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Abstract
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Over the last decades luminescence dating techniques have been developed that allow earth scientists to determine the time of deposition of

sediments. In this contribution we review: 1) the development of the methodology; 2) tests of the reliability of luminescence dating on Netherlands’

sediments; and 3) geological applications of the method in the Netherlands. Our review shows that optically stimulated luminescence dating of

quartz grains using the single aliquot regenerative dose method yields results in agreement with independent age control for deposits ranging

in age from a few years up to 125 ka. Optical dating of quartz has successfully been applied to sediments from a wide range of depositional

environments such as coastal dunes, cover sands, fluvial channel deposits, colluvial deposits and fimic soils. These results demonstrate that

optical dating is a powerful tool to explore the natural archive of the Netherlands" subsurface.
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| Introduction

Owing to the location of the Netherlands in a subsiding basin
the subsurface of the country largely consists of unconsolidated
materials deposited during the past two million years (the
Quaternary). Benefiting from this geological archive, Dutch
researchers have played an important role in Quaternary
geology. In the absence of dating techniques for clastic
material, investigations of Quaternary deposits were largely
based on palynological and sediment-petrological evidence
(e.g. Zagwijn, 1974; 1985; 1989; De Jong, 1988; Gibbard et al.,
1991). Determining the age of the deposits was only possible
using radiocarbon dating which 1s restricted to the last 30,000
to 40,000 years. Moreover, suitable organic material 1s needed
to apply radiocarbon dating. As a consequence, the chronology
information on sediments can only be gained indirectly
through dating intercalated organic horizons.

With the development of luminescence-dating techniques
it has become feasible to determine the time of sediment
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deposition directly. Luminescence dating allows the establish-
ment of chronologies for aeolian, fluvial and colluvial deposits
formed during the last glacial cycle, and sometimes beyond
that. Thereby this technique aids us to improve understanding
of the development of the Netherlands subsurface during the

later part of the Quaternary, and to test hypotheses about the
landscape evolution that were earlier suggested.

This paper is aimed at geological users of luminescence
dating in the Netherlands. We outline the principles of lumi-
nescence dating and summarise the advances in dating tech-

nology that led to improvements in accuracy and precision,

and broadened the range of applications. We limit the technical
intricacies; for those we refer to the abundant literature of
specialist books and papers (e.g. Daniels et al., 1953; Aitken,
1985, 1998; Bgtter-Jensen et al., 2003; Wintle & Murray, 2006
and references therein). We review the performance of lumi-
nescence dating methods in the Netherlands as tested by
comparison of luminescence ages with independent age control.
We also present an overview of geological applications of
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luminescence dating in the Netherlands and we discuss the
methodological developments and geological applications that
are to be expected in the near future.

Luminescence dating
Basic principles

Sediments are slightly radioactive due to the natural
occurrence of radionuclides from the uranium (U) and thorium
(Th) decay chains and from potassium (*°K). As a consequence,
mineral grains of quartz and feldspar, which are the main
constituents of Netherlands’ sediments, are exposed to a
constant fluence of ionizing radiation. Some of the energy
from this radiation is stored in the crystal structure of the
minerals. When the mineral grains are eroded and transported
the energy stored in the crystal 1s erased by exposure to
daylight. Thereby the energy stored in the crystal 1s a measure
for amount of 1onizing radiation received by the mineral grain
since 1ts last exposure to daylight, 1.e. since burial (Fig. 1).
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Fig. 1. The luminescence signal of grains of quartz or feldspar is reset by
daylight exposure during erosion, transport and sedimentation, and builds
up after burial due to exposure to natural 1onizing radiation from the
surrounding. Thereby the luminescence signal provides a measure of the
amount of 1onizing radiation received since burial (equivalent dose). This
information combined with the 1onizing radiation flux provides the age

of the sample (equation 1).

In luminescence dating both the ionizing radiation flux
and the total amount of radiation received by the sample since
burial are determined. The 1onizing radiation flux is called the
dose rate or annual dose; it is derived from measurements of
the concentration of radionuclides in the sediment. The total
amount of ionizing radiation received by the sample since burial
1s called the burial dose or equivalent dose; it 1s determined
through measurement of the luminescence signal. Luminescence
1s a minute light signal that 1s emitted when the energy
stored 1n the crystal 1s liberated by heating the crystals or
exposing them to light of a specific wavelength. The phenom-
enon 1s called thermoluminescence (TL) or optically stimulated
luminescence (OSL) depending on the mode of stimulation.

The age of a sample 1s obtained by combining equivalent
dose and dose rate following equation 1. The unit of absorbed

dose 1s the Gray (symbol Gy), and 1s defined as 1 Joule per kq.
Age (yr) = equivalent dose (Gy) / dose rate (Gy/yr) (1)
A brief history of luminescence dating
Thermoluminescence (TL) dating techniques were first devel-
oped to determine the age of pottery (reviewed by Aitken,

1985). With pottery the luminescence signal of incorporated
quartz and feldspar crystals 1s reset upon heating in the baking

process. Geological application of TL dating started with
attempts to date volcanic eruptions through TL measurements
on ash, glass and lava (e.g. Aitken et al., 1968; Miallier et al.,
1983). Application to unheated sediments arose from the
finding that the TL signal of mineral grains was reset prior to
burial by exposure to sunlight (Wintle and Huntley, 1979;
1980). Because a relatively long exposure to sunlight was
needed to reset the TL signal, successful application of TL
dating to sediments was largely restricted to aeolian deposits
such as loess. Nevertheless, the technique provided the first
possibility to directly date clastic sediments and has been
widely applied. For more information on TL dating techniques
and applications see e.qg. Prescott and Robertson (1997).

In the mid eighties Huntley et al. (1985) discovered the
possibility of using the optically stimulated luminescence

(OSL) signal for dating sediments. The OSL signal is more
suitable for sediment dating because it 1s far more sensitive to
light than the TL signal; a few tens of seconds exposure to
sunlight 1s enough to reduce the OSL signal down to 1% (e.q.
Godfrey-Smith et al., 1988). OSL or optical dating 1s now the
method of choice for determining the burial age of sediments.

Determining the dose rate

Sedimentary minerals are exposed to a low level of 1onizing
radiation that 1s omnipresent in nature. The radiation originates
from the radioactive decay of radionuclides that are present in
the sediment, either within the minerals used for dating
and/or in adjacent material. For dating we are concerned with
alpha and beta particles, with gamma rays and with cosmic
radiation.

The dose rate is derived from a determination of the
concentration of the naturally occurring radioisotopes. These
concentrations can be determined by a wide range of methods,
including ICP-MS, XRF, NAA and high-resolution gamma-ray
spectrometry (see e.qg. Hossain et al., 2002). The latter 1s the
preferred technique as it allows determining the concentra-
tion of individual radionuclides from the U and Th decay
chains. In this way, it can be tested whether or not some of
these radionuclides have been washed out or accumulated
during burial (Krbetschek et al., 1994; Olley et al., 1996), i.e.
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whether or not the dose rate has remained constant from the
time of deposition to the time of sampling.

The radiation received by minerals in the sediment 1s
dependent on water and organic contents of the sediment.
Both substances absorb radiation from their surrounding and
thereby shield the minerals from radiation and reduce the
effective dose rate (Aitken, 1985). As a consequence of this
dependency, assumptions have to be made on the water and
organic contents since burial to assess the dose rate. As a
rule of thumb, a change of 1% in water or organic contents
(expressed as weight of water or organic matter divided by the
weight of the clastic material) will have an effect of ~1% on
the dose rate and thus on the luminescence age of the sample.
For sandy sediments water content cannot exceed about 20%
by weight; variations during burial have limited consequences
for the dose rate and thus luminescence age obtained. However,
for muddy and/or organic sediments the water and organic
contents can greatly vary through time and may cause signifi-
cant uncertainties in the dose-rate estimation.

Besides the radiation flux from radionuclides in the sedi-
ment, grains receive an additional dose from cosmic radiation.
The cosmic radiation flux decreases with depth below the
surface because it is attenuated within the sediment (Prescott
& Hutton, 1994). To correctly assess the cosmic dose during
burial, assumptions have to be made on the overburden depth
during the burial history. The effect of these assumptions on
the age depends on the relative contribution of cosmic
radiation to the total dose rate, but i1s usually minor.

For quartz grains the dose rate due to decay of radionu-
clides incorporated in the crystal is very small and often
neglected (but see Vandenberghe et al., 2003, De Corte et al.,
20006). This is different for feldspar and zircon grains which
receive a significant additional component of radiation flux

from internal sources. For potassium-rich feldspars the
internal beta dose originates from “YK incorporated in the
crystal; the dose rate due to this internal component 1s
roughly of the same order of magnitude as the external dose
rate. Zircon grains contain large amounts of U and Th which
results in very large internal alpha and beta doses of roughly
two orders of magnitude greater than the external radiation
dose (Van Es et al., 2002).

Determining the equivalent dose

Most developments in luminescence dating techniques have
been in the improvement of the assessment of the equivalent
dose. In the section ‘a brief history of luminescence dating” we
discussed the shift of stimulation mode from thermal to
optical. In the earliest optical dating methods many sub-
samples (aliquots) were needed to obtain an equivalent dose
estimate. These ‘multiple aliquot” methods assume that the
equivalent dose in each subsample is identical, an assumption
that 1s not always valid.
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Duller (1991) proposed methods in which all measurements
needed for equivalent dose assessment are made on a single
subsample. Such single-aliquot methods allow researchers to
investigate the spread 1n equivalent doses between
subsamples. Single-aliquot methods were revolutionized with
the development of Single Aliquot Regenerative dose (SAR)
procedures (Murray and Wintle, 2000). In the SAR procedure
luminescence sensitivity changes are monitored and corrected
for (Fig. 2). This method is now widely applied to quartz, and
similar procedures have been developed for polymineral fine
grains (Banerjee et al., 2001) and feldspar samples (Wallinga

et al., 2000a).
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Fig. 2. The Single-Aliquot Regenerative dose (SAR) protocol (Murray and
Wintle, 2000; 2003) is the most robust and reliable method for quartz
equivalent dose determination. On a single aliquot (1 - 10 mg of quartz
grains) the natural OSL signal and the OSL response to a number of
laboratory irradiations is measured. Each OSL measurement is followed by
measurement of the response to a fixed (test) dose to monitor 0SL
sensitivity changes during the measurement procedure. The equivalent
dose is obtained by projection of the sensitivity corrected natural OSL
signal (black square) on the sensitivity corrected dose response curve
(obtained through fitting the sensitivity corrected 0SL responses to
laboratory irradiation, red triangles). To test the performance of the SAR
method the completeness of resetting of the OSL signal after a SAR cycle
is checked (recuperation point, green triangle) and one of the laboratory
irradiations is repeated (recycling point, blue triangle). The latter should
yield the same sensitivity corrected OSL signal as the first measurement

of the same dose.

Single aliquot methods are essential to determine the dose
received by the sample since burial in the case that light
exposure prior to burial was limited, such as may be expected
for e.g. fluvial and colluvial sediments. Limited light exposure
may result in incomplete resetting of the luminescence signal;
a remaining luminescence signal at the time of deposition
results in an apparent remnant dose. The burial dose builds up
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on top of this remnant dose and as a consequence the
equivalent dose determined on the sample will overestimate
the burial dose. This will lead to overestimation of the burial
age of the sample, and should be avoided (Fig. 3).
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Fig. 3. Limited light exposure of mineral grains before burial (e.g. in a
fluvial environment) may result in incomplete resetting of the luminescence
signal. If such is the case, the apparent luminescence age will overestimate

the true burial age unless special measures are taken.

Several approaches have been taken to avoid or reduce age
overestimation due to incomplete resetting of the luminescence
signal (often referred to as poor bleaching or heterogeneous
bleaching). First of all, one can make use of the luminescence
signal that 1s most readily reset by daylight exposure; hence
the OSL signal is preferred over the TL signal. Additionally,
the OSL signal consists of multiple components with differing
sensitivity to light (Bailey et al., 1997). The ‘fast component’
1s most rapidly reset, and equivalent-dose assessment should
make use of that signal (Wintle and Murray, 2006).

Secondly, one can try to select the right grains. When light

exposure 1s limited, it 1s very likely that the OSL signal of
different grains will be reset to different degrees (Duller, 1994;
Murray and Olley, 1999). As long as the OSL signal of some
grains 1s completely reset it is in principal possible to date the
sediment 1f only those grains are selected for equivalent-dose
determination. Single aliquot methods (Murray and Wintle,
2000, 2003) are essential for this purpose and recently
developed equipment (Botter-Jensen et al., 2000) even allows
measurement af aliquots containing a single grain of quartz or
feldspar.

Minerals for luminescence dating

Quartz and feldspar minerals are mostly used for luminescence
dating because they are most abundant in Quaternary sedi-
ments. Comparison with independent age control has shown
that sand-sized quartz provides the most accurate dating results
(Wallinga et al., 2001; Murray and Olley, 2002). The quartz OSL
signal 1s reset rapidly when exposed to daylight and is stable
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during geological burial (e.g. Wintle and Murray, 2006). Draw-
back of the quartz OSL signal 1s that it saturates at relatively
low doses (Fig. 4) which usually limits its applicability to the
last glacial cycle (~125 ka), although in the Netherlands the age
range 1s often longer owing to low environmental dose rates.
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Fig. 4. Sensitivity-corrected quartz OSL and feldspar IRSL signals as a
function of the laboratory dose received. Note that the quartz OSL signal

saturates at far lower doses than the feldspar IRSL signal.

Optical dating of feldspar is usually referred to as infrared

stimulated luminescence (IRSL) dating after the wavelength
used for stimulation. Advantage of feldspar dating i1s that the
IRSL signal saturates at far higher doses than the quartz OSL
signal (Fig. 4). It can therefore in principle be used to date
older deposits. However, it 1s widely known that feldspar
ages may underestimate the burial age as a consequence of
anomalous fading, the decay of the luminescence signal due
to quantum-mechanical tunneling of trapped charge (Wintle,
1973; Spooner, 1994; Huntley, 2006). Recently, procedures to
correct for anomalous fading have been suggested (Huntley &
Lamothe, 2001; Lamothe et al., 2003). Using such correction
procedures ages 1n agreement with independent age estimates
were obtained for Holocene samples, but validity of these
procedures for sediments deposited before the last glacial-
interglacial cycle 1s questionable (Wallinga et al., 2007). Besides
the dating of sand-sized feldspar fraction, the IRSL signal 1is
also used for dating a mixture of undifferentiated fine-grained
(4 - 11 pm) minerals. As quartz 1s insensitive to infrared stimu-
lation, IRSL dating of fine grains is similar to using feldspar
minerals and shares the advantages and drawbacks.

A third mineral that can be used for dating 1s zircon. Due
to the high internal concentrations of U and Th, almost all
ionizing radiation to zircon grains comes from inside the
grain. Therefore the dose rate is independent of water content
and burial history. Drawback of zircon dating i1s that the
mineral occurs in low concentrations; hence very large samples
are needed to obtain enough material for dating and sample
preparation procedures are tedious. Methods for zircon dating
are under development (Van Es et al., 2000, 2002) and, so far,
have seen little application.
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Testing luminescence dating methods
~in the Netherlands

Early attempts — feldspar TL

In the eighties of the last century Prof. E.A. Koster of Utrecht
University initiated investigations of the applicability of lumi-
nescence dating to Netherlands aeolian deposits. This resulted
in experimental work by Dijkmans and Wintle (1991) who tested
feldspar TL dating methods by applying them to Weichselian
coversand deposits and Holocene drift sands from the Lutterzand
area in the eastern Netherlands. The site is indicated in Fig. 5,
as are the locations of all other sampling sites discussed 1n this

paper.
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Fig. 5. Locations of all luminescence-dating sites discussed 1n this paper.

For the Young Holocene drift sands Dijkmans and Wintle
(1991) obtained ages that agreed reasonably well with the
expected ages, although incomplete resetting of the TL signal
prior to deposition may have affected the youngest sample.
For the Late Weichselian coversand samples an age under-
estimation of 20 - 40% was observed relative to radiocarbon
chronologies. In similar settings in the southern Netherlands
TL ages for Holocene drift sands (Defensiedijk) agreed satis-
factory with independent age control whereas those on Late
Weichselian coversand deposits (Meeuwerheide) underestimated
compared to the radiocarbon chronology (Dijjkmans et al., 1992).
Reasons for the reported age underestimation could be anom-
alous fading of the feldspar TL signal, or the use of a UV trans-
mitting filter for luminescence signal collection (Krbetschek

et al., 1997).

Netherlands

Journal of Geosciences Geologie en Miynbouw | 86 - 3 |

N
(5

Debenham (1993) reports on TL dating of fine-grained
material from the Maastricht-Belvedere Palaeolithic site. Three
loess samples of presumed Weichselian age returned an average
TL age of ~15.7 + 1.9 ka. For two samples of presumed Saalian
age only minimum ages (>150 ka and >80 ka) could be deter-
mined due to instability of the TL signal used.

Frechen and Van den Berg (2002) applied TL dating to
feldspar extracts from samples obtained from coversands along
the Peel Boundary Fault in the southern Netherlands. The
authors state that they found systematic TL age underesti-
mation compared to the IRSL ages obtained for most of the
samples, but they do not discuss the causes. A look at their

data shows that only for the oldest two samples the age

underestimation 1s clear, for the other eight samples TL and
IRSL ages are in agreement. It is possible that for these younger
samples a systematic TL age underestimation is compensated
by an overestimation due to incomplete resetting of the TL
signal prior to deposition, although this interpretation remains
speculative.

As discussed in the methodological section, TL dating is
not the method of choice for the dating of sediments because
the TL signal i1s not reset as readily by daylight exposure as
the OSL signal. The studies using feldspar TL dating in the
Netherlands have shown an additional problem in that the
burial age of the deposits 1s often underestimated. In the light
of these problems, TL methods should not be used for the
dating of Netherlands” sediments and published results should
be regarded with caution.

Quartz 0OSL

Quartz OSL dating has been applied to deposits of known age
in a number of studies. Smith et al. (1990) were the first to
test the accuracy of quartz OSL dating in the Netherlands.
They applied multiple-aliquot OSL dating methods to cover-
sands above and below the Usselo layer at the coversand type
locality Lutterzand in the eastern Netherlands. The Usselo
layer is an organic layer attributed to the Allergd Interstadial;
it has been radiocarbon dated to ~13 cal. ka BP (Smith et al.,
1990; Schwan, 1991; Vandenberghe et al., 2004). Smith et al.
(1990) obtained ages of 7.2 + 1.8 and 8.2 + 1.7 ka on Younger
Cover sands above the Usselo layer using multiple aliquot
additive-dose (MAAD) and regenerative-dose (MAR) methods,
respectively. For sediments below the Usselo layer (Older Cover-
sands) they obtained ages of 11.0 + 2.5 and 10.6 + 2.4 ka using
the two methods. Stokes (1991) presented different quartz
OSL ages obtained by a MAAD procedure for exactly the same
1.4 and 13.2 + 2.4 ka
were obtained for samples above and below the Usselo layer,

samples. In this study, ages of 11.4 +

respectively. Reasons for the age discrepancy between the two
studies remain unclear as the papers do not refer to each other.

Bateman & Van Huissteden (1999) revisited the Lutterzand
site and used MAAD and single-aliquot additive dose (SAAD)
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OSL dating of sand-sized quartz grains to date Holocene drift
sands and Weichselian coversands, the ages reported are those
obtained using the SAAD method. The authors compare their
results with a radiocarbon chronology. However, the comparison
should be regarded with caution as some of the radiocarbon
ages may be affected by reworking or hardwater effects and
the correlations with other sites are unsure. For the Older
Coversand I deposits the authors obtained a single OSL age of
21.9 + 1.9 ka, which agrees with the limited radiocarbon age
control (22.5 - 30.5 cal. ka BP; calibration following the original
publication). For the Older Coversand II they obtained an
average OSL age of 15.8 + 1.8 ka, in agreement with the
calibrated radiocarbon age range of 15.3 - 16.8 cal ka BP for
these deposits. For Younger Coversands they obtained an average
OSL age of 12.5 + 1.1 ka which 1s in good agreement with the
inferred age of 11.8 - 15.3 cal. ka BP. The authors obtained an
age of 0.6 + 0.1 ka for younger drift sands known to have been
deposited during the past millennium.

In a similar setting near Ossendrecht (southern Netherlands)
Vandenberghe et al. (2004) used several quartz OSL dating
methodologies to date known age coversands. Optical ages
obtained on coversands above and below the Usselo soil are
compared to radiocarbon ages obtained on that soil layer. The
authors conclude that the SAR technique is most suitable for
OSL dating these deposits; 1t performs better than the MAAD
methods and SAAD methods that were also investigated. Optical
dating using SAR provided average ages of 14.7 + 0.6 ka below
the Usselo soil (Older Coversand II and Younger Coversand I)
and 12.3 + 0.8 above the Usselo soil. Both optical ages are
averages of three samples and are in good agreement with the

radiocarbon age control. In a separate study, Vandenberghe et
al. (2003) investigated the cause for the relatively large spread
in quartz SAR equivalent doses observed for these samples.
Based on a very detailed study on a single sample they
concluded that the spread was most likely a consequence of

small-scale differences in the dose rate experienced by
different grains. The authors conclude that the accuracy of the
optical ages in their study is not affected because the scale of
analysis (for sampling, equivalent-dose and dose-rate deter-
mination) 1s large enough to average out effects. Although
not published in the international literature, we also mention
the work of Fink (2000) who obtained similar but less precise
results on the Ossendrecht coversands using quartz OSL SAR
methods; the results of this study are summarized by
Vandenberghe et al. (2004).

Wallinga et al. (2001) applied OSL dating to sand-sized
quartz from fluvial channel deposits of three Holocene channel
belts. These authors also used the SAR method of Murray and
Wintle (2000). The age of the older two channel belts (Rumpt
and Schelluinen sites) 1s restricted through radiocarbon dates
of the period of activity of the streams, while the time of
formation of the youngest channel deposits is reconstructed
from historical maps. Results showed that quartz OSL ages
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agree well with independent age control for the older two,
whereas the age of the youngest sample (Winssen site) is over-
estimated by about 600 years, likely due to insufficient resetting
of the OSL signal prior to deposition. Truelsen and Wallinga
(2003) carried out additional experiments on this sample to
investigate the dependency of bleaching on the grain size used
for analysis and found that the coarser grain sizes were better
bleached. In addition to the Holocence samples, Wallinga et al.
(2001) dated late Weichselian fluvial deposits containing pumice
from the Laacher see eruption (Elden site). The quartz OSL age
obtained (13.3 + 0.8 ka) agreed with the age of the Laacher
See eruption (13.0 - 13.3 cal ka BP; Friedrich et al., 1999).

To test applicability of quartz OSL dating to deposits formed
during the past centuries to decades, Ballarini et al. (2003)
carried out quartz OSL dating using the SAR method to approxi-
mately 30 samples from a range of dune ridges on the south-
west coast of Wadden island Texel (Fig. 6). The age of the dune
ridges formed during the past 300 years 1s accurately known
from historic documents and maps. OSL ages obtained agreed
very well for these samples; it proved even possible to use the
method to date dune deposits formed during the last decades.
A single outlier was found for a very recent dune blown up
from nourishment sand; these sands had probably not been
through as many bleaching cycles as the truly natural deposits
and as a consequence the OSL signal was less completely reset.
For another sample the OSL age was ~40 years younger than
expected for that dune ridge; the difference may be caused by
sampling sand that was disturbed by digging animals (e.g. a
rabbit).

A single test of the validity of quartz OSL dating for sedi-
ments formed before the last glacial in the Netherlands 1is
provided by Schokker et al. (2004). They used the SAR method
to date a sand layer incorporated in peats that were ascribed
to the Eemian (OIS 5e) based on their pollen contents. The age
obtained (114 + 12 ka) agrees reasonably well with the expected
age (~125 ka).

The SAR method 1s now widely accepted as the most reliable
and robust method for quartz OSL equivalent dose determi-
nation (e.g. Murray and Olley, 2002; Wintle and Murray, 2006).
In Fig. 7 we summarize all quartz SAR OSL dating results on
known age sediments from the Netherlands. The overall agree-
ment 1s good over the entire range from a few years to the last
interglacial with the exception of some young samples where
the OSL age overestimates compared to the independent age
as a consequence of incomplete resetting of the OSL signal at
the time of deposition.

Feldspar IRSL

Wallinga et al. (2001) applied feldspar IRSL dating, using the
feldspar SAR procedure (Wallinga et al., 2000a), to the same
channel sands which they used for testing quartz OSL methods
(discussed above). The feldspar ages consistently underestimated
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Fig. 7. All quartz OSL ages obtained with the SAR method for sediment
samples with independent age control from the Netherlands. Sources: 1)
Wallinga et al. (2001); 2) Ballarini et al. (2003); 3) Vandenberghe et
al. (2004); 4) Schokker et al. (2004). The vast majority of datapoints
shows good agreement between 0SL and independent age estimates.

Deviations for a few points are discussed in the main text.

the burial age of the deposits. Only for the youngest deposit an
age overestimation was found, which was attributed to insuf-
ficient resetting of the IRSL signal prior to deposition. The
authors found that the age underestimation was partly caused
by uncorrected sensitivity changes (Wallinga et al., 2000b) and
optical absorption within the grains (Wallinga and Duller, 2000)
but the observed underestimation of age could not entirely be
accounted for. Anomalous fading of the IRSL signal was not
observed by the authors. However, more detailed investigation
that were carried out later on, showed that the samples may
be affected by anomalous fading (Lamothe, priv. comm.).

Frechen and Van den Berg (2002) applied MAAD IRSL dating
to K-feldspar extracts from coversands along the Peel Boundary
Fault near Neer (southern Netherlands). The authors obtained
an internally consistent IRSL chronology for the coversand
deposits in the foot wall. According to the authors, their IRSL
ages agreed with geological age estimates for most of the
samples, indicating that their methods were more successtul
than those used by Wallinga et al. (2001). However, comparison
of the ages obtained by Frechen and Van den Berg (2002) with
independent age information and optical dating results from
other studies is problematic because figures and tables in the
paper contradict with respect to the level of the Beuningen
gravel bed.

Wallinga et al. (2007) applied feldspar IRSL dating using the
SAR method to samples from a core penetrating a relatively
continuous sedimentary record in the Roer-Valley Graben
(Boxtel core; Fig. 8). The samples were previously dated by
quartz OSL methods (Schokker et al., 2004; 2005), and include
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the Eemian age sample discussed in the previous section.
Feldspar IRSL ages consistently and substantially under-
estimated the burial age compared to the quartz OSL ages
obtained on the same samples, and compared to the known
age for the Eemian sample. Anomalous fading was observed for
these samples, but correcting the age using the measured
laboratory fading rate could not satisfactory resolve the age
underestimation. Wallinga et al. (2007) concluded that the
fading rate measured in the laboratory likely underestimates
the natural fading rate during geological burial.

From these studies we conclude that for Netherlands
sediments single-aliquot feldspar IRSL methods consistently
underestimate the burial age of the deposits. So far, no satis-
factory solution has been found for this age underestimation
problems. Multiple aliquot methods (such as used by Frechen
and Van den Berg, 2002) may provide a better alternative but
assume complete resetting of the IRSL signal prior to
deposition. We conclude that presently no reliable method for
feldspar IRSL dating of Netherlands” sediments 1s available.

Applications of luminescence dating
~in the Netherlands

In the previous section we concluded that quartz OSL dating
using the SAR method is best suited for sediment dating. In
the following overview of applications of luminescence dating
in the Netherlands we will therefore focus on studies using
this method although we will also briefly mention other studies.
For the sake of clarity, six application types are distinguished.

Weichselian coversands

Luminescence dating has been widely applied to establish the
timing of coversand deposition in Western Europe (reviewed by
Koster, 2005). Several studies used quartz OSL dating to deter-
mine the age of coversands in the Netherlands; an overview of
the stratigraphy and optical dating results i1s given in Fig. 9.
Here we concentrate on the geological interpretations based
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