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ABSTRACT 
 
Hypogea and stone cists are common graves in use during 
the Middle Bronze Age in South-Western Iberia. The cist 
stone lid is sometimes covered with a black greasy earth, 
suggesting that an organic material is contained in the 
sediment. A similar material also involves the vertical slabs 
that close the chamber of some hypogea. 
 
The black greasy earth of one of those cists was sampled 
and analyzed using infrared spectroscopy and gas 
chromatography. IR analysis indicated the presence of 
organic substances, the main constituent being a fatty 
material. The identification of cholesterol proves an animal 
origin for that fatty material. The chromatograms were 
compared with those of well known samples, indicating that 
probably the fat detected in the earth is that of swine. 
 
The black earth with a greasy aspect that involved the slabs 
closing the chamber of three funerary hypogea was also 
sampled and analyzed using a Py-GC/MS and a FTIR 
spectrometer. The spectra obtained were compared with 
reference spectra. Two organic materials were identified: 
beeswax and propolis.  
 
These funerary practices suggest the importance that the 
Middle Bronze Age people put in the preservation of the 
corpses buried in their graves in South-Western Iberia. 
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Introduction 
 
Recent archaeological excavations in the Portuguese region 
of Baixo Alentejo, carried out under the implementation of 
the irrigation project connected with the Alqueva Dam, have 
brought to light important finds dated to the South-Western 
Iberian Bronze Age (Alves et al. 2010, Ponte et al. 2013). 
Among those new finds are funerary hypogea (Fig. 1), dated 
from the second quarter of the 2nd Millennium BC (Fig. 2), 
which show some similarities with those from the Argaric  

 
 
Culture (South-Eastern Iberian Peninsula), namely as far as 
rituals, architecture and grave goods are concerned.  
 

 
Fig. 1. Location of archaeological sites mentioned in the 
text. Funerary hypogea at Torre Velha 3 and Horta do 
Folgão and a stone cist at Herdade do Montinho. 
 
Each funerary structure is composed of an atrium connected 
with a chamber (an artificial cave cut into the rock) closed 
by vertical slabs. These slabs are sometimes associated with 
a black earth with a greasy aspect (Fig. 3). 
 

 
 
Fig. 2. Radiocarbon dates for hypogea (Alves et al. 2010). 
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Fig. 3. The hipogeum [1489]-[1490] of Torre Velha 3. A- 
chamber closed by slabs associated with black greasy earth; 
B – the hipogeum after the excavation. 
 
A black earth with a greasy aspect, suggesting the presence 
of an organic substance, was associated with the slabs 
closing the chamber of some of those funerary hypogea. At 
the archaeological site of Horta do Folgão (HF), two of the 
three excavated hypogea presented that black earth, while at 
Torre Velha 3 (TV3), 13 of the 25 recorded hypogea also 
presented the same material. HF and TV3 are both located 
near Serpa, in the Portuguese left bank of the Guadiana 
River (Fig. 1). The black greasy earth found in one 
hypogeum of HF and in two  hipogea of TV3 was sampled 
for analyses. The remains of organic substances were 
identified by Py-GC/MS and FTIR. 
 
It was already known that some stone cists, another kind of 
grave in use during the Middle Bronze Age in South-
Western Iberia, also had a similar black greasy earth 
covering the cist stone lid (Paço & Leal 1962/63). The 
greasy earth of one of these graves, from Herdade do 
Montinho (HM) (Figs. 1 & 4), dated from the first half of 
the 2nd Millennium BC, was sampled and analyzed using 
infrared spectroscopy and gas chromatography (Ribeiro & 
Soares 1991, Soares 1994) in order to identify the organic 
substance contained in the black earth. 
 

 
 
Fig. 4. The stone cist of Herdade do Montinho. 
 
Materials and Methods 
 
Stone cist (HM) 
 
Three samples were collected from the Bronze Age grave of 
HM: one of the black greasy earth associated with the stone 
lid of the cist; another of the brown sediment found inside 
the stone cist; and a third of the reddish brown soil outside 
the grave. IR spectrometry and GL Chromatography were 
used for sample analysis. A detailed description of the 
methodology applied for the analyses can be found in 
Ribeiro & Soares (1991). 
 
Hypogea (TV3, HF) 
 
The black greasy earth that closed the chambers of hypogea 
[1489]-[1490] and [1712]-[1713] of TV3 and hypogeum 3 
of HF were sampled for analysis. Also a sediment found 
inside a late Roman pit near the hypogea of TV3 mentioned 
above and sediments corresponding to two stratigraphic 
units located  over the floor of the chamber of the hypogeum 
3 of HF were also sampled for comparison of results. 
 
Experiments were carried out with an integrated system 
composed of a CDS Pyroprobe 2000 heated filament 
pyrolyser, an Agilent 6890N gas chromatograph equipped 
with a capillary column HP-5MS (30 m!0.25 mm i.d., 0.25 
mm film thickness), and an Agilent 5975N mass 
spectrometer.  
 
Pyrolysis of the solid residues obtained after sample 
extraction with ethylether was performed at 610°C for 10 s. 
The pyrolyser interface was set at 250°C. The gas 
chromatographer conditions were as follows: split mode 
injection (22:1), initial temperature of 40°C, hold for 2 min; 
increase at 10°C/min up to 170°C, hold for 2 min; increase 
at 8°C/min up to 200°C, hold for 2 min; increase at 4°C/min 
up to 300°C, hold for 12.25 min; increase at 4°C/min up to 
310°C, hold for 2.5 min. He gas flow was set at 1.0 mL/min. 
Mass spectrometer operated under EI conditions (70 eV) in 
the range from m/z 45 to 500. 
 
Other aliquots of the samples were also analysed, after 
extraction with diethyl alcohol, in a Thermo Nicolet Nexus 
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670 FTIR spectrometer coupled to a Continu!mTM IR 
microscope. FTIR spectra were collected in transmission 
mode using the compression diamond Spectra-TechTM 
!Sample Plan cell. Once a sample was placed in the 
diamond cell, this was positioned on the IR microscope and 
the spectrum was acquired. Each FTIR spectrum is the 
average of 254 scans collected at 4 cm-1 resolution, in the 
region from 4000 cm-1 to 650 cm-1. 
 
Results and Discussion 
 
Herdade do Montinho 
 
IR analyses indicated the presence of organic substances, the 
main constituent being a fatty material (Fig. 5). The 
identification of cholesterol also by IR spectrometry proves 
an animal origin for the fatty material (Fig. 6). 
 

 
 
Fig. 5. IR spectra: 1 – black greasy earth; 2 – brown earth 
from inside the stone cist; 3 – reddish brown soil (arable 
land) from outside the stone cist. 
 
Fat acids in the black greasy earth were identified and their 
contents determined using GL Chromatography (Table 1; 
Fig. 7). 
 
Table 1. Fat acid composition of the black greasy earth of 
the HM grave. 

 
            Acid                                           % 

Lauric   (C12)                                     traces 
Myristic  (C14)                                     2.3 
Myristoleic  (C14:1)                             2.5 
Palmitic  (C16)                                   33.7 
Palmitoleic  (C16:1)                           19.8 
Stearic  (C18)                                       3.5 
Oleic  (C18:1)                                     32.8 
Linolenic  (C18:2)                                3.5 
Azelaic  (2C9)                                      1.7 

 
 
Fig. 6. IR spectra: 1 – cholesterol reference sample; 2 –  
black greasy earth. 
 

 
 
Fig. 7. Chromatogram of the black greasy earth of the HM 
grave. 
 
These results show that the fat must be badly decomposed 
since the palmitic acid content is greater than the oleic acid 
content. On the other hand, the myristic acid content (2.3%) 
is lower than the same acid content in recent samples of 
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butter (12.5%), ox fat (3%) or mutton fat (2.8%), but greater 
than that of pork fat (1.2%) (Morgan et al. 1973, Pye 1970, 
Rottland & Schlichtherle 1979). If our results are compared 
with those of well known archaeological samples of pork 
fat, we can conclude that probably the fat detected in the 
earth had its origin in a swine (Fig. 8) (Ribeiro e Soares, 
1991).  
 

 
 
Fig. 8. Chromatograph traces of strongly decomposed 
samples of pork fat compared with the black greasy earth 
sample. 
 
Hypogea 
 
The chromatograms of the samples collected in the analysed 
hypogea are presented in Fig. 9. 
 

 
 

Fig. 9. Chromatograms of samples from hypogea of HF and 
TV3: A – sediment over the floor of the chamber of the 
hipogeum 3 (HF); B – sediment inside the chamber of the 
hypogeum 3 (HF); C – black greasy earth of hypogeum 3 
(HF); D – sediment from a roman pit (TV3); E – black 
greasy earth of hypogeum [1489]-[1490] (TV3); F – black 
greasy earth of hypogeum [1712]-[1713] (TV3).   
 
Analyses allow the detection of alkanes, alkenes, aldehydes 
and ketones. The presence of those compounds, some with a 
long chain of more than 31 atoms of carbon and a significant 
percentage of odd-carbon number alkanes with a range of 
21-33 carbon atoms (Heron et al. 1994), namely in samples 
C, E and F, suggest that a waxy material is present in these 
samples.  
 
FTIR analyses were carried out in order to get a better 
identification of the waxy material; these show (Fig. 10) that 
the organic material is a mixture of beeswax and propolis. 
 

 
 
Fig. 10. FTIR spectra of black greasy earth sampled in 
hypogeum 3 of HF. Similar spectra were obtain for hypogea 
of  TV3. 
 
Conclusions 
 
During the Middle Bronze Age in South-Western Iberia, 
stone cists and hypogea are common kinds of human graves. 
The archaeological record shows that the corpses were 
inhumated in a foetal position in the grave without being 
covered by earth. 
 
It was known that the stone lid of the cists could be covered 
by a black greasy earth. Only recently a similar kind of earth 
was also found associated with the vertical slabs that close 
the chamber of some hypogea. 
 
As far as we know this is the first time that this black greasy 
earth has been chemically analysed and its origin 
determined. A mixture of pork fat with earth was used to 
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seal a stone cist, while a mixture of beeswax and propolis 
with a clayey earth was used to seal the chamber of some 
funerary hypogea. 
 
Mixtures of these organic substances with earth are 
waterproofing materials and their use in the funerary 
monuments mentioned above suggest the great importance 
that the Middle Bronze Age people in South-Western Iberia 
put in the preservation of the corpses buried in their graves. 
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