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Abstract 
The importance of the fast decaying signal of quartz for dating sediments is confirmed by years of research. In OSL 
dating, the single-aliquot regenerative-dose (SAR) protocol is applied to estimate age using quartz. The OSL signal 
measured in this protocol consists of components with different properties, particularly with different susceptibil-
ity to bleaching in sunlight. It is known how complicated it is to extract the fast decaying signal from other over-
lapping signals when blue light is used for stimulation. Decomposing OSL curves into components is unsuitable for 
dating purposes due to the challenges involved in handling many OSL curves for age estimation and obtaining 
consistent results across these curves. An OSL measurement method based on optical stimulation while the sample 
is heated, so-called thermally modulated OSL (TM-OSL), was recently implemented in the SAR protocol. Instead of 
the blue light (470 nm) typical in SAR (hereinafter referred to as SAR BLSL), red light (620 nm) is used for optical 
stimulation. In the protocol with TM-OSL measurement, the fast component is isolated and used for the OSL age 
determination. The advantage of this approach for a set of samples selected from various depositional environ-
ments is presented. The equivalent dose for the same samples was also determined using the SAR protocol that 
involved red light stimulation (620 nm, SAR RLSL) at an elevated temperature (230°C). The obtained results by the 
protocols using red light (SAR TM-OSL and SAR RLSL) are compared with the ones determined using the SAR BLSL 
protocol. Using TM-OSL in the SAR protocol leads to more precise dating results. The shape of the TM-OSL curve 
for the fast OSL component in quartz allows to identify in the TM-OSL a contribution from a signal of another origin. 
It prevents age underestimation by excluding from calculations the share of OSL components, which can be less 
stable. 
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1. Introduction 

One of the primary requirements for sediment samples in 

OSL dating is that the signal used for age determination is 

fully reset before the mineral grain deposition in the sedi-

ment layer (Huntley et al., 1985, Aitken, 1998). The SAR 

protocol, which uses the continuous wave OSL (CW-OSL) 

stimulation method, widely exploited for determining the 

equivalent dose of quartz grains is assumed to use the OSL 

component (the so-called fast component) originating 

from traps that are the fastest emptying by light (Bailey et 

al., 1997; Murray and Roberts, 1998; Murray and Wintle, 

1998, 2000, 2003; Wintle and Murray, 1998, 1999, 2000). 

Just the initial fragment of the OSL decay curve measured 

in the protocol is used to determine the age. This is not 

only because of a concern that the slower signal compo-

nents may not be bleached sufficiently in nature but also 

because of the differences in thermal stability (Jain et al., 

2003) and the growth curve of the individual OSL compo-

nents (Singarayer and Bailey, 2003). Thus, sensitivity to 

optical bleaching, thermal stability, and dose-response 

curve, should be well-defined for any signal before dating. 

These properties are not unequivocally defined for the 

OSL signal, which is the sum of many components, mainly 
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due to the different contributions of individual components 

in the signal of different samples. An attempt to decom-

pose the OSL signal measured in the SAR protocol into 

individual components to select the fast component, could 

be time consuming. Various attempts have been made to 

develop methods for determining age using the isolated 

fast component from measurements in the SAR protocol, 

but they have found a rather limited application 

(Singarayer and Bailey, 2004; Li and Li, 2006; Fan et al., 

2009; Cunningham and Wallinga, 2009, 2010; Bailey, 

2010, Durcan and Duller, 2011). Therefore, a routinely ap-

plicable method of isolating the signal from the fast com-

ponent at the measurement stage is an encouraging option. 

The trap parameter that governs the process of empty-

ing traps in OSL measurements is the optical cross-section 

(OCS, σ, cm2). It determines, together with the photon flux 

density ( cm-2s-1), the probability of releasing electrons 

from the trap equal to . In the simplest case, the OCS is 

described by the formula (Noras, 1980):  
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where h is the stimulation energy and x is a bound varia-

ble with the dimension of energy. E0 is related to the ther-

mal depth of the trap ET by the expression: E0 = ET + Sħ. 

The factor Sħ in the simple model of optical band shape 

is a measure of electron-phonon coupling strength (Bour-

goin and Lannoo, 1983; Skuja, 2000). The scaling constant 

C has the dimension cm2s-1eV-1/2 and is close to one. While 

ET ,S and ħ are parameters dependent solely on the trap, 

OCS is a parameter dependent also on the experimental 

conditions - on the energy of the photon used for stimula-

tion (stimulation energy) and the temperature. Therefore, 

one can use these factors to regulate the optical stimulation 

so that certain traps are emptied more efficiently than others. 

The thermally modulated OSL (TM-OSL) method was 

invented to separate the individual OSL components better 

(Chruścińska and Kijek, 2016) and successfully used to 

separate the fast component experimentally (Chruścińska 

and Szramowski, 2018a, 2018b). It exploits the dynamic 

dependence of the OCS on the temperature in the range of 

stimulation energies below the ionization threshold of a 

trap. This allows the obtaining of the OSL curve as a char-

acteristic peak when measurement parameters: the stimu-

lation energy, the heating rate and the photon flux density 

are appropriately selected. Then traps are optically emp-

tied at sufficiently low temperatures where their thermal 

emptying does not occur.  

It has been shown that a wavelength of 620 nm is fa-

vourable to stimulate the fast component (Chruścińska and 

Szramowski, 2018a, 2018b; Schmidt et al., 2022). This is 

in agreement with the earlier reports that applying the 

lower stimulation energies allows for better isolating of the 

fast component (Singarayer and Bailey, 2003; Bailey, 

2010; Bailey et al., 2011). It was also shown that traps 

which have the next largest OCS (being the source of the 

medium component) are emptied efficiently after shorten-

ing the stimulation wavelength by approximately 100 nm 

(Palczewski and Chruścińska, 2019; Schmidt et al., 2022). 

It means that the fast component, when measured with the 

stimulation wavelength of 620 nm, is well separated from 

the medium component.  

The origin and, first of all, the stability of the medium 

component are not as well recognized as in the case of the 

fast component, and there are inconsistent reports about it 

in the literature. Smith and Rhodes (1994) showed that the 

two OSL components (fast and medium) constitute the 

early part of the quartz OSL signal. It was early noticed 

that they have different thermal stability (Bulur et al., 

2000). While the latter seems to be established for the fast 

component, one cannot state the same about the medium 

component of the OSL in quartz. Several earlier works 

(Singarayer and Bailey, 2003; Jain et al., 2003; Kitis et al., 

2007) proved that the medium component is more stable at 

higher temperatures than the fast component. Then a few 

reports appeared showing a much lower thermal stability 

of the medium component (Li and Li, 2006; Steffen, et al., 

2009; Tamura et al., 2015). (Wang et al., 2015; Peng and 

Wang, 2020) suggested that the medium component is not 

a separate trap but results from the thermal release of elec-

trons caught during optical stimulation, contributing to the 

TL peak at 170°C. These photo-transferred electrons pri-

marily originate from the trap responsible for the fast com-

ponent (TL peak at 325°C). However, the studies of LM-

OSL correlated with TM-OSL (Schmidt et al., 2022, Fig. 

9) show that a separate trap is responsible for the medium 

OSL component in quartz – visible as a separate LM-OSL 

and TM-OSL component. Due to the lack of certainty 

about the origin of the medium component, the possibility 

of excluding the contribution of a medium component to 

the signal used for dating is a great advantage of using 620 nm. 

Recently, a modified SAR procedure has been pro-

posed. It is called SAR TM-OSL because it uses the TM-

OSL method for OSL measurement instead of the CW-

OSL method (Chruścińska et al., 2021). In SAR TM-OSL, 

the TM-OSL measurement with red light stimulation is 

carried out during heating from 40°C to 120°C, instead of 

the usual blue (or green) light stimulated CW-OSL meas-

urement at a constant temperature at 125°C. The resetting 

of the OSL signal is done during the stimulation with blue 

light in the temperature range from 120°C to 200°C. The 

details of the new protocol are described in Section 2. Pre-

viously Chruścińska et al. (2021) showed on a limited 

number of samples that the new protocol has advantages 

over the old one in several ways. It resulted in better recy-

cling ratios. It also makes it possible to reject aliquots char-

acterized by an undesirable shape of the TM-OSL signal at 

the stage of measuring the natural signal. For the 
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previously tested samples, a promising reduction in the un-

certainty of the equivalent dose (ED) estimation was also 

demonstrated. The time consumption of the new protocol 

is not much greater than that of the one used so far (the 

duration of one new protocol cycle, excluding the irradia-

tion and cooling of the heating strip, is approximately 30% 

longer than that of the standard protocol). Moreover, it is 

possible to shorten the duration of the SAR TM-OSL pro-

cedure significantly when a more powerful light source, i.e. 

a higher photon flux density, is used for stimulation. Due 

to the properties of TM-OSL measurement, one may then 

increase the heating rate by the same factor without chang-

ing the position of the TM-OSL maximum (Chruścińska 

and Szramowski, 2018a). Faster heating makes the TM-

OSL readout time shorter. 

The presented study intends to reopen a discussion on 

the pertinence of using blue or green light for optical stim-

ulation in SAR protocol when the high-intensity signal of 

the fast OSL component can be separated from other com-

ponents using a much longer wavelength. Such a possibil-

ity has been reported before (Singarayer and Bailey, 2004; 

Fan et al., 2009; Bailey, 2010). In earlier works, authors 

used IR diodes for stimulation, which made the recorded 

OSL signal of low intensity and the measurement time im-

practically long. However, they irrefutably demonstrated 

the possibility of isolating the fast component from the oth-

ers. The weaknesses of IR stimulation have recently been 

overcome. It has been shown that one can also achieve 

similarly effective isolation using red light during linear 

heating of a sample with satisfying OSL intensity and read-

ing speed simultaneously.  

One of the prerequisites for using photons with a high 

energy is the belief that higher stimulation energy corre-

sponds to a greater probability of optically releasing the 

charge carrier from traps. The higher probability means the 

higher OSL signal and the better precision of the measure-

ment. Based on the dependence of the OCS on the stimu-

lation energy resulting from the simplest model of trap ion-

ization taking into account the participation of crystal lat-

tice vibrations (Eqs. 1–2), the above belief can be ques-

tioned. After a dynamic increase for the stimulation 

energies below and close to the optical trap depth, the OCS 

value increases much slower for higher energies and fi-

nally stabilizes (Chruścińska and Palczewski, 2020, Fig. 4 

and 5). Such a nature of the OCS dependency on stimula-

tion energy means that the use of higher stimulation energy 

may only slightly increase the OCS of the shallower trap, 

e.g. fast OSL component in the case of dating, while sig-

nificantly increasing the OCS value of optically deeper 

traps. In this way, one can enhance the slow-decaying trap 

contribution in the overall OSL signal. The latter weakens 

the assumption that the SAR protocol uses mainly the fast 

component signal for age determination. The problem is 

all the greater, the bigger the share of the slower OSL com-

ponents in the total OSL signal of quartz grains under in-

vestigation.  

The presented research aims to compare the recently 

proposed protocol using the TM-OSL method with the re-

sults of the commonly used SAR protocol for a larger 

group of samples from different depositional environments 

and demonstrate that one can obtain higher precision of the 

equivalent dose measurement.  

2. Experimental details 

2.1 Sample origin  
The investigation was carried out for a series of quartz 

samples separated from sediments of different types and 

ages originating from various places in Poland (Table 1). 

The samples were selected based on the results obtained 

from ED measurements made with the use of SAR proto-

col. The set of samples includes young sediments with a 

natural dose below 20 Gy, samples with a dose from 30 - 

100 Gy and two samples with EDs close to the range of 

OSL signal saturation. The selection was made to include, 

first of all, samples with a significant proportion of slower 

components (samples 183, 186, 275), which was observed 

during SAR BLSL measurements, and samples with high 

relative uncertainty of ED obtained by SAR BLSL proto-

col (186, 183, 211, 275, 263). The younger samples (284, 

285, 188) were tested to check the quality of the SAR TM-

OSL results in the case of predicted low natural signals. 

Table 1. Sediment samples used in the investigation and their origin. The age was determined using the SAR BLSL protocol. 

Sample ED (SAR BLSL), Gy Age (SAR BLSL), ka Type of sediments Origin 

284  10.9 ± 1.0  14.7 ± 2.6 aeolian Upper Silesia 

285  14.7 ± 1.5  15.0 ± 2.2 aeolian Upper Silesia 

188  20.2 ± 3.1  19.6 ± 8.4 aeolian Upper Silesia 

183  34 ± 12  31 ± 11 glacial Pomeranian Lake District 

275  74 ± 31  88 ± 30 fluvial Upper Silesia 

263  80 ± 28  171 ± 53 fluvial Western Polesie 

186  271 ± 90 close to saturation fluvioglacial Lesser Poland Upland 

211  255 ± 96 close to saturation limnoglacial/kame* Polish Plain 

*Kame is a glacial landform shaped by meltwater from the glacier, a few to several meters high and several hundred meters in diameter, with the shape 
of a cone or a truncated cone, mostly built with sand, silt or gravel. 
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One part of the samples is aeolian, and the other fluvial 

sediments. They include samples with the ages estimated 

by the OSL method ranging from several thousand to 

around two hundred thousand years (samples 186 and 211). 

The latter samples, whose estimated OSL age is above the 

currently accepted time range of the OSL method with the 

use of quartz (Chapot et al., 2012; Timar-Gabor and Win-

tle, 2013; Timar-Gabor et al., 2015; Peng et al., 2022), 

were selected to check the difference between SAR and 

SAR TM-OSL results in the region of OSL signal satura-

tion. 

2.2 Sample preparation 
All samples were prepared using procedures common in 

luminescence dating, including sieving, separation in 

heavy liquids and etching with 40% HF. Quartz grains size 

100–150 µm were deposited on stainless steel discs using 

Silkospray and a mask that ensures a 6 mm aliquot diame-

ter.  

2.3 Equipment 
The SAR protocol measurements were made using the 

Risø TL/OSL System TL-DA-20 and its standard blue di-

ode OSL unit. Photomultiplier EMI 9235QB equipped 

with the 7.5 mm Hoya U-340 filter was used for lumines-

cence detection. All SAR TM-OSL and SAR RLSL meas-

urements were carried out using a Risø TL/OSL-DA-12 

(after a refurbishment) equipped with an EMI 9235QB15 

photomultiplier, the combination of a 2 mm Hoya U340 

and 2 mm Chroma 79-340 bandpass filters. An external 

unit for the optical stimulation allowed the stimulation 

with two LED modules made of single high-power LEDs 

(3 W, Bridgelux, Inc.). The maxima of their spectral bands 

are 620 nm and 470 nm. The LED modules are integrated 

with the Risø reader via a dedicated optical adapter, 

mounted instead of the earlier used halogen lamp. In both 

readers, all measurements were conducted in the Ar atmos-

phere. The 90Sr/90Y β sources delivering dose rates of about 

31.2 ± 0.9 mGy·s−1 or 97.6 ± 4.7 mGy·s−1 were applied for 

the irradiation of samples in the old Risø TL/OSL-DA-12) 

and the new reader (Risø TL/OSL System TL-DA-20), re-

spectively. 

2.4 Protocols 
When the red light is enough to stimulate the fast compo-

nent in quartz, the question arises whether one can use the 

red light instead of blue light in a regular SAR measure-

ment using the CW-OSL method and thus determine the 

age based on the separated fast OSL component.  

To answer that question, a series of tests of the SAR 

protocol was carried out by replacing the blue LEDs with 

red ones for the first 25 seconds of measuring the signal 

from the regenerative dose and the test dose. After 25 sec-

onds, the stimulation was continued with blue LEDs for 

the 40s. Tests were performed on quartz samples supplied 

by Risø for source calibration (Hansen et al., 2015) and 

consisted in performing dose recovery tests for various 

stimulation temperatures. The preheat temperature was 

taken from the SAR TM-OSL, as it previously proved to 

be the best when the fast component was stimulated with 

red light. The temperature of 230°C was the lowest, for 

which acceptable results of the recycling and recuperation 

tests were obtained, and of course, the correct reproduction 

of the initially delivered dose. The lowest temperature was 

chosen to minimize changes in sample sensitivity. 

The protocol established this way, which we will call 

SAR RLSL, was also used to determine the equivalent 

dose for the investigated sediment samples. We compare 

these results with the results obtained for the other two 

methods. Table 2 presents the subsequent steps of three 

protocols examined in the study together with experi-

mental parameters applied in each of them. The new pro-

tocols, just like the SAR BLSL protocol, provide steps to 

correct changes in the sample sensitivity during measure-

ments (steps 4–6) and the entire cycle repetitions to per-

form the recycling (repetition for regenerative dose D1) 

and the recuperation tests (repetition for regenerative dose 

equal to zero). 

The regenerative doses in the SAR TM-OSL and SAR 

RLSL protocols were selected to cover a range of doses 

around the EDs obtained in the SAR BLSL protocol. The 

selection of the preheat temperature in the SAR BLSL pro-

tocol equal to 240°C was verified by the dose-recovery 

tests. The preheat temperature in the SAR TM-OSL proto-

col (260°C) was established at the stage of developing a 

new protocol. So far, the recycling and recuperation test 

results and the dose-recovery tests for the samples investi-

gated with this protocol confirm the correctness of this 

choice for individual samples. The results of the tests are 

presented in Table 4. 

Steps 3 and 6 in SAR TM-OSL and in SAR RLSL pro-

tocols, which mainly make the difference between these 

protocols and the OSL SAR, require more clarification. 

During these steps in SAR TM-OSL protocol, the stimula-

tion with light wavelength 620 nm is carried out from 40°C 

to 120°C and the subsequent bleaching of the fast OSL 

component by the stimulation with blue diodes conducted 

during the continued heating up to 200°C. Steps 3 and 6 in 

protocol SAR RLSL include the stimulation with the 

wavelength of 620 nm for the first 25 s. Subsequently, the 

bleaching of the signal is continued by stimulation with 

470 nm for the next 40 seconds. Both kinds of stimulation 

are carried out at a constant temperature of 230°C. 

2.5 Experimental data processing 
The values of the Lx and Tx signals needed for the growth 

curves construction in the SAR BLSL procedure were de-

termined in a standard way. One took into account the sum 

of the counts for the first five measurement channels (the 

first 0.8 s) and, as the background, the counts from the last 

ten channels (so-called late background). Due to the lack 

of adaptation of the Analyst software for TM-OSL meas-

urements, determining Lx and Tx in the SAR TM-OSL 

procedure requires some effort. It concerns mainly the way 
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of including the background. In the SAR TM-OSL proto-

col, Lx (and Tx) was the sum of the photomultiplier counts 

from 40 to 114°C minus the background. The temperature 

range of 40–120 is the range in which light with a wave-

length of 620 nm is used for stimulation. The signal inte-

gration is performed to a safely lower temperature, not to 

add counts from the region of switching the red light to 

blue.  

The background includes the noise of the photomulti-

plier, a negligible fraction of the stimulation light transmit-

ted through the detection window filters. One should also 

include the steady luminescence signal related to the sili-

con oil used for depositing grains on discs (Vandenberghe 

et al., 2008; Chruścińska et al., 2020). The background 

was determined for each aliquot after the OSL bleaching 

with the blue light when the SAR TM-OSL procedure was 

finished (step 8 in the SAR TM-OSL protocol in Table 2). 

Fig. 1 shows examples of background measured for sev-

eral aliquots of sample 183. The central part of the figure 

shows the part of the overall signal in the temperature 

range from 40 to 120°C used to determine the signal back-

ground in the SAR TM-OSL protocol. The entire measure-

ment is shown in the inset. It is worth noting the different 

background levels observed here. At the lowest tempera-

tures, there is the photomultiplier self-noise. Then, in the 

range 40–120°C, the background is used to determine Lx 

and Tx, with the abovementioned components. Above 

120°C, the background level is considerably higher. It is 

mainly related to the rest of the unbleached signal from the 

slowest components, the blue light transmitted through the 

detection filters, and the higher emission of silicone oil un-

der blue light stimulation (Chruścińska et al., 2020). 

From the described background measurement, one 

could determine the mean of the photomultiplier counts in 

the range of 40–114°C. Next, this value was inserted into 

the first two channels of all the curves measured in the 

SAR TM-OSL protocol for a given aliquot. It allowed tak-

ing into account the background in the analysis performed 

with the help of the Analyst program. Lx was determined, 

as mentioned above, by subtracting from the TM-OSL sig-

nal in the range 40–114°C the background determined by 

the first two measurement channels. 

Table 2. Steps of the SAR BLSL, SAR TM-OSL and SAR RLSL protocols. The photon flux densities in the TM-OSL and SAR RLSL protocols were  
5.3·1017 cm-2s-1 for stimulation with 620 nm and 5.5·1016 cm-2s-1 for 470 nm. 

Step SAR BLSL SAR TM-OSL SAR RLSL 

1 
Excitation, regenerative dose  
Di (i = 0,1,.., n) * 

Excitation, regenerative dose Di (i = 0,1,.., 5) ** Excitation, regenerative dose Di (i = 0,1,.., 5) ** 

2 
Preheat for 10 s at 240°C,  
heating rate 5 Ks-1 

Heating with the rate 2 Ks-1 to 260°C  Heating with the rate 2 Ks-1
 

to 260°C  

3 
Optical stimulation for 40 s  
at temperature 125°C  

TM-OSL with heating rate 2 Ks-1 to 200°C, from 40°C to 
120°C stimulation with 620 nm and, next, from 120°C to 
200°C stimulation with 470 nm to bleach the OSL 

Stimulation at 230°C, first 25 s with 620 nm and 
then 40 s with 470 nm to bleach the OSL 

4 Excitation, test dose  Excitation, test dose  Excitation, test dose  

5 
Preheat for 10 s at 240°C,  
heating rate 5 Ks-1 

Heating with the rate 2 Ks-1 to 260°C  Heating with the rate 2 Ks-1 to 260°C  

6 
Optical stimulation for 40 s  
at temperature 125°C  

TM-OSL with heating rate 2 Ks-1 to 200°C, from 40°C to 
120°C stimulation with 620 nm and, next, from 120°C to 
200°C stimulation with 470 nm to bleach the OSL 

Stimulation at 230°C, first 25 s with 620 nm and 
then 40 s with 470 nm to bleach the OSL 

7 
Optical stimulation for 40 s  
at temperature 280°C  

Return to step 1 for the next cycle  Return to step 1 for the next cycle  

8 Return to step 1 for the next cycle    
 

*) The number of regeneration doses for the SAR BLSL protocol was often greater than five because the protocol was used as the first, and the regener-
ative doses had to be adjusted to reproduce the natural signal. 

**) D0 is equal to zero because the naturally excited OSL is measured during the first cycle of the SAR BLSL protocol. D5 is also equal to zero because cycle 
5 is reserved for the recuperation test.  
 

 

Fig. 1. Examples of curves measured for each aliquot to determine the 
background and, finally, the Lx and Tx values in the SAR TM-OSL 
protocol. The inset shows the shape of the entire curve, while the 
central part is only the fragment used to calculate the back-
ground. 
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In the SAR RLSL protocol, Lx (and Tx) was the sum 

of the photomultiplier counts from the first five seconds of 

red light stimulation. The counts from the 21st to the 25th 

seconds were used to estimate the background. Apart from 

determining Lx and Tx values and the background, the de-

termination of EDs with the Analyst software in the red 

light protocols was similar to the SAR BLSL protocol.  

Outcomes of the all protocols were presented in the 

simplest possible and raw manner by calculating only the 

average ED value and its corresponding standard deviation. 

Minimizing the impact of the statistical approach on the 

presented results seems to be the best way for the presen-

tation in the case of the protocol comparison. 

3. Results 

3.1 Luminescence characteristic of the samples 
When several samples are used to compare measurement 

protocols to determine the ED, it is worth looking at the 

differences between samples in the luminescence charac-

teristics. They are shown in Fig. 2 for TL and Fig. 3 for 

the BLSL, TM-OSL and RLSL. TL experiments were per-

formed after the initial short heating to 500°C. Before the 

TL and OSL measurement, samples were irradiated with a 

dose of 100 Gy. The preheat to 240°C was applied before 

BLSL and to 260°C in the case of the TM-OSL and RLSL 

readout.  

First of all, it is good to notice that the thermolumines-

cence curves of the samples used for the comparison pre-

sented in Fig. 2 have similar shapes. The most significant 

differences in the TL signal intensity occur above 300°C. 

This temperature range for the TL curve measured with the 

heating rate of 2 Ks-1 is above the region of the TL peak 

related to the fast OSL component (Smith et al., 1986; 

Spooner, 1994; Murray and Wintle, 1998; Jain et al., 2003; 

Singarayer and Bailey, 2004). One can observe more con-

siderable variations in the BLSL intensity (Fig. 3), but, like 

the TL, not in the shapes of the curves. The differences in 

the initial BLSL intensity are more evident in the inset of 

Fig. 3a. The order of the OSL initial intensities for the in-

dividual samples, as seen in the inset of Fig. 3a, is also 

reflected in TM-OSL (Fig. 3b) and RLSL curves (Fig. 3c) 

since the latter exhibit the intensities of the fast component. 

The sample 275 has the lowest intensity consistently, and 

samples 183, 284, and 285 are distinguished by the highest 

intensity. As was observed in experiments presented below 

in Section 3.4, these mutual relations of sample OSL in-

tensities change from aliquot to aliquot. So results pre-

sented here only confirm that there are no essential differ-

ences in the TL and OSL properties of the tested samples 

and do not allow for deriving quantitative conclusions on 

the samples’ signal intensity.  

One should pay attention to the shape of the TM-OSL 

curves (Fig. 3b), which is preserved from sample to sam-

ple. It is not distorted in the way presented for some quartz 

aliquots in the previous publication concerning the SAR 

TM-OSL protocol, where a characteristic fast decay ap-

peared in the initial part of the TM-OSL curve 

(Chruścińska et al., 2021). The individual grains that were 

the source of disturbance of the TM-OSL curve were sep-

arated. Analysis of these grains by scanning electron mi-

croscopy with an X-ray fluorescence probe (SEM-XRF) 

showed that they were not quartz grains. Shapes of TM-

OSL curves observed in this study, as discussed in Section 4, 

are mostly the same as those observed for similar experi-

mental conditions in reference quartz samples tested for 

quartz purity (see for example Schmidt et al., 2022). 

 

Fig. 2. TL curves of the quartz samples used in the study. The measure-
ment was done with a heating rate of 2 Ks-1 immediately after 
irradiation with a dose of 100 Gy. The inset is the same plot with 
a linear scale of the TL-axis showing the curves in the temperature 
range of 200–500°C. 

 

 

Fig. 3. Luminescence obtained by the discussed methods after 100 Gy 
excitation: OSL with 470 nm stimulation (BLSL) at 125°C (A), TM-
OSL with stimulation 620 nm, heating rate 2 Ks-1 and the photon 
flux density in of 1.5·1017 cm-2s-1 (B) and OSL with 620 nm stimu-
lation (RLSL) at temperature 230°C (C). The inset in part A is the 
same plot as in the main part with a linear OSL-axis. It shows more 
precisely the differences in the initial intensity of the samples’ OSL 
signal. 
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3.2 Equivalent dose 
Table 3 contains results of ED estimation for all ap-

plied protocols. The ED values shown in the table are av-

erage values of results obtained for aliquots, which ful-

filled conditions of the recycling and the recuperation tests 

(the recycling test result within 0.9–1.1, the recuperation 

test result less than 5%; Wintle and Murray, 2006). In the 

same column, the standard deviation (SD) values are pre-

sented to present the scatter of results for individual sam-

ples to present the scatter of results for individual samples. 

In the adjacent columns, “CAM ED”, “OD (%)”, and “Err 

(%)”, respectively, the ED, over-dispersion and percentage 

error values determined using the central age model 

(CAM; Galbraith et al., 1999) are shown. The further part 

of the discussion uses the results in the “mean ED/SD” col-

umn, which is the most straightforward presentation of 

measurement data obtained in the protocols, not subjected 

to any additional analysis but directly related to the result 

in the subsequent columns. The aliquot number used in 

measurements for a given sample ranged from 10 to 24 and 

is given in Table 3 next to the number of aliquots that 

passed the tests (column “test”).  

In the table, the “test” column in the part for the SAR 

RLSL protocol stands out. For all protocols, this column 

shows a ratio of the number of samples that passed the re-

cycling and the recuperation tests to the initial number of 

samples used in measurements. The SAR RLSL protocol 

for all samples except those on the saturation edge did not 

allow obtaining proper recycling or recuperation test re-

sults for a significant part of aliquots. For most cases, apart 

from the oldest samples (186, 211), no improvement in the 

precision of the obtained ED values was noticed compared 

to the results of the SAR BLSL protocol. These results in-

dicate that the SAR RLSL protocol, although it gave posi-

tive preliminary results for the calibration quartz sample, 

is not suitable for use in dating. For this reason, the detailed 

results for this protocol will not be discussed further. 

In both other protocols, SAR BLSL and SAR TM-OSL, 

the vast majority of samples passed recycling and recuper-

ation tests. However, it is easy to notice the difference in 

the precision of the results for both protocols. The SAR 

TM-OSL protocol leads to much more precise ED values 

than the SAR BLSL protocol for all samples except sam-

ples 284 and 285. The difference in the relative uncertain-

ties in the results of both protocols is clearly visible in Fig. 4. 

The relative uncertainties of EDs obtained in the SAR 

BLSL protocol for older samples (183, 275, 263, 186, 211) 

are within 30–40%. As mentioned above, these samples 

were specially selected for testing from previously dated 

samples precisely because their EDs obtained using SAR 

BLSL have significant uncertainties. Their ED percent er-

rors (see Table 3) in the case of the SAR TM-OSL 

Table 3. Summary of measurement results using SAR BLSL, SAR TM-OSL and SAR RLOSL methods. The arithmetic means and standard deviations of ED 
values obtained for individual aliquots of each sample, obtained from the central age model weighted-mean ED (CAM ED), the over-dispersion 
(OD) of the ED, end corresponding to CAM ED per cent error (Err) are shown for SAR BLSL and TM-OSL protocols. For SAR RLSL, only the arithmetic 
mean values and the standard deviations are presented. Columns “tests” show the number of aliquots that have passed recuperation and 
recycling tests with the total number of aliquots measured. 

Sam-
ple 

SAR BLSL SAR TM-OSL SAR RLSL 

mean 
ED/SD 
(Gy) 

CAM ED 
(Gy) 

OD 
(%) 

Err 
(%) 

tests 
mean ED/SD 

(Gy) 
CAM ED 

(Gy) 
OD  
(%) 

Err  
(%) 

tests 
mean ED/SD 

(Gy) 
tests 

284 10.9/1.0 10.9±0.8 7 7.0 16/16 11.2/1.2 11.2±0.7 9 6.3 9/12 - 0/12 

285 14.7/1.5 14.6±1.1 10 7.7 16/16 13.4/1.9 13.3±0.9 12 6.4 14/24 13.8/1.8 3/24 

188 20.2/3.1 20.0±1.6 14 8.2 24/24 20.7/2.5 20.5±1.4 11 6.7 10/12 22.2/6.3 4/12 

183 34/12 32.1±3.7 31 11.4 16/16 30.8/7.7 29.9±2.3 22 7.8 22/23 52.6/8.3 4/11 

275 74/31 65±10 37 15.3 16/16 65.8/8.6 64.5±3.8 12 5.8 21/23 63/25 9/12 

263 80/28 75±10 27 13.4 15/16 68/12 72.0±5.8 12 8.1 14/15 91/38 7/13 

186 271/90 252±30 33 11.9 24/24 216/35 211±16 13 7.2 12/13 232/40 11/11 

211 255/96 232±43 45 18.4 13/13 258/44 250±18 8 7.0 10/10 259/50 10/10 
 

 

 

Fig. 4. The  ratio of the standard deviation to the mean of equivalent dose 
obtained with measurements made by SAR BLSL, SAR TM-OSL and 
SAR RLSL methods. The samples are arranged in order from the 
youngest (284) to the oldest (211) sample. 
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protocol are at least 10% lower (183), and in most cases 

20% smaller (275, 263, 186, 211). For sample 188, the dif-

ference is less favourable for the SAR TM-OSL protocol, 

for which the percent error is only 5% smaller than in SAR 

BLSL protocol. EDs obtained for the youngest samples 

284 and 285 have errors smaller when obtained in the SAR 

BLSL protocol, by 2% and 4%, respectively. 

A better comparison of the ED values obtained by both 

protocols may be done by analysis of Fig. 5 and 6. They 

present the comparison of EDs obtained for individual ali-

quots of all the samples by SAR BLSL and SAR TM-OSL 

protocols. Again, ED values are shown only for aliquots 

that have passed the recycling and the recuperation tests. 

In order to present the extent of differences between the 

results for individual aliquots of a given sample, one added, 

in the graphs, the normal probability distribution curves 

corresponding to the mean values and the standard devia-

tion determined from the presented results. 

The results of measurements for the youngest samples 

can be seen on the top of Fig. 5. They show that taking into 

account the standard error of estimated ED values both 

protocols lead to consistent EDs. However, in the case of 

a low natural signal, the SAR BLSL protocol allows for 

better ED precision (samples 284 and 285) than SAR TM-

OSL. Especially for sample 285, there are much more sig-

nificant differences between the EDs obtained by the SAR 

TM-OSL method for individual aliquots than for the SAR 

BLSL results. At the same time, there is a noticeable shift 

in the individual ED values for SAR TM-OSL towards 

lower doses. In the case of sample 188, that is a bit older 

than samples 284 and 285, there is no difference between 

results of both protocols presented in Fig. 5c.  

 

Fig. 5. Mean ED values with corresponding SD and ED values determined by CAM obtained as the results of the SAR BLSL and the SAR TM-OSL protocol 
for six sediment samples whose OSL signal is below the saturation level. The shapes of the probability density curves are shown in order to 
illustrate the spread of ED values for the individual aliquots of the samples. The number of aliquots used for density calculations is given next to 
the individual plots. 
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The parts d, e and f of Fig. 5 present EDs obtained for 

aliquots of samples selected due to significant ED uncer-

tainties as measured with SAR BLSL. These were the big-

gest for sample 275, and in this case, the improvement of 

the ED precision when using the SAR TM-OSL protocol 

is most noticeable. Considering the uncertainties, the EDs 

obtained in both protocols are consistent. Similarly, these 

values are compatible for samples 183 and 263. Although 

the reduction of ED spreads for aliquots measured by the 

SAR TM-OSL protocol is less spectacular here, fewer val-

ues significantly deviate from the average. For sample 263, 

there is a more significant difference between the mean ED 

values for both protocols than for the remaining samples. 

Fig. 6 compares the outcomes of both protocols for sam-

ples with EDs in the saturation range. Again, the confi-

dence intervals of the results overlap, and one can observe 

much lower uncertainties for SAR TM-OSL results. For 

sample 211, the ED mean values from both protocols agree. 

In contrast, the mean ED value from the SAR TM-OSL 

measurements for Sample 186 is approximately 20% less 

than that obtained from the SAR BLSL.  

Summing up, as seen in Fig. 5 and 6, for samples se-

lected for the investigation characterized by a wide spread 

of ED values obtained for individual aliquots by SAR 

BLSL protocol, the application of SAR TM-OSL protocol 

brings significantly less dispersed results (samples 183, 

275, 263, 186, 211). In these cases, it is characteristic that 

although the confidence intervals of the determined values 

of ED overlap, a shift of the mean ED value towards lower 

doses is observed. No significant improvement in the ED 

precision is obtained by applying SAR TM-OSL protocol 

for young samples, whose EDs from SAR BLSL are not 

highly dispersed. 

3.3 Sensitivity changes and tests’ results 
Fig. 7 makes it possible to compare changes in the 

quartz sensitivity during both dating procedures. One plot 

in this figure presents the averaged data over all aliquots 

included in the ED determination for a given sample. 

Changes in OSL sensitivity are observed during both pro-

tocols by measuring OSL excited by the test dose applied 

after the natural OSL measurement and the regenerative 

dose-induced OSL (step 6 in Table 2).  

The results presented in Fig. 7 show that the SAR TM-

OSL protocol leads to smaller changes in sensitivity in 

young samples compared to the SAR BLSL protocol. For 

older samples tested, the range of changes in sensitivity in 

both protocols are comparable, but the results for the SAR 

TM-OSL protocol have a smaller scatter. No correlation is 

observed between the relative change in sensitivity and the 

uncertainty of the ED value. 

Table 4 contains the arithmetic means (and their stand-

ard errors) of the tests’ results; the recycling, recuperation 

and dose-recovery ratio (Murray and Wintle, 2000); ob-

tained for all aliquots that passed all tests and were in-

cluded in the calculation of ED obtained in SAR BLSL and 

SAR TM-OSL protocols. The ratio of the measured dose 

to the known dose applied after the bleaching of the natural 

signal, i.e. the dose-recovery ratio, is presented in columns 

4 and 7. 

As shown in Table 4, the dose-recovery ratios for the 

individual samples are for both protocols consistent within 

uncertainties, and all are close to one. The recycling ratios 

of all samples are close to one. Such was the criterion of 

including a sample in ED calculation. Nevertheless, the ra-

tios for SAR TM-OSL protocol fluctuate slightly more 

around the mean values. Recuperation ratios for both pro-

tocols agree within uncertainties. However, a bit larger 

 

Fig. 6. Mean ED values with corresponding SD and ED values determined 
by CAM acquired by the SAR BLSL and the SAR TM-OSL protocol 
for two sediment samples characterised by very high natural OSL 
signal laying in the range of the saturation. The shapes of the 
probability density curves are shown in order to illustrate the 
spread of ED values for the individual aliquots of the samples. The 
number of aliquots used for density calculations is given next to 
the plots. 

 

 

Fig. 7. Sensitivity changes along the cycles of SAR BLSL (a) and SAR TM-
OSL (b) protocol for all investigated samples. Ti/TN, for the subse-
quent cycles of the protocol, is the ratio of the OSL signal meas-
ured after the test dose following the i-th regenerative dose to the 
OSL signal after the test dose applied after the natural signal 
measurement. 
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scatter of the ratio appears for the SAR TM-OSL protocol. 

Thus, summing up, no significant differences in the test 

results for the protocols compared were noticed. 

3.4 The share of the fast and the medium components 
in the CW-OSL signal 
As mentioned above, the cause of dating problems is often 

the participation of the components decaying slower than 

the fast component in the signal used to determine ED. 

Therefore, it is worth taking a closer look at components 

of the CW-OSL signal used in the SAR BLSL protocol. 

Table 5 presents the results of the CW-OSL curves’ 

decomposition. The decomposition was performed by fit-

ting the sum of four OSL curves of first-order kinetics to 

the measurement curves. Increasing the number of compo-

nents did not cause significant changes in the values of the 

fit parameters for the fast and medium components. In fit-

ting, one used the measurement curves obtained after  

100 Gy irradiation and preheating up to 240°C. The 

experimental curves for aliquots with number 1, whose de-

composition results appear in the Table 5, are presented in 

Fig. 3a. The graphical presentation of the fitting results, i.e. 

the first-order decay curves (simple exponential decay), 

their sum and the experimental curve for a selected aliquot 

of sample 183 and 186, is shown in Fig. 8. 

As can be seen, all tested samples have a significant 

share of the medium component in the CW-OSL signal. 

The entire set of medium component contribution ranges 

from 19% to 78%. Moreover, one can observe significant 

differences in the contribution of this component to the to-

tal signal between the curves measured for the same sample.  

One should emphasize that similarly considerable fluc-

tuations from aliquot to an aliquot are observed for the in-

tensity of the fast component measured by the TM-OSL 

method with a wavelength of 620 nm in the case of all in-

vestigated samples. Fig. 9 presents examples of pairs of 

results for several tested samples. The curves are shown 

after subtracting the background measured after the OSL 

Table 4. Mean values of recuperation, recycling and dose-recovery tests obtained from ED measurements using SAR BLSL and SAR TM-OSL methods. 

Sample 
SAR BLSL SAR TM-OSL 

Recycling Recuperation (%) Recovery  Recycling Recuperation (%) Recovery  

284 1.01 ± 0.02 0.89 ± 0.22 0.98 ± 0.02 1.01 ± 0.02 0.84 ± 0.15 1.00 ± 0.02 

285 1.01 ± 0.01 0.68 ± 0.17 0.96 ± 0.02 1.03 ± 0.02 1.08 ± 0.27 0.97 ± 0.02 

188 1.03 ± 0.01 0.46 ± 0.07 0.96 ± 0.02 1.02 ± 0.02 0.82 ± 0.28 0.96 ± 0.02 

183 1.01 ± 0.01 0.26 ± 0.07 1.00 ± 0.02 1.00 ± 0.08 0.90 ± 0.17 0.99 ± 0.01 

275 1.00 ± 0.01 0.45 ± 0.21 0.94 ± 0.01 1.03 ± 0.01 0.87 ± 0.21 0.97 ± 0.01 

263 0.99 ± 0.01 0.50 ± 0.28 0.94 ± 0.02 1.03 ± 0.02 0.60 ± 0.14 0.99 ± 0.02 

186 1.01 ± 0.01 0.25 ± 0.04 0.96 ± 0.04 1.02 ± 0.10 0.58 ± 0.17 0.96 ± 0.02 

211 1.02 ± 0.01 0.22 ± 0.06 0.93 ± 0.02 1.02 ± 0.01 0.33 ± 0.12 0.95 ± 0.02 
 

 

Table 5. Results of fitting the sum of four exponential decay functions to the CW-OSL curves. For each sample, results for two aliquots are presented. 
The table is organized to facilitate the comparison of parameters obtained for aliquots of the same sample. The parameters of fitting quality R2 
are given in the last lines. ti and Ai (i = 1, ..., 4) represent the decay time constant and the intensity of the i-th component, respectively. 
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signal was bleached. It is worth noting the considerable 

differences between the signal intensity for samples 183 

and 188. However, based on this observation, one should 

not draw general conclusions about these samples. An-

other selection of aliquots could indicate other samples 

with the more remarkable differences in the TM-OSL sig-

nal from the fast component. 

It is interesting to show how effectively the fast com-

ponent is isolated from the slower ones through TM-OSL 

measurement with red diodes. The TM-OSL measure-

ments with various stimulation wavelengths showed that 

after the fast component was removed by the light with 620 

nm, the wavelength of 540/ 530 nm is needed to generate 

a TM-OSL signal for the OSL component having the next 

largest OCS in quartz – the medium component 

(Palczewski and Chruścińska, 2019). Fig. 10 illustrates 

this OSL signal behaviour for a reference quartz sample 

FB (Kreutzer et al., 2017). The results of five TM-OSL 

measurements taken consecutively after one irradiation 

(300 Gy) are presented. First, TM-OSL was repeated twice 

with a stimulation wavelength of 620 nm. Then a TM-OSL 

measurement was performed with a stimulation wave-

length of 580 nm. Finally, TM-OSL was repeated twice 

with a stimulation wavelength of 530 nm.  

As can be seen, the TM-OSL curve with 580 nm has an 

intensity hardly distinguishable from the background, 

which proves that the fast OSL component was bleached 

entirely by the two first TM-OSL runs. Fig. 10b presents 

the result of switching on the diode emitting with a wave-

length of 530 nm. Here a curve with significant intensity 

can be registered. Schmidt et al. (2022) demonstrated that 

the observed luminescence corresponds to the medium 

OSL component. The described experiment proves that the 

TM-OSL measurement with 620 nm isolates the fast com-

ponent from the medium component. At the same time, the 

curves in Fig. 10 show that the TM-OSL measurement 

provides a deeper insight into the nature of the OSL signal 

than the CW-OSL measurement used in dating so far. 

Fig. 10b, next to the TM-OSL curve obtained with 530 

nm after the fast component bleaching, shows the repeti-

tion of the same stimulation directly after measuring the 

first curve with 530 nm. Characteristic is the change of 

shape of the TM-OSL curve with 530 nm in the second run 

 

Fig. 8. Examples of CW-OSL curve decomposition into four components 
for two aliquots of different samples, 183 and 186. Focusing on 
the intensity relation between the fast and medium components, 
only the beginning of the curves is presented. The fitting was re-
alized for the entire measurement time range (40 s). 

 

 

Fig. 9. Natural TM-OSL signal obtained with 620 nm for a few of investi-
gated samples.  For each sample a pair of aliquots is shown. The 
heating rate was 1 Ks-1 and the photon flux density 5.3·1017 cm-2s-1. 
The results illustrate the significant variability in the samples of 
the fast component intensity measured by TM-OSL with red light. 

 

 

Fig. 10. TM-OSL curves for sample FB measured one after the other with 
indicated wavelengths 620 nm and 580 nm (a), and next 530 nm 
(b) after a single excitation with the dose of 300 Gy and preheat 
to 260 °C. Each optical stimulation was carried out during heating 
from 40 °C to 240 °C with a rate of 1 K s-1 and a photon flux density 
of 5.3×1017 cm-2 s-1 for 620 nm, 3.9×1016 cm-2 s-1 for 580 nm and 
1.7×1017 cm-2 s-1 for 530 nm. The slow heating and the maximal 
photon flux density achievable for each LED module were used for 
an effective optical emptying with a particular wavelength before 
the next wavelength was used. The experiment shows how high a 
difference in wavelength should be applied to efficiently stimulate 
the next OSL component after emptying the fast component. 
From part b, one can also see that the signal measured with 530 
nm is complex as its shape changes when repeating the TM-OSL 
measurement with 530 nm. 
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of the experiment. This is the most straightforward proof 

that the signal observed in the TM-OSL measurement with 

a wavelength of 530 nm after removing the fast component 

is composed of at least two slower OSL components. 

Therefore, attempts to determine the stability of this signal 

may not bring reproducible results in different samples. 

When the stability of the medium component over time 

is not precisely known, and there are some indications that 

it is not as stable as the fast component, one should take 

particular care to avoid the influence of this component on 

the dating result. Experience so far shows that it is difficult 

to do this routinely by data analysis. It is much easier to do 

this at the experimental stage. The SAR TM-OSL using the 

wavelength of 620 nm provides this. 

4. Discussion 

4.1 ED precision 
For these tests, samples were selected for which the stand-

ard measurements using the SAR BLSL protocol did not 

bring satisfactory results in terms of the repeatability of ED 

determined for individual sample aliquots. The reasons for 

the spread of ED values for individual aliquots of a sample 

may be manifold. Apart from the inhomogeneous bleach-

ing of sample grains before depositing a layer, one should 

consider variations in the composition of aliquots in terms 

of the luminescence properties of individual grains. The 

ED spread is caused by variations in total luminescence 

intensities and the relative contributions of individual 

components in the OSL of the individual grains. This is 

because each component has its own unique dose-response 

and quenching rate. Variability in the local concentration 

of radionuclides (microdosimetry problems) and the post-

depositional layers’ mixing can also cause ED spread. In 

the case of the older samples (183, 186, 211, 263, 275), the 

reason for a significant scatter of the measured ED values 

may be first of all the insufficient bleaching of the slower 

OSL components in grains. These samples are derived 

from fluvial or fluvioglacial sediments. Although geolo-

gists have identified them as undergoing processes ensur-

ing the grains’ exposition to sunlight prior to sediment for-

mation, such a way of grain transport may not provide suf-

ficient bleaching, particularly of the OSL components 

slower than the fast component. 

The evident reduction in the ED spread in the SAR 

TM-OSL protocol supports the conjecture that the ED 

spread in the SAR BLSL results is at least partially related 

to incomplete bleaching. That is because the measurement 

of the isolated fast component excludes the specific causes 

of the ED spread, as a rule. All the factors generating 

spread mentioned above affect each of the OSL compo-

nents. However, OSL bleaching stands out from the rest. 

Bleaching is a factor that differentiates the individual OSL 

components because the optical cross-section which de-

fines the given component directly determines the rate of 

optical bleaching. 

For sediment, the signal of which has not been zeroed 

during the transport of grains, the different response of the 

individual OSL components to bleaching is the cause of 

the ED spread. That is especially the case for samples 

whose fast component does not dominate the overall signal 

sufficiently enough to allow ignoring the contribution of 

the others. When the slower components have a significant 

share in total OSL, the ED depends on the contribution of 

the individual components to the signal used to determine 

it. This dependence is known and is a basis for a test of 

sufficient sample bleaching, examining the shape of the 

CW-OSL decay using the so-called De (t)-plot (e.g Hunt-

ley et al., 1985; Perkins and Rhodes, 1994; Bailey 2000, 

2003; Steffen et al., 2009). The De (t)-plot was even pro-

posed to be used for ED estimation in samples whose OSL 

has a significant participation of medium component (Li 

and Li, 2006).  

The contribution of the individual components to the 

total signal also varies from aliquot to aliquot in the signal 

used in SAR BLSL to derive the ED (the initial part of CW-

OSL curve). It fluctuates due to differences in the concen-

tration of defects responsible for defined components in 

individual grains and in the composition of grains that 

make up aliquots. Thus, changes in ED, which are ob-

served when the De (t)-plot is created, also appear as dif-

ferences in EDs of individual aliquots when one uses the 

initial part of the CW-OSL curve to derive the ED in the 

SAR BLSL protocol. Those fluctuations determine the 

contribution of the incomplete OSL bleaching to the ED 

spread. As they only occur when the signal measured in 

SAR BLSL is complex, the isolation of the fast component 

eliminates this spread constituent and improves ED preci-

sion. The improvement becomes more noticeable when 

there are larger differences in the bleaching of OSL com-

ponents and greater fluctuations in the proportion of these 

components in the signal of different aliquots. Since the 

precision improvement is determined by the two independ-

ent factors, the degree of bleaching of individual compo-

nents and their share in the total OSL, it is not easy to es-

timate the significance of any of these factors by compar-

ing the scatter sizes obtained in both protocols. 

At this point, one should note that the scatter of the EDs 

determined with the use of the fast component isolated by 

TM-OSL still includes spread originating from unequal 

bleaching of grains unless the bleaching was sufficient to 

zeroing the fast component in all grains. 

The mechanism for improving the accuracy of the ED 

determination in SAR TM-OSL protocol against that ob-

tained by SAR BLSL, which was discussed above, is re-

flected in the results presented here. Looking at the ED 

values for individual aliquots in Fig. 5, one can see that the 

difference of the ED spread between SAR BLSL and SAR 

TM-OSL protocol vary from sample to sample.  

As mentioned in Subsection 3.2, the application of the 

new protocol did not improve the ED precision obtained 

for the younger aeolian sediments (Fig. 5). The ED confi-

dence interval calculated for both protocols in the case of 
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sample 188, differ barely noticeable. The participation of 

the medium component in OSL of this sample is not neg-

ligible (see Subsection 3.4). Hence, in line with previous 

considerations, the bleaching before deposition probably 

led to OSL zeroing. Interestingly, for two others aeolian 

samples, 284 and 285, the ED scatter in SAR BLSL proto-

col is lower than this obtained by protocol SAR TM-OSL. 

For young sediments, the more significant ED scatter may 

be caused by the low intensity of the fast component in 

TM-OSL measurement. Improving the precision of small 

EDs in the SAR TM-OSL protocol can be achieved by us-

ing a stronger source of stimulation light. 

For samples 183 and  263, in turn, most ED values for 

individual aliquots estimated by SAR BLSL protocol 

agree with the values resulting from SAR TM-OSL proto-

col. A part of the ED values obtained by the SAR BLSL 

protocol for several aliquots differ significantly from the 

rest of the results, and this makes the ED spread greater 

than that obtained by SAR TM-OSL protocol. In the SAR 

TM-OSL results, some ED values stand out from the rest, 

although in much smaller numbers. Based on consistent 

ED values for individual aliquots obtained from both pro-

tocols, it appears that the ED spread constituent resulting 

from mixing different components in SAR BLSL 

measurements is less significant in sample 183 and 263 

compared to other possible factors, including insufficient 

bleaching of the grains. Therefore, the SAR TM-OSL does 

not significantly improve precision for samples 183 and 

263, unlike samples 275 or 186.The proportion of ED scat-

ter caused by the composite signal measured in the SAR 

BLSL was more critical for the latter samples. Using the 

TM-OSL reduces the standard deviation by 61% (sample 

186) and 72% (sample 275). 

4.2 Cases of untypical TM-OSL curves in SAR TM-OSL 
protocol 
It is worth taking a closer look at the shapes of the curves 

obtained during the SAR TM-OSL procedure. Fig. 11 

shows examples of TM-OSL measured for aliquots of 

samples 183 and 263, whose ED results are, respectively, 

significantly higher and smaller than the mean ED (Figs. 

11a-11c) and an example of a TM-OSL curve that led to a 

result close to the mean ED value (Fig. 11d). It turns out 

that not all curves are alike. They look different for the al-

iquots whose EDs significantly differ from the mean ED. 

Their TM-OSL curves do not follow the shape of curves 

measured when the ED of an aliquot is close to the mean 

ED.  

 

Fig. 11. The heterogeneity of grain features in the sample results in various types of TM-OSL curves inconsistencies observed in SAR TM-OSL protocol. 
Examples of natural and regenerated TM-OSL curves obtained in protocol SAR TM-OSL for aliquots of samples 183 (a, b) and 263 (c, d) whose ED 
results differ from the mean ED (a-c) and lead to a result close to the mean ED value (d). In cases (a) and (c), the fast decay is observed at the 
beginning of the TM-OSL curves. Such decay is not observed in TM-OSL measurements with the same parameters for pure quartz. Case (b) repre-
sents the curve, which proves the very high proportion of the slow components in the OSL signal of the aliquot. The curve in part (d) looks like the 
usual TM-OSL result for quartz of the checked purity. Among curves after the regenerative dose for a given aliquot, those with the intensity most 
similar to the natural signal were selected. 
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So far, for the majority of aliquots of all investigated 

samples, the curves obtained in procedure SAR TM-OSL 

were similar to those presented in Fig. 11d. Such shapes 

are also obtained for the calibration quartz and other quartz 

for which the sample purity tests were performed (refer-

ence sample FB and MR, Schmidt et al., 2022). The irreg-

ularity of the TM-OSL curve measured for the fast compo-

nent with wavelength 620 nm, which can be observed in 

Fig. 11a and 11c, is a fast decay in the initial part of the 

curve. As mentioned in Subsection 3.1, the investigation 

of single grains being the source of the TM-OSL curve 

with such deviation from the usual shape identified them 

as not quartz. In general, it should be recognized that such 

a rapid decay at the beginning proves that the measured 

signal TM-OSL does not come only from the fast compo-

nent in quartz. Therefore, care should be taken when in-

cluding aliquots with such irregular signals in ED calcula-

tions. When one assumes that the irregular shape of the 

TM-OSL curve can be the basis for eliminating an aliquot 

and one recalculates the ED, the latter is further improved. 

For sample 183 (omitted three aliquots with the highest 

ED), it is 28.8 ± 5 Gy; for sample 263 (omitted one aliquot 

having the highest ED), 66 ± 12 Gy.  

For sample 275, SAR TM-OSL results for individual 

aliquots did not contain values as significantly different 

from the mean ED as for samples 183 and 263. TM-OSL 

curves of the aliquots accepted for the age calculation were 

regular. No curve deformations similar to those shown in 

Fig. 11a and 11c were observed. Therefore, one may sup-

pose that the significant ED spread in the SAR BLSL pro-

tocol results is not due to the luminescence heterogeneity 

of grains. Such a situation is probable for samples 183 and 

263 whose TM-OSL curves were unusual (see Fig. 11a 

and 11c). In the TM-OSL signal of sample 275, various 

grain properties are not manifested. 

4.3. Samples with signal close to saturation 
The results obtained for samples whose signal is evidently 

close to the saturation are worth a separate discussion. 

Here, we can deal with either sediment whose age exceeds 

the OSL dating limit or a younger one that was most likely 

not bleached at all or to such a small extent, that the natural 

OSL signal remains in the saturation range, making the age 

estimation completely impossible. It is not easy to settle 

which situation is the case here. Interestingly, in the case 

of sample 211, the individual aliquot EDs obtained from 

the SAR TM-OSL protocol fall within the middle of the 

dose range indicated by the spread of EDs in the SAR 

BLSL protocol. However, for sample 186, the EDs are 

mostly concentrated at the lower end of this range. One 

might assume that the described difference in EDs ob-

tained by the protocol SAR TM-OSL for both samples is 

due to at least a partial bleaching of the fast OSL compo-

nent in sample 186 during the grains’ transport. However, 

it does not necessarily have to be this way. Such an effect 

may be due to a different saturation level of the fast OSL  

component in relation to the saturation level for the total 

OSL signal measured with blue LEDs. Therefore, the ED 

value obtained by SAR TM-OSL protocol cannot be 

treated as an approximation of the upper age limit of the 

sediment layer.  

The fast component signal may be saturated here due 

to the lack of resetting, as can be in the case of the rest of 

the OSL signal. The growth curves obtained for individual 

aliquots of samples 186 and 211 indicate this. The ED for 

the fast component may be lower than for the total OSL 

when the saturation level of the fast component in the sam-

ple is lower than the saturation level of the sum of all the 

components. The saturation level depends on many factors 

(Chen et al., 2020, Pawlak and Chruścińska, 2025), includ-

ing the concentration of centres active in the processes ac-

companying luminescence. Both the external conditions 

and the concentration of the centres can vary significantly 

from sample to sample. Hence it is difficult to expect that 

the relation of the saturation level of the fast components 

to this level for the total OSL signal is fixed in various 

samples. The manifestation of this seems to be the differ-

ent results of applying the SAR TM-OSL protocol for sam-

ples 186 and 211. In both samples, the fast component is 

most likely saturated. However, the relation of its satura-

tion level to the saturation level of the total OSL signal, 

which is the sum of many components, appears to be dif-

ferent.  

Such an eventuality draws attention to another ad-

vantage of the SAR TM-OSL protocol, apart from using a 

signal that is effectively reset during grain transport. The 

recently highlighted problem of OSL dating is the limited 

ED range for which the natural dose response curve (DRC) 

conforms to the laboratory curve (Chapot et al., 2012; 

Timar-Gabor and Wintle, 2013; Timar-Gabor et al., 2015; 

Peng et al., 2022). While the primary reason for the DRCs 

discrepancy coming to mind is the enormous difference in 

the dose rate used in the laboratory and nature, it is inter-

esting to note that this may not be the only cause. The re-

cent study by Peng et al. (2022) shows that the range of the 

compatibility of the natural and laboratory generated DRC 

can be widened using the sensitivity-corrected multiple-al-

iquot regenerative-dose (MAR) protocol with the blue 

light stimulation (Zhou and Shackleton, 2001; Lowick and 

Preusser, 2011). This example shows that the problem of 

non-compliance of curves lies, at least in part, in the 

method of measuring an OSL signal and in that one deter-

mines the DRCs for the complex OSL signal in quartz. In 

the light of the recently presented simulations, the level of 

OSL saturation depends on the competition of different 

paths of charge relaxation during excitation (Chen et al., 

2020). The latter depends, among others, on the mutual re-

lation between concentrations of the individual defects in 

the crystal. Therefore, it is essential to establish both the 

natural and laboratory dose response curves (DRC) for a 

specific OSL component, rather than for the sum of com-

ponents whose contributions to the total signal vary with  
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the dose. The results obtained from samples within the sat-

uration range of equivalent doses (EDs) strongly suggest 

the necessity for this approach. 

5. Conclusions  

The equivalent dose is the basis for determining the age 

of the sediment sample in OSL dating. The presented study 

compares the results of the measurement of the equivalent 

dose by the SAR protocol commonly used in OSL dating 

based on quartz up to now and two other recently devel-

oped protocols using light with a much longer wavelength 

than the SAR protocol for stimulation. The SAR protocol 

with the optical stimulation using 620 nm in CW-OSL 

measurement, although it led to correct preliminary test re-

sults using a calibration quartz sample, in the here con-

ducted test of sediment sample dating, mostly does not 

bring acceptable results. Usually, the recuperation or recy-

cling tests eliminate a large proportion of the aliquots. 

Apart from a different wavelength of light, the second 

newly tested, SAR TM-OSL protocol, also uses a new 

stimulation method which consists of illuminating the 

sample while heating it linearly. The adequately performed 

SAR TM-OSL using 620 nm allows calculating the OSL 

age using exclusively the fast OSL component which is 

most effectively bleached during the sediment formation. 

The presented research shows the following potential of 

the SAR TM-OSL protocol: 

1) SAR TM-OSL protocol leads mostly to ages con-

sistent within uncertainties with the SAR BLSL ages. 

For samples characterized in SAR BLSL by the wide 

distribution of ED results for individual aliquots, the 

precision of EDs obtained by SAR TM-OSL protocol 

is mostly better than these obtained by SAR BLSL.  

2) Using an isolated fast component in SAR TM-OSL 

protocol prevents participation in the signal used for 

the age determination of components with other ther-

mal and dose-response characteristics. Their presence 

cannot be identified in the SAR BLSL protocol with-

out additional signal analysis and may influence the 

OSL age. 

3) The TM-OSL curves’ shape helps verify the signal of 

the investigated sample in terms of the similarity to 

the TM-OSL signal of pure quartz that was used to 

establish the parameters of the SAR TM-OSL proto-

col. One can decide about excluding the irregular ali-

quots from the measurements. 

The advantages of the SAR TM-OSL protocol require 

confirmation in studies on a much larger group of samples 

of more diverse origins. However, the effect of the selec-

tive using the fast component on the precision of OSL da-

ting results is unquestionable. Thus it is worth conducting 

such more comprehensive studies. Especially when con-

ducting TM-OSL measurements does not require a signif-

icant technical change in the readers used in dating or a 

prolonged time of measurements. 
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