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Late Bronze Age mixed-alkali glasses from Bohemia

Skla typu mixed alkali mladsi doby bronzové v Cechach

Natalie Venclovd - Vaclav Hulinsky - Julian Henderson -
Simon Chenery - Lucia Sulova - Josef Hlozek

Besides monochrome blue-green glass beads, polychrome beads appear, for the first time in Bohemian
prehistory, in Late Bronze Age contexts of the Knoviz culture (Ha A, 12" — early 11 cent. B.C.). They are
formally similar to the beads made in Frattesina and/or other glass workshops in northern Italy. According
to the chemical analyses in this paper, the beads from Bohemia also correspond to the North Italian products
because they have a mixed alkali composition, a compositional type unique for its time, thus providing
evidence of a likely provenance.

Late Bronze Age — Knoviz culture — glass beads — chemical analyses

V mladsi dobé bronzové, v kontextu knovizské kultury (Ha A, 12. aZ 1. pol. 11. stol. pi: Kr.), se vedle mono-
chromnich modrozelenych sklenénych kordlkii objevuji, poprvé v ceském praveku, také polychromni kordlky.
Formdlné se shoduji s kordlky zhotovovanymi ve Frattesiné, a pripadné v dalSich dilndch v severni Itdlii.
Podle chemickych analyz, které jsou v ¢ldanku prezentovdny, se tyto kordlky z Cech shoduji s vyrobky této
dilenské oblasti také svym specifickym sklem typu mixed alkali, ve své dobé unikdtnim, které tuto prove-
nienci jednoznacné doklddd.

mladsi doba bronzova — knovizska kultura — sklenéné koralky — chemické analyzy

Introduction

The earliest vitreous products — faience beads — appear in Bohemia in the Early Bronze Age.
Since the Middle Bronze Age, the assortment of products was enriched by glass beads
which however do not increase in number in Central Europe until the Late Bronze Age.
The glass necklaces from the Northern Urnfields — Lausitz and Silesian-Platénice Cultures
of that period in East Bohemia were considered to be most numerous, but recent finds have
substantially increased glass finds dated to the contemporary Upper Danubian Urnfields —
Knoviz Culture in Central and NW Bohemia. It is in the Knoviz context where polychrome
beads of various shapes appear for the first time in Bohemia, and their culturally and chro-
nologically diagnostic value is greater than in the case of the monochrome and formally
limited (annular or round) beads (Venclovd 1990, 40-41, 216-221). All the Knoviz culture
beads belong probably to the Ha A phase, that is to the 12th — early 11th cent. B.C., accord-
ing to the Central European absolute chronology (Jirdri ed. et al. 2008, 145, tab. 4).
Similar types of beads are known from South Moravia from the context of the Velatice
culture. The small annular blue-green undecorated beads of the Br D to Ha A-B Lausitz and
Silesian-Platénice cultures in East Bohemia and Moravia (Venclovd 1990, 4042, 178-179,
218-219, and some recent finds) seem to be typologically very close. However, as mentioned
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below, the different chemical composition of glass found in samples from East Bohemia
suggests a different origin of — at least some — beads from this more eastern cultural area.
Up to now, Moravian beads have not yet been submitted to modern chemical analyses.
When the Late Bronze Age (Final Bronze Age in the Italian chronology) glass-working
site of Frattesina came to light, the origin of Late Bronze Age beads from Bohemia and
other parts of Central Europe was naturally sought there (Venclovd 1990, 41-44 with refs.).
This assumption was however based on typological grounds alone. The growing volume
of analytical data based on not only glasses from Frattesina, but also from a number of
other sites, now offer a very precise identification of the technology and an indication of
the provenance for Late Bronze Age glass. This applies also to finds from Bohemia whose
chemical composition is known thanks to analyses conducted recently as part of the re-
search project IAA800020903 ‘Glassmaking in prehistory and Middle Ages: cultural and
technological transformations’ supported by the Grant Agency of the Academy of Sciences
of the Czech Republic.
NV

Beads in the Late Bronze Age Knoviz culture context (Ha A)
in Bohemia

The state of research as in late 1980s has been summarised by Venclovd (1990, 42-44)
and the somewhat limited set of additional data gained since then is reviewed below.
More information may be found in the references attached. The description of the beads
submitted to chemical analysis is given in the List of samples.

Dolénky (distr. Louny). Rubin hill, no context. Rounded blue-green bead with four blue-white eyes. The bead
was recorded by Haevernick (1978) in her list of Pfahlbaunoppenperlen, and the information was then
followed by further authors. The bead, presumably deposited in the Oblastni muzeum of Chomutov, cannot
now be identified in the collections. According to E. Cern4, it could be inv. no. 9083 of the Steiner Collec-
tion — a blue-green bead with two-layered blue-white eyes, but it was missing already during the revision
in 1985. Refs.: Haevernick 1978, 146; Venclovd 1990, 220.

Holubice (distr. Praha-zapad). Western border of the village. Part of a larger cremation cemetery, group of
eight graves (Ha A). Investigations of J. HloZek, 2008. Deposited in Institute of Archaeological Heritage
in Central Bohemia, Prague. Ref.: HloZek 2009.

Urn grave 3: nine blue-green annular beads including one double (two-coiled) bead; traces of red glass
on two beads; accompanied by bronze artefacts: thirteen small bronze sheet tutuli, small ring and pin.
Analysed samples 620-628.

Levousy (distr. Litoméfice). Forest of Borovd. Barrow cemetery. Investigations of Z. Smrz, 1974. Deposit-
ed in Institute of Archaeological Heritage in NW Bohemia, Most. Refs: SmrZ 1975; Venclovd 1990, 220.
Barrow 6, cremation grave A: one fusiform faience bead, light green surface, white grainy core, decorated
by white spiral and wavy lines; accompanied by bronze spirals, pin and bracelet (Ha A).

Noutonice (distr. Praha-zdpad). Plot no. 40/47. Part of a larger cremation cemetery, group of six graves (Ha A).
Investigations of L. Sulova, 2008. Deposited in Institute of Archaeological Heritage in Central Bohemia,
Prague. Ref.: Sulovd 2010.

Urn grave: fusiform blue-green bead and small annular blue-green bead. Associated with bronze pin and
quartz pebble.
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Obory (distr. Pfibram). Site Hromadky. Cremation cemetery, 87 urn graves (Ha A2). Investigations of J. Hrala,
1983-1984. Deposited in Hornické muzeum, Pfibram. Refs: Venclovd 1990, 220; Hrala 2000.

Grave 106: two blue-green annular beads, traces of red glass on one bead. Data on find assemblage not
available.

Grave 126: four blue-green annular beads. Associated with bronze objects: two pins, two bracelets, finger-
ring, belt clasp, two small tutuli, button, small spiral; small gold ring. Analysed samples 734, 735.

Praha-Zbraslav (distr. Praha). Main square. Discovered 1929. Deposited in National Museum, Prague inv. no.
40812. Refs.: Hordkovd-Jansovd 1931; Venclovd 1990, 220.

Urn grave: about fifteen blue-green annular beads; accompanied by bronze objects: belt clasp, two pins,
several small rings, small spirals; quernstone.

Repin (distr. Mélnik). Plot no. 13. Gift of V. Jansa, no context. Two blue-green fusiform beads decorated
by white spirally wound thread. Regionalni muzeum, Mélnik inv. no. 4734, 4735. Ref.: Venclovd 1990, 220.
Analysed samples 736—739.

Stredokluky (distr. Praha-zapad). Plot no. 331/IC, from a building site. Hoard of bronzes, 1956 (Ha A2).
The hoard contained one small blue-green annular bead. Deposited in Stfedoceské muzeum, Roztoky u Prahy
inv. no. 23135. Refs.: Venclovd 1990, 220; Kytlicovd 1991, 24; 2007, 306.

Tuchoméfice (distr. Praha-zapad). Southern part of the village. Cremation cemetery, 32 urn graves (Ha A).
Investigations of L. Sulova, 2005-2007. Deposited in Stfedo¢eské muzeum, Roztoky u Prahy and Institute
of Archaeological Heritage in Central Bohemia, Prague. Ref.: Sulovd 2006, 135-136; 2007.

Grave 4/05 (juvenile, age 17-20): 25 small blue-green annular beads; accompanied by bronze objects: bead,
two small rings, pin fragment; two quartz pebbles. Analysed samples 740-742.

Grave 6/05 (child): four small blue-green annular beads; accompanied by 1 quartz pebble. Analysed sam-
ple 743.

Grave 12/05: one blue-green four-horned bead decorated with white rings; accompanied by two ceramic
vessels, bronze objects: three small buttons, c. sixteen rings; gold spiral. Analysed samples 744-745.
Grave 16/05: five glass beads: one blue-green fusiform bead with white spirally wound thread, four small
blue-green annular beads; accompanied by bronze pin fragment. Analysed samples 746-747.

Grave 22/07: twenty small annular beads.

Archaeological observations

With the exception of the bead from the Stfedokluky hoard, all the other beads probably
come from burial contexts forming part of the inventory of urn graves. Forty-four graves,
of which seven contained glass beads, were available for the following assessment. One grave
out of eight at Holubice and five graves out of 32 at Tuchoméfice contained glass beads.
A maximum of some twenty beads were found in the grave inventories though this need not
have been the original total. It can be deducted that beads were mostly not cremated with
the dead as they usually show no sign of damage by fire. A higher number of the — very
small — glass beads from recent finds undoubtedly corresponds to the systematic sieving
of the grave contents. Anthropological determinations are available only in two cases from
Tuchoméfice where in grave 4/05 beads accompanied a young person 17-20 years of age
while in grave 6/05 there was an infant. Burials with typical male accessories such as weapons
are not included among graves associated with glass beads. Grave inventories containing
gold objects (Tuchomeéfice grave 12/05; Obory grave 126) must indicate a higher social sta-
tus for the dead. This may be true also of the burials containing several bronze ornaments,
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a class to which belong most of the Knoviz graves with glass beads. The social hierarchy
of burials on the basis of their inventory cannot however be easily assessed. The signifi-
cance of glass in the Late Bronze Age is demonstrated by the presence of a single glass
bead in the Stfedokluky hoard of bronze objects (containing both vessels and ornaments).
Considering the associations described above and at the same time the fact that glass beads
were interregional imports in the Central European Knoviz culture, it may nevertheless be
surmised that beads were associated with the local élites, perhaps assuming an apotropaic
protective rdle for children and young individuals, particularly females.

The glass beads were made by winding. The glass is translucent but not quite homo-
geneous and sometimes may appear opaque. The colour is typically blue-green on a scale
of bluish or greenish tints, exceptionally with traces of red. The decoration, if any, is pro-
duced by applying opaque white glass and in one case perhaps also blue glass (Dolanky).
In another case (Levousy) the bead was made of white grainy faience, green on the surface;
its manufacturing technique has not been established. From a typological point of view,
small monochrome annular beads prevail, up to twenty being found in individual graves,
while polychrome beads seem to occur as single specimens. This however may be due to
the low visibility of the smaller monochrome beads in cases when sieving has not formed
part of the recovery process.

In Bohemia, the following types of beads were identified (see the List of samples for
abbreviations):

¢ Annular bead, blue-green glass, D 4.5-6.5 mm, d 2—4 mm, h 1-3 mm. Venclovd 1990,
41, type 2. Bellintani — Stefan 2009, type 1.2. This most frequent type of bead is
present on most Bohemian sites. Formally non-diagnostic and, in the absence of
chemical analyses, undistinguishable from other contemporary or even later beads.

o Annular bead, blue-green glass, traces of red glass, D 5-5.5 mm, d 1-3 mm, h 1.5—
2.5 mm. Bellintani — Stefan 2009, type 1.2 to 1.3. Traces of red glass (as at Holubice,
Obory) are exceptional. The red colour of glass could have been created accidentally
depending on the furnace conditions (see below) and its use has been observed on
several bead types from Frattesina (Bellintani — Stefan 2009).

« Fusiform bead, blue-green glass, decorated with opaque white spirally wound thread,
D min. 5-5.5 mm (at the bead ends), D max. 6.5-9.5 mm, d 2.5-3.5 mm, h 10.5-
23.5 mm. Venclovd 1990, 41, type 4; Bellintani — Stefan 2009, type 12.3. Beads from
Repin and Tuchoméfice belong to the typical Pfahlbauperle class of Th. E. Haever-
nick (1949—-1950), which occurs on almost all known sites where the mixed alkali
glasses have been found (Bellintani — Stefan 2009, tab. 2, fig. 3-6) and on many
others; in some assemblages it even represents the majority of all beads (Hauterive-
Champréveyres: Rychner-Faraggi 1993, 64).

« Fusiform bead, light green faience, decorated by a white wavy-line between spirally
wound threads, D max. 19 mm, d 6 mm, h 30 mm. Venclovd 1990, 41, type 5. In the
whole Bohemian assemblage the bead from Levousy is an exception. A similar bead,
but made of brown glass, of unknown chemical composition, occurred in Frattesina
(Bellintani — Stefan 2009, tipo 14.1). It has been previously suggested that the Le-
vousy bead could represent an unsuccessful product of this or some other workshop
(Venclovd 1990, 43).
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o Four-horned bead, blue-green glass, decorated by white rings on the horns, D 12.5—
15 mm, d 3 mm, h 7-8.5 mm. The bead (Tuchoméfice) belongs to Haevernick‘s (1978)
group of Pfahlbaunoppenperlen. Bellintani — Stefan 2009, type 22.1 (?).

« Rounded bead, blue-green glass, decorated by four blue-white eyes made of two
layers (?), dimensions unknown. Venclovd 1990, 41, type 3; Bellintani — Stefan 2009,
type 21.3 (?). The type of decoration is uncertain in the case of the presumed eye-bead
from Dolanky. Beads decorated by eyes or rings nevertheless represent a relatively
prominent type made of mixed alkali glass and are known from Frattesina and other
sites (Bellintani — Stefan 2009, tab. 3).

NV, LS, JHlo

European archaeological context of beads of the Late Bronze Age
»Frattesina type”

The first to study Late Bronze Age polychrome beads was Th. E. Haevernick (1949-1950;
1978b), who named them, according to their frequent occurrence on the so-called Pfahlbau-
siedlungen in Switzerland as Pfahlbauperlen or Pfahlbaunoppenperlen. Beads of this type
were found on the north Italian Proto-Villanovan culture (12t—10th cent. B.C.) production
site of Frattesina where archaeological traces of glass-working, if not glass-making, were
discovered (Bietti-Sestieri 1981, 143—148). Another impulse for the study of this bead
group resulted from the settlement at Rathgall in Ireland of unusual blue-green beads dec-
orated by simple or multiple rings. These are supposed to belong to 9th to 7th cent. B.C.,
contexts slightly later than at Frattesina, but radiocarbon dates in the 11th cent. B.C. were
also obtained from the site (Raftery — Henderson 1987). Typologically, and, as it turned out,
also chemically similar assemblages of beads have been found in Late Bronze Age sites in
Switzerland (Hauterive-Champréveyres: Rychner-Faraggi 1993), northern Italy (Towle et al.
2001), France (Billaud — Gratuze 2002) or Germany (Hartmann et al. 1997; Lorenz 2006).
Bellintani and Residori (2003) provide a list of locations with a map of Late Bronze Age
beads, where as well as Western Europe and the Mediterranean Bohemia and Moravia also
appear, but, apart from Italy, the distribution relies mainly on Haevernick (1978) and needs
a thorough revision.

Today, the quantity of relevant beads can be estimated as several thousand; from Frat-
tesina itself come almost 3,000 pieces, from other sites in Italy a further c. 2,500, and
hundreds have been recorded in Switzerland (Bellintani et al. 2006; Bellintani — Stefan
2009) and possibly in France (pers. inf. by B. Gratuze). The highest cummulations of Pfahl-
bauperlen have been discovered in northern Italy and perhaps Switzerland, and their over-
all distribution (Towle et al. 2001) reaches France, Britain and Ireland in the west, Central
Germany, Bohemia and Moravia in the north and the Mediterranean in the south. One of
the easternmost sites seems to be Kaman in Central Anatolia (pers. comm. Dr. Omura).

The site of particular importance for Late Bronze Age beads is the aforementioned sett-
lement of Frattesina in the lower Po valley not far from the Adriatic coast, investigated in
the 1970s by A.-M. Bietti-Sestieri (1980; 1981). The site is considered an important produc-
tion and settlement centre, apparently a seat of a local élite and exceptional in the region.
Bronze metallurgy was carried out there and in addition the working of lead, gold, bone,
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ivory and amber. Finds of imported objects attest to current interregional contacts (Arenoso
Callipo — Bellintani 1994; Towle et al. 2001). The glass from Frattesina has recently been
studied by Bellintani and Stefan (2009), who date the beginnings of the settlement to Bron-
z0 recente, that is, to 13t cent., the main occupation of the site to Bronzo finale (proto-
villanoviano), 12h—10t cent. and its end in the Early Iron Age, while glass-making and
glass-working would have taken place from the 12t cent. onwards. Archeological finds
connected with glass manufacturing include crucibles coated inside with glass, blocks of
raw glass of blue, turquoise, blue-green and red colour, and waste. According to the detailed
typological analysis the assemblage comprises large and small annular monochrome beads,
cylindrical and fusiform beads as well as some other forms, in dark blue, light blue and
blue-green, red and white colours. Polychrome beads show either linear decoration — spi-
rally wound thread, sometimes combed — in white, but also red, brown to brown-black,
or circular decoration of rings or bosses, mostly in white, or two-layered (stratified) blue-
white eyes. The authors acknowledge that glass workshops could have been established
on other sites, namely in northern Italy. Glass beads made in Frattesina belong to the class
of mixed alkali, or LMHK, glass (see below).

The assemblage of 51 beads from the hoard of Allendorf (Stadtallendorf) in Hessen,
dated to Ha B3-B3/C, known already to Haevernick and recently studied by Lorenz (2006),
is of major significance for Central Europe. It contained beads of the Pfahlbauperlen type,
but also other beads of varying forms, apparently black but actually dark green, and blue
polychrome beads which so far have few parallels. These beads are cylindrical with zigzag
decoration, or flattened globular decorated with rings, multiple diagonal lines or dots in
white, yellow, orange, and red, brown or turquoise colours. Apparently the latter beads have
a different provenance from that of the Pfahlbauperlen beads.

Archaeometry of the Late Bronze Age mixed alkali glasses

Chemical analyses of glasses from Frattesina and elsewhere were carried out by Henderson
(Raftery — Henderson 1987; Henderson 1988a; 1988b) and Brill (1992; 1999) and their
results have offered a new insight into the research of Pfahlbauperlen beads. Both authors
characterised the glass as a mixed alkali type, or — following Henderson — LMHK or low
magnesium — high potassium. This glass contains c. 6-9 % Na,0, 8-11 % K,0, 0,5-1,0 %
MgO and has a low content of c. 2 % CaO. The authors stated that this was a new and
previously unknown type of glass with no parallels outsides of continental Europe. Brill
(1992) has discussed the possible source of alkalis in this glass and put forward the fol-
lowing alternatives: 1. ash of local woody plants, purified by leaching, 2. an impure form
of natron contaminated by potassium salts (as for example the evaporites from Wadi Natrun
in Egypt), 3. efflorescent salts from latrines or manurial soils containing, for example,
salpetre (KNOj3) and sodium salts (NaNOs). Most of the analysed blue glasses from Frat-
tesina were, according to Brill, coloured by copper accompanied by tin and the colourant
could have been derived from bronze. He considered the occasional occurence of red glass
on blue beads to be due to reduced copper in the form of Cu,O as a result of reheating
the blue beads at moderate temperatures, perhaps even accidentally.
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Mixed-alkali glass was also identified by further analyses by Henderson (1993a) of the
large assemblage of beads from Hauterive-Champréveyres in Switzerland. He also published
results of mixed-alkali and the first high potassium glass for beads from the island of Thasos
in northern Greece (Henderson 1993b). Furthermore, he drew attention to the fact that con-
temporary glasses of the Bronze Age, and also some Hallstatt period glasses, could have
a different composition characterised as HMG (high magnesium), while another type, LMG
(low magnesium) was common in the Iron Age. The HMG glass was probably produced
in the Mediterranean or Near East, and ingots of this glass were traded in the Bronze Age,
as it is attested by the ship-wreck off the Turkish coast at Ulu Burun dated to around 1300 B.C.
(Henderson 1988b, 447-448, fig. 3). The ship carried ingots of turquoise, cobalt blue and
violet glass, which could have been produced in Egypt, but also in Mesopotamia; ingots
of different shapes and colours can indicate their origin in several different workshops
(Henderson — Evans — Nikita 2010, 2, 15-16). Recent analyses of three samples from the
Ulu Burun wreck have shown a similarity to Egyptian glass (Jackson — Nicholson 2010).

Henderson regarded the local production of the LMHK glass in the north of Italy as
possible and explained this by the scarcity of raw glass due to the decline of Mycenaean
civilisation in the 12t cent. B.C. when Europe had to find its own sources for glass-making.
He considered the possible development of LMHK glass during earlier phases of the Bronze
Age. Blue-green colouring of LMHK glasses is due to the addition of CuO but also Co + Ni
while green (or rather dark green) colour is caused by FeO. White opaque decorative glass
was found to contain small amounts of Sb or none at all (Henderson 1993a).

According to some experimental work carried out by Hartmann et al. (1997), the potash
in the mixed-alkali glass could have been acquired from beechwood ash through a process
of leaching.

Santopadre and Verita (2000) have compared glass from Frattesina with earlier faience
beads and buttons from Italy and with some later glasses and they found a similar ratio
of Na,O : K,O in faience and in the LMHK glasses. They presumed that the red colour on
the surface of some beads was the result of intentional application of a powdered layer of
cuprite and metallic copper.

Results of analyses of more than hundred LMHK glasses from Frattesina, Mariconda
and other sites were compared to other glasses and evaluated by Towle et al. (2001) who
also discussed LMG and HMG glasses and compared the element contents in plant ash glass,
natron glass and mixed alkali glass. The opacity of glass was ascribed to crystals of Si.
The Cu: Sn ratio did not, in their opinion, show any regularity and the dependence on bron-
ze, often assumed, could not be confirmed. Copper could have been used for colouring;
also cobalt of unknown origin was found.

Analyses by laser ablation of Final Bronze Age beads have been conducted as part of
a large research project in France, but to date only a summary of results without detailed
analytical data is currently available (Billaud — Gratuze 2002; Gratuze — Billaud 2003).

An Italian research project enabled Angelini and her collaborators to play a principal
role in the archaeometrical research of LMHK glasses, as well as of Bronze Age glasses
in Italy in general (for an introduction to the project see Angelini et al. 2002). The LMHK
composition was found not only to characterise north Italian Final Bronze Age glass beads,
that is after 1200 B.C., but also the vitreous component of glassy faience buttons of the
Middle Bronze Age, c. 1700-1450 B.C. Also, according to samples from different parts
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of Europe, the glass phase of the faience beads dating to the Early Bronze Age could have
been produced with LMHK glass (Angelini et al. 2006b; Bellintani et al. 2006; Tite — Short-
land — Angelini 2008). Given the variability in texture of Bronze Age vitreous materials,
Bellintani et al. (2006) have suggested the following classification: 1. faience: glass phase
scarcely distributed, Xm < 0.25-0.30; 2. glassy faience: glass and crystalline phases are
of a comparable volume, 0.40 < Xm < 0.60; 3. glass: glass phase forms almost the whole
material, 0.80 < Xm. Crystalline phases in Bronze Age glasses have been the subject of
further studies (Artioli — Angelini — Polla 2008).

An assemblage of eleven samples of glass waste and beads from Frattesina was analysed
by Angelini et al. (2004) using EPMA a SEM-EDS, atomic absorption spectrometry (AAS)
and X-ray photoelectron spectroscopy (XPS). Three components of LMHK glass were
considered apart from colourants: 1. almost pure Si, 2. glass stabilisers CaO, MgO, and
3. alkali (Na,O, K,0) possibly from plant ash. Non-homogenities in glass, such as quartz
inclusions, were also documented. The authors suggested that a controlled production process
was involved because of the existence of two classes of glass amongst the Frattesina samples
showing two different ratios of Na,O : K,O, which indicate two different sources of alkali.
Dark blue glass was coloured using Co+Mo (+Ni, As) and a metallic source for Co may
also be presumed. Red colour could have been achieved by control of Cu oxidation.

A considerable number of further analyses of LMHK glasses from Italy were conducted
by Angelini and her team (see references to the map fig. /). In spite of using chemical,
mineralogical and Pricipal Components Analysis on a large number of samples, they were
unable to help to suggest whether one or more centres produced LMHK glass (Angelini
et al. 2009). Based on analyses of over 130 objects, Angelini et al. (2011) have been able
to characterise the development of chemical glass types during the Italian Bronze Age and
Early Iron Age.

Following Hartmann et al. (1997), archaeometric research of LMHK beads has been
carried out by Lorenz (2006), who analysed beads from the hoard of Allendorf, mentioned
above. The origin of the LMHK glass of the Pfahlbauperlen beads present in the hoard is
presumed to be ash from plants such as beech, fern or Salicornia, and pure siliceous sand.
Typologically different beads from the hoard belong, though, to other, HMG (plant ash) and
LMG (natron) glasses. If the change from plant ash to natron glass occurred c. 9th century
in the Middle East then the occurrence of plant ash glass, natron glass and mixed-alkali
glass in the Ha B3/Ha C Allendorf assemblage is a reflection of when the three chemical
glass types — products of the Middle East and Europe — met north of the Alps at the turn of
the Late Bronze Age and Hallstatt period, and demonstrates the diversified origin of beads
at that time.

The LMHK glass from Elateia in Greece shows some differencies in its composition
compared to north Italian glass, representing perhaps another manufacturing centre (Nikita —
Henderson 20006).

Today, over 30 sites in Europe (including the Bohemian sites described in this paper)
provided the Late and Final Bronze age glasses of the LMHK type (fig. /). To that, a num-
ber of sites from France unpublished as yet will undoubtedly be added.

Recognition of the development of chemical types of glass used in the Bronze Age and
Early Iron Age in Europe can be regarded as one of the principal results of archacometric
research in recent decades. Using the Central European periodisation and following, a.o.,
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Henderson 1988a; Hartmann et al. 1994; Billaud — Gratuze 2002; Angelini et al. 2011 it may
be summarised thus: The HMG glass, where alkalis were gained from plant ash, was sup-
posedly made in the Near East from about the Middle Bronze Age up to the beginning of
the Early Iron Age or Hallstatt period (1500 to c. 800 B.C.). The LMHK glass (with a mixed
alkali content) is considered to be a local continental European achievement found already
in the glass phase of faience beads or buttons of the Early and Middle Bronze Age, and
particularly in the glass of Late Bronze Age and Final Bronze Age beads (c. 1200-900 B.C.).
The LMG glass (containing alkalis of mineral origin — natron) was produced in the Mediter-
ranean since the 9t century, with early examples from the tomb of Nesikhons in Egypt
dated to 975/974 (Schlick-Nolte — Werthmann 2003), when it largely replaced the plant ash
glass and remained in use until c. the 9th century AD.

List of analysed glass samples from Bohemia

Twenty-three samples from nineteen beads found at four sites were submitted for analysis.
Blue-green glass was analysed in all beads, and also the white decoration in the four poly-
chrome beads. The sample numbers given below correspond to the numbering in the VITREA
database of prehistoric to post-medieval glass analyses results from the Czech Republic
(http://www.arup.cas.cz/cz/VITREA/index.htm; see Venclovd et al. 2010). Dimensions of
beads given in mm. Abbreviations: D — outer diameter, d — perforation diameter, h — height
(for measuring of beads, see Venclovd 1990, 315, P1. 1). For find contexts see above. Figs. 2
and 3.

Holubice, distr. Praha-zapad

Sample 620: bead no. 1 — double bead, or two fused annular beads; blue-green translucent, some red inclu-
sions. D 5.5, d 2, h total 3.5, h of individual beads 1.5 and 2.

Sample 621: bead no. 2 — annular, blue-green translucent. D 4.5, d 2, h 2.

Sample 622: bead no. 3 — annular, blue-green translucent. D 5,d 2, h 1.5.

Sample 623: bead no. 4 — annular, blue-green translucent. D 5, d 2.5, h 2-2.5.

Sample 624: bead no. 5 — annular, blue-green translucent. D 5.5, d 3, h 1-2.5.

Sample 625: bead no. 6 — annular, blue-green; semi-translucent. D 5, d 2, h 2-2.5.

Sample 626: bead no. 7 — annular, blue-green; semi-translucent. D 5.5, d 2.5, h 2-3.

Sample 627: bead no. 8 — annular, blue-green translucent. D 5.5, d 2, h 2.5.

Sample 628: bead no. 9 — annular, blue-green; deformed by fire, dull surface, traces of red glass inside
the perforation. D 5, d 1-3, h 1.5-2.5.

Obory, distr. Pfibram

Sample 734: annular bead, blue-green translucent, traces of red glass at the perforation. D 5-5.5, d 2,
h 2-3. Grave 106.

Sample 735: annular bead, blue-green translucent. D 5, d 2.5, h 2. Grave 126.

Repin, distr. Mélnik

Sample 736: fusiform bead, blue-green translucent with white spirally wound thread fused into the surface.
D 5-6.5,d 2.5, h 11. Museum (M) Mé&lnik inv. no. 4734.

Sample 737: same bead, white decoration.

Sample 738: fusiform bead, blue-green translucent with white spirally wound thread in relief. D 5-5.5,
d 2.5, h 10.5. M Mélnik inv. no. 4735.

Sample 739: same bead, white decoration.
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Fig. 1. Sites of chemically analysed Late to Final Bronze Age (12th to 9th cent. B.C.) LMHK glasses. After
Angelini 2009, Angelini et al. 2002, Angelini et al. 2004, Angelini et al. 2005, Angelini et al. 2009, Angelini
etal. 2010, Angelini et al. 2011, Angelini — Nicola — Artioli 2006, Angelini — Polla — Artioli 2007, Angelini —
Polla — Molin 2010, Hartmann et al. 1997, Henderson 1988b, Henderson 1993a, Henderson 1993b, Lorenz
2006, Nikita — Henderson 2006, Raftery — Henderson 1987, Towle et al. 2001. Further sites from France
could not be mapped as their list remains unpublished (cf. Billaud — Gratuze 2002).

Obr. 1. Nélezy chemicky analyzovanych skel typu LMHK z mladsi aZz pozdni doby bronzové (12. az 9. stol.
pf. Kr.).

1 All Cannings Cross, 2 Allendorf, 3 Billy-le-Theil, 4 Bismantova, 5 Borken-Kleinenglis, 6 Bringairet—Grotte
(Armissan), 7 Clanezzo, 8 Elateia, 9 Fondo Paviani, 10 Fort Harrouard (Sorrel-Moussel), 11 Frattesina,
12 Freestone Hill, 13 Gazzo Veronese, 14 Golasecca — Ca’ Morta, 15 Hauterive-Champréveyres, 16 Holu-
bice, 17 Chiusa di Pesio, 18 Lohfelden-Vollmarshausen, 19 Lough Gur, 20 Mariconda di Mellara, 21 Monte
Valestra, 22 Morano sul Po, 23 Narde, 24 Obory, 25 Rancogne, 26 Rathgall, 27 Réallon, 28 Repin, 29 Salor-
no-Cava Girardi, 30 Sindou-Grotte (Sénaillac-Lauzés), 31 Thasos, 32 Tuchoméfice.

Tuchoméfice, distr. Praha-zapad
Sample 740: annular bead, blue-green translucent. D 6, d 2.5, h 2-3. Grave 4. M Roztoky acc. no. 05/4, bag 1.
Sample 741: annular bead, blue-green translucent. D 5.5, d 3, h 2-2.5. Grave 4. M Roztoky acc. no. 05/4, bag 6.
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Fig. 2. Analysed beads from Holubice,
distr. Praha-zapad. Samples 620—628.
Photo H. Touskova.

Obr. 2. Analyzované korélky z Holubic,
okr. Praha-zdpad. Vzorky 620-628.
Foto H. Touskova.

738-739

742 743 744-745 746-747

Fig. 3. Analysed beads from Obory, distr. Piibram (samples 734—735), Repin, distr. Mé&Inik (samples 736—739)
and Tuchoméfice, distr. Praha-zadpad (samples 740-747). Photo H. Touskova.

Obr. 3. Analyzované korélky z Obor, okr. Pribram (vzorky 734—735), Repina, okr. MéInik (vzorky 736—739)
a Tuchoméfic, okr. Praha-zépad (vzorky 740-747). Foto H. Touskova.

Sample 742: annular bead, blue-green translucent. D 5-5.5, d 3, h 1.5-2. Grave 4. M Roztoky acc. no. 05/4,
bag 77.

Sample 743: annular bead fragment, blue translucent. D 6, d 3, h 1-2. Grave 6. M Roztoky acc. no. 05/6.
Sample 744: four-horned bead, green-blue translucent, white rings on the horns. D 12.5-15,d 3, h 7-8.5.
Grave 12. M Roztoky acc. no. 05/12.

Sample 745: same bead, white decoration.

Sample 746: fusiform bead, blue-green translucent with white spirally wound thread fused into the surface.
D 5.5-9,5,d 3-3.5, h 23.5. Grave 16. M Roztoky acc. no. 05/16.
Sample 747: same bead, white decoration.

NV
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Fig. 4. SE-BSE image of the
polished cross section of the
sample 620 from Holubice.
Obr. 4. SE-BSE obraz lesténého
fezu vzorku 620 z Holubic.

1 i

| |
200um

Fig. 5. SE-BSE image of the po-
lished cross section of the sam-
ple 621 from Holubice.

Obr. 5. SE-BSE obraz lesténého
fezu vzorku 621 z Holubic.

1 I 1 1 i
F12.2mm x450 SE(M) 100um

SEM-EDS chemical analysis

The results obtained (tab. 1) can be considered as quantitative, with c. 5 % relative accuracy
for each element. The detection limits of the measured X-ray intensities for individual
elements of 0.05-0.1 %wt. are given. This depends on the relative atomic numbers of the
elements and matrices of the samples. The results for Sb are problematic because of the
almost complete coincidence of the CaKa and SbLa lines, and they must be considered
unreliable. Also, in some cases the signal of back-scattered and secondary electrons was
used to check the homogeneity and presence of inclusions and other phases in the analysed
samples (see Hulinsky — Cernd 2001).

The analysis was conducted in the Laboratory of the Department of Glass and Ceramics of the Institute
of Chemical Technology in Prague. The glasses were analysed by scanning electron microscopy (SEM)
using a Hitachi S4700 field emission scanning microscope fitted with a energy dispersive spectrometer
(EDS) Thermo Scientific Ultra Dry Detector, model 4457G-IUES-SN-USA. An accelerating voltage of
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Fig. 6. Correlation of K,0 and Na,O contents in the analysed glasses.
Obr. 6. Korelace obsahti K,O a Na,O v analyzovanych sklech.
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Fig. 7. Correlation of K,0 and MgO contents in the analysed glasses.
Obr. 7. Korelace obsahtl K,O a MgO v analyzovanych sklech.

15 kV and beam current of primary electrons c. 120 pA were used. Polished areas of c. 0.5-1 mm?2 were
prepared on selected points of each glass object so that the corrosion layer on the surface was removed and
geometric conditions precisely determined so as to define the take-off angle of the spectrometer. The smooth
surface of the glass was then analysed. Analytical spectra were produced for at least three places on the
archaeological sample in an area of 100x100 micrometres; the spectra were collected for 100s. Thus the
migration of alkali ions from the analysed volume was minimised. The quantification of measured spectra
was performed by a ZAF iteration program using the reference glass standard Corning Glass B which was
obtained thanks to R. Brill, The Corning Museum of Glass, USA.
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Homogeneity of analysed glasses

Prior to the analyses, it was necessary to study the samples by means of back-scattered
and secondary electrons imaging so that homogeneous areas of the glass could be identified.
Samples were more or less translucent and sometimes even opaque. The latter indicates that
they contain primary unfused particles or secondary phases that disperse light (figs. 4 and 5).
Corresponding to the analyses carried out elsewhere (Angelini et al. 2004; Towle et al. 2001
Henderson 1993a; Santopadre — Verita 2000) it was found that the blue-green glass of the
samples can be characterised as a mixture of undissolved grains up to 200 micrometres in
size, apparently tridymite (the high-temperature phase of quartz, where the transformation
temperature reaches 870 °C), containing cracks as a result of the differential thermal ex-
pansion/contraction of the glass and crystals during cooling. Besides these large crystals
of tridymite, small dendritic crystals could also be observed as products of the secondary
crystallisation of glass during cooling. Moreover, the glass contains pale inclusions rich
in Ti (similar observations have been made by Henderson 1993a and Angelini et al. 2004)
and mostly globular particles of metallic character (Cu). In the glass phase there is also
a quantity of bubbles. All samples can be characterised as being a transitional phase between
glassy faience and glass, with a large volume of the glass phase.

Analytical results

The analytical results are shown in fab. I and figs. 6 and 7. With the exception of one
sample (see below), all glasses contained both sodium and potassium (alkali) ions and can
be identified as the so-called mixed-alkali glasses. This class of glass is characterised, a.o.,
by a high resistance to corrosion. This is demonstrated in archaeological finds by the
exceptional preservation of such glass objects, which otherwise would not be possible,
considering the very low presence of stabilising bivalent ions in the oxide (CaO).

Matrix glass. The largest group of analysed glasses (94.7 % of all matrix glasses, with the
exception of sample 738) have average contents of Na,O = 7.24 %wt., K,0 = 8.24 %wt.
and CaO = 1.66 %wt., with an average sum of the alkalis K,O0+Na,O = 15.48 %wt., ratio
K,0/Na,O = 1.66 and average contents of MgO = 0.58 %wt. (with the exception of sam-
ple 746). These glasses undoubtedly belong to the LMHK chemical type which has been
found in high concentrations in the Frattesina workshop and on other sites in north Italy,
and is characterised by the ratio K,0/Na,O = 1-2 and MgO contents under 1 %wt. (Hen-
derson 1988a; Angelini et al. 2004; Angelini — Polla — Molin 2010). A negative correlation
between the contents of K,O and Na,O can also be observed.

As already stated, one exception was found. In sample 738 from Repin (a bead with
white decoration) K,0O markedly prevails and the glass could be described as a potassium-
rich silica glass. This sample also has high contents of CuO, Fe,O5, CaO and a very low
content of Si0O,. Also the total alkaline oxides are much higher than 15.48 %wt. Similar
finds have been published from Frattesina, sample FRV4 by Angelini et al. (2004) and
sample 236 by Towle et al. (2001), and Thasos (Henderson 1993b). This could indicate
a different source of K-ions, or a different method of ash leaching.

Another sample, 746 from Tuchoméfice, again a bead with white decoration, differs
from the others by the content of MgO exceeding 1 %wt., and by a much higher content
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of CaO than other samples. The high content of P,O5 established in this sample was also
found in samples 621, 624 a 743. A similar value of P,O5 was provided by the Frattesina
sample FRBR-R (Angelini et al. 2004). Again, a different leaching process of the plant ash
may be responsible.

Samples 740, 742, 743 and 746 show a higher content of SnO,. In some cases it may
correspond to the content of Pb, and both elements could have been introduced from bronze.
The same applies to the presence of Cu.

Colourants in the matrix glass. The colouring of the analysed blue-green glass of the bead
matrices is in all cases the result of the content of CuO in a range of c. 2.5-11.79 %wt.
Also cobalt was found in samples 736, 741, 742 and 746 with CoO present at up to 0.3 %owt.
In samples 738 and 744 the colour of glass could have also been influenced by the higher
content of Fe,O5 of around 1 %wt. (FeO around 0.9 %wt.).

White glass used as decoration. The white opaque glass of bead decoration is represented
by samples 737, 739, 745 a 747. Apart from sample 745, the white glass of the other three
samples is correlated with a higher content of CaO. In all cases, white glass has a lower
content of CuO compared to the blue-green glass. In sample 737, a very small amount of
Si0, was found and at the same time a very high content of CoO and SnO,. Samples 737
and 739 are remarkable by their high contents of K,O (15.66 and 14.02 %) and low contents
of Na,O, which can indicate a different source of raw materials used and was also found
in sample 738 (the matrix of sample 739). Sample 745 was characterised by a higher content
of Si0, and low content of CaO. Sample 747 had higher P,O5 and MgO contents together
with a higher CI content.

The high content of calcium oxide was noticed in white glass from Hauterives-Cham-
préveyres by Henderson (1993). Quartz grains were found in white glass of some French
samples by Billaud and Gratuze (2002) who pointed out that the white material used for
decoration resembles faience rather than glass, and that no opacifying agent was added.
However, calcium antimonate crystals were found in the white glass from Elateia (Nikita —
Henderson 2006, 101) and antimony was also present in the white sample 747 from Tucho-
méfice. Many crystalline inclusions and the nucleation of Ca silicates in white glass were
observed by Angelini — Polla — Artioli (2007, 146) and Artioli — Angelini — Polla (2008,
249-250). According to the high content of Ca (CaO 5.94 to 12.56 %) and Fe (FeO 0.55
to 1.3 %wt.), samples 737, 739 and 747 could belong to Group 1 of the white glasses from
Narde (Angelini — Polla — Molin 2010, 128), but sample 745 seems to be atypical and might

be classified as siliceous faience.
VH

Trace element analysis

Three samples of turquoise glass from Holubice were chemically analysed using Laser-
ablation inductively coupled plasma mass spectrometry (LAICPMS) at the British Geo-
logical Survey, Keyworth, UK, in order to determine their trace element concentrations.
The LA-ICP-MS consisted of a NewWave UP193FX excimer (193nm) laser system with
built in microscope imaging coupled to an Agilent 7500 series ICP-MS. Data was collected
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in a time resolved analysis mode, with a glass blank being measured before a series of glass
ablations, including on the standards, were carried out. Three replicate ablations were
performed on each sample. Each ablation peak was individually integrated. Calibration was
performed using the NIST SRM612 glass standard (nominal 500 mg/kg concentrations)
with quality control being provided by the NIST SRM610 glass (nominal 500 mg/kg con-
centrations). Element concentrations were taken from the GeoRem website preferred values
compilation (http://georem.mpch-mainz.gwdg.de). The results were normalised to the silica
content as determined by electron microprobe analysis to account for differences in laser
ablation efficiency. There is a generally good agreement between the elements determined
using electron microprobe and the LAICPMS.

The presence of trace element impurities in ancient glass can help to suggest the types
and purities of the raw materials used to make it. Clearly the presence of trace elements
should be seen in association with the electron microprobe results (tab. 2). Certain trace
elements can be assumed to be associated with the silica used to make glass, such as neo-
dymium (Nd), zirconium (Zr), titanium (Ti), thorium (Th) and uranium (U); their presence
being the result of their high concentrations within detrital minerals such as zircon, rutile etc.
that may be found within sand sources. Others, like alumina (Al) and iron (Fe) are almost
certainly also associated with silica, although both of these can also be introduced with
colorant-rich minerals. Chromium is also often associated with minerals like chromite found
in sands, but can also be found in ashed plants suitable for glass making (Henderson et al.
2010, 12, fig. 4). Overall, the variation in the trace element concentrations in the three
samples, as reflected by the standard deviations, is relatively low. This provides a degree
of confidence that the analytical points have not included crystals.

The neodymium (Nd) levels found in the three glass samples are at levels of between
2 and 3 ppm. This shows that the silica source used to make the glasses was relatively pure,
perhaps a quartz sand. The Nd levels are slightly higher than the levels found in Mesopo-
tamian Late Bronze Age glasses for which it has been suggested crushed quartz pebbles
were used as a silica source. The Nd levels are lower than found in virtually all Egyptian
Late Bronze Age glasses for which we have results (Henderson — Evans — Nikita 2010,
tab. 1, fig. 3c) and for which a relatively impure sand has been suggested as the probable
silica source. While not especially surprising, this indicates that silica of a different purity,
and probably from a different source from the silica used to make Egyptian and Meso-
potamia glass was used to make the Holubice glasses. The three samples contain between
1.75 % and 2.2 % alumina which supports the idea that a sand source was involved in
their production, being associated with the presence of feldspar in sand. The very low levels
of thorium and uranium show that the sand source is unlikely to be of a granitic origin.
Zirconium has been detected at between 15 and 20 ppm in the three samples. This again
suggests that the sand used was relatively pure and is at a distinctively lower level than
found in Levantine sand (for example).

Turning to the type of alkali used to manufacture the three glasses, the trace and minor
elements normally associated with plant ashes are magnesium (Mg), potassium (K), stron-
tium (Sr), and sometimes barium (Ba). Barium is often found at elevated levels in wood
ashes. If purified plant/wood ashes were used as a source of alkali to make the glass, then the
relatively low strontium (at between 110 and 130 ppm) associated with calcium is possibly
to be expected, because the calcium levels would have been reduced by the ash purification
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(see above). The low barium levels at between 50 and 65 ppm however could indicate that
a mixed potassium and sodium-rich mineral source of alkali cannot be ruled out. If this
is the case, then it could also explain the low levels of strontium, magnesium and calcium
in the glasses and it would not be necessary to resort to explaining the low levels of mag-
nesium and calcium as resulting from ash purification.

As noted above the levels of copper and tin in the glass samples suggest that scrap
bronze was used to colour the glass. The very low trace levels of some transition metals
(Zn, Co, Ni) show that they did not form significant impurities in the original copper ore
bodies used. Iron may well have been introduced as part of a mineral impurity in the sand.

Thus it can be seen that these three sets of trace element results for mixed alkali glass-
es provide additional, though not definitive, evidence for the purities and types of raw
materials used to make the glass.

JH, SC

Discussion of the analytical results

According to chemical analyses, the glasses studied from Bohemia belong, with one excep-
tion, to the LMHK glass of the Late Bronze Age (Final Bronze Age in Italian terminology)
described by several authors (namely Henderson 1988a; 1993a; Brill 1992; Santopadre —
Verita 2000; Towle et al. 2001; Angelini et al. 2004; Lorenz 2006; Angelini — Polla — Molin
2010). The composition of these glasses is comparable to the glass produced in Frattesina
and perhaps other sites in north Italy. Also the texture of the analysed glasses is almost
identical with that of the Frattesina glasses according to Angelini et al. (2004), Towle et al.
(2001, sample 221) or Santopadre — Verita (2000). The contents of the main glass con-
stituents as well as colouring elements indicate a high level of specialisation in the glass
production. The source of alkali is still a matter of debate; most often a leached plant ash is
considered to be the cause. In our opinion, the explanation of the mixed alkali and the low
Mg and Ca contents in this glass could be the use of leached ash either from the mixture
of local continental and maritime plants, the latter perhaps from the nearby Adriatic shore,
or from local plants containing a similar Na/K ratio. However, these explanations must
remain hypothetical until such marsh plants are identified and analysed. Their composition
could be related to the specific fluvial conditions at the site of Frattesina in the Italian Final
Bronze Age (Arenoso Callipo — Bellintani 1994). Moreover, since not all components of
plants are transferred directly into the glass when it is made because of the melting condi-
tions, it can be difficult to establish which plant genera and/or species were used using the
chemical analyses of the glasses (Barkoudah — Henderson 2006). In addition, we hypothe-
sise that a mineral source of alkali is an alternative.

Matrix glass of the sample 738, but also the white glasses — samples 737 and 739 from
Repin — are conspicuous because of their high K,O contents, at around 15 %, resulting in
a much higher K,0/Na,O ratio than in other samples. This could indicate a different source
of alkali, a different geological source for the plant or that a different plant ashing proce-
dure was used. Sample 746 from Tuchomeéfice with its MgO content over the normal 1 %
(at 1.8 %) and high content of CaO (4.78 %) and P,0O5 (0.27 %) could also reflect a dif-
fering ash leaching process. The last two samples could most probably be considered as
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random deviations from the commonly and rather precisely followed formula of typical
LMHK glasses, although other explanations are possible. One such possibility is that the
glass was made in a different location from the mixed-alkali glasses.

The matrix colouring agent CuO has been identified in almost all cases. It may have
been introduced from bronze, especially when Sn is also present. Sometimes, another
colourant — cobalt was present, possibly introduced from a mineral source.

VH, JH

Archeological considerations

The results of chemical analyses correspond to the typological properties of the investigated
beads. Most beads are visually similar in their colour, translucency and quality of glass.
It is remarkable that the exceptional bead — sample 738, and also sample 746 — belong to
the polychrome beads decorated by white glass. The other polychrome beads, samples 736
and 744, do not differ in their matrix glass from other beads. The white glasses are quite
variable; samples 737 and 739 from Repin both have a very high content of K,O. It is a fact
that polychrome beads are visually considerably different each from the other. However
the number of samples are too low for drawing significant conclusions. The theory can be
advanced that the raw glass used in some of the polychrome beads could have been made
in different workshops, or resulted from different melting conditions for that used to make
glass in the simple monochrome beads. The more or less similar chemical composition of
the LMHK glass beads found in the context of the Knoviz culture in Bohemia could be
the result of a one-time delivery of glass products from one or more than one workshop
distributed there during a relatively short time span.

It should be noted here that Late Bronze Age glass of different chemical properties have
also been identified in Bohemia. A few beads of the Lausitz culture from Mlada Boleslav-
Cejeticky (B C2-D) and Jefice (Ha A) and others of the Silesian-Platénice culture from
Drazkovice (Ha B1), all in east Bohemia, and also one Lausitz culture bead from Gorszewice
in Greater Poland (Ha C or earlier) analysed by Frana and MaStalka (Frdna — Mastalka —
Venclovd 1987, tab. 3, samples 17 and 47; Frdna — Mastalka 1990, tab. 7; for the archaeo-
logical context see Venclovd 1990, 218-219; Malinowski 1990, 23-25) belong not to LMHK
but to HMG (plant ash) glass (see also Henderson 1988b, fig. 3).

The typological and chemical properties of glass beads found in the Late Bronze Age
Knoviz culture context of Bohemia provide very strong evidence for their origin in north
Italy. These beads are a prominent marker of interregional contacts between regions north
and south of the Alps. The glass workshop at Frattesina, where — as well as some other pos-
sible sites in the same region — the beads were apparently produced, was active at a settle-
ment with some central functions and with trans-alpine contacts (Towle et al. 2001, 11).
Hypothetically, glass beads could have been one of the reciprocal articles in the trade with
Alpine copper as indicated in the territory north of the Alps including Bohemia with the
support of the chemical analyses of bronzes in local hoards (Jirdii ed. et al. 2008, 242).

The different chemical types of glass beads in the Knoviz culture area on one hand and
in the Lausitz and Silesian-Platénice Urnfield cultures of east Bohemia and Greater Poland
on the other could reflect differently oriented trade (in glass, if not other items) in the Late
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Bronze Age. The LMHK glass in the Knoviz context indicates a more or less direct south-
north route from north Italy across the Alps to the western Urnfield cultures including west
and central Bohemia, while the HMG glasses from the contemporary Lausitz culture con-
text in east Bohemia (Jefice, Mlada Boleslav—Cejetiéky, Drazkovice) and Greater Poland
(Gorszewice) perhaps show that a more easterly route was used for the eastern Mediter-
ranean products. The inter-connection between east Bohemia and Moravia in the Late
Bronze Age is attested by the content of bronze hoards (Jirdri 2010, 53), and further con-
tacts are noticeable across the Carpathian Basin and to the south-east. These can be iden-
tified in the Moravian Lausitz Urnfields in Ha A and Ha B in contrast to the Middle Danu-
bian Urnfields (Salas 2005, 146—154). However, the small number of chemically analysed
glasses of the east Bohemian and Moravian Late Bronze Urnfield culture so far obtained
makes it at present impossible to regard this as more than a hypothesis.
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Skla typu mixed alkali mlad3f doby bronzové v Cechéch

V mladsi dobé bronzové, v kontextu knovizské kultury (Ha A, 12. az 1. pol. 11. stol. pt. Kr.), se ved-
le monochromnich modrozelenych sklenénych koralka objevuji, poprvé v ¢eském pravéku, také ko-
ralky polychromni. Podle formélnich vlastnosti byl jejich pivod hled4n v severoitalské Frattesiné
(Venclovd 1990, 41-44 s lit.). MozZnost exaktni identifikace sklarskych vyrobki této doby z hlediska
jejich provenience a technologie v§ak umozZnila teprve analytickd data k chemickému sloZeni skel
z Frattesiny i dalSich lokalit. To se nyni tyka také ceskych ndlezt, k nimzZ jsou k dispozici chemické
analyzy, provedené v poslednich letech v ramci projektu IAA800020903 ,,Sklafstvi v pravéku a stie-
dovéku: kulturni a technologické promény*, podporovaného Grantovou agenturou AV CR.

NV

Koralky z kontextu knovizské kultury

Vysledky badani na konci 80. let 20. stol. shrnula N. Venclovd (1990, 42—44) a soucasny stav
predvédi pripojeny soupis skel z 9 lokalit (detailn€ v anglickém textu). Pfibyly pocetné nalezy z kno-
vizskych hrobt v Holubicich, Noutonicich a Tuchoméficich (vSe okr. Praha-zapad), za néz vdééime
zejména dislednému plaveni vyplni hrobii a obsahu uren.

Archeologicka zjisténi. S vyjimkou jednoho kordlku z depotu bronzl pochazeji vSechny ostatni
pravdépodobné z popelnicovych hrobi. Sklenéné koralky obsahoval v Holubicich jeden z 8 hrobu,
v Tuchoméficich 5 ze 32 hrobii. Antropologické urceni pohibenych osob s koralky je k dispozici jen
ve dvou tuchomérickych pripadech: v hrobé 4/05 to byla mlada osoba ve véku 17-20 let a v hrobé 6/05
malé dité. K nésledujicimu prehledu bylo k dispozici 44 vybav hrobti z pohfebist, kde se vyskytly
sklenéné koralky. Typicky muzskd vybava koralky nedoprovéazela v Zadném pfipadé. Inventat obsa-
hujici zlaté predméty (Tuchomeéfice hr. 12/05 a Obory hr. 126) naznacuje vys$si socidlni status pohibe-
nych osob nosicich kordlky. Tyka se to také hrobti obsahujicich nékolik bronzovych prfedméti, coz
plati o vétsin€ hrobi se sklem. Vyznam skla v této dobé naznacuje také pritomnost zminéného sklené-
ného korédlku v depotu bronzovych nadob a ozdob ze Stfedokluk. Vzhledem k uvedenému nédlezové-
mu kontextu a k faktu, Ze kordlky ptedstavuji v knovizské kultufe nadregionalni importy, 1ze soudit,
Ze byly spise majetkem elity a Ze snad slouZily k ochrané déti a mladsich jedincu (divek?).

Formadlni vlastnosti koralkt. Sklenéné koralky byly zhotoveny technikou navijeni. Jejich sklo je
prusvitné, ale nehomogenni, takZe se miZe jevit i jako opakni. Maji modrozelenou barvu v riiznych
odstinech, vyjimecné se stopami c¢erveného skla (Holubice, Obory). Vzacné se vyskytujici vyzdoba
je provedena bilym opaknim sklem, v jednom pfipad€ snad i sklem modrym (Doldnky). Vyjimecny
korél z Levous byl vyroben z bélavé, na povrchu svétle zelené zrnité fajanse a technika jeho vyro-
by nebyla zjisténa. Z typologického hlediska prevazuji drobné monochromni krouzkovité koralky;
ze zdobenych se vyskytl vietenovity koral s bilou $roubovici (Repin, Tuchoméfice; v Levousech
v provedeni z fajanse), ctyfcipy kordl s bilymi krouzky (Tuchoméfice) a obly koral se ¢tyfmi snad

modrobilymi oky (nezvéstny exempléi z Doldnek-Rubina).
NV, LS, JHlo

Evropsky archeologicky kontext koralki ,,typu Frattesina* mladsi doby bronzové

Polychromnich koralki mladsi doby bronzové (Final Bronze Age v italské periodizaci) si jako
prva povsimla Th. E. Haevernick (1949-1950; 1978b), ktera je podle nélezl ze Svycarskych sidliSt na
brezich jezer oznacila jako nakolni perly — Pfahlbauperlen nebo Pfahlbaunoppenperlen (varianta
s pupky). Pozdéji byly tyto kordlky objeveny spolu s doklady jejich mistni vyroby v severoitalské
vyrobni lokalité protovillanovské kultury Frattesina (Bietti-Sestieri 1980; 1981). Nésledovaly dalsi
ndlezy vizualné podobnych koralki v Irsku, Britanii, Ceské republice, Svycarsku, Itlii, Némecku,
Francii, Recku a jinde zasluhou celé fady badatelti (zejména Raftery, Henderson, Rychner-Faraggi,
Gratuze, Hartmann, Lorenz, Bellintani). Lokalita Frattesina ma pro studium téchto koralkéi mimo-
fadny vyznam. Jde o vyjimecné sidliSt€ s fadou vyrobnich aktivit véetné bronzové metalurgie a s do-
klady interregionalnich kontaktl (Arenoso Callipo — Bellintani 1994; Towle et al. 2001; Bellintani —
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Stefan 2009). Nalezy odtud, z 12.-10. stol. pt. Kr., zahrnuji tygliky se sklovinou, surové sklo a sklat-
sky odpad a také kolem 3000 ,,ndkolnich* sklenénych koralkd. Po chemické strance jde o sklo typu
mixed alkali, jaky je popsan niZe.

Archeometrie skla typu mixed alkali mladsi doby bronzové

Chemické analyzy skel z Frattesiny a dalSich naleziSt, které zahdjili J. Henderson (Raftery —
Henderson 1987, Henderson 1988a; 1988b) a R. Brill (1992; 1999), nabidly zcela novy pohled na
tzv. nakolni koralky. Sklo bylo oznaceno jako mixed alkali, resp. podle Hendersona jako typ LMHK
(low magnesium — high potassium). Toto sklo obsahuje ca 6-9 % Na,O, 8-11 % K,0, 0,5-1,0 %
MgO a 2 % CaO. Bylo konstatovano, Ze jde o zcela novy, do té doby neznamy chemicky typ skla
bez paralel mimo kontinentalni Evropu. R. Brill (1992) se zabyval alternativami zdroju alkélii pouzi-
tych v tomto skle (louZeny popel velkych dfevin, necistd forma natronu kontaminovana draselnymi
solemi jako jsou evapority v Egypté, nebo piirozené se vyskytujici nitraty, napt. z hnoje). Chemicky
totozné sklo bylo pak identifikovano daliimi analyzami v Hauterive-Champréveyres ve Svycarsku
a Henderson (1993a) upozornil, Ze soucasnd mladobronzové a néktera halStatska skla mohou mit také
jiné sloZeni, které oznacil jako HMG (high magnesium), zatimco dalsi typ — LMG (low magnesium)
byl béZny aZ od doby Zelezné. Vystoupil s tezi, Ze skla typu LMHK byla vyrabéna v severni Itélii
v dobé nedostatku skla v dusledku kolapsu mykénské kultury ve 12. stol. pi. Kr. Zdroje surovin byly
dale zkoumany a nékteré experimenty vedou k domnénce, Ze potas pro skla typu LMHK mohla byt
ziskéna louZenim bukového popela (Hartmann et al. 1997). Analyzy vice nez stovky skel typu LMHK
ze severoitalskych lokalit (Towle et al. 2001) vedly k poznéni pfi¢in opacity skla a jeho barvidel.
Vysledky velkého francouzského projektu analyz kordlkd mladsi doby bronzové pomoci laserové
ablace (LA-ICP) nebyly jesté detailné publikovany (Billaud — Gratuze 2002; Gratuze — Billaud 2003).
Projekt realizovany v Itdlii zajistil I. Angelini a jejimu tymu vyznamnou roli pfi vyzkumu skel LMHK
i dalSich skel doby bronzové a pocinajici doby Zelezné. Chemicky typ LMHK byl zjistén v Italii také
ve skelné fazi fajansovych predméti, a to jiZ od star$i doby bronzové (Angelini et al. 2002; Angelini
et al. 2006b; Bellintani et al. 2006; Tite — Shortland — Angelini 2008). Zaroven byly klasifikovany
rozdily mezi fajansi, skelnou fajansi a sklem podle podilu skelné faze v materidlu (Bellintani et al.
2006; Artioli — Angelini — Polla 2008). Rada dalsich vyzkumi vedla k rozli$eni dvou riiznych zdroji
alkalii, k predpokladu existence vice dilenskych lokalit a také k poznéni vyvoje chemickych typt skel
v dobé bronzové v Itdlii (Angelini et al. 2004; 2009; 2011). Archeometricky vyzkum skel ze zndmého
depotu v Allendorfu v Hessensku, provedeny A. Lorenz (2006), ukazal na soucasny vyskyt skel typu
LMHK, HMG a LMG v Ha B3/C, tedy pfesné v obdobi nastupu skel typu LMG, ktery nahradil pied-
chozi typy, a také riiznorody ptvod sklenénych koralkl nalézanych v Evropé. Odlisnosti ve sloZeni
skel LMHK z lokality Elateia v Recku oproti severoitalskym kordlkiim naznacily moZnou existenci
dalsiho vyrobniho centra (Nikita — Henderson 2006). Podle soucasnych chemickych analyz jsou skla
typu LMHK mladsi aZ pozdni doby bronzové (12. az 9. stol. pt. Kr.) znama z vice nez 30 lokalit
v Evropé, k ¢emuZz bude nutno jesté pficist dalsi nalezy z Francie, dosud nepublikované (obr: I).

Za jeden z hlavnich vysledki archeometrického vyzkumu skla v poslednich desetiletich lze bez-
pochyby oznacit poznani vyvoje chemickych typt skel v dobé bronzové a na pocatku doby Zelezné
v Evropé. Typ HMG byl vyrabén na Prednim Vychod¢ z alkdlii ziskanych z popela rostlin zhruba od
stfedni doby bronzové do pocatku halStatského obdobi (1500 az 800750 pt. Kr.). Typ LMHK (mixed
alkali) se povaZuje za kontinentalni evropsky (severoitalsky) vyndlez; byl zjiStén ve skelné fazi fajan-
sovych koralkd a knoflikl starsi a stfedni doby bronzové a zejména ve sklenénych koralech mladsi,
a ptipadné pozdni doby bronzové (ca 1200-900 pt. Kr.). Typ LMG s alkéliemi mineralniho pivodu,
resp. natronové sklo, byl vyrdbén ve Stredomoti od doby halstatské, resp. od 8. stol. pt. Kr. pies dobu
laténskou nejméné az do doby fimské a stéhovani narodua.

Analyzované vzorky skla z Cech

K analyze bylo piedloZeno 19 koralkt, z nichZ bylo analyzovano modrozelené sklo matrice a ve
étyfech ptipadech polychromnich korélki také jejich bild vyzdoba, takZe celkovy pocet vzorki ¢inil
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23. Cisla vzorkd odpovidaji ¢islovani v databazi chemickych analyz pravékych aZ novovékych skel
VITREA (http://www.arup.cas.cz/cz/VITREA/index.htm; stov. Venclovd et al. 2010). Soupis vzorki
je uveden v anglickém textu. Obr. 2 a 3. NV

Chemicka analyza SEM-EDS

Skla byla analyzovana touto metodou v Ustavu skla a keramiky VSCHT v Praze (k metodé srov.
Hulinsky — Cernd 2001).

Homogenita analyzovanych skel. Analyzovana skla obsahuji neprotavend zrna tridymitu, drobné
dendritické krystalky a inkluze obsahujici Ti a Cu. Tento materidl Ize charakterizovat jako pfechod-
nou fazi mezi skelnou fajansi a sklem (obr: 4-5).

Vysledky analyz. Vysledky predvadi tab. 1 a obr. 6-7.

Sklo matrice. S vyjimkou jednoho vzorku (738) byla vSechna skla identifikovana jako typ mixed
alkali. Maji praimérny obsah Na,O = 7,24 %hm., K,O = 8,24 %hm. a CaO = 1,66 %hm., soucet
alkalii K,O+Na,O = 15,48 %hm., pomér K,O/Na,O = 1,66 a primérny obsah MgO = 0,58 %hm.
(s vyjimkou vzorku 746). Tato skla nepochybné patii k chemickému typu skla LMHK, ktery byl
rozpoznan jako produkt sklarské dilny ve Frattesin€ v severni Itélii. Toto sklo charakterizuje pomér
K,0/Na,O = 1-2 a obsah MgO nizsi nezZ 1 %hm. (Henderson 1988a; Angelini et al. 2004; Angelini —
Polla — Molin 2010). Ve zminéném vyjime¢ném piipadé korilku z Repina, vz. 738, vyrazné pieva-
zuje K,O a objevuje se vysoky obsah CuO, Fe,03, CaO a velmi nizky obsah SiO,; to miiZe odrdZet
jiny zdroj alkalii nebo jiny zptisob louZeni rostlinného popela. Dalsi vzorek 746 z Tuchoméfic se
odliSuje vyssim obsahem MgO. Vzorky 740, 742, 743 a 746 vykazuji vyssi obsah SnO,.

Barvici prvky ve skle matrice. Zbarveni je ve vSech piipadech vysledkem obsahu CuO; zjistény
byly i kobalt a Zelezo.

Bilé vyzdobné sklo. Tti vzorky (737, 739, 747) maji vyssi obsah CaO (5,94 to 12,56 %), coz
neodporuje vysledkim z jinych lokalit (Henderson 1993a). Opacitu bilého skla zptisobuji zfejmeé
krystalické kfemicité inkluze a nukleace Ca silikatd (Angelini — Polla — Artioli 2007, 146; Artioli —
Angelini — Polla 2008, 249-250; Angelini — Polla — Molin 2010, 128). Vzorek 745 se svym vysokym
obsahem SiO, zd4 byt atypicky. VH

Analyza stopovych prvka LAICPMS

Modrozelené sklo tii koralkt z Holubic (vzorky 620, 621, 622) bylo analyzovano metodou lase-
rové ablace v British Geological Survey v Keyworth ve Velké Britanii (fab. 2). Stopové prvky mohou
indikovat typ pouZitych surovin. Obsah neodymia ukazuje, Ze kiemik byl ziskdn z jiného zdroje nez
egyptskd a mesopotdmska skla. Nizky obsah thoria a urania svéd¢i o jiném nez granitickém zdroji
pisku. Obsah zirkonia ukazuje na pomérné Cisty pisek a jeho obsah ve zkoumanych sklech je nizsi
neZ napft. v levantském pisku. Maly obsah barya nevylucuje vyuZiti mineralniho zdroje se smiSenym
obsahem potase a sody. Obsah médi a cinu snad souvisi s barvenim skla s uzitim bronzoviny.

JH, SC

Diskuse vysledku analyz

Studovani skla z Cech patfi, s jednou vyjimkou, k chemickému typu mixed alkali, resp. LMHK
mladsi doby bronzové, jaky popsala fada autort (zejm. Henderson 1988a; 1993a; Brill 1992; Santo-
padre — Verita 2000, Towle et al. 2001; Angelini et al. 2004; Lorenz 2006; Angelini — Polla — Molin
2010). Slozeni i textura téchto skel souhlasi se sklem vyrdbénym v lokalité Frattesina, popr. v dalSich
severoitalskych dilnach. Zdroj alkdlii je stale pfedmétem diskuse; vétSinou se uvazuje o louZeném
rostlinném popelu. Podle na$eho ndzoru miize byt vysvétlenim mixu alkélii a obsahu hot¢iku pouZiti
louZeného popela ze smési mistnich kontinentdlnich a zdrovei i1 pfimotskych rostlin, nebo z popela
mistnich rostlin pochazejicich z oblasti se specifickymi fluvidlnimi podminkami, jaké charakterizo-
valy pravé lokalitu Frattesina na konci doby bronzové (Arenoso Callipo — Bellintani 1994). Vyloucen
ovSem neni ani minerdlni zdroj. VH, JH
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Archeologicka pozorovani

Vysledky chemickych analyz odpovidaji typologickym vlastnostem zkoumanych korélki, z nichz
vétsina se shoduje barvou, prisvitnosti a kvalitou skla. SloZenim vyjimecné vzorky 738, pfip. 746
nalezi polychromnim koralkiim a nabizi se pfedstava, Ze by surové sklo pro takové kordlky mohlo byt
vyrobeno v jinych dilndch, nebo pochdzet z jinych taveb nez sklo pro monochromni koralky. Poly-
chromni kordlky se také nejvic navzajem vizudlné odliSuji. Pocet vzorki byl nicméné pfili§ maly
k vyvozeni vyznamnych zavért. Viceméné jednotné chemické sloZeni koralkd z kontextu knovizské
kultury naznacuje, Ze mohlo jit o jednordzovou dodavku z jedné ¢i vice dilen, distribuovanou zde
v pribéhu kratké doby. Na tomto misté je tieba pfipomenout, Ze v Cechéch bylo v mladsi dob& bron-
zové zjisténo také sklo jinych chemickych vlastnosti. Koralky luzické kultury z Mladé Boleslavi —
Cejeticek (B C2-D) a Jefic (Ha A), slezskoplaténické kultury z Drazkovic (Ha B1), a také kordlek
luZické kultury z Gorszewic ve Velkopolsku (Ha C ¢i starsi) nepatii ke sklu typu LMHK, ale HMG
(Frdna — Mastalka — Venclovd 1987, tab. 3, vzorky 17 a 47; Frdna — Mastalka 1990, tab. 7; archeo-
logicky kontext viz Venclovd 1990, 218-219; Malinowski 1990, 23-25; viz t¢Z Henderson 1988b,
fig. 3).

Typologické a chemické vlastnosti sklenénych koralkl knovizské kultury jsou jednozna¢nym
dokladem jejich plivodu v severni Itdlii, a tedy interregiondlnich kontaktli mezi izemim severné
a jizné Alp. Koralky mohly byt jednim z recipro¢nich artikli v obchodu s alpskou médi, ktera byla
chemickymi analyzami indikovéna v bronzech z depotti na dzemi stfedni Evropy véetng Cech (Jirdii
ed. et al. 2008, 242). Rozdilné slozZeni skel knovizské kultury na jedné stran¢ a vychodoceskych lu-
zickych a slezskoplaténickych popelnicovych poli na druhé strané miZe odraZet riizné orientovany
obchod (pfinejmensim se sklem) v mladsi dob& bronzové. Typ skla LMHK v knovizském kontextu
ukazuje na viceméné pfimy smér importu ze severni Italie pfes Alpy na tizemi zapadnich popelni-
covych poli véetn& zapadnich a stfednich Cech, zatimco typ skla HMG ze soucasnych kontextii ve
vychodnich Cechéch a ve Velkopolsku naznacuji vychodngjsi cestu pouZivanou pro produkty z vy-
chodniho Stiedomofi. Spojeni mezi vychodnimi Cechami a Moravou v mladsi dobé bronzové dokl4-
daji mj. bronzové depoty (Jirdii 2010, 53), a dalsi kontakty jsou zfetelné napii¢ Karpatskou kotlinou
a dale k JV. Plati to zejména pro moravska luZicka popelnicovéd pole v Ha A a Ha B na rozdil od
sttedodunajskych popelnicovych poli (Salas 2005, 146-154). Maly pocet chemicky analyzovanych
skel z vychodoceskych a moravskych popelnicovych poli mladsi doby bronzové vSak neumoziuje
tyto pfedpoklady zobecnit.
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