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David Culley Memorial Award Scheme for Nuclear Science in Secondary Schools

The Australian Nuclear Association makes an annual award to a selected secondary school
with an interest in furthering its activities in nuclear-related science. This award is in
memory of the ANA's past treasurer, David Culley, a former secondary school science
teacher, who was involved in nuclear science and technology training programs for many
years as an Ansto employee. The award for 1999 has been made to the Ecology Group at
Lake Gininderra College in Canberra for the project outlined below. It is being carried out
in collaboration with researchers from the Department of Nuclear Physics and the Centre
for Resource and Environmental Studies at the Australian National University.

The project - Historical Rates of Erosion of the Australian Landscape as Measured with
Beryllium-10

The Australian landscape is a very old one. It is a continent of low relief, and hence soil
production rates are very low. Further, it has not been glaciated for millions of years so
that the rock from which the soil is forming is very well weathered and low in nutrients.
Farming practises introduced by European settlers have resulted in accelerated soil loss,
and along with the realisation of this problem has come the desire to minimise further loss
and to develop a sustainable system of agriculture. In order to address these issues, it is
necessary first to know what were the pre-European rates of soil production and soil loss.

It is possible to use the isotope beryllium-10 (10Be) to shed some light on these processes.
Beryllium-10 is a radioactive isotope with a very long half life of 1.5 million years. It is
produced naturally in the atmosphere when high energy cosmic rays strike and fragment
the nuclei of nitrogen and oxygen atoms. The 10Be atoms so formed attach readily to
aerosols and fall out to the surface in rainfall at a rate of about 1.5 x 104 atoms /cm3 of
rainfall.

As the rainwater percolates into the soil, these 10Be atoms attach very firmly to soil
particles. To a first approximation, they may be considered to follow that soil particle
throughout its subsequent history. Hence, the total inventory of 10Be in a soil column can
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tell us the residence time of that soil, while the surface concentration of 10Be can tell us the
rate at which it is being lost.

Because the number of 10Be atoms is extremely small, typically 108 atoms (about 2
femtograms - 10"15 grams) per gram of soil, an extremely sensitive technique is required in
order to measure them. The only technique with the required sensitivity is accelerator
mass spectrometry, and we are using the 14 UD tandem accelerator of the Department of
Nuclear Physics at the ANU for this purpose.

The site chosen for this study is a forested hill-slope in the Tinderry Ranges near Burra,
south of Canberra. Three pits were dug, and soil profiles collected, near the top, middle
and bottom of the slope in order to obtain information not only on residence times and
erosion rates of the soil, but also on its movement down the slope. In addition, samples
were collected from an erosion cut in the gully at the bottom of the slope. At this site,
rainfall is about 70 cm per year, and hence the 10Be fallout rate is about 106

atoms/cm2/year.

The poster will present details of the site and sample collection, of the chemical
preparation of the samples, and of the accelerator mass spectrometry measurements. A
preliminary interpretation of the data in terms of residence times, erosion rates, and down-
slope processes will be presented.

166


