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IDENTIFYING BRONZE AGE GLASS PRODUCTION CENTRES 
THROUGH BEAD-MAKING TECHNIQUES

Abstract: The assemblage of Bronze Age glass beads found in the territory of present-day Poland 
counts 3100 pieces. The earliest examples known from excavations in central Europe are dated 
most often to the BrB–HaA1/A2 phases of the Bronze Age (= BA II–III/IV); they are made of high 
magnesium glass (HMG), which is now most frequently corroded. In the HaA2–HaB3 phases 
(= BA IV–V), beads were produced of a “mixed alkali” glass, also called low magnesium and high 
potassium glass (LMHK), which is usually preserved in rather good condition. The oldest beads are 
large as a rule, well made, using, at least in some cases, the folding technique. Small, undecorated 
beads made of “mixed alkali” glass were produced by the winding technique.

Keywords: Poland, Bronze Age, glass beads, HMG, LMHK glass, folding technique, winding 
technique

Abstrakt: Z obszarów obecnej Polski znanych jest około 3100 paciorków szklanych datowanych 
na epokę brązu. Najstarsze okazy odkryte w środkowej Europie pochodzą z faz BrB–HaA1/A2 
(=  II–III/IV EB); wykonano je z  tzw. szkła wysokomagnezowego (HMG), obecnie najczęściej 
skorodowanego. W fazach HaA2–HaB3 (= IV–V EB) paciorki robiono ze szkła „mieszanoalka-
licznego”, zwanego także szkłem niskomagnezowym i wysokopotasowym (LMHK), które zwykle 
zachowało się w dobrym stanie. Najstarsze paciorki są z  reguły duże, dobrze wykonane, przy 
użyciu – przynajmniej w niektórych przypadkach – techniki zginania. Małe, niezdobione okazy 
zrobione ze szkła „mieszanoalkalicznego” zostały wyprodukowane metodą nawijania.

Słowa kluczowe: Polska, epoka brązu, paciorki szklane, HMG, szkło LMHK, technika zginania, 
technika nawijania
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1. INTRODUCTION

The oldest glass beads known from modern-day Poland are dated to the Bronze 
Age II (= phases BrB–C; that is, about 1650/1600–1300 BC) and Bronze Age III 
(= phases BrD–HaA1; about 1300–1150/1100 BC).1 They are found more frequently 
on archaeological sites from the Bronze Age IV (= HaA2–B1; about 1150/1100–
1000/950 BC) and Bronze Age V (= HaB2–B3; about 1000/950–800/750 BC2). Alto-
gether about 3100 glass beads have been recorded from 41 archaeological sites that 
are associated with communities of the Trzciniec, Tumulus and Lusatian cultures 
(Purowski 2019, p. 95).3 Some impressive strings of beads have been found beside 
single finds; they count a few hundred beads each, and are combined with amber 
and metal (either gold or bronze) ornaments. No other categories of glass ornaments 
are known from Poland. 

Glass artifacts were found in two hoards connected with Trzciniec communi-
ties (Błogocice; Wola Żydowska [Żydów]), discovered at two different cemeteries 
of this culture (Dacharzów; Żerniki Górne), as well as at two other cemeteries 
associated with a transitional phase between two cultures, Trzciniec and Lusatian 
(Bocheniec; Kębliny). Glass beads were also discovered at two burial grounds of 
the Tumuli culture (Ligota [Kruszyniec]; Kietrz) and, additionally, at 35 Lusatian 
culture sites from the Bronze Age: 30 cemeteries, four hoards (Będków; Pszczel-
nik; Rzędziny; Skórka), and one site (Targowisko) with a settlement and graveyard 
(Purowski 2019, pp. 95–96). Slightly over 20 glass beads are known from Tumuli 
culture graves, almost 20 from Trzciniec culture contexts and only three from the 
transitional Trzciniec-to-Lusatian phase. The bulk of the finds of glass beads from 
Polish territories were found in Lusatian contexts, especially five cemeteries of this 
culture: Domasław-Chrzanów (about 1000  complete beads and about 120  frag-
ments of glass from beads), Kraków-Bieżanów (more than 350 beads; Purowski 
2018), Kietrz (more than 500 beads and about 120 fragments of glass from beads), 
Targowisko (about 400 beads; Purowski 2014) and Samborowice (about 200 com-
plete beads and about 50 fragments of glass from beads). Sets of bead finds more 
numerous than others have also been recorded at the burial grounds in Patrzyków 
(124 beads), Grobniki (about 70), Legnica (48) and Krzanowice (about 37), and in 
the hoard from Rzędziny (29) (Purowski 2019, p. 96).

Of the 3100 beads discovered in Poland, the author examined 85% directly, pro-
ducing full descriptions of form, state of preservation and production technique. 
Moreover, 59 glass artifacts were studied with physico-chemical methods (Purowski, 
Kępa, Wagner 2018; Purowski 2019, pp. 116–144).

1 Faience beads produced in Egypt and Mycenaean Greece are also known from Bronze Age II–III 
(= BrB–HaA1) contexts in Poland (Purowski, Syta, Wagner 2019).

2 Absolute dates after: K. Dzięgielewski 2017, p. 297.
3 The burial ground at Lipniki (southeastern Poland) was not considered because the grave, which 

yielded six beads, is dated rather imprecisely to the end of the Bronze Age or the Hallstatt C period 
(Blajer, Przybyła 2006, p. 76).
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The objective of the author’s interdisciplinary research on glass products from 
the Bronze Age was to establish whether the form and production technique of 
beads known from Poland could be related to relevant glass-melting technologies 
and thus help to indicate the region(s) where the glass was melted and the beads 
produced. As discussed by M.  Dekówna, the identification of production tech-
niques, coupled with an understanding of the chemical composition of the glass 
and in some cases also without this knowledge, can help to determine the chronol-
ogy and provenance of given artifacts. In light of this, glass finds take on added 
importance as dating material for other archaeological material and are a valuable 
source for studies of trade contacts and cultural relations between various peoples 
(Dekówna 2005, p. 19; Dekówna, Szymański 1971, p. 283). 

2. CHEMICAL COMPOSITION OF THE GLASS

The total number of glass samples that was analysed is 63 (including the different-
colour glass decoration on some of the 59 beads from the BA II–V [BrB–HaB] that 
have been subjected to analysis to date).4 The sampled beads came from 14 archaeo-
logical sites associated with the Trzciniec culture from the BA II–1st half of BA III 

4 The methods applied were LA-ICP-MS and EPMA; see: Purowski, Kępa, Wagner 2018; Purowski 
2019, pp. 116–144.
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Fig. 1. MgO vs. K2O in Bronze Age glass beads from Poland.
After Purowski 2019, Fig. 4.21

Ryc. 1. Korelacja zawartości MgO do K2O w szkle paciorków z epoki brązu z Polski. 
Wg Purowskiego 2019, ryc. 4.21
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(3 beads), Tumulus culture from the BA II–III (6 beads) and Lusatian culture from 
BA III–V (50 beads). Considering the K2O and MgO content, the Bronze Age glass 
known from Poland can be divided into high magnesium glass (HMG) and low 
magnesium and high potassium glass (LMHK), which is also sometimes called 
“mixed alkali” glass (Fig. 1; Purowski, Kępa, Wagner 2018; Purowski 2019, p. 117). 

2.1. HIGH MAGNESIUM GLASS (HMG)

High magnesium glass, which is characterized most often by a content of about 
1–5% K2O and about 2–6% MgO (seldom a little more or less), was melted in large 
amounts starting from about the 16th c. BC. It is characteristic of workshops from 
the Eastern Mediterranean (Henderson 1989, p. 38; Towle et al. 2001, p. 7; Gratuze, 
Billaud 2003, p. 13). In Europe, it is known from archaeological sites of the Bronze 
Age and the Hallstatt period, and can be encountered in eastern Europe as late as 
the 4th–3rd c. BC (Henderson 1989; Purowski et al. 2012, pp. 154, 156–157, Fig. 6). 
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Fig. 2. Glass beads from Poland. 
a–g – high magnesium glass (HMG); h–o – low magnesium and high potassium glass (LMHK); a – Dacharzów; 
b–d, l, o – Kietrz; e, g – Błogocice; f – Targowisko; h, i, n – Domasław-Chrzanów; j – Górzyca; k, m – Rzędziny. 

Photo T. Purowski

Ryc. 2. Paciorki szklane z Polski.
a–g – szkło wysokomagnezowe (HMG); h–o – szkło niskomagnezowe i wysokopotasowe (LMHK); a – Dacharzów; 
b–d, l, o – Kietrz; e, g – Błogocice; f – Targowisko; h, i, n – Domasław-Chrzanów; j – Górzyca; k, m – Rzędziny. 

Fot. T. Purowski
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Analyses of chemical content of high magnesium glass from finds discovered 
in Poland have totalled 23 samples to date. This glass is of either turquoise, blue 
or green colour (Fig. 2a–g). They contain relatively large amounts of alkali oxides 
(Table 1). The higher concentration of Na2O, K2O and MgO indicates that the glass 
was melted with soda-rich plant ash (E.g. Henderson 2000, pp. 57, 59, Fig. 3.28; 
Nikita, Henderson 2006, p. 73). A similar Na2O/K2O ratio in some samples of high 
magnesium glass could suggest that the alkali source in their case was either the 
same or came from a limited number of sources of similar chemical composition. 
The different ratio in other cases indicates that ash from different plants was used. 
The Na2O/K2O ratio results for a large part of glasses from Poland oscillates around 
4 or 5. A similar ratio of these constituents is revealed in the ash of the Anabasis 
syriaca plant growing in Syria or the Osnun plant from Iran, as well as some plants 
from Israel, Iraq and Pakistan (see Brill 1999, p. 482; Barkoudah, Henderson 2006, 
Table 2; Purowski 2012, Table 13). At this point, however, one cannot indicate the 
specific halophyte plants the ash of which would have been used in this particular 
glass-melting process.5

Table 1. Main constituents (in wt%) in HMG and LMHK glass from the Bronze Age in Poland*

Tabela 1. Zawartość składników głównych (w % wagowych) w szkłach HMG i LMHK z epoki brązu 
z Polski*

Chemical 
group / 
Grupa 

chemiczna

No. of 
samples 
/ Liczba 
próbek

Na2O K2O MgO Na2O/K2O Alkali flux / 
Źródło alkaliów

HMG 23 13.0–20.5 
(16.3)**

2.3–5.0 
(3.7)

1.9–6.3 
(4.4)

2.9–8.2 
(4.6)***

Soda-rich 
plant ash / 

Popiół roślin 
bogatych w sód

LMHK 40 0.6–7.9 
(5.4)

4.6–12.5 
(9.8)

0.3–1.8 
(0.7)

0.1–1.2 
(0.6)

Mixed-alkali 
/ Mieszanoal-

kaliczne

* Extreme values given first, followed by the average (in parentheses).
** In one sample, Na2O = 2.6%.

*** In one sample, Na2O/K2O = 0.7.

* W pierwszej kolejności podane są skrajne wartości, a następnie średnia (w nawiasie).
** W jednej próbce Na2O = 2,6%.

*** W jednej próbce Na2O/K2O = 0,7.

Various trace and rare earth minerals were introduced into the ready glass 
together with the raw minerals needed to melt it. An analysis of these extra ele-
ments is useful for tracing presumed glass-melting centres. Comparing amounts 

5 Ash from the same plant can have different sodium and potassium content depending on 
whether the parts burned were the stems or roots.
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Fig. 3. Cr vs. Zr in Bronze Age high magnesium glass (HMG)
a – Poland; b – Egypt; c – Mesopotamia; d – Greece; e – Denmark.

After Shortland, Rogers, Eremin 2007; Smirniou et al. 2009; Walton et al. 2009; 2012;  
Varberg, Gratuze, Kaul 2015; Purowski 2019;

processing T. Purowski

Ryc. 3. Korelacja zawartości Cr do Zr w szkle wysokomagnezowym (HMG) z epoki brązu
a – Polska; b – Egipt; c – Mezopotamia; d – Grecja; e – Dania.
Wg Shortlanda, Rogersa, Eremin 2007; Smirniou et al. 2009; Waltona et al. 2009; 2012;  

Varberg, Gratuze’a, Kaula 2015; Purowskiego 2019;
opracował T. Purowski

of chromium, lanthanum, titan and zirconium in blue and colourless glass from 
the 2nd millennium BC from both Mesopotamia and Egypt, one is led to the con-
clusion that different sources were used for HMG production (Shortland, Rogers, 
Eremin 2007). Egyptian glass is characterized by a slightly higher content of Ti, Zr 
and La, and lower Cr compared to Mesopotamian glass. The bulk of HMG from 
Poland, especially when one looks at the Cr/La and Zr/Ti ratios (Table 2), resembles 
Mesopotamian glass in this respect, with singular examples being more like glass 
melted in Egypt (Purowski, Kępa, Wagner 2018). The same can be said of other high 
magnesium glass known from Europe (Figs 3 and 4). 

Most HMG glass was coloured with copper compounds (Table 3; Purowski 
2019, p. 130). Cobalt compounds for colouring were used most certainly in purple-
blue glass (Kietrz, sample 144). The glass contains more CoO (0.086%) and NiO 
(0.053%) among others. A similar content of both oxides is recorded for Egyptian 
glass coloured with cobalt coming from alums (Fig. 5). The same raw material 
could have been used for colouring one of the turquoise glass samples (Kietrz, 
sample 142), which contains 0.027% CoO and only 0.05% CuO (Purowski 2019, 
p. 131).
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Table 2. The Cr/La and Zr/Ti ratio in HMG glass from Poland. Calculations based on Purowski, Kępa, 
Wagner (2018)

Tabela 2. Proporcje Cr/La oraz Zr/Ti w HMG z Polski. Obliczenia na podstawie Purowski, Kępa, 
Wagner (2018)

Site / Stanowisko Sample no. / Nr próbki Cr/La Zr/Ti*1000
Błogocice 112 12.33 29.31
Domasław-Chrzanów 119 7.25 33.71
Kietrz 129 12.33 29.51
Kietrz 130 13.00 32.18
Kietrz 132 10.67 28.28
Kietrz 134 3.75 55.90
Kietrz 138 17.00 53.07
Kietrz 139 9.00 34.32
Kietrz 142 4.75 34.76
Kietrz 145 10.00 29.70
Kietrz 146 10.00 26.08
Kietrz 148 3.50 52.81
Krzanowice 150 11.00 27.23
Krzanowice 151 8.67 29.41
Samborowice 158 10.50 32.18

0

20

40

60

80

100

120

140

0 5 10 15

10
00

*Z
r/

Ti

Cr/La

– a – b – c – d – e

Fig. 4. Cr/La vs. Zr/Ti in Bronze Age high magnesium glass (HMG)
a – Poland; b – Egypt; c – Mesopotamia; d – Denmark; e – Corsica. 

After Shortland, Rogers, Eremin 2007; Varberg, Gratuze, Kaul 2015; Peche-Quilichini et al. 2016; Purowski 2019;
processing T. Purowski

Ryc. 4. Korelacja zawartości Cr/La do Zr/Ti w szkle wysokomagnezowym (HMG) z epoki brązu
a – Polska; b – Egipt; c – Mezopotamia; d – Dania; e – Korsyka.

Wg Shortlanda, Rogersa, Eremin 2007; Varberg, Gratuze’a, Kaula 2015; 
Peche-Quilichini’ego et al. 2016; Purowskiego 2019;

opracował T. Purowski
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Table 3. Selected constituents (in wt%) in HMG and LMHK glass from the Bronze Age in Poland 
coloured with copper compounds*

Tabela 3. Zawartość wybranych składników (w % wagowych) w szkłach HMG i LMHK z epoki brązu 
z Polski barwionych związkami miedzi*

Chemical group / 
Grupa chemiczna

No. of samples /
Liczba próbek Colour / Barwa CuO SnO2

HMG 19
Turquoise, blue or 
green / Turkusowa, 

niebieska lub zielona
0.4–3.1 (1.1) 0.0003–0.003 

(0.001)**

LMHK 31 Turquoise or green / 
Turkusowa lub zielona 2.0–5.3 (3.0) 0.001–0.52  

(0.09)***

* Extreme values given first, followed by the average (in parentheses).
** In one sample, SnO2 = 0.069%; in seven samples = below the detection limit of the method.

*** In four samples = below the detection limit of the method.

* W pierwszej kolejności podane są skrajne wartości, a następnie średnia (w nawiasie).
** W jednej próbce SnO2 = 0,069%; w siedmiu próbkach = poniżej poziomu wykrywalności metody.

*** W czterech próbkach = poniżej poziomu wykrywalności metody.
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Fig. 5. CoO vs. NiO in Bronze Age high magnesium glass (HMG) and “mixed alkali” (LMHK) glass 
coloured with cobalt compounds

a–d – HMG (a – Egypt; b – Mesopotamia; c – Greece; d – Poland); e–g – LMHK (e – Italy; f – Greece; g – Poland).
After Brill 1992; Towle et al. 2001; Nikita, Henderson 2006; Shortland, Rogers, Eremin 2007; 

Walton et al. 2009; 2012; Angelini et al. 2010; Croutsch et al. 2011; Abe et al. 2012; Hen-
derson et al. 2015, Varberg, Gratuze, Kaul 2015; Purowski 2019; Conte et al. 2019; 

processing T. Purowski

Ryc. 5. Korelacja zawartości CoO do NiO w szkłach wysokomagnezowym (HMG) i „mieszanoalka-
licznym” (LMHK) z epoki brązu barwionych związkami kobaltu

a–d – HMG (a – Egipt; b – Mezopotamia; c – Grecja; d – Polska); e–g – LMHK (e – Italia; f – Grecja; g – Polska).
Wg Brilla 1992; Towlego et al. 2001; Nikity, Hendersona 2006; Shortlanda, Rogersa, Eremin 2007; 

Waltona et al. 2009; 2012; Angelini et al. 2010; Croutsch et al. 2011; Abe et al. 2012; Hender-
sona et al. 2015, Varberg, Gratuze’a, Kaula 2015; Purowskiego 2019; Conte et al. 2019; 

opracował T. Purowski
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2.2. LOW MAGNESIUM AND HIGH POTASSIUM GLASS (LMHK)

Low magnesium and high potassium glass (LMHK) is characterized by a low 
content of MgO (mainly < 1%; Fig. 1) and CaO (about 1–3%). This is commonly 
called “mixed alkali” glass owing to the high content of both Na2O (most often about 
4–9%) and K2O (most frequently about 6–13%) (Henderson 1988, Figs. 6.13, 6.14, 
6.16 and 6.17; Towle et al. 2001, Tables 1 and 3; Angelini et al. 2004, Tables 2 and 3; 
Venclová et al. 2011, p. 573, Table 1; Mildner et al. 2014; Purowski, Kępa, Wagner 
2018, Fig. 4). LMHK glasses were manufactured in Europe, most probably in Italy. 
In the Late Bronze Age, primary production centres melting glass and making glass 
jewellery were located most probably in Frattesina (Henderson et al. 2015, p. 3). 
Research by J. Henderson and others points to yet another primary production site 
or zone in Italy (perhaps an ultrapotassic volcanic province near Rome) manufac-
turing LMHK glasses (Henderson et al. 2015, p. 7). Beads made of “mixed alkali” 
glass are known also from outside Italy: Switzerland, Germany, France, Ireland, 
England, Greece, Czechia and Poland (Venclová et al. 2011, Fig. 1; Bellintani 2014, 
Fig. 6; Conte et al. 2019; Purowski, Kępa, Wagner 2018). 

To date, 40  samples of LMHK glass discovered in Poland have been ana-
lysed (Purowski 2019, p. 132). They are turquoise, blue, green or white in colour 
(Fig. 2h–o).

LMHK glass has less Na2O and MgO, and more K2O compared to HMG (Table 1; 
Fig. 1). The amounts of these constituents are not instructive in terms of the kind of 
alkali material that was used in melting LMHK glass. A likely hypothesis is that it was 
leached plant ash (Hartmann et al. 1997, p. 554; Angelini et al. 2004, pp. 1175, 1179). 
The Na2O/K2O ratio in glass from Poland is in most cases about 0.4–0.7; it is rarely 
higher (up to 1.2) and in one case significantly lower (= 0.1). It could mean that there 
were at least two different sources of alkali material (Angelini et al. 2004, p. 1183).

There is more rubidium in LMHK glass than in HMG. It is well correlated with 
potassium (Purowski 2019, Fig. 4.45), hence the assumption that it was introduced 
into the glass with the alkali material. According to G.  Hartmann et al. (1997, 
p. 554), leaching of plant ash enriched the potash with rubidium as well as potas-
sium and sodium compounds.

Copper compounds constituted the main colourant in the case of 28 glasses of 
turquoise colour6 as well as three of green colour (Table 3). Five blue glasses and one 
dark blue one owed the colour to cobalt presence. The minerals presumably used to 
colour the glasses can be found in the territories of modern Germany, Switzerland, 
Austria and Czechia (Henderson 1985, p. 280). Other compounds introduced with 
the colourant into LMHK glass from Poland included, among others, compounds 
of nickel, copper, arsenic and antimony (Purowski 2019, p. 142). A similar cobalt 
and nickel content occurs in some European LMHK glass; lower levels of NiO are 
recorded in Egyptian and Mesopotamian HMG glass (Fig. 5). 

6 The presence of CoO > 0.005% (see Principes… 2002, Table 3) in four samples of turquoise glass 
suggests that cobalt could have also had an influence on the colour (Purowski 2019, p. 141).
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3. BEAD-MAKING TECHNIQUES

Observation of traces of technical treatment on the beads from Poland revealed 
two techniques, winding and folding, used in their production (Purowski 2022).

Winding calls for a hot glass thread to be applied on a heated metal mandrel 
(Dekówna, Szymański 1972, pp. 339–340; Gam 1993, Fig. 1; Siegmann 2006, p. 928). 
Variants used in the past have included: 

1. Dipping the tip of a mandrel in the glass mass; in this case, either 1.1. the mass 
was formed on a slab and a thread was subsequently drawn from it and wound on 
the mandrel by whirling it around, or 1.2. a thread was drawn from the viscous glass 
on the tip of one mandrel and wound onto another mandrel (Fig. 6a).

2. Heating the semi-product in the shape of a glass rod and winding the softened 
end onto a mandrel (Fig. 6b).

Fig. 6. Schematic model 
of the winding technique 

in bead-making 
a – variant 1; b – variant 2. 

Drawing T. Purowski

Ryc. 6. Schemat wykonania 
paciorków techniką nawijania

a – wariant 1; b – wariant 2. 
Rys. T. Purowski
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3. Dipping a mandrel with conical tip in a crucible and drawing a small amount 
of glass mass by direct winding onto the mandrel; a second mandrel was applied to 
the formed bead and, by winding between these two mandrels, an hourglass-shaped 
threading channel was formed (Stawiarska 1974, Table I 1B).7 

The third variant was used primarily for single beads (with a single corpus). In 
the case of variants 1 and 2, a longer tube could be formed (but not drawn as in the 
drawing technique) in order to cut segments, a few or more, from it.

Beads made by folding started out as rectangular plaques or rods of glass (of 
a cooled down but still plastic glass mass), which were folded around a mandrel 
and sealed at the edges (Fig. 7; Stawiarska 1974, Table I 2). Once the two meeting 
edges were pressed together, the obvious seam on the surface was either left there 
or smoothed by rubbing the re-heated surface on a slab. This technique has been 
classified by some glass historians as a variant of the winding technique (Dekówna, 
Szymański 1972, p. 339; Siegmann 2006, p. 929), while others distinguish it as 
a separate technique (Stawiarska 1974, pp. 185–186), rightly pointing out that the 
glass mass undergoing folding was in a semi-liquid state (great viscosity), whereas 
the glass used for winding was liquid (low viscosity). 

Fig. 7. Schematic model of the folding technique in bead-making. 
Drawing T. Purowski

Ryc. 7. Schemat wykonania paciorków techniką zginania.
Rys. T. Purowski

Analyses of Bronze Age artifacts made of LMHK glass have demonstrated the 
use of either the first or the second variant of the winding technique for their pro-
duction8. The prime evidence for this determination comes from traces of wind-
ing on the body of a bead (Fig. 8d), unmelted end(s) of a glass thread (Fig. 8a–b), 
unmelted side(s) of the glass thread (Fig. 8c), as well as ellipsoid air bubbles in 
either concentric or spiral arrangement (Purowski 2018, Fig. 4e). Unmelted ends 
of threads are the most common traces. They were observed on more than a thou-
sand beads. In most cases, the end(s) projects distinctly from the surface around 

7 One of the anonymous reviewer of this text pointed out that the third variant of the winding is 
very difficult to implement in practice. 

8 The beads have a cylindrical or slightly conical threading channel (not of hourglass shape), 
which excludes the application of the third variant described above.
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the threading hole. Sometimes there is only a small protuberance with evidence of 
breaking (where the projecting fragment was broken off after the glass had cooled 
down). The profusion of technical traces indicates that in the case of these beads 
no complementary technique for improving the overall shape of these adornments 
was applied (Purowski 2022). 

0,5 cm0

a b c d

Fig. 8. Beads made by the winding technique using “mixed alkali” (LMHK) glass
a, b – Targowisko; c – Kietrz; d – Kraków-Bieżanów.

Photo T. Purowski

Ryc. 8. Paciorki wykonane techniką nawijania ze szkła „mieszanoalkalicznego” (LMHK)
a, b – Targowisko; c – Kietrz; d – Kraków-Bieżanów.

Fot. T. Purowski

0,5 cm0
1

a
b

3

2

Fig. 9. Beads made by the folding technique using high magnesium glass (HMG)
a, b – Kietrz; 1 – seam; 2 – break; 3 – ellipsoid bubbles.

Photo T. Purowski

Ryc. 9. Paciorki wykonane techniką zginania ze szkła wysokomagnezowego (HMG)
a, b – Kietrz; 1 – szew; 2 – przerwa; 3 – pęcherze elipsoidalne.

Fot. T. Purowski
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Traces of technical treatment on beads made of HMG glass are much less fre-
quent than on specimens of LMHK glass. They do not have the unmelted thread 
end(s) sticking out from the surface and at least some of them show a seam (Fig. 9a), 
indicating that a glass plaque or rod was folded to make them (see Fig. 7). Singular 
examples of beads with an evident seam are present in the assemblage from Poland 
(Purowski 2022). More often, beads made of HMG feature a break in the body 
(Figs 2d; 9b), which may also be proof of the application of the folding technique. 
Ellipsoid air bubbles in the glass of some of the beads are also noteworthy, espe-
cially the way in which they are arranged concentrically around the threading hole 
(Fig. 9b); these bubbles must have formed in the process of drawing the plaque or 
rod from the glass mass to prepare a half-product.

4. GLASS BEAD FORM 

The glass beads known from Poland are for the most part undecorated. They are 
either oblate or annular in shape, made of clearly translucent glass of a turquoise 
colour, less often green or blue (Fig. 2a–l). The size differs (maximum diameter 
between about 0.3–0.4 cm and 1.5 cm) and so does the state of preservation of the 
glass (corroded outer surface or no substantial traces of corrosion). Similar finds 
are very numerous from other European territories.

Ornamented beads from Poland can be classified as so-called Pfahlbauperlen 
(Haevernick 1978). Six large cylindrical or biconical specimens, decorated with 
a glass thread winding spirally around the body of the bead (so-called Pfahlbau-
tönnchen mit Spirale), were discovered in the cemeteries at Domasław-Chrzanów 
(Fig. 2n) and Kietrz (Fig. 2o), in graves dated to the BA IV (HaA2–HaB1) or 1st half 
of BA V (HaB2). The specimens under discussion are on the whole slightly distorted 
(burned through), taking on today a dark blue or black colour; the better preserved 
examples are of glass of turquoise colour (glass chipped from the ornament) or 
white-green. T.E. Haevernick counted some 300 specimens of Pfahlbautönnchen 
mit Spirale (Haevernick 1978, p. 145), numerous finds coming from Italy, Swit-
zerland and Germany, but some also found in France, Austria, Belgium, Croatia, 
Greece and Czechia (Haevernick 1978, pp. 148–156; Bellintani 2011, p. 269, Fig. 5; 
Croutsch et al. 2011, p. 98, Fig. 23; Venclová et al. 2011, pp. 567, 569, Fig. 3; Mildner 
et al. 2014, Fig. 1.14–17; Bellintani, Saracino 2015, Fig. 3).

One large bead, which could be classified as a so-called Pfahlbaunoppenperlen 
(or Pfahlbau-Noppenperlen), is known from a hoard that was hidden at Rzędziny 
in the 2nd half of BA IV (HaB1) (Fig. 2m). The matrix glass is a poorly translucent 
blue and the four ‘horned eyes’ are from an opaque white or poorly translucent 
blue. Analogous specimens were found in Switzerland, Italy, Germany, Austria, 
Croatia, Czechia and Greece, among others (Haevernick 1978, p. 146; Bellintani 
2011, pp. 269–270, Fig. 5; Venclová et al. 2011, p. 569, Fig. 3; Mildner et al. 2014, 
Fig. 1.9, 10; Blečić Kavur, Kavur 2015, p. 42, Fig. 5).
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5. CONCLUSIONS

About 3100 glass beads of Bronze Age date were discovered in southern and 
western Poland. Some of these formed strings of more than 300 pieces. Most of the 
beads are made of glass that is of turquoise colour, less often blue or green. Taking 
into consideration glass-melting technology, glass preservation which is connected 
with the nature of the raw glass materials, execution technique and size of the beads, 
the collection of undecorated glass beads from Polish territory can be broken down 
into two groups (Fig. 10). The groups reflect different production centres and dif-
ferent chronologies. 

5.1. GROUP I

The oldest beads, which first appeared in central Europe in BA II–III/IV (BrB–
HaA1/A2), were made of high magnesium glass (HMG). The glass was melted in 
Mesopotamia and Egypt using a pure source of silica and halophyte plant ash, and 
coloured with copper or cobalt compounds. The beads themselves were made most 
probably in the same two regions. The jewellery made of HMG could have reached 
the territories of present-day Poland via the regions of Italy and Moravia (so-called 
Amber Road). In some cases, however, an eastern route cannot be excluded (Ven-
clová et al. 2011, p. 579; Varberg, Gratuze, Kaul 2015, p. 174; Purowski, Kępa, Wag-
ner 2018, p. 1300). 

The oldest beads are large as a rule (about 0.8–1.3 cm in diameter). They were 
well made using, at least in some cases, the folding technique, as attested by the 
seam that shows where the ends of the glass plaque or rod were joined. Presumably 
a gap in the body of a bead may also be an indication of this technique. 

HMG glass is most frequently corroded today.

5.2. GROUP II

In Poland, most of the finds of low magnesium and high potassium (LMHK) 
glasses come from BA IV and the 1st half of BA V (= HaA2–HaB2), and only a few 
from the 2nd half of BA V (= HaB3). No LMHK glass from the Hallstatt C phase 
has been found. Beads made of LMHK glass made their way into southern Poland 
most probably from Italy, up the Amber Road and through the Moravian Gate, as 

Fig. 10. The most important characteristics of undecorated glass beads from the Bronze Age  
discovered in Poland.

Processing T. Purowski

Ryc. 10. Najważniejsze cechy niezdobionych paciorków szklanych z epoki brązu odkrytych w Polsce.
Opracował T. Purowski
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indicated by the large numbers of beads discovered along the upper reaches of the 
Oder River. Single artifacts, found in western Poland, could have been brought from 
the west by way of eastern Germany (Purowski 2019, p. 144).

Undecorated beads, which are made of a mixed alkali glass (LMHK), are small 
(their outer diameter being mostly about 0.4–0.5 cm).9 These objects were produced 
with less care, using the winding technique. Technical evidence of this treatment, in 
the form of unmelted end(s) or side(s) of the glass thread, abounds on the surface 
of these beads. LMHK glass is usually preserved in rather good condition. 

5.3. CLOSING REMARKS

As shown in Fig. 10, beads of group I are distinguished from the undecorated 
specimens of group II not only by a different glass chemical composition (that is, 
different glass-making raw materials, mainly alkali, hence the division into HMG 
and LMHK), but also execution, form (primarily size) and state of preservation of 
the glass. Therefore, a correct identification of the technique used to make Bronze 
Age beads (taking into account the other discussed properties) makes it possible to 
suggest production centres where glass could have been melted and the beads pro-
duced. These findings can be useful in the future for determining chronology and 
provenance in the case of objects, which cannot be subjected to a physico-chemical 
study of the glass from which they were made. 

Translated by Iwona Zych
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IDENTYFIKACJA SZKLARSKICH OŚRODKÓW 
PRODUKCYJNYCH Z EPOKI BRĄZU NA PODSTAWIE 

ROZPOZNANIA TECHNIK WYKONANIA PACIORKÓW

S t r e s z c z e n i e

Na obszarze południowej i zachodniej Polski odkryto około 3100 paciorków szklanych datowanych 
na epokę brązu. Niektóre z nich tworzyły kolie złożone z ponad 300 egzemplarzy. Najczęściej omawiane 
przedmioty znajdowane są na cmentarzyskach, rzadziej w skarbach, a tylko jeden odkryto w jamie 
osadowej. Większość paciorków wykonano ze szkła barwy turkusowej, rzadziej niebieskiej lub zielonej 
(ryc. 2a–l). Szkło dekoracji ma barwę białą (linia spiralna; ryc. 2o) lub niebiesko-białą (guzy; ryc. 2m). 

Biorąc pod uwagę technologię wytopu, stan zachowania szkła, który jest wynikiem zastosowanych 
surowców, technikę wykonania przedmiotów i ich wielkość, można podzielić niezdobione paciorki 
szklane z Polski na dwie grupy. Przedmioty obu grup wykonano w różnym miejscu i czasie (ryc. 10).

Najstarsze paciorki szklane – zaliczone do grupy I – pojawiły się w środkowej Europie, w tym 
w Polsce, w fazach BrB–HaA1/A2 (= II–III/IV EB). Wykonano je z tzw. szkła wysokomagnezowego 
(HMG; ryc. 1), wytapianego w  Mezopotamii i  Egipcie przy pomocy popiołu roślin halofitowych, 
a barwionego związkami miedzi lub kobaltu (ryc. 3–5; tabele 1–3). Biżuteria zrobiona z HMG mogła 
trafić na obszary obecnej Polski za pośrednictwem obszarów Italii i Moraw (tzw. szlakiem burszty-
nowym). W niektórych przypadkach nie można jednak wykluczyć trasy wschodniej („bałkańskiej”). 

Najstarsze paciorki szklane odkryte w Polsce są najczęściej duże (maksymalna średnica wynosi 
ok. 0,8–1,3 cm; ryc. 2a–g). Zostały starannie wykonane przy użyciu, przynajmniej w niektórych przy-
padkach, techniki zginania (ryc. 7), o czym świadczy szew, który wskazuje miejsce połączenia końców 
szklanej pałeczki (ryc. 9a). Być może przerwa widoczna w przypadku niektórych paciorków (ryc. 2d; 
9b) jest również śladem po zastosowaniu wspomnianej metody. Obecnie szkło HMG jest najczęściej 
skorodowane. 

Paciorki grupy II datowane są na obszarze obecnej Polski przeważnie na HaA2–HaB2 (= IV–1 poł. 
V EB), a rzadziej na HaB3 (= 2 poł. V EB). Wykonano je z tzw. szkła mieszanoalkalicznego, zwanego 
również szkłem niskomagnezowym i wysokopotasowym (LMHK; ryc. 1). Najprawdopodobniej oma-
wiana biżuteria trafiła w międzyrzecze Odry i Wisły z Italii. Paciorki odkryte w Polsce południowej 
sprowadzono tzw. szlakiem bursztynowym (przez Bramę Morawską), natomiast znalezione w Polsce 
zachodniej – przez wschodnie Niemcy.

Niezdobione paciorki wykonane ze szkła mieszanoalkalicznego (LMHK) są małe (ich maksy-
malna średnica wynosi najczęściej ok. 0,4–0,5 cm; ryc. 2h–l). Liczne ślady zabiegów technicznych 
(np. niestopiony koniec lub bok nici szklanej; ryc. 8) wskazują jednoznacznie, że zrobiono je techniką 
nawijania (ryc. 6). Szkło LMHK zachowało się do naszych czasów w dobrym stanie (na powierzchni 
zewnętrznej nie obserwujemy korozji, tak częstej w przypadku HMG). 

Jak widać na ryc. 10, paciorki grupy I odróżniają się od niezdobionych okazów grupy II nie tylko 
innym składem chemicznym szkła (czyli zastosowaniem różnych surowców szklarskich, głównie 
alkalicznych; stąd podział na HMG i LMHK), ale też techniką wykonania, formą (przede wszystkim 
wielkością) oraz stanem zachowania szkła. Cechy te mogą być więc w przyszłości pomocne przy okre-
ślaniu chronologii i miejsca wykonania tych przedmiotów, których tworzywa nie można przebadać 
metodami fizykochemicznymi. 
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