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EXTENDED ABSTRACT
A number of reviews dealing with the application of luminescence methods to the
dating of sediments has appeared in the past year or so; and others are known to
be in preparation. For this reason, the present paper will not attempt to be
comprehensive. Rather it will comment on a few issues of particular relevance
to Australasia. Further, while it will scarcely be possible to avoid some
reference to the archaeological site at Jinmium in the Kimberly, for which ages
in excess of 100 ka are claimed, the major emphasis will be on applications to
age determinations for Quaternary geology rather than archaeology. In fact, as
has often been pointed out, because of the antiquity of our stable Quaternary
landscapes, any answer to a question posed by an Australian archaeologist is
likely to be of interest to a Quaternary geologist also.

Luminescence dating began with thermoluminescence (TL) and was developed to find
the age of pottery and, by extension, of materials that had been heated
directly, such as tephra and dune sediments overlain by lava flows. Lava itself
can rarely be dated because the minerals are not TL-friendiy. [In passing:
Aitken, who developed the technique, has said that there is no challenge in TL
dating of pottery any more! In other words, it is now routine].

Huntley and Wintle pointed out that the luminescence clock can be reset by
exposure to solar radiation and this led to TL dating of sediments both aeolian
and water laid. Huntley then went on to demonstrate that the emission of light
can be stimulated by optical means and this has led to the development of
optical methods for dating, usually known as OSL. HUtt extended the range of
stimulating wavelengths into the infra-red (IRSL). Technically, all optical
stimulation should be described as optical, regardless of wavelength, but usage
has hallowed the terms OSL and IRSL.

After heating there is rarely any doubt about whether the TL signal was set to
zero. However, resetting to zero is by no means certain when the mechanism is
exposure to light. This places constraints on the methodology. Huntley and
Wintle themselves proposed the partial bleach method which restricted the
measurement of TL light to that fraction which is most easily bleached.
Variations on this method which, however, apply only to quartz have been
proposed. One should be wary of sediments deposited under water, or heavy shade
and the occasional sample that is not reset even by long solar exposure.

Since optical excitation is thought to stimulate emission from the same traps
that were reset by light in the first place, it has the effect of avoiding the
question of the degree of resetting of the luminescence. It should be regarded
as the method of preference for sediment dating. One caveat for optical dating
is that, for many samples of quartz, the optical signal saturates and this
limits the age range to about 150 ka in most places. However, there are some
samples for which the dose curve continues to rise at large doses (albeit more
slowly) and ages to 500 ka have been found in these samples.

If feldspar is used, it must be assumed that some of the signal is subject to
fading. This is commonly dealt with by assuming that it is the shallower
electron traps that fade. A pre-annealing procedure in which the sample is held
at a temperature of 220°C for five minutes (to quote one current procedure) is
assumed to eliminate the traps concerned; but there i<= a degree of empiricism
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still involved here. Quartz is normally assumed not to fade and evidence that
it sometimes does needs confirmation.

Nevertheless, TL methods applied to open sites have been demonstrated to be
effective. A particularly good example of this is to be found in the South East
of South Australia, where a sequence of low ranges runs roughly parallel with
the coast. They represent relict sand dunes left behind, on a slowly rising land
surface by successive interglacial incursions of the sea at roughly 120 ka
intervals. Comparison with ages established on independent geological grounds
allows a test of quartz TL and IRSL ages that is believable back to 500 ka.
Older than this, we do not yet understand the physics of the quartz well enough
to go unequivocally forward (backward?). Similar results are emerging
elsewhere.

At the young end of the time scale, ages less than one thousand years are easily
measurable for sediments and, under favourable conditions, zero age to perhaps a
200 year 2-sigma limit.

It is well known that small aliquots of grains (and individual grains them-
selves) from a given sample may vary greatly in brightness. Attempts are being
made to devise dating protocols based on single aliquots and single grains.

With dating limits being pushed ever further back, the time variation of the
environmental radiation giving rise to the stored luminescent energy needs to be
addressed. Particularly at wet sites, radioactive disequilibrium must be
considered. In any case, a time profile of the radiation dose rate needs to be
determined.

Among the less common applications are dating of:
the infill of fault scarps, calcite in flow stone, pedogenic carbonate, the
mound springs, laterite, meteorite impact craters, zircons, peat and tsunami.
The advent of OSL has opened renewed interest in carbonates, which have
generally been regarded as too difficult to manage with TL.

In dating a given site or sites the value of ages obtained by any dating method,
including C-14, is enhanced by parallel measurements with an different method.
Sites where this is possible are to be valued for the comparison itself.
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