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Abstract: Measurement of low temperature (90°C-120°C) Thermoluminescence (TL) sensitivity of
natural quartz samples subjected to pre-heating and optical stimulation indicate that significant sensi-
tivity changes can occur during measurement of the natural Optically Stimulated Luminescence
(OSL). During the measurement of natural signal, the luminescence sensitivity of samples can change
by 40%. The sensitivity changes both during the initial preheat and the measurement of natural OSL.
The currently used version of Single Aliquot Regeneration (SAR) protocol measures and corrects for
the sensitivity changes after preheat and readout of natural OSL. However, it does not take into ac-
count the changes in sensitivity during the readout of the natural signal.

We therefore developed a correction procedure so that both the natural and the regenerated OSL in-
tensities can be measured and plotted with the same sensitivity and suggest that in the absence of such
a correction, a considerable fraction of the SAR based ages could have systematic errors. The correc-
tion for the sensitivity is based on the use of sensitivity of 110°C TL quartz peak, which is correlated
to OSL signal (Murray and Roberts, 1998). The use of 110°C peak provides a reasonable measure of
the changes in OSL sensitivity of quartz. A modified Natural Sensitivity Corrected—SAR (NSC-SAR)
procedure, that comprises the measurement of, 1) the TL intensity of 110°C peak for a test dose on
sample as received (i.e. natural sample) and, 2) the sensitivity of the 110°C peak of the same sample
after the preheat and read out of the natural OSL, is proposed. This ratio, termed as Natural Correc-
tion Factor (NCF), then provides a way to correct for sensitivity changes. Results on samples from di-
verse depositional environments indicated that the NSC-SAR consistently (without exception) pro-
vided improved distribution in paleodoses i.e. a lower scatter compared to the standard SAR protocol.
In addition, the use of this protocol also resolved anomalous cases where the intensity of natural OSL
was significantly above the saturation intensity of the regenerated OSL. Implicitly, this study implies
a caution on the use of palacodoses obtained from single grains as such a correction is not possible in
the currently used automated single grain OSL measurement systems. The only way now on will be to
analyze aliquots with only a grain on them.
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CHANGES IN NATURAL OSL SENSITIVITY DURING SINGLE ALIQUOT REGENERATION PROCEDURE...

1. INTRODUCTION

The SAR protocol

In quartz based optical dating, increasing use of single
aliquot regeneration protocol for the estimation of equiva-
lent dose (D,) is seen. Since the first report by Murray
(1996), the method has been refined and Wintle and Mur-
ray (2006) summarize the current status of the SAR pro-
cedure. Single aliquot procedures were initially based on
additive dose techniques similar to those first tested on
feldspars (Duller, 1991; 1995; 1996). However for quartz,
the focus of single aliquot studies shifted to regeneration
techniques that involved measurement of natural OSL
and regeneration of the OSL signal for the same aliquot
using laboratory irradiation (Murray and Roberts, 1998;
Murray and Mejdahl, 1999; Murray and Wintle, 2000).
Such regeneration techniques assume that any changes in
sensitivity  during  preheating—optical ~ stimulation—
irradiation cycles can be monitored and corrected by
evaluating either OSL or 110°C TL responses to test
doses administered following each preheat and optical
stimulation cycle (Murray and Wintle, 2000). The attrac-
tiveness of the SAR protocol for the evaluation of D, lies
in obtaining high precision (<5%) in D, estimates by
using large number of aliquots and in isolating the most
bleached fraction. While on some occasions the SAR
ages have been in reasonable agreement with independent
age controls (e. g., Hansen et al., 1999; Murray and
Mejdahl, 1999; Strickertsson and Murray, 1999), there
have also been instances of samples with anomalously
high natural OSL intensity that lies significantly beyond
the saturation intensity of the regenerated luminescence
vs. dose growth curve. Such instances provide indication
that the natural OSL and the regeneration curves are not
measured with the same OSL sensitivity.

Murray and Wintle (2000) outlined the basic SAR
protocol for D, estimation. In this, the D, is calculated for
each aliquot by repeated regenerative procedure involv-
ing the measurement of the natural OSL (L) (cycle n =0,
irradiation = 0 Gy) by exposing the aliquot to an optical
stimulation preceded by a pre-heat (Fig. 1). The efficacy
of the SAR procedure is generally not influenced by the
heating for short duration (10-60 s) pre-heat treatment
over a temperature range 160-300°C (Murray and Wintle,
2000). The OSL signal is subsequently regenerated by a
series of irradiation (D,)-preheat-optical stimulation (L,)
cycles (typically n = 5). Three additional steps are incor-
porated to monitor and correct for unaccounted changes
in the luminescence sensitivity of an aliquot during pre-
heat and read out cycles. These involve the addition of a
small (e.g. few Gy) test dose, a cut heat TL readout to
160°C, and an optical stimulation to detect the OSL re-
sulting from the test dose (7},). The corrected OSL signal
(via low temperature TL or OSL response to the test
dose) is given by,
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A background intensity is subtracted from the natural
(Ly), regenerated (L,), and test dose response (7},) signals
are estimated as time-averaged OSL intensity following
prolonged (>60 s) optical stimulation. More recently, an
earlier interval (immediately after the fast component) is
used to minimize the interference of medium and slow
components of quartz and ensure the use of only the fast
component (Singhvi and Lang, 1998; Murari, 2008). The
background and sensitivity corrected OSL intensities, are
plotted as a function of laboratory beta dose to construct a
regenerated growth curve, from which the D, values are
estimated by interpolating the intensity of natural signal
on the regenerated growth curve. In the SAR measure-
ments, two additional tests are carried out (Murray and
Wintle, 2000). The first test is the repetition of one of the
regeneration doses at the end of growth curve construc-
tion. The ratio of sensitivity corrected OSL intensity for
the two measurements provides a measure of appropri-
ateness of the sensitivity correction (the ‘recycling ratio’).
The second test involves a pre-heat without giving any
dose, followed by OSL measurement (Lyeq,), and test
dose irradiation (and a corresponding pre-heating and
optical stimulation (7}.c,). This test measures the degree
of thermal transfer occurring during SAR cycles.

Sensitivity changes during the readout of natural OSL

A critical assumption in the SAR procedure is that
any change in the luminescence sensitivity of the sample

Irradiation (D)

;

Pre-heat ( 160- Pre-heat (160-
300°C, 10s) 300°C, 10s)

' '

OSL (100s, (@ L) OSL (100s, (@
125°C) {La 125°C)

!

Pre-heat (160°C)

Pre-heat (160°C)

OSL (100s, (@

OSL (100s, (@ 125°C)

125°C)

!
No
Yes

n=0- ‘natural’ dose
n = 1-3 — regenerated dose
n=4- repeatof n=1 dose

Fig. 1. SAR protocol suggested by Murray and Wintle, 2000.
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can be corrected using test dose OSL/TL. Although, data
indicates that incremental OSL / 110°C TL responses to
test doses measured subsequent to regenerative cycles can
be considered as sufficient to quantify sensitivity changes
during construction of the regenerated growth curve. It is
however assumed that preheat and the OSL measurement
of the natural OSL signal do not alter the luminescence
sensitivity. However, we observed significant sensitivity
changes during the measurement of natural signal. Hence,
there is need to fold in this change in the SAR protocol
for a reliable D, evaluation.

Based on 110°C TL and OSL sensitivity correlations,
previous studies have described changes in the natural
OSL sensitivity during pre-heating and optical stimula-
tion of natural samples (Stokes, 1994a; b). This contribu-
tion also examined the effects of combining repeated
irradiation and OSL measurement on changes in sensitivi-
ty via the use of, 110°C TL glowpeak. The results in the
present study, suggested that 110°C TL or OSL sensitivi-
ty measured subsequent to preheat and optical stimulation
of natural signal changes and the change occurs both
during preheat and OSL read out. Hence, OSL sensitivity
of sample as received is different from that after the
readout of the natural OSL. In a SAR protocol, the 110°C
TL or OSL measurements do track the sensitivity after
the measurement of the natural OSL. Consequently for
the samples where the sensitivity changes during the
preheat and natural OSL readout, the application of the
standard SAR procedure as used now, although may
provide high precision palaecodoses, yet these could be
systematically inaccurate (higher or lower).

We therefore suggest a modified NSC-SAR procedure
that incorporates correcting the sensitivity changes during
the read out and preheat of natural OSL. This procedure
directly monitors sensitivity changes in the ‘natural’
signal by 110°C TL measurements, analogous to Stokes
(1994b). The modified SAR procedure invariably reduces
the scatter in the palacodose distribution suggesting that
some of the dispersion in the palacodose arises due to
sensitivity changes and not due to poor bleaching or the
heterogeneity of radiation field (Mayya et al. 2000).

2. THE SAMPLES

Samples used in this study were collected from a vari-
ety of depositional environments ranging from aeolian
sands (Thar Desert and Australia), fluvial environments
from different provenances (flash floods, floodplains and
slack water deposits) from river Alaknanda (Himalaya),
Narmada (Central India), Namibia, Bangladesh and Vi-
etnam, and from lacustrine environments (Thar Desert;
Table 1). Use of conventional SAR protocol indicated
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the samples were well behaved with recycling ratios of
1.0£0.1, and dose recovery within £10% of given dose.

Sample preparation and measurements

The samples were processed under subdued red light
and were sequentially treated with IN HCI (to remove
carbonates) and 30% H,O, (to remove organic debris),
and then sieved to separate the 90-150 um size grain
fractions. Heavy minerals were removed using Frantz
magnetic separator and by heavy density separation using
sodium polytungstate (density > 2.72 g/cm®). The sam-
ples were then etched with 40% hydrofluoric (HF) acid
for 60-80 minutes followed by 12N HCI for 30 min to
extract pure quartz grains. After etching, the finer fraction
was sieved out, as this fraction often comprised partially
etched feldspar grain. The purity of the extracted grains
was tested by examining their response to infrared stimu-
lation (Stokes, 1992; Jain and Singhvi, 2001). Contami-
nated samples were re-etched with HF for 10 min.

The measurements were conducted using various ver-
sions of RISO® TL/OSL readers fitted with blue diode
arrays (A =470 nm, power = 18 mW/cm?) and calibrated
Sr%Y” beta radioactive sources. The detection optics
comprised EMI 9235 QA photomultiplier and 7 mm,
Hoya U-340 glass filters. A preheat of 240°C for 10 s was
used universally.

3. MEASUREMENTS

Sensitivity changes during repeated OSL readout and
heating cycles was examined in detail. Both OSL only
and preheat only cycles were first examined and these
were followed by an examination of a combined OSL and
preheat cycle (as in a standard SAR protocol).

Sensitivity changes in OSL measurement cycle

To monitor sensitivity changes during the repeated
TL/OSL readout and irradiation, the intensity of 110°C
TL peak corresponding to a small test dose was used at
each stage. Fig. 2 gives the experimental protocol. In this
a test dose (TD) of ~30 Gy was given after each step and
the 110°C peak was recorded with a fixed interval be-
tween the irradiation and read out to ensure that signal
loss due to thermal decay of 110°C was identical for all
samples. Each read out was done till 200°C, to ensure
complete erasure of the peak. The sequence was repeated
several times for a given regeneration dose and for OSL
recording for 1000 s. Fig 3a shows the variation of sensi-
tivity with number of cycles. In this, the 110°C TL peak
signal is normalized with respect to 110°C TL peak (TL,)
following first TD.
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Table 1. Equivalent dose (De) values before and after NCF correction and their percent change.

De (Gy)

Sample Without correction After correction % change

Least 10 % Mean Least 10 % Mean Least 10% Mean
820/2 - 17.241.1 - 16.7+1.5 - 3
833/3 19.84+1.2 24.9+1.7 - -
802/2 6.2+0.4 5.6+0.8 - 9.7
82711 - 13.4+1.1 - 13.1£1.0 - 22
BJ-1 9.7+1.8 25.7+1.2 7.8+1.6 20.2+1.2 20 21
BJ-2 9.4+0.5 17.540.7 8.0+1.0 15.7+0.6 16 10
BJ-5 14.1+1.0 22.240.9 13.7£0.7 21.347.3 3 4
NB-1 34.0£0.2 58+14 31.6+1.8 56.2+1.7 7 3
NB-3 10.1+0.7 23.0£2.0 8.3+1.8 19.1¢1.0 18 17
94 2.240.3 2.8+1.5 0.80+0.03 1.20+.0.03 63 57
BNG-1 3.2+0.3 5.6+1.6 2.3+0.7 5.3+1.7 28 5
VPN-5 12.1£0.7 32.0+3.0 10.2+1.8 31.1+1.0 15 3
4-11-3 0.10+0.01 0.80+0.20 0.10+0.01 0.75+0.2 - 6
0TS-1 19.45 30.449.2 18.2+0.6 28.249.7 78 6.6
0TS-2 34105 5.7+1.6 2.9+0.4 49415 16.3 17.2
0TS-3 18.240.5 27.347.0 134404 21.945.5 24.7 35.8
0TS-4 8.5+2.8 2714 6.2+2.0 19.849.2 36.4 371
0TS-5 1.74£0.1 2.3+0.6 1.440.1 21405 9.5 214
RW-1 10.2+1.8 24+12 8.2+2.0 21413 16.2 244
RW-2 3.3+0.5 7.8344.0 2.7+0.5 7.243.2 8.3 222
RW-3 3.8+1.5 12.145.1 3.0£1.0 9.2+4.0 315 31.0
RW-4 14.043. 28+11 11.0£2.0 24+10 19.2 26.4
MVW-10 1.0£0.2 3.0+14 0.8+0.2 2.7+13 11.1 12.5
MVW-11 28.6+4.1 40.418.0 22.643.5 32.16.5 26 26
MVW-13 10.3+1.6 25%10 8.4+1.1 20.04£7.2 25.5 22.6
MHK-07-01 29.740.5 46.0+0.2 25.740.6 38.7£0.2 13.6 16
MHK-07-02 26.840.2 51.4£0.09 23.940.2 47.840.1 10.9 7
MHK-07-03 47.7+0.5 72.5+0.2 41.6+0.8 54.3+0.4 12.7 25.1
MHK-07-04 61.3+1.1 86.9+0.4 50.6+1.0 76.1+0.5 17.5 124
MHK-07-05 66.1+0.4 80.3+0.2 58.5+0.4 69.7+0.2 11.5 13.2
MHK-07-06 27.0+0.2 35.70.1 26.3+0.2 32.110.1 25 10.2
MHK-07-07 36.54£0.3 43.1£0.1 32.4+0.2 36.9+0.1 11.2 14.2
MHK-09-09 50.9+£1.0 57.610.6 34.3£1.3 41.3£0.7 32.7 28.2
MHK-12-09 60.9+£1.2 69.4+0.8 38.7£0.9 43.7£0.5 36.4 37
MHK-13-09 67.1£2.5 82.2+1.4 40.4+1.7 50.3+£0.8 38.8 39.8
MHK-15-09 75.2£1.9 85.7+1.2 47.6+1.1 51.0+£0.8 36.7 44.4
R16-TL3-OXF 9.3£0.3 13.140.2 74404 10.540.2 20.4 19.8
R16-TL6 20.2+0.5 25.1+0.3 14.940.7 22.9+0.5 26.2 8.8
R16-TL7 11.4+1.2 17.940.6 8.2+0.9 12.940.5 217 21.7
TRMT-T 1.40.3 3.3+0.2 2.8+0.3 4.240.2 104.2 28
TRMT-B 4.4+0.4 9.0+0.3 3.0£0.6 8.9+0.3 1 314

It is seen that sensitivity changed with each step in a
cyclic manner and overall the sensitivity increased. The
change was aliquot dependent and the change between
TL,, and TL;; ranged from 0.7 to 0.76. In general, the
sensitivity after an OSL readout was higher than that
before OSL read out, suggesting possibility of photo-
transfer of charges from deeper traps to OSL traps (simi-
lar to that reported by Bailiff ez al., 1977). The change in
sensitivity during natural OSL measurement is seen (Fig.
3a). The sensitivity changes significantly from TL, to
TL; (up to 20%). This indicates that the test dose OSL
signal is recorded at sensitivity different from the natural
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OSL signal and hence cannot be used for correcting sen-
sitivity of natural OSL. However, the regeneration signal
can be corrected using the TD OSL signal as shown by
the measurement for cycle no. 3 onwards. The resulting
growth curve will correspond to sensitivity different from
that of a natural sensitivity. Therefore, interpolation of
natural signal on regenerated curve constructed using a
different sensitivity, leads to systematic errors and a cor-
rection is needed.
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Fig. 2. Steps followed for the monitoring the sensitivity changes during
repeated dosing, heating and OSL(1000 s) or TL(450°C).

Sensitivity changes during heating

This measurement used a protocol similar to earlier
protocol except that the OSL (1000 s) step was replaced
with TL (450°C) read out (Fig. 2). Fig. 3b shows the
variation of sensitivity of 110°C TL peak with the repeat-
ed cycles of irradiation and TL measurements. The values
in graph are normalized to TL,, which is the sensitivity of
natural samples. Following inferences can be drawn from
the Fig. 3b.

1) Similar to OSL measurements, the sensitivity chang-
es are cyclic and show an overall increase.
2) The sensitivity before a TL (450°C) readout is lower

(Fig. 3b) than the sensitivity after TL (450°C) sug-
gesting thermal transfer during the TL (450°C)
readout.

Combined Preheat-OSL cycle

Fig. 4 shows the modified SAR protocol that monitors
the sensitivity changes during natural measurements. To
monitor the sensitivity change during preheat and OSL
measurement of natural (as received) signal, a test dose
(TD1) was given before preheat (240°C, 10s) and corre-
sponding TL, (RT-200°C) is recorded. Similarly another
test dose TD?2 is given after the preheat (240°C, 10s) and
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Fig. 3. a) sensitivity variation during repeated OSL(1000 s) measure-
ment cycles, sensitivity is monitored by means of 110°C TL peak. The
sensitivity is normalized with respect to 110°C TL peak for natural
samples obtained by giving a TD, b) sensitivity variations during re-
peated TL(450°C) measurement cycles.

corresponding TL; (RT-200°C) was recorded. Natural
OSL was then read and a test dose TD3 was given and
TL; (RT-200°C) was recorded. The SAR protocol was
then carried out. In view of the addition of beta dose prior
to the read out of natural OSL, the dose (TD1+TD2) was
subtracted from the palacodose estimated by the NSC-
SAR protocol. To avoid complicating effects of either
low temperature trap population during laboratory irra-
diation or photo-transfer to low (<300°C) temperature
traps during optical stimulation we included a thermal
cleaning step of 200°C @ 2°C/s prior to the test dose
irradiation after OSL. The later part of the SAR protocol
remained unchanged. The procedure permitted us to sim-
ultaneously construct a SAR growth curve and monitor
sensitivity changes at each stage of its construction using
integrated TL from 90-120°C considering its linear rela-
tion with OSL sensitivity (Murray et al., 1997; Murray



CHANGES IN NATURAL OSL SENSITIVITY DURING SINGLE ALIQUOT REGENERATION PROCEDURE...

and Roberts, 1998; Wintle and Murray, 1999; Murray and

Wintle, 2000; Stokes, 1994a; b). This was examined in

the present samples (Fig. 5). Table 1 shows the experi-

mental results.
The experimental procedure in Fig. 4 permitted,

1) Estimation of the changes in the sensitivity of each
aliquot due to pre-heating and optical stimulation
during measurement of the ‘natural” OSL signal

2) Examination of the net effect of change in natural
sensitivity on D, via the ‘natural correction factor’
(NCF). This was used to correct D, for sensitivity
changes during readout of the natural OSL.

3) Observation of sequential changes in sensitivity
during measurement of both the natural and regener-
ated OSL, and

4) Assessment of the reproducibility of observed sensi-
tivity changes by comparing results for aliquots from
a number of samples.

4. RESULTS

Changes in the 90-120°C TL sensitivity during the
experimental procedure

A wide range of behavior was observed in the sam-
ples that were examined (Fig. 6, Table 2). Differences
between aliquots of same sample were seen. Thus, while
for some aliquots no significant change in the sensitivity
during the measurement of the natural OSL was seen, the
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Fig. 5. Correlation between TL and OSL.
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majority of aliquots exhibited a significant sensitivity
change either during pre-heating and/or optical stimula-
tion. Table 2 shows that the sensitivity can either in-
crease or decrease during measurement of natural OSL
and for majority of the samples, the ratio of the TD TL
intensity after and before OSL (TD3/TD1) was <1, indi-
cating that during the readout of natural OSL, generally
sensitivity decreases. As in some of the cases there is no
change in sensitivity during natural OSL measurement
and ratio is ~1. There are few cases where OSL sensitivi-
ty during natural measurement increases.

Similar behavior for the sensitivity changes during the
preheat measurements were observed and in this case also
the variation could be either <1, =1 or >1. Thus we see
that the combined effect results in either increase or de-
creases depending upon the extent of sensitivity variation
in preheat and OSL readout. Such sensitivity changes
have important implications for assumptions used in SAR
protocol as discussed later. Sensitivity changes that occur
during the regeneration cycles (steps 8-13, 15-20, 22-27,
and 29-34) also exhibit considerable sample-to-sample
and aliquot-to-aliquot variability (Fig. 6).

The observed contrast between the natural and regen-
erated sensitivity was further examined by comparing the
relationship of the 90-120°C TL and OSL sensitivities for
natural and regenerated signals (Fig. 5). The OSL and
90-120°C TL sensitivities following regenerative cycles
exhibit statistically significant linear correlation with
regression lines that pass close to the origin in most cas-
es. While the relationship between OSL and the 90-120°C
TL sensitivity in some cases were well defined by the
same best fit lines (e.g. Figs. 5S¢, d), the majority of ali-
quots examined produced ‘natural’ OSL vs. TL sensitivi-
ty relationships that were not in agreement with the re-
generation cycle-based best fit lines (e.g. Figs. 5a, b). As
alluded to, in some cases the OSL sensitivity was in ex-
cess (e.g., Fig. 5b) while in other cases deficient (e.g.
Fig. 5a). These trends closely match the trends of lower
(below the best-fit line) and higher (above the best-fit
line) 90-120°C TL sensitivity in the course of measure-
ment of the natural OSL (Table 2). The best-fit regres-
sion equations were used to derive a ‘predicted’ OSL
sensitivity following measurement of the natural by solv-
ing the equation for each of the given values of 90-120°C
TL sensitivity. The ratios of observed to predicted OSL
sensitivities following natural OSL measurement are
provided in Table 2. In most cases the ratio closely mim-
ics the overall change in the 90-120°C TL sensitivity
during measurement of the natural OSL.

The above observations suggest that in some cases the
OSL (or TL) sensitivity measured following readout of
the natural OSL may not be a realistic measure of the
sensitivity of the natural signal. Therefore the use of a
‘Natural Correction Factor’ (NCF), which is the ratio of
the 90-120°C TL sensitivity obtained initially (TL, for
TD1) and after the natural OSL measurement (TL. for
TD3), becomes necessary (Fig. 4). Table 2, summarizes
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Fig. 6. Sensitivity variation during SAR measurement.

the sensitivity changes for a representative set of samples
from diverse depositional environments

We propose that natural OSL signals are corrected by
this factor, so that

L 1
Lyas :[ ”a’]x, (4.1
nat,corr Tnat NCF

where NCF is the ratio:
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Table 2. Variation of the preheat and OSL sensitivity factors and ratio of corresponding doses with and without use of correction factors.

Sample  Disc PostP.heat/PrePheat PostOSL/PreOsL ~ Ovoral  Natural correction TL correction factor
hange factor De(corr) De(uncorr) De(con) / De(uncorr)
R16-TL6 1 0.85+0.01 0.97+0.01 0.82+0.01 1.22+0.01 16.6£04 22704 0.73+0.02
2 0.80+0.01 0.87+0.01 0.70+0.01 1.44+0.01 10.540.3  19.5+0.3 0.54+0.02
820/2 1 1.02+0.02 1.02+0.02 1.02+0.02 0.98+0.01 18.1+£0.7  17.3x0.7 1.050.06
2 0.95+0.01 0.97+0.01 0.93+0.01 1.08+0.01 15.2+0.3  17.2+0.3 0.88+0.02
833/3 1 1.05+0.05 1.21+0.05 1.27+0.04 0.79+0.02 279417 19.2¢15 1.45+0.14
2 1.08+0.05 0.97+0.04 1.05+0.03 0.95+0.03 205414 205414 1.07+0.10
802/2 1 0.99+0.01 0.99+0.01 0.97+0.01 1.03£0.01 5.0£0.1 5.0+0.1 0.92+0.03
2 0.97+0.01 0.99+0.01 0.95+0.01 1.05+0.01 7.4+01 7401 0.91+0.02
82711 1 0.96+0.01 1.01£0.01 0.97+0.01 1.03£0.01 15.840.2  15.8+0.2 0.96+0.02
2 1.00£0.01 1.01£0.01 1.01£0.01 0.99+0.01 11.0£0.2  11.0+0.2 1.02+0.02
BJ-1 1 0.97+0.01 1.10£0.05 1.07£0.04 1.10£0.02 5.240.2 6.7£0.3 0.78+0.04
2 0.81+0.01 1.02+0.02 0.83+0.02 1.10£0.02 5.320.2 6.7+04 0.78+0.05
BJ-2 1 0.97+0.01 1.10+0.05 1.00+0.04 1.10+0.02 12911 16717 0.82+0.01
2 0.81+0.01 1.02+0.02 0.83+0.02 1.12+0.02 16.7£0.9  17.6¢1.2 0.95+0.01
BJ5 1 0.92+0.01 0.97+0.02 0.90+0.02 1.10+0.02 13.0£0.8  13.0¢1.7 1.00+0.01
2 0.94+0.01 1.06+0.05 1.00+0.04 1.10+0.02 14.0+0.8 13.8+1.1 1.01+0.01
NB-1 1 0.96+0.01 0.94+0.01 0.90+0.02 0.97+0.01 254421 286427 0.89+0.11
2 0.86+0.01 0.88+0.01 0.76+0.01 1.010.01 274422 315428 0.87+0.10
NB-3 1 0.97+0.01 0.98+0.01 0.95+0.01 1.10+0.01 4.8+1.1 54+1.3 0.89+0.07
2 1.00+0.01 0.96+0.01 0.96+0.01 1.10+0.01 7.841.2 8.1+1.6 0.96+0.03
4113 1 0.98+0.01 0.99+0.01 0.97+0.01 1.01£0.01 0.10£0 .01 0.14+0.01  0.71+0.09
2 1.05+0.05 0.99+0.01 1.03+0.04 0.95+0.01 0.10+0.01 0.13.#0.01  0.77+0.10
9-4 1 0.96+0.01 1.16+0.05 1.11£0.05 1.16+0.04 0.80+0.03 2.1£0.02 0.38+0.01
2 1.05+0.05 1.05+0.01 1.10£0.05 1.1240.05 0.76+0.02 1.8.+0.02 0.42+0.01
VPN-5 1 0.92+0.01 0.9940.01 0.91+0.01 0.92+0.01
2 0.89+0.01 0.96+0.01 0.85+0.01 0.90+0.01
BNG-1 1 0.77+0.01 1.55+0.06 1.20+0.05 0.80+0.01 0.80+0.03 2.1+0.02 0.38+0.01
2 0.76+0.01 1.61+0.01 1.20+0.01 0.76+0.01 0.76£0.02 1.8.+£0.02 0.42+0.01
MVW-11 1 0.61£0.01 0.97+0.02 0.60+0.01 1.060.02 33.044 4 35.044.7 0.94+0.01
2 0.62+0.01 1.07+0.02 0.66+0.01 1.19+0.05 279426 33.2.43.1 0.84+0.01
MVW-13 1 1.18+0.05 0.88+0.01 1.03+0.05 1.02+0.02 13.8£0.9 154418 0.98+0.01
2 1.01+0.01 0.83+0.01 0.83+0.01 1.17+0.05 36.9+1.4 435416 0.86+0.01
RW-1 1 0.67+0.01 0.70+0.01 0.50+0.01 1.29+0.04 257411 29.841.2 0.86+0.01
2 0.79+0.01 0.73+0.01 0.60+0.01 1.27+0.05 16.3+0.7 21.1+0.9 0.77+0.01
RW-4 1 1.2240.01 0.68+0.01 0.83+0.01 1.22+0.03 19.8+1.9 242423 0.82+0.01
2 1.1340.01 0.55+0.01 0.62+0.01 1.260.05 16.2+1.0 20.4+1.3 0.79+0.01
OTS-1 1 0.89+0.01 0.63+0.01 0.56+0.01 1.08+0.03 21410 30514 0.70+0.01
2 0.88+0.01 0.58+0.01 0.51+0.01 0.97+0.01 224412  255+14 0.88+0.01
07S-5 1 0.98+0.01 0.8940.01 0.87+0.01 1.1240.05 3.240.2 3.6+£0.3 0.89+0.03
2 0.98+0.01 0.94+0.01 0.92+0.01 1.11£0.04 2.1+0.2 2.3+0.2 0.91+0.06
MHK-07-01 1 0.84+0.01 0.81+0.01 0.69+0.01 0.676+0.007 1.48+0.01 51.1+1.1 0.66+0.04
2 0.85+0.01 0.94+0.01 0.80+0.01 0.800+0.009 1.2540.01 37.6%1.3 0.90+0.05
MHK-07-02 1 0.850+0.003 0.918+0.003 0.78+0.001 0.781+0.003 1.2811£0.005 62.2+0.8 0.90+0.02
2 0.842+0.003 0.934+0.003 0.80£0.001 0.787+0.003 1.2714£0.005 76.9+1.3 0.85+0.02
MHK-07-03 1 0.70+0.01 0.89+0.01 0.62+0.01 0.620+0.005 1.61£0.01 91.8+1.9 0.75+0.04
2 0.70+0.01 0.95+0.01 0.67+0.01 0.665+0.005 1.50+0.01 56.8+1.3 0.85+0.04
MHK-07-04 1 0.88+0.01 0.94+0.01 0.83+0.01 0.834+0.006 1.20+0.01 81.8+1.6 0.91+0.04
2 0.86+0.01 0.96+0.01 0.83+0.01 0.824+0.008 1.21+0.01 67.6+£2.0 0.96+0.05
MHK-07-05 1 0.858+0.004 0.870+0.005 0.75+0.004 0.746+0.004 1.34£0.01 97.0+1.2 0.77+0.02
2 0.830+0.004 0.886+0.005 0.74+0.004 0.735+0.004 1.36£0.01  95.7+1.4 0.80+0.02
MHK-07-06 1 0.829+0.004 0.913+0.005 0.76+0.004 0.757+0.004 1.32£0.01  35.910.2 0.87+0.01
2 0.807+0.004 0.94+0.01 0.76+0.002 0.757+0.004 1.32£0.01  33.5#0.4 0.90+0.02
MHK-07-07 1 0.784+0.004 0.894+0.005 0.70+0.004 0.702+0.004 1.43+£0.01 42.210.4 0.86+0.01
2 0.773+0.003 0.933+0.004 0.72+0.002 0.721£0.003 1.39£0.01  49.1+0.5 0.88+0.02
MHK-09-09 1 0.962+0.005 0.879+0.004 0.845+0.004 0.845+0.004 1.18+0.01 49.8+3.6 0.70+0.02
2 0.959+0.004 0.906+0.004 0.869+0.004 0.869+0.004 1.15+0.01 51.6+3.8 0.74+0.02
MHK-12-09 1 0.903+0.004 0.882+0.004 0.797+0.003 0.797+0.003 1.26£0.01 79.248.9 0.54+0.02
2 0.851+0.004 0.852+0.005 0.725+0.004 0.725+0.004 1.38+0.01 74.9+7.1 0.53+0.02
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Table 2. Continuation.

Sample  Disc PostP.heat/PrePheat PostOSL/PreOSL  orerar  Natura) correction TL correction factor
ange factor De(corr) De(uncon) De(corr) / De(uncon)
MHK-13-09 1 0.927+0.005 0.870+0.005 0.807+0.004 0.807+0.004 1.24+0.01 102.4+13.3  0.52+0.01
2 0.9240.01 0.85+0.01 0.776+0.001 0.776+0.005 1.29+0.01 107.0+14.6  0.47+0.02
MHK-15-09 1 0.87+0.01 0.89+0.01 0.776+0.001 0.776+0.005 1.29+0.01 86.747.1 0.58+0.01
2 0.89+0.01 0.90+0.01 0.801+0.001 0.796+0.005 1.26+£0.01 107.6+8.2 0.60+0.01
R16-TL3- 1 1.065+0.002 0.822+0.002 0.87+0.002 0.876+0.002 1.142+0.003 7.1+1.0 0.55+0.05
OXF 2 1.120+0.003 0.824+0.002 0.9240.002 0.923+0.003 1.084+0.003 15.1+1.4 0.82+ 0.01
R16-TL7 1 1.02+0.01 0.880.01 0.90+0.001 0.905+0.007 1.11£0.01  50+16 0.710.07
2 1.08+0.01 0.860.01 0.93+0.001 0.929+0.008 1.08+£0.01  26.0+4.0 0.86+0.09
TRMT-T 1 1.22540.002 0.864+0.002 1.06+0.002 1.058+0.002 0.945+0.002 11.3+1.5 1.240.2
2 1.239+0.003 0.881+0.002 1.09£0.002 1.092+0.002 0.916+0.002 5.6%1.2 1.840.3
TRMT-B 1 1.121£0.003 0.942+0.003 1.06+0.003 1.057+0.003 0.946+0.003 8.6+1.4 1.24+0.2
2 1.054+0.003 0.901+0.003 0.94+0.003 0.950+0.003 1.052+0.004 14.0+1.7 0.86+0.02
TL, using conventional SAR are to be expected. This in itself
NCF=—_—+, (4.2) may serve as a useful criterion to identify and /or reject
TL3 potentially problematic samples.

under the proviso that the test doses are the same.

This procedure can be easily folded in, with the
standard SAR procedure of Murray and Wintle (2000)
and adequately corrects for changes that have occurred
during the SAR regeneration cycles. A suggestion here is
to use test doses of >10Gy to minimize differences in the
supralinearity of individual grains. The approach suggest-
ed above is based on the observations of good correlation
between the 90-120°C TL and OSL during regeneration
cycles (Fig. 5). Fig. 7 gives a plot of the ratios of D, with
and without correction factors, which shows that with a
few exceptions, most samples have SAR ages that have
systematic offset. While it is difficult to compare these
results against robust ages (if there are any!), the fact that
in all cases the scatter in paleodoses reduced irrespective
of the diverse variability in individual aliquots, suggests
the efficacy of the correction procedure.

5. DISCUSSION

The development of SAR based D, determination
procedure has been one of the most exciting research
initiatives in luminescence dating. However, we had
some concerns over the lack of measurement of the natu-
ral sensitivity prior to measurement of the natural OSL,
and considered this to be a potential ‘Achilles heel’ for
the SAR procedures. The present study affirms that sig-
nificant sensitivity changes during readout of the natural
OSL occur for most samples. The change is variable in
magnitude and direction from one aliquot to the another
aliquot and implicitly from grain to grain, given that only
a few grains contribute to the OSL. We employed
90-120°C TL sensitivity as a surrogate for sensitivity
change during the read out of natural OSL. Importantly, it
was seen that these changes are dissimilar to those, which
occur during regeneration measurements. In the absence
of such a correction systematic errors in any D, estimate
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The proposal is to employ a correction factor to cor-
rect for possible sensitivity change of the natural aliquot.
This strategy effectively adjusts the sensitivity of the
natural OSL measurement to match the linear OSL
90-120°C TL relationship observed during the regenera-
tion cycles. Table 1 shows the data set comparing the D,
estimated using of the natural correction factor (NCF).
These dose values are significantly different from esti-
mates made using conventional SAR.

The latest version of the SAR protocol is termed the
standard SAR (Murray and Wintle, 2000), represents a
refined approach to the SAR method as first proposed
(Murray and Roberts, 1998). For samples that do not
exhibit sensitivity changes during the natural OSL meas-
urement, such procedure will provide accurate, high pre-
cision D, estimates. We consider it prudent to bracket the
natural OSL signal measurement with test doses and to
observe the 90-120°C TL and to measure this TL during
the low temperature pre-heating following all subsequent
test doses. Such an approach simultaneously,

1) allows a check of sensitivity changes during meas-

urement of natural OSL,

2) provides a test of the relationship between 90-120°C
TL and OSL sensitivity (which in itself is a test of
the appropriateness of the post natural measurement
OSL sensitivity e.g., Fig. 5), and
provides an alternative means of regenerated growth
curve normalization (which in many cases may pro-
vide improved counting statistics and corresponding
improved growth curve forms e.g., Fig. 7).

Our study also demonstrates the importance for sys-

tematic studies that quantifies the nature of natural sensi-

tization effects, establishes their relationship to pre-heat

and optical stimulation procedures. We have examined a

significant set of samples but we need more research into

this aspect.

3)
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An important outcome of this study is the caution in
the use of single grain data as done in an automated sin-
gle grain reader. This is because the sensitivity of an
individual grain cannot be measured easily. It is not yet
clear if the brighter grains suffer lesser sensitivity chang-
es but this needs to be probed at a single grain level to
decide on the prospects of using single grain ages. These
are non trivial measurements on account of low photon
yield in TL and OSL of single grains. But a systematic
effort is needed. Limited studies that we carried out did
not indicate any relationship between sensitivity and
sensitivity change.

6. CONCLUSIONS

1) Sensitivity changes due to pre-heating and optical
stimulation during measurement of natural OSL are
omnipresent.

The amplitude of such changes may be significant up
to +40% and could result in large systematic errors in
standard SAR D, determinations.

Use of 90-120°C TL measurements following repeat-
ed applications of a test dose provides a means of
testing for changes in natural OSL sensitivity.
Additionally, comparison of the relationship between
OSL and TL responses to a test dose following
measurement of natural OSL and those measured fol-
lowing each regeneration cycle, can provide an inde-
pendent measurement of the appropriateness of the
post natural OSL sensitivity correction.

We propose the use of a modified SAR procedure
(NSC-SAR) that corrects for any changes in sensitiv-
ity occurring during the natural measurement cycle.
The procedure has no effect on samples that do not
exhibit changes in sensitivity during the measure-
ment of natural OSL however, in some cases there
may be a shift in the estimated D, of up to 60%.

The extent and significance of these effects requires
detailed investigation, as it may ultimately serve as a
SAR acceptance/rejection criteria for quartz samples.

2)

3)

4)
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