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iii. Summary:

This thesis details the work undertaken towards and the results obtained from the development
of a portable and non-destructive technique for the analysis of Australian Aboriginal ochre
materials. Many of the methods traditionally utilised for analysis are limiting due to their cost,
lack of portability, the sample requirements and the destructive nature of analysis. This thesis
explores these traditional methods before developing and optimising a spectroscopy based

technique that reduces or eliminates many of these and other limitations.

Chapter one explores the historical context of pigments. It investigates what a pigment is
chemically and visually, whilst exploring many of the pigments used throughout the ages and
their evolution over time across the globe. This chapter then discusses early pigments
commonly utilised in Australia, and focuses on ochre as the main pigment used by Aboriginal
Australians. This study focuses on the significance of ochre to the Aboriginal culture, the
chemistry of ochre and the factors that influence its varied colour, and how the structure of
ochre changes with heat treatments. This chapter investigates previous scientific studies
conducted on ochre and similar pigments across the globe. It explores the work of others and
investigates the analytical methods and instrumentation used for analysis, the results obtained

from this work, and the advantages and disadvantages of each technique utilised.

Chapter two focuses on the characterisation of ochre samples via the use of commonly utilised
traditional analytical techniques including X-Ray diffraction analysis, neutron activation
analysis, infrared analysis, Raman spectroscopy and thermal gravimetric analysis. The
analysis concentrates on ten samples obtained by the mining commission chosen because
their colour and composition varied, their province was known, they were from a trusted source
and they had been used in previous studies thus allowing for accurate comparisons. It details
the experimental methods used for the work completed for this project. It denotes the sample
type, locality and province studied, the chemical composition of standards, the instrument
models used for any analysis, and the modes of operation and specific parameters used.
These samples are analysed using the traditional methods of analysis discussed in chapter

one, and results are presented.

Chapter three is a preliminary study into the use of a newly emerging instrument known as the
X-Rite i1Pro. This instrument is UV-based, portable and non-destructive, and its application to
ochre and similar pigments is novel. This chapter discusses the technical aspects of the
instrument and the experimental setups utilised before exploring the feasibility of such an
application by studying a range of haematite and goethite standards of known mixture
compositions. This chapter explores the instruments’ ability to detect colour and distinguish
between samples of varying colour, before determining the accuracy and reproducibility of
these measurements. Experiments then move from standards to the mining samples
discussed previously and this chapter presents the results of their analysis with this new and

emerging technique. The range of samples is then expanded to include some from an



ethnographic collection, and are also analysed utilising a traditional, laboratory lased, bench
top grade UV-vis, with the results of the two instruments compared. Work expands to establish
a suitable model for the prediction of sample composition, again centring on a range of
haematite and goethite standards of known mixture compositions and investigates a number
of statistical methods of analysis. Studies include single wave length analysis, a model based
on AE, and multiple linear regression analysis. The results of each model are presented here.
This chapter also investigates the effect of a variety of sample preparation methods to explore
the suitability of this instrument to artefacts and images of unknown origin. It explores the effect
of sample thickness, and application method including the use of a variety of binders.

Statistical analysis is completed in this chapter.

Chapter four focuses on the effect of the substrate on the i1Pro results, as it is hypothesised
that factors such as surface roughness and colour may influence the spectra obtained. A
number of wood and stone based substrates are investigated, and the prediction models

developed in chapter three are applied.

Chapter five explores the application of the X-Rite il-Pro system to a number of well-
provenanced raw ochre materials from well-known sites significant to Aboriginal Australians.
This chapter aims to determine if the inter-site variation is smaller than the intra-site variation,
and if the samples analysed from each site can be statistically linked with the hope that
unknowns could be tested and preliminarily provenanced. This chapter presents background
information, sample information, experimental methods and the results of the study including
statistical analysis. The same raw ochre samples are then analysed utilising neutron activation

analysis and the results of the two methods are compared.

Chapter six is a case study focusing on the application of the X-Rite i1-Pro system to toas of
cultural significant to Aboriginal Australians. This chapter presents background information on
the significance of the toas, sample information, experimental methods and the results of the
study. Results include the statistical analysis of the spectra obtained, and comparisons

between the ochre found on the toas and material identified as possible source material.

Chapter seven presents the conclusions reached from the research detailed here. It also

presents hypotheses for ongoing work, and future directions for this and associated projects.

Appendix A presents a study completed into the formation of haematite via the dehydration of
goethite. This is culturally significant as many sources and indeed colours of ochre were held
in higher regard than others by Aboriginal Australians, and an understanding into the chemistry
of alteration was necessary. This appendix presents background and sample information, as
well as experimental techniques and results obtained from the use of both thermal gravimetric

analysis studies and X-Ray diffraction analysis.

Appendix B presents a case study into the accumulation of a dust-like particle on the surface
of Aboriginal Rock Art at Arkaroo Rock in the Flinders Rangers South Australia. Background

information and photographs, experimental techniques and results of the analysis utilising



microscopy, X-ray diffraction, thermal gravimetric analysis and colour analysis with the X-Rite
ilpro is presented here, along with subsequent statistical analysis. The results of this appendix
were presented at International Symposium on Archaeometry, Tampa, Florida. This work has

been published in The Open Journal of Archaeometry.

Appendix C presents supporting data — necessary for the details of the thesis and reference

but not specifically relevant to each chapter or section.
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