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The papers included in this ninth issue of Excavations, 
Surveys and Heritage Management in Victoria were 
presented at the annual Victorian Archaeology 
Colloquium held at La Trobe University on 1 February 
2020. Once again we had over 150 participants whose 
attendance testifies to the importance of this fixture 
within the local archaeological calendar. It continues to 
be an important opportunity for consultants, academics, 
managers and Aboriginal community groups to share 
their common interests in the archaeology and heritage 
of the State of Victoria.

The papers published here deal with a variety of 
topics that span Victoria’s Aboriginal and European 
past. While some papers report on the results of specific 
research projects others focus on aspects of method, 
approach, education and the social context of our work. 
and approach. 

In addition to the more developed papers, we have 
continued our practice of publishing the abstracts of other 
papers given at the Colloquium, illustrated by a selection 
of the slides taken from the PowerPoint presentations 
prepared by participants. These demonstrate the range 
of work being carried out in Victoria, and we hope that 
many of these will also form the basis of more complete 
studies in the future. All papers were refereed by the 
editorial team. This year Elizabeth Foley managed this 
process and the sub-editing of this volume under the 
guidance of Caroline Spry. Layout was again undertaken 

by David Frankel. 
Previous volumes of Excavations, Surveys and 

Heritage Management in Victoria are freely available 
through La Trobe University’s institutional repository, 
Research Online < www.arrow.latrobe.edu.au:8080/
vital/access/manager/Repository/latrobe:41999 >. We 
hope that this will encourage the dissemination of ideas 
and information in the broader community, both in 
Australia and internationally.

We grateful to the Colloquium’s major sponsors 
ACHM, Ochre Imprints, Ecology and Heritage Partners 
and Heritage Insight; sponsors Biosis, ArchLink, 
Christine Williamson Heritage Consultants and Extent; 
and to la Trobe University for continuing support. We 
would like to thank them, and all others involved for 
their generous contributions towards hosting both the 
event and this publication. Yafit Dahary of 12 Ovens 
was, as always, responsible for the catering. 

Preparation of this volume was, like so much else in 
2020, undertaken during the severe restrictions imposed 
because of the COVID-19 pandemic. We hope that 2021 
will be a better year for all and that even if we are unable 
to hold our Colloquium at the usual time we will be able 
to do so later in the year. 

The editors and authors acknowledge the Traditional 
Owners of the lands and heritage discussed at the 
Colloquium and in this volume, and pay their respects 
to their Elders, past and present.

Editorial note
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Abstract
X-ray diffraction (XRD) analysis is routinely applied 
to identify the crystalline phases of a wide range of 
geological, archaeological, and faunal materials. In recent 
years, industries have focused on the development of XRD 
instruments that are increasingly transportable, cost- and 
time-effective. The quality of data output of portable 
XRDs is becoming comparable to that of the conventional 
benchtop XRD systems.

The Olympus TERRA portable XRD analyser 
features a small vibrating sample holder that requires 
negligible sample amounts (10–15 mg) in powder form. 
It is lightweight, battery-operated and can be connected 
to personal devices via wireless connectivity. Reliable 
results can be achieved in a short timeframe (5–15 
mins). Materials can be quickly analysed on-site with 
minimal sample destruction. These characteristics make 
this portable XRD a powerful tool for characterising, 
identifying and sourcing materials from Australian 
archaeological contexts.

Introduction
X-ray diffraction (XRD) analysis has proven to be a 
powerful tool in archaeological studies. This technique 
is successfully applied to characterise unknown 
materials and helps archaeologists in reconstructing 
past human behaviours. Unfortunately, the traditional 
benchtop XRD systems require a ‘significant’ amount of 
material in powder form, extended scanning times and 
a good level of expertise. These make the application of 
XRD analysis to archaeological materials challenging, 
especially in the Australian context, where quarantine 
regulations and ethical codes of conduct are (for good 
reasons) in place.

In recent years, industries have developed portable 
XRD instruments that require minimal sample size, 
are comfortably transportable, and able to generate 
inexpensive, quick and reliable data. Among the 
several portable XRDs available on the market, the 

Applications of XRD analysis in Australian archaeological 
contexts: introducing the Olympus TERRA portable XRD 
analyser

Alice Mora

Department of Archaeology and History, 
La Trobe University, Bundoora, Vic. 3086
A.Mora@latrobe.edu.au

Department of Archaeology and History at La Trobe 
University has recently acquired the Olympus TERRA 
portable XRD analyser, whose favourable characteristics 
will be highlighted in this short paper. The potential 
applications of XRD analysis in routine archaeological 
investigations across the Australian landscape will be 
discussed thereafter, and they include studies aiming 
to reconstruct past procurement and processing of raw 
materials, identifying if and how a material may have 
been heated, or assessing diagenetic alteration of faunal 
remains.

X-ray diffraction analysis 
X-ray powder diffraction analysis is routinely applied to a 
wide spectrum of geological, archaeological, and faunal 
materials to identify their constituent crystalline phases 
(minerals), the presence of amorphous components 
(e.g. glasses), and the determination of their respective 
amounts. The rationale behind this technique is that a 
crystal presents a structure characterised by a distinctive 
three-dimensional periodic array of atoms, which can 
diffract X-rays. When the X-rays are focused onto the 
crystalline phases, they are scattered by the constituting 
atoms at specific diffraction angles, depending on 
the periodic nature of a crystalline structure, i.e. the 
distance between its constituting crystallographic planes 
(d-spacing). The scattered radiation is collected by a 
detector, processed, and displayed in a diffractogram. 
The position, intensity and shape of the diffraction 
peaks act as a fingerprint for identifying a specific crystal 
structure (Pecharsky and Zavalij 2005). Therefore, XRD 
analysis can distinguish between materials that are 
chemically identical because of the distinctive ordered 
arrangements of their atoms. A common example is the 
three distinct forms of silica (SiO2): glass (amorphous), 
quartz and cristobalite (both crystalline); which are 
distinguishable through their diffraction patterns (Smith 
1998).

The Olympus TERRA portable XRD analyser
Traditional X-ray diffraction systems have a complex 
and extensive setup, and their use requires a high level of 
expertise. In recent years, industries have focused on the 
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development of XRD instruments that are increasingly 
transportable, can be operated after quick training, 
leading to less costly and time-consuming analyses 
(Nakai and Abe 2012). The quality of data output of 
these new portable XRDs is competitive with, if not 
comparable to that of the conventional benchtop XRD 
systems.

Among the several companies that have developed 
portable versions of XRDs, Olympus has placed into the 
market a very successful product: the ‘Olympus TERRA 
portable XRD analyser’ (Figure 1). This instrument is 
very light, weighing around 15 kg with four batteries. 
It is safely contained in a sturdy box and can be 
transported on-site within its trolley, making it ideal for 
use during geological and archaeological fieldwork, as 
well as in museum and quarantine-regulated collections. 
This instrument is battery-operated (each set of batteries 
lasts around 4 hours) and it has wireless connectivity 
to personal devices (either laptop, smartphone or 
tablet). The measurement is visualised in real time 
on the personal device and the output data can be 
subsequently downloaded. The sample preparation is 
quick and easy; samples are reduced in particles smaller 
than 150 µm (100 mesh screen) using the crushing and 
sieving tools included in the set. The Olympus TERRA 
pXRD analyser requires only 10-15 mg of sample to run 
reliable measurements, making the analysis minimally 
destructive (and feasible in contexts that it would not 

normally be). Either bulk or selective sampling can be 
undertaken, including longitudinal and micro-area 
sampling. 

Conventional XRD setups present a mobile 
configuration in which the components rotate relative 
to each other thanks to a goniometer, following Bragg-
Brentano geometry. The sample (~ 300 mg) is grounded 
into a fine powder (<10 µm), homogenised, and 
appropriately pressed into the sample holder in order 
to avoid orientation effects. In contrast, in the Olympus 
TERRA portable XRD, the powder sample is inserted 
into one of the two sample chambers without any 
specific preparation thanks to the ‘shaker’. This vibrating 
sample holder ensures that the crystals are randomly 
oriented by endless grain circulation. The new feature 
is possible because of the novel transmission geometry, 
which has first been developed in response to the 
challenging working conditions of the Mars Curiosity 
Rover and the limited dimensions of its XRD analyser 
(CheMin) (Downs and MSL Science Team 2015). In 
this type of configuration, the components are in a fixed 
position: the X-rays leave the tube (Cu or Co target), 
pass through a collimator, and collide into the sample, 
where they are diffracted by the array of grains onto a 
Charge-Coupled Device (CCD) detector. This allows 
the creation of an instrument of limited dimensions, 
easily transportable, which requires only minimal 
maintenance. Since the CCD camera can collect both 
diffraction and fluorescence data, the Olympus TERRA 
pXRD is at the same time an X-ray diffractometer and 
X-ray spectrometer (with an XRF energy range of 2.5 to 
25 keV).

Another significant advantage is that the complete 
diffraction pattern of the sample is collected and displayed 
simultaneously (over the entire angular range of 5° to 
55°) after the first exposure (~ 20 sec). In addition, the 
fluorescence data from the same sample is concurrently 
visualised in an XRF spectrum. This is adequate to 
quickly screen samples, such as understanding whether 
a known crystalline phase is present in the material, or 
to discriminate between two possible phases. Reliable 
data output can be achieved in less than 15 minutes, 
after approximately 50 exposures. More exposures 
will sharpen the diffraction peaks and reduce the 
background noise (Figure 2). The XRD data produced 
by the Olympus TERRA portable XRD analyser can be 
treated using two software packages: XPowder Software 
for Qualitative and Semi-Quantitative analysis, and 
Siroquant Software for Quantitative Rietveld analysis.

When using a conventional benchtop XRD, it takes 
around 10 minutes to quickly acquire the complete 
diffraction pattern because the sample is scanned at every 
possible angle. The resulting diffractogram will present a 
wider angular range (>55˚) and a slightly better detection 
limit (1-2 wt%) than that produced by a pXRD such 
as the Olympus TERRA. As outlined earlier, both the 

Figure 1. The Olympus TERRA portable XRD analyser and the 
‘shaker’

Alice Mora
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benchtop and portable XRD systems present distinctive 
benefits and drawbacks, and ultimately the choice of 
using one of the two depends on several variables, 
including the research questions, available funds and 
time, level of expertise, and sampling constraints (e.g. 
sample preservation, sample location, regulations). As 
a rule of thumb, the portable XRD analyser would be 
efficient for a quick (on-site) screening of all the samples 
(with identification and quantification of all minerals), 
and for selecting the more complex mixtures that could 
be subsequently analysed via a benchtop XRD system. 

XRD applications in Australian archaeological 
contexts
Broadly speaking, X-ray diffraction analysis identifies 
the mineralogical composition of materials, permitting 
an understanding of the conditions under which each 
material was formed and subsequently altered. XRD 
analysis presents a myriad of potential applications 
in Australian archaeological contexts, depending on 
specific research questions and type of samples, which 

may include faunal remains, lithic materials, ceramics, 
heat-retainers, ochres, and sediments.

Archaeofaunal remains such as fragments of bones, 
teeth, mollusc shell and eggshell are commonly found 
across the Australian landscape. The inorganic fraction 
of both bones and teeth is constituted by hydroxylapatite 
crystals. By studying the microstructural alterations of 
bone/tooth mineral crystallites, it may be possible to 
identify diagenetic and thermal processes that affected 
the faunal material (Piga et al. 2009; Rahmat et al. 2020; 
Rogers et al. 2010), which would help reconstructing 
ancient fire use and food processing (Solari et al. 
2015; Van Hoesel et al. 2019), and/or post-mortem 
environmental conditions to which they were exposed 
(Stathopoulou et al. 2008; Trueman et al. 2004; Tütken 
et al. 2008).

Calcite, the inorganic fraction of avian eggshell, is also 
affected by heat-induced mineralogical changes, which 
are dependent on the temperature of heating (Engin et 
al. 2006; Macha et al. 2015; Naemchanthara et al. 2008; 
Tsuboi and Koga 2018). XRD analysis of mollusc shells 
and fish otoliths allows the identification of the different 
forms of calcium carbonate (aragonite and/or calcite) 
constituting their mineral fractions, which are indicative 
of the environmental conditions during the life of the 
animal and post-mortem. Environmental factors, such 
as chemical composition of water during shell formation, 
may affect the resulting shell mineralogy (Checa et al. 
2007; Medaković et al. 2003). Moreover, mineralogical 
transition of aragonite into calcite may be later induced 
by heating as a result of food processing (Aldeias et al. 
2019) or post-depositional thermal alteration (Milano 
and Nehrke 2018). The mineralogical characterization 
of the archaeofaunal remains is also a powerful tool 
for selecting well-preserved and reliable samples for 
DNA studies (Götherström et al. 2002), stable isotope 
analysis (Disspain et al. 2016; Munro et al. 2007), and 
radiocarbon dating (Long et al. 2018; Webb et al. 2007).

The determination of the mineralogical composition 
of lithic materials and earth-based pigments may help 
establish the provenance of raw materials by identifying 
the possible geological sources, and thus giving insight 
into procurement strategies and histories of transport 
and use (Corkill 2005; Dayet et al. 2016; Jercher et 
al. 1998; Trindade et al. 2010). Characterising the 
mineralogy of ochres may also solve attribution and 
authenticity issues of Indigenous artworks (Nel et al. 
2010). The assessment of mineralogical changes in 
ceramics, heat-retainers, and other burnt clays allows 
for the reconstruction of their thermal history including 
the determination of firing events and maximum 
temperatures (Holakooei et al. 2014; Rasmussen et 
al. 2012). Clayey sediments and soils exposed to fire 
(hearths) undergo mineralogical alterations, which can 
be indicative of human occupation of the site and fire-
related activities (Berna et al. 2007; Singh et al. 1991).

Figure 2. XRD diffractograms of emu (Dromaius 
novaehollandiae) eggshell (calcite) and freshwater bivalve 
(Alathyria jacksoni) shell (aragonite, calcite, quartz), using an 
Olympus TERRA pXRD analyser

Applications of XRD analysis in Australian archaeological contexts
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To conclude, the Olympus TERRA pXRD analyser 
may be a cost- and time-effective tool for characterizing, 
identifying, and sourcing (on-site and with minimal 
sample destruction) a range of archaeological materials 
that are routinely found in Australian contexts. Given its 
practicality, the use of a portable XRD could easily be 
implemented in routine archaeological investigations. 
If needed, more complex studies could subsequently be 
undertaken via a benchtop XRD system.
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