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Executive summary

Optically stimulated luminescence (OSL) dating was used to constrain the ages of the
sediments at TASI 10757, an archaeological open site comprising Aboriginal stone
artefacts in alluvial deposits of the Jordan River, near Brighton, Tasmania. Three
samples were dated from excavation Trench 2 at the site. An additional two samples
were dated from an adjacent quarry to provide maximum bounding ages for alluvial
deposition at TASI 10757.

Equivalent radioactive dose (D) values for aliquots in OSL JRO1 (0.98 m depth) and
OSL JRO2 (1.90 m depth) from the quarry and OSL JRO3 (0.45 m depth) from
excavation Trench 2 of TASI 10757 displayed relatively symmetric frequency
distributions, suggesting effective resetting of the luminescent traps prior to deposition.
Two of the samples from excavation Trench 2 of TASI 10757 (OSL JR04-05) displayed
positively skewed frequency distributions, suggesting those aliquots with the highest D,
values had been inadequately reset and were therefore excluded from the age

calculations.

The results exhibit internal consistency, with the sequences yielding ages in
stratigraphic succession. The dating program shows alluvial deposition at the site
occurred during the middle of the last glacial period. At the quarry, medium sands at
1.90 m depth are 59,400 + 3600 years old (OSL JR02) and fine sands at 0.98 m depth
are 54,400 = 3900 years old (OSL JRO1). Fine to medium sands at excavation Trench 2
of TASI 10757 are 37,500 + 3800 years old (OSL JR05) at 0.65 m depth, 34,000 + 2800
years old (OSL JR04) at 0.55 m depth and 26,600 + 2600 years old (OSL JR03) at 0.45
m depth.
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1 Introduction

Optically stimulated luminescence (OSL) dating was used to constrain the ages of the
sediments at TASI 10757, an archaeological open site of Aboriginal stone artefacts in
alluvial deposits of the Jordan River, near Brighton, Tasmania. Three samples were
dated from excavation Trench 2 at the site. An additional two samples were dated from
an adjacent quarry to provide maximum bounding ages for alluvial deposition at TASI
10757.

2 Methodology

OSL is now commonly used for dating sedimentary deposits from a variety of aeolian,
fluvial and lacustrine environments (e.g. Stokes, 1999; Olley et al., 2004a). When quartz
grains within a sedimentary sequence are buried, they begin to accumulate a
trapped-charge population that increases in a measurable and predictable way in
response to the ionising radiation dose to which the grains are exposed (Huntley et al.,
1985; Aitken, 1998). Exposure to sunlight releases the light-sensitive trapped charge
and resets the OSL signal. This process is commonly referred to as ‘zeroing’ or
‘bleaching’. The time lapsed since quartz grains were last exposed to sunlight can be
determined by measuring the OSL signal from a sample, determining the equivalent
radioactive dose (D) that this represents, and estimating the rate of exposure of the
grains to ionising radiation since they were buried (the ‘dose rate’; D;) (Aitken, 1998).
From these parameters, the burial age of well-bleached grains can be determined
(Burial age = D, / D).

The accuracy and precision of OSL ages is partially controlled by the contribution of
unbleached grains within a sample (Olley et al., 1999; Murray & Olley, 2002) and this
influences which depositional environments will yield the most reliable results.
Sedimentary deposits that are likely to have had adequate solar exposure and effective
bleaching prior to deposition and burial are preferred targets for OSL dating; most
notably aeolian sequences. In other settings such as alluvial and lacustrine deposits,
where transport and deposition times may be rapid, the potential for incomplete
bleaching is increased. OSL dating of alluvial and lacustrine deposits has recently been
aided by the emergence of new methodologies allowing the effective dating of single
grains of quartz, which provide information on degree of partial bleaching within a

sample (Olley et al., 2004a).

In this study, single grain and small aliquot OSL dating was used to determine the

depositional age of five samples from alluvial deposits. Samples were collected by
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driving 40 mm diameter opaque stainless steel tubes into cleaned sections.

Sediments were processed under subdued red light, with the 180-212 pm quartz fraction
extracted for dating using standard procedures (e.g. Galbraith et al.,, 1999). A
single-aliquot regenerative-dose protocol was used to calculate D, (Murray & Roberts,
1998; Galbraith et al., 1999; Murray & Wintle, 2000). Single grains were dated from the
samples from Trench 2 of TASI 10757 (OSL JR03-05). Samples from the quarry (OSL

JR01-02) were dating using small aliquots of around 10-20 grains each.

For the single grain analyses of samples OSL JR03-05, 100 aliquots, each composed of
single grains of quartz, were preheated at 240 T for 10 s and optically stimulated for 2 s
at 125 T by green (532 nm) light from a solid-state laser beam attached to an
automated Risg TL-DA-15 apparatus (Markey et al., 1997; Bgtter-Jensen et al., 2000).
For the multiple grain analyses of samples OSL JR01-02, 24 aliquots comprising ~10-20
grains each were preheated at 240 C for 10 s and optically stimulated for 100 s at
125 C by blue (470 nm) light from a light-emitting diode array on the Risg TL-DA-15
apparatus. Ultraviolet luminescence was detected using photomultiplier tubes with a
7.5 mm Hoya U-340 filter. Samples were then given applied doses using calibrated
%51/*°Y beta-sources and re-stimulated to record their regenerative OSL signals. OSL
sensitivity changes in the quartz crystals between the natural and regenerative cycles
were monitored after each optical stimulation using test-doses of 2 Gy (multiple grains)
or 10 Gy (single grains) following a 160 T cut-heat. Recycling tests using duplicate
regenerations of known dose confirmed the reproducibility of the laboratory-induced

luminescence signals.

Output from the Risg apparatuses was analysed using Analyst version 3.21 software
(Pirtzel, 2006). For multiple grain aliquots, OSL signals were measured for 100 s (250 x
0.4 s channels) and integrated over the first 4.8 s of illumination with the final 20 s
converted to the equivalent number of channels over 4.8 s and subtracted as
background. Single grains were measured for 2 s (100 x 0.02 s channels) with data
integrated from the five channels 5-9. Integrated data from channels 80-90 was
converted to the equivalent signal from five channels and used as background. The OSL
data were corrected for any sensitivity changes and dose-response curves constructed
using five or six regenerative dose points, depending on the magnitude of the D, of the
samples. D, were obtained from the intercept of the regenerated dose-response curve

with the natural luminescence intensity.

K, U and Th concentrations were measured using instrumental neutron activation
analysis (INAA) by Becquerel Laboratories, Mississauga, Ontario, Canada, and

converted to beta dose rates using the conversion factors of Adamiec & Aitken (1998). A
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beta attenuation factor of 0.88 + 0.03 (Mejdahl, 1979) was assumed. Gamma dose rates
were measured in the field using a portable spectrometer and converted to dry values by
oven-drying sediment from the sample location. Internal alpha dose rates were also
assumed to be 0.03 + 0.01 Gy/ka based on previous measurements of Australian quartz
(e.g. Thorne et al., 1999; Bowler et al., 2003).

Cosmic-ray dose rates were determined from established equations (Prescott & Hutton,
1994), allowing for sample depth, sediment density and site altitude and latitude.
Present-day field-moisture contents of the sediments were considered broadly
representative of long-term averages and used to correct attenuation of beta and

gamma rays by water (Aitken, 1998).

3 Results

The dose rate data, D, estimates and optical ages for the five OSL samples are

presented in Table 1.

The ages are internally consistent, with all samples in stratigraphic succession. All
samples contained quartz with luminescence signals dominated by the fast OSL

component and displayed acceptable recycling ratios.

The single aliquot D, distributions are displayed in radial plots (Figures 1-5). These show
the distribution of aliquots with their precisions. Statistically concordant aliquots at the

2 o confidence level are within £ 2 units on the y-axis (shaded).

A powerful application of single aliquot optical dating is that D, estimates obtained from
individual small aliquots or grains can be compared to identify possible cases of partial
bleaching. D, frequency distributions can be used to assess the likelihood that aliquots
consist only of grains that were well-bleached at deposition (Murray et al., 1995; cf.
Wallinga, 2002). Olley et al. (1998, 1999, 2004a, b) have shown that the more
asymmetric the distribution, the more likely that the aliquots with the highest D, values
have been inadequately reset. In such cases, the lowest D, estimates usually most

closely represent the true burial dose.

D. values for aliquots in OSL JR01-03 displayed relatively symmetric frequency
distributions, suggesting effective resetting of the luminescent traps prior to deposition.
Optical ages were thus derived from weighted mean D, using the central age model of
Galbraith et al. (1999).

D. values for aliquots in OSL JR04-05 displayed positively skewed frequency
distributions, suggesting those aliquots with the highest D. values had been

inadequately reset. Aliquots with the highest D, values (greater than 200 Gy) were

3
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therefore excluded from the age calculations (9 % of aliquots for OSL JR04 and 35 % of
aliquots for OSL JRO05), with the ages derived from weighted mean D, of the remaining,

younger aliquots using the central age model of Galbraith et al. (1999).

Table 1. Luminescence age results

Radionuclide concentrations®

Sample Depth Water® K Th U @ B ¥ Cosmic- Total  Equivalent  Optical
name (m) (%) (%) (ppm) (ppm) radiation®  radiation® I“adiaﬁOI]'le ray dose rage dose? age
(Gyka) (Gyka) (Gyka') radiaton (Gyka) (Gy) (ka)
(Gy ka')
JRO1 0.98 0tz 116+ 0.04 899+028 178:006 003:+0.01 111:005 0752006 015:002 2082008 11327 544139
JROZ 1.90 0tz 095+003 609:019 1132004 003:001 0842004 0862005 0152002 1682007 10025 59436
JRO2 0.45 5+2 111004 14142043 238:008 003:001 133:008 1032008 019£002 2572010 BBz 6 266228
JRO4 0.55 5+2 115+ 0.04 14202044 235:008 003:001 135:008 1042008 019£002 2612010 P 340228
JROS 0.65 5£2 111£0.04 12512038 215:007 003:0.01 126:008 1042008 019:002 2522010 959 37.5:38

“ estimated time-averaged moisture contents, based on measured field water values (% dry weight)

¥ obtsined by INAA (Becquerel Laboratories, Mississauga, ON,

Canada)

© assumed internal alpha dose

rate

® derived from INAA radionuclide concentration measurements using the conversion factors of Adameic and Aitken (1888), commected for attenuation by water and beta
attenuation

* derived from field gamma spectrometry measurements using the conversion factors of Adameic and Aitken {1808), comected for attenuation by water

' calculated using the equation of Prescott and Hutton (1994), based on sediment density, depth and site latitude and

altitude

“ central age model (Galbraith ef al. 1998), including & + 2 % systematic uncertainty associated with calibration of the laboratory beta-source.
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Figure 1. Radial plot of single aliquot D, distributions for OSL JRO1.
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Figure 2. Radial plot of single aliquot D, distributions for OSL JRO2.
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Figure 3. Radial plot of single aliquot D, distributions for OSL JRO3.
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Figure 4. Radial plot of single aliquot D, distributions for OSL JR04.
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Figure 5. Radial plot of single aliquot D, distributions for OSL JRO5.
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4 Discussion and conclusions

The dating program shows alluvial deposition at TASI 10757 occurred during the middle
of the last glacial period. At the quarry, medium sands at 1.90 m depth are 59,400 +
3600 years old (OSL JR02) and fine sands at 0.98 m depth are 54,400 + 3900 years old
(OSL JRO01). Fine to medium sands at excavation Trench 2 of TASI 10757 are 37,500 +
3800 years old (OSL JR05) at 0.65 m depth, 34,000 + 2800 years old (OSL JR04) at 0.55
m depth and 26,600 + 2600 years old (OSL JR03) at 0.45 m depth.

The results exhibit internal consistency, with the sequences yielding ages in
stratigraphic succession. Equivalent radioactive dose (D) values for aliquots in OSL
JR01-03 displayed relatively symmetric frequency distributions, suggesting effective
resetting of the luminescent traps prior to deposition. Two of the samples from
excavation Trench 2 of TASI 10757 (OSL JR04-05) displayed positively skewed
frequency distributions, suggesting those aliquots with the highest D, values had been

inadequately reset and were therefore excluded from the age calculations.
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