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The stratigraphy and settlement history of the loess-areas in Central Europe is well known for the glacial periods and the
Holocene. In contrast there are no recent investigations in the sandy loess areas of the so called “Altmorénengebiet” in north-
ern Germany on the age of the sediments, timing of soil formation and settlement history. In this study two soil profiles in the
Liuneburg Heath are investigated. The soils have been studied by means of sedimentology, pedology and palynology. Dating was
done by optically stimulated luminescence (OSL) and radiocarbon. The results give the first evidence from the Altmorénenge-
biet for human impact on soil development as early as the late Neolithic. In the soil profiles, periods of erosion and accumulation
with enrichment in organic rich material are indicated.

(Genese und Datierung spéatpleistozan-holozéner Paldobodensequenzen in der Liineburger Heide, Norddeutschland)

Wihrend in den Lossgebieten Mitteleuropas die Lossstratigraphie und die menschliche Besiedlung der Lossgebiete sowohl eiszeit-
lich wie auch im Holozin gut bekannt sind, liegen zu den Sandlossgebieten der Altmoranengebiete keine neueren Erkenntnisse
zur zeitlichen Stellung der Sedimente oder zur Siedlungsgeschichte und zum Einfluss auf die Bodenentwicklung vor. In der Arbeit
werden aus einem Sandlossgebiet in der Liineburger Heide zwei Bodenprofile vorgestellt deren Gliederung einen Einblick in die
Genese der vergangenen 10000 Jahre erlaubt. Die Profile wurden sedimentologisch, pedologisch und palynologisch untersucht und
charakterisiert. Die Datierung der Profile erfolgte mittels optisch stimulierter Lumineszenz (OSL) und Radiokarbondatierung. Die
Ergebnisse legen einen menschlichen Einfluss auf die Boden ab dem spiten Neolithikum nahe. Darunter sind Erosions- und Ak-
kumulationsprozesse und insbesondere eine Anreicherung mit organischem Material zu fassen. Erstmals kénnen mit dieser Studie
Datierungen von Sedimenten und Boden des Altmoranengebietes prasentiert werden.
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1 Introduction

The present morphology of the Liineburg Heath was main-
ly formed by the Saalian glaciation (Oxygen Isotope Stage
6—8), when the area was covered at least three times by ice.
Weichselian glaciers (Oxygen Isotope Stage 2-5d) did not
reach the area which was strongly influenced by perigla-
cial processes, like erosion and solifluction. The landscape
of the Liineburg Heath is hence characterised by ground
moraines, terminal moraines, outwash plains, glaciofluvi-
al deposits and, in some limited areas, by loess deposits
(Fig. 1) (HAGEDORN 1964, CASPERS et al. 1995).

From soil mapping it is known that 70 to 90 cm thick
humic horizons in the soils of the sandy loess areas are
common. These horizons occur in depressions but also on
topographic highs. The formation of typical Plaggic An-
throsols (BLUME & LEINEWEBER 2004) is not known for the
Liineburg Heath. There are still questions about the age of
these humic horizons and about their formation processes.

Our investigations concentrate on an area south of
Luneburg, near the village of Seedorf (Figs. 1 and 2) that
is well-known for its highly fertile soils, which have devel-
oped on sandy loess (“Sandloss”) (Gehrt 2000). The sandy

loess was deposited during the Upper Weichselian (Geo-
logical Map GK 25 2929) and is generally overlying Saal-
ian and Lower and Middle Weichselian sediments. The pre-
vailing soil types developed on sandy loess in the Liine-
burg Heath were described by RoEScHMANN in KUNTZE et
al. (1995) and by GEHRT (2000). They range from Luvisols,
stagnic Luvisols, Cambisols and Podzols to Fluvisols and
Gleysols in the small brook valleys (Soil Map BK50 L2928,
Bad Bevensen) (Fig. 3). Figure 4 shows the distribution of
the characteristic deep humic horizons in the study area,
which are classified as colluvium and generally overly the
diagnostic B horizons. There is archaeological evidence of
an Iron Age cultural stage of the Jastorf culture (Seedorf-
Stufe, SCHWANTES 1952, HAssLER 1991) though as well as
of Neolithic settlements (Sprockhoff 1975, HEEGE & MAIER
1991, GEEBERS 1995, RICHTER 2002) in the area and of a
number of archaeobotanical investigations from prehistor-
ic sites. The few data available from peat bogs though pro-
vide background information on landscape development
(BECKER 1995, KIRLEIS 2003, BECKER & URBAN 2006). This
study of a Gleysol/Colluvisol developed in a brook valley
and of a Colluvisol/stagnic Luvisol sequence developed on
sandy loess at higher topographic elevation near the vil-
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Fig. 1: Location of Seedorf, county of Uelzen, Lower Saxony and distribution of loess and sandy loess in northern Germany. Grey shad-
ed area shows the location of the Luenburg Heath. Hatched area marks the northern most distribution of loess. Sandy loess areas are
marked by cross-hatches. 1 = Lower Rhine Area; 2 = Recklinghausen; 3, 4 = Soester Borde; 5 = Miinster; 6 = Bersenbriick; 7 = Damme;
8 = Wehden; 9 = Wunstorf, Rehurg; 10 = Goldenstedt; 11 = Syke; 12 = Apensen; 13 = Harburg; 14 = Garlsdorf; 15 = Uelzen, Bevensen;

16 = Clenze; 17 = Bergen, Jettebruch; 18 = Wittingen; 19 = Klotze; 20 = Peine, Braunschweig; 21 = Helmstedt; 22 = Haldensleben;

23 = Magdeburg.

ADDb. 1: Lage von Seedorf (Landkreis Uelzen) in Niedersachsen und Verbreitung von Loss und Sandloss in Nord-Deutschland. Die graue
Fliche zeigt die Lage der Liineburger Heide. Die schraffierte Fliche markiert die nordlichste Verbreitung von Léss in Deutschland.
Sandléssgebiete sind durch Kreuzschraffur markiert. 1 = Niederrhein; 2 = Recklinghausen; 3, 4 = Soester Borde; 5 = Miinster; 6 = Ber-
senbriick; 7 = Damme; 8 = Wehden; 9 = Wunstorf, Rehurg; 10 = Goldenstedt; 11 = Syke; 12 = Apensen; 13 = Harburg; 14 = Garlsdorf;

15 = Uelzen, Bevensen; 16 = Clenze; 17 = Bergen, Jettebruch; 18 = Wittingen; 19 = Klétze; 20 = Peine, Braunschweig; 21 = Helmstedt;

22 = Haldensleben; 23 = Magdeburg
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Fig. 2: Location of soil profiles Schulwiese and Kartoffelfeld near the village of Seedorf, county of Uelzen.
Abb. 2: Lage der untersuchten Profile Schulwiese und Kartoffelfeld in Seedorf (Landkreis Uelzen).

lage of Seedorf (Figs. 2 and 4) aims at dating and recon-
structing (palaeo) environmental conditions of soil genesis
and human impact on landscape evolution in the northern-
most patchy sand loess region at the margin of the Western
European contiguous loess belt.

2 Materials and methods

2.1 Description of the soils of the studied sites

Two sites have been selected for in-depth studies of their
genetic development, which differ strongly in topography
and hydrological conditions as well as in the type of land
use. The prevailing soil types in the floodplains are Gley-
sols developed on alluvial deposits and Histosols that are
mainly used as pasture, and stagnic Luvisols that are wide-
spread at higher elevations and support arable agriculture
(Fig. 3). The upper layers/horizons of the soils in both topo-
graphic positions are characterized by colluvial cover de-
posits.

The profiles of the two sites, Schulwiese and Kartoffelfeld,
have been described in the field using the German soil
mapping instructions (KA5 2005) (Tabs. 1 and 2), soil colour
was determined by MUNSELL soil colour charts.

The investigated section Schulwiese (Figs. 2 and 4)
(53.08°N, 10.52°E, 38 m a.s.l.) is located on a slip-off slope in a
floodplain of a small watercourse close to the village of Seed-
orf in the western part of the Liineburg Heath. The sequence
consists of 1.75 m thick silty, clayey soil-sediment with fluvic

and gleyic features. The uppermost 46 cm are made up of
a colluvial cover layer. The entire sequence has a silty tex-
ture, which is moderately clayey to medium clayey from the
middle part of the profile downwards (Tab. 1, Fig. 5). The
profile is carbonate-free and the organic content ranges be-
tween weak to strong humic. The profile Schulwiese has been
subdivided vertically using the international nomenclature
(IUSS 2006) (Fig. 5). By applying the German soil classifi-
cation system (KA5 2005), the vertical sequence was subdi-
vided into Ap (0-14 cm) /M-Go (14—-46 cm) /aGo (46-72 cm)
/fAa+Gr (72-104 cm) /aGr (104114 cm) /fAa+aGr (114—130
cm) /aGr (130-156 cm) /aGr (156175 cm) (Kucz 2006). The
Ap and the Bg1 horizon are developed in a loess colluvium
(M-Go).

The profile Kartoffelfeld (53.08°N, 10.52°E) is located
northeast of the village of Seedorf at 47.80 m a.s.1 on an el-
evated plateau (Figs. 2 and 4). The basal part of the 1.70 m
thick profile is made up by Saalian glacial till underlain by
glaciofluvial sands; the soil type developed on the silty sands
is a stagnic Luvisol. From 133 cm upwards the stagnic Luvi-
sol is overlain by a (sandy) loess colluvium showing weak
cambic properties (Tab. 2). The organic content assessed
ranges from weak to very weak humic. The profile Kartof-
felfeld is vertically subdivided (IUSS 2006) into the horizons
Ap-Bw1-Bw2-Bw3-2Btb/Bgb1-2Bwb1/Bgb1-3Bwb2/Bgb2/C
(Fig. 6). By applying the German soil classification system
(KA5 2005) the sequence of horizons can be described as Ap
(0-30 cm) /M (30-54 cm) /M (54-82 cm) /M (82-110 cm) /
Swd-Bt (110-133 cm) /Swd-Bv (133-138 cm) /Swd-Bv (138-
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Fig. 3: Soil map of Uelzen (BK50 L2928, Bad Bevensen).
Abb. 3: Bodenkarte von Uelzen (BK50 L2928, Bad Bevensen).

162 cm) /Cv (162-170 cm) (Kucz 2006). The Ap and Bwi,
Bw2, Bw3 horizons developed within the loess colluvium (M
30-110 cm).

2.2 Sedimentological and pedological analysis

The texture of the horizons was determined by the hydrome-
ter method (vaN REEUWIJK 1992). For physico-chemical anal-
ysis, the same samples were taken and analyzed for their pH
in a 1:2.5 0.01 M CaCl,-suspension, for organic carbon (C,,)
according to the Walkley-Black procedure (PAGE et al. 1982)
and organic nitrogen using the Kjeldahl procedure. Major
(Al, Fe, and Mn) and trace (S, Cr, Cu, Pb, Zn, Co, Ni, Cd,
Sr, Hg, V) elements were determined using an X-ray fluores-
cence (XRF) spectrometer (SpectroXepos-Benchtop-Roent-
genfluoreszenz-Spektrometer) equipped with a Rh tube
(CHEN et al. 2001). Quality control of the analytical proce-
dure was established using three internationally recognized
standard reference materials (SRMs) viz., ISE, BCSS-1, and
MESS-1. Based on these standards, the accuracy and preci-
sion of the analysis were within 1% for major elements and
within 5% for trace elements. Oxalate Fe, and dithionite Fey

Stagnic Luvisols

Podzols, Cambisols

extractable iron (HOLMGREN 1967) were measured by induc-
tively coupled plasma spectrometry (ICP). The soil organic
matter (SOM) has been calculated as C% * 1.72. All analyses
were carried out at Leuphana University Liineburg, Germa-

ny.

2.3 Age determination

The depositional ages of the sediments were determined
mainly by optically stimulated luminescence (OSL) with
one sample for radiocarbon dating taken from the profile
Schulwiese. The sampling positions are shown in Tabs. 7
and 8.

2.3.1 Optically stimulated luminescence [0SL) dating

OSL is one of the dosimetric dating methods and is an ex-
cellent tool for determining the depositional time of sedi-
ments. The method is based on the accumulation of electrons
in defects of the crystal lattice induced by the natural radio-
activity in the surrounding sediment. Due to the physical
mechanism of the OSL method, reliable and precise results
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Fig. 4: Distribution of deep humic horizons, fluvial and colluvial layers and forest cover in the area of Seedorf/Bad Bevensen, county of Uelzen.

Abb. 4: Verbreitung von tief-humosen Biden, fluvialen und colluvialen Lagen und Waldbedeckung in der Umgebung von Seedorf/Bad Bevensen (Landkreis

Uelzen).

for well-bleached aeolian sediments like loess or dunes can
be determined. Therefore, OSL has been applied successfully
to these deposits. Loess and loess like sediments have been
investigated and dated with OSL in many studies (ROBERTS
2008). Loess research in Germany has a more than 175 year
tradition with sections in the loess areas in the Rhineland
(western Germany) and in southern Germany having been
investigated in detail. The geochronological studies with
thermoluminescence and OSL dating are summarized in
FRECHEN et al. (2003). For loess and loess like sediments in
northwest Germany geochronological studies are still miss-
ing. There are detailed sedimentological investigations done
by DEWERS (1932), FIEDLER & ALTERMANN (1964) and LANG
(1974, 1990). This study will provide the first OSL ages for the
sandy loess area in northwest Germany.

Samples for OSL dating were collected in steel tubes ham-
mered into vertical sediment exposures after cleaning the
wall. The cylinders were sealed to protect the samples from
light exposure. Preparation of fine grained material was
done following the description from FRECHEN et al. (1996).
For the OSL measurement, the grain size fraction between
4-11 pm was taken.

A Risg Reader TL/OSL-DA-15 was used for the measure-
ment of the luminescence signal. The polymineral fine grain
samples were stimulated with infrared LEDs with a wave-
length of 875 nm and a maximum power of 135 mW cm™.

The emitted light was detected with a bialkali EMI 9235QA
photomultiplier tube. For the measurement of the feldspar
emission a combination of a Schott BG 39 and a Corning
7-59 filter was used. Irradiation of the samples was done
by an attached *°Sr/*°Y beta source with a dose rate of 0.16
Gy s™'. According to studies from MAuz & LANG (2004) and
Mauz et al. (2006), the dose rate has to be reduced for the
calculation of the equivalent dose obtained with aluminium
discs. Our experiments showed that the dose rate for our
reader using fine grains on aluminium discs has to be 16%
lower than for coarse grains (quartz) on stainless steel discs.

Feldspars suffer from an effect called anomalous fading.
This is a non-thermal loss of charge from kinetically stable
traps due to quantum mechanical tunnelling which results
in age underestimation (SPOONER 1994, VISOCEKAS 2002,
VISOCEKAS et al. 1994, WINTLE 1973). A quantitative correc-
tion method for samples younger than 20 ka was proposed
by HUNTLEY & LaMOTHE (2001). This method for fading
correction was applied to correct the ages for all samples
in this study.

The natural luminescence signal is mainly the result of
the natural radioactivity from uranium and thorium chains
and “K and a minor portion of some other radioisotopes and
cosmic radiation. For the age calculation it is essential to
know the annual dose rate of the surrounding sediment. In
this study the dose rate was measured by gamma spectrome-
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Table 1: Field soil description of soil profile Schulwiese (Gleysol/Colluvisol).

Tabelle 1: Beschreibung der Bodenhorizonte des Profils Schulwiese ((Kolluvisol-)Gley).

Horizon [KAS 2005) Horizon (IUSS 2006) Depth [cm] Texture Munsell Color
Ap Ap 0-14 Silt 2.5Y5/4

M-Go Bgl 14-46 Silt 2.5Y5/4

aGo Bg2 46-72 Moderate clayey Silt 2.5Y4/4
fAa+Gr 2Ahb/Crb 72-104 Medium clayey Silt 2.5Y4/3

aGr 2Crb 104-114 Medium clayey Silt 2.5Y4/3
fAa+Gr 3Ahb/Crb 114-130 Moderate clayey Silt 2.5Y2.5/1

aGr 3Crbl 130-156 Moderate clayey Silt 2.5Y4/2

aGr 3Crb2 156-175 Maoderate clayey Silt Not determined

Table 2: Field soil description of soil profile Kartoffelfeld (Stagnic Luvisol/Colluvisol).

Tabelle 2: Beschreibung der Bodenhorizonte des Profils Kartoffelfeld (Kolluvisol, Pseudogley-Parabraunerde).

Horizon (KAS 2005) Horizon (IUSS 2006) Depth [cm] Texture Munsell Color
Ap Ap 0-30 Silt 2.5Y5/4
M Bwl 30-54 Silt 2.5Y6/4
M Bwe2 54-82 Moderate sandy Silt 2.5Y5/4
M Bw3 82-110 Moderate sandy Silt 2.5Y5/6
Swd-Bt 2Btb/Bgbl 110-133 Strong silty Sand 2.5Y6/8
Swd-Bv 2Bwb1/Bghl 133-138 Medium silty Sand 2.5Y6/6
Swd-Bv 3Bwb2/Bgh2 138-162 Weak silty Sand 2.5Y6/6
Cv C 162-170 Weak silty Sand 2.5Y5/6

try with an HPGe (High-Purity Germanium) N-type coaxial
detector in the laboratory. The results of the gamma spec-
trometry are shown in Table 3. For the dosimetry the infinite
matrix approach is assumed (AITKEN 1998). This means for a
volume having dimensions greater than the range of radia-
tion, that the rate of energy absorption is equal to the rate of
energy emission. The gamma spectrometry allows the moni-
toring for any radioactive disequilibrium. For all samples ra-
dioactive equilibrium could be observed. For potassium-rich
feldspar the alpha contribution has to be corrected by a fac-
tor: the a-value (alpha efficiency). In this study an a-value of
0.08 + 0.01 was used, as proposed by REEs-JoNES (1995) for
polymineral fine grain samples. The contribution of the cos-
mic radiation, which depends on latitude, longitude, altitude
and thickness of the sediment cover, was calculated using
the approach of PrREscoTT & HUTTON (1994) and PREScOTT
& STEPHAN (1982). The values for the cosmic radiation are
shown in Table 3.

The intensity of the natural radioactivity in the sediment
is attenuated by the water in the sediment. Therefore the
annual dose rate has to be corrected. For the samples from
the profile Schulwiese the water content was measured in
the lab from additional samples taken during the OSL sam-
pling. The water content for the upper samples is around
12 %. This is a typical value for European loess (P£cst 1990).
The samples at lower positions are within the influence of

the ground water. Here the water content is between 19
and 25 %. To take seasonal fluctuations of the water content
into account, the error was set quite large. For the upper
samples it is 5 % and for the lower samples 10 % (Tab. 3). For
the samples from the profile Kartoffelfeld (Tab. 3) no water
content was measured because there was not enough sam-
pling material collected to measure the water content in
the lab. In this case the water content had to be estimated
using the values from the higher part of the nearby profile
Schulwiese.

The OSL-ages are calculated by dividing the equivalent
dose (D,) by the dose rate of the sediment including the con-
tribution of the cosmic rays and the attenuation by the water
content. The obtained ages were fading corrected with the
g-value by the method described in HUNTLEY & LAMOTHE
(2001). The equivalent doses are calculated using the weight-
ed mean. The results of the age calculation are shown in
Tab. 4. The distribution of the equivalent doses was checked
using the Kolmogorov-Smirnov-Test (K-S-test) which shows
if there is a normal distribution or not. For a normal distri-
bution the obtained K-S-value from this test should be lower
than the critical test value. The results of the K-S-test are
shown in Tab. 4. All samples show a normal distribution.
Based on these results an incomplete bleaching of the sam-
ples is unlikely.
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Fig. 5: Profile Schulwiese (Gleysol/Colluvisol) and grain size distribution. Soil description based on IUSS (2006) and in brackets on KA 5 (2005). 1 = clay
(<0.002 mm), 2 = fine grained silt (0.002—0.006 mm), 3 = middle grained silt (0.006-0.02 mm), 4 = coarse grained silt (0.02-0.063 mm), 5 = fine grained sand
(0.063—0.2 mm), 6 = middle grained sand (0.2-0.63 mm), 7 = coarse grained sand (0.63—2 mm).

Abb. 5: Profil Schulwiese ((Kolluvisol-)Gley) und Korngrossenverteilung. Bodenbeschreibung nach IUS (2006) und in Klammern nach KA 5 (2005). 1 = Ton
(<0,002 mm), 2 = Feinschluff (0,002—0,006 mm), 3 = Mittelschluff (0,006—0,02 mm), 4 = Grobschluff (0,02—0,063 mm), 5 = Feinsand (0,063-0,2 mm), 6 = Mit-

telsand (0,2-0,63 mm), 7 = Grobsand (0,63—2 mm).

2.3.2 0SL measurements and experimental details

Before starting the OSL measurements with a single ali-
quot regenerative dose (SAR) protocol, several tests were
performed to check the suitability of the material for dat-
ing. The SAR protocol based on MURRAY & WINTLE (2000)
was used in this study. The protocol was modified by in-
serting a hot-bleach step and the cutheat temperature was
chosen equivalent to the preheat temperature (WALLINGA
et al. 2007). Preheat tests, dose recovery tests and fading
tests were performed. The tests were made for the top-most
samples and the bottom-most samples in the profiles. Sam-
ples SEE 1-A and SEE 1-F from profile Schulwiese and sam-
ples SEE 2-A and SEE 2-C from profile Kartoffelfeld were
used for preheat tests. Samples SEE 1-C and SEE 2-A were
used for a dose recovery test. The fading tests were done
for all samples using fresh aliquots.

The results of the preheat plateau test are shown in Fig. 7.
For the samples from profile Schulwiese, the D, show a pla-
teau in the temperature range of 160°C to 240°C (SEE 1-A)
and 180°C to 240°C (SEE 1-F). For higher preheat tempera-
tures the D, are increasing significantly. The recycling ra-
tios are in the range of acceptance of 1.0 + 0.1 for preheat
temperatures up to 240°C. For higher preheat temperatures

the recycling ratios are decreasing. The recuperation is in-
creasing for preheat temperatures higher than 240°C. Based
on these results a preheat temperature of 200°C for all the
samples from profile Schulwiese was used.

The behaviour for the samples from profile Kartoffelfeld
differs. There is no clear preheat plateau visible for the sam-
ples SEE 2-A and SEE 2-C. The D, are slightly increasing
with increasing preheat temperature. The recycling ratios
are decreasing and scattering for preheat temperatures high-
er than 220°C. The recuperation is increasing exponentially
for preheat temperatures higher than 200°C. Based on the
behaviour of the recycling ratios and recuperation, a preheat
temperature of 180°C was used for all samples from the pro-
file Kartoffelfeld.

After determination of the appropriate preheat tempe-ra-
ture, dose-recovery tests based on the protocol described by
MuURRAY & WINTLE (2003) were carried out. This test deter-
mines whether an artificially applied dose can be recovered
by the SAR protocol. For the profile Schulwiese 15 aliquots
from sample SEE 1-C and 10 aliquots from sample SEE 2-A
(profile Kartoffelfeld) were bleached in a Dr. Honle SOL 2
solar simulator for 2 hours. The bleached samples are irradi-
ated in the Rise Reader with a fixed beta-dose which is close
to the expected equivalent dose. This dose was measured us-
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Table 3: Results of the gamma spectrometry, cosmic dose and water content for the samples from section Schulwiese (SEE 1) and section Kartoffelfeld
(SEE 2). Depth is below surface. The dose rate is the sum of the dose rates from the alpha, beta, gamma and cosmic radiation. For the calculation of the to-
tal dose rate the conversion factors published by ADAMIEC & AITKEN (1998) were used. An a-value of 0.08 + 0.01 (REES-JONES 1995) for the alpha-efficiency

was used for all samples. A systematic error of 8 % is included for the calculation of the dose rate including uncertainties from beta-attenuation, conversion
factors, calibration of the gamma detector and effects of past disequilibrium. An error of 10 % is estimated for the cosmic dose.

Tabelle 3: Ergebnisse der Gammaspektrometrie, kosmischen Strahlung und Wassergehalt fiir die Proben aus dem Profil Schulwiese (SEE 1) und Profil Kar-
toffelfeld (SEE 2). Tiefe ist unter Geldndeoberkante. Die Dosisleistung des Sediments ist die Summe aus den Dosisleistungen der alpha-, beta-, gamma- und
kosmischen Strahlung. Fiir die Berechnung der gesamten Dosisleistung wurden die Umrechnungsfaktoren von ADAMIEC & AITKEN (1998) verwendet. Zur
Berechnung der alpha-Effizienz wurde der a-Wert von 0,08 + 0,01 fiir alle Proben verwendet (REEs-JONEs 1995). Ein systematischer Fehler von 8% wurde
bei der Berechnung der Dosisleistung einbezogen. Dieser Fehler beinhaltet Unsicherheiten durch die beta-Abschwdichung, der Umrechnungsfaktoren, der
Kalibrierung des Gammaspektrometers und Effekte durch friihere radioaktive Ungleichgewichte. Fiir die kosmische Strahlung wurde ein Fehler von 10%

angenommen.
Sample | depth([m) cm::;f’[%] K [%) U (ppm) Th (ppm) °'E:1“;';:':]se ?:11‘3’:"1‘;
SEE 1-A 0.30 12+5 1.48 = 0.07 2.02 £0.10 6.45 £ 0.32 0.20 £ 0.02 2.78 £0.17
SEE1-B 0.45 115 1.56 £ 0.08 2.34+0.12 7.09 £0.35 0.20 £ 0.02 3.04+0.17
SEE 1-C 0.60 13+5 1.63 +£0.08 2.27+0.11 7.54 £ 0.38 0.19 = 0.02 3.05+0.17
SEE1-D 0.85 19+10 1.55+0.08 2.50+0.13 8.06 £ 0.40 0.18 = 0.02 2.92 £ 0.20
SEE 1-E 0.97 25+10 1.31 = 0.07 2.51+0.13 713 +0.36 0.18 = 0.02 2.49+0.18
SEE1-F 115 17+ 10 1.41 +0.07 225+0.11 6.94 + 0.35 0.17 +0.02 2,67 +0.20
SEE 2-A 0.80 1245 1.70+0.09 2.28+0.11 6.90 + 0.35 0.18 + 0.02 3.08 +0.17
SEE 2-B 0.82 1245 171+ 0.09 221+0.11 6.79+0.34 0.18+0.02 306+ 017
SEE 2-C 1.38 12+5 1.20 £ 0.06 2.45+0.12 8.91 £ 0.45 0.17 £ 0.02 2.86 £0.17

ing the SAR protocol applied for the samples. The ratio of ap-
plied dose to recovered dose for sample SEE 1-C is 0.94 + 0.03
and for sample SEE 2-A is 1.03 + 0.01. Based on the results of
the performance tests a SAR protocol (Tab. 5) was developed
and the D, values of the samples are measured with this pro-
tocol. The IR-stimulation time for the samples from profile
Schulwiese are reduced from 300 s to 100 s to save measuring
time. The IRSL-signal is reduced after 50 s to background-
level. Longer IR-stimulation time gives no better behaviour
concerning fully bleaching and recuperation.

2.4 Palynological investigations

For palynological, including charcoal particle, analysis,
about 10 g sampled at intervals of 2-5 cm of the OSL dated
layers were treated by standard palynological methods. The
procedures included dispersion with 10% NaOH, carbon-
ate removal by 10% HCI, flotation to separate organics from
the inorganic matrix using sodium metatungstate (3NaWO,
* 9WO; « H,0) and acetolysis to dissolve cellulose and to
darken the palynomorphs for ease of recognition (FAEGRI &
IVERSEN 1989, MOORE et al. 1991). Prepared residues were
embedded in glycerine over which coverslips of 24 x 32 mm
were sealed with Entellan® and samples subsequently count-
ed mostly at x400 magnification. Three slides of 24 x 32 mm
per sample were analyzed for pollen and non-pollen paly-
nomorphs except for micro charcoal, which was counted in
1 slide and then calculated for 3 slides as well. For detailed
morphological studies a x100 oil immersion lens was used.
Pollen and spores were identified from the atlases of MOORE
et al. (1991), BEUG (2004), FAEGRI & IVERSEN (1989) and a
reference collection of the Laboratory of the Division of Soil
Science and Biology at Leuphana University of Liineburg.

The guide and reference literature of van GEEL (1978, 2001)
was used to identify fungal remains and other non-pollen
palynomorphs. The pollen sum (100%) is based on terrestri-
al pollen exclusive of Cyperaceae and Ericaceae as well as
fern and moss spores. Pollen calculation and diagram con-
struction were performed with the software package TILIA,
TILIA GRAPH and TILIA VIEW (GRrimM 1990).

3 Results
3.1 Sediment and soil properties

3.1.1 Profile Schulwiese

The Ap and Bg1 horizons (colluvium) of the Gleysol/Collu-
visol Schulwiese (Tab. 1, Figs. 5 and 8) are characterized by
pure silt, the underlying buried Ahb and Crb horizons are
composed of moderate clayey silt, and the 2Ahb/Crb hori-
zon has the highest clay content. The pH [CaCl,] of the en-
tire profile ranges from 5.6 to 5.8 except for the Bg2 horizon,
which has a pH of slightly above 6. Organic carbon and Soil
Organic Matter (SOM) respectively reach highest values in
the buried A horizons 2Ahb/Crb (2.66 % C) and 3Ahb/Crb
(2.25% C) and in the Ap (2.03 % C) and Bg1 (1.87% C) hori-
zons which developed on the colluvium. The 2Crb horizon
has still a carbon content of 1.15 % whereas the Bg2 (0.5%)
and the 3Crb1 (0.44%) horizons are low in carbon. Similar re-
sults were found for organic nitrogen with highest amounts
in the buried A horizons and in the horizons developed with-
in the colluvium (Fig. 8). Total (Fe,) as well as free iron (Fey)
have highest values in the uppermost colluvial horizons Ap
and Bg1 (Fig. 9 and 10) pointing to supply with fresh loess-
soil borne material. Among the trace and major elements the
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Table 4: Results of the OSL measurements, age calculation and statistical parameters for the samples from section Schulwiese (SEE 1) and the section Kar-
toffelfeld (SEE 2). The grain size for all samples is 411 um. Equivalent doses are calculated using weighted mean including an error of 3 % for the calibra-
tion of the beta source in the OSL reader. Fading corrected ages are calculated using the approach from HUNTLEY & LAMOTHE (2001). Number of aliquots
shows the amount of aliquots used for the age calculation. The K-S-value shows the results of the Kolmogorov-Smirnoff-Test which tests for a normal
distribution. Distributions of equivalent doses with K-S-values lower than the critical K-S-value are regarded as normal distributions.

Tabelle 4: Ergebnisse der OSL-Messung, der Altersberechnung und statistische Parameter fiir die Proben aus dem Profil Schulwiese (SEE 1) und Kartoffelfeld
(SEE 2). Alle Proben sind polymineralische Feinkornproben mit einer Korngrosse zwischen 4 ym und 11 um. Die Aquivalenzdosen wurden tiber das gewich-
tete Mittel berechnet. Die Fehlerberechnung beinhaltet einen Fehler fiir die Kalibrierung der beta-Quelle im OSL-Reader von 3%, Die Fadingkorrektur wurde
nach der Methode von HUNTLEY & LAMOTHE (2001) durchgefiihrt. Anzahl der Aliquots zeigt die Zahl der fiir die Altersberechnung verwendeten Aliquots
an. Mit Hilfe des Kolmogorov-Smirnoff-Test wurden die Verteilungen der Aquivalenzdosen auf Normalverteilung getestet. Verteilungen mit einem K-S-Wert
niedriger als der kritische K-S-Wert wurden als Normalverteilung angesehen.

Sample equivalent . g-value fading uncorrected | fading corrected age nur:nher of K-S-value critical K-S-
dose (Gy) (% per decade) age (ka) (ka) aliquots value
SEE 1-A 2.18+0.02 5403 0.79 £ 0.05 12=+01 18 0.142 0.308
SEE1-B 2.10+0.03 51=+02 0.69 +0.04 1.0=+01 18 0.115 0.308
SEE1-C 547 +0.06 44=02 1.8+0.1 2501 19 0.161 0.301
SEE1-D 5.50+0.06 4502 1901 26=02 20 0.138 0.294
SEE1-E 7.28 +0.08 39+03 29+0.2 3903 20 0.089 0.294
SEE1-F | 18.16=0.28 29+03 72+06 9.0+0.7 20 0.106 0.294
SEE2-A | 10.78+0.10 3503 3502 46+0.3 20 0.101 0.294
SEE 2-B 6.04 £ 0.06 38=02 20+0.1 2601 20 0171 0.294
SEE2-C 138.99 +2.00 3503 48.5=+29 66.9 = 4.5 17 0.087 0.318

Table 5: Single aliquot regenerative (SAR) protocol used for the measurement of the samples from sections Schulwiese and Kartoffelfeld.
Tabelle 5: Fiir die Messung der Proben aus den Profilen Schulwiese und Kartoffelfeld benutztes Single Aliquot Regenerative (SAR) Protokoll.

Step Treatment Schulwiese Kartoffelfeld Observed
1 give regenerative dose D; 1.6-48 Gy 9.6-160 Gy

2 preheat (5°C/s heating rate) 200°Cfor10's 180°C for 10's

3 IRSL 100 s @ 50°C 300s @ 50°C L

4 give test dose D, 0.8 Gy 1.6 Gy

5 cutheat (5°C/s heating rate] 200°Cfor10s 180°Cfor10s

B IRSL 100 s @ 50°C 300s @ 50°C T

7 IRSL (hotbleach) 100 s @ 290°C 100 s @ 290°C

For the natural sample i=0 and D,=0. The whole sequence is repeated for several regenerative doses, including a zero dose and a repeat dose. Regenerative
doses D; depending on the expected age of the sample. Doses are chosen in that way, that they bracket the natural dose. In this table the range of all given
doses for all samples is given. The ratio between L/T; is used for the calculation of the equivalent dose. The IRSL-signal from step 7 (hotbleach) is not used.

amounts of phosphorous, manganese as well as of chlorine
are increasing in the Ap and Bgl horizon (Fig. 10), where-
as calcium and sulfur are predominant in fossil horizons
2Ahb/Crb and 3Ahb/Crb. The sulfur enrichment might be
explained as a result of anaerobic processes under (ground)
water saturated conditions, which is as well supported by
the high amounts of still preserved SOM.

3.1.2 Profile Kartoffelfeld

The Ap, Bwl, Bw2 and Bw3 horizons, which are devel-
oped on the loess-soil colluvium, are characterized by a
silty (0-54 cm) to moderate sandy silty texture (54-110 cm)
(Fig. 6, Tab. 2). The texture of 2Btb/Bgb1 (110-133 cm) is a
strong silty sand and that of 2Bwb1/Bgb1 (133-138 cm) a
medium silty sand while the 3Bwb2/Bgb2 and C horizons

are of a weak silty sand texture. 2Btb/Bgb1 (110-133 cm) and
2Bwb1/Bgb1 (133-138 cm) horizons developed on Weichse-
lian periglacial silty sand, whereas the basal 3Bwb2/Bgb2
and C horizons formed on Saalian (Drenthe Stadium) sandy
till. The uppermost four horizons show a steady increase
of organic Carbon, total Nitrogen as well as of pH [CaCl,]
(Fig. 11) from about 100 cm to the top of the profile. Total
(Fe,) as well as free Iron (Fey) in particular Fe -oxides have
highest values in the uppermost colluvial horizons (Fig. 12)
pointing to recent rejuvenation of the sequence with loess-
soil borne parent material. The Fe /Fe, ratio of the underly-
ing buried stagnic luvic and C horizons is very low reflecting
old pedogenic weathering processes. A major erosive hiatus
between the basic horizons and the colluvial cover pediment
is assumed as a buried Ahb horizon is missing in the se-
quence of profile Kartoffelfeld.
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Fig. 6: Profile Kartoffelfeld (Colluvisol/Stagnic Luvisol) (Seedorf, Lower Saxony) and grain size distribution. Soil description based on IUSS (2006) and in
brackets on KA 5 (2005). 1 = clay (<0.002 mm), 2 = fine grained silt (0.002-0.006 mm), 3 = middle grained silt (0.006—0.02 mm), 4 = coarse grained silt
(0.02—0.063 mm), 5 = fine grained sand (0.063—0.2 mm), 6 = middle grained sand (0.2—0.63 mm), 7 = coarse grained sand (0.63-2 mm).

Abb. 6: Profil Kartoffelfeld (Kolluvisol, Pseudogley-Parabraunerde) und Korngréssenverteilung. Bodenbeschreibung nach IUS (2006) und in Klammern
nach KA 5 (2005). 1 = Ton (<0,002 mm), 2 = Feinschluff (0,002—0,006 mm), 3 = Mittelschluff (0,006-0,02 mm), 4 = Grobschluff (0,02—0,063 mm), 5 = Feinsand

(0,063-0,2 mm), 6 = Mittelsand (0,2—0,63 mm), 7 = Grobsand (0,63—2 mm).

3.2 0SL dating

The results of the dosimetry, the OSL measurements and the
age calculation for profiles Schulwiese and Kartoffelfeld are
summarized in Tables 3 and 4. The equivalent doses and cal-
culated ages, fading uncorrected and fading corrected ones,
show an increase of D, and of age with depth. Sample SEE
1-B has a slightly lower D, and lower age than the sample
from above. The 1-sigma standard deviation makes an equal
deposition age likely for SEE 1-A and SEE 1-B. Based on the
geochronology, four periods of increased accumulation of
sediment can be identified in the profile Schulwiese. The first
one took place 9.0 + 0.7 ka while a second period is indicated
at 3.9 + 0.3 ka. Samples SEE 1-C and SEE 1-D show a third
period of deposition at around 2.5 ka and the fourth period
of deposition is shown by samples SEE 1-A and SEE 1-B at
around 1.0 ka before present.

In profile Kartoffelfeldthere is an increase of D, and age with
depth. The sample SEE 2-A was taken from a parallel profile a
few meters from the main profile. It could be expected, that the
ages of SEE 2-A and SEE 2-B should be nearly the same. The
difference can be explained by the palaeo-topographic situa-
tion at this site which was not evident during sampling.

Due to the colluvial deposition of the sediment, incom-
plete bleaching of the samples could be expected. In the
case of incomplete bleaching the distributions of the equiv-
alent doses obtained during the SAR-measurement should
show a large scatter. But all investigated OSL samples show
very low scatter and a normal distribution indicating fully
bleached samples. The obtained OSL-ages (Tab. 7 and 8) are
in agreement with radiocarbon dating, pollenanalysis and
archeological investigations in that area.

3.3 Radiocarbon dating

In this study humic-rich material from a depth of 108 cm
below surface was taken for radiocarbon dating. The specif-
ic activity of "“C was measured radiometrically by propor-
tional counters (GEYH 2005). The conventional age is given
with a 2-sigma standard deviation and was calculated into
calibrated age using Calib 5.0.1 based on STUIVER & REIMER
(1993). For terrestrial material the dataset intcal0o4 (REIMER
et al. 2004) was used and the calibrated '“C-age is in the
2-sigma range. The "C-age of sample Hv25552 is 5960 * 60
years BP (3"°C = -28.7) and the calibrated age is cal BC 5081
- 4551 (Early Neolithic, Linear Pottery culture) (Tab.7).
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Fig. 8: Soil properties of profile Schulwiese (Seedorf, Lower Saxony).
ADbD. 8: Bodeneigenschaften des Profils Schulwiese (Seedorf, Niedersachsen).
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Fig. 9: Total Fe and pedogenic F,-oxides of profile Schulwiese (Seedorf, Lower Saxony).
ADDb. 9: Verteilung von Eisen (F,) und pedogenen Eisenoxiden im Profil Schulwiese (Seedorf, Niedersachsen).
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Fig. 10: Major and trace element analysis of profile Schulwiese (Seedorf, Lower Saxony).
ADDb. 10: Verteilung von Haupt- und Spurenelementen im Profil Schulwiese (Seedorf, Niedersachsen).
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Figure 11: Soil properties of profile Kartoffelfeld (Seedorf, Lower Saxony).
Abbildung 11: Bodeneigenschaften des Profils Kartoffelfeld (Seedorf, Niedersachsen,).
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Table 6: Pollen assemblages and Holocene climatic zones of profile Schulwiese (Seedorf, Lower Saxony).

Tabelle 6: Pollenzonen und klimatische Gliederung des Holozdn fiir das Profil Schulwiese (Seedorf, Niedersachsen).

Local pollen assem- . . . . .
blage Zone, LPAZ Soil horizons Pollen, Vegetation Climatic Zones
Late Subatlantic
S5 Bgl Quercus increasing, Alnus, terrestrial herbs, Cerealia
Alnus, dominance of Poaceae and terrestrial herbs, Cichoria-
sS4 Bg2 .
ceae, Cerealia and Secale [reye)
Early Subatlantic
Decrease of Alnus, strong increase of heliophytes and Poa-
S3b Bg2 .
ceae, continuous curve of Cereals
Subboreal
S3a 2Ahb/Crb Alnus, Quercus, Poaceae, slight increase of Cyperaceae
3o 5Crb Alnus, Qulercus, TI|IEI, Ulmus, Betula, Pinus, Palypodiaceae, Atlantic
Poaceae increasing
Boreal
S1 3Ahb/Crh Betula, Pinus, Selaginella selaginoides
Preboreal
Fe, (mg kg™) Fe, (mg kg™) Fe./Fe, Fe, (mg kg™
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Fig. 12: Total F, and pedogenic F,-oxides of profile Kartoffelfeld (Seedorf, Lower Saxony).
Abb. 12: Verteilung von Eisen (F,) und pedogenen Eisenoxiden im Profil Kartoffelfeld (Seedorf, Niedersachsen).
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Table 7: Late Glacial and Holocene climate, dating, archaeological periods and soil development (profile Schulwiese, Seedorf, Lower Saxony). Sampling
points for OSL dating are marked by black crosses. White cross marks the sampling position for radiocarbon dating. Soil description is based on IUSS (2006)
and in brackets on KA 5 (2005). Soil horizons 3Crb1 and 3Crb2 are covered by groundwater and not visible in the picture.

Tabelle 7: Spdtglaziale und holozdne Klimaentwicklung, Datierungsergebnisse, archdologische Perioden und Bodenentwicklung fiir das Profil Schulwiese
in Seedorf (Niedersachsen). Probennahmepunkte fiir die OSL-Datierung sind mit schwarzen Kreuzen markiert. Weisse Kreuze markieren den Probennah-
mepunkt fiir die Radiokarbondatierung. Die Beschreibung der Bodenhorizonte ist nach IUSS (2006) und in Klammern nach KA 5 (2005). Bodenhorizonte
aGr im Liegenden sind durch Grundwasser bedeckt und im Foto nicht sichtbar.

Ap Age

L) | ey

Bg1

25+0.1ka

26+02ka
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9.0+ 0.7 ka

Climatic Historic Local
Periods Periods Activities
Middle Age increased
Subatlantic Ea{\',lyefj?:\l'jte accumulation
deforestation period ~ due to erosion
Iron Age )
Jastorf Culture increased
800-0BC accumulation
Subboreal due to erosion
Bronze Age

--------------- ~_ Culture? fired clay
Boreal “~. Neolithic
Preb | Mesolithic spontaneous
reborea conifer forest
fires

Late Neolithic

Funnel Beaker first settlements,

3.4 Palynology

The results of 23 samples of profile Schulwiese (130 cm—37 cm)
containing between 200 and 580 palynomorphs per count
and abundant in micro charcoal are presented in a pollen
diagram (Fig. 13). The diagram is subdivided into 5 local
pollen assemblage zones (LPAZ) S1-S5, while one zone,
LPAZ S3, is further divided into subzones 3a and 3b.

LPAZ S1 (130-117.5 cm; horizon 3Ahb/Crb) is character-
ized by high values for Betula, Alnus and Pinus; pollen
of Ephedra fragilis and spores of Selaginella selaginoides
indicate relatively open stands characteristic for early
Holocene conditions. Pollen of Quercus, Corylus and Ulmus
at the base of the pollen zone might be reworked. The mi-
cro charcoal curve peaks in the lower most sample which
is probably due to lightning or spontaneous combustion of
the conifer (Pinus) dominated woodland rather than point-
ing to human activities (KaLis et al. 2003). Based on the
pollen assemblage the parent material and horizon 3Ahb/
Crb most probably developed during the Preboreal-Boreal
transition.

The pollen assemblage of LPAZ S2 (117.5-102.5 cm; up-
per part of horizon 3Ahb/Crb, horizon 2Crb, lowest part
of 2Ahb/Crb) is dominated by Alnus whereas Betula has
decreased, followed by Pinus and Corylus, Quercus, Ulmus
and Tilia among the arboreal taxa (AP). Fern spores as well
as pollen of Alnus and Betula and of herbs like Filipendula
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point to a swampy temporarily flooded environment and
a high groundwater level. Pollen of other terrestrial helio-
philous herbs like Asteraceae, Apiaceae, Caryophyllaceae,
Cichoriaceae and Rosaceae are indicative of local open
meadows at site Schulwiese. The increasing curve of grass
pollen (Poaceae) and a peak in the generally high charcoal
curve observed in horizon 2Crb, might point to human ac-
tivity although anthropogenic indicators are still lacking in
this pollen zone. From the pollen assemblage of the woody
plants a local back swamp forest with predominantly Al-
nus and Betula can be concluded whereas Quercus-Ulmus-
Tilia-Corylus woodland was distributed on higher elevated
loess stands. Summarizing the pollen assemblage of woody
plants of pollen zone S2 (horizon 2Crb) points to an Atlan-
tic age.

This conclusion is supported by a 'C-age of cal BC
5081-4551 obtained from humic material of the 2Crb
(108 cm) pointing to a younger Atlantic age for upper parts
of LPAZ S2 (Tab. 6)

LPAZ S3 is divided into subzone S3a (102.5-92.5 cm) rep-
resentative of the lower part of 2Ahb/Crb horizon and sub-
zone S3b (92.5 cm-62.5 cm) which characterizes the upper
part of the 2Ahb/Crb and the lower part of Bg2 horizons.
LPAZ 3a is still characterized by high amounts of AP, main-
ly of Alnus, Quercus, Pinus, Tilia and Corylus. The Poaceae
curve increases towards the boundary with subzone S3b
and a slight increase of Cyperaceae is observed as well as

E&G / Vol. 60 / No. 1 /2011 / 6-26 / DOI 10.3285/eg.60.1.01 / © Authars / Creative Commons Attribution License



ovl

el

| ras0e

> (1
0c 0¥ 02 09 0¥ 02 0c 00} 0S

(uasyovs1apaIN f10paag) asAIMINYIS LLrFrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr[‘r i B il i “ i i -
[Hoid woa wwv.iFvipuajjod €I 99V 's 4@ AA A @ M A A
‘(Auoxvg 4amoT f10paag) asarmnios M || - %A \N ozt

QI0/quve

GLL-L'0F06

aj1foud Jo wwiSv1p uajjod :c1°51.] ] A

[

(4] (U3

M : |

Wl
ol N TR
ML/ mﬁ

-09 ¥ 0965
9, 180

qi0z

N

SOt

IR R
H -

A W m

|

|

! &

o

RN

q12/quve

|
N ]
I I — N r— T 1
1 ]

2bg

s e
]

T

m 09 -BYL'0FGC
SS

05

IR |

LT T 1

4

oY P Had NP 00 FOPNRFRIPWST O NP B2 YR O oY Y
g X, S5 S NSNS Y R @ N SPGRO QW7 R Ge
&@%@W/@eo/« z%w@s & FSOE vooo/o« A “.WW« e/»/v% TS S «/&@« o7
P LY P ¥ P TR LR S 2 PN SN
> @/69 e & > ,N,/ &o
N S & |l -errozzL
=4
Ge
sessojy g suseg P sqnyg g seaiy
02
Gl
(V]
>
T
S
0
‘ S
9002 S8IMINYIS ‘LOpads I
> S
& o 4

21

ESG / Vol. 60 / No.1 /2011 /6-26/ DOl 10.3285/eg.60.1.01 / © Authors / Creative Commons Attribution License



Table 8: Late Weichselian and Holocene climate, dating, archaeological periods and soil development (profile Kartoffelfeld, Seedorf, Lower Saxony). Sam-
pling points for OSL dating are marked by black crosses. Soil description is based on IUSS (2006) and in brackets on KA 5 (2005).

Tabelle 8: Spdtweichselzeitliche und holozine Klimaentwicklung, Datierungsergebnisse, archéologische Perioden und Bodenentwicklung fiir das Profil Kar-
toffelfeld in Seedorf (Niedersachsen). Probennahmepunkte fiir OSL-Datierung sind mit schwarzen Kreuzen markiert. Die Beschreibung der Bodenhorizonte

ist nach IUSS (2006) und in Klammern nach KA 5 (2005).

LY T e s
1 sl Age Climatic Historic Local
Ap S Periods Periods Activities
(Ap)
Bw1
(M)
Bw2 Iron Age )
(M) Jastorf Culture increased
2.6 +0.1ka Subboreal 800-0BC accumulation
due to erosion
Bronze Age
Bw3 |, Pl Tl oA n i | S ______
(M) Late Neolithic  first settl t
-» 4.6+0.3ka Funnel Beaker s fiSr(Zd i?;en S:
2Btb/ ) Culture? y
Bgbi Hiatus
(Swd-Bt)
- Early
3Bwb2/B 66.9+4.5ka Weichselian Weichselian
(3\33_23\, per_iglacial d_e-
posits overlying
C(Cv) Saalian till

an increase of the heath Calluna. In the same levels (lower
part of LPAZ 3a and 2Ahb/Crb horizon) a fresh thin alluvial
loess layer with fired clay and two peaks in the charcoal
curve point to earliest human environmental impact in the
study area.

During LPAZ S3b a decrease in arboreal pollen in par-
ticular of Pinus and a strong increase of heliophytes and
Poaceae is observed accompanied by the continuous pres-
ence of Cerealia pollen and frequent occurrence of other
anthropogenic indicators like Plantago lanceolata, Plantago
major/media Type, Artemisia, Rumex and Chenopodiaceae
(BEHRE 1981) and a further increase of Calluna. A Subbo-
real age can be concluded from the pollenspectra for LPAZ
S3a whereas LPAZ S3b reveals a phase of intensive land use
activities of late Subboreal, early Subatlantic times.

The OSL age of 3.9 + 0.3 ka at the layer of fired clay in
97 cm, most probably indicates Late Neolithic cultural ac-
tivities in the area of Seedorf during pollen subzone S3a
(Tabs. 6, 7 and 8). The OSL age obtained from sample SEE
1-C (85 cm) (Tab. 3) of LPAZ S3b is around 2.6 ka and indi-
cates a Late Subboreal age (Tab. 6) with evidence for Late
Bronze Age to Iron Age settlement activities.

LPAZ S4 (62.5-49 cm) comprises the middle and upper part
of the Bg2 horizon. It is characterized by a nearly total lack of
Pinus, the dominance of Poaceae and terrestrial herbs, Cicho-
riaceae, Cerealia and the first occurrence of Secale (rye) pol-
len. Summer rye cultivation on sandy soils of Northern Ger-
many since the Roman Iron Age has been demonstrated re-
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peatedly by BEHRE (2000). Its regular cultivation in the study
area since the 2" century after Christ (AC) is known from
archaeobotanical investigations of excavated sites by KIRLEIS
(2003) and from peat bog pollen studies for northeast Lower
Saxony (KIRLEIS 2003, BECKER & URBAN 2006). The OSL age
of 2.5 £ 0.1 ka from 60 cm depth is in agreement with the
Early Subatlantic pollenspectra indicative for ongoing land
use activities and early rye cultivation.

LPAZ S5 (49-36.5 cm) is the youngest pollen zone describ-
ing the uppermost part of Bg2 and the lower and middle parts
of the colluvial horizon Bg1. The upper part of this horizon as
well as the Ap horizon have not been sampled for pollen and
age determination because of ploughing and other land use
activities in the valley. The local pollen assemblages are similar
to those of LPAZ S4 except for increasing Quercus values and
a richer heliophilous herb flora. The OSL ages for LPAZ S5 of
1.2 £ 0.1 ka and 1.0 + 0.1 ka from 45 cm and 60 cm depth for
the colluvium and the underlying Bg2 horizon (Tabs. 6, 7 and
8) are indicating another intensive accumulation phase which
can be related to the Middle Age deforestation period (Tab. 9).

4 Discussion and Conclusion

In contrast to the loess areas in Germany (summarised in
GEHRT 2000 and ECKMEIER et al. 2007) little is known on the
environmental history and role of people in soil-sediment
genesis of the particular sand loess study area in the central
Liineburg Heathland.
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Subdivision of Holocene in Lower Saxony (Northern Germany)
Timescale | Zonation Central| ~[: : Palynological evidence | LPAZ cal. years
(years BP) Europe Climate | Vegetation (Northern German lowland) [Seedorf Archaeology |"gc/ap

- - +1950
present plantation of pine forests )
Late climate [intensive forest Present Time
| Subatlantikum use Cauqtdup:ath cultivation of buckwheat 7500
A . Medieval +1200
1150 o0l cultivation of winter rye S5 +1000
humid Fagus increase of anthropogenic L . +700
phase indicators and Migration Period
>< Early non-arboral pollen Roman Period +400
=|Subatlantikum dant 5
atiantic- | - Quercus S4
2400 oceanic phase rye s3b Iron Age
-800
Bronze Age
cooler
dryer Corylus- immigration of beech S3a
=| Subboreal Alnus phase and hornbeam =500
more
continental
[}
o Neolithic
3
5660 | o elmfall
o - .
first appearance of
anthropogenic indicators
= -4000
> . 'o
humid | Quercetum
danti mixtum $2
|| . atlantic- phase ‘
Atlantikum oceanic | (Quercus,
) Ulmus, Tilia,
s climate Corylus,
optimum Alnus)
Mesolithic
9220 increase of alder, oak, elm
decrease of pine
dry Corylus
>| Boreal |ontinental| Phase
10640 first increase of hazel s1
temperate |Betula-Pinus
2| Preboreal |oontinental  phase -9000
11560 increase of birch and pine
12680 =[ Dryas3 cold subarctic steppe, tundra
s
(%]
13500 g =| Allergd [temperate) betula-pine forests (salix, populus)
(]
® Paleolithic
13540 7:' 2| Dryas 2 cold herbs, open betula forests
8
E] .
13670 | S| Balling  temperate betula forests
]
=
13800 «| Dryas 1 cold steppe, tundra

Based on LBEG (2004)

Table 9: Late Glacial and Holocene climate, vegetation, archaeological periods and local pollen assemblage zones of soil-sediment profile Schul-
wiese (Seedorf, Lower Saxony) (after FIRBAS, 1949, IVERSEN 1954, LITT et al., 2003).

Tabelle 9: Spatglaziale und holozdine Klimazonen, Vegetationszonen, archdologische Perioden und lokale Pollenzonen fiir das Profil Schulwiese
in Seedorf (Niedersachsen) (nach FIRBAS, 1949, IVERSEN 1954, LITT et al., 2003)
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By comparing textures of the loess colluvials of the inves-
tigated profiles with other sand loess deposits in Northern
Germany and proximal areas (Fig. 14), it can be shown that
the texture of Gleysol/Colluvisol Schulwiese reveals clayey,
sandy silt whereas the Colluvisol/Stagnic Luvisol Kartof-
felfeld has slightly higher sand content. Those differences
are most probably due to the different depositional environ-
ments of site Schulwiese in a small flood plain and of the sec-
ond higher elevated gently sloping plateau site Kartoffelfeld
(Figs. 2 and 4). All horizons developed on colluvium as well
as the buried A horizons situated in the valley bottom, are
rich in organic Carbon and Nitrogen as well as in free Iron,
which is indicative of the loess-soil borne younger material.
Profile Schulwiese situated at the valley bottom at the mar-
gin of a small flood plain experienced at least three phases
of relative unstable land surface and accumulation phases
respectively.

The pollen assemblage zones do not reflect a continuous-
ly deposited sediment record, but the analysed pollen and
spore assemblages derive from periods of temporary flood-
ing, phases of pedogenetic processes under stable land sur-
face as well as reflecting hiatuses caused by erosion. OSL
ages and palynological data refer to Preboreal-Boreal times
for the development of horizon 3Ahb/Crb and its parent
material (Tab. 7). The radiocarbon age of cal BC 5081-4551
for horizon Crb2 and palynological results indicate a mid-

dle-younger Atlantic age. The OSL age of 3.9 + 0.3 ka at the
slightly higher level of 97 cm (horizon 2Ahb/Crb and 2Crb)
suggests an early Subboreal age for the accumulation and
soil development phase and dates the palynological evidence
of Late Neolithic land use activities in the area of Seedorf
(Fig. 13, Tabs. 6, 7 and 8). ROESCHMANN (in KUNTZE et al.
1994) described soil development, erosion and accumulation
of colluvium in the Northern German scattered sand loess
areas as a product of initial Neolithic anthropogenically in-
duced environmental changes. There is evidence of the Late
Neolithic Funnel Beaker culture (3300-2700 BC, HEGE &
MaIER 1991) for the area southwest and east of Liuneburg
(SPROCKHOFF 1975, SCHIRNIG 1979, ASSENDORP 1999) in the
close vicinity to the study sites of Seedorf. Calluna (heather)
is recorded from local pollen assemblage zone S3a as well as
Cerealia pollen. BECKER & URBAN (2006) demonstrated tem-
porary expansion of heathland as a consequence of agricul-
tural land use and woodland pasture occurring during the
latest Neolithic period at the beginning of the Bronze Age
and in Medievel times for the southern part of the County
of Uelzen.

The two OSL ages obtained from 85 cm and 60 cm (Tabs. 3
and 7) of around 2.6 ka date the local pollen assemblage zone
S3b, which reveals a phase of intensive land use and conse-
quently sediment accumulation due to erosion from settle-
ment activities of Late Bronze and Iron Age cultural groups

Silt % &

(0.002-0.063 mm)
50

50 (0-0.002 mm)

Clay %

10
0 Y AY B3 3 . Y Y a3} Y ) Y
100 90 80 70 60 50 40 30 20 10 0
Sand %
(0.063-2 mm)

Fig. 14: Soil texture triangle showing
different sand and loess sites in Northern
Germany in relation to texture charac-

sandy loess (NW-Germany) (Dewers, 1931)
drift sand (NW-Germany) (Dewers, 1931)
loess loam (NW-Germany) (Dewers, 1931)
sandy loess (Bremen) (Roeschmann, 1957)

Seedorf (Schulwiese)
Seedorf (Kartoffelfeld)

[oX°X 3 B-2- N ]

sandy loess (Bad Bevensen) (Dammer and Monke, 1911)

teristics of profiles Schulwiese and Kart-
offelfeld (Seedorf, Lower Saxony).

ADb. 14: Zusammenstellung verschiede-
ner Proben aus Sand- und Sandléssge-
bieten in Norddeutschland und vergleich
mit den Korngréssenuntersuchungen aus
den Profilen Schulwiese und Kartoffelfeld

(Seedorf, Niedersachsen).
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(Tabs. 6, 7 and 9). As there is local (Seedorf Cultural Stage,
ScHWANTES 1952) and regional archaeological evidence of
widespread Iron Age settlements attributed to the Jastorf
culture (600-0 BC, HASSLER 1991), this part of the profile
Schulwiese clearly derives from a phase of intensive anthro-
pogenic impact on the Late Subboreal/Early Subatlantic
landscape, which is as well recorded from pollen diagrams of
peat bogs and archaeobotanical investigations of sites close
by (KIrLEIs 2003). Unexpected observations were made for
the colluvial accumulation of Bw3 and Bw2 horizons of pro-
file Kartoffelfeld (Tab. 8), which have been OSL dated to 4.6
ka and 2.6 ka corresponding most probably to the same Late
Neolithic and Iron Age cultural periods, the latter one attrib-
uted to the Jastorf culture, found as well in profile Schulwiese
(Tab. 7).

The latest severe erosional phase which resulted in the
colluvium of profile Schulwiese (Tabs. 7 and 9, Fig. 12) was
OSL dated to around 1 ka and corresponds with the Early
and Late Medieval deforestation period, which is not re-
corded in the pollen diagram but well known from other
research. BORk et al. (1998) describe a reduction of forest
cover in Germany up to 17% at the time of 1300 AD due to
extensive expansion of arable land.

The OSL age of 66.9 + 4.5 ka for the parent material of
horizons 2Bwb1/Bgbland 2Btb/Bgb1 of sequence Kartof-
felfeld points to an Early Weichselian depositional phase of
sandy silty material and gives additional information about
erosion processes since that time.

The results show evidence of human impact on soil de-
velopment since the Neolithic which is shown by the black
horizon in the Schulwiese profile. However, organic hori-
zons are not mandatory for anthropogenic activities. Based
on this study human impact on the widely distributed hu-
mic soils in the sandy loess area has to be accepted since
the late Neolithic Bronze Age transition. ZOLITSCHKA et al.
(2003) demonstrated that the first spread of Neolithic cul-
tures in the loess areas of southern Germany was guided
by soil quality. Their observations point to a change of that
pattern towards the late Neolithic, when agriculture ex-
panded all over and across central Europe, which coincides
with the start of cooler and moister climatic conditions.
Our results deduced from soil sediment archives suggest-
ing four post-Neolithic main periods, the early Bronze Age,
the pre-Roman and the Roman Iron Age and the early to
late Medieval of increasing human environmental impact
and settlement in the sandy loess region of the Liuneburg
Heathland (Tabs. 7, 8 and 9), which are in good accordance
with findings made in colluvial, fluvial and lacustrine ar-
chives of other reference areas in Germany described by
ZOLITSCHKA et al. (2003).

More work on other sites of the Liineburg Heathland is
required to prove and refine our results and furthermore
to separate the humic horizons from modern Plaggen soils.
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