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The Potential of Optically Stimulated Luminescence for Dating
Late Glacial and Holocene Dune Sands - A Case Study from
Brandenburg, Germany
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Laboratory, DK-4000 Roskilde, Denmark

¥ Hochstrasse 13, D-16244 Altenhof, Germany

ABSTRACT. Here we present the results of a dating study using optically stimulated luminescence (OSL) of quartz for dating dune
sand of four different dune sections in the Eberswalde ice-marginal valley in Brandenburg, north-eastern Germany. The lumines-
cence ages, especially those obtained with the Single-Aliquot Regenerative-Dose Protocol (SAR), are in good agreement with
independent age control. We conclude that luminescence dating provides a high potential for dating Holocene and late Pleis-
tocene aeolian sediments. The luminescence ages, ideally in combination with radiocarbon dates, prove the alternation of dune
mobilisation and stabilisation. The results obtained for the four dune sections in this study, especially when linked up with resulls
of other investigated sections, give evidence for two main periods of very high aeolian aciivity: one at the transition from the Late
Glacial to the Holocene, clearly extending into the Preboreal, and the other one beginning at the end of the Atlanticum period
with its maximun in the last two thousand years. In addition, different phases of aeolian accumulation can be distinguished in the
sediment sequences, probably due (o changes in local environmental conditions.

KEY WORDS: luminescence dating, Holocene, Late Glacial, dunes, European Sand Belt.

Introduction

Acolian sand deposits, notably inland and river dunes and cov-  part to the Baltic Region and Belarus in the East (Koster, 1988).
¢r sands, occupy an almost continuous area in the West and ~ Wind-blown sediments are valuable indicators of palacoclimatic
Central European Lowlands, the so-called ‘European Sand Belt”  parameters, for example past wind regimes. A supraregional
that extends from Belgium and The Netherlands in the western  correlation of sediment sequences, and hence the information
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Fig. 1. Location of the four dune sections in the Eberswalde ice-marginal valley (coordinates of the section ‘Postdiine’ for
guidance: 13°41'43"E; 52°48'36"N).
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horizontal distances of several metres to
part, and section C in the upper part of

1 dates derived from Schlaak, 1999; calibrated

Generalised dune sections, sampling positions for OSL dating, and comparison of the luminescence ages with independ-

each other (section A at the bottom of the dune slope, section B in the lower

using CALIB-4.1). At the ‘Postdline’-site three sections were examined with
the dune).

ent age control of the Laacher See tephra (LST) and radiocarbon ages (

Fig. 2.
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they provide, is possible by the age determination of the sedi-
ments. In the absence of organic material suitable for *C dat-
ing, luminescence techniques often provide the only method
for dating these sediments. With thermoluminescence (TL) or
optically stimulated luminescence (OSL) dating the last expo-
sure of sediments to sunlight is determined (see for example
Aitken, 1998). Here we present the results of a study using OSL
for dating dune sand from four sections in Brandenburg, north-
castern Germany. The examination of these profiles is part of
a long-term project (see Radtke, 1998) dealing with Late Gla-
cial and Holocene dune accumulation in Central Europe.

Methods and material studied

Description of the sites

Four different dune sections were sampled for luminescence
dating (see Fig. 1). All sites are located within the Torun-Eber-
swalde ice-marginal valley, north of Berlin, which was a melt-
water-outlet of the inland-ice during the remelting phases at
the end of the Weichselian ice-age. To check the potential of
luminescence techniques for dating late Pleistocene and
Holocene aeolian sediments, it is useful and necessary to date
sediment sequences with independent age control. Such a test
study was carried out at the dune section ‘Pestdiine’ (for details
see Hilgers et al., 2000), because here chronological control is
provided by “C ages and a layer of Laacher See tephra (12.88 ka
varve years, Brauer et al., 1997). This tephra horizon is embed-
ded in a peat horizon (see section B of the ‘Postdiine’ profile in
Fig. 2). Palynological analyses prove the connection of the over-
lying and underlying peat with the Younger Dryas and
the Allered periods, respectively (Schlaak, 1993). In the upper,
drier parts of this dune (see section C in Fig. 2), a fossil-Bv-
horizon is exposed instead of the peat horizon. This fossil hori-
zon was first described by Schlaak (1993) as a part of a palae-
osol, the so-called ‘Finowboden’, which he suggested was de-
veloped during the Allered interstadial with an age range of
about 12.9-14 ka assumed from ice core-data from Greenland
(Taylor et al., 1993). The ‘Finowboden’ is exposed in all four
dune sections at Rosenberg, Melchow, Spechthausen and in the
‘Postdiine’ near Finow (see Fig. 2).

Sample preparation for luminescence measurements
Sample preparation was carried out in subdued red light. After

dry sieving to extract the grain size fraction 100-200 pm,
the samples were treated with HCI (10%), H,0, (10%) and so-

dium oxalate (0.01 N) in order to remove carbonates, organic
material and clay. Solutions of sodium polytungstate (2.62 and
2.7 g.cm?) were used to concentrate the quartz fraction. Etch-
ing in' 40% HF for 40 min was carried out in order to remove
the alpha-irradiated layer and to avoid contamination with any
feldspars. After a further treatment with HCI to dissolve any
acid-seluble fluorides the residual quartz grains were sieved
again to provide the grain size fraction for dating (100-150 pm).

Analyses and results

Equivalent dose (D.) estimation

All luminescence measurements were performed using auto-
mated Rise TL/OSL readers (type TL-DA-12). Equivalent dos-
es (D) are estimated using the single-aliquot regenerative-dose
(SAR) protocol (Murray and Wintle, 2000), the multiple-alig-
uot additive-dose (MAA) and the multiple-aliquot regenerative-
dose (MAR) protocols (e.g. Aitken, 1998). The multiple-alig-
uot (MA) measurements were carried out at the laboratory in
Cologne and the single-aliquot (SA) measurements at the Riso
National Laboeratory in Roskilde. Important details and differ-
ences between the measurement protocols employed are sum-
marised in Table 1. All D_estimates are presented in Table 2.
The higher precision of the D, values obtained with the SAR
protocol in comparison to the MA values is clearly evident. (For

Method MAA (Multiple- MAR (Multiple- | SAR (Single-Aliquot
Aliquot Additive | Aliquot Regenerative| Regenerative Dose
Dose Protocol) Dose Protocol) Protocol)
Normalisation 0.1 gshun_shine 0.1 s short shine .
stimulation stimulation
Bleaching — several hours with 100's with blue
sunlight diodes
Irradisti “Co-y-source “'Co-y-source “S1Y-B-source
Filterset for detection | HA3 & 3 U340 HA3 & 3 - U340 HA3 &3 - U340
Preheating 220°C/300 s 220 °C/300 5 260°C/10s*
Stimilifion blue/green broad- blue/green broad- | blue diodes (470£30
band (420-550 nm) | band (420-550 nm) m)
Aliatpt tamp: dusing 125°C 125°C 125°C
stimulation
Integral used for D, 0-04s 0045 0-04'
caleul. i i
M grou 90-100 5 90-100s 50-100s
subtraction

Sampl Uranium Thorium Polassiu Doserate| Equivalentdose |Luminescen
e (ppm)  (ppm) m  (Gyka') Gy ce age (ka)
(%) Method

Fl  047:0.65 2.2410.11 0924005 1.36=0.08{0.15340.006 SAR [0.143:0013
F2 035:0.05 2.0040.10 0824004 121=0.08|0347+0.004 SAR [02880022
F3  03840.05 1.54+008 08540.04 122+0.08| 3742008 SAR | 3.090.26
F4 029007 1553008 0.8020.04 1.14£0.08| 536012 SAR | 4722042
F§ 038005 1.20£0.06 087004 1.18£0.08| 94403 SAR | 8.02£0.78
F6  047£0.05 1.2120.06 0.85:0.04 1.1840.08| 11.1402  SAR | 946079
F1 03120.05 1.8240.09 1.00£0.05 1.32£008| 137404 SAR | 104£1.0
F8  150£0.08 2.8140.14 103£005 1.3920.14| 146404  SAR | 10.7¢13
F9 1524008 3.0820.15 1.0740.05 14320.14| 151402 SAR | 107212
FI0 0304005 1754009 0.84+0.04 1212008 3772064 MAR | 3.16:0.74
FII  03740.06 1763009 0.78£0.04 1.164008| 11.1+1.2 MAR | 97¢17
FI2 023006 1384007 0.84+0.04 1.1540.08| 13.0£12 MAR | 11419
FI3 0612005 1764009 0858004 126+0.08| 10436 MAR | 85¢34
FI4 0281007 1684008 0924005 124:008| 146425 MAR | 12.0628
FI5 (574006 2.26:0.11 088004 1314008| 198227 MAR | 1533.0
FI6 092:006 2.80+0.14 08840.04 1434008 170£23 MAR | 12.0423
FIT 072:0.18 3904020 097+0.05 149+0.11| 185404 SAR | (25412
FI§ 035:0.18 1.750.09 0.87+004 1.1940.08| 180403 SAR | 152%12
FI2 0.53+006 3.0740.15 1,09£005 1.54£0.09| 20.0435 MAR | 13.243.]
F20 058£0.06 3.15£0.16 0.89+0.04 137+008( 205433 MAR | 151233
RI 035018 1713009 0.50£0.05 1263008 143£17 MAA | 11521
R2  080£020 3.0120.15 1174006 1.66+0.09] 19.6:04  SAR | 11.9+1.)
R3 0.35:0.18 1.62:008 0824004 1.1520.08| 184404 SAR | 161414
R4 0.5910.15 1.88£0.09 0.8040.04 12120.08] 172438 MAA | 14541
RS 0.35£0.18 1.77£0.09 0.78+0.04 1.1120.08 NA MAA NA
R6  035£0.18 1.78£0.09 0814004 1.132008) 21.0427 MAA | 188437
R7 0352018 1414007 0724004 1.012007] 176429 MAA | 17.744.]
SI 05740.14 2.1040.11 0.9820.05 1442008 5.0+14  MAA | 36412
82 035+0.18 1.81:0.09 0982005 1332008 175803  SAR | 13.2¢10
§3  035:0,18 1714009 0982005 1312008 19405  SAR | 14913
54 035£0.18 1.4240.07 0.99£005 128+0.08( 233437 MAA | 184440
55 0.35£0.18 1.25%006 0.78+0.04 1124008 [ 4182031 MAA | 3.7740.55
ML 0.6440.16 196010 0924005 138+0.08| 159+042 MAA | 117037
M2 035£0.18 3.0940.15 (.95£005 1420.08 NA MAA NA
M3 099025 2924015 0,98+0.05 1.56+0.09| 19.9+05  SAR | 12.841.]
M4 0354018 3.0240.15 1055005 1.4840.09| 25104  SAR | 17.0813

*except samples F1 & F2 (preheating procedure used:
240 °C/10 s), for details see Hilgers et al. (submitted),

Tab. 1. Technical parameters used for luminescence measure-
ments.

NA —not available.

Tab. 2. Summary of dose rates, equivalent doses, and result-
ing luminescence ages.
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further details on the comparison of the different protocols and
on measurement details see Hilgers et al., 2000.

Dose rate (Do) determination

For all samples the radionuclide concentrations were determined
by neutron activation analyses (NAA, undertaken at the Bec-
querel Laboratory, Sydney, Australia). Table 2 summarises these
analyses. In a comparative study 11 samples of the section Post-
diine were also examined with high-resolution gamma-ray spec-
trometry. The influence on the dose rate estimation and hence
on age determination is reported and compared in Hilgers et al.
(2000). The water content of the samples used for dose rate
estimation was assumed from measured values (6 £ 2%, except
for F8 and F9 30 £ 10%, and for F17 and R2 10 £ 5%).
The cosmic ray contribution to the total dose rates was calcu-
lated according to the sampling depth following Prescott and
Hutton (1994).

Resulting luminescence ages

A summary of all luminescence ages is presented in Table 2. In
Fig. 2, the ages are compared with the “C ages, the Laacher See
tephra and the ‘Finow’ palaeosol as chronometric markers.
The comparison of OSL ages based on SAR with those based
on MA measurements shows the broader error bars of ages ob-
tained with multiple-aliquot protocols. The accuracy of the SAR
ages is considered very satisfactory when tested against the in-
dependent chronological controls except the diserepancy be-
tween the "C age of the weak humic horizon and the OSL ages
of the overlying and underlying luminescence samples F6 and
F7. This horizon is described as Preboreal soil development
based on analyses of pollen assemblages (Schlaak, 1993). Con-
sidering this age assumption the luminescence ages seem 1o
provide more accurate age estimates than the *C age, which
dates the humic horizon too young. In an earlier study Baray
and Zoller (1994) dated the sediments above and below
the Preboreal soil using TL of quartz and K-feldspars. They ap-
plied the MAR protocol and obtained luminescence ages simi-
lar to our results — overestimating the radiocarbon age of 6.13
+0.15 ka (Schlaak, 1999), e.g. for quartz 8.4 £1.2 ka, and 8.7
+ 1.7 ka for sediments from above and below the humic hori-
zon, respeclively,

The ages of the four samples underlying the ‘Finow" palae-
osol prove the accumulation of these sediments before
the Allered/Belling-interstadial period (Fig. 2, Table 2), which
is dated by Greenland ice-core records from about 12.9-14.9 ka
{Taylor et al., 1993). The ages of the samples taken from
the sediments immediately overlying the palacosol concentrate
on the Younger Dryas period (11.65-12.9 ka according to Tay-
lor et al., 1993). Therefore, a phase of dune stabilisation and
the possibility of soil development is limited clearly to
the Allered/Belling-interstadial period in all four dune sections.

The youngest luminescence ages (F1, 143 = 13 years and
I°2, 288 + 22 years) are entirely consistent with the immediate-
ly underlying "'C age of 590 + 80 years (Fig. 2). From the ho-
mogeneous dose distribution in these two samples a sufficient
resetting of the luminescence signal during transport is inferred
indicating the presence of mobilisation processes many dec-
ades ago.

Discussion and conclusion

From the results presented here in conlext with other dating
studies in Germany (e.g. Radtke, 1998, and ongoing work) two
main phases of acolian activity can be distinguished, and sever-

al other phases which seem to be related to regional conditions,
Based on the luminescence ages we assume that a main period
of high aeolian activity started during the second half of
the Younger Dryas period. This onset of intensive aeolian ac-
cumulation terminated the Younger Dryas peat development al
the ‘Postdiine’ site. The scenery is coincident with reconstruc-
tions of the palacoclimate at the Late Glacial/Holocene transi-
tion proposing cold-wet climate at the beginning of the Young-
er Dryas, turning into slightly warmer but drier climate sup-
porting aeolian processes during the second part (Isarin et al,
1998). These processes continued far into the Preboreal with
high sedimentation rates especially at the “Postdiine’ section.
The second main period of aeolian accumulation presumably
started ‘at the end of the Atlanticum period with a maximum
extent in the last two thousand years most probably due to the
increasing human impact on landscape, for example by exten-
sivedeforestation. The accumulation of the sediments at the top
of the *Postdiine” section, represented with samples F1 and F2,
probably took place at the end of the Little Ice Age. Similar late
Little Ice Age results have been reported by Murray and Clem-
mensen (2000) for aeolian sand in western Denmark.

We conclude that OSL dating of quartz is well suited for
dating well-bleached dune sands over the entire age range from
the present to the Late Weichselian. By using SA techniques in
luminescence dating the chronological resolution of sediment
scquences could be considerably improved. This is essential
for the differentiation of Holocene and Late Glacial dune sec-
tions into phases of agolian activity and dune stabilisation and,
furthermore, for supraregional correlation of these phases. To
ascertain the assumptions presented here it is necessary o ex-
amine numerous dune sections. In addition, a narrow sampling
and hence numerous dates are necessary for a precise recon-
struction of the chronometric history of a profile.

To improve the resolution for the whole sediment sequenc-
es of all four dune sites all samples will be dated using the SAR
protocol. It is also intended to date samples derived from
the bottom of the sections for determining the onset of acolian
mobilisation and dune development in this area.
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L ate Pleistocene Climatic Variations in Siberia Based on Loess-

Palaeosol Records

Jiff CHLACHULA' and Rob A. KEMP?
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ABSTRACT. Loess-palaeosol records in Siberia represent a sigrificant source of proxy data Jfor reconstruction of past climates
and climate change in the Northern Hemisphere. A series of high resolution loess sections recently studied in the Ob, Yenisei and
Angara River basins within a 1500 km W-E continental transect shows patterned climatic variations and uniformity of natural
environments across this territory during the Late Pleistocene. The key Late Quaternary Siberian record from Kurtak (Sections 29
and 33) in the Northern Minusinsk Basin provides evidence for a strongly fluctuating climatic change in the northern Eurasia
during the Late Quaternary, with maximum deviation amplitudes between 130 and 10 ka BP. Magnetic susceptibility (low-fre-
guency and FD%) records with other palaeoenvironmental proxy data (grain size, % Ca CO, and % organic carbon variations)
show a globally diagnostic palaeaciimatic trend for the last glacial - interglacial cycle, and an environmental uniformity across
southern Siberia.

The last interglacial (sensu lato) includes several relatively shortwarn as well as very cold intervals (correlated with OIS Se-3a),
with a strongly continental warm elimate culminating around the peak of the last interglacial (OIS 5e) and a gradual shift to more
humid and cooler conditions during the following interstadial stages (OIS Sc and 3a). Due to its pronounced contineniality,
the Siberian loess vecord provides an excellent source of high-resolution palacoclimatic proxy data of regional as well as global
significance.

KEY WORDS: loess-paleosol records, magnetic susceptibility, climatic change, Siberia, OIS 5.

Introduction

Palacoclimatic loess records in Siberia, although still less known
than those in Europe or China, have already provided impor-
tant information on past climatic variations in this part of Eur-
asia (Chlachula et al., 1997, 1998; Chlachula, 1999; Zykina,
1999). Loess and loess-like deposits are widely distributed
mainly in the southern part of the Siberian territory, covering
a broad geographical area of about 800,000 km? beiween the Ob
and Angara River basins north of the Altay and Sayan Moun-
tains. They represent a continuation of the Eurasian loess belt

spanning from Western Europe across the Russian Plains to
the north-central China Loess Plateau. They range in thickness
from a few metres in the Angara and Lake Baykal area in
the eastern part of Siberia to maximum of 40 m in the Yenisei
River valley and reaching up to 150 m on the Ob River (Prio-
bie) loess plateau in the west. The loess is often locally interca-
lated with other aeolian, alluvial and colluvial deposits (sands,
clays and silts) and it documents the complex nature of
the Quaternary environments in this part of Asia. Following





