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Infrared Stimulated Luminescence (IRSL) techniques are being increasingly
used for dating sedimentary feldspars in the middle to late Quaternary. By
employing several subsequent stimulations at increasing temperatures, a series
of post-IR IRSL (pIRIR) signals with different characteristics (stability and
bleachability) can be obtained for an individual sample. It has been
experimentally demonstrated that higher-temperature pIRIR signals are
more stable, but they tend to exhibit larger residual doses up to few tens of
Gy, potentially causing severe age overestimation in young samples. In this
study we conducted comprehensive bleaching experiments of IRSL and pIRIR
signals using a loess sample from China, and demonstrated that non-
bleachable components in the IR (and possibly pIRIR) signals do exist. The
level of such non-bleachable signal shows clearly positive correlation with
preheat/stimulation temperature, which further supports the notion that lower
temperature plIRIR are advantageous to date young samples and sediments
especially from difficult-to-bleach environments. These results display a
potential in constrain the pre-burial light exposure history of sediment
utilizing multiple feldspar post-IR IRSL (pIRIR) signals. For the studied loess
sample, we infer that prior to its last burial, the sample has received an
equivalent of >264 h exposure to the SOL2 simulator (more than 2,000 h of
natural daylight).
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Introduction

Luminescence dating is a widely established Quaternary
dating method, which is typically used to quantify the amount
of time elapsed since a sediment has been last exposed to sunlight
(Rhodes, 2011). The method is based on interpolating the natural
luminescence intensity onto a regenerated dose response in the
laboratory, producing an equivalent dose (D,) which is the dose
the sample has received in nature. The post-IR IRSL (pIRIR)
technique, including the two-step pIRIR (Thomsen et al., 2008;
Thiel et al., 2011) and multi-elevated-temperature (MET) pIRIR
(Liand Li, 2011; Fuand Li, 2013), has been developed based upon
the conventional IRSL for dating various sedimentary feldspars.
The stability and bleachability are two crucial properties of any
luminescence signal to be used for reliable dating, and in the case
of feldspar IRSL or pIRIR seem to be interrelated (Jain et al,
2012). The fading rate of pIRIR signals generally decreases with
higher stimulation temperature (e.g., Thomsen et al., 2008; Thiel
et al, 2011; Li and Li, 2011; Buylaert et al., 2012), however the
more stable signals are also progressively difficult to bleach (e.g.,
Li and Li, 2011; Kars et al., 2014a; Colarossi et al., 2015). As a
result, pIRIR signals may be unaffected by anomalous fading but
raise concerns about potential age overestimation caused by the
unbleachable component (residual), especially for young
samples.

So far, the origin and underlying mechanism of this residual
signal is still poorly understood. The bleachability and the
subsequent residual dose of pIRIR signals has drawn intensive
discussions about its effect on a reliable dose determination and
whether it should be subtracted. In some cases, modern
analogues or artificially bleached samples have also been
employed to check the bleachability and any residual dose
subtraction (e.g., Buylaert et al, 2011; Li and Li, 2011;
Reimann et al., 2011; Fu et al,, 2012). Buylaert et al. (2012)
proposed a sample-independent characteristic residual of ~4 +
2 Gy for the pIRIR signal measured at 290°C (pIRIR,9), as
obtained from a finite intercept extrapolated from a group of
samples with different burial doses. A commonly agreed opinion
is that residual doses might be negligible for older samples but
could cause severe age overestimation for young samples.
Interestingly, Sohbati et al. (2012) and Zhang et al. (2015a)
reported no significant unbleachable residual dose (<10 Gy) in
both IRsy and pIRIR,,s signals (after 4h of SOL2 bleaching),
although a positive correlation between the residual doses and
the natural doses was noticed. Consequently, no residual
correction has been applied for their ages. Conversely,
Buylaert et al. (2013) observed no significant trend of residual
doses (due to 4h SOL2) against their corresponding natural
doses, and adopted a mean residual dose of 12.6 + 0.7 Gy to be
This difficult-to-bleach
component of the pIRIR signal has been considered arising
from thermal transfer (Buylaert et al., 2012, 2013). Kars et al.
(2014a) carried out comprehensive bleaching experiments for

subtracted from all natural Des.
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feldspar by exposing samples in the solar simulator with a series
of exposure time from 1h to 11 days. They demonstrated that
pIRIR signals measured at higher temperatures are increasingly
harder to bleach but none of their bleaching curves reach a
plateau within 11 days of solar simulator exposure. Later on,
Colarossi et al. (2015) argued that there may be no unbleachable
component of pIRIR signal based on the fact that both IRs, and
pIRIR signals derived from pIRIR;,5 and pIRIR,g, protocols
display a monotonic decrease and do not reach a stable
unbleachable limit within 14 days of solar simulator exposure,
similar to that of Kars et al. (2014a). However, it is noteworthy
that there is still a considerable amount of signal remaining even
after 14 days exposure to the solar simulator especially for higher
stimulation temperature (e.g., pIRIR9) in both studies.
Furthermore, Kars et al. (2014a) demonstrated a tendency
that the pIRIR signal of young samples bleached much slower
than that of the older samples. Yi et al. (2016, 2018) carried out
prolonged bleaching experiments (>80 days in solar simulator)
for pIRIR 99 of loess samples from northeastern and southeastern
China. The pIRIR,g, residual signals reached a plateau after
~300h exposure in both studies, and a constant residual
corresponding to a dose of 4-6 Gy were observed. More
recently, Cheng et al. (2022) investigated the bleachability of
the single grain K-feldspar pIRIR signals and observed significant
variations in residual doses (ranging from ~1 Gy to up to ~37 Gy
after 40 h sunlight bleaching) among different grains from the
same sample, that could cause additional scatter in D, values.
Due to their differential bleaching rates, the comparison of
feldspar IRSL and pIRIR ages with quartz OSL ages can be used to
identify well bleached quartz (Murray et al., 2012), and even
qualitatively determine the degree of bleaching (Reimann et al.,
2015) helping to infer the transport history of various sediments.
The development of rock surface exposure dating has allowed to
quantify the amount of time that a rock surface has been exposed
to sunlight, via utilizing the spatiotemporal evolution of the
luminescence bleaching front within a solid (Sohbati, 2013).
However, the exposure time of sediments to sunlight prior to
their deposition is a relatively unexplored area (Reimann et al.,
2015) where assumptions and speculations often dominate. The
length of a sediment’s exposure to sunlight prior to its deposition
is important especially in young samples, where incomplete
signal bleaching has the greatest effect on the age of the
sediment (resulting in age overestimation). Very often,
“modern analogues” (e.g., sediment from a nearby active
channel) are used to quantify the expected “residual dose” in
the sample of interest (e.g., Buylaert et al., 2009; Reimann et al.,
20125 Li et al., 2014); however, such an estimation is valid only if
both the modern sediment and the sample of interest experienced
the same depositional environments, which is often questionable.
Another existing approach is to administer a laboratory bleach
for an arbitrary amount of time, and assume that it resets the
signal to the level that it experienced in nature (reviewed in Li
etal., 2014). Nevertheless, the degree of sediment bleaching prior
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TABLE 1 Modified SAR protocol for pIRIR measurements.

10.3389/feart.2022.933131

Step Measurement Observation Remark
1 Give dose, D; (i=0, 1, 2, 3...)

2 Preheat for 60 s @ 180-340°C with 20°C interval

3 IR stimulation, 120 s at 50°C L, IRs,

4 IR stimulation for 240 s @ 30°C below preheat in Step 2 L pIRIR

5 Given dose, Dt (~1.72 Gy)

6 Preheat for 60 s, @180-340°C with 20°C interval

7 IR stimulation, 120 s @ 50°C Ty IRs,

8 IR stimulation, 240 s @ 30°C below preheat in Step 2 Ty pIRIR

9 Return to step 1

to deposition often remains unknown, and requires further
investigation to prevent biased chronologies.

In this study, we measure multiple feldspar IRs, and pIRIR
signals, and quantify their bleaching rates in the laboratory using
SOL2. Through knowledge of an independent age of the same
sample, we estimate pIRIR residual doses, and interpolate them
onto a laboratory bleaching curve to obtain what we define as the
equivalent bleaching time, B.. This measure then allows us to
infer the pre-burial light exposure duration.

Materials and methods

One young loess sample (LUM-2941) from China was
chosen to explore the bleaching limit of its IRSL signals (both
IR5o and pIRIR) at various thermal treatment conditions. It was
collected from the northern piedmont of the Qilian Mountain,
northwestern China (Zhang et al., 2015a; 2015b), and has been
dated using both quartz and polymineral fine grains. The quartz
OSL dating yielded an age of 6.3 £ 0.4 ka (Zhang et al., 2015b).
The corresponding feldspar fading-corrected ages ranged
between 5.8 + 0.1 ka for pIRIR;so and 7.2 + 0.1 ka for
PIRIR;; (Zhang et al,, 2015a). The dose rates for quartz and
feldspar age calculation are 4.31 + 0.25 Gy/ka and 4.89 + 0.26 Gy/
ka, respectively.

In this study, 14 groups of subsamples (27 aliquots in each
group) were bleached in a Hénle SOL2 solar simulator using the
full spectrum light, with exposure time ranging between 1 min
and 20 days. An extra group of subsamples was prepared without
SOL2 bleaching to obtain the natural signal as a reference. All
measurements were carried out with an automated Risp DA-15
TL/OSL reader equipped with *°Sr/*°Y beta source. The feldspar
signal of the samples was stimulated with an array of infrared
light diodes emitting at 870 nm, and the luminescence was
detected through a filter combination of Schott BG39 and
Corning 7-59 in the blue-violet region. Modified single-
aliquot regenerative dose (SAR) protocols described in Zhang
et al. (2015a) were applied; the preheat temperatures varied
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between 180 and 340°C with 20°C interval and the second
stimulation temperature was always 30°C lower than the
preheat temperature (Table 1). The test dose was 1.72 Gy.
Each data point is the average result of 3 aliquots.

Since the IRSL of feldspar is based on the localized
recombination of electrons to nearest neighbour holes, it is
expected that the IRs, and pIRIR bleaching curves follow
power law decay (e.g, Jain et al, 2012). Therefore all
bleaching curves were fitted with

I=At"+¢ (1)

where I is normalized luminescence intensity after bleaching, A
is a constant, ¢ is the time, b is bleaching rate, and c is residual
signal intensity.

Taking the independent age constraint of quartz OSL (6.3 +
0.4 ka) as the true depositional age, the expected D, of 30.8 +
2.6 Gy was obtained for the sample. The fading corrected D.s of
the sample were calculated based on the fading corrected
ages (Zhang et 2015a) the R
‘Luminescence’-package (Dietze et al., 2013) according to the
method of Huntley and Lamothe (2001). The difference
between the fading-corrected D.s and the expected D.
(Table 2) was termed “predicted
evaluated against the optical bleaching data using a reduced

feldspar al., using

residual dose”, and

chi-square statistic (Bevington and Robinson, 2003).

Bleaching characteristics of feldspar
IRSL signals

The luminescence intensity (L,/T,) of the IR, (Figure 1A)
and the pIRIR signals (Figure 1B) from all bleached subsamples
was normalized to that of the natural subsamples (without
bleaching) and plotted against SOL2 exposure time on a log-
log scale. It is noteworthy that there is a kink exhibited for all
bleaching curves at 1 hour exposure time, especially for pIRIR
signals. It is because a new lamp in the solar simulator was used
for the first five data points, referring to 1, 3, 5 min 10 and 20 min

frontiersin.org
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TABLE 2 The measured IRso and pIRIR Dcs, g-values and the “predicted residual dose” (fading-corrected D, minus expected D,) at various
temperatures. The measured D.s were previously presented in Zhang et al. (2015a). The expected D, of 30.8 + 2.5 Gy is calculated from the quartz

OSL age of 6.3 + 0.4 ka (Zhang et al., 2015b).

Preheat temperature (°C) Measured D, (Gy)

g-value (%/decade)

Fading-corrected Predicted residual

D. (Gy) dose (Gy)
IR5, PIRIR IR5, PIRIR IR5, pIRIR IR5, PIRIR

180 219 %02 25702 2.84 +0.12 1.14 + 0.22 28.5 + 3.4 282+ 1.6 23+43 2.6+30
200 233+ 0.1 26.8 + 0.1 2.90 + 0.15 1.15 + 0.03 303 +22 295+ 1.6 0.6+ 34 14 +30
220 25.0 £ 0.2 289 %02 2.56 + 0.09 1.34 + 0.40 317 £ 26 325+ 2.1 09 + 37 1.6 33
240 26.6 %03 309 0.2 245 % 0.20 1.17 £ 0.25 333+ 42 343 £ 20 2449 35+32
260 27806 31608 2.06 + 0.21 0.98 +0.15 335+ 20 343 2.1 27 £33 35+33
280 25903 30.6 + 0.1 1.69 + 0.35 0.86 + 0.34 30.1 2.0 329+ 19 0.8 £32 2.1 +32
300 242402 317 + 04 133 £ 0.15 0.75 + 0.15 272+ 15 337+ 1.9 37430 2.8 +32
320 239409 335+ 03 1.07 + 0.21 0.52 + 0.34 263 + 1.7 349 + 2.1 4.6 + 3.1 40 +33
340 224408 355+ 0.6 0.40 + 1.02 -0.29 + 073 23.1 + 2.4 35.5 + 0.6 7.8 35 46 + 26
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FIGURE 1

Normalized IRsq (A) and pIRIR (B) luminescence intensity under various preheat (stimulation) temperatures, plotted against SOL2 bleaching
time. The pIRIR stimulation temperature is always 30°C below the preheat temperature. The bleaching curves were fitted with the Eq. 1.

exposure time, as they were not included in the initial design of
the experiment. Nevertheless, the general trend of these
bleaching curves is not affected. As expected, the pIRIR
signals bleach noticeably slower than their corresponding IRs,
signals, which is in line with previous studies. As shown in
Figure 1, after 1 min (0.017 h) bleaching, the remaining IRs,
signals accounted for 6% of its natural signal intensity for the
lowest temperature to up to 30% for the highest temperature,
while all pIRIR signals are reduced to ~35-40%, with a similar
trend like the IRs signals. The majority of the IRs, bleaching data
shows a noticeably nonlinear trend on a log-log scale,
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asymptoting to a bleaching plateau after ~10 h exposure with
seemingly unbleachable signals of up to 14% of their initial
intensity (e.g. preheat at 340°C). Conversely, the pIRIR
bleaching data do not appear to reach a steady-state level after
480 h exposure in SOL2 solar simulator. These findings are in
line with Kars et al. (2014a) and Colarossi et al. (2015).

The bleaching curves were fitted to Eq. 1 given above. The
fitted decay rate (b) and relative residual intensity (c) normalized
to the natural signal are plotted in Figure 2. It was difficult to
accurately fit the decay rate for the IRs, signals, because the
majority of the signals were bleached before 1 min (0.017 h)
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(A) The fitted decay rate of pIRIR signals, and (B) relative residual intensity normalized to the natural signal for both IRsq and pIRIR signals.

SOL2 exposure. The decay rate for the pIRIR signals shows a
clear decreasing trend with increasing preheat (and stimulation)
temperature (Figure 2A). The pIRIR bleaching curve for the two
highest preheat temperatures could not be fitted to due to the
scatter of the data. Nevertheless, Figure 2B indicates that the
relative residual signal level, which increases with preheat
temperature, is consistent between the IRs, and pIRIR signals
for a same preheat temperature.

The preheat temperature dependence of the feldspar
bleaching rate is in accordance with other studies (e.g., Li and
Li, 2011; Lowick et al., 2012; Kars et al., 2014a; Colarossi et al.,
2015; Reimann et al., 2015), and may be a result of increased
distance between traps and recombination centres (e.g., Kars
et al., 2014a). For both IR5, and pIRIR, more signal remains as
the preheat temperature is raised (Figures 1A,B). The bleaching
curve of IR after a 340°C preheat shows almost no clear decrease
regardless of the exposure time. This may infer that the light-
sensitive charges remaining after the SOL2 exposure have been
further thermally removed during the high preheat and most of
the detected signals might be originated from the thermal
transfer of charge from light-insensitive traps to the IR-
2011). The higher the
temperature, the more charges could be thermally transferred.

sensitive trap (Buylaert et al,
However, this does not explain the plateau at lower preheat
temperatures (e.g.<200°C), at which thermal transfer should be
minimal. An alternative explanation for the bleaching plateau
may involve a competition between optical bleaching of the IR
sensitive traps by SOL2, and repopulation of the same traps due
to the UV component of the bleaching light (Ollerhead and
Huntley, 2011). The equilibrium between optical de-trapping

and UV trap refilling could be expected after prolonged exposure,
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resulting in constant trap concentrations and hence bleaching
curve plateaus. However, this hypothesis can also be questioned,
as it cannot explain the presence of a plateau in one young coastal
sample (W-Zi2; 0.84 ka) from Kars et al. (2014a), which was
optically bleached with the UV part of the spectrum filtered out.

Based on the above observations, we confirm the presence of
a non-bleachable component in the IRSL signal, and the high
likelihood of the same phenomenon occurring in the pIRIR
signal, and their strong correlation with preheat (stimulation)
temperature. In order to minimize the effect of the residual signal
additional
experimental evidence, and further support the notion that

on age determination, our results provide
young samples should preferably be dated using lower preheat
and stimulation temperatures in the pIRIR measurement
protocol (Madsen et al., 2011; Reimann et al., 2011; Reimann
and Tsukamoto, 2012; Zhang et al., 2015a; Reimann et al., 2015)

or using the pulsed IRs, signal (Tsukamoto et al.,, 2017).

Inference of the pre-burial light
exposure duration utilizing multiple
feldspar pIRIR signals

The raw (i.e. fading uncorrected) measured D, values of the
IRsp and pIRIR signals of sample LUM-2941 (Zhang et al., 2015a)
are shown as triangles in Figure 3. Alongside these direct
measurements, the corresponding fading corrected D, values
are shown as squares. Up to 260°C, both IRs, and pIRIR datasets
are generally in agreement, showing an increase in
D, values as a function of preheat temperature; above 260°C,

the pIRIR D.s continue to increase, while the IR5q D.s reverse the
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FIGURE 4

Predicted residual doses of the sample, corresponding to the differences between the fading-corrected D.s and the expected D,

(30.8 + 2.6Gy). The detailed data were presented in Table 2.

trend and decrease, resulting in a peak D, at a preheat of 260°C.
The peak shape discloses an expectable artefact at preheat
temperatures >260°C, which has been demonstrated by the
failed dose recovery test of this sample (Figure 4A in Zhang
et al. (2015a)) at the preheat temperatures >260°C. This
behaviour of the IRs, signals may be explained by trapping
sensitivity change (Kars et al, 2014b). In the complete
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absence of residual doses, the fading corrected D.s should
have been the same as the expected D,, given that the fading
rate measurements and the applied model are both adequate.
However, the fading corrected D.s of both IRs, and pIRIR signals
deviated from the expected value, and displayed a similar trend as
the measured ones. As expected, the predicted residual dose
increased with preheat temperature, up to 4.6 Gy (Figure 4). This
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is in line with our observations in Figure 1, that the
bleachability of feldspar pIRIR signals deteriorates towards
higher measurement temperatures; consequently, higher
residual doses for higher preheats may be expected,
regardless of whether the sample is well or poorly bleached.
It is noteworthy that for both IRs, and pIRIR signals, negative
predicted residual doses were generated, which is unrealistic.
One possible cause for negative residual doses is the
uncertainty on the quartz OSL age (6.3 = 0.4 ka); if the
youngest age of 5.9 ka would be adopted, the negative
values of the predicted residual doses would disappear.
Another contributing factor is the well-documented
trapping sensitivity change of the IRs, signal at preheat
temperatures >260°C (Kars et al., 2014b), which makes the
IRs, data not comparable across the different temperature. In
the remainder of the paper, we therefore focus only on the
pIRIR signal, which is also of primary interest for dating
applications.

Since the dose response of the young sample is in its initial
linear range, one can multiply the L,/T,, depletion ratio of the
bleaching experiments by the corresponding D, of that pIRIR
signal to obtain the remaining doses after different exposure
times in SOL2. These are termed as “calculated residual dose”,
and are plotted against the corresponding preheat
temperature in Figure 5. Predicted residual doses (solid
black diamond; cf. Figure 4) were superimposed onto the
calculated residual doses for comparison. Figure 5 shows that
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FIGURE 6

Probability of bleaching time prior to sedimentation, obtained

by evaluating the goodness-of-fit of the predicted dose residuals
against those from known bleaching times in Figure 5, using the
reduced chi-square statistic.

the light exposure that this sample experienced prior to burial
is probably longer than an equivalent of 4 h exposure in solar
simulator that usually applied in residual test.
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To estimate the probability of the bleaching time in nature
prior to burial (Figure 6), we evaluated the goodness-of-fit of the
predicted residual doses (black diamond in Figure 5) against
observed residuals due to known bleaching times in the
laboratory (coloured curves in Figure 5), using the reduced
chi-square statistic. This enables us to translate the residual
dose from the multiple luminescence signals into a B, value
that the sample has likely experienced before its last depositional
event. We treated the standardized difference between the
observed and predicted residual doses at each of the nine
temperatures as a random variable following a standard
normal distribution. In this case the sum of squares of these
differences will be itself a random variable following a Chi-square
distribution with nine degrees of freedom. The bleaching degree
is calculated as the integrated area under the upper tail of the
probability density curve of the Chi-square distribution, that is,
the larger the Chi-square random variable (i.e., the larger the sum
of squares of the differences), the smaller the integrated area
within the upper tail of the distribution and therefore the lower
the degree of bleaching. When all 14 data points of various
bleaching time were included, the probability (i.e., the degree of
bleaching) showed an early peak at a bleaching time of 20 min
(Supplementary Figure S1). We argued that the appearance of
this peak is unrealistic for the following reason. As mentioned
above, the bleaching results of the first five data points (i.e., with
exposure times of 1, 3, 5, 10, and 20 min) were measured using a
new lamp, that is, different from the remaining data points
.., 480h). As a
consequence, a merger of the two sets of data will yield

(i.e, the exposure times of 1, 2, 4,

unexpected results. Accordingly, we excluded these five data
point from Figure 6. We demonstrated that, for sample LUM-
2941 collected from the northern piedmont of Qilian Mountains,
when the laboratory exposure time exceeds 264h, the
corresponding bleaching degree is >95%. Since the intensity of
SOL2 solar simulator is up to 9 times greater than daylight (Dr
Honle Sol Sun simulation systems from Uvalight Technology
Ltd, 1988), it means that this sample may experience more than
two thousand hours daylight exposure prior to last burial in
nature. This result implies that the use of standard residual
subtraction (measured typically after 2-4h bleach in SOL2;
see Li et al.,, 2014) could lead to marked overestimation of the
actual residual dose (264 h as in this study), leading to age
underestimation which should be avoided.

According to the grain size analysis and process-related end-
member (EM) modelling, Nottebaum et al. (2015) demonstrated
that the dominant grain size fraction of the loess sample (LUM-
2941) is coarse to fine silt fraction, which was classified as
EM2 and EM3 population. The origin of EM2 and EM3 has
been identified to be suspension during dust storm events from
sandy and/or Gobi deserts surfaces located to the north of the
Qilian Mountains, and constant long distance transport by
westerlies, are distant

respectively. Both  provenances

(>10%km) from the sampling locality. Regarding the possible
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travelling time during dust storms and trapping time before
burial for such material, our reconstruction result, more than two
thousand hours daylight exposure, is a plausible value, even
though there is currently no other measure to validate or
disprove it. Meanwhile, we are aware that our reconstruction
is highly dependent on the availability of reliable age control,
determination and accurate
the

(transportation) process is rather complex, even for subaerial

correct dose rate g-value

measurements. Furthermore, real sedimentological
aeolian sedimentation. Such reconstruction of the B, value
simplifies the nature process, during which the daylight
exposure is dominant. And it is noteworthy that such
interpretation is only an attempt and the value of B, is subject
to slight difference in the way of calculation. At this stage of
practice, the erosion-deposition cycles that the sediment may
have experienced prior to the last exposure event have not been
taken into consideration. Provided a sample had initially larger
dose than the sample in this study (~30 Gy), longer bleaching
time would be required to bleach the signals down to the same
level.

The bleaching experiments presented in this paper were
significantly time-consuming, because a range of pIRIR signals
was explored and exploited for the interpolation of predicted
residuals onto the laboratory bleaching curves. The advantage of
using multiple pIRIR signals to obtain the natural bleaching time
is in the intersection of multiple signals with different bleaching
characteristics, eventually providing greater confidence in the
final result. For future applications, one might consider using
fewer (or even a single) pIRIR signal at the expense of less certain
knowledge of the bleaching history. Furthermore, the more
recent study by Cheng et al. (2022) has demonstrated that the
individual grains from the same sample are subject to significant
variation in the bleachability, which may result in different
residual doses for different grains. The exploration on single
grain scale might provide further insight into the pre-burial light
exposure history of sediment.

Conclusion

Our results demonstrate that there are non-bleachable
components in the IR (and possibly pIRIR) signals, and that
the level of this unbleachable signal positively correlates with the
preheat/stimulation temperature. It’s noteworthy that the relative
residual signal level is consistent between the IRs, and pIRIR
signals for a same preheat temperature. It provides further
support that lower temperature pIRIR are advantageous in
reducing the contribution of residual signals (possibly induced
by thermal transfer), especially when dating young samples and

Taking
bleaching

from difficult-to-bleach environments.
of
experiments, we explore the pre-deposition bleaching (or

sediments

advantage results from our extensive

transportation) history of the target sediments, based on
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observation that feldspar pIRIR signals obtained at different
temperatures have different bleaching characteristics. Despite
the challenges, limitations, and uncertainties in this approach,
we were able to quantify the possible pre-depositional sunlight
bleaching time for a loess sample under investigation. That pre-
depositional time amounted to an equivalent of at least 264 h
exposure in the solar simulator. Our attempt provides further
proof-of-concept for the utilization of luminescence dating for
photochronometry (Guralnik and Sohbati, 2019), which should
particularly benefit the research of sedimentological processes
and provenance.
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