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Application of photoacoustic infrared spectroscopy and PIXE/PIGME to the analysis and
provenancing of inorganic pigments from an archaeological site.
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As part of a larger study into the sources of ochre used by indigenous people in south eastern
Cape York Peninsula the ochres found in excavated deposits and paint samples from the stencils
and painted panels in Fern Cave, near Chillagoe, were investigated. Previous work in the analysis
of paints has identified the need to used non-destructive techniques and the necessity of taking
samples of microgram quantities [1,2]. When selecting the techniques for use in this study these
factors were kept in mind. Fourier transform infrared photoacoustic spectroscopy (FTIR-PAS)
was selected because it can be applied to samples of only a few micrograms and because it is
completely non-destructive when necessary. To compliment and support the information
obtained from the FTIR-PAS, elemental analysis was also carried out on the same samples using
proton induced x-ray and gamma ray emission (PIXE/PIGME).

Infrared analysis of minerals has several advantages. For amorphous or heterogeneous materials
in particular infrared can allow distinction between minerals with a range of chemical or
structural compositions. FTIR-PAS has been used in recent studies to examine a large range of
solid samples including polymers [3], cotton yarns [4] and minerals [5,6,7]. The spectra reported
in these cases are comparable to literature and absorbance spectra recorded from KBr discs.

The samples used in this study are of two types, the 91 small fragments of red ochre excavated
from two 50 x 50 cm test pits of seven in the floor of the cave and 9 paint samples removed from
the stencils and paintings on the walls of the cave. The excavated samples consisted of a range
of sizes from a few millimetres across to 4 or 5 cm across. These samples were initially
examined under an optical microscope (x40) and were all found to be coated to some degree with
an off white material. The samples were broken using a knife blade to expose a fresh inner
surface for analysis. The paint samples varied in size from small grains of around 0.4 mm or less
to a small number of flakes of 3-4 mm in length. These were also examined under an optical
microscope and were found to consist of red coloured areas with an off white backing material.
On many of the pieces examined the red areas were partially covered with the off white material.
Algal contamination can be seen on the walls of the cave and evidence of thesis can be seen as
a green colouration on the samples. These samples were examined without any further treatment
and no attempt was made to remove the coating materials.

The spectra of the excavated samples were compared with those recorded for a series of minerals
standards also recorded using FTIR-PAS and with literature standards recorded using KBr discs.
Bands were assigned from these comparisons and the major minerals and minor minerals present
in each sample identified. Major mineral groups identified in the excavated samples are iron
oxides, goethite, kaolinite, and montmorillonite. Contaminants such as calcium carbonate were
also present. PIXE/PIGME analysis of the same samplesprovided the elemental concentrations
of 15 elements. This information was necessary to support the interpretation of the spectra
particularly in the case of minor minerals. In the case of iron oxide minerals the elemental
concentration of iron was critical in determining that the samples were relatively pure iron oxide

PAPER NO. 65



as the infrared spectra in the region measure in not diagnostic for minerals such as hematite.

The paint samples were placed without treatment in the photoacoustic cell and the spectra
recorded. In the case of larger flakes the whole flake was used and in the case of the smaller
grains a few grains were placed in to the cell without orientation of the grains. The spectra of the
paint samples are dominated by the contaminants. The minerals identified are gypsum, calcium
carbonate and calcium oxalate. These are all minerals are due to natural processes in limestone
caves. Oxalate skin or crusts have been found on other painting surfaces in Australia [8]. Small
clay bands were identified in some of the samples. These were identifiable as kaolinite however
it is not known if they are part of the paint samples or the background materials. Samples FCP6
and FCP8 were flakes and were analysed by PIXE/PIGME elemental concentrations indicated
low concentrations of iron, 1.6% Fe.

Scanning electron microscopy with energy dispersive X-ray analysis(SEM-EDXA) was used on
the samples to confirm the interpretation. This confirmed that there was iron present in the
samples and as the diagnostic infrared bands for goethite were not present the iron oxide is in
some other form. SEM also confirmed that the samples are made up of areas of red pigment and
areas where the pigment is covered by the contaminating material.

FTIR-photoacoustic spectroscopy has been applied to the analysis of both excavated and painted
samples. This technique although not total independent of surface morphology has the advantage
of allowing the examination of solid samples with little or no sample preparation. The spectra
were obtained with minimal treatment of the sample and provide the structural information
necessary to identify the major minerals present. When used in combination with PIXE/PIGME
which also requires no sample preparation a clear interpretation of the sample mineralogy can be
obtained. PIXE/PIGME also identified the presence of iron in the samples.
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