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ARO technical report

1 Foreword

The objective of this project was to assess the potential of using natural environmental
mineral samples to determine duration of burial since a target event on a timescale of days
and weeks. The approach adopted assessed TL (thermoluminescence), OSL (Optically
stimulated luminescence) and IRSL (infrared stimulated luminescence) signals, using
variants of standard luminescence dating protocols. Minerals measured included quartz,
potassium feldspar, plagioclase feldspar and fluorite. Comparisons were made with low
range dosimeters made of aluminium oxide doped with carbon. A simple dose rate
conversion kit was constructed and tested successfully, allowing the use of conventional
luminescence equipment at low dose ranges for these measurements. Some of the target
minerals do display characteristics that allow low doses to be measured, in particular K-
feldspar. However, inefficient bleaching by natural sunlight of the IRSL signal measured
rendered our field simulations using this approach for dating sediment ineffective. In
contrast, we achieved excellent sediment dating results using TL signals for one of the
simulation experiments. This is an exciting result, demonstrating good potential for using
these signals to date contexts involving either light exposure or heating of natural sediment
(or construction materials such as brick, concrete or stone) on timescales of weeks, and
possibly with further refinement and optimization, days. Quartz OSL and TL displayed some
interesting behaviour which may be of significance in understanding the physical and
chemical mechanisms of trapping charge in this mineral.
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4 Statement of the problem studied

Luminescence dating has been used for the past 50 years to date heated material and
disturbed sediments (Wintle, 2008). What remains less well known is how well this technique
can work to date heating or sunlight-exposure events younger than a year on natural
materials. This study aims to explore behaviour around the lower age limit for luminescence
dating of natural quartz and potassium feldspar sediments.

5 Summary of the most important results

The intensity of a measured luminescence signal in depends directly on the total radiation
dose experienced during burial (Aitken, 1985). Because luminescence is traditionally used
to measure burial events lasting 10? to 10° years, the beta source strength is designed to
provide irradiation in the range of 0.1 to 1000 Gy; the existing *Sr/°°Y beta radiation source
within UCLA’s luminescence reader machine delivers a dose-rate of ~0.1 Gy/s to mineral
grains. The dose delivered to a sample after 1 second (the smallest achievable exposure
time) using our unmodified source is more than 10° times as much as the dose a natural
sediment sample would receive in 1 week (Table 1). Therefore, we constructed a spacer
and attenuator system to raise the source vertically, and separate it from the sediment by an
additional 3/16”. Aluminium attenuators were machined to thicknesses of one-, two-, and
three-sixteenths of an inch. These madifications allowed us to irradiate natural and synthetic
materials over a range of radiation doses, with a lower limit of 9 pGy, or the geologic dose
received in about one to two days (Table 2).

A dose recovery test was performed to assess whether doses of several uGy could be
administered in the laboratory and then accurately recovered as a ‘pseudo-natural’ dose
(Wintle and Murray, 2006; Fig. 1). The test consisted of removing the natural TL, IRSL and
OSL signals of several samples, including natural K-feldspar by heatring to 350°C. Next,
laboratory doses of either 5 or 50 s using the 3/16” attenuator were administered, as a proxy
for natural burial irradiation (of around 5 and 50 days, respectively). Finally, the samples
were measured using the same protocol as would be used for naturally-dosed samples,
using a sensitivity-corrected regenerative-dose protocol. The test thereby assesses whether
a known dose can be accurately recovered with a given protocol. For our lower dose values
(5s irradiation), using the TL signal measured at relatively low temperatures, the
administered dose values of 45uGy agreed well with the measured equivalent dose in the
range of 40-60uGy, supporting the use of this protocol for determination of natural burial
doses, at least for heated material, where signal zeroing problems are minimized.

Having modified the luminescence reader machine to be capable of reproducing such low
doses, we next determined whether measurable luminescence could be naturally produced
after 33 and 99 days, and whether the ages of those burial events could be accurately
recovered. To emulate a natural anthropogenic disturbance, we dug a pit in the ground near
Pearblossom, CA (N 34° 30.355’, W 117° 45.108’). While digging the pit, quartz and feldspar
from several previously separated natural sediment samples were set out in the bright
sunshine to bleach any natural luminescence; the total sunlight exposure time for this was 3
hours and 10 minutes, after which time the samples were enclosed in paper packets and
placed within three identical aluminium tubes. Within each tube, we deposited two natural
quartz samples, two natural potassium feldspar samples, and two synthetic Al,O5:C high
sensitivity dosimeters. The samples were chosen as they were among the brightest samples
in our sample collection. These tubes were filled to the top with unearthed sediment. Within
the pit, we buried these three tubes at an approximate depth of 50 cm below the surface,
before refilling the pit with the original sediment. After 33 days the first tube was exhumed,



the second after 99 days, and the third tube is still buried. The natural gamma radioactivity
within the burial pit was measured directly with a calibrated Nal gamma spectrometer (Fig.
2). Concentrations of U, Th and K in the desert sand at this site were measured using ICP-
MS and ICP-OES, in order to estimate the dose-rate from beta radiation for the buried
samples (Adamiec and Aitken, 1998), and the internal beta dose rate was estimated
according to observations of internal potassium content within sedimentary K-feldspars
(Huntley and Baril, 1997). Total dose rates for two locations were 4.1 £ 0.1 and 4.2 £ 0.1
mGyl/year for quartz, and 4.8 £ 0.3 mGyl/year for feldspar. For feldspar, this corresponds to
around 13 pGy per day.

Once each tube was exhumed, the individual quartz or feldspar samples were taken back
and removed from the tube in the UCLA luminescence laboratory under controlled laboratory
lighting conditions. The natural luminescence signals produced during burial were then
measured and compared with the luminescence responses to comparable radiation doses
administered in the lab (Fig. 3).

After measuring various luminescence signals resulting from 33- and 99-day burial periods,
we can make several observations. First, the low-temperature infrared-stimulated
luminescence (IRSL) signals from the two K-feldspar samples (J0560 and J0589), and the
optically-stimulated luminescence (OSL) signals from the two quartz samples (JO049 and
J0239) grow significantly during burial. In other words, the sensitivity-corrected signals
produced during the 99-day burial are uniformly higher than those produced from the 33-day
burial.

Second, the thermoluminescence signal (TL) of K-feldspar detected in the blue-green
detection window shows promise. Whereas the IRSL signal from J0589 seems to be
incompletely reset by the 3-hour exposure to sunlight (Fig. 3a), the TL signal from the same
sample seems to be more sensitive to light exposure and to recover accurately the known
burial dose (Fig. 3b). The geologic dose calculated for the 33-day burial period is 431 £ 25
MGy and the laboratory equivalent dose measured with the TL signal is 435 + 8 pGy (n=3
discs). For the 99-day burial period, sample J0589 yielded a significant underestimate of the
burial dose; the potential causes for this discrepancy are discussed below.

Third, for all observed samples, the sensitivities to sunlight and to received dose seem to
depend significantly on the measurement protocol conditions, such as test dose magnitude,
preheat temperature, and preheat duration (Murray and Wintle, 2003). For example, we
observe a marked decrease in test dose response from the first SAR cycle to the second in
both quartz and feldspar, and for all signals measured (Fig. 4). In quartz, this may reflect
dose quenching (Zimmerman, 1971), though this effect normally occurs after higher doses
(e.g., 30 Gy; Bailey, 2001; 2004). In feldspar, it is possible that a significant amount of
athermal fading occurs at such low doses during and after laboratory irradiation (Kars et al.,
2008). This could account for the differences in burial dose estimates between the 33- and
99-day burial ages estimated from sample J0589, given that samples experienced a greater
time delay between irradiation and stimulation during the measurement of the 99-day-burial
sample, though other possible explanations are plausible.

In summary, the results are exciting, and the project appears successful in achieving a clear
outcome. For natural K-feldspar samples, the TL protocols applied are capable of achieving
dose values representative of those administered either in the laboratory or simulating
natural burial.
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Table 1: Accumulated radiation dose for sedimentary quartz or feldspar, buried for various
durations.

Burial time (days) Realistic geologic dose range (MGy)*
7 38-96
30 165 -411
90 493 - 1232
365 2000 - 5000

*Assuming a range of geologic dose-rates between 2 and 5 Gy/ka. For the pit excavated
here, dose rates of 4.1 to 4.8 mGy/year were measured.

Table 2: Laboratory dose-rates corresponding to various machine modifications to the
laboratory *°Sr/*°Y beta source.

Experimental setup Laboratory dose-rate (uGy/s)
Unmodified radioactive source 104974
3/16" spacer, no attenuator 42593
1/16" aluminum attenuator 6657
2/16" aluminum attenuator 76
3/16" aluminum attenuator 9
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Figure 1: Simulation of dose determination using a laboratory irradiation of a natural K-
feldspar sample, mounted in a stainless steel cup. This sample was exposed to the
attenuated beta source for 50s, and this dose was treated as a natural dose, which was then
recovered as an apparent dose of 51.2 + 5.6 s exposure. The signal used was the TL
between 140 and 280°C. For reference, 1 s irradiation equates to about 1 days of burial.



Figure 2: The ambient gamma radiation field within the first burial hole is measured with a
sodium iodide gamma spectrometer.



Potassium feldspar sample J0589

(after 33-day burial)
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Figure 3: The luminescence responses produced after 33 days of burial are shown as red
diamonds for the IRSL (a) and TL (b) signals of sample J0589, enriched K-feldspar
separated from a natural sand collected in Southern California. Natural sunlight at the burial
site was used to bleach (reduce) the stored electron population, before burial in the ground
and subsequent recovery. The equivalent dose estimated with the TL signal (435 + 8 pGy;
n=3 discs) agrees within 10 with the known geologic dose of 431 + 25 upGy. The IRSL signal
appears to suffer from poor bleaching and dose artefacts, and does not appear suitable for
dating in this low range using the protocol applied.



Quartz sample J0239 (after 33-day burial)
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Figure 4: The systematic decrease in OSL sensitivity throughout subsequent SAR cycles
implies that the measurement conditions may need to be optimized in order to measure very
low doses in quartz. This behaviour, which produces growth curves that decrease with dose
initially, represents the phenomenon of dose quenching (Bailey, 2001), and its form may
have significant implications for the mechanisms responsible for quartz OSL and TL
production.



