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Abstract 
Over the past decade, the use of portable optically stimulated luminescence (OSL) readers has expanded rapidly, 
enabling the recovery of latent stratigraphic information from bulk sediments of late Quaternary age. These appli-
cations assume that luminescence signals from sample aliquots are reproducible, yet no study has explicitly exam-
ined preparation strategies that optimize inter-aliquot consistency. Consequently, no standardized methods for 
sample preparation exist in portable OSL research. This study initiates this discussion by testing how aliquot prep-
aration and sample size influence reproducibility. Four samples were collected from postglacial eolian dunes in 
Alberta, Canada. For each sample, 20 aliquots were prepared using four approaches, yielding 320 aliquots:  
(a) monogranular layers of equal volume portions (~1.5 g), (b) monogranular layers of equal-weight (1.5 g),  
(c) monogranular layers mounted on double-sided adhesive segments of equal area (~1.0 g), and (d) multilayer 
portions of equal weight (12.0 g). All aliquots were analyzed with a portable OSL reader. Statistical results showed 
that for blue-OSL signals, reproducibility varied both among samples and across preparation methods. However, 
multilayer aliquots prepared with equal weights (12 g) consistently produced the highest reproducibility, suggest-
ing that larger grain populations enhance inter-aliquot consistency. For IRSL signals, no preparation method of-
fered a clear advantage. 
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1. Introduction  

A growing number of publications has emerged over the 

last 10–15 years demonstrating the practicality of portable 

OSL readers in geoscience and archaeological field inves-

tigations that examine late Quaternary sequences. The util-

ity of the devices lies in their capacity to rapidly and cost-

effectively generate chronological and proxy stratigraphic 

information about depositional environments, in contrast 

to relying solely on standard luminescence dating proce-

dures. The devices are lightweight, such that they can be 

taken to the field or closer to the site. Importantly, sample 

measurements are much simpler than with standard OSL 

dating protocols including that no preheating is required. 

Finally, and most critically, sample measurements using 

portable OSL readers are commonly performed on unpro-

cessed bulk samples, an aspect that takes a significant 

amount of time with regular OSL dating where pure quartz 

or feldspar sand grains (in the coarse-grains method) or 

fine silt (when using the fine grain approach) are extracted.  

The range of studies in which the devices have been 

used includes contextualization of luminescence charac-

teristics of terrestrial depositional sequences (e.g. Sander-

son and Murphy, 2010; Bateman et al., 2015; Portenga and 

Bishop, 2016; Adolph et al., 2021; Boyd et al., 2022; 

Schulze et al., 2022; Rex et al., 2022; Robins et al., 2022, 

2023; Euzen et al., 2024; Rizza et al., 2024; Roman et al., 

2024) and those of archaeologic sedimentary sites (e.g. 

Srivastava et al., 2023; Sanchez-Pardo et al., 2024;  
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Ben-Melech et al., 2024; Robins et al., 2023). In many 

cases, such studies have been conducted to help screen 

samples for regular OSL dating. Alternatively, beyond 

sample screening, portable OSL measurements have also 

been used to elucidate substratigraphic information that 

can shed light on paleoenvironmental characteristics at 

sites that already have well-established chronological rec-

ords (e.g. Kinnaird et al., 2017; Porat et al., 2019; Rex et 

al., 2022; Staff et al., 2024). In yet other studies, portable 

OSL readers have been used to approximate numerical 

ages of samples by calibrating raw portable OSL reader 

signals in order to expedite the assignment of a chronology 

(Munyikwa and Brown, 2014; Stone et al., 2015, 2019, 

2024; DuRoss et al., 2022; Nitundil et al., 2023). Lumi-

nescence signal characteristics obtained using portable 

OSL readers have also been used as sediment tracers to es-

tablish provenance (e.g. Gray et al., 2022, Muños-Salinas 

et al., 2023). A comprehensive range of other applications 

in which portable readers have been used is reviewed in 

Munyikwa et al. (2021). 

It should be recognized that portable luminescence sig-

nals are affected by several factors, such as burial age, 

grain sensitivity, dose rate, and the degree of signal reset-

ting before burial (e.g. Sanderson and Murphy, 2010). Sed-

iment grain size and mineral composition also have an in-

fluence on the luminescence properties (e.g. Timar-Gabor 

et al., 2017). Notably, even though the signals yielded by 

portable OSL readers are proxies for the chronology in a 

majority of cases, it is not yet possible to use the signals 

directly to calculate numerical ages. Additionally, because 

depositional units in their natural setting are rarely homo-

geneous, the absence of sample processing prior to meas-

urement means that luminescence signals from aliquots of 

the same sample may be characterized by scatter that is 

more pronounced than that observed with processed sam-

ples. While some mechanisms for normalizing the signals 

could help in such cases, luminescence intensities from 

portable OSL measurements are usually not normalized 

for sensitivity. Normalization that is typically performed 

for portable OSL measurements is for sample weight (e.g. 

Rizza et al., 2024). For age estimation, normalization has 

been performed in some instances using the administration 

of a post-dose using an external radiation source (e.g. 

Munyikwa and Brown, 2014).  

Luminescence intensity from sample aliquots is the pri-

mary variable for characterizing depositional units in port-

able OSL studies. Whether it is in profiling, which entails 

analysis of vertical variations in signal intensities down 

depositional sequences (e.g. Sanderson and Murphy, 2010, 

Kinnaird et al., 2019; Munyikwa et al., 2021), or in age 

estimation and using sediment tracers, investigators pri-

marily look at signal intensities as proxies for other char-

acteristics. For any of these studies to be accurate, however, 

the individual aliquot measurements must be representa-

tive. Signal reproducibility or consistency between inter-

aliquot measures is a demonstration that measurements are 

robust and representative. Nonetheless, in routine portable 

OSL studies, preparing large numbers of aliquots to assess 

signal consistency for each sample is impractical, as it un-

dermines the rapid analysis that constitutes the main ad-

vantage of this approach. One way of ensuring consistency 

is to systematically employ a measurement protocol that is 

proven to generate reproducible results.  

Although reproducibility of aliquots is essential, de-

scriptions of aliquot preparation and sample mounting in 

published portable OSL studies have, to date, been sparse. 

In most cases, authors simply mention that samples were 

placed in cups and measured using the portable OSL reader. 

In others, a few additional details are provided. For in-

stance, Adolph et al. (2021) explained that around 1–2 

grams were placed in 3 cm aluminum cups and the surface 

of the sediments leveled by compression to create a mon-

olayer. In some studies, multiple aliquots are measured and 

averages calculated (e.g. Adolph et al., 2021) whereas in 

others, normalization is performed using weight. The pri-

mary objective in most studies, however, appears to be the 

use of monogranular layers, as these are easier to repro-

duce and enhance inter-aliquot consistency in surface area. 

To initiate a discussion looking into ways of optimiz-

ing aliquot preparation techniques for portable OSL meas-

urements, and to assist new users who may be contemplat-

ing portable OSL reader studies, this study examines sam-

ple mounting methods that can be used with the Scottish 

Universities Environmental Research Centre (SUERC) 

portable OSL reader (Sanderson and Murphy, 2010). Four 

approaches are examined: aliquots with monogranular lay-

ers apportioned by volume, aliquots with monogranular 

layers apportioned by weight, aliquots in which monogran-

ular layers are immobilized using double-sided adhesive 

tape to eliminate grain movement, and multilayer portions 

of equal weight. After measurements with a portable OSL 

reader, data acquired with each method are then analyzed 

statistically to determine inter-aliquot consistency. 

Majgier et al. (2025) recently reported on the Helios port-

able OSL reader, which employs a slightly different sam-

ple geometry. The present study did not include tests with 

that system; therefore, all references to the portable OSL 

reader hereinafter pertain specifically to the SUERC in-

strument. 

2. Materials and methods 

2.1. Sampling and sample preparation  
To minimize variables that could influence luminescence 

signal intensities and thereby isolate the effect of aliquot 

preparation, this study focused on sediments that were well 

bleached prior to burial. Eolian dune sands were chosen 

because the subaerial transport that they undergo typically 

ensures that sediment grains are effectively zeroed of any 

previously acquired energy at the time of deposition. Ac-

cordingly, one sample was collected from each of four 

postglacial dune fields in central and northern Alberta, 

Canada: Edson (ED02, 53° 30.238’ N, 116° 36.103’ W; 

depth 4.6 m), Smith (SM09, 55° 08.781 N, 114° 01.237’ W; 
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depth 4.3 m), La Crete (LC01, 58° 10.154 N, 114° 01.237 W; 

depth 4.5 m) and Wood Buffalo (WB01, 59° 26.442’ N; 

112° 21.023 W; depth 5.5) (Fig. 1). The Laurentide Ice 

Sheet (LIS) covered the region ca. 22–20 ka ago during the 

Last Glacial Maximum (LGM) (Dyke et al., 2002, Dalton 

et al., 2023). After the LGM, the LIS began to retreat north 

eastwards starting at ca. 17 ka. The drainage of associated 

glacial lakes left sediments that blanketed former lakebeds, 

and these deposits were mobilized by wind to form the 

dune fields. The dune sands in central and northern Alberta 

have been dated using luminescence methods at about  

13–16 ka (Wolfe et al., 2004; Munyikwa et al., 2017).  

Before luminescence analysis, each sample was thor-

oughly mixed to minimize variability in its physical prop-

erties. The grain size distribution of each sample was then 

measured by sieving and grain size parameters calculated 

using the Gradistat statistical package (Blott and Pye, 

2001). 

When using the SUERC portable OSL reader as in this 

study, samples are introduced into the reader for analysis 

using a 5-cm diameter Petri dish (Fig. 2). Using this set up, 

the evaluation of optimal aliquot preparation strategies ne-

cessitates an appreciation of how the OSL reader signal in-

tensities vary with sample aliquot weight, particularly as it 

pertains to the geometry of the sample aliquot in the Petri 

dish. As a result, prior to assessing the different aliquot 

preparation methods, a study was conducted to assess how 

the signal changed with increasing aliquot weight. Sample 

WB01 was selected for this analysis and 8 aliquots weigh-

ing 0.18, 0.38, 0.75, 1.5, 3.0, 6.0, 12.0, 24.0 g prepared. 

These were then measured with the portable OSL reader.  

To assess the influence of the aliquot preparation strat-

egy on luminescence signal variability, the effects of both 

the sample apportioning method and the aliquot size were 

examined. Thus, four preparation methods were employed, 

as detailed below and summarized in Table 1: 

- Method 1: 20 aliquots were prepared from each of the 

four samples by measuring about 1 cm3 of sediment us-

ing a small scoop, ensuring constant volume between 

each measure. The aliquot from the scoop weighed 

about 1.5 g. The volume of the sediment created a 

monogranular layer at the base of the Petri dish that 

contained the sample. Sample size was controlled by 

the volume of the scoop; however, weight measure-

ments revealed slight variations between aliquots pre-

pared in this manner.  

- Method 2: 20 aliquots were prepared from each sample, 

with each aliquot consisting of precisely 1.5 g of sedi-

ment. Thus, in this instance, aliquot size was controlled 

by weight. As in Method 1, the sample quantity pro-

duced a monogranular layer at the base of the Petri dish. 

- Method 3: From each sample, 20 aliquots were pre-

pared by affixing a monogranular layer of sediment to 

3.2 × 3.0 cm cardstock segments coated with double-

sided adhesive tape. In Methods 1 and 2, the sediment 

grains were not immobilized; thus, it is possible that 

some movement occurred during the placement of the 

Petri dish into the OSL reader. In Method 3, however, 

such movement could not occur. 

- Method 4: 20 aliquots were prepared from each sample 

by weighing out an aliquot of exactly 12.0 grams into 

the Petri dish. This amount of sediment filled the Petri 

dish to a depth of approximately 3.5 mm, producing 

multiple grain layers. 

  

 

Fig. 1. Location of sample sites in Alberta, western Canada. 

 

 

Fig. 2. Sample mounting tray in a 2nd-generation SUERC portable OSL 
reader. 
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2.2. Portable OSL reader  
The SUERC reader is equipped with infrared LEDs whose 

emission is passed through RG780 long pass filters for a 

spectrum centred around 880 ± 40 nm as well as blue light 

LEDs whose emission is filtered through an RG420 long 

pass filter for an output centred around 470 ± 20 nm. Sig-

nals obtained from the sample following stimulation are 

detected through UG11 filters (Sanderson and Murphy, 

2010). For sample measurement, each aliquot was placed 

in a 3-cm diameter Petri dish before being introduced into 

the reader (Fig. 2). The measurement procedure involved 

stimulating the samples in continuous-wave mode using 

infrared-stimulated luminescence (IRSL) for 60 s to target 

feldspar, followed by a post-IR blue-OSL stimulation tar-

geting quartz. Each measurement cycle sequentially en-

tailed a 15 s dark count, a 60 s IRSL count, a 15 s dark 

count, a 60 s post-IR blue-OSL count, and a 15 s dark 

count. The luminescence signal intensity was recorded as 

total counts.  

2.3. Statistical analysis  
Luminescence results obtained from the analysis of sample 

aliquots for evaluating aliquot preparation methods were 

analyzed using statistical methods. Each set of 20 meas-

urements was first processed with K-means centroid selec-

tion, which identified the 10 values closest to the mean. To 

achieve that, the mean was first calculated, after which the 

distance of each value from the mean was determined. This 

enabled the 10 closest values to be selected. To ascertain 

the degree to which the 10 values were representative of 

the measured value, the coefficient of variation (CV) was 

calculated by first determining the mean of the 10 values 

and their standard deviation after which the following for-

mula was used:  

CV= (Standard Deviation / Mean) * 100. 

For this study, the CV values were categorized into very 

high consistency, moderate consistency, low consistency 

and very low consistency using criteria outlined in Table 2. 

2.4. Assessing other variables that may influence ali-
quot reproducibility  
Apart from sample geometry and weight, aliquot signal re-

producibility can be influenced by several additional fac-

tors, including grain size, mineralogical composition, and 

overall sample homogeneity. In a study examining the re-

lationship between portable OSL signals and depositional 

ages of paleowetland sediments, Gray et al. (2018) re-

ported that sieving sediments to <250 µm and treating 

samples with dilute HCl to remove carbonates signifi-

cantly reduced signal scatter. Removing heavy minerals 

such as zircon and magnetite using a hand magnet also 

contributed to the reduction in signal variability. Although 

zircon, a luminescent mineral, is not inherently magnetic, 

it can contain microscopic inclusions of iron oxides (e.g. 

magnetite) that impart magnetic susceptibility, allowing its 

removal using a magnet (e.g. Fu et al., 2017). 

Notwithstanding the above, the sediments analyzed in 

this study comprise aeolian dune deposits that are gener-

ally moderately to well sorted and composed predomi-

nantly of quartz, with subordinate feldspar (e.g., Munyi-

kwa et al., 2017). For example, dune sands from southern 

Alberta have been reported to contain >80% quartz, ~10% 

feldspar, and ~5% other minerals (Holter, 1971). As such, 

heavy minerals are unlikely to be a major source of signal 

scatter in the samples under consideration, leaving feldspar 

as the only other notable luminescent contributor.  
Thus, following luminescence measurements, the po-

tential for inter-aliquot variation in quartz and feldspar 
content to impact signal reproducibility of IRSL or blue-
OSL signals was evaluated using two approaches. First, 
the depletion index, defined as the ratio of cumulative sig-
nal intensity in the first half of the stimulation period to 
that in the second half (Sanderson and Murphy, 2010), was 
calculated for each aliquot to assess variability. The deple-
tion index is influenced by variables that include mineral-
ogy and the degree of bleaching prior to burial. 

The second approach used to assess variation in feld-
spar and quartz concentrations between aliquots involved 
calculating the IRSL/OSL ratio and evaluating inter-ali-
quot fluctuations. As noted earlier, the IRSL signal is de-
rived from feldspars, whereas the blue-OSL signal is dom-
inated by quartz. Consequently, the IRSL/OSL ratio pro-
vides a proxy for variations in feldspar-to-quartz propor-
tions among aliquots (Sanderson and Murphy, 2010). Thus, 
IRSL/OSL ratios were calculated for each measured ali-
quot and compared within each sample and across differ-
ent aliquot preparation methods and sample sites to assess 
trends. 

Table 1. Aliquot preparation methods used in this study. 

Aliquot Preparation Method 
Sample and number of aliquots prepared 

ED02 SM09 LC01 WB01 

Method 1: Equal volume monolayer (EV) (~ 1.5 g) 20 20 20 20 
Method 2: Equal weight monolayer (EW) (1.5 g) 20 20 20 20 
Method 3: Equal area fixed monolayer (EA) (~ 1.0 g)  20 20 20 20 
Method 4: Equal weight multigranular layer (ML) (12.0 g) 20 20 20 20 
 

 

Table 2. Classification criteria used to interpret coefficients of variation. 

Coefficient  
of Variation (CV) % 

Classification  

< 5.0% very high consistency, very tightly clustered 
5.0–10.0% moderate consistency 
10.0–20.0% low consistency, variable 

> 20.0% very low consistency, very variable data 
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3. Results 

3.1. Change of OSL signal with sample weight 
The aliquots prepared to assess the relationship between 

the aliquot size and signal intensity are shown in Fig. 3. 

Aliquot weights were selected so that the sample initially 

formed a monogranu lar layer covering only a small frac-

tion of the Petri dish base. As more sediment was added, 

the layer spread gradually, reaching full coverage of the 

Petri dish base as a monogranular layer at 1.5 g. From 3.0 g 

to 24.0 g, the sample’s surface area remained constant. 

However, the aliquot depth increased from approximately 

1.0 mm at 3.0 g to about 7.0 mm at 24.0 g. (Fig. 3). The 

results of the experiment to assess signal variation with in-

creasing aliquot size for sample WB01 are listed in Table 3 

and plotted in Fig. 4.  

  

 

Fig. 4. IRSL and blue-OSL signal intensities obtained from sample aliquots 
of increasing weight from 0.18 to 24.0 grams as shown in Table 3. 
The plot displays two regions with clearly different slopes. 

 

Table 3. Sample weight vs signal intensity for sample WB01. 

Sample weight (g) IRSL signal Blue OSL signal  

0.18 142583 ± 378 322882 ± 567 

0.38 205432 ± 453 444485 ± 667 

0.75 196830 ± 444 471049 ± 687 

1.5 207878 ± 457 473876 ± 689 

3.0 221329 ± 471 499483 ± 708 

6.0 232597 ± 483 533805 ± 731 

12.0 245445 ± 992 560867 ± 749 

24.0 288001 ± 537 695929 ± 835 
 

 

 

Fig. 3. Aliquots prepared to evaluate signal intensity variations with aliquot weight. In (a) the sample size is a monogranular layer that covers a small 
part of the bottom of the petri dish. In (b) and (c) the area covered is larger but not completely. In (d) however, the entire bottom is covered, but 
the sample is still a monogranular layer. In aliquots (e) to (h), the grains form multilayer samples of increasing depth, ranging from about 1.0 mm 
in aliquot (e) to 7.0 mm in (h). 

 



GEOCHRONOMETRIA | ALIQUOT PREPARATION STRATEGIES AND THEIR IMPACT ON INTER-ALIQUOT REPRODUCIBILITY IN PORTABLE… 

6 

The curves in Fig. 4 feature two distinct parts for both 

IRSL and blue-OSL signals. Aliquots of 0.18 and 0.38 g 

yielded signals that plotted a steep part of the curve, indi-

cating a sharp rise in signal intensity with sample size. 

From the aliquot weighing 0.75 g, the signal begins to level 

off for both the IRSL and blue-OSL signals and, from  

1.5 g, the curve maintains an approximately constant slope 

up to 24.0 g. As indicated above, the first two samples 

(0.18 and 0.38 g) do not cover the bottom of the Petri dish 

completely. Hence the rapid increase in signal intensity 

with weight results from the increase in the surface area of 

the sample exposed to the stimulating source. From aliquot 

1.5 g, the base is completely covered such that for any ali-

quots of greater sample weight, the surface area remains 

constant. However, the signal intensity continues to rise as 

aliquot weight increases, despite that the sample surface 

area remains fixed. This is because the sample depth is in-

creasing, and the optical source of the luminescence reader 

is able to penetrate the sediment column in the Petri dish.  

3.2. Blue-OSL signals from different aliquot preparation 
methods 
A total of 20 aliquots from each of the four samples from 

sites in Fig. 1 was prepared using each of the four methods 

shown in Fig. 5. From each set of 20 blue-OSL signal in-

tensities obtained from a given sample, the 10 values clos-

est to the centroid as statistically determined are listed in 

Table 4. IRSL signals for corresponding measurements 

are also presented. Complete results are provided as sup-

plementary data. Histograms of the 10 blue-OSL values 

from each set are plotted in Figs. 6–9. To facilitate com- 

parison, data from the different sites are organized in Ta-

ble 4 and Figs. 6–9 according to aliquot preparation 

method. The coefficient of variation calculated for each set 

of 10 measurements is shown in Table 5 and Figs. 6–9.  

For aliquots prepared using equal-volume sediment 

portions (Fig. 5a), three of the samples yielded blue-OSL 

signals with a CV between 3.8% (LC01) and 4.5% (WB01) 

(Fig. 6) which is an indication that the signals are highly 

consistent (Table 2). One sample (SM09), however, pro-

duced aliquots with a CV of 5.9% which is moderately 

consistent (Table 2).  

Aliquots prepared using portions of equal weight of  

1.5 g (Fig. 5b) produced blue-OSL signals that were highly 

consistent for two of the sites, yielding CVs of 2.2% 

(LC01) and 2.4% (WB02). The other two samples, how-

ever, yielded CVs of 5.2% (SM09) and 6.4% (ED02) 

which is within the moderately consistent category (Table 2).  

For the aliquots prepared by mounting about 1.0 g of 

sediment on double-sided adhesive tape, two of the sam-

ples yielded CV values of 3.2% (ED02) and 3.9% (WB01), 

which is highly consistent (Table 2). One sample (LC01) 

yielded a CV of 5.9% which is moderately consistent. The 

fourth sample, however (SM09), produced a CV of 11.1% 

which points to very variable data or low consistency  

(Table 2).  

With the fourth and final method whereby portions of 

equal weight of 12.0 g were prepared, the signals from the 

aliquots produced CV values of 1.5% (WB01), 3.7% 

(LC01), 4.1 (SM09) and 3.6% (ED01). These values all 

fall in the highly reproducible category of tightly clustered 

data (Table 2).  

  

 

Fig. 5. Aliquot preparation methods investigated in this study. 
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Table 4. Luminescence results. The 10 IRSL and blue-OSL values closest to the centroid for each data set are shown. 

 ED02-EV SM09-EV LC01-EV WB01-EV 
# IRSL Blue-OSL  IRSL Blue-OSL  IRSL Blue-OSL  IRSL Blue-OSL  

1 136500 ± 370 301147 ± 549 184150 ± 430 487720 ± 699 216672 ± 446 486164 ± 698 262550 ± 513 562016 ± 750 
2 137482 ± 371 318042 ± 564 134992 ± 368 433529 ± 659 210114 ± 459 494607 ± 704 243001 ± 493 498545 ± 706 
3 130356 ± 362 288286 ± 537 161371 ± 402 492215 ± 702 201298 ± 449 496274 ± 705 243679 ± 494 548693 ± 741 
4 136467 ± 370 304932 ± 553 164671 ± 406 499731 ± 707 209569 ± 458 492722 ± 702 232999 ± 483 524809 ± 725 
5 130784 ± 362 280874 ± 530 174687 ± 419 485004 ± 697 228738 ± 479 470613 ± 686 240223 ± 491 513742 ± 717 
6 137742 ± 372 309783 ± 557 139738 ± 374 425709 ± 653 207020 ± 456 473590 ± 689 260241 ± 511 570963 ± 756 
7 156578 ± 396 305111 ± 553 153108 ± 392 470795 ± 686 224171 ± 574 465625 ± 683 243424 ± 494 544282 ± 738  
8 126099 ± 359 317217 ± 564 182931 ± 428 466594 ± 683 196172 ± 443 445672 ± 668 259073 ± 509 563739 ± 751  
9 135826 ± 369 305214 ± 553 145110 ± 382 426698 ± 654 202387 ± 450 445382 ± 668 240079 ± 490 563208 ± 751 
10 135888 ± 369 315138 ± 562 135956 ± 369 453095 ± 673 195030 ± 442 451854 ± 673 263747 ± 514 572802 ± 757 

 

 ED02-EW SM09-EW LC01-EW WB01-EW 
# IRSL Blue-OSL  IRSL Blue-OSL  IRSL Blue-OSL  IRSL Blue-OSL  

1 136973 ± 371 294491 ± 543 156682 ± 397 416152 ± 645 230740 ± 481 472984 ± 688 242069 ± 492 532081±730 
2 137350 ± 371 296782 ± 545 140536 ± 376 424564 ± 652 216720 ± 466 484312 ± 696 232360 ± 483 504041±710 
3 131148 ± 363 291721 ± 541 167775 ± 410 460876 ± 679 205409 ± 454 495778 ± 704 237040 ± 487 514254±717 
4 122096 ± 350 254592 ± 505 134360 ± 367 421600 ± 650 200283 ± 448 477075 ± 691 220423 ± 470 498466±706 
5 129520 ± 361 274834 ± 525 163058 ± 404 481285 ± 694 212566 ± 462 471871 ± 687 241536 ± 492 516146±719  
6 121292 ± 349 254766 ± 505 163504 ± 405 426514 ± 653 207354 ± 456 483719 ± 696 225418 ± 475 497382±706 
7 124974 ± 354 268718 ± 519 152630 ± 391 424988 ± 652 204625 ± 453 464604 ± 682 239764 ± 490 529761±671 
8 131577 ± 363 272988 ± 523 163051 ± 404 441264 ± 665 210027 ± 459 477189 ± 691 232786 ± 483 499889±683 
9 131679 ± 364 305212 ± 553 134370 ± 367 484531 ± 696 197852 ± 445 481533 ± 694 227131 ± 477 520040±738 
10 134735 ± 368 287356 ± 537 169572 ± 412 475534 ± 690 193818 ± 441 463287 ± 681 224917 ± 475 506213±712 

 

 ED02-EA SM09-EA LC01-EA WB01-EA 
# IRSL Blue-OSL IRSL Blue-OSL IRSL Blue-OSL IRSL Blue-OSL 

1 132529 ± 365 261948 ± 512 100152 ± 317 246411 ± 497 139032 ± 374 290236 ± 539 154840 ± 394 294852 ± 543 
2 124189 ± 353 249640 ± 500 93100 ± 306 254829 ± 505 147530 ± 385 268307 ± 518 160189 ± 401 314849 ± 546 
3 123546 ± 352 240620 ± 491 126546 ± 356 318194 ± 565 137335 ± 371 284690 ± 534 157263 ± 397 300757 ± 549 
4 129126 ± 360 244452 ± 495 126045 ± 356 304366 ± 552 133371 ± 366 286528 ± 536 164827 ± 407 334424 ± 579 
5 128435 ± 359 249748 ± 500 98943 ± 315 290967 ± 540 135397 ± 369 243310 ± 494 140884 ± 376 294719 ± 543 
6 129921 ± 361 245398 ± 496 93391 ± 306 250006 ± 500 133344 ± 366 264210 ± 514 157072 ± 397 313547 ± 560 
7 129126 ± 360 253826 ± 504 123725 ± 352 312131 ± 559 120148 ± 347 247561 ± 498 154708 ± 394 324083 ± 570 
8 118008 ± 344 236718 ± 487 103602 ± 323 287106 ± 536 131944 ± 364 255664 ± 506 155082 ± 394 331684 ± 576 
9 126330 ± 356 246311 ± 497 97450 ± 313 268040 ± 518 129944 ± 361 275575 ± 525 170817 ± 414 316404 ± 563 
10 128895 ± 360 264650 ± 515 123093 ± 352 339242 ± 583 126630 ± 357 254161 ± 505 162244 ± 403 313292 ± 560 

 

 ED02-ML SM09-ML LC01-ML WB01-ML 
# IRSL Blue-OSL IRSL Blue-OSL IRSL  Blue-OSL IRSL Blue-OSL 

1 160707 ± 401 319213 ± 565 182558 ± 428 542091 ± 737 219193 ± 469 491268 ± 701 268779 ± 519 601400 ± 776 
2 159539 ± 400 348672 ± 591 150338 ± 388 489291 ± 700 250996 ± 501 502170 ± 709 260056 ± 510 606049 ± 779 
3 151717 ± 390 326329 ± 572 184957 ± 431 477493 ± 691 217634 ± 467 509517 ± 714 262321 ± 513 623569 ± 790 
4 154272 ± 393 329499 ± 567 184821 ± 430 523796 ± 724 219372 ± 469 514990 ± 718 289102 ± 529 622273 ± 689 
5 149867 ± 388 328130 ± 573 193894 ± 441 465861 ± 483 213599 ± 463 551413 ± 743 267707 ± 518 614676 ± 784 
6 148170 ± 386 308313 ± 556 169177 ± 412 531241 ± 729 223404 ± 473 509023 ± 714 265200 ± 515 609379 ± 781 
7 145490 ± 382 319358 ± 566 148327 ± 386 495534 ± 704 200475 ± 448 485018 ± 697 289594 ± 539 617267 ± 786 
8 138545 ± 373 312782 ± 560 201393 ± 449 508781 ± 714 230873 ± 481 520555 ± 722 275824 ± 526 605439 ± 778 
9 145312 ± 382 315890 ± 562 206106 ± 455 499994 ± 707 208274 ± 457 514404 ± 718 255005 ± 505 591431 ± 769 
10 150718 ± 389 307695 ± 555 189698 ± 436 481007 ± 694 197287 ± 445 485679 ± 697 267210 ± 517 615818 ± 785 
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Table 5. Coefficients of variation calculated from blue-OSL signals obtained using the different aliquot preparation methods. 

Sample 

Equal Volume 
(monogranular) 

(EV) (1.5 g) 
(%) 

Equal Weight 
(monogranular) 

(EW) (1.5 g) 
(%) 

Equal Area on adhesive tape 
(monogranular) 

(EA) (1.0 g)  
(%) 

Equal-Weight  
Multilayer 

(ML) (12.0 g) 
(%) 

Edson (ED02) 4.0 6.4 3.2 3.6 
Smith (SM09) 5.9 5.2 11.1 4.1 
La Crete (LC01) 3.8 2.2 5.9 3.7 
Wood Buffalo (WB01) 4.5 2.4 3.9 1.5 

 

 

 

Fig. 6. Ten selected signal intensities from aliquots prepared using equal-volume (EV) monogranular portions (~1.5 g) for each site. CV denotes the 
coefficient of variation calculated for the set. 

 

Table 6. Coefficients of variation calculated from IRSL signals obtained using the different aliquot preparation methods. 

Sample 

Equal Volume  
(monogranular) 

(EV) (1.5 g) 
(%) 

Equal Weight  
(monogranular) 

(EW) (1.5 g) 
(%) 

Equal Area on adhesive tape 
(monogranular) 

(EA) (1.0 g) 
(%) 

Equal-Weight  
Multilayer 

(ML) (12.0 g) 
(%) 

Edson (ED02) 5.9 4.4 3.3 4.5 
Smith (SM09) 11.9 8.6 13.3 10.8 
La Crete (LC01) 5.4 5.1 5.5 7.1 
Wood Buffalo (WB01) 4.5 3.4 4.9 4.3 
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Fig. 7. Ten selected signal intensities from aliquots prepared using equal-weight (EW) monogranular portions (1.5 g) for each site. CV denotes the coef-
ficient of variation calculated for the set. 

 

 

Fig. 8. Ten selected signal intensities from aliquots prepared using equal-area (EA) monogranular portions (~1.0 g) affixed to adhesive tape segments 
for each site. CV denotes the coefficient of variation calculated for the set. 

 



GEOCHRONOMETRIA | ALIQUOT PREPARATION STRATEGIES AND THEIR IMPACT ON INTER-ALIQUOT REPRODUCIBILITY IN PORTABLE… 

10 

3.3. IRSL signals from different aliquot preparation 
methods 
To assess potential differences in mineralogical behaviour 

between quartz and feldspar, and contrast the reproducibil-

ity of their signals, the IRSL data in Table 4 were evalu-

ated using coefficients of variation (CV), following the 

same approach as for the blue-OSL data. Results are pre-

sented in Table 6. As with the blue-OSL data, reproduci-

bility varied between samples: e.g. WB01 yielded tightly 

clustered IRSL signals (CV = 3.4–4.9%), whereas SM09 

showed moderate to high variability (CV = 8.6–13.3%). 

The remaining samples (LC01 and ED02) exhibited low to 

moderate variability. 

With respect to aliquot preparation methods, the CV 

values for IRSL data indicate that no single method con-

sistently produced tightly clustered data across all sites. 

The equal-weight monolayer (EW), equal-area (EA), and 

equal-weight multilayer (ML) methods yielded consistent 

signals for two sites but not the others, while the equal-

volume (EV) method produced tightly clustered IRSL data 

only for WB01. 

3.4 Depletion indices and IRSL/OSL Ratios 
Table 7 presents IRSL and blue-OSL depletion indices for 

each aliquot analyzed for sample ED02-EV. These were 

calculated as the ratio of total photon counts from the first 

30 s of stimulation to those from the final 30 s. Signals 

associated with the most recent burial event typically de-

plete more rapidly than those inherited from earlier events 

due to partial bleaching (Sanderson and Murphy, 2010). 

Thus, the ratio provides an indicator of bleaching at burial. 

Depletion ratios for the remaining IRSL and blue-OSL 

measurements in Table 4 are provided as supplementary 

data. Overall, depletion indices were relatively consistent 

across aliquots within each sample and across preparation 

methods, generally ranging from 1.200 to 1.355. This in-

dicates dominance of rapidly depleting signals, character-

istic of well-bleached sediments. Variations in mineralog-

ical composition of aliquots can also influence depletion 

indices, but no such effect is evident in this case. 

IRSL/OSL ratios were calculated for each aliquot 

measurement as shown for ED02-EV in Table 7. The rest 

of the calculations are provided as supplementary data. 

Overall, ratios for each set of ten aliquots are relatively 

consistent, indicating minimal variation in feldspar-to-

quartz proportions between aliquots. To compare differ-

ences among preparation methods, mean IRSL/OSL ratios 

were calculated for each method (Table 8). Two trends are 

evident. First, there is a clear site dependence: samples 

from ED01, LC01, and WB01 show relatively similar ra-

tios (0.4292–0.5095), whereas sample SM09 is consist-

ently lower (0.3399–0.3990). This likely reflects a lower 

feldspar content in SM09 relative to the other sites, at-

tributable to differences in sediment provenance. 

 

Fig. 9. Ten selected signal intensities from aliquots prepared using equal-weight multilayer (ML) portions weighing 12.0 g for each site. CV denotes the 
coefficient of variation calculated for the set. 
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A second trend is that, for all four samples, aliquots 
prepared using double-sided adhesive tape consistently 
yield higher mean IRSL/OSL ratios (e.g., 0.5096 for 
ED02-EA) than those prepared using the other methods 
(e.g., 0.4507, 0.4651, and 0.4679 for ED02-EV, ED02-EW, 
and ED02-ML, respectively), by approximately 8–17%. 
Notably, adhesive-tape aliquots are the smallest (~1.0 g), 
raising the possibility that a small number of bright feld-
spar grains disproportionately influence the signal. How-
ever, this is not supported by the data, as aliquots prepared 
using other methods with intermediate masses (~1.5 g; 
ED02-EV and ED02-EW) yield IRSL/OSL ratios compa-
rable to those from much larger aliquots (~12 g; ED02-
ML). A more plausible explanation is that the adhesive 
tape preferentially retains feldspar grains relative to quartz, 

thereby increasing the feldspar contribution to the meas-
ured signal and elevating the IRSL/OSL ratio. 

3.5. Grain size distribution 
Grain size properties for the four samples calculated 

using the Folk and Ward (1957) method are provided in 
Table 9. Sample WB01 comprises very fine sand with a 
mean size of 99.5 µm. The other three samples all com-
prise fine sand with sizes ranging from 140.6 µm (ED02) 
to 149.6 µm (LC01) and 217.2 µm (SM09). All samples 
are moderately well sorted, apart from WB01 which is 
moderately sorted. Similarly, all samples are symmetri-
cally skewed apart from WB01 which is fine skewed. Kur-
tosis is indicated in Table 9.  

Table 7. Depletion indices and IRSL/OSL ratios for signals obtained from monogranular portions of equal volume for Sample ED02 (ED02-EV). 

# IRSL Depletion Index Blue-OSL  Depletion Index  IRSL/OSL 

1 136500 ± 370 1.280 ± 0.008 301147 ± 549 1.225 ± 0.004 0.514 ± 0.002 
2 137482 ± 371 1.269 ± 0.008 318042 ± 564 1.252 ± 0.004 0.458 ± 0.002 
3 130356 ± 362 1.251 ± 0.008 288286 ± 537 1.210 ± 0.004 0.487 ± 0.002 
4 136467 ± 370 1.277 ± 0.008 304932 ± 553 1.200 ± 0.004 0.465 ± 0.002 
5 130784 ± 362  1.270 ± 0.008 280874 ± 530 1.119 ± 0.004 0.428 ± 0.002 
6 137742 ± 372 1.265 ± 0.008 309783 ± 557 1.228 ± 0.004 0.488 ± 0.002 
7 156578 ± 396 1.302 ± 0.008 305111 ± 553 1.208 ± 0.004 0.456 ± 0.002 
8 126099 ± 359 1.266 ± 0.006 317217 ± 564 1.232 ± 0.004 0.443 ± 0.002 
9 135826 ± 369 1.260 ± 0.008 305214 ± 553 1.225 ± 0.004 0.460 ± 0.002 
10 135888 ± 369 1.248 ± 0.008 315138 ± 562 1.210 ± 0.004 0.490 ± 0.002 
 

# - Aliquot sequence number; IRSL- infrared stimulated luminescence; Blue-OSL-blue optically stimulated luminescence; ED02-EV – Sample ED02 equal 
volume aliquots. 

Table 8. Mean IRSL/OSL values for each set of 10 aliquots from each aliquot preparation method. 

 
Site 

 
Edson 

Mounting method ED02-EV ED02-EW ED02-EA ED02-ML 
Mean IRSL/OSL  0.4507 0.4651 0.5095 0.4679 
 
Site 

 
Smith 

Mounting method SM09-EV SM09-EW SM09-EA SM09-ML 
Mean IRSL/OSL  0.3399 0.3573 0.3980 0.3620 
 
Site 

 
La Crete 

Mounting method LC01-EV LC01-EW LC01-EA LC01-ML 
Mean IRSL/OSL  0.4432 0.4358 0.5009 0.4292 
 
Site 

 
Wood Buffalo 

Mounting method WB01-EV WB01-EW WB01-EA WB01-ML 
Mean IRSL/OSL 0.4558 0.4439 0.5030 0.4414 
 

EV- Equal-volume monogranular layer aliquot; EW- Equal-weight monogranular layer aliquot; EA- Equal-area monogranular layer aliquot mounted on 
adhesive tape; ML-Equal-weight multilayer aliquot. 

Table 9. Grain size distribution. 

Measure  
Sample 

ED02 SM09 LC01 WB01 

Mean 140.6 µm (fine sand) 217.2 µm (fine sand) 149.6 µm (fine sand) 99.49 µm (very fine sand) 
Sorting 1.490 (moderately well sorted) 1.541 (moderately well sorted) 1.615 (moderately well sorted) 1.825 (moderately sorted) 
Skewness 0.002 (symmetrical) 0.030 (symmetrical) 0.014 (symmetrical) -0.106 (fine skewed) 
Kurtosis 1.004 (mesokurtic) 0.976 (mesokurtic) 1.011 (mesokurtic) 2.117 (Very leptokurtic) 
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4. Discussion  

4.1 Influence of aliquot geometry and size on blue-OSL 
signal consistency 
The evaluation of optimal aliquot preparation strategies for 

portable OSL readers necessitates a thorough understand-

ing of the interplay between sample size, geometry, and 

the resulting luminescence signal. The variation of the sig-

nal intensity with sample size depicted in Fig. 4 shows that 

for both IRSL and blue-OSL the signal increased rapidly 

as the surface area of the sample aliquot increased. This is 

because, in continuous-wave mode, the portable OSL 

reader measures the cumulative luminescence signal, 

which is the sum of photon contributions from all lumines-

cent grains in a given aliquot. Hence, larger aliquot surface 

areas, which expose greater numbers of sediment grains to 

the stimulating source, consistently yield higher lumines-

cence signals, underscoring the influence of sample geom-

etry on signal intensity. The sharp increase in signal inten-

sity with surface area highlights a fundamental require-

ment for preparing reproducible aliquots: ensuring that 

each aliquot is mounted with equal surface area. Standard-

izing this parameter is therefore critical for minimizing 

variability and establishing reliable comparisons in porta-

ble OSL studies. In theory, the most straightforward way 

to ensure equal and reproducible surface area is to cover 

the entire base of the Petri dish.  

Fig. 4 also shows that once the base of the Petri dish is 

fully covered, further increases in sample weight that re-

sult from additional grain layers above the bottom layer 

lead to continued signal growth for both IRSL and blue-

OSL, though at a lower rate than during the initial surface 

area increase. This clearly indicates that the stimulating 

optical source penetrates the sediment column sufficiently 

to elicit measurable emissions. Notably, the rate of signal 

increase with thickness is lower than that observed with 

increasing surface area. A possible explanation is that sed-

iment grains below the top layer are only partially exposed 

to the stimulating source, resulting in attenuation of the 

signal. Additionally, emissions from subsurface grains are 

partially scattered by the overlying layers, making them 

weaker than if the grains were exposed at the surface. 

Nonetheless, the increase in signal intensity with aliquot 

thickness highlights the importance of maintaining a con-

stant thickness to improve measurement consistency. 

Considering the above, the four aliquot preparation 

methods evaluated in this study can be classified into two 

main categories: monogranular layers and multilayer ali-

quots. Three of the methods tested fall into the monogran-

ular layer category and the first of these was the approach 

that used a scoop to measure out aliquots of equal volume 

weighing about 1.5 g. The advantage of this approach as 

that it was the simplest and quickest method of preparing 

aliquots. However, a potential limitation was that, despite 

efforts to standardize aliquot volume, small variations in 

weight between scoops were observed. Hence, because the 

results in Fig. 4 indicate that the signal varies with weight, 

some scatter is expected due to uncertainty in volume 

measurements. Nonetheless, results for three of the sam-

ples showed that the coefficient of variation (CV) that was 

obtained from the blue-OSL signal fell within the highly 

reproducible category. For the one sample that produced 

signals that were not highly reproducible, the values were 

marginally outside the highly clustered range with a CV of 

5.9% (Table 5). Hence, overall, these results suggest that 

if the primary objective is speed of analysis rather than ac-

curacy, this approach may be sufficient. 

In the second monogranular layer method, aliquots of 

exactly 1.5 g were prepared to cover the base of the Petri 

dish. This method ensured the sample size in each aliquot 

was more consistent than in the volume method. However, 

the drawback of this method is that weighing out the exact 

amount is time-consuming, making it less attractive when 

speed is a priority. Despite the greater effort required to 

weigh aliquot portions accurately, the results were not very 

different from those obtained using the constant-volume 

method. The CV values for two of the samples indicated 

very tightly clustered measurements, while the other two 

were moderately consistent, with one falling just outside 

the highly reproducible range (Table 5). 

In the first two monogranular methods, the aliquot 

preparation approach produced samples in which the sand 

grains were not fixed to the Petri dish. Hence, at least in 

theory, the grains may shift during transfer of the Petri dish 

into the OSL reader. It is also possible that, although the 

layer is mostly monogranular, some grains may sit atop 

one another. Consequently, these scenarios can cause sig-

nal variations between aliquots, even when the sample 

weight is identical. The third monogranular method ad-

dresses this problem by mounting sediment grains on ad-

hesive tape affixed to equal-area cardstock segments that 

fit into the Petri dish. Using this method, two samples ex-

hibited CV values indicative of highly reproducible blue-

OSL signals, the third fell within the moderately reproduc-

ible range, while the fourth showed low consistency. These 

results were surprising as the method was expected to yield 

highly clustered data. However, possible reasons for the 

scatter include the small sample size (low number of 

grains) of about 1.0 g. Furthermore, it became evident that 

the number of grains retained by the adhesive tape during 

mounting depended on the level of pressure applied to the 

surface during mounting and it was not possible to ensure 

that this pressure was consistent on all aliquots. Thus, the 

number of grains retained by the adhesive tape varied be-

tween aliquots. 

The final aliquot preparation method involved equal-

weight sample portions (12 g), that produced aliquots ap-

proximately 3.5 mm thick in the Petri dish. All 4 samples 

yielded CV values of less than 5% (Table 5), suggesting 

that for these samples, this was a more reliable method of 

preparing aliquots with reproducible blue-OSL signals. 

Several factors may explain why these aliquots, signifi-

cantly larger than the monogranular ones, yielded more 

consistent results, including: 
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a. Smaller samples contain fewer sediment grains. The 

total cumulative signal measured with the luminescence 

reader is a contribution from many grains. The more grains 

there are, the more representative the average is for any 

population of grains. Luminescence sensitivity also varies 

between grains. Thus, overall, larger samples are less sus-

ceptible to statistical noise (e.g. Duller, 2008). 

b. Bulk samples, can contain multiple grain types in-

cluding quartz and feldspar. Also, because feldspar grains 

can have a blue-sensitive dose that is not exhausted by the 

IRSL stimulation that is run prior to the blue-OSL, that 

heterogeneity between grains in a given sample is more 

pronounced in smaller samples than in large samples, 

which accentuates scatter in smaller samples.  

c. Though this was not the case in this instance, in cases 

where the signals are much lower, the signal-to-noise ratio 

deteriorates for the smaller samples such that the noise be-

comes more substantial relative to the signal and the vari-

ability is accentuated.  

d. Sample geometry and packing also come into play 

with smaller samples. A monolayer is much easier to dis-

rupt when moving the sample such that the stimulation and 

signal detection become uneven. With multiple layers, 

however, it is easier to maintain a uniform surface layer as 

the movement of a few surface grains will simply result in 

the exposure of similar grains underneath.  

Hence, overall, the observations in this study are con-

sistent with the theory that larger samples are more likely 

to produce signals that are more consistent. The only draw-

back of this fourth method, as with the second method, is 

the need to weigh out precise sample portions, which can 

be time-consuming. Nonetheless, if the objective is rapid 

measurement, large equal-volume portions could be pre-

pared, as in the first method, rather than weighing portions 

accurately. 

It is also notable that apart from the variation of signals 

with the aliquot preparation method, there were some var-

iations in reproducibility between samples, with some 

samples consistently yielding highly clustered signals irre-

spective of the preparation method (e.g. WB01), while oth-

ers produced moderate and low consistency signals in most 

cases (SM09). Possible explanations for such variations in-

clude intrinsic sediment properties such as grain size, sort-

ing, mineralogy, and sediment provenance. Sample WB01, 

for instance, comprises very fine sand which may have 

been very well bleached during eolian transport compared 

to the larger grain sizes noted in sample SM09.  

Importantly, the samples analyzed in this study consist 

of moderately to well-sorted aeolian dune sands that were 

likely well bleached prior to burial. The sediments are eas-

ier to homogenize during aliquot preparation and have rel-

atively simple mineralogy, being dominated by quartz with 

minor feldspar. Consequently, the findings of this study 

may not be universally applicable. Poorly sorted sediments 

with more variable mineralogical compositions are likely 

to exhibit different behaviour. 

4.2 Influence of aliquot geometry and size on IRSL sig-
nal consistency 
Aliquot geometry and size did not exhibit a consistent in-

fluence on the reproducibility of IRSL data in this study. 

Instead, sample site exerted a stronger control, with some 

samples yielding consistently reproducible signals, while 

others showed greater variability. This more complex be-

haviour compared to blue OSL signals likely reflects the 

properties of feldspar, which is subject to anomalous fad-

ing, the time-dependent loss of trapped charge at ambient 

temperatures after burial. Individual feldspar grains pos-

sess different defect structures and trap configurations, re-

sulting in variable fading rates both within and between 

grains. In addition, different feldspar types (e.g. K-feldspar 

and Na-rich feldspar) can exhibit distinct fading behav-

iours (Huntley and Lamothe, 2001; Kars et al., 2008). 

In conventional luminescence dating, fading rates must 

be measured and corrected for. However, this is beyond 

the scope of this study, and the overall impact of fading on 

aliquot reproducibility is difficult to quantify. Thus, it is 

not possible to definitively determine from this study why 

IRSL signals behave differently from blue OSL signals, 

particularly in not producing greater inter-aliquot con-

sistency with increasing aliquot size. Repeating the study 

using samples in which feldspar is more abundant relative 

to quartz may provide further insight into this discrepancy. 

4.3. Effects of variations in mineralogy and other sedi-
ment properties on signal reproducibility 
As discussed above, sediment pretreatment, such as siev-

ing to obtain narrower grain-size fractions and removing 

carbonates and luminescent heavy minerals, has been 

shown to reduce portable luminescence signal scatter in 

some cases (e.g., Gray et al., 2018). In this study, however, 

the dune sands comprise predominantly quartz, with feld-

spars forming a smaller component. Hence, no other major 

luminescence contributors occur in the samples, apart from 

quartz and feldspar.  

The IRSL/OSL ratio was highly consistent between al-

iquots within each sample and showed little variation be-

tween samples from different sites. This indicates that in-

ter-aliquot variation in feldspar-to-quartz proportions was 

minimal and not likely a significant contributor to varia-

bility compared to aliquot size and sample geometry. Sim-

ilarly, depletion indices for both IRSL and blue-OSL sig-

nals were consistent across samples and aliquot prepara-

tion methods, suggesting that both feldspar and quartz 

grains were well bleached prior to burial. 

Overall, these results are consistent with the inference 

that sample geometry and aliquot size exerted the domi-

nant control on inter-aliquot reproducibility of blue-OSL 

data in this study. In contrast to the blue-OSL data, how-

ever, IRSL signals were more strongly influenced by the 

sample site of origin.  
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5. Conclusions 

Portable OSL measurements offer an efficient means of 

obtaining sub-stratigraphic information in geoscience and 

archeological field sciences. However, the utility of the 

measurements depends on the reproducibility of the sig-

nals they generate. Establishing consistent measurement 

protocols, including sample aliquot preparation, is there-

fore essential if these signals are to be used as reliable 

proxies for geomorphic processes. The investigation of the 

variation of luminescence signal intensities with sample 

size as well as an evaluation of sample preparation strate-

gies conducted with a portable OSL reader in this study 

have shown that:  

- The luminescence signal yielded by a sample aliquot 

varies with the surface area of the sample exposed to 

the stimulating source. The relationship between sam-

ple size and signal intensity appears to be sublinear. 

Consequently, normalizing signals by sample weight 

may introduce bias unless the underlying scaling rela-

tionship between signal and sample size is first quanti-

fied. 

- The signal also increases with sample thickness, 

though at a slower rate compared to increases in sur-

face area. 

- To optimize consistency in portable OSL aliquot prep-

aration, it is important to control both the surface area 

and the thickness of the sample. Preparing aliquots 

with a fixed surface area ensures that a comparable 

number of grains are directly exposed to the stimulat-

ing light, while maintaining uniform thickness mini-

mizes variability in the contribution from grains at dif-

ferent depths. Together, these controls enhance repro-

ducibility and allow for more reliable comparison of 

luminescence signals across aliquots. 

- Aliquots containing larger sample portions tend to pro-

duce blue-OSL signals with lower variability than 

those derived from smaller samples. As a result, multi-

layer aliquots are more likely to yield tightly clustered 

blue-OSL signals compared to monogranular prepara-

tions. 

- Aliquots made by weighing out fixed-weight portions 

were shown to yield the best results for blue-OSL sig-

nals. However, portions created using a fixed volume 

were also shown to give highly consistent results for 

some samples, in addition to the fact that preparing al-

iquots using a fixed volume can be done more rapidly 

than by weight. Hence, in contexts where speed of 

analysis is prioritized over accuracy, aliquots for blue-

OSL analysis could be prepared using a fixed-volume 

measuring device as opposed to measuring by weight. 

- Inter-aliquot reproducibility of IRSL signals was more 

strongly controlled by sample site than by aliquot size 

or geometry. 

This study employed eolian sediments comprising 

mostly fine sand with minimal silt fractions. Hence, it was 

easy to mix them thoroughly to ensure the samples were 

homogenous prior to measuring with the portable OSL 

reader. Poorly sorted sediments with complex mineralogy 

are likely to exhibit more complex behaviour than those 

analyzed in this study. Future work should consider a 

broader range of sediment types, including loess, fluvial 

sediments, soils, and colluvial materials, for which porta-

ble OSL readers are commonly applied. 

Supplementary Data  

Supplementary material comprising luminescence data 

collected in this study can be found online at 

https://doi.org/10.20858/geochr/220626 
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