (erunercko cTekI0 [, oT memure nipu Wadi Natrun,
He e BKJItodeHo B TaOnwuma 2) u erunercko cTbkio II ¢
CaOor 6 10 11 wt% m A1203 ot 1,5 o 2,5 wt%. 3a npy-
ra rpymna, m3BectHa kato HIMT (High Iron, Manganese
and Titania) cbIo ce cunTa, 4e ¢ nmpousBexaana B Eru-
net (Freestone et al. 2005). Crekaoro ot HIMT rpyna
nma okoiao 6 wt% CaO, A1203 ot 2 1o 3,5 wt% wu ce
orperelist ¢ BUCOKOTO ChIbPKAHNE HA JKEJIE3eH OKCHJL
(o 3 wt%) u npyru oKcuIu.

CbOTBETHO pa3IMYHNATE AHAJIUTUYHH TPYIIA UMaT
pa3IM4Ha XPOHOJOTHS, C KOETO CE OIIPE/IeIIsi OrpaHNYEH
MIepUO/I HA aKTHBHOCT Ha BCEKH IIPONU3BOICTBEH IEHTBP:
JIEBAaHTHHCKO CTBKJO | e pasnpocTpaHeHo IiIaBHO Mpe3
V — VII B, neBantuHCKO cTbkJ0 Il —nipe3 VII - VIII B,
a crekaoro turn HIMT — mpe3 IV — V B. (Freestone et
al. 2005).

KaxBo 1moka3Ba cpaBHEHHETO MEXy XUMHUYECKHS
CBhCTaB Ha npobdure ot I paduwemo npu ¢. AuduH u us-
BECTHUTE aHAIUTHYHU rpynu? ChIOCTaBsIHETO Ha Jia-
HHHuTE 32 CaO u A1203 CBMJIETEJICTBA 32 YACTUYHO CXO/I-
CTBO C JIeBaHTUHCKO cTBKJIO II (oT Bet Eli’ezer), KakTo
u HIMT cTBKI0, BEIIPEKH HEMBIHOTO MPEIIOKPHBAHE
(O06p. 5). CpaBnenneto Ha pesynrarute 3a FeO n Al O,
obave mokasBa CEHBIAJCHHE Mexnay rpymnata HIMT n
ananutuyHa ['pyna [ ot [ paduwemo, HO ¢ NE€KO TO-BU-
coku croiiHocTn 3a Al O,, nokaro I'pynu Ila u IIb ce

273
OTJIMYaBaT ¢ IO-BUCOKHUTE cToiHOCTH Ha FeO n A1 O

>
nmopu ipu ['pyma [1b Hax Hali-BUCOKHTE TOocera I/I3BeZCT3-
Hu pesynraru (O6p. 6). CrimaTa rpaduka nokassa, 4e
npobute ot I paduwjemo ce pa3inuyuaBaT 3HAUUTEIHO OT
JIBETE JICBAHTHHCKH TPYNH CTHKIO. bimu3ocTTa Mexy
aHanmu3upaHuTe pparmMeHTH U TUNAa HIMT ce moTBBpXK-
JlaBa OT BUCOKOTO chAbpxkaHue Ha MgO u TiOz, KaKTO
1 HAKOH APYTH OKCHJIN, KOETO HE € XapaKTEePHO 332 HUTO
€/IHa OT OCTAHAJINTE U3BECTHHU aHAJIUTHYHU TPYIIH, OC-
BeH HIMT (cpB. Tabnuma 1 u Tabnuna 2).

Benpekn Onu3kaTa MACHTUGHUKAIMS HA CTBKIOTO
ot I paduwemo u rpynata HIMT, Haii-Beue nopaau cui-

Hata kopenauus Mexay FeO n Al,O,, ima Hsxou pa3u-
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KM B ICTAHJIHATE pe3yJITaTH Ha yCTAHOBEHUTE TPU aHa-
JUTUYHU TPynH oT bwirapus u pedepeHTHHTE NaHHU
3a ctekiorto tun HIMT (Freestone 2005). ToBa rmoka3sa,
ye Hai-BeposiTHO rpynara HIMT ne e xomorenna. Oc-
HOBHHUTE XapaKTEPUCTUKH CE ITOBTAPAT KATO CJIE/IICTBUEC
OT M3IOJI3BAaHETO Ha MOJOOHM M3TOYHHMIM HA ISICHK C
IpeIonaraeM CXoieH reoJornder npousxoa. Coiiect-
ByBaHETO Ha noAarpynute B HIMT CTBKIOTO MOXE JAa
ce ABJDKM Ha pasiIndus MEX/y TEIIUTE 3a CTallsiHe Ha
CTBKJIEHA Maca B PAMKHUTE Ha €IMHEH ITPOU3BOJICTBCH
peruon. ToBa Ou o3HauaBano (PyHKIIMOHUpPAHE Ha pas-
JIMYHHU MPOM3BOAUTENHN MJIM, aKO CaMO €IMH IIEHTBP €
m3padborBan HIMT cTBHKIIO, 3HAYUTEITHO BapuUpaHe Ha
MUHEPATHHS ChCTAaB Ha U3IIOJI3BAHUS IISICHK.

I'pyna IIb (mpodu G12, 14 u 17) ce omiin4asa B BU-
cokure croitnoctr 3a FeO n Al,O, (cpenno mo 3,7 wt%),
MgO (1,5 wt%), TiO, (mouru 0,75 wt%) u P O, (oxono
1300 ppm), a chIIEBPEMEHHO ChABP)KaHUETO Ha Na,O e
mo-Manko oT 15 wt% (Tabmuna 1). Caura ce, e CTBK-
noto ot Tuma HIMT mma BUCOKO ChObp)KaHUE Ha Na,O
nopaau (akra, ye e u3paborsano B Cesepen Erumer,
B OJM30CT /10 HAXOAMIIATA HA MUHEPAJICH HATPOH IIPH
Wadi Natrun (Freestone et al. 2005). B cirygas ¢ I'pyna
[Ib m3riexna, ye KOHKpEeTHAaTa CTHKJICHA Maca € POu3-
BE€/IEHa C T0-€BTHHO M MKOHOMHMYHO M3II0JI3BaHE HA Cy-
POBHHHTE: ChC CIIECTSIBAHE HA MUHEpaHATa Coja U IO-
HHUCKOKa4eCTBEH, OOraT Ha TeKKM MHHEPAJIH IIACHK.

ITo mono6en naunu ['pymna I (mpobu G 1-3) mokas-
Ba TUIUYHUTE XapakTepUCTUKU HAa HIMT cTBKIO cbe
croiinoctuTe 3a Al,O,, FeO, MgO u TiO,, Ho Hama BucoO-
KO chabpkanue Ha MnO, koeTo e cnenn(puIHo 3a Ta3u
aHasmtTu4Ha rpyna. [Topaau ToBa nmo-kopekTHo e ['pyma
I na ce onpenenu karo HIT, orkonkoro kato HIMT turm.
Cnenosarenno manradsT B HIMT cTekiioTo HE € yacT
OT €CTECTBCHMSI MHUHEpaJleH ChCTaB HA H3IIOJI3BAHUS
IISCHK, @ € LEeJICHACOUCHO NPNUOABSIH KbM CTANSTHUTE Ma-
Tepuajy, 3a 1a MPOMEHNU BHIa Ha rotoBara maca. Jlanu
OTCHCTBHETO Ha MaHraH B ['pymna I e mpomsiHa Ha mpo-
M3BOJICTBEHA PEIETITypa MOpaan HIKAKBO 3KIIOUCHHE,
BB3MOXKHO € JINTICA Ha JIOCTBII JI0 HaXOAMIaTa Ha MaH-
rad B CeBepen CrHail B MOMEHTa Ha CTAISTHETO HA TOBA
CTBKJIO, HITM TPUOABSIHETO HA MaHTaH He € OUJI0 BUHATH
yact oT popmynara 3a HIMT rpynata? Cbhc CUTYpHOCT
OTTOBOPUTE HA TE€3M BBIIPOCH C€ HYKJIAST OT ITOBEYE U3-
caensanus Ha HIMT ctpkinoTo. Bucokoro MailcTopcTBO
pu u3paboTka Ha chaosere oT I'pyna I monckassa, e
n305rBaHETO Ha J0OABEHUS MaHTaH B CTHKJICHATa Maca
HE € 3HaK 3a yroTrpeda Ha HICKOKA4eCTBEHO CyPOBHHHO
CTBKIJIO, @ IT0-CKOPO OCH3HATO MPEANOYNTAHHE KbM €C-
TECTBEHMSI HACUTEHO 3€JICH IBSAT.

3a xkomIuiekca ot / paduwemo 1pu c. JJnuun npu-
CBHCTBHETO Ha HEOOMUYAITHOTO KAaTO XMMHUYECKH CHCTAB
HIMT cThKIIO 03Ha4YaBa, ue OOUTATEIUTE Ha CEIIHIIETO
ca y4JacTBaJIM B NMOTPEOJICHUETO U Pa3npOCTPAHECHUETO
BHCOKOKAa4E€CTBEHO HACUTEHO 3€JIEHO CTBKIIO — MOXKE OH
TIOITyJISIpHA HOBOCT 3a eroxara (1. e. ['pyna I), HO chImo
TakKa ca yrnoTpedsBaln 1 MOXKe OM U3pad0TBANIN CHIOBE

OT IO-HUCKOKAYECTBEHO CTBKJIIO C JKBJITO-Ka(sB LBAT,
n3pabOTEHO C M0-€BTHH IISICHK U € TT0-MAJKO HaTPOH (T.
e. ['pymna IIb).

YcTaHOBEHO €, 4e aHAIUTUYHUTE I'PYIH ca Ipej-
CTaBCHM B PA3JIMYHU KOJIMUYECTBEHN CHOTHOIICHHUS IIPH
LSJIOCTHO M3CIIEABAHUTE KOMIIJIEKCH CTHKIIO OT KBCHO-
pUMCKaTa 1 paHHOBH3aHTHICKaTa ernoxa. CpaBHEHHUATa
MIOKa3BaT, Y€ PA3JINYHU PETHOHU ca CHAOASIBAHM ChC
CTBKJIO OT IOBEYE OT €IUH IPOU3BOJCTBEH ICHTBHP.
[TponopIOHATHOTO CHOTHOIEHHUE MEXK/Ty PA3JINIHHUTE
THIIOBE OTPa3sBa CHIIECTBYBAIUTE IIOCOKH HA THPTrOB-
CKHTE KOHTAaKTH, KAKTO U XPOHOJOTMYECKUTE 3aBUCH-
MOCTH BBB (PYyHKIIHOHHPAHETO Ha IMBPBHYHOTO CTBHK-
JIONIPOM3BOCTBO.

HacTosmeTo uscnensane e GpoxycrupaHo camo Bbp-
Xy CTBKIIOTO 0T HIM T Tpymnara KaTo 1elieHaco4eH u300p
Ha ()parMeHTH C U3IBEHO OIBETSABAHE 32 HAYAJIO HA JIa-
OopaTtopHuTe aHanu3M. [IpoaBIKAaBaImIOTO MPOYUYBAHE
BBpPXY OCTaHAjJaTa 4acT OT KOMIUIeKca oT [ paduwyemo
npu c. J{n4uH me uaeHTndunmupa 1 Apyra aHaTuTHIHH
THIIOBE, KaTO C TOBA IIIe C€ YCTAHOBH CTENEHTA, B KOATO
Te ca npeactaBeHd. CaMo 1Mo TO3M HAYHH 1€ € Bh3MOXK-
HO JIa c€ MPaBAT N3BO/IM 32 MHTEIPUPAHETO Ha CEIHIIETO
B TIO-ITMPOKUTE MKOHOMHUYECKH CTPYKTYpH Ha eroxara.

3akiouenne

Hacrosimero n3cnensane oOxBaiia Be OT apXxeo-
JIOTMYECKUTE KATErOpUU HA CTBKJICHHUTE CBHJOBE OT
I'paouwemo npu c. [Juuun. JlabopaTopHUTE aHAIU3H
MOTBBPXKAABAT TOBA AW(PEPEHIIMPAHE M ITOKAa3BAT Ch-
IIECTBYBAHETO HA TPH AHAIUTHUYHH I'PyNH CTHKIICHA
Mmaca. CpaBHeHHMETO Ha pesyiTarute oT bwirapus c
MyOIMKyBaHUTE JaHHU 38 PAHHOBU3aHTUHCKOTO CTBHK-
JIO0 CBUICTEIICTBA, Y€ BCHUYKHU Ipodu oT I paduuemo ipu
¢. JInuuu nomaaat B uiu 011130 10 cThKI0TO Tl HIMT,
KaTo pa3MINpsABAT CTOMHOCTUTE 33 HSIKOU OT OKCHUIHUTE
KBM I10-BUCOKO CBHIBp)KaHHE OT IO3HATOTO JOCera 3a
Ta3u rpyna CeBepHOAPPUKAHCKO CTHKIIO.

[IpencraBeHnTe MbpPBOHAYATIHH aHAJIHM3HM Ca Orpa-
HAYCHH camo a0 npumepu ot tuma HIMT, HO mpoxbi-
JKaBalllUTe M3CIEABAHMS Ha Marepuaiure ot [ padu-
wemo npH . JIMUMH ca HACOUYEHW M KBbM OCTAHAIHUTE
AQHAJIMTHYHU TPYIIH, C KOETO 1€ C€ U3SCHU CHOTHOIIE-
HUETO MEX/Iy OCHOBHHUTE THUIIOBE CTHKJIO, 3aCTHIICHH B
TO3HM KOMIIJIEKC.

Bwrnpekn cpaBHUTENHO MalKHs Opoil Ha poOuTe
B TOBA ITbPBOHAYAHO IIPOYYBaHE, SICHUTE PE3YJITATH U
TSXHATa MHTEPIPETANNs JIOKa3BaT e(peKTUBHOCTTA Ha
n30paHus MOAX0A KbM MaTepraia. Chcpe1oToyaBaHETo
Ha aHAJIN3WUTE BBPXY J00pe 000coOeHu apxeosormye-
CKH KaTeropuM CTHKJICHH CHIOBE OIPEAEIsl HAXOIKHUTE
KaTo CBOCOOpPA3HM IMArHOCTHYHU T'PYNH, Ype3 KOUTO
ce perucTpupa pasnpocTpaHEHNETO HA KOHKPETEH THII
CTBKJIEHA Maca B JHEIIHUTE OBJITAPCKH 3EMHU.
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Plate 1. Glass fragments in Group 1. IIpunoosicenue 1. Cmwvriaenu ¢ppaemenmu om I pyna 1

Plate 2. Glass fragments in Group II. Ilpunosicenue 2. Cmvrnenu ¢ppaemenmu om I pyna Il





