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SUMMARY Australian researchers have access to a variety of natural systems where records of the Earth's past
environment have been stored. These archives include sediment cores, Antarctic ice, Tasmanian pine trees, rock
surfaces, corals, etc. Each of these media contain information on past environmental conditions but the records
must be carefully deciphered and compared with one-another. The AMS analysis of long-lived cosmogenic
radionuclides is essential for providing absolute time scales for these natural archives. Other analytical methods
based on high-energy ion interactions are well suited to characterise environmental and archaeological samples
with high sensitivity. The use of ANSTO's accelerators in research programs related to the environment in the
Australian region is reviewed.

1. INTRODUCTION

The Australian region offers direct access to
environmental archives and archaeological records
fertile for study with accelerator-based methods.
Research programs aimed at the study of the
Australian environment and heritage are carried out
at ANSTO using two ion accelerators, the 3 MV
Van de Graaff and the ANTARES 10 MV Tandem.

The 3 MV Van de Graaff accelerator has been used
for Ion Beam Analysis (IBA) since 1964 for a large
number of scientific projects coordinated by the
Australian Institute of Nuclear Science and
Engineering (AINSE). IBA provide analytical tools
for the characterisation of elemental concentrations
and distributions in materials. The versatility,
sensitivity and non-destructive nature of IBA
methods such as proton-induced X-ray emission
(PIXE), proton induced gamma-ray emission
(PIGE), Rutherford Backscattering (RBS) and
nuclear reaction analysis (NRA) have resulted in ion
beams being applied to solve problems in many
diverse fields such as archaeology, biology, geology
and environmental science.

The ANTARES accelerator is used for both, IBA
and Accelerator Mass Spectrometry (AMS) analyses.
This accelerator was manufactured in 1962 by High
Voltage Engineering Corporation in the USA and
relocated to Australia in 1989. Complete
refurbishment and enhancement has resulted in a
multi-purpose facility providing thousands of
accelerator analyses per annum in support of
Australian research. Figure 1 shows the accelerator
usage during the last year. All the analytical facilities
on the ANTARES accelerator are represented in
Figure 2.

The use of the high-energy heavy ions from

ANTARES enhances the performance of IBA
methods for elemental depth profiling. Techniques
such as elastic recoil detection analysis (ERDA) can
be applied to a wider range of light elements such as
carbon, nitrogen and oxygen, not accessible with the
smaller 3 MV accelerator.

An IBA microprobe has been installed on
ANTARES and is based on a magnetic quadrupole
triplet focussing heavy-ion beams (up to iodine).
This instrument is used to analyse lateral variations
in sample composition with a resolution of a few
microns. Two-dimensional maps of titanium,
chromium and other elements in individual grains of
sand have been recently reported.

The major uses of ANTARES are in high-precision
14C dating and in the AMS analysis of the long lived
radionuclides 10Be, 26A1, 36C1 and 129I. A new
beamline for the detection of 236U and other rare
actinides in the environment has been recently
constructed.

A national research program in Quaternary and
environmental science based on the AMS analysis of
I4C and other cosmogenic radionuclides started at
ANTARES in 1993. Thirty five Australian
universities are accessing the ANTARES AMS
facility via AINSE. In the last 12 months, Lucas
Heights scientists performed AMS analysis of more
than 2000 samples from about 100 projects covering
a wide range of disciplines, such as archaeology,
geomorphology, hydrology, palynology, glaciology
and palaeo-climatology (Figure 3).

Some examples of research directions based on the
application of AMS and IBA analysis in quaternary
science, environmental issues and heritage studies
are reviewed in the following sections.
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2. ENVIRONMENT: PAST, PRESENT AND
FUTURE

The Quaternary period covers the last two million
years of terrestrial history. It is significant because
within this time frame there were great climatic
upheavals and human kind spread across the world.
Quaternary science includes a variety of scientific
disciplines such as archaeology, biology,
climatology, geography and geology, providing the
knowledge needed for reconstructing the past of
the environmental conditions on the global scale.

Cosmogenic radionuclides, such as I4C and 10Be,
provide radiometric clocks to establish an absolute
time scale for the environmental events of the
Quaternary. AMS is the analytical method of choice
for the efficient analysis of long-lived radioisotopes,
with typical sensitivities of one million atoms.

2.1 Sediments

Ancient sediments archive environmental events,
such as climatic changes, that have taken place in
the past before the existence of instrumental records.
I4C analyses by AMS of microscopic samples from
charcoal, polien and other organic materials provide
the time scale for the last fifty thousand years. 10Be
in sediments can be used to extend this chronology
providing time markers related to reversals of the
geomagnetic field or other processes that affect the

production of cosmogenic radionuclides during the
Quaternary.

The Earth's environmental systems have undergone
many changes and investigating these provides
insight into how environmental changes are driven
and the effect they have on the biosphere. Australia
has many of these kinds of archives and they can
help us to understand how global scale
environmental changes have been expressed in the
biota and palaeo-hydrology of the continent. These
records can then be used to help identify the kinds of
forcing factors which influence the climate and the
sensitivity of vegetation to environmental changes.

Major research projects are under way at the
University of Western Australia to understand the
late Quaternary history of vegetation, fire and
climate. One of these projects aims to investigate
how very high bio-diverse vegetation in Australia
responds to change, and the bearing of this in
relation to maintenance of high bio-diversity.
Another project involves the history of dust load in
the atmosphere from Quaternary records in
Australia. Records of vegetation change, fire history,
land clearance and land-use in relation to the onset
and development of salinity in lakes are being
reconstructed.

A research program at the University of Newcastle
involves examination of sea level change and
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deglaciation chronologies from Antarctica,
freshwater stromatolites in southern Australia and
vegetation histories derived from lake sediment
cores from Tasmania and NSW.

Dating techniques that yield high-precision age
estimates of these terrestrial archives are essential.
The AMS 14C dating technique is well suited to the
sort of organic materials encountered in this
research. As a technique capable of measuring 14C
levels in sub-milligram samples, AMS 14C dating is
the only option available when trace amounts of
datable material are preserved. In addition, many
samples dated from lake and swamp sediments are
contaminated by mobile humic acids that cannot be
removed totally. Although AMS dating of specific
organic fractions refines the radiocarbon analysis, a
more secure approach is provided by the direct
dating of pollen extracts from the samples,

2.2 Tree rings

Ancient conifer logs exhumed from the bed and
banks of the Stanley River in western Tasmania have
been sampled by researchers from the University of
Sydney for dendrochronological and atmospheric 14C
studies. They range in age from Last Interglacial to
the present.

The main significance of this research program lies
in the remarkable length of the tree-ring chronology
being developed for the Stanley River, with year-by-
year precision. The interpretation of climatic change
from the tree-ring widths, and the determination of
radiocarbon variations from wood tied to this
chronology, will contribute much to our
understanding of major and abrupt climatic changes
during the last deglaciation (15,000 to 11,700 years
ago). Much can be learnt about the subtle style of
climatic variations dating from this period, and
changes in ocean currents and convection patterns
before and after the sea-level stabilised at present
levels (around 7,000 years ago). Changes in recent
centuries can be determined with annual precision
from tree rings in the tropical regions in Australia
and Southeast Asia, and are highly relevant to
studies of the monsoon system which brings rain
from the northern Indian and western Pacific Oceans
to these two regions, in alternate seasons each year.

2.3 Ice cores

Ice cores provide preserved air from which to
reconstruct levels of greenhouse gases over recent
centuries to millennia. Ice cores from Law Dome,
East Antarctica, characterised by high accumulation
rates, provide a high-resolution record through the
Holocene and possibly beyond. In addition, air

extracted from the firn permits direct comparison of
entrapped trace gas concentrations with modern
records. One of the problems is that recent CO2

growth rate variations are difficult to interpret due to
the smearing of ice-core signals induced by the
diffusion of air in the firn. In collaboration with
CSIRO and Antarctic Division, we used the 14C
"bomb spike" to determine the age spread and age of
CO2 in Antarctic ice and firn.

Profiles of long-lived cosmogenic radionuclides, as a
function of depth and thus age, provide key
information on past solar variability, production rate
changes, and atmospheric transport and deposition
mechanisms. In particular, ANSTO scientists have
recently measured 10Be in ice cores from Law Dome
to study snow accumulation rates during the past.

2.4 Stick-nest rat middens

I4C is being used to give the essential framework for
interpreting information locked in the ancient
dwellings and middens of stick-nest rats which are
built in arid areas from local materials and preserve
plant and animal material for up to 10 ka. The
material found in nests from Western Australia,
Northern Territory and South Australia includes
bones and hair from extinct species and pollen from
plants growing thousands of years ago in the arid
centre of the continent. AMS dating is being used to
reconstruct the past distribution of Australia's arid
zone mammals and provide much needed
information about the last few thousand years.

2.5 Rocks

Cosmogenic radionuclides such as 10Be, 26A1 and 16C1
produced in rocks can provide information on
glacial histories in the southern hemisphere.
Although only a million atoms of the cosmogenic
isotope 10Be are produced during a 100 ka exposure
period per gram rock, AMS can be applied to
measure this telltale signal. The ANSTO research
program is targeting three geographic regions that
show distinct glacial formations and deposits:
Tasmania, New Zealand and Antarctica. The
ANTARES AMS spectrometer is used to analyse
glacially polished bedrock surfaces, large erratics
and boulders deposited on lateral and terminal
moraines and within glacial outlet valleys. A number
of ice cap advances during the Quaternary have been
identified from the radionuclide signals. This study
involves also the search of the Younger Dry as (11-
13 ka BP) in the southern hemisphere. This is a
major short term reversal during the last deglaciation
which appears throughout the climatic records of the
northern hemisphere.

107



2.6 Oceans

The accelerator analysis of radiocarbon in ocean
waters helps to understand the influence of ocean
circulation on the world's climate. Australia has
considerable responsibilities in supporting
international programs in ocean circulation.
Preliminary studies, funded by the National
Greenhouse Advisory Committee, have been carried
out by ANSTO in collaboration with Flinders
University and CSIRO Division of Marine Science.

The aim of the project is to examine the role of the
Southern Ocean as a source region for water masses,
to determine its contribution toward the ventilation
of the world ocean, and to quantify its performance
as a sink for anthropogenically produced greenhouse
gases. The database from oceanic field observations
available for model validation purposes is sparse,
and the role of the Southern Ocean within the global
carbon cycle represents, to date, the largest unknown
quantity in discussions of an anthropogenically
enhanced greenhouse effect.

Water samples from locations within the Australian
sector of the Southern Ocean were obtained to
determine their 14C content. The determination of
the 14C distribution as a function of depth and
location is necessary to validate predictions obtained
from the tracer model which was developed for the
world ocean region south of 24°S. Subsequently,
this model is applied to integrate the observed 14C
distribution in space and time, and to establish a 14C
budget for the Southern Ocean.

First 14C AMS measurements have been obtained
and are consistent with the observations made during
the Geochemical Ocean Sections Studies
(GEOSECS) programme conducted in the late
1970's for the southeast Indian Ocean.

2.7 Atmosphere

The effect of airborne fine particles on public health
is of increasing national and international concern.
Research projects are being undertaken to determine
a picture of air quality in Australian cities, together
with their concomitant elemental signatures and
emission sources. The data being obtained is
providing valuable information on the composition
and dispersal of natural and anthropogenic sources.
This is assisting in the development of control
strategies for remedial and pollution management
programs.

These atmospheric fine particles are typically
produced by anthropogenic sources such as
combustion processes, motor vehicles, industrial
plants and mining operations and by natural sources

such as windblown soil and sea spray. They may
remain in the atmosphere for weeks, and can travel
hundreds or even thousands of kilometres from their
original source. It is therefore important to
understand the regional and even global movement
of these atmospheric aerosols.

The PIXE technique in aerosol analysis is used to
measure the commonly occurring elements Al, Si, P,
S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Br
and Pb. A typical PIXE analysis is obtained in less
than 5 minutes of accelerator running time.

Each element present in the aerosol can be
apportioned to a particular source. For example,
aluminium and silicon are primarily associated with
windblown soil, sulphur with fossil fuel burning,
industry and motor vehicles, chlorine with sea spray,
potassium with smoke and wood burning, metals
with industrial processes, and lead and bromine from
motor vehicles. Major studies at the University of
NSW and Griffith University have established the
composition of local fine particle pollution as well as
its temporal and spatial variability.

3. THE AUSTRALIAN DREAM TIME

Several joint projects between ANSTO and
Australian universities involved in radiocarbon
dating of Aboriginal rock pictures, burial and
occupational sites, have been funded in the last
several years by the Australian Research Council, the
Australian Institute of Nuclear Science and
Engineering and the Australian Institute of
Aboriginal and Torres Strait Islander Studies.
ANSTO has developed special methods for the non-
destructive dating and characterisation of rock art in
the Kimberley, Chillagoe, Laura and other
Aboriginal sites. This work involves close
collaboration between physicists, archaeologists and
Aboriginal people.

Several archaeological projects include detailed
research into the probable antiquity of the rock art of
Chillagoe and Laura, North Queensland, and the
Kimberley, Western Australia. A variety of materials
are being analysed, including pigments, oxalate
minerals, silica coatings, plant fibres, carbonised
plant matter, fatty acids, beeswax and mud-wasp
nests.

3.1 Chillagoe

The Chillagoe region of North Queensland has been
under intensive archaeological scrutiny since the
early 198O's. To date, a series of excavations led by
Bruno David and co-workers, have revealed cultural
deposits dating back to at least 26,000 years BP,
with dramatic increases in the quantities of

108



archaeological materials recovered during the mid to
late Holocene. These increases appear to signify
important cultural and demographic changes in past
Aboriginal social systems, probably including a
major population increase. The geographic
distribution of rock art conventions through time in
northern Queensland are being investigated showing
that the earliest rock art is relatively homogeneous.
The later rock art - estimated to date to the last 3500
years or so by indirect dating methods - is, however,
geographically heterogeneous, indicating a
regionalisation of artistic, and by implication social,
networks around that time. Our initial results date the
Chillagoe pictographs to the last 800 years or so, in
support of the existing model of a mid to late
antiquity for most of the regionalised art of the
region.

3.2 Kimberley

The Kimberley rock art sequence is likely to be one
of the longest and most complex in the world. On
the basis of superimpositions and differential
weathering, Grahame Walsh has constructed a very
detailed rock art sequence of which the major phases
include Pecked pits, Irregularly Infilled Animals,
Bradshaws, Clawed Hand figures and Wandjinas.
This sequence depicts major changes in Aboriginal
culture, ideology and local fauna over time.
Fieldwork in the region started in 1994 with the aim
of providing absolute dates for the Kimberley rock
art sequence. Small samples of pigments, beeswax,
mudwasp nests, and associated mineral crusts have
been collected. Mudwasp nests, which sometimes
overlie or underlie rock paintings, can provide
minimum or maximum ages and may be dated by
AMS or optically stimulated luminescence (OSL).
AMS dating of such samples has helped to provide
the first age estimates for the well-known Bradshaw
painting style and allowed comparison between
results from two very different dating techniques.

3.3 Mount Mulligan

Ngarrabullgan or Mount Mulligan, located some
100 km northwest of Cairns, is a large table top
mountain bordered by 300 m high cliffs along most
of its periphery. A different vegetation can be noted
on the top of Ngarrabullgan and in the savanna
woodlands which surround the mountain.
Ngarrabullgan Cave, on the top of Ngarrabullgan, is
one of the earliest radiocarbon dated archaeological
sites in Australia (37,000 yr BP). The deposits at this
site show very low erosion and a near-total absence
of territorial vertebrate fauna. Our AMS dates show
that intensive use of the mountain started around
5000 yr BP, after 27 millennia of total abandonment.
In this work we have also obtained the first paired
14C/OSL determination for pre-30 ka archaeological

deposits.

3.4 Jinmium

The question of when humans came to Australia is of
great interest. AMS and OSL were used to show that
the controversial thermoluminescence dates of
greater than 116 ka for the Jinmium rock shelter in
the Northern territory were incorrect and were not
associated with a new earlier estimate for the
colonisation date of Australia. AMS/radiocarbon and
OSL dating analyses demonstrated that the Jinmium
site was occupied less than 10 ka ago.

3.5 Selwyn Ranges

The Selwyn Ranges contain a rich selection of
Aboriginal rock art motifs such as stick figures,
kalkadoons and animals painted in a variety of
ochres from nearby deposits. The PIXE method has
allowed a range of paint samples to be analysed and
compared with the ochres from quarried sources.
The results indicate that there were clear trends
between the types of ochre used to paint certain
motif types. For the first time, on any rock art in the
world, rock art has been able to be interpreted by
considering how the use of ochre reflected
considerations of the artists, and provides a unique
insight into the process of producing rock paintings
by Aboriginal people.

4. AUSTRALIAN FAUNA

Australian animals inhabiting the arid zone are faced
with long periods of poor or inadequate nutrition
during times of low or no rainfall, and must depend
for their survival on the efficient utilisation of their
stored body reserves. They have developed a highly
specialised morphology and behaviour which attest
to a long evolutionary association with their
specialised habitat.

Ion beam analysis of biological tracers is being used
to provide an understanding of the nutritional
requirements. Native animals are dosed with a small
quantity of water enriched with 18O and blood
samples are taken after a specific period spent by
the animal in the natural environment. The 18O in
blood samples, determined by IBA, allows one to
estimate the rate of production of carbon dioxide and
calculate the metabolic rate of a free ranging animal.
The Australian animals studied include the desert
Dragon and the pollen-feeding Honey Possum.
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