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ABSTRACT 
 
During the excavation of a late prehistoric urn-field near 
Zutphen (NL), a rich Early Iron Age  burial was found to 
contain c. 60 simple small blue-green glass beads and two 
blue eye beads (ringaugenperlen). The simple glass beads 
have a semi-opaque, almost frothy appearance due to the 
large amount of small air bubbles inside and on the surface. 
 
Compositional analyses by hand-held XRF show that the 
glass was made using soda as a flux. The colour of the glass 
is dominated by cobalt and very high copper contents (3.5 – 
7 %). Some of the beads contain high levels of lead or 
antimony. 
 
Micro-CT scans showed that the air bubbles in the glass can 
reach an estimated 50% of the total volume of the object. 
With the same technique, combined with microscopic and 
SEM-analyses, a large number of fine metallic copper 
particles and some mineral inclusions were also identified.  
 
The structural and compositional properties of these glass 
beads are unique within the spectrum of Bronze Age and 
Iron Age glass in Europe and the Mediterranean.  
 
We propose that the Zutphen glass beads are the result of 
inexpert reworking of blue glass objects, most likely beads, 
some of which had white opaque decoration. The gas 
bubbles were the result of inexpert melting of the glass 
fragments or objects; the copper fragments may have been 
added to homogenize the colour.  
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Fig. 1A. B. Low-magnification microscope images of one of 
the blue-green “frothy” beads, showing a large amount of 
cavities in the glass mass. 
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Introduction 
 
During the excavation of a late prehistoric urn-field at 
Zutphen - Meijerink (NL), a rich Early Iron Age cremation 
burial was found. Its high status was reflected by a (very 
rare) double ring-ditch and, an imported urn and a large 
number of rare bronze artefacts of possible Scandinavian 
origin (van Straten & Fermin, 2012). In the urn, c. 60 simple 
small blue-green glass beads and two blue ringaugenperlen 
were buried. The ringaugenperlen may indicate a southern 
origin (N Italy, Slovenia). The brittle, simple glass beads 
have a semi-opaque, almost frothy appearance due to the 
large amount of air-filled bubbles inside and on the surface 
(Fig. 1). Some have partially melted, probably because they 
had been in the funeral pyre. 
 
Because of the rarity of glass in this period in the 
Netherlands, and because of the puzzling frothy appearance, 
the beads were subjected to further research. This was done 
with two different goals. One goal was to determine from 
what primary glass production centre this glass originated, 
and by what route it could have reached the Netherlands. 
For typological reasons, an origin in the final Bronze Age 
production centres in the North of Italy (Tite et  al. 2008, p. 
142-143; Angelini et al. 2008), may be more likely than one 
in the Eastern Mediterranean.  
 
The other goal was to study the frothy structure, and to 
determine its nature and origin. The first hypothesis, based 
on macroscopic and low-magnification microscope 
observations, was that the structure was caused by 
dissolution processes. 
 
Methods 
 
The chemical composition of the Zutphen Meijerink, 
Emmercompascuum and Drouwen glass beads was analysed 
using the  Niton hand-held XRF Xlt 3 equipped with a large 
area silicon drift detector. The samples were measured in 
bulk mode (mining program). Measurement times were 30 
seconds for the main elements (K lines from Cr to Ag and L 
lines from Au to Pb), 20 seconds for low z elements (K to 
V), 15 seconds for high z elements (K lines from Cd to Ba) 
and  45 seconds for the light elements (Mg to Cl). The 
device was factory calibrated and further soil reference 
material were also measured for a second order recalibration 
of elements with z >18. Light elements (Mg, Al, Si and P) 
were measured using a helium purge and were recalibrated 
with glass standards (BAM S005B and glass standard  No. 7 
from the Society of Glass Technology). For most elements, 
recalibration factors (measured/reference values) were 
1±0.05. The lightest element that can be analyzed with this 
method is Mg. It is therefore not possible to determine the 
sodium concentration. 
 
Some beads were analysed multiple times. The structure of 
two complete Zutphen Meijerink glass beads were analysed 
using a Nanotom (Phoenix) Micro-CT scanner at Delft 

University. All our images have been processed with the 
AVIZO Fire software. Microscopic study of the beads and 
some bead fragments was done using a Zeiss Axioskop 40 
microscope at the Cultural Heritage Agency lab in 
Amersfoort, and a variable pressure scanning electron 
microscope (SEM, JSM5910LV, JEOL) with energy 
dispersive X-ray spectroscopy (EDX, NSS Thermo Fisher 
Scientific) at the Cultural Heritage Agency lab in 
Amsterdam. 
 
Results 
 
Compositional variation 
 
Compositional analyses by hand-held XRF (Table 1) do not 
include Na2O contents, as the Niton is not able to reliably 
detect such light elements. However, the low K2O-contents 
indicate that the glass was made using a soda-dominated  
flux, with K contents averaging about 0.8 % (but ranging 
between 0.3 and 2.2 %). There is compositional similarity to 
the various Northern Italian production centres for glass 
mentioned in Tite and Shortland (2008), but an eastern 
Mediterranean origin of the raw materials cannot be 
excluded as well. Some of the beads were found to contain 
high levels of lead or antimony, which – together with the 
variable K2O contents – indicate that the beads were not 
made from a single melt. The colour of the glass, however, 
is dominated by cobalt and very high copper contents (2 – 8 
%). Such high copper contents are not common in 
contemporaneous blue glass from Italy or other regions. 
 
Table 1. Composition of the Zutphen frothy beads, as 
determined by hand-held XRF. Mg concentrations were 
below detection limit (c. 3%)  for all measurements. 
 

Min  Mean  Max 
Si (%)  24.6  32.6  41.8 
Ca (%)  1.69  2.77  4.67 
K (%)  0.28  0.81  2.14 
Cl (%)  0.37  0.83  1.15 
Fe (%)  0.46  0.76  1.56 
Al (%)  0.40  1.60  6.14 
Mn (%)  0.24  0.66  0.96 
S (%)  0.10  0.24  0.48 
Pb (%)  0.05 1,70 14,2 
Cu (%)  2.07  4.29  8.00 
Co (ppm)  96  138  226 
Sb (ppm) 337 952  2293 
Zn (ppm) 74 159  397 
Sn (ppm) 79 307  1830 
Zr (ppm) 59 127  379 
Sr (ppm)  84 170  330 
 
The ringaugenperlen from the same location fall in the same 
range for most elements, but show lower K (< 1%), no 
detectable Cu or Pb, and higher Co (between 500 and 650 
ppm). 
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Structural properties  
 
The micro-CT scans (Fig. 2, 3) show that the frothy nature 
of the glass is caused by the presence of large numbers of 
gas bubbles of various sizes. The amount of bubbles varies 
considerably, but it is estimated that the volume of some of 
the beads may consist of up to 50% gas bubbles.  
 
The glass mass itself was found to contain many mineral 
inclusions. They appear on cross-section density maps as 
slightly lighter domains. This material gives the glass an 
almost faience-like appearance, although the amount of 
mineral grains is too small to qualify as faience proper.  
 

 
 
 
 
 
 
Several small fragments of high-density material are 
scattered throughout the glass mass. Star-shaped X-ray 
beam diffraction phenomena in combination with the high 
density of the fragments indicate that they are small metal 
particles. One such particle was also observed by optical 
microscopy in a bead fragment, where it showed a yellowish 
metallic luster.  
 
Multiple SEM-EDX spot analyses on the glass mass of this 
fragment gave copper concentrations of 2.3 - 2.7 %; in the 
same range as the lowermost Cu concentrations from the 
XRF-analyses. Apparently, fine copper particles, e.g. filings, 
had been added to the glass when molten. 
 

Fig. 2. Micro-CT cross-section of the bead from figure 1. Gas bubbles of various sizes (G), mineral inclusions (S), 
metal inclusion (M) and inhomogeneities in the glass (i) are indicated. 
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Fig. 3. Micro CT-scans of one of the smaller bead s from 
Zutphen. Colours in B,C,D are assigned randomly to 
individual spatial objects to better distinguish them from 
each other. A: Cross section with small empty bubbles 
(black), mineral inclusions (darker grey) and metal 
fragments (white) embedded in glass (lighter grey). B. 3-D 
rendering of the metal fragment; C: 3-D rendering of the 
mineral inclusions. D: 3-D rendering of the mineral 
inclusions and bubbles. 
 
Discussion 
 
The structural and compositional properties of the Zutphen 
Meijerkink glass beads are unique within the spectrum of 
Bronze Age and Iron Age glass in Europe and the 
Mediterranean. Apart from the frothiness and the copper 
filings, the composition of the Zutphen frothy beads is in 
accordance with glass from Mediterranean production 
centres (Tite et  al. 2008, p. 142-143; Angelini et al. 2008). 
However, this glass is not usually treated with metal filings 
and does not contain that many mineral inclusions or gas 
bubbles.  
 
The considerable variation in Pb, Sb and Sn contents is 
remarkable. These metals were commonly used to produce 
opaque white decoration on blue glass objects. The large 
variation and high maximum values of, in particular, Pb may 
be an indication that the glass beads were made by re-
melting glass objects that had white decoration. The 
generally blue appearance of the glass, even when Pb 
contents exceed 1%, can be attributed to the high 
concentrations of Cu in the glass matrix. The copper filings 
may have been an attempt to produce glass with higher 
copper contents in order to obscure the white colours of the 
Pb-rich re-molten decoration fragments.  
 
This would also explain the high content of gas bubbles and 
the mineral inclusions: they may be attributed to inexpert re-
melting and working of glass objects. One may even wonder 
whether the mineral inclusions were added on purpose, as 
filler or in an attempt to mimic faience or even frit.  
 

Conclusions 
 
We propose that the Zutphen glass beads are the result of 
local, inexpert, reworking of imported glass objects. The air 
bubbles could be the result of re-melting of the glass 
fragments or objects. Mineral inclusions may have been 
incorporated by accident, or may even have been used as  
filler or in an attempt to mimic faience. The copper 
fragments may have been added to homogenize the colour. 
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