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Introduction
Since the pioneering work by Huntley et al. (1985), optical dating is being increasingly
recognised as an important technique for establishing a time frame of deposition of sediments
(Aitken, 1998). Optical dating differs from thermoluminescence (TL) dating in that
visible/infrared light from lasers or LEDs (light-emitting-diodes) is used as a means of
stimulation, in contrast to thermal stimulation. It has several advantages over TL dating: (i) the
resetting of the OSL (optically stimulated luminescence) clock is more effective than that of TL
clock; for sediments transported under water or in other situations where the sediment grains have
undergone inhomogeneous bleaching, this property ensures that ages based on optical dating are
generally more reliable than TL ages, (ii) the optical dating technique is non-destructive, and
multiple readouts of the optical signal is possible; this feature has resulted in the development of
single-aliquot and single-grain protocols (Murray and Wintle, 1999; Banerjee et al. 1999), (iii)
the sample is not heated as in TL; thus, spurious luminescence is avoided and there is a
significant reduction in blackbody radiation. Dating of materials which change phase on heating
is also practical, and finally, (iv) thermal quenching of luminescence is negligible, allowing
accurate estimation of kinetic parameters using standard techniques and providing access to deep
OSL traps. This characteristic may be helpful in extending the limits of optical dating beyond the
last 150 ka from a global point of view.

Stimulation systems

The initial studies in optical dating were performed using green laser-based stimulation systems;
in the late 1980s, Hutt et al (1988) demonstrated the possibility of using infrared light-emitting-
diodes for stimulation of feldspar-rich extracts. These authors noted that feldspar exhibit a strong
resonance in their stimulation spectrum at about 880 nm. However, experience with LEDs has
shown that quartz was not stimulated by infrared radiation; thus, to provide a more inexpensive
option for luminescence practitioners, Risoe National Laboratory developed a stimulation unit
consisting of a halogen lamp, mounted in a remote lamphouse and equipped with an
electromagnetic shutter and a filter pack which restricted the stimulation wavelengths to 420-550
nm (Boetter-Jensen, 1997). Perhaps an even better choice is the use of filtered blue (475±45 nm)
LEDs developed again at Risoe. The switch-on and switch-off times are much shorter compared
to shutters operating with halogen lamp-based systems. Besides, the stimulation power can be
controlled electronically.

Premise
The luminescence dating techniques estimate the time of the most recent 'zeroing' event in the
history of the sample; this may be a thermal or a sun-bleaching (exposure to solar radiation)
event. In the case of deposition of sediment, it is assumed that transport prior to emplacement
resets the OSL clock so that the sediment has 'near-zero' luminescence. On burial, the
surrounding radioactivity provides energy to the sediment grains at a constant rate. This energy is
stored in the form of trapped electrons within the mineral grains. The number of trapped electrons
(or luminescence) accumulate with time, and is proportional to the dose acquired by the sample



since the last zeroing event. Thus, on excavation of the sample, the luminescence age of the
sample is given by the expression

Equivalent dose
Dose rate

where equivalent dose is the laboratory dose required to produce luminescence equal to that
induced in the sample since the last resetting event.
The three main assumptions in age estimation are the following:
(i) optical or thermal zeroing of luminescence of the mineral during the event being dated

(ii) negligible loss of luminescence during storage (absence of anomalous fading)

(iii) the mineral's environment acts as a closed system in respect of radioactivity

Recent developments: multiple-aliquot vs single-aliquot protocols
Until the early 1990s, all TL and OSL studies were based on the use of multiple-aliquots (or sub-
samples). Duller (1991) proposed the first single-aliquot additive-dose protocol for estimation of
equivalent dose (De) in feldspar-rich extracts. Recently, Murray and Wintle (1999) have proposed
a single-aliquot regenerative-dose protocol for the estimation of De in quartz; in this protocol, an
additional measurement of the OSL signal from a test dose (-10-100% of the natural dose) is
performed between measurement of natural or regenerated OSL signals. This OSL measurement
is used to correct for any changes in luminescence sensitivity of the sample. Single-aliquot
procedures are preferable to multiple-aliquot ones because of several reasons: (i) there is no need
for normalization of luminescence since all measurements are carried out on the same aliquot;
this results in improved precision on the estimate of the equivalent dose (ii) the amount of quartz
or feldspar necessary for a De estimate is typically less than 150 mg, which suggests that a precise
De estimate is achievable even in situations where sample quantity is limited (iii) the De estimate
based on single-aliquot protocols is more accurate in comparison to multiple-aliquot protocols, as
they enable a study of distribution of dose in a suite of aliquots (or even individual grains) from
the same sample and (iii) they require much less measurement time for each estimate of De,
which allows the investigation of the dependence of De on measurement parameters.

Datable materials using OSL
OSL dating is applicable to aeolian, fluvial/alluvial, lacustrine and glacial environments. In an
aeolian depositional environment, it is quite likely that all sediment grains are bleached
homogeneously and that there is complete resetting of luminescence at deposition. However, this
may not be an a priori assumption in the case of waterlain sediments. Dose-distributions based on
single-aliquot analyses using small quartz aliquots (<100 grains) can be used to derive
information about the bleaching conditions at deposition.
At least 150 mg of quartz (grain diameter between 100 and 200 urn) should be available after
chemical processing of the sample; in favourable situations (high S/N ratio and young quartz), a
precise De estimate is feasible with around 50 mg of quartz. The OSL technique is applicable to
an age range of 0-100 ka; the upper limit being dependent on the saturation dose of quartz.
Nevertheless, if the radioactivity content in a particular site is unusually low (e.g. <1 mGy/a), it
may be feasible to date depositional events upto 1 Ma (see e.g. Huntley et al. 1993). Dating of
young samples (<500 a) is plausible provided that (i) the natural luminescence signals are



significantly higher than background levels and (ii) recuperation/thermal transfer effects are
negligible.

Besides the above applications, OSL can be used to date archaeological pottery, heated sediment
and volcanic products. Some laboratories are also presently using -100-200 |j,m feldspar-rich
extracts for De analysis. Potentially, feldspar dating may be even more preferable than quartz
dating, as the luminescence signals of feldspars saturate at much higher doses (-1000 Gy), and
because the luminescence intensity per unit mass is typically about 50 times that of quartz. But,
most feldspars exhibit anomalous fading implying an upper age limit of about 100 ka.

Sampling techniques
In any luminescence dating project, it is extremely important to establish the correct relationship
between the samples chosen and the stratigraphy or geomorphology of the section/site; any field
sites where post-depositional deformation has occurred should be avoided. One may look for soil
formation, groundwater leaching, bioturbation, clay formation and transportation, compaction;
these signatures can be regarded as manifestation of diagenetic alterations. In these situations, the
closed system assumption may not be valid in age estimation.
Further, the estimation of dose-rate is based on the infinite matrix assumption, i.e. if the size of
sample is larger than the ranges of alpha, beta and gamma radiation, then, conservation of energy
implies that the energy emitted per unit mass is equal to the energy absorbed per unit mass. This
suggests that (i) the ambient radioactivity is homogenous and (ii) the absorption coefficient per
unit mass is a constant for the sample and its surroundings. The presence of rocks close to the
section may provide an indicator of inhomogeneties in ambient radioactivity; this should be
complemented by on-site gamma-spectrometry measurements.
Finally, a word about the water-content in a particular sample. Some users measure the present
day water-content and the saturation water content (or porosity) in their samples, and use the
average of these two measurements. It is also advisable to be aware of the seasonal and annual
variations in the water-content of the respective site, and a good discussion between the
geologist/geomorphologist about the time-averaged water-content over the history of the sample
is deemed necessary.

References
Aitken, M. J. (1998). An introduction to optical dating, Oxford University Press, Oxford and New York,
267 pp.
Banerjee, D., Boetter-Jensen, L. and Murray, A. S. (1999). Estimation of the quartz equivalent dose in
retrospective dosimetry using the single-aliquot regenerative-dose protocol, communicated to Applied
Radiation and Isotopes.
Boetter-Jensen, L. (1997) Luminescence techniques: instrumentation and methods. Radiation
Measurements, 27, 749-768.
Duller, G.A.T. Equivalent Dose determination using single aliquots, Nuclear Tracks and Radiation
Measurements 18,371-378(1991).
Huntley, D.J., Godfrey-Smith, D.I. and Thewalt, T.L.W. Optical dating of sediments, Nature, 313, 105-
107 (1985).
Huntley, D. J., Hutton, J. T. and Prescott, J. R. (1993) The stranded beach-dune sequence of south-east
Australia: a test of thermoluminescence dating, 0-800 ka. Quaternary Science Reviews, 12, 1-20.
Hutt, G., Jaek, I. and Tchonka, J. (1988). Optical dating: K-feldspars optical response stimulation
spectra. Quaternary Science Reviews, 7, 381-386.
Murray, A.S. and Wintle, A.G. (1999) Dating quartz using an improved single-aliquot regenerative dose
protocol, in preparation for Radiation Measurements.

10


