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Abstract: Optically stimulated luminescence (OSL) dating of quartz and infrared-stimulated lumi-
nescence (IRSL) dating of feldspar were applied to fluvial sands from the lower terrace (M1) of the 
Moselle valley in Luxembourg (western Europe). The dating results indicated that the aggradation pe-
riod for the sediments from below the M1 alluvial terrace can be correlated to the Weichselian upper 
Pleniglacial (MIS 2), which is in good agreement with the general chronostratigraphy of the Moselle 
terrace staircase. The ages were obtained from small aliquots of quartz and feldspars, using the single 
aliquot regenerative (SAR) protocol. The equivalent dose determination included a series of tests and 
the selection of the Minimum Age Model as the most appropriate statistical model. This made it pos-
sible to provide a reliable methodological background for further luminescence dating of fluvial 
sediments from the Moselle basin. 
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1. INTRODUCTION 

Luminescence dating has been recently applied to flu-
vial deposits all over the world (e.g. Bourke et al., 2003; 
Cheong et al., 2003; Rittenour et al., 2005; Eriksson et 
al., 2006; Hanson et al., 2006), especially in Europe  
(e.g. Loire system, Colls et al., 2001; Peloponnese rivers, 
Fuchs and Lang, 2001; Pannonian rivers, Nador et al., 
2007). In Central Europe, the Rhine-Maas system has 
also been extensively studied, and particularly in the 
Upper Rhine Graben and the Lower Rhine area 
(Wallinga, 2001; Busschers, 2008; Frechen et al,. 2008; 
Lämmermann-Barthel et al,. 2008; Lauer et al., 2010). 
The timing of fluvial aggradation periods is actually of 
great importance for a better understanding of the fluvial 
response to climate, tectonic and eustatic variations.  
Fluvial sediments are suitable for the application of opti-
cally stimulated luminescence (OSL) dating techniques 
(Aitken, 1998; Wallinga, 2002; Busschers, 2008), making 
it possible to estimate the time elapsed since the last ex-
posure to sunlight, which correlates to the deposition age 
of the fluvial sediments. 

During the past ~10 years, attentions have been paid 
on the timing of past fluvial activity in the Rhine and 
Moselle river system (e.g. Boenigk and Frechen, 2006; 
Erkens et al., 2009). Luminescence dating of fluvial 
sands has been carried out in the basin of the Moselle 
River, a main left-bank tributary of the Rhine (Cordier et 
al., 2005; 2006). The dating results allowed to provide a 
first chronological frame for the youngest fluvial aggra-
dation periods. This made it possible to establish a longi-
tudinal correlation for the Middle and Upper Pleistocene 
terraces (especially the alluvial terraces M3 and M2, 
located at +20 and +10m above the bedrock of the present 
floodplain, respectively) on a 300 km long valley section, 
and a correlation between terrace formation and the gla-
ciations in the Moselle upper basin (Vosges Massif). 
More recent research focused on the lowest alluvial ter-
race M1 (relative height 3m). This paper reports the 
methodological investigations of luminescence dating on 
fluvial sands from M1 in the Luxembourgian Moselle 
valley.  

2. SITE DESCRIPTION 

The Moselle River rises within the Vosges Moun-
tains. This old massif is of great importance since most of 
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the sediments deposited downstream are siliceous: they 
originated either from the weathering of the Vosges crys-
talline basement (mainly granites) or from its Permo-
Triassic sandstones. These sediments are essentially de-
posited in the marly depressions of the eastern Paris ba-
sin, where they form several alluvial basins with well-
preserved terraces staircases, separated by hard-rock 
thresholds corresponding with cuesta ridges. 

The Wintrange area is the largest alluvial basin devel-
oped along the German-Luxembourgian border (Fig. 1a), 
downstream from a gorge section where the river flows 
through quartzite and sandstone. The basin is located 
within a syncline depression developed in the Keuper and 
Liassic marls and clays. While the upper terraces are well 
preserved on the right bank of the Moselle in Germany, 
the lower terrace M1 (Cordier et al., 2005) is well-
developed 3 m above the present alluvial floodplain (M0) 
on the left bank in Luxembourg (Fig. 1b). In this latter 
area, fluvial sediments were intensively exploited in 
gravel-pits over the past decades, making archaeological 
and geoarchaeological investigations possible since 1993.  

The section under study "Rem VI", described in detail 
by Naton et al., (2009) is located north of the village of 
Remerschen. Northing and easting of the section are 

49°29'46'' and 6°21'14'', respectively. The fluvial se-
quence is typical for the M1 alluvial terraces in the Win-
trange basin (Cordier et al., 2006). It consists of a succes-
sion of three units (Fig. 1c): a coarse lower unit (unit A) 
up to 5 m thick, a sandy unit  (unit B) 1 to 3 m thick, and 
an upper unit (unit C) less than 2 m thick, which corre-
sponds to an alternation of sandy and silty thin layers. 

This alluvial formation is overlain by aeolian and 
slope deposits. The AMS radiocarbon dating of a junipe-
rus charcoal found at the basis of the slope sediments 
overlying the fluvial deposits provided an age estimate of 
30,770±300 B.P. (Naton et al., 2009). Due to its strati-
graphic position in a colluvial unit, this age does not 
indicate the timing of aggradation for the M1 terrace. We 
therefore applied luminescence dating using quartz and 
potassium-rich feldspar which enable to date terrace 
sediments directly.  

3. SAMPLING STRATEGY, SAMPLE PREPARA-
TION AND PREVIOUS LABORATORY RE-
SEARCH 

Four samples were taken from homogeneous sandy 
layers to ensure an homogenous radiation field in the 

Fig. 1. Map and graphic logs of the studied section : a)general map of the Moselle basin; b)map of the Wintrange basin; c)section Rem-VI with loca-
tion of the samples taken for luminescence dating. 



S. Cordier et al. 

69 

sediment body under study: Sample LUM 975 was taken 
from a sandy lens on top of coarse unit A, samples LUM 
976 and 978 were collected from unit B, and sample 
LUM 977 from unit C (Fig. 1c). Samples LUM 975,  
LUM 976 and LUM 977 are more or less located in the 
same profile, while LUM 978 has been collected about 20 
m east. 

Sediments from surrounding of the luminescence 
sampling positions were used to determine the dose-rates. 
The samples were dried, homogenized, stored for one 
month to establish radioactive equilibrium between 222Rn 
and 222Ra. The radionuclide concentrations (uranium, 
thorium and potassium) were measured at least for 24 
hours using a gamma-spectrometer with a high purity 
germanium detector. The dose rate was calculated using 
the Adele program (Kulig, 2005). The results are pre-
sented in Table 1, assuming for feldspars grains a potas-
sium content of 12.5±0.5% (Huntley and Baril, 1997) and 
an alpha efficiency of 0.15±0.05 as proposed by  
S. Balescu and M. Lamothe (1994) for fluvial sediments.  

The samples for the determination of the equivalent 
doses (De) were prepared using routine procedures in the 
luminescence-laboratory of the Leibniz Institute for Ap-
plied Geophysics in Hannover (Germany). The prepara-
tion took place under subdued red light conditions and 
included a first sieving to separate the grain size fraction 
between 100 and 150µm (Fig. 2). The sand was subse-
quently exposed to chemical treatment with HCl, sodium-
oxalate, and H2O2 (30%), to remove carbonates, aggre-
gates and organic materials, respectively. Heavy liquid 
with the densities of 2.70, 2.62 and 2.58 were used to 
separate heavy minerals, plagioclase, quartz, and potas-
sium-rich feldspar. The quartz fraction was treated with 
concentrated HF (40%) for about 60 minutes to dissolve 
remaining feldspar grains and to etch the alpha-exposed 
outer rim of the grains. It was then sieved again to re-
move grains whose diametre was significantly reduced by 
the etching. The quartz and potassium-rich feldspar 
grains were finally mounted on stainless steel discs. 

The first measurements focused on sand from sample 
LUM 976 and 977. They were performed as routine 
measurements using both the SAR (for potassium-rich 
feldspars and quartz) and the multiple aliquot additive 
dose (MAAD) protocols, using 20 large aliquots (6 mm 
diameter) including a few thousands grains. The results  
(Table 2) should be considered as not relevant, because 
the measurements lack the laboratory tests (dose recovery 
and preheat plateau tests) and the fading correction for 
the feldspars. Furthermore, the use of large aliquots and 
of the weighted mean (on ca. 20 aliquots for each sample) 
to calculate the De may have led to age overestimation. 

For all these reasons it was decided to start new meas-
urements to get more accurate De by avoiding averaging 
(Wallinga, 2002). 

4. NEW DETERMINATIONS OF THE EQUIVA-
LENT DOSE (De) 

The second analyses focused on samples LUM 975 
(located in the lower part of the sequence, to date the 
beginning of the aggradation as close as possible), LUM 
977 (for comparisons to be done with the first ones) and 
LUM 978. The measurements were performed on sam-
ples using small aliquots (2 mm diameter, a few tens of 
grains), and the single aliquot regenerative procedure 
(SAR) was applied for both quartz and feldspars  
(Table 3) (Murray and Wintle, 2000; 2003). The meas-
urements were performed using a Risø TL/OSL reader 
(model DA 20) fitted with blue LEDs (emitting at 470 
nm) for OSL stimulation and IR LEDs (emitting at 870 
nm) for IR stimulation. The detection filters used were 
the Hoya U-340 for quartz samples, and a combination of 
Schott BG-39 and Corning 7-59 for feldspars. All the 
sequences for quartz included a measure of the residual 
IRSL to detect feldspar contamination. Aliquots which 
showed a bad depletion ratio (more than 10%) were not 
considered for the De estimation following the suggestion 
of Duller (2003). 

Table 1. Dosimetry of the studied samples. 

Sample U-content (ppm) Th-content (ppm) K-content (%) Cosmic Dose 
(Gy/ka) 

Dose rate (Gy/ka) 
quartz 

Dose rate (Gy/ka) 
feldspar 

975 1.09±0.01 3.79±0.02 1.81±0.01 0.11 1.97±0.11 2.47±0.13 
976 1.13±0.02 4.08±0.04 2.09±0.02 0.11 - - 
977 1.68±0.02 6.60±0.05 2.23±0.02 0.13 - 3.13±0.17 
978 1.67±0.02 6.11±0.04 2.13±0.01 0.15 2.51±0.14 3.03±0.18 

Fig. 2. Summary of the laboratory procedures for the luminescence 
dating. 
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Quartz 
A dose recovery test (Murray and Wintle, 2003) was 

first performed for LUM 978 with a given dose of 73.4 
Gy, at various preheat temperatures (20°C steps) ranging 
from 200 to 300°C with a cut-heat at 200°C. The ratio 
recovered/given dose was close to unity between 240°C 
and 260°C (Fig. 3), and the former temperature was se-
lected for the subsequent measurements. The recycling 
ratios are systematically consistent with unity (ranging 
from 0.98 to 1.05) and the recuperation never exceeds 2% 
(Fig. 3). 

A set of aliquots from the same sample was applied to 
another dose recovery test with varying cut-heat tempera-
ture between 160°C and 240°C  (with a preheat at 
240°C). The results (Fig. 4) clearly show that De is insen-
sitive to cut-heat temperature, resulting in the selection of 
the 200°C temperature for cut-heat. The reliability of 
these measuring parameters was confirmed by a dose-
recovery test undertaken on aliquots from samples LUM 
975, LUM 976 and LUM 977. Fig. 5 shows that the 
measured/given dose is systematically close to unity 
(ranging from 1.02 to 1.04). We consequently performed 
the SAR protocol, as described in Table 3, including a 
280°C blue LEDs stimulation at the end of each SAR 
cycle to minimize recuperation.  

Feldspar 
A SAR protocol, using the identical preheat before 

both OSL (Lx) and test dose OSL (Tx) measurements, was 
used to estimate the De values for feldspars (Blair et al., 
2005; Table 3). The result of a dose recovery test for all 

Table 2. Summary of the first luminescence results for samples LUM 976 and 977. The OSL measurements were performed with a 260°C preheat 
and 160°C cutheat. The IRSL SAR used 290°C (10 s) for preheat and 210°C (10 s) for cutheat. The IRSL MAAD measurements included a 260°C 
preheat for 60 s. 

OSL (SAR) IRSL (SAR) IRSL (MAAD) 
Sample De (Gy) Da (Gy/ka) Age (ka) De (Gy) Da (Gy/ka) Age (ka) De (Gy) Da (Gy/ka) Age (ka) 
976 71.2±2.2 2.2±0.2 32.2±2.4 61.0±0.9 2.9±0.2 21.0±1.5 58.8±2.2 2.9±0.2 20.3±1.6 
977 101.6±7.3 2.6±0.2 39.3±3.9 67.5±1.4 3.3±0.2 20.3±1.5 56.4±2.4 3.3±0.2 17.0±1.4 

Fig. 3. Results of the preheat/dose-recovery test performed for 
quartz from sample LUM 978, including the recycling ratio and recu-
peration. 

 
Fig. 4. Results of the cut-heat test performed for quartz from sample 
LUM 978. 

Fig. 5. Results of the dose recovery test (including the recycling ratio and 
recuperation) performed for quartz from others samples using the same 
PH and CH temperatures as for LUM 978. 
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the three samples using a preheat at 260°C for 10 s was 
satisfactory (Fig. 6). All measurements were then carried 
out using the preheat at 260°C for 10 s. A fading test was 
subsequently performed for 6 aliquots applying the 
method of Auclair et al., (2003) and the correction proce-
dure by Huntley and Lamothe (2001) in order to estimate 
the fading rate and corrected ages, respectively. 

Determination of the De value based on statistical 
models 

The De measurements were performed for quartz 
samples LUM 975 (55 aliquots) and LUM 978 (35 ali-
quots), and for feldspar samples LUM 975 (54 aliquots), 
977 (52 aliquots) and 978 (12 aliquots) using the SAR 
protocol (Table 3). The results are presented in Fig. 7. 
They clearly show a significant scatter in the De values 
which may be considered as typical for fluvial sediments. 
A greater scattering is observed for the quartz samples 
(skewness ranging between 1.73 and 3.49) in comparison 
with the feldspars (skewness ranging between -0.32 and 
1.54). The feldspar De values are probably more averaged 
than those of quartz, because one can assume that only 
one or two grains have emitted light in the quartz small 
aliquots whereas many more grains have contributed for 
feldspar. The other possible explanation is different ori-
gin of these minerals; it is expected that most of the feld-
spar grains originated from the Vosges Massif (located at 
about 200 km upstream from the Remerschen section), 
and can hence be considered as “relatively well-

bleached”. On the contrary the quartz has a more com-
plex origin: the majority of the grains originated from the 
Vosges Massif, but some of them may also originated 

Table 3. The SAR protocol applied for this study to quartz and feldspar grains. 
the SAR protocol applied to coarse-grain quartz the SAR protocol applied to coarse-grain feldspar 

1 Preheat at 240°C for 10 s., heating rate 5°C/s. 1 Preheat at 260°C for 10 s., heating rate 5°C/s. 
2 Blue-LED stimulation at 125°C for 40 s. 2 IR diodes stimulation at 50°C for 100 s. 
3 Give test-dose = 100 s. (=12.2 Gy) 3 Give test-dose = 100 s. (=12.2 Gy) 
4 Cut-heat at 200°C for 0 s., heating rate 5°C/s. 4 Heating at 260°C for 10 s., heating rate 5°C/s. 
5 Blue-LED stimulation at 125°C for 40 s. 5 IR diodes stimulation at 50°C for 100 s. 

6 Blue-LED stimulation at 280°C for 40 s. 
6 Give various regenerative doses (300 s., 600 s., 900 s. and 

 1200 s.) and repeat step 1 to 5  
7 Give various regenerative doses (300 s., 600 s., 900 s. and  

1200 s.) and repeat step 1 to 6  
7 Give a regenerative dose = 0 s. and repeat step 1 to 5 to check 

recuperation  

 Checking of recuperation and recycling: 
8 Give a low regenerative dose and repeat step 1 to 5 to check 

recycling 
8 Give a regenerative dose = 0 s. and repeat step 1 to 6    
9 Give a repeated regenerative dose and repeat step 1 to 6    
 Checking of feldspar contamination:   
10 Give the same regenerative dose   
11 Preheat at 240°C for 10 s., heating rate 5°C/s.   
12 IR diodes stimulation at 125°C for 100 s.    

Fig. 6. Results of the dose recovery test performed for feldspars. 

Table 4. Determination of the most likely equivalent dose De using several numerical parameters and statistical models. 
De (Gy) 

Sample mean weighted mean central age model minimum age model 
quartz 

975 77.2±3.4 60.4±0.5 73.3±3.0 48.6±2.8 
978 87.0±5.9 73.9±0.8 80.9±3.1 61.9±3.5 

feldspar 
975 54.1±0.4 53.7±0.3 54.0±0.4 52.4±1.0 
977 72.6±0.7 71.6±0.4 72.2±0.6 68.6±1.3 
978 61.0±0.6 60.8±0.6 60.8±1.9 60.5±1.0 
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from the sandstone and quartzite located a few kilometres 
upstream from the section under study, hence being po-
tentially not fully bleached. 

The determination of the De was made using both the 
Central Age Model and the Minimum Age Model 
(Galbraith et al., 1999). While the former calculates the 

weighted mean but also takes into consideration the 
additional dispersion resulting from the measurement 
uncertainties, the latter makes it possible to identify the 
most bleached aliquots. The results are presented in 
Table 4 and compared with the mean and the weighted 
mean. The dataset clearly indicates the significance of 

Fig. 7. Radial plots of the De values for sample LUM 975, LUM 977 (feldspars) and LUM 978 (quartz). The reference value is the mean De and the
grey area corresponds with the two standard deviations. The dark line corresponds with the De calculated using the Minimum Age Model. 

Table 5. Luminescence age estimates for samples from the Remerschen section. 
Minimum age model Central age model Weighted mean 

grain type (nb of aliq.) De (Gy) Age (ka) De (Gy) Age (ka) De (Gy) Age (ka) 
LUM 975 

quartz OSL (55) 48.6±2.8 24.6±1.9 73.3±3.0 37.1±2.5 60.4±0.3 32.3±1.7 

feldspar IRSL (54) 52.4±1.0 

21.2±1.2 
27.4±1.6 

  (2.7±0.1) 54±0.4 

21.9±1.1 
28.2±1.5 

  (2.7±0.1) 53.7±0.3 

21.7±1.1 
28.1±1.5 

  (2.7±0.1) 
LUM 977 

feldspar IRSL (52) 68.6±1.4 

21.9±1.2 
28.0±1.7 

  (2.6±0.2) 72.2±0.6 

23.1±1.2 
29.4±1.2 

  (2.6±0.2) 71.6±0.4 

22. 9±1.2 
29.2±1.7 

  (2.6±0.2) 
LUM 978 

quartz OSL (35) 61.9±3.5 24.6±1.3 80.9±3.1 32.2±2.1 73.9±0.8 29.4±1.6 

feldspar IRSL (12) 60.5±1.0 

20.0±1.1 
26.0±1.8 

  (2.7±0.2) 60.9±1.9 

20.1±1.3 
25.9±1.9 

  (2.7±0.2) 60.8±0.6 

20.1±1.2 
25.8±1.7 

  (2.7±0.2) 
feldspar ages : italic = uncorrected, bold = corrected ages. Fading correction (g2days) is in brackets
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the skewness for quartz dose distribution (see above), as 
the dose estimates are significantly different between 
the two models. Since incomplete bleaching is expected 
to be the reason for the skewed dose distribution, the 
Minimal Age Model is considered to be the most appro-
priate in order to select only bleached grains at deposi-
tion (Rodnight, 2008). We regard the Central Age 
Model ages (which are unsurprisingly closer to the 
mean value) as maximum depositional ages for the 
quartz sands, as these ages may be overestimated due to 
incompletely bleached grains.  In contrast, the weak 
scattering of the De distribution for the feldspars is con-
firmed by the consistent ages observed between the 
different calculation methods (Table 4 and 5). 

5. AGE ESTIMATES AND DISCUSSION  

The age estimates derived from the above-mentioned 
De values using the Minimum Age Model are presented 
in Table 5. The age estimates for quartz sands are in 
agreement within the error range of the fading corrected 
feldspar ages (Table 5). The fading rates (g2days) obtained 
for the three samples show a uniform value between 2.6 
and 2.7% per decade. The results are also consistent with 
the stratigraphy, as the deepest sample (LUM 975) shows 
an older age estimate than the others. Only sample 977 
shows an older IRSL age, despite it is located above 
LUM 975. 

These age estimates are in good agreement with the 
expected ages for sediments from below terrace M1, 
which was assumed to have been formed during MIS 2, 
since the upper terrace M2 is allocated to MIS 4-3 and the 
present floodplain M0 has a Lateglacial to Holocene age 
(MIS 1, Cordier et al., 2005; 2006). These results indicate 
that the main terrace incision took place at the warm-to-
cold transition (e.g. beginning of the Weichselian Upper 
Pleniglacial for incision from terrace M2 to terrace M1), 
as has been already mentioned for older terraces. It 
should be emphasized that in contrast with the older ter-
races (e.g. terraces M2, M3 or M4, Cordier et al., 2006) 
which spanned a whole climate cycle, the terrace M1 was 
formed only during one cold stage (the interglacial depos-
its being preserved in the present floodplain M0). The 
weak relative height of the terrace M1 (+3m) above M0 
should hence be interpretated as the result of a strongest 
cold-to-warm erosion during the Lateglacial, enabling the 
formation of two stepped alluvial floodplains.  

This research confirms the importance of OSL and 
IRSL techniques to date fluvial sediments, as recently 
shown for surrounding areas such as the Meuse (Wallinga 
2001, Schokker et al. 2005) or the Rhine (Frechen et al. 
2008). This is particularly important for the Moselle 
basin where independent age control (in particular using 
radiocarbon) are unfortunately very uncommon due to the 
lack of suitable material. 

6. CONCLUSION 

While the first analyses mostly focused on the deter-
mination of numerical ages (Cordier et al., 2005; 2006), 
our new research carried out at the LIAG in Hannover 
made it possible to develop a methodological robust basis 

for the luminescence dating of fluvial samples from the 
Moselle basin. More accurate and precise De values have 
been obtained by incorporating thorough performance 
tests (preheat plateau, dose-recovery tests, and fading 
correction for feldspars) for the SAR protocol, and by 
using small aliquots (in spite of large aliquots) including 
statistical models to select the appropriate De values from 
well-bleached grains. This made it possible to confirm the 
allocation of the lower terrace M1 to the MIS 2, since 
OSL and IRSL datings yielded consistent ages. 

This methodological basis is able to be used as a ref-
erence for further luminescence dating studies in the 
Moselle basin, e.g. in the Sarre and Meurthe valleys. This 
should make it possible to obtain a more accurate chro-
nology for the terrace staircase in the Moselle basin (in-
cluding the present floodplain), enabling a better under-
standing of internal and external forcing on fluvial evolu-
tion, and more precise correlations with the Rhine aggra-
dation periods.  
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