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Abstract

The coversands along the Bree fault escarpment, NE Belgium, were investigated by a combined dating approach including in-
frared optically stimulated luminescence (IRSL), thermoluminescence (TL) and radiocarbon methods. Four trenches were
excavated cutting the fault scarp near the village of Bree in northeast Belgium. Altogether 17 luminescence samples and seven
radiocarbon samples were investigated in order to set up a more reliable and precise chronological frame for the local cover-
sand stratigraphy and the timing of Late Quaternary earthquake events. The chronological results indicate at least five accu-
mulation periods for the coversand units in the area of interest. The oldest coversands were deposited during Saalian or Early
Weichselian followed by coversands deposited during the Early and/or Middle Weichselian. At least three coversand units can
be distinguished for the time span of the Late Weichselian to Holocene. Significant TL age underestimation of more than 20%
compared to IRSL was found for samples from Trench 4. Most of the IRSL age estimates are in agreement with radiocarbon

dates from the same section.
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Introduction

The Bree fault escarpment has been investigated to
reconstruct the earthquake and rupturing history of
the southwest border of the Roer Valley Graben
known as the Feldbiss Fault Zone in northeast Bel-
gium (Camelbeeck & Meghraoui, 1996, 1998;
Vanneste et al., 1999 and in press). Four trenches
were excavated across the Bree fault scarp segment of
the Feldbiss fault. These exposures provide evidence
for multiple faulting events with clear surface dis-
placement followed by colluviation. Possibly three
surface fault displacements have occurred during the
past 40,000 years, which are related to Late Quater-
nary earthquake events.

In this study, Infrared Optically Stimulated Lumi-
nescence (IRSL), Thermoluminescence (TL) and ra-

diocarbon age estimates are presented in order to test
the suitability of these dating techniques and to set up
a more reliable chronological frame for the deposition
history of the coversands in the study area and to age-
bracket the fault displacements. In the Netherlands,
the coversands are divided into several units or mem-
bers. According to Kasse (1997) the Older Coversand
I corresponds to the Beverborg Member, Older Cov-
ersand II to the Lutterzand Member and Younger
Coversand I and II to the Wierden Member of the
Twente Formation, respectively. The Beverborg
Member and the Lutterzand Member are separated
by the Beuningen Gravel Bed.

Nine samples were taken from the NW wall of
Irench 1bis in November 1999 and eight samples
from the NW wall of Trench 4 in August 1998 result-
ing in 30 luminescence and seven radiocarbon age es-
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timates. The luminescence samples were taken from
aeolian derived sediments, which were locally re-
worked by fluvial and colluvial activity prior to the fi-
nal deposition, in the upper part of the section. A sim-
ilar study has been carried out on Late Glacial cover-
sand from a section near the village of Neer cutting
the Peel Boundary Fault in the Netherlands (Frechen
& van den Berg, this issue).

Site Geology

The sections near the village of Bree in northeast Bel-
gium are located along the Bree fault scarp (Fig. 1).
Trench 1 is situated close to the NW end of the Bree
fault scarp, while trench 4 is closer to the south-east
end, about 1 km and 4.5 km to the southeast of Bree,

respectively (Fig. 2).
Trench 1

Trench 1 is located in the valley of a small creek
crossing the fault scarp. The sediments exposed con-
sist of silty coversands (Fig. 3). The upper part of the
sequence has been reworked by the small local creek.
The entire section was 1nitially believed to be younger
than the Beuningen gravel layer (22-17 ka BP, sensu
Bateman & van Huissteden, 1999) and hence of post-
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glacial and/or Holocene deposition age. Two gravel
horizons, which are sharply displaced along a single
fault plane, are intercalated in the coversands. The to-
tal offset of the different sediment units i1s about 1 m,
which is similar to the observed topographic offset
(cp. Camelbeeck et al., 2000). A gleyed soil developed
in the upper part of the coversands. The chronologi-
cal and stratigraphical relation of this soil with the
faulting event 1s complex. The gleyed horizon indi-
cates that the main part of the soil predates the fault-
ing event, while other parts of the soil may be younger
(Vanneste et al., 2001). From geological and strati-
graphic evidence only, it 1s difficult to date the single
faulting event of Trench 1 accurately. Radiocarbon
dating of supposedly inter-bedded organic material
suggests an age of the faulting, and hence the timing
of the earthquake event, between 1055 and 1335
years BP (AD 613 — 894) (Camelbeeck & Meghraoui,
1996). Owing to the possible contamination of the
dated organic material with modern roots, a new
trench was excavated at site 1 (trench 1bis) to date
the deposition age of the coversand by the lumines-
cence method, and so obtain independent age con-
trol.

In Trench 1, all luminescence samples were taken
from locally reworked coversands designated to rep-
resent late Glacial or possibly Holocene deposits
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Fig. 1. Map showing the location of the Bree fault escarpment in Belgium and the location of instrumental earthquakes (adapted from

Vanneste et al., 2001).
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Fig. 2. Map showing the location of Irench 1 and 4 along the Bree fault escarpment in Belgium (adapted from Vanneste et al., 2001).

(Figs. 3 and 7). Five samples were taken from the
foot-wall side and four samples from the hanging-wall
side of the fault (NW wall), respectively.

The stratigraphically oldest sample (BR1) was tak-
en from greenish fine- to medium-sized sand below a
sandy loam intermingled by gravel. The reworked
sandy loam 1s covered by a grey-green fluvio-aeolian
loamy sand (sample BR2) topped by a first gravel lay-
er. Sample BR3 was taken from similar fluvio-aeolian
sediment between the first and the second intercalat-
ed gravel layer. The uppermost gravel layer truncates
the lower one and seems to represent an important
period of sediment remobilization similar to the Be-
uningen gravel bed in The Netherlands (e.g. Kol-
strup, 1980). Sample BR4 was taken from grey-green
fluvio-aeolian silty sand above the second gravel layer.
The uppermost sample BR5 derives from fluvio-aeo-
lian sediment about 30 cm below the modern soil. In
the hanging-wall, samples BR6, BR8 and BR9 are
from layers equivalent to those of samples BR3, BR4
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and BR5, respectively, whereas sample BR7 was taken
from a sand-rich lens within the uppermost gravel
layer (Fig. 3). |

Irench 4

The longest record of surface faulting in the study
arca of interest was exposed in Trench 4 (Vanneste et
al., 2001). A well-defined single fault plane near the
base of the overall escarpment displaces Middle Pleis-
tocene gravel-rich sand belonging to the Main Ter-
race of the river Maas below the trench bottom (Fig.
4).

‘The hanging-wall 1s dominated by several units of
reworked coversand with a characteristic succession
of laminated coversand, irregular gravel bed and silty
coversand at the upper part of the sequence. The up-
per units (gravel bed and overlying silty coversand)
show a displacement of 0.12 m on the fault (0.80 m
including flexure, which is more in agreement with
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the topographic offset). Soil horizons (‘Bt bands’)
within the uppermost coversand unit (Fig. 4) are also
displaced by the faulting, indicating that the faulting
event is of Holocene age. The base of this reworked
coversand unit is designated to correlate with the
Older Coversand I (Vanneste et al., 2001) and shows
an additional fault displacement of 0.33 m. Thus, a
second faulting event during or just after the deposi-
tion of this sediment is inferred. Below these sedi-
ments, the reworked coversand material 1s intercalat-
ed by four tongue-like units of dark brown, clayey
coarse sand, which originated most likely from the
Main Terrace deposits in the footwall. These tongue-
like units are interpreted as elongated colluvial
wedges, which were formed in response to slope mod-
ification by repeated surface rupturing. Thus, 1t 1s
likely that the elongated colluvial wedges provide evi-
dence for the seismogenic nature of the faulting
events. Altogether four additional faulting events were
recorded with displacement of about 100 cm, 55 cm,
70 cm and 30 cm, from younger to older. Sediments
at the base of the slope are disturbed by low-angle
thrust faults and tight intraformational folds, which
are attributed to several episodes of slope failure that
may have been triggered by some of the identified
faulting events. |

The sedimentological and stratigraphical interpre-
tation of the different units is described in detail else-
where (Vanneste et al., 2001) and hence only summa-
rized for the sample positions here.

The oldest stratigraphical unit consisting of gravel
and sand with distinct cross-bedding and erosion
channels is designated to represent the Zutendaal
gravel member of the Main Terrace of the river Maas.
These fluvial sediments were most likely deposited
during the Middle Pleistocene (Paulissen, 1983). The
top of this unit 1s intersected by sand wedges, which
are filled with fine yellow sand and related to periods
of periglacial activity (Unit TR4-1, Fig. 4). In the
hanging-wall, the oldest unit is a more than 2 m thick
grey, slightly clayey medium- to coarse-grained sand
(‘TR4-2), covered by more clayey medium- to coarse-
grained sand (Unit' TR4-3).

Sample OPIla was taken from fine-grained sand
intercalated by silt-rich lenses, which are designated
- to represent reworked Saalian coversands (Unit TR4-
4E, Fig. 4). The sediment is covered by a tongue-like
unit of dark brown, clayey coarse-grained sand, most
likely originating from the Main Terrace deposits of
the river Maas 1n the footwall by solifluction process-
es (Unit TR4-5). Sample OPI3 was taken from light
yvellow green, silt-rich fine- to medium-grained sand
intermingled by varying amounts of fine gravel (Unit
TR4-6, Fig. 4). This unit 1s designated to represent

reworked coversands of Early and/or Middle Weich-
selian deposition age. It shows a stratification with
some minor erosion gullies and extensive lateral facies
variation. Another tongue-like unit filled with dark
brown, clay-rich medium- to coarse-grained sand was
deposited subsequently (TR4-7). Samples OPI5 and
6 were taken from partly reworked coversands con-
sisting of yellow, laminated, silty fine-grained sand in-
tercalated by gravel beds (Unit TR4-8). This unit 1s
thought to correspond to Late Weichselian aeolian
sands (Older Coversand I) reworked by slope wash.
The overlying erosion gravel layer is designated to
correlate with the Beuningen gravel bed (Unit 1T R4-9,
Fig. 4), most likely deposited at the end of the Last
Glacial Maximum (LGM) between 22 and 17 ka BP
(Bateman & van Huissteden, 1999). Samples OPIS,
9, 10 and 11 were taken from the uppermost unit
Tr4-10, consisting of pale, silt-rich fine-grained sands
intercalated by a few mono-pebble beds, and desig-
nated to represent the Older Coversand II and/or
Younger Coversand 1.

Luminescence Methodology and Experimental
Details

Since the late 1980s thermoluminescence (TL), in-
frared optically stimulated luminescence (IRSL) and
green optically stimulated luminescence (OSL) dat-
ing methods have been applied to aeolian coversand
deposits from the Netherlands and Belgium (Bate-
man & van Huissteden, 1999; Dyjkmans et al., 1988,
1992; Dpykmans & Wintle, 1991; Stokes, 1991;
Wallinga & Duller, 2000). Significant T'LL age under-
estimation was reported for potassium-rich feldspars,
when compared with independent chronologies and
geological estimates. Most of these studies were car-
ried out on samples from the Lutterzand site in the
Dinkel valley in the Netherlands (Dykmans et al.,
1988, 1992; Dijkmans & Wintle, 1991). In the latter
studies, TL age underestimation between 20 and 50%
was described in relation to existing independent
chronologies. Potential reasons for IRSL. and TL age
underestimation are the use of unstable UV wave-
length spectra (Balescu & Lamothe, 1992), anom-
alous fading (Wintle, 1973) or optical absorption
(Wintle & Duller, 1991). In a more recent study,
Wallinga & Duller (2000) investigated potassium-rich
feldspars and quartz from Holocene fluvial channel
deposits in the Rhine-Maas delta in the Netherlands.
In the latter study, evidence was provided that optical
absorption affects luminescence signals in one of the
two investigated samples and hence might be respon-
sible for the earlier reported IRSL and TL age under-
estimation. Optical absorption does not provide satis-
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factory evidence for the total amount of IRSL and TL
age underestimation and needs further investigation.
Therefore, Wallinga & Duller (2000) suggest un-
known reasons for the luminescence age underesti-
mation besides the optical absorption. However, the
latter statement 1s only valid if the present indepen-
dent age chronology i1s correct for the record under
investigation.

In order to avoid IRSL and TL age underestima-
tion on potassium-rich feldspars, monomineralic
quartz samples were investigated from coversands in
the Netherlands. These OSL age estimates yielded a
better agreement with present independent age
chronologies (Smith et al., 1991; Stokes, 1991; Bate-
man & van Huissteden, 1999; Wallinga & Duller,
2000). However, significant OSL age overestimation
was determined in a previous study for Late Glacial
fluvial sand from the river Emscher in Germany using
the multiple aliquot technique on monomineralic
quartz (Frechen, 1995).

In the present study, the multiple aliquot additive
dose method on potassium-rich feldspar has been ap-
plied for IRSL and TL in order to test further the
sultability of the sediment material for IRSLL and TL
dating. Independent age control through calibrated
radiocarbon dating is available for the samples from
‘Irench 4 near Bree.

The samples were taken in light-tight cylinders in
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Fig. 5a. Infrared decay curves (left) and exponential regression
analysis (right) of sample BR7 using the additive dose method (to-
tal bleach method) for the integral 10-25 s. The equivalent dose
(ED) yielded 3.07X0.36 a.u. (1 a.u.=6.3 Gy).

Fig. 5b. TL glow curves (upper left) and exponential regression
analysis (upper right) of sample BR7 using the additive dose
method (total bleach method). The equivalent dose (ED) yielded
2.06x0.41 a.u. (1 a.u.=6.3 Gy) for the integral (300-401°C) and
2.08x0.43 a.u. for the plateau (lower) between 301-399°C.

the field. The outer light-exposed part of the sample
was removed under subdued light in the laboratory of
the Geological Institute at the University of Cologne,
Germany. The sediments were prepared for the lumi-
nescence analysis by removing the carbonate in 0.1 N
hydrochloric acid, followed by sieving to separate the
100-200 pum grain-size fraction and treatment with
0.01 N sodium oxalate and 30% hydrogen peroxide
to remove clay coatings and organic matter, respec-
tively.

Potassium feldspar and quartz minerals were ex-
tracted from all samples by heavy liquid separation
with sodium polytungstate (2.58, 2.62 and 2.70
g/cm?’). The potassium-rich feldspar grains were fixed
on aluminium discs with silicon spray and successive-
ly irradiated 1n at least six different dose steps by a Sr-
90/Y-90 beta source. After artificial irradiation, the
samples were stored at room temperature for more
than six weeks. A few aliquots were bleached by a
Honle sol2 sun lamp in order to determine the resid-
ual. After preheat at 230°C for 1 minute, the aliquots
were measured mn a TIL/OSL Risg reader (TL-DA-
15). A filter combination of Schott BG-39 and Corn-
ing 7-59 was placed between photomultiplier and
aliquots to measure the blue wavelength spectra, for
both IRSL and TLL measurements. After 25 s of IR ex-
posure (88080 nm), the same discs were heated im-
mediately to obtain their TL at a heating rate of 5°C/s
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Fig. 6a. Infrared decay curves (left) and exponential regression
analysis (right) of sample BR1a using the additive dose method (to-
tal bleach method) for the integral 10-25 s. The equivalent dose
(ED) vielded 28.39+1.73 (1 a.u.=6 .3 G3y).

Fig. 6b. TL glow curves (upper left) and exponential regression
analysis (upper right) of sample BRla using the addiuve dose
method (total bleach method). The equivalent dose (ED) yielded
27.33%£2.24 a.u. (1 a.u.=6.3 Gy) for the integral (300-401°C) be-
tween 301 and 400°C. The plateau ED was not determined owing
to an increasing ED with temperature (lower).

up to 450°C. Second glow normalization was applied
in order to reduce the disc-to-disc scatter. Dose-de-
pendent sensitivity changes were not observed. Ow-
ing to the poor signal/background ratio, it was neces-
sary to apply the background subtraction for IRSL..

Equivalent dose values were obtained by integrat-
ing the 10 to 25 s region of the IR decay curve and
the 300-401°C region of the TL glow curve (Fig. 5a-
b, 6a-b).

An exponential growth curve was fitted for the dif-
ferent dose steps and compared with the natural lu-
minescence signal to estimate the equivalent dose us-
ing the software developed by Rainer Grun, Canber-
ra.

Dose rates for all samples were obtained from
potassium, uranium and thorium content, as mea-
sured by gamma spectrometry in the laboratory, as-
suming a radioactive equilibrium for the decay chains
and a potassium content of 911% for the potassium-
rich feldspars (Wallinga & Duller, 2000). Although
the preparation and enrichment of potassium feld-
spars yielded sufficient results, the prepared samples
were still slightly contaminated with quartz. There-
fore, beta counting of potassium feldspars yielded un-
derestimation of the true values, which would result
in an underestimation of the internal dose rate and
hence an age underestimation (Frechen et al., 2001).

The natural water content of the sediment has been
estimated, ranging from 15+5 to 35+5% in relation to
the porosity of the sediment and the level of the pre-
sent natural water table. There was evidence for soft
sediment deformation in both trenches implying rela-

2000 -
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tively high water content for the periods when those
features were formed.

Fading experiments have not indicated anomalous
fading after a delay of 4 weeks and 12 months after
artificial irradiation.

Results for Trench 1: BR

For the samples from Trench 1, the potassium con-
tent ranges from 0.44 to 0.87% (average 0.58%), the
uranium content from 0.5 to 1.2 ppm (average: 0.8
ppm) and the thorium content from 1.3 to 3.4 ppm
(average: 2.0 ppm). The total dose rate 1s between 1.0
and 1.6 Gy/ka (average: 1.2 GGy/ka) (table 1).

There are two clusters for the IRSL and TL equiva-
lent dose (ED) values (table 2). The oldest sample
BR1 has the highest ED, 65.614.8 Gy and 496x71
Gy for IRSL and TL, respectively. It i1s likely that the
latter sample was not well bleached prior to deposi-
tion owing to significant TLL equivalent dose overesti-
mation, which 1s about eight times higher than those
of the other samples.

The remaining eight samples (BR2-9) belong to a
cluster. The ED wvalues range from 18.1x1.4 to
23.8%1.8 and from 13.0+x3.8 to 18.9%2.1 Gy for
IRSL and TL, respectively. There 1s no systematic ED
increase with depth. The TL values are systematically
smaller than the IRSL values indicating a TLL equiva-
lent dose underestimation of about 21% compared to
those of IRSL.

Two IRSL age clusters were determined for the
sediments of Trench 1 (table 2).
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Table 1. Dosimetric results of the samples from Trench 1 (BR) and Trench 4 (OPI). Alpha efficiency was estimated to 0.08+0.01 and the in-
ternal potassium content to 9x1%. [Gy/ka means Gray per thousand years] The cosmic dose attenuation is negligible for the present data set

and so was not calculated.

Bree Irench 1

Sample Uranium Thorium Potassium Moisture Dose rate
[ppm] [ppm] [70] [70] |Gy/ka]
BR1 0.95%0.07 1.60%£0.12 0.70%0.05 35+5 1.2030.13
BR2 0.70%0.05 1.76%0.12 0.49%0.03 3515 1.04%0.13
BR3 0.64%0.04 1.46%0.10 0.44%0.03 355 0.98%0.13
BR4 0.82%0.06 2.2010.15 0.63%£0.03 305 1.22%0.13
BR5 0.69%0.05 2.05%0.14 0.53%£0.03 2515 1.17£0.13
BR6 0.5310.04 1.29%£0.09 0.50%0.03 355 0.99%0.13
BR7 0.63%+0.04 167012 0.48%0.03 3515 1.0230.13
BRS 1.21%£0.08 3.42%0.24 0.87%0.06 305 1.59%0.15
BRO 0.81%£0.06 2.18%0.15 0.58%0.04 2515 1.24%0.13
Bree Irench 4
OPI1A 1.04£0.07 3.17x0.22 0.67%0.03 255 1.41%0.13
OPI3 0.70%0.05 2.45%0.17 0.45%0.02 255 1.14%0.13
OUP15 1.16%20.08 3.04%0.21 0.79x0.04 20x5 1.59%0.14
OPI6 0.90%0.06 3.53x0.25 0.73%£0.04 20%5 1.52%0.14
OPIS8 1.19£0.08 3.471£0.24 0.76%£0.04 155 1.68%0.14
OPIO 1.46%0.10 4.31%0.30 0.87%0.04 1525 1.890%0.14
OPI10 0.69%0.05 1.88%0.13 0.52%0.03 159 1.2520.13
OPI11 0.88%0.06 2.5210.18 0.64%0.03 155 1.44%0.13
Internal potassium content: 901 1% (following Wallinga & Duller 2000)
Alpha etticiency: 0.08%+0.01
Cosmic dose rate: 150uGy/a
Moisture: estimated

The lowermost sample BR1 has an IRSL age esti-
mate of 44.6x6.2 ka. The other eight samples, BR2-9,
yielded IRSL age estimates ranging from 18.0%2.7 to
12.9x2 .4 ka. The mean value of the latter data cluster
1s 15.1x1.5 ka (Fig. 7).

Sample BR5 was taken near to an iron-enriched
soil, which was not taken into account for the dosime-
try. Thus, the IRSL age estimate of sample BR5 could
be slightly overestimated owing to a dose rate under-
estimation. The sample-to-sample scattering and the
relatively large standard deviation of 10 to 30% do
not allow a more precise chronological resolution.
However, the average age value of the three samples
(BR2, 3 and 6) below the uppermost gravel layer
yielded 16.8%1.8 ka. The TL results for samples BR2
and BR3 were multiplied by a factor of 1.21, owing to
the average TL equivalent dose and age underestima-
tion for this part of the data set. The average IRSL
age estimate 1s in agreement with the geologically ex-
pected age estimates. The sand lens within the gravel
layer yielded an IRSL age of 15.4*2.8 ka (sample
BR7) and the four data points above this gravel layer

15.4%2.3 ka (samples BR4, 5, 8, 9). From a strati-
graphical point of view, it 1s likely that the uppermost
gravel layer correlates with the Beuningen gravel bed.
The luminescence dating results clearly indicate seri-
ous problems with the reliability of earlier radiocar-
bon dating, which yielded age estimates less than 2 ka
for charcoal from most of the sands exposed in
Trench 1 (Camelbeeck & Meghraoui, 1996, 1998).
‘This also implies that the timing of the most recent
faulting cannot be constrained better than Late
(5lacial to Holocene at this site from the IRSL and ra-
diocarbon dating.

Results for Trench 4: OPI

For the samples from Trench 4, the potassium con-
tent ranges from 0.45 to 0.87% (average 0.68%), the
uranium content from 0.7 to 1.5 ppm (average: 1.0
ppm) and the thorium content from 1.9 to 4.3 ppm
(average: 3.0 ppm). The total dose rate 1s between 1.1
and 1.9 Gy/ka (average: 1.5 GGy/ka) (Table 1).

Four ED and IRSL age groups can be distin-

Netherlands Journal of Geosciences / Geologie en Mijnbouw 80(3-4) 2001 | 179

https://doi.org/10.1017/50016774600023829 Published online by Cambridge University Press


https://doi.org/10.1017/S0016774600023829

‘Table 2. Results of equivalent dose determination, T'LL and IRSL age estimates for Trench 1 and 4 at the section at Bree.

Bree Trench 1

Sample TL ADD IRSIL.ADD TL ADD IRSLADD
Palacodose in Gray [GY] Age 1n 1000 years [ka]
BR1 496.4+70.6 65.614.8 336162 44.616.2
BR2 18.8+3.1 No solution 14.7%3.1 No solution
BR3 17.9%+5.4 No solution 14.8+4.9 No solution
BR4 18.112.3 23.2+1.5 12,622 16.31+2.2
BR5 18.9+2.1 23.8+1.8 14.3+2 .4 18.0+2.7
BR6 15.4+1.9 18.1+1.4 12.6+2.3 14.8+2.4
BR7 13.0+3.8 19.3+2.3 10.4%+3.3 15.4+2.8
BRS8 No solution 22.6T3 .5 No solution 12.9+2 .4
BRO 16.9+3.6 19.7+1.3 12.1+3.0 14.2+2.0
Bree ' Irench 4
Sample TLADD IRSLLADD TLADD IRSL ADD
Palaeodose in Gray [GyY] Age in 1000 years [ka]
OPI1a 175.2+29.7 143.0+2.0 124.2+24.0 101.4+9.6
OPI3 68.0+9.5 78.815.3 59.6+10.6 69.0+9.0
OPI5 17.4+1.9 19.0%£2.0 10.9%1.5 12.0%1.6
OPI6 27.6+2.3 33.8%+2.3 18.24+2.2 22.242.5
OPIS8 18.4%1.5 19.1+2.5 11.0%1.3 11.4+1.8
OPIO 14.3+1.8 12.942.0 7.6%1.1 6.8+1.2
OPI10 12.740.7 12.440.6 10.1+1.2 0.0+1.1
OPI11 No solution 13.8%2 .4 No solution 9.6%+1.9
Bree Trench | Lithology IRSL Age Strafi N |
, , A [angrapny
sample Sediment units Sample Estirmates
// m Plough zone, Ap-horizon [ 1000 years ] Holocene soil |
. . I
I Bleached fluvio-aeolian
sand
| |
BR5 b |
BRQ BRY: 14.2+2.0
BR4 » BR5: 18.0+2.7 | Older Coversand |
BR8 Grey green fluvio-
aeolian silt-rich sand
BR3 » |
BR? BR/ Gravel layer B/ 104428 |
Grey green fluvio-aeolion| BR3:*
| loamy sand intercalated
|
BR1 » by gravel layer

Sandy loam

BR6

Greenish fine- 1o
| medium-sized sand

BR6: 14.8+2.4
BR1: 44.6+6.2

Early to Middle

Weichselian Coversand

Fig. 7. Idealized lithology with sample positions and IRSL age estimates for Trench 1 (* means TL age estimate).
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guished within the data set (‘Table 2). The lowermost
sample, OPI1a, has the highest ED values, 143*2 and
175130 Gy for IRSL and TL, respectively. The ED
values iIncrease with depth from 33.8%x2.3 Gy to
143.0%£2.0 Gy and from 27.6x2.3 to 175.2%129.7 Gy
for the lowermost three samples (OPI6 and 3) for
IRSL and TL, respectively. The IRSL equivalent dose
values are 14-18% higher than those of the TL ED
values for samples OPI6 and 3. The oldest sample
OPIla indicates an IRSL ED underestimation of
23%. The uppermost five samples (OPI 5, 8, 9, 10
and 11) belong to a cluster with no ED increase with
depth. The ED values range from 12.4%0.6 to
19.1x2.5 Gy and from 12.7%0.7 to 18.4%x1.5 Gy for
IRSL and TL, respectively. The differences between
IRSL and TL are neghgible for the uppermost five
samples. It 1s likely that the sediment was well-
bleached prior to deposition.

The IRSL age estimates of the four lowermost sam-
ples increase with depth from 12.0*x1.6 to 101x10
ka. The uppermost four data points yield an IRSL age
cluster ranging from 11.4%x1.8 to 6.8%1.2 ka. The av-
erage IRSL age estimate for these samples 1s 9.4+1.9
ka, or alternatively 10.3x1.0, if sample OPIO 1s ex-
cluded from the calculation.

Discussion and chronological interpretation

The existing chronostratigraphy of the coversand de-

posits in Belgium and the Netherlands (Vanden-

berghe, 1985) 1s based on a few radiocarbon and OSL
age estimates. At the Lutterzand site in the Nether-
lands, a radiocarbon age of 27.5%10.25 ka was deter-
mined on organic silt from a borehole section of the
Beverborg Member underlying a gravel bed correlat-
ed with the Beuningen gravel layer (van Huissteden,
1990). The lateral equivalent of the Beuningen gravel
bed yielded a radiocarbon age estimate of 19.1%+0.18
ka on humic extract of organics found in channel de-
posits (Bateman & van Huissteden, 1999). However,
the latter authors reported some uncertainties be-
cause the material 1s most likely reworked. The Older
Coversands II, equivalent of the Lutterzand Member
in the Dutch stratigraphy, covering the Beuningen
ogravel bed, yielded a radiocarbon age estimate of
14.5%0.15 ka BP on fruits from Potamogeton. Howev-
er, Bateman & van Huissteden (1999) stated that this
radiocarbon age estimate may have been affected by
the hardwater etfect resulting in age overestimation.
The Younger Coversand II and I, the Wierden Mem-
ber in the Dutch stratigraphy, which is thought to be
of Late Glacial age, cover the Older Coversand II. A
radiocarbon age estimate of 12.93+0.21 ka BP was
determined for the Younger Coversand I (van Geel et

al., 1989). The Younger Coversand II, most likely de-
posited during the Younger Dryas, vielded radiocar-
bon age estimates between 10.95 to 10.15 ka BP
(Hoek, 1997). Most of the radiocarbon age estimates
of the material from the Older Coversand II and older
units have some dating uncertainties. Furthermore,
the samples are from different sites for which a corre-
lation 1s provided by lithological evidence only. There-
fore, 1t 1s difficult to use the radiocarbon chronology
for the Late Pleniglacial coversands as a reliable inde-
pendent age control.

In a more recent study, Bateman & van Huissteden
(1999) determined seven OSL age estimates on
monomineralic quartz from the coversands at the
Lutterzand section. In this study, the Older Cover-
sand I (Beverborg Member) yielded an age estimate
of 21.9x1.9 ka (1 data point); the Older Coversand II
a mean OSL age estimate of 15.8+1.8 ka BP calculat-
ed on the base of four data points ranging from
17.6x2.6 t013.911.3 ka BP. The Younger Coversands
II and I had a mean OSL age estimate of 12.5%1.1 ka
BP, which was calculated on the base of two data
points ranging from 13.320.9to 11.7%1.5 ka BP.

In the present study, a comparison of radiocarbon,
IRSL and TL age estimates was carried out on sedi-
ment from i1dentical coversand layers in the same sec-
tion. Most of these IRSL age estimates are in agree-
ment with independent chronologies. However, IRSL
age underestimation owing to unknown methodologi-
cal reasons, as described in the literature (Wallinga &
Duller, 2000), cannot be excluded.

The influence of the natural moisture and the in-
ternal potassium content of potassium-rich feldspars
on dose rate calculation and luminescence age esti-
mates are presented in tables 3 to 5 for sample
OPIla. The moisture was estimated for all samples
based on the present level of the water table and the
porosity of the sediment. A natural moisture of 25%
and an internal K content of 9*+1% were estimated
for the age calculation of sample OPIla (tables 1 and
2

The maximum dose rate alteration based on the
two extremes indicates a hypothetical maximum lu-
minescence age underestimation of 12% and/or lumi-
nescence age overestimation of 30% for sample
OPIla, if compared with the applied value of 25+%5%
and 91 1% for moisture and potassium content. These
calculations have only hypothetical character and do
not exclude potential systematic underestimation ow-
ing to unknown methodological reasons, as described
in the literature !

The TL results indicate systematic age underesti-
mation up to 20% for the Older and Younger Cover-
sands 1n Trench 1. However, the results from Trench
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4 do not confirm the results from Trench 1 concern-
ing TLL age underestimation. At present, it 1s unclear
whether methodological reasons cause these differ-
ences (e.g. optical absorption), or weathering of the
mineral surface, or too few data points.

In this study, the IRSL and TL age calculations
have been slightly altered resulting in age differences
between 5 and 30% compared to the preliminary re-
sults presented in a previous study (Vanneste et al.,
2001). The alterations were necessary owing to back-
ground subtraction for the determination of the IRSL
equivalent dose values and better estimates for the
natural moisture and the internal potassium content
of the potassium-rich feldspars. The chronostrati-
graphic interpretation of the coversand units remains
in general the same. The IRSL age estimates from
Trench 1 indicate two age clusters. It is likely that the
lowermost sand layer (BR1) was deposited during the
Middle Weichselian, although an age overestimation

Table 3: Influence of moisture (H20 weight %) on dose rate calcu-
lated for sample OPIla with an internal potassium content of

9x1%.

Moisture Dose rate Dose rate alteration
[weight %] (LGy/a] [%]

10 1621 +15

15 1550 +10

20 1479 +5

25 1411 ~(0

30 1344 -5

35 1278 —-10

Table 4: Influence of the internal potassium content on the dose
rate calculated for sample OP’I1a and a moisture content of 25+5%.

Potassium content Dose rate Dose rate alteration
[70] [uGy/a] [7o]
8 1369 -3
0 1411 ~0
10 1453 +3
11 1495 +6
12 1538 +9
13 1580 +12
14 1622 +15

Table 5: Maximum influence of internal potassium content and
moisture on the dose rate determination for sample OPI1a.

PPotasstum Moisture Dose rate Dose rate
content alteration
[7o] [%o] [nGy/a] [7]

8 35 1236 —12

0 25 1411 ~0
14 10 1832 +30

owing to insufficient bleaching of the sand prior to
deposition cannot be excluded, as evidenced by the
very high T'L. age estimate.

The sediment 1s intercalated with two gravel layers.
It 1s likely that the uppermost gravel layer corre-
sponds with the Beuningen gravel bed. However, the
resolution of the IRSL dating method is not high
enough to distinguish deposition ages between the
sand layers below and above the gravel layer. The age
estimates do not indicate a significant hiatus. The av-
erage IRSL age estimate for the samples below the
uppermost gravel layer 1s 16.8%1.8 ka, a sand-lens
from within the gravel layer yielded 15.4%2.8 ka and
the samples from above the gravel layer yielded IRSL
age estimates from 15.41+2.3 ka.

It 1s most likely that the sediment above the upper
gravel horizon was synchronously deposited with the
Older Coversand II, alternatively the Younger Cover-
sand I.

Four luminescence age clusters were determined
for the reworked coversand layers in Trench 4. The
lower reworked cover sand unit has an IRSL age esti-
mate of 101+10 ka indicating a Saalian (‘Dilsen for-
mation’, according to Beerten et al., 1999), if IRSL
age underestimation is assumed, or Early Weichselian
deposition age. The reworked coversand between the
two reddish tongue-like layers yielded an IRSL age
estimate of 69.919.0 ka (‘Saint Lenards Formation’),
which 1s not 1n agreement with the radiocarbon age
estimates on organic material from the same horizon
(Fig. 8). A significant radiocarbon age underestima-
tion 1s most likely owing to the upper age limit of this
method or a contamination with modern C and by
the large '*C variation for this layer. Alternatively, the
sediment may not have been sufficiently exposed to
sunlight prior to deposition, hence resulting in IRSL
and TL age overestimation.

The reworked coversand above the red tongues is
significantly younger. The lower part of the unit yield-
ed IRSL age estimates of 22.2*2.5 and 12.0%1.6 ka,
indicating a late Weichselian deposition age (‘Wildert
formation’). It is likely that also in Trench 4 the ero-
sional gravel bed was deposited synchronously with
the fluvial and niveo-fluvial gravel after the last glacial
maximum, which i1s correlated with the Beuningen
gravel bed horizon. This 1s in good agreement with
the major period of erosion recorded in the loess
record at about 17 ka BP, as evidenced in the
loess/palaeosol sequences of the Middle Rhine area
and in NW Belgium (Boenigk & Frechen, 2001;
Frechen et al., 2001).

The IRSL dating of the upper loamy coversands re-
sulted 1n age estimates between 11.4+1.8 to 6.8%1.2
ka. It 1s likely that this uppermost unit corresponds to
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Fig. 8. Idealized lithology with sample positions and IRSL age estimates for Trench 4. The *C age estimates are from Vanneste et al. (2001).

the Younger Coversands I or Il ranging from Late
Glacial to early Holocene. If the youngest data point
is excluded, IRSL and radiocarbon age estimates are
in agreement (Fig. 8). The average IRSL age estimate
indicates an Early Holocene deposition age or a depo-
sition during the Younger Dryas (‘Hechtel forma-
tion’). The latter interpretation favours correlation
with the Younger Coversand I or II. The sediments of
the ‘Hechtel formation’, according to Beerten et al.
(1999), consist mainly of dune sands. In the study
area, the uppermost layer of silt-rich fine-grained
sand intercalated by a few mono-pebble beds appears
to correlate with the ‘Hechtel formation’.

Conclusions

In summary, the chronological results indicate that at
least five aeolian/fluvio-aeolian sediment units are ex-
posed 1n the investigated sections along the Bree fault
scarp (Fig. 9).

‘The oldest coversand accumulated during the late
Saalian or Early Weichselian, followed by coversand
deposited during the Early or Middle Weichselian
and, in Irench 1, during the Middle Weichselian. Sev-
eral sediment units can be distinguished within the
Late Weichselian. The sediments below the gravel lay-

ers in ITrench 1 and Trench 4 yielded an average IRSL
age estimate of 16.8%1.8 ka, which is in agreement
with the stratigraphical correlation with the top of the
Older Coversand I. The overlying gravel layer is cor-
related with the Beuningen gravel layer. In Trench 1,
the sands just above this gravel layer bed have a depo-
sition age of 15.4+2.3 ka and are correlated with the
Older Coversand II. The uppermost coversand unit in
Trench 4 1s correlated with the Younger Coversand 11

or 1.

The present data set does not support a systematic
IRSL. age underestimation for potassium-rich feld-
spar as described in earlier publications. Further-
more, the new IRSL dating of the coversand deposits
in NE Belgium provides a more reliable chronological
framework for at least five earthquake events that are
inferred to have occurred since the deposition of the
oldest sampled coversand unit in Trench 4, as dis-
cussed 1n more detail by Vanneste et al. (2001).
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