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Supplemental Materials to “Timing of the last sequence boundary in a 

fluvial setting near the highstand shoreline – Insights from optical dating”, 

by T.E. Törnqvist, J. Wallinga, and F.S. Busschers 

QUARTZ OPTICAL AGES

SAMPLE COLLECTION AND PREPARATION 

Drilling was performed with a mechanized bailer drilling unit (Oele et al., 1983) 

of the Netherlands Institute of Applied Geoscience TNO, yielding undisturbed cores with 

10 cm diameter. The cores were opened in subdued red light, after which samples for 

optical dating were taken. All samples were water washed and treated with 10% HCl and 

30% H2O2 to remove carbonates and organic matter. After drying, the samples were 

sieved and subsequently density separated using an aqueous solution of sodium 

polytungstate to extract the potassium-rich feldspar fraction (<2.58 g cm
-3

). The denser 

fraction was treated with concentrated (40%) hydrofluoric acid for 40 minutes to obtain 

clean quartz samples and to etch away the outer 10 µm of the quartz grains. 

EQUIVALENT-DOSE DETERMINATION 

Measurements were made with an automated Risø TL/OSL reader, using an 

internal 
90

Sr/
90

Y beta-source (Bøtter-Jensen et al., 2000). The quartz grains were mounted 

on stainless-steel discs using silicone spray. For the Leidschendam samples the entire disc 

was covered with grains, whereas for the Delft and Wassenaar samples only the center of 

the disc (3 mm diameter) was covered, corresponding to 14 mg (~1400 grains) and 3 mg 

(~300 grains) of sample material per disc, respectively. 

Blue light emitting diodes (LEDs) were used for stimulation and the resulting 

luminescence signal was detected through 9 mm of Schott U-340 filters (detection 

window 250-390 nm). The single-aliquot regenerative-dose (SAR) procedure (Murray 

and Wintle, 2000) was used for estimation of the equivalent dose. Parameters used in the 

SAR procedure are shown in Table 1. To check whether significant sensitivity changes 

took place during the first preheating, a dose-recovery test (Wallinga et al., 2000, 2001) 

was carried out. During this test, the samples were bleached for 20 seconds at room 

temperature with blue LEDs and subsequently given a laboratory dose in the same range 

as the natural dose. The resulting test-dose corrected OSL signal was then compared to 

that obtained in two subsequent SAR cycles using the same dose. For all samples the 

laboratory dose was retrieved correctly (ratio of given dose to obtained dose was equal or 

close to unity). We checked whether feldspar grains were present in our samples by 

measuring the response to infrared (IR) stimulation; no significant feldspar contamination 

was detected. 

A range of preheat temperatures (between 120ºC and 280ºC for 10 s) was used for 

the Delft and Wassenaar samples. The test dose was heated to a relatively low 

temperature (120ºC) prior to measurement to enable the use of low preheat temperatures 

for the natural and regeneration doses while still applying a more stringent preheat to the 

DR2003028



 2

regeneration dose than to the test dose (following Murray and Wintle, 2000). For the 

majority of samples there was no dependency of the equivalent dose on the preheat 

temperature used for the preheat temperature range from 160ºC to 280ºC. Results 

obtained with a preheat of 120ºC were scattered and therefore discarded. The preheat 

range used for calculating the equivalent dose of samples from the Delft and Wassenaar 

cores is indicated in Table 2. Dependence of equivalent dose on preheat temperature was 

also investigated for the Leidschendam samples. No dependence was found for the 

180ºC–280ºC, 10 s preheat range (Wallinga et al., 2001); we chose to routinely use a 10 s 

preheat at 260ºC for the Leidschendam samples. 

DOSE-RATE ESTIMATION 

The natural dose rate was estimated in the laboratory using high-resolution 

gamma spectrometry (Murray et al., 1987) on bulk samples that were taken from around 

the sample used for equivalent-dose determination. All our samples have been saturated 

with water throughout their lifetimes, which diminishes the dose rate (Aitken, 1985). 

RESULTS AND DISCUSSION 

The quartz optical dating results are presented in Table 2. The calculated optical 

ages are reported with 95% (2 ) confidence intervals, which include systematic and 

random errors in equivalent dose and dose-rate estimations. Although most optical ages 

are in stratigraphic order and in agreement with the stratigraphic interpretation, there are 

some reversals within the Leidschendam and the Wassenaar cores at what we interpreted 

as the OIS 5 to OIS 4 interval. We discuss these inconsistencies here. 

Based on compelling stratigraphic evidence (notably biostratigraphic and 

paleoecologic data; discussed at length by Törnqvist et al., 2000), we conclude that 

sample Leidschendam VI must be of OIS 5 age. The optical age of this sample is thus 

most likely underestimated by some 20 k.y. (30%). There are two possible explanations 

for this, namely (1) underestimation of the equivalent dose, or (2) overestimation of the 

dose rate. We are inclined to believe that the age underestimation most likely arises from 

the dose-rate determination. This is primarily based on the observation that similar trends 

as for quartz OSL were found in IR-OSL equivalent-dose determinations (and resulting 

ages) on feldspar samples from the Leidschendam core (Wallinga et al., 2001). As 

equivalent dose determination of both minerals is independent, the most likely source of 

error in both quartz and feldspar optical ages is the external dose rate which is similar for 

both. If the age underestimation is indeed caused by an overestimation of the dose rate, 

this must imply that the radioactivity of material at the sample depth at present is higher 

than that experienced by the sample during its geologic past. This could be caused by 

recent precipitation of radionuclides, for instance during draining of the core tubes. 

Another possibility is that the radionuclide concentration in mud drapes in the 

Leidschendam core is much higher than that in adjacent sandy layers. Oversampling of 

these mud drapes for dose-rate estimation may have resulted in an overestimation of the 

dose rate. 

For the Wassenaar core there is no unequivocal stratigraphic evidence of an OIS 5 

age for any of the samples. Hence, it is not clear whether the age reversal is a 

consequence of age overestimation (for samples Wassenaar IV and V) or age 
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underestimation (for sample Wassenaar VI). We investigated whether the age of samples 

Wassenaar IV and V could be overestimated due to incomplete resetting of the OSL 

signal prior to deposition and burial. No clear indications for poor bleaching were found 

in the dose distribution obtained from 20 small aliquots (~100 grains) of each sample. 

Moreover, offsets in age of the order of 20 k.y. (needed to explain the age reversal) are 

very unlikely in view of optical dating results on young fluvial deposits reported in the 

literature (reviewed by Wallinga, 2002). Therefore, we deduce that the optical age 

obtained on sample Wassenaar VI underestimates the true age of this sample, likely for 

the same (unidentified) reasons as for sample Leidschendam VI at the same stratigraphic 

level.

Despite these problems, comparison of the chronological data as a whole with 

independent stratigraphic evidence lends support to our interpretation of optical ages in 

terms of oxygen isotope stages. Specifically, the lower, essentially non-fossiliferous, 

coarse-grained unit that is sedimentologically distinct from overlying facies has been 

widely interpreted as a fluvial deposit from the penultimate glacial (OIS 6), related to a 

sudden shift of the Rhine-Meuse system into our study area due to the advance of the 

Fennoscandian ice sheet to a position immediately to the north (e.g., Zagwijn, 1974). This 

is consistent with optical ages in each of the dated cores, indicating the overall robustness 

of our chronology for the past 150-200 k.y. 
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TABLE 1. SAR PARAMETERS 

Step Leidschendam samples Delft and Wassenaar samples Observed
c

1 Give dose
a
, Di Give dose

a
, Di - 

2 Preheat, 10 s @ 260ºC  Preheat, 10 s @ 120–280ºC
b
 - 

3 Stimulate with blue LEDs, 40 s @ 125ºC Stimulate with blue LEDs, 20 s @ 110ºC Li

4 Give test dose, Dt Give test dose, Dt - 

5 Heat to 160ºC Heat to 120ºC - 

6 Stimulate with blue LEDs, 40 s @ 125ºC  Stimulate with blue LEDs, 20 s @ 110ºC  Ti

7 Repeat step 1 to 6 for a range of Di Repeat step 1 to 6 for a range of Di - 

(a) For the natural sample no dose is administered. 

(b) Preheat temperatures of 120, 160, 200, 240 and 280ºC were used, with 3 aliquots measured for each 

temperature. 

(c) The observed Li (OSL signal resulting from natural or regenerative dose) and Ti (OSL signal resulting 

from the test dose) are derived from the initial OSL signal (Leidschendam: 0.16 s, Delft and Wassenaar: 

0.08 s) minus a background estimated from the last part of the stimulation curve (Leidschendam: 4 s, 

Delft and Wassenaar: 2 s). For Ti the background from the previous signal was used, as suggested by 

Murray and Wintle (2000). 
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