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Production of long-lived cosmogenic radionuclides (CRN) is dominated by cosmic ray interaction in the
upper atmosphere. Through atmospheric transport and precipitation, they become distributed over the
Earth's surface, and participate in various geochemical and geophysical global processes. An alternate
production mode of CRNs is in the Earth's lithosphere, particularly in exposed rocks and surfaces. The
production rate of these in-situ produced CRNs depends primarily on the reaction mode and type of target
material. Although production is small - a few tens of atoms per gram per year - the built-up in
concentration even after a few thousand years of exposure can be measured using the technique of
Accelerator Mass Spectrometry. Concentrations of in situ nuclides in the near-surface zone allows a "surface
exposure history" to be estimated resulting in a measure of exposure ages and erosion rates. With a range in
half-lives from 0.3-1.5 Ma, in-situ produced CRNs are ideally suited as geochronometers and tracers in
Quaternary geomorphology related to paleoclimate change.

Using concentrations of 10Be and 26A1 produced in-situ in quartz grains, and 36C1 in select K- and Ca-rich
minerals, one can successfully model the exposure history of the rock surface. Generally, meaningful
measurements can be made with as little as 10-20 grams of quartz or granite exposed at sea-level for as
short a period as 5-10 ky. This model has been applied in a variety of geomorphic contexts: glacially
polished bedrock, tills and moraine boulders, meteorite impact craters, alluvial fans, beach terraces, desert
sands and palaeoseismic events. Parameters characterizing the exposure history are effective exposure and
burial ages, time-averaged erosion rates, depositional and uplift rates. Determination of absolute production
times, prerequisites to calibrate the model, have been addressed by using surfaces of known age from
different and well-selected sites.

In parallel with a successful 14C AMS program, routine measurements of 10Be, 26A1, and %Cl have been
demonstrated at ANTARES. With this capability, ANSTO is coordinating and leading a comprehensive
multi-faceted program in the application of in-situ CRNs to study southern hemisphere Quaternary climate
change. The sub-projects within the program are based on strong university collaboration and range in
environment from arid central Australia, alpine Tasmania and frozen Antarctica. An extensive geochemistry
laboratory, funded by ANSTO, for sample processing has been completed and is now operational. Some of
these projects are listed:
(a) Glacial history of the Prince Charles Mnts, Antarctica, using I0Be and 26A1 in bedrock and erratics

to estimate exposure ages (with Barrie McKelvey, Univ of New England);
(b) Pleistocene ice-cap and glacial history in central and west Tasmania using ^Cl in moraine (dolerite)

boulders, l0Be, 26A1 in quartz-rich glacial pavements and HC in sub-algal lake deposits (David
Hannon, Univ of Tasmania, an Eric Colhoun, Univ of Newcastle);

(c) Glacial history of fiordland, South island, and evidence for the Younger Dryas in New Zealand
(Paul Williams and Paul Augustinus, Univ of Auckland);

(d) Using 10Be in cores from coastal sandstone escarpments of the Victorian Plateau, southwest
' Western Australia, to differentiate between processes of local laterization and accumulation of

transported material (David Newsome, Murdoch Univ, WA);
(e) Dating the advance of weathering fronts in pediment surfaces at the Flinders Ranges, stepped

granite bornhardts on the Eyre Peninsula, and paleosiesmic events such as avalanches, slab
fractures in central Australia (Rowl Twidale, Univ of Adelaide, SA);

(f) ' Comparing long term erosion estimates based on apatite fission tracks with cosmogenic in-situ
erosion rates over the past million years on eroding surfaces in central Australia (Rod Brown,
Latrobe Univ).

This paper will briefly outline principles and techniques of i0Be, 26A1 and 3<SC1 in-situ methods and describe
some of the above projects related to the unique geomorphology of the Australian and Antarctic continents.


