
XAS investigations of ancient Egyptian faience  
from the site of Amarna 

P. Kappen, M. Eccleston
1
, K. Wallwork

2
, and P. Pigram 

Centre for Materials and Surface Science and Department of Physics, La Trobe University, Victoria 3086, Australia  

1Archaeology Program, La Trobe University, Victoria 3086, Australia  

2Australian Synchrotron, 800 Blackburn Road, Victoria 3168, Australia 

 

Egyptian faience was produced over a period of approximately 5000 years, with the first examples 
dating to ca 4000 BC. Faience is a glazed, quartz-based material that was commonly used to make 
objects such as beads, pendants, rings, tiles, bowls, jars, gaming pieces and specialist funerary 
equipment (e.g., [1, 2]). The most common colours are light and dark blue, probably developed to 
imitate valuable stones, such as turquoise and lapis lazuli, but the colours red, yellow, white, purple 
and black also occur, albeit less frequently. Although faience is relatively common on archaeological 
sites dating from ca 1550 BC onwards, the chemical makeup and manufacturing techniques used to 
produce faience remain somewhat enigmatic. 

For the study reported on here, 38 faience objects from the 
site of Amarna were used. Amarna is located in middle 
Egypt and was the seat of reigning God-King Akhenaten 
and Queen Nofretete. It was occupied only for a very short 
period of time (1350-1325 BC), and thus faience objects 
from Amarna are well suited to study the faince industry in 
ancient Egypt. The objects for this study were provided by 
the Aegyptisches Museum, Berlin. Figure 1 shows a 
selection of faiences investigated, displaying distinct blue 
and green colours. 

The objects were analysed using XAS. The experiments 
were carried out at DORIS Beamline C in fluorescence 
mode using a 7-element Si(Li) detector. Corresponding 
XANES data of selected faience objects are displayed in 
Figure 2. Given the similarity of the spectra, the atomic 
near-range structure of Cu is close to identical for these 
objects. In fact, all spectra acquired on the faiences were 
very similar, regardless of colour or Cu concentration. 
Furthermore, faiences made using a standard furnace in the 
laboratory showed also the same Cu structure independent 
of the Cu source material used. For these experiments, 
faience was synthesised using a base mix of 80 wt-% SiO2, 
14 wt-% NaHCO3 and 3 wt-% CaCO3. Before firing at 
900°C, Cu colourant was added to the equivalent of 3 wt-% 
Cu. Copper sources included bronze, corroded bronze, 
various natural minerals (malachite, azurite, turquoise, 
dioptase, chrysocolla, atacamite, etc), and laboratory 
chemicals (CuO, Cu2O, CuCO3, CuSO4, etc). In all cases 
the XAS spectral response was the same as for the faience 
objects (see Fig. 2; spectra labelled “bronze”, “corroded 
bronze”), i.e., the structural signatures was removed from 
the Cu source material upon firing of the faience glaze. 

Further analyses of faience beads from a collection at the 
Archaeology Institute of Australia (AIA) showed similar 
results, although some of the beads showed slightly 
different XANES structures with a peak present at ca 9015 

Figure 1: Selected faience objects from 
Amarna. 



eV [3]. Closer inspection using EXAFS 
data of two beads, “F18” and “F23”, 
show that in the case of F18, Cu is 
embedded in a distorted Cu-O 
octahedron with some Si present in a 
fairly weak second coordination sphere. 
The spectrum of F18 is very similar to 
that of the Amarna objects and of the 
synthesized faiences, thus indicating 
that the respective copper structures 
are very similar. The local 
neighbourhood around Cu, as 
determined by EXAFS modelling, is 
consistent with that in glasses or related 
materials [4, 5]. 

Interestingly, the EXAFS analyses of 
bead F23 show the presence of a Cu-
Cu scattering path at rCu-Cu = 2.98 Å 
radial distance. This contribution is 
related to the second coordination 
sphere which was found to be more 
pronounced than in the case of F18. 
The Cu-Cu distance was found to be 
quite consistent with CuO (rCu-Cu(CuO) 
= 3.08 Å) and with chrysocolla (rCu-

Cu(Chrys.) = 2.99 Å; value for chrysocolla from fitting of EXAFS data). It is thus suggested that 
upon firing the copper in faience bead F23 was not completely transformed into a glassy state but 
that some CuO character remained. This might have been due to the firing temperature of the 
faience, whereby the temperature may not have been high enough to result in an amorphous Cu 
phase such as in the case of F18, the synthesized faiences and the objects from Amarna. In this case 
it may be suggested that bead F23 would have been manufactured at a temperature below 900°C. 
Such results may open avenues to use XAS to assess firing temperatures of ancient Egyptian 
faiences and to provide context on levels of control in ancient faience making. Further work is 
required to test the suggested link between XAS response and faience firing temperature. 
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Figure 2: XANES spectra of selected faience objects from 
Amarna (“AM”) and of synthesised faience (“F”) 
using different source materials.  


