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ABSTRACT 
 
Several fragments of gold foils were recovered in a Bell 
Beaker context of Tomb 2 of Perdigões (Southern Portugal) 
dated to the third quarter of the 3rd millennium BC. Most of 
the gold foils, having thicknesses between 40 and 200!m, 
were found in a very fragmentary state and present a shiny 
golden obverse while the reverse is invariably dull, 
suggesting that these gold foils were used attached to some 
sort of a fabric backing. 
 
EDXRF and !-PIXE analysis were used to determine the 
elemental composition of the gold ornaments. Results point 
to a rather pure native gold used in their manufacture, Ag 
contents ranging from 0.5% to 4.9% while Cu content is less 
than 0.08%. The microstructure of the gold foils was studied 
using Optical Microscopy (OM). Twinned grains indicate 
that several cycles of hammering followed by annealing 
took place to obtain the foils. Inclusions observed by OM 
were analyzed by SEM-EDS allowing the identification of 
Si and O, also suggesting the use of native gold in the 
manufacture of these jewels. 
 
In order to explain the dull reverse surfaces of the foils, 
additional chemical analysis by !-FTIR were performed on 
the material scraped from the surfaces of two foils. The 
spectra allowed the identification of kaolinite, traces of 
calcium carbonate and an organic material, a wax, i.e. 
probably a mixture of clay and bees wax. As far as we 
know, this is the first time that the material applied for the 
attachment of such thin foils to a fabric backing has been 
identified.  
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Introduction 
The archaeological site of Perdigões is one of the most 
important chalcolithic settlements in Southern Iberia due to 
its size, architecture, spatial organization and recovered 
archaeological material (Valera & Godinho 2009). The 
settlement occupies an area of 16ha delimited by concentric 
ditches. The outer ditch was enlarged to enclose a graveyard 
with several collective tombs (Fig. 1). In one of them, Tomb 
2 (Fig. 2), displaying a circular chamber, a short corridor 
and an atrium, several phases of funerary use were 
identified, particularly one belonging to the Bell Beaker 
period. 
 
Several ivory lunulae, V-perforated buttons and a dozen 
fragments of gold foil can be ascribed to a Bell Beaker 
context recorded at Tomb 2, Perdigões, and dated to the 
third quarter of the 3rd millennium BC (Valera 2009). The 
thickest gold foils (Fig. 3), two rectangular plaques with a 
thickness of c. 200!m and 7-9mm wide, being strong 
enough to support their own weight could be used as 
diadems or other kinds of ornament without the need for 
backing material. All the remnant twelve gold foils (Fig. 4), 
with thicknesses between 40 and 200!m, in a very 
fragmentary state, present a shiny golden obverse while the 
reverse is invariably dull, suggesting that these gold foils 
were used attached to some sort of a fabric backing. 
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Fig. 1. The archaeological site of Perdigões. The graveyard 
between the two outer ditches. 
 

 
 
Fig.2. Chamber of Tomb 2, where the gold foils were found. 
 
Materials and Methods 
 
The study of these types of archaeological finds must rely 
on non invasive techniques due to their exceptional 
significance and rarity. Energy Dispersive X-Ray 
Fluorescence spectrometry (EDXRF) and Micro-Particle 
Induced X-Ray Emission spectrometry (!-PIXE) are non 
invasive, multi-elemental and relatively fast techniques, 
which have been frequently used in the elemental 
characterization of archaeo-metallic artefacts, especially 
gold jewels. EDXRF and !-PIXE were used to determine 
the elemental composition of the gold ornaments recovered 
from Tomb 2 of Perdigões.  
 
These analyses were supplemented by metallographic 
analyses carried out by Optical Microscopy (OM) on two 

samples cut from two gold foils. The microstructure of the 
gold foils was further studied using Scanning Electron 
Microscopy (SEM-EDS) microanalyses. 
 
Details about the equipment and analytical conditions were 
previously published (Valério et al. 2009, Soares et al. 
2010). 
 

 
Fig. 3. The thickest gold foils with minute holes. The obverse 
(A) presents a shiny golden surface with traces of an 
abrasive polishing while the reverse (B) seems to show 
traces of hammering. 
 

 
Fig. 4. Thinner gold foils with a shiny obverse and a dull 
reverse. 
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As mentioned before, twelve of the gold foils present a dull 
reverse while the obverse presents a shiny golden surface. In 
order to explain these dull surfaces additional chemical 
analyses by Micro-Fourier Transform Infrared spectroscopy 
(!-FTIR) were performed on the material scraped with a 
microsurgical scalpel from those surfaces of two foils. 
Details about the equipment and analytical conditions were 
published elsewhere (Soares et al. 2009). 
 
Results and Discussion 
 
The elemental compositions of the gold foils are presented 
in Tables 1 and 2: 
 
Table 1. Analytical results (EDXRF). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Analytical results (!-PIXE). 

 
Besides these metals, the elements K, Ca, Ti, Cr, Mn, Fe and 
Ni were also identified and quantified by !-PIXE. These 
elements present in small amounts suggest that the most of 
them come from the soil where the artefacts were buried or 
from impurities of the gold nuggets. The differences found 
in the metal content of the alloys determined by !-PIXE and 

EDXRF are not significant. It mostly results from the 
thickness of the analysed layer which is thinner for !-PIXE. 
The Ag content determined by !-PIXE is smaller than the 
one determined by EDXRF, which means that some gold 
enrichment occurs on the surface of the artefacts, as 
expected.  
 
Results show that the artefacts were manufactured with a 
very pure native gold, with a low percentage of silver, which 
is in accordance with what is known about the Chalcolithic 
gold metallurgy in the Iberian Peninsula (Montero & Rovira, 
1991). Close parallels for these gold foils are the laminar 
fragments from the dolmen at Matarrubilla (Seville, Spain) 
with a silver content lower than 2% and surfaces showing an 
abrasive polishing (Perea et al.  2003) similar to that one 
present in the thickest foils of Perdigões. The metallographic 
analysis of one of these gold foils from Matarrubilla showed 
that the artefact suffered cycles of mechanical (hammering) 
and thermal (annealing) operations in its manufacture, 
resulting in a re-crystallized microstructure. Also, in our 
case, OM images of cross sections of two gold foils (Fig. 5) 
show re-crystallized microstructures where annealing twins 
are present which indicates the use of mechanical and 
thermal operations in the production of these plain artefacts. 

 
Fig. 5. Optical microscopy images of cross sections of two 
gold foils from Tomb 2 of Perdigões. 
 
One of these cross sections was also analysed by SEM- EDS 
(Fig. 6). One inclusion (spot 1) presents a high amount of 
low z elements, mainly C, O, Na, K, Al and Si. These 
elements would have a probable origin in the impurities 
(silica, for instance) of the gold nuggets used in the 
manufacture of the artefacts. The other two analysed spots 
showed the expected elemental composition of the alloy, i.e. 
a very pure gold alloy (with only a small content of silver). 
 

Reference Layer  Au 
(%) 

Ag 
(%) 

Cu 
(%) 

10511 419 94.2 4.9 0.06 
11041 425 96.0 2.4 0.06 
11866 429 99.2 0.6 0.03 
11867 429 99.1 0.7 0.06 

     
11458 459 97.2 2.2 0.05 
11452 459 98.4 0.9 0.03 
11460 459 98.6 0.6 0.02 
11453 459 98.9 0.5 0.03 
11455 459 97.1 2.4 0.04 
11451 459 98.5 0.7 0.03 

     
11465 463 96.4 2.6 0.06 
11459 464 96.6 2.5 0.08 
11454 464 97.8 0.5 0.02 
11450 464 96.8 2.2 0.07 

Reference Layer  Au 
(%) 

Ag 
(%) 

Cu 
(%) 

10511 419 94.4 5.5 <0.1 
11041 425 96.0 3.8 <0.1 
11866 429 98.9 1.0 <0.1 
11867 429 99.1 0.8 <0.1 

     
11458 459 96.9 2.9 <0.1 
11452 459 98.9 0.9 <0.1 
11460 459 99.1 0.7 <0.1 
11453 459 99.1 0.7 <0.1 
11455 459 96.4 3.2 <0.1 
11451 459 99.0 0.8 <0.1 

     
11465 463 96.6 3.2 <0.1 
11459 464 96.7 3.1 <0.1 
11454 464 99.3 0.6 <0.1 
11450 464 96.8 3.0 <0.1 
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In order to investigate the cause of the dull reverse of the 
thinner foils, !-FTIR analyses were performed on samples 
taken from those surfaces of two foils using a microsurgical 
scalpel. Fig. 7 shows the resulting spectra. 
 

 
 
Fig. 6. SEM image of cross section of one of the gold foils 
and elemental composition of the alloy in three spots. 
 
Both spectra allow the identification of a silicate (kaolinite), 
traces of calcium carbonate and an organic substance in the 
surface material of the gold foils. The C-H stretching bands 
at 2800-3000cm-1 do not allow the determination 
unequivocally of the nature of the organic material. 
Nevertheless, their forms suggest the presence of a waxy 
material. On the other hand, the weak intensity stretching 
band at 1468cm-1 is usually present in the spectra of waxes, 
namely in those of bees wax. These results suggest that a 
mixture of clay and bees wax were probably used for the 
attachment of such thin foils to a fabric backing.  
 
 
 
 

 
 
Fig. 7. !-FTIR spectra of the material scraped from the dull 
surface of two gold foils. 
 
Conclusions 
 
Analyses carried out on the gold foils recovered from a Bell 
Beaker context of Tomb 2 at the Chalcolithic site of 
Perdigões show that these jewels were manufactured with a 
rather pure native gold (Ag contents between 0.6% and 
5.5%, while the Cu content is less than 0.08%). These 
elemental compositions are characteristic of the primitive 
gold metallurgy in the Iberian Peninsula. Nevertheless, the 
lack of a database of elemental compositions of gold 
nuggets does not allow a specific origin to be assigned to the 
analysed gold. 
 
The inclusions observed by OM and analysed by SEM 
allowed the identification of Si and O, also suggesting the 
use of native gold in the manufacture of the foils. 
 
Twinned grains indicated that cycles of hammering followed 
by annealing took place in order to obtain these very thin 
foils. 
 
The thinner foils present a dull reverse probably due to the 
use of a mixture of clay and wax (bees wax?) for the 
attachment of such thin gold foils to a fabric backing. 
 
The thickest gold foils, probably used as diadems, present a 
shiny obverse with an abrasive polishing while a not so 
shiny reverse seems to show traces of hammering. 
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